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PREFACE 

This document reports da.ta available on those atmospheric emtsstons for which suffreient 
infonnation exists to estabJish realistic emission factors. The information contained herein is based 
on Public Health Service Publication 999-AP-42, Compilation of Al.r Pollutant Emissi~n Factors, by 
R.L Duprey, and on three revised and expanded editions of CompilGtion of Air Pollut.~FJt Emission 
Factors that .were published by the Environmental Protection Agency in February 1972, April1973, 
and February 1976. This document is the third edition and includes the supplements issued in July 
1973, September 1973, July 1974, January 1975, December 1975,Aprill91~andApril1977 (see 
page iv). It contains no new information not already presented in the previous issuances~ · 

Chapters and sections. of this document have been al'l'Bnged in a fonnat that permits easy and 
convenient replacement of material as information reflecting more accurate and refined em«;sion 
factors is published and distributed. To speed dissemination of emission information, chapters or 
sections that contain new data will be issued-separate from the parent report,.....whenever they are 
revised. 

To facilitate the addition of future materials, the punched; loose-leaf format was selected. This 
approach permits the document to be placed in a three-ring binder or to be secured by rings, rivets, or 
other fasteners; future supplements or revisions can then be easily inserted. The lower left· or right· 
hand comer of each page of the document bears a notation that indicates the date the information was 
issued. 

Information on the availability of future supplements to Compilation of Air Pollutant Emi8sion 
Factors can be obtained from the Environmental Protection Agency, Library Services, MD-35, 
Research Triangle Park, N.C. 27711 (Comm. Telephone: 919-541-2777, FTS: 629-2777). 

·Comments and suggestions regarding this document should be directed to the attention of 
Director, Monitoring and Data Analysis Division, Office of Air Quality Planning and Standards, 
Environmental Protection Agency, Research Triangle Park, N.C. 27711. · 
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ABSTRACT 

Emission data obtained from source tests, material balance studies, engineering estimates, etc., have been 
compded for use by individuals and groups responsible for conducting air pollution emission inventories. 
Emission factors given in this document, the result of the expansion and continuation of earlier work, cover most 
of the common emission categories: fuel combustion by stationary and mob de sources; combustion of solld wastes; 
evaporation of fuels, solvents, and other volatde substances; various industrial processes; and miscellaneous sources. 
When no source-test data are available, these factors can be used to estimate the quantities of primary pollutants 
(partiQUlates, CO, S~, NOx, and hydrocarbons) being released from a source or source group. 

Key words: fuel combustion, stationary sources, mobDe sources, industrial processes, evaporative losses, ~ssions, 
emission data, emission inventories, primary pollutants, emission factors. · 
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1. EXTERNAL COMBUSTION SOURCES 

External combustion sources include steam-electric generating plants, industrial boilers, commercial and 
iilstitutional boilers, and commercial and domestic combustion units. Coal, fuel oil, and natural gas are the major 
fossil fuels used by these sources. Other fuels used in relatively small quantities are liquefied petroleum gas, wood, 
coke, refmery gas, blast furnace gas, and other waste· or by·product. fuels. Coal, oil, and natural ga$ currently 
sUpply about 95 percent of the total thermal energy consumed in the United States. In 1970 over 500 million 
tons ( 454 x: 1 o' MT) of coal, 623 million barrels (99 x 109 liters) of distillate fuel oil, 71 5 million barrels ( 114 x 

· 109 liters)of residual fuel oil, and 22 trillion cubic feet (623 x 1012 liters) of natural gas were consumed in the 
United States; 1 

Power. gener!ltion, process heating,· and space heating are some of the largest fuel·combustion sources of sulfur 
oxides, nitrogen QX.ides, and parti¢ulate emissions. The following sections present emission factor data for the 
major fossil fuels - coal, fuel oil, and riatural gas - as well as for liquefied petroleum gas and wood waste 
combustion in boilers. · 

REFERENCE 

1. Ackerson, D.H. Nationwide Inventory of Air Pollutant Emissions. Unpublished report. Office of Air and Water 
Programs, Environrnimtal Protection Agency,Research Triangle Park, N.C. May 1971. 

1.1 BITUMINOUS COAL COMBUSTION 

1.1.1 General 

Revised by Robert Rosensteel 
and Thomas Lahre 

· Coal, the mdst abundant fossil fuel in the United States, is burned in a wide variety of furnaces to produce 
heat and steam. Coal-fired furnaces range in size from small.handfued units with capacities of 10 to 20 p~unds 
(4.5 to 9 kilograms) of poal per hour to large pulverized•coal·fired units; which may bum 300 to 400 tons (275 to 
360 MT) ofcoal per hour. 

Although predominantly carbon, coal contains many compounds in varying amounts. The exact nature and 
quantity of these compounds are determined by the location of the mine producing the coal and will usually 
affect the final use of the coal. 

1.1.2 Emissions and Controls 

1.1.2.1 Particulates1 ·Particulates emitted from coal combustion consist primarily of carbon, silica, alumina, and 
iron oxide in the fly·ash. The quantity of atmospheric particulate emissions is dependent upon the type of 
combustion unit in which the coal is burned, the ash content of the coal, and the type of control equipment used. 
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Table 1.1·1 gives the range of collection efficiencies for common types of fly-ash control equipment. Particulate 
emission factors expressed as pounds of particulate per ton of coal burned are presented in· Table 1.1-2. . 

1.1.22 Sulfur Oxides11 • Factors for .uncontrolled sulfur oxides emission are shown in Table 1·2 along with 
factors for other gases emitted. The emission factor for sulfur oxides indicates a conversion of 95 percent of the 
available sulfur to sulfur oxide. The balance of the sulfur is emitted in the fly-ash or combines with the slag or ash 
in the furnace and. is removed with them.1 Increased attention has been given to the control of sulfur oXide 
emissions from the combustion of coal. The use of low-sulfur· coal has. been recommended in many areas; where 
low-sulfur coal is not available, other methods in which the focus is on the removal ofsulfur oxide from the flue 
gas before it enters the atmosphere must be given consideration. 

A number of flue-gas deSulfurizatlon processes have been evaluated; effective methods are undergoing full·scale 
operation. Processes included in this catesory are: limestonevdolomite injection, limestone wet ·scrubbing, 
catalytic oxidation, magnesium oxide scrubbing, and the Wellman•Lord process. Detafied discussion of various 
flue-gas desulfurization processes may be found in the literature.12.1 :3 . · · 

1.1.2.3. Nitrogen Oxidesl,S ·Emissions of oxides ofnitropn result not only from the high temperature reaction. 
of atmospheric nitrogen and oxygen in the combl.istion zone, but also from the parti~ combustion of nitrogenous 
compounds contained in the fueL The important factors that af(ect NOx production are: flame and furnace 
temperature, residence. time of combustion gases at the flame temperature, rate of cooling of the pses, and · 
amount of excess air present in the flame. Discussions of the mechailisms involved are contained In the lnd!cated 
references. 

1.1.2.4 Other Gases· The efficiency of combustion primarily determines the carbon monoxide andhydrocubon 
content of the gases emitted from bituminous coal combustion. Successful combustion that results in a low level 
of carbon monoxide and organic emissions requires a high desree of turbulence,· a hish temperature, and 
sufficient time for the combuation reaction to take place. Thus, careful control of excesa air ratea, the use of hlsh 
combustion temperature, and provision for intimate fuel·air contact will minimize theae emissions. 

Factors· for these gaseous emissions are also presented in Table 1.1·2. The size ranp in Btu per hour for the 
various types of furnaces as showr1 in Table 1.1·2 is only provided as a guide in selectfna the proper factor and is 
not meant to distinguish clearly between furnace applications~ 

TABLE 1.1•1. RANGE OF COLLECTION EFFICIENCIES FOR COMMON TYPES 
. OF FLV·ASH CONTROL EQUIPMEN,.. . . 

Aanae of collection efficiencies 96 
SettUng 

High· Law· chamber ex· 
Type of Electrostatic efficiency resistance panded chimney 
furnace precipitator cyclone cyclone be• 

Cyclone furnace 66 to 99.5b 30 to 40 20 to 30 11Jb 
Pulverized unit BOto es.5b 65 to 76 40to60 21Jb 
Spreader stoker 99.5b 85 to eo 70to80 20to 30 
Other stokers ee.&b 90 to 96 76 to 86 · 26to50 

1Referencea 1 and 2. 
' brha maximum efficiency to be expectad for thll collection device applied to this type1ource. 
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Table 1.1-2. EMISSION FACTORS FOR BITUMINOUS COAL COMBUSTION WITHOUT CONTROL EQUIPMENT 
EMISSION FACTOR RATING: A 

Sulfur Carbon Hydro- Nitrogen 
Particulates'» oxide!f monox,ide carbonsd oxides - Aldehvdes 

Furnace size, lb/ton kg/MT lb/ton kg/MT lb/ton kg/MT tb/ton kg/MT lb/ton kg/MT lb/ton kg/MT 
106 Btu/hr coal coal coal coal coal coal coal . coal coal coal coal coal 
heat input& burned burned burned burned burned burned burned burned burned burned burned _.burned 

Greater than 1ooe 
(Utflity and large 
industrial boilers) 

Pulverized 
General 16A 8A 38S 19S 1 0.5 0.3 0.15 18 9 0.005 0.0025 
Wet bottom 13Af 6.5A 38S. 19S 1 0.5 0.3 0.15 30 15 0.005 0~0025 

Dry bottom 17A 8.6A 38S 19S 1 0.5 0;3 0.15 18 9 0.005 0.0025 
Cyclone 2A 1A 38S 195 1 0.6 0.3: 0.15 55 27.5 0.005 0.0025 

10 to 1 ()()II (large 
commercial and 
general industrial 
.boilers) 
Spreader stokerh 13Ai 6.5A 38S 195 2 1 1 0.5 15 7.5 0.005 0.0025 

Less than 1 Oi 
(commercial and 
domestic furnaces) 
Underteed stoker 2A 1A 38S 195 10 5 3 1.5 6 3 0.005 0.0025 

Hand-fired units 20 10 38S 19S 90 45 20 10 3 1.5 0.005 0.0025 
--- ----~-- -----

8 1 Btu/hr = 0.252 kcal/hr. . 
bTheletter A on all units other than hand-fired equipment indiCates that tha weight percentage Of ash in the coal should be multiplied by the value given . 
. Example: If the factor is 16 and the ash oontent is 10 percent, the particulate emissions before the control equipment would be 10 times 16; or 160 
pounds of particulate per ton of coal (10 times 8, or 80 kg: of particulates per MT of coati. 

cs equals the sulfur content (saa foOtnote b above). 
dExpressed as methane. 
eRefetances 1 and 3 through 7. 
1Without fly'IISh reinjection. 
UReferences 1, 4, and 1 through 9. 
~For all Other stokers usa 6A for particulate emission factor. . j Without fly-alh reinjection. With fly-ash reinjection u. 20 A,. This value ii not an einiaion factor but represents loading reaching the control equipment.• 
Reference• 7, 9, and 10. . . .-
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1.2 ANTHRACITE COAL COMBUSTION revised by Tom Lahre 

1.2.1 Generall~' 

Anthracite is a high-rank coal having il high fixed-carbon content and low volatile-matter content 
relative to bituminous coal and lignite. It is also characterized by higher ignition and ash fusion tem· 
peratures. Because of its low volatile-matter content and non-clinkering characteristics, anthracite is 
most commonly fired in medium-sized traveling-grate stokers and small hand-fired units. Some an· 
thracite (occasionally along with petroleum coke) is fired in pulverized-coal-fired boilers. Non~ is fired 
in spreader stokers. Because of its low sulfur content (typically less than 0.8 percent, by weight) and 
minimal smoking tendencies, anthracite is considered a desii'able fuel where readily available. 

' In the United States, all anthracite is mined in Northeastern Pennsylvania and consumed primarily 
in Pennsylvania and several surrounding states. The largest use of anthracite is for space heating; lesser 
amounts are employed for steam-electric production, coke manufacturing, sintering and pelletizing, 
and other industrial uses. Anthracite combustion currently represents only a small fraction of the to
tal quantity of coal combusted in the United States. 

1.2.2 Emissions and ControlsZ-9 

Particulate emissions from anthracite combustion are a function of furnace-firing configuration, 
firing practices (boiler load, quantity and location of underfire air, sootblowing, flyash reinjection, 
etc.), as well as of the aljlh content of the coal. Pulverized-coal-fired boilers emit the highest q~antity of 
particulate per unit of fuel because they fire the anthracite in suspension, which results in a high pel'" 
centage of ash carryover into the exhaust gases. Traveling-grate stokers and hand-fit:ed units, on the 
other hand, produce much less particulate per unit of fuel fired. This is because combustion takes 
place in a quiescent fuel bed and does not result in significant ash carryover into thil exhaust gases. In 
general, particulate emissions from traveling-grate stokers will inaease during sootblowing, fly· 
ash reinjection, arid with higher underfeed air rates through the fuel bed. Higher underfeed air rates, 
in turn, result from higher grate loadings and the use of forced-draft fans rather than natural draft to 
supply combustion air. Smoking is rarely a problem because of anthracite's low volatile-matter 
content. 

Limited data: are available on the emission of gaseous pollutants from anthracite combustion. It is 
assumed, based on data derived from bituminous coal combustion, that a large fraction of the fuel sul
fur is emitted as sulfur oxides. Moreover, because combustion equipment, excess air rates, combustion 
temperatures, etc., are similar between anthracite and bituminous coal combustion, nitrogen oxidf> 
and carbon monoxide emissions are assumed to be similar, as well. On the other hand, hydrocarbon 
emissions are expected to be considerably lower because the volatile-matter content of anthracite is 
significantly less than that of bituminous coal . 

. Air pollution control of emissions from anthracite combustion has mainly heen limited to particu
late matter. The most efficient particulate controls--fabric filters, scrubbers, and electrostatic precipi
tators-have been installed on large pulverized-anthracite-fired boilers. Fabric filters and venturi 
scrubbers can effect collection efficiencies exceeding 99 percent. Electrostatic precipitators, on the 
other hand, are typically only 90 to 97 percent efficient due to the characteristic high resistivity of the 
low-sulfur anthracite flyash. Higher efficiencies can reportedly be achieved using larger precipitators 
and flue gas conditioning. Mechanical collectors are frequently employed upstream from these devices 
for large-particle removal. 

Traveling-grate stokers are often uncontrolled. Indeed, particulate control has often tJeen con· 
sidered unnecessary because.of anthracite's low smoking tendencies and due to the fact thal a signifi. 
cant fraction of the large-sized flyash from stokers is readily collected in flyash hoppers as well as in the 
breeching and base of the stack. Cyclone collectors have been employed o~ traveling-grat,e stokers; 
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limited information suggests these devica may be up to 75 percent effiCient on particulate. F1yash rein
jection, frequently employed in traveling-grate stokers to enhance fuel-use efficiency, tends to iil· 
crease particulate emissions per unit of fuel combusted. \ 

Emission factors for anthracite combustion are presented in Table 1.2·1. 
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Table 1.2-1. EMISSION FACTORS FOR ANTHRACITE COMBUSTION, BEFORE CONTROLS 
EMISSION FACTOR RATING: B 

Emissionsa 

Particulate Sulfur oxidesb HydrocarbonsC 
j Carbon 

monoxided 
Nitrogen 
oxidese 

Type of furnace lb/ton kg/MT lb/ton kg/MT lb/ton kg/MT lbhon kg/MT lb/ton kg/MT 

Pulverized coal 17Af 8.5Af 38S 19S Neg Neg 1 0.5 18 9 

Traveling grate lA!J 0.5A9 38S 19S Neg Neg 1 0.5 10 5 

Hand-fired 10h sh 38S 19S 2.5 1.25 90 45 3 1-5 
- - - --

a All emission factors are per unit of anthracite fired. 

bn.ese factors are based on the assumption that, as with bituminous coal combustion, most of the fuel sulfur is emitted as sulfur oxides. limited data in 
Reference 5 wrify this assumption for pulverized-anthracite-fired boilers. Generally most of these emissions are sulfur dioxide; however, approximately 
1 to 3 percent are sulfur trioxide. -

cHydrocarbon emissions from anthracite combustion are assumed to be lower than from bituminous coal combustion beaiUIII of anthracite's much lower 
volatile-matter content. No emissions da~ are available to ver-ify this essumption. 

dn.e carbon monoxide factors for pulverized-anthracite-fired boilers and hand-fired units are from Table 1.1-2.and are based on the similarity between 
anthracite and bituminous coal combustion. The pulverized-c;oal-fired boilers factor is substantiated by additional data in Reference 10. The factor 
for traveliniJilrate stokers is based on limited information in Reference 8. Carbon monoxide emissions may increase by several orders of magnitude if 
a boiler is not properly operated or wall maintained. 

BJ'he nitrogen oxide fact9rs for pulverized-anthracite-fired boilers and hand-fired units are assumed to be similar to those for bituminous ooal combus
tion given in Table 1.1·2. The factors for traveli"911fllte stokers are based on Reference 8. 

1 These factors are based on the similarity between anthracite and bituminous coal combustion and on limited data in Reference 5. Note that all pulviH"ized
anthracite-fired boilers operate in the dry tap or dry bottom mode due to anthracite"s cheracteristically high ash-fusion temperature. The letter A on units 
other than hand-fired equipment indicates that the weight percentage of ash in the coal should be multiplied by the value giwn. 

isesed on information in Refe~es 2.4.8. and 9. These factors account for limited fallout that may occur in fallout chambers and stack braeching. 
Emission factors for individual boilers may vary from O.SA lb/ton I0.25A kg/MTI to 3A lb/ton U .5A kg/MTI, and as high as 5A lb/ton (2.5A kg/MTI 
during soot blowing. 

hBased on limited information in Reference 2. 
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1.3 FUEL OIL COMBUSTION by Tom Lahre 

1.3.1 GeneralL2 

Fuel oils are broadly classified into two major types:. distillate and residual. Distillate oils (fuel oil grades 1 and 
2) are used . mainly .in domestic and small commercial applications in which easy fuel burning is required. 
Distillates are more volatile and less viscous than residual oils as well as cleaner, having negligible ash and nitrogen 
contents and usually containing less than 0.3 percent sulfur (by weight). Residual oils (fuel oil grades 4, S, and 6), 
on the other hand, are used mainly in. utility, industrial, and large commercial applications in which sophisticated 
combustion equipment can be .utilized. (Grade 4 oil is sometimes classified as a distillate; grade 6 is sometimes 
referr~d to as Bunker C.) Being more viscous and less volatile than distillate oils, the heavier residual oils (grades S 
and, 6) must be heated for ease of handling and to facilitate proper atomization. Because residual dils are 
produced from the residue left over after the lighter fractions (gasoline, kerosene, .and distillate oils) have been 
removed from the crude oil, they contain significant quantities of ash, nitrogen, and sulfur. Properties of typical 
fuel.oils are givenin Appendix A. 

1.3. 2 Emissions 

E~issions from fuel oil combustion are dependent on the grade and composition of the fuel, the type and size 
of the boiler, the firing and loading practices used, and the level of equipment maintenance. Table 1.3-1 presents 
emission factors for fuel oil combustion in units without control equipment. Note that the emission factors for 
industrial and commercial boilers are divided into distillate and residual oil categories because the combustion of 
each produces significantly different emissions of particulates, SOx, and NOx· The reader is urged to con$Ult the 
references cited for a detailed discussion of all of the parameters that affect emissions from oil combustion. 

1.3. 2.1 Particu1ates3-6, 12• 13 - Particulate emissions are most dependent on the grade of fuel fired. The lighter 
distillate oils result in significantly lower particulate formation than do the heavier residual oils. Among Jesidual 
oils, grades 4 and S usually result in less particulate than does the heavier grade 6. 

In boilers firing grade 6, particulate emissions can be described, on the average, as a function of t}W sulfur 
content of the oil. .As shown in Table 1.3·1 (footnote c), particulate emissions can be reduced considerably when 
low-sulfur grade 6 oil is fued. This is because low-sulfur grade. 6, whether refined from naturally occurring 
low-sulfur crude oil or.·desulfurized by one of several processes currently in practice, exhibits substantially lower. 
viscosity and reduced asphaltene, ash, and sulfur content - all of which result in better atomization and cleaner 
combustion. · · 

Boiler load can .also affect particulate emissions in units firing grade 6 oil. At low load conditions, particulate 
·emissions. may be lowered by 30 to 40 percent from utility boilers and by as much as 60 percent from sniall 
· industrial and commercial units. No significant particulate reductions have been noted at low loads from boilers 

firing any of the lighter grades, however. At too low a load condition, proper combustion conditions C$llnot be 
maintained and particulate emissions may increase drastically. It should be noted, in this regard, that any 
condition that prevents proper boiler operation can result in excessive particulate formation. 

1.3.2.2 Sulfur Oxides (SOx) l·S - Total sulfur oxide emissions are almost entirely dependent on the sulfur 
content of the fuel and are not affected by boiler size, burner design, or grade of fuel being fired. On the average, 
more than 95 percent of the fuel sulfur is converted to S02, with ab(»ut 1 to 3 percent further oxidized to so3. 
Sulfur trioxide readily reacts with water vapor (both in the air and in the flue gases) to form a sulfuric aeid mist. 
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Tilble 1.3-1. EMISSION FACTORS FOR FUEL 01 L COMBUSTION 
EMISSION FACTOR RATING: A 

Type of boiler3 

Po1M!r plant Industrial and c:Qmmercial Domestic 
Residual oil Residual oil Distillate oil Qjstillate oil 

Pollutant lb/103gat kgttolliter lb/1o3ga! kg/t031iter · lb/103gal kg/103 liter lb/103 gal kg/t031iter 

Particulateb c c c 
Sulfur dioxided 1575 19S 1575 
Sulfur trioxided 2S 0.255 25 
Carbon monoxide8 5 0.63 5 
Hydrocarbons 

{total, as CH4)f 1 0.12 1 
Nitrogen oxides 
{total, as N0219 105(50)h.i 12. 6(6.25)h.i ooi 

aBoilers can be classified, roughly, according to their gross (h igherl heat input rate, 
as shown below. . 

Power plant futilitY} boilers: >250 x 1ofi Btu/hr 
{>63 X lobkg<ai/tu-) 

Industrial boilers: >15 x loti, but <lso x 1o6 8tu/hr 
(>3. 7 X 1o6, but <63 X to6 kg-eiiiJhr) 

Commercial boilers: >0.5 x to&. but <:15 x 1o6 Btu/h• 
1>0.13 X fo6, but <3.J X 1o6kg-eaJ/hr) 

Domestic lresideRtiall boilers: <0.5 x to& Btu/hr 
. ( <0.13 x 1o6 kg<ai/hrl 

bsased on References 3 through 6. Paniculate is defined in this section ~that 
materiat collected by EPA Method 5 (front half cab:h) 7. 

l:f>artioolate emission factols for residlal oil combustion an1 best described , on 
the average, as a function of fuel oil.,- and sdfur c::onient, as sho- below. 

Gr.Ktit 6 oil: lb/1o3 gal = 10 (S) + 3 · . 
[kg/1o31iter= 1.25 (SJ + 0.38) 
Where: S is the pen:emage. by weight, of sulfur in the oil 

Grade 5 oil: 10 lb/1o3 gal (1.251rg11o3 lit.-1 . 
Grade 4 oil: 71b/1o3 gaiiO.SSicg/1o3 iiterl 

dllased on ReferenCes 1· tlwl)ugb 5. S is the pill~ by \Wight. of sulfur in 
the oiL 

"Based on Rete 11111:es 3 through 5 and B dii'OU!IJ10. Carbon monoxide emissions 
may inaaase by a factor of 1 0 to 100 if a unit is improper~ operated or not well 
maintained. 

c 2 0.25 2.5 0.31 
195 1428 17$ 1428 17S 

0.255 28 0.258 2S 0.258 
0.63 5 0.63 5 0.63 

0.12 1 0.12 1 0.12 

7.5i 22 2.8 18 2.3 

fBased on References 1, 3 through 5, and 10. Hydrocarbon emissions are gener' 
ally negligible unless unit is improperly operated or not well maintained, in 
which case emissions may incresse by several orders of magnitude. 

gBased on References 1 through 5 and 8 through 11. · 

huse 50 tbi1o3 gat 16.25 kg/1 o3 literl for tangentially fired boilers and 1 05 
lb/103 gal.{12.6 kg/103 liter) for all otheis. at full load, and normal (>15 
percent! excess ak At reduced loads, NOx emissions are reduced by 0.5 to 
1 percent, on th~ average, for every percentage reduction.in boiler load. 

iseveral co~bustion modifications can be employed for NOx reduction: ( 1) 
~mited excess air firing can reduce iiiOx emissions by 5 to 30 percent, (2) staged 
combustion can reduce Nbx emissions by 20 to 45 percent. and /3) flue gas 
recirculation can reduce NOx emissions by 1 0 to 45 percent. COmbinations of 
the modifications have been employed· to redui::e NOx emissions by as much as 
60 percent in certain boilers. See section 1.4 for a discussion of these NOx-
reducing techniques. · 

il\litr~ oxidtl$ emissions from residual oil combustion in industrial and com- . 
mercia1 bOilers are strongly dependent on the fuel nitrogen content and can be . 
estimated more accurately by the following empirical relationship: 

. lb N02/1oJ gal= 22 + 400 INJ2 · 
. [kg N02/1 o3 I iters = 2. 75 + 50 ! NJ2J 

Whare: N is theJMtrcentlige, by weight, of nitrogen in the oil. Note: For residual 
oils havi!HI high f >O:S%, by weight} nitrogen contents, one should use 120 lb 
NO:z/103~gall15 kg N02/10J1iterl as an emission factor. 

r---~------------------~----------------~----------------------------------~~ 
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1.3.2.3 Nitrogen Oxides (NOx)l-6, 8-ll, 14 -Two mechanisms form nitrogen oxides: oxidation of fuel+bound 
nitrogen and thermal fiXation of the nitrogen present in combustion air. Fuel NOx are primarily a function of the 
nitrogen content of the fuel and the available oxygen (on the average, about 45 percent of the fuel nitrogen is 
converted to NOx. but this may vary from 20 to 70 percent). Thermal NOx, on the othe.r hand, are la,gely a 
function of peak flame temperature and available oxygen - factors which are dependent on boiler ~. firing 
configuration, and operating practices. 

Fuel nitrogen conversion is the more important NOx-forming mechanism in boilers firing residual oil. !Except 
in certain large units having unusually high peak flame temperatures, or in units firing a low-nitrogen residual oil, 
fuel NOx will generally account for over 50 percent of the total NOx generated. Thermal fiXation, on the other 
hand, is the predominant NOx-forming mechanism in units firing distillate oils, primarily because of the negligible 
nitrogen content in these lighter oils. Because distillate-oil-fired boilers usually have low heat release rates, 
however, the quantity of thermal NOx formed in them is less than in larger units. · 

A number of variables influence how much NOx is formed by these two mechanisms. One important variable 
is ruing configuration. Nitrogen oxides emissions from tangentially (corner) fired boilers are, on the average, only 
half those of horizontally opposed units. Also important are the firing practices employed during boiler ~ration. 
The use of limited excess air firing, flue gas recirculation, staged combustion, or some combination thereof, may 
result in NOx reductions ranging from 5 to 60 percent. (See section 1.4 for a discUSsion. of these techniques.) 
Load reduction can likewise decrease NOx production. Nitrogen oxides emissions may be reduced from O.S·to.l· 
percent for each percentage reduction in load from full load operation. It should be noted that most of these 
variables, with the exception of excess air, are applicable only in large oil-fired boilers. Limited excess air firing is 
possible in many small boilers, but the resulting NOx reductions are not nearly as significant. 

1.3.2.4 Other Pollutants 1• 3-S, 8•10• 14 -As a rule, only minor amounts of hydrocarbons and carbon monoxide 
will be produced during fuel oil combustion. If a unit is operated improperly or not maintained, however, the 
resulting concentrations of these pollutants may increase by several orders of magnitude. This is most likely to be 
the case with small, often unattended units. 

1.3.3 Controls 

Various control devices and/or techniques may be employed on oil-fired boilers depending on the type of 
boiler and the pollutant being controlled. All such controls may be classified into three categories: boiler 
modification, fuel substitution, and flue gas cleaning. 

1.3.3.1 Boiler Modification14• 8• 9• 13• 14 - Boiler modification includes any physical change in the boiler 
apparatus itself or in the operation thereof. Maintenance of the burner system, for example, is important to 
assure proper atomization and subsequent minimization of any unburned combustibles. Periodi1:: tuning is 
important in small units to maximize operating efficiency and minimize pollutant emissions, particularJy smoke 
and CO. Combustion modifications such as limited excess air firing, flue gas recirculation, staged combuS!tion, and 
reduced load operation all result in lowered NOx emissions in large facilities. (See Table 1.3-1 for specific 
reductions possible through these combustion modifications,) 

1.3.3.2 Fuel Substitution3•5• 12 - Fuel substitution, that is, the firing of "cleaner" fuel oils, can substantially 
reduce emissions of a number of pollutants. Lower sulfur oils, for instance, will reduce SOx emissipns in all 
boilers regardless of size or type of unit or grade of oil fired. Particulates will generally be reduced whe~ a better 
grade of oil is fired. Nitrogen oxide emissions will be reduced by switching to either a distillate oil or a residual oil 
containing less nitrogen. The practice of fuel substitution, however. inay be limited by the ability. of a given 
operation to fire a better grade of oil as well as the cost and availability the.:eof. 
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-Flue gas cleaning equipment.is generally only employed on large oil~fired 
boilers. Mechanical collectors, a prevalent type of control device, are prilnarily useful in controlling particulates 
generated during soot blowing, during upset conditions, or when a very dirty, heavy oil is fired. During these 
situations, high efficiency cyclonic collectors can effect up to 85 percent' control of particulate. Under normal 
firing .conditions, however, or when a clean oil is combusted, cyclonic collectors will not be nearly as effective. 

Electrostatic precipitators are commonly found in power plants that at one time fired coal. Precipitators that 
were designed for coal flyash provide only 40 tq 60 percent control of oil-fired particulate. Collection efficiencies . 
of up to 90 percent, however, have been reported for.new or rebuilt devices that were specifically designed for 
oil-firing units. · 

. Scrubbing systems ·have· been installed on oil~fired boilers, especially oflate, to control both sulfur oxides and 
particulate. These systems can achieve S02 removal efficiencies of up to 90 to 95 percent and provide particulate 
control efficiencies on the order of 50 to 60 percent. The reader should consult References 20 and 21for details 
on the numerous types of flue gas desulfurization systems currently avaihible or under development. 
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1.4 NATURAL GAS COMBUSTION · Revised by Thomas LaJve 

1.4.1 General 1 ,2 

Natural gas has become one of the major fuels used throughout the country. It is used mainly for power gen
eration, for industrial process steam and heat production, and for domestic and commercial space helllting. The 
primary component of natural gas is methane, although varying amounts of ethane and smaller amount$ of nitro
gen, helium, and carbon dioxide are also present. The average gross heating value of natural gas is apprpximately 
1050 Btu/stdft3 (9350 kcal/!:j'm3), varying generally between 1000 and 1100 Btu/stdft3 (8900 to 9800 kcal/ 
Nm3). 

Because natural gas in its original state is a gaseous, homogenous fluid, its combustion is simple and oan be pre
cisely controlled. Conunon exces8 air rates range from 10 to 15 percent; however, some large units operate at 
excess air rates as low as 5 percent to maximize efficiency and minimize nitrogen oxide (NOx) emissions. 

1.4.2 Emissions and Controls 3-16 

Even though natural gas is considered to be a relatively clean fuel, some emissions can occur from the com
bustion reaction. For example, improper operating conditions, including poor mixing, insufficient air, etc., may 
cause large amounts of smoke, carbon monoxide, and hydrocarbons to be produced. Moreover, because a sulfur
containing mercaptan is added to natural gas for detection purposes, small amounts of sulfur oxides will also be 
produced in the combustion l'rocess. 

Nitrogen oxides are the major pollutants of concern when burning natural gas. Nitrogen oxide emissions are 
a function of the temperature in the combustion chamber and the rate of cooling of the cembustiom. products~ 
Emission levels generally vary considerably with the type and size of unit and are also a function of loading. 

In some large boilers, several operating modifications have been employed for NOx control. Staged combus
tion, for example, including off-stoichiometric firing and/or two-stage combustion, can reduce NOx emissions 
by 30 to 70 percent. In off-stoichiometric ruins, also called "biased firing," some burners are operated fuel· 
rich, some fuel· lean, while others may supply air only. In two-staged combustion, the burners are op~rated fuel
rich (by introducing only 80 to 95 percent stoichiometric air) with combustion being completed by air injected 
above the flame zone through second-stage "NO-ports." In st~ed combustion, NOx emissions are lleduced bO: 
cause the bulk of combustion occurs under fuel-rich, reducing conditions. 

Other NOx·redudng modifications include low excess air firing and flue gas recirculation. In low excess air 
firing, excess air levels are kept as low as possible without' producing unacceptable levels of unbum.,d combus
tibles (carbon monoxide, hydrocarbons, and smoke) and/or other ooerational problems. This technique cin re
duce NOx emissions b)' 10 to 30 percent primarily because of the lack of availability of oX)'Ipn during 
combustion. Flue gas recirculation into the primary combustion zone, because the flue gas is relatively cool and 
oxygen deficient, can also lower NOx emissions by 20 to 60 percent depending on the amount of gu recinlu· 
lated. At present only a few systems have this capability, however. 

Combinations of the above combustion modifications may also be employed to further reduce NOx emissions. 
In some boilers, for instance, NOx reductions as high as 70 to 90 percent have been produced as a result of em· 
ploying several of these techniques simultaneously. In general, however, because the net e.ffect of any of these 
combinations varies greatly, it is difficult to predict what the overall reductions will be in any given unit. 

Emission factors for natural gu combustion are. presented in Table 1.4-1. Flue gas cleaning eq111ipment has 
not been utilized to control emissions from natural gas combustion equipment. 
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Table 1.4-1. EMISSION FACTORS FOR NATURAL-GAS COMBUSTION 
EMISSION FACTOR RATING: A.· 

Type of unit ·-
Industrial process Domestic and 

Power plant boiler commercial heating 
Pollutant lb/106 ft3 kg/106m3 lb/106 ft3 kg/106m3 lb/106 ft3 .kg/106m3 

Particulatesa 5-15 80-24Q- 5~15 80-240 5-16 80-240 
Sulfur oxides (S02)b 0.6 9.6 0.6 9.6 0,6 9.6 
Carbon monoxidec 17 272 17 272 20 320. 
Hydrocarbons 1 16 3 48 8 128 

(as CH4)d 

Nitrogen oxides 700f-h 11.2001-h (120-230)i (1920- (80-120)1 (1280-
(N02)e 36SO)i 1920)i 

a References 4, 7 ,8, 12. 

bReference 4 (based on an average sulfur contem of natural gas of 2000 gr/106 stdft3 (4600 g/106 .tl!m3). 
CReferences 5, ~12. 
dReterences.S, 9, 12. 
&References 3-9, 12-16. 
fUse 300 lb/1o6 stdft3 (4800 kg/106 t:!,m3) for tangentially fired units. 

-

gAt reduced loads, multiply this factor by the load reduction coefficient given in Figure 1.4-1. 
hSee text for potentia' NOx reductions due to combustion modifications. Note that the NOx reduction from these modifications 
will also occur at .reduced load conditions. 

i This represents a typical range for many industrial boilers. For large industrial units I> 100 lliiMBtu/hr) use the NOx factors pre-
sented for power plants. · · 

l U$e 80 (1280) for domestic heating units and 120 (1920) for commercial units. 

1.4-2. 
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Figure 1.4~1. Load reduction coefficient as fu.nction of boiler 
load. (Used to determine NOx reductions at reduced loads in 
large boilers.) 
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1.5 LIQUEFIED PETROLEUM GAS COMBUSTION Revised by Thomas Lahre 

1.5.1 Genera11 

Liquefied petroleum gas, conunonly referred to as LPG, consists mainly of butane, propane, or a m~ture of 
the two, and of trace amounts of propylene and butylene. This gas, obtained from oil or gas wells as a by-product 
of gasoline refining, is sold as a liquid in metal cylinders under pressure and, therefore, is often called bottled gas. 

·LPG is graded according to maximum vapor pressure with Grade A being predominantly butane, Grade F 
being predominantly propane, and Grades B through E consisting of varying mixtures of butane and propane. The 
heating value 9f LPG ranges from 97,400 Btu/gallon (6,480 kca1/liter} for Grade A to 90,500 Btu/gallon (6,030 
kcal/liter) for Grade F. The largest market for LPG is the domestic-commercial market, followed by the chemical 
industry and the internal combustion engine. 

1.5.2 Emissionsl 

LPG is considered a "clean" fuel because it does not produce visible emissions. Gaseous pollutant~ ~ch as 
carbon monoxide, hydrocarbons, and nitrogen oxides do occur, however. The most signiftcant factors .m~cting 
these emissions are the burner design, adjustment, and venting.2 Improper design, blocking and cloggiqg of the 
flue vent, and lack of combustion air result in improper combustion that causes the emission of aldehydes, carbon 
monoxide, hydrocarbons, and other organics. Nitrogen oxide emissions are a function of a number of variables 
including temperature, excess air, and residence time jn the combustion zone. The amount of sulfur dioxide 
emitted is directly proportional to the amount of sulfur in the fuel. Emission factors for LPG combustion are 
presented in Table 1.5-1. 

References for Section 1.5 
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Table 1.5-1. EMISSION FACTORS FOR LPG COMBUSTION8 

EMISSION FACTOR RATING: C 

Industrial orocess furnaces Domestic and commerCial furnaces 
Butane Propane Butane Propane 

Pollutant lb/103 gal kg/103 liters lb/103 gal kg/103 liters lb/103 gal kg/103 titers lb/103 gal kg/103 liters 

Particulates 1.8 0.22 1.7 0.20 1.9 0.23 1.8 0.22 
Sulfur oxidesb 0.09S 0.01S 0.09S 0.015 0.09S 0.015 0.09S 0.015 
Carbon monoxide 1.6 0.19 1.5 0.18 2.0 0.24 1.9 0.23 
Hydrocarbons 0.3 0.036 0.3 0.036 0.8 0.096 0.7 0.084 
Nitrogen oxidesc 12.1 1.45 11.2 1.35 (8 to 12)d (1.0 to 1.5)d (7 to 1t)d (0.8 to t.J)d 

-

8
LPG emission factors calculated assuming emissions (excluding sulfur oxides) are the same, on a heat input basis, as for natural gas combustion. 

bs equals sulfur content expressed in grains per 100 tt=l gas vapor; e.g., if the sulfur content is 0.16 grain per 100 tt=J (0.366 g/100 m3) vapor, the so
2 

emission factor would be 
0.09 X 0.16 Or 0.014 lb S02 per 1 000 gallons (0.01 X 0.366 or 0.0018 .kg S02J103 liters) butane burned. 

cExpressed as N02-
duse lower value for domestic units and higher value for oommercial units. 

-· 
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1.6 WOOD/BARK WASTE COMBUSTION IN BOILERS Revised by Thom~ JAhre 

1.6.1 General 1·3 

Today, the burning of wood/bark waste in boilers is largely confined to those industries where it is av.nable as 
a by-product. It is burned both to recover heat energy and to alleviate a potential solid waste disposal problem. 
Wood/bark waste may include large pieces such as slabs, logs, and bark strips as well as smaller pieces such as ends, 
shavings, and sawdust. Heating values for this waste range from 8000 to 9000 Btu/lb, on a dry basis; however, 
because of typical moisture contents of 40 to 75 percent, the as-tired heating values for many wood/bark waste 
materials range as low as 4000 to 6000 Btu/lb. Generally, bark is the· major type of waste burned in pulp mills; 
whereas, a variable mixture of wood and bark waste, or wood waste alone, is most frequently burned in the 
lumber, furniture, and plywood industries. 

1.6.2 Firing Practices 1-3 

A variety of boiler firing configurations are utilized for burning wood/bark waste. One corrunon type in 
smaller operations is the Dutch Oven, or extension type of furnace with a flat grate. In this unit th~uel is fed 
through the furnace roof and burned in a cone-shaped pile on the grate. In many other, generally la r, opera· 
tions, more conventional boilers have been modified to burn wood/bark waste. These units rriay includ spreader 
stokers with traveling grates, vibrating grate stokers, etc., as well as tangentially fired or cyclone fi boilers. 
Generally, an auxiliary fuel is burned in these units to maintain constant steam when the waste fuel sup ly fluctu-
ates and/or to provide more steam than is possible from the waste supply alone. · 

1.6.3 Emissions 1,2,4·8 

The major pollutant of concern from wood/bark boilers is particulate matter although other pollu~ants, par
ticularly carbon monoxide, may be emitted in significant amounts under poor operating conditions. These 
emissions depend on a number of variables including ( tY the composition of the waste fuel burned, (2) 1!he degree 
of fly-ash reinjection employed, and (3) furnace design and operating conditions. 

The composition of wood/bark waste depends largely on the iitdustry from whence it originates. Pulping op
erations, for instance, produce great quantities of bark that may contain more than 70 percent moisture (by 
weight) as well as high levels of sand and other noncombustibles. Because of this, bark boilers in pulp mills may 
emit considerable amounts of particulate matter to the atmospqere unless they are well controlled. On the other 
hand, some operations such as furniture manufacture, produce a clean, dry (5 to 50 percent moisture) wood 
waste that results in relatively few particulate emissions when properly burned. Still other operations, such as 
sawmills, bum a variable mixture of bark and wood waste that results in particulate emissions somewhere in be· 
tween these two extremes. · 

Fly-ash reinjection, which is commonly employed in many larger boilers to improve fuel-use efficiency, has a 
considerable effect on particulate emissions. Because a fraction of the collected fly-ash is reinjected into the 
boiler, the dust loading from the furnace, and consequently from the collection device, increases sianificantly 
per ton of wood waste burned. It is reported that full reinjection can cause a 10-fold increase in the dust load
ings of some systems although increases of 1.2 to 2 times are more typical for boilers employing SO to 100 per
cent reinjection. A major factor affecting this dust loading increase is the extent to which the sand and other 
non-combustibles can be successfully separated from the fly-ash before reinjection to the furnace. 

Furnace design and operating conditions are particularly important when burning wood and balk waste. For 
example, because of the high moisture content in this waste, a larger area of refractory surface should be provided 
to dry the fuel prior to combustion. In addition, sufficient secondary air must be supplied ovet the fuel bed to 
bum the volatiles that account for most of the combustible material in the waste. When proper drying conditions 
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do not exist, or when sufficient secondary air is not available, the combustion temperature is lowered, incomplete 
combustion occurs, and increased particulate, carbon monoxide, and hydrocarbon emissions will result. 

Emission factors for wood waste boilers are presented in Table 1.6-1. For boilers where fly-ash re~ection 
is employed, two factors are shown: the first represents the dust loading reaching the control equipment; the 
value in parenthesis represents the dust loading after controls assuming about 80 percent control efficiency.· All 
other factors represent uncontrolled emissions. 

Table 1.6-1. EMISSION FACTORS FOR WOOD AND BARK WASTE COMBUSTION IN BOILERS 
EMISSION.FACTOR RATING: B 

Particulatesa 
Barkb,c 

Pollutant 

With fly-ash reinjectiond 
Without fly-ash reinjection 

Wood/bark mixtureb.e 
With fly-ash n:iinjectiond 
Without fly-ash reinjection 

Woodf.g 
Sulfur oxides (S02)h,l 
carbon monoxidei 
Hydrocarbonsk 
Nitrogen oxides (N02l 1 

lb/ton 

75 (1_5) 

50 

45(9) 
30 

5-15 
1.5 

2·60 
2-70 
10 

Emissions 
kg/MT 

37.5 (7.5) 

25 

22.5 (4.5) 
15 

2.5-7.5 
0.75 
1-30 
1-35 

5 

!~These emission factors were determined for boilers burning gas or oil as an auxiliary fuel, and it was assumed .all particulates 
resulted from the waste fuel alone. When coal is burned as an auxiliary fuel, the appropriate emission factor from Table 1.1-2 
should be used in addition to the above factor, 

b-rhese factors baSed on an a~fired moisture content of 50 percent; 
CReferences 2, 4, 9. 
d"rhis factor represents a typical dust loading reaching the control equipment for boilers employing fly-ash reinjection. The value 

in oarenthA$iS reoresents emissions after the control equipment assuming an average efficiency of 80 percent, 
eReferences 7, 10. 
fThis waste includes clean, dry (5 to 50 percent moisture) sawdust, shavings, ends, etc., and no bark. For well designed and 

operated boilers use lower value and higher values for others. This factor is expressed on an as-fired moisture eontent basis as
suming no fly-ash reinjection. 

gReferences .11·13. 
hThis factor is calculated by material balance assuming a ·maximum sulfur content of 0.1 percent in the waste. When auxiliary 
fuels are burned, the appropriate factors from Tables 1.1-2, 1.3-1, or 1.4-1 should be used in addition to determine sulfur oxide 
emissions. 
iReferences 1, 5, 7, 
IT his factor is based on engineering judgment and I imited data from references 11 through 13. Use lower values for well designed 
and operated boilers. 

kThis factor is based on limited data from references 13 through 15. Use lower values for well designed and operated boilers, 
1 Reference 16. 
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1. 7· ·LIGNITE COMBUSTION 

1. 7.1 Generail-4 

by Thomas Lahre 

Ugnite is a geologically young coal whose properties are intermediate to those of bituminous coal and peat. It 
has a high moisture content (35 to 40 percent, by weight) and a low heating value (6000 to 7500 Btu/lb, wet 
basis) and is generally only burned close to where it is mined, that is, in the midwestern States cente~;ed about 
North Dakota and in Texas. Although a small amount is used in industrial and domestic situations, lignite is 
mainly used for steam-electric production in power plants. In the past, lignite was mainly burned in small stokers; 
today the trend is toward use in muclllarger pulverized-coal-fired or cyclone-fued boilers, 

The major advantage to firing lignite is that, in certain geographical areas, it is plentiful, relatively low, in cost, 
and low in sulfur content (0.4 to 1 percent by weight, wet basis). Disadvantages are that more fuel and larger 
facilities are necessary to generate each megawatt of power than is the case with bituminous coal. There are 
several reasons for this. First, the higher moisture content of lignite means that more energy is lost in the gaseous 
products of combustion, which reduces boiler efficiency. Second, more energy is required to grind lignite to the 
specified size needed for combustion, especially in pulverized coal·ftred units. Third, greater tube spac:ing and 
additional soot blowing are required because of the higher ash· fouling tendencies of lignite. Fourth, because of its 
lower beating value, more fuel must be handled to produce a given amount of power because lignite is not 
generany cleaned or dried prior to combustion (except for some drying that may occur in the crJ,lSher or 
pulverizer and during subsequent transfer to the burner). Generally, no major problems exist with the ,dling or 
combustion of lignite when its unique characteristics are taken into account. 

1. 7.2 Emissions and Controls 2·8 

The major pollutants of concern when firing lignite, as with any coal, are particulates, sulfur oxides, and 
nitrogen oxides. Hydr.ocarbon and carbon monoxide emissions are usually quite low under normal Qperating 
conditions. 

Particulate emissions appear most dependent on the firing conftgUration in the boiler. Pulverized-coal·ftred · 
units and spreader stokers, which fire all or much of the lignite in suspension, emit the greatest quantity of Oyash 
per unit of fuel burned. Both cyclones, which collect much of the ash as molten Slag in the furnace itself, and 
stokers (other than spreader stokers), whicll retain a large fraction of the ash in the fuel bed, emit less plj.l'ticulate 
matter. In general, the higher sodium content of lignite, relative to other coals, lowers particulate emissions by 
causing much of the resulting flyash to deposit on the boiler tubes. This is especially the case in 
pulverized-coal-fired units wherein a high fraction of the ash is suspended in the combustion gases and can readily 
come into contact with the boiler surfaces. · 

Nitrogen oxides emissions are mainly a function of the boiler ftring configuration and excess air. Cyclones 
· produce the highest NOx levels, primarily because of the high heat-release rates and temperatures reached in the 

small furnace sections of the boiler. Pulverized-coal-fired boilers produce less N<>x than cyclones because 
combustion occurs over a larger volume, whicll results in lower peak flame temperatures. Tangentially ftred 
boilers p~o~uce ~e lowest NO.x levels in thiS category. Stok~rs produce the lowest ~Ox levels mainly bec11~se 
most exJStmg units are much smaller than the other firmg types. In most boilers, regardless of finng 
configuration, lower excess air during combustion results in lower NOx emisSions. 

Sulfur oxide emis~ons are a function of the alkali (especially sodium) content of the lignite ash. Unilike most 
- fossil fuel combustion, in which over 90 percent of the fuel sulfur is emitted as so2. a significant fJiaction of 

the sulfur in lignite reacts with the ash components duri~ combustion and is retained in the boiler aSh deposits and 
flyash. Tests have Shown ·that less than SO percent of the available sulfur may be emitted as S02 when a 
high-sodium lignite is burned, whereas, more than 90 percent may be emitted with low-sodium lignite. A!, a rough 
average, about 75 percent of the fuel sulfur will be emitted as SO,, with the remainder being converted to various 
sulfate salts. 
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Air pollution controls on Ugnite.fired boilers in the United States have mainly been limited to cyclone 
collectors, which typically achieve 60 to 75 percent collection efficiency on lignite flyash. Electrostatic 
precipitators, which are widely utilized in Europe on lignitic coals and can effect 99+ percent particulate control, 
have seen only limited application in the United States to date although their use will probably become 
widespread on newer units inthe future. 

Nitrogen oxides reduction (up to 40 percent) has been demonstrated using low excess air firing and staged 
combustion (see section I .4 for a discussion of these techniques); it is not yet known, however, whether these 
techniques can be continuously employed on lignite combustion units without incurring operational problems. 
Sulfur oxides reduction·(up to 50 percent) and some particulate control can be achieved through the use of high 
sodium lignite. This is nofgenerally considered a d~sirable practice, however, because of the increased ash fouling 
that may result. 

Emission factors for lignite combustion are presented in Table I. 7 .J. 

Table 1,7·1. EMISSIONS FROM LIGNITE COMaUSTION WITHOUT CONTROL EOUIPMENT8 

EMISSION FACTOR RATING: B 

Type of boiler ' 
Pulverized-coal Cyclone 8preaker stoker Other stokers 

Pollutant lb/ton kg/MT lb/ton kg/MT lb/ton kg/MT lb/ton kg/MT 

Part icu lateb 7.0Ac 3,5AC 6A 3A 7.0Ad 3.5Ad 3.0A 1.5A 
Sulfur oxidesC 305 155 308 158 30S 155 30S 158 
Nit'rogen 14(8)Q,h 7(4)Q,h 17 8.5 6 3 6 3 

oxidesf 
Hydrocarbonsi <1.0 <0.5 <1.0 <0.5 1.0 0.5 1,0 0.5 
Carbon 1.0 0.5 1.0 0.5 2 1 2 1 

monoxidei 

a All emission factors are expressed in terms of pounds of pollutent par ton (kilograms of pollutant per metric ton) of !'ignite burned, 
wet basis (35 to 40 percent moisture, by weight I. 

bA is the ash content of the lignite by weight, wet basis. Factors based on References 5 and 6. 
CThis factor is.based on data for drv·bottom, pulverii!ecl-coal-fired units only. It is expected that this factor would be lower for wet· 
bottom units. 

d Limited data preclude any determination of the effect of flyash reinJection. It is expected that particulate emissions would be 
· greater when reinfection is employed. 
es is the sulfur content of the lignite by weight, wet basis, For a high sodium·ash lignite (Na2o > 8 percent) use 175 lb/ton (8.58 
kg/MTI; for a low sodium·ash lignite (Na:zO < 2 percent), use 355 lb/ton (17.55 kg/MT). For intermediate sodium-ash lignite, or 
when the sodium-ash content is unknown, use 305 lb/ton (155 kg/MT)). Factors based on References 2, 5, and 6, · 

1Expressed as N02. Factors based on References 2, 3, 5, 7, and 9. . 
9 Use 14 lb/ton (7 kg/MTl for front-wall•fired and horizontally opposed wall·fired units and 8 lb/ton (4 kg/MTl for tangentially. 
fired units. · 

hNitrogen. oxide emissions may be reduced by 20 to 40 percent with low excess air firing and/or staged combustion in front-fired 
and opposed-wall·f.ired units and cyclones. 

iThese factors are based on the similarity of lignite combustion to bituminous coal combustion and on limited data In Reference 7. 

References for Section 1. 7 

1. Kirk~Othmer Encyclopedia of Chemical Technology. 2nd Ed.'Vol. 12. New York, John Wiley and Sons, 1967. 
p. 381-413. 

2. Gronhovd, G. H. et al. Some Studies on Stack Emissions from Lignite-Fired Powerplants. (Presented at the 
1973 Lignite Symposium. Grand Forks, North Dakota. May 9·1 0, 1973.). 

3. Study to Support Standards of Performance for New Lignite-Fired Steam Generators. Summary Report. 
Ar¢.ur D. Little, Inc., Cambridge, Massachusetts. Prepared for U.S. Envirorunental Protection Agency, 
Research Triangle Park, N.C. under contract No. 68-02·1332. July 1974. 
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EPA-650/2-74-066. June 1974. · 
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1.8 BAGASSE COMBUSTION IN SUGAR MILLS by Tom Lohre 

1.8.1 GeneraJl 

Bagasse is the fibrous residue from sugar cane that has been processed in a sugar mill. (See Section 
6.12 for a brief general description of sugar cane processing.) It is fired in boilers to eliminate a large 
solid waste disposal problem and to produce steam and electricity to meet the mill's power require
ments. Bagasse represents about 30 percent of the weight of the raw sugar cane. Because of the high 
moisture content (usually at least 50 percent, by weight) a typical heating value of wet bagasse will 
range from 3000 to 4000 Btu/lb (1660 to 2220 kcal/kg). Fuel oil may be fired with bagasse when the 
mill's power requirements cannot be met by burning only bagasse or when bagasse is too wet to support 
combustion. · 

The United States sugar industry is located in Florida, Louisiana, Hawaii, Texas, and Puerto Rico. 
Except in Hawaii, where raw sugar production takes place year round, sugar mills operate seasonally, 
from 2 to 5 months per year. 

Bagasse is commonly fired in boilers employing either a solid hearth or traveling grate. In the for· 
mer, bagasse is gravity fed through chutes and forms a pile of burning fibers. The burning occurs on 
the surface of the pile with combustion air supplied through primary and secondary ports located in 
the furnace walls. This kind of boiler is common in older mills in the sugar cane industry. Newer boil· 
ers, on the other hand, may employ traveling-grate stokers. Underfire air is used to suspend the ba· 
gasse, and overfired air is supplied to complete combustion. This kind of boiler requires bagasse with a 
higher percentage of fines,· a moisture content not over 50 percent, and more experienced operating 
personnel. 

1.8.2 Emissions and Controls1 

Particulate is the major pollutant of concern from bagasse boilers. Unless an auxiliary fue~ is fire~ 
few sulfur oxides will be emitted because of the low sulfur content ( <0.1 percent, by weigh~) of ba• 
gasse. Some nitrogen oxides are emitted, although the quaniities appear to be somewhat lower (on an 
equivalent heat input basis) than are emitted from conventional fossil fuel boilers. 

Particulate emissions are reduced by the use of multi"cyclones and wet scrubbers. Multi-eyclones 
are reportedly 20 to 60 percent efficient on particulate from bagasse boilers, whereas scrubbers (either 
venturi or the spray impingement type) are usually 90 percent or more efficient. Other tYPEIS of con· 
trol equipment have been investigated but have not been found to be practicaL 

Emission factors for bagasse fired boilers are shown in Table 1.8-1. 
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Table 1.8·1. EMISSION FACTORS FOR UNCONTROLLED BAGASSE BOILERS 
EMISSION FACTOR RATING: C 

Emission factors 
lb/103 lb steam8 g/kg steam8 lb/ton bagasseb kg/MT bagasseb 

Particulatec 4 4 16 8 

Sulfur oxides d d d d 

Nitrogen oxidese i 0.3 0.3 1.2 0.6 

a Emission factor~ are expressed in terms of the amount of steam produced, as most mills do not monitor the 
amount of bagasse fired. These factors should be applied only to that fraction of steam resulting from bagasse 
combustion. If a significant amount (>25% of total Btu input) of fuel oil is fired with the bagasse. the appropriate 
emission factors from Table 1.3·1 should be used to estimate the emission contributions from the fuel oil. 

bEmissions are expressed in terms of wet bagp·~3. containing approximately 50 percent moisture, by weight. 
As a rule of thumb, about 2 pounds (2 kg) of steam are produced from 1 pound (1 kg) of wet bagasse. 

c Multi-cyclones are reponedly 20 to 60 percent efficient on particulate from bag;~sse boilers. Wet scrubbers 
are capable of effecting 90 or more percent particulate control. Based on Reference 1. 

dSulfur oxide emissions from the firing of bagasse alone would be expected to be negligible as bagasse typically 
contains less than 0.1 percent sulfur. by weight. If fuel oil is fired with bagasse, the appropriate factors from 
Table 1.3-1 should be used to estimate sulfur oxide emissions. 

esased on Reference 1. 

Reference for Section 1.8 

1. Background Document: Bagasse Combustion in Sugar Mills. Prepared by Environmental &ience 
and Engineering, Inc., Gainesville, Fla., for Environmental Protection Agency under Contract 
No. 68-02-1402, Task Order No. 13. Document No. EPA-450/3· 77-007. Research Triangle Park, N.C. 
October 1976. 
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1.9 RESIDENTIAl. FIREPLACES by Torn Lahre 

1.9.1 GeneraJ1,2 _ 

F'~replaces are utilized mainly in homes, lodges, etc., for supplemental heating and for their aesthet
ic effect. Wood is most commonly burned in fireplaces• however, coal, compacted wood waste .. logs," 
paper, and rubbish may llll he burned at time!!. Fuel is generally added to the firf'! by hand on an inter
mittent basis. 

Combustion generally takes place on a r·aiAed-_grate or on the floor oft he fireplace. Combustion air 
,is supplied hy natural dr·Rft., Rtld tna)' he f•onhullf'd, to ,.ome e,;l.er'll, hy il damper located in the chim• 
ney directly abov~ th~ firebox. h i,. t!ommou ru·a•:ti(•t• rur dampN'R to he left completely open during 
the fire, affording little (•untrol of the amount of air drawn up the chimney. 

Most fireplaces heat a ruum by- radiation, with a significant fraction or the heat released during eom
bustion (estimated at gr·eater than 70 percent) loAt in the exhanAt gases or through the fireplace walls. 
In addition, as with any fuel-hurtaing, !!plt<'e·ht>ating device, some of the resulting heat energy must go 
toward warming the air that infiltrates into the residence to make up fort he air drawn up the chimney. 
The net effect is that fireplaces are exh··~mely inefficient heating devices. Indeed, in cases where com· 
bustion is poor, where. the outside air i10 co hi, or where the fire iM allowed to smolder (thus drawing air 
into a residen<~e without produ<'in~ apre<'iable radiant heat mrergy) a net heat loss may occu.- in a resi· 
den~e due to the u11e of a fireplacP. Fireplace effit~iency may he improved by a number of devices that 
either reduce the exce11s air ute or transfer some of the heat ha~k intn the residence that is normally 
lost in the exhaust p;ases or through the firepla<'E' waJIR. 

1.9.2 Emissions 1,2 

The major pollut&nts of uuH·rrr: hnm fircphH:Ps are vnbunll combu~tibles ... <·arbon monoxide and 
smoke. Significant (Jttantities of these pollutants are produ<'ed because fireplaces are grossly ineffi. 
cient combustion devi('t'S due to high, um:ont1·olled excess air rates. low combustion temper~ttures. and 
the absence of any sort of !'ecoruhuy (!nmbustion. The last of t.hese is especially important when bum· 
irtg wood becau~e of its typit·al1y high (80 pP.r•·f"nt, on •t 41ry weight hasis)3 volatile matte.- con'tent. 

Because most wood contains nt'glil!ihle ~'<nih.,·, very few ~u lfnr oxides are emitted. Sulfur oxides will 
be produced~ of course, when coal or other ~;ulfur-hearing fuels are burned. Nitrogen oxide emissions 
from firepla.ces arc expecte•l to he ne~ligiblt> becflt•Re of the I<)W ('omhustion temperatures in~olved. 
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Table 1.9-1. EMISSION FACTORS FOR RESIDENTIAL FIREPLACES 
EMISSION FACTOR RATING: c. 

Wood Coal8 

Pollutant lb/ton kg/MT lb/ton kg/MT 
Particulate 20b 10b 3QC 15C 
Sulfur oxides Qd Od 36Se 36S8 

Nitrogen oxides 1f o.st 3 1.5 
Hydrocarbons 59 2.59 20 10 
Carbon monoxide 12Qh 6Qh 90 45 

a All co,al emission factors, except particulate, are based on data in Table 1.1-2 
of Section 1.1 for hancJ.fired units. · 

bThis includes condensable particulate. Only about 30 percent of th~ is filter· 
able particulate as determined by EPA Method 5 (front-half catch). Based 
on limited data from Reference 1. · 

cThis includes condensable particulate. About 50 P,rcent of this is filterable· 
particulate as determined by EPA Method 5 !front-half catch),4 Based on 
limited data from Reference 1, 

d Baed on negl iglble sulfur content in most wood. 3 

8 js is the sulfur content, on a weight percent basis, of the coal. 

f~d on data in Table 2.3·1 in Section 2.3 for wood waste c~mbustion in 
!conical burners. · · 

9'Nonmethane volatile hydrocarbons. Based on limited data from Reference 1. 

h!Based on limited data from Reference 1. 

References for Section I. 9 

1. Snowden, W .D., et al. Source Sampling Residential Fireplaces for Emission Factor Development. 
Valentine, Fisher and Tonilinson. Seattle, Washington. Prepared for Environmental Protection 
Agency, Research Triangle Park, N.C., under Contract 6~02~1992. Publication No. EPA·450/3-
76-010. November 1975. 

2. Snowden, W.D., and I.J. PrimlanL. Atmospheric EmissionsFromResidentialSpaceBeating. Pr& 
sented at the Pacific Northwest International Section of the Air Pollution Control Association 
Annuli Meeting. Boise, Idaho. November 1974. 

3. Kreisinger, Henry. Combustion of Wood· Waste Fuels. Mechanical Engineering.~: 115, February 
1939. 

4. Title 40 - Protection of Environment. Part 60: Standards of Performance for New Stationary 
Sources. Method 5 • Detemination of Emission from Stationary Sources. Federal Register. 36 
(247): 24888·24890, December 23, 1971. 
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2. SOLID WASTE DISPOSAL 
Revised by Robert Rosensteel 

As defmed in the Solid Waste Disposal Act of 1965, the term "solid waste" means garbage, refuse, and other. 
discarded solid materials, including solido-waste materials resulting from industrial. commercial, and agricultural 
operations, and from comm'Qllity activities. It includes both combustibles and noncombusti'bles. 

Solid wastes may be classified into four general categories: urban, industrial, mineral, and agripultural. 
Although urban wastes represent only a relatively small part of the total solid wastes produced, this cate~ory has 
a large potential for air pollution· since in heavily populated are~ solid waste is often burned to reduce lthe bulk 
of material requiring final disposal.l The following discussion•will be limited to the urban and industrial waste 
categories. · 

An average of 5.5 pounds (2.5 kilograms) of urban refuse and garbage is collected per capita per day in the 
United States. 2 This fJ.gUre does not include uncOOected urban and industrial wastes that are disposed of by other 
means. Together, uncollected urban and industrial wastes contribute at least 4.5 pounds (2.0 kilograms) per 
capita per day. The total gives a conservative per capita generation rate of 10 pounds (4.5 kilograms) per day of 
urban ~d industrial wastes. Approximately 50 percent of all the urban and industrial waste generated in the 
United States is burned, using a wide variety of combustion methods with both enclosed 311d open 
buming3. Atmospheric P.missions, both gaseous and particulate,. result from refuse disposal operations that use 
combustion to reduce the quantity of refuse. £missions from these combustion processes cover a \WdC range 
because of their dependence upon the refuse burned, the method of combustion or incineration, 4Dd other 
factors. Because of the large numJ?er of variables involved, it is not possible, in general, to delineate wh~ a higher 
or lower emission factor, or an intermediate value should be used. For this reason, an average emission factor has 
been presented. · 

References 

1. Solid Waste -It Will Not Go Away. League of Women Voters of the United States. Publication NuJDber 675. 
Aprill971. 

2. Black. R.J., H.L. Hickman, Jr., A.J. Klee, A.J. Muchick, and R.D. Vaughan. The National Solid Waste 
Survey: An Interim Report. Public Health Service, Environmental Control Administration. Rockville, Md. 
1968. 

3. Nationwide Inventory of Air Pollutant Emissions, 1968. U.S. DHEW, PHS, EHS, National Air Pollution 
Control Administration; Raleigh, N.C. Publication Number AP-73. August 1970. 
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21 REFUSE INCINERATION Revised by Robert Rosensteel 

2.1.1 Process Description I -4 

The most common types of inciner<;1tors consist of a refractory-lined chamber with a grate upon which refuse 
is burned. In some newer incinerators water-walled f1,1rnaces are used. Combustion products are fanned by
heating and burning of refuse on the grate. In most cases, :since insufficient underfire- (undergrate) air is provided 
to enable complete combustion, additioital over-fire air is admitted above the burning waste to promote complete 
gas-phase combustion. In multiple-chamber incinerators, gases from the primary chamber flow to a small 

. secondary -mixing chamber where more air is admitted, and more complete oxidation occurs. As mUch as 300 
percent excess air may be supplied in order to promote oxidation of combustibles.· Auxiliary burners are 
sometimes installed in the mixing chamber to increase the combustion temperature. Many small-size incinerators 
are single-chamber units in which gases are vented from the primary combustion cha:mbet directly into the 
exhaust stack. Single-chamber incinerators of this type do not meet modern air pollution codes. 

21.2 Definitions of Incinerator Categories1 

No exact definitions of incinerator size categories exist, hut for this report the foJlowing general categories and 
descriptions have been selected: 

l. Municipal incinerators -· Multiple-chamber units uften have capacities greater thari 50 tons (45.3 MT) 
per day and are usually equipped with automatic chargint:; mechunisms, temperature controls, and 
movable grate systems. Municipal iucincraiors arc also usually equipped with some type of partiCUlate 
control device, such as a spray chamber or ch:ctrostalic precipitator. 

2. lndustrialfcommercial ill<'lllcrat.,,-.~ .. Tho.: capacitills of these umts cover a wide range, generally between 
50 and 4,000 pounds ( 22.7 and I ;800 kilograms) per hour. Ot' either single· or multiple-chamber design, 
these units are often m:wually charged and iutennittently operated. Some industrial inc1nerators are 
similar to municipul incinerators in size and design. Better deslgned emission control systems include 
gas·fin:d afll~rhurnllrs or scruhbing. <'r hoth. 

3. Trench lncineru wrs · .. A t rcal(;h imauc ra tor is th:sigucll for I he comb us tio11 of wastes having relatively high 
heat content and low 11Sh content. The design of the unit is simple: a U-shaped combustion chamber is 
formed by the sides aud hot hun uf tiH~ pH and ail is ~nppli~::d from uo~l.!cs along the top of the pit. The 
nozzles are directed at an angle bclnw the horlt.ontal to pwvidl.' u curtuin of air across the top of the pit 
and to provide air for comb us lion iu the pit. The trench incinerator is not as efficient for burning wutes 
as the municipal multiple-chamber unit, except where careful precautions are taken to use it fo.- disposal 
of low·ash, high-heat-content refuse, and where special attention is paid ttl proper operation. Low 
construction and operati'lg cost!> have resulled in the use of this incinerator to dispose of materials other 
than those for which it Wll~ originally designed. Emission fact()rS for trench incinerators used to bum 
three such materials' arc Included in Table 2.1-1. . . 

4. Domestic /ncinetazors ··This r.Jtcgory mdudes in.:incrators marketed for residential use. Fairly simple in 
design, they may have single or multiple chambers 1111d usually arc equipped with an au."tiliary burner to 
aid combustion. 
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Table2.1-1. EMISSION FACTORS FOR REFUSE INCINERATORSWITHOUTCONTROL$8 
EMISSION FACTOR RATING: A 

Particulates Sulfur oxidesb Carbon monoxide H'{drocarbonsc 
Incinerator type lb/ton kg/MT · lb/ton 

Municipal8 

Multiple chamber. uncontrolled 30 15 2.5 

With settling chamber and 14 .7 2.5 
water !~Pray svstern1 

Industrial/commercial 
Multiple chamberU 7 3.5 2.5h 
Single chamberi 15 7.6 2.5h 
Trenchi 

Wood 13 6.5 0.1k 
Rubber tires 138 69 NA. 
Municipal refuse 37 18.5 2.5h 

Controlled airm 1.4 0.7 1.5 

Flue-fed single chamber" 30 15 0.6 

Flue-fed (modified)0 ·P 6 3 0.5 

Domestic single chamber 
Without primary burneft 35 17.5 0.5 
With primary burnerr 7 3.6 0.5 

Pathological' 8 4 Neg 

a Average factors given based on EPA procedures for incinerator stack tasting. 
bexprenad as sulfur dioxide. 
cexprassad as methane. 
dexpressad as nitrogen dioxide. 
8 Refarences 5 and 8 through 14. 
f Most municipal incinerators are equipped with at least this much control: see Table 

2.1-2 for appropriate efficiencies for other controls. 
9Refarenll86 3, 5, tO, 13. and 15. 
hBased on municipal incinerator data.· 

i References3, 5, 10,and 15. 

kg/MT lb/ton kg/MT lb/ton kg/MT 

1.25 35 17.5 1.5 0.75 

1.25 35 11.5 1.5 0.75 

1.26 10 5 ·3 1.5 
1.25 20 10 15 7.5 

0.05 NAI NA NA NA 
NA NA NA NA NA 

1.25 NA NA NA NA 

0.76 Neg Neg Neg Neg 

0.25 20 10 15 7.5 

0.25 10 5 3 1.5 

0.25 300 150 100 50 
0.25 Neg Neg 2 1 

Neg Neg Neg Neg Neg 

i Reference 7. 
kBased on data for wood combustion in conical burners. 
1 Not available. 

mReference 9. 
"~eferences 3, 10, 11, 13, 15, and 16. 

OW"rth afterburners and draft controls. 
PReferences 3, 11, and 15. 
qReferences 5 and 10. 
rR8ference 5 .. · 
5 Reference. 3 •nd 9. 

Nitrogen oxidesd 
lb/ton kg/MT 

3 1.5 

3 1.5 

3 1.5 
2 1 

4 2 
NA NA 
NA NA 

10 5 

3 1.5 

10 5 

1 0.5 
2 1 

3 1.5 



5. Flue-fed incinerators - These units, commonly found in large apartment houses, are characterized by 
the charging method of dropping refuse down the incinerator flue and into the combustion chamber. 
Modified flue-fed incinerators utilize afterburners and draft controls to improve combustion efficiency 
and reduce emissions. 

· 6. Pathological incinerators - These are incinerators used to dispose of animal ~;emains and other organic 
material of high moisture content. Generally, these units are in a size range of SO to 100 pounds (22.7.to 
45.4 kilograms) per hour. Wastes are burned on a hearth in the combustion chamber. The units are 
equipped with combustion controls and afterburners to ensure good combustion and minimal emissions. · 

7. Controlled air incinerators - These units operate on a controlled combustion principle in which the 
waste is burned in the absence of sufficient oxygenfor complete combustion in the main chamber. This 
process generates a highly combustible gas mixture that is then burned with excess air in a secondary 
chamber, resulting in efficient combustion. These units are usually equipped with automatic clu!.rging 
mechanisms and are characterized by the high effluent temperatures reached at· .the exit of the 
incinerators. 

· 2.1.3 Emissions and Controlsl 

Operating conditions, refuse composition, and basic incinerator design have a pronounced effect on 
emissions. The manner in which .air is supplied to the combustion chamber or chambers has, among all the· 
parameters, the greatest effect on the quantity of particulate emissions. A,ir may be introduced from beneath the 
chamber, from the side, or from the top of.the combustion area. As underfire air is increased, an increase in 
fly-ash emissions occurs. Erratic refuse charging causes a disruption of the combustion. bed and a subsequent 
release of large quantities of particulates. Large quantities of uncombusted particulate matter and carbon 
monoxide are also emitted for an extended period after charging of batch-fed units because of interruptions in 
the combustion· process. In continuously fed units, furnace particulate emissions ate strongly dependent upon 
grate type. The use of rota?; kiln and reciprocating grates results in higher particulate emissions than the tise of 
rocking or traveling grates. 4 Emissions of oxides of sulfur are dependent on the sulfur content of the refuse. 
Carbon monoxide and unburned hydrocarbon emissions may be significant and are caused by poor combustion 
resulting from improper incinerator design or operating conditions. Nitrogen oxide emissions increase with an 
increase in the temperature of the combustion zone, an increase in the residence time in the combustion zone 
before quenching, and an increase in the excess air rates to the point where dilution cooling overcomes the effect 
of increased oxygen concentration.1 4 · · · 

Table 2.1·2 lists the relative collection efficiencieS of particulate control equipment used.' fQr municipal 
incinerators. This control equipment has little effect on gaseous emissions. Table 2.1-1 sununarizes the 
uncontrolled emission factors for the various tYPCS of incinerators previously discussed. 

2.14 

Table 2.1·2. COLLECTION EFFICIENCIES FOR VARIOUS TYPES OF 
MUNICIPAL INCINERATION PARTICULATE CONTROL SYSTEMSa 

Type of system 

Settling chamber 
Settling chamber and water spray 
Wetted baffles 
Mechanical collector 
Scrubber 
Electrostatic precipitator 
Fabric filter 

aR~ferences 3, 5, 6. and 17 through 21. 

EMISSION FACTORS 

Efficiency,% 

Oto30 
30 to 60 

60 
30 to So 
SO to 95 
90 to 96 
97 to 99 
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2.2 AUTOMOBILE BODY INCINERATION Revised by Robert Rosensteel 

2.2.1 :'rocess Description 

Auto incinerators consist of a single prbnary combustion chamber in which one or several partially stripped 
cars are burned~ (Tires are removed.) Approximately 30 to 40 minutes is required to bum two bodies 
simultaneously.2 As many ai SO cars per day can be burned in this batch-type operation, depending on the 

· capacity of the incinerator. Continuous operations in which cars are placed on a conveyor belt and passed 
, through a 1Unnel·type incinerator have capacities of more than SO cars per 8-hour day. 

2. 2. 2 Emissions and ControJsl · 

Both the . degree of combustion as determined by the incinerator design and the amount of oo_rnbustlble 
material left on the car !featly affect emissions. Temperatures on the order of 1200"F (6SO"C) are reaM.ed during 
auto body. incineration. This relatively low combustion temperature is a result of the large incinerator volume 

. needed to CQrttain the bodies as compared with the small quantity of combustible material. The use of overfire air 
jets in the primuy combustion chamber increases combustion efficiency by providing air and. increased . 
turbulence. · 

In· an attempt to reduce the various air pollutants produced by this method ofbuming, some auto incinerators 
are equipped with emission control devices. Afterburners and low-voltage electrostatic precipitatol1S have been 
used to reduce particulate emissions; the fonner also reduces some of the gaseous emissions.3,4 When 
afterburners are used to control emissions, the temperature in the secondary combustion chamber should be at 
least lSOO"P (81S"C). Lower temperatures reSult in higher emissions. Emission factors for auto body incinerators· 
are presented in Table 2.2·1. 

4/73 

Tabla2.2·1. EMISSION FACTORS FOR AUTO BODV.INCINERATION1 

EMISSION FACTOR RATING: B 

Uncontrolled With afterburner 
Pollutants I blear kg/car lb/car 

Particu litesb 2 0.9 1.6 
Clrbon monoxldec 2.6 1.1 Neg 

··Hydrocarbons (CH4 1 c 0.6 0.23 Neg 
Nitrogen oxides (N02 )d 0.1 0.06 0.02 
Aldehydes (HCOH)d 0.2 0.09 0.08 
Organic acids (acetlc)d 0.21 0.10 0.07 

1 Be11d on 260 lb (1 13 kg) of combuatlble materiel on ltrlpped car body. 
bf:leferencea 2 end 4. 
caa•ed on dat1 for open burning 1nd Referencea 2 end 5, 
dR1farence 3. 

·Solid Waste Disposal 

kg/car 

0.68 
Neg 
Neg 
0.01 
0.03 
0.03 

2.2-1 



References for Section 2. 2 

I. Air Pollutant Emission Factors. Final Report. Resources Research Inc. Reston, Va. Prepared for National Air 
Pollution Control Administration, Durham, N.C., under Contract Number CPA-22-69·119. Apri11970. 

2. Kaiser, E.R. and J. Tolcias. Smokeless Burning of Automobile Bodies. J. Air Pol. Control Assoc.l2:64-73, 
February 1962. 

3. Alpiser, F .M. Air Pollution from Disposal of Junked Autos. Air Engineering. 10: 18·22, November 1968. 

4. Private communication with D.P. Walters, U.S. DHEW, PHS, Division of Air Pollution. Cincinnati, Ohio. July 
19, 1963. 

5. Gerstle, R.W. and D.A. Kemnitz. Atmospheric Emissions frotn Open Burning. J. Air PoL Control Assoc. 
17:324-327. May 1967 .. 

• 

2.2-2 EMISSION FACTORS 4/1.3 

( 

I 
( 



( 

( 

2.3 CONICAL BURNERS 

2.3.1 Process Descrlptionl · 

ConiCal burners are generally a truncated metal cone with a screened top vent. The charge is placed on a 
raised grate by either conveyor or bulldozer; however, the use of a conveyor results in more efficient burning. No 
supplemental fuel is used, but combustion air is often supplemented by underfue air blown into the crhamber 
below the grate and by overfue air introduced through peripheral openings in the shell. 

2.3.2 Emissions and Controls 

The quantities and types of pollutants released from conical burners· are dependent on the composition and . 
moisture con~nt of the charged material. control of combustion air, type of charging system used, ,and the· 
condition in which, the incinerator is maintained. The most critical of these· factors seems to be the level of 
maintenance on the incinerators. It is not uncommon for conical burners to have missing doors and numerous 
holes in the shell. resulting in excessive combustion air, ·low temperatures. and, therefore, high emission rates of 
combustible pollutants.2 

Particulate control systems have been adapted to conical burners with some success: These.controlisysteins 
include water curtains (wet caps) and water scrubbers. Emission factors for conical burners are showrt in Table 
2.3·1. 

.. 
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Table 2.3-1. EMISSION FACTORS FOR WASTE INCINERATION IN CONICAL BURNERS 
WITHOUT CONTROLS8 

EMISSION FACTOR RATING: 8 

Type of Particulates Sulfur oxides Carbon monoxide 
waste lb/ton kg/MT lb/ton kg/MT lb/ton 

I I 

Municipal 20(10 to 60)C,d 10 2 1 60 
refuseb 

Wood refusee ,f 0.5 0.1 
I 0.05 130 

79 3.5 I 
2oh 10 I 

8 Moisture content as fired is approximately 50 percent for wood waste. 
bExcept for particulates, factors are based on comparison with other waste disposal practices. 
cuse high side of range for intermittent operations charged with a bulldozer. 
dBased on Reference 3. 

kg/MT. 

30 

65 

Hydrocarbons 
tb/to·n kg/MT 

20 10 

11 5.5 

. Nitrogen oxides . 
lb/ton kg/MT 

5 2.5 

1 0.5 

eReferences 4 through 9. 

f Satisfactory operation: properly maintained burner with adjustable underfire air supply and adjustable, tangential overfire air inlets, approximately 500 percent 
excess air and 700"F I370"CI exit gas temperature. 

g Unsatisfactory operation: properly maintained burner with radial overfire air supply near bottom of shell, approximately 1200 percent excess air and 400"F (204° Cl 
exit gas temperature. 

hv~ry unsatisfactory operation: improperly maintained burner with radial overfire air supply near bottom of shell and many gaping holes in shell, approximately 1500 
percent excess air and 400"F I204"C) exit ga5 temperature. 

--·. 
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2.4 OPEN BURNING 

2.4.1 General1 

revised by Tom 4ahre 
and Pam Canova 

Open burning can be done in open drums or baskets, in fields and yards, and in large open dumps 
or pits. Materials commonly disposed of in this manner are municipal waste, auto body components, 
landscape refuse, agricultural field refuse, wood refui!e, bulky industrial refuse, and leaves. 

2.4.2 Emissionsl-19 

Ground-level open burning is affected by many variables including wind, ambient temperature, 
composition and moisture content of the debris burned, and compactness of the pile. In general, the 
relatively low temperatures associated with open burning increase the emission of particulates, car
bon monoxide, and hydrocarbons and suppress the emission of nitrogen oxides. Sulfur oxide emissions 
are a direct function of the sulfur content of the refuse. Emission factors are presented in Table 2.4-1 
for the open burning of municipal refuse and automobile components. 

Table 2.4-1. EMISSION FACTORS FOR OPEN BURNING OF NONAGRICULTURAL MATERIAL 
EMISSION FACTOR RATING: B 

Sulfur Carbon Hydrocarbons 

Particulates oxides monoxide (CH4) Nitrogen oxi¢1es 

Municipal refuse8 

lb/ton 
~g/MT 

Automobile 
componentsb,c 

lb/ton 
kg/MT 

16 
8 

100 
50 

0.5 

Neg. 
Neg. 

aReferences 2 through 6. 
bUpholstery, belts, hoses, aocl tires burned in common. 
CReference 2. 

85 
42 

125 
62 

30 
15 

3G 
15 

6 
3 

4 
2 

Emissions from agricultural refuse burning are dependent mainly on the moisture content of the 
refuse and, in the case of the field crops, on whether the refuse is burned in a headfire or a ~ackfire. 
(Head fires are started at the upwind side of a field and allowed to progress in the direction of fe wind, 
whereas backfires are started ai the downwind edge and forced to progress in a direction opp sing the 
wind.) Other variables such as fuel loading (how much refuse material is burned per unit of 1 d area) 
and how the refuse is arranged (that is, in piles, rows, or spread out) are also important i certain 
instances. Emission factors for open agricultural burning are presented in Table 2.4-2 as a fu~ction of 
refuse type and also, in certin instances. as a function of burning techniques and/ or moisture content 
when these variables are known to significantly affect emissio~s. Table 2.4-2 also presents typical fuel 
loading values associated with each type of refuse. These values can be used, along with the caJll'espond· 
ing emission factors, to estimate emissions from certain categories of agricultural burning when the 
specific fuel loadings for a given area are not known. 

Emissions from leaf burning are dependent upon the moisture content, density~ and ignition loca
tion of the leaf piles. Increasing the moisture content of the leaves generally increases the amount of 
carbon monoxide, hydrocarbon, and particulate emissions. Increasing the density of the piles in· 
creases the amount of hydrocarbon and particulate emissions, but has a variable effect on carbon 
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Table 2:4·2. EMISSION FACTORS AND FUEL LOADING FACTORS FOR OPEN BURNING 
OF AGRICULTURAL MATERIALS8 . 

EMISSION FACTOR RATING: B 

-
Emission factors 

Carbon Hydrocarbons Fuel loading factors 
Particulateb monoxide (as c6H14) (waste production) 

Refuse category lb/ton kg/MT lb/ton kg/MT lb/ton kg/MT ton/acre MT/hectare 

Field cropsC 
Unspecified .21 11 117 58 23 12 2.0 4.5 
Burning techni~ue 
not significant 

Asparaguse 40 20 150 75 85 42 1.5 3.4 
Barley 22 11 157 78 19 10 1.7 3.B 
Corn 14 7 108 54 16 8 4.2 9.4 
Cotton 8 4 176 88 6 3 1.7 3.8 
Grasses 16 8 101 50 19 10 
Pineapplef 8 4 112 56 8 4 
Riceg 9 4 83 41 10 5 3.0 6.7 
Safflower 18 9 144 72 26 13 1.3 2.9 
Sorghum 18 9 77 38 9 4 2.9 6.5 
Sugar caneh 7 4 71 35 10 5 11.0 24.0 

Headfire burningi 
Alfalfa 45 23 106 53 36 18 0.8 1.8 
Bean (red) 43 22 186 93 46 23 2.5 5.6 
Hay (wild) 32 16 139 70 22 11 1.0 2.2 
Oats 44 22 137 68 33 16 1.6 3.6 
Pea 31 16 147 74 38 19 2.5 6.6 
Wheat 22 11 128 64 17 9 1.9 4.3 

Backfire burnin~ 
Alfalfa 29 14 119 60 37 18 0.8 1.8 
Bean (red), pea 14 7 148 72 25 12 2.5 6.6 
Hay (wild) 17 8 150 75 17 8 "1.0 2.2 
Oats 21 11 136 68 18 9 1.6 3.6 
Wheat 13 6 108 54 11 6 1.9 4.3 

Vine crops 5 '3 51 26 7 4 2.5 5;6 
Weeds 

Unspecified 15 8 85 42 12 6 3.2 7.2 
Russian thistle 22 11 309 154 2 1 0.1 0.2 
(tumbleweed) 

Tules (wild reeds) 
Orchard cropsc,k,l 

5 3 34 17 27 14 

Unspecified 6 3 52 26 10 6 1.6 3.6 
Almond 6 3 46 23 8 4 1.6 3.6 
Apple 4 2 42 21 4' 2 2.3 6.2 
Apricot 6 3 49 24 8 4 1.8 4.0 
Avocado 21 10 116 58 32 16 1.6 3.4 
Cherry 8 4 44 22 10 5 1.0 2.2 
Citrus (orange, 6 3 81 40 12 6 1.0. 2.2 
lemon) 
Date palm 10 5 56 28 7 4 1.0 2.2 
Fig 7 4 57 28 10 5 2.2 4.9 
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Table 2.4·2 (continued). EMISSION FACTORS AND FUEL LOADING FACTORS FOR OPEN BURNING 
OF AGRICULTURAL MATERIALS& 

EMISSION FACTOR RATING: B 

Emission factors 

Carbon L.tydrocarbons Fuel loading factors 
Particulateb monoxide (as c6H14l (waste production) 

Refuse category lb/ton kg/MT lb/ton kg/MT lb/ton kg/MT ton/acre MT/heatare 

Orchard cropsc,k,l 
(continued) 

Nectarine 4 2 33 16 4 2 2.0 4.5 
Olive 12 6 114 57 18 9 1.2 2.7 
Peach 6 3 42 21 5 2 2.5 5.6 
Pear 9 4 57 28 9 4 2.6 5.8 
Prune 3 2 42 21 3 2 1.2 2.7 
Walnut 6 3 47 24 8 4 1.2 2.7 

Forest residues 
Unspecifiedm 17 8 140 70 24 12 70 157 
Hemlock, Douglas 4 2 90 45 5 2 
fir, cedar" 

Ponderosa pineo 12 6 195 98 14 7 

8 Factors expressed as weight of pollutant amined per weight of refuse material burned. 
bparticulate matter from most agricultural refuse burning has been found to be in the submicrometer size range.12 
cReferences 12 and 13 for emission factors; Aeferenc::e 14 for fuel loading factors. 
dFor these refuse materials, no significant difference exists between emissions resulting from haadfiring or backfiring, 
&fhese factors represent emissions under typiCal high moisture conditions. If ferns are dried to less than 15 percent 
moisture, partic::ulate emissions will be reduced by 30 percent, CO emission by 23 j)ercent, and HC by 74 percent. 

fwhen pineapple Is allowed to dry to less than 20 percent moisture, as it usually is, the firing technique Is not important. 
When hudfired above 20 percent moisture, particulate emission will increase to 23 lb/ton I 11.5 kg/MT) and HC will 
increase to 12 lb/tcin (6 kg/MT). See Reference 11. 

irhls factor is for dry ( < 15 percent moisture) rice straw. If rice strew is burned at higher moisture levels, pa"iculete 
emission will increase to 291b/ton (14.5 kg/MT), CO emission to 1611blton 180.5 kg/MT), and HC amlaion to 21 
lb/ton 110.5 kg/MTI. 
~See Section 6.12 for discussion of sugar cane burning. 
'See accompanying text foi' definition of headflring. 
iSee accompanying text for definition of backfiring. This category, for emission estimation purposes, includea another 
tec::hnique used occasionally for limiting emissions, called into-the-wind ltriplighting, which involves lighting fields in 
strips Into the wind at 10Q-200 m (30o-600 ft) intervals. . . 
korcherd prunings are usually burned In piles. No signific::ant difference in emission results from burning e "cold pile" 
as opposed to using e roll-on technique, where prunings are bulldozed onto a bed of ambera from e prec::eding fire. 

· 11f orchard .removal is the purpose of a burn, 30 ton/acre (66 MT/hei:tare) of waste will be produced. 
mAeference10. Nitrogen oxide emissions estimated at 41b/ton 12 kg/MTI. · 
"Reference 15. 
DAeferance 16. 

l110ilOXide emissions. Arranging the leaves in conical piles and igniting around the periphery of the bolo 
tom proves to be the least deeirable method of burning. Igniting a single spot on the top of the pile 
decreases the hydrocarbon and particulate emissions. Carbon monoxide emissions with top ignition 
decrease if moisture content is high but increase if moisture content is low. Particulate,hydrocubon, 
and carbon monoxide emissions from windrow ignition (piling the leaves into a long row and i~ting 
one end, allowing it to burn toward the other end) are intermediate between top and bottom ignition. 
Emission factore for leaf burning are presented in Table 2.4-3. 

For more detailed information. on this subject, the reader should consult the references cited at the 
end of this section. 

4/77 Solid Waste Disposal 2.4·3 



Table 2.4-3. EMISSION FACTORS FOR LEAF BURNING18,19 
· EMISSION FACTOR RATING· B .. 

Particulatea,b Carbon monoxidea Hydrocarbc r.sa,c 

Leaf species lb/ton kg/MT lb/ton kg/MT lb/ton kg/MT 

Black Ash 36 18 127 63.5 41 20.5 
Modesto Ash 32 16 163 81.5 25 12.5 
White Ash 43 21.5 113 57 21 10.5 
Catalpa 17 8.5 89 44.5 15 7.5 
Horse Chestnut 54 27 147 73.5 39 19.5 
Cottonwood 38 19 90 45 32 16 
American Elm 26 13 119 59.5 29 14.5 
Eucalyptus 36 18 90 45 26 13 
Sweet Gum 33 16.5 140 70 27 13.5 
Black Locust 70 35 130 65 62 31 
Magnolia 13 6.5 55 27.5 10 5 
Silver Maple 66 33 102 51 25 12.5 
American Sycamore 15 7.5 115 57.5 8 4 
California Sycamore 10 5 104 52 5 2.5 
Tulip 20 10 77 38.5 16 8 
Red Oak 92 46 137 68.5 34 17 
Sugar Maple 53 26.5 108 54 27 13.5 
Unspecified 38 19 112 56 . 26 13 

a,-hese factors are an arithmetic average of the results obtained by burning high· and low-moisture content conical piles ignited 
either at the top or around the periphery of the bottom. The windrow arrangement was only tested on Modesto Ash, Catalpa, 
American Elm, Sweet Gum, Silver Maple, and TuUp, and the results are included in the averages for these species. 

brhe majority of particulates are submicron in size. 

crests indicate hydrocarbons consist, on the average, of 42% olefins, 32% methane, 8% acetylene, and 13% other saturates. 

References for Section 2.4 

1. Air Pollutant Emission Factors. Final Report. Resources Research, Inc., Reston, V a. Prepared for 
National Air Pollution Control Administration, Durham, N.C., under Contract Number CPA-22-
69--119. Aprill970. 

2. Gerstle, R.W. and D.A. Kemnitz. Atmospheric Emissions from Open Burning.]. Air Pol. Control 
Assoc. 12:324·327. May 1967. 

3. Burkle, J .0., J .A. Dorsey, and B. T. Riley. The Effects of Operating Variables and Refuse Types on 
· Emissions from a Pilot-Scale Trench Incinerator. In: Proceedings of 1968 Incinerator Confer

ence, American Society of Mechanical Engineers. New York. May 1968. p. 3441. 

4. Weishurd, M.I. and S.S. Griswold (eds.). Air Pollution Control Field Operations Guide: A Guide 
for Inspection and Control. U.S. DREW, PHS, Division of Air Pollution, Washington, D.C. PHS 
Publication No. 937. 1962. 

2.4-4 EMISSION FACTORS 4/77 



( 

5. Unpublished data on estimated major air contaminant emissions. State of New York Department 
of Health. Albany. April1, 1968. 

6. Darley, E.F. et al. Contribution of Burning of Agricultural Wastes to Photochemical Air Pollu
tion. J. Air Pol. Control Assoc. 16:685-~, December 1966. 

7. Feldstein, M. et al. The Contribution of the Open Burning of Land Clearing Debris to Air Pollu· 
tion. J. Air Pol. Control Assoc. 13:542-545, November 1963. 

8. Boubel, R.W., E.F. Darley, and E.A. Schuck. Emissions from Burning Grass Stubble and Straw. 
J, Air Pol. Control Assoc. 19:497-500, July 1969. 

9. Waste Problems of Agriculture and Forestry. Em·iron. Sci. and Tech. 2:498, July 1968. 

10. Yamate, G. et al. An Inventory of Emissions from Forest Wildfires, Forest Managed Burns, and 
Agricultural Burns and Development of Emission Factors for Estimating Atmospheric Emissions 
from Forest Fires. (Presented at 68th Annual Meeting Air Pollution Control Association.JIIoston. 
June 1975.) 

11. Darley, E.F. Air Pollution Emissions from Burning Sugar Cane and Pineapple from Hawaii. 
University of California, Riverside, Calif. Prepared for Environmental Protection Ageqcy, Re
search Triangle Park, N.C. as amendment to Research Grant No. R800711. August 197~ 

12. Darley, E.F. et al. Air Pollution from forest and Agricultural Burning. California Air Re!iiources 
Board Project 2-017-1, University of California. Davis, Calif. California Air Resources Board 
Project No. 2-017-1. April1974. 

13. Darley, E.F. Progress Report on Emissions from Agricultural Burning. Califol'nia Air Resources 
Board Project 4-011. University of California, Riverside, Calif. Private communication with per· 
mission of Air Resources Board, June 1975. 

14. Private communication on estimated waste production from agricultural burning activities. Cal
ifornia Air Resources Board, Sacramento, Calif. September 1975; 

15. Fritschen, L. et al. Flash Fire Atmospheric Pollution. U.S. Department of Agriculture, Washing· 
ton, D.C. Service Research Paper PNW:-97. 1970. 

16. Sandberg, D. V., S.G. Pickford, and E. F. Darley. Emissions from ~lash Burning and the Influence 
of Flame Retardant Chemicals. J. Air Pol. Control Assoc. 25:278, 1975. 

17. Wayne, L.G. and M.L. McQueary. Calculation of Emission Factors for Agricultural Burning 
Activities. Pacific Environmental Services, Inc., Santa Monica, Calif. Prepared for Environ
mental Protection Agency, Research Triangle Park, N.C., under Contract No. 68.02·1004, Task 
Order No. 4. ·Publication No. EPA-450/3-75-087. November 1975. 

18. Darley, E. F. Emission :Factor Development for Leaf Burning. University of California, Riverside, 
Calif. Prepared for Em·ironmental Protection Agency, Research Triangle Park, N.C., under Pur
chase Order No. 5-02·6876-1. September 1976. 

19. Darley, E.F. Evaluation of the Impact of Leaf Burning- Phase 1: Emission Factors for Illinois 
Leaves. University of California, Riverside, Calif. Prepared for State of Illinois, Institute for En· 
vironmental Quality. August 1975. 

4/77 Solid Waste Disposal 2.4 .. 5 



I i .· 

i' 



. 2.5 SEWAGE SLUDGE INCINERATION By Thoma$ Lahre 

25.1 Process Description 1-3 

Incineration is becoming an important means of disposal for the increasing amounts of sludge being produced 
in sewage treatment . plants. Incineration has the advantages of both destroying the organic matter pres~mt in 
sludge, leaving only an odorless, sterile ash, as well as reducing the scilid mass by about 90 percent. Disadvantages 
include the remaining, but reduced, waste disposal problem and the potential for air pollution. Sludge inciner
ation systems usually include a sludge pretreatment stage to thicken and dewater the incoffiing sludge, an inciner
ator, and some type of air pollution control equipment (co.mmonly wet scrubbers). · 

The most prevalent types of incinerators are multiple hearth and fluidized bed units. In multiple hearth 
units the sludge enters the top of the furnace where it is first dried by contact with the hot, I'tsing, combustion 
gases, and then burned as it moves slowly down through the lower hearths. At the bottom hearth any rosidual 
ash· is then removed. In fluidized bed reactors, the combustion takes place in a hot, suspended bed of sand with 
much of the ash residue being swept out with the flue gas. Temperatures in a multiple hearth furnace are 600°F 
(320°C) in the lower, ash cooling hearth; 1400 to 2000°F (760 to ll00°C) in the central combustion hearths, 
and 1000 to 1200°F (540 to 650°C) in the upper, drying hearths. Temperatures in a fluidized bed reactor are 
fairly uniform,. from 1250 to 1500°F (680 to 820°C). In both types of furnace an auxiliary fuel may be required 
either during startup or when the moisture content of the sludge is too high to support combustion. 

25.2 Eniissions and Controls 1,2,4-7 

Because of the violent upward$ movement of combustion gases with respect to the burning sludge, particu
lates are the major emissions problem in both multiple hearth and fluidized bed incinerators. Wet scrubbers are 
commonly employed for particulate control and can achieve efficiencies ranging from 95 to 99+ percent. 

Although dry sludge may contain from 1 to 2 percent sulfur by weight, sulfur oxides are not emitted in signif
icant amounts when sludge burning is compared with many other combustion orocesses. Similarly, nitrogen 
oxides, because temperatures during incineration do not exceed 1500°F (820"C) in fluidized bed reactors or 
1600 to 2000°F (870 to 1100°C) in multiple hearth units, are not fanned in great amounts. 

. . 

Odors can be a problem in multiple hearth systems as unburned volatiles are given off in the upper, .drying 
hearths, but are readily removed when afterburners are employed. Odors are not generally a problem ill fluid
ized bed units as temperatures are uniformly high enough to provide complete oxidation of the volatile co.m
·pounds. Odors can also emanate from the pretreatment stages unless the operations are properly e®losed. 

Emission factors for sludge fncinerators are shown in Table 2.5-1. It should be noted that most sludge incin· 
erators operating today employ some type of scrubber. 
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Table 2.S..1. EMISSION FACTORS FOR SEWAGE SLUDGE INCINERATORS 
EMISSION FACTOR RATING: B 

Emissions· a 
Uncontrolledb After scrubber -

Pollutant lb/ton ka/MT lb/ton ka/MT 
Particulatec 
Sulfur dioxided 
Carbon monoxidee 
Nitrogen oxidesd (as N02l 
Hydrocarbonsd 
Hydrogen chloride gasd 

aunit weights in terms of dried sludge, 
bEstimated from emission factors-after scrubbers. 
CReferences &9, 
dReference 8. . 
IReferences 6, 8. 

References for Section 2.5 

100 
1 

Neg 
6 
1,5 
1.5 

50 3 1.5 
0.5 0.8 0.4 

Neg Neg Neg 
3 5 2.5 
0.75 1 0.5 
0.75 0.3 0.15 

1. Calaceto, R. R. Advanbesin Fly.Ash Removal with Gas-Scrubbing Devices. Filtration Engineering. 1(7): 12-15, 
March 1970. 

2. Balakrishnam, S. et. al. State of the Art Review on Sludge Incine~ation Practices. U.S. Department of the 
Interior, Federal Water Quality Administration, Washington, D.C. FWQA·WPC Research Series. 

3. Canada's Largest Sludge Incinerators Fired Up and Running. Water and Pollution ControL 107(1):20.21, 24, 
January 1969. 

4. Calaceto, R. R. Sludge Incinerator Fly Ash Controlled by Cyclonic Scrubber. Public Works. 94(2):113-114, 
February 1963. 

5. Schuraytz, I. M. et Ml Stainless Steel Use in Sludge Incinerator Gas Scrubbers. Public Works. 103(2):55-51, 
February 1972. 

6. Liao, P. Design Method for Fluidized Bed Sewage Sludge Incinerators. PhD. Thesis. University of Washington, 
Seattle, Washington, 1972. 

7. Source test data supplied by the Detroit Metropolitan Water Department, Detroit, Michigan. 1973. 

8. Source test data from Office of Air Quality Planning and Standards, U.S. Environmental Protection Agency, 
Research Triangle Park, N.C. 1972. 

9. Source test data from Dorr-Oliver; Inc., Stamford, Connecticut. 1973. 

2.5-2 EMISSION FACTORS 5/74 

( 



( 

· 3. INTERNAL COMBUSTION ENGINE SOURCES 

The internal combuStion ei)gine in both mobile and stationary applications· is a major source of air pollutant 
emissions. JnteJllal combustion engines were responsible for apptoxi:mately 73 percent of the catbon mQiloxide, · 
56 percent of the hydrocarbons, and 50 percent of the nitrogen oxides (NOx as N02) emitted during 1970 in the 
United States~ 1 These sources, however, are relatively minot· Contributors of total particulate and sulfur oxides 
emissions. In 1970, nationWide, internal combustion sources accoi.mted fot only about 2.5 percent of the total 
particulate and 3.4 petcent of the sulfur oxides,1 · . · · · ·. 

The thtee major uses for internal combustion engines at~: to propel highway vehicles, to propel off·highway 
vehicles, and to provide power from a stationary poSition. Associated with each of these uses are engine duty 
cycles that have a profound effect on the resulting air pollutant emissions from the engine. The following sections 
describe the many applications of internal combustion engines; the engine duty cycles, and the n:sulting 
emissions. 

DEFINITIONS USED.IN CHAPTER 3 
. . . 

Calendar year- A cycle in the Gregonan calendar of 365 or 366 days divided into·12 mo~ths beginnbtg with 
January and ending with December. . · · 

Catalytic device -A piece of emission control equipment that is anticipated. to be the major componen~ used in 
post 1974light-duty vehicles to meet the Federal emission standards. . . 

Cold vehicle operation - The· first 505 8econds of vehicle operation·folloWing a 4-hour engine-off peqod. (for. 
catalyst vehicles a 1 ~hour engine·off period). · · · 

Composite emission factor (highway vehicle)- The emissions of a vehicle in gratn/mi {g/km) that results from the 
product of the calendar yeat emission rate·, the speed correction factor, the temperature correction fa~tor, and 
the hot/cold weighting correction factor. 

Crankcase emissions - Airborne substance emitted to the atmosphere from any portion of.· the CJ81iktase 
ventilation or lubrication systems of a motor vehicle engine. · 

1975 Federal Test Procecure (FI'P) - The Federal motor vehicle emission test as deseribed in the .Pedertll 
Register, Vol. 36, Number 128, July 2.1971. · 

Fuel evapOmtive emissions - Vaporizt'!d fuel emitted into the atmosphere from the fuel system of a motor 
vehicle. . . · . 

Heavy-duty vehicle -A motor vehicle designated primarily for. transportation of property and rated at more~· 
8500 pounds (3856 kilograms) gross vehiCle weight (GVW) or designed prilruirily for, transportation of pers(;ns 
and having a capacity of more than 12 persons. . · 

High-altitude emission factors - Substantial changes in emission factors from gasoline·powered vehicles occur as . 
altitude increases. These changes ate caused by fuel metering enrichment because ofdecreasmg air density. No 
relationship between mass emissions and altitude has been developed. Tests have been conducted at·near sea 
level and. at approximately 5000 feet (1524 meten) above.sea level, however. Because most major U.S:. urban 
areas at high altitude ate close to 5000 feet (1524'meters), an atbitrary valtie of3500 ft(1067 m) andi above is 
used to define high-altitude cities. · 

Horsepower·hours - A unit of work. . 
Hotfcold weighting comctidn factor~ The ratio of pollutant exhaust emissions for a given percentag, of cold· 

operation (w) to pollutant exhaust emissions measuted on the 1975 Federal Test Procedwe (20 percent cold 
operation) at ambient temperatUre (t). 

Light..tJuty truck """ Any motor vehicle designated primatily for transportation of property and· rated at 8500 
pounds (3856 kilograms) G~ or less. Although light-duty trucks have a load carrying capability that exceeds 
that of passenger cars; they are typically used primarily for personal transportation as pas84riger eat 
substitutes. · · 

Light-duty vehicle (passenger car) - Any motor vehicle designated primarily for transportation of penons and 
having a capacity of 12 persons or less. 
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Modal emission model - A mathematical model that can be used to predict the warmed-up exhaust emissions for 
.ps of light-duty vehicles over arbitrary driving sequences. 

Model year - A motor vehicle manufacturer's annual production period. If a manufacturer has no annual 
production period, the term "model year'' means a calendar year. 

Model year mix - The distribution of vehicles registered by model year expressed as a fraction of the total vehicle 
population. · 

Nitrogen oxides - The sum of the nitric oxide and nitrogen dioxide contaminants in a gas sample expressed as if 
the nitric oxide were in the form of nitrogen dioxide. All nitrogen oxides values in this chapter are corrected 
for relative humidity. 

Speed co"ection factor- The ratio of the pollutant (p) exhaust emission factor at speed "x" to the pollutant (p) 
exhaust emission factor as determined by the 1975 Federal Test Procedure at 19.6 miles per hour (31.6 
kilometers per hour). · 

Temperature co"ection factor - The ratio of pollutant exhaust emissions measured over the 1975 Federal Test 
Procedure at ambient temperature (t) to pollutant exhaust emissions measured over the 1975 Federal Test 
Procedure at standard temperature conditions (68 to 86°F). 

Reference 

1. Cavender, J., D. S. Kircher, and J. R. Hammerle. Nationwide Air Pollutant Trends (1940·1970). U. S. 
Environmental Protection Agency, Office of Air and Water Programs. Research Triangle Park, N.C. Publication 
Number AP·llS. Aprill973. 

3~1 HIGHWAYVEHICLES 

Passenger cars, light trucks, heavy trucks, and motorcycles comprise the four main categories of highway 
vehicles. Within each of these categories, powerplant and fuel variations result in significantly different emission 
characteristics. For example, heavy trucks may be powered by gasoline or diesel fuel or operate on a gaseous fuel 
such as compressed natural gas (CNG). · 

It is important to note that highway vehicle emission factors change with time and, therefore, must be 
calculated for a specif'tc time period, normally one calendar year. The major reason for this time dependence is 
the gradual replacement of vehicles without emission control equipment by vehicles with control equipment, as 
well as the gradual deterioration of vehicles with control equipment as they accumulate age and mileage. The 
emission factors presented in this chapter cover only calendar years 1971 and 1972 and are based on analyses of 
actual tests of existing sources and control systems. Projected emission factors for future calendar years are no 
longer presented in this chapter because projections are "best guesses" and are best presented independently of 
analytical results. The authors are aware of the necessity for forecasting emissions; therefore, projected emission 
factors are available in Appendix D of this dcicume.nt. · 

Highway vehicle emission factors are presented in two forms in this chapter. Section 3.1.1 contains average 
emission factors for calendar year 1972 for selected values of vehicle miles traveled by vehicle type (passenger 
cars, light trucks, and heavy trucks), ambient temperature, cold/hot weighting, and average vehicle speed. The 
section includes one case that represents the average national emission factors as well as thirteen other scenarios 
that can be used to assess the sensitivity of the composite emission factor to changing input conditions. All 
emission factors are given in grams of pollutant per kilometer traveled (and in grams of pollutant per mile 
traveled). 

The emission factors given in sections 3.1.2 through 3.1.7 are for individual classes of high\vay vehicles and 
their application is encouraged if specific statistical data are available for the area under study. The statistical data 
required include vehicle registrations by model year and vehicle type, annual vehicle travel in miles or kilometers 
by vehicle type and age, average ambient temperature, percentage of cold-engine operation by vehicle type, and 
average vehicle speed. When regional inputs are not available, national values (which are discussed) may be 
applied. · 
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3.1.1 Average Emission Factors for Highway Vehicles revised by David S. Kiraher 
. and Marcia E. Willillms 

3.1.1.1 General...;.Emission factors presented in this section are intended to assist those individuals interestod in 
compiling approxinta~ mobile source emission estimates for large areas, such as an individual air quality region or 
the entire nation, for calendar year 1972. Projected mobile source enussion factors for future years are no longer. 
presented in this section. This change in presentation was· made to assure consistency with the remainder of this 
publication, which contains emission factors based on actual test results on currently controlled sources and 
pollutants. Projected average emission factors for vehicles are available, however, in Appendix D of this 
publication. 

Tlie emission factor ·calCulation techniques presented in sections 3.1.2 througli 3.1.5 of· this chapter are 
strongly recommended for the fonnulation of localized emission estimates required for air quality modeling or 
for the evaluation of air pollutant control strategies·. Many factors, which vary with geographic location and 
estiritation situation, can affect emission estimates considerably. The factors of concern include average vehicle 
speed, percentage of cold vehicle operation, percentage of travel by vehicle category (automobiles, light ti!UCks, 
heavy trucks), and ambient temperature. Clearly, the infinite variations in these factors make it impossible to 
present composite mobUe source emission factors for each application. An effort has been made, therefore, to 
present average emission factors for a range ofconditions. The following conditions are considered for eQCh of 
these cases: 

Avenzge vehicle speed .... Two vehicle speeds are considered. The first is an average speed of 19.6 mi/hr (31.6 
km/hr), which should be typical of a large percentage of urban vehicle operation. The second is an average .speed 
of 45 rni/hr (72 km/hr ), which shoold be typical of highway or rural operation. 

Percentage o{cold operation - Three percentages of cold operation are considered. The first (at 31.6 km/hr) 
assumes that 20 percent of the automobiles and light trucks are operating in a cold condition (representative of 
vehicle start-up after a .long engine-off period) and that 80 percent· of the automobiles and light trucks are 
operating in a hot condition (warmed·up vehicle operation). This condition can be expected to assess the engine 
temperature situation over a large area for an entire day. The second situation assumes that 1 00 percent of the 
automobiles and light trucks are operatilig in a hot condition (at 72 km/hr). Thls might be applicable to rural or 
highway operation. The third situation (at 31.6 .kmfhr) assumes that 100 percent of the automobiles and light 
trucks are operating in a cold condition. This might be a worst-case situation around an indirect source s~h as a 
sports stadium after an event lets out. In all three situations, heavy-duty vehicles are assumed to be operatipg in a 
hot condition. 

Percentage of travel. by vehicle type - Three situations are considered. The first (at both 31.6 km/hr and 72 
km/hr) involves a nationwide mix of vehicle miles traveled by automobiles, light trucks, heavy gasoline trucks, 
and heavy diesel tnicks. The specific· numbers are 80.4, 11.8, 4.6, and .3.2 percent of total vehicle miles trllvele~, 
respectively •1 • 2 ·The second (at 31.6 km/hr) examines a mix of vehicle miles traveled that might be fo~d in a 
central city area. The specific numbers are 63, 32, 2.5, and 2.5 percent, respectively. The third (31.6 lan/hr) 
examines a mix of vehicles that might be found in a suburban location or near a localized indirect sourccr where 
no heavy trUck operation exist. The specific numbers are 88.2, 11.8, 0, and 0 percent,. respectively. 1 

Ambient temperature - Two situations at 31.6 km/hr are considered: an average ambient temperature of 24°C 
(75°F) and an average ambient temperature of 10°C (50°F). · 

Table 3.1.1·1. presents composite CO, HC, and NOx factors for the 13 cases discussed above for calen4ar year 
1972. Because particulate emissions and sulfur oxides emissions are not assumed to be functions of the factors 

. discussed above, these emission factors are the same for all scenarios and are also presented in the table. The table 
entries were calculated using the techniques described and data presented in sections 3.1.2, 3.1.4, and 3.1.5 of 
this chapter. Examination of Table 3 .1.1·1 can indicate the sensitivity of the composite emission factor to various 
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Table 3.1.1-1. AVERAGE EMISSION FACTORS FOR HIGHWAY VEHICLES, CALENDAR YEAR 1972 
EMISSION FACTOR RATING: 8 

Scenario Emission factors for highway vehicles 
Average 

route Ambient Cold Carbon Nitrogen 
speed amperature, operation monoxide ~rocarbons oxides Particulate 

mi/hr km/hr OF "c % lolmi g/km g/mi g/km g/mi ·g/km g/mi g/km 

75 24 20 76.5 47.5 10.8 6.7 4.9 3.0 0.60 0.37 

19.6 31.6 50 10 20 97.1 60.3 13.0 8.1 5.4 3.4 0.60 0.37 
75 24 100 145 90.0 14.6 9.1 4.6 2.9 0.60 0.37 
50 10 100 228 142 22.4 13.9 4.6 2.9 0.60 0.37 

75 '24 20 70.6 43.8 9.6 6.0 4.2 2.6 0.54 0.34 
50 10 20 92.9 57.7 11.3 7.0 4.7 2.9 0.54 0.34 

19.6 31.6 75 24 100 146 90.7 13.8 8.6 3.8 2.4 0.54 0.34 . 
50 10 100 234 145 22.1 13.7 3.8 2.4 0.54 0.34 

75 24 20 78.2 48.6 11.2 7.0 4.8 3.0 0.60 0.37 
50 10 20 101 . 62.7 13.7 8.5 5.3 3.3 0.60 0.37 

19.6 31.6 75 24 100 154 95.6 15.6 9.7 4.5 2.8 0.60 0.37 
50 10 100 245 152 24.5 15.2 4.5 2.8 0.60 0.37 

45 72.5 75 24 0 29.8 18.5 4.7 2.9 8.0 5.0 0.60 0.37 
-~-·-

.~ 

Sulfur 
oxides 

·g/mi g/km 

0.23 0.14 
0.23 0.14 
0.23 0.14 
0.23 0.14 

0.13 0.08 
0.13 0.08 
0.13 0.08 
0.13 0.08 

0.20 0.12 
0.20 0.12 
0.20 0.12 
0.20 0.12 

0.23 0.14 
-
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conditions. A use• who has specjfw data on the input factors should calculate a composite factor to fit the exact 
scenario. When . specifiC input factor data are not available, however, it is hoped that the range of values presented 
in the table will cover the majority of applications. The user should be sure, .. hOwever, that the apprqpoate 
scenario is chosen to fit the situation under analysis. In many cases, it is not necessary to apply the Various 
temperature, vehicle speed, and cold/hot operation correction factors because the basic emission factors (24°C, 
31.6 km/hr., 20 percent cold operation, nationwide mix of travel by vehicle category) are reasonably ac:cl.irate 
predictorS of motor vehicle emissions on a regionwide (urban) b8$ls. 

References for Section 3.1.1 

1. High~y StatiStics 1971. U.S. Department of Transportation. Federal Highway Adminisuation.Washipgton, 
D.C. 1972. p. ·81. 

2. 1972 Census ofTransportation. Truck Inventory and Use Survey. U.S. Department of Commerce. Bureau of 
the Census. Washington, D.C. 1974~ · · 
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3.1.2 Light-Duty, Gasoline-Powered Vehicles (Automobiles) by David S. Kircher, 
Marcia E. Williams, 

and Charles C . .Masser 

3.1.2.1 General - Because of their widespread use, light-duty vehicles (automobiles) are responsible for a large 
share of air pollutant emissions in many areas of the United States. Substantial effort has been expended recently 
to accurately characterize emissions from these vehicles. 1 •2 The methods used to determined composite 
automobile emission factors have been the subject of continuing EPA research, and, as a result, two different 
techniques for estimating CO, HC, and NOx exhaust emission factors are discussed in this section. 

, The fust method, based on the Federal Test Procedure (FTP),3 .4 is a modl(ication of the procedure that was 
discussed in this chapter in earlier editions of AP42. The second and newer ·procedure, "modal" emissions · 
analysis, enables the user to input a specific driving pattern (or driving "cycle") and to arrive at an emissions 
rate.5 The modal technique driving ·"modes", which include idle, steady·speed cruise, acceleration, and 
deceleration, are of sufficient complexity that computerization was required. Because of space limitations, the 
computer program and documentation are not provided in this section but are available elsewhere.5 

In addition to the methodologies presented for calculating CO, HC, and NOx exhaust emissions, data are given 
later in this section for emissions irl the idle mode, for crankcase and evaporative hydrocarbon emissions, and for 
particulate and sulfur oxides emissions. 

3.1.2.2 FTP Method for Estimating Carbon Monoxide, Exhaust Hydrocarbons and Nitrogen Oxides Emission 
Factors.-:- This discussion is begun with a note of caution. At the outset, many former users of this method may 
be somewhat surprised by the orga$ational and methodological changes that have occurred. Cause for concern 
may stem from: (1) the apparent disappearance of ''deterioration'' factors and (2) the apparent loss of the 
much·needed capability to project future emission levels. There are, however, substantive reasons for the changes 
implemented· herein. 

Results from EPA's armual surveillance programs (Fiscal Years 1971 and 1972) are not yet sufficient to yield a 
statistically meaningful relationship between emissions and accumulated mileage. Contrary to the previous 
assumption, emission deterioration can be convincingly related not only to vehicle mileage but also to vehicle age. 
'This relationship may not come as a surprise to many people, but the complications are significant. Attempts to 
determine a functional relationship between only emissions and accumulated mileage have indicated that the data 
can fit a linear form as well as a non-linear (log) form. Rather than attempting to force the ~ into a 
mathematical mold, the authors have .chosen to present emission factors by both model year and calendar year. 
The deterioration factors are, therefore, "built in" to the emission factors. This change simplifies the calculations 
and represents a realistic, sound use of emission surveillance data. 

The second change is organizational: emission f~ctors projected to future years are no longer presen~d in this 
section. This is in keeping with other sections of the publication, which contains emission facto111 only for 
existing sources based on analyses of test results. As mentioned earlier, projections are "best guesses"~ are best 
presented independently of analytical results (see Appendix D). 

The calculation of composite exhaust emission factors using the FTP method is given by: 

n 

enpstw = L 
i=n-12 

(3.1.2-1) 

where: enpstw = Composite emisSion factor in gfmi (gfkm) for calendar year (n), pollutant (p), average 
speed (s), ambient temperature (t), and percentage cold operation (w) 
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Cipn = The FTP (1975 Federal Test Procedure} mean emission factor for the ith model year 
light-duty vehicles during calendar year (n) _and for pollutant (p) 

min = The fraction of annual travel by the ith' model year light-duty vehicles du~ing calendar year 
(n) 

Vfps = The speed correction factor for the ith model year light-duty vehicles for pollutant (p) and 
average speed (s) 

Zipt = The temperature correction factor for the ith model year light-duty vehicles for pollutant 
(p) and ambient temperature (t} 

riptw = The hot/cold vehicle operation correction factor for the ith model year light-duty vehicles 
for pollutant(p}, ambient temperature (t), and percentage cold operation (w) 

The data necessary to complete this calculation for any geographic area are presented in Tables 3.1.2-1 
through 3.1.2-8. Each of the variables in equation 3.1.2-1 is described in greater detail below, after which the 
technique is illustrated by an example. 

Location 
and 

model year 

Low altitude 
Pre-1968 

1968 
1969 
1970 
1971 

Table 3.1.2-1. CARBON MONOXIDE, HYDROCARBON, AND NITROGEN OXIDES 
EXHAUST EMISSION FACTORS FOR LIGHT-DUTY VEHICLES 
-EXCLUDING CALIFORNJA ..... FOR CALENDAR YEAR 1971a,b 

(BASED ON 1975 FEDERAL TEST PROCEDURE) 
EMISSION FACTOR RATING: A 

Carbon Nitrogen 
monoxide Hydrocarbons oxides 

9 mi 9/km 9/mi 9/km 9 mi 

86.5 53.7 8.74 5.43 3.54 
67.8 42.1 5.54 3.44 4.34 
61.7 38.3 5.19 3.22 5.45 
47.6 29.6 3.77 2.34 5.15 
39.6 24.6 3.07 1.91 5.06 

High altitude 
Pre·1968 126.9 78.8 10.16 6.31 1.87 

1968 109.2 67.8 7.34 4.59 2.20 
1969 76.4 47.4 6.31 3;91 2.59 
1970 94.8 58.9 6.71 4.17 2.78 
1971 88.0 54.6 5.6 3.48 3.05 

9/km 

2.20 
2.70 
3.38 
3.20 
3.14 

1.17 
1.37 
1.61 
1.73 
1.89 

8 Note: The values in this teble can be used to estimate emissions only for calendar yaar 1971, This reflects a substantial change 
over past presentation of data in this.c;hapter (see text for details) •. _ 

bReferences 1 and 2. These references summarize and analyze the results of emission tests of light-duty vehicles In several U.S; 
cities. 
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Table 3.1.2·2. CARBON MONOXIDE, HYDROCARBON, AND NITROGEN OXIDES EXHAUST 
EMISSION FACTORS FOR LIGHT-DUTY VEHICLES-sTATE OF CALIFORNIA ONLY-FOR 

CALENDAR YEAR 1971a,b 

..,. 
Location 

and 
model year 

California 
Pre-1966c 

1966 
1967 
19SSC 
1969c 
197QC 
1971 

(BASED ON 1975 FEDERAL TEST PROCEDURE) 
EMISSION FACTOR RATING: A 

Carbon 
monoxide Hydrocarbons 

g/mi · g/km g/mi g/km 

86.5 53.7 8.74 5.43 
65.2 40.5 7.84 4.87 
67.2 41.7 5.33 3.31 
67.8 42.1 5.54 3.44 
61.7 38.3 5.19 3.22 
50.8 31.5 4.45 2.76 
42.3 26.3 3.02 1.88 

Nitrogen 
oxides 

g/mi g/km 

3.54 2.20 
3.40 2.11 
3.42 2.12 
4.34 2.70 
5.45 3.38 
4.62 2.87 
3;83 2.38 

aNote: The values in this table can be used to estimate emissions only for calendar year 1971. This reflects a substantial change 
past presentations of data in this chapter (see text for details). · 

bReferences 1. This reference summarizes and analyzes the results of emission tests of light-duty vehicles in Los Angeles as well 
as five other U.S. cities during 1971·1972. 

coata for these model years are mean emisSion test values for the five low altitude test cities summarized in Reference 1. 

Table 3.1.2.·3. CARBON MONOXIDE, HYDROCARBON, AND NITROGEN OXIDES EXHAUST 
EMISSION FACTORS FOR LIGHT -DUTY VEHICLES-EXCLUDING CALIFORNIA:,FOR 

CALENDAR YEAR 1972'1,b 

Location 
and 

model year 

Low altitude 
Pre-1968 

1968 
1969 
1970 
1971 
1972 

High altitude 
Pre-1968 

1968 
1969 
1970 
1971 
1972 

(BASED ON 1975 FEDERAL TEST PROCEDURE) 
EMISSION FACTOR RATING: A 

carbon 
monoxide Hydrocarbons 

g/mi g/km g/mi g/km 

93.6 58.1 8.67 6.38 
63.7 39.6 6.33 3.93 
64.2 39.9 4.95 3.07 
53.2 33.0 4.89 3.04 
61.1 31.7 3.94 2.46 
36.9 22.9 3.02 1.88 

141.0 87.6 11,9 7.39 
101.4 63.0 6,89 4.26 
97.8 60.7 6.97 3.71 
87.6 54.3 5.56 3.45 
80.3 49.9 5,19 3.22 
80.4 60.0 4.76 2.94 

Nitrogen 
oxides 

g/mi g/km 

3.34 2.07 
4.44 2.76 
5.00 3.10 
4.35 2.70 
4.30 2.67' 
4.55 2.83 

2.03 1.26 
2.86 1.78 
2.93 1.82 
3.32 2.06 
2.74 1.70 
3.08 1,91 

-~ 

8 Note: The values in this table can be used to estimate emissions only for calendar year 1972. This reflects a substanti~l change 
over past presentation of data in this Chapter (see text for details). 

bReterence 2. This reference summarizes and analyzes the results of emission tests of light-duty vehicles in six U.S. met~politan 
.s during 1972·1973. 
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Table 3.1.2-4. CARBON MONOXIDE, HYDROCARBON, AND NITROGEN OXIDES EXHAUST 
EMISSION FACTORS FOR LIGHT-DUTY VEHICLES-STATE OF CALIFORNIA ONLY-FOR 

CALENDAR YEAR 1972f,b 
(BASED ON 1975 FEDERAL TEST PROCEDURE) 

EMISSION· FACTOR RATING: A 

Location Carbon Nitrogen 
and monoxide Hydrocarbons oxides 

model year g/mi g/km g/mi g/km g/mi g/km 

California 
.. Pre-1966c 93.5 58.1 8.67 5.38 3.34 2.07 

1966 86.9 54.0. 7.46 4.63 3.43 2.13 
1967 75.4 46.8 5.36 3.33 3.77 2.34 
1968C 63~7 39.6 6.33 3:93 4.44 2.76 
1969C 64.2 39.9 4.95 3,07 5.00 3.10 
1970 78.5 48.7 6.64 4.12 4.46 2.77 
1971 59.7 37.1 3.98 2.47 3.83 2.38 
1972 46.7 29.0 3,56 2.21 3.81 2.37 

a Note: The values in this table can be used to estimate emissions only for calendar year 1972. This represents a substantial change 
over past presentation of data in this chapter (see text for details). 

bReference 2. This reference summarizes and analyzes the results.of emission tests of light-duty vehicles in Los Angeles as well as 
in five other U.S. cities during 1972·1973. 

coata for these model .years are mean emission test values for the five low altitude test citienummarized in Reference 2. 

Age, 
year$ 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

>13 

Table 3.1.2-5. SAMPLE CALCULATION OF FRACTION OF LIGHT-DUTY 
VEHICLE ANNUAL TRAVEL BY MODEL YEARa 

1972 
Fraction of total 
vehicles in use Average annual 

nationwide. (a)b miles driven (b)C a x.b 

0.083 15,900 1,320 
0.103 15,000 1,545 
0.102 14,000 1,428 
0.106 13,100 1,389 
0.099 12,200 1,208 
0.087 11,300 983 
0.092 10,300 948 
0.088 9,400 827 
0.068 8,500 578 
0.055 7,600 418 
0.039 6,700 261 
0.021 6,700 141 
0.057 6,700 382 

8 References 6 and 7. 

1972 
Fraction 

of annual 
travel (m)d 

0.116 
0.135 

. 0.125 
0.122 
0.106 
0.086 
0.083 
0,072 
0.051 
0.037 
0.023 
0.012 
0.033 

bThese data are for July 1, 1972, from Reference 7 and represent the U.S. population of light-duty vehicles by model year for that 
year only. 

cMileage values are the results of at least squares analysis of data in Reference 6. 
dn'l=ab/:Eab; 
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T.We 3.1.2_.. COEFFICIENTS FOR SPEED coRRECTION FACTORS FOR LIGHT-DUlY VEHIC~.b 
---- --.- -

v· = etA + as + cs2! 
Ips v· =A+BS 

IpS .· 

Model Hydrocarbons Cartton monoxide Nitrogen oxides 
location year A 8 c A 8 c A 8 

Low altitude 1957·1967 0.963 -6.00x 10-2 s.s1 x m-4 0.967 -6.07 x 1o-2 5.78x 1o-4 0.808 o.980x m-2 

{Excluding 1966-
1967 Calif.) 

California 1966·1967 0.957. -5.98'x 1Q-2 5.63 X 1Q--4 0.981 -6~22 x m-2 6.19 X 1Q-4 0.844 0.798x 10-2 

Low altitude 1968 1.070 -6.63 X 10-2 5.98 X 1Q--4 1.047 -6.52 X 10-2 6.01 X 1(r4 0.888 0.569 X 10-2 

1969 1.005 -6.27 X 1~ 5.80x 10-4 1.259 -7.72x 10-2 6.60 X lQ--4. 0915 0.432 x m-2 

1970 0.901 -5.70x 1o-2 :5.59 X 1(1-4 1.267 -7.72 X lo-2 6;40 X 10--4 0.843 0.798x 10-2 

1971-1972 0.943 -592 x 1o-2 5.67 X 1Q-"' 1.241 -7.52 X 10-2 6.()9 X lQ--4 0.843 0.804x 10~2 

High altitude 1957-1967 0.883 -5.58 " 1 o-2 5.52 X 1Q--4 0.721 -4.57x 10-2 4.56 X 1Q-"4 0.602 2.021 x m-2 

1968 0.722 -4~63 X 1o-2 4.80x 10--4 0.662 -4.23x1~ 4.33 X 1Q--4 0.642 1.835x 10-2 

1969 0.706 -4.55 x m-2 4.84 X 1Q-4 0.628 -4.04x 10-2 4.26x 10--4 0.126 1.403 x 10-2 

1970 0.840 -5.33x 10-2 5.33 x 10__.. 0.835 -524x to-2 4.98 X tQ-4 0.614 1.978 X lQ-2 

1971-1972 0.787 -4.99 X to-2 4.99x 10--4 0.894 -5.54 X lQ-2 4.99 X 1Q--4 0.697 1.553 X 10-'2 

8 8efurence 8. Equations should not be extended beyond tf1e range of the data 115 to 45 mi/hr; 24 to 72 kmJhr). For speed correction factors at low speeds {5 and 10 
mi/hr; 8 and 16 km/hrl see Table 3.1.2-7. · 

btbe speed oorrection factor equations and coefficienu presented in this table are expressed in terms of english units (miles par hour). In order to perform calculationS 
using tbe metric system of units. it is suggasl&d that kilometers per hour be first converted to miles par hour 11 km/hr = 0.621 mi/hr). Onll9 speed correction factors 
are determined. all other c:ak:ulations can be performed using metric un;u . 



Location 

Low altitude 
(Excluding 1966· 

1967 Calif.) 
California 
Low altitude 

High altitude 

Table 3.1.2·7. LOW AVERAGE SPEED CORRECTION 
FACTORS FOR LIGHT -DUTY VEHICLES8 

Carbon monoxide Hydrocarbons 
Model ! 5 mi/hr I 10 mi/hr 5 mi/hr . 10 mi/hr 
year ! (8 km/hr) I (16 km/hr) (8 km/hr) i (16 km/hr) 

1957-1967 2.72 1,57 2.50 l 1.45 

1966-1967 1.79 1.00 1.87 1.12 
1968 3.06 1.75 2.96 1.66 
1969 3.57 1.86 2.95 1.65 
1970 3.60 1.88 2.51 1.51 

1971-1972 4.16 2.23 2.75 1.63 
1957-1967 2.29 1.48 2.34 1.37 

1968 2.43 1.54 2.10 1.27 
1969 2.47 1.61 2.04 I 1.22 
1970 2.84 1.72 2.35 I 1.36 

1971-1972 3.00 1.83 2.17 I 1.35 
1-

Nitrogen ox ides 
5 mi/hr 10 mi/hr 

(8 km/hr) (16 km/hr) 

1.08 1.03 

1.16 1.09 
1.04 1.00 
1.08 I 1.05 
1.13 " 1.05 I 
1.15 j 1.03 
1.33 

I 
1.20 

! 1.22 1.18 
1.22 I 1.08 I 1.19 

! 
1.11 

1.06 1.02 

a Driving pa'ttems developed from CAPE·21 vehicle operation data !Reference 9) were Input to the modal emission analysis model 
(see section 3.1.2.3). The results predicted by the model (emissions at 5 and 10 mi/hr; 8 and 16 km/hr) were divided by FTP 
emission factors for hot operation to obtain the above results. The above data are approximate and represent the best currently 
available information. 

Table 3.1.2-8. LIGHT·DUTV VEHICLE TEMPERATURE CORRECTION FACTORS 
AND HOT/COLD VEHICLE OPERATION CORRECTION FACTORS 

Pollutant 

Carbon monoxide 
Hydrocarbons 
Nitrogen oxides 

FOR FTP EMISSION FACTORS8 

Temperature correction 

. (Zip_t)b 

-0.0127 t + 1.95 
-0.0113 t+ 1.81 
-0.0046 t + 1.36 

Hot/Cold operation 

correction [f(t)] b 

0.0045 t + 0.02 
0.0079 t + 0.03 

-0.0068 t + 1.64 

a Reference 10. Temperature (t) is expressed In °F. In order to apply these equations, °C must be first converted to °F. The ap
propriate conversion formula is: F=(9/51C + 32. For temperatures expressed on tha Kelvin (K) scale: F=9/5(K·273.16) + 32. 

bThe formulae for ziptenable the correction of the FTP em.ission factors for ambient temperature effects only. The amount of. 

cold/hot operation is not affected. The formulae for fit), on the other hand, are part of equation 3.1.2·2 for calculating rlptw· 
The variable 'iptw corrects for cold/hot operation as well as ambient temperature. · 

Note: zipt can be applied without rlptw• but not vica verse. 
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F1'P emission factor (Cipn)· The results of the ftrst two EPA annual light-duty vehicle surveillance programs are 
summarized in Tables 3.1.2-1 through 3.1.24. These data for calendar years 1971 and 1972 are divided by 
geographic area into: low altitude (excluding California), high altitude (excluding California), and California only. 
California emission factors are presented separately because, for several model years, California vehicles have been 
subject to emission standards that differ from standards applicable to vehicles under the Federal emission control 
program. For those model year vehicles for which California did not have separate emission standards, the 
national emission factors are assumed to apply in California as well. Emissions at high altitude are differentiated 
from those at low altitude to account for the effect that altitude has on air-fuel ratios and concomitant emissions. 
Tne tabulated values are applicable to calendar years 1971, and 1972 for each model year. 

Fraction of annual travel by model year (mi). A sample calculation of this variable is presented in Table 3.1.2-5. 
In the example, nationwide statistics are used, and the fraction of in-use vehicles by model year (vehicle age) is 
weighted on the basis of the annual miles driven. Th~ calculation may be "localized" to reflect local (county, 
state, etc.) vehicle age mix, annual miles driven, or both. Otherwise, the national data can be used. The data 
presented in Table 3.1.2·5 are for calendar year 1972 only; for later calendar years, see Appendix D. 

Speed Correction Factors (vips). Speed correction factors enable the "adjustment" of FTP emission factors to 
account for differences in average route speed. Because the implicit average route speed of the FTP is 19.6 mi/hr 
(31.6 km/hr), estimates of emissions at higher or lower average speeds require a correction. 

It is important to note the difference between ••average route speed" and- "steady speed". Average route speed 
is trip-related and based on a composite of the driving modes (idle, cruise, acceleration, deqeleration) 
encountered, for example, during a typical home-to-work trip. Steady speed is highway facility-ori~ted. For 
instance, a group of vehicles traveling over an uncongested freeway link (with a volume to capacity ra~io ofO.I, 
for example) might be traveling at a steady speed of about 55 mi/hr (89 km/hr). Note, however, that steady 
speeds, even at the link level, are unlikely to occur where resistance to traffic flow occurs (unsynchronized trafftc 
signaling, congested flow, etc.) 

In previous revisions to this section, the limited data available for correcting for average speed were presented 
graphically. Recent research, however, has resulted in reVised speed relationships by model year. 15 To faeilitate the 
presentation, the data are given as equations and appropriate coefficients in Table 3.1.2-6. These relationships 
were developed by performing fi~ major tasks. First, urban driving pattern data collected during the CAPE·lO 
Vehicle Operations Survey11 were processed by city and time of day into freeway, non-freeway, and composite 
speed-mode matrices. Second, a large number of driving patterns were computer-generated for a range ·of average 
speeds (15 to 45 mi/hr; 24 to 72 km/mi) using weighted combinations of freeway and non-freeway matrices. 
Each of these patterns was ftltered for "representativeness." Third, the 88 resulting patterns were input 
(second-by-second speeds) to the EPA modal emission analysis model (see sections 3.1.2.3). The output of the 
model was estimated emissions for each pattern of 11 vehicle groups (see Table 3.1.2.6 for a listing of these 
groups). Fourth, a regression analysis was performed to relate estimated emissions to average route speed for each 
of the 11 vehicle groups. Fifth, these relationships were normalized to 19.6 mi/hr (31.6 km/hr) and s~arized 
in Table 3.1.2-6. 

The equations in Table 3.1.2-6 apply only for the range of the data - from 15 to 45 mi/hr (24 to 72 km/hr). 
Because there is a need, in some Situations, to estimate emissions at very low average speeds, correction factors 
for 5 and 10 mi/hr (8 and 16 km/hr) presented in Table 3.1.2-7 were developed using a method somewhat like 
that described above, again using the modal emission model. The modal emission model predicts e~ions from 
warmed-up vehicles. The use of this model to develop speed correction factors makes the assumption 11hat a given 
speed correction factor applies equally well to hot and cold vehicle operation. Estimation of warmed-up idle 
emissions are presented in section 3.1.2.4 on a gram per minute basis. 

Temperature Correction Factor (Zipt)· The 1975 FTP requires that emissions measurements be made within the 
limits of a relatively narrow temperature band (68 to 86°F). Such a band facilitates uniform testing in 
laboratories without requiring extreme ranges of temperature control. Preient emission factors for mo~or vehicles 
are based on data from the standard Federal test (assumed to be at 75°F). Recently, EPA and the Bureau of 
Mines undertook a test program to evaluate the effect of ambient temperature on motor vehicle exha~t emission 
levels.1 0 The study indicates that changes in ambient temperature result in significant changes in emis$ions during 
cold start-up operation. &cause many Air Quality Control Regions have temperature characteristics differing 
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considerably from the 68 to 86"F rmge, the Lemperatu!'e conection factor should be applied; These correction 
factors, which can be applied betwe.3n.20 and 80"F, are presented in Table .:t1.2..S. For temperatures outside this 
range, the appropriate endp(nnt corr~ction factor should be.·applied. 

Hot/Cold VehiCle Operation Correction facior (ript~) .. The 1975 FTP measures emissio~ during: a cold 
traiisient phase (representative of vehicle start7up after a long engine-off period), a hot transient phase . 

. (representative of· vehicle. start-up·. after a short: engine-off period). and a stabilized phaSe· (representative of 
wanned·up vehicle operation); The weighting factou used in the 1975 FTP a~e 20 percent,27 percent, and 53 

··percent· of.total miles (time) in each of. the three phases, respectively. thus, when the' 1975 FTP emission factors 
. are. applied to a given region for tht- purpose of accessing ·air quality, 20:percent of the light-duty vehicles in the 
· .. area of interest are assQined to be operating in a cold condition, 27 percent in a hot start-up condition, and 53 

percen~ .in. a hot. stabilized condition. For non-Catalyst equipped vehicles (all pre-1975 model year vehicles), 
emissions in ~ two hot phases are essentially equivalent on a grams per mile (grams per kilometer basis); 
lherefore, the 1975 FIP emission factor represents 20 percent .cold operation arid 80 percent hot operation. 

Many situations exist in, which the' application. of these particular weighting factors may be inappropriate. For. 
CxaJQple, Jight·duty vehicle operation in the center City may have a much higher percentage of ·cold operation 
duruig:' the afternoon peak when work-to-home trips are at a maximwn and vehicles have beeri standi.rig for 8 
hours. The hot/cold vehicle operation correctjon factor allows the cold operation pha:se to. range from 0 to I 00 
percent 'of total Ught~uty vehicle operations~ lhis correction factor . is a function of the percentage of cold 
operation (w) and the:atnbient temperature (t). The eorrection factor is:· 

w + (lOO·w) f(t) 

riptw = 20 t 80f(t)' (3.1.2-2) 

. . 

· where:. f(t) js given in Table 3.1.2-t::. 

·I 

SiJmple Calcriltiti'oiL As a means of further describing the application of equath~n 3.1.2·1, calculation of ·the ( 
. ciubon monoxide composite ·emission factor is provided as an example. To perfonn this calculition·(or any · 

CalcWtion using this procedure), the following questions must be answered:. · · 
. . 

L Whatcalendar year is being c~nsidu~ed? 
2; ·What is the aver~ge vehi~Je ~peed il.l the area of concern? 

· 3. Is the .,eaat low altitude (non ·Cal!fumia), in California, or at high a'ltitude'! 

4. Are locali~ed ~ehicle mix and/or armual ttavel data aviwable? 

s~ Which pollutant is to be. estimated'? (For non-exhaust hydrocarbons s~e section 3 .1.2 .5 ). 

6, ~at is the ~brent ·te~perature (I~ it does not fall within the 68. to 86"F Federal Test Procedure range)? 

7. What percentage of vehicle operation is cold operation .(first 500 seconds of operation afteu.ri ·engin~off 
·. period of at least 4 hours)? 

For this· example~ the composite CiJ.rbon monoxidll emisshm factor foi 11)72 will be estimated for a hypothetic!ll 
county. Average vehicle speed for the county is assumed to be 30 mi/hr. The county is at low altitude · 
(non•California), and localized vehicle milj:/annual trl!vel data are unavailable (nationwide statistics are to be. 
used). The ambient temperature is assumed to be 50°F and the percentage of cold vehicle operation is asswned to 
be 40 percent. To simplify the presentation, the appropriate variables are c:ntered in the following tabulation. 
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Model Variables, a (cipnHminHvipsl 
year(s) cipn min vips Zjpt riptw (Zjpt)(qptw) 

Pre-1968 58.1 0.396 0.72 1.315 1.39 30.3 
1968 39.6 0.106 0.69 1.315 1.39 5.3 
1969 39.9 0.122 0.63 1.315 1.39 5.6 
1970 33.0 0.125 0.62 1.315 1.39 4.7 
1971 31.7 0.135 0.63 1.315 1.39 4.9 
1972 22.9 0.116 0.63 1.315 1.39 3.1 

enpstW = 53.9 g/km 

8 Tfle variable cipn ebow is f~om Table 3.1.2-3, end the variable min was taken from the sample. calculation based on natiO!IIwide 
data, Table 3.1.2-5. The fraction of trawl for pre-1968 (6 years old and older) vehicles is the sum of the last eight values in the 

fa~ right·hand column of the table. The SI)Bed.correction factor (vipsl was calculated from the appropriate equations in Table 
3.1.2-6. The variable zipt was calculated from the appropriate equation in Table 3.1.2-8. The variable riptw was calculate<ll using 

an equation from Table 3.1.2-8 and equation 3.1.2,2. 
The resultant composite carbon monoxide emission factor for 1972·for the hypothetical county is 53.9 g/km. 

3.1.2.3 Modal Emission Model for Estimating Carbon Monoxide, Hydrocarbons, and Nitrogen Oxides Emission 
Factors- The modal emission model and allied computer programs permit an analyst to calculate mass emission 
quantities of carbon monoxide, hydrocarbons, and nitrogen oxides emitted by individual vehicles or gr<i'ups of 
vehicles over any specified driving sequence or pattern. The complexity· of the model and accompanying 
computer. programs makes presentation of the entire procedure in this publication impractical. Instead, the 
capabilities and limitations of the model are briefly described in the following paragraphs with the details to be 
found in a separate report, Automobile Exhaust Emission Modal Analysis Model. s 

The modal emission model was developed because of the well-established fact that emission rates for a 
particular vehicle depend upon the manner in which it is operated. Stated another way, the emissions from a 
particular vehicle are a function of the time it spends in each of four general operating modes (idle, cruise, 
deceleration, acceleration) as well as specific operation within each of the four modes. In many situations~ use of 
the basic FTP emission factors may be suff10ient. Certainly, nationwide, statewide; and county-wide emission 
estimates that involve spatial aggregation of vehicular travel da~a lend themselves to the FfP method (section 
3.1.2.2). There are, however, a relatively large number of circumstances for which an analyst may require 
emission estimates at a zonal or link level of aggregation. The analyst, for example, may be faced with providing 
inputs to a carbon monoxide dispersion· model~ estimating the impact of an indirect source (sports complex, 
Shopping center, etc.), or preparing a highway impact statement. In such instances, the resources may be ayailable 
to determine the necessary inputs to the modal model either by estimation or field studies. These data ate input 

. to the modal model and emission estimates are output. 

Although the computer software package is sufficiently flexible to accept any set of input modal emission 
data, EPA data based on tests. of 1020 individual light-duty vehicles (automobiles) that represent variations in 
model year, manufacture, engine and drive train equipment, accumulated mileage, state of maintenance, atttached 
.pollution abatement devices, and geographic location are a part of the package. The user, therefore, need not 
input any modal emission data. He inputs the driving sequence desired as speed (mi/hr) versus time (sec) in 
I -second intervals and specifies the vehicle mix for which emission estimates are desired (vehicles are grouped by 
model year and geographic location). The output of the model can then be combined with the appropriate traffic 
volume for the desired time period to yield an emission estimate. The use of the modal emission model to 
estimate a composite emission factor does not, however, eliminate the need for temperature and ·qold/hot 
weighting correction factors. The model predicts emissions from warmed-up vehicles at an ambient temperature 
of approximately 75°F. The estimate of composite exhaust emission factors using the modal emission model is 
given by: 

(3.1.2·3) 
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., 
'· where: eptw = Composite emission. factor in grams per mile (g/km) for calendar year 1971, pollutant (p), 

ambient temperature (t), percentage cold operation (w), and the specific driving sequence and 
vehicle mix specified 

cp = The mean emission factor for pollutant (p) for the specified vehicle mix and driving sequence 
apt = The temperature correction factor for pollutant (p) and temperature (t) for warmed-up 

operation 

bptw = The hot/cold vehicle operation correction factor for pollutant (p), temperature (t), and 
percentage cold operation ( w) 

The data necessary to compute apt and bptw are given in Table 3.1.2·9. The modal analysis computer program 
is necessary to compute cp. 5 · 

Pollutant 

Carbon monoxide 
Hydrocarbons 
Nitrogen oxides 

Table 3.1.2·9. LIGHT-DUTY VEHICLE MODAL EMISSION 
MODEL CORRECTION FACTORS FOR TEMPERATURE 

AN.D COLD/HOT START WI:UlHTINGa 

Temperature correction 
(aptl 

1.0 
1.0 

-0.0065 t + 1.49 

Hot/cold temperature 
correction [f(t)) 

0.0045 t + 0.02 
0.0079 t + 0.03 

-0.0068 t + 1.64 
8 Reference 10. Temperature is expresaed in °F. In order to apply these equations, convert °C to °F (F=9/5C + 32); or °K to °F 

(F=9/6(K·273.15l+ 321. · . . 

Temperature Correction Factor (apt). The: modal analysis model predicts emissions at approximately 75°F. The 
+emperature correction factors are expressed in equational form and presented in Table 3.1.2·9. 

!· 

Hot/Cold Vehicle Operation Correction Factor (bptw). The modal anitlysis model predicts emissions during 
warmed-up vehicle ·operation, but there are many urban situations for which this asswnption is not appropriate. 
The hot/cold vehicle operation correction factor allows for the inclusion of a specific percentage of cold 
operation. This correction factor is a function of the percentage of cold operation (w) and the ambient 
temperature (t). The correction factor is: 

where: f( t) is given in Table .3. L2·9. 

w + (100-w)f(t) 
b tw =-----
p . 100 f(t) 

(3.1.24) 

It is important that potential users of modal analysis recognize of the important limitations of the model. 
Although the model provides the capability of predicting emission estimates for any driving pattern, it can only 
predict emissions for the vehicle groups that have been tested. Presently this capability is limited to 1971 and 
older light-duty vehicles. Efforts are underway to add additional model years (1972·1974), and new models will 
be tested as they become available. Although the model is not directly amenable ·to projecting future yeat 
emissions, it can predict "base" year emissions. Future year emissions can be estimated using the ratio of future 
year to base year emissions based on FTP composite emission factors. Finally, the technique requires. the input of 
a driving sequence and the use of a computer, and is therefore, more complex and more costly to use than the 
simple FTP technique (section 3.1.2.1). 
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The modal procedure discussion in this section is recommended when the user is interested in conaparing 
emissions over several different speciftc driving scenarios. Such an application will result in more aecumte 
comparisons than can be obtained by the method given in section 3.1.2.2. For other applications where ~tverage 
speed is all that is known or when calendar year to calendar year comparisons are required, the method in ~~eetion 
3.1.2.2 is recommended. 

3.1.2.4 Carbon Monoxide, Hydrocarbon, and Nitrogen Oxides Idle Emission Factors - Estimates of emissions 
during a vehicles' idle operating mode may be appropriate at trip attmctions such as shopping centers, airports, 
sports complexes, etc. Because idle emission factors are expressed (by necessity) in terms of elapsef! time, 
emissions at idle can be estimated using vehicle operating minutes rather than the conventional vehicle lllliles of 
travel. 

Application of the idle values (Table 3.1.2-10) requires calculation of a composite idle emission factor (cp) 
through the use of the variable min(see section 3.1.2.2) and iio (idle pollutant p emission factor for the ith model 
year). The temperature and hot/cold· weighting factors presented in Table 3.1.2·9 apply to idle emissioos. The 
tabulated values are based on warmed-up emissions. (For apt• see Table 3.1.2-9; for bptw• see Table 3.1.2-9 and 
equation 3.1.24.) . 

Location and 
model year(s) 

Low altitude 
Pre-1968 
1968 
1969 
1970 
1971 

High altitude 
Pre-1968 
1968 
1969 
1970 
1971 

California only 
(low altitude) 

Pre-1966 
1966 
1967 
1968 
1969 
1970 
1971 

8 Fieference 12. 
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Table 3.1.2-10. CARBON MONOXIDE, HYDROCARBON, AND 
NITROGEN OXIDES EMISSION FACTORS FOR LIGHT -DUTY 

VEHICLES IN WARMED-UP IDLE MODE8 

(grams/minute) 

Carbon monoxide Exhaust hydroca~:bons 

16.9 1.63 
15.8 1.32 
17.1 1.17 
13.1 0.73 
13.0 0.63 

18.6 1,83 
16.8 1.09 
16.6 0.90 
16.6 1.13 
16.9 0.80 

16.9 1.63 
18.7 1.27 
18.7 1.27 
15.8 1.32 
17.1 1.1'7 
19.3 0.76 
13.3 0.78 

Internal Combustion Engine Sources 
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Nitrogen1 oxides 

0.08 
0.12 
0.12 
0.13 
0.11 

0.11 
0.11 
0.10 
O.H 
0.16 

0.08 
0.07 
0.07 
0.12 
0.12 
0.28 
0.18 

3 .. 1.~11 



The mathematical expression is simply: 
n 

L 
i =n-12 

c = p 
(3.1.2·5) 

. Because the idle data are from the same data base used to develop the modal analysis procedure, they are 
subject to the same limitations. Most importantly, idle values cannot be directly used to estimate future 
emissions. 

3.1.2.5 Crankcase and Evaporative Hydrocarbon Emission Factors- In addition to exhaust emission factors, the 
calculation of hydrocarbon emission from · gasoline motor vehicles involves evaporative and crankcase 
hydrocarbon emission factors. Composite crankcase emissions can be determined using: 

n 
fn = 2: hi min 

i = n-12 (3.1.2-6) 

where: fn = The composite crankcase hydrocarbon emission factor for calendar year (n) 

hj ::: The crankcase emission factor for the ith model year 

min = The weighted annual travel of the ith year during calendar year (n) 

Crankcase hydrocarbon emission factor by model year are summarized in Table 3.1.2-11. 

The two major sources· of evaporative hydrocarbon emissions from light-duty vehicles are the fuel tank and the 
carburetor system. Diurnal changes in ambient temperature result in expansion of the air-fuel mixture in a 
partially filled fuel tank. As a result, gasoline vapor is expelled to the atmosphere. Running losses from the fuel 
tank occur as the- fuel is heated by the road surface during driving, and hot-soak losses from the carburetor system ( 
occur after engine shut down at the end of a trip. These carburetor losses are from locations such as: the 

3.1.2-12 

Table 3.1.2·11. CRANKCASE HYDROCARBON 
EMISSIONS BY MODEL YEAR 
FOR LIGHT-DUTY VEHICLES 

EMISSION FACTOR RATING: B 

Hvdrocarbons 
Model year g/mi 

California only 
Pre-1961 4.1 
1961 through 1963 0.8 
1964 through 1967 0,0 

Post-1967 0.0 
All areas except 

California 
Pre-1963 4.1 
1963 through 1967 0.8 
Post-1967 0.0 

8 Aeferenee 13. 

_EMISSION F ACTO.RS 

g/km 

2.5 
0.5 
0.0 

0.0 

2.5 
0.5 

0.0 
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carburetor vents, the float bowl, and the gaps around the throttle and choke shafts. Because evaporative enu.ions 
are a function of the diurnal variation in · ambient temperature and the nwnber of trips per day, emissions are 
best calculated in terms of evaporative emissions per day per vehicle. Emissions per day can be converted to 
emissions per mile (if necessary) by dividing by an average daily miles per vehicle value. 111is value is likely to wry 
from location to location, however. The composite evaporative hydrocarbon emission factor is given by: 

ll 

en= E 
i=n-12 

(3.1.2-7) 

where: en = The composite evaporative hydrocarbon emission factor for calendar year (n) in 1 b/day 
(g/day) 

= The diurnal evaporative ~ydrocarbon emission factor for model year (i) i.'l lb/day (g/~) 

= The hot soak evaporative emission factor in 1 b/trip (g/trip) for the ith model year 

= The number of daily trips per vehicle (3.3 trips/vehicle-day is the nationwide average) 

mi = The fraction of annual travel by the ith model year during calendar yearn 

The variables gt and ki are presented In Table 3.1.2-12 by model year. 

Table 3.1.2·12. eVAPORATIVE HYDROCARBON EMISSION FACTORS BY MODEL YEAR 
. FOR L.IGMT -DUTY VEHICLESI 

EMISSION FACTOR RATING: A 

Location and By sourceb 
model year Diurnal, g/day Hot soak, g/trip 

Low altitude 
Pre·1970 26.0 14.7 
1970 (Celif.) 16.3 10.9 
1970 (non-calif.) 26.0 14.7 
1971 16.3 10;9 
1972 12,1 12.0 

l:iigh altitudad 
Pre-1971 37.4 17.4 
1971-1972 17.4 14.2 

Composite emissionsC 
g/day g/mi 

74.5 2,53 
52.3 1.78 
74.5 2,53 
52.3 1.78 
51.7 1.76 

94.8 3.22 
64.3 2.19 

.· aRaferenc8s 1, 14 and 1 5. 
bSee text for explanation. . 

g/km 

1.57 
1.1 1 
1.67 
1.11 
1.09 

2.00 
1.36 

CGram per day value• are diumalemlesions plus hot soak emisssions multiplied by the average number of trips per day. N.tionwicle 
data from References 16 and 17 Indicate that the average vehicle is used for 3.3 trips par day. Gram per mile values wereldetar· 
mined by dividing average g/day by the average nationwide travel per vehicle (29.4 mi/dayl from Reference 16. 

dvehicles without evaporative control were not tested at high altitude. Values presented here ere the product of the ratio ,of pra· 
1971 (low altitude) &wporetlve emlsalons to 1972 eveporatiw emissions end 1971 ·1972 high altitude emissions. 

3.1.2.6 Particulate and Sulfur Oxide Emissions - Ught·duty, gasoline-powered vehicles emit relatively small 
qua.&tities of particulate and sulfur oxides in comparison with the emissions of the three pollutants discussed 
above. For this reason, average rather than composite emission factors should be sufficiently accurate for 
approximating particulate and sulfur oxide emissions from light-duty, gasoli11e-powered vehicles. Average 
emission factors for these pollutants are presented in Table 3.1.2·13. No Federal standards for these two 
pollutants are presently in effect, although many areas do have opacity (antismoke) regulations appUcable to 
motor vehicles. 
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Table 3.1.2-13. PARTICULATE AND SULFUR OXIDES 
EMISSION FACTORS FOR LIGHT-DUTY VEHICLES 

EMISSION FACTOR RATING: C 

Pollutant 

Particulate3 
Exhaust 
Tire wear 

Sulfur oxide~ 
(SOx asS02 ) 

Emissions for Pre-1973 vehicles 
g/mi g/km 

0.34 
0.20 
0.13 

0.21 
0.12 
0.08 

fiReferences 18, 19, and 20. 
beased on an average fuel consumption of 13.6 mi/gal (5.8 km/literl from 

Reference 21 and on the use of a fuel with a 0.032 percent sulfur content 
from References 22 through 24 and a density of 6.1 lb/gal (0. 73 kg/liter) 
from ReferenCiils 22 and 23. 
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3.1.3 Light-Duty, Diesel-Powered Vehicles by David S. Kircher 

3.1.3.1 General - In comparison with the conventional, "uncontrolled," gasoline-powered, spark-ignited, 
automotive engine, the uncontrolled diesel automotive engine is a low pollution powerplant. In its uncontrolled 
form, the diesel engine emits (in grams per mile) considerably less carbon monoxide and hydrocarbons and 
somewhat less nitrogen oxides than a comparable uncontrolled gasoline engine. A relatively small number of 
light-duty diesels are in use in the United States. 

3.1.3.2 Emissions - Carbon monoxide, hydrocarbons, a:nd nitrogen oxides emission factors for the light-duty, 
diesel-powered vehicle are shown in Table 3.1.3-1. These factors are based on tests of several Mercede!l 2200 
automobile.s using a slightly modified version of the Federal light-duty vehicle test procedure. 1 

•
2 Available 

automotive diesel test data are limited to these results. No data are available on emissions versus average speed. 
Emissions from light-duty diesel vehicles during a calendar year (n) and for a pollutant (p) can be approximately 
calculated using:. 

where: enp = 

Cipn = 

min = 

n 

enp = 'E cipn min (3.1.2-1) 
i=n-12 

Composite emission factor in grams per vehicle mile for calendar year (n) and pollutant (p) 

The 1975 Federal test procedure emission rate for pollutant (p) in grams/mile for the ith 
model year at calendar year (n) (Table 3.1.3-1) 

The fraction of total light-duty diesel vehicle miles driven by the ith model year diesel 
light-duty vehicles 

Details of this calculation technique are discussed in section 3.1 .2. 

The emission factors in Tabk 3.1.3-1 for particulates and sulfur oxides were developed using an average sulfur 
content fuel in the case of sulfur oxides a:nd the Dow Measuring Procedure on the 1975 Federal test cycle for 
particulate.1 •6 

12/75 

Table 3.1.3-1. EMISSION FACTORS FOR LIGHT-DUTY, 
DIESEL-POWERED VEHICLES 

EMISSION FACTOR RATING: B 

Pollutant 

Carbon monoxide8 

Exhaust hydrocarbons 
Nitrogen oxidegii,b 

(NOx as N02l 
Particulateb 
Sulfur oxidesc 

Emission factors, 
Pre-1973 model ears 

g/mi g/km 

1.7 1.1 
0.46 0.29 
1.6 0.99 

0.73 
0.54 

0.45 
0.34 

a Estimates are arithmetic mean of tests of vehicles, References 3 through 
6 and 7, 

bReference 4. 
ccalculated using the fuel consumption rate reported in Reference 7 and 
assuming the use of a diesel fuel containing 0.20 pe1cent sulfur. 
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3.1.4 Light-Duty. Gasoline-Powered Trucks 
and Heavy-Duty, Gasoline-Powered Vehicles 

by David S. Kircher 
and Marcia E. Williams 

3.1.4.1 General - This vehicle category consists of trucks and buses powered by gasoline-fueled, spark-ignited 
internal combustion engines that are used both for commercial purposes (heavy trucks and buses) and pe11sonal 
transportation (light trucks). In addition to the use classification, the categories cover different gross vehicle 
weight (GVW) ranges. Light trucks range from 0 .to 8500 pounds GVW (0 to 3856 kg GVW); heavy-duty vehicles 
have GVWs of 8501 pounds (3856 kg) and over. The light-duty truck, because of its unique characteristics and 
usage, is treated in a separate category in this revision to AP-42. Previously, light trucks with a GVW of.6000 
pounds (2722 kg) or less were included in section 3.1.2 (Ught.Duty, Gasoline-Powered Vehicles), and light trucks 
with a GVW of between 6001 and 8500 pounds (2722-3855 kg) were included in section 3.1.4 (Heavy-Duty, 
Gasoline-Powered Vehicles). ' 

3.1.4.2 Ught-Duty Truck Emissions - Because of many similarities to the automobile, light truck emission 
factor calculations are very similar to those presented in section 3.1.2. The most significant difference is in the 
Federal Test Procedure emission rate. 

3.1.4.2.1. Carbon monoxide, hydrocarbon and nitrogen oxides emissions- The calculation of composite e~ust 
emission factors using the FTP method is given by: 

where: enpstw = 

Cipn = 

min = 

Vips = 

Zipt = 

riptw = 

n 

enpstw = _l: . Cipn min Vips Zipt riptw 
t=n-12 

(3.1.4-1) 

Composite emission factor in g/mi (g/km) for calendar year (n), pollutant (p), average 
speed (s), ambient temperature (t), and percentage cold operation (w) 
The FTP (1975 Federal Test Procedure) mean emission factor for the ith model year 
light-duty trucks during calendar year (n) and for pollutant (p) ' · 
The fraction of annual travel by the ith model year light-duty trucks during calendar year 
(n) 
The speed correction factor for the ith model year light-duty trucks for pollutant (p) and 
average speed (s) 
The temperature correction for the ith model year light-duty trucks for pollutant (p) and 
ambient temperature (t) 
The hot/cold vehicle operation correction factor for the ith model year light-duty trucks 

. for pollutant (p), ambient temperature (t),_ and percentage of cold operation (w) 

The data necessary to complete this calculation for any geographic area are presented in Tables 3.1.4-1 
through 3 .1.4·5. Each of the variables in equation 3.1.4-1 is described in greater detail below. The technique is 
illustrated, by example, in section 3.1.2. 
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Location 

All areas except 
high altitude and 
California8 

High altitudeb 

Table 3.1.4·1. EXHAUST EMISSION FACTORS FOR LIGHT-DUTY, 
GASOLINE-POWERED TRUCKS FOR CALENDAR YEAR 1972 

EMISSION FACTOR RATING: B 

Carbon Exhaust 
Model monoxide hydrocarbons 
year g/mi g/km g/mi g/km 

Pre-1968a 125 17.6 17.0 10.6 
1968 66.5 41.3 7.1 4.4 
1969 64.3 39.9 5.3 3.3 
1970 53.5 33.2 4.8 3.0 
1971 53.5 33.2 4.2 2.6 
1972 42.8 26.6 3.4 2.1 

Pre-1968 189 117 23.3 14.5 
1968 106 65.8 9.7 6.0 
1969 98.0 60.9 6.4 4.0 
1970 88.0 54.6 5,5 3.4 
1971 84.1 52.2 5,5 3.4 
1972 84.1 52.2 5.3 3.3 

aReferenc:es 1 th~ough 4. California emission factors can be estimated as follows: 
1. Use pre·1968 factors for all pre-1966 california light trucks. 

Nitrogen 
oxides 

g/mi g/km 

4.2 2.6 
4.9 3.0 
5.3 3.3 
5.2 3.2 
5.2 3.2 
5.3 3.3 

2.6 1.6 
3.2 2.0 
3.1 1.9 
4.0 2.5 
3.3 2.0 
3.6 2.2 

2. Use 1968 factors for all 1966·1968 California light trucks. 
3. For 1969·1972, use the above values multiplied by the ratio of California LDV emission factors to low altitude LDV emls· 

sion factors (see section 3.1 .2). ., 
beased on light-duty emission factors at high altituda compared with light-duty emission factors at low altitude (section 3.1 .2). 

Table 3.1.4-2. COEFFICIENTS FOR SPEED ADJUSTMENT CURVES FOR LIGHT-DUTY TRUCKS8 

vios _ eiA + BS + cs2 1 v;p5 -A + BS 

Model Hydrocarbons Carbon monoxide N ltrogen oxides 
Location year A B c A B c A s 

Low altitude 1957·1967 0,953 --t3.oo x 10-2 5.81 X 10 ~4 0.967 -6.07 X 10-2 5,78 X 10-4 0.808 . 0.980 )( 10 - 2 

(Excluding 1966· 
1987 Calif.) 

California 1966·1967 0.957 -5.98 X 1Q•2 5.63 X 10 •4 0.981 -6,22 X 10-2 6.19 X 10-4 0.844 0.798 )( 10-2 

Low altitude 1968 1.070 -6.63 X 10·2 5,98 X 10 • 4 1.047 -6.52 X 10·2 6.01 X 10 - 4 0.888 0.569 )( 10-2 

1969 1.005 -6.27 X 10"2 5.80 X 10-4 1.259 -7.72 X 10·2 6.60 X 10 "4 0.915 0.432 X 10 • 2 

1970 0.901 -5.70 X 10-2 5.59 X 10 "4 1.267 -7.72 X 10·2 6.40 X 10 "4 0.843 0.798 X 10-2 

1971·1972 0.943 -5.92 X 10-2 5.67 X 10-4 1.241 -7.52 X 10·2 6.09 X 10 - 4 0.843 0.804 X 10-2 

High altitude 1957·1967 0.883 -6.58 X 10-2 5.52 X 10-4 0.721 -4,57 X 10"2 4,58 X 10 •4 0.602 2.027 X 10-2 

1968 0.722 --4.63 X 1Q·2 4,80 X 10 • 4 0.662 -4.23 X 10"2 4.33 X 10 --4 0.642 1.835 X 10-2 

1969 0.706 -4.55 X 10"2 4.84 X 10 •4 0.628 -4.04 X 10"2 4.26 X 10 • 4 0.726 1.403 X 10 - 2 

1970 0.840 •5.33 X 10·2 5,33 X 10 • 4 0.835 -5.24 X 10"2 4.98 X 10 -,4 0.614 1.978x 10-2 

1971·1972 0.787 -4.99 X 10·2 4,99 X 10 •4 0.894 -5.54 X 10"2 4.99 X 10 • 4 0.697 1.553 X 10-2 

"Reference 5. Equatoons should not be extended beyond the range of data 115 to 45 rni/hrl. These data are for light-duty vehicles and are assumed applicable to light· 
duty trucl<s. , 
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Tabla 3.1.4·3. LOW AVERAGE SPEED CORRECTION 
FACTORS FOR LIGHT·DUTV TRUCKS8 

Carbon monoxide Hydrocarbons Nitrogen o~eides 
Model 6 mi/hr 10 mi/hr 6 mi/hr 10 mi/hr 6 mi/hr 10 mi/hr 

Location year (8 km/hr) (16 km/hr) (8 km/hr) (16 km/hr) (8 km/hr) (1$ km/hr) 

Low altitude 1967·1967 2.72 1.67 2.50 1.45 1.08 1.03 
(Excluding 1966· 

1967 Calif.) 
california 1966·1967 1.79 1.00 1.87 1.12 1.16 1.09 
Low altitude 1968 3:06 1.75 2.96 1.66 1.04 1.00 

1969 3.57 1.86 2.96 1.65 1.08 1.05 
1970 3.60 1.88 2.61 1.51 1.13 1.05 

1971·1972 4.16 2.23 2.75 1:63 1.15 1.03 
High altitude 1957·1967 2.29 1.48 2.34 1.37 1.33 1.20 

1968 2.43 1.54 2.10 1.27 1.22 1.18 
1969 2.47 1.61 2.04 1.22 1.22 1.08 
1970 2.84 1.72 2.35 1.36 1.19 1.11 

1971·1972 3.00 1.83 2,17 1.35 1.06 1.02 

1 Driving patterns developed ftoni CAPE-21 vehicle operation data (Reference 6) were Input to the modal emission an~ lysis model 
(118esectlon 3.1.2.3). The results predicted by the model (emissions at 5 and 10 mi/hr; 8 and 16 km/hr) were divided by FTP 
emission factors for hot operation to obtain the above results. The above data are approximate and represent the bas~ currently 
available Information. 

Age, 
years 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

~13 

Table 3.1.4-4. SAMPLE CALCULATION OF FRACTION OF ANNUAL 
LIGHT.OUTV TRUCK TRAVEL BY MODEL VEARI 

Fraction of total 
vehicles in use Average annual 

nationwide (a)b miles driven (b) axb 

0.061 15,900 970 
0.095 15,000 1,425 
0.094 14,000 1,316 
0.103 13,100 1,349 
0.083 12,200 1,013 
0.076 11,300 869 
0.076 10,300 783 
0.063 9,400 592 
0.054 8,600 459 
0.043 7,600 327 
0.036 6,700 241 
0.024 6,700 161 
0.185 4,500 832 

~ehiclnln ull8 by model veer as cit 1972 IAeference 7). 
-r1efarences 7 and a. 
crn-eb/l:ab. 

12/75 EMISSION FACTORS 

Fraction 
of anl'lual 

travel (m)C 

0.094 
0.138 
0.127 
0.131 
0.098 
0.083 
0.076 
0.057 
0.044 
0.032 
0.023 
O.Q16 
0.081 
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Table 3.1.4·5. LIGHT-DUTY TRUCK TEMPERATURE CORRECTION FACTORS AND 

Pollutant 

Carbon monoxide 
Hydrocarbons 
Nitrogen oxides 

HOT/COLD VEHICLE OPERATION CORREC110N.FACTORS . 
FOR FTP EMISSION FACTORS8 . I 

Temperature correction 

(Zjpt)b 

-0.0127t+ 1.95 
-0.0113 t + 1.81 
-0.0046 t + .1 .36 

Hot/cold operation 

correction [ f(t) ]b 

0;0045 t + 0.02 
0.0079 t + 0.03 

-0.0068 t + 1.64 

a Reference 9, Temperature (tJ is expressed in °F. In order to apply these equations, °C must be. first converted to °F. The appro· 
priate conversion formula is: F=(9/5)C + 32. For temperatures expressed on the Kelvin IKI scale: F.=9/5 (K-273.161 +32. 

bTheformulae for z. tnable the correction of the FTP emission factors for ambient temperature effects only. The amount of 
cold/hot operation 'fs not atrected. The formulae for fltl, on the other hand, are part of equation 3.1.4-2 for calculating riptw· 
The variable riptw corrects for cold/hot operation as. well as ambient tempe.ratura. Note: zipt can be applied without riptw• but 
not vice versa. 

FTP Emission Factor (cipn>· The results of the EPA light-duty truck surveillance programs are summarized in 
Tabl~ 3.1.4-1. These data are divided by geogniphic area into: low altitude (non-California), high altitude, and 
California only. California emission factors are presented separately (as a footnote) because light-duty trucks 
operated in California have been, in the case of several model years, subject to emission standards that differ from 
those ~tandards applicable to light trucks under .the Federal emission control program. Emissions at high altitude 
are differentiated from those at low altitude to account for the effect that altitude has on air-fuel ratios and 
concomitant emissions. The tabulated values are applicable to calendar year 1972 for each model year. 

Fraction of Annual Travel by Model Year (min)- A sample calculation of this variable is presented in Table 
3.1.4-4. In the example, nationwide statistics are used and the fraction of in-use vehicles by model year (vehicle 
age) are weighted on the basis of the annual miles driven (again, nationwide data are used). The calculation may 
be "localized" to reflect local (county, state, etc.) vehicle age mix, annual miles dri'{en, .or both. Otherwise, the 
national data can be used. The data presented in Table 3.1.4-3 are for calendar year 1972 only; for later calendar 
years, see Appendix D. 

Speed Con-ection Factors (Vips). Speed correc~on factors enable the "'adjustment" of FTP emission factors to 
account for differences in average route speed. Because the implicit average route speed of the FTP is 19~6 mi/hr 
(31.6 km/hr), estimates of emissions at higher or lower average speeds require a correction. 

It is important to note the difference between "average route speed" .and "steady speed." Average route speed 
is trip-related and based on a composite of the driving modes (idle, cruise, acceleration, deceleration) encountered 
during a typical home-to-work trip, for example. Steady speed is highway-facility-oriented. For instance, a group 
of vehicles traveling over an uncongested freeway link(with a volume to capacity ratio of 0.1, for example) might 
be traveling at a steady speed of about 55 mi/hr (89 km/hr). Note, however, that steady speeds, even at the link 
level, are unlikely to occur where resistance to traffic flow occurs (unsynchronized traffic signaling, congested 
flow, etc.)~ · 

In previous revisions to this section, the limited data available for correCting for average speed were presented 
graphically. Recent research however, resulted in revised speed relationships by model year.5 To facilitate the 
presentation, the data are given as equations and appropriate coefficients in Table 3.1.4-2. These relationships 
were developed by performing five major tasks. First, urban driving pattern data collected during the CAPE-l 0 
Vehicle Operation Survey1 0 were processed by city and time of day into freeway, non-freeway, and composite 
speed-mode matrices. Second, a large number of driving patterns were computer-generated for a range of average 
speeds (15 to 45 nii/hr; 24 to 72 km/hr) using weighted combinations of freeway and non-freeway matrices. Each 
of these patterns was filtered for "representativeness." Third, the 88 resulting patterns were input (second by 
second speeds) to the EPA modal emission analysis model (see 3.1.2.3).11 The output of the model was 
estimated emissions for each of 11 vehicle groups (see Table 3.1.4-2 for a listing of these groups). Fourth, a 
regression analySis was performed to relate estimated emissions to average route speed for each of the 11 vehicle 
groups. Fifth, these relationships were normalized to 19.6 mi/hr {31.6 km/hr) and summarized in Table 3.1.4-2. 
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'fhe equations in Table 3.1.4-2 apply only for the range of the data -from 15 to 45 mi/hr (24 to 72 km/hr). 
Because of the need, in some situations, to estimate emissions at very low average speeds, correction factors have 
been developed for this purpose: The speed correction factors for 5 and 10 mi/hr (8 and 16 km/hr) presented in 
Table 3.1.4-3 were developed using a method somewhat like that described above, again using the modal emisSion 
model. Because the modal emission model predicts warmed"up vehicle emisSions, the use of this model to develop 
speed correction factors makes the assumption that a given speed correction factor applies equally well to hot and 
cold vehicle operation. · 

Temperature CorreCtion Factor (z1pt). The 1975 FTP requires that emission measurements be made within the 
limits of a relatively narrow temperature band (68 to 86°F). Such a band facilitates uniform testing in 
laboratories without requiring extreme. ranges of temperature control. Present emission factors for motor vehicle 
are based on data from the standard Federal test (assumed to be at 75°F). Recently, EPA and the BuJeau of 
Mines undertook a test program to evaluate the effect of ambient temperatures on motor vehicle exhaust 
emissions levels.9 The study indicates that changes in ambient temperature result in significant changes in 
emissions during cold start-up operation. Be~ause many Air Quality Control Regions have temperature 
characteristics differing considerably from the 68 to 86°F range, ·the temperature correction factor should be 
applied. The corrections factors are expressed in equational form and presented in Table 3.1.4-5 and can be 
applied between 20. and 80°F. For temperatures outside this range, the appropriate endpoint correction factor 
should be applied. · · 

Hot/Cold Vehicle Operation Correction Factor (riQtw)· The 197$ FTP measures emissions over three types of 
driving: a cold transient phase (representative of vehicle start-up after a long engine-.off period), a hot transient 
phase (representative of vehicle start~up after a short engine-off period), and a stabilized phase (representative of 
warmed-up vehicle operation). The weighting factors Used in the 1975 FTP are 20 percent, 27 percent, and 53 
percent of total miles (time) in each of the three phases, respectively. Thus, when·the 1975 FTP emission factors· 
are applied to a given region for the purpose of assessing air quality, 20 percent of the light-duty trucks in the 
area of interest are assumed to be operating in a cold condition, 27 percent in. a hot start-up condition. and 53 
percent in a hot stabilized cqndition. For non-catalyst equipped vehicles (all pre-1975 mOdel year~~cles), 
emission in the tw.o hot phases are essentially equivalent on a grams per mile (g/km) basis. Therefore, $e 1975 
. FfP emission factor represents. 20 percent cold operation and 80 percent.hot operation. . . 

Many situations exist in which the application of these particular weightirig factors may be inappropiiate. For 
example, light-duty truck operation in center city areas may have a much higher percentage of cold operation 
during the afternoon pollutant emissions peak when work-to-home trips are at a maximum and vehicles have 
been standing for 8 hours. The hot/cold vehicle operation correction factor allows the cold operation phase to 
range from 0 to 100 percent of total light-duty truck operations. This correction factor is a functiO!D of the 
percentage of cold operation ( w) and the ambient temperature (t). The correction factor is: 

w+( 1 00-w )f( t) 

20+80f(t) 
(3.1.4-2) 

where: f(t}is given in Table 3.1.4-5. 

3.1.4.2.2 Crankcase and evaporative hydrocarbon emissions - Evaporative and crankcase hydrocarbon emissions 
are determined using: 

n 

fn "' L hj inin 
i=n-12 

(3.1.4-3) 

where: fn = The combined evaporative and crankcase hydrocarbon emisSion factor for calendar year (n) · 
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hi = The combined evaporative and crankcase hydrocarbon emission rate for .the ith m()del year. 
Emission factors for this source are reported in Table 3.1.4-6. The crankcase and evaporative 
emissions reported in the table are added together to arrive at this variable. 

min = The weighted annual travel of the ith model year vehicle during calendar year (n) 
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Table 3.1.4·6. CRANKCASE AND EVAPORATIVE HYDROCARBON EMISSION FACTORS FOR 
LIGHT-DUTY, GASOLINE-POWERED TRUCKS 

EMISSION FACTOR RATING: B 

Model Crankcase emissions8 E vaoorative em issionsb 
Location years g/mi g/km g/mi g/km 

All areas Pre-1963 4.6 2.9 3.6 2.2 
except high 1963-1967 2.4 1.5 3.6 2.2 
altitude and 1968-1970 0.0 0.0 3.6 2.2 
CaliforniaC 1971 0.0 0.0 3.1 1.9 

1972 0.0 0.0 3.1 1.9 

High altitude Pre-1963 4.6 2.9 4.6 2.9 
1963-1967 2.4 1.5 4.6 2.9-
1968-1970 0.0 0.0 4.6 2.9 
1971·1972 0.0 0.0 3.9 2.4 

'Reference 12. Tabulated values were determined by assuming that two-thirds of the light-duty trucks are 6000 lbs GVW (2700 kg) 
and under and that one-third are 6001 to 8600 lbs GVW 12700 to 3860 kg). 

blight-duty _vehlcla evaporative data (section 3.1.2) and haavy-duty.vehlcl8 evaporative date (Table 3.1.4-8) ware usad to astlmate 
thevatues. · 

CFor California: Evaporative emissions for the 1970 mOdel year are 1.9 g/km (3.1 g/mi). All other model vurs are the same as 
those reported as "AIIereas except hl;l)eltltude_and California." Crankcase emissions for the pre-1961 California ll;ht-duty trucks 
are 4.8g/mi (2.9g/kml and 1981·1963 mOdels yurs are 2.4 g/ml (1.6 g/kml all post-1963 modal year vehicles era 0.0 g/ml (0.0 
g/kml. · 

3.1.4.2.3 Sulfur oxide and particulatP. emissions - Sulfur oxide and particulate emission factors for all model 
year light trucks are presented in Table 3,1.4-7. Sulfur oxides factors are based on fuel sulfur content and fuel 
consumption. Tire·wear particulate factors are based on automobile test results, a premise necessazy because of 
the lack of data. Light truck tire wear is likely to result in greater particulate emissions than automobiles becau&e 
of larger tires and heavier loads on tires. 

3.1.4-6 

·Table 3.1.4-7. PARTICU~ATE AND SULFUR OXIDES 
EMISSION FACTORS FOR LIGHT·DUTY, 

GASOLINE-POWERED TRUCKS 
EMISSION FACTOR RATING: C 

Emissions, Pre-1973 vehicles 
Pollutant g/mi g/km 

Particulate8 

Exhaust 
Tire wearb 

Sulfur oxidesc 
(SOx asS02 ) 

0.34 
0.20 
0.18 

I 

0.21 
0.12 
0.11 

8 Refarences 13 and 14. Based on tests of automobiles. 
bReference 14 summarized tests of automotive tire wear particulate. It is 
assumed that light-duty truck emissions are similar. The automotive tests 
assume a four-tire vehicle. If corrections for vehicles with a greater num· 
ber of tires ate needed, multiply the above value by the number of tires 
end divide by four. · 

ceased on an average fuel consumption 10.0 mi/gal (4.3 km/iiterl from 
Befererice 15 .and on the use of a fuel with a 0.032 percent sulfur content 
from References 17 and 18 and a density of 6.1 lbfgal (0,73 kg/liter) 
from References 17 and 18. 
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.3.1.4.3 Heavy-Duty Vehicle Emissions- Emissions research on heavy-duty, gasoline-powered vehicles lllas been 
limited in contrast to that for light-duty vehicles and light-duty trucks. As a result, cold operation correction 
factors, temperature correction factors, speed correction factors, idle emission rates, etc. are not available for 
heavy-duty vehicles. For some of these variables, however; light-duty vehicle data can be applied to heavy-duty 
vehicles. In instances in which light-duty vehicle data are not appropriate, a value of unity if assumed. 

3.1.4.3.1 .Carbon ·monoxide, hydrocarbon, and nitrogen oxides emissions - The calculation of hea~·duty, 
gasoline-powered vehicle exhaust emission factors can be accomplished using: 

where: enps 

n 
6nps "' I: . Cipn min Yips 

i=n-12 
(3.1.4-4) 

= CompoSite emission factor in grams per mile (grams per kilometer) for calendar year (n) and 
pollutant (p) and average speed(s) 

Cipn = The test procedure emission rate (fable 3.1.4-8) for pollutant (p) in g/mi (g/km) for the ith 
model yeadn calendar year (n) 

Location 

All areas except 
high altitude 

High altitude 
onlyb 

= The weighted annual travel of the ith model year vehicles during calendar year~n). The 
determination of this variable involves the use of the vehicle year distribution. · · 

= The speed correction factor for the ith model year vehicles for pollutant (p) an average 
speed(s) · 

Table 3.1.4-8. EXHAUST EMISSION FACTORS FOR HEAVY-DUTY, 
GASOLINE-POWERED TRUCKS FOR CALENDAR YEAR 1972"' 

EMISSION FACTOR RATING: B 

Carbon Exhaust 
Model monoxide hydrocarbons 
year g/mi g/km g/mi g/km 

Pre-1970 238 148 35.4 22.0 
1970 188 117 13.8 8.6 
1971 188 117 13.7 8.5 
1972 188 117 13.6 8.4 

Pre-1970 359 223 48.6 30.2 
1970 299. 186 15.0 9.3 
1971 299 186 14.9 9.3 
1972 299 186 14.8 9.2 

Nitrogen 
oxides 

g/mi g/km 

6.8 4.2 
12.6 7.8 
12.6 7.8 
12.5 7.8 

4.1 2.5 
8.1 5.0 
8.11 5.0 
8.1! 5.0 

8 Data from Referenee519 and 20. 
beased on light-duty emiHIOn$ at high altitude compared with light-duty emissions at low altitudes. 

A brief discussion of the variables presented in the above equation is necessary to help clarify their 
formulation and use. The following paragraphs further describe the variables Cipn. min, and Yips as they apply to 
heavy-duty, gasoline-powered vehicles. 

Test procedure emission [actor (cipn>· The emission factors for heavy-duty vehicles (Table 3.1.4-8) for all areas 
are based on tests of vehicles operated on-the-road over the San Antonio Road Route (SARR). The SARR, 
located in San Antonio, Texas, is 7.24 miles long and includes freeway, arterial, and local/collector highway 
segments. 1 9 A constant volume sampler is carried on board each of the test vehicles for collection of a 
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proportional part of the exhaust gas from the vehicle. This sample is later analyzed to yield mass emission rates. 
Because the SARR i:~ an actual road route, the average speed varies depending on traffic conditions at the time -of 
the test. The average speed tends to be around 18 mi/hr (29 km/hr) with about 20 percent of the time spent at 
idle. The test procedure emission factor is composed entirely of wanned-up vehicle operation. Based on 
preliminary analysis of vehicle operation data:6

, almost all heavy-duty vehicle operation is under warmed-up 
conditions. -

Weighted annual mileage (min). The determination of this variable is illustrated in Table 3.1.4-9. For purposes of 
this illustration, nation-wide statistics have been used. Localized data, if available, should be substituted when 
calculating the variable min for a specific area under study. 

Table 3.1.4-9. SAMPLE CALCULATION OF FRACTION OF GASOLINE-POWERED, 
HEAVY-DUTY VEHICLE ANNUAL TRAVEL BY MODEL YEARa 

Fraction of total 
Age, vehicles in use 
years nationwide (a)b 

1 0.037 
2 0.070 
3 0.078 
4 0.086 
5 0.075 
6 0.075 
7 0,075 
8 0.068 
9 0.059 

10 0.053 
11 0.044. 
12 0.032 

>13 0.247 -· 

a vehicles in use by model year as of 1972 (Reference 71. 
bReferenca 7. 
em =ab/l:eb. 

Average annual 
miles driven (b) axb 

19,000 703 
18,000-- 1,260 
17,000 1,326 
16,000 1,376 
14,000 1,050 
12,000 900 
10,000 750 
9,500 646 
9,000 531 
8,500 451 
8,000 352 
7,500 240 
7,000 1,729 

Fraction 
of annual 

travel (m)C 

0.062 
0.111 
0.117 
0.122 
0.093 
0.080 
0.066 
0.057 
0.047 
0.040 
0.031 
0.021 
0;153 

Speed co"ection [actor (vips)· Data based on tests of heavy-duty emissions versus average speed are unavailable. 
In the absence of these data, light-duty vehicle speed correction factors are recommended. The data presented in 
Tables 3.1.4-10 and Table 3.1.4-11 should be considered as interim heavy•duty vehicle speed correction factors 
until appropriate data become available. 
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Tabla 3.1.4-10. SPEED CORRECTION FACTORS FOR HEAVY-DUTY VEHICLEsa.b -- -- --- ·-------·-·- ... ----

v· = 8 (A + 8S +CS
2 I 

Ips V· =A+ 8S 
IPS 

Model Hydrocarbons Carbon monoxide Nitrogen oxides 
Location year A B c A 8 c A 8 

Low Pre-1970 0.953 -6.00 X 10-2 !5.81 X 10-4 0.967 -6.07 X 10-2 5.78 X 10-4 0.808 0.980 X 10-2 
altitude 

1970-1972 1.070 -6.63 x 1o-2 5.98 X 10 -4 1.047 -6.52 x to-2 6.01 X 10-4 0.888 0.569 X 10-2 

High Pre-1970 0.883 -5.58 X 10-2 5.52 X 10-4 0.721 -4.57 x 1o-2 4.56 X 10-4 0.602 2.027 X 10 - 2 

altitude 
1970·1972 0.722 -4.63 x to-2 4.80 X 10-4 0.662 -4.23 X 10-2 4.33 X 10-4 0.642 1.835 X 10-2 

8 Reference 5. Equations should not .ba extended beyond the range of deta 115 to 45 mi/hrl. These data are from tests of light-duty vehicles and are assumed applialble 
to heavy~uty vehicles. 

bspeed (I) is in milet per hour C 1 mi/hr • 1.61 km/hrl. 



Table 3.1.4·11. LOW AVERAGE SPEED CORRECTION FACTORS FOR HEAVY-DUTY VEHICLES8 

Carbon monoxide Hydrocarbons Nitrogen oxides 
Model 5 mi/hr 10 mi/hr 5 mi/hr 10 mi/hr ! 5 mi/hr 10 mi/hr) 

Location year (8 ~m/hr) (16 km/hr) (8 km/hr) (16 km/hr) ! (8 km/hr) (16 km/hr) 

Low Pre-1970 2.72 1.57 2.50 1.45 1.08 1.03 
ahitude 1970·1972 3.06 1.75 2~96 1.66 1.04 1.00 

High Pre-1970 2.29 I 1.48 2.34 1.37 1.33 1:20 
altitude 1970-1972 ·2,43 I 1.54 2.10 1.27 1.22 1.18 

a Driving patterns developed from CAPE·21 vehicle o.leration data (Reference 6) were input tci the modal emission analysis model 
(see section 3.1.2.31. The results predicted by the model (emissions atf.i and 10 mi/hr; B.and 16 km/hrl were divided by FTP 
emission factors for hot operation to obtain the above results. The .above data represent the best currently available information 
for.light-duty vehicles, These data are..assumed applicable tci heavy-dut.Y vehicles given the lack of better information. 

For an explanation of the derivation of these factors, see section 3.1.4.2.1. 
In addition to exhaust emission factors, the calculation of evaporative and crankcase hydrocarbon emissions 

are determined using: 

where: fn 

h· I. 

min 

= 

= 

= 

n 

fn = L 
i=n-12 

(3.1.4-S) 

The combined evaporative and crankcase hydrocarbon emission factor for calendar year (n) 

The combined evaporative and crankcase hydrocarbon emission rate for the ith model year. 
Emission factors for this source an;~ reported in Table 3.1.4-12. 

The weighted annual travel of the ith model year vehicle during calendar year (n) 

Table 3.1.4·12. CRANKCASE AND EVAPORATIVE HYDROCARBON EMISSION 
FACTORS FOR HEAVY·DUTY, GASOLINE-POWERED VEHICLES 

EMISSION FACTOR RATING: B 

Model Crankcase hydrocarbona Evaporative hydrocarbonsb 
Location years g/mi g/km g/mi g/km 

All areas except Pre-1968 5.7 3.5 5.8 3.6 
high altitude 
and California 1968·1972 0.0 0.0 5.8 3.6 

California only Pre-1964 5.7 3.5 5.8 3.6 
1964-1972 0.0 0.0 5.8 3.6 

High altitude Pre-196.8 5.7 3.5 7.4 4.6 
1968·1972 0.0 0.0 7.4 4.6 

acrankcase factors are from Reference 12. 
bReferences 1, 21, and 22 were used to estimate evaporative emission factors for heavy-duty vehicles. Equation 3.1.2-6 was used to 

calculate g/mi (g/kml values. (E;vaporative emission factor~ g + kdl. The heavy-duty vehicle diurnal evaporative emissions (gl were 
assumed to be three times the light-duty vehicle value to account for the larger size fuel tanks used on heavy-duty vehicles. Nine 
trips per day (d = number of trips per day) from Reference 6 were used in conjunction with the light-duty vehicle hot soak em is· 
sions (k) to yield a total evaporative emission rate in grams per day. This value was divided by 36.2 mi/day (58.3 km/dayl from 
Reference 7 to obtain the per mile (per kilometer) rate. 
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3.1.4.3.2 Sulfur oxide and particulate ·emissions - SulfUr oxide and particulate emission factors for aU model 
year heavy-duty vehicles are presented in Table 3.1.4-13. Sulfur oxides factors' are based on fuel sulfur/content 
and fuel consumption. Tire-wear particulate factors are based on automobUe test results- a premise necessary 
because of the lack of data. Truck tire wear is likely to result in greater particulate emissions than automobiles 
because of larger tires, heaVier loads on tires, and more tires per vehicle. Although the factors presented lin Table 
3.1.4-13 can be adjusted for the number of tires per vehicle, adjustments cannot be made to account for dte other 
·differences. 

Tabla ~.1.4·13. PARTICULATE AND SULFUR OXIDES 
EMISSION FACTORS FOR HEAVV-DUTV, 

GASOLINE-POWERED VEHICLES 
EMISSION FACTOR RATING: ·a 

Emissions 
·Pollutant g/mi glkm 

Part leu lata 
Exhaust• 0.91 0.56 
Tlrewearb 0.20T 0.12T 

Sulfur oxldasC 0.36 0.22 
(SOx asS02) 

1 C.Iculated ft·om the Reference 13 value of 121b/103 gel (1.A6 a/liter) 
. gesollne. A 8.0 ml/gal (2.8 km/lltar) value from Reference 23 was used 
to con'o'lrt to a per kilometer (per mila) eml11ion factor. 

bftetarence 14. The date from thll reference are for p111111nger cer1. In the 
absence ohpeclflc data for haavy<luty vehicles, they ere usumed to be 
reprauntatl'o'l of truck-tire-wear particulate. An adJustment Ia made for 
trucks with more than four tires. T equals the number of tires divided by 
tour. 

0 Baeed on an e't'lrage fuel consumption of 6.0 ml/gal (2.6 km/llterl from 
Reference 23, on a 0.04 percent sulfur content from Reference 16 end 
17, and on a density of 6.1 ib/gal (0.73 kg/liter) from References 16 and 
17. 
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3.1.5 Heavy-Out)', Diesel-Powered Vehicles revised by David S. /f,ircher 
and Marcia E. ~illiams 

3.1.5.1 General1 •2 -On the highway, heavy-duty diesel engines are primarily used in trucks and buses. Diesel 
engines in any application demonstrate operating principles that are significantly different from those of the 
gasoline engine. 

3.1.5.2 Emissions- Diesel trucks and buses emit pollutants from the same sources as gasoline-powered vehicles: 
exhaust, crankcare blow-by, and fuel evaporation. Blow·by is practically eliminated in the diesel, however, 
because only air is in the cylinder during the compression stroke. The low volatility of diesel fuel along with the 
use of closed injection systems essentially eliminates evaporation losses in diesel systems. 

Exhaust emissions from diesel engines have the same general characteristics of auto exhausts. Concentrations 
of some of the pollutants, however, may vary considerably. Emissions of sulfur dioxide are a direc_t function of 
the fuel composition. Thus, because of the higher average sulfur content of diesel fuel (0.20 perce~t S) as 
compared with gasoline (0.035 percentS), sulfur dioxide emissions are relatively higher from diesel exhltusts.3•4 

Because diesel engines allow more complete combustion and use less volatile fuels than spark-ignited engines, 
their hydrocarbon and carbon monoxide emissions are relatively low. Because hydrocarbons in dieseli exhaust 
represent largely unburned diesel fuel, their emissions are related to the volume of fuel sprayed · to the 
combustion chamber. Both the high temperature and the large excesses of oxygen involved in diesel c bustion 
are conducive to high nitrogen oxide emission, however.6 

Particulates from diesel exhaust are in two. major forms - black smoke and white smoke. White moke is 
emitted when the fuel droplets are kept cool in an environment abundant in oxygen (cold starts). Black smoke is 
emitted when the fuel droplets are subjected to high temperatures in an environment lacking in oxy n (road 
conditions). 

Emissions from heavy-duty diesel vehicles during a calendar year (n) and for a pbllutant (p) can be 
approximately calculated using: 

n 

enps = ~ cipnvips 
i=n·12 

(3.1.5-1) 

where: enps = Composite emission factor in g/mi (g/krn). for calendar year (n), pollutant (p), and average 
speed (s) 

;:o The emission rate in g/mi (g/krn) for the ith ·model year vehicles in calendar year ~n) over a 
transient urban driving schedule with an average speed of approximately 18 ~i/hr (29 
km/hr) 1 

I 

vios = The speed correction factor for the ith model year heavy-duty diesel vehicles fori pollutant 
(p) and average speed (s) 

Values for Cipn are given in Table 3.1.5-1. These emission factors are based on tests of vehicles on-the·road 
over the San Antonio Road Route (SARR). The SARR, located in San Antonio, Texas, is 7.24 miles long and 
includes freeway, arterial, and local/collector highway segments.7 A constant volume sampler is carried on board 
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each test vehicle for collection of a proportional part of the vehicle's .exhaust. This sample is later analyzed to 
yield mass emission rates. Because the SARRis an actual road route, the average speed varies depending on traffic 
conditions at the time of the test. The average speed, however, tends to be around 18 mi/hr (29 km/hr), with 
about 20 percent of the time spent at idle. The test procedure emission factor is composed entirely ofwanned·up 
vehicle operation. Based on a preliminary analysis of vehicle operation data, heavy-duty vehicles operate primarily 
(about 95 percent) in a warmed-up condition. 

Table 3.1.6·1. EMISSION FACTORS FOR HEAVY-DUTY, DIESEL.POWERED VEHICLES 
(ALL PRE-1973 MODEL YEARS) FOR CALENDAR YEAR 1972 

EMISSION FACTOR RATING: B 

Truck emlsslonsa City bus emlssionsb 
Pollutant g/mi g/km g/ml g/km 

ParticulateC 1.3 0.81 1.3 0.81 
Sulfur oxldesC•d 2.8 1.7 2.8 1.7 

(SOx as S02l 
Clrbon monoxide 28.7 17.8 21.3 13.2 
Hydrocarbons 4.6 2.9 4,0 2.5 
Nitrogen oxides 20.9 13.0 21.6 13.4 

(NOxas N02) 
AldehydesC 0.3 0.2 0.3 0.2 

(as HCHO) 
l. Organic acids0 

I 0.3 0.2 0.3 0.2 

8 Truck emiisions era based on over-tho-road sampling of diesel trucks by Reference 7. Sampling took place on the San Antonio 
(Texas) Road Route ISARR ), which Is 7.24 miles (11.7 kilometers) long and includes fruway, artorial, and local/collector high· 
way segments. Velilclas average about 18 mi/hr 129 km/hr) over this road route. 

be us emission factors ere also based on the SAR R. 13-Moda emission data from Raferance 6 were converted to SAR R values using 
cycla·to-cycla conversion factors from Reference 8. 

CRaference 6. Ti-re wear particulate not included In above particulate emission factors. See tlra wear particulate, heavy-duty gno· 
line section, ( 

doata basad on assumed fuel sulfur content of 0.20 percent. A fuel economy of 4.6 mi/gal (2;0 km/litarl was used from Reference ' 
9. 

The speed correction factor, Vips. can be computed using data in Table 3.1.5·2. Table 3.1.5·2 gives heavy-duty 
diesel HC, CO, and NOx emission factors in grams per minute for the idle mode, an urban transient mode with 
average speed of 18 mi/hr (29 km/hr), and an over-the-road mode with an average speed of approximately 60 
mi/hr (97 km/hr). For average speeds less than 18 mi/hr (29 km/hr), the correction factor is: 

Urban + (~ · 1) Idle 
vips = (3.1.5·2) 

Urban 

where: sis the average speed of interest (in mi/hr), and the urban and idle values (in g/rnin) are obtained from 
Table 3.1.5-2. For average speeds above 18 mi/hr (29 km/hr), the correction factor is: 

___li_ 
428 [(60-S) Urban+ (S-18) Over the Road] 

vips = ----------------
Urban 

(3.1.5·3) 

1ere: S is the average speed (in mi/hr) of interest. Urban and over-the-road values (in g/min) a:e obtained from 
ble 3.1.5-2. Emission factors for heavy-duty diesel vehicles assume all operation to be under warmed-up vehicle 
1.ditions. Temperature correction factors, therefore, are not included because ambient temperature has minimal 

_;fects on warmed-up operation. 
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Table 3.1.5·2. EMISSION FACTORS FOR HEAVY-DUTY DIESEL VEHICLES 
UNDER DIFFERENT OPERATING CONDITIONS 

EMISSION FACTOR .RATING: B 

Emission factor~ g/min 

Pollutant . Idle Urban [18 mi/hr (29 km/hr)] 
I 
i 

Over-the-road 
[60 mi/hr (97 km/hr] 

Carbon monoxide 
Hydrocarbons 
Nitrogen oxides 

(NOx asN02) 

0.64 
0.32 
1.03 

8 Refarence 7. COmputed from data contained in the reference. 
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3.1.6 Gaseous-Fueled Vehicles by David S. Kircher 

3.1.6.1 General - Conversion of vehicles to gaseous fuels has been practiced for many years. In the past the 
principal motivation for the conversion has been the economic advantage of gaseous fuels over gasoline rather 
than lower air pollutant emission levels that result from their use. Recently, however, ponversions have been made 
for air pollution control as well as for lower operating cost. Liquified petroleum gas (LPG), the most common 
form of gaseous fuel for vehicles, is currently used to power approximately 300,000 vehicles in the United States. 
Natural gas, in the form of compressed natural gas (CNG) or liquified natural gas (LNG), is being used nationally 
to power about 4,000 vehicles.l Of the two natural gas fuels, CNG is the most common. Natural gas conversions 
are usually dual fuel systems that permit operation on either gaseous fuel (CNG or LNG) or gasoline. 

3.1.6.2 Emissions - Tables 3.1.6-1 and 3.1.6·2 contain emission factors for light· and heavy-duty vehicles 
co~ve.rted for either gaseous fuel or dual fuel operation. The test data used to dete~ine the average Ught dut~ 
errusston factors were based on both the 1972 Federal test procedure and the earlier seven-mode method.' • 
These test data were converted to the current Federal test pn .. cedure9 using conversion factors determined 
empirically_lO,ll This conversion was necessary to make .the emission factors for these vehicles consistent with 
emission factors reported in previous sections of this chapter. 

Heavy-duty vehicle emission factors (Table 3.1.6·2) are based on tests of vehicles on an experimental 
dynamometer test cycle6 and on the Federal test procedure. Emissions data for heavy-duty vehicles are limited to 
tests of only a few vehicles. For this reason the factors listed in table 3.1.6-2 are only approximate indicators of 
emissions from these vehicles. 

Emission data 01;1 gaseous-powered vehicles are limited to dynamometer testresults. Deterioration factors and 
speed correction factors are not. available. The data contained in the tables, therefore, are ~mission factors for 
in-use vehicles at various mileages rather than emission rates (as defined in section 3.1.2). 

Emission factors for a particular population of gaseous-fueled vehicles can be detennined using the relation
ship: 

n+1 

enpwc = 'E Ci fi 
i = n- 12 

(1) 

where: enpwc =Emission factor is grams per mile (or g/km) f«:>r calendar year (n), pollutant (p), vehicle weight 
(w) (light- or heavy-duty), and conversion fuel system (c) (e.g. LPG) 

q =The test cycle emission factor (Tables 3.1.6-1 and 3.1.6-2) for pollutant (p) for the ith model 
year vehicles 

fi = :rhe fraction of total miles driven by a population of gaseous-fueled vehicles that are driven by 
the ith model year vehicles 

Carbon monoxide, hydrocarbon, and nitrogen oxides emission factors. are listed in the tables. Particulates and 
sulfur oxides are not listed because of the lack of test data. Because stationary external combustion Cltf gaseous 
fuel results in extremely low particulate and sulfur oxides, it is reasonable to assume that the emissions of these 
pollutants from gaseous-fueled vehicles are negligible. 
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Table 3.1.6-1. EMISSION FACTORS BY MODEL YEAR FOR LIGHT-DUTY 
VEHICLES USING LPG, LPG/DUAL FUEL, OR CNG/DUAL FUEL a . 

EMISSION FACTOR RATING: B 

Carbon Exhaust Nitrogen 
Fuel and monoxide hydrocarbons oxides (NOv as N02l model year g/mi g/km g/mi g/km g/m• g/km 

LPG 
Pre-197ob 11 6.8 1.8 1.1. 3.2 2.0 1910 through 3.4 2.1 0.67 0.42 2.8 1.7 1972C 

LPG/Dual fueld 
Pre-1973 

CNG/Dual fuele 
7.8 4.8 2.4 1.5 3.4 2.1 

Pre-1973 9.2 5.7 1.5 0.93 2.8 1.7 

a References 1 through 5. 
b Emission factors are based on tests of 1968 and 1969 model year vehicles. Sufficient data for earlier models are not 

available. 

c Based on tests of 1970 model year vehicles. No attempt wes made to predict the emissions resulting from the 
conversion of post 1974 model year vehicles to gaseous fuels, It is likely that 1973 and 1974 model year vehicles 
converted to gaSeous fuels will emit pollutant quantities similar to those emitted by 1972 vehicles with the 
possible exception of nitrogen oxides. 

d The dual fuel system represents certain compromises in emission performance to allow the flexibility of operation 
on gaseous or liquid (gasoline) fuels; For this reason their emission factors are listed separately from vehicles using 
LPG only, 

e Based on tests of 1968 and 1969model year vehicles. It is likely that 1973 and 1974 model year vehicles will emit 
similar pollutant quantities to those listed with the possible exception of nitrogen oxides. No attempt was made tO 

3.1.6-2 

estimate 1975 and later model year gaseous-fueled-vehicle emissions, · 

Table 3.1.6-2. EMISSION FACTORSFOR HEAVY~DUTY 
VEHICLES USING LPG OR CNG/DUAL FUEL 

EMISSION FACTOR RATING: C 

Emissions (all 11Jodel v!'!_ars! 8 

LPGb,c CNG/dual fuela 

Pollutant g/mi g/km g/mi g/km 

Carbon monoxide 4:2 2.6 7.5 4.6 
Exhaust 2.4 1.5 2.2 1.4 

hydrocarbons 
Nitrogen oxides 2.8 

(NOx as N02) 
1.7 5.8 3.6 

a Test results are for 1959 through 1970 model years. These results 
are assumed to apply to all future heavy-duty vehicles based on 
present and future emission standards. 

b References 2 and 4. 
c LPG values for heavy-duty vehicles are based on a limited number 

of tests of vehicles tuned for low emissions, Vehicles converted to. 
LPG solely for economic reasons gave much higher emission value&. 
For example, eleven vehicles (1950 through 1963) tested in Refer
ence 6 demonstrated average emissions of 160 g/mi (99 g/kml of 
carbon monoxide, as g/mi (5.3 g/km) of hydrocarbons, and 4.2' 

. g/mil (2.6 g/kml of nitrogen oxides. · 
d Reference 5. 
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3.1.7 Motorcycles by David S. Kircher 

3.1.7.1 General -Motorcycles, which are not, generally, considered an important source of air pollutio!ll, have 
become more popular and their numbers have been steadily increasing in the last few years. Sales grew at an 
annual rate of20 percent from 1965 to 1971.1 The majority of motorcycles are powered by either 2- or 4-stroke, 
air-cooled engines; however, water-cooled motorcycles and Wankel-powered motorcycles have recently been 
introduced. Until recently the predominant use of 4-strok.e motorcycles was on-highway and the 2-stroke variety 
was off-highway. This difference in roles was primarily a reflection of significant weight and power variations 
between available 2- and 4-strok.e vehicles. As light-weight 4-strokes and more powerful 2-strokes become 
available the relative number of motorcycles in each engine category may change. Currently the nationwide 
population of motorcycles is approximately 38 percent 2-fltroke and 62 percent 4-fltroke. Individual motorcycles 
travel, on the average, approximately 4000 miles per year.1 These flgures, along with registration statistics, enable 
the rough estimation of motorcycle miles by engine category and the computation of resulting emissions. 

3.1.7 .2 Emissions - The quantity of motorcycle emission data is rather limited in comparison with the data 
available on other highway vehicles. For instance, data on motorcycle average speed versus emission levels are not 
available. Average emission factors for motorcycles used on highways are reported in Table 3.1.7-1. These data, 
from several test vehicles, are based on the Federal light-duty vehicle test procedure.2 The table illustrates 
differences in 2-stroke and 4-strok.e engine emission rates. On a per mile basis, 2-fltroke engines emit nearly five 
times more hydrocarbons than 4-fltroke engines. Both engine categories emit somewhat similar quantities of 
carbon monoxide and both produce low levels of nitrogen oxides. 

4/73 Internal Combustion Engine Sources 3.1.7-1 



Table 3.1.7-1. EMISSION FACTORS FOR MOTORCYCLEs& 
EMISSION FACTOR RATING: B 

Emili! lions 
2·stroke e111Jine 4-stroke engine 

Pollutant g/ml g/km g/mi g/km 

Carbon monoxide 27 
Hydrocarbons 

1.7 33 20 

Exhaust 16 9.9 2.9 1.8 
Crankcaseb - - 0.60 0.37 
Evaporatlve0 0.36. 0.22 0.36 0.22 

Nitrogen oxides 0.12 0.075 0.24 0.16 
· (NOx as N02) 

0:046 Particulates 0.33 0.21 0.029 
Sulfur oxidesd 0.038 0.024 0.022 0.014 

(S02) 
Aldehydes 0.11 

(RCHO asHCHO) 
0.068 0.047 0.029 

• Reference 1. ·.· 
bMort 2-stroke engines use crankcase Induction and produce no crankcase 101181. 

c Evaporative emissions were calculated assuming that carburetor IOSiies were negligible. Diurnal 
breathing of the fuel tank ( a function of fuel vapor pressure, vapor space In the tank, end 
diurnal temperature variation) wes assumed to account for all the waporetlve Iones IIIDCiatecl 
with motorcycles. The value presented Is based on IIVBrage vapor pressure, vapor space, and 
temperature variation. · 

d Celculated ualng a 0.043 percent sulfur content (by weight) for regular fuel used In 2-stroke 
engines and 0.022 percent sulfur content (by weight) for premium fuel used in 4-stroke engines, 
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3.2 OFF-HIGHWAY, MOBILE SOURCES 

The off-highway category of internal combustion engines embraces a wide range of mobile and semimobile 
sources. Emission data are reported in this section on the folloWi.ng sources: aircraft; locomotives; vessels (inboard 
and outbmud); and ·small general utility engines, such as those used in lawnmowers and minibikes. Other sources 
that fall into this category, but for which emission data are not currently available, include: snowmobiles, 
all-terrain vehicles, and farm and construction equipment. Data on these sources will be added to this chapter in 
future revisions. 

3.2.1 Aircraft by Charles C. Masser 

l.2.1.1 General -Aircraft engines are of two major categories; reciprocating (piston) and gas turbine. 
The basic element in the aircraft piston engine is the combustion chamber, or cylinder, in which mixtures of 

fuel and air are burned and from which energy is extracted. through a piSton and crank mechanism that drives a 
propeller. The majority of aircraft piston engines have two or more cylinders and are generally classified 
according to their cyHnder arrangement - either "opposed" or radial." Opposed engines are installed in most 
light or utility aircraft: radial engines are used mainly in large transport aircraft. 

The gas turbine engine in general consists of a compressor, a combustion chamber, and a turbine. Air entering 
the forward end of the engine is compressed and then heated by burning fuel in the combustion chamber. The 
major portion of the energy in the heated air stream is used for lrircraft propulsion. Part of the energy is expended 
in driving the turbine, which in turn drives the compressor. Turbofan· and turboshaft engines use energy from the 
turbine for propulsion;· turbojet engines use only the expanding exhaust stream for propulsion. 

The aircraft classification system used is listed in Table 3.2.1·1. Both turbine aircraft and piston engine 
aircraft haw beenJurther divided into sub-claSses depending on the size of the aircraft and the most commonly 
used engine for that class. Jumbo jets normally have approximately 40,000 pounds maximum thrust per engine, 
and mediu~-range jets have about 14,000 pounds maximum thrustper engine. For piston engines, this division is 
more pronounced. Th~ large transport piston ·engines are in the 500 to 3,000 horsepower range, whereas the small 

· piston engines develop less than 500 horsepower. 
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Table 3.2.1·1. AIRCRAFT CLASSIFICATION 

Engines 
per Engine 

Aircraft class Representative aircraft aircraft· commonly used 

Jumbo jet Boeing 747 '4 Pratt & Whitney 
Lockheed L-1011 3 JT·9D 
McDonald Douglas DC·1 0 3 

Long-range jet Boeing 707 4 Pratt & Whitney 
McDonald Dollglas DC-8 4 JT·3D 

Medium-range jet Boeing 727 3 Pratt & Whitney 
Boeing 737 2 JT-8D 
McDonald Douglas DC·9 2 

· Air carrier Convair 580 2 Allison 501-013 
turboprop Electra L-188 4 

Fairchild Hiller FH-227 2 

Business jet Gates Learjet 2 General Electric 
Lockheed Jetstar 4 CJ610 

Pratt & Whitney 
JT-12A 

General aviation - - Pratt & Whitney 
turboprop PT-6A 

General aviation Cessna 210 1 Teledyne-Continen-
piston Piper 32·300 1 tal0-200 

Lycoming 0-320 

Piston transport Douglas DC6 4 Pratt & Whitney 
R·2800 

Helicopter Sikorsky S-61 2 General Electric 
Vertol 107 2 CT-58 

Military transport Allison T56A 7 

Military jet General Electric 
J-79 

Continental J-69 · 

Military piston Curtiss-Wright 
R-1820 
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.1 ·· 3.2.1.2 Landing and Takeoff Cycle - A landing-takeoff (LTO) cycle includes all normal operation mode 
performed by an aircraft between the time 1t descends through an altitude of 3,500 feet (1,100 meters) on it 
approach and the time it subsequently reaches the 3,500 foot (1,100 meters) altitude after take. It sh~J>Ukl b· 
made clear that the tettn "operation" used by the Federal Aviation Administration to describe either a landing o• 
a takeoff is not the same as the L10 cycle. Two operations are involved in one LTO cycle. The LTO cycle·· 
incorporates the ground operations of idle, taxi,landing run, and takeoff run and the flight operations of !takeoff 
and climbout to 3,500 feet (1,100 meters) and approach from 3,500 feet (1,100 meters) to touchdown 

( 

( 

Each class of aircraft has its own typical LTO cycle. In· order to determine emissions, the LTO cycle is 
separated into five distinct modes: (1) taxi-idle, (2) takeoff, (3) climbout, (4) approach and landing, and (5) 
taxi-idle. Each of these modes has its share of time in the LTO cycle. Table 3.2.1-2 shows typical operating time 
in each mode for the various types of aircraft classes during periods of heavy activity at a large metropolitan 
airport Emissions factors for the complete LTO cycle presented in Table 3.2.1-3 were determined iJSing the 
typical times shown in Table 3.2.1-2. 

Table ~.2.1-2. TYPICAL TIME IN MODE FOR LANDING TAKEOFF CYCLE 
AT A METROPOLITAN AIRPORTa . . 

Time in mode minutes 
Aircraft Taxi-idle Takeoff Climbout Approach Taxi-idle 

Jumbo jet 19.00 0.70 2.20 4.00 7.00 

Long range 19.00 0.70 2.20 4.00 7.00 

jet 
Medium range 19.00 0.70 2.20 4.00 7.00 

jet 
Air carrier 19.00 0.50 2.50 4.50 

. 
7.00 

turboprop 
Business jet 6.50 0.40 0.50 1 .• 60 6.50 

General avia- 19;00 0.50 2.50 4.50 7.00 

tion turboprop 
General aviation 12.00 0.30 4.98 6.00 4.00 

piston 
Piston transport 6.50 0.60 5.00 4.60 6.50 
Helicopter 3.50 0 6.50 6.50 3.50 

Military transport ·19.00 0.50 2.60 4.50 7.00 

Military jet 6.60 0.40 0.50 1.60 6.50 

Military piston 6.50 0.60 5.00 4.60 6.50 

8 References 1 and 2. 
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Table 3.2.1-3. EMISSION FACTORS PER AI RCR.AFT LANDING-TAKEOFF CVCLE8 •b 
(lb/engine and kg/engine) 

EMISSION FACTOR RATING: B 

Solid Sulfur 
particulares8 oxidesd · 

Aircarft lb kg lb kg 

Jumbo jet 1.30 0.59 1.82 0.83 
Long range jet 1.21 0.55 1.56 0.71 
Medium range jet 0.41 0.19 1.01 0.46 
Air carrier 1.1 0.49. 0.40 0.18 

turboprop 
Business jet 0.11 0.05 0.37 0.17 
General aviation 0.20 0.09' 0.18 0.08 

turboprop 
General aviation 0.02 0.01 0.014 0.006 

piston 
Piston. transport 0.56 0.25 0.28 0.13 
Helicopter 0.25 0.11 0.18 0.08 
Military transport 1.1 0.49 0.41 0.19 
Military jet 0.31 0.14 0.76 0.35 
Military piston1 0.28 0.13 0.14 0.04 

a A eferences 1 th roultl 5. 
bE mission factors based on typical times in mode shown in Table 3.2.1-2. 
c References 1 and 5. 
d Qased on 0.05 parcent sulfur content fuel. 

· 8 References 1, 2, and 4, 
f Engine emissions based on Pratt & Whitney R-2800 engine scaled dawn two times. 

Carbon 
m6noxide8 

lb kg 

46.8 21.2 
47.4 21.5 
17.0 7.71 
6.6 3.0 

15.8 7.17 
3.1 1.4 

12.2 5.5 

304.0 138.0 
5.7 2.6 
5.7 2.6 

15.1 6.85 
152.0 69.0 

Hydrocarbons" 

lb kg 

12.2 5.5 
41.2 18.7 
4.9 2.2 
2.9 1.3 

3.6 1.6 
1.1 0.5 

0.40 0.18 

40.7 18.5 
0.52 0.24 
2.7 1.2 
9.93 4.5 

20.4 9.3 

Nitrogen 
oxidesd (NOx asN02) 

lb kg 

31.4 14.2 
7.9 3.6. 

10.2 4.6 
2.5 t~ 1 . 

1.6 0.73 
1.2 0;54 

0.047 0.021 

0.40 0.18 
0.57 0.26 
2.2 1.0 
3.29 '1.49 
0~20 0.09 



I. 

( 

( 

3.2.1.3 Modal Emission Factors - In Table 3.2.14 a set of modal emission factors by en$ine type are givenfor 
carbon monoxide, total hydrocarbons, nitrogen oxides, and solid particulates alortg with the fuel flow rate, per 
engine for each LTO J:POde. With this data and knowledge of the time-in-mode, it is possible to construct !any 
LTO cycle or mode and calculate a more accurate estimate of emissions for the situation that exists at a specific 
airport. This capability is especially important for estimating emissions during the taxi-idle mode when large 

· imounts of caibon monoxide and hydrocarbons are emitted. At smaller commercial airports the taxi-idle time 
will be loss than at the larger, more congested airports. 
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Engine and mode 

Pratt & Whitney 
JT-90 

(Jumbo jet) 
Taxi-idle 
Takeoff 
Climbout 
Approach 

General Elec-
tric CF6 

{Jumbo jet) 
Taxi-idle 
Takeoff 
Clirriboutb 
Approadl 

Pratt & Whitney 
JT-30 

(Long range jet) 
Taxi-idle 
Takeoff 
Climbout 
Approach 

Pratt & Whitney 
JT-3C 

(Long range jet) 
Taxi-idle 
Takeoff 
Climbout 
Approach 

Pratt & Whitney 
JT-4A 

(Long range jet) 
Taxi-idle 
Takeoff 
Climbout 
Approach 

Fuel rate 

lb/hr ~ kg/hr 

1,738 788 
17,052 7,735 
14,317 6,494 
5,204 2,361 

1,030• 467 
13,449 6,100 
11,400 5,171 
6,204 2,814 

872 396 
10,835 4,915 
8,956 4,062 
4,138 1,877 

1,198 543 
10,183 4,619 
8,509 3,860 
4,115 1,867 

1,389 630 
15,511 7,036 
13,066 5,927 
5;994 2,719 ~ 

Table3.2.1-4. MODAL EMISSION FACTORS8 

EMISSION FACTOR RATING: B 

Carbon 
monoxide Hydrocarbons 

lb/hr kg/hr lb/hr kg/hr 

102.0 46.3 27.3 12.4 
8.29 3.76 2.95 1.34 

11.7 5.31 2.65 1.20 
32.6 14.8 3.00 1.36 

51.7 23.5 15.4 7.0 
6.7 3.04 1.3 0.59 
6.6 2.99 1.3 0.59 

18.6 8.44 1.9 0.86 

109.0 49.4 98.6 44.7 
12.3 5.60 4.65 211 
15.3 6.94 4.92 2.23 
39.7 18.0 7.84 3.56 

92.6 4;!'.0 92.2 41.8 
9.04 • 4.10 0.855 0.388 

16.0 7.26 0.893 0.405 
49.0 22.2 8.26 3.75 

62.8 28.5 64.8 29.4 
18.8 8.53 0.674 0.306 
18.3 8.30 1.27 0.576 
26.3 11.9 3.83 1.74 

Nitrogen Solid 
oxides (NOx as N02 ) particulates 

lb/hr kg/hr lb/hr kg/hr 

6,06 275 2.2 f.O 
720.0 327.0 3.75 1.7 
459.0 208,0 4.0 1.8 

54.1 24.5 2.3 1.0 

3.6 1.63 0.04 0.02 
540.0 245.0 0.54 0.24 
333.0 151.0 0.54 0.24 
173.0 78.5 0.44 0.20 

1.43 0.649 ~ 0.45 0.20 
148.0 67.1 8.25 3.7 
96.2 43.6 8.5 3.9 
21.8 9.89 ao 3.6 

2.49 1.13 0.40 0.18 
119.0 54.0 6.50 2.9 
84.7 38.4 6.25 2.8 
23.2 10.5 3.25 1.5 

2.71 1.23 1.2 0.54 
236.0 107.0 21.0 9.5 
155.0 70.3 20.0 9.1 
35.9 16.3 6.0 2.7 
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_ EtlQine.and mode 
General Elec-

tric CJ805 
(Long range jet) 
Taxi-idle 
Takeoff 
Climbout 
Approach 

Pratt & Whitney 
JT-soe 

(Med. range jet) 
Taxi-idle 
Takeoff 
Climbout 
Approach 

Rolls Royce 
Sprey MK511 

(Mud. range jet) 
Taxi-idle 
Takeoff 
Climbout 
Approach 

Allison T56·A 15 
(Air carrier 

turboprop; 
mil. trans-
port) 
Taxi-idle 
Takeoff 
Climbout 
Approach 

Allison T56-A7 
{Air carrier 

turboprop; 
mil. trans-
port) 
Taxi-idle 
Takeoff 
Climbout 
Approach 

Table 3.2.1-4 (continued). MODAL EMISSION FACTORS" 
EMISSION FACTOR RATING: B 

Carbon Nitrogen 
Fuel rate monoxide Hydrocarbons oxides (N011 as N02 ) 

lb/hr kg/hr lb/hr lt_gjhr lb/hr !S!J!hr lb/hr kg/hr 
-

1,001 .454 63.8 28.9 27.3 124 1.57 0.712 
9,960 4,518 29.1 13.2 0.556 0.252 111.0 50.3 
8,290 3,760 28.9 13.1 0.583 0.264 74.0 33.6 
3,777 1,713 42.8 19.4 2.43 1.10 17.8 8.07 

959 435 33.4 15.2 6.99 3.71 2.91 1.32 
8,755 3,971 7.49 3.40 0.778 0.353 198.0 89.8 
7,337 3,328 8.89 4.03 0.921 0.418 131.0 59.4 
3,409 1,546 18.2 8.26 1.75 0.794 30.9 14.0 

662 300 60.2 27.3 66.1 30.0 0.849 0~385 

7,625 3,459 14.2 6.44 Neg Neg 153.0 69.4 
6,355 2,883 15.3 6.94 0.242 0.110 115.0 52.2 
3,052 1,384 39.1 17.7 4.22 1.91 30.4 13.8 

493 224 8.74 3.96 7.39 3.35 1.23 0.560 
2,393 1,085 3.77 (71 0.440 0.200 27.9 12.7 
2,188 992 3.40 1.54 0.399 0.181 22.2 10.1 
1,146 520 3.49 1.58 0.326 0.148 7.32 3.32 . 

548 -249 15.3 6:94 6.47 2.93 2.16 0.980 
2,079 943 2.15 0.975 0.430 0.1.95 22.9 10.4 
1,908 865 . 3.01 1.37 0.476 0.216 21.2 9.62 
1,003 478 3.67 1.66 0.517 ·o.235 7.78 3.53 

·~ .. 
l 

Solid 
particulates 

lb/hr kg/hr 

1.3 0.59 
15.0 6.8 
15.0 6.8 

5.0 2.3 

0.36 0.16 
3.7 1.7 
2.6 1.2 
1.5 0.68 

0.17 0.077 
16.0 7.3 
10.0 4.5 

1.5 0.68 

1.6 0.73 
3.7 1.7 
3~0 1.4 
3.0 1.4 

1.6 0.73 
3.7. 1.7 
3.0 1.4 
3.0 1.4 
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Engine and mode 

Aireseareh 
TPE-331d 

(Gen. aviation 
turboprop) 
Taxi-idle 
Takeoff 
Climbout 
Approach 

Teledyne/Con-
tinental 0-200 

(Gen. aviation 
piston) 
Taxi-idle 
Takeoff 
Climbout 
Approadl 

lycoming ().320 
(Gen. aviation 

piston) 
Taxi-idle 
Takeoff 
Climbout 
Approach 

8 Refenmces4 and 5. 
bEstimated .... calc:ulaled. 

---

Table 3.2.1-4 (continued). MODAL EMISSION FACTORS~~ 
EMISSION FACTOR RATING: B 

-- -- ---------- --

Carbon 
-----

Nitrogen 
Fuel rate monoxide Hydrocarbons oxides (NOx as N02 )_ 

lb/hr kg/hT lb/hr kg/hr lb/hr kg/hr lb/hr kg/hr 

146 66.2 3.53 1.60 0.879 0.399 0.955 0.433 
365 166.0 D.393 0.178 6.055 0.025 3.64 1.65 
339 154.0 0.568 0.258 0.053 0.024 3.31 1.50 
206 93.4 2.58 1.17 0.240 0.109 1.69 0.767 

7.68 3.48 7IJ2 3.41 0.214 -0.097 0.009 0.004 
48.4 22.0 54.6 24.8 0.720 0.327 0.259 0.117 
48.4 22.0 54.6 24.8 0.720 0.327 0.259 0.117 
21.3 9.66 23.8 10.8 0.380 0.172 0.052 0.024 

13.0 5..91) 11.1 5.D3 D.355 0.1·61 0.013 0.006 
65.7 29.8 76.9 32.2 1.49 0.676 0.214 0.097 
63.5 28.8 65.8 29.8 1.31 0.594 0.315 0.170 
23.1 10.5 24.3 11.0 0.496 0.225 0.051 0.023 

c .. Diluted smokeless"' JT -80. AI air Cinien sdlelilled for ~n of JHID engines to smokeless by Janu31Y 1973. 
dSimiarto_..., P1"-6A. ....... 
8 NA-Not.Miilable. 

----

--

Solid 
. particulates 

lb/hr kg/hr 

0.3 0.14 
0.8 0.36 
0.6 0.27 
0.6 0.27 

NAe NA 
NA NA 
NA NA 
NA NA 

NA NA 
NA NA 
NA NA 
NA NA 
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References for Section 3.2.1 

1. Nature and Control of Aircraft Engine Exhaust Emissions. Northern Research and Engineering Corporapon, 
Cambridge, Mass.. Prepared for National Air Pollution Control Administtation, Durham, N.C., under Contract 
Number PH22-68-27. November 1968. 

2. The Potential Impact of Aircraft Emissions upon Air Quality. Northern Research and Engineering 
Corporation, Cambridge, Mass. Prepared for the Environmental Protection Agency, Research Triangle Park; 
N.C., under Contract Number 6S-02~ooss. December 1971. 

3. 'Assessment of Aircraft Emission Control Technology. Northern Research and Engineering Corporation, 
Cambridge, Mass. Prepared for the Environmental Protection Agency, Research Triangle Park, N.C., under 
.Coo tract Number 68-04-0011. September 1971. 

4~ Analysis of Aircraft Exhaust Emission Measurements. Cornell Aeronautical Laboratory Inc. Buffalo, N.Y. 
Prepared for the Environmental Protection Agency, Research Triangle Park, N.C., under Contract Number 
68-04-0040. October 1971. 

S. Private communicatioo with Dr. E. Karl Bastress. IKOR Incorporated. Burlington, Mass. November 1972. 
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3.2.2 Locomotives by David S. Kircher 

3.2.2.1 General - Railroad locomotives generally follow one of two -use patterns: railyard &Witching or road-haul 
service. Locomotives can be classified on the basis of engine conf~.guration and use pattern into five categories: 
2-stroke switch locomotive (supercharged), 4-stroke switch locomotive, 2-stroke road service locomotive 
(supercharged), 2-stroke road service locomotive (turbocharged), and 4-stroke road service locomotive. 

The engine duty cycle of locomotives is much simpler than many other applications involving diesel internal 
combustion engines because locomotives usually have only eight throttle po$itions in addition to idle· and 
dynamic brake. Emission testing is made easier and the results are probably quite accurate because of the 
simplicity of the locomotive duty cycle. 

3.2.2.2 Emissions - Emissions from railroad locomotives are presented two ways in this section. Table 3.2.2·1 
contains average factors based on the nationwide locomotive population breakdown by category. Tal)le 3.2.2-2 
gives emission factors by locomotive category on the basis of fuel consumption and on the basis ofwoi:k output 
(horsepower hour). · 

The calculation of emissions using fuel-based emission factors is straightforward. Emissions are simply the 
product of the fuel usage and the emissiO(l factor.ln order to apply the work output emission factor, however, an 

4/73 

Table 3.2.2·1. AVERAGE LOCOMOTIVE 
EMISSION FACTORS BASED 

ON NATIONWIDE STATISTICSa 

Averaae emissionsb 
Pollutant lh/1o3 gal kg/1 0:3 liter 

Particulatesc 25 3.0 
Sulfur oxidesd 57 6.8 

(SOx as S02) 
Carbon monoxide 130 16 
Hydrocarbons 94 11 
Nitrogen oxides 370 44 

(NOx as N02) 
Aldehydes 5.5 0.66 

(as HCHO) 
Organic acidsc 7 0.84 

a Reference 1. 
b Based on emission data contained in Tabla 3.2.2·2 

and the bre11kdown ·of locomotive use by engine 
category in the United Statas in Reference 1. 

c Data based on highway diesel data from Reference 
2. No actual IOt:Omotive particulate test data are 
available. 

d Based on e fuel sulfur content of 0.4 percent from 
Reference 3. · 

Internal Combustion Engine Sources . 3.2.2-1 



Table 3.2.2·2. EMISSION FACTORS BY LOCOMOTIVE ENGINE 
CATEGORY8 

EMISSION FACTOR RATING: B 

Engine category 

2·Stroke 2·Stroke 2.Stroke 
supercharged 4.Stroke supercharged turbocharged 4·Stroke 

Pollutant switch switch road road 

Carbon monoxide 
lb/1 oJ gal 84 380 66 160 
kg/1 o3 liter 10 46 7.9 19 
g/hphr 3.9 13 1.8 4.0 
g/metric hphr 3.9 13 1.8 4.0 

Hydrocarbon 
lblto3 gal 190 146 148 28 
kg/1 ()3 liter 23 17 18 3.4 
g/hphr 8.9 5.0 4.0 0.70 
g/metric hphr 8.9 5.0 4,0 0.70 

Nitrogen oxides 
(NOv as N02) 
lbl1o3 gal 250 490 350 330 
kg/1 o3 I iter 30 59 42 40 
g/hphr 11 17 9.4 8.2 
g/metric hphr 11 17 9.4 8.2 

a Use average factors (Table 3.2.2·11 for pollutants not listed in this table. 

additional calculation is necessary. Horsepower hours can be obtained using the (allowing equation: 

where: 

w=lph 

w =Work output (horsepower hour) 

I = Load factor (average power produced during operation divided by available power) 

p = Available horsepower 

h = Hours ofusage at load factor (I) 

road 

180 
22 
4.1 
4.1 

99 
12 
2.2 
2.2 

470 
56 
10 
10 

After the work output has been detennined, emissions are simply the product of the work output and the 
emission factor. An approximate load factor for a line-haul locomotive (road service) is 0.4; a typical switch 
engine load factor is approximately 0·.06.1 

References for Section 3.2.2 

1. Hare, C.T. and K.J. Springer. Exhaust Emissions from Uncontrolled Vehicles and Related Equipment Using 
Internal Combustion Engines. Part 1. Locomotive Diesel J;ngines and Marine Counterparts. Final Report. 
Southwest Research Institute. San Antonio, Texas Prepared for the Environmental Protection Agency. 
Research Triangle Park, N.C., under Contract Number EHA 70-108. October 1972. 

2. Young, T.C. Unpublished Data from the Engine Manufacturers Association. Chicagoj Ill. May 1970. 

3. Hanley, G.P. Exhaust Emission Information on Electro-Motive Railroad Locomotives and Diesel Engines. 
General Motors Corp. Warren, Mich. October 1971. 
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3.2.3 InboardwPowered Vessels Revised by David S. Ktrcher 

3.2.3.1 General - Vessels classified on the basis of use will generally fall into one of three categories: commercial, 
pleasure, or military. Although usage and population data on vessels are, as a rule, relatively ilc!Jrce, information on 
commercial and military vessels is more readily available than data: on pleasure craft. Information on nllilitary 
vessels is available in several study reports,l·S but data on pleasure craft are limited to sales-related facts and 
figures.6-10 

Commercial vessel population and usage data have been further subdivided by a number of industnal and 
governmental researchers into waterway classificationsll·16 (for example, Great Lakes vessels, river ves~ls, and 
co"stal vessels). The vessels operating in each of these waterway classes have similar characteristics such as size, 
weight, speed, commodities transported, engine design (external or internal combustion), fuel used, and distance 
traveled. The wide variation between classes, however, necessitates the separate assessment of each of the waterway 
classes with respect to air pollution. 

Information on military vessels is available from both the U.S. Navy and the U.S. Coast Guard as a result of 
studies completed recently. The U.S. Navy has released several reports that summarize its air pollution assessment 
work.3·S Emission data have been collected in addition to vessel population and usage information. Extensive 
study of the air pollutant emissions from U.S. Coast Guard watercraft has been completed by the U.S. Dep~tment 
of Transportation. The results of this study are summarized in two reports.1·2 The first report takes an ih-depth 
look at population/usage of Coast Guard vessels. The second report, dealing with emission test results, forms the 
basis for the emission factors presented in this section for Coast Guard vessels as well as for non-military diesel 
vessels. . . 

Although a large portion of the pleasure craft in the u.s. are powered by gasoline outboard motors (see section 
3.2.4 of this document), there are numerous larger pleasure craft that use inboard power either with or without 
"out-drive" (an outboard-like lower unit). Vessels falling into the inboard pleasure craft category utilize either Otto 
Cycle (gasollne) or diesel cycle internal combustion engines. Engine horsepower varies appreciably from the small 
"auxiliary" engine used in sailboats to the larger diesels used in yachts. 

3.2.3.2 Emissions 

Commercial vessels. Commercial vessels may emit air pollutants under two major modes of operation: 
underway and at dockside (auxiliary power).· 

Emissions underway are Influenced by a great variety of factors including power source (steam or diesel), engine 
size (in kllowatts or horsepower), fuel used (coal, residual oil, .or diesel oil), and operating speed anc:i load. 
Commercial vessels operating within or near the geographic boundaries of the United States fall into one ofthe 
three categories of use discussed above (Great Lakes, rivers, coastline). Tables 3.2.3·1 and 3.2.3·2 contain emission 
information on commercial vessels falling into these three categories. Table 3.2.3·3 presents emission factors for 
diesel marine engines at various operating modes on the basis of horsepower. These data are applicable to fny vessel 
having a Similar size engine, not just to commercial vessels. , 

I 
I 
! 

Unless a ship receives auxiliary steam frum dockside facilities, goes immediately into drydock, or is out of 
operation after arrival in port, she continues her emissions at dockside. Power must be made available for the ship's 
lighting, heating, pumps, refrigeration, ventUation, etc. A few steam ships use auxiliary engines (diesel) to supply 
power, but they generally operate one or more main boilers under reduced draft and lowered fuel rates-a very 
inefficient process. Motorships (ships lowered by internal combustion engines) normally use diesel·powereci 
generators to furnish auxiliary power .1 Emissions from these diesel-powered generators may also be a source of 
underway emissions if they are used away from port. Emissions from auxiliary power systems, in teJlmS of the 

1/75 Internal Combustion Engine Sources 3.2.3-1 



Table 3.2.3-1. AVERAGE EMISSION FACTORS FOR 
COMMERCIAL MOTORSHIPS BY WATERWAY 

CLASSIFICATION 
EMISSION FACTOR RATING: C 

Classc 

Emissions8 River Great Lakes Coastal 

Sulfur oxidesb 
(SO~sS02) 
kg/1 liter 3.2 3.2 3.2 
Jb/103 gal 27 27 27 

Carbon· monoxide 
kg/103 liter 12 13 13 
lb/1W gal 100 110 110 

Hydrocarbons 
kg/103 liter 6.0 7.0 6.0 

. lb/1W gal 50 59 50 

Nitrogen oxides 
(NOx asN02) 
kg/163 liter 33 31 32 
lb/1ol gal 280 260 270 

<~ExpresSed es function of fuel consumed (based on emission data from • 
Reference 2and population/usagedata from References 11 through 16. 

bealc::ulated, not measured. Based on 0.20 percent sulfur content fuel 
and density ·of 0.854 kg/liter (7 .12 lb/gal) .from Reference 17. 

CVery approximate particulate emission factors from Reference 2 are 
470 g/hr l1.041b/hr). The reference does not contain suffieient 
information to calculate fuel-based factors. 

quantity of fuel consumed, are presented in Table 3.2.34. In some instances, fuel quantities used may not be 
available, so calculation of emissions based on kilowatt hours (kWh. )produced may be necessary. For operating 
loads ih excess ofzero percent, the mass emissions (el) in kilograms per hour(pounds per hour) are given by: 

el = klef {1) 

where: k = ·a constant that relates fuel consumption to kilowatt hours,2 

that is, 3.63 X 10-4 1000 liters fuel/kWh 

or 

9.59 x w-s 1000 gal fuel/kWh 

1= the load,kW 

ef = the fuel-specific emission factor from Table 3.2.34, kg/103 liter (lb/103 gal) 

3.2.3-2 EMISSION FACTORS 1/75 
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Pollutant 

Particulatesc 

Sulfur oxides 
(SOx as S02)e 

Carbon monoxidec 

Hydrocarbonsc 

Nitrogen oxides 
(NOx asN02) 

Table 3.2.3-2. EMISSION FACTORS FOR COMMERCIAL STEAMSHIPS-ALL GEOGRAPHIC AREAS 
EMISSION FACTOR RATING: D 

Fuel and operating modea 

. Residual oilb Distillate oilb 

Hoteting Cruise Full Hotaling Cruise 

kg/103 lb/103 kg/103 lb/103 kg/103 lb/103 kg/1W lb/103 kg/103 lb/103 

liter gal liter !FJI liter gal liter gal liter gal 

1.2od 1o.od 2.40 20.0 6.78 56.5 1.8 15 1.78 15 

19.1S 159S 19.1S 159S 19.1S 1595 17.05 1425 17.05 1425 

Negd Negd 0.414 3.45 0.872 7.27 0.5 4 0.5 4 

0.38d 3.2d 0.082 0.682 0.206 1.72 0.4 3 0.4 3 

4.37 36.4 6.70 55.8 7.63 63.6 2.66 22.2 2.83 23.6 

-·- L_ -- - ----- - -- --- - -- - ----- - -~- -- ---- --L_ 

Full 

k,g/103 

liter 

1.78 

17.0S 

0.5 

0.4 

5.34 

aThe operating modes are based Ol! the percentage of maximum available power: "hoteling" is 10 to 11 percent of available power, "full" is 100 percent of available power, and 
b''cruise" is an intermediate power (35 to 75 percent, depending on the test organization and vessel tested). 

Test organizations used "Navy Special" fuel oil, which is not a true residual oil. No vessel test data were available for residual oil combustion. "Residual" oil results are from 
References 2, 3, and 5. "Distillate" oil results are from References 3 and 5 only. EKceptions are noted. "Navy Distillate" was used as distillate test fuel. 

lb/tol 
gal 

15 

1425 

4 

3 

44.5 

zarticulate, carbon monoKide, and hydrocarbon emission factors for distillate oil combustion are based on stationary boilers (sea Section .1 .• 3 of this document). 
Referel!ce 18 indicates that carbon monoxide emitted during hoteling is small enough to be considered negligible. This reference also places hydrocarbons at 0.38 kgl1 03 liter (3.2 
lbl103 gal) and particulate at 1.20 kgl103 liter (10.0 lb/103 gall. These data are included for completeness only and are not necessarily comparable with other tabulated data. 

8
Emission factors listed are theoretical in that they are based on all the sulfur in the fuel converting to sulfur dioxide. Actuai test data from References 3 and 5 confirm the validity of 
these theoretical factors. "S" is fuel sulfur content in percent. 



Horsepower 

200 

300 

500 

600 

700 

900 

1550 

1580 

2500 

3600 

Table 3.2.3-3. DIESEL VESSEL EMISSION FACTORS BY OPER.«TING MODEa 
EMISSION FACTOR RATING: C 

Emissionsb ' 
Nitrogen oxides 

Carbon monoxide Hydrocarbons (NOx asN02) 

Jb/1o3 kg/1o3 lb/103 kg/103 lb/103 kg/103 

Mode gal liter gal liter gal liter 

Idle 210.3 25.2 391.2 46.9 6.4. 0.8 
Slow 145.4 17.4 103.2 12.4 207.8 25.0 
Cruise 126.3 15.1 170.2_ 20.4 422.9 50.7 
Full 142.1 17.0 60.0 7.2 255.0 30.6 
Stow 59.0 7.1 56.7 6.8 337.5 40.4 
Cruise 47.3 5.7 51.1 6.1 389.3 46.7 
Full 58.5 7.0 21.0 2.5 276.1 33.0 
Idle 282,5 33.8 118.1 14.1 99.4 11.9 
Cruise 99.7 11.9 44.5 5.3 338.6 40.6 
Full 84.2 10.1 22.8 2.7 269.2 32.3 
Idle 171.7 ?0.6 68.0 8.2 . 307.1 36.8 
Slow 50.8 6.1 16.6 2.0 251.5 30.1 
Cruise 17.6 9.3 24.1 2.9 _349.2 41.8 
Idle 293.2 35.1 95.8 11.5 246.0 29.5 
Cruise 36.0 4.3 8.8 1.1 452.8 64.2 
Idle 223.7 26.8 249.1 29.8 107.6 12.9 
2/3 62.2 7.6 16.8 2.0 167.2 20.0 
Cruise 80.9 9.7 17.1 2.1 360.0 43.1 
Idle 12.2 1.5 - .,.... 39.9 4.8 
Cruise 3.3 0.4 0.64 0.1 36.2 4.3 
Full 7.0 0.8 1.64 0.2 37.4 4.5 
Slow 122.4 14.7 - - 371.3 44.5 
Cruise 44.6 5.3 - - 623.1 74.6 
Full 237.7 28.5 16.8 2.0 472.0 5.7 
Slow 59.8 7.2 22.6 2.7 419.6 60.3 
2/3 126.5 15.2 14.7 1.8 326.2 39.1 
Cruise 78.3 9.4 16.8 2.0 391.7 46.9 
Full 95.9- 11.5 21.3 2.6 399.6 47.9 
Slow 148.5 17.8 60.0 7.2 367.0 44.0 
2/3 28.1 3.4 26.4 3.0 358.6 43.0 
Cruise 41.4 5.0 32.8 4.0 339.6 40.7 
Full 62.4 7.5 29.5 3.5 307.0 36.8 

8Reference 2. 
bPartlculate and sulfur oxides data era not available. 
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Table 3.2.3-4. AVERAGE EMISSION FACTORS FOR DIESEL-POWERED.ELECTRICAL 
GENERATORS IN VESSELS& 

EMISSION FACTOR RATING: C 

Emissions 

Sulfur oxides Carbon I Hydro· Nitrogen ox1ides 

Rated .Load,c (SOx as S02ld monoxide carbons (NOx asN02l 

output,b %rated lb/103 kg/1ol lb/1ol kg/1ol lb/103 kg/1ol lb/103 kg/1ol 
kW output gal liter gal liter gal liter gal liter 

20 0 27 3.2 150 18.0 263 31.5 434 52.0 
25 27 3.2 79.7 9.55 204 24.4 444 53.2 
50 27 3.2 53.4 6.40 144 17.3 477 67.2 
75 27 3.2 28.5 3.42 84.7 10.2 495 59.3 

40 0 27 3.2 153 18.3 584 70.0 214 25.6 
25 27 3.2 89.0 10.7 370 44.3 219 26.2 
50 27 3.2 67.6 8.10 285 34.2 226 27.1 
75 27 3.2 64.1 7.68 231 27.7 233 27.9 

200 0 27 3.2 134 16.1 135 16.2 142 17.0 
25 27 3.2 97.9 11.7 33.5 4.01 141 16.9 
50 27 3~2 62.3 7.47 17.8 2.13 140 16.8 
75 27 3.2 26.7 3.20 17.5 2.10 137 16.4 

500 0 27 3.2 58.4 7.00 209 25.0 153 1a3 
25 27 3.2 53.4 6.40 109 13.0 222 26.6 
50 27 3.2 48.1 5.76 81.9 9.8 293 35.1 
75 27 3.2 43.7 5.24 59.1 7.08 364 43.6 

aReference 2. 

bMaximum rated output of the diesel-powered generator. 

cGenerator electrical output (for example, a 20 kW generator at 50 percent load equals 10 kW output). 

dCalculated, not measured, based on 0.20 percent fuel sulfur content and density of 0.854 kg/liter (7 .12 lb/gal) from Reference 17. 

At zero load conditions, mass emission rates (et) may be approximated in terms of kg/hr Ob/hr) using the 
following relationship: · 

(2) 

where: k = a constant that relates rated output and fuel consumption, 

that is, 6.93 X 1()·5 1000 liters fuel/kW 

or 

1.83 X 1()•5 1000 gal fuel/kW 

lrated = the rated output, kW 

ef = the fuel-specific emission factor from Table 3.2.34, kg/103 liter (lb/103 gal) 

Pleasure cm{t. Many of the engine designs used in inboard pleasure craft are also used either in military vessels 
(diesel) or in highway vehicles (gasoline). Out of a total of 700,000 inboard pleasure c~aft regis.tered in tne United 
States in 1972, nearly 300,000 were inboard/outdrive. According to sales data, 60 to 70 percent of these 
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inboard/outdrive craft used gasoline-powered automotive engines rated at more than 130 horsepower.6 The 
remaining 400,000 pleasure craft used conventional inboard drives that were powered by a variety of powerplants, 
both jasoline and diesel. Because emission data are not available for pleasure craft, Coast Guard and automotive . f 
data2

• 
9 are used to characterize emission factors for this class of vessels in Table 3.2.3-5. 

Military vessels. Military vessels are powered by a wide variety of both diesel and steam power plants. Many of the 
emission data used in this section· are the result of emission testing programs conducted by the U.S. Navy and the 
U.S. Coast Guard. 1

"
3 ,s- A separate table containing data on military· vessels is not provided here, but the included 

tables should be sufficient to calculate approximate military vessel emissions. 

TABLE 3.2.3.-5. AVERAGE EMISSION FACTORS FOR INBOARD PLEASURE CRAFTa 

EMISSION FACTOR RATING: D 

Based on fuel consumption 

Diesel engineb Gasoline engineC Based on operating time 

kg/103 lb/103 kg/103 lb/103 Diesel engineb Gasoline engineC 
Pollutant liter gal liter gal kg/hr lb/hr kg/hr lb/hr. 

Sulfur oxidesd 3.2 27. 0.77 
(SOx as S02l 

6.4 - ~ 0.008 0.019 

Catbon monoxide 17 140 149 1240 - - 1.69 3.73 

Hydrocarbons 22 180 10.3 86 - -. 0.117 0.258 

Nitrogen oxides 41 340 15.7 131 - - 0.179 0.394 
(NOx as N02l 

8
Average emission factors are based on the duty cycle developed for large outboards (> 48 kilowatts or> 65 horsepower) from Refer· 
ence 7. The above factors take into account the impact of water scrubbing of underwater gasoline engine exhaust, also from Reference 
7. All values given are for single engine craft and must be modified for multiple engine vessels. 

beased on tests of diesel engines in Coast Guard vessels, Reference 2. 
Ceased on tests of af.ltomotive engines, Reference 19. Fuel consumption of 1.1.4 liter/hr (3 gal/hrl assumed. The resulting factors are 
only rough estimates. · 

deased on fuel sulfur content of 0.20 percent for diesel fuel and 0.043 percent for gasoline from References 7 and 17. Calculated using 
fuel density of 0.740 kg/liter (6.17 lb/gall for gasoline and 0.854 kg/liter (7.12 lb/gal) for diesel fuel. 

References for Section 3.2.3 

1. Walter, R. A., A. J. Broderick, J. C. Stiu'm, and E. C. Klaubert. USCG Pollution Abatement Program: A 
Preliminary Study of Vessel and Boat Exhaust Emissions. U.S. Department of Transportation, Transportation 
Systems Center. Cambridge, Mass. Prepared for the United States Coast Guard, Washington, D.C. Report No. 
DOT-TSC-USCG-72-3. November 1971. 119 p. 
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2. Souza, A F. A Study of Emissions from Coast Guard Cutters. Final Report. Scott Research Laboratori,s, Inc. 
Plumsteadville, Pa. Prepared for the Department of Transportation, Transportation Systems Center, 
Cambridge, Mass., under Contract No. DOT-TSC429. February 1973. . 

3. Wallace, B. L. Evaluation of Developed Methodology for Shipboard Steam Generator Systems. Department of 
the Navy. Naval Ship Research and Development Center. Materials Department. Annapolis, Md. Repe~»rt No. 
28463. March 1973. 18 p. 

4. Waldron, A L. Sampling of Emission Products from Ships' Boiler Stacks. Departrrent of the Navy. Naval Ship 
Research and Development Center. Annapolis, Md. Report No. 28-169. Apri11972. 7 p. 

S. Foernsler, R. 0. Naval Ship Systems Air Contamination Control and Environmental Data Base Prpgrams; 
Progress Report. Department of the Navy. Naval Ship Research and Development Center. Annapolls, Md. 
Report No. 28443. February 1973.9 p. 

6. The Boating Business 1972. The Boating Industry Magazine. Chicago, Ill. 1973. 

7. Hare, C. T. and K. J. Springer. Exhaust Emissions from Uncontrolled Vehicles and Related Equipment Using 
Internal Combustion Engines .. Final Report Part 2. Outboard Motors. Southwest Research Institute. San 
Antonio, Tex. Prepared for the Environmental Protection Agency, Research Triangle Park, N.C., under 
Contract No. EHS 70..108. January 1973.57 p. 

8, Hurst, J. W. 1974 Cluys1er Gasoline Marine Engines. Chrysler Corporation. Detroit, Mich. 

9. Mercruiser Sterndrives/ Inboards 73. Mercury Marine, Division of the Brunswick Corporation. Fond ,du Lac, 
Wise. 1972. · · 

10. Boating 1972. Marex. Chicago, Illinois, and the National Association of Engine and Boat Manufacturers. 
Greenwich, Conn. 1972.8 p. 

11. Transportation Unes on the Great Lakes System 1970. Transportation Series 3. Corps df Engineers, United 
States Army, Waterborne Commerce Statistics Center. New Orleans, La. 1970. 26 p. 

12. Transportation Lines on the Mississippi and the Gulf lntracoastal Waterway 1970. Transportation Series 4. 
Corps of Engineers, United States Army, Waterborne Commerce Statistics Center. New Orleans, La. Ul70. 232 
p. 

13. Transportation Lines on the Atlantic, Gulf anc;l Pacific Coasts 1970. Transportation Series S. Corps of 
Engineers. United States Army. Waterborne Commerce Statistics Center. New Orleans, La. 1970.201 p. 

14. Schueneman, J. J. Some Aspects of Marine Air Pollution Problems on the Great Lakes. J. Air Pol. Control 
Assoc.I4:23-29, September 1964. 

15. 1971 Inlan<l Waterborne Commerce Statistics. The American Waterways Operations, Inc. Washington, D.C. 
October 1972. 38 p. · · 

16. Horsepower on the Inland Waterways. Ust No. 23. The Waterways Journal. St. Louis, Mo. 1972. 2 p. 

17. Hare, C. T. and K. J. Springer. Exhaust Emissions from Uncontrolled Vehicles and Related Equipment Using 
Internal Combustion Engines. Part 1. Locomotive Diesel Engines and Marine Counterparts. Southwest 
Research Institute. San Antonio, Tex. Prepared for the Environmental Protection Agency, Research Triangle 
Park, N.C., under Contract No. EHS 70-108. October 1972. 39 p. 

18. Pearson, J. R. Ships as Sources of Emissions. Puget Sound Air Pollution Control Agency. Seatde. Wash. 
(Presented at the Annual Meeting of the Pacific Northwest International Section of the Air Pollutiop Control 
Association. Portland, Ore. November 1969.) 

19. Study of Emissions from Light-Duty Vehicles in Six Cities. Automotive Environmental Systems, Inc. San 
Bernarc;lino, Calif. Prepared for the Environmental Protection Agency, Research Triangle Park, N.C., under 
Contract Nn. 68-04-0042. June 1971. 
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'2.4 Outboard-Powered Vessels by DavidS. Kirch..:r 

3.2.4.1 General - Most of the approximately 7 million outboard motors in use in the United States are 2-stroke 
engines with an averagf; available horsepower of about 25. Because of the predominately leisure-time use of 
outboard motors, emissions related to their operation occur primarily during nonworking hours, in rural areas, 
and during the three summer months. Nearly 40 percent of the outboards are operated in the states of New York, 
Texas, Florida, Michigan, California, and Minnesota. This distribution results in the· concentration of a large. 
portion of total nationwide outboard emissions in these st~tes.l · 

3.2.4.2 Emissions - Because the vast majority of outboards have underwater exhaust, emission measurement is 
very difficult. The values presented in Table 3.2.4·1 are the approximate atmospheric emissions from outboards. 
These data are based on tests of four outboard motors ranging from 4 to 65 horsepower .1 The emission results 
from these motors are a composite based on the nationwide breakdown of outboards by horsepower. Emission 
factors are presented two ways in this section: in terms of fuel use and in terms of work output (horsepower 
hour). The selection of the factor used depends on the source inventory data available. Work output factors are 
used when the number of outboards in use is available. Fuel-specific emission factors are used when fuel 
conswnption data are obtainable. 

4/73 

Table 3.2.4·1. AVERAGE EMISSION FACTORS FOR OUTBOARD MOTOR$8 

EMISSION FACTOR RATING: B 

Based on fuel consumption Based on work outputc 
Pollutantb lb/103 gal kg/1031iter g/hphr g/metrlc hphr 

Sulfur oxidesd 6.4 0.77 0.49 0;49 
(SOxai S02) 

Carbon monoxide 3300 400 250 250 
Hydrocarbons 8 1100 130 85 85 
Nitrogen oxides 6.6 0.79 0.50 0.50 

(NOx as N02) 

1 Referanca 1. Date In thlt tabla era amiDiont to the etnio!lphera. A portion of the exhaust rameln' behind In 
1 me water. · 

b Penlculete amiDIOn factore era not available baceuaa of the problems involved with measurement from en 
underwater oxhoust IYttlm but era considered negligible. 

c Ho,..powar hOUI'I 11ra calculated by multiplying tho evaraga power produced during the hours of uuga by 
the population cif outboards In 1 given erae. In the eblanca of data specific to a given geographic area, the . 
hphr velua can ba ettlmetad uting avarega nationwide valun from Reference 1. Reference 1 raportl the j' 

average power produced I not the available power) aa 9.1 hp and the average annual usage par engine as 60 
hours. Thue, hphr • I number of outboordll 19.1 hp) (60 houl'l/outboard-year). Metric hphr • 0.9863 hphr., 

d Buad on fualeulfur content of 0.043 percent from Reference 2 and on a density of e. 17 lb/gal. 
elncludu exhaust hydroCarbons only. No crankcese emissions occur bacausa the majority of outbciardl are 

2-stroka anglnH that usa crankc111 Induction. Eveporetiva emissions era limited by tha wldaspraad use of: 
unvanted t1nk1. · 
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References for sections 3.2.4 

1. Hare, C.T. and K.J. Springer. Exhaust EmiS&tpns from Uncontrolled Vehicles and Related Equipment Usfug 
Internal Combustion Engines. Part II, Outboard Motors. Final Report. Southwest Research Institute. San 
Antonio, Texas. Prepared for the Environmental Protection Agency, Research Triangle Park, N.C., under 
Contract Number EHS 70.108. January 1973. · 

2. Hare, C.T. and K.J. Springer. Study of Exhaust Emissions from Uncontrolled Vehicles and Related Equipment 
.Using Internal Combustion.Engfues. Emission Factors and Impact Estimates for Light-Duty Air-Cooled Utility 
Engines and Motorcycles. Southwest Research Institute. San Antonio, Texas. Prepared for the Environmental 
Protection Agency, Research Triangle Park, N.C., under Contract Number EHS 70.108. January 1972 . 
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3.2.5 Small, General Utility Engines -Revised by Charles C. Masser 

3.2.5.1 General-This category of engines comprises small 2-stroke and 4-strQlce, air-cooled, gaiioline-powered 
motors. Examples of the uses of these engines are: lawnmowers, ~ail electric generators, compressors, pumps, 
minibikes, snowthrowers, and garden tractors. This category does not include motorcycles, outboard motors, chain 
saws, and snowmobiles, which are either included in other parts of this chapter or are not included because of the 
lack of emission data. 

Approximately 89 percent of the more than 44 million erigines of this category in service in the United States 
are used in lawn and garden applications. 1 ' 

3.2.5.2 Emissions-Emissions from these engines are reported in Table 3.2.5·1. For the purpose of emission 
estimation, engines in this category have been divided into lawn and garden (2-stroke ), lawn and garden ( 4-s~oke ), 
and miscellaneous ( 4-stroke ). Emission factors are presented in terms of horsepower hours, annual usage, and fuel 
consumption~ · 

References for Section 3.2.5 

1. Donohue, J. A., G. C. Hardwick, a K. Newhall, K. S. Sanvorderiker, and N.C. Woelffer. Small Engine Exhaust 
Emissions and Air Quality in the United States. (Presented at the Automotive Engineering Congress, Society of 
Automotive Engineers, Detroit. January 1972.) 

2. Hare, C. T. and -K. J. Springer. Study of Exhaust Emissions from Uncontrolled Vehicles and Related 
Equipment Using Internal Combustion Engines. Part IV, Small Air-Cooled Spark Ignition Utility Engines. 
Final Report. Southwest Research Institute. San Antonio, Tex. Prepared for the Environmental Protection 
Agency, Research Triangle Park; N.C., under Contract No. EHS 70-108. May 1973. -
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Table 3.2.5-1. EMISSION FACTORS FOR SMALL, GENERAl UTILITY ENGINES8•b 

···A~i:"' 
EMISSION FACTOR RATING: B 

·,·•.j. 

Sulfur Nitrogen Aide-
oxidase Carbori Hvdrocarbons oxides hydes 

Engine (SOx as 502) Particulate monoxide Exhaust' ·evaporative0 (NQx as N02) (HCHQ) 

2·Stroke, lawn 
and garden 

214 g/hphr 0.54 7.1 485 -- 1.58 2.04 
g/metric 0.54 7.1 486 214 - 1.58 2.04 

hphr 
1iG18-g/gal of 1.80 23.6 713 - 5.26 6.79 

fuel 

-~~06 g/unit· 38 470 14,700 113 108 140 
year '·~~ . ·-

. ., .- . 
4-Stroke, lawn 

v 

and garden _, - .,.,. 

g/hphr 0.37 0,44 279 23,2:- - 3.17 0.49 --

g/iTletric 0.37 OA4 .. 279 2:3:2 -- ·. 3.17 0.49 
hphr 

g/gal of 2.37 2.82 1,790' -·.1.4!;1 - 20.3 3.14 
fuel- .· ;·· 

__ g/unit· 26 31 19,100 :1,590 113 217 34 
year 

4-Stroke 
miscellaneous 

g/hphr 0.39 0.44 250 15.2 - 4.97 0.47 
g/metric 0.39 0.44 250 15.2 - 4.97 0.47 

hphr 
g/gal of 2.45 2.77 1,571 95.5 - 31.2 2.95 

fuel 
g/unit· 30 34 19,30.0 1,170 290 384 36 

year_ 

8Reference 2. - ~-:;- ----- . 

llvl!lue' for g/unit·year were calculated assuming an annu~l usage of. §~~ftil ancl a 40 percent load factor. Fa~~o"'tc;~r g{hphr can 
be used In instances where annual usages, loecl factors, and rated _hor~p~r ere known. Horsepower hours are the product of the 
usage in hours, the loed·fector, and the rated horsepower._ · -_-_:• --~-: i - ·,_ . ', · ._ . 

CValues calculated, not rheasured, basad on the use of 0.043 percent sulfur content fu~L-... . -

dVal~e' calculated from~ a~nual fuel consumption. Evaporative 'lbsses from· storage and fll;li1t. o~erations are not lnclud11d (aee 
c~~~P~er~). · - · · · . 
. .; ,' -· 

.-._ .. 
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3.2.6 Agricultural Equipment by DavidS. lCircher 

3.2.6.1 General - Farm equipment can be separated into two major categories: wheeled tractors and other farm 
machinery. In 1972, the wheeled tractor population on farms consisted of 4.5 million units with an average power 
of approximately ~4 kilowatts (45 horsepower). Approximately 30 percent of the total population of these 
tractors is powered by diesel engines. The average diesel tractor is more powerful than the average gasoline tractor, 
that is, 52 kW (70 hp) versus 27 kW (36 hp ).1 A considerable amount of population and usage data is available 
for farm tractors. For example, the Census of Agriculture reports the number of tractors in use for each county in 
the U.S.2 Few data are available on the usage and numbers of non-tractor farm equipment, however. Self-propelled 
combines, forage harvesters, irrigation pumps, and auxiliary engines on pull-type combines and balers are examples 
of non-tractor agricultural uses of internal combustion engines. Table 3.2.6-1 presents data on this equipment for 
the'U.S. . . 

3.2.6.2 Emissions - Emission factors for wheeled tractors and other farm machinery are presented in Table 
3.2.6-2. Estimating emissions from the time-baseq emission factors-grams per hour (g/hr) and pounds per hour 
(lb/hr)-requires an average usage value in hours. An approximate figure of 550 hours per year may be used or, on 
the basis of power, the relationship, usage in hours= 450 + 5.24 (kW . 37 .2) or usage in hours= 450 + 3.89 (hp • 
SO) may be emplciyed.l 

The best emissions estimates result from the use of'"brake specific" emission factors (g/kWh or g/hphr). 
Emissions are the product of the brake specific emission factor, the usage in hours, the power available, and the 
load factor (power used diVided by power available). Emissions are also reported in terms of fuel consumed. 

Machine 

Combine, self· 
propelled 

Combine, pull 
type 

Com pickers 
and picker-
shellers 

Pick~up balers 

Forage 
harvesters 

Miscellaneous 

8Aeference 1. 

bUnpc)wered. 
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Table 3.2.6-1. SERVICE CHARACTERISTICS OF FARM EQUIPMENT 
(OTHER THAN TRACTORS)a 

Units in Typical Typical power Percent 
service, x 1 03 size kW hp gasoline 

434 4.3m 82 110 50 
(14ft) 

289 2.4 m 19 25 100 
(8ft) 

687 2·row _b - -

655 5400 kg/hr 30 40 100 
(6 ton/hr) 

295 3.7m 104 140 0 
(12ft) or 
~row 

1205 - 22 30 50 

Internal Combustion Engine Sources 

Percent 
diesel 

50 

0 

-

0 

100 

50 



Table 3.2.6-2. EMISSION FACTORS FOR WHEELED FARM TRACTORS AND 
NON· TRACTOR AGRICULTURAL EQUIPMENT& 

EMISSION FACTOR RATING: C 

Diesel farm 
Diesel farm Gasoline farm equipment 

Pollutant tractor tractor (non· tractor) 

Carbon monoxide 
g/hr 161 3,380 95.2 
lb/hr 0.355 7.46 0.210 
g/kWh 4.48 192 5.47 
g/hphr 3.34 143 4.08 
kg/1W liter 14.3 391 16.7 
lb/10S gal 119 3,260 139 

Exhaust 
hydrocarbons. 

g/hr 77.8 128 38.6 
lb/hr 0.172 0.282 0.085 
g/kWh 2.28 7.36 2.25 
g/hphr 1.70 5.49 1.68 
kg/1W liter 7.28 15.0 6.85 
lb/103 gal 60.7 125 57.1 

Crankcase 
hydrocarbonsb 

g/hr - 26.0 -
lb/hr - 0.057 -
g/kWh - 1.47 -
g/hphr - 1.10 - . 
kg/1W liter - 3.01 ·. -
lb/10S gal - 25.1 -

Evaporative 
hydrocarbonsb 

g/unit·year - 15,600 -
lb/unit-year - 34.4 -

Nitrogen oxides 
(NOx as N02) 
g/hr 452 157 210 
lb/hr 0.996 0.346 0.463 
g/kWh 12.6 8.88· 12.11 
g/hphr 9.39 . 6.62 9.03 
kg/103 liter 40.2 18.1 36.8 
lb/10S gal 335 151 307 

Aldehydes 
(RCHO as HCHO) 

g/hr 16.3 7.07 7.23 
lb/hr 0.036 0.016 0.016 
g/kWh 0.456 0.402 0.402 
g/hphr 0.340 0.300 0.30 
kg/10S liter 1.45 0.821 1.22 
lb/103 gal 12.1 6.84 10.2 

Sulfur oxidesc 
(SOx asS02l 

g/hr 42.2 5.56 21.7 
lb/hr 0.093 0.012 0.048 

EMISSION FACI'ORS 

Gasoline farm 
equipment 

(non-tractor) 

4,360 
9.62 

292 
218 
492 

4,100 

143 
0.315 
9.63 
7.18 

16.2 
135 

28.6 
0.063 
1.93 
1.44 
3.25 

27.1 

1,600 
3.53 

105 
0.231 
7.03 
5.24 

11.8 
98.5 

4.76 
0.010 
0.295 
0.220 
0.497 
4.14 

6.34 
0.014 
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Table 3.2.&2~ (continued). EMISSION FACTORS FOR WHEELED FARM TRACTORS AND 
NON· TRACTOR AGRICULTURAL EOUIPMENT8 

EMISSION FACTOR RATING: C 

Diesel farm Gasoline farm 
Diesel farm Gasoline farm equipment equipment 

Pollutant tractor tractor (non· tractor) (non-tractor) 

g/kWh 1.17 0.312 1.23 0.377 
g/hphr 0:874 0.233 0.916 0.281 
kg/103 liter 3.74 0.637 3.73 0.634 
lb/1ol gal 31.2 5.31 31.1 5.28 

Particulate 
g/hr 61.8 8.33 34.9 7.94 
lb/hr 0.136 0.018 0.077 0.017 
g/kWh 1.72 0.471 2.02 0.489 
g/hphr 1.28 0.361 1.51 0.365 
kg/1ol liter 5.48 0.960 6.16 0.823 
lb/103 gal 45.7 8.00 51.3 6.86 

8Raference 1. 

bcrankca$8 and evaporative emissions from diesel engines are considered negligible. 
c . 
Not measured. Calculated from fuel sulfur content of 0.043 percent and 0.22 percent for gasollne·powered and diesel· 
powered equipment, respectively. 

( References for Section 3.2.6 
\ 

( 

1. Hare, C. T. and K. J. Springer. Exhaust Emissions from Uncontrolled Vehicles and Related Equipment Using 
Internal Combustion Engines. Final Report. Part S: Heavy·Duty Farm, Construction and Industrial: Engines. 
Southwest Research Institute, San Antonio, Tex. Prepared for Environmental Protection Agency, Research 
Triangle Park, N.C., under Contract N:o. EHS 70·108. August 1973.97 p. 

2. County Farm Reports. U.S. Census of Agriculture. U.S. Depar~ment of Agriculture, Washington, D.C. 
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3.2. 7 Heavy~Duty Construction Equipment by Davtd S. Kircher 

3.2.7 .1 Ge?eral - Because few ~ales, popul~tion, or usage. data are avaUable for cons~ructi~n e~uipment, a n~mber 
of assumpttons were necessary m formulating tht< emiSSton factors presented In this sect1on. The usefulffe of 
construction equipment is fairly short because of the frequent and severe usage it must endure. The annual u ge of 
the various categories of equipment consiclered here ranges from 740 hours (wheeled tractors and rollers) t 2000 
hours (scrapers and off-highway trucks). This high le\tel of use results in average vehicle lifetimes of only ~ to. 16 
years. The eqUipment categories in this section include: trac;klaying tractors, traeklaying shovel loaders, :motor 
gi'aders,·serapers, off-highway trucks, wheeled loaders, wheeled tractors, rollers, wheeled dozers, and miscelljmeous 
machines. The latter category contains a vast array of leis numerous mobile and semi-mobile machines used in 
construction, such as, belt loaders, cranes, pumps, mixers, and generators. With the exception of rollers, the 
majority of the equipment within each category is c:Uesel-po\vered. · 

3.2.7.2 Emissions- Emission factors for heavy-duty construction equipment are reported In Table 3.2.7-1 for 
diesel enstnes and in Table 3.2.7·2 for gasoUne engines. The factors are reported In three different forms-on the 
basis of running time, fuel consumed, and power consumed. In order to estimate emissions from time·based 
emission factors, annual equipment usage in hours must be estimated. The following estimates of use for the 
equipment listed in the tables should permit reasonable emission ealC\lla.:ions. 

Category 

Tracklaying ·tractors 
Traclclaying shovel loaders 
Motor graders 
Scrapers 
Off-highway trucks 
Wheeled loaders 
Wheeled tractors 
Rollers 
Wheeled dozers 
Miscellaneous 

Annual operation, hours/year 

1050 
1100 
830 

2000 
2000 
1140 
740 
740 

2000 
1000 

The best method for.calc:u1ating emissions, however, is on the balls of ''brake specific" eml$sion factors (s/kWh 
or g/hphr). Emissions are. calculated by taJdns the product of the brake specific emission factor, the usage in hours, 
the power a\'ailable ·(that is, rated power), aad the load factor (the power actually used divided by the power 
available). 

References for Section 3.2. 7 

1. Hare, C. T. and K. J. Springer. Exhaust Emissions from Uncontrolled Vehicles and Related Equip~t Using 
Internal Combustion Enaines- Final a,port. Part 5: Heavy-Duty Fann, Construction, and Industrial,Engines. 
Southwest Research Institute, San Antonio, Tex. Prepared for Environment.al Protection Agency, Research 
Triangle Park, N.C., under Contract No. EHS 70.108. October 1973. lOS p. 

2. Hare, C. T. Letter to C. C. Masser of Environmental Protection Agency, Research Triangle Park, N.C., 
concerning fuel-based emission rates for farm, construction, and industrial engines, San Antonio, Tex. January 
14,1974.4p. 
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Table 3.2.7-1. EMISSION FACTORS FOR HEAVY-DUTY, DIESEL-POWERED CONSTRUCTION 
EQUIPMENTa 

EMISSION FACTOR RATING: .C .. •< . ,. ., ! ; 

Track laying Wheeled Wheeled Motor 
Pollutant tractor tractor dozer Scraper grader 

Carbon monoxide 
g/hr 175. 973. '335. 660. 97.7 
lb/hr 0.386 2.15 0.739 1.46 0.215 
g/kWh 3.21 5.90 2.45 3.81 2.94 
g/hphr 2.39 4.49 .· 1.83 2.84 2.19 
kg/10S liter 10.5 19.3 7.90 11.8 9.35 
lb/103 gal 87.5 .. 161. 65.9 98.3 78.0 

Exhaust hydrocarbons 
g/hr ·50.1 67.2 106. 284. 24.7 
lb/hr 0.110 0.148 0.234 0.626 0.054 
g/kWh 0.919 1.86 0.772 1.64 0.656 
g/hphr 0.685 1.39 0.576 1.22 0.489 
kg/103 liter 3.01 6.10 2.48 5.06 2.09 
lb/103 gal 25.1 50.9 20.7 42.2 17.4 

Nitrogen oxides ·~ . \ 

(NOx as N02) 
g/hr 665. 451. 0 2290. 2820. 478. 
lb/hr 1.47 0.994 5.05 6.22 1.05 
g/kWh 12.2 12.5 16.8 16.2 14.1 
g/hphr 9.08 9.35 12.5 12.1 10.5 
kg/103 liter 39.8 41.0 53.9 50.2 44.8 
lb/103 gal 332. 342. 450. 419. 374 • . 

Aldehydes 
(RCHO as HCHO) 

g/hr 12.4 13.5 29.5 65. 5.54 
lb/hr 0.027 0.030 0.065 0.143 0.012 
g/kWh 0.228 0.378 0.215 0.375 0.162 
g/hphr 0.170 0.282 0.160 0.280 0.121 
kg/103 liter 0.745 1.23 0.690 1.16 0.517 
lb/10S gal 6.22 10.3. 5.76 9.69 4.31 

Sulfur oxides 
(S~ asS02l 

hr 62.3 40.9 158; 210. 39.0 
lb/hr 0.137 0.090 0.348 0.463 0.086 .. 
g/kWh 1.14 1.14 1.16 1.21 1.17 
g/hphr 0.851 0.851 0.867 0.901 0.874 
kg/103 liter 3.73 3.73 3.74 3.74 3.73 
lb/103 gal 31.1 31.1 31.2 31.2 31.1 

Particulate 
g/hr 50.7 61~5 75. 184. 27.7 
lb/hr 0.112 0.136 0.165 0.406 0.061 
g/kWh 0.928 1.70 0.551 1.06 0.838 
g/hphr 0.692 1.27 0.411 0.789 0.625 
kg/103 liter 3.03 5.57 1.77 3.27 2.66 
lb/103 gal 25.3 46.5 14.8 27.3 22.2 

a . 
References 1 arid 2. 
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Table '3,2.7·1 (continued). EMISSION FACTORS FOR HEAVY-DUTY, DIESEL-POWERED 
CONSTRUCTION EQUIPMENT& 
EMISSION FACTOR RATING: C 

Off· 
Wheeled Tracklaying Highway 

Pollutant loader loader truck Roller 

Carbon monoxide 
g/hr 251. 72.5 610. 83.5 
lb/hr 0.553 0.160 1.34 0.184 
g/kWh 3.51 2.41 3.51 4.89 
g/hphr: 2.62 1.80 2.62 3.65 
kg/1 03 liter 11.4 7.90 11.0 13.7 
lb/103 gal 95.4 65.9 92.2 114. 

Exhaust hydrocarbons 
g/hr 84.7 14.5 198. 24.7 
lb/hr 0.187 0.032 0.437 0.054 
g/kWh 1.19 0.485 1.14 1.05 
g/hphr 0.888 0.362 0.853 0,781 
kg/1Q3 liter 3.87 1.58 3.60 2.91 
lb/103 gal 32.3 13.2 30.0 24.3 

Nitrogen oxides 
(NOx asN02l 

g/hr 1090. 265. 3460. 474. 
lb/hr 2.40 0.584 7.63 1.04 
g/kWh 15.0 8.80 20.0 21.1 
g/hphr 11.2 6.56 14.9 15.7 
kg/1 oa 'liter 48.9 28.8 62.8 58.5 
lb/1Q3 gal 408. 240. 524. 488. 

Aldehydes 
(RCHO as HCHO) 

g/hr 18.8 4.00 51.0 7.43 
lb/hr 0.041 0.009 0.112 O.D16 
g/kWh 0.264 0,134 0.295 0.263 
g/hphr 0.197 0.100 0.220 0.196 
kg/1 03 liter 0.859 0.439 0.928 0.731 
lb/1o' gal 7.17 3.66 7.74 6.10 

Sulfur oxides 
(SOx asS02) 

g/hr 82.5 34.4 206. 30.5 
lb/hr 0.182 0.076 0.454 0.067 
g/kWh 1.15 1.14 1.19 1.34 
g/hphr 0.857 0.853 0.887 1.00 
kg/1Q3 liter 3.74 3.74 3.74 3.73 
lb/103 gal 31.2 31.2 31.2 31.1 

Particulate 
g/hr 77.9 26.4 116. 22.7 
lb/hr 0.172 0,058 0.266 0.050 
g/kWh 1.08 0.878 0.673 1.04. 
g/hphr 0.805 0.655 0.502 0.778 
kg/103 liter 3.51 2.88 2.12 2.90 
lb/1Q3 gal 29.3 24.0 17.7 24.2 

aReferences 1 end 2. 
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Miscel· 
lameous 

188. 
0.414 
3.78 
2.82 

11.3 
$4.2 

71.4 
0.157 
1.39 
1.04 
4.16 

34.7 

1030. 
2.27 

19.8 
14.8 
'59.2 

494. 

13.9 
0.031 
0.272 
0.203 
0.813 
6.78 

I 

64.7 
0.143 
1.25 
0.932 
3.73 

31.1 

63.2 
0.139 
1.21 
0.902 
3.61 

30.1 
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Table 3.2.7·2. EMISSION FACTORS FOR HEAVY-DUTY GASOLINE-POWERED 
CONSTRUCTION EQUIPMENT& 
EMISSION FACTOR RATING:· C 

Wheeled Motor Wheeled 
Pollutant tractor grader loader Roller 

Carbon monoxide 
g/hr 4320. 5490. 7060. 6080. 
lb/hr 9.52 12.1 15.6 13.4 
g/kWh 190; 251. 219. 271. 
g/hphr 142. . 187. 163. 202. 
kg/1o' liter 389. 469. 435. 460. 
lb/1o' gal 3250. 3910. 3630. 3840. 

Exhaust hydrocarbons 
g/hr 164. 186. 241. 277. 
lb/hr 0.362 0.410 0.531 0.611 

. g/kWh 7.16 8.48 7.46 12.40 
g/hphr 6.34 6.32 5.66 9.26 
kg/103 liter 14.6 15.8 14.9 21.1 
lb/103 gal 122. 132. 124. 176. 

Evaporative 
hyd rocarbonsb 

g/hr 30.9 30.0 29.7 28.2 
lb/hr 0.0681 0.0661 0.0666 0.0622 

Crankcase 
hydrocarbonsb 

g/hr 32.6 37.1 48.2 66.6 
lb/hr 0.0719 0.0818 0.106 0.122 

Nitrogen oxides 
(NOx as N02) 

g/hr 196. 146. 236. 164. 
lb/hr 0.430 0.320 0.618 0.362 
g/kWh 8.64 6.67 7.27 7.08 
g/hphr 6.37 4.90 6.42 6.28 
kg/1 03 liter 17.6 12.2 14.6 12.0 
lb/103 gal 146. 102. 121. 100. 

Aldehydes· 
(RCHOas HCHO) 

g/hr 7.97 8.80 9.66 7,67 
lb/hr 0.0176 0.0194 0.0213 0.0167 
g/kWh 0.341 0.386 0.298 0.343 
g/hphr 0.264 0.288 0.222 0.266 
kg/103 liter 0.697 0.721 0.693 0.682 
lb/103 gal 15.82 6.02 4.96 4.86 

Sulfur oxides 
(SOx asS02) 

g/hr 7.03 7.69 10.6 8.38 
lb/hr 0.0166 0.0167 0.0234 0.0186 
g/kWh 0.304 0.341 0.319 0.373 
g/hphr .0.227 0.264 ·o.238 0.278 
kg/ 1 03 liter 0;623 0.636 0.636 0.633 
lb/103 gal 5.20 6.31 6.31 6.28 

3.2.7·4 EMISSION FACTORS 

Miscel· 
larieous 

7720. 
17.0 

266. 
198. 
475. 

3960. 

264. 
0.660 
8.70 
6.49 

16.6 . 
130. 

26.4 
0.0660 

60.7 
0,112 

187. 
0.412 
6.42 
4.79 

11.6 
96.8 

9.00 
0.0198 
0.298 
0.222 
0.632 
4.44 

10.6 
0.0234 
0.364 
0.264 
0.633 
6.28 
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Table 3.2.7·2. (C011tinutd), EMISSION FACTORS FOR HEAVY·DUTV GASOIJNE·POVVERED 
·. CONSTRUCTION EQUIPMENT1 

&MISSION FACTOR.RATING: C 

Wheeled Motor Wheeled 
Pollutant tractor grader loader Roller 

Particulate 
g/hr 10,9 9.40 13,5 11.8 
lb/hr 0.0240 0.0207 0.0298 0.0260 
g/kWh 0.484 0.440 0.421 0.527 
g/hphr 0.361 O.;J28. 0.314 0.393 
kg/1ol liter 0.991 0.822 0.839 0.895 
lb/1o' gal 8.27 6;86 7.00 7.47 

8References 1 and 2. 

bevaporative and crankCII$8 hydrocarbOn$ based 01'1 operating time only (Fiefereoce 1 ). 

Miscel· 
laneous 

11.7 
0.0258 
0.406 
0.303 
0.726 
6.06 
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3.2.8 Snowmobiles by Charles C.· Masser 

3.2.8.1 General - In order to develop emission factors for snowmobiles, mass emission rates must be known, and 
operating cycles representative of usage in the field must be either known or assumed. Extending the applicability 
of data from tests of a few vehicles to the total snowmobile population requires additional information on the 
composition of the vehicle population by engine size and type. In addition, data on annual ~ge and total machine 
population are necessary when the effect of this source on national emission levels is estimated. 

An accurate determination of the number of snowmobiles fu use is quite easily obtained because most states 
require registration of the vehicles. The most notable features of these registration data are that almost 1.5 million 
sleds are operated in the United States, that more than 70 percent of the snowmobiles are registered in jUSt four 
states (Michigan, Minnesota, Wisconsin, and New York), and that only about 12 percent of all snowmobiles are 
found in areas outside the northeast and northern midwest. 

3.2.8.2 Emissions - Operating data on snowmobiles are somewhat limited, but enough are available so that an 
attempt can be made to construct a representative operating cycle. The required end products of this effort are 
time-based weighting factors for the speed/load conditions at which the test engines were operated; use of these 
factors will permit computation of "cycle composite" mass emissions, power consumption, fuel consumption, and 
specific pollutant emissions. 

Emission factors for snowmobiles were obtained through an EPA-contracted studyl in which a variety of 
snowmobile engines were tested to obtain ewust emissions data. These emissions data along with ann'al usage 
data were used by the contractor to estimate emission factors and the nationwide emission impact of this pollutant 
source. 

To arrive at average emission factors for . snowmobiles, a reasonable estimate of average engine size was 
necessary. Weighting the size of the engine to the degree to which each engine is assumed tope representative of 
the total population of engines in service resulted in an estimated average displacement of 362 cubic centimeters 
(cm3). 

The speed/load conditions at which· the test engines were operated represented, as closely as pos$ible, the 
normal operation of snowmobiles in the field. Calculations using the fuel consUmption data obtained during the 
tests and the previously approximated average displacement of 362 cm3 resulted in an estimated average fuel 
consumption of 0.94 ga:l/hr. 

To compute snowmobile emission factors on a gram per unit year basis, it is necessary to know not, only t1w · 
emission factors but also the annual operating time. Estimates of this usage are discussed in Reference 1. On a 
national basis, however, average snowmobile usage can be assumed to be 60 hours per year. Emission factors for 
snowmobiles are presented in Table 3.2.8-1. 

References for Section 3.2.8 

1. Hare, C. T. and K. J. Springer. Study of Exhaust Emissions from Uncontrolled Vehicles and Related 
Equipment Using Internal Combustion Engines. Final Report. Part 7: Snowmobiles. Southwest Research 
Institute, San Antonio, Tex. Prepared for Environmental Protection Agency, Research Triangle Bark, N.C., 
under Contract No. EHS 70-108. Aprill974. 
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Table 3.2.8-1. EMISSION FACTORS FOR 
SNOWMOBILES 

EMISSION FACTOR RATING: B 

Emissions 

Pollutant g/unit·year8 g/galb g/literb 

Carbon monoxide 58,700 . 1,040. 275. 
Hydrocarbons 37,800 670. 177. 
Nitrogen oxides 600 10.6 2.8 
Sulfur oxidesc 51 0.90 0.24 
Solid particulate 1,670 29.7 7.85 
Aldehydes (RCHO) 552 9.8 2.6 

aBased on sO hours of operation per year and 362 cm3 displacement. 

g/hrb 

978. 
630. 

10.0 
0.85 

27.9 
9.2 

bBased on 362 cm3 displacement and average fuel consumption of 0.94 gal/hr. 

ceased on sulfur content of 0.043 percent by weight. 
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3:3 OFF·HIGHW AY, STATIONARY SOURCES by DavidS. Kircher and 
Charles C. Masser 

In general, engines included in this category are internal combustion engines used in applications similar to those 
associated with ext.emal combustion sources (see Chapter 1 ). The major engines within this category are gas 
turbines and large, heavy-duty, general utility reciprocating engines. Emission data currently available ~or these 
engines are limited to gas turbines and natural-gas-fired, heavy-duty, general utility engines. Most st~tionary 
internal combustion engines are used to generate electric power, to pump gas or other fluids, or to compre$s air for 
. pneumatic machinery. · 

3.~.1 Stationary Gas Turbines for Electric Utility Power Plants 

3.3.1.1 General - Stationary gas turbines find application in electric power generators, in gas pipeline pump and 
compressor drives, and in various process industries. The majority of these engines are used in electrical generation 
for continuous, peaking, or standby power.l The primary fuels used are natural gas and No.2 (distillate) fuel oil, 
although residual oil is used in a few applications. 

3.3.1.2 Emissions- Data on gas turbines were gathered and summarized under an EPA contract.2 The contractor 
found that several investigators had reported data on emissions from gas turbines used in electrical gener~J.tion but 
that little agreement existed among the investigators regarding the terms in which the emissions were e~pressed. 
The efforts represented by this section include acquisition of the data and their conversion to uniform terms. 
Because many sets of measurements reported by the contractor were not complete, this conversion often! involved 
alsumptions on engine air flow or fuel flow rates (based on manufacturers' data). Another shortcomi~;tg of the 
available information was that relatively few data were obtained at loads below maximum rated (or base) load. 

Available data on the population and usage of gas turbines in electric utility power plants are fairly extensive, 
and information from the various sources appears to be in substantial agreement. The source providing the most 
complete information.is the Federal Power Commission, which requires major utilities (electric revenues of $1 
million or more) to submit operating and finandal data on an annual basis. Sawyer and Farmer3 employed these 
data to develop statistics on the use of gas turbines for electric generation in 1971. Although their report involved 
only the major, publicly owned utilities (not the private or investor·owned companies), the statistics do appear to 
include about 87 percent of the gas turbine power usedfor electric generation in 1971. 

Of the 253 generating stations Usted by Sawyer and Parmer, 137 have more than one turbine-gener~Uor unit. 
From the available dita, it is not possible to. know how many hours each turbine was operated during

1

1971 for 
these multiple-turbine plants. The remaining 116 (single-turbine) units, however, were operated an averap of ll96 
hours during 1971 (or 13.7 percent of the time), and their average load factor (percent of rated lo d) during 
operation was 86.8 percent. This information alone is not adequate for determining a representative operating 

· pattern for electric utility turbines, but it should help prevent serious errors_. · 

Using 1196 hours of operation per yeiU' and 250 starts per year as normal, the resulting average opera g day is 
about 4.8 hours long. One hour ofno·load time per day would represent about 21 percent of operating tl e, which 
is considered somewhat excessive. For economy considerations, turbines are not run at off·design con . tions any 
longer than necessary, so time spent at intermediate power points ls probably minimal. The bulk C!lf turbine 
operation must be at base or peak load to achieve the high load factor already mentioned. 

If it is assumed that time spent at off-design conditions includes 1 S percent at zero load and 2 percent each at 
25 percent, SO percent, and 75 percent load, then the percentages of operating time at rated load (100 percent) 
and peak load (assumed to be 125 percent of rated) can be calculated to produce an 86.8 percent load factor. 
These percentages tum out to be 19 percent at peak load and 60 percent at rated load; the postulated cycle based 
on this line of reasoning is summarized in Table 3.3 .1·1. . 
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Condition, 
%of rated 

power 

0 
25 
50 
75 

100 (base) 
125 (peak) 

Table 3.3.1·1. TYPICAL OPERATING CYCLE FOR ELECTRIC 
UTILITY TURBINES 

Time at condition 
Percent operatinr;I based on 4.8-hr day 

time spent Contribution to load 
at condition hours minutes factor at condition 

15 0.72 43 0.00 X 0,15"' 0.0 
2 0,10 6 0.25 X 0.02 "' 0,005 
2 0,10 6 0.50 X 0,02"' 0,010 
2 0,10 6 0.75 X 0.02 = 0,015 

60 2.88 173 1.0 X 0.60"' 0.60 
19 0;91 55 1.25 X 0,19 = 0.238 

4.81 289 Load factor= 0.868 

The -operating cycle in Table 3.3.1·1 is used to compute emission factors, although it is only an estimate of actual 
operating patterns. 

lime basis 

Entire population 
lb/hr rated loada 
kg/hr rated load 

Gas-fired only 
lb/hr rated load 
kg/hr rated load 

Oil-fired only 
lb/hr rated load 
kg/hr rated load 

Fuel basis 

Gas-fired only 
lb/1 as· ft3 gas 
kg/106 m3 gas 

Oil-fired only 
lb/1 o3 gal oil: 
kg/1 as liter oil 

Table 3.3.1·2. COMPOSITE EMISSION FACTORS FOR 1971 
POPULATION OF ELECTRIC UTILITY TURBINES 

EMISSION FACTOR RATING: B 

Nitrogen Hydro- Carbon 
oxides carbons Monoxide 

8.84 0.79 2.18 
4.01 0.36 0.99 

7.81 0,79 2.18 
3.54 0.36 0.99 

9.60 0.79 2.18 
4.35 0,36 0,99 

413. 42. 115. 
6615. 673. 1842. 

67.8 5.57 15.4 
8.13' 0.668 1.85 

8Rated load expressed in megawatts. 

Partie· Sulfur 
ulate oxides 

0.62 0.33 
0.24 0.15 

0.27 0.098 
0.12 0.044 

0.71 0.50 
0.32 0.23 

14. 940Sb 
224. 15,0005 

5.0 1405 
0.60 16.88 

bs Is the percentage sulfur. Exa~pl!i If the factor Is 940 and the sulfur content Ia 0.01 percent, the sulfur oxides em.ltted would 
be 940 times 0.01, or 9.4 lb/10 ft ges, · · 

Table 3.3.1-2 is the resultant composite emission factors based on the operating cycle of Table 3.3.1·1 and the 
1971 population of electric utility turbines. 
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Different values for time at base and peak loads are obtained by changing the total time at lowet loads (0 
through 75 percent) or by changing the distribution of time spent at lower loads. The cycle given in Table 3.3.1-1 
seems reasonable, however, considering the fixed load factor and the economies of turbine operation. Note that t" 
cycle determines only the importance of each load condition in computing composite emission factors for eac. 
type of turbine, not overall operating hours. 

The top portion of Table 3.3.1-2 gives separate factors for gas-fired and oil-fired units, and the bottom portion 
gives fuel·b3$ed factors that can be used to estimate emission rates. when overall fuel consumption data are 
available. Fuel-based emission factors on a mode basis would also be useful but present fuel consumption data are 
not adequate for this purpose. 

References for Section 3.3.1 

1. O'Keefe, W. and R. G. Schwieger. Prime Movers. Power.JJS(ll): 522-531. November 1971. 

2. Hare, C. T. and K. J. Springer. Exhaust Emissions from Uncontrolled Vehicles and Related Equipment Using 
Internal Combustion Engines. Final Report. Part 6: Gas Turbine Electric Utility Power Plants~ Southwest. 
Research Institute, San Antonio, Tex. Prepared for Environmental Protection Agency,.Research Triangle Park, 
N.C., under Contract No. EHS 70-108, February 1974. · · 

3. Sawyer, V. W. and R. C. Farmer. Gas Turbines in U.S. Electric Utilities. Gas Turbine International. ranuary -
Apri11973. 

I 
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·3.3.2 Heavy~ Duty, Natural..Gas~Fired Pipeline Compressor Engines by Susan ~ercer 
Alan Burgess 
Tom Lahre 

3.3.2.1 General1 -:- Engines in the natural gas industry are used primarily to power compressors used for pipeline 
transportation, field gathering (collecting gas from wells), underground storage, and gas processing ·plant 
applications. Pipeline engines are concentrated in the major gas producing states (such as those along tile Gulf 
Coast) and along the major gas pipelines. Both reciprocating engines and gas turbines are utilized, but t4e trend 
has been toward use of large gas turbines. Gas turbines emit considerably fewer pollutants than do reciprocating 
engines; however, reciprocating engines are generally more efficient in their use of fuel. 

3.3.2.2 Emissions and Controls1•2 - The primary pollutant of concern is NOx, which readily forms in the high 
temperature, pressure, and excess air environment found in natural-gas-fued compressor engines. Lesser amounts 
of carbon monoxide and hydrocarbons are emitted, although for each unit of natural gas burned, contpressor 
engines (particularly reciprocating engines) emit significantly more of these pollutants than do external 
combustion boilers. Sulfur oxides emissions are proportional to the sulfur content of the fuel and will uSillally be 
quite low because of the negligible sulfur content of most pipeline gas. 

The major variables affecting NOx emissions from compressor engines include the air fuel. ratio, e~e load 
(defmed as the ratio of the operating horsepower divided by the rated horsepower), intake (manifold} air 
·temperature, and absolu~ humidity. In general; NOx emissions increase with increasing load and iqtake air 
temperature and decrease with increasing absolute humidity and air fuel ratio. (The latter already being~ in most 
compress9r engines, on the ''lean" side of that air fuel ratio at which maximum NOx formation occurs.) 
Quantitative esthnates of the effects of these variables are presented in Reference 2. · 

Because NOx is the primary pollutant of significance emitted from pipeline compressor engines, control 
measures to date have been directed mainly at limiting NOx emissions. For gas turbines, the most effective 
method of controlling NOx emissions is the injection of water into the combustion chamber. Nitrogen oxides 
reductions as high as 80 percent can be achieved by this method. Moreover, water injection results in only 
nominal reductions in overall turbine efficiency. Steam injection can also be employed, but the resulting NOx 
reductions may not be as great as with water injection, and it has the added disadvantage that a supply of steam 
must be readlly available. Exhaust gas recirculation, wherein a portion of the exhaust gases is recirculated back 
into the intake manifold, may result in NOx reductions of up to 50 percent. This technique, however, may not be 
practical in many cases because the recirculated gases must be cooled to pr~vent engine malfunction. Other 
combustion modifications, designed to reduce the temperature and/or residence time of the combustion gases, 
can also be effective in reducing NOx emissions by 10 to 40 percent in specific gas turbine units. 

For reciprocating gas-fired engines, the most effective NOx control measures are those that change thp air-fuel 
ratio. Thus, changes in engine torque, speed, intake air temperature, etc., that in turn increase the air·f)lel ratio, 
may all result in lower NOx emissions. Exhaust gas recirculation may also be effective in lowering NOx ~ons 
although, as with turbines, there are practical limits because of the large quantities of exhaust gas tha~ must be 
cooled. Available data suggest that other NOx control measures, including water and steam injection, have only 
limited application to reciprocating gas-fired engines. 

Emission factors for natural-gas-fired pipeline compressor engines are presented in Table 3.3.2-1. 
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Table 3.3.2-1. EMISSION FACTORS FOR HEAVY-DUTY, NATURAL
GAS-FIRED PIPELINE COMPRESSOR ENGINES8 

EMISSION FACTOR RATING: A 

Nitrogen oxides Carbon Hydrocarbons Sulfur 
(as N02)b monoxide (as C)C dioxided Particulate8 

Reciprocating engines 

lb/1 o3 hp-hr 24 3.1 9.7 0.004 NA 
g/hp-hr 11 . 1.4 4.4 0.002 NA 
g/kW-hr 15 1.9 5.9 0.003 NA lb/106 sctf 3,400 430 1,400 0.6 NA kg/1o6~m3f 55,400 7,020 21,800 9.2 NA 

Gas turbines 

lb/1 o3 hp-hr 2.9 1.1 0.2 0.004 NA g/hp-hr 1.3 0.5 0.1 0.002 NA g/kW-hr. 1.7 0.7 0.1 0.003 NA lb/106 scf9 300 120 23 0.6 NA kg/106 [l!m3s 4,700 1,940 280 9.2 NA 

a All factors based on References 2 and 3, 

~hese factors are for compressor engines operated at rated load. In general, NO· .emissions will increase with increasing 
load and intake (manifold) air temperature and decrease with increasing air-tulratios (excess air rates) and absolute 
humidity, Quantitative estimates of the effects of these variables ere presented in Reference 2. 

C>rhese factors represent total hydrocarbons. Nonmethane hydrocarbons are estimated to make up to 5 to 1 0 percent of 
these totals, on the average. 

dsased on an assumed sulfur content of pipeline gas of 2000 gr/1 fiJ scf (4600 g/~m3), If pipeline quality natural gas is 
not fired, a material balance should be performed to determine so2 emissions based on the actua• sulfur content. 
~ot available from existing data. 

fThese factors are calculated from the above factors for reciprocath1g engines assuming a heating value of 1050 Btu/scf 
(9350 kcal/~m3) for natural gas and an average fuel consumption of 7500 Btu/hp-hr (2530 kcal/kW-hr), 

9Th~ factors are calculated from the above factors for gas turbines assuming a heating value of 1,050 Btu/scf (9,350 keel/ 
f:!m l of natural gas and an average fuel consumption .of 10,000 Btu/hp·hr (3,380 kcal/kW-hr). 

References for Section 3.3.2 

1. Standard Support Document and Environmental Impact Statement - Stationary Reciprocating Internal 
Combustion Engines. Aerothenn/ Acurex Corp., Mountain View, Calif. Prepared for Environmental Protection 
Agency, Research .Triangle Park, N.C. under Contract No. 68-02-1318, Task Order No.7, November 1974. 

2. Urban, C.M. and K.J. Springer. Study of Exhaust Emissions from Natural Gas Pipeline Compressor Engines. 
Southwest Research Institute, San Antonio, Texas. Prepared for American Gas Association, Arlington, Va. 
February 1975. 

3. Dietzmann, H.E. and KJ. Springer. Exhaust Emissions from Piston and Gas Turbine Engines Used in Natural 
Gas Transmission. Southwest Research Institute, San Antonio, Texas. Prepared for American Gas Association, 
Arlington, Va. January 1974. 
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3.3.3 Gasoline and Diesel Industrial Engines by David S. Kircher 

3.3.3-1 General - This engine category covers a wide variety of industrial applications ·of both gasoline and diesel 
internal combustion power plants, such as fork lift trucks, mobile refrigeration units, generators, pumps, and 
portable well-drilling equipment. The rated. power of these engines covers a rather substantial range-from less than 
15 kW to 186 kW (20 to 250 hp) for gasoline engines and from 34 kW to 447 kW (45 to 600 hp) for diesel engines. 
Understandably, substantial differences in both annual usage (hours per year) and engine duty cycles also exist. It 
was necessacy, therefore, to make reasonable assumptions concerning usage in order to formulate emission 
factors.l 

3.3.3·2 Emissions - Once reasonable usage and duty cycles for this category were ascertained, emission! values 
from each of the test engines 1 were aggregated (on the basis of nationwide engine population stati!ltics).to aJ!rive at 
the factors presented in Table 3.3.3-1. Because of their aggregate nature, data contained in this table must be 
applied to a population of industrial engines rather than to ail individual power plant. 

The best method for calculating emissions is on the basis of "brake specific" emission factors (g/kWh or 
lb/hphr). Emissions are calculated by taking the product of the brake specific emission factor, the usage in hours 
-(that is, hours per year or hours per day), the power available (rated power)~ and the load factor (the power 
actually used divided by the power available). 
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Table 3.3.3-1. !;MISSION FACTORS FOR GASOLINE· 
AND DIESEL-POWERED INDUSTRIAL EQUIPMENT 

EMISSION FACTOR RATING: C 

Engine categoryb 

Pollutant8 Gasoline Diesel 

Carbon monoxide 
g/hr 5700. 197. 
lb/hr 12.6 0.434 
g/kWh 267. 4.06 
g/hphr 199. 3.03 
kg/1 03 liter 472. 12.2 
lb/1CJ3 gal 3940. 102. 

Exhaust hydrocarbons 
g/hr 191. 72.8 
lb/hr 0.421 0.160 
g/kWh 8.95 1.50 
g/hphr 6.68 .Lt2 
kg/103 liter 15.8 4.49 
lb/1o" gal 132. 37.5 

Evaporative hydrocarbons 
g/hr 62.0 -
lb/hr 0.137 -

Crankcase hydrocarbons 
g/hr 38.3 -
lb/hr 0.084 -

Internal Combustion Engine Sources 3.3.3-1 



Table 3.3.3-1. (continued). EMISSI'ON FACTORS FOR GASOLINE· 
AND DIESEL-POWERED INDUSTRIAL EQUIPMENT 

'EMISSION FACTOR RATING: C 

Pollutant8 
Engine categoryb 

Gasoline Diesel 

Nitrogen oxides 
g/hr 148. 910. 
lb/hr 0.326 2.01 
g/kWh 6.92 18.8 
g/hphr 5.16 14.0' 
kg/1 03 liter . 12.2 56.2 
lb/103 gal 102. 469, .. 

Aldehydes • g/hr 6:33 13.7 
lb/hr 0.014 0.030 
g/kWh 0.30 0:28 
g/hphr 0.22 0.21 
kg/1 03 liter 0.522 0.84 
lb/103 gal 4.36 7.04 

Sulfur oxides 
g/hr 7.67 60.5 
lb/hr 0.017 0.133 
g/kWh 0.359 1.25 
g/hphr 0.268 0.931 
kg/103 liter 0.636 3.74 
lb/103 gal 5.31 .· 31.2 

Particulate 
g/hr 9.33 65.0 
lb/hr 0.021 0.143 
g/kWh 0.439 1.34 
g/hphr 0.327 1.00 
kg/1 03 liter 0.775 4.01 
lb/103 gal 6.47 33.5 

8 Aeferences 1 and 2. 

bAs discussed in. the text, the engines used to dete.rmine the results in this 
table cover a wide range of uses and power. The listed values do not, 
however, necessarily apply to some very large stationary diesel engines, 

References for Section 33.3 

I. Hare, C. T. and K. J. Springer. Exhaust Emissions from Uncontrolled Vehicles and Related Equipment Using 
Internal Combustion Engines. Finlli Report. Part 5: Heavy-Duty Farm, Constructiop, and Industrial Engines. 
Southwest Research Institute. San Antonio, Tex.as, Prepared for Environmental Protection Agency, Research 
Triangle Park, N.C., uridet ContractNo. EHS 70-108. October 1973. 105 p. 

2. Hare, C. T. Letter to C. C. Masser of the Environmental Protection Agency concerning fuel-based emission 
rates for farm, construction, and industrial engines. San Antonio, Tex. January 14, 1974. 
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} 4. EVAPORATION LOSS SOURCES 

Evaporation losses include the organic solvents emitted from dry-cleaning plants and surface· 
coating operations as well as the volatile matter in petroleum products. This chapter presents the 
hydrocarbon emissions from these sources, including liquid petroleum storage and marketing; Where 
possible, the effect of controls to reduce the emissions of organic compounds has been shown. 

4.1 DRY CLEANING by Susan Sercer 

4.1.1 Generall,2 · 

Dry cleaning involves the cleaning of fabrics with non-aqueous organic solvents. The dry cleaning 
process requires three steps: (1) washing the fabric in solvent, (2) spinning to extract excess solvent, and 
(3) drying by tumbling in a hot airstrean1. 

Two general types of cleaning fluids are used in the industry: petroleum solvents and synthetic sol· 
vents. Petroleum solvents, such as Stoddard or 140-F, are inexpensive, combustible hydrocarbo~ 
mixtures similar to kerosene. Operations using petroleum solvents are known as petroleum plants. 
Synthetic solvents are nonflammable but more expensive halogenated hydrocarbons. Perchloro· 
ethylene and trichlorotrifluoroethane are the two synthetic dry cleaning solvents presently in 
use. Operations using these synthetic solvents are called "perc" plants and fluorocarbon plants. 
respectively. 

There are two basic types ofdry cleaning machines: transfer and dry-to-dry. Transfer machines ac· 
complish washing and drying in separate machines. Usually the washer extracts excess solvent from the 
clothes before they are transferred to the dryer, however, some older petroleum plants have separate 
extractors for this purpose. Dry·to·dry machines are single units that perform all of the washing, 
extraction, and drying operations. All petroleum solvent machines are the transfer type, but synthetic 
solvent plants. can be either type. 

The dry cleaning industry can be divided into three· sectors: coin-operated facilities, commercial 
operations, and industrial cleaners. Coin-operated facilities are usually part of a laundry and supply 
'"self-service" type dry Cleaning for consumers. Only synthetic solvents are used in coin-operated dry 
cleaning machines. Such machines are small, with a capacity'of 8 to 25lb (3.6 to 11.5 kg) of clothing. 

COmmercial operations, such as small neighborhood or franchise dry cleaning shops, clean soile~ 
apparel for the consumer. Generally, perchloroethylene and petroleum solvents are used in commer· 
cial operations. A typical "perc" plant operates a 30 to 60 lb (14 to 27 kg) capacity washer/ extractor anri 
an equivalent size reclaiming dryer. 

Industrial cleaners are la•·ger dry cleaning plants which 1!1Upply rental service of uniforms, mats, 
mops, etc., to businessel!l or industries. Although petroleum solvents are used extensively, perchloro· 
ethylene is used by approximately 50% of the industrial dry cleaning establishments. A typical large in· 
dustrial cleaner has a 500 lb (230 kg) capacity washer/extractor and three to six 100 lb (38 kg) capacity 
dryers. · 

A typical perc plant ia shown in Figure 4.1-1. Although one solvent tank may be used, the typical 
perc plant uses two tanks for washing. One tank contains pure solyent; the other tank contains 
"charged" solvent-used solvent to which sntall amounts of detergent have been added to aid in clean· 
ing. Generally, clothes are cleaned in charged aolvent and rinsed in pure solvent. A water bath may also 
be uaed. 
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After the clothes have been washed. the used solvent is filtered, and part of ihe filtered solvent is re· 
turned to the charged solvent tank for washing the next load. The remaining solvent is then distilled to· 
remove oils, fats, greases, eic., and returned to the pure solvent tank. The resulting distillation bot-: 
toms are typically stored on the premises until disposed of. The filter cake and collected solids (muck) 
are usually removed fro in the filter once a day. Before disposal, the muck may be "cooked" to recover 
additional solvent. Still and muck cooker vapors are vented to a condenser and separator where more 
solvent is reclaimed. In many perc plants, the condenser off-gases are vented to a carbon adsorption 
unit for additional solvent recovery. 

After washing, the clothes are transferred to the dryer where they are tumbled in a heated air· 
stream. Exhaust gases from the dryer, along with a small amount of exhaust gases from the washer /ex· 
tractor, are vented to a water-cooled condenser and water separator. Recovered solvent is returned to 
the pure solvent storage tank. In 30.:50 percent of the perc plants, the condenser off~gases are vented to 
a carbon adsorplion unit for additional solvent recovery. To reclaim this solvent, the unit must be 
periodically desorbed with steam-typically at the end of each day. Desorbed solvent and water are 
condensed and separated; reeovered solvent is returned to the pure solvent tank. 

A petroleum plant would differ from Figure 4.1·1 chiefly in th.at there would be no recovery of sol· 
vent from the washer and dryer and no muck cooker. A fluorocarbon plant would differin that a non•. 
vented refrigeration system would be used in.place of a carbon adsorption unit. Another. difference 
would be that a typical fluorocarbon plant would use a cartridge filter which is dr4ined and disposed 
of after several hundred cyCles. · 

Emissions and Controls1,2• 3 

The solvent material itself is the primary emission of concern from dry cleaning operations. Sol· 
vent is given off by the washer, dryer, solvent still, muck cooker, still residue and filter muck storage 
areas, as well as leaky pipes, flanges, and pumps. 

Petroleum plants have generally not employed solvent recovery because of the low cost of petro· 
leum solvents and the fire hazards associated with collecting vapors. Some emission control, however, 
can be obtained by maintaining all equipmept in good condition(e.g.,preveiltinglintaccumulation. 
preventing rolvent leakage, etc.) and by using good operating practices (e.g., not overloading machin· 
ery). Both carbon adsorption and incineration appear to be technically feasible controls for petroleum 
plants, but costs are high. . 

Solvent recovery is necessary in perc plants due to the higher cost of perchloroethylene, As shown in 
Figure 4.1·1, recovery is effected on the washer, dryer, st:ill, and muck cooker through the use of con· 
densers, water I solvent separators, and carbon adsorption units. Periodically (typically once a day), sol· 
vent collected in the carbon adsorption unit is desorbed with steam, condensed, separated from the 
condensed water, and returned to the pure solvent storage tank. Residual solvent emitted from treat· 
ed distillation bottoms and muck is not recovered. As in petroleum plants, good emission control can 
be obtained by good housekeeping practices (maintaining all equipment in good condition and.using 
good operating practices). 

All fluorocarbon machines are of the dry· to-dry variety to conserve solvent vapor, and all are closed 
systems with built-in solvent recovery. High emissions can occur, however, as a result of poor mainte
nance and operation of equipment. Refrigeration systems are installed on newer machines to recover 
solvent from the washer/dryer exhaust gases. 

Emission factors for dry cleaning operations are presented in Table 4.1·1. 
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table 4.1-1. SOLVENT LOSS EMISSION FACTORS FOR DRY CLEANING OPERATIONS 
EMISSION FACTOR RATING: B 

-
Emission ratea 

Solvent type 
Typical systems Well-controlled system 

(Process used) Source lb/100 lb (kg/100 kg) lb/100 lb (kg/100 kg) 

Petroleum washer/dryerf 18 2b 
(transfer process) filter disposal 

uncooked (drainedi 5 
centrifuged· 0.5. 1 

still residue disposal 2 0.5 ·1 
m iscell an eo usc .3 1 

Perchloroethylene \ washer/dryer/still/muck cooker ad 0,3b 
(transfer procsss) filter disposal 

uncooked muck 14 
cooked muck 1.3 0.5 ·1.3 

cartridge filter 1.1 0.5. 1.1 
still residue disposal 1,6. 0.5. 1.6 

miscellaneousc 1.5 1 

Trichlorotri fl uoroethane washer/dryer/stille o· 0 
(dry·to-dry process) cartridge filter disposal 1 1 

still residue disposal 0.5 0.5 
miscellaneousC 1. 3 i -3 

a units are in terms of weight of solvent per weight of clothes cleaned (capacity x loads). Emissions may be estimated on an alternative. 
basis by determining the amount of solvent ~onsumed. Assuming that all solvent input to dry cleaning operations is eventually 
evaporated to the atmosphere, an emission factor of 2000 lb/ton of solitent consumed i:an be applied. All emission factors are based 
on References 1, 2 and 3. · · 

bemissions from the washer, dryer, still, and niuck cooker are collectively passed through a carbon adsorber. 

CMiscellaneous sources include fugitive emissions from flanges, pumps, pipes, storage tanks, fixed losses (for example, opening and 
c!osing the dryer), etc. 

dUncontrolled emissions from the washer, dryer, still, and muck cooker average about 8 lb/100 lb (8 kg/100 kg). Roughly 16% of 
the solvent emitted comes from the washer, 76% from the dryer, and 5% from both the still and the muck cooker.· 

eemission factors are based on the tYPical. refrigeration system installed in fluorocarbon plants. 

fOifferent materials in the WaSh retain varying amounts of solvent (synthetic: 10 kg/1 00 kg, cotton: 20 kg/1 00 kg, leather: 40 kg/ 
HiO kg). 

References for Section 4.1 

l. Study to Support New Source Performance Standards for the Dry <:;leaning Industry, EPA Con
tract 68·02-1412, Task Order No. 4, prepared by TRW Inc., Vienna, Virginia, May 7, 1976. 
Kleeberg, Charles, EPA, Office of Air Quality Planning and Standards. 

2. Standard Support and Environmental Impact Statement for the Dry Cleaning Industry. Dur
ham. North Carolina. June 28, 1976. 

3 Control of Volatile Organic Emissions from Dry Cleaning Operations (Draft Document), Dur
ham, North Carolina. April 15, 1977. 
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) 4.2 SURFACE COATING 

4.2.1 Process Descriptionl,2 

Surface-coating operations primarily involve the application of paint, varnish, lacquer, or paint primer for 
decorative or protective purposes. This is accomplished by brushing, rolling, spraying, flow coating, and d•pping. 
Some of the industries involved in surface-coating operations are automobile assemblies, aircraft companies, 
container manufacturers, furniture manufacturers,· appliance manufacturers, job enamelers, automobile re-
painters, and plastic products manufacturers. · 

4.2.2 Emissions and Controlsl 

Emissions of hydrocarbons occur in surface-coating operations because of the evaporation of the paint 
vehicles, thinners, and solvents used to facilitate the application of the coatings. The major factor affecting these 
emissions is the amount of volatile matter contained in the coating. The volatile portion of most common surface 
coatings averages approximately SO percent, and most, if not all, of this is emitted during the application and 
drying. of the coating. The compounds released include aliphatic and aromatic hydrocarbons, alcohols, ketones, 
esters, alkyl and aryl hydrocarbon solvents, and mineral spirits. Table 4.2-1 presents emission factors for 
.surface-coating operations .. 

Control of the gaseous emtsslon& can be accomplished by the use of adsorbers (activated carbon) or 
afterburners. The collection efficiency of activated carbon has been reported at 90 percent or greater. Water 
curtains or filler pads have little or no effect on escaping solvent vapors; they are widely used, however, to stop 
paint particulate emissions. 
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Table 4.2·1. GASEOUS HYDROCARBON EMISSION 
FACTORS FOR SURFACE-COATING APPLICATIONSa 

EMISSION FACTOR RATING: B 

Type of coa.ting 

Paint 
Varnish and shellac 
Lacquer 
Enamel 
Primer (zinc chromate) 

a Reference 1.· 

Emissionsb 
lb/ton kg/MT 

1120 560 
1000 500 
1540 770 
840 420 

1320 660 

bFCeported as undefined hydrocarbons, usually organic solvents, both 
aryl and alkyl, Paints weigh 10 to 15 pounds per gallon (1.2 to 1.9 
kilograms pef liter); varnishes weigh about 7 pounds per gallon 
(0.84 kilogram per liter). 
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L Weiss, S.F. Surface Coating Operations. In: Air Pollution Engineering Manual, Danielson, J.A. (ed.). U.S. 
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p.387-390. . 

2. Control Techniques for Hydrocarbon and Organic Gases From Stationary Sources. U.S. DHEW, PHS, EHS, 
National Air Pollution Control Administration. Washington, D.C. Publication Number AP-68. October 1969. 
Chapter 7.6. · 

3. Air Pollutant Emission Factors. Final Report. Resources Research, Inc. Reston, Va. Prepared for National 
Air Pollution Control Administration, Durham, riJ.C., under Contract Number CPA-22-69-119. April 1970. 
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4.3 STORAGE OF PETROLEUM LIQUIDS1 by Charles C. Masser 

Fundamentally, the petroleum industry consists of three operations: (1) petroleum production and 
transportation, (2) petroleum refining, and (3) transportation and marketing of finished petroleum 
products. All three operations require some type of storage for petroleum liquids. Storage t~ks for 
both crude and finished products can be sources of evaporative emissions. Figure 4.3·1 presents a 
schematic of the petroleum industry and its points of emissions from storage operations. 

4.3.1 Process Description 

Four baaic tank designs are used for petroleum storage vessels: fixed roof, floating roof (open type 
and covered type), variable vapor space, and pressure (low and high). 

4.3.1.1 Fixed Roof Tanks2- The minimum accepted standard for storage of volatile liquids is the 
fixed roof tank (Figure 4.3-2). It is usually the least expensive tank design to construct. Fixed roof tanks 
basically consist of a cylindrical steel shell topped by a coned roof having a minimum slope of 3/4 
inch in 12 inches. Fixed roof tanks are generally equipped with a pressure/vacuum vent designed to 
contain minor vapor volume changes. For large fixed roof tanks, the Tecommended maximum operat· 
ing pressure/vacuum is +0.03 psig/.0.03 psig (+2.1 g/cm2/•2.1 g/cm2). 

4.3.1.2 Floating Roof Tanks3- Floating roof tanks reduce evaporative storage losses by minimizing va· 
por spaces. The tank consists of a welded or riveted cylindrical steel wall, equipped with a deck or roof 
which is free to float on the surface of the stored liquid. The roof then rises and falls according to the 
depth of stored liquid. To ensure that the liquid surface is completely covered, the roof is equipped 
with a sliding seal which fits against the tank walL Sliding seals are also provided at support columns 
and at all other points where tank appurtenances pass through the floating roof. 

Until recent years, the most commonly used floating roof tank was the conventional open-type 
tank. The open-type floating roof tank exposes the roof deck to the weather; provisions must be made 
for rain water drainage, snow removal, and sliding seal dirt protection. Floating roof decks are ohhree 
general types: pan, pontoon, and double deck. The pan-type roof consists of a flat metal plate with a 
vertical rim and sufficient stiffening braces to maintain rigidity (Figure 4.3-3). The single metal plate 
roof in contact with the liquid readily conducts solar heat, resulting in higher vaporization losses than 
other floating roof decks. The roof is equipped with automatic vents for pressure and vacuum release. 
The pontoon roof is a pan-type floating roof with pontoon sections added to the top of the deck around 
the rim. The pontoons are arranged to provide floating stability under heavy loads of water and snow. 
Evaporation losses due to solar heating are about the same as for pan-type roofs. Pressure/vacuum 
vents are required on pontoon roof tanks. The double deck roof is similar to a pan-type floating roof, 
but consists of a hollow double deck covering the entire surf 1ce of the roof (Figure 4;3-4). The double 
deck adds rigidity, and the dead air space between the upper and lower deck provides significant insu· 
lation from solar heating. Pressure/vacuum vents are also required. 

The covered-type floating ·roof tank is essentially a fixed-roof tank with a floating roof deck inside 
the tank (Figure 4.3-5). The American Petroleum Institute h&e designated the term ~covered floating" 
roof to describe a ftxed roof tailk with an internal steel pan-type floating roof. The term -mtemal float
ing cover., has been chosen by the API to describe internal covers constructed of materials other than 
steeL Floating roofs and covers can be installed inside existing fixed roof tanks. The fixed roof, protects 
the floating roof from the weather, and no provision is necessary for rain or snow removal, or for seal 
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Figure 4.3-2. Fixed roof storage tank. 
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Figure 4.3-3. Pan-type ftoating roof storage tank (metallic seals). 
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Figure 4.3-4. Double deck floating roof storage tank (non-metallic seals). 
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Figure· 4.3-5. Covered floating roof storage tank. 

protection. Antirotational guides must be provided to maintain roof alignment, and the space be
tween the fixed and floating roofs must be vented to prevent the possible formation of a flammable 
mixture. · 

4.3.1.3 Variable Vapor Space Tanks4 - Variable vapor space tanks are equipped with expandable 
vapor reservoirs to accommodate vapor volume fluctuations attributable to temperature and baro
metric pressure changes. Although variable vapor space tanks are sometimes used independently, they 
are normally connected to the vapor spaces of one or more fixed roof tanks. The two most common 
types of variable vapor space tanks are lifter roof tanks and ·flexible diaphragm tanks. 

Lifter roof tanks have a telescoping roof that fits loosely around the outside of the main tank wall. 
The space between the roof and the wall is closed by either a wet seal, which consists of a trough filled 
with liquid, or a dry seal, which employs a flexible coated fabric in place of the trough (Figure 4.3-6). 

Figure 4.3-6. Lifter roof storage tank (wet seal). 

Flexible diaphragm tanks utilize flexible membranes to provide the expandable volume. They may 
be separate gasholder type units, or integral units mounted atop fixed roof tanks (Figure 4.3-7). 
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Figure 4.3~7. Flexible diaphragm tarik (integral unit). 

4.3.1.4 Pressure Tanks5 • Pressure tanks are designed to withstand relatively large pressure variations 
without incurring a loss. They are generally used for storage of high volatility stocks, and they are 
constructed in many sizes arid shapes, depending on the operating range. The noded spheroid and 
noded hemispheroid shapes are generally used aslow·pressure tanks (17 to 30 psia or 12 to 21 mg/m2), 
while the horizontal cylinder and spheroid shapes are generally used as high-pressure J,anks (up to 265 

psia or 186 mg/m2). 

4.3.2 Emissions and Controls 

There are !liX sources of emissions from petroleum liquids in storage: fixed roof breathing losses, 
fixed roof working losses, floating roof standing storage losses, floating roof withdrawal losses, vari· 
able vapor space fitting losses, and pressure tank losses. 6 

· 

Fixed roof breathing losses consist of vapor expelled froin a tank because of the thermal expansion 
of existing vapors, vapor expansion caused by barometric pressure changes, and/or an increase in the 
amount of vapor due to added vaporization in the absence of a liquid-level change. 

l''ixed roof working losses consist of vapor expelled from a tank as a result of filling and emptying 
('perations. Filling loss is the result of vapor displacement by the input of liquid. Emp~ying loss is the 
expulsion of "·apors subsequent to product withdrawal, and is attributable to vapor growth as the new· 
ly inhaied air is tsaturated with hydrocarbons. 

Floating ruot standing storage losses result from causes other than breathing ot changes in liquid 
level. The ·larger:.~ potential source of this loss is attributable to an improper fit of the seal and shoe to 
the shell, which exposes some liquid surface to the atmosphere. A small amount of vapor may escape 
between the fl.exible membrane seal and the roof. 

Floating rf:'d withdrawal losses result from evaporation of stock which wets the tank wall as the 
roof rlescends ~uring emptying operations. This loss is small in comparison to other types oflosses. 

4/77 Evaporation Loss Sources 4.3·5 

3 . 



Variable vapor space filli~g lo"ses result when vapor is displaced by the liquid input during filling 
operations. Since the variable vapor space tank has an expandable vapor storage capacity, this loss ie 
not. as large as the fill in~ losH as110ciated with fixed roof tankR. Loss of vapor occurs only when the vapor 
stora~e capacity of the tank is exceeded. 

PreRsure tank losses occur when the pressure inside the tank exceeds the design pressure of the 
tank, which result8 in relief vent opening. This happens only when the tank is filled itnproperly, or 
when abnormal vapor expanl!ion occurs. These are not regularly occurring events, and pressure tanks 
Rre not a significant sourt~e of loss under normal o.perating conditions. 

The total amount of evaporation loss from storage tanks depends upon the rate of loss and the per· 
iod of time involved. Facton affecting the rate of loss include: 

l. True vapor pre11sure ofthe liquid stored. 
2. Temperature changes in the tank. 

· 3. Height of the vapor space (tank outage). 
4. Tank diameter. 
5. Schedule of tank filling and emptying. 
6. .Mechanical condition of tank and seals. 
7. Type of tank and type of paint applied to outer surface. 

The Ame.rican Petroleum Institute ha~ developed empirical formulae, based on field testing, that cor
relate evaporative lo~ses with the above factors and other specific storage factors. 

· .4.3.2.1 Fixed Roof Tanks2 • 7 ·Fixed roof breathing losses can be estimated from: 

[ 
p ]0.68 

LB = 2.:21 x 1o-4M 
14

.
7 

_ P J oi.73 Ho.s 1 ino.so Fpc Kc (1) 

where: Ls· = Pixed roof br·eathing loss (lb/day). 

M = Molecular weight of vapor in storage tank (lb/]h mole}. (sr.e Table 4.3·1). 

P = True vapor pressure at bulk liquid conditions (psia); see Figures 4.3-8, 4.3-9, 
or Table 4.3·1. . 

D " Tank diameter (ft) . 

. H ·· Average ,·apor space height, including roof volume correction (ft); see note (1). 

tJ. T = Average ambient temperature change from day to night (°F). 

F p "' Paint factor (dimensionless); see Table 4.3-2. 

C - Adjustment factor for small diameter tan.ks (dimensionless); see Figure 4.3-10 . 

. Kc = Crude oil fador (dimensionless); see note (2). 

Note: (1) The vapor space in a cone roof 1s equivalent in volume to a cylinder which has the 
'lame bulle diameter as the cone and is one-third the height of the cone. 

(2) Kc "' (0 (;5) for crudP. oil, Kc "' (1.0) for gasoline and aU other Hquids. 

API report11 thrtt .calt'ulaterl ht:eathing los!l from Equation (l) may deviate in the order of± 10 percm:. 
from A~tuaf ~.n·ef'thi~!t lnsl'l, 
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Hydrocarbon 

Fuels 

Gasoline RVP 13 

Gasoline RVP 10 

Gasoline RVP 7 

Crude oil RVP 5 

Jet naphtha (JP-4) 

Jet kerosene 

Distillate fuel No. 2 

Residual oil No. 6 

Petrochemicals 

Acetone 

Acrylonitrile 

Benzene 

Carbon disulfide 

Carbon tetrachloride 

Chloroform 

Cyclohexane 

1, 2 · Dichlorethane 

Ethyl acetate 

Ethyl alcohol 

Isopropyl alcohol 

Methyl alcohol 

Methylene chloride 

Methyl-ethyl-kl>tone 

Methyl-methacrylate 

1, 1, 1 ·Trichloroethane 

Trichloroethylene 

Toluene 

Vinylacetate 
-

---

Vapor 
molecular 
weight 

@600F 

62 

66 
68 

50 

80 

130 

130 

190 

58 

53 

78 

76 

154 

119 

84 

99 

88 

46 

60 

32 

85 

72 

100 

133 

131 

92 

86 

·----·'· 
_) 

Table 4.3-1. PHYSICAL PROPERTIES OF HYDROCARBONS 7,9 

Condensed 
Product vapor Vapor pressure in psia at: 

density (d). density (w), 
lb/gal@ 6ooF lb/gat @ 6ooF 40°F 5QOF 60°F 70°F 80°F 90°F 100°F 

5.6 4.9 4.7 5.7 6.9 8.3 9.9 1 1.7 13.8 

5.6 5.1 3.4 4.2 5.2 6.2 7.4 8.8 10.5 

5.6 5.2 2.3 2.9 3.5 4.3 5.2 6.2 7.4 

7.1 4.5 1.8 2.3 2.8 3.4 4.0 4.8 5.7 

6.4 5.4 0.8 1.0 1.3 1.6 1.9 2.4 2.7 

7.0 6.1 0.0041 0.0060 0.0085 0.011 0.015 0.021 0.029 

7.1 6.1 0.0031 0.0045 0.0074 0.0090 0.012 0.016 0.022 

7.9 6.4 0.00002 0.00003 0.00004 0.00006 0.00009 0.00013 0.00019 

6.6 6.6 1.7 2.2 2.9 3.7 4.7 5.9 7.3 

6.8 6.8 0.8 1.0 1.4 1.8 2,.4 3.1 4.0 

7.4 7.4 0.6 0.9 i 1.2 1.5 2.0 2.6 3.3 

10.6 10.6 3.0 3.9 4.8 6.0 7.4 9.2 11.2 

tj.4 13.4 0.8 1.1 1.4 1.8 2.3 3.0 3.8 

12.5 12.5 1.5 1.9 2.5 3.2 4.1 5.2 6.3 

6.5 6.5 0.7 0.9 1.2 1.6 2.1 2.6 3.2 

10.5 10.5 0.6 0.8 1.0 1.4 1.7 2.2 2.8 

7.6 7.6 0.6 0.8 1.1 1.5 1.9 2.5 3.2 

6.6 6.6 0.2 0.4 0.6 0.9 1.2 

! 
1.7 2.3 

6.6 6.6 0.2 0.3 0.5 0.7 0.9 1.3 1.8 

6.6 6.6 0.7 1.0 1.4 2.0 2.6 3.5 4.5 

11.1 11.1 3.1 4.3 5.4 6.8 8.7 10.3 13.3 

6.7 6.7 0.7 0.9 1.2 1.5 2.1 2.7 3.3 

7.9 7.9 0.1 0.2 0.3 0.5 0.8 1.1 1.4 

11.2 11.2 0.9 1.2 1.6 2.0 2.6 3.3 4.2 

12.3 12.3 0.5 0.7 0.9 1.2 1.5 2.0 2:6 

7.3 7.3 0.2 0.2 0.3 0.4 0.6 0.8 1.0 

7.8 7.8 0.7 1.0 1.3 1.7 2.3 3.1 4.0 
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Figure 4.3-'8. Vapor pressures of gasolines and finished petroleum products. 
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Figure 4.3-9. Vapo·r pressures of crude oil. 
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Table 4.3-2. PAINT FACTORS FOR FIXED ROOF TANKS2 

Paint factors (Fp) 

Tank color Paint condition 

Roof Shell Good 

White White 1.00 

Aluminum (specular) White 1.04 

White Aluminum (specular) 1.16 

Aluminum (specular) Aluminum (specular) 1.20 

White Aluminum .(diffuse) 1.30 

Aluminum (diffuse) Aluminum (diffuse) 1.39 

White Gray 1.30 

Light gray ' Light gray 1.33 

Medium gray 
i 

Medium gray 1.40 

8 Estimated from the ratios of the seven preceding paint factors. 
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Figure 4.3-10. Adjustment factor (C) for 
small diameter tanks. 
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Fixed roof working losses can .be estimated from: 
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, where: Lw = Fixed roof working loss (lb/10S gal throughput). 
) 

) 

M = Molecular weight of vapor in storage tank (lb/lb mole). see Table 4.3·1. 

\ P = True vapor pressure at bulk liquid conditions (psia); see Figures 4.3·8, 4.3-9, 
or Table 4.3-1. 

KN = Turnover factor (dimensionless); see Figure 4.3·11. 

Kc = Crude oil factor (dimensionless); see note. 

Note: Kc = (0.84) for crude oil, Kc = (1.0) for gasoline and all other liquids. 
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Figure 4.3-11. Turnover factor ( KN) for fixed roof tanks. 

The fixed roof working loss (Lw)is the sum of the loading and unloading loss. API reports that special 
tank operating conditions may result in actual losses which are significantly greater or lower than the 
estimates provided ~y Equation (2). 

The API recommends the use of these storage loss equations only for eases in which the stored petro
leum liquids exhibit vapor pressures in the same range as gasolines. However, in the absence of any cor• 
relation developed specifically for naphthas,· kerosenes, and fuel oils, it is recommended tha·t theae 
storage loss equations also be uaed for the storage of these heavier fuels. 

The method most commonly used to control emissions from fixed roof t.anks is a vapor recovery sys
tem that collects emissions from the storage vessels and converts them to liquid product. To recover va· 
por, one or a combination of four methods may be used: vapor/liquid absorption, vapor compreuion, 
vapor cooling, and vapor/solid adsorption. Overall control efficiencies of vapor recovery systems vary 

4/77 Evaporation Loss Sourees 4.3 .. 11 



from 90 to 95 percent, depending on the meihod used, the design of the unit, the composition of vapors 
recovered, arid the mechanical condition of the system. 

Emissions from fixed roof tanks can also be controlled by the addition of an internal floating cover 
or covered floating roof 'to the existing fixed roof tank. API reports that this can result in an average 
loss reduction of 90 percent of the total evaporation loss sustained from a fixed· roof tank. a 

Evaporative emissions can be minimized by reducing tank heat input with water sprays, mechani· 
cal cooling, underground storage, tank insulation, and optimum scheduling of tank turnovers. 

4.3.2.2 Floating Roof Tanks3•7 • Floating roof standing storage losses can be estimated from: 

(3) 

where: Ls = Floating roof standing storage loss (lb/day). 

M = Molecular weight of vapor in storage tank (lb/lb mole); see Table 4.3-1. 

P = True vapor pressure at bulk liquid conditions (psia); see Figures 4.3-8, 4.3-9, 
ot Table 4.3-1. 

D = Tank diameter (ft); see note (I). 

Vw = Average wind velocity (mi/hr); see note (2). 

Kt = Tank type factor (dimensionless); see Table 4.3-3. 

Ks = Seal factor (dimensionless); see Table 4.3-3. 

KP "' Paint factor (dimensionless); see Table 4.3-3. 

Kc. = Crude oil factor (dimensionless); see note (3). 

Note: (I) For D ?: ISO, use Dii50 instead. of D,l.s 

(2) API correlation was derived for minimum wind velocity of 4 mph. If V w 
~ 4 mph, use V w = 4mph. · 

(3) Kc = (0.84) for crude oil, Kc = (I.O) for all other liquids. 

API reports that standing storage losses from gasoline and.crude oil storage calculated from Equa· 
tion (3) will not deviate from the actual losses by more than ±25 percent for tanks in good condition un
der normal operation. However,losses may exceed the calculated amount if the seals are in poor condi
tion. Although the API recommends the use of these correlations only .for petroleum liquids exhibit
ing vapor pressures in the range of gasoline and crude oils, ·in the absence of better correlations, these 
correlations are also recommended with caution for use with heavier naphthas, kerosenes, and fuel 
oils • 
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Table 4.3-3. TANK, TYPE, SEAL, AND PAINT FACTORS 
FOR FLOATING ROOFTANKS2 

Tank type Kt Seal type 

Welded tank with pan or pontoon Tight fitting (typical of modern 
roof, single or double seal 0.045 metallic and non-metallic seals) 

Riveted tank with pontoon roof, Loose fitting (typical of seals 
double seal 0.11 built prior to 1942) 

Riveted tank with pontoon roof, Paint color of shell and roof 
single seal 0.13 

Light gray or aluminum 
Riveted tank with pan roof, White 

double seal 0.13 

Riveted tank with pan roof, 
single seal 0.14 

Ks 

1.00 

1.33 

Kp 

1.0 

0.9 

API has developed a correlation based on laboratory data for calculating floating roof withdrawal 
lose for gasoline storage.5 Floating roof withdrawal loss for gasoline can be estimated froni: 

Lwo = 22.4 ~ Cp (4) 

where: Lwn = Floating roof gasoline withdrawal loss (lb/103 gal throughput). 

d = Density of stored liquid at bulk liquid conditions (lb/gal); see Table 4.3-1. 

CF = Tank construction fa~tor (dimensionless); see note. 

D = Tank diameter (ft). 

Note: CF = (0.02) for steel tanks, CF = (1.0) for gunite-lined tanks. 

Because Equation (4) was derived from gasoline data, its applicability to other stored liquids is uncer· 
tain. No estimate of accuracy of Equation (4) has been given. 

API has not presented any correlations that specifically pertain to internal floating covers or cov· 
ered floating roofs. Currently, API recommends the use of Equations (3) and (4) with a wind speed of 4 
mph for calculating the losses from internal floating covers and covered floating roofs. 

Evaporative emissions from floating roof tanks can be minimized by reducing tank heat input. 

4.3.2.3 Variable Vapor Space Systems'•7· Variable vapor space system filling losses can be estimated 
from: 

(5) 
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where: Lv = Variable vapor space filling loss (lb/10& gal throughput). 

M = Molecular weight of vapor in storage tank (lb/lb mole); see Table 4.3-1. 

p = True vapor pressure at bulk liquid conditione (peia); see Figures 4.3-8, 4.3-9, or Table 
4.3-1. 

v. = Volume of liquid pumped into system: throughput (bb1). 

v2 = Volume expansion capacity o~ system (bb'l); see note (1). 

N = Number of transfers into system (dimensionless); see note (2). 

Note: (1) V is the volume expansion capacity of the variable vapor space achieved by roof~ 
lifting or diaphragm-flexing. 

(2) N is the number of transfers into the system during the time period that corre
sponds to a throughput of V 1• 

The accuracy of Equation (5) is not documented; however, API reports that special tank operating 
conditions may result in actt.allossee which are significantly different from the estimates provided by 
Equation (5). It should also o"' noted that, although not developed for use with heavier petroleum 
liquids such as kerosenes and fuel oils, Equation (5) is recommended for use with heavier petroleum 
liquids in the absence of better data. 

Evaporative. emissions from variable vapor space tanks are negligible and can be minimized by opti· 
mum scheduling of tank turnovers and by reducing tank heat input. Vapor recovery systems can be 
used with variable vapor space systems to collect and recover filling losses. 

Vapor recovery systems capture hydrocarbon vapors displaced during filling operatiuns and re· 
cover the hydrocarbon vapors by the use of refrigeration, absorption, adsorption, and/or compres• 
sion. Control efficiencies range from 90 to 98 percent• depending on the nature of the vapora and the 
recovery equipment used. 

4.3.2.4 Preaaure Tanks • Pressure tanks incur vapor loeses when excesaive internal pressures result in 
relief valve venting. In aome presaure tanka vapor venting iill a design characteristic, and the vented 
vapors must be routed to a vapor recovery system. However, for most preeeure tanka vapor venting is 
not a normal occurrence, and the tanks can be considered closed systema. Fugitive louea are also as· 
sociated with pressure tanks and their equipment, but with proper syatem maintenance they are in· 
aignificant. Correlations do not exist for estimating vapor losses from pressure tanks. 

4.3.3 Emi11ion Facton 

Equations (1) thro~gh (5) can be used to estimate evaporative loases, provided the respective para· 
· meten are known. For those cases where such parameters are unknown, Table 4.8-4 provldea emistion 
factor• for the typicalsyatema and conditione. It should be emphasized that these emiaaion factors are 
rough eatimatea at beat for stora!Je of liquids other than gasoline and crude oil, and for 1torap con• . 
ditions other than the ones they are baaed upon. In areas where storage sourcea contribut~ a aubatan· 
tial portion of the total evaporaUve emissions or where they are major factorl affecting the air quality, 
it is advisable to obtain the nece11ary parameters and to calculate emiasion estimates using Equations 
(1) through (5). 
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Table 4.3-4. EVAPORATIVE EMISSION. FACTORS FOR STORAGE TANKS WITHOUT CONTROLS2-4,6,7 

Variable vapor space 
Fixed roof tanks Floating roof ta nb tanks 

Breathing I oss Standin~ storage I oss 10 500 bbl 

"New tank" ~old tank" Working "New tank" "Old tank" Withdrawal Filling 
'Conditions oonditions loss oonditions conditions loss loss 

lb/day- kg/day- lb/day- '$day- lb/1o3 gal kgl1o31iters lb/day- ~day- lb/day-· kg/day- lb/1o3 gal kg/l@lite"' lb!lo3 gal kg!1Gllite"' 
Product Stored 1o3gal 1o31iters 1o3gal 1 liters tl>roughput tllroughput 1o3gal 1 liters 1o3gal 1031iters tl>roughpu throughput . hroughpu throughput 

Fuels - 67,000 bbl tanks 

1. Gasol ina RVP 13 0.30 0.036 0.34 0.()41 10.0 1.2 0.()44 0.0052 0.10. 0.012 0.023 0.0028 9.6 1.2 
2. Gasoline RVP 1 0 0.:23 0.028 0.26 0.031 8.2 0.99 O.D33 0.0040 0.078 0.00!14 0.023 0.0028 7.7 0.93 
3. Gaso!l ne RVP 7 0.16 0.019 0.18 0.022 5.7 0.68 0.023 0.0028 0.055 0.0066 0.023 0.0028 5.4 0.65 
4. Crude oil RVP 5 0.064 0.0077 0.073 0.0086 2.8 0.34 0.012 0.0014 {).028 0.0034 Not used Not used 
5. Jet napl>tlla (JP-4) 0.086 0.010 0.098 0.011 2.5 0.30 0.012 0.0014 0.028 0.0034 2.3 0.28 
a Jet kerosene 0.0043 0.00052 0.0049 0.00059 0.027 0.0032 0.00054 0.000065 0.0013 0.00016 0.025 0.0030 
7. Distillate fuel no. 2 0.0039 0.00047 0.0044 0.00053 0.023 0.0028 0.00049 0.000058 0.0011 0.00014 0.022 0.0026 
8. Residual oil no. 6 0.00016 0.000019 0.00018 0.000022 0..00018 0.000022 0.000018 0.0000022 0.000043 0.0000052 0.00017 0.000020 

Fuels - 250,000 bb\ tanks 

9. Gasoline RVP 13 0.22 0.026 0.25 0.030 10.0 1.2 0.025. 0.0030 O.(l57 0.0068 0.013 0.0015 Not used Not USfld 
10. Gasoline RVP 10 0.17 0.020 0.19 0.023 8.2 0.99 0.019 0.0023 0.044 0.0053 0.013 0.0015 Not used NotuS<>d 
11. Gasoline RVP 7 0,12 0.014 0.13 0.016 5.7 0.68 0.013 0.0016 0.031 0.0037 0.013 0.0015 Not used Not used 
12. Crude oil RVP 5 0,046 0.0055 0.052 0.0062 2.8 0..34 0.00'77 0.0092 0.018 0.0022 Not used Not used 
13. Jet naphtlla (JP-4 I 0.082 0.0074 0.071 0.0085 2.5 0.30 0.0068 0.00tl82 0.016 0.0019 Not used Not used 
14. Jet kerosene 0.0031 0.00037 0.0035 0.00042 0.027 0.0032 0.00031 0.000037 0.00074 0.000089 Not used Not used 
15. Distillate fuel no. 2 0..0028 0.00034 0.0032 0.00038 0.023 0.0028 0.00028 0.000034 0.00068 0.000082 Not used Not used 
16. Residual fuel no. 6 0.00012 0..000014 0.00014 0.000017 0.00018 0..000022 0.000010 0.0000012 0.000024 0.0000029 Not used Not u•ed 

Petrochemicals • - 67,000 bbl tanks 

17. Ac<otone 0.12 0.014 0.14 0.016 4.0 0.48 0017 0.0020 0.039 0.0047 3.8 0.45 
18. Acrylonitrile 0.060 0.0072 0.068 0.0082 1.8 0.21 0.0084 0;0010 0.020 0.0024 1.7 0.20 
19. 8enune 0.079 0.0094 0.090 0.011 2.2 0.27 0.011 0.0013 0.026 0.0031 2.1 0.25 
2D. . Carbon disulfide 0.24 0.029 0.28 0..033 8.8 1.1 0.035 0.0042 0.083 0.0099 t;_2 0.98 
21. Carbon tetrachloride 0.17 Q.021 0.20 0.024 5.2 0.62 0.0-24 0.0029 0.056 0.0069 4.8 0.58 
22. Cl11 orofo rm 0.21 0.025 0.24 0.029 7.1 0.86 0.030 0.0036 0._071 0.0085 6.7 0.80 
23. Cyclohexane 0.085 0.010 0.096 0.012 2.4 0.29 0.012 0.0014 O.D28 0.0034 2.3 0.27 
24. 1 ,2-Dichlorethane 0.087 0.010 0.10 0.012 2.4 0.28 0.012 0.0014 0.029 0.0034 2.2 0.27 
25. Ethyl acetate 0.083 0.010 0.095 0.011 2.3 0.28 0.012 0.0014 0.027 0.0033 2.2 0.26 
26. Ethyl alcohol 0.028 0.0034 0.032 ·o.o038 0.66 0.079 0.0039 0.00046 0.0091 0.0011 0.62 0.074 
27. Isopropyl alcohol 0.031 0.0038 0.036 0.0043 0.12 0.086 0.0043 0.00052 0.010 0.0012 0.68 0.082 
28. Methyl alcohol 0.036 0.0044 0.042 0.0050 1.1 0.13 0.0051 0.00061 0.012 0.0014 1.0 0.12 
29. Methylene chloride 0.31 0.037 0.35 0.042 11.0 1.3 0.044 0.0053 0.10 0.012 10.0 -1.2 
3D. Matl>yl~thyl-ltetone 0.073 0.0087 0.083 0.0099 2.1 0.25 0.010 0.0012 0.024 0.0029 1.9 0.23 
31. Metllyl methacrylate 0.038 0.0046 0.043 0.0052 0.12 0.086 0.0051 0.00061 0.012 0.0015 0.68 0.082 
32. l,l, 1· T rich I oroetl>ane 0.17 0.020 0.19 0.023 5.1 0.61 0.023 0.0028 0.055 0.0066. 4.8 0.58 
33. T richloroatl>yl ene 0.11 0.013 0.12 0..014 2.8 0.34 0.015 0.0018 0.035 0.0042 2.6 0.31 
34. Toluene 0.035 0.0042 0.040 0.0048 0.66 0.079 0.0048 0.00058 0.011 0.0014 0.62 0.074 
35. Vinyl acetate 0.092 .0.011 0.10 0.013 2.7 0.32 0.013 0.0016 0.030 0.0037 2.5 0.30 

. Due 10 safety and.hulth r.egu1aU-ons, 1oxicity~ and value ot tflese pe1rodtemicaJs, they are normally .stored in. ~an'ki- with vapor rec.overv con1fOIS wtltch arl!' 90 10 98 .,e..-oem -e-ff!cien1 . 

Entia ion factors based an the fallowing, parameters.: 

Ambient -conditions: 
Slorago tempe,.ture: IIO"F (t s.&"CJ. 
Daily ambient ternp~nuure change: 150f C&.3°Cl. 
Wind .-.loc;tv: 10 n,;Jb• 14.5 m/JKJ 

'fypica1 fixed 'oof lanb:-
Ou-: 50 pen:em ol tank height. 
TurnoveB per year CNJ: 30 for crt~de; 13 for a11 other tiquids • 
Paint fKtm [f pl: New lank ............ ite paint·l.OO; 

OJd tank·white/aluminum paint· t. 14~ 

For 67.000 bbl 1ankage i 'tO. 7 x 1 o& liters• 
Ho;ght: ~8 ft. !14.6ml 
o;ameoe.: 110 lt. 133.5ml 

FO< 250.000 bb! tanl<age (39.7 • 1o6 r;,,.,) 
Hoight: 44 ft. It 1.4m) 
Diameter-: 200ft. (60.8mJ 

Emission t.actors based on 1 1\e following pa'".amet-e:rs: 

Typita! floating: r.oor tanks: 
Pai-nt factor I Kpl; Nil!'w tan'k -white pain1-0 .090; 

Old tan" ·whi 1 &/aluminum pain.t-0.96. 
Seal fac1or (K5); N-ew tan k·molfern n.a1,.1 .00; 

Old tenk~50 pe .-cen1 o1d seais·l .14. 
·Tank IVPI! foetor lK11: New oank-weldod-0.045; 

Old tanlc.-50 pvcent rhretl!'d-0~088. 

Typical wriable space rank: 
QqmO!or: 50 lt. i15.2ml 
Ho;gtn: JO It. l9.1m) 
CalMa ••: 10,500 bbt n .67 • 'o6 "'"'st 
Tu'"......-s pel' V<l"' INI: 6 
Vol umr expamion. cep~~cilv: one foun h of liquid 

capacity .. 2625 bbl {0 .42 'k 1o6 I i1er~d. 



4.3.3.I Sample Calculation· Breathing losses from a fixed roof storage tank would be calculated as 
follows, using Equation (I). 

Design basis: 

Tank capacity • IOO,OOO bbl. 
Tank diameter- I25 ft. 
Tank height • 46 ft. 
Average diuma1 temperature change· l5°F. 
Gasoline RVP • 9 psia. 
Gasoline temperature- 70°F. 
Specular aluminum painted tank. 
Roof slope is O.I ft/ft. 

Fixed roof tank breathing loss equation: 
f 

LB = 2.21 x 1o4M [ p ]
0

'
68 

o1.73 aO.Sl ~to.SO F C K . . 14.7. p . p c 

where: M = Molecular·weight of gasoline vapors (see Table 4.3-I)=66. 

P = True va}Jor of gasoline (see 'Figure 4.3-8) = 5.6 psia. 

D = Tank diameter = 12'5 ft. 

AT = average diumal temperature change.= l5°F. 

F p = paint factor (see Table 4.3·2) = I.20. 

C = tank diameter adjustment factor (see Figure 4.3-IO) = I.O. 

Kc = crude oil factor (see note for equation (I)) = 1.0. 

H = average vapor space height. For a tank which is filled completely andemptied, the 
average liquid level is 1/2 the tank rim height, or 23 ft. The effective cone height isl/3 
of t~e cone height. The roof slope is 0.1 ft/ft and the tank radius is 62.5 ft. Effeciive 
cone height= (62.5 ft) (O.I ft/ft) (113) = 2.08 ft. 

H = average vapor space height = 23 ft + 2 ft = 25 ft. 

Therefore: 

4.3-16 

LB:::: 2.21 x 1Q-4(66}(14}~s.6]
0"68 (125)1.73 '(25)0.51 (lS)O.SO (1.2)(1.0)(l.O) 

LB = 1 068lb/ day 
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. 4.4 TRANSPORTATION AND MARKETING 
OF PETROLEUM LIQUIDS1 by Charles C. Masser 

4.4.1 Process Descriptipn 

As Figure 4.4-1 indicates, the transportation and marketing of petroleum liquids involves many 
distinct operations, each of which represents a potential source of hydrocarbon evaporation loss. 
Crude oil is l.ransported from production operations to the refinery via tankers;; barges, tank cars., tank 
trucks, and pipelines. In the same manner, refin~d petroleum products are conveyed to fuel market
ing terminals and petrochemical industries by tankers, barges, tank cars, tank. trucks, and pipelines. 
From the fuel marketing terminals, the fuels are delivered via tank trucka to service stations., commer• 
cial accounts, and local bulk storage plants. The final destination for gasoline is usually a motor vehicle 
gasoline tank. A similar distribution path may also be developed for fuel oils and other petroleum 
products. 

4.4.2 Emissions and Controls 

Evaporative hydrocarbon emissions from the transportation and marketing of petroleum liquids 
may be separated into four categories. depending on the storage equipment and mode of transporta· 
tion used: 

I. Large storage tanks: Breathing, working, and standing storage losses. 

2. Marine vessels, tank cars, and tank trucks: Loading, transit, and ballasting losses. 

3. Service stations: Bulk fuel drop losses and underground lank breathing losses. 

4. Motor vehicle tanks: Refueling losses. 

(In addition, evaporative and exhaust emissions are al&a associated with motor vehicle operation. 
These topics a~e discussed in Chapter 3.) 

4.4.2.1 Large Storage Tanks -Losses from storage tanks are thoroughly discussed in Section 4.3. 

1\.4.2.2 Marine Vessels, Tank Cars, and Tank Trucks- Losses from marine vessels, tank car:s, and tanA. 
t;:ucks can be categorized into loading losses, lransil iosses, llnd ballasting losses. 

Loading losses are the primary source of evaporative hydrocarbon emjsaions from marine vessel, 
tank car, and tank truck operations. Loading losses occur as hydrocarbon vapors residing in ~mpty 
cargo tanks are disptaced to the atmosphere by the liquid being loaded into the cargo tanks. The 
hydrocarbon vapors displaced from the cargo tanks are a composite of (1) hydrocarbon vapors formed 
in the empty tank by evaporation of residual product from previous hauls and (2) hydrocarbon vapors 
generated in the tank as the new product is being •oaded. The quantity of hydrocarbon loeses from 
loading operations is, therefore, a function of the following parameters: 

• Phyaical and chemi.cal charttcterietict~ c:>f the previou11 ·cargo. 
• Method of unloading the. previous cargo. 
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• Operations during the transport of the empty carrier to the loading terminal. 
e Method of loading the new cargo. 
• Physical and chemical characteristics of the new cargo. 

The principal methods of loading cargo carriers are 'presented in Figures 4.4-2, 4.4-3, and 4.44. In 
the splash loading method, the fill pipe dispensing the cargo is only partially lowered into the cargo 
tank. Significant turbulence and vapor-liquid contacting occurs during the splash loading operation, 
resulting in high levels of vapor generation and loss. If the .turbulence is high enough, liquid droplets 
will be entrained in the vented vapors. 

VAPOR EMISSIONS\ 

I 

I 
/• 

VAPORS i / j 
\.._--~ .. ,r" 

CARGO TANK 

Figure 4.4-2. Splash loading method. 

VAPORS J ~ 

~~ 
CARGO TANK 

Figure 4.4-3. Submerged fill pipe. 

A second method of loading is submerged loading. The two types of submerged loading are the 
submerged fill pipe method and the bottom loading method. In the submerged fill pipe method, the 
fill pipe descends almost to the bottom of the cargo tank. In the bottom loading method, the fill pipe 
enters the cargo tank from the bottom. During the major portion of both forms of submerged loading 
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Figure. 4.4-4. Bottom loading. 
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methods. the fill pipe opening is positioned below the liquid level. The submerged loading method 
significantly reduces liquid turbulence and vapor-liquid contacting, thereby resulting in much lower 
hydrocarbon losses than encountered during splash loading metho~s. 

The history of a cargo carrier is just as important a factor in loading losses as the method of loading. 
Hydrocarbon emissions are generally lowest from a clean cargo carrier whose cargo tanks are free from 
vapors prior to loading. Clean cargo tanks normally result from either carrying a non-volatile liquid 
such as heavy fuel oils in the previous haul, or from -cleaning or venting the empty cargo tank prior to 
loading operations. An additional practice, specific to marine vessels, that has significant impllct on 
loading losses ie ballasting .. After.unloading a cargo, empty tankers normally fill several cargo tanks 
with water to improve the tanker's stability on the retum voyage. Upon arrival in port, this balla.st 
water is pumped from the cargo tanks before loading the new cargo. The ballasting of cargo tanks 
reduces the quantity of vapor returning in the empty tanker, thereby reducing the quantity of vapors 
emitted during subsequent tanker loading operations. 

In normal. dedicated service, a cargo carrier is dedicated to the transport of only one product and 
does not clean or veni its tank between trips. An empty cargo tank in normal dedicated service will 
retain a low but significant concentration of vapors which were generated by evaporation of reeidual 
product on the tank surfaces. These residual vapor~ are expelled along with newly generated vapors 
during the subsequent loading operation. 

Another type of cargo carrier is one i~ "dedicated balance service." Cargo carriers in dedicated 
balance service pick up vapors displaced during unloading operations and transport these vapors in 
the empty cargo tanks back to the loading terminal. Figure 4.4·5 showsa tank truck in dedicated vapor 
balance service unloading gasoline to an undergrol!-nd service station tank and filling up with dis· 
placed gasoline vapors to be returned to the truck loading terminal. The vapors in an empty cargo 
carrier in dedicated balance service are normally saturated with hydrocarbons. 
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) MANIFOLD FOR RETURNING VAPORS 
VAPOR VENT LINE 

Figure 4.4-5. Tanktruck unloading into an underground service station storage tank. 
Tanktruck is practicing "vapor balance" form of vapor control. 

Emissions front loading hydrocarbon liquid can be estimated (within 30 percent) using the follow· 
ing expression: 

LL = 12.46 ~M (1) 

where: Lt = Loading loss, lb/103 gal of liquid loaded. 

M = Molecular weight of vapors, lb/lb~mole (see Table 4.3-1). 

P = True vapor pressure of liquid loading, psia (see Figures 4.3-8 and 
4.3·9, and Table 4.3·1). 

T = Bulk temperature of liquid loaded, 0 R. 

S = A saturation factor (see Table 4.4-1). 
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The saturation factor (S) represents the expelled vapor's fractional approach to saturation and 
accounts for the variations observed in emission rates from the different unloading and loading ) 
methods. Table 4.4-1 lists suggested saturation factors (S). 

Table 4.4-1. S FACTORS FOR CALCULATING PETROLEUM 
LOADING LOSSES 

Cargo carrier Mode of operation S factor 

Tank trucks and tank cars Submerged loading of a clean 0.50 
cargo tank 

Splash loading of a clean 1.45 
c<lrgo tank 

Submerged loading: normal 0.60 
dedicated service 

Splash loading: normal 1.45 
dedicated service 

Submerged loading: dedicated, 1.00 
vapor balance service 

Splash loading: dedicated, 1.00 
vapor balance service 

Marine vesselsa Submerged loading: ships 0.2 

Submerged I oading: barges 0.5 

aTo be used for products other than gasoline; use factors from Table 4.4-2 ' 
for marine loading of gasoline. 

Recent studies on gasoline loading losses from ships and barges have led to the development of 
more accurate emission factors for these specific ioading operations. These factors are presented in 
.TabV4.4-2 and should be used instead of Equation (1) for gasoline loading operations at marine 
terminals. 2 

Ballasting operations are a major source of hydrocarbon emissions associated with unloading 
petroleum liquids at marine terminals. It is common practice for large tankers to fill several cargo 
tanks with water after unloading their cargo. This water, termed ballast, improves the stability of the 
empty tanker on rough seas during the subsequent return voyage. Ballasting emissions occur as hydro· 
carbon-laden air in the empty cargo tank is displaced to the atmosphere by ballast water being pumped 
into the empty cargo tank. Although ballasting practices vary quite a bit, individual cargo tanks are 
ballasted about 80 percent, and the total vessel is ballasted approximately 40 percent of capacity. 
Ballasting emissions from gasoline arid crude oil tankers are approximately 0;8 and 0.6 lb/10" gal, 
respectively, based on total t•mker capacity. These estimates are for motor gasolines and medium 
volatility crudes (RVPi:t.S psia),2 

An additional emission source associated with .marine VC$sel, tank car, and tank truck operations is 
transit losses. During die transportation of petroleum liquids, small quantities of hydrocarbon vapors 
are expelled from cargo tanks due to temperature and barometric pressure changes. The most signifi
cant transit loss is from tanker and barge operations and can be calculated using Equation (2). 3 
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Table 4.4-2. HYDROCARBON EMISSION FACTORS FOR GASOLINE LOADING OPERATIONS 

Hydrocarbon emission factors 

Ships Ocean barges 

Vessel tank condition 

Cleaned and vapor free 

lb/1 o3 gal transferred 
kg/1 o3 liter transferred 

Ballasted 

lb/103 gal transferred 
kg/1 o3 liter transferred 

Uncleaned · dedicated service 

lb/1 o3 gal transferred 
kg/1 o3 I iter transferred 

Average cargo tank condition 

I b/1 o3 ga I transfer red 
kg/1 o3 I iter tramferred 

l!fhese values are not available. 

bBarges are not normally ballasted. 

Range 

0 to 2.3 
0 to 0.28 

0.4 to 3 
0.05to 0.36 

0.4 to 4 
0.05 to 0.48 

a 

Average Range 

1.0 0 to 3 
0.12 0 to 0.36 

1.6 0.5 to 3 
0.19 0.06 to 0.36 

2.4 0.5 to 5 
0.29 0.06 to 0.60 

1.4 a 
0.17 

Lf == O.l PW 

where: LT 

p 

"' Transit loss, lb/week-103 gal transported. 

= True vapor pressure of the transported liquid, psia 
(see Figures 4.3-8 and 4.3-9, and Table 4.3-1). 

Average 

1.3 
0.16 

2.1 
0.25 

3.3 
0.40 

a 

w = Density of the condensed vapors., lb/gal (see Table 4.3-1). 

Barges 

Range Average 

a 1.2 
0.14 

b b 

1.4 to 9 4.0 
0.17 to 1.08 0.48 

a 4.0 
0.48 

(2) 

In the absence of specific inputs for Equations (1) and (2), typical evaporative hydrocarbon emis
sions from loading operations are presented in Table 4.4-3.1t should be noted that, although the crude 
oil used to calculate the emission values presented in Table 4.4-3 bas an RVP of 5, the RVP of crude oils 
can range over two orders of magnitude. In areas where loading and transportation sources are major 
factors affecting the air quality it is advisable to obtain the necessary parameters and to calculate 
emission estimates from Equations (1) and (2). 

Control measures for reducing loading emiseions include the application of alternate loading 
methods producing lower emissions and the application of vapor recovery equipment. Vapor recovery 
equipment captures hydrocarbon vapors displaced during loading and ballasting operations and re
covers the hydrocarbon vapors by the use of refrigeration, absoi-ption, adsorption~ and/ or compres· 
sion. Figure 4.4-6 demonstrates the recovery of gasoline vapors from tank trucks during loading oper
ation at bulk terminals. Control efficiencies range from 90 to 98 percent depending on the nature of 
the vapors and the type of recovery equipment employed. • · 
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Table 4.4-3. HYDROCARBON EMISSION FACTORS FOR PETROLEUM LIQUID 
TRANSPORTATION AND MARKETING SOURCES 

Crude 
Emission source Gasoline oil 

Tank cars/trucks 

Subme~d loading-normal service 
lb/1 gal transferred 5 3 
kg/1 o3 liters transferred 0.6 0.4 

Splash loading·riormal service 
lb/103 gal transferred 12 7 
kg/103 liters transferred 1.4 0.8 

Subme~d loading-balance service 
. lb/1 gal transferred 8 5 

kg/1 o3 liters transferred 1.0 0.6 

Splash loading-balance service 
lb/1 03 gal transferred 8 6 
kg/1 p3 liters transferred 1.0 0.6 

Madne vessels 

Loading tankers 
lb/1 o3 gal transferred b 0.7 
kg/1 o3 liters transferred 0.08 

Loading barges 
lb/103 gal transferred b 1.7 
kg/t03 liters transferred 0.20 

Tanker ballasting 
lb/1 o3 gal cargo capacity 0.8 .0.6 
kg/1031iterscargo capacity 0.10 0.07 

Transit 
I b/week ·1 o3 gal transported 3 1 
kg/week·l o3 liters transported 0.4 0.1 

1. Emission factors are ~"lculated for dispensed fuel temperature of aooF. 
2. The eicample gasoline has an RVP ot 10 psia. · 
3. The example crude oil has an RVP of 5 psia. 
a. Not normally used. 
b, See T8ble 4.4·2 for these emission factors. 
c. Not Available. 

Product emission factors 

Jet Distillate 
naphtha Jet oil. 
IJP·4) kerosene No.2 

1.6 0.02 0.01 
0.18 0.002 0.001 

4 ·o.04 0.03 
0.5 0.006 0.004 

2.5 
0.3 a a 

2.5 
0.3 

.. a 

0.5 0.005 0.005 
0.06 0.0006 0.0006 

1.2 0.013 0.012 
0.14 0.0016 0.0014 

c c c 

0.7 0.02 0.005 
0.08 0.002 0.0006 

Residual 
oil 

No.6 

0.0001 
0.00001 

o;ooo3 
0.00004 

a 

a 

0.00004 
5xto-6 

0.00009 
1.1xt0·6 

c 

3x10"6 
4x·10·6 

Emissions from controlled loading operations can be calculated by multiplying the uncontrolled 
emission rate calculated in Equations (1) and (2) by the control efficiency term: 

[ 1·. _ efficiency J 
. . 100 

4.4.2.3 Sample Calculation - Loading losses from a gasoline tank truck in dedicated balance service 
and practicing vapor recovery would be calculated as follows using ~quation (1). 
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Design basis: 

Tank truck volume is 8000 gallons 
Gasoline RVP is 9 psia 
Dispensing temperature is 80°F 
Vapor recovery efficiency is 95% 

Loading loss equation: 

L = 12 46 .§fM (1 _!!!:,) L . T 100 . 

where: S "' Saturation factor (see Table 4.4-1) "' 1.0 

P "' True vapor pressure of gasoline (see Figure 4.3-8) "' 6.6 psia 

M- :: Molecular weight of gasoline vapors (see Table 4.3-1)\-:::66 

T "' Temperature of gasoline "' 540° R 

eff "' The control efficiency :: 95% 

L ::.1246 (1.0)(6.6)(66) (t- ~) 
L · 540 100 

= 0.50 lb/103 gc.: 

Total loading losses are 

(0.50 lb/103 gal) (8.0 x 103 gal) "' 4.0 lb of hydrocarbon 

4.4.2.4 Service Stations - Another major source of evaporative hydrocarbon emissions is the filling 
of underground gasoline storage tanks at service stations. Normally, gasoline is delivered to service 
stations in large (8000 gallon) tank trucks. Emissions are generated when hydrocarbon vapors in the 
underground storage tank are displaced to the atmosphere by the gasoline being loaded into the tank. 
As with other loading losses, the quantity of the service station tank loadb:ag loss depends on several 
variables including the size llnd length of the fill pipe, the method of filling, the tank configuration, 
and the gasoline temperature, vapor pressure, and composition. An average hydrocarbon emission 
rate for submerged filling is 7.3 lb/103 gallons of transferred gasoline, and the rate for splash! filling 
is 11.5 lb/103 gallons of transferred gasoline (Table 4.4-4).4 · 

Emissions from underground tank filling operation! at service stations can be reduced by the use of 
the vapor balance system (Figure 4.4-5). The vapor balance system employs a vapor return hose which 
returns gasoline vapors displaced from the underground tank to the tank truck storage compartments 
being emptied. The control efficiency of.the balance system ranges from 93 to 100 percent. Hydrocar
bon emissions from underground tank filling operations ilt a service station employing the vapor 
balance system and' submerged filling are not expected to exceed 0.3lb/103 ggllons of transferred 
gasoline. 
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Table 4.4-4. HYDROCARBON EMISSIONS FROM GASOLINE 
SERVICE STATION OPERATIONS 

Emission source 

Filling underground tank 

Submerged filling 
Splash filling 
Balanced submeraed filling 

Underground tank breathing 

Vehicle refueling operations 

Displacement losses 
(uncontrolled) 

Displacement losses 
(controlled) 

Spillage 

Emission rate 

lb/103 gal th~oughput kg/103 liters throughput 

7.3 
11.5 
0.3 

9 

0.9 
0.7 

0.88 
1.38 
0.04 

0.12 

1.08 

0.11 
0.084 

A second source of hydrocarbon emissions from service stations is underground tank breathing. 
Breathing losses occur daily and are attributed to temperature changes, barometric pressure changes. 
and gasoline evaporation. The type of service station operation also has a large impact on breathing 
losses. An average breathing emission rate is 1lb/103 gallons throughput. 5 

4.4.2.5 Motor Vehicle Refueling- An additional source of evaporative hydrocarbon emissions at 
service stations is vehicle refueling operations. Vehicle refueling emissions are attributable to vapors 
displaced from the automobile tank by dispensed gasoline and to spillage.\The quantity of displaced 
vapors is dependent on gasoline temperature, auto tank temperature, ·gasoline RVP, and dispensing 
rates. Although several correlations have been developed to estimate losses due to displaced vapors, 
significant controversy exists concerning these correlations. It is estimated that the hydrocarbon 
emissions due to vapors displaced during vehicle refueling average 9 lb/103 gallons of disp~nsed 
gasoline. t.s 

The quantity of spillage loss is a function of the type of service station, vehicle ta~k configuration, 
operator technique, and operation discomfort indices. An overall average spillage loss is 0. 7 lb/103 
gallons of dispensed gasoline. 6 

Control methods for vehicle refueling emissions are based on conveying the vapors displaced from 
the vehicle fuel tank to the underground storage tank vapor space through the use of a special hose and 
nozzle (Figure 4.4-7). In the '"balance" vapor control system, the vapors are conveyed by natural pres
sure differentials established during refueling. In "vacuum assist" vapor control systems, the convey
ance of vapors from the auto fuel tank to the underground fuel tank is assisted by a vacuum pump. The 
overall control efficiency of vapor control systems for vehicle refueling emissions is estimated to be 88 
to 92 percent. t 
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Figure 4.4--7. Automobile refueling vapor-recovery system. 
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5. CHEMICAL PROCESS INDUSTRY 

This section deals with emissions from the manufacture and use of chemicals or chemical products. 
Potential emissions from many of these processes are high, but because of the nature of the compounds 
they are usually recovered as an economic necessity. In other cases, the manufacturing operation is run 
as a closed system allowing little or no escape to the atmosphere. 

In general, the emissions that reach the atmosphere from chemical processes are prima~ily gaseous 
and are controlled by incineration, adsorption, ·Or absorption. In some cases, particulate emissions 
may also be a problem. The particulates emitted are generally extremely small and require very 
efficient treatment for removal. Emission data from chemical processes are sparse. It was therefore 
frequently necessary to make estimates of emission factors on the basis of material balances, yields, or 

similar processes. 

5. i ADIPIC ACID by Pam Canova 

5.1.1 General'•2 

Adipic acid, HOOC(CHz)
4
COOH, is a white crystalline solid used in the manufacture of synthetic 

fibers, coatings, plastics, urethane foams. elastomers, and synthetic lubricants. Ninety percent of all 
adipic .acid produced in the United States is used in manufacturing Nylon 6,6. Cyclohexane is generally 
the basic raw material used ·to produce adipic acid; however, one plant uses cyclohexanone, which is a 
by-product of another process. Phenol has also been utilized, but has proved to be more expensive and 
less readily available than cyclohexane. 

During adipic acid production, the raw material, cyclohexane or cyclohexanone, is transferred to a 
reactor, .where it is oxidized at 260 to 330°F (130 to l70°C) to form a cyclohexanol/cyclohexanone 
mixture. The mixture is then transferred to a second reactor and oxidized with nitric acid and a cata· 
lyst (usually a mixture of cupric nitrate and ammonium vanadate) at 160 to 220°F (70 to 100°C) to 
form adipic acid. The chemistry of these reactions is shown below. 

4/77 

HzC -&Hz- COOH 
+ (a) HN03 ------·· I + (b) NOx + (c) HzO 

HzC - CHz- COOH 

Cyclohexanone + Nitric acid ----• Adipic acid + Nitrogen oxides+ Water 

H OH 

Hz fc Hz 
I I 

HzvHz 

Hz 

HzC - CHz- COOH 
+ (x) HN03 ------ . I + (y) NOx + (z) HzO 

HzC-CHz-COOH 

Cyclohexanol + Nitric acid __ __;, __ Adipic acid+ Nitrogen oxides+ Water 

Chemical Process Industry 5.1-1 



Dissolved NOx gas plus any light hydrocarbon by~products are stripped from the adipic acid/nitric 
acid solution with air and steam. Various organic aCid by~products, namely acetic acid, glutaric acid, '.) 
and succinic acid, are a]so formed and may be recovered and sold by some plants. 

The adipic acid/nitric acid solution is then chilled, andsentto a crystallizer where .adipic acid 
crystals are formed. The solution is centrifuged to separate the crystals. The remaining solution is sent 
to another crystallizer, where any residual adipic acid is crystallized and centrifugally separated. The 
crystals from the two centrifuges are combined, dried, and stored. The remaining solution is distilled 
to recover nitric acid, which is routed back to the second reactor for re-i.Jse .. Figure 5.1-1 presents a 
general schematic of the adipic acid manufacturing process. 

5.1.2 Emissions and Controls 

Nitrogen oxides, hydrocarbons, and carbon monoxide arethemajor pollutants produced in adipic 
acid production. The cyclohexane reactor is the largest source of CO and HC, and the nitric acid reactor 
is the predominant source of NOx. Particulate emissions are low because baghouses are generally 
employed for maximum product recovery and air pollution control. Figure 5.1-1 shows the points of 
emission of these pollutants. 

The most significant emissions of HC and CO comf' from the cyclohexane oxidation unit, which is 
equipped with high- and low-pressure scrubbers. Scrubbers have a 90 percent collection efficiency of 
HC and are . used for economic reasons to recover expensive hydrocarbons as well as for pollution 
control. Thermal incinerators, flaring, and carbon absorbers can all be used to limit HC emissions 
from the cyclohexane oxidation unit with greater than 90 percent efficiency. CO boilers control CO 
emissions with 99.99 percent efficiency and HC emissions with practically 100 percent. efficiency. The 
combined use of a CO boiler and a pressure scrubber results in essentially complete HC and CO con· 
kol. • 

Three methods are presently used to control emissions from theNOx absorber: water scrubbing, 
thermal reduction, and flaring or combustion in a powe.rhouse boiler. Water scrubbers have a low 
collection efficiency of approximately 70 percent because of the extended length of time needed to 
remove insoluble NO in the absorber off gas stream. Thermal reduction, in which off gases containing 
NOx are heated to high temperatures and reacted with excess fuel in a reducing atmosphere, operates 
at up to 97.5 percent efficiency and is believed to be the most effective system of control. Burning off· 
gas in a powerhouse or flaring has an estimated efficiency of 70 percent. 

Emission factors for adipic acid manufacture are listed in Table 5.1-1. 
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Table 5.1~1. EMISSION FACTORS FOR ADIPIC ACID MANUFACTURE1,a 
. EMISSION FACTOR RATING: B . . 

Nitrogen 
Particulate oxidesb Hydrocarbon Carbon monoxide 

Process lb/ton kg/MT lb/ton kg/MT I bit on kg/MT lb/ton kg/MT 

Raw material storage 

I Uncontrolled 0 0 0 0 2.2 1.1 0 0 

Cyclohexane oxidation 
UncontrolledC 0 0 0 0 40 20 115 58 
W/boiler 0 0 0 0 Neg I Neg 1 0.5 
W/thermal incineratord 0 0 0 0 Neg I Neg Neg Neg 
W/flaringe 0 0 0 0 4 I 2 12 6 
W/carbon absorberf 0 0 0 0 2 I 1 115 58 
W/scrubber plus boiler 0 0 0 0 

! 
Neg Neg. Neg Neg 

I ' 
i 

I 
Nitric acid reaction ! Uncontrollo>dg 0 0 53 27 I 0 i 0 0 0 

W/water scrubberh 0 0 16 8 I 0 i 0 0 0 
W/thermal reductioni 0 0 1 0.5 0 ' 0 0 0 
W/flaringor combustionh 0 0 16 8 ! 0 

! 
0 0 0 

I 
Adipic acid refiningi 

Uncontrolledk <0.1 <OJ 0.6 0.3 0.5 0.3 0 0 

Adipic acid drying, loading, 

I 
and storage 

I Uncontrolledk 0.8 0.4 0 0 0 0 0 0 

aemission factors are in units of pounds of pollutant per ton and kilogr;~ms of pollutal't per metric ton" of adipic acid produced. 

bNOx is in the form of NO and N02. Although large quantities of N20 are also produced, N20 is not considered a criteria 
pollutant and is not,' therefore, included in these factors. 

CUncontrolled emission factors are af«lr scrubber processing since hydrocarbon recovery using scrubbers is an integral part of 
adipic acid. manufacturing. 

dA thermal incinerator is assumed to reduce HC and CO emissions by approximately 99.99%. 

eA flaring system is assumed to reduce HC and· CO emissions by 90%. 

fA carbon absorber is assumed to reduce HC emissions by 94% and to be ineffective in reducing Cb emissions, 

gUncontrolled emission factors are after NO)c absorber since nitric acid recovery is an integral part of adipic acid manufacturing. 

hsased on estimated 70% controL 

leased on estimated 97.5% control. 

iRefining includes chilling, crystallization, centrifuging, and purification, 

kParticulate emission factors are after baghouse control device, 

1Negtigible. 

References for Section 5.1 
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lnterscience Encyclopedia, Inc. 1967. pp .. 405-420. 
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5.2 AMMONIA 

5.2.1 Process Descriptionl 

The manufactUre of ammonia (NH3) is accomplished primarily by the catalytic reaction of hydroaen and 
nitrogen at high temperatures aiid pressures. In a typical plant a.hydrocarbon feed stream (usually natural gas) is 
desulfurized, mixed with steun, and catalytically refonned to carbon monoxide and hydrogen. Air is introduced 
into the secondary reformer .to supply oxygen and provide a nitrogen to hydrogen ratio of 1 to 3. The gases then 
enter a two-stage shift converter that allows the carbon monoxide to react . with water vapor to form carbon 
~oxide and hydrogen. The ps stream is. next scrubbed to yield a gas containing less than 1 percent C02. A 
methanator may be used to convert quantities of unreacted CO to inert C~ before the gases, now larlely 
nitropn and hydrogen in a ratio of 1 to 3, are compressed and passed to the converter. Alternatively, the gases 
leaving the C02 scrubber may pass through a CO scrubber and then to the converter. The synthesis gases finally 
react in the converter to form ammonia. 

5.2.2 Emissions and Controlsl 

When a carbon monoxide scrubber is used before sendins the gas to the converter, the regenerator offgasea 
contain significant amounts of carbon monoxide {73 percent) and ammonia ~ percent). This gas may be 
-scrubbed to recover ammonia and then burned to utilize the CO fuel value.2 

The converted ammcmia pses are partially recycle~. and the balance is cooled and compressed to liquefy the 
ammonia. The noncondensable portion of the gas stream, consisting of um:eacted nitrogen, hydrogen, and traces 
of inerts such as methane, carbon monoxide, and argon, is largely recycled to the converter. To prevent the 
accumulation of these inerts, however; same of the noncondensable gases must be purged from the system. 

The purge or bleed-off ps stream contains about 15 percent ammonia.2 Another source of ammonia is the 
gases from the loading and storap operations. These gases may be scrubbed with water to reduce the atmospheric 
emisSions. In addition, emissions of CO and ammonia can occur from plants equipped with CO.Scrubbing systems. 
Emission factors are presented in Table 5.2·1. 
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Table 5.2·1. EMISSION FACTORS FOR AMMONIA MANUFACTURING WITHOUT 
CONTROL EQUIPMENT~ 

EMISSION FACTOR RATING: B 

Carbon monoxide Hvdrocarbonsb Ammonia 
Type of source 

Plants with methanator 
Purge gasC 
Storage and loadin!f 

Plants with CO absorber and 
regeneration system 

Regenerator exitd 
Purge gasC 
Storage and loadingc 

8 References 2 and 3. 
bexpressed as rnethalle. 

lb/toli kg/MT 

Neg Neg 

- -

'200 100 
Neg Neg 
- -

lb/ton kg/MT lb/ton kg/MT 

90 45 3 1.5 
- -· 200 100 

- - 7 3.5 
90 45 3 1.5 
- - 200 100 

c Ammonia emissions can be reduced by 99 percent by passing through three stages of a packed-tower water scrubber. Hydro· 
carbons are not reduced. 

dA two.stage water scrubber and incineration system can reduce these emissions to a negligible amount. 

References for Section 5.2 

I. Air Pollutant Emission Factors. Final Report. Resourees Research, Incorporated. Reston, Virginia. Prepared 
for National Air Pollution Control Administration, Durham, N.C., U:O.der Contract NumberCPA·22-69~119. 
Apri11970. . , , . . 

2. Bums, W.E. and R.R. McMullan. No Noxious Atnmonia Odor Here. Oil and Gas Journal. p. 129·131, 
February 25, 1967. , 

3. Axelrod, L.C. and T.E. O'Hare. Production of Synthetic Ammonia. New York, M. W. Kellogg Company. 
1964. 
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5.3 CARBON BLACK by Charles Mann 

5.3.1 Process Description 

Carbon black is produced by the reaction of a hydrocarbon fuel, su..:h as oil or gas, with a limited 
supply of combustion air at temperatures of 2500 to 3000° F (1370 to 1650°C). The unburned carbon is 
collected as an extremely fine (10. to 400-nm diameter), black, fluffy particle. The three processes for 
producing carbon black are the furnace process, thermal process, and channel process. In 1973 the 
furnace process accounted for over 90 percent of production; the thermal process, 9 percent; and the 
cliannel process, less than 1 percent. The primary use for carbon black i,s for strengthening rubber 
products (mainly rubber tires); it is also used in printing inks, surface coatings, and plastics. 

5.3.1.1 Furnace Process· Furnace black is produced by combustion of hydrocarbon feed in a refrac
tory-lined furnace. Oil-fired furnaces now predominate. In this process (Figure 5.3·1) a heavy, aromatic 
oil feed is preheated and fed into the furnace with about half of the air required for complete com· 
bustion and a controlled amount of natural gas. The flue gases, which contain entrained carbon parti· 
cles, are cooled to about 450° F (235° C) by passage through heat exchangers and water sprays. The 
carbon black is then separated from the gas stream, usually by a fabric filter. A cyclone for primary 
collection and particle agglomeration may precede the filter. A single collection system often serves a 
number of furnaces that are manifolded together. 

The recovered carbon black is finished to a marketable product by pulverizing and wet pelletizing 
to increase bulk density. Water from the wet pelletizer is driven off in an indirect-fired rotary dryer. 
The dried pellets are then conveyed to bulk storage. Process yields range from 35 to 65 percent, de· 
pending on the particle size of the carbon black produced and the efficiency of the process. Furnace 
designs and operating characteristics influence the particle size of the oil black. Generally, yields are 
highest for large particle blacks and lowest for small particle sizes. 

The older gas-furnace process is basically the same as the oil-furnace process except that a light 
hydrocarbon gas is the primary feedstock and furnace designs are different. Some oil may also be 
added to enrich the gas feed .. Yields range from 10 to 30 percent, which· is much less than in the oil 
process, and comparatively coarser particles (40· to 80-nm diameter compared to 20· to 50-nm diameter 
for oil-furnace blacks) are produced. Because of the scarcity of natural gas and the comparatively low 
efficiency of the gas process, carbon black production by this method has been declining. 

5.3.1.2 Thermal Process · The thermal process is a cycHe operation in which natural gas is thermally 
decomposed to carbon particles, hydrogen, methane, and a mixture of other hydroearbons. To start 
t~e cycle, natural gas is burned to heat a brick c~eckerwork in the process furnace to about 3000°F 
(1650°C). After this temperature is reached, the air supply is cut off, the furnace stack is closed, and 
natural gas is introduced into the furnace. The natural gas is decomposed by the heat from the hot 
bricks. When the bricks beeome cool, the natural gas flow ls shut off. The effluent gases, containing 
the thermal black particles, are flushed out ot the furnace and cooled by water sprays to about 250°F 
(125°C) before passing through cyclonic collectors and fabric filters, which recover the thermal black. 

The effluent gases, consisting of about 90 percent hydrogen, 6 percent methane, and a mixture of 
other hydrocarbons, are cooled, compressed, and used as a fuel to reheat the furnaces. Normally, more 
than enough hydrogen is produced to make the thermal-black process self-sustaining, and the surplus 
hydrogen is used to fire boilers that supply process steam an~ electric power. 

The collected thermal black is pulverized and pelletized to a final produet in much the same man· 
ner as furnace black. Thermal-process yields are generally high (35 to 60 percent), but the relatively 
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coarse particles produced (18~ to 470-nm diameter) do not have the strong reinforcing properties re
quired for rubber products. 

5.3.1.3 Channel Process · In the channel-bl11ck process, natural gas is burned with a limited air supply 
in long, low buildings. The flame from this burning impinges on long steel channel sections that swing 
continuously over the flame. Carbon black deposited on the channels is scraped off irito collecting 
hoppers. The combustion ~ases, containing uncollected solid carbon, carbon monoxide, and other 
combustion products, are then vented directly from the building. Yields from the channel-black 
process are only 5 percent or less, but very fine particles are produced (1~ to 30-nm diameter). Chan
nel-black production has been declining steadily f~om its peak in the 1940's. Since 1974 no production 
of channel black has been reported. 

5.3.2 Emissions and Controls. 

Emissions from carbon black manufacture include particulates, sulfur compounds, carbon monox· 
. ide, hydrocarbons, and nitrogen oxides. Trace amounts of polynuclear organic matter (POM) are also 
likely to be emitted. Emissions vary considerably from one process to another. Typical emission fac
tors are given in Table 5.3-l. 

The principal source of emissions bi the furnace process is the main process vent. The vent stream 
consists of the reactor effluent plus quench water vapor vented from the carbon-black recovery system. 
Gaseous emissions vary considerably according to the grade of carbon black being produced. Hydro
carbon and CO emissions tend to be higher for small-particle black production. Sulfur compound 
emissions are a function of the feed sulfur content. Table 5.3-lshows the normal emission ranges to be 
expected from these variations in addition to typical average values. Some particulate emissions may. 
also occur from pr.oduct transport, drier vents, the bagging and storage area, and spilled and leaked 
materials. Such emission~ are generally negligible, however, because of the high efficiency of collec
tion devices and sealed conveying systems used to prevent product loss. 

Particulate emissions from the furnace-black process are controlled by fabric filters that recover 
the product from process and dryer vents. Particulate emissions control is therefore proportional to 
the efficiency of the product recovery system. Some producers may use water scrubbers on the dryer 
vent system. 

Gaseous emissions from the furnace process may be controlled by CO boilers, incinerators, or 
flares. The pellet dryer combustion furnace, which is in essence a thermal incinerator, may also be 
employed in a control system. CO boilers, thermal incinerators, or combinations of these devices can 
achieve essentially complete oxidation of CO, hydrocarbons, and reduced sulfur compounds in the 
process flue gas. Particulate emissions may also be reduced by combustion of some of the carbon black 
particles; however, emissions of sulfur dioxide and nitrogen oxides are increased by these combustion 
devices. 

Generally, emissions from the thermal process are negligible. Small amounts of nitrogen oxides 
and particulates may be emitted during the heating part of the process cycle when furnace stacks are 
open. Entrainment of carbon particles adhering to the checker brick may occur. Nitrogen oxides may 
be formed since high temperatures are reached in the furnaces. During the decomposition portion of 
the production cycle, the process is a closed system and no emissions would occur except through leaks. 

Considerable emissions result from the channel process because of lo~ efficiency of the process and 
the venting of the exhaust gas directly to the atmosphere. Most of the carbon input to the process is lost 
as CO, C02, hydrocarbons, and particulate. 

4/77 Chemical Process Industry 5.3·3 



Cl1 
.~ 

I 

~ 

trJ 
a: 
JO-t en 
~ 

~ 

~ = en 

~ 

' --.1 
--.1 

Proct~ss 

Oil furnace processd 

Tabla 5.3-1. EMISSION FACTORS FOR CARBON BLACK MANUFACTURE8 

EMISSION FACTOR RATING: 8 (OIL FURNACE PROCESS! 
C (~~FURNACE, CHANNEL, THERMAL PROCESSES! 

Carbon Nitrogen Hydrogen 
Particulate monoxide Hydrocarbonsb oxidas· sulfide" 

lb/ton kg/MT lb/ton kg/MT lb/ton kt!MT lb/ton k~/MT lb/ton ku!MT 

Um:ontrolled 612-161• 311-818 2600(14(1().3300) 1300(700-Ui501 200160-5201 100130-2601 0.4 0.2 205(1 OS-265) 105(55-135) 
With CO boiler 3 1.5 tOf st 
Wlthllare 3 1.5 

3 
13il9 65!1 10 

Gas furnace processh 10 5 6300i4200-6400) 2650121 00-3200) 1.800 

Chanll(l!l proceni 2,300 1,150 33.500 16,750 11,500 

. Thermal processi Neg Neg Ne& Neg Neg 

aExpressed in terms of pounds per ton and kilograms per metric ton of carbon black produCt. 

bAs methene. Actual composition Of emissions is 50--JS% ecetylen.e and the remainder methane. 

1.5 6 3 0.25 0.15 
5 6 3 0.25 0.15 

900 - Neg Neg 

5,750. Neg Neg 

Neg Neg Neg Neg Neg 

Sulfur 
oxides.c 

lb/ton kg/MT 

Neg Neg 
405 205 
405 205 

Neg Neg 

Neg Neg 

Neg Neg 
-

CS is the weight pen:ent sulfur in the feed. Emission factor based on a 50% yield of carbon in the feed to carbon black product and an average 50% conversion of sulfur in 
the feed to H:zS .. ·• 

dReferences 5 and 6. 

8Based on fabric filter collection efficiency of 99.5 to 99.9%. 

fsased on over 99% control of CO. Thermal incinerators could a·lso be expected to achieve 99% oxidation of CO. (Reference 6). 

Usased on 95% oxidation of CO (Reference 6). 

hReferencas 1 and 2. 

iReferences 1 and 2. 

jEmissions data are not available, but no significant emissions. are believed to occur. 
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/-) 5.4 CHARCOAL 

· 5.4.1 Process Description! 

Charcoal is generally manufactured by means of pyrolysis, or destructive distillation, of wood waste from 
members of the deciduous hardwood species. In this process, the wood is placed in a retort where it is externally 
heated for about 20 hours at 500 to 700°F (260 to 370°C). Although the retort has ilir intakes at the bottom, 
these are only used during start-up and thereafter are closed. The entire distillation cycle takes approximately 24 
hours, the last 4 hours being an exothermic reaction. Four units of hardwood are required to produce one unit of 
charcoal. 

S.4.2 Emissions and Controlsl 

In the pyrolysis of wood, all the gases, tars, oils, acids, and water are driven off, leaving virtually pure carbon. 
All of these except the gas, which contains methane, carbon monoxide, carbon dioxide, nitrogen oxides, and 
aldehydes, are useful by-products if recovered. Unfortunately, economics has rendered the recovery of the 
distillate by-products unprofitable, and they are generally permitted to be discharged to the atmosphere. If a 
recovery plant is utilized, the gas is passed through water-cooled condensers. The condensate is then refmed while 
the remaining cool, noncondensable gas is discharged to the atmosphere. Gaseous emissions can be controlled by 
means of an afterburner because the unrecovered by-products are combustible. If the afterburner operates 
efficiently, no organic pollutants should escape into the atmosphere. Emission factors for the manufacture of 
charcoal are shown in Table 5.~ 1. 

Table 6.4-1. EMISSION FACTORS FOR CHARCOAL MANUFACTURINGa,d 
EMISSION FACTOR RATtNG: C 

Type of operation 
With chemical 
recovery plant 

Pollutant lb/ton 

Particulate (tar, oil) -
Carbon monoxide 32()b 
Hydrocarbons'= 10CJb 
Crude methanol -
Acetic ~id -
Other gases (HCHO, N2 NO) 60 

8Calculated values blind on data In Reference 2. 
bEmi11!ons are negligible If afterburner Is used. 
cexpreased as methane. 

kg/MT 

-
1sob 
5ob 
-
-
30 

Without chemical 
recovery plant 

lb/ton kg/MT 

400 200 
320b 16CJb 
100b 5()b 
152 76 
232 116 
sob 30b 

dEmlalon factors expr1111ed in unit1 of tons of charcoal ·produced. 

References for Section 5.4 

1. Air Pollutant Emission Factors. Final Report. Resources Research, Inc. Reston,,Va. Prepared for National Air 
Pollution Control Administration, Durham, N.C., under Contract NumberCPA-22·69-119. April1970. 

2. Shreve, R.N. Chemical Process Industries, 3rd Ed. New York, McGraw-Hill Book Company. 1967. p. 619. 
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,-~) S.S CHLOR-ALKAU 

S.S.l Process Description• 

Chlorine and caustic are produced concurrently by the electrolysis of brine in either the diaphragm or mercury 
cell. In the diaphragm cell, hydrogen is liberated at the cathode and a diaphragm is used to prevent contact of the 
chlorine produced at the anode with either the a1kaJ.i hydroxide tormed. or the hydrogen. In the mercury cell, 
liquid mercury is used as the cathode and forms an amalgam with the alkali metal. The amalgam is removed from 
the cell and is allowed to react with water· in a separate chamber, called a denuder, to form the alkali hydroxide 
and hydrogen. 

Chlorine gas leaving the cells is saturated with water vapor and then cooled to condense sOme of the water. 
The gas is further dried by direct contact with strong sulfuric acid. The dry chlorine gas is then compressed for 
in-plant use or is cooled further by refrigeration to liquefy the chlorine. · 

Caustic as produced in a diaphragm-cell plant leaves the cell as a dilute solution along with unreacted brine. 
The solution is evaporated to increase the concentration to a range of 50 to 73 percent; evaporation also 
precipitates most of the residual salt, which is then removed by nitration. In mercury-cell plants, high-purity 
caustic can be produced in any desired strength and needs no concentration. 

5.5.2 Emissions and ControJsl 

Emissions from diaphragm- and mercury-cell chlorine plants include chlorine gas, C&J;bon dioxide, carbon 
monoxide, and hydrogen. Gaseous chlorine is present in the blow gas from liquefaction, from vents in tank cars 
and tank containers during loading and unloading, and froni storage tanks and process transfer tanks. Other 
emissions include mercury vapor from mercury cathode cells and chlorine from compressor seals, header seals, 
and the air blowing of depleted brine in mercury-cell plants. 

Chlorine emissions from chi or-alkali plants may be controlled by one of three general methods: ( 1) use of the 
gas in other plant processes, (2) neutralization in alkaline scrubbers, and (3) recovery of chlorine from effluent gas-
streams. The effect of specific control practices is shown to some extent in the table on emission factors (Table 
5.5-1). . 

References for Section S.S 

1. Atmospheric Emissions from Chlor-Alkali Manufacture. U.S. EPA, Air Pollution Control Office. Research 
Triangle Park, N.C. Publication Number AP-80. January 1971. 

2. -Duprey, R.L. Compilation of Air Pollutant Emission Factors. U.S. DHEW, PHS, National Center for Air 
Pollution Control. Durham, N.C. PHS Fublication Number 999-AP-42. 1968. p. 49. 
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5.5·2 

Table 5.6·1. EMISSION FACTORS FOR CHLOR·ALKALI PLANTS• 
EMISSION FACTOR RATING: B 

Type of source 

Liquefaction blow gases 
Diaphragm cell, uncontrolled 
Mercury cellb, uncontrolled 
Water absorber 
Caustic or lime scrubber 

Loading of chlorine 
Tank car vents 
Storage tank vents 

Air·blowlng of mercury-cell brine 

1Referencea 1 and 2, 

Chlorine gas 
lb/100 tons kg/100 MT 

2,000 to 10,000 
4,000 to 16,000 

25 to 1,000 
1 

450 
1,200 

600 

1 ,000 to 6,000 
2,000 to 8,000 

·· 12.6 to 500 
0.5 

226 
600 

260 

bMarcury cells lose about 1.5 poundl mercury per 100 ton• (0.76 kg/100 MT) of chlorine liquefied. 

EMISSION FACfORS 

) 

) 
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5.6 EXPLOSIVES by Charles Mann 

5.6.1 Generatl 

An explosive is a material that, under the influence of thermal or mechanical shock, decomposes ['llpidly and 
spontanedusly with the evolution of large amounts of heat and gas. Explosives fall into two major categories: 
high explosives and low explosives. High explosives are further subdivided into initiating or primary high 
explosives and secondary high explosives. lrutiating high explosives are very sensitive and are generally used in 
small quantities in detonators and percussion caps to set off larger quantities of secondary high explosives. 
Secondary high explosives,. chiefly nitrates, nitro compounds, and nitramines, are much less sensitive to 
mechanical or thermal shock, but explode with great violence when set off by an initiating explosive. The chief 
secondary high explosives manufactured for commercial and military use are ammonium nitrate blasting agents 
and 2.4. 6,-trinitrotoluene (TNT). Low explosives, such as black powder and nitrocellulose, UJ1dergo relatively 
slow autocombustion when set off and evolve large volumes of gas in a definite and controllable manner. A 
multitude of different types ·of explosives are manufactured. As examples of the production of a high explosive 
and a low explosive, the production of TNT and nitrocellulose are discussed in this section. 

5.6.2 TNT Production 1•3 

TNT may be prepared by either a continuous process or a batch, three-stage nitration process using toluene, 
nitric acid, and sulfuric acid as raw materials. In the batch process, a mixture of oleum (fuming sulfuric acid) and 
nitric acid that has been concentrated to a 97 percent solution is used as the nitrating agent. The overall reaction 
may be expressed as: · 

@ 
Toluene 

+ 3HON02 + 

Nitric 
acid 

H,So,__.a,N~NO, 
N02 

Sulfuric TNT 
acid 

+ 

Water Sulfuric 
acid 

(1) 

Spent acid from the nitration vessels is fortified with make-up 60 percent nitric acid before entering the next 
nitrator. Fumes from the nitration vessels are collected and removed from the exhaust by an oxidation
absorption system. Spent acid from the primary nitrator is sent to the acid recovery system in which the sulfuric 
and nitric acid are separated. The nitric acid is recovered as a 60 percent solution, which is used for 
refortification of spent acid from the second and third ·nitrators. Sulfuric acid is concentrated in a drum 
concentrator by boiling water out of the dilute acid. The product from the third nitration vessel is sent to the 
wash house at which point asymmetrical isomers and in.completely nitrated compounds are removed by washing 
with a solution of sodiUin sulfite and sodium hydrogen sulfite (Sellite). The wash waste (commonly called red 
water) from the purification process is discharged directly as a liquid waste stream, is collected and sold, or is 
concentrated to a slurry and incinerated in rotary kilns. The purifted TNT is solidified, granulated, and moved to 
the packing house for .shipment or storage. A schematic diagram of TNT production by the batch process is 
shown in Figure 5 .6-1. 
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. ) 5,6.3 Nitrocellulose Production 1 

Nitrocellulose is pi:epared by the batch-type "mechanical dipper" process. Cellulose, in the form of cotton 
linters, fibers, or specially prepared wood pulp, is purified, bleached, dried, and sent to a reactor (niter pot) 
containing a mixture of concentrated nitric acid and a dehydrating agent such as sulfuric acid, phosphoric acid, 
or magnesium nitrate. The overall reaction may be expressed as: 

Cellulose Nitric 
acid 

Sulfuric 
acid 

Nitrocellulose Water Sulfuric 
acid 

(2) 

When nitration is complete, the reaction mixtures are centrifuged to remove most of the spent acid. The spent 
acid is fortified and reused or otherwise disposed of. The centrifuged nitrocellulose undergoes a series ofwater 
washings and boiling treatments for purification of the fmal product. 

5.6.4 Emissions and Controis2,3,S 

The major emissions from the manufacture of explosives are nitrogen oxides and acid mists, but smaller 
amounts of sulfuric oxides and particulates may also be emitted. Emissions of nitrobodies (nitrated organic 
compounds) may also occur from many of the TNT process units. These compounds cause .objectionable Odor 
problems and act to increase the concentration of acid mists. Emissions of sulfur oxides and nitrogen oxides from 
the production of nitric acid and sulfuric acid used for explosives manufacturing can be considerable. It is 
imperative to identify all processes that may take place at an explosives plant in order to account for all sources 
of emissions. Emissions from the manufacture of nitric and sulfuric acid are discussed in other sections of this 
publication. 

In the manufacture of TNT, vents from the fume recovery system, sulfuric acid concentrators, and nitric acid 
concentrators are the prinCipal sources of emissions. If open burning or incineration of waste explosives is 
practiced, considerable emissions may result. Emissions may also result from the production of Sellite solution 
and the incineration of red water. Many plants, however, now sell the red water to the paper industry where it is 
of economic importance. 

Principal ·sources of emissions from nitrocellulose manufacture are from the reactor pots and centrifuges, 
spent acid concentrators, and boiling tubs used for purification. 

The most important factor affecting emissions from explosiVes manufacture is the type and efficiency of the 
manufacturing process. The efficiency of the acid and fume recovery systems for TNT manufacture will 4irectly · 
affect the atmospheiic emissions. In addition, the degree to which acids are exposed to the atmosphere during 
the manufacturing process· affects the NOx and SOx emisSions. For nitrocellulose production, . erriissions are 
influenced by the nitrogen content and the desired quality of the final product. Operating conditions will also 
affect emissions. Both TNT and nitrocellulose are produced in batch processes. Consequently, the processes may 
never reach steady state and emission concentrations may vary considerably .with time. Such fluctuations in 
emissions will influence the efficiency of control methods. Several measures may be taken to reduce emissions 
from explosives manufacturing. The effects of various control devices and process changes upon emissions. along 
with emission factors for explosives manufacturing, are shown in Table 5.6-1. The emission factors are all related 
to the amount of product produced and are appropriate for estimating long-term emissions or for evaluating 
plant operation at full production conditions. For short time periods or for plants with intennittent operating 
schedules, the emission factors in Table 5.6·1 should be used with caution, because processes not associated with 
the nitration step are often not in operation at the same time as the nitration reactor. 
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Particulates 

Type of process lb/ton kg/MT 

TNT · batch processb 
Nitration reactors 

Fume recovery - -
Acid recovery - -

Nitric acid concentrators - -
Sulfuric acid concentratorsc 

Electrostatic - -
precipitator (exit) 

Electrostatic precipitator - -
with scrubberd 

Red water incinerator 
Uneontrollede 25(0.03-126) 12.5(0.015-63) 
Wet scrubberf 1 0.5 

Sellite exhaust - -
TNT · continuous process!! 

Nitration reactors 
Fume recovery - -
Acid recovery - -

Red water incinerator 0.25(0.03-0.05) 0.13(0.015-0.025) 

Nitrocellu1ose9 
Nitration reactorsh - -
Nitric acid concentrator .... -
Sulfuric aCid concentrator - -
Boiling tubs - -

Table 5.6·1. EMISSION FACTORS FOR 
EMISSION FACTOR 

Sulfur oxides 
(S02) 

lb/ton kg/MT 

- -
- -
- -

14(440) 7(2-20) 

Neg. Neg. 

2(0.05-3.5) 1(0.025-1. 75) 
2(0.05-3.5) 1 (0.025-1. 75) 

59(0.01-177) 29.5(0.005-88) 

- -
- -

0.24(0.05-0.43) . 0.12(0.025.0.22-) 

1.4(0.8-2) 0.7(0.4-1) 
- -

68(0.4-136) 34(0.2-67) 
- -

a For some processes considerable variations in emissions have been reported. The aver8Qe of the value$ reported is shoWn first, 
with the ranges given in parentheses. Where only one number is given, only one source test was available. 
~eference 5. · 
CAcid mist emissions influenced by nitrobody levels and type of fuel used in furnace~ 
dlllo data available for NOx emissions after the scrubber. lt·is assumed that Nt;>x emissions ere unaffected by the scrubber .. 
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EXPLOSIVES MANUFACTURING' 
RATING: C 

Nitrogen oxides 
(N02 ) 

tb/ton kg/MT 

25(6-38) 12.5(3-19) 
55(1-136) 27 .6(0.5-68) 

37(16-72)- 18.5(8-36) 

40(2-80) 20(1-40) 

40(2-80) 20(1-40) 

26(1.5-101) 13(0.75-50) 
6 2.6 

- -

8(6.7-10) 4(3.35-6) 
3(1-4.6) 1.5(0.6·2.25) 

7(6.1-8.4) 3.5(3-4.2) 

. 
14(3.7-34) 7(1.86-17) 
14(10·18) ' 7(5·9) 

2 1 

Nitric acid mist Sulfuric acid mist 
(100% HN03) (100% H2S04) 

lb/ton kg/MT lb/ton kg/MT 

1 (0.3·1,9) 0.5(0,5-0.~5) - -
92(0.01-275) 46(0.006·137) - -

- - 9(0.3·27') 4.6(0.15-13.6) 

- - 65(1-188) 32.5(0.6-94) 

- - 5(4-6) 2.6(2-3) 

- - - -- - - -
- - 6(0.6-16) 3(0.3-8) 

1(0.3·1.9) 0.6(0.15-0.95) - -
0.02(0.01-0.03) 0.01 (0.005-0.016) - -

- - - -
19(0.6-36) 9.5(0.25·18) - -

- - - --
- - 0.3 0.3 

- - - -
euselow and of range for moarn, efficlant units and high ai1CI of range for older, leu efftcient 1,1nits.- -
f Apparent reductions in NOx and particulate after control may not ba 1ignlficant because thesa valuea are based on only one 

test result. - · 
II Reference 4. -
"For product with low nitrogan content (12 percent), un high_end of range. For products w)th higher nitrogen content, use lower 
and of ral'lll•· 
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5. 7 HYDROCHLORIC ACID 

Hydrochloric acid is manufactured by a number of different chemical processes. Approximately 80 percent of 
the hydrochloric acid, however, is produced by the by-product hydrogen chloride process, which will be the only 
process discussed in this section. The synthesis process and the Mannheim process are of secondary importance. 

5. 7.1 Process Description! 

By-product hydrogen chloride is produced when chlorine is added to an organic compound such as benzene,· 
toluene, and vinyl chloride. Hydrochloric acid is produced as a by-product of this reaction. An example of a 
process that generates hydrochloric acid as a by-product is the direct chlorination of benzene. In this process 
benzene, chlorine, hydrogen, air, and some trace catalysts are the raw materials that produce chlorobenzene. The 
gases from the reaction of benzene and chlorine consist of hydrogen chloride, benzene, chlorobenzenes, and air. 
These gases are fust scrubbed in a packed tower with a chilled mixture of monochlorobenzene and 
dichlorobenzene to condense and recover any benzene or chlorobenzene. The hydrogen chloride is then absorbed 

. in a falling ftlm absoqition plant. 

5.7.2 EmiMions 

The recovery of the hydrogen chloride from the chlorination of an organic compound is the m~or sourCe of 
hydrogen chloride emissions. The exit gas from the absorption or scrubbing system is the actual source of the 

· hydrogen chloride emitted. Emission factors for hydrochloric acid produced as by-product hydrogen chloride are 
presented in Table 5.7·1. 

Table 5.7-1. EMISSION FACTORS FOR HVDROCHL.ORIC 
ACID MANUFACTURING8 

EMISSION FACTOR RATING: B 

Type of process 

By7product hydrogen chloride 
With final scrubber 
Without final scrubber 

8 Reference 1. 

Reference for Section S. 7 

Hydrogen chloride emissions 
lb/ton kg/MT 

0.2· 
3 

0.1 
1.5 

1. Atmospheric Emissions from Hydrochloric Acid Manufacturing Processes. U.S. DHBW, PHS, CPBHS, 
National Air Pollution Control Administration. Durham, N.C. Public;ition Number AP·S4. September 1969. 
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· ~-·) 5.8 HYDROFLUORIC ACID 

\ 

5;8.1 Process Description1 

All hydrofluoric acid in the United States is currently produced by the reaction of acid-grade fluorspar with 
sulfuric acid for 30 to 60 minutes in externally fired rotary kilns at a temperature of 400° to 500°F (204° to 
260°C),2,3,4 The resulting gas is then cleaned, cooled, and absorbed in water and weak hydrofluoric acid to form 
a strong acid solution. Anhydrous hydrofluoric acid is formed by distilling 80 percent hydrofluoric acid and 

condensing the gaseous HF which is driven off. 

5.8.2 Emissions and Controlsl 

Air pollutant emissions are minintized by the scrubbing and absorption systems used to purify and recover the 
HF. The initial scrubber utilizes concentrated sulfuric acid as a scrubbing medium and is designed to remove dust, 
so

2
, S03, sulfuric acid mist, and water vapor present in the gas stream leaving the primary dust collector. The 

exit gases from the fmal absorber contain small amounts of HF, silicon tetrafluoride (SiF4), C02, and S02 and 
may be scrubbed with a .caustic solution to reduce emissions further. A fmal water ejector, sometimes used to 
draw the gases through the absorption system, will reduce fluoride emissions. Dust emissions may also result from 
raw fluorspar grinding and drying operations. Table 5.8-llists the emission factors for the various operations. 

2/72 

Table5.8-1 .. EMISSION FACTORS FOR HYDROFLUORIC ACID MANUFACTURING
8 

EMISSION FACTOR RATING: C 

Fluorides Particulates 

Type of operation lb/ton acid kg/MT acid lblton fluorspar kg/MT fluorspar 

Rotary kiln 
Uncontrolled 50 25 - -
Water scrubber 0.2 0.1 - -

Grinding and drying - - 2Qb 1Qb 

of fluorspar 

8References 2 and 5. 
bFactor given for well-controlled plant. 
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5.9 NITRIC ACID Revised by William Vatavuk 

5. 9.1 Process Description 

5.9.1.1 Weak Acid Productionl • Nearly all the nitric acid produced in the United States is manufactured by the 
high·pressure catalytic oxidation of ammonia (Figure 5.9·1). Typically, this process consists of three steps, each 
of which corresponds to a distinct chemical reaction. First, a 1:9 ammonia·air mixture is oxidized at high 
temperatwe and pressure (6.4 to 9.2 atmospheres), as it passes through a platinum·rhodiurri catalyst, according to 
the reaction: 

4NH3 
Ammonia 

+ SOz ~ 4NO + 6H20 
Oxygen Nitric Water 

oxide 

(1) 

After the process stream is cooled to 1 00°F (38°C) or less by passage through a cooler·condenser, the nitric oxide 
reacts with residual oxygen: · 

2NO + 02 ..,... 2N02 ::!::; N204 
Nitrogen Nitrogen (2) 
dioxide tetroxide 

Finally, the gases are introduced into a bubble-cap plate absorption column where they are contacted with a 
countercurrent stream of water. The exothermic reaction that occurs is: 

3N02 + H20 ..,... 2HNOJ + NO 
Nitric acid (3) 
50 to 7fHo aqueous 

The production of nitric oxide in reaction (3) necessitates the introduction of a secondary air stream into the 
column to effect its oxidation to nitrogen dioxide, thereby perpetuating the absorption operation. 

The spent gas flows from the top of the absorption tower to ~n entrainment separator for acid mist removal, 
through the ammonia oxidation unit for energy absorption· from the ammonia stream, through an expander for 
energy recovery, and fmally to the stack. In most plants the stack gas is treated before release to the atmosphere 
by passage through either a catalytic combustor or, less frequently, <111 alkaline scrubber. 

5.9.1.2 High-Strength Acid Production1 ·To meet requirements for high strength acid, the 50 to 70 percent acid 
produced by the pressure process is concentrated to 95 to 99 percent at approximately atmospheric pressure. The 
concentration process consists of feeding strong sulfuric acid and 60 percent nitric acid to the top of a packed 
column where it is contacted by an ascending stream of weak acid vapor, resulting in the dehydration of the 
latter. The conCentrated acid vapor that leaves the column passes to a bleacher and countercurrent condenser 
system to effect condensation of the vapors and separation of the small amounts of nitric oxides and oxygen that 
form as dehydration by·products. These by-products then flow to an absorption column where the nitric oxide 
mixes with auxiliary air to form nitrogen dioxide, which is, in tum, .recovered as weak nitric acid. Finally, 
unreacted gases are vented to the atmosphere from the top of the column. 
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Figure 5.9-1. Flow diagram of typical nitric acid plant using pressure process. 
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5.9.2 Emissions and Controts1·3 

The emissions derived from nitric acid manufacture consist primarily of nitric oxide, which accounts for 
visible emissions; nitrogen dioxide; and trace amounts of nitric acid mist. By far, the major source of nitrogen 
oxides is the tail gas from the acid absorption tower (Table 5.9·1). In general, the quantity ofNOx emissions is 
directly relat~d to the kinetics of the nitric acid formation reaction. 

The specific operating variables that increase tail gas NOx emissions are: (1) insufficient air supply, which 
results in incomplete oxidation of NO; (2) low pressure in the absorber; (3) high temperature in the 
cooler·oondenser and absorber; (4) production of an excessively high-strength acid; and (S) operation at high 
thr~ghput rates, which results in decreased residence time in the absorber. 

Aside from the adjustment of these variables, the most commonly used means for controlling emissions is the 
catalytic combustor. In this device, tail gases are heated to ignition temperature, mixed with fuel (natural gas, 
hydrogen, or a mixture of both), and passed over a catalyst. The reactions that occur result in the successive 
reduction of N02 to NO and, then, NO to N2. The extent of reduction of N02 to N2 in the combustor is, in 
tum, a function of plant design, type of fuel used, combustion temperature and pressure, space velocity through 
the combustor, type and amount of catalyst used, andreactant concentrations (Table 5.9·1). 

Comparatively small amounts of nitrogen oxides are also lost from acid concentrating plants. These losses 
(mostly NOv occur from the condenser system, but the emissions are small enough to be easily controlled by the 
installation of inexpensive absorbers. 
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Table 5.9-1. NITROGEN OXIDE EMISSIONS FROM NITRIC ACID PLANTS1 

EMISSION FACTOR RATING: B 

Control 
Type of control . efficiency,% 

Weal< acid 
Uncontrolled 0 . 50 to sse 25.0 to 27.5 
Catalytic combustor 78 to 97 2to 7d 1.0 to 3.5 

(natural gas fired) 
Catalytic combustor 97 to 99.8 0.0 to 1.5 0.0 to 0.75 

(hydrogen fired) 
Catalytic combustor 98 to 98.5 O.Bto1.1 0.4 to 0.55 

(75% hydrogen, 25% 
natural gas fired) 

High-strength acid 0;2 to 5.0 0.1to2.5 

&References 1 end 2. 
bBaled on 1 00 percent acid production. 
CRanga of values taken from four plants measured et following process conditions: 
production rate, 120 tons (109 MT) per clay (100 percent rated capecltyl; absorber exit 
temperature, 90° F (32" Cl; absorber exit pressure, 7.8 atmospheret;acid strength, 57 
percent. Under different condition•, valuet can very from 43 to 57 lb/ton (21.5 to 28.5 
kg/MT). 

dTo present a mor~ raalietic picture, ranges of values wera used instead of averages. 
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Acid mist emissions do not occur from a properly operated plant. The small amounts that may be present in 
the absorber exit gas stream are removed by a separator or collector prior to entering the catalytic combustor or 
expander. ·· ) 

. . 

Finally, small amounts of nitrogen dioxide are lost during the filling of storage tanks and tank cars. 

Nitrogen oxide emissions (expressed as N02) are presented for weak nitric acid plants in table 5.9-1. The 
emission factors vary considerably with the type of control employed, as well as with process conditions. For 
comparison purposes,. the Environmental Protection Agency (EPA) standard for both new and modified plants is 
3.0 pounds per ton of 100 percent acid produced (1.5 Jqlograms per metric ton), maximum 2-hour average, 
expressed as N02.4 Uriless specifically indicated as 100 percent acid, production rates are generally given in terms 
of the total weight of product (water and acid). For example, a plant producing 500 tons ( 454 MT) per day of 55 
weight percent nitric acid is really producing orily 275 tons(250MT) per day of 100 percent acid. 

References for Section S. 9 

1. Control of Air Pollution from Nitric Acid Plants. Unpublished Report. Environmental Protection Agency, 
Research Triangle Park, N.C. 

2. Atmospheric Emissions from. Nitric Acid Manufacturing Processes. U.S. DHEW, PHS, Division of Air 
Pollution. Cincirinati, Ohio. Publication Number 999-AP-27. 1966. 

3. Unpublished emission data from a nitric acid plant. U.S. DHEW, PHS, EHS, National Air Pollution Control 
Admiriistration, Office of Criteria and Standards. Durham, N.C. June 1970. 

4. Standards of Performance for New Stationary Sources. Environmental Protection Agency, Washington, D.C. 
Federal Register. 36(247): December 23, 1971. 
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___ ,) 5.10 PAINT AND VARNISH 

) 

5.10.1 Paint Manufacturing! 

The manufacture of paint involves the dispersion of a colored oil or pigment in a vehicle, usually an oil or 
resin, followed by the addition of an organic solvent for viscosity adjustment. Only the physical processes of 
weighing, mixing, grinding, tinting, thinning, and packaging take place; no chemical reactions are involved. 

These processes take place in large mixing tanks at approximately room temperature. 

The primary factors affecting emissions from paint manufacture are care in handling dry pigments, types of 
solvents used, and mixing temperature.2,3 About 1 or 2 percent of the solvents is lost even under well-controlled 
conditions. Particulate emissions amount to 0.5 to 1.0 percent of the pigment handled.4 · 

5.1 0. 2 Varnish Manufacturing! -3 

The manufacture of varnish also involves the mixing and blending of various ingredients to produce a wide 
range of products. However, in this case chemical reactions are initiated by heating. Varnish is cooked in either 
open or enclosed gas-fired kettles for periods of 4 to 16 hours at temperatures of 200 to 650°F (93 to 340°C). 

Varnish cooking emissions, largely in the fonn or organic compounds, depend on the cooking temperatures 
and times, the solvent used, the degree of tarik enclosure, and the type of air pollution controls used. Emissions 
from varnish cooking range from 1 to 6 percent of the raw material. 

To reduce hydrocarbons from the manufacture of paint and varnish, control techniques include condensers 
and/or adsorbers on solvent-handling operations, and scrubbers and afterburners on cooking operations. 
Emission factors for paint and varnish are shown m Table 5.10-1. 
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Table 5.10.1. EMISSION FACTORS FOR PAINT AND VARNISH MANUFACTURING 
WITHOUT CONTROL EQUIPMENP•b 

EMISSION FACTOR RATING: C 

Type of Particulate Hvdrocarbonse 
product lb/ton pigment kg/MT pigment lb/ton of product kg/MT pigment 

Paint 2 1 30 15 
Varnish 

Bodying oil - - 40 20 
0 leoresi nous - - 150 75 
Alkyd - - 160 so 
Acrylic - - 20 10 

8 References 2 end 4 through B. 
bAfterburners eon reduce gaseous hydrocarbon omissions by 99 percent and particulates by about 90 

percent. A water spray and oil filter system can reduce particulates by about 90 pereent.s 
cexpressed as undefined organic compounds whose composition depends upon the type of varnish or 

paint. 

References for Section 5.10 

1. Air Pollutant Emission Factors. Final Report. Resources Research, Inc. Reston, Va. Prepared for National 
Air Pollution Control Administration, Durham, N.C., under Contract Number CPA-22-69·119. April 1970. 

2. Stenburg, R.L. Atmospheric Emissions from Paint and Varnish Operations. Paint Varn. Prod. p. 61-65 and 
111-114,Septel!lber 1959. 

3. Private Communication between Resources Research, Incorporated, and National Paint, Varnish and Lacquer 
Association. September 1969. · · 

4. Unpublished engineering estimates based on plant visits in Washington, D.C. Resources Research, 
Incorporated. Reston, Va. October 1969. 

5. Chatfield, H.E. Varnish Cookers. In: Air Pollution Engineering Manual. Danielson, J. A. (ed.). U.S. DHEW, 
PHS, National Center for Air Pollution Control. Cincinnati, Ohio. Publication Number 999-AP-40. 1967. p. 
688-695. 

6. Lunche, E.G. et al. Distribution Survey of Products Emitting Organic Vapors in Los Angeles County. Chern. 
Eng. Progr. 59. August 1957. 

7. Communication on emissions from paint and varnish operations with G. Sallee, Midwest Research Institute. 
December 17, 1969. 

8. Communication 'With Roger Higgins, Benjamin Moore Paint Company. June 25, 1968 . 
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/') 5.11 PHOSPHORIC ACID 

) 

Phosphoric acid is produced by two principal methods, the wet process and the thermal process. The wet 
process is usually employed when the acid is to be used for fertilizer production. T.hermal·process acid is normally 
of higher purity and is used in the manufacture of high-grade chemical and food products. 

5.11.1 Wet ProcessL2 

In the wet process, finely ground phosphate rock is fed into a reactor with sulfuric acid to form phosphoric 
acid and gypsum. There is usually little market for the gypsum produced, and it is handled as waste material in 
gypsum ponds. The phosphoric acid is·separated from the gypsum and other insolubles by vacuum flltration. The 
acid is then normally concentrated to about 50 to 55 percent Pj)5. When superphosphoric acid is made, the acid 
is concentrated to between 70 and 85 percent P205. 

Emissions of gaseous fluorides, consisting mostly of silicon tetrafluoride and hydrogen fluoride, are the major 
problems from wet-proceSs acid Table 5.11·1 summarizes the emiSsion factors from both wet-process acid and 
·thermal-process acid. 

5.11.2 Thermal Processl 

In the thermal process, phosphate rock, siliceous flux, and coke are heated in an electric furnace to produce 
elemental phosphorus. The gases containing the phosphorus vapors are passed through an electrical precipitator to 
remove entrained dust. In the "one-step" version of the process, the gases are next mixed with air to form P205 
before passing to a water scrubber to form phosphoric acid. In the "two-step" version of the process, the 
phosphorus is condensed and pumped to a tower in which it is burned with air, and the P205 formed is hydrated 
by a water spray in the lower portion of the tower. 

The principal emission from thermal-process acid is P~5 acid mist from the absorber tail gas. Since all plants 
are equipped with some type of acid-mist collection system, the emission factors presented in Table 5.11·1 are 
based on the listed types of control. 

2/72 Chemical Process Industry 5.11-1 



Table 5.1.1·1. EMISSION FACTORS FOR PHOSPHORIC ACID PRODUCTION 
EMISSION FACTOR RATING: B 

Particulates· Fluorides 
Source lb/ton kg/MT lb/ton kg/MT 

Wet process (phosphate rock) 
Reactor, uncontrolled - - 18a ga 
Gypsum pond - - 1b 1.1b 
Condenser, uncontrolled - - 2oa 1oa 

Thermal process (phosphorus burnedC) 
Packed tower 4.6 2.3 - -
Venturi scrubber 5.6 2.8 - -
Glass-fiber mist eliminator 3.0 1.5 - -
Wire·mesh mist eliminator 2.7. 1.35 - -
High-pressure-drop mist eliminator 0.2 0.1 - -
Electrostatic precipitator ·. 1.8 0.9 - -

aReferences 2 and 3. 

bPounds per acre per day (kg/hectare-day); approximately 0.5 acre 10.213 hectare) is 
required to produce 1 ton of P2o5 daily. 

cReference 4. 

References for Section 5.11 

1. Duprey, R.L; Compilation of Air Pollutant EmisSion Factors. U.S. DHEW, PHS, National Center for Air 
Pollution Control. Durham, N.C. PHS Publicati.on Number 999-AP42. 1968. p. 16. 

2. Atmospheric Emissions from Wet-Process Phosphoric Acid Manufacture. U.S. DHEW, PHS, EHS, National 
Air Pollution Control Administration. Raleigh, N.C~ Publication Number AP·S7. April1970. 

3. Control Techniques for Fluoride Emissions. Internal document. U.S. EPA, Office of Air Programs. Research 
Triangle Park, N.C. 1970. 

4. Atmospheric Emissions from Thermal-Process Phosphoric Acid Manufacturing. Cooperative Study Project: 
Manufacturing Chemists" Association, Incorporated, and Public Health Service. U.S. DHEW, PHS, National 
Air Pollution Control Administration. Durham, N.C. Publication Number AP-48. October 1968. 
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5.12 PHTHALIC ANHYDRIDE by Pam Canova 

5.12.1 Generall 

Phthalic anhydride (PAN) production in the United States in 1972 was 0. 9 billion pounds per year; 
this total is estimated to increase to 2.2 billion pounds per year by1985. Of the current production, 50 
percent is used for plasticizers, 25 percent for alkyd resins, 20 percerit for unsaturated polyester resin!!. 
and 5 percent for miscellaneous and exports. PAN is produced by catalytic oxidation of either ortho· 
xylene or naphthalene.· Since naphthalene is a higher priced feedstock and has a lower feed utilization 
(about 1.0 lb PAN/lb o·xylene versus 0.97lb PAN/lb naphthalene), future production growth is pre
dicted to utilize o-xylene. Because emission factors are intended for future as well as present applica
tion, this report will focus mainly on PAN production utilizing o-xylene as the main feedstock. 

The processes for producing PAN by o-xylene or naphthalene are the same except for reactors, 
catalyst handling, and recovery facilities required for fluid bed reactors. 

In PAN production using o-xylene as the basic feedstock, filtered air is preheaied, compressed, and 
mixed with vaporized o-xylene and fed into the fixed-bed tubular reactors. The reactors contain the 
catalyst, vanadium pentoxide, and are operated at 650 to 725°F (340 to 385°C). Smallamourits of· 
sulfur dioxide are added to the reactor feed to maintain catalyst activity. Exothermic heat is removed 
by a molten salt bath circulated around the reactor tubes and transferred to a steam generation system. 

Naphthalene-based feedstock is made up of vaporized naphthalene and compressed air. It is 
transferred to the fluidized bed reactor and oxidized in the presence of a catalyst, vanadium pent
oxide, at 650 to 725° F (340 to 385° C). Cooling tubes located in the cata.lyst bed remove the exothermic 
heat which is used to produce high-pressure steam. The reactor effluent consists of PAN vap0ts, en
trained catalyst, and various by-products and non-reactant gas. The catalyst is removed by filtering and 
returned to the reactor. 

The chemical reactions for air oxidation of o·xylene and naphthalene are as follows. 

0 

(Xc"' a~ 'o 
CH3 + 3 o2 

c,....... + 3HzD 
II 
0 

o-xylene + oxygen phthalic + water 
anhydride 

0 co 0:11 
+ 4%0z I c,o + 2 HzO + 2CDz 

/. :!0. c .... 
II 
0 

naphthaline + OJCYgen phthalic ·+ water + carhori 
anhydride dioxide 
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The reactor effluent containing crude PAN plus products from side reactions and excess oxygen passes 
to a series of switch condensers where the crude PAN cools and crystallizes. The condensers are alier· 
nately cooled and then heated, allowing PAN crystals to form and then melt from the condenser tube 
fins. 

The crude liquid is transferred to a pretreatment section in which phthalic acid is dehydrated to· 
anhydride. Water, maleic anhydride, and benzoic acid are partially evaporated. The liquid then goes 
to a vacuum distillation section where pure PAN (99.8 wt. percent pure) is recovered. The product can 
be stored and shipped either as a liquid or a solid (in which case it is dried, flaked, and packaged in 
multi-wall paper bags). Tanks for holding liquid PAN are kept at 300°F (150°C) and blanketed with · 

. dry nitrogen to prevent the entry of oxygen· (fire). or water vapor (hydrolysis to phthalic acid). 

Maleic anhydride is currently the only by-product being recovered. 

Figures 1 and 2 show the process flow for air oxidation of o-xylene and naphthalene, respectively. 

5.12.2 Emissions and Controls1 

Emissions froin o-xylene and naphthalene storage are small and presently are not controlled. 

The major contributor of emissions is the reactor and condenser effluent which is vented from the 
condenser unit. Particulate, sulfur oxides (for o•xylene-based production), and carbon monoxide 
make up the emissions, with carbon monoxide comprising over half the total. The most efficient (96 
percent) system of control is the combined usage of a water scrubber and thermal incinerator. A 
thermal incinerator alone is approximately 95 percent efficient in combustion of pollutants for o· 
xylene-based production, and 80 percent efficient for naphthalene-based production. Thermal incin· 
erators with steam generation show the same efficiencies as thermal incinerators alone. Scrubbers 
have a 99 percent efficiency in collecting particulates, but are practically ineffective. in reducing car. 
bon monoxide emissions. In naphthalene-based production, cyclones c~;m be used to control catalyst 
dust emissions with 90 to 98 percent·efficiency. 

Pretreatment and distillation emissions-particulates and hydrocarbons-are normally processed 
through the water scrubber and/ or incinerator used for the main process stream (reactor and con· 
denser) or scrubbers alone, with the same efficiency percentages applying.· 

Product storage in the liquid phase result$ in small amounts of gaseous emissions. These gas 
streams can either be sent to the main process verit gas control devices or first processed· through 
sublimation boxes or devices used to recover escaped PAN. Flaking and bagging emissions are negli, 
gible, but can be sent to a cyclone for recovery of PAN dust. Exhaust .from the cyclone presents no 
problem. 

Table 5.12-1 gives emission factors for controlled and uncontrolled emissions from the production 
of PAN. 
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) 



fA 
1-1 
~ .. 
~ 

tr.l 

== -~ 
~ 
~ 
·~ 

,!:C 
Cll 

~ 
........ 
""-1 
--1 

\._~---

HOT AND COOL CIRCULATfNil 
OIL STREAMS OR PARTICULATE 

WATER AND STEAM I . • CARBON MONOXIDE 

{ILlER 
I • I •I SWlTCH 

CONDENSERS 

,--···1 • I 
..?..--1 ... , 

NAPHTHALENE •I 
FLUID 

BED 
REACTOIJ 

AIR •I 

I • PARTICULATE 

COOLING r~· .. __ .. 

PRODUCT 
STILL . 

--..~ 
--.1. 

HYDROCARBON 

PARTICULATE 
HYDROCARBON. 

HIGH 
I ., PRESSURE 

STEAM 

BOILER FEED 
WATER 

PARTICULATE 

• 'FLAKING AND PHTHALIC ANHYDRIDE 
BAGGING. 

OPERATION 
(OPTIONAL) 

Figure 5. 12-2. Flow diagram for phthalic anhydride using naphthalene as basic feedstock. 1 

.--" _.._,. 

-------------------------------------------·-



) 

Table 5.12·1. EMISSION FACTORS FOR PHTHALIC ANHYDRIDE1,a 
EMISSION FACTOR RATING: B 

Particulate so HC 
Process lb/ton kg/MT lb/ton kg/MT lb/ton kg/MT 

Oxidation of o·xyleneb 

Main process streamc 
13Sd sgd Uncontrolled 9.48 4.7e 0 0 

W/scrubber and thermal 
incinerator 6 3 9.4 4.7 0 0 

W/thermal incinerator 7 4 9.4 4.7 0 0 
W/incinerator with 

steam generator 7 4 9.4 4.7 0 0 

Pretreatment 
Uncontrolled 13f 6.4f 0 0 0 0 
W/scrubber and thermal 

incinerator 0.5 0.3 0 0 0 0 
W/thermal incinerator 0.7 0.4 0 0 0 0 

Distillation 
Uncontrolled 89d 45d 0 0 2.4 1.2 
W/scrubber and thermal 

incinerator 4 2 0 0 <0.1 <0.1 
W/thermal incinerator 4 2 0 0 0.1 <0.1 

Oxidation of naphthaleneb 

Main process smiamc 
Uncontrolled seg,i 28Q,i 0 0 0 0 
W/thermal incinerator 11 6 0 0 0 0 
W/scrubber 0.6 0.3 0 0 0 0 

Pretreatment 
Uncontrolled sh 2:5h 0 0 0 0 
W/thermal incinerator -1 0.5 0 0 0 0 
W/scrubber <0.1 qu 0 0 e 0 

Distillation 
Uncontrolled 389 199 0 0 10 5 
W/thermal incinerator 8 4 0 0 2 1 
W/scrubber 0.4 0.2 0 0 0.1 <0.1 

c;o 
lblton 

301 

12 
15 

15 

0 

0 
0 

0 

0 
0 

100 
20 

100 

0 
0 
0 

0 
0 
0 

8 Emission factors are in units of pounds of pollutant per ton (kilogram of pollutant per metric ton) of phthalic anhydride 
produced. -

bcontrol devices_listed are those currently being used by phthalic anhydri~e plants. 

0 Main process stream includes the reactor and multiple switch condensers as vented through the condenser unit. 

dParticulate consists of phthalic anhydride, maleic anhydride, and benzoic acid. 

kg/MT 

151 

6 
8 

8· 

0 

0 
0 

0 

0 
1) 

50 
10 
50 

0 
0 
0 

0 
0 
0 

8 Emissions change with catalyst age. Value shown corresponds to relatively fresh catalyst. Can be 19 to 251b/ton (9.5 to 13 
kg/MTI for aged catalyst. 

1Partlculate consists of phthalic anhydride and maleic anhydride. 

9Particulate consists of phthalic anhydride, maleic anhydride, and naphthaquinone. 

hParticulate is phthalic anhydride. 

iPartlculate does not include catalyst dust which is controlled by cyclones with an efficiency of 90 to 98 percent. 

Reference for Section 5.12 

1. Engineering and Cost Study of Air Pollution Control for the Petrochemical Industry. Vol 7: 
Phthalic Aohydride Manufacture from Ortho-Xylene. Houdry Division, Air Products and Chemi
cals. Inc., Marcus Book, Pa. Prepared for Environmental Protection Agency, Research Triangle 
Park, N.C. Publication No. EPA-450/3-7~6--g. July 1975. 
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) . S.13 PLASTICS 

. 5.13.1 Process Descriptionl 

. The manufacture of most resins or. plastics begins with the polymerization or linking of the basic compound 
(monomer), usually a gas or liquid, into high molecular weight noncrystalline solids. The manufacture of the 
basi.c monomer is not considered part of the plastics industry and is usually accomplished at a chemical or 
petroleum plant. · 

The manufacture of most plastics involves an enclosed reaction or polymerization step, a drying step, and a 
final treating and forming step. These plastics are polymerized or otherwise combined in completely enclosed 
staihless steel or. glass-lined vessels. Treatment .of the resin after polmerization varies with the proposed use . 

. ReSins for moldings are dried and crushed or ground into molding powder. Resins such as the alkyd resins that are 
· to be used for protective coatings are normally transferred to an agitated thinning tank, where they are thinned 

with 8ome type of solvent and then stored in large steel tanks equipped with water-cooled condensers to prevent 
· loss of solvent to the atmosphere. Still other reSins are stored in latex form as they come from the kettle. 

S.l3.2. Emissions and ControJSI 

· The major sources of air contamination in plastics manufacturing are the emiSsions of raw materials or 
monomers, emissions of solvents or other volatile liquids during the reaction, emissions of sublimed solids such as 
phihalic anhydride in alkyd production, and emissions of solvents during storage and handling of thinned resins. 
Binission factors for the manufacture of plastics are shown in Table 5.13·1. · 

Table 5.13-1. EMISSION Fl\CTORS FOR PLASTICS 
MANUFACTURING WITHOUT CONTROLS8 

EMISSION FACTOR RATING: E 

Particulate Gases 
Type of plastic lb/ton kg/MT lb/ton kg/MT 

Polyvinyl chloride 35b t7.5b 17c 8.5c 
Polypropylene 3 1.5 . 0.7d 0.35d . 
General 5to 10 2.5tO 5 -·. -
8 References 2 and 3. 
bUsually controlled with a fabric filter efficiency of 98 to 99 

percent. 
cAs vinyl Chloride. 
dAs propylene. 

Much of the control equipment. used m this. industry is a basic part of the system and serves to recover a 
reactant or. product~ These controls include floating roof tanks or vapor recovery systems on volatile material, 
storage units, vapor recovery systems (adsorption or condensers), purge lines that vent to a flare system, and 
rec:oyery systems on vacuum ex.haustlines. 

2/72 Chemical Process Industry S.l3·1 



References for Section 5.13 · 

1. · Air Pollutant Emission Factors. Final Report. Resources Research, .Inc. Reston, Va. Prepared forNational ) . 
Air Pollution Control Administration, Durham, N.C., under CeintractNumber CPA-22-69-119. April 1970. 

2. Unpublished data from bidustrial questionnaire. U.S. DHEW, PHS, National Air Pollution Control 
Administration, Division of Air Quality and Emissions Data. Durham, N.C. 1969. 

3. Private Communication between Resources Research, Incorporated, and Maryland State Department of 
Health, Baltimore, Md. November 1969. · · 
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5.14 PRINTING INK 

S~ 14.1 Process. Desciiptionl 

There are four major classes of printing ink: letterpress and lithographic inks, commonly called oil or paste 
inks; and flexographic and rotogravure inks, which are referred to as solvent iilks. These inkS vary considerably in 
physical appearance, composition, method of application, and drying mechariism. Flexographic and rotogravure 
inks have many elements in common with the paste inks but differ in that they are of very low viscosity, and they 
almost always dry by evaporation of highly volatile solvents .. 2 . 

There are three general processes in the manufacture of printing inkS:· ( 1) cooking the vehicle and adding dyes, 
(2) grinding of a pigment into the vehicle using a roller mill, and (3) replacing water in the wet pigment pulp \Jy 
·an ink vehicle (commonly known as the flushing process).3 The ink .. varniSh" or vehicle is generally cooked in 
large kettles at 200° to 600°F (93° to 315°C) for an average of 8 to 12 hours in much the same way that regular 
varnish .is made. Mixing of the pigment and vehicle is done·in.dou!i,-\ mixers or in large agitated tankS. Grinding is 
most often carried out in three-roller or five-roller horizon1a1· or vertical mills. 

5.14.2 Emissions and ControJs1,4 

Varnish or vehicle preparation by beating is by far the largest souree of ink manufacturing emissions. Cooling 
the varnish components - resins, drying oils, petroleum Oils, and solvents - produces odorous emissions. At 
about 350°F (175°C) the products begin to decompose, resulting in the emission of decomposition products 
from the cooking vessel. Emissions continue throughout the cooking process with tlce maximum rate of emissions 
occuring just after the maxiirium temperature has been reached. Emissions from the cooking lhase can be 
reduced by more than 90 percent with the use of scrubbers or condensers followed by afterbu~ers; .s . 

Compounds emitted from the cooking of.oleoresinous varnish (resin plus varnish) include water vapor, fatty 
acids, glycerine, acrolein, phenols, aldehydes, ketones, terpene oils, terpenes, and carbon dioxide. Emissions of 
thinning solvents used in flexographic and rotogravure inkS may also occur. 

The quantity, composition, and rate of emissions from ink manufacturing depend upon the cooking 
temperature and time, the ingredients, the method of introducing additives, the degree of stirring, and the extent 
of air or inert gas blowing. Particulate emissions resulting from the addition of pigments to the vehicle are 
affected by the type of pigment and its particle size. Emission factors for the manufacture of printing ink are 
presented in Table 5.14-l. · 
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Table5.14-1. EMISSION FACTORS FOR PRINTING INK 
MANUFACTURI NG8 

EMISSION FACTOR RATING: E 

Gaseous oraanicb Particulates 
lb/ton kg(MT lb/ton kg/MT 

Type of process of product of product of pigment of pigment 

Vehicle cooking 
General 120 60 - -
Oils 40 20 - -
Oleqresinous 1"50 75 - -
Alkyds 160 80 - -

Pigment mixing - - 2 1 

aBased on date from sactlor rm paint and vamish. 
bemitted ·as gas, but rapidly condense as the effluent is cooled. 

References for Section 5.14 

1. __ Air Pollutant Emission Factors. Final Report. Resources Research Inc. Reston, Va. Prepared for National Air 
Pollution Control Administration, Duiham, N.C., under Contract Number CPA-22-69_-119. AprR 1970. 

2. Shreve, R.N. Chemical Process Industries, 3~d Ed. New York, McGraw Hill.Book Co. 1967. p. 454-455. 

3. · Larsen,L.M. Industrial Printing Inks. New York, Reinhold Publishing Company. 1962. 

4. Chatfield; H.K Varnish Cookers. I~: Air Pollution Engineering Manual. Danielson, J.A. (ed.). U.S. DHEW, 
PHS, National Center for Air Pollution Control. Cincinnati, Ohio. Publication Number 999-AP-40 .. 1967. p. 
688-695. - ' 

5. Private· communication With Interchemical Corporation, Ink Division. Cincinnati, Ohio. November 10, 1969. 
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) 5.15 SOAP AND DETERGENTS 

. 5.15.1 Soap Manufacturel 

The manufacture of soap entaila the catalytic hydrolysis of' various fatty acids with sodium or potassiUm 
hydroxide to form a glycerol-soap mbtture. This mixture is separated by distlllation, then neutralized and blended 
to produce soap. The main atmospheric pollution problem in the manufacture of' soap is odor, and, if' a spray 
drier is used, a particulate emission problem may also occur. Vent lines, vacuum exhausts, product and raw 
material storage, and waste streams are all potential odor sources. Control of these odors may be achieved by 
S((rubbins all exhaust fumes and, if necessary, incinerating the remaining compounds. Odors emanating from the 
spray drier may be controlled by scrubbing with an acid solution. 

5.1 5.2 Detergent Manufacturel 

The manufacture of detergents generally begins with the sulfuration by sulfuric acid of a fatty alcohol or Unear 
alkylate. The sulfurated compound is then neutralized with caustic solntion (NaOH), and various dyes, perfumes, 
and other compounds are added.2,3 The resulting paste or slurry is then sprwed under pressure into a vertical 
drying tower where it is dried with a stream of hot alr(400° to S00°F or 204 to 260°C). The dried detergent is 
then cooled ind packaged. The main source of particulate emissions is the spray-drying tower. Odors may also be 

· emitted frQm the spray-drying operation and from storage and mixing tanks. Particulate emissions from 
spray·deying operations are shown in Table 5.15·1. 
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Table 5.16-1. PARnCULATE EMISSION FACTORS FOR 
SPRAY-DRYING DETERGENTS• 
EMISSION FACTOR RATING: B 

Particulate emissions. 
Overall lb/ton of kg/MTof 

Control device efficiency, % product product 

Uncontrolled - 90 46 
Cyclonab 86 14 7 
Cyclone followed by: 

Spray chamber 92 7 3.5 
Pecked scrubber 95 5 2.6 

. Venturi IICrubber 97 3 1.6 

8a.ed on enalyais of date In Heferences 2 through 6. 
bsome type of primary collector, 1uch • a cyclone, 11 considered an 

lntegrel pen of the sprayodrylng IYI't8m. 
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) 5.16 SODIUM CARBONATE (Soda Ash) 

5.16.1 Process Description! 

Soda ash is manufactured by three processes: (1) the natural or Lake Brine process, (2) the Solvay process 
(ammonia-soda), and (3) the electrolytic soda-ash process. Because the Solvay process accounts for over 80 
percent of the total production of soda ash, it will be the only one discussed in this section. 

In the Solvay process, the basic raw materials are ammonia, coke, limestone (calcium carbonate), and salt 
(sodium chloride). The salt, usually in the unpurified form of a brine, is first purified in a series of absorbers by 
precipitation of the heavy metal ions with ammonia and carbon dioxide. In this process sodium bicarbonate is 
formed. This bicarbonate coke is heated in a rotary kiln, and the resultant soda ash is cooled and conveyed to 
storage. 

5.16.2 Em~ions 

The major source of emissions from the manufacture of soda ash is the release of ammonia. Small amounts of 
ammonia are emitted in the gases vented from the brine purification system. Intermittent losses of ammonia can 
also occur during the .unloading of tank trucks into storage tanks. The major sources of dust emissions include 
rotary dryers, dry solids handling, and processing of lime. Dust emissions of fme soda ash also occur from 
conveyor tranSfer points and air classification systems, as well as during tank·car loading and packaging. Emission 
factors are summarized in Table 5.16·1. · 
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Table 5.16-1. EMISSION FACTORS FOR SODA·ASH 
PLANTS WITHOUT CONTROLS 
EMISSION FACTOR RATING: 0 

PartiCulates Ammonia 
Type of source lb/ton kg/MT lblton 

Ammonia recoverya,b - -
Conveyint. transferring, 6 3 

loading, etc.c 

•Reference 2. 
bRepresents ammonia loss following the recovery 5Vstem. 
ceased on data in References 3 through 5. 
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) 5.17 SULFURIC ACID Revised by WiHiam Vatavuk 
arid Donald Carey 

5.17.1 Process Description . ' 

All sulfuric acid is made by either the lead chamber or the contact process. Because the contact process 
accounts for more than 97 percent of the total sulfuric acid production in the United States, it is the only process 
discussed in this section. Contact plants ate generally classified according to the raw materials charged to them: 
(1) elemental sulfur burning; (2) spent acid and hydr6gen sulfide burning, and (3) sulfide ores and smelter gas 
b\lrning plants. The relative contributions from each type of plant to the total acid production are 68, 18.5, and 
13.5 percent, respectively. · 

All contact processes incorporate three basic operations, each of which corresponds to a distinct chemical 
reaction. First, the sulfur in the feedstock is burned to sulfur dioxide: 

s + 02 ·-+- 802 .. 
Sulfur Oxygen Sulfur (1) 

dioXide 

Then, the sulfur dioxide is catalytically oxidized to sulfur trioxide: 

28~ + 02 _... 2803. 
Sulfur Oxygen Sulfur (2) 
dioxide trioxide 

Finally, the sulfur trioXide is absorbed in a strong, aqueous solution of sulfuric acid: 

S03 + H20 _.,. H2S04. 
Sulfut Water Sulfuric 
trioxide acid (3) 

· 5.17.1.1 Elemental Sulfur-Burning Plants1•2 • ElemenW, sulfur, such as Frasch·process sulfur from oil refineries, 
is melted,· settled, or rdtered to remove ash and is fed into a combustion chamber; The sulfur is burned in clean 
air that has been dried by scrubbing with 93 to 99 percent sulfuric acid. The gases from the combustion chamber 
are cooled ap.d then enter the solid catalyst (vanadium· pentox.ide) converter. Usu~y, 95 to 98 percent of the 
sulfur dioxide from the combustion chamber is converted . to sulfur trioxide, with an acc;ompanying large 
evolution of beat. After behig cooled, the converter exit gas enters an absorption tower where the sulfur trioxide 
is absorbed with 98 to 99 percent sulfuric acid. The sulfur trioxide combines with the water in the acid and forms 

. more sulfuric acid. · ' 

If oleum, a solution of uncombined S03 in H2so4, is produced, S03 from the converter is first passed to an 
oleum tower that is fed with.98 percent acid front the absorption system. The gases from the oleum tower are 
then pumped to the absorption column where the residual sulfur trioxide is removed. 

A schematic diagram of a oontact process sulfuric acid plant that bums elemental sulfur is shown in Figure 
5.17-1. 
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5.17.1.2 Spent Acid and Hydrogen Sulfide Burning Plants1,2 . Two types of plarit~ are used to process this type 
of sulfuric acid. In one the sulfur dioxide and other combustion products from the combustion of spent acid 
and/or hydrogen sulfide with undried atmospheric air are passed through gas-cleaning and mist-removal 
equipment. The gas stream next passes through a drying tower. A blower draws the gas from the drying tower and 
discharges the sulfur dioxide gas to the sulfur trioxide converter. A schematic diagram of a contact-process 
sulfuric acid plant that bums spent acid is shown in Figure 5.17-2. 

In a "wet-gas plant," the wet gases from the combustion chamber are charged directly to the converter with no 
intermediate treatment. The . gas from the converter flows to the absorber, through which 93 to 98 percent 

. sulfuric acid is circulating.. · 

5.17 .1.3 Sulfide Ores and Smelter Gas Plants • The configuration of this tYpe of plant is essentially the· same as 
that of a spent-'acid plant (Figure 5.17-2) with the primary exception that a roaster is used in place of the 
combustion furnace. · · · · . . 

The feed used in these plants is smelter gas, available from such equipment as copper converters, reverberatory 
furnaces, roasters, and flash smelters. The sulfur dioxide in the gas is contaminated with dust, acid mist, and 
gaseous impurities. To remove the impurities the gases must be cooled to essentially atmospheric temperature and 
passed tluough purification equipment coilsisting of cyclone dust collectors, electrostatic dust and mist 
precipitators, and scrubbing and gas-cooling towers. After the gases are cleaned and the excess water vapor is 
removed, they are scrubbed with 98 percent acid hi a drying tower. Beginning with the drying tower stage, these 
plants are nearly identical to the elemental sulfur plants shown in Figure 5.17-L 

5.17.2 Emissions and Controls 

5.17.2.1 SUlfur Dioxide1·3 ·Nearly all sulfur dioxide emjssions from sulfuric acid plants are found in the eXit 
gases. ExtenSive testing has $hown that the mass of these so2 emissions is an inverse function of the sulfur 
conversion efficiency (S02 oxidized t~ S03). This conversion is, in tum, affected by the number of stages in the 
catalytic converter, the amount' of catalyst used, the temperature and pressure, and the concentrations of the 
reactants, sulfur dioxide and oxygen. For example, if the inlet S02 concentration to the converter were 8 percent 
by·vOlume (a representative value), and the conversion·temperature were 473°C, the conversion efficiency would 
be 96 percent .. At this conversion, the uncontrolled· emission factor for S02 would be SS pounds per ton (27 .S 
kg/M'f). of 1 00 percent sulfuric acid produced, as shown in Table S .17 -1. For purposes of comparison, note that 
the Environmental Protection Agency performance standard3 for nevtand modified plants is 4 pounds per ton 
(2kg I MT) of 100 percent acid produced, maximum 2-houraverage. As Table 5.17-1 and Figlire 5.17·3 indicate, 
achieving this standard requires a conversion efficiency of 99.7 percent in an uncontrolled plant or the equivalent 
S02 collection mechanism m a controlled facility. Most single absorption plantS have S02conversiori efficiencies 
ranging from 95 tci 98 percent. 

In addition to exit ga~s. small quantities of sulfur oxides are emittedfrom storage tank vents and tank car and 
tank truck vents during loading operatioiis; from sulfuric acid conccrotrators; IU!.d through leaks in process 
equipment. Few data are available on emissions from these sources. · · 

Of the many chemical and physical means· for removing S02 from gas streams, only the dual absorption and 
the sodium sulfite-bisulfite scrubbing processes have been fot1nd to increase acid production without yielding 
unwanted by-products. . · 
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Table 6.17·1, EMISSION FAQTORS FOR SULFURIC 
ACID PLANTS• 

EMISSION FACTOR RATING: A 

Conversion of S02 
toS03,% 

93 96 48.0 
94 '82 41.0 
.96 70 36.0 
96 55 27.6 
97 40 20.6 
98 27 13.0 
99 14 7.0 
99.6 7 3.6 
99.7 4 2.0 

100 0 0.0 

8Reference 1. 
brha following linear interpolation formula can be used for 

calculating emission factors for conversion efficiencies between 93 
and 100 percent: imisslon factor (lb/ton acid) •-13.85 (percent 
conversion efficiency) + 1366. 

) . In the dual absorj;Jtion process, the S03 gas fonned in the primary converter stages is sent to a primary 
absorption tower where H2S04 is formed. The remaining unconverted sulfur dioxide is forwarded to the .final 
stage& in· the converter, from whence it is sent to the secondary absorber for final sulfur trioxide removal. The 
result is the conversion of a milch higher fraction of 802 to sas (a conversion of99.7 percent or higher, on the 
average, which meets the performance standard). Furthermore, dual absorption permits higher converter inlet 
sulfur dioxide concentrations than are used in single absorption plants because the secondary conversion stages 
effectively remove any residual sulfur dioxide from the primary absorber. 

·Where dUal abiorption reduces sulfur dioxide emissions by increasing the overall conversion efficiency, the 
sodium sulfite-bisulfite scrubbing process removes sulfur dioxide directly from the absorber exit gases.ln.one 
version of ~ process, the sulfur dioxide in the waste gai Is absorbed in a sodium sulfite solution, separated, and 
recycled to the plant. Test results from a 750 ton (680 MT) per .. day plant equipped with a sulfite scrubbing 
:system indicated an average emission fa:ctor of 2.7 pounds per ton (1.35 kg/MT}. 

15.17.2.2 .Acid Mist1·3 -Nearly all the acid mist emitted from sulfuric acid manufacturing can be traced to ·the 
absorber exit gases. Acid mist is created when sulfur trioxide combines with water vapor at a temperature below 
the dew point of sulfur trioxide. Once formed within the process system,. this nUst Is so stable that only a itnall 
quantity can be removed in the absorber. 

In ·general, the quantity and particle size distribution of acid· mist are dependent on the type of sulfur 
feedstock used. the strength of.acid produced, and the conditlona in the absorber. Because it contains virtuall)~ no 
water vapor, brisht elemental sulfur produces little a:cid mist when burned; however, the hydrocarbon bnpurities 

.. in other feedstocks. - dark. sulfur, spent acid, and hydrogen sulfide - oxidize to water vapor during combustion. · 
The water vapor ,in tum, combines with sulfur trioxide as the gu cools in the system. 
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ma.ss 502 emissions at various ir:'let 502 concentrations by volume. 
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The strength of.aeid produced-whether olewn or 99 percent SUlfuric acid.;..also affects mist emissions. Oleum 
plants produce greater quantities of fmer, more stable mist.. For example, uncontrolled mist emissions from 
oleum plants burning spent acid range from 0.1 to 10.0 pounds per ton (O.OS to 5.0 kg/MT), wh.Ue those from 98 
percent acid plants burning elemental sulfur range from 0.4 to 4.0 pounds per ton (0.2 to 2.0 kg/MT). 
Furthermore, 85 to 95 Weight percent of the mist particles from oleum plants are le~~S than 2 microns in diam· 
eter, compared with only 30 weight percent that are less than 2 microns in.diameterfrom 98 percent acid plants. 

The operating temperature of the absorption column directly affects sulfur trioxide absorption and, 
accordingly, the quality of acid mist formed after exit gases leave the stack. The optimum absorbet operating 
temperature is dependent on the strensth of the acid produced, throughput rates, inlet sulfur trioxide 
concentrations, and other variables peculiar to each individual plant. Finally, it should be emphasized that the 
percentage conversion of sulfur dioxide to- sulfur trioxide has no dilect effect on ... cid mist emissions. In Table 
5.17·2 uncontrolled acid mist emJssions are presented for various sulfuric acid plants. 

Two basic types of devices, electrostatic precipitators and fiber mist elimhtators, effectively reduce the acid 
mist concentration from contact plants to less than the EPA new-source performance standard, which is 0.15 
pound per ton (0.07 5 kg,IMT) of acid. Precipitators, if properly inaintained, are effective in collecting the mist 
particles at efficiencies up to 99 percent (see Table 5.17·3). 

The three most commonly used fiber mist eliminators are the vertical tube, vertical panel, and horizontal 
dual-pad types. They differ from one another in the arrangement of the fiber elements, which are composed of 
either chenlically resistant glass or fluorocarbon, and in the means employed to collect the trapped liquid. The 
operating characteristics of these three types are compared with electrostatic precipitators in Table 5.17·3. 
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Table 5.17·2. ACID MIST EMISSION FACTORS FOR SULFURIC 
ACID PLANTS WITHOUT CONTROLS• 

EMISSION FACTOR RATING: B 

Oleum produced, Emissionsb 
Raw material %total. output lb/.ton acid kg/MT acid 

Recovered sulfur Oto43 0.35 to 0.8 0.175 to 0.4 
Bright virgin sulfur 0 1.7 0.85 
Dark virgin sulfur - 33 to 100 0.32to 6.3 0.16 to 3.15 
Sulfide ores Oto 25 1.2 to 7.4 0.6 tO 3.7 
Spent acid Oto 77 2.2 to 2.7 1.1 to 1.35 

1Reference 1. 
bemissions are proportional to the percentage of oleum in thl;' total product. Usa 

the low end of ranges for low oleum percentage and high end of ranges for high 
oleum percentage. 
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Table 5.17·3. EMISSION COMPARISON AN[) COLLECTION EFFICIENCY OF TYPICAL 
ELECTROSTATIC PRECIPITATOR AND FIBER MIST EUMINATORs-

Panicle size Acid mist emissions 
!collection efficiency, %. 98% acid plantsb oleum plants 

Control device >3f.l.m <lf.l.m . lb/ton kg/MT lb/ton ·kg/MT 

Electrostatic 99 100 
precipitator 

0.10 0.06 0.12 0.06 

Fiber mist eliminato 
Tubular 100 95 to 99 0.02 0.01 0.02 0.01 
Panel 100 90to98 0.10 0.05 0.10 0.06 
.Dual pad 100 93 to99 0.11 0.055 0.11 0;056 

8 Reference 2. 
baaaed on manufaCturers' generally expected results; calculated for 8 percent sulfurdloxlde 
concentration in gas converter. 

References for Section 5.17 

l. Atmospheric Emissions from Sulfuric Acid Manufacturing Pr9cesses. U.S. DREW, PHS, National Air 
Pollution Control Administration. Washington, D.C. Publication Number 999·AP·13. 1966. 

2. Unpublished report on control of air pollution from sulfuric acid plants. Environmental Protection Agency. 
Research·Trtangle Park, N.C. August 1971. 

3. Standards of Performance for New Stationary Sources. Environmental Protection Agency. Washington, D.C. 
Federal Register. 56(247): December 23, 1971. 
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5.18 SULFUR By William Vatavuk 

· 5.18.1 Process Description 

Nearly all of the elemental sulfur produced from hydrogen sulfide is made by the modified Claus process. 
The process (Figure 5.18-1) consists of the multi-stage oxidation of hydrogen sulfide acCording to the following 
reaction: 

~ _ __., 2S + 2H20 
Oxygen Sulfur Water 

' 

In the first step, approximately one-third of the hydrogen sulfide is reacted with air in a pressurized boner ( 1.0 
to 1.5 atmosphere) where most of the heat of reaction and some ofthe sulfur are removed. After removal of the 
water vapor and sulfur, the cooled gases are heated to between 400 and 500°F, and passed over a .. Claus" catalyst 
bed composed. of bauxite· or alumina, where the reaction is completed. The degree of reaction conpletion is a 
function of the number of catalytic stages employed. Two stages can recover 92 to 95 percent of the potential 
sulfur; ~ee stages, 95 to 96 percent; and four stages, 96 to 97 percent. The conversion to sulfur is ultimately 
limited bY the reverse reaction in which water vapor recombines with sulfur to form gaseous hydrogen sulfide and 
sulfur dioxide. Additional amounts of sulfur are lost as vapor, entrained mist, or droplets and as carbonyl sulfide 
and carbon disulfide (0.25 to 2.5 percent of the sulfur fed); The ·latter two compounds are formed in the 

. pressurized boller at high temperature(1500 to 2500°F) in the presence of catbon compounds. . . 

The plant tail gas, containing the above impurities in volume quantities of 1 to 3 percent, usUally passes to ail 
incinerator, where all of the sulfur is oxidized to sulfur dioxide at temperatures ranging from 1000 to 1200°F. 
The tail gas containing the sulfur dioxide then. passElS to the atmosphere via a stack. 

5.18. 2 Emissions and ControJsl ,2 

Virtually all o( the emissions from sulfur plants Consist of sulfur dioxide, the main incineration product: The 
quantity of sulfur dioxide emitted is, in tum, a function of the number of conversion stages employed, the 

· process temperature and pressure, and the amounts of carbon cbmpounds present in the pressurized boner. 

The most commonly used control method involves two main steps - conversion of sulfur dioxide to hydrogen 
sulfide followed by the conversion of hydrogen sulfide to elemental sulfur. Conversion of sulfur dioxide to 
hydrogen sulfide occurs via catalytic hydrogenation or. hydrolysis at temperatures from 600 to 700°F. The 
products are cooled to remove the water vapor . and then reacted with a sodium carbonate solution to yield 
sodium hydrosulfide. The hydrosulfide is oxidized to sulfur in solution by sodium vanadate. Finely divided sulfur 
appears as a froth that is skimmed off, washed, dried by centrifugation, and added to the plant product. Overall 
recovery of sulfur. approaches ·100 percent if this process is employed. Table 5.18·1 lists emissions from 
controlled and uncontrolled S1Jlfur plants. · 
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Figure 5.18-1. Basic flow diagram of modified Claus process with two.converter stages 
used in manufacturing sulfur. 

Table 5.18-1. EMISSION FACTORS FOR MODIFfED~CLAUS 
SULFUR PLANTS EMISSION FACTOR RATING: D 

802 emissions& 
Number of Recovery of lb/ton kg/MJ 

catalytic stages of sulfur,% 100% sulfur 10006 sulfur 

Two, uncontrolled 92 to 95 211 to 348 106 to 162 
Three, uncontrolled 95 to 96 167 to 211 84 to 106 
Four, uncontrolled 96 to 97 124 to 167 62 to 84 
Sulfur removal process 99.9 4.0 2.0 

'The range in emission facto.._ corresponds to the range in the percentage recovery of 
sulfur. 

References for SeCtion 5.18 

1. Beavan, David K. Abating Sulfur Plant Tan Gases. Pollution Engineering. 4(1):34-35, January 1972. 

2. Kirk.otluner Encyclopedia of Chemical Teclmology, Vol. 19. New York, John Wiley and Sons, Inc. 1969. 
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"--) 5.19 SYNTHETIC FmERS 

) 

5.19.1 Process Description! 

Synthetic fibers are classified into two major categories, semi-synthetic and "true" synthetic. Semi-synthetics, 
such as viscose rayon and acetate fibers, result when natural polymeric materials such as cellulose are brought into 
a dissolved or dispersed state and then spWl into fme fdaments. True synthetic polymers, such as Nylon, * Orlan, 
and Dacron, result from addition and other polymerization reactions that form long chain molecules. 

True synthetic fibers begin with the preparation of extremely long. chain-like molecules• The polymer is spun 
in one of four ways:2 (1) melt spinning, in which molten polymer is pumped through spinneret jets, the polymer 
solidifying as it strikes the cool air; (2) dry spinning, in which the polymer is dissolved in a suitable organic 
solvent, and the resulting solution is forced thtough spinnerets; (3) wet spinning, in which the solution is 
coagulated in a chemical as it emerges from the spinneret; and ( 4) core spinning, the newest method, in which a 
continuous ftlament yam together with short-length "hard" fibers is introduced onto a spinning frame in such a 
way as to form a composite yam. - --

. 5.19.2 Emissions and Controls1 

In the manufacture of viscose rayon, carbon disulfide and hydrogen sulfide are the major gaseous emissions. 
Air pollution controls are not normally used to reduce these emissions, but adsorption in activated carbon at an 
efficiency of 80 to 95 percent, with subsequent recovery of the CS2 can be accoinplished.3 Emissions of gaseous 
hydrocarbons may also occur from the drying of the finished fiber. Table 5.19-1 presents ~ission factors for 
semi-synthetic and true synthetic fibers. · · · 

Table 5.19-1. EMISSION FACTORS FOR SYNTHETIC FIBERS MANUFACTURING 
EMISSION FACTOR RATING: E 

Carbon Hydrogen 
Hydrocarbons disulfide sulfide 

· Type of fiber lb/ton kg/MT lb/ton kg/MT lb/ton kg/MT 

Semi-synthetic 
ViSCOS(! rayona,b - - 55 27.5 

True synthetioc 
Nylon 7 3.5 - -
Dacron - - - -

8Reference 4. 
~ay be reduced by 80 to 95 percent edsoi'ption in activated charcoel.3 
cReference 5. 

6 3 

- -
- -

Oil vapor 
or mist 

lb/ton kg/MT 

- -
15 7.5 
7 3.5 

iliMention of company or product names does not constitute endorse}llent by the Enviro~ental Protection 
Agency. 
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5.20 SYNTHETIC RUBBER 

·. 5.20.1 Process Descriptionl 
' ' 

Copolymers of butadiene and styrene, commonly known as SBR. account for more than 70 percent of all 
synthetic rubber produced in the United States. In a typical SBR manufacturing pl'Qcess, the monomers of 
butadiene and styrene are mixed with iu:lditives such as soaps and mercaptans. The mixture is polymerized to a 
conversion point of approxhnately 60 percent. After being mixed with various ingredients such as oil and carbon 
~. the latex product is coagulated and precipitated from the latex emulsion. The rubber particles are then 
dried and baled. 

5.20.2 Emissions and ControJsl 

Emissions from the synthetic rubber manufaCturing process consist of organic compounds (largely the 
monomers used) emitted from the reactor and blow·down tanks, and particulate matter and odors from the 
dryiiJg operations •. 

. Drying operations are freqUently controlled with fabric filter systems to recover any particulate emissions, 
Which represent a product loss. Potential gaseous emissions are largely controlled by recycling the gas stream back 
to the process. Emission factors from synthetic rubber plants are summarized in Table 5.20.1. 

Table 5.20.1. EMISSION FACTORS FOR 
SYNTHETIC RUBBER PLANTS: BUTADIENE· 

ACRYLONITRILE AND BUTADIENE-STYRENE 
EMISSION FACTOR RATING: E · 

Emlssionsll•b 
Compound lb/ton kg/MT 

Alkanes 
Butadiene ·40 20 
Methyl propene . 16 7.5 
Butvne 3 1,6 
Pentadiene 1 0.6 

Alkanes 
Dimethylheptane 1 0.6 
Pentane 2 1 

Ethanenltrlle 1 0.6 
Carbonyls 

Acrylonitrile 17 8.6 
Acrolein 3 1,6 

-,e butadiene eml .. on 11 not contlnuou1 ariel 11 
grutut riGht lf1er e batch of pertlellv polymerized 
1etex entere the blow-clown tank. 

bFieferenc• 2 end 3. 
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References for Section 5.20 

1. Air Pollutant Emission Factors. Final Report. Resources Research lilc. Reston, Va. Prepared for National Air 
Pollution Control Administration, Durham, N.C., under Contract Number CP A·22..69·119. April 1970. 

2. The Louisville Air Pollution Study. U.S. DHEW, PHS, Division .of Air Pollution. Cincinnati, Ohio. 1961. p. 
26-27 and 124. 

3. UnpubliShed data from synthetic rubber plant. ·U.S. DHEW, PHS, EHS, National Air Pollution Control 
Administration, Division of Air Quality and Emissions Data. Durham, N.C. 1969. 
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5.21 TEREPHTHAUC ACID 

5.21.1 Process Description1,2 

The main use of terephthalic acid is to produce dimethylterephtbalate, which is used for polyester fibers {like 
Dacron) and rdrns. Terephthalic acid can be produced in various ways, one of which is the oxidation of p-xylene 
by nitric acid. In this process an oxygen-containing gas (usuaRy air), p-xylene, and HN03 are all passed into a 
reactor where oxidation by the nitric acid takes place in two steps. The fust step yields primarily N20; the second 
step yields mostly NO in the offgas. The terephthalic acid precipitated from the reactor effiuent is recovered by 
conventional crystallization, separation, and drying operations. 

5.21.2 Emissions 

The NO in the offgas from the reactor is the major air contaminant from the manufacture of terephthaJic acid. 
The amount of nitrogen oxides emitted is roughly estimated in Table 5.21·1. 

References for Section 5.21 

Table 5.21-1. NITROGEN OXIDE:$ 
EMISSION FACTORS FOR 

TEREPHTHALIC ACID PLANTS• 
EMISSION FACTOR RATING: D 

Nitrogen oxides 
(NO) 

Type of operation lb/ton kg/Ml 

Reactor 13 6.5 

8Reference 2. 

1. Air Pollut811t Emission Factors. Final Report. Resources Research, Inc. Reston, Va. Prepared for National 
Air Pollution Control Administration, Durham, N.C. under Contract Number CPA-22-69-119. Apri11970. 

2. Terephthalic Acid. In: Kirk.othmer Encyclopedia of Chemical Technology, Vol. 9. New York, John WUey 
and Sons, Inc. 1964. 
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6. FOOD AND AGRICULTURAL INDUSTRY 

.Before food and agricultural products are used by the consumer they undergo a number of processing steps, 
such as re,fmement, preservation, and product improvement, as well as storage and handling, packaging, and 
shipping. This section deals with the processing of food and agricultural products and the intermediate steps that 
present air pollution problems. Emission factors are presented for industries where data were available. The 
primary pollutant emitted from these processes is particulate matter. 

6.1 ALFALFA DEHYDRATING by TomLahre 

6.1.1 GeneraP·3 

Dehydrated alfalfa is a meal product resulting from the rapid drying of alfalfa by artifical means at 
temperatures above 212°F (HXtC). Alfalfa meal is used in chicken rations, cattle feed, hog rations, sheep feed, 
turkey mash, and other formula feeds. It is important for its protein content, growth and reproductive factors, 
pigmenting xanthophylls, and vitamin contributions. 

A schematic of a generalized alfalfa dehydrator plant is given in Figure 6.1·1. Standirtg alfalfa is mowed and 
chopped in the field and transported by truck to a dehydrating plant, which is usually located within 10 miles of 
the field. The truck dumps the chopped alfalfa (wet chops) onto a self-feeder, which carries it into a direct-fired, 
rotary drum. Within the drum, the wet chops are dried from an initial moisture content of about 60 to 80 percent 
(by weight) to about 8 to 16 percent. Typical combustion gas temperatures within the oil- or gas·fued drums 
range from 1800 to 2000°F (980 to l092°C) at the inlet to 250 to 300°F (120 to 150°C) at the outlet. 

From the drying drum, the dry chops are pneumatically conveyed into-a primary cyclone that separates them 
from the high-moisture, high-temperature exhaust stream. From the primary cyclone, the chops are fed into a 
hanunermill, which grinds the dry chops into a meal. The meal is pneumaticaBy conveyed from the hammermill 
into a meal collector cyclone in which the meal is separated from the airstream and discharged into a holding bin. 
Meal is then fed into a pellet mill where it is steam conditioned and extruded into pellets. 

From the pellet mill, the pellets are either pneumatically or mechanically conveyed to a cooler, through which 
air is drawn to cool the pellets and, in some cases, remove fines. Fines removal is more commonly effected in 
shaker screens following or ahead of the cooler, with the· fines being conveyed back into the meal collector 
cyclone, meal bin, or pellet mill. Cyclone separators may be employed to separate entrained fines in tlw cooler 
exhaust and to collect pellets when the pellets are pnetUJtaticaDy conveyed from the pellet mill to the cooler. 

- -

Following cooling and screening, the pellets are transferred to bulk storage. Dehydrated alfalfa is most often 
stored and shipped in pellet form; however, in some Plstances, the pellets may be ground in a hanunermill and 
shipped in meal form.· When the fmished pellets or ground pellets are pneumatically transferred to storage or 
loadout, additional cyclones may be employecJ for product airstream separation at these locations. 

6.1.2 Emissions and Controls 1"3 

Particulate_ matter is the primary pollutant of concern from ~alfa dehydrating plants although some odors 
arise- from the organic volatiles driven off during drying. Although the major source is the primary cooling 
cyclone, lesser sources include the downstream cyclone separators and the bagging and loading operations. 
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Emission factors for the various cyclone separators utilized in alfalfa dehydrating plants are given in Table 
6.1·1. Note that, although these sources are common to many plants, there will be considerable variatiOn from 
the generalized flow diagram in Figure 6.1·1 depending on the desired nature of the product, the physical layout . ) 
of the plant, and the modifications made for air pollution control. Common variations include ducting the 
exhaust gas stream from one or more of the downstream cyclones back through the primary cyclone and ducting 
a portion of the primary cyclone exhaust back into the furnace: Another modlfieation involves ducting a part of 
the meal collector cyclone exhaust back into the hammennill, with the remainder ducted to the primary cyclone 
or discharged directly to the atmosphere. Also, additional cyclones may be employed if the pellets 8.re 
pnewnatically rather than mechanically conveyed from the pellet mill to the cooler or if.the fmished pellets or 
ground pellets are pneumatically conveyed to storage or loadout. 

Table 6.1·1. PARTICULATE EMISSION FACTORS FOR ALFALFA DEHYDRATING PLANTS 
EMISSION FACTOR RATING: PRIMARY CYCLONES: A 

SOurces8 

Primary cyclone . 
Meal collector cycloned 
Pellet collector cyclonee 
Pellet cooler cyclone f 
Pellet regrind .cvcloneg 
Storage bin cycloneh 

ALL OTHER SOURCES: C 

lb/ton of productb 

1QC 

2.6 
Not available 

3 
8 

Neg. 

Emissions 

kg/MT of productb 

sc 
1.3 

Not available 
1.5 
4 

Neg. 

liThe cyclones used for product/airstream separation are the air pollution sources in alfalfa dehydrating plants. 
All factors are based on References 1 and 2. · · 

bProduct consists of meal or pallets. These factof1 can be applied to the quantity of incoming wet chops by 
dividing by a factor of four. · 

Ofhis average factor may be used even when other cyclone exhaust streams ilre ducted back into the primary 
cyclone. Emissions from primarv c:yclones may ninge frorn 3 to 35 lb/ton I 1 .5 to 17.5 kg/MT) of product 
and are more a function of the operating procedures and proceSs modifications mada for air pollution control 
than whether other c:yclone exhausts are ducted back tbrough the primary cyclone. Use 3 to 15 lbiton 11.5 to 
7.5 kg/MT) for plants employing good operating procedures and process modificetlons for air pollution contl'ol. 
Use higher values for older, unmodified, or less well run plants. . 

dntis cyclone il also called the air meal separator or hammennlll cyclone. When the meal collector exhaust is 
ducted back to the primary cyclone and/or the hammermill, this cyclone is ·no longer a sou rca. 

Bfhis cyclone will only be present if the pellets are pneumatically transferred from the pellet min to the pellet 
cooler. 

fThis ~clone Is also celled the pellet meal air separator or pellet miiiC\'Cione • .When th~ pellet cooler cyclone 
· exhaust is ducted back IntO the primary cyclone, It is no longer a source. 

11Th is c:yclone Is also called the pellet regrind air separator. Regrind operations are more commonly found at 
. terminal storage facilities than at dehydrating plants. 

hSmall cyclone t:ollectcirs may. be used to collect the finished pellets when thev are pneumatlcaliy transferred 
to storage . 

. Air pollution control (and product recovery) is accomplished in alfalfa dehydrating plants in a variety of ways. 
A simple, yet effective technique is the proper maintenance and operation of the alfalfa dehydrating equipment. 
Particulate emissions can be reduced significantly if the feeder discharge rates are unifonn, if the dryer furnace is 
operated properly, if proper airflows are employed in the cy_clone collectors, and if the hammermill is well 
maintained an,d not overloaded. It is especially important in this regard not to overdry and possibly bum the 
chops as this results in the generation of smoke and ins:reased fmes in the grinding and pelletizing operations .. 
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Equipment modification· provides another means of particulate control.. Existing cyclones can be replaced with. 
more efficient cyclones and concOmitant air: flow systems. In addition, the furnace and burners can be modified · ·) 
or replaced to minimize· flame .impingement on the incoming green chops. In plants where. the hammermill is a 
production bottleneck, a tendency exists to overdry the chops to increase throughput, which results'in increased 
emissions. Adequate hammennm capacity can reduce this practice. 

Secondary control devices can be employed on the cyclone collector exhaust streams. Generally, this practice 
has been lim:ited to the installation of secondary cyclones or fabric filters on the meal collector, pellet cOllector, 
or pellet cooler cyclones. Some measure of secondary control can also be effected on these cyclones by ducting 
their exhaust streams back into the primary cyclone. Primary cyclones are not ooritrolled by fabric fllters because 
of the high moisture content in the resulting e~aust stream. Medium energy wet scrubbers are effective in 
reducing particulate emissions from the primary cyclones, but have only been installed at a few plants. 

' ' 

Some plants employ cyclone effluent recycle systems for particulate. control. One system skims off the 
particulate-laden portion of the primary cyclone exhaust and returns it to the furnace for incineration. Another 
system recycles a large portion of the meal collector cyclone exhaust back to the hammennm. Both systems can 
be effective in controlling particulates but may result in operating problems, such as condensation in the recycle 
lines and plugging or overheating of the hammermill. 

References for Section 6.1 

1. Source information supplied by Ken Smith of the American Dehydrators Association, Mission, Kan. 
December 1975. 

2. Gorman, P.G. et al. Emission .Factor Development for the Feed and Grain Industry. Midwest Research 
Institute. Kansas City, Mo. Prepared for Environmental Protection.Agency, Research Triangle Park, N.C. 
under Contract No. 68-02-1324. Publication No. EPA450/3-75-054. October 1974. 

3. Smith, K.D~ Particulate Emissions from Alfalfa Dehydrating Plants · Control Costs and' Effectiveness. Finat 
Report. American Dehydrators Association. Mission, Kan. Prepared for Environmental Protection Agency, 
Research Triangle Parle, N.C. Grant No. R801446. Publication No. 650/2-74-007. January 1974. · 
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) 6.2 COFFEE ROASTING 

6.2.1 Process Descriptionl,2 

Coffee, which is imported in the fonn of green beans, must be cleaned, blended, roasted, and paCkaged befOll) 
being sold. In a typical caffee roasting operation, the green coffee beans are freed of dust and chaff by droppq 
the beans into a current of air. The cleaned beans are then sent to a batch or continuous roaster. During the 

· roasting, moisture is driven off, the beans .swell, and chemical changes take place that give the roasted beans their 
typical color and aroma. When the beans have reached a certain color, they are quenched, cooled, and stoned. 

6.Z.2 Emissions I ,2 

Dust, chaff, coffee bean oils (as mists), smoke, and odors are the principal air contaminants emitted from 
coffee processing. The major source of particulate emissions and practically the only source of aldehydes, 
nitrogen oxides, and organic acids is the roasting process. In a direct-fired roaster, gases are vented without 
recirculation through the flame. In the indirect-fired roaster, however, a portion of the roaster gases are 
recirculatec). and particulate emissions are reduced. Emissions of both smoke and odors from the roasters can be 
almost completely removed by a properly designed afte:'!:lurner.l,2 

PartiCulate emissions also occur from the stoner and cooler. In the stoner, contaminating materials heavier 
than the r~asted beans are separated from the beans by an air stream. In the cooler, quenching the hot roasted 
beans with water causes emissions of large quantities of steam and some particulate matter.3 Table 6.2-1 
summarizes emissions from the various operations involved in coffee processing. 

Table 6.2-1. EMISSION FACTORS FOR ROASTING PROCESSES WITHOUT CONTROLS 
EMISSION FACTOR RATING: B 

Pollutant 
Particulates" . NO.x_b Aldehydesb Organic acidsb 

Type of process . ltJtton kg/Ml Ill/ton k9/MI ID/ton kg/Ml lb/ton kQ/MI 

Roaster 
Direct-fired 7.6 3.8 0.1 0.06 0.2 0.1 0.9 0.45 
lndi.rect-fired 4.2 2.1 . 0.1 0.06 0.2 0.1 0.9 0.45. 

Stoner and·coolerC 1.4 0;7 - - - - - -
Instant coffee spray dryer 1.4d 0.7d - - - - - -
8 Aeference 3. 
bFieference 1. . 
Clf cyclone is used, emission• can be reduced by 70 percent. 
dCVclone plus wet acrubber always used, representing e controlled facmr. 
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References for Section 6.2 

t Polglase, W.L., H.F. Dey, and R.T. Walsh. Coffee Processing. In: Air Pollution Engineering Manual. ) 
Danielson, J.A. (ed.). U.S. DHEW, PHS, National Center for Air Pollution Control. Cincinnati, Ohio. 
Publication Number 999-AP-40. 1967. p. 746-749. 

2. Duprey, R.L. Compilation of Air Pollutant Emission Factors. U.S. DHEW, PHS, National Center for Air 
Pollution Control. Durham, N.C. PHS Publication Number 999-AP-42. 1968. p. 19-20. 

3. Partee; F. Air Pollution in the Coffee Roasting Industry. Revised Ed. U.S. DHEW, PHS, Division of Air 
Pollution. Cincinnati, Ohio. Publication Number 999-AP-9. 1966. 
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6.3 CO'ITON GINNING 

6.3.1 GeneraJl 

The primary function of a cotton gin is to take raw seed cotton and separate the seed and the lint. A large 
amount of trash is found in the seed cotton, and it must also be removed. The problem of collecting and 
disposing of gin trash is two-fold. The fust problem consists of collecting the coarse, heavier trash such as burrs, 
sticks, st.ems, leaves, sand, and dirt. The second problem consists of coflecting the finer dust, small leaf particles, 
and fly lint that ate discharged from the lint after the fibers are remo\red from the seed. From 1 ton (0.907 MT) 
of seed cotton, approximately one SOO.pound (226-kilogram) bale of cotton can be made. 

6.3. 2 Emissions and Controls 

The major .sources of particulates from cotton ginning include the unloading fan, the cleaner, and the stick and 
burr machine. From the cleaner and stick and burr machine; a large percentage of the particles settle out in the 
plant, and an attempt has been made in Table 6.3-1 to present emission factors that take this into. consideration. 
Where cyclone collectors are used, emissions have been reported to be about 90percent less.l . 

Table 6.3-1. EMISSION FACTORS FOR COTTON GINNING OPERATIONS 
WITHOUT CONTROLS8 •b 

EMISSION FACTOR RATING: C 

Estimated 
emission factor -

Estimated total (rele~ to 
particulates Particles> 100 pm atmosphere) 

Process lb/bale kg/bale . settled out, % lb/bale kg/bale 

Unloading fan 5 2.27 0 5.0 2.27 
Cleaner 1 0.45 70 0.30 0.14 
Stick and burr 3 1.36 95 0.20 0.09 

machine 
Miscellaneous 3 1.36 50 1.5 0.68 
Total 12 5.44 - 7.0 3.2 

8 Referenees 1 and 2. 
bone bale weighs 500 pounds (226 kilograms). 

References for Section 6.3 

1. Air-Borne Particulate Emissions from Cotton Ginning Operations. U.S. DHEW, PHS, Taft Sanitary 
Engineering Center. Cincinnati, Ohio. 1960. 

2. Control and Disposal of Cotton Ginning Wastes. A Symposium Sponsored by National Center for Air 
Pollution Control and Agricultural Research Service, Dallas, Texas: May 1966. 
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. 6.4 FEED AND GRAIN MILLS AND ELEVATORS 

6.4.1 Generali-s 

Grain elevators are buildings in which grains are gathered, stored, and discharged for use, further 
processing, or shipping. They are classified as "countryt"tenninal,"and "'export" elevators. according 
to their purpose and ·location. At country elev•tors, grains are unloaded, weighed, and placed in 
storage as they are received from farmers residing within about a 20.mile radius of the elevator. In 
addition, country elevators sometimes dry or clean grain before it is shipped to terminal elevators or 
processors. 

. ' 

Terminal elevators receive most of their grain from country elevators and ship to proces~rs, other 
terminals• and exporters. The primary functions of terminal elevators are to store large quantities of 
grain without deterioration and to dry, clean, sort, and blend different grades ofgrain to meet buyer 
specifications. 

Export elevators are similar to terminal elevators except that they mainly load grain on ships for 
export. 

Processing of grain in mills and feed plarits ranges from. very simple mixing steps to·complex 
industrial processes. Included are such diverse processes as: (1) simple mixing operations in feed mills, 

· (2) grain milling in flour mills, (3) solvent extracting in soybean processing plants, and (4) a complex 
series· of processing steps in a corn wet-milling plant. 

6.4.2 Emissions and Controls 

·Grain handling, milling, and processing include a variety of operations from the initial receipt of 
the grain at either a country or terminal elevator to the delivery of a finished ptoduct. Flour,livestock 
feed, soybean oil, and corn syrup are among the products produced from plants in the grain and feed 
industry. Emissions from the feed and grain industry can be separated into two general areas, those 
occurring at grain elevators and those occurring at grain processing operations. 

6.4.2;1 Grain Elevators· Grain elevator emissions can occur from many different operations in the · 
elevator including unloading (receiving), loading (shipping), drying, cleaning, headhouse (legs), 
tunnel belt, gallery belt, and belt trippers. Emission factors for these operations at terminal, country, 
and export elevators are presented in Table 6.4-1. All of these.emission factors are approximate average 
values intended to reflect a variety of grain types.. Actual emission factors for a specific source may be 
considerably different, depending on the type of grain, i.e., corn. soybeans. wheat, and other factors 
such as grain quality. 

The emission factors shown in Table 6.4·1 represent the amount of dust generated per ton of grain 
processed through each of the designated operations (i.e., uncontrolled emission factors). Amounts of 
grain processed through each of these operations in a given elevator are dependent on such factors as· 
the amount of grain turned (interbin transfer), amount dryed, and amount cleaned, etc. Because the 
amount of grain passing through each operation is often difficult to determine, it may be more useful 
to express the emission·factors in terms of the amount of grain shipped or received,. assuming these 
amounts are about the same over the long term. Emission factors from Table 6.4-1 have been modified 
acoordingly and are shown in Table 6.4-2 along with the appropriate multiplier that :Was used as repre- · 
sentative of typical ratios of. throughput at each operation to the amouitt of grain shipped or received. 
This ratio is an approximate value based on average values for turning, cleaning, and drying in each· 
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type of elevator. However, because operating practices in individual elevators are different, these 
ratios, like the basic emission factors themselves, are more valid when applied to a group of elevators 
rather than individual elevators. 

Table 6.4-1. PARTICULATE EMISSION FACTORS 
FOR UNCONTROLLED GRAIN ELEVATORS 

EMISSION FACTOR RATING: B 

Emission factora 

Type of source lb/ton kg/MT 

Terminal elevators 

Unloaded (receiving) 1.0 0.5 
Loading (shipping) 0.3 0.2 
Removal from bins (tunnel belt) 1.4 1.7 
Dryingb · 1.1 0.6 
·CieaningC 3.0 1.5 
Headhouse (legs) 1.5 0.8 
Tripper (gallery belt) 1.0 0.5 

Country elevators 

Unloading (receiving) 0.6 0.3 
Loading (shipping) 0.3 0.2 
Removgl from bins 1.0 0~5 
Drying 0.7 0.4 
CleaningC 3.0 1.5 
Headhouse (legs) ~.5 0.8 

Export elevators 

Unloading (receiving) 1.0 0.5 
Loading (shipping) 1.0 0.5 
Remo~l from bins (tunnel belt) 1.4 0.7 
Drying , 1.1 0.5 

.CieaningC 3.0 1.5 
Headhouse (legs) 1.5 0.8 
Tripper (gallery belts) 1.0 0.5 

8 Emission factors are In terms of pounds of dust emitted per ton of 
grain prCICfiSied by each operation. Most of the factors for terminal 

·and expon elevators are basad on Flaferance '1, Emission factors 
for drying are based on Fleference1 2 and 3. The emission factors 
tor country eltvatars are baac1 on Reference 1 and specific country 
elevator test data in References 4 through 9. · 

bemission factors for drying are basad on 1.8 lb/ton for reck dryers 
and 0.3 lb/ton for column dryers prorated on the basis of distribu
tion of these two types of dryers iri each alel/8tor category, as 
discusSed in Reference 3. · 

CEmlsslon factor of 3.0 for cleaning is an average value which mav 
range from <o.s for wheat up to G.O for corn. 

The factors in Tables 6.4-1 or 6.4-2 should not be added together in an attempt to obtain a single 
emissiom factor value for grain elevators because il~ most elevators some of the operations are 
equipped with control devices and eom~ are not. Tberefor.e, lUlY estimation o, emitsiona must be· 
direeted to each operation and ita associated control device. rather than the elevator as a whole, unless 
the purpose was tO est>mate total potential (i.e., uncontrolled) emiuions. An example of the use of 
emiuion facton in making an emiuion inventory is contained in Reference 3. 
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Table 6.4-2. PARTICULATE EMISSION FACTORS FOR GRAIN ELEVATORS BASED ON 
AMOUNT OF GRAIN RECEIVED OR SHIPPED8 

Emission factor, 
X 

Typical ratio of tons processeJ' Emission factor, 
Tyj)e of source lb/ton processed to tons received or shipped "" lb/ton received or shipped 

Terminal elevators 

Unloading (receiving) 1.0 1.0 1.0 
Loading (shipping) 0.3 1.0 0.3 
Removgl from bins !tunnel bel~) 1.4 2.0 2.8 
Drying 1.1 0.1 0.1 
Cleaning0 3.0 0.2 0.6 
Headhouse (legs) 1.5 3.0 4.5 
Tripper (gallery belt) 1.0 1.7 1.7 

Country elevators 

Unloading (receiving) 0.6 1.0 0.6 
Loading (shipping) 0.3 1.0 0.3 
Removal from bins 1.0 2.1 2.1 
Dryingb 0.7 0.3 0.2 
Cleaning0 3.0 0.1 0.3 
Headhouse (legs) u 3.1 4.7 

Export elevators 

Unloading (receiving) 1.0 1.0 1.0 '• 

Loading (shipping) 1.0 1.0 1.0 
Remo~l from bins (tunnel belt)· 1.4 1.2 1.7 
Drying 1.1 0.01 0.01 
CleaningC 3.0 0.2 0.6 
Headhouse (legs) 1.5 . 2.2 3.3 
Tripper (gallery belt) 1.0 1.1 1.1 

8Assume that over the long term the amount received is approximately equal to amount shipped. 

bsee Noteb in Table 6.4-1. . 

CSee Note0 in Table 6;4-1. I 

dRatios.sh~n are average value.s taken from a survey of many elevators across the U.S;3 These ratios ca~ be conside~bly different 
·for any Individual elevator or group of elevators in the same locale. 

Some of the operations listed in the table, such as the tunn~l belt and belt tripper, are internal or 
in-house dust sources which, if uncontrolled, might show lower than expected atmospheric emissions 
because of internal settling of dust. The reduction in emissions via internal settling is not known, 
although it is possible that all of this dust is evelltually emitted to the atmosphere due to· subsequent 
external operations, internal ventilation, or other means. 

Many elevators utilize control devices on at least some operations. In the past, cyclones have com· 
monly been applied to legs in the headhouse and tunnel belt hoodiQ.g.aystems. More reciently, fabric 
filters have been utilized at many elevators on almbst all types of operttions. Unfortunately, some 
sources in grain elevators present control problems. Control of loadout operations is difficult because 
of the problem of containment of the emissions. Probably the most difficult operation to control, 
because of the large flow rate and high moisture content of the exhaust gases, is the dryers. Screen· 
houses or continuously vacuumed screen systems are available for reducing dryer emissions and have 
been applied at !M'Veral facilities. Detailed descriptions of dust control systems for grain elevator oper· 
ations are contained in Reference 2. . 

6.4.2.2 Grain Processing Operations • Grain processing operations include many of the operations 
performed in a grain elevator in addition to mUling and processing of the grain. Emission factors for 
different grain milling and proeessing operations are presented in Table 6;4-3. Brief discussions of 
these different operations and the methods tised for arriving at the emission factor values shown in 
'fable 6.4-3 are presented below. . 
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Table 6..4-3. PARTICULATE EMISSION FACTORS 
FOR GRAIN PROCESSINGOPERATIONS1,2,3 

. EMISSION FACTOR RATING: D 

Emission tactora,b 
) 

(uncontrolled except where indicated) 

Type of source lb/ton kg/MT 

Feed mills 

Receiving 1.30 0.65 
Shipping 0.50 0.25 
Handling 3.00 ,;so 
Grinding 0.10C 0.05C 
Pellet coolers 0.10C 0.05C 

Wheat mills 

Receiving 1.00 0.50 
Precleaning and handling 5.00 2.50 
Cleaning house 
Millhouse 70.00 35.00 

Durum mills 

Receiving 1.00 O.sO 
Precleaning and handling 5.00 2J~O 

Cleaning house 
Millhouse 

Rye milling 

Receiving 1.00 0.50 
Precteaning and handling 5.00 2.50 
Chianing house . 
Millhouse 70.00 35.00' ) 

Dry corn milling 

Receiving 1.00 0.50. 

Drying 0.50 0.25 
Precleaning and handling 5.00 2.50 
Cleaning house 6.00 3·.00 
Degerming and milling 

Oat milling 

Total 2.50d. 1.2sd 

Rice milling 

Receiving 0.64 0.32 
Handling and precleaning 5.00 2.50 
Drying · 
Cleaning and millhouse 1,"." 

'· .'.• 

Soybean mills 

Receiving 1.60 0.80 
Handling 5.00 2.50 
Cleaning 
Dryin.g 7.20. 3.60 
Cracking and dehulling 3.30 1.65 
Hull. grinding . 2.00 1.00 
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Table 6.~ (continued). PARTICULATE EMISSION FACTORS 
FOR GRAIN PROCESSING OPERATION$1,2,3 

EMISSION FACTOR RATING: D 

Type of source 

Bean conditioning 
Flaking 
Meal dryer 
Meal cooler 
Bulk loading 

Corn wet milliog 

Receiving 
Handling 
Clecning 
Dryers 
Bulk loading 

Emission factorfl,b 
(uncontrolled except where indicated) 

lb/ton kg/MT 

0.10 0.05 
0.67 0.29 
1.50 0.75 
1.80 0.90 
0.27 0.14 

1.00 0.60 
6.00 2.60 
6.00 3.00 

1Eml•lon factors ere lxpreaed In tll'rna of pound! of dust emitted per ton of grain 
antarlng the plant (i.e., received), which It not n1C1118rily the ume as the amount 
of material proc.ad by each operation. 

balankt indicate Insufficient information. 

CControllad. &miulon factor (controlled with cvclonet). 

dcontrolled amiuion factor.(Thll repriiMntl several so!ArCII In one plant; some 
controlled with cv.clonll and others controlled with fabric filters.) 

Emiesion factor data for feed mill operatiom are sparse. This ia partly due to the fact that many 
. ingredienta, whol" grain and other dusty materials (bran, dehydrated alfalfa, etc.), are received by 
both truck and rail and several unloading methode are employed. However, because some feed mill 
operatiom (handling, ahipping, and receiVing) are similar to operationa in a grain elevator, an emia
aion factor for each of these different operations waa. estimated on that baaia. The· remaining 
operations are baaed on information in Reference 2. 

Three emiaaion areas for wheat mill proceuing operationa are grain receiving and handling, clean· 
hl& boule, and milling operations. Data from Reference 1 are used to eatimate emiaaiona facton for 
grain receiving and handling. Data for the cleaning house are inmfficient to eatimate an emiaaion 
factor, and information contained in Reference 2 ia used to eatimate the emission factor for milling 
operations. The large emiaaion factor for the milllng operation ia10mewhat mialeadi~ beeauae almoat 
all of the sources involved are equipped with control devicea to prevent product louea; fabric filten 
ate widely· used for thia purpoae. 

Operation• for durum mille and rye milling are similar to those of wheat milling. Therefore, moat 
of theae emiaaion faCtors are aaaumed equal to thoae for wheat mill operations. 

The grain unloading, handling, and cleaning operations for dry corn milling are ~Uar to thoae in 
other grain mWa, but the eubeequent operation• are somewhat different. Alao, aome drying of corn 
received at the mill may be neceuary prior to atorqe. An eatimate of the emilaion factor for dryiJis ia 
obtained from Reference 2. Inaufficient information ia available to ettimate emiuion factors for 
deaeni:lina and mUling. 

Information neceaaary to eatimate emiaaiona from oat milling ia unavailable, and no emilaioa· 
faetor for another grain ia considered applicable becauae oata are reported to be duatier than llliiDf 
.other gralna. The only emiaaio:D. factor data available are for controlled emlaaiona.• AD overall COD• 

trolled emiaaion factor of 2.5 lb/ton la calculated· from theae data. 
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Emission factors for rice milling are based on those for similar operations in other grain handling 
facilities. Insufficient information is available to estimate emission factors for drying, cleaning, and 
mill house operations. · 

Information contained in Reference 2 is Uf;ied to estimate emission factors for soybean mills. 

Emissions information on com wet-milling is unavailable in most cases due to the wide variety of 
products and the diverSity of operations. Receiving, handling, and cleaning operations emissi~n 
factors are assumed to be similar. to those for dry earn milling. 

Many of the operations performed in grab~ milling and processing plants are the same as those in 
grain elevators, so the control methods are similar. As in the case of grain elevators, these planis often 
use cyclones or fabric filters to control emissions from the grain handling operations (e.g., unloading, 
legs, cleaners, etc.). These same devices are also often used to control emissions from other processing 
operations; a good example of this is the extensive use of fabric filters in flour mills. However, there are 
also certain operations within some milling operations that are not amenable to use of these devices. 
Therefore, wet scrubbers have found some appliCation, particularly where the effluent gas stream has 
a high moisture content. Certain other operations have b~n found to be especially difficult to control, 
such as rotary dryers in wet com mills; Descriptions of the emission control systems that have been 
applied to operations within the grain milling and processing industries are contained in Reference 2. · 

This section was prepared for EPA by Midwest Research lnstitute.•0 

References for Section 6.4 

1. Gorman, P.G. Potential Dust Emission from a Grain Elevatorin Kansas City, Missouri. Prepared 
by Midwest Research Institute for Environmental ProteCtion Agency, Research Triangle Park, 
N.C. under Contract. No. 68-02-0228, Task Order No. 24. May 1974. 

2. Shannon~ L.J. et al. Emission Control in the Grain and Feed Industry, V()lume I • Engineering 
and Cost Study. Final Report. Prepared for Environmental. Protection Agency by Midwest 
Research Institute. Document No. EPA-450/3-73-003a. Research Triangle Park, N.C. December 
1973. . . 

3. Shanno~ L.J .. et al. Emission Control in the Grain and Feed Industry, Volume II· Emission 
Inventory. Final Report. Prepared by Midwest Research Institute for Environmental Protection 
Agency.- Research Triangle Par~ N.C. Report.No. EPA-450/3-73-003b. September 1974. · 

4 .. Maxwell, W.H. Stationary Source Testing of a Country Grain Elevator· a:t Overbrook, Kansas. 
Prepared by MidweSt Research Institute for Envir6nmental Protection Agency under EPA 
Contraet No. 68-02-1403. Research Triangle Park, N.C. February 1976. · 

5. Maxwell, W.H. Stationary SourCe Testing of a Country· Grain Elevator at Great Bend, Kansas. 
Prepared by Midwest Research Institute for Environmental Protection Agency under EPA 
Contract No. 68-02~1403. Research Triangle Park, N.C. April1976. 

6. Belgea:., F.J, Cyclone Emissions and Efficiency Evaluation. Report submitied to North Dakota 
State Department. of Health on tests at an elevator i:rtEdenburg, North Dakota, by Pollution 
Curbs, Inc. St. Paul, Minnesota. March 10, 1972. 

7. Trowbridge, A.L ·Particulate Emission Testing-' ERC'Report No. 4.7683. Report submitted to 
North Dakota State Department of Health on tests at an elevator in Egeland, North Dakota, by 
Environmental Research Corporation. St. Paul, Minnesota. January 16, 1976. 
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8, Belgea, F.J. Grain Handling Dust Collection Systems Evaluation for Farmers Elevator Company, 
Minot., North Dakota. Report submitted to Nort~ Dakota State Department of Health, by 
Pollution Curbs, Inc. St. Paul, Minnesota. August 28, 1972. 

9. Beige•. F.J. Cyclone Emission ant;! Efficiency Evaluation. Report submitted to North Dakota 
State Department of Health on testa at an elevator in Thompson, North Dakota. by Pollution 
Curbs. Inc. St. Patil, Minnesota. March 10. 1972. 

10. Schrag, M.P. et al. Source Test Evaluation for Feed and Grain Industry. Prepared by Midwest 
Research Institute, Kansas City, Mo., for Environmental Protection Agency, Rese&Jrch Triangle 
Park, N.C.. under Contract No. 68-02-1403, Task Order No. 28. December 1976. Publication No. 
EPA-450/3·76-043. 
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6.5 FERMENTATION 

6.5.1 Process Description1 

For the· purpose of this report only the fennentation industries associated with food will be considered. This 
includes the production of beer, whiskey, and wine. 

The manufacturing process for each of these is ~Uar. The four main brewing production stages and their 
respective sub-stages are: (1) brewhouse operations, which include (a) malting of the barley, (b) addition of 
adjuncts (com, grits, and rice) to barley mash, (c) conversion of starch in barley and adjuncts to maltose sugar by 
enzymatic processes, (d) separation of wort from grain by straining, and (e) hopping and boiling of the wort; (2) 
fermentation, which includes (a) cooling of the wort, (b). additional yeast cultures, (c) fermentation for 7 to 10 
c:JaYs, (d) removal of settled yeast, and (e) filtration and carbonation; (3) aging, which laSts from 1 to 2 months 

. under refrigeration; and (4) packaging, which includes (a) bottling-pasteurization, and (b) racking draft beer. 

The major differences between beer production and whiskey production are the purification and distillation 
necessary to obtain distilled liquors and the longer period of aging. The primary difference between wine making 
and beer making is that grapes are used as the initial raw material in wine rather than grains. 

6. S. 2 Emissionsl 

Emissions from fermentation processes are nearly all gases and primarily consist of carbon dioxide, hydrogen, 
oxygen, and water vapor, none of which present an air pollution problem. Emissions of particulates, however, can 
occur in the handlirig of the grain for the manufacture of beer and whiskey. Gaseous hydrocarbons are also 
emitted from the drying of spent grains and yeast in beer and from the whiskey·aging warehouses. No significant 
emissions haVe been reported for. the production of wine. Emission factors for the various operations associated 
with beer, wine, and whiskey production are shown in Table 6.5·1. 
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Table 6.5-1. EMISSION FACTORS FOR FERMENTATION PROCESSES. 
EMISSION FACTOR RATING: E 

ParticulateS 
iype of product lb/ton kg/MT 

Beer 
Grain handling8 3 
Drying spent grains, etc.8 5 

Whiskey 
Grain handling& 3 
Drying spent grains, etc.8 5 
Aging -

Wine Nege 

as8secl on section on grain processing. 
bNo emission factor available, but emissions do occur. 
Cpounds per year per barrel of whiskey stored.2 
di<ilograrns per year per liter of whiskey stored. 
8No significant emissions. 

References for Section 6.5 

L5 
2.5 

1.5 
2.5 
.-
Neg 

Hydrocarbons 
lb/ton kg/MT 

- -
NAb NA 

- -
NA NA 
10C O.Q24d 

:1. 
Neg& Neg 

1. Air Pollutant Emission Factors. Final Report. Resources Research, Inc. Reston, Va. Prepared for National 
Air Pollution Control Administration, Durham, N.C., under Contract Number CPA-22-69·119. Aprill970 . 

• 

2. Shreve, R.N. Chemical Proce.ss Industries, 3rd Ed. New York, McGraw-Hill Book Company~ 1967. p. 
591-608. 
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6.6 FISH PROCESSING reviled by Su.san Sercer 

6.6.1 Process Description 

Fish processing includes the canning of fish and the manufacturing of by-products such as fish oil 
and fish meal. The manufacturing of fish oil and fish meal are known as reduction processes. A general· 
ized fish processing operation is presented in Figure 6.6-1. 

Two types of canning operations are used. One is the .. wet fish" method in which trimmed and 
eviscerated fish are cooked directly in open cans. The other operation is the .. pre-cooked" process in 
which eviscerated fish are cooked whole and portions are hand i!ielected and packed into cans. The pre
cooked process is used primarily for larger fish such as tuna. 

By-product manufacture of rejected whole fish and scrap requires several steps. First, the fish scrap 
mixture from the canning line is charged to a live steam cooker. After the material leaves the cooker, 
it is pressed to remove water and oil. The resulting press cake is broken up and dried in a rotary drier. 

Two types of driers are used to dry the press cake: direct-fired and steam-tube driers. Direct-fired 
driers contain a stationary firebox ahead of the rotating section. The hot products of combustion from 
the firebox are mixed with air and wet meal inside the rotating section of the drier. Exhaust gases are 
generally vented to a cyclone separator to recover much of the entrained fish meal product. Steam· 
tube driers contain a cylindrical bank of rotating tubes through which hot, pressurized steam is 
passed. Heat is indirectly transferred to the meal and the air from the hot tubes. As with direct-fired 
driers, the exhaust gases are vented to a cyclone for product recovery. 

6.6.2 Emissions and Controls 

Although smoke and dust can be a problem, odors are the most objectionable emissions from fish 
processing plants. By-product . manufacture results in more of these odorous ~ntaminants than 
cannery operations because of the greater state of decomposition of the materials processed. In gene,.; 
al, highly decayed feedstocks produce greater concentrations of odora than do fresh feedstocks. 

The largest odor sources are the fish meal driers. Usually, direct-fired driers emit more odors than 
steam-tube driers. Direct-fired driers will also emit smoke, particularly if the driers are operated 
under high temperature conditions. Cyclones are frequently employed on drier exhaust ga'ses for 
product recovery and particulate emission control. · 

Odorous gases from reduction cookers consist primarily of hydrogen sulfide [H2SJ and trimethyl· 
amine ((CH3),N]. Odors from reduction cookers are emitted i.i:J. volumes appreciably less than from fish 
meal driers. There are virtually no particulate emissions from reduction cookers. 

Some odors are also produced by the canning processes. Generally, the pre-cooked process emits 
less odorous gases than the wet-fish process. This is because in the pre-cooked process, the odorous 
exhaust gases are trapped in the cookers, whereas in the wet·fish process, the steam and odorous 
offgases are commonly vented directly to the atmosphere. 

Fish cannery and fish reduction odors can be controlled with afterburners, chlorinator-scrubbers, 
and condensers. Afterburners are most effective, providing virtually 100 percent odor control; how
ever they are costly from a fuel-use standpoint. Chforinator·scrubbers have been found to be 95 to 'l9 
percent effective in controlling odors from cookers and driers. Condensers are .the least effective 
control device. Generally, centrifugal collectors are satisfactory for controlling excessive dust emis-
sions from driers. · · 

Emission factors for fish processing are presented in Table 6.6·:1. 
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Table 6.6-1. EMISSION FACTORS FOR FISH PROCESSING PLANTS 
EMISSION FACTOR RATING: C . 

. Trimethylamine Hydrogen sulfide 
Particulates (CH3)3N (H~Sl 

Emission source lb/ton kg/MT lb/ton kg/MT lb/ton 

COokers, canning Neg. a Neg. a NAb NAb NAb 

Cookers, fish scrap 
. Fresh fish Neg. a Neg. a 0.3c 0.15c 0.01c 

Stale fish . Neg.a Neg. a 3.5c 1.75C 0.2<= 

Dryers 0.1d o.osd NAd NAd NAd 

' 8J:Ieference 1, 

bAithough it Is known that oc;lors are amltted from canning cookers, quantitative estimates are not available. 

llAetarence 2; 

kg/MT 

NAb 

o.oosc 
0.10C 

NAd 

dllmlted data •uggest that there Is not much difference In particulate emission~ ba:twaen steam tuba and dlrect·firad 
dryan. a .. d on reference , ' 

References for 8ection 6.6 

1. Walsh, R.T., K.D. Luedtke, and L.K. Smith. Fish Canneries and Fish Reduction Plante. In: Air 
Pollution Enpneering Manual. Daniellon, J.A. (ed.). U.S. DHEW, PHS, National Center for Air 
Pollution ControL Cincinnati, Ohio. Publication Number 999·AP-40. 1967. p. 760-770. 

2. Summer, W. Method• of Air Deodorization. New York. Elsevier Publiahing Company. 1963. p. 
284-286. 
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6. 7 .MEAT SMOKEHOUSES 

6. 7.1 Proces8 Description1 

Smoking is a diffusion process in which food products are exposed to an atmosphere of hardwood smoke, 
causing various organic compounds to be absorbed by the food. Smoke is produced commerically in the United 
States by three major methods: (1) by burning dampened sawdust (20 to 40 percent moisture), (2) by burning 
dry sawdust (S to 9 percent moisture) continuously, and (3) by friction. Burning dampened sawdust and 
kiln·dried sawdust are the most widely used met\l,ods. Most large, modem, production meat smokehouses are the 
recirculating type, in which smoke is circulated at reasonably high temperatures throughout the smokehouse. 

6.7.2 Emissions and Controlsl 

Emissions from smokehouses are generated from the burning hardwood rather than from the cooked product 
itself. Based on approximately 110 pounds of meat smoked per pound of wood burned ( 110 kilograms of meat 
per kilogram of wood burned), emission factors have been derived for meat smoking and are presented in Table 
6.7-1. . 

Emissions from meat smoking are dependent on several factors, including the type of wood, the. type of smoke 
generator, the moisture content of the wood, the air supply, and the amount of smoke recirculated. Both 
low-voltage electrostatic precipitators and direct-fired afterburners may be used to reduce particulate. and organic 
emissions. These controlled emission factors have also been Shown in Table 6. 7-1, 

Table 6.7·1. EMISSION FACTORS FOR MEAT SMOKINGa,b 
EM1SSION FACTOR RATING: D 

Uncontrolled Controlledc 
Pollutant lb/ton of meat· kg/MT of meat lb/ton of meat kg/MT of meat 

Particulates 0.3 0.15 0.1 0.05 
Carbon monoxide 0.6 0.3 Negd Neg 
Hydrocarbons (CH4) 0.07 0.035 Neg Neg 
Aldehydes (HCHO) 0.08 0.04 0.05 0.025 
Organic acids (acetic) 0.2 0.10 0.1 0.05 

Bsasad on 110 pounds of meat smoked per pound of 11110od burned (110 kg meat/kg wood burned). 
bReterenc:es 2, 3, and section on charcoal production. · · · 
CControls consist of aither a wet collector and l~oltaga precipitator in series or a dirac:t·fired afterburner. 
dwith afterburner. 
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1. Air Pollutant Emission Factors. Final Report. Resources Research, Inc. Reston, Va. Prepared for National ) 
Air Pollution Control Administration, Durham; N.C., under Contract Number CPA-22·69-119. April1970. 

2.. Carter, E. Private conununication between Maryland State Department of Health and Resources Research, 
lncorporateli November 21, 1969. 

3. Polglase, W.L., H.F, Dey; and R.T. Walsh. Smokehouses. In: Air Pollution Engineering Manual. DaDielson,J. 
A. (ed.). U.S. DHEW, PHS, National Center for Air Pollution Control. Cincinnati, Ohio. Publlcation Nurnber 
999·AP·40.1967. p. 750.755. 
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. 6.8 NITRATE FERTILIZERS 

6.8.1 Generall,l 

For this report, riitrate fertilizers are defined as the product resulting from the reaction of nitric acid and 
ammonia to fonn ammonium nitrate solutions or granules. Essentially three steps are involved in producing 
ammomum nitrate: neutralization, evaporation of the neutralized solution, and control of the particle size and 
characteristics of the dry product. 

Anhydrous ammonia and nitric acid (57 to 65 percent HN03)3•4 are brought together tn· the neutralizer to 
produce ammonium nitrate. An evaporator or concentrator is then used to increase the ammonium nitrate 
concentration·. The resulting solutions may be fonned into granules by the use of prilling towers orb!. ordinary 
granulators. Limestone may be added in either process in order to produce calcium ammonium nitrate. ,6 

6.8.2 Emissions and Controls 

The main emissions from the manufacture ·of nitrate fertilizers occur in the neutralization and drying 
operations. By keeping the neutralization process on the acidic side, losses of ammonia and nitric oxides are kept 
at a miniinum .. Nitrate dust.or particulate matter is produced in the granulation or prilling operation. Particulate 
matter is also produced in the drying, cooling, coating, and material handling operations. Additional dust may 
escape from the bagging and shipping facilities. 

Typical operations do not use collection devices on the prilling tower. Wet or dry cyclones, however, are used 
for various granulating, drying, or cooling operations in order to recover valuable products. Table 6.8·1 presents 
emission factors for the manufacture of nitrate fertilizers. 
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Table 6.8-1. EMISSION FACTORS FOR NITRATE FERTILIZER 
MANUFACTURING WITHOUT CONTROLS 

EMISSION FACTOR RATING: B 

Nitrogen. 
Particulates oxides (NO:l) Ammonia 

Type of processll lb/ton kg/MT lb/ton kg/MT 

With prilling towerb 
N eutralizerC•d .- - -
Prilling tower 0.9 0,45 -
Dryers and coolersll 12 6 -

With granulatorb 
NeutralizerC•d - - -
Granulator8 0.4 0.2 0.9' 
Dryers and coolers&•f 7 3.5 '3 

8Piants will use either a prill ing tower or a granulator but not both. 
bReference 7. 
CReference 8. 

-
-
-

-
0.45 
1.5 

lb/ton kg/MT 

2 1 
- -
- -

2 1 
0.5 0.25 
1.3 0.65 

deontrolled factor based on 95 percent recovery in recycle scrubber. 
euse of IM!t cyclones cen reduce emissions by 70 P&rcent. 
fuse of wet-screen scrubber following cyclone cen reduce emiSsions by 95 to 97 percent. 

References for Section 6.8 

1. Air Pollutant Emission Factors: Final Report. Resources Research, Inc. Reston, Va. Prepared for National 
Air Pollution Control Administration, Durham, N.C., under Contract Number CPA-22-69-119. April 1970. 

2 Stern, A (ed.). Sources of Air Pollution and Their Control. In: Air Pollution Vol. III, 2nd Ed. New York, 
Academic Press. 1968. p. 231·234. · 

3. Sauchelli, V. Chemistry and Technology of Fertilizers. New York, Reinhold Publishing Company. 1960. 

4. Falck-Muus, R. New Process Solves Nitrate Corrosion. Chern. Eng. 74( 14): 108, July 3, 1967. 

5. Ellwood, P"Nitrogen Fertilizer Plant Integrates Dutch and American Know-How. Chern. Eng. p. 136·138, 
May 11, 1964. · 

6: Chemica, Ammonium Nitrate Process lnfonnation Sheets. 

7. Unpublished source sampling data. Resources Research, lnC'o~porated. Reston, Virginia. 

8. Private communication with personnel from Gulf Design Corporation. Lakeland, Florida. 
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6.9 ORCHARD HEATERS by Dennis H Ackerson 

6.9.1 GeneraJl-6 

Orchard heaters are corrunonly used in various areas of the United States to prevent frost damage to fruit and 
fruit trees. The five common types of orchard heaters-pipeline,lazy flame, return stack, cone, and solid fuel-are 
shown in Figure 6;9-1. The. pipeline heater system is operated from a central control and fuel is distributed by a· 
piping system from a centrally located tank. Lazy flame, return stack, and cone heaters contain integral fuel 
reservoirs, but can be converted to a pipeline system. Solid fuel heater! usually consist only of solid briquettes, 
which are placed on the ground and ignited. 

The ambient temperature at which orchard heaters are required is detennined primarily by the type of fruit 
and stage of maturity, by the daytime temperatures, and by the moisture content of the soU and. air. 

During a heavy thermal inversion, both convective and radiant heating methods are useful in preventing frost 
damage; there is little difference in the effectiveneS$ of the various heaters. The tempeJS.ture response foi a given 
fuel rate is about the same for each type of heater as long as the heater is clean and does not leak. When there is 
little or no thennal inversion, radiant heat provided by pipeline, return stack, or cone heaters is the most effective 
method for preventing damage. 

Proper loeation of the heaters is essential to the unifonnity of the radiant heat distributed among the trees. 
Heaters are usually located in the center space between four trees and are $taggered from one row to the next. 
Extra heaters are used on the· borders of the orchard. 

6.9.2 Emissions1,6 

Emissions from orchard heaters are dependent on the fuel usage rate and the type of beater. Pipeline heateis 
have the lowest particulate emission r~ttes of all orchard heaters. Hydrocarbon emissions are negllgtble in ·the 
pipeline heaters and in lazy flame, return stack, and cone he~tters that have been converted to a pipeline system. 
Nearly all of the hydrocarbon losses are evaporative losses from fuel contained in the heater reservoir. Because of 
the low burning temperatures used, nitrogen oxide emissions are negligible. 

Emission factors for the different types of orchard heaters are presented in Table 6.9-1 and Figure 6.9-2. 
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Figure 6.9-1. Types of orchard heaters.6 
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Table 6.9-1. EMISSIOI\4 FACTORS FOR ORCHARD HEATERS'~ 
EPJ!I$SION FACTOR RATING: C 

Type of heater 
Lazy Return Solid 

Pollutant Pipeline flame stack Cone fuel 

Particulate 
lb/htr-hr b b b b 0.05 
kg/htr-hr b b b b 0.023 

Sulfur oxides 
lb/htr-hr 0.1asd 0.11$ 0.145 0.145 NA8 

kg/htr-hr o.oss 0.05$ 0.065 0.065 NA 
Carbon monoxide 

lb/htr-hr 6.2 NA NA NA NA 
kg/htr-hr 2.8 NA NA NA NA 

HydJ'ocarbons1 
I 

lb/htr-yr Neg9 16.0 16;0 16.0 Neg 
kg/htr-yr Neg 7.3 7.3 7.3 Neg 

Nitrogen ox idesh 
lb/htr-hr Neg Neg Neg Neg Neg 
kg/htr-hr Neg Neg Neg Neg Neg 

8 References 1, 3;4,and 6. . 
bparticulate emissions for pipeline, I!IZY flame, return stack, and cone heaters are 
shown in Figure ~.9•2. 

cBased on emission factors for fuel oil combustion in Section 1.3. 
· ds-Slllfur content. 
8 Not available. 
1
Based on emission factors for fuel oil combustion in Section 1.3. Evaporative 
losses only. Hydrocarbon emissions from combustion are considered-negligible. 
Evaporative hydrocarbon I0$$88 fQr units that are part of a pipeline system are 
negligible, 

BNegllgible.· 
~'~Little nitrogen oxide is formed because of the relatively low combustion 
temperatures. 

References for Section 6. 9 

1. Air Pollution in Ventura County. County of Ventura Health Department, Santa Paula, Calif. June 1966. 

2. Frost Protection in Citrus. Agricultural Extension Service, University of California, Ventura. November 
1967. 

3. Pe1'$01llll communication with. Mr. Wesley Snowden. Valentine, Fisher, and Tomlinson, Consulting Engineers, 
Seattle, Washington. May 1971 . 

.4, Communication with the Smith Energy Company, Los Angeles, Calif. January 1968. 

S, Communication with Agricultural Extension Servi<;e, University ofCallfornia,Ventura, Calif. October 1969. 

6. Personal conununi~tion with Mr. Ted Wakai. Air Pollution Control District, County of Ventura, Ojai, Calif. 
May 1972. · 
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,·-) 6.10 PHOSPHATE FERTILIZERS 

) 

Nearly all phosphatic fertilizers are made from naturally occurring, phosphorus-containing minerals such as 
phosphate rock. Because the phosphorus content of these minerals is not in a form that is readily available to 
growing plants, the minerals must be treated to convert the phosphorus to a plant-available form. This conversion 
can be done either by the process of acidulation or by a thermal process. The intermediate steps of the mining of 
phosphate rock and the m~UJ.ufacture of phosphoric acid are not included in this section as they are discussed in 
other sections of this publication; it should be kept in mind, however, that large integrated plants may have all of 
these operations taking place at one location. 

In this section phosphate fertilizers have been divided into three categories: (1) normal superphosphate, (2) 
triple superphosphate, and (3) annnonium phosphate. Emission factors for the various processes involved are 
shown in Table 6.1 o-1. 

Table 6.1~1. EMISSION FACTORS FOR THE PRODUCTION .. 
OF PHOSPHATE FERTILIZERS 
EMISSION FACTOR RATING: C 

Part.iaJiate$1 
Type of product lb/ton kg/Nrr 

Normal superphosphateb 
Grinding, drying 
Main stack 

Triple superphosphateb 
Run-of-pile ( ROP) 
Granular 

Diammonium phosphatee 
Dryer, cooler 
. Ammoniator-granulator 

9 

80 
2 

4.5 

40 
1 

acontrol efficiencies of 99 percent can be Obtained with fabric filters. 
bAeferences 1 through 3. 
C::Aeferences 1, 4, and 5 through 8, 

6.10.1 Notmal Superphosphate 

6.10.1.1 Genera14 •9-Normal superphoSphate (also called single or ordinuy superphosphate) is the product 
resulting from the acidulation of phosphate rock with sulfuric acid. Normal superphOsphate contains ftom 16 to 
22 percent phosphoric anhydride (P20s). The physical steps involved in making superphosphate are: (l)miXing 
rock and acid, (2) allowing the mix to assume a solid form (denning), and (3) storing (curing) the material to 
allow the acidulation reaction to be completed. After the curing period, the product can be ground and bagged 
for sale, the cured superphosphate can be sold directly as run-of-pile product, or the material can be granulated 
for sale as granulated superphospAAte. - · · 
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6.1 0.1.2 Emissions - The gases released from the acidulation of phosphate rock contain silicon tetrafluoride, 
carbon dioxide, steam, particulates, and sulfur oxides. The sulfur oxide emissions arise from the reaction of 
phosphate rock and sulfuric acid.l 0 . 

If a granulated superphosphate is produced, the vent gale$ from the granulator·ammoniator may contain 
particulates,· ammonia, stUcon tetrafluoride, hydrofluoric acid, ammonium chlonde, and fertil:lzer dust. Emissions 
from the final drying of the granulated· product will include gaseous and particulate fluorides, ammonia, and 
fertilizer dust. 

6.10.2. Triple Superphosphate 

6.10.2.1 Genera14,9-Triple supei:phosphate (also called double or concentrated superPhosphate) is the product 
resultins from the reaction between phosphate rock and phosphoric acid. The product generally contains 44 to 
52 percent P20s, which is about three times tM P20s usually found ln nonnalsuperpbosplultes. 

Presently, there are three principal methods ofmanufacturtns triple superphosphate. One of these uses a cone 
mixer to produce a pulverized product that Is partlctilarly suited to the manufacture of ammoniated fertutzere. 
This product can be sold u run-of-pne (ROP), or it can be granulated. The second method produces In a 
multi .. tep process a granulated product that Is well suited for d~Ject application as a phosphate fertilizer. The 
third method combines the features of quick drying and granulation In a single step. 

6.10.2.2 Emissions-Most triple superphosphate is the nongranular type. The exit sases from a plant productns 
the nonsranular product wUl contain considerable quantities of silicon tetrafluoride, some hydrogen fluoride, 11nd 
a small -amount of particulates. Plants of thJs type also emit fluorides from the curing buUdinss. 

In the cases where ROP triple superphosphate is granulated, one of tho grei~st problems Is the emission of 
dust and fumes from the dryer and cooler. Emissions from ROP granulation planta Include silicon tetrafluoride, 
hydropn fluoride, ammonia, particulate matter, and ammonium chloride. 

In direct sranulaUon plants, wet scrubbers are usuaUy used to remove the sUlcon tetrafluoride and hydrogen 
fluoride generated from the initial contact between the phosphoric acid and the dried roQk. Screenlns stations 
and bagging stations are a source of fertiUzer dust emissions in thls type of process. 

6.1 0.3 AMMONIUM PHOSPHATE 

6.10.3.1 General-The two pneral classes of ammonium phoiphates are monammonJ.um phosphate and 
diammonlum phosphate. The production of these· types of phosphate fertilizers is starting to displace the 
productlan of other phosphate fertWzers because the ammQOium phosphates have a higher pllmt food content 
and a lower ahipplng cost per unit weisht ofP205. 

There are various processes and process variations in use for manufactudns ammonium phoaphates. In seneral, 
phosphoric acid, sulfuric acid, and anhydrous ammonia are allowed to react to produce the desired grade of 
ammonium phosphate. Potash salts are added, If desired, and tho product is granulated, dried, cooled, screened, 
and stored. · 
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6.10.3.2 Emissions-The major pollutants from ammonium phosphate production are fluoride, particulates, and 
ammonia. The largest sources of particulate emissions are .the cage mUls, where oversized products from the 
screens are ground before being recycled to the ammoniator. Vent gases from the ammoniator tanks are the major 
source of ammonia. This gas is usually scrubbed with acid, however, to recover the residual ammonia. 

References for Section 6.10 

1. Unpublished data on phosphate fertilizer plants. U.S. DHBW, PHS, National Air Pollution Control 
Administration, Division of Abatement. Durham, N.C. July 1970. . 

2. Jacob, K. 0., H. L. Marshall, D. S. Reynolds, and T. H. Tremearne. Composition and Properties of 
Superphosphate. Ind. Eng. Chern. 34(6):722·728.1une 1942. 

3. Slack, A. V. Phosphoric Acid, Vol. 1, Part II. New York, Marcel Dekker, Incorporated. 1968, p. 732. 

4. Stearn, A. (ed.). Air Pollution, Sources of Air Pollution and Their Control, Vol. Ill, 2nd Ed. New York, 
Academic Press. 1968. p. 231·234. 

S. Teller, A.J. Control of Gaseous Fluoride Emissions. Chern. Eng. Progr. 63(3):75·79, March 1967. 

6. Slack, A. V. Phosp~oric Acid, Vol. I, Part II. New York, Marcel Delcker,Incorporated. 1968. p. 722. 

1 7. Slack, A. V. Phosphoric Acid, Vo1.1, Part II. New York, Marcel Deklcer,lncorporated.1968. p. 76Q.762. 

8. Salee, G. Unpublished data from industrial source. Midwest Research Institute. June 1970. 

9. Bixby, D. W. Phosphatic Fertllizer's Properties and Processes. The Sulphur Institute. WalhinSton, D.C. 
October 1966. 

10. Sherwin, K. A. Transcript of Institute of Chemical Engineers, London. 32:172, 1954. 
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6.11 STARCH MANUFACTURING 

.6.11.1 Process Description 1 

The basic raw material in the manufacture of starch is dent com, which contains starch. The starch in the 
com is separated from the other components by "wet mllling." 

The shelled grain is prepared for milling fu. cleaners that remove both the light chaff and any heavier foreign 
material. The cleaned com is then softened by soaking (steeping) it in warm water acidified with sulfur dioxide. 
The softened com goes tluougb attrition mills that tear the kernels apart, freeing the germ and loosening the hull. 
The remaining mixture of starch, gluten, and hulls is fmely ground, and the coarser fiber particles are removed by 
screening. The mixture of starch and gluten is then separated by centrifuges, after which the starch is filtered and 
washed. At this point it is dried and packaged for market. 

6.11.2 Emaions 
The manufacture of starch from corn can result in signiftcant dust emissions. The various cleaning, grinding, 

and screening operations are the major sources of dust emissions. Table 6.11·1 presents emission factors for starch 
manufacturing. 

References for Section 6·.11 

Table 6.11·1. EMISSION FACTORS 
FOR STARCH MANUFACTURING• 
EMISSION FACTOR RATING: D 

Type of operation 

Uncontrolled 
Controlledb 

8 Reference 2."' 

Particulates 
lb/ton kg/MT 

8 
0.02 

4 
0.01 

beasect on centrifugal gas Scrubber. 

1. Starch Manufacturing. In: Kirk.Othmer Encyclopedia of Chemical Technology, Vol. IX. New York, John 
Wiley and Sons, Inc. 1964. · · 

2. Storch, H. L. Product Losses Cut with a Centrifugal Gas Scrubber. Chern. Eng. Progr. 62:51-54. April1966. 

2/72 Food and Agricultural IndustrY 6.11-1 



;, .... i 

l 

) 



••••• l 

6.12 SUGAR CANE PROCESSING revised by Tom Lahre 

6.12.1 General 1"3 

Sugar cane is burned in the field prior to harvesting to remove unwanted foliage as well as to control rodents 
and insects. Harvesting is done by hand or, where possible, by mechanical means. 

After harvesting, the cane goes through a series of processing steps for conversion to the fmal sugar product. It 
is first washed to remove dirt and trash; then crushed and shredded to reduce the size of the stalks. The juice is 

· ' ··- ·.· • next extracted by one of two methods, milling or diffusion. In milling, the cane is pressed between heavy rollers 
to squeeze out the juice; in diffusion, the sugar is leached out by water and thin juices. The raw sugar then goes 
through a series of operations including clarification, evaporation, and crystallization in order to produce the fmal 
product. The fibrous residue remaining after sugar extraction is called bagasse. · 

All mills fire some or all of their bagasse in boilers to provide power necessary in their milling operation. Some, 
· ' · having more bagasse than can be utnized internally, sell the remainder for use in the manufacture of various 

chemicals such as furfural. 

. ,. 

\ 

6.1~.2 Emissions 2
•
3 

The largest sources of emissions from sugar cane processing are the openfield burning in the harvesting of the 
crop and the burning of bagasse as fuel. In the various processes of crushing, evaporation, and crystallization, 
relatively small quantities of particulates ate emitted. Emission factors for sugar cane field burning are shown in 
Table 2.4-2. Emission factors for bagasse firing in boilers will be included in Chapter 1 in a future supplement. 

References for Section 6.12 

1. Sugar Cane. In: Kirk-Othmer Encyclopedia of Chemical Technology, Vol. IX. New York, John Wiley and 
Sons, Inc. 1964. 

2. Darley, E. F. Air Pollution Emissions from Burning Sugar Cane and Pineapple from Hawaii. In: Air Pollution 
from Forest and Agricultural Burning. Statewide Air Pollution Research Center, University of California, 
Riverside, Calif. Prepared for Environmental Protection Agency, Research Triangle Park, N.C. under Grant 
No. R800711. August 1974. 

3~ Background Information for Establislunent of National Standards of Performance for New Sources. Raw Cane 
Sugar Industry. Environmental Engineering, Inc. Gainesville, Fla. Prepared for Environmental Protection 
Agency, Research Triangle Park, N.C. under Contract No. CPA 70.142, Task Order 9c. July 15, 1971. 
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7. METALLURGICAL INDUSTRY 

The metallurgical industries can .be broadly divided into primary and secondary metal production operations. 
The term primary metals refers to production of the metal from ore. The secondary metals industry includes the 
recovery of metal from scrap and salvage and the production of alloys from ingot. 

The primary metals industries discussed in Sections 7.1 through 7. 7 include the nonferrous operations of 
primary . aluminum production, copper smelters, lead smelters, and zinc smelters. These industries are 
characterized by the large quantities of sulfur oxides and particulates emitted. The primary metals industry also 
includes iron and steel mills, ferroalloy production, and metallurgical coke manufacture. 

The secondary metallurgical industries discussed in Sections 7.8 through 7.14 are aluminum operations, brass 
and bronze ingots, gray iron foundries, lead smelting, magnesium smelting, steel foundries, and zinc processing. 
The major air contaminants from these operations are particulates in the forms of metallic fumes; smoke, and 
dust. 

7.1 PRIMARY ALUMINUM PRODUCTION 

7.1.1 Process Descriptionl Revised by William M. Vatavuk 

Bauxite, a hydrated oxide of aluminum associated with silicon, titanium, and iron, is the base ore for aluminum 
production. Most bauxite ore is purified by the Bayer process in which the ore is dried, ground in ball mills, and 
mixed. with sodium hydroxide. Iron oxide, silica, and other impurities are removed by se~tling, dilution, and 
filtration. The aluminum hydroxide is precipitated from this diluted, cooled solution and calcip.ed to produce 
pure alumina, according to the reaction: 

2Al(OH)J --- JH20 + Al203 
Aluminium hydroxide Water Alumina 

(1) 

Aluminum metal is manufactured by the Hall·Heroult process, which involves the electrolytic reduction of 
alumina dissolved in a molten salt bath of cryolite (a complex ofNaF · AlF3) and various salt additives: 

Electrolysis 
2AI203 ---------+- 4Al + 302 
Alumina Aluminum Oxygen (2) 

The electrolysis is performed in a carbon crucible housed in a steel shell, known as a "pot." The electrolysis 
employs the carbon crucible as the cathode (negative pole) and a carbon mass as the anode (positive pole). The 
type of anode configuration used distinguishes the three types of pots: pre baked (PB), horizontal-stud Soderberg 
(HSS), and vertical-stud Soderberg (VSS). 

The major portion of aluminum produced in the United States (61.9 percent of 1970 production) is processed 
in pre baked cells. In this type of pot, the anode consists of blocks that are formed from a carbon paste and baked 
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in an oven prior to their use in the cell. These blocks-typically 14 to 24 per celJ....:are attached to metal rods and 
serve as replaceable anodes. As the reduction proceeds, the carbon in these blocks is gradually consun1ed (at a rate 
of about 1 inch per day) by reaction with the oxygen by-product (see Table 7.1-1). 

Table 7.1-1. RAW MATERIAL AND ENERGY REQUIREMENTS FOR ALUMINUM PRODUCTION 

Parameter 

Cell operating temperature 
Current through pot line 
Voltage drop per cell 
Current efficiency 
Energy required 

Weight alumina consumed 

Weight electrolyte fluoride consumed 

Weight carbon electrode consumed 

Representative value 

-1740°F (-950°C) 
60,000 to 125,000 amp 

4.3 to 5.2 
85 to 90% 

6.0 to 8.5 kwh/lb aluminum 
(13.2 to 18.7 kwh/kg aluminum) 

. 1.89 to 1.92 lb AL203/Ib aluminum . 
( 1.89 to 1.92 kg AL203/kg aluminum) 
0.03 to 0.10 lb fluoride/lb aluminum 

(0.03 to 0.10 kg fluoride/kg aluminum) 
0.45 to 0.55 lb electrode/lb aluminum 

(0.45 to 0.55 kg electrode/kg aluminum) 

The second most commonly used furnace (25.5 percent of 1970 production) is the horizontal-stud Soderberg. 
This type of cell uses a "continuous" carbon anode; that is, a mixture of pitch and carbon aggregate called 
"paste" is added at the top of the supustructure periodically. and the entire anode assembly is moved 
downward as the carbon burns away. The cell anode is contained by aluminum sheeting and perforated steel 
channels, through which electrode connections, called studs. are inserted into the anode paste. As the bak.mg 
anode is lowered, the lower row of studs and the bottom channel are removed, and the flexible eleCtrical 
connectors are moved to a higher row. One disadvantage of baking the paste in place is that heavy orgaryic 
materials (tars) ·are added to the cell effluent stream. The heavy tars often cause plugging of the ducts, fans, and 
control equipment, an effect that seriously limits the choice of air cleaning equipment. 

The vertical-stud Soderberg is similar to the horizontal-stud furnace, with the exception that the studs are 
mounted vertically in the cell. The studs must be raised and replaced periodically, but that is a relatively simple 
process. Representative raw material and energy requirements for aluminum reduction cells are presented in Table 
7.1·1. A schematic representation of the reduction process is shown in Figure 7 .1·1. 

7.1.2 Emissions and Controls! ,2 ,3 

Emissions from aluminum reduction processes consist primarily of gaseous hydrogen fluoride and particulate 
fluorides, alumina, hydrocarbons or organics, sulfur dioxide from the reduction cells and the anode baking 
furnaces. Large amounts of particulates are also generated during the calcining of aluminum hydroxide, but the 
economic value of this dust is such that extensive controls have been employed to reduce emissions to relatively 
small quantities. Finally, small amounts of particulates are emitted from the bauxite grinding and materials 
handling processes. 

The source of fluoride emissions from reduction cells is the fluoride electrolyte, which cOntains cryolite, 
aluminum fluoride (AlF3), and fluorspar (CaF:i). For normal operation, the weight or "bath" ratio of sodium 
fluoride (NaF) to AIF3 is maintained between 1.36 and 1.43 by the addition ofNa2C03, NaF, and·AIF3. 
Experience has shown that increasing this ratio has the effect of decreasing total fluoride effluents. Cell t1uoride 
emissions are also decreased by lowering the operating temperature and increasing the alumina content in the 
bath. Specifically, the ratio of gaseous (mainly hydrogen fluoride) to particulate fluorides varies from 1.2 t..:> 1.7 
with PB and HSS cells, but attains a value of approximately 3.0 with VSS cells. 
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Figure 7.1-1. Schematic diagram of primary aluminum production process. 

Metallurgical Industry 7.1·3 



Table 7.1·2. REPRESENTATIVE PARTICLE SIZE DISTRIBUTIONS 
OF UNCONTROLLED EFFLUENTS FROM PREBAKED AND 

HORIZONTAL-STUD SODERBERG CELLS1 

Size range,Mm 

<t 
1 to 5 

5 to 10 
10 to 20 
20 to 44 

>44 

Particles within size range, wt% 
t->rebliked Horizontal-stud Soderberg 

35 
25 
8 
5 
5 

22 

44 
26 
8 
6 
4 

12 

Particulate emissions from reduction cells consist of alumina and carbon from anode dusting, cryolite, 
aluminum fluoride, calcium fluoride, chiolite (NasAl3F 14), and ferric oxide. Representative size distributions for 
PB and HSS particulate effluents are presented in Table 7.1-2. Particulates less than I micron in diameter 
represent the largest percentage (35 to 44 percent by weight) of uncontrolled effluents. 

Moderate amounts of hydrocarbons derived from the anode paste are emitted from horizontal- and 
vertical-Soderberg pots. In vertical cells these compounds are removed by combustion via integral gas burners 
before the off-gases are released. · 

Because many different kinds of gases and particulates are emitted from reduction cells, many kinds of control 
devices have been employed. To abate both gaseous and particulate emissions, one or more types of wet scrubbers 
- spray tower and chambers, quench towers, floating beds, packed beds, venturis, and self-induced sprays - are 
used on all thr-ee cells and on anode baking furnaces. In addition, particulate control methods, such as ( 
electrostatic precipitators (wet and dry), multiple cyclones, and dry scrubbers (fluid-bed and coated-filter types), 
are employed with baking furnaces on PB and VSS cells. Dry alumina adsorption has been used at several PB and 
VSS installations in foreign countries. In this technique, both gaseous and particulate fluorides are controlled by 
passing the pot off-gases through the entering alumina feed, on which the fluorides are absorbed; the technique 
has an overall control efficiency of 98 percent. 

In the aluminum hydroxide calcining, bauxite grinding, and materials handling operations, various dry dust 
collection devices-such as centrifugal collectors, multiple cyclones, or electrostatic precipitators-and wet 
scrubbers or both may be used. Controlled and uncontrolled emission factors for fluorides and total particulates 
are presented in Table 7.1.-3. 
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Talie 7.1-3. EMISSION FACTORS FOR PRIMARY ALUMINUM PRODUCTION·PROCESSES8 
EMISSION FACTOR RATING: A 

Total oarticulatesb Gaseous fluorides (HF) Particulate fluorides (F) 
Type of operation lb/ton kg/MT lb/ton kg/MT lb/ton kg/MT 

Bauxite grindingii.C 
Uncontrolled 6.0 3.0 Neg Neg NAd NA 
Spray tower 1.88 0.90 Neg Neg NA NA 
Floating-bed 1.7 0.85 Neg Neg NA NA 

scrubber 
Quench tower and 1.0 0.50 Neg Neg NA NA 

spray screen 
Electrostatic pre- 0.12 0.060 Neg Neg NA NA 

cipitator 
Calcining of aluminum 

hydrox idefl·c 
Uncontrolled 200.0 100.0 Neg Neg NA NA 
Spray tower 60.0 30.0 Neg Neg NA NA 
Floating-bed 56.0 28.0 Neg Neg NA NA 

scrubber 
Quench tower and 34.0 17.0 Neg Neg ri!A NA 

spray screen 
Electrostatic pre- 4.0 2.0 Neg Neg NA NA 

cipitator 
Anode baking fumacef 

Uncontrolled 3.0 1.5 0.93 0.47 Neg Neg 
( 1.0 to 5.0)9 (0.5 to 2.5) 

Spray tower NA NA 0.0372 0.0186 Neg Neg 
Dry electrostatic 1.13 0.57 0.93 0.47 Neg Neg 

precipitator 
Self-induced spray 0.06 0.03 0.0312 0.0186 Neg Neg 

Prebaked recllction 
ceuh 

Uncontrolled 81.3 40.65 24.7 12.35 20.4 10.2 
(11.9 to 177.0) (5.95 to 88.5) . ( 13.8 to 34.8) (6.9 to 17.4) (9.8 to 35.5) (4.9 to 17.8) 

Multiple cyclone 17.9 8.95 24.7 12.35 4.49 2.25 
Fluid-bed dry 2.02 1.01 0.247 0.124 0.507 0.253 

scrubber system 
- --
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Table 7.1·3 (continued). EMISSION FACTORS FOR PRIMARY ALUMINUN PRODUCTION PROCESSES8 

EMISSION FACTOR RATING: A 

Total particulatesb Ga5eous fluorides (HF) Particulate fluorides (F) 
Type of operation lb/ton kg/MT lb/ton kg/MT lb/ton kg/MT 

scrubber system 
Coated filter dry scrubber 1.62 0.81 1.98 to 5.93 0.99 to 2.97 0.408 0.204 
Dry electrostatic 1.62 to 8.94 0.81 to 4.47 24.7 12.35 0.408 to 2.24 0.204 to 1.12 

precipitator 
Spray tower 16.2 8.1 0.494 to 2.72 0.247 to 1.36 4.08 2.04 
Floating-bed 16.2 8.1 0.494 0.247 4.08 2.04 

scrubber 
Chamber scrubber 12.2 6.1 2.96 1.48 3.06 1.53 
Vertical flow 12.2 6.1 8.4 4.2 3.06 1.53 

packed bed 
Dry alumina ad· 1.62 0.81 

sorption 
0.494 0.247 0.408 0.204 

Horizontal-stud 
Soderberg celli 

Uncontrolled 98.4 49.2 26.6 13.3 15.6 7.8 
(93.6 to 104.0) (46.8 to 52.0) (25.2 to 28.8) (12.6 to 14.4) ( 14.4 to 16.2) (7.2 to 8.1) 

Spray tower 19.6 to 36.4 9.8 to 18.2 1.86 to 2.39 0.93 to 1.195 3.12 to 5.77 1.56 to 2.885 
Floating-bed 21.6 10.8 0.532 0.266 0.343 0.1715 

scrubber 
Wet electrostatic 7.10 3.55 

precipitator 
26.6 13.3 1.13 0.563 

Vertical-stud 
Soderberg celli 

U ncontrolh~d 78.4 39.2 30.4 15.2 10.6 5.3 
(20.0 to 35.0) (10.0 to 17.5) (5.6 to 55.3) (2.8 to-27 .7) 

Spray tower 19.6 9.8 0.304 0.152 2.65 1.325 
Self ,induced NA NA 0.304 0.152 NA NA 

spray 
Venturi scrubber 3.14 1.57 0.304 0.152 0.424 0.212 
Wet electrostatic 0. 784 to 7.84 0.392 to 3.92 30.4 15.2 · 0.106 to 1.06 0.053 to 0.53 

precipitator 
Multipie cyclones 3.92to 4.7 1.96 to 2.35 30.4 15.2 5.30 to 6.36 2.65 to 3.18 
Dry alumina ad· 1.57 0.784 0.608 0.304 0.212 0.106 

sorption 
Materials handlingC 

Uncontrolled 10.0 5.0 Neg Neg NA NA 
Spray tower 3.0 1.5 Neg Neg NA NA 
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Table 7.1-3 (continued). EMISSION FACTORS FOR PRIMARY ALUMINUM PRODUCTION_ PROCESSES8 
EMISSION FACTOR RATING: A 

------- - - -- --- - - . -
Total particulatesb Gaseous fluorides {HF) -- Particulate fluorides (F) 

lblton kg/MT lb/ton kg/MT 
t---· 

Type of operation lb/ton . kg/MT 

F I eating-bed 2.8 1.4 Neg Neg ·NA NA 
scrubber 

Quench tower and 1.7 0.85 Neg Neg. NA NA 
spray screen 

Electrostatic 0.20 0.10 Neg .Neg NA NA 
precipitator 

aEmission factors for bauxite grinding expressed as pounds per ton (kg/MTI of bauxite processed. Factors for c~lcining of 01luminum hydroxiae expressed as 
pounds per ton ! kg/MT) of alumina produced. All other factors in terms of tons (MT) of molten aluminum produced. 

b1 ncludes particulate fluorides. · 
cRelerences 1 and 3. 
dNo information available. 
11Controlled emission factors are based on aver<~ge uncontrolled factors and on average observed collection efficiencies. 
f References 1,2, and 4 through 6. -
gNumbers in parentheses are ranges of uncontrolled values observed. 
hReferences 2 and 4 through 6. . 
i Refere nee 1 . 
iReferences 2 and 6. 
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7.2 METALLURGICAL COKE MANUFACTURING 

7.2.1 Process Descriptionl 

Coking is the process of heating coal in an atmosphere of low oxygen content, i.e., destructive distillation. 
During this process, organic compounds in the coal break down to yield gases and a residue of relatively 
nonvolatile nature. Two processes are used for the manufacture of metallurgical coke, the beehive process and the 
by-product process; the by-product process accounts for more than 98 percent of the coke produced. 

Beehive oven: 1 The beehive is a .refractory-lined enclosure with a dome-shaped roof. The coal charge is 
deposited onto the floor of the beehive and leveled to give a Uniform depth of material. Openings to the beehive 
oven are then restricted to control the amount of air reaching the coal. The carbonization process begins in the 
coal at the top of the pile and works down through it. The volatile matter being distilled escapes to the 
atmosphere through a hole in the roof. At the completion of the coking time, the coke is "watered out" or 
quenched. 

By-product process: 1 The by-product process is oriented toward the recovery of the gases produced during the 
coking cycle. The rectangular coking ovens are grouped together in a series, alternately interspersed wiiheatirig 
flues, called a coke battery. Coal is charged to the ovens through ports in the top, which are then seale . Heat is 
supplied to the ovens by burning some of the coke gas produced. Coking is largely accomplished at tern eratures 
of 2000° to 2100° F (1100° to 1150° C) fot a period of about 16 to 20hours. At the end of the cokin period, 
the coke is pushed from the oven by a ram and quenched with water. 

7.2.2 Emissions1 

Visible smoke, hydrocarbons, carbon monoxide, and other emissions onginate from the following by-product 
coking operations: (1) charging of the coal into the incandescent ovens, (2) oven leakage during the coking 
period, (3) pushing the coke out of the ovens, and (4) quenching the hot coke. Virtually no attempts have been 
made to prevent gaseous emissions from beehive ovens. Gaseous emissions from the by-product ovens are drawn 
off to a collecting main and are subjected to various operations for separating ammonia, coke-oven gas, tar, 
phenol, light oil (benzene, toluene, xylene), and pyridine. These unit operations are potential sources of 
hydrocarbon emissions. 

Oven-charging operations and leakage around poorly sealed coke-oven doors and lids are major sources of 
gaseous emissions from by-product ovens. Sulfur is present in the coke-oven gas in the form of hydrogen sulfide 
and carbon disulfide. If the gas is not desulfurized, the combustion process will emit sulfur dioxide. 

Associated with both coking processes are the material-handling operations df unloading coal, storing coal, 
grinding and sizing of coal, screening and crushing coke, and storing and loading coke. All of these operations are 
potential particulate emission sources. In addition, the operations of oven charging, coke pushing and quenching 
produce particulate emissions. The emission factors for coking operations are summarized in Table 7.2-1. 
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Table 7.2·1. EMISSION FACTO~S FOR METALLURGICAL COKE MANUFACTURE WITHOUT CONTROLS3 

EMISSION-FACTOR RATING: C 

Sulfur Carbon 
Particulates dioxide monoxide 

Type of operation lb/ton kg/MT lb/ton kg/MT lb/ton kg/MT 

By-product cokingc 
Unloading 0.4 0.2 - - - -
Charging 1.5 0.75 0.02 0.01 0.6 0.3 
Coking cycle 0.1 0.05 - - 0.6 0.3 
Discharging 0.6 0.3 - - 0.07 0.035 
Quenching 0.9 0.45 - - - -
Underfiringd - - 4 2 - -

Beehive ovense 200 100 - - 1 0.5 

3 Emission factors expressed as units per unit weight of coal charged. 
hEx pressed as methane. 
cReferences 2 and 3. 

Nitrogen 
· Hydrocai'bonsb oxideS' (N02l Ammonia 
lb/ton kg/MT lb/ton kQlMT lb/ton kg/MT 

- - ~ - - -
2.5 1.25 0.03 0.015 0.02 0.01 
1.5 0.75 0.01 0.005 0.06 0.03 
0.2 0.1 - - 0.1 0.05 
- - - - - -
- - - - - -

8 4 - - 2 1 

dReference 5. The sulfur dioxide factor is based on the following representative conditions: (1) sulfur content of coat charged to oven is 0.8 
percent by weight; 121 about 33 percent by weight of total sulfur in the coal charged to oven is transferred to the coke-oven gas; 13) about 40 
percent of coke-oven gas is burned during the underfiring operation and the remainder is used in other parts of the steel operation where the rest of 
the sulfur dioxide is discharged-about 61blton (3 k9/MT) of coal charged; and 141 gas used in underfiring has not been desulfurized. 
eReferences 1 and 4. 
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7.3 COPPER SMELTERS 

7.3.1 Process Descriptionl,2 

Copper is produced prim~U"ily from low-grade sulfide ores, which ~tre concentrated by gravity and flotation 
methods. Copper is recovered from the concentrate by four steps: roasting, smelting, converting, and refining. 
Copper sulfide concentrates are normally roasted in either ,nultiple·hearth or fluidized-bed roasters to remove the 
sulfur and then calcined in preparation for smelting in a reverberatory fumace. For about half the smelters the 
roasting step is eliminated. Smelting removes other impuritie!l as a slag wlth the aid of fluxes. The matter that 
results from smelting is blown with air to remove the sulfur as sulfur dioxide, and the end product is a crude 
metallic copper. A refining process further purifies the metal by insertion of green logs or natural gas. This is 
often followed by electrolytic refining. 

7.3.2 Emissions and ControJs2 

The high temperatures attained in roasting; smelting, and converting cause volatilization of a number of the 
trace elements present in copper ores and concentrates. The raw waste gases from these proce!lses coatain not 
only these fumes but also dust and sulfur oxide. Carbon monoxide and nitrogen oxides may also be emitted, but 
no quantitative data have been reported in the literature. 

The value of the volatilized elements dictates efficient collection .of fumes and dusts. A combination of 
cyclones and electrostatic precipitators seems to be most often used. Table 7 .3·1 summarizes the llne9ntrolled 
emissions of particulates and sulfur oxides from copper smelters. 
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Table 7.3·1. EMISSION FACTORS FOR PRIMARY COPPER 
SMEL TEAS WITHOUT CONTROLS8 

EMISSION FACTOR RATING: C 

Sulfur' 
Particulatesb,c oxiclesd 

Type of operation lb/ton kg/MT lb/ton kg/MT 

Roasting ... ' ... 
' .... '·' 45 22.5 60 30 

·Smelting ( reverber~tory 20 10 320 160 
furnace) , .. 

Converting. · 6.0 30 870 435 
·Refining· 10 5 -· -· 
Total uncontrolled 135 67.5 1250 625 

8 Approximately 4 unit weights of concentrate are required to produce. 
1 unit weight of copper metal. Emission factors expressed as units per 
unit weight of concentrated ore produced. 

bRei'erences 2 through 4. 
cEiectrostatic precipitators have been reported to. reduce emissions by 
. 99.7 percent. . 
dsulfur oxides. can be. reduced ·by about 90 percent by using a 

comi;J.ination of sulfuric acid piants a.nd lime slurry scrubbing. 
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· 7.4 FERROALLOY PRODUCTION 

7.4.1 Process Descriptionl ,2 

Ferroalloy is the generic term for alloys consisting of iron and one or more other metals. Ferroalloys are used 
in steel production as alloying elements and deoxidants. There are. three basic types of ferroalloys: (I) 
silicon-based alloys, including ferrosilicon and calciurnsilicon; (2) manganese-based alloys, including fer
romanganese and· silicomanganese; and {3) chromium-based alloys. including ferrochromium and ferrosilico
chrome. 

The four major procedures used to produce ferroalloy and high-purity metallic additives for steelmaking are: 
{1) blast furnace, {2) electrolytic deposition, (3)alumina silico-thermic process, and (4) electric smelting furnace. 
Because over 75 percent of the (erroalloys are produced in electric smelting furnaces, this section deals only with 
that type of furnace. 

The oldest, simplest, and most widely used electric furnaces are the submerged-arc open type, although 
semi-covered furnaces are also used. The alloys are made in the electric furnaces by reduction of suitable oxides. 
For example, in making ferrochromium the charge may consist of chrome ore, limestone, quartz (silica), coal and 
wood chips, along with scrap iron. 

7.4.2 Emissions3 

The production of ferroalloys has many dust- or fume-producing steps. The dust resulting from raw material 
handling, mix delivery, and crushing and sizing of the sohdified product can be handled by conventional 
techniques and is ordinarily not a pollution problem. By far the major pollution problem arises from the 
ferroalloy furnaces themselves. The cqnventional submerged-arc furnace utilizes carbon reduction of metallic 
oxides and continuously produces large quantities of carbon monoxide. This escaping gas carries large quantities 
of particulates of subtnicron size, making control difficult. 

In an open furnace, essentially all of the. carbon monoxide burns with induced air at the top. of the ch.rge, and 
CO emissions are sm3ll. Particulate emissions from the open furnace, however, can be quite large. lit the 
semi-closed furnace, most or all of the CO is withdrawn from the furnace and bums with dilution air introduced 
into the system. The unburned CO goes through particulate control devices and can be used as boiler fuel or can 
be flared directly. Particulate emission factors for electric smelting furnaces are presented in Table 7 .4-1. No 
carbon monoxide emisSion data have been reported in the literature. 

2/72 Metallurgical Industry 7.4-1 

324-637 o - eo - 2 (pt. Bl 



References for Section 7.4 

Table 7.4-1. EMISSION FACTORS FOR 
FERROALLOY PRODUCTION IN 

ELECTRIC SMELTING FURNACEsa 
EMISSION FACTOR RATING: C 

Type of furance and ,__....:,P_,ar'-l:t.::;ic""ul'-=-at.:.:::e~s _ 
product lb/ton kg/MT · 

Open furnace 
50% FeSib 
75%FeSic 
90% FeSib 
Silicon metald 
Sil icomanganese8 

Semi-covered furnace 
Ferromanganeliee 

200 100 
315 157.5 
565 282.5 
625 312.5 
195 97.5 

45 n.5 

8Emission factors expressed as units per unit 
weight of specified product produced. 

bReference 4. 
CReferences 5 and 6. 
dReferences4 and 7. 
8Reference 6. 

l. Air Pollutant Emission Factors. Final Report. Resources Research, Inc., Reston, Va. Prepared for National ( 
Air Pollution Control Administration, Durham, N.C., under Contract Number CPA-22-69-119. April 1970. 

2. Feiroalloys: Steel's All-purpose Additives. The Magazine of Metals Producing. February 1967. 

3. Person, R. A. Control of Emissions from Ferroalloy Furnace Processing. Niagara Falls, New York. 1969 .. 

4. Unpublished stack test results. Resources Research, Incorporated. Reston, Virginia. 

S. Ferrari, R. Experiences in Developing an Effective Pollution Control System for a Submerged-Arc Ferroalloy 
Furnace Operation. J. Metals. p. 95-104, April 1968. 

6. Fredriksen and Nestaas. Pollution Problems by Electric Furnace Ferroalloy Production. United Nations 
Economic Commission for Europe. September 1968. 

7. Gerstle, R. W. and J. L. McGinnity. Plant Visit Memorandum. U. S. DHEW, PHS, National Center for Air 
Pollution Control, Cincinnati, Ohio. June 1967. 
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7.5 IRON AND STEEL MILLS 

7. 5.1 Generatl 

Revised by William M. Vatavuk 
and L. K. Felleisen 

Iron and steel manufacturing processes may be grouped into five distinct sequential operations: (1) coke 
production; (2) pig iron manufacture in blast furnaces; (3) steel-making processes using basic oxygen, electric arc, 
and open hearth furnaces; ( 4) rolling mill operations; and (5) finiShing operations (see Figure 7 .5-l ). The first 
three of these operations encompass nearly all of the air pollution sources. Coke production is discussed in detail 
elsewhere in this publication. · 

7 .5.1.1 Pig Iron Manufacture2 ,3 -Pig iron is produced in. blast furnaces, which are large refractory-lined c~berS 
into· which iron ore, coke, and limestone are charged and allowed to react. with. large amounts of hot air to 
produce molten iron. Slag and blast furnace gases are by-products of this operation. The production of 1 unit 
weight of pig iron requires an average charge of 1.55 unit weights of iron-bearing charge, 0.55 unit weight of 
coke, 0.;20 )Jnit weight of limestone, and 2.3 unit weight of air. Blast furnace by-products consist of 0.2 unit 
weight of slag, 0.02 unit weight of flue dust, and 2.5 unit weights of gas per unit of pig iron produced. Most of 
the coke used in- the process is produced in by-product coke ovens. The flue dust and other iron ore fmes from 
the process are converted into useful blast furnace charge via sintering operations. 

Blast furnace combUstion gas and the gases that escape from bleeder openings constitute the major souirces of 
particulate emissions. The dust in the gas consists of 35 to SO percent iron, 4 to 14 percent carbon, 8 to 13 
percent silicon dioxide, and small amounts of aluminum oxide, manganese oxide, calcium oxide, ancl other 
materials. Because of its high carbon monoxide content, this gas has a low heating value (about 100 Btu/ft) and is 
utilized as a fuel within the steel plant. Before it can be efficiently oxidized, however, the gas must be cleaned of 
particulates. Initially, the gases pass through a settling chamber or dry cyclone, where about .60 percent of the 
dust is removed. Next, the gases undergo a one- or two-stage cleaning operation. The primary cleaner is normally 
a wet scrubber, which removes about 90 percent of the remaining particulates. The secondary cleaner is a 
high-energy wet scrubber (usually a venturi) or an electrostatic precipitator, either of which can remove up to 90 
percent of the particulates that have passed through the primary cleaner. Taken together, these control devices 
provide an overall dust removal efficiency of approximately 96 percent. 

All of the carbon monoxide generated in the gas is normally l;lsed for fuel. Conditions such as"slips," hQwever,· 
can cause instantaneous emissions of carbon monoxide. Improvements in techniques for handling blast furnace 
burden have greatly reduced the occurrence of slips. In Table 7.5-1 particulate and carbon monoxide efission 
factors are presented for blast furnaces. 

7;5.1.2 Steel-Making Processes. 

7.5.1.2.1 Open Hearth Furnaces2•3-In the open hearth process, a mixture of scrap iron, steel, and pi$ iron is 
melted in a shallow rectangular basin, or "hearth," for which various liquid gaseOU$ fuels provide the heat. 
Impurities are removed in a slag. 
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Figure 7.5-1. Basic flow diagram of iron and steel processes. 
"P" denotes a majorsource of particulate emissions. 
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Emissions from open hearths consist of particulates and small amounts of fluorides when fluoride-bearing ore, 
fluorspar, is used in the i::harge. The particulates are composed primarily of iron oxides, with a large portion ( 45 
to 50 percent) in the 0 to 5 micrometer size range. The quantity of dust in the off-gas increases considerably 
when oxygen lancing is used (see Table 7.5-1). 

The d~vices most commonly used to control' the iron oxide and fluoride particulates are electrostatic 
precipitators and high..energy venturi scrubbers, both of which effectively remove about 98 percent of the 
particulates. The scrubbers also remove nearly 99 percent of the gaseous fluorides and 95 percent of the 
particulate fluorides. 

7.5.1.2.2 Basic Oxygen Fllrnaces2·3 ~The basic oxyge~ process, also called the Linz-Donawitz (LD) process, is· 
employed to produce steel from a furnace charge composed of approximately (0 percent molten blast-furnace 
metal and 30 percent scrap metal by use of a stream of commercially pure oxygen to oxidize the impurities, 
principally carbon and silicon. 

The reaction that converts the molten iron into steel generate .. a considerable amount of particulate matter, 
largely in the form of iron oxide, although small amounts of flu<Jrides may be present. Probably as the result of 
the tremendous agitation of the molten bath by the oxygen lancing, the dust loadings vary from 5 to 8 grains per 
standard cubic foot (11 to 18 grams/standard cubic meter) and high percentages of the particles are in the 0 to 5 
micrometer size range. 

In addition, tremendous amounts of carbon monoxide (140 lb/ton of steel and more) are generated .by the 
reaction.· Combustion in the hood, direct flaring, or some other means of ignition is used in the stack to red11ce 
the actual carbon monoxide emissions to less than 3 lb/ton ( 1.5 kg/MT). 

The particulate control devices used are venturi scrubbers and electrostatic precipitators, both of which have 
overall efficiencies of 99 percent. Furthermore, the scrubbers are 99 percent efficient in removing gaseous 
fluorides (see Table 7.5-1). ·· 

7.5.1.2.3 Electric Arc Furnaces2,3_E1ectric furnaces are used ;>rimarily to produce special alloy steels or to melt 
large amounts of scrap for reuse. Heat is furnished by direct-.uc electrodes extending through the roof of the 
furnace. In recent years, oxygen has been used to increase the rate of uniformity of scrap-melt-down and to 
decrease power consumption. 

The particulates, primarily oxides of iron, manganese, aluminum, and silicon, that evolve when steel is being 
processed in an electric furnace result from the exposure of molten steel to extremely high temperatures. The 
quantity of these emissions is a function of the cleanliness and composition of the scrap metal charge, the refining 
procedure used (with or without oxygen lancing), and the refming time. As with open hearths, many of the 
particulates (40 to 75 percent) are in the 0 to 5 micrometer range. Additionally, moderate amounts of carbon 
monoxide (15 to 20 lb/ton) are emitted. 

Particulate control devices most widely used with electric furnaces are venturi scrubbers, which have a 
collection effl,ciency of approximately 98 percent, and bag filterS, which have collection efficiencies of 99 percent 
or higher. · 

7.5 .1.3 Scarfmg3 --Scarfmg is a method of surface preparation of semi-finished steel. A scarfing machine remove~ 
surface defects from the steel billets and slabs, before they· are shaped or rolled, by applying jets of oxygen to the 
surface of the steel, which is at orange beat, thus removing a thin upper layer of the metal by rapid oxidation. 

Emissions from scarfing operations consist of iron oxide fumes. The rate at which particulates are emitted is 
dependent on the condition of the billets or slabs and the amount of metal removal required (Table 7 .5-l). 
Emission control techniques for the removal of fine particles vary among steel producers, but one of the most 
commonly used devices is the electrostatic precipitator, which is approximately 94 percent efficient. 
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Table 7.5-1. EMISSION FACTORS FOR IRON AND STEEL MILLsa.b . 
EMISSION FACTOR RATINGS: A (PARTICULATES AND CARBON MONOXIDE) 

. . C (FLUORIDES) 

Flu ridesc,d 
Total particulates Carbon monoxide Gaseous (HF} Particulates {CaF?) 

Type of operation lb/ton kg/MT lb/ton kg/MT lb/ton kg/MT lb/ton !<g/MT 

Pig iron production 
Blast furnacese 

Ore charge, urioontrolled 110 55 1750 875 - - ..... -
(1400to 2100) (700 to 1050) 

Agglomerates charge, 40 2Q - - - - - -
uncontrolled 

Total, uncontrolled 150 75 1750 875 - - - -
(130 to 200) (65 to 100) (1400to 2100) (7 00 to 1 050) 

Settling chamber or dry 60 30 - - - - - -

cyclone 
Plus wet scrubber 15 7.5 - - - - - -~· 

Plus venturi or electro- 1.5 0.75 - - - - - -· 
static precipitator 

Sintering1 

Windbox, uncontrolled9 20 10 - - - ...,. - ·-
Dry cyclone 2.0 1.0 - - - - - ,-

Dry cyclone plus elec- 1.0 0.5 - - - - - -
trostatic precipitator .· 

Dry cyclone plus wet 0.04 0.02 -. - - - - -
scrubber 

Discharge, uncontrolled 22 11 44 22 - - - -
.Dry cyclone 2.2 1.1 44 22 - - - -
Dry cyclone plus etec- 0.11 0.055 44 22 - - - -

trostatic precipitator 
Steel production 

Open hearthh 
No oxygen lance, uncon- 8.3 4.15 - -· 0.100 1 0.05 0.030 0~015 

trolled (5.8 to 12.0) (2.9 to 6.0) l [. 
Venturi scrubber 0.17 0.085 - - 0.011 0.0055 o:oo15 0.0008 
Electrostatic 0.17 0.085 - - 0.100 0.050 0;0006 0.0003 

pre<:ipitator 
Oxygen lance, uncontrolled 17.4 8.7 - - 0.1.00 0.050 0.030 0.015 

(9.3 to 22.0) {4.65 to 11.0) 

.-.....-,, 
~. 
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Table 7.5-tlcontinued). EMISSION FACTORS FOR IRON AND STEEL MILLSB•b 
EMISSION FACTOR RATINGS: A IPARTICULATES AND CARBON MONOXIDE) 

. C (FLUORIDES} . 

Auorider·d 
Total particulates Carbon monoxide Gaseous (HF) Particulates (Caf2) 

Type of operation lblton .. k§I'MT lblton kg/MT lb/ton kg/MT lb/ton kg/MT 
Ven1Uri scrubber 0.17 0.085 - - 0.011 0.0055 0.0015 0.0008 
Electrostatic 0.35 0.175 - - 0.100 0.050 0.0006 0.0003 

precipitator 
1 Basic oxygen, uncontrolled 51 25.5 139 69.5 Neg N-_eg 0.200 0.100 

(32to86) (16to 43) (104 to 237) (52.0to 118.5) 
Venturi scrubber 0.51 0.255 - - - - 0.002 0.001 
Electrostatic 0.51 0.255 - - -, - 0.002 0.001 

precipitator 
Spray chamber 15.3 7.65 - - - - 0.060 0.030 

Electric arc" 
No oxygen1ance1-, uncon- 9.2 4.6 18 9 0.012 0.006 0.238 0.119 

trolled (7.0.to 10.6) l3.5 to 5.3) 
Venturi scrubber 0.18 0.09 18 9 0.0018 0~0009 0.011 0.0065 
Electrostatic 0.28 to0.74 0.14 to 0.37 18 9 0.012 0.006 U.011 0.0055 

precipitator 
Ba~ouse o.m 0.045 18 .9 0.012 0.006 0.0024 0.0012 

Oxygen lance'!' 
uncontrolled 11 5.5 18 9 0.012 0.006 0.238 0.119 

Venturi scrubber 0.22 0.11 18 9 0.0018 0.0009 0.011 0.0055 
Electrostatic 0.33 to 0.88 0.165 to 0.44 18 9 0.012 0.006 0.011 0.0055 

precipitator 
Baghouse 0.11 0.055 18 9 0.012 0.006 0.0024 0.0012 

Scarfing" , uncontrolled S1 <0.5 - - - - - -
Electrostatic precipitator ~0.{)6 ~0.03 - -- - - - -
VentUri scr.ubber ~0.02 ~0.01 - - - - - -

•emission factors expreaed • units par unit weight of metal produced. 
8
Rafeienal 3. _ . 

~umberJ in parentb .. l aftllr uncontrolled wluea .. rengeL Controlled h Appr~xlmdeiY o.3 poundl of 1ulfur dioxide -r ton (0. t& kg/MT) of •Inter 11 
factors are calculated Uling 8181'1181 uncontrotlad facton end observed produced at windbox. 
equipment afficillncies. 1 References. 2. 3, 5; .. d 8. 

Cftefarence 4. JRitferancu 2 through 10. 
dvalua included in .. Totlll Particulataa" fjgura. kvaluu ant for carbon type alectric a..:- fumaceL For aHoy tYPe lurn~ 
8 Refarences 2, 3~ aNI&. nltlply given value• by' 2.80. 
l1beaa ractcn .abould be IIIDil to edlmate partk:ulata aad cuiKm monoddo r •Reraiencn 2 1lmlullh ~ 

emlldo111 from the -eudre b1ait fllmaca opontioJi. 'Daa ·lotd pai1icula1e mflalerenon 3 and 4, 
factoJI foJ on~hlrJial; aad essJomentel dlaqiDg app)N only to tbOIO 8 Fetor~ ant biRd on -oparatiniJ axparience and engineering judgmant. 
opentloai. . 
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7.6 LEAD SMJ:;LTING Revised by William M. Vatavuk 

7.6.1 Process Description 1-3 

Lead is usually found in nature as a &Ulflde ore containing small amounts of copper, iron, zinc, and other trace 
elements. It is normally concentrated at the mine from an ore of 3 to 8 percent lead to an ore concentrate of 55 
to 70 percent lead, containing from 13 to 19 percent free and uncombined sulfur by weight. 

Normal pmctice for the production of lead metal from this concentrate involves the following operations 
(see Figure 7 .6-1): 

1. Sintering, in which the concentrate lead and sulfur are oxidized to produce lead oxide and sulfur dioxide. 
(Simultaneously, the charge material, comprised of concentrates, recycle sinter, sand, and other inert materials, 
is agglomerated to form a dense, permeable material called sinter.) 

2. Reducing the lead oxide contained in the sinter to produce molten lead bullion. 
3. Refming the lead bullion to eliminate any impurities. 

Sinter is produced by" means of a Sinter machine, a continuous steel·pallet conveyor belt moved by gears and 
sprockets. Each pallet consists of perforated or slotted grates, beneath which are situated windboxes connected 
to fans that provide a draft on the moving sinter charge. Depending on the direction of this draft, the sinter ma· 
chine is either of~ updraft or downdraft type. Except for the draft dire.ction, hawever, all machines are simi
lar in design, construction, and operation. 

The sintering reaction is autogenous and occurs at a temperature of approximately 1 000°C: 

2 PbS + 3 02 -+ 2 PbO + 2 802 (1) 

Opemting experience has shown that system operation and product quality are optimum when the sulfur content 
of the sinter charge is between 5 and 7 percent by weight. To maintain this desired sulfur content, sulfide-free 
fl11Xes such as silica and limestone, plus large amounts of recycled sinter and smelter residues are added to the 
mix. The quality of the product sinter is usually determined by its hardness (Ritter Index), which is inversely 
proportional to the sulfur content. Hard quality sinter (low sulfur content) is preferred because it resist$ crushing 
during discharge from the. sinter machine. Conversely, undersized sinter will usually result from insufficient de-
sulfurization and is recycled for further processing. · 

Of the two kinds of sintering machines used, the updraft design is superior for many reasons. First, the sinter 
bed heightis more permeable (and, hence, can be greater) with an updraft machine, thereby permitting a higher 
production rate 'than that ·or·a downdraft machine of sinrllar dimensionS. Secondly, the small amounts of ele
mental lead that form during sintering will so1idify at_ their point of formation with updraft machines; whereas, in 
downdraft operation, the metal tends to flow downward and collect on the grates or at the bottom of the sinter 
cbarge, thus causing increased pressure drop and attendant reduced blower capacity. In addition, the updraft 
system exhibits the capability of producing sinter of higher lead content and requires less maintenance than the 
downdraft machine. Finally, and most important from an air ·pollution control standpoint, updraft sintering 
can produce a singJ.e strong so2 effluent stream from the operation, by use· ofweak gas recirculation. This, in 
turn, permits the more efficient and economical use of such control methods as· sulfuric acid recovery plants. 

Lead reductiQn is carried out in a blast furnace, basically a water-jacketed shaft furnace supported by a re
fractor}' base. Tuyeres, through which combustion air is admitted under pressure, are located near the bottom 
and are evenly spaced on either stde of the furnace. 

The furnace is charged with a: mixture of sinter (80 to 90 percent of charge), metallurgical coke (8 to 14 per
cent of the charge), and other materials, such as limestone, silica, litharge, slag-forming constituents, and various 
recycled and clean-up materials. In the furnace the sinter is reduced to lead bullion; most of the impurities are 
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eliminated in the slag. Solid ptoducts from the blast furnace generally separate into four layers: spei.ss (basic
ally arsenic and antimony, the lightest material); matte (composed .of copper sulfide and other metal sultides); 
slag (primarily silicates); and lead bullion. The rust three layers are combined as slag, which is continually 
collected from the furnace and either processed at the smelter for its metal content or shipped to tre•tment 
facilities. 

A certain amount of S02 is also generated in blast furnaces due to the presence of small quantities of residual 
lead sulfide and lead sulfates· in the sinter feed. The quantity of these emissions is a function of not only the re. 
sidulil siJlfur content in the sinter, but of the amount of sulfur that is captured by copper and other impurities in 
the slag. ' 

Rough lead bullion from the blast furnace usually requires preliminary treatment (dressing) in $teel cast·iron 
kettles before undergoing refining operations. First, the buUicin is cooled to 700 to 800°F; copper and small 
amounts of sulfur, arsenic, antimony, and nickel are removed from solution and collect on the surface as a dross. 
This dross, in turn, is treated in a reverberatory-type furnace where the copper and other metal impurities are 
further concentrated before being routed to copper smelters for their eventual recovery. Dressed lead buUion is 
further treated for copper removal by the addition of sulfur-bearing material and zinc and/or aluminum to lower 
the copper content to approximately 0.01 percent 

The final phase of smelting, the refining of the bullion is cast-iron kettles, occurs in five steps: 

1. Removal of antimony, tin, and 'arsenic; 
2. Removal of precious metals via the Parke's Process, in which zinc metal combines with gold and sJlver to 

form an insoluble intermetallic at operating temperatures; 
3. Vacuum removal of zinc; 
4. Bismuth removal using the Batterson Process, which involves the addition of calcium and magnesium, 

which in tum, form an insoluble compound with the bismuth that is skimmed from the kettle; apd 
5. Removal of remaining traces of metal impurities by addition of NaOH and NaN03. 

The final rermed lead, commonly of 99 Q9 to 99.999 percent purity, is then cast into 100-pound pigs before 
shipment. 

7.6.2 Emissions and Controls 1.2 

Each of the three major lead smelting operations generates substantial quantities of particulates and/or sulfur 
dioxide. · 

Nearly 85 percent of the sulfur present in the lead ore concentrate is eliminated in the sintering operation. 
In handling these process offgases, either a single weak stream is taken from the machine hood at less than 2 per· 
cent 802 or two streams are taken-one weak stream (<0.5 percent S02) from the discharge end of the machine 
and one strong stream (5 to 7 percent S02) taken .from the feed end. Single stream operation is generaUy used 
when there is little or no market for the recovered sulfur, so that the uncontrolled weak 802 stream is emitted 
to the atmosphere. Where there is a potential sulfur market, however, the strong stream is sent to a sulfuric acid 
p}ant, and the weak stream is vented after particulate removal. 

When dual gas stream operation is used with updraft sinter machines, the weak gas stream can be recitcUlated 
through the bed to mix with the strong gas stream, resulting in a single stream with an S02 concentration of 
about 6 percent. This technique has the overall effect of decreasing machine production capacity, but does per. 
mit a more convenient and economical recovery of the S02 via sulfuric acid plants and other control metoods. 

Without weak gas recirculation, the latter portion of the sinter machine acts as a cooling zone. for the sinter 
and consequently assists in the reduction of dust formation during product discharge and screening. However, 

S/74 Metallurgical Industry 



when recirculation is used, the sinter is usually discharged in a relatively hot state (400 to 500°C), with an attend.: 
ant increase in particulate formation. Methods for reducing these dust quantities include recirculation of off
gases through the sinter bed, relying upon the flltering effect ofthe latter, or ducting the gases from the dis
charge through a particulate collection device directly to the atmosphere. ·Because reaction activity has ceased 
in the discharge area in these cases, these latter gases contain little so2. 

The partiCulate emissions ftom sinter machines consist of from 5 to 20 percent of the concentrated ore feed. 
When expressed in terms of p~oduct weight, these emissions are an estim3cted 106.5 kg/MT (213 lb/ton) of lead pro
duced. This value, along with other particulate and S02 factors, appears in Table 7~6-1. 

Table 7.6-1. EMISSION FACTORS FOR PRIMARY LEAD 
SMELTING PROCESSES WITHOUT CONTROLsa 

EMISSION FACTOR RATING: B 

'' ~articulates Sulfur dioxide 
Process kg/MT lb/tcin kg/MT lb/ton 

Ore crush ingb 1.0 2.0 .-· -
Sintering (updraft)c 106,5 213.0 275.0 550.0 
Blast furnaceb 180.5 361.0 22;5 45.0 
Dross reverberatory furnaceb 10.0 20.0 Neg Neg 
Materials handlingb 2.5 5.0 - -· 
sore crushing 11mission factors expressed as kg/MT lib/ton) of crushed ore; all other emission factors expressed as kg/MT lib/ton) 
of read product. 

bReference 2. 
CReferences 1, 4, 5, and 6. 
dReferences 1, 2, and 7, 

Typical material balances from domestic lead smelters indicate that about 10 to 20 percent of the sulfur in the 
ore concentrate fed to the sinter machine is eliminated in the blast furnace. However, only half of this amount 
(about 7 percent of the total) is emitted as S02; the remainder is captured by the slag. The concentration of this 
S02 stream can vary from 500 to 2500 ppm by volume, depending on the amount of dilution air injected to ox
idize the carbon monoxide and cool the stream before baghouse treatment for particulate removal. 

Particulate emissions from blast furnaces contain many different kinds of material, including a range of lead 
oxides, quaitz, limestone, iron pyrites, iron-lime-silicate slag, arsenic, and other metals-containing compounds 
associated with lead ores. These particles readily agglomerate, are primarily submicron in size, difficult to wet, 
cohesiv~, and will bridge and arch in hoppers. On the average, this dust loading is quite substantial (see Table 
7.6·1). 

Virtually no sulfur dioxide emissions are associated with the various refining operations. However, a small 
amount of particulates is generated by the dross reverberatory furnace (1 0 kg/MT oflead). 

Finally, minor quantities of particulates are generated by ore crushing and materials handling operations. 
These emission factors are also presented in Table 7 .6-1. · 

Methods used to control emis~on from lead smelter· operations fall into two broad categories-particulate 
and sulfur dioxide control techniques. The most commonly employed high-efficiency particulate control devices 
are fabric filters and electrostatic precipitators, which, in turn, often follow centrifugal collectors and tubular 
coolers (pseudogravity collectors). Three of the six lead smelters presently operating in the United States use 
single absorption sulfuric acid plants for control of sulfur dioxide emissions from sinter machines and, occasion
ally, blast furnaces. Other technically feasible S02 control methods are elemental sulfur recovery plants and 

7.6-4. EMISSION FACTORS S/74 ( 



( 

( 

dimethylanilirie (DMA) and ammonia absorption processes. These methods and their representative control 
efficiencies are listed in Table 7 .6-2. 

Table 7.6-2. EFFICIENCIES OF REPRESENTATIVE CONTROL DEVICES 
USED WITH PRIMARY LEAD SMELTING OPERATIONS 

Control device efficiency range 
Control device or method Particulates Sulfur dioxide 

Centrifugal collector (e.g., cyclone)s 
Electrostatic precipitators 
Fabric filters 
Tubular cooler (associated with waste heat boiler)e 
Sulfuric acid plant (single contact)b,c 
Elemental sulfur recovery plantb,d 
Dimethylaniline (DMA) absorption processb,e 
Ammonia absorption processb,f 

BReference 2. 
bReference 1. 

8t} to 90 ·· 
95 to 99 
95 to 99 
70 to 80 
99,5 to 99.9 96 to 97 

90 
95 to 98.8 
92 to95.2 

CHigh particulate control efficiency due to action of acid plant gas precleaning system. Range of S02 efficiencies based on inlet 
and outlet concentrations of 5 to 7 percent and 2000 ppm, respectively. 

deo!lection efficiency for a two-stage, uncontrolled Claus-type plant. Refer to Section 5.18 for more information. 
8 Ranga of S02 efficiencies based on inlet and outlet concentrations of 4 to 6 percent and 500 to 3000 ppm, respectively. 
fRange ·of S02 efficiencies based on inlet and outlet concentrations of 1.5 to 2.5 percent and 1200 ppm, respectively. 
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7.7 ZINC SMELTING 

7. 7.1 Process Description 1,2 

As stated previously, most domestic zinc comes from zinc and lead o .. es. Another important source 0f raw 
material for zinc metal has been zinc oxide from fuming furnaces. For efficient recovery or zinc, sulfur m\tst be 
removed from concentrates to a level of less than 2 percent. This is done by fluidized beds or multiple-hearth 
roasting occasionally followed by sintering. Metallic zinc can be produced from the roasted ore by the homontal 
or vertical ret~rt process or by the electrolytic process if a high·p~rity zinc is needed. 

7. 7.2 Emissions and Controls I .2 

Dust, fumes, and sulfur dioxide are emitted from zinc concentrate roa11ting or sintedng operations. Partioulates 
may- be removed by .electrostatic precipitators or baghouses. Sulfur dioxide may be converted directly into 
sulfuric acid or vented. Emission factors for zinc smelting are presented in Table 7 .7·1. 
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Table 7.7·1. EMISSION FACTORS FOR PRIMARY ZINC 
SMELTING WITHOUT CONTROLs-
EMISSION FACTOR RATING: B 

Particulates Sulfur oxides 
Type of operation lb/ton kg/MT lb/ton kg/MT 

Roasting (multiple·hearth)b 120 60 1100 550 
Sinterinif 90 46 d d 
Horizontal retorts" 8 4 - -
Vertical retorts8 100 50 - -
Electrolytic process 3 1.5 - -
1Approximately 2 unit weights of concentrated ore ere required to 

produce 1 unit weight of zinc me1111. Emission factors expread as units 
per unit weight of concentrated ore produced. 

bReferances 3 end 4. · 
· CReferences2 and 3. 

dlncluded in so2 losses from roasting, 
8Reference 3. 
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7.8 SECONDARY ALUMINUM OPERATIONS 

7.8.1 Process Description 1,2 

Secondary aluminum operations involve making 'lightweight metal a,llc:iys for industnat castings and ingots. 
Copper, magnesium, and silicon are the most common alloying constituents. Aluminum alloys for castings are 
melted in small crucible furnaces charged by hand with pigs and foundry returns. Larger melting operations use 
open-hearth reverberatory furnaces charged with tlte jlijlle type. of materials but by mechanical means. Small 
operations sometimes use sweating furnaces to treat dirty serap in preparation for smelting. 

To produce a high-quality aluminum product, fluxing is practiced to some extent in all secondary aluminum 
melting. Aluminum fluxes are expected to remove dissolved gases and .oxide particles, from the molten bath. 
Sodium and various mixtures of potassium or sodium chloride with cryolite and chlorides of aluminum zinc are 
used as fluxes. Chlorine gas is usually lanced into the molten bath to reduce the magnesium content by reacting 
to form magnesium and aluminum chlorides. 3 ,4 . . · ·· . 

7.8.2 Emissions2 

Emissions from secondary aluminum operations include fine particulate matter and gaseous chlorine. A large 
part of the material charged to a reverberatory furnace is low-grade scrap and chips. Paint, dirt, oil, grease, and 
other contaminants from this scrap cause large quantities of smoke and fumes to be discharged. Even if the scrap 
is clean, large surface-to-volume ratios require the use of more fluxes, which can cause serious air pollution 
probiems. Table 7.8-1 presents particulate emission factors for secondary aluminum operations. 
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Table 7.8-1. PARTICULATE EMISSION FACTORS FOR SECONDARY 
ALUMINUM OPERATIONSa 

EMISSION FACTOR RATING: B 

Electrostatic 
Uncontrolled Baghouse precipitator 

Type of operation lb/ton kg/MT lb/ton kg/MT lb/ton kg/MT 

.Sweating furnace 14.5 7.25 3.3 1.65 - -
Smelting 

Crucible furnace 1.9 0.95 - - - -
Reverberatory furnace 4.3 2.15 1.3 0.65 1.3 0.65 

Chlorination stationb 1000 500 50 25 - -
aReference 5. Emission factors expressed as units per unit weight of metal processed. 
bpounds per ton (kg/MT) of chlorine used. · 
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7.9 BRASS AND BRONZE INGOTS (COPPER ALLOYS) 

7.9.1 Process Description1 

Obsolete domestic and industrial copper-bearing scrap is the basic raw material of the brass and bronze ingot 
industry. The scrap frequently contains any number of metallic apd nonmetallic impurities, which can be 
removed by such methods as hand sorting, magnetizing, heat methods such as sweating or burning, and gravity 
separation in a water medium. 

Brass and bronze ingots are produced from a number of different furnaces through a combination of melting, 
smelting, refining, and alloying of the processed scrap material. Reverberatory, rotary; and crocible furnaces are 
the ones most widely used, and the choice depends on the size of the melt and the alloy desired. Both the 
reverberatory and the rotary furnaces are normally heated by direct firing, in which the flame and 811~ come 
into direct contact with the melt. Processing is essentially the same in any furnace except for the differences in 
the types of alloy being handled. Crucible ·furnaces are usually much smaller and are used principally for 
$pecial·purpose alloys. 

7.9.2 Emissions and Controls1 

The principal source of emissions in the brass and bronze ingot industry is the refining furnace. The exit gas 
from the furnace may contain the normal combustion products such as fly ash, soot, and smoke. Appreciable 
amounts of zinc oxide are also present in this exit gas. Other sources of particulate emissions include the 
preparation of raw materials and the pouring of ingots. 

The only air pollution control equipment that is generally accepted in the brass and bronze ingot uidlistry is 
the baghouse filter, which can reduce emissions by as much as 99;9 percent. Table 7 .9·1 summarizes uncontrolled 
emissions from various brass and bronze melting furnaces. 
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Reference for Section 7.9 

Table 7.9·1. PARTICULATE EMISSION 
FACTORS FOR BRASS AND 

BRONZE MELTING FURNACES 
WITHOUT CONTROLsa 

EMISSION FACTOR RATING: A 

Type offurnace 

Blastc 
Crucible 
Cupola 
Eieetric induction 
R ellerberatory 
.Rotary 

Uncontrolled 
emi ssionsb ·. 

lb/ton kg/MT 

18 
12 
73 

2 
70 
60 

9 
6 

36.5 
1 

35 
30 

aReference 1. Emission factors expressed as 
units per unit weight of metal charged. 

i>rhe use of a baghouse can reduce emissions by 
95 to 99.6 percent. 

cAepresents emissions following precleaoer. 

1. Air Pollution Asp(lcts of Brass and Brqnze Smelting and Refining Industry. U.S. DHEW, PHS, EHS, National 
Air Pollution .Control Adminis~ration. Raleigh, N. C. Publication Number AP·S8. November 1969. 
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7.10. GRAY IRON FOUNDRY 

7.1 0.1 Process Description 1 

Tlu'ee types of furnaces are used to produce gray iron castings: cupolas, reverberatory furnaces, and· electric 
induction furnaces. The cupola is the major source of molten iron for the production of castings. In operation, a 
bed· of coke is placed over the sand bottom in the cupola. After the bed of coke has begun to bum pJ!Operly, 
alternate layers of coke, flUx., and metal are charged into the cupola. Combustion air is forced into the cupola, 
causing the coke to burn and melt the iron. The molten iron flows out through a taphole. . 

f:lectric furnaces. are commonly used where special alloys are to be made. Pig iron and scrap iron are charged 
to the furnace and melted, and alloying elements and fluxes are added at specific intervals. Induction furnaces are 
used where high-quality, clean metal is available for charging.· · 

7.10.2 Emissionsl 
Emissions from cupola furnaces include gases, dust, fumes, and smoke and oil vapors. Dust arises from dirt on 

the metal charge and from fines in the coke and limestone charge. Smoke and oil vapor arise primarily f:5m the 
partial combustion and distillation of oil from greasy scrap charged. to the furnace. Also, the emuent f om the 
cupola furnace has. a high carbon monoxide content that can be controll~d by an afterburner. Emissio. from 
reverberatory and electric· induction furnaces consist primarily of metallurgical fumes and are relativ~ly lovi. 
Table 7.\0.1 presents emission factors for the manufacture of iron castings. · 

2/72. 

Table 7.10·1. EMISSION FACTORS FOR GRAY IRON 
FOUNDRIE$8•b,c 

EMISSION FACTOR RATING: B 

Particulates Carbon monoxide 

Type of furnace lb/ton kg/MT lb/ton kg/MT 

Cupola 
Uncontrolled 17 R5 145c,d 72.6C,d 

Wet cap 8 4 .... .... 
Impingement scrubber 5 2.5 - .... 
High-energy scrubber 0.8 0.4 - -
Electrostatic precipitator 0.6' 0.3 - -
Baghouse 0.2 0.1' .... .... 

Reverberatory 2 1 - .... 
Electric induction 1.5 0.75 .... -
8References 2 through 5. Emission factors expreued.as units per unit weight 

of metal charged. 
bApproximately 85 percent of the total charge is me1al. For every unit weight 

Of coke ir\ the charge, 7 unit weights of gray Iron are produced. 
cReference 6. . 
dA well-designed aftert)urner can reduce emissions to 9 pounds per ton (4.5 

kg/MTl of me1al charged. 2 

Metallurgical Industry 7.1().1 



References for Section 7.10 

1. Hammond, W. F. and J. T. Nance. Iron Castings. In: Air Pollution Engineering ~anual. Danielson, J. A. (ed.). 
U.S. DHEW, PHS, National Center for Air Pollution Control. Cincinnati, Ohio. PUblication Number 
999-AP-40. 1967. p. 258-268. 

2. Hammond, W. F. and S. M. Wei~s. Unpublished report on air contaminant from emissions metallurgical 
operations in Los· Angeles County. Los Angeles County Air Pollution Control District. (Presented at Air · 
Pollution Control Institute, July 1964). 

3. Crabaugh, H. C. et al. Dust and Fumes from·Gray Iron Foundries: How They Are Controlled in Los Angeles 
County. Air Repair. 4(3): November 1954. 

4, Hammond, W. F., and J. T. Nance. Iron Castings. In: Air Pollution Engineering Manual. Danielson, J. A. 
(ed.). U.S. DHEW, PHS. National C~nter for Air Pollution Control. Cincinnati, Ohio. Publication Number 
999~AP-40. 1967. p. 260. 

5. Kane, J. M. Equipment for Cupola Control. American Foundryman 's Society Transactions. 64:525-531. 
1956. 

6;. Air Pollution Aspects of the lrdn. Foundry Industry. ~· T. Kearney and Company. Prepared for 
Environmental Protection Agency, Research Triangle Park, N.C .• under.Contract Nwnber CPA 22-69-106 . 

. February 1971. · 

7.1()-2 EMISSION FACTORS 2/72 

\, 

( 



( 

7.11 SECONDARY LEAD SMELTING Revised by William M. YattWuk 

7.11.1 Process Description 1·3 

In the secondary smelting, ref'llling, and alloying of lead, the three types of furnace most commo~ used are 
reverberatory, blast or cupola, and pot. The grade of metal to be produced-soft. semisoft. nr hard-dictates 
the type of funace to be used. 

Used for the production of semisoft lead, the reverberatory furnace reclaims this metal from a charse oflead 
scrap, batterY' plates, oxides, drosses, and lead residues. The furnace consists of an outer shell built in the shape -
of a rectansuJar box lined with refractory brick. To provide heat for melting, the charge gas or oil-fired bumen 
are usually placed at one end of the .furnace, and the material to be melted is charged throu&h an openinaln the 
shell. 

The charge is placed in the furnace in such a manner as to keep a small mound of unmelted material on top 
of the bath. Continuously, as this mound becomes molten at the operating temperature (approximately 1250°C), 
more material is charged. Semisoft lead is tapped off periodically as the level of the metal rises ln the furnace. 
The amount of metal recovered is about SO to 60 kilogriuns per square meter of hearth area per hour. 

A similar kind of furnace-the' revolvins (rotary) reverberatory-is used at several European tnstallftlons for 
the recovery of lead f~om battery scrap. and lead sulfate sludge. Its charge makeup and operating ch~cteriltiCI _ 
are identical to the reverberatories used ln the United States, except that the furnace slowly revolves as ~~ chup 
is heated. · 

The blast (cupola) furnace, used to produce "hard" lead, is normally charged with the following: romn l1aa 
from previous runs (4.5 percent); cast-iron scrap (4.5 percent); limestone (3 percent); CQke (5;$ pe1e10nt); and 
drosses from pot furnace refining, oxides, and reverberatory slag (82.5 percent). Sbnilar to an iron cupola..the 
furnace consists of a steel sheet lined with refractory material. Air, under high pressure, Is introduoed at the 
bottom through tuyeres to permit combustion of the coke, which provides the heat and a reducing atlbospbere. 

M the charge material melts, limestone and iron form an oxidation·retardant flux that floats to the top, and 
the molten lead flows from the furnace into a holding pot at a nearly continuous rate. The rest (30 percent) of 
the tapped molten material is &lag, 5 percent of which is retained for later rerun. From the holding pot, the lead 
is usually cast into large ingots called "buttons" or ''sows.'' 

Pot·type furnaces are used for remelting. alloying, and refining processes. These furnaces are usually gas fired 
and range in size from 1 to 45 metric tons capacity. Their operation consists simply of charging ingots 1of lead or 
.alloy material and firing the charge until the desired product quality is obtained. · 

Refining processes most- commonly employed are those for the removal of copper and antimony t() prPCluce 
soft lead, and those for the removal ofarsenic, copper, and nickel to produce hard· lead. 

Figure 7 .11·1 illustrates these three secondary lead smelting processes .. 

7.11.2 Emissions and Controls1,2 

The emissions and cont.Jols from secondary lead smelting processes may be conveniently considered accordins 
to the type of furnace employe~. 

With the reverberatory furnaces, the temperature maintained is high enough to oxidize the sulfldes1present in 
the charge to sulfur dioxide and sulfur trioxide, which, in tum, are emitted in the exit gas. Also emitttld. are such 
particulates (at concentrations of 16 to 50 grams per cubic meter) as oxides, sulfides, and sulfates of lead, tin, 
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arsenic, copper, and antimony. The particles are nearly spherical and tend to agglomerate. Emission factors for 
reverberatory furnaces are presented in Table 7.11-1. 

· · The most practical control system for a reverberatory furnace consists of a gas settling/cooling chamber and a 
fabric fllter. This system effects a particulate removal of well in excess of99 percent. Because of the potential 
presence of sparks and flammable material, a great deal of care is taken to control the temperature of the gas 
stream. In turn, the type of filter cloth selected depends upon stream temperature and such parameters as gas 

Table 7.11-1. EMisSION FACTORS FOR SECONDARY LEAD SMELTiNG FURNACES 
WITHOUT CONTROLsa 

EMISSION FACTOR RATING: B 

Particulates Sulfur dioxide 
Furnace type kg/MT lb/ ton kg/MT lb/ton 

R everberatoryb 73.5 (28.0 to 156.5)c 147 (56 to 313) 40,0 (35.5 to 44.0) 80 (71 to 88) 
Blast (cupola)cl 96.5 (10.5 to 190.5) 193 (21.0 to 381.0) 26.5 (9.0 to 55.0) 53.0 (18 to 1101 
Pote 0.4 0.8 Neg 
Rotary 35.0 70.0 NA9 

reverberatoryf 

aAII emission factors expressed in terms of kg/MT and lb/ton of metal charged to furriace. 
bReferences 2, 5 through 7. 
CNumbers in parentheses represent ranges of values obtained. 

· ciReferen~s 2, 7 through 9, 
BReference 7. 
fReferenee 3. 
gNA-no data available to make estimates. 
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stream corrosivity and the permeability and abrasion (or stress}resisting characteristics of the cloth. In any case, 
the filtering velocity seldom .exceeds 0.6 m/min. Table 7.11-2 offers a listing of control devices and ·their 
efficiencies. 

Ttble 7.11-2. EFFICIENCIES OF PARTICULATE CONTROL EQUIPMENT 
ASSOCIATED WITH SECONDARY LEAD SMELTING FURNACES 

Control device Furnace type 
Particulate control 

efficiency 

Fabric filters 

Dry cyclone plus fabric filters 
Wet cyclone plus fabric filterb 
Settling chamber plus dry cyclone plus fabric filterc 
Venturi scrubber plus demisterd 

&Reference 2. 
bReference 5. 
CReference S. 
dAeference 8. 

Blast 
Reverberatory . 
Blast 
Reverberatory 
Reverberatory 
Blast 

98.4' 
99.2 
99.0 
99.7 
99.8 
99.3 

Combustion air from the tuyeres passing through the blast furnace charge conveys metal oxides, bits of coke, 
and other particulates present in the charge. The particulate· is roughly 7 percent by weight of the total charge 
(up to 44 g/m3) .. Jn addition to particulates, the stack gases also contain carbon monoxide. However, the camon 
monoxide and any volatile hydrocarbons present are oxidized to carbon dioxide and water in the upper portion 
of the furnace, which effectively acts as··an afterburner. 

Fabric filters~ preceded by radiant cooling columns, evaporative water coolers, or air dilution jets, are also used 
to control blast furnace particulates. Overall efficiencies exceeding 95 percent are common (see Table t/.11-2). 
Representative size distnbutions of particles in blast and raverberatory furnace streams are presented ill Table 
7.11-3. ' 

Compared with ·the other furnace types, pot furnace emissions are low (see Table 7 .11-1). However, to main• 
tain a hygienic working environment, -pot furnace off gases, usually along with emission streams from other 
furnaces, are directed to fabric filter systems. 

&Reference 1. 

Table 7.11-3. RePRESENTATIVE PARTICLE SIZE DISTRIBUTION 
FROM A COMBINED BLAST AND REVERBERATORY 

FURNACE GAS STR EAM8 

Size range, JJ. m 
0 to 1 
1 to 2 
2to 3 
3to 4 
4 to 16 

Fabric filter catch, wt% 
13.3 
45.2 
19.1 
14.0 
8.4 

b-fhese particles are distributed log-normally, acc;:ording to the following frequency distribution: 

f(D) "' 1 56 ex [-(log D-0.26212] 
• p 0.131 
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7.12 SECONDARY MAGNESIUM SMELTING 

1.12.1 Process Description! 
Magnesium smelting is carried out in crucible or- pot·type furnaces that are charged with mqnesium sen•p 

and fired by gas, oil, or electric heating. A flux is used t.o cover the .surface of the mol~n metal b$cause 
magnesium will burn in air at the pouring temperature (approxiniately 1500° F or 815°C). The molten 
magnesium, usually cast by pouring into molds, is annealed in ovens utilizing an atmosphere devoid of oxygen. 

7.12.2 Emissions1 

Emissions from magnesium smelting include particulate magnesium (MgO) from the melting; nitrogen oxides 
from the fiXation of atmospheric nitrogen by the furnace temperatures, and sulfur dioxide losses from a.nnealq 
oven atmospheres. Factors affecting emissions include the capacity of the furnace; the type of flwrused on the 
molten rnatenal; the amount of lancing used; the amount of contamination of the scrap, inclucling oil and other 
hydrocarbons; and the type and extent of control equipment used on the process. The emission factor$ for a p9t 
furnace are shown in Table 7 .12·1. -

2/72 

Table 7.12"1. EMISSION FACTORS 
FOR MAGNESIUM SMELTING 

EMISSION FACTOR RATING: C 

Particulater 
Type of furnace lb/ton kg/MT 

Pot furnace 
Uncontrolled 
Controlled 

4 
0.4 

2 
0.2 

8 References 2 and 3. Emission factors 
expressed as units per unit weight of 
metal prOcessed. 
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7.13 STEEL FOUNDRIES 

7.13.1 Process Description1 

Steel foundries produce steel castings by melting steel metal and pouring it into molds. The melting of steel for 
ca.Stings is accomplished in one of five .types of furnaces: direct electric-arc, electric induction, open-hearth, 
crucible, and pneumatic converter. The crucible and pneumatic converter are not in widespread use, so this 
section deals only with the remaining three types of furnaces. Raw materials supplied to the various melting 
furnaces include steel scrap of all types, pig iron, ferroalloys, and limestone. The basic melting process operations 
are furnace charging, melting, tapping the furnace into a ladle, and pouring the steel into molds. An integral part 
of the steel foundry operation is the preparation ·of .casting molds, and the shakeout and cleaning of these 
castings. Some common materials used in molds and ~;ores for hollow casting include sand, oil, clay, and resin. 
Shakeout is the operation by whlch the cool casting is separated from the mold. The castings are commonly 
cleaned by shot-blasting, and surface defects such as fins are removed by burning and grinding. 

7.13.2 Emissionsl 
Particulate emissions from steel foundry .operations include iron oxide fumes, sand fines, graphite, and metal 

dust. Gaseous emissions from foundry operations include oxides of nitrogen, oxides of sulfur, and hydrof;arbons. 
Factors affecting emissions fron'i the melting process. include the quality and cleanliness of the scra~and the 
amount ?f oxy.gen lancing. The concentrations of oxides o~ nitrogen are dependent upon operating .con 'tions in 
the melting umt, such as temperature and the rate of cooling· of the exhaust gases. The concentratton o carbon 
monoxide in the exhaust gases is dependent on the amount .of draft on the melting furnace. Emissions from the 
shakeout and cleaning operations, mostly particulate matter, vary according to type and efficiency of dust 
collection. Gaseous emissions from the mold and baking operations are dependent upon the fuel use .. by the 
ovens and the temperature reached in these ovens. Table 7.13-1 summarizes the emissio~ factors for steel 
foundries. 
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Table 7.13-1. EMISSION FACTORS FOR STEEL FOUNDRIES 
EMISSION FACTOR RATING: A 

P articu I ates<' 
Nitrogen 

"· oxides 
Type of process lb/ton kg/MT lb/ton kg/MT 

Melting 
Electric arcb,c 13 (4 to 40) 6.5.(2 to 20) 0.2 0.1 Open-hearthd,e 11 (2 to 20) 5.5 (1 to.10) 0.01 0.005 

Open-hearth oxygen lancedf,g 10 (8 to 11) 5 (4 to 5,5) - -
E;lectric inductionh 0.1 0.05 - -

. ' . 
8
Emission factors expressed as uni.ts per unit weight of metal proc:essed. If the scrap metal is very dirty 
or oily, or if increased oxygen lancing is employed, the emission faptor should be chosen from the 
high side of the factor range. 

belectrostatic precipitator, 92 to 98 percent control efficiency; baghOtjse (fabric filter), 98 to 99 
percent control efficiency; venturi scrubber, 94 to 98 percent control efficiency. 

cReferences 2 through 11. · . . · ·. · 
dEiectrostatic precipitator, 1'15 to 98.5 percent control eff.iciency; baghouse, 99.9 percent control 

efficiency; venturi scrubber, 96 to 99 percent control 11fficiency. 
eReferences 2 and 12 through 14; 

felectrostatie precipitator, 95 to 98 percent controi efficiency; baghouse, 99 percent control 
efficiency; venturi scrubber, 95 to 98 percent control efficiency. 

9References 1 and 15. 
husually not controlled. 
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7.14 SECONDARY ZINC PROCESSING 

7.14.1 Process Descriptionl 

Zinc processing includes zinc· reclaiming, zinc oxide manufacturing, and zinc galvanizing. Zinc is separated 
from scrap containing lead; copper, aluminum,· and iron by careful control of temperature in the namac:e, 
allowing each metal to be removed at its melting range. The furnaces typically employed are the pot, muffie, 
reverberatory, or electric induction. Further refining of the zinc can be done in retort distilling or vaporization 
furnaces where the vaporized zinc is condensed to the pure metallic form. Zinc oxide is produced by distilling 
metallic zinc into a dry air stream and capturing the subsequently formed oxide in a baghouse. Zinc galvanizing is 
carried out in a vat or in bath·type dip tanks utilizing a flux cover. Iron and steel pieces to be coated are cleaned 
and dipped into the vat through the covering flux. 

7.14.2 Emissionsl 

A J!otential for particulate emissions, mainly zinc oxide, occurs if the temperature of the furnace exceeds 
1100 F (S95°C). Zinc oxide (ZnO) may escape from condensers or distilling furnaces, and because of its 
extremely small particle size (0.03 to 0.5 micron), it may pass through even the most efficient collection srstems. 
Some loss of zinc oxides occurs during the galvanizing processes, but these losses are small because of 1he flux 
cover on the bath and the rekltively low temperature maintained in the bath. Some emissions of particulate 
ammonium chloride occur when galvanized parts are dusted after coating to improve their finish. Another 
potential source of emissions of particulates and gaseous zinc is the tapping of zinc-vaporiZing muffle furnaces to 
remove accumulated slag residue. Emissions of carbon monoxide occur when zinc oxide is reduced by carbon. 
Nitrogen oxide emissions are also possible because of the high temperatwe associated with the smelting,and the 
resulting fiXation of atmospheric nitrogen. Table 7.14-1 summarizes the emission factors from zinc proces"'ng. 
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Table 7.14-1. PARTICULATE EMISSION FACTORS FOR.· 
SECONDARY ZINC SMEL TINGa 
EMISSION FACTOR RATING: C 

Type. of furnace 

Retort reduction 

Horizontal muffle 

Pot furnace 

Kettle sweat furnace processingb 

Clean metallic scrap 
General metallic scrap 
Residual scrap 

Reverberatory sweat furnace processingb 

Clean metallic scrap 
General metallic scrap 
Residual scrap 

Galvanizing kettles 

Calcining kiln 

Emissions 
lb/ton kg/MT 

47 

45 

0.1 

Neg 
11 
25 

Neg 
13 
32 

5 

89 

23.5 

22.5 

0.05 

Neg 
5.5 

12.5 

Neg 
6.5 

16 

2.5 

44.5 

aReferences 2 through 4. Emission f1ctors expressed as units per unit weight of 
metal produced. 

bReference 5. 
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8. MINERAL PRODUCTS INDUSTRY 

This section involves the processing and production of various minerals. Mineral processing is characterized by 
particulate emissions in the form Qf dust. Frequerttly, as in the case ofcrushing and screening, this dust is identical 
to the material being handled. Emissions also occur through handling and storing the finished product because 
this material is often dry and fine. Particulate emissions from some of the processes such as quarrying, yard 
storage, and dust from transport are difficulUo control. Most of the e~issions from the,manufacturing processes 
discussed in this section, however, can be recJuced by conventional particulate control equipment such as 
cyclones, scrubbers, and fabric filters. Because of the wide variety in processing equipment,iln4 final product, 
emissions cover a wide range~.}l.owever, aver~~ge emission factorsba~e been presented for general U5!-'. 

8.1 ASPHALTIC CONCRETE PLANTS 

8.1.1 Process Description 

·Revised by Dennis H. Ackerson 
and James H. Southerland 

Selecting and handling the raw material is the first step in the production· of asphaltic concrete, a paving 
substance composed of a combination of aggregates uniformly mixed and coated with asphalt cement. Diffe~nt 
applications of asphaltic concrete require different aggregate $iZe distributions, so that the raw aggregates are 
crushed and screened at the quarries. The coarse aggregate U$Ually consists of crushed stone and gravel, but waste 
materials, such as slag fr.om steel tnUis or crushed glass, can be used as raw material . 

Plants produce fmished asphaltic concrete through either batch (Fisure 8.1-1) or continuous (Figure 8.1·2) 
aggregate mixing operations. The raw aggregate is norm31ly stock-piled near the plant at a location where the 
moisture content will stabilize between 3 and 5 percentby weight. 

As processing for either type of operation begins, the aggregate is hauled from the storage piles and placed in 
the appropriate hoppers of the cold-feec!. unit. The materi31 is metered .from· the hoppers onto a conveyor belt and 
is transported into· a gas- or oil-fired rotary dryer. Because a substantial portion of the heat is transferred by 
radiation, dryers are equipped with flights that are designed to tumble the aggregate and promote drying. 

As it leaves the dryer, the hot material drops into a bucket elevator and is transferred to a set of vibrating 
screens where it is classified by size into as many as four different grades. At this point it enters the mixing 
operation. 

In a batch plant, the classified aggregate drops into one of four large bins. The operator controls the aggregate 
size distribution by opening individual bins and allowing the classified aggregate to drop into a weigh hopper until 
the desired weight is obtained. After all the material is weighed out, the sized aggregates are dropped into a mixer 
and mixed dry for about 30 seconds. The asph31t, which is a solid at ambient temperatures, is pumped from 
heated storage tanks, weighed, and then injected into the mixer. The hot, mixed batch is then dropped into a 
truck ::.nd hauled to the job site. 
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In a continuous plant, the classified aggregate drops into a set of small. bins, which collect and meter the 
classified aggregate to the mixer.· From the hot bins, the aggregate is metered through a set of feeder conveyors to 
another bucket elevator and into the mixer. Asphalt is metered into the inlet end of the mixer, and retention time 
is controlled by an adjustable dam at the end of the mixer. The mix flows out of the mixer into a hopper from 
which the trucks are loaded. 

8.1~2 Emissions and Controls3A 

Dust sources are the rotary dryer; the hot aggregate elevators; the vibrating screens; and the hot-aggregate 
storage bins, weigh hoppers, mixers, and transfer points. The largest dust emission source is the rotary dryer. In 
some plants, the dust from the dryer is handled separately from emissions from the other sources. More 
commonly, however, the dryer, its vent lines, and other fugitive sources are treated in combination by a single 
collector and fan system. 

The choice of applicable control equipment ranges from dry, mechanical collectors to scrubbers and fabric 
collectors; attempts to apply electrostatic precipitators have met with little. success. Practically all plants use 
primary dust collection equipment, such . as large diameter cyclone, skimmer, or settling chambers. These 
chambers· are often used as classifiers with the collected materials being returned to the hot aggregate elevator to 
combine with the dryer aggregate load. The air discharge from the primary collector is seldom vented to the 
atmosphere because high emission levels would result. The primary collector effluent is therefore ducted to a 
secondary or even to a tertiary collection device. 

Emission factors for asphaltic concrete plants are presented in Table 8.1-1. Particle size infonnation has not 
been included because the particle size distribution varies with the aggregate being used, the mix being made, and 
the type of plant operation. 

Table 8.1·1. PARTICULATE EMISSION FACTORS 
FOR ASPHALTIC CONCRETE PLANTSa 

EMISSION FACTOR RATING: A 

Type of control 

U nco ntro lledb 
Precleaner 
High-efficiency cyclone 
Spray tower 
Multiple centrifugal scrubber 
Baffle spray tower 
Orifice-type scrubber 
Baghouse0 

Emissions 
lb/ton kg/MT 

45.0 
15.0 

1.7 
0.4 
0.3 
0.3 
0.04 
0.1 

22.5 
7.5 
0.85 
0.20 
0.15 
0.15 
0.02 
0.05 

aRE!ferences 1, 2, and 5 through 10. 
bAimost all plants have at least a precleaner following the rotary 
dryer. . · . ·· .. 

0 Emissions from a properly designed, installed, operated, and main· 
tained collector can be as low as 0.005 to 0.020 lb/ton (0.0025 to 
0.010 kg/MT). . . 
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\ 8.2 ASPHALT ROOFING 

,--

\ 

8.2.1 Process Description1 

The manufacture of asphalt roofing felts and shingles involves saturating fiber media with asphalt by means of 
dipping and/or spraying. Although it is not always done at the same site, preparation of the asphalt saturant is an 
integral part of the operation. This preparation, called "blowing," consists of oxidizing the asphalt by bubbling 
air through the liquid asphalt for 8 to 16 hours. The saturant is then transported to the saturation tank or spray 
area. The saturation of the felts is accomplished by dipping, high-pressure sprays, or both. The final felts are made 
in various weights: 15, 30, and 55 pounds per 100 square feet (0.72, 1.5, and 2.7 kg/m2). Regardlel!ls of the 
weight .of the final product, the makeup is ·approximately 40 percent dry felt and 60 percent asphalt satUrant. 

8.2.2 Emissions and Controlsl 

The ml\ior sources of particulate emissions from asphalt roofing plants are the asphalt blowing operations and 
the felt saturation. Another minor source of particulates is the covering of the roofing material with roofing 
granules. Gaseous emiSsions from the saturation process have not been measured but are thought to be slight 
because of the initial driving off of contaminants during the blowing process. 

A common method of control at asphalt saturating plants is the complete enclosure of the spray area and 
saturator with good ventilation through one or more collection devices, which include combinations of wet 
scrubbers and two-stage low-voltage electrical precipitators, or cyclones and fabric filters. Emission f~ctors for 
asphalt roofmg are presented in Table 8.2·1. 

Table 8.2·1. EMISSION FACTORS FOR ASPHALT ROOFING MANUFACTURING 
WITHOUT CONTROLS8 

EMISSION FACTOR RATING: D 

Particu latesb Carbon monoxide Hydrocarbons (CH ... l 
Operation lb/ton kg/MT lb/ton kg/MT lb/ton kg/MT 

Asphalt blowingc 
Felt saturationd 

2.5 1.25 0.9 0.45 1.5 0.75 

Dipping only 1 0.5 - - - -
Spraying only 3 1.5 - -- - -
Dipping and spraying 2 1 - - - -

8 Approximately 0.66 unit of asphalt input is required to produce 1 unit of saturated felt. EmisSion factors expreS$8d as 
units per unit weight of saturated felt produced. 

blow-voltage precipitators can reduce emissions by about 60 percent; when they 11r11 used in combination with a !~!:rubber, 

overall efficiency is about 85 percent. 
CReferenc:e 2. 
dl'leterences 3 and 4. 
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&3 BRICKS AND RELATED CLAY PRODUCTS Revised by Dennis H. Ackerson 

8.3.1 Process Description 

The manufacture of brick and rellited products such as clay piPe, pottery, and some types of refractory brick 
involves the mining, grinding, screening, and blending of the raw materials, and the forming, cutting or shaping, 
drying or curing, and firing of the final product. 

Surface clays and shales are mined in open pits; most fine clays are found underground; After mining, the 
material is crushed to remove stones and stirred before it passes ontci screens that are used to segregate the 
particles by size. 

At the start of the fanning process, clay is mixed with water, usually in a pug mill. The three principal 
processes for forming brick are: stiff.mud, soft·mUd, and dry-process. In the stiff.mud process, sufficient water is 
added to give the clay plasticity; bricks are then formed by forcing the clay through a die and using cutter wire to 
separate the bricks. All structural tile and most bri~ .are formed by this process. The soft-mud process is usually 
used when the clay contains too much water for the stiff-mud process. The clay is mixed with water·until the 
moisture content reaches 20 to 30 percent, and the bricks are formed in molds. In the dry•pres~ process, clay is 
mixed with a small amount of water and formed in steel molds by applying a pressure of 500 to 1500 psi. The 
brick manufacturing proc::ess is shown hi Figure 8.3·1. 

Before firing, the wet clay units. that have been formed are almost completely dried in driers that are usually 
heated by waste heat from the kilns. Many types· of kilns are used for firing brick; howeve·r, the most comtnon are 
the tunnel kiln and the periodic kiln. The downdraft periodic kiln is a perinarient brick structure that has a 
number of fireholes where fuel is fired into the furnace. The hot gases from the fuel are drawn up over the bricks, 
down through them by underground flues, and out of the oven to the chimney. Although fuel efficiency is not as 
high as that of a tunnel kiln because of lower heat recovery, the uniform temperature distribution through the 
kiln leads to a good quality product. In most tunnel kilns, cars carrying about 1200 bricks each travel on rails 
through the kilil at the rate Qf one 6-foot car per hour. The fire zone 1s located near the middle ofthe kiln and 
remains stationary. · 

In all kilns, firing takes place in sjx steps: evaporation of free water, dehydration,oxidation, vitrification, 
flashing, and cooling. Normally, gas or residual oil is used for heating, but coal may be used. Totalheating time . 

. varies with the type of product; for example, 9-inch refractory bricks usually require 50 to 100 hours of firing . 
. Maximum temperatures of about 2000°F ( 1 090°C) are used in firing common brick. 

8.3.2 Emissions and ControJsl,3 

Particulate matter is the primary emission in the manufacture of bricks. The main source of dust is the 
materials handling procedure, which includes drying, grinding, screening, and storing the raw material. 
Combustion products are emitted from the fuel consumed in the curing, drying, and firing portion: of the process. 
Fluorides, largely in gaseous fonn, are also emitted from brick manufacturing operations. Sulfur dioxide may be 
emitted from the bricks when temperatures reach 2500°F (1370°C) or greater; however, no data on such 
emissions are available.4 
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Figure 8.3 .. 1. Basic flow diagram of brick manufacturing process. "P" denotes a major 
source of particulate emissions. · 

A variety of control sy~tems may be used to. reduce both particulate anclgaseous emissions. Almost any type 
of particulate. control system will reduce emissions from the material handling process, btit good plant design and 
hooding are also required to keep emissions to a minimum. · 

The emissions.of fluorides can be redu<;ed by operating the kiln at temperatures below 2000°F (1 090°C) and 
by choosing clays with low fluoride content. Satisfactory contr()l can be achieved by scrubbing kiln gases with 
water; wet cyclonic scrubbers are available that can remove fluorides with an efficiency of 95 percent, or higher. 

Emission factors for brick manufacturing are presented in Table 8.3·1.Insufficient data are available to present 
par~icle siie infoinlation. -
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Table 8.3-1. EMISSION FACTORS FOR BRICK MANUFACTURING WITHOUTCONTROLS8 

EMISSION FACTOR RATING: C 

Sulfur oxides Carbon monoxide Hydrocarbons 
Particulates (50,.1 (COl {HC) 

Type of process lb/ton kg!MT lb/ton kg/MT lb/tmi kg/MT lb/ton kg/MT 

Raw material handling<= 
Dryers, grinders, etc. 96 48 - - - - - I -
Storage 34 11 - - - - - -

Curing and firingd 
Tunnel kilns 

Gas-fired 0.04 0.02 Nege Neg 0.04 0.02 0.02 0.01 
,Qil-fired 0.6 0.3 4.051 2.05 Neg Neg 0.1 0.05 
Coal-fired T.OA 0.5A9 7.25 3.65 1.9 0.95 0.6 0.3 

Periodic kilns 
Gas-fired 0.11 0.05 Neg Neg 0.11 0.05 ',< 0.04 0.02 
Oil-fired 0.9 0.45 5.95 2.955 Neg Neg 0.1 0.05 
Coal-fired 1.6A 0.8A 12.05 6.05 3.2 1.6 0.9 0.45 

8 0 na brick weighs about 6.5 pounds 12.95 kg). Emission factors exprassad as units per unit weight of brick produced, 
bBased on data from References 3 and 6 through 1 0. 

Nitrogen oxides 
(NO,.) 

lb/ton kg/MT 

- -
' - -

U.15 0.08 
1.1 0.55 
0.9 0.45 

0.42 0.21 
1.7 0.85 
1.4 0.70 

-,, 

Fluoridesb 
(HFI 

lb/ton kg/MT 

- -
- -

1.0 0.5 
1.0 0.5 
1.0 0.5 

1.0 0.5 
1.0 0.5 
1.0 0.5 

ceased, on data from sections on ceramic clays and cement manufacturina in this publication. Because of process variation, some si:aps may be omitted. Storage losses 
apply only to that quantity of material stored. 

dBased on data from References 1 and 5 and einission,factori for fuel combustion; 
8 Negligible. 
fs is the percent sulfur in the fuel. · 
9A is the percent ash in the coal. 
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s:4 CALCIUM CARIIDE MANUFACTURING 

8.4.1 Process Description l ,2 

Calcium carbide is manufactured by heating a mixture of quicklime (CaO) and· carbon in an electric·arc 
furnace, where the lime is reduced by the coke to calcium carbide and carbon monoxide. Metallurgical coke, 
petroleum coke,·or anthracite coal is used as the source of carbon. About 1900 pounds (860 kg) of lime and 1300 
pounds (600 kg) of coke yield 1 ton (I Ml) of calcium carbide. There are two basic types of carbide 
furnaces: (1) the open furnace, in which the carbon'moRoxide bums to carbon :dioxide when it comes in contact 
with air above the charse; and (2) the closed furnace, in which the gas is collected from the furnace. The rriolten · 
calCium carbide from the furnace is poured into chill cars or bucket conveyors and allowed to solidify. The 
finished calcium carbide is dumped into a jaw cruSher and then into a cone cruSher to form a product of the 
desired ,:;i1.e. 

8.4. 2 Emissions and Controls 

Particulates, acetylene, sulfur compounds, and some carbon monoxide are emitted from the calcium carbide 
plants. Table 8.4 .. 1 contains emission factors based on one plant in which some particulate matter escapes from 
the hoods over each furnace and the remainder passes through wet-impingement-type scrubbers befoll'6 being 
vented to the atmosphere through a stack. The coke dryers and the furnace-room vents are also solllrces of 
emissions. 

Tabl• 1.4-1. EMISSION FACTORS FOR CAL.CIUM CARBIDE PLANTS8 

EMISSION FACTOR RATING: C 

·-
Particulates SLIIfur oxides Acet• lene 

Type of source lb/ton kg/MT lb/ton kg/MT lb/ton kg/MT 

Electric furnace 
Hoods 18 9 - - - -
Main stack 20 10 3 1.5 - -

Coke dryer 2 1 3 1.5 - -
Furnace Foom vents 26 13 - - 18 9 

8 Reference 3. Emission factors expressed as units per unit weight of calcium carbide produced. 
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( 8.5 CASTABLE REFRACTORIES 
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8.5.1 Process Descriptionl·3 

Castable or fused-cast refractories are manufactured by carefully blending such components as alumina, 
zirconia, silica, chrome, and magnesia; melting the mixture in an electric·arc furnace at temperatures of 3200 to 
4500°F (1760 to 2480°C); pouring it into molds; and slowly cooling it to the solid state. Fused refractories are 
Jess porous and more dense than kiln·fired refractories. 

8.5.2 Emissions and Controlsl 

Particulate emissions occur during the drying, crushing, handling, and blending of the components; during the 
actual melting process; and in the molding phase. Fluorides, largely in the gaseous form, may also be emitted 
during the melting operations. · 

The general types of particulate controls may be used on the materials handling aspects of refractory 
manufacturing. Emissions from the electric·arc furnace, however, are largely condensed fumes and consilst ofvery 
fine particles. Fluoride emissions can be effectively controlled with a scrubber. Emission factors for cutable 
refractories manufacturing are presented in Table 8.5·1. 

2/72 

Table 8.6·1. PARTICULATE EMISSION FACTORS FOR CAST ABLE 
REFRACTORIES MANUFACTURING• 

EMISSION FACTOR RATING• C . -
Uncontrolled Controlled 

Type of process Type of control lb/ton kg/MT lb/ton kg/MT 

Raw material dryerb Baghouse 30 15 0.3 0.15 
Raw material crushing Scrubber 7 3.6 

and processingc: Cyclone 120 60 45 22.6 
Electric•arc ineltingd Baghouse 50 25 0.8 0.4 

Scrubber 10 5 
Curing oven8 - 0.2 0.1 - -
Molding and shakeoutb B.aghouse 25 12.5 0.3 0.15 

8 Fiuoride emissions from the melt average about 1.3 pounds of HF per ton of melt (0.65 kg 
HF/MT melt). Emission factors expressed as units per unit weight of feed materiel. 

bReference 4. 
c:References 4 and 5. 

dReferences 4 through 6. 
8 Referenc:e 5. 

Mineral Products Industry 8.5-1 



References for Section 8.5 

1. Air Pollutant Emission Factors. Final Report. Resources Research, Inc. Reston, Va. Prepared for National 
Air Pollution Control Administration, Durham, N.C., under Contract Number CPA-22-69-119. Aprill970. 

2.' Brown, R. W, and K. H. Sandmeyer. Applications of Fused-Cast Refractories. Chem. Eng. 76: 1 06-114, June 
16, 1969. . 

3. Shreve, R.N. Chemical Process Industries, 3rcl Ed>NewYork, McGraw-Hill Book Company.l967. p. ISS. 

4. Unpublished data provided by a Carhart Refractory. Kentucky Lepartment of Health, Air Pollution Control 
Commission. Frankfort, Kentucky. September 1969. 

5. Unpublished stack test data on refractories. Resources Research, Incorporated. Reston, Virginia. 1969. 

6. Unpublished stack test data on refractories. Resources Research, Incorporated. Reston, Virginia. 1967, 

EMISSION FACTORS 2/72 

( 

(_ 



_ ..... -···· 

( 

( 

8.6 PORTLAND CEMENT MANUFACTURING Revised by Dennis H. Ackerson 

8.6.1 Process Description 1·3 

Portland cement manufacture accounts for about 98 perceni of the cement production in the United States. 
The more than 30 raw materials used to make cement may be divided ·into four basic components: lime 
(calcareous), silica (siliceous), alumina (argillaceous), and iron (ferriferous) .. Approximately 3200 pounds of dry 
raw materials are required to produce 1 ton of cement. Approximately 35 percent of the raw material weight is 
removed as carbon dioxide and water vapor. As shown in Figure 8.6·1, the raw materials undergo separate 
crushing after the quarrying operation, and, when needed for processing, are proportioned, ground, and blended 
using either the wet or dry process. · 

In the dry process, the moisture content of the raw material is reduced to less than 1 per~eni either before or 
during the grinding operation. The dried materials are then pulverized into a powder and fed d!rectly into a rotary 
kiln. Usually, the kiln is a long, horizontal, steel cylinder witha reftactory brick lining. The kilns are slightly 
inclined and rotate about the longitudinal axis. The pulverized raw materials are fed into the upper end and travel 
slowly to the lower end. The kilns are fired from the lower end so that the hot gases pass upward and t}Jrough the 
raw material. Drying, decarbonating, and calcining are accomplished as the material travels through the heated 
kiln, fmally burning to incipient fusion and foimirig the clinker. The clinker is cooled, mixed with about 5 
percent gypsum by weight, and ground to the final product fineness. The cement is then stored for later 
packaging and shipment. · 

With the wet process, a slurry is made by adding water to the initial grinding operation: Proportioning may 
take place before or after the grinding step. After the materials are mixed, the excess water is removed and final 
adjustments are made to obtain a desired composition. This final homogeneous mixture is fed to the kilns as a 
slurry of 30 to 40· percent moisture or as a wet filtrate of about 20 percent moisture. The burning, cooling, 
addition of gypsum, and storage are carried out as in the dry process. 

8.6.2 Emissions and Controlsl,2,4 

Particulate matter is the primary emission in the manufacture of portland cement. Emissions also jnclude the 
normal combustion products of the fuel u5ed to supply heat for the kiln and drying operations, including oxides 
of nitrogen and small amounts of oxides of sulfur. 

Sources.of dust at cement plants include: (1)' quarrying and crushing, (2) raw material storage, (3) grinding and 
blending (dry process only), (4) clinker production, (5) fmish grinding, and (6) packaging. The large$t source of 
emissions within cement plants is the kiln operation, which may be considered to have three uni1ls: the teed 
system, the fuel-firing system, and the clinker-cooling and handling system. The most desirable method of 
disposing Of the collected dust is injection into the burning zone of the kiln and production of clinkers from the 
dust. If the alkali content of the raw materials is toQ high, however, some of the dust is discarded or leached 
before returning to the kiln. In many instances, the maximum allowable alkali content of 0.6 percent (calculated 
as sodium oxide) restricts the amount of dust that can be recycled. Additional sources of dust emissions are raw 
material storage piles, conveyors, storage silos, and loading/unloading facilities. 

The complications of kiln burning and the large volumes of materials handled have led to the adoption of 
many control systems for dust collection. Depending upon the emission, the temperature of the effluents in the 
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plant in question, and the particulate emission standards in the community, the cement industry generally uses 
mechanical collectors, electrical precipitators, fabric filter (baghouse) collectors, or combinations of these devices 

to control emissions. 

Table 8.6·1 summarizes enusston factors for cement manufacturing and also includes typical control 
efficiencies of particulate emissions. Table 8.6-2 indicates the particle size distribution for particulate emissions 
from kilns and cement plants before control systems are applied. 
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tabie l[6-1. EMISSION FACTORS FOR CEMENT MANUFACTURING 
WITHOUT CONTROLsa,b,c,i 

EMISSION FACTOR RATING: B 

Dry Process Wet process 
Dryers, Dryers, 

Pollutant Kilns grinders, etc. Kilns grinders, etc. 

·-·~ 

Particulated 
lb/ton 245.0 ee.o 228.0 32.0 

kg/MT 122.0 48.0 114.0 16.0 

Sulfur dioxidee 
Mineral sourcef· 

lb/ton 10.2 - 10.2 -
kg/MT 5.1 - 5.1 -

Gas combustion 
lb/ton Neg9 - Neg -
kg/MT Neg - Neg -

Oil combustion 
lb/ton 4.2Sh - 4.28 -
kg/MT 2.18 - 2.1S -

Coal combustion 
lb/ton 6.88 - 6.8S -
kg/MT 3.48 - 3.4S -

Nitrogen ox ides 
lb/ton 2.6 - 2.6 -
kg/MT 1.3 - 1.3 -

80ne barrel of cement weighs 376 pounds (171 kg). 
b-rhese emission factors Include emissions from fuel combustion, which should not be calculated 

separately. 
cRaferences 1 and 2. 
dTypical collection efficiencies for kilns, dryers, grinders, etc., are: multicyclones, 80 percent; 

electrostatic precipitators, gs percent; electrostatic precipitators with mi.llticyclonai, 97.6 
percent; and fabric filter units, 99.8 percent. 

'The sulfur dioxide factors presented take into account the reactions with the alkaline dusts 
when no beghouses are used. With baghouses, approximately 60 percent more S02 is ramoiled 
because of reactions with the alkaline particulate filter cake. Also note that the total so2 from 
the kiln Is determined by summing emission contributions from the mineral source and the 
appropriate fuel. 

fThese emissions are the result of sulfur baing present In the raw materiels and ere thua depend· 
ant upon source of the raw materiel I used. The 10.2 lb/ton (5.1 kg/MTI fectora account for 
pert of the available sulfur remaining behind in the product because of Its alkaline nature and 
affinity for so2. . 

9 Negligible. 
hs Is the percent sulfus in fuel. 

I Emission factors expressed In units of tons of cement produced. 
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Table 8.6·2. SIZE DISTRIBUTION OF DUST EMITTED 
FROMKILN OPERATIONS 

Particle size, J.tm 

60 
50 
40 
30 
20 
10 
5 
1 

WITHOUT CONTROL$1,5 

Kiln dust finer than corresponding 
particle size, % 

93 
90 
84 
74 
58 
38 
23 
3 

Sulfur dioxide may be generated from the sulfur compounds in the ores. as well as from combusion of fuel. 
The sulfur content of both orcs and fuels will vary from plant to plant and with geographic location. The alkaline 
nat!lre of the ~.:ement. however, provides for direct absorption of S02 into the product. The ove.rall control 
inherent in the process is approximately 75 l'ercent or greater of the available sulfur in ore and fuel if a baghouse 
that allows the so, to come in contact with the ~ement dust is used. Control. of course; will vary according to 
the alkali and sulfu; content of the raw materials and fuel.6 
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8. 7 CERAMIC CLAY MANUFACTURING 

8. 7.1 Process Description1 

' . 
The manufacture of ceramic clay involves the conditioning of the basic ores by several methods. These include 

the separation and concentration of the minerals by screening, floating, wet and dry grinding, and blending o( the 
desired ore varieties. The basic raw materials in ceramic clay manufacture are kaolinite (AI203 • 2Si02 • 2H20) 
and montmorillontte [(Mg, Ca) O•Al20J"SSi02•nH20] clays. These clays are refined by separation and 
bleaching, blended, kiln-dried, and formed into such items as whiteware, heavy clay products (brick, etc.), 
yarious stoneware, and other products such as diatomaceous earth, which is used as a ftlter aid. 

8. 7.2 Emissions and Controls1 

Emissions consist primarily of particulates, but some. fluorides and acid gases are also emitted in the drying 
process. the high temperatures of the firing kilns are also conducive to the fixation of atmospheric nitrogen and 
the subsequent release of NO, but rio published infonnation has been found for gaseous emissions. Particulates 
are also emitted from the grinding process and from storage of the ground product. 

Factors affecting emissions include the amount of material processed, the type of grinding (wet or dry), the 
temperature. of the drying kilns, the gas velocities and flow direction in the kilns, and the amount of fluorine in 
the ores. 

Common control techniques include settling chambers, cyclones, wet scrubbers, electrostatic precipitators, and 
bag filters. The most effective control is provided by cyclones for the coarser material, followed by wet scrubbers, 
bag filters, or electrostatic precipitators for dry dust. Emission factors for ceramic clay manufacturing are 
presented in Table 8. 7-1. 

Table 8.7-1. PARTICULATE EMISSION FACTORS FOR CERAMIC CLAY MANUFACTURING' 
EMISSION FACTOR RATING: A 

Uncontrolled Cycloneb 
Type of process lb/ton kg/MT lb/ton kg/MT 

Dryingd 
Grinding8 

Storaged 

70 
76 

'34 

35 
38 
17 

18 
19 
8 

8 Emission factors expressed ~s units per unit weight of input to process. 
bApproxfmate collection efficiency: 75 percent. 
cApproxlmate collection efficiency: 90 percent. 
dReference$ 2 through 5. 
8 Aeference 2. 
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9 
9.5 
4 

Multiple-unit 
cyclone and sctubber0 

lb/ton kg/MT 

7 3.5 
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8.8 CLAY AND FLY·ASH SINTERING 

8.8.1 Process Description! 

Although the processes for sintering fly ash and clay are similar, there. are some distinctions that justify a 
separate discussion of each process. Fly-ash sintering plants are generally located near the source, with the fly ash 
delivered to a storage sUo· at the plant. The dry fly ash is moistened with a water solution of tignin and 
agglomerated into pellets or balls. This material goes to a traveling-grate sintering machine where direct contact 
with hot combustion gases sinters the individual particles of the pellet and completely bums off the residual 
carbon in the fly ash. The product is then crushed, screened, graded, and stored in yard piles. 

Clay sintering involves the driving off of entrained volatile matter. lt is desirable that the. clay contain a 
suffiCient amount of volatile matter so that the resultant aggregate will not be too heavy. It is thus sometimes 
necessary to mix the clay with imely pulverized coke (up to 10 percent coke by weight).2,3 In the sintering 
process the clay is first mixed with pulverized coke, if necessary, and then pelletized. The clay is next sintered in 
a rotating kiln or on a traveling grate. The sintered pellets are then crushed, screened, and stored, in a prbcedure 
similar to that for fly ash pellets. 

8.8.2 Emissions and Controlsl 

In fly-ash sintering, improper handling of the fly ash creates a dust problem. Adequate design features, 
including fly-ash wetting systems and particulate collection systems on all transfer points and on crushing and 
screening operations, would greatly reduce emissions. Normally, fabric ftlters are used to control emissions from 
the storage silo, and emissions are low. The abSence of this dust collection system, however, would create a major 
emission problem. Moisture is added at the point of discharge from the silo to the agglomerator, and very few 
emissions occur there. Normally, there are few emissions from the sintering machine, but if the grate is not 
properly maintained, a dust problem is created. The consequent crushing, screening, handling, and storage of the 
sintered product also create dust problems. 

In clay sintering, the addition of pulverized coke presents an emission problem because the sintering of 
coke-impregnated dry pellets produces more particulate emissions than the sintering of natural clay. The crushing, 
screening, handling, and storage of the sintered clay pellets creates dust problems similar to those enco111ntered in· 
fly-ash sintering. Emiss,ion factors for both clay and fly-ash sintering are shown in Table 8.8·1. 
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Table BB-1. PARTICULATE EMISSION FACTORS FOR 
SINTERING OPERATIONS8 

EMISSION FACTOR RATING: C 

Crushing, screening, 
Sintering operationb and yard storageb,c 

Type of material lb/ton kg/MT lb/ton 

Fly ashd 110 55 
·clay mixed with cokef,g 40 20 
Natural clavh ,i 12 .6 

a Emission factors expressed as units per unit weight of finished product. 
beyclones would reduce this emission ·bY about 80 p.ercent. 
Scrubbers would reduce this emission by about 90 percent. 

ceased on data ill section !)n stone quarrying and processing. 
dRefe.rence 1 . . 

elncluded in sintering losses. 

e 
15 
12 

kg/MT 

e 
7,5 
6 

f 90 percent clay, 10 percent pulverized coke; traveling-grate, single-pass, up-draft sintering 
machine. 

9References 3 through 5. 
hRotary dryer sinterer. 
i Reference 2. 
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8. 9 COAL CLEANING 

8.9.1 Process Description! 

Coal cleaning is the process by which undesirable materials are removed from bituminous and anthracite coal 
and lignite, The coal is screened, classified, washed, and dried at coal preparation plants. The major sources of air 
pollution from these plants are the thermal dryers. Seven types of thermal dryers are presently used: rotary, 
screen, cascade, continuous carrier, flash or suspension, multilouver, and fluidized bed. The three major types. 
however, are the flash, multilpuver, and fluidized bed. 

In the flash dryer, coal is fed into a stream of hot gases where instantaneous drying occurs. The dried coal and 
wet gases are drawn up a drying column and into the cyclone for separation. In the multilouver dryer, hot gases 
are passed through falling curtatns of coal. The coal is raised by flights of a specially designed conveyor. In the 
fluidized bed the coal is suspended and dried above a perforated plate by rising bot gases. 

8.9.2 Emissions and Controls1 

Par~iculates in the form of coal dust constitUte the major air pollution problem from coal cleaning plants. The 
crushin'g, screening, or sizing of coal are minor sources of dust emissions; the major sources are the thermal 
dryers. The range of COJ1centration, quantity, and particle size of emissions depends upon the type «~»f collection 
equipment used to reduce particulate emissions from the dryer stack. Emission factors for coal-cleaniq plants are 
shown in Table 8.9-1. Footnote b of the table lists various types of control equipment and their possible 
efficiencies. · 
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Table 8.9·1. PARTICULATe ~MtSSION FACTORS 
FOR THERMAL COAL DAVERsa 
EMISSION FACTOR RATING: B 

Type of dryer 

Fluidized bedc 
Flashc 
Multilouveredd 

Uncontrolled emissionsb 
lb/ton kg/MT 

20 
16 
25 

10 
8 

12.5 

a Emission factors expressed as units per unit weigt-t of coal dried. 
~YPiCiill ·collection efficienciEI$ are: cyclone collectors (prQduct recovery I, 

70 percent: multiple cyclc!lrteS (product recovery), 85 percent: water 
sprays following cyclones, 95 percent: and wet scrubber following 

cvclones. 99 to 99.9 percent. 
CReferenees 2 and 3. 
dReference 4. 
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8.10 CONCRETE BATCHING 

8.10.1 Process DescriptionH 

Concrete hatching involves the proportioning of sand, gravel, and cement by means of weigh hoppers and 
conveyors into a mixing receiver such as a transit mix truck. The required amount of water is also discharged into 
the receiver along with the dry materials. In some cases, the concrete is prepared for on·site building construction 
work or for the manufacture of concrete products such as pipes and prefabricated construction parts. 

8.1 0. 2 Emissions and Contro)sl 

Particulate emissions consist primarily of cement dust, but some sand and aggregate gravel dust emissions do 
occur during hatching operations. There is also a potential for dust emissions during the unloading and conveying 
of concrete and aggregates at these plants and during the loading of dry-hatched concrete mix. Another source of 
dust emissions is the traffic of heavy equipment over unpaved or dusty surfaces in and around the concrete 
batchlng plant. 

Control techniques include the enclosure of dumping and loading areas, the enclosure of conveyors and 
elf;lvators, filters on storage bin vents, and the use of water sprays. table 8.1 0·1 presents emission factors for 
concrete batch plants. · 
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Table 8.10·1. PARTICULATE EMISSION FACTORS 
FOR CONCRETE BATCHING8 

EMISSION FACTOR RATING: C 

Emission 
Concrete lb/yd3 of kg/m3 of 
batchingb concrete concrete 

Uncontrolled 0.2 0.12 
Good control 0.02 0.012 

80ne cubic yard of concrete weighs 4000 pounds (1 m3 = 2400 kg). 
The cement content varies with the type of concrete rriixel;l, but 
735 pound~ .)t cement per yard (436 kg/m3l may be used as a typi-
~lwlue. . 

bReference 4. 
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8.11 FIBER GLASS MANUF ACfURING Revised by James H. Southerland 

8.11.1 Process Description 

Glass fiber products are manufactured by melting various raw materials to form glass (predominantly 
borosilicate), drawing the molten glass into fibers, and coatiilg the fibers with an organic material. The two basic 
types of fiber glass products, textile and wool, are manufactured by different processes: Typical flow diagrams are 
shown in Figures 8.11·1 and 8.11·2. 

8.11.1.1 Textile Products-In the 111anufacture of textiles, the glass is normally produced in.the form of marbles 
after refining at about 2800°F (1540°C) in a regenerative, recuperative, or electric furnace. The marble.forming 
stage can be omitted with the molten glass passing diiectly to orifices to be formed or drawn into fiber filaments. 
The fiber filaments are collected on spools as continuous fibers and staple yarns, or in the form of a fiber glass 
mat on a flat, moving surface. An integral part of the textile process is treatment with organic binde1r materials 
followed by a curirig step. 

8.11.1.2 Wool l>roducts-lil the. n)anufacture of wool products, which are generally used in the construction 
industry as insulation, ceiling parieis, etc., the molten glass is most frequently fed directly into the forming line 
without going through a marble stage. Fiber formation is accomplished by air blowing, steam bloWing, flame 
blowing, or centrifuge·forming. The organic binder is sprayed onto the hot fibers as they fall from the fanning 
device. The fibers are collected on a moving, flat surface and transported through a curing oven at a tttnperature 
of 400° to 600°F (20<t to 315°C) where the binder :!lets. Depending upon the product, the wool may also be 
compressed as a part of this operation. · · ·· ·· 

8.11.2 Emissions and Controlsl 

The major emissions from the fiber glass manufacturing processes are p~rticulates from the gl•ss-melting 
furnace, the forming line, the curing oven, and the product cooling line. In addition, gaseous organic emissions 
occur from the forming line and curing oven. Particulate enlissio;1S from the glass-melting furnace are affected by 
basic furnace design, type of fuel (oil, gas, or electricity), raw material size and composition, and type and volume 
of the furnace heat-recovery system. Organic and particulate emissions from the forming line are most affected by 
the composition and quality of the binder and by the spraying techniques used to coat the fibers; very fine spray 
and volatile binders increase emissions. Emissions from the curing ovens are affected by oven temperature and 
binder composition, but direct-fired afterburners with heat exchangers may be used to control.these emissions. 
Emission factors for fiber &lass manufacturing are summarized in Table 8.11·1. 
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Figure 8.11-1. Typical flow diagram of textile-type glass fiber production process. 
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Figure 8.11-2. Typical flow diagram of wool-type glass fiber production process. 
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Table 8.11·1. EMISSION FACTORS FOR FIBER GLASS MANUFACTURING WITHOUT CONTROLS'I•b 
EMISSION FACTOR RATING: A 

Type of process Particulate Sulfur oxides (S02l Carbon monoxide Nitrogen oxides (NO,) Fluorides· 
lb/ton kg/MT lb/ton kg/MT 

Textile products 
Glass furnacec 

Regenerative. 16.4 8.2 29.6 14.8 
Recuperative 27.8 13.9 2.7 1.4 
Electric NOd - - -

Forming 1.6 0.8 - -
Curing oven 1.2 0.6 - -

Wool proc1Jctse ' j 

Glass furnacec 
Regenerative 21.5 10.8 10.0 5.0 
Recuperative 28.3 14.2 9.5 4.8 
Electric 0.6 0.3 0.04 0.02 

Form~ 57.6 28.8 - -
Curing oven 3.5 1.8 NO -
Cooling 1.3 0.7 - -

---L... ------- --

8 Emission factors expressed as units per unit weight of material processed. 
ilt:teference 3. 
COnly one process is generally used at any one plant. 
dNo data available. 

lb/ton kg/MT lb/ton kg/MT · lb/ton kg/MT 

1.1 0.6 9.2 4.6 3.8 1.9 
0.9 0.5 29.2 14.6 12.5 6.3 
- - - - - -
- - - - - -
1.5 0.8 2.6 1.3 - -

0.25 0.13 5.0 2.5 0.12 0.06 
0.25 0.13 1.70 0.9 0.11 0.06 
0.05 0.03 0.27 0.14 0.02 O.Ql 
- - - - - -
1.7 0.9 1.1 0.6 - -
0.2 0.1 0.2 0.1 - -

eln addition, 0.091b/ton (0.05 kg/MTI phenol and 3.3lb/ton {1.7 mg/MTI aldehyde are released from the wool curing and cooling operations. 
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8.12 FRIT MANUFACTURING 

8.121 Process Descriptionl,2 

Frit is used in enameling iron and steel· and in glazing porcelain and pottery. In a typical plant, the raw 
materials consist of a combination of materials such as bOrax, feldspar, sodium fluoride or fluorspar, soda ash, 
zinc oxide, litharge, silica, boric acid, and zircon. Frit is prepared by fusing these various minerals in a smelter, 
and the molten material is then quenched with air or water. This quenching operation causes the melt to solidify 
rapidly and shatter into numerous smaU glass particles, caned frit After a drying· process, the frit is finely ground 
in a ball mill where other materials are added. 

8.12.2 Emissions and Controls2 

Significant dust and fume emissions are created by the frit·smelting operation. These emissions consist 
primarily of condensed metallic oxide fumes that have volatilized from the molten charge. They also contain 
mineral dust carryover and sometimes hydrogen flqoride. Emissions can be reduced by not rotating the smelter 
too rapidly (to prevent excessive dust carry-over) and by not heating the batch too rapidly or too long (to prevent 
volatilizing the more fusible elements). · 

The two most feasible controi devices for frit smelters are baghouses and venturi water scrubbers. Emission 
factors for fdt smelters are shown in Table 8.12·1. Collection efficiencies obtainable for venturi scrubbers are also 
shown in the table. 
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Table 8 .. 12·1. EMISSION FACTORS FOR FRIT SMELTERS 
WITHOUT CONTROLS8 

EMISSION FACTOR RATING: C 

Particulatesb Fluoridesb 
Type of furnace lb/ton kg/MT lb/ton kg/MT 

Rotary 16 8. 5 2.5 
... ~ 

8 Reference 2. Emission fector·s exp~essed as units per unit weight of charge. 
bA venturi scrubber with a 21·inch (535·mm) water-gauge pressure drop can reduce,par• 
ticulate emissions by 67 percent and fluorides by 94 percent. 

References for Section 8.12 . 

1. Duprey, R. L. Compilation of Air Pollutant Emission FactorS. U.S. DHEW, PHS; National Center for Air 
Pollution Control. Durham, N.C. PHS Publication Number 999·AP~42. 1968. p. 37·3~. 

2. Spinks, J. L. Frit Smelters. In: Air Pollution Engineering Manual. Danielson, J. A. (ed,), U.S. DHEW, PHS. 
National Center for Air Pollution Control.. Cincirinati, Ohio. PHS Publication Number 999-AP-40. 1967. p. 
738-744. . . .. . . 
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8.13 GLASS MANUFACTURING 

8.13.1 Process Description! ,2 

Nearly all glass produced commercially is one of five basic types: soda-lime, lead, fused silica, borosilicate, and 
96 percent silica. Of these, the modem soda-lime glass constitutes 90 percent of the total glass produced and will 
thus be the only type discussed in this section. Soda-lime glass is produced on a massive scale in large, direct~fired, 
continuous-melting furnaces in which the blended raw materials are melted at 2700°F (1480°C) to fonn glass. 

8.13.2 Emissions and Controls1,2 

E!Jlissions from the glass-melting operation consist primarily of particulates and fluorides, if 
fluoride-containing fluxes are used in the process. Because the dust emissions contain particles that are only a few 
microns in diameter, cyclones and centrifugal scrubbers are not as effective as baghouses or filters in collecting 
particulate matter. Table 8.13-1 summarizes the emission factors for glass melting. · 

2/72. 

Table 8.13-1. EMISSION FACTORS FOR GLASS MELTING 
EMISSION FACTOR RATING: D 

Type of Particulates8 Fluoridesb 
glass lb/ton kg/MT lb/ton kg/MT 

Soda·lime 2 1 4Fc 2FC 

a Reference 3. Emission factors expressed as units per unit weight of glass produced. 
bReference 4. 

cF equals weight percent of fluoride in input to furnace; e.g., if fluoride content is 5 per· 
cent, the emission factor would be 4F or 20 I2F or 101. 
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8.14 GYPSUM MANUFACfURING 

8.14.1 Process Description 1 

Gypsum, or hydrated calcium sulfate, is a naturally occurring mineral that is an important building material. 
When heated gypsum lo5es its water of hydration, it becomes plaster of paris, or when blended with flllers it 
serves as wall plaster. In both cases the material hardens as water reacts with it to form the solid crystalline 
hydrate.2 ·3 . · ·· ·· · ·· ·. · 

·The usual method· of calcination of gypsum consists of gdndiilg the mi11eral and placing ~tin large, externally 
heated calciners. Complete calcination of 1 ton (0.907 MT) of plaster takes about 3 hours and requires about 1.0 
ntillion Btu (0.25 million kcal).4,5 

8.14. 2 Emissions! 

The process of calcinirig gypsum appears to be devoid of any air pollutants because it involves simply the 
relatively low-temperature removal of the water of hydration. However, the gases created by the release of the 
water of crystalization carry gypsum rock dust and parti~lly calcined gyp~um dust into the atmosphere. 6 In 
addition, dust emissions occur from the grinding of Ute gypsum before ca:lcining and from the mixing of the 
calcined SYpsum with filler. Table 8.14-1 presents emission factors for gypsum proeessing. · 

Table 8.14·1. PARTICULATE EMISSION FACTORS FOR GYPSUM PROCESSING8 

EMISSION FACTOR RATING: C 

With cyclone and 
Uncontro.lled With electrostatic 

Typ_e of process emissions fabric filter precipitator 
lb/ton kg/MT lb/ton kg/MT lb/ton kg/MT 

:1 

Raw-material dryer (if used) 40 20 0.2 0.1 0.4 0.2 
Primary grinder 1 0.5 0.001 0.0005 - -
Calciner 90 45 0.1 0.05 -

I 
-

Conveying 0.7 0.36 0.001 0.0005 - -
8Reference 7. Emi11ion factors expra .. d as units per unit weight of process throughput. 
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8.15 LIME MANUFACTURING by Tom Lahre 

8.15.1 Generall-4 

Lime is the high-temperature product of the calcination of limestone. There are two kinds of lime: 
high-calcium lime (CaO) and dolomitic lime (CaO · MgO). Lime i11 manufactured in various kinds of 
kilns by one of the following reactions: 

CaCOa + heat--+ C02 + CaO (high calcium lime) 

CaCOa . MgCOs + heat~ C02 + CaO . MgO (dolomitic lime) 

In some lime plants, the resulting lime is reacted (slaked) with water to form hydrated lime. 

The basic processes in the production of lime are (1) quarrying the raw limestone, (2) preparing the 
limestone for the kilns by crushing and sizing, (3) calcining the lime!ltone, ( 4) processing the quicklime 
further by hydrating, and (5) miscellaneous transfer, storage, and handling operations. A gl!lneralized 
material flow diagram for a lime manufacturing plant is given in Figure 8.15-1. Note that some of the 
operations shown may not be performed in all plants. 

The heart of a lime plant is the kiln. The most prevalent type of kiln is the rotary kiln, a~counting 
for about 90 percent of all lime production in the United States. This kiln is a long, cylindrical, slightly 
inclined, refractory-lined furnace through which the limestone and hot combustion gases pass count· 
ercurrently. Coal, oil, and natural gas may all be fired in rotary kiln11. Product coolers and kiln-feed 
preheaters of various types are commonly employed to recover heat from the hot lime product and 
and hot exhaust gases, respectively. 

The next most prevalent type of kiln in the United States is the vertical, or shaft, kiln. This kiln can 
be described as an upright heavy .steel cylinder lined with refractory material. The limestone is 
charged at the top and calcined as it descends slowly to the bottom of the kiln where it is discharged. A 
primary advantage of vertical kilns over rotary kilns is the higher average fuel efficiency. The primary 
disadvantages of vertical kilns are their relatively low production rates and the fact that coal cannot 
be used without degrading the quality of the lime produced. Although still prevalent in Europe, there 
have been few recent vertical kiln installations in the United State!! because of the high production 
requirements of domestic manufacturers. 

Other, much less common, kiln types include rotary hearth and fluidized-bed kilns. The rotary 
hearth kiln, or ·•calcimatic" kiln, is a citcnlar·shaped kiln with a slowly revolving donut-shaped hearth. 
In fluidized-bed kilns, finely divided limestone is brought into direct contact with hot combustion 
air in a turbulent zone, usually above a perforated grate. Dust collection equipment must be installed 
on fluidized-bed kilns for process economics because of the high lime carryover into the exhaust gases. 
Both kiln types can achieve high production rates, hut neither ('an operate with coal. 

About 10 percent of all lime produced is converted to hydrated (slaked) lime. There are two kinds 
of hydrators: atmospheric and pressure. Atmospheric hydraton. the most prevalent kind, are used to 
produce hi~h calcium and normal dolomitic hydrates. PreMure hydr!ltors, ~n the other hand, are only 
employed when a completely hydrated dolomitic lime is needed. Atmospheric hydrators operate 
continuously, whereas pressure hydrators operate in a bateh mode. Generally, water sprays or wet 
scrubbers are employed as an integral part of the hydrating process to prevent product losses. Follow· 
ing hydration, the resulting product may be milled and conveyed to air separators for further drying 
and for removal of the coarse fractions. · 
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Figure 8.15-1. Generalized lime manufacturing plant. 
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In the United States, the major use of lime is in chemical and metallurgical applications. Two of the 
largest uses in these areas are as steel flux and in alkali production. Other lesser uses include COD• 
struction, refractory, and agricultural applications. 

8.15.2 Emissions and Controls3·S 

Potential air pollutant emitting points in lime manufacturing plants are shown in Fipre 8.15-1. 
Particulate is the only pollutant of concern fron:t most of the operations; however, gaseous pollutants 
are also emitted .from kilns. 

The largest source or particulate is the kiln. Of the various kiln types in use, fluidized-bed kilns 
have the highest uncontrolled particulate emissions. This is due primarily to the very Sll\all feed size 
combined with the high air flow through these kilns. Fluidized-bed kilns are well convolled for 
maximum product recovery. The rotary kiln is second to the fluidized-bed kiln in un~ntrolled 
particulate emissions. This is attributed to the small feed size and relatively high air velocities and 
dust entrainment caused by the rotating chamber. The rotary hearth, or .. calcimatic" kiln I'Jlllks third 
in dust production, primarily because of the larger feed size combined with the fact. that the limestone 
remains in a stationary position relative to the hearth during calcination. The vertical kjln has the 
lowest uncontrolled dust emissions due to the large lump-size feed and the relatively slow air velocities 
and slow movement of material through the kiln. 

Some sort of particulate control is generally employed on most kilns. Rudimentary fallout cham& 
ers and cyclone separators are commonly used for control of the larger particles; fabric and gravel bed 
filters, wet (commonly venturi) scubbers, and electrostatic precipitators are employed forseconiltary 
controL Table 8 .• 5·1 yields approximate efficiencies of each type of control on the various types of 
kilns. 

Nitrogen oxides, carbon monoxide, and sulfur oxides are all produced in kilns, ilthough the latter 
are the only gaseous pollutant emitted in sip1ificant quantities. Not all of the sulfur in the kiln fuel is 
emitted as eulfur oxides because some fraction reacts with the materials in the kiln. Some stdfur oxide 
reduction is also effected by the various equipment used for secondary particulate control. Estimates 
of the quantities of sulfur oxides emitted from kilns, both before and after controls, are p~~esented in 
Table 8.15·1. 

Hydrator emissions are low because water sprays or wet scrubbers are usually installed for eeonom· 
ie reasons to prevent· product loss in the exhaust gases. Emissioillil from pressure hydrators may be 
higher than from the more common atmospheric hydrators because the exhaust gases all'e released 
intermittently over short time intervals, making control more difficult. 

Product coolers are emission sources only when some of their exhaust gases are not recycled 
through the kiln for use as combustion air. The trend is away from the ventin·g of product cooler e:x· 
haust, however, to maximize fuel use efficiencies. Cyclones, baghouses, and wet scrubbers have been 
employed on coolers for particulate control. · 

Other ·particulate sources in 'lime plants include primary and secondary crushers, mills, screens. 
mechanical and pneumatic transfer operations, storage piles, and unpaved roads. II quarrying is a part 
of the lime plant operation, particulate may also result from drilling and blasting. Emission factors 
for some of these operations are presented in Sections 8~20 and 11.2. · 

Emission factors for lime manufacturing are presented in Table 8.15·1. 
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Table8.15-1. EMISSION FACTORS FOR LIME MANUFACTURING 
EMISSION FACTOR RATING: B 

Emissionsa 

Particulate Sulfur dioxide Nitrogen oxides Carbon monoxide 

Source lb/ton kg/MT lb/ton kg/MT lb/ton kg/MT lb/ton kg/MT 

Crushers, screens, b b 

I 
Neg. Neg. Neg. Neg. Neg. Neg. 

conveyors, storage 
piles, unpaved roads i 

Rotary kilns 
Uncontrolledc 340 170 d d 3 1.5 2 1 
After settling chamber . 

or large diameter 200 100 d d 3 1.6 2 1. 
cyclone 

I After multiple cyclones .sse 438 d d 3 1.5 2 1 
After secondary dust 

collectionf I 1 0.5 g g 3 1.5 2 1. • 
Vertical kilns 

Uncontrolled 8 4 NAh NAh NA NA NA NA 

Calcimatic kilnsi 
Uncontrolled 50 25 I'\! A NA 0.2 0.1 NA NA 
After multiple cyclones 6 3 NA NA o;2 0.1 NA NA 
After secondary dust 

collectioni NA NA NA NA 0.2 o·.1 NA NA 

Fluidized·bed kilns NAk NAk NA NA NA NA NA NA 

Product coolers 
401 201 

.. 

Uncontrolled Neg. Neg .. Neg. Neg. .Neg. Neg. 

Hydrators 0.1m o.osm Neg. Neg. Neg. Neg. Neg.· Neg. 

8AII emission· factor$ for kilns and coolers are·per unit of lime produced. Divide by two to obtain factors per unit of limestone feed to the kiln. 
Factors for hydrators are per unit of hydrated lime produced. Multii!IV by 1.25 to obtain factors.per unit of lime feed to thel"tdretor. All 
emissions data ere basDd on References 4 through 8. 

PEmission factors for thesa Ql!eratlons are presented .in Sections 8.20 and 11.2. 

~o particulate 'control except for settling that may occur in the stack breeching and chimney base. 

dwhen low-sulfur (less than 1 percent, by weight I fuels are used, only about 10 percent of the fuel sulfur is emitted as S02. When high. 
sulfur fuels are used, agproximately 50 percent of the fuel sulfur is emitted as S02. 

'This factor should be used when coal is fired In the kiln. Limited data sug~est that when only natural gas or oil is fired, !)articulate 
emissions after multiple cyclones may be as low as 20 to 30 lb/ton (10 to 15 kg/MT). 

1F abric or gravel .bad filters, electrostatic precipitators, or wet (mc.st .commonly venturi) 'scrubber$. Particulate concentrations • low as. 
0.2 lb/ton (0,1 kg/MT) have been achieved using these device.s. 

!!When scrubbers are used,less than 5 percent of the fual sulfur will be emitted as S02, even with .high-sulfur coat. When other aec:ondary 
collection devices ere used, about 20 percent of the fuel sulfur will be emitted as S02 with high-sulfur fuels and. lass than 10 percent 
with low-sulfur fuels. 

hNot available. 

1CalcimMic kilns generally employ stone preheaters. All factors represant emissions after'the kiln exhaust pass• through a IY8heatar, 
' ' 

i Fabric filters and venturi scrubbers he\19 been employed on calcimatic kilns. No data are availeble ,on perticUII!te emi .. ions after 
secondary control. 

kFiuldited·bed kilns must employ sophisticated dust t:ollection equipment for process economics: hence, ()ll;ticulateeminionl will 
depend on the efficiency of the control equipment Installed. 

1some or all of the cooler exhaust Is typically used in the kiln as combustion air. Emissions will result only from that fraction that 
is not 1'9Cycled 10 the kiln. · 

mrhis is a tvl!ical particulate loading for atmospheric hydrators following water sprays or wet scrubbers. Limitad data &Ullgest 
particulate emissions from pressure hydrators may be approximately 2 lb/ton (1 kg/MTI of hydrate produced, after wet collectort. 
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8.16 MINERAL WOOLMANUFACJ'URING, 

8.16.1 Process Description 1.2 

The product m'ineral wool used to be divided into three categories: slag wool, rock wool, and glass wool. 
Today, however, straight slag wool and rock wool as such are no longer manufactured. A combination of slag and 
rock constitutes the charge material that now yields a product classified as a mineral wool, used mainly for 
thermal and acoustical insulation. 

· Mineral wool is made primarily in cupola furnaces charged with blast-furnace slag, silica rock, and coke. The 
charge is heated to a molten state at about 3000°F (1650°C) and then fed to a blow chamber, where steam 
atomizes the molten rock irito globules that develop long fibrous tails a5 they are drawn to the other end of the 
chamber. The wool blanket formed is next conveyed to an oven to cute the binding agent and then to a cooler. 

8.16.2 Emissions and ControJs 

The major source of emissiQnS is the cupola or furnace stack. Its discharge consists primarily of condensed 
fumes that have volatilized from the molten charge and gases such as sulfur oxides and fluorides. Minai' sources of 
particulate emissions include the blowchamber, curing oven, and cooler. Emission factors for various stages of 
mineral wool processing are shown in Table 8.16-1. The effect of control devices on emissions is shown in 
footnotes io the table. 
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Table 8.16·1. EMISSION FACTORS FOR MINERAL WOOL PROCESSING 
WITHOUT CONTROLS8 

EMISSION FACTOR RATING: C 

Particulates Sulfur oxides 
Type of process lb/ton kg/MT lb/ton 

Cupola 22 11 0.02 
Reverberatory furnace .5 2.5 Negb 
Blow chamberc 17 8.5 Neg 
Curing ovend 4 2 Neg 
Cooler 2 1 Neg 

11 Reference 2. Emission factors expressed as units per unit. weight of charge. 
bNegligible. 
c A centrifugal. water scrubber can reduce particulate emissions. by 60 percent. 
dA direct.flame afterburner can reduce paniculate emissions by 50 percent. 

References for Section 8.16 

·kg/MT 

0.01 
Neg 
Neg 
Neg 
Neg 

1. Duprey, R. L. Compilation of Air Pollutant Emission Factors. U.S. DHEW, PHS, National Center for Air 
Pollution Control. Durham, N. C. PHS Publication Number 999~AP-42. 1968. p. 39-40. 

2. Spinks, J. L. Mineral Wool Furnaces. In: Air Pollution Engineering Manual. Danielson, J. A. (ed.). U.S. 
DHEW, PHS, National Center for Air Pollution Control. Cincinnati, Ohio. PHS Publication Number 
999-AP-40. 1967. p. 343-347. 
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8.17 PERLITE MANUFACTURING 

8.17.1 Process Descriptionl.2 

Perlite is a glassy volcanic rock consisting of oxides of silicon and aluminum combined as a natural glass by 
water of hydration. By a process called exfoliation, the material is rapidly heated to release water of hydration 
and thus to expand the spherules into low-density particles used primarily as aggregate in plaster and concrete. A 
plant for the expansion of perlite consists of ore unloading and storage facilities, a furnace-feeding device, an 
expanding furnace, provisions for gas and product cooling, and product-classifying and product-collecting 
equipmenL Vertical furnaces, horizontal stationary furnaces, and horizontal rotary furnaces are u~~ed for the 
exfoliation of perlite, although the vertical types are the most numerous. Cyclone separators are used to collect 
the product. 

8.17.2 Emissions and Controls2 

A fine dust is emitted from the outlet of the last product collector in a perlite expansion plant. The ftn.tess of 
the dust varies from one plant to another, depending upon the desired product. In order to achiev~ complete 
control of these particulate emissions, a bagho\Jse is needed. Simple cyclones and small multiple cycl~es are not 
adequate for collecting the fine dust from perlite furnaces. Table 8.17-1 summarizes the emissions from perlite · 
manufacturing. 
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Table 8.17·1. PARTICULATE EMISSION FACTORS 
FOR PERLITE EXPANSION FURNACES 

WITHOUT CONTROLSa 
EMISSION FACTOR RATING: C 

Emissiorisb 
Type of furnace lb/ton kg/MT 

Vertical 21 10.5 

a Reference 3. Emission factors expressed as units per unit weight of 
charge. 

bprimerv cyclones will collect 80 percent of the particulates above 
20 micrometers, and baghouses will collect 96 percent of the particles 
above 20 micrometers. 2 
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8.18 PHOSPHATE ROCK PROCESSING 

8.18.1 Process Description! 

Phosphate· rock preparation .involves beneficiation to remove impurities, di:yirig to remove moisture; and 
grinding to improve reactivity. Usually, direct·fired rotary kilns are used to dry phosphate rock. These dryers 
burn natural gas or fuel oil. and are fired cou~ter-currently. The mate.rial from the dryers may be ground before 
storage in large storage silos. Air.swept ball mllls are preferred for grinding phosphate rock.· · 

8.18.2 Emissions and Controls! 

Although there are no significant emissions from phosphate rock beneficiation plants, emissions in the form of 
fme rock dust may be expected from drying and grinding operations. Phosphate rock dryers are usually equipped 
with dry cyclones followed by wet scrubbers. Particulate emissions are usually higher when drying pebble rock 
than when drying concentrate because of the small adherent particles of clay and slime on the rock. Phosphate 

··rock grinders can be a considerable source of particulates. Because of the extremely fine particle size, baghouse 
collectors are normally used to reduce emissions. Emission factors for phosphate rock processing are presented in 

Table 8.18-1. 

2/72 

Table 8.18·1. PARTICULATE EMISSION FACTORS 
FOR PHOSPHATE ROCK PROCESSING 

WITHOUT CONTROLS8 

EMISSION FACTOR RATING: C 

Emissions 

Type of source lb/ton kg/MT 

Dryingb,c 
Grindingb,d 
Transfer and storaged ,e 
Open storage pilese 

15 
20 

2 
40 

7.5 
10 

1 
20 

8 Emission factors expressed as units per unit weight of phosphate 
rock. 

bReferences 2 and 3. 
cory cyclones followed by wet scrubbers can reduce emissions by 
96 to 99 percent. 

dory cyclones followed by fabric filters can reduce emissions by 
99.6 to 99.9 percent. 

8 Reference 3. 
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References for Section 8.18 

1. Stern, A. (ed.,). In: Air Pollution, Vol. III, 2nd Ed. Sources of Air Pollution and Their Control. New York, 
Academic Press. 1968. p. 221·222. 

2. UnpubUshed data from phosphate rock preparation plants in Flori,da. Midwest Research Institute. June 1970. 

3. Control techniques for Fluoride Emissions. Internal document. U.S. Environmental Protection Agency, 
Office of Air Programs, Durhain, N.C. p. 446, 4·36, and 4-34. 
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8.19 SAND AND GRAVEL PROCESSING 
By James H. Southerland 

8.19.1 Process Description 1 

Deposits of sand and gravel, the consolidated granular materials resulting from the natural disintegration of 
rock or stone, are found in banks and pits and in subterranean and subaqueous beds. 

Depending upon the location of the deposit, ·the materials are excavated using power shovels, draglines, 
cableways, suction dredge pumps, or other apparatus; light-charge blasting may be necessary to loosen the 
deposit. The materials are transported to the processing plant by suction pump, earth mover, barge, truck, or 
other means. The processing of sand and gravel for a specific market involves the use of different combinations of 
washers; screens and classifiers, which segregate particle sizes; crushers, which reduce oversize material; and 

storage and loading facilities. 

8.19.2 Emissions2,3 

Dust emissions occur during conveying, screening, crushing, and storing operations. Because these materials are 
generally moist when handled, emissions are much lower than in a. similar crushed stone operation. Sizeable 
emisstons may also occur as vehicles travel over unpaved roads and paved roads covered by dirt. Although little 
actual source testing has been done, an estimate has been made for particulate emissions from a plant using 

crushers: 

Particulate emissions: 0.1 lb/ton (0.05 kg/MT) of product? 

References for Section 8.19 

1. Walker, Stanton. Production of Sand and Gravel. National Sand and Gravel Association. Washimgton, D.C. 
Circular Number 57. 1954. 

2. Schreibeis, William J. and H. H. Schrenk. Evaluation of Dust and Noise Conditions at Typical Sand and 
Gravel Plants. Study conducted under the auspices of the Committee on Public Relations, National Sand and 
Gravel Association, by the Industrial Hygiene Foundation of America, Inc. 1958. 

3. Particulate Pollutant System Study, Vol. I, Mass Emissions. Midwest Research Institute, Kansas City, Mo. 
Prepared for the Environmental Protection Agency, Research Triangle Park, N.C., under Contract Number 
CPA 22-69-104. May 1971. 
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8.20 STONE QUARRYING AND PROCESSING 

8. 20.1 Process Description 1 

Rock and crushed stone pr~ducts are loosened by drilling and blasting them from thefr ·deposit beds and are 
removed with the use of heavy earth-moving equipment. Thill mining of rock is dOne primarily in open pits. The 
use of pneumatic drillin& and cutting, as well as blasting and transferring, causes considerable dust formation. 
Further processing includes crushing, regrinding, and. removal·of fines. 2 Dust emissions can· occur from all of 
these operations, as well as from quarrying, transferring, loading, and st9rage operations. Drying operatiQns, when 
used, can also be a source of dust emissions. · · 

8.20.2 Emissionsl 

As enumerated above, dust emiS$ions occur from many operaUons in stone quarrying and processing. Although 
a big portion of these emissions is heavy particles that settle out within the plant, an attempt hils been made to 
estimate the suspended particulates. These emission factors are shown in Table 8.20-1. Factors affecting emissions 
include the amount of rock processed; the method of transfer of the rock; the moisture content of the raw 
material; the degree of enclosure of the transferring, processing, and storage areas; and the degree to which 
control equipment is used on the processes. 

Table 8.20·1. PARTICULATE EMISSION FACTORS FOR ROCK-HANDLING PROCESSES 
EMISSION FACTOR RATING: C 

Uncontrolled Settled out Suspended 
total II in plant, emi sian 

Type of process lb/ton kg/MT % lb/ton kg/MT 

Dry crushing operationsb,c 
Primary crushing 0.5 0.25 80 0.1 0.05 
Secondary crushing and screening 1.5 0.75 60 0.6 0.3 
Tertiary crushing and 6 3 40 3.6 1.8 

screening (if used) 
Recrushing and screening 

' 
5 2.5 50 2.5 1.25 

Fines mill 6 3 25 4.5 2.25 

Miscellaneous operationsd. 
Screening, conveying, 2 1 

and handlinge 
Storage pile lossesf 

aTypical collection efficiencies: cyclone, 70 to 85 percent; fabric filter, 99 percent. 
bAll values are based on rew material entering primary crusher, excapt those for recrushing and screening, which are based on 

throughput for that operation. 
cReference 3. 
dBased on units of stored product. 
eReference 4. 
f See section 11.2.3. 
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4. Unpublished data on storage and handling of rock products. U.S. DHEW, PHS, National Air Pollution 
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9. PETROLEUM INDUSTRY 

9.1 PEfROLEUM REFINING Revised.by William M. Vatavuk 

9.1.1 General 

Although a modern refinery is a complex system of many processes, the entire operation can be divided into 
four major steps: separating, converting, treating, and blending. The crude oil is first separated into selected 
fractions (e.g. gasoline, kerosene, fuel, oil, etc.). Because the relative volumes of each fraction produced by 
merely separating the crude may not conform to the market demands for each fraction, some of the less valuable 
products, such as heavy naptha, are converted to products with a greater sale value, such as gil$0line. This 
conversion is accomplished by splitting (cracking), uniting (polymerization), or rearranging (reforming) the 
original molecules. The final step is the blending of the refined base stocks with each other and with various 
additives to meet final product specifications. The V~~rious unit operations involved at petroleum refmeries will be 
briefly discussed in the following sections. A generalized petroleum refmery flow sheet is shown in Fjgure 9.1-1. 

9.1.2 Crude Oil Distillationl·6 

Crude oil is a mixture of many different hydrocarbons, some of them combined with small amounts of 
impurities. Crude oils vary considerably in compcsition and physical properties, but primarily consist of three 
families of hydrocarbons: paraffins, saturated hydrocarbons having the empirical formula C0H2n+2; napthenes, 
ring-structure saturated hydrocarbons with the formula C0 H2n; and aromatics, characterized by a benzene ring, 
C6H6, in the molecular structure. In addition to carbon and hydrogen, significant amounts of sulfur, oxygen, and 
nitrogen can be present in crude petroleum. 

Separation of these hydrocarbon constituents into their respective fractions is performed by simple distillation 
in crude topping or skimming units. Crude oil is heated in pipe stills and passed to fractionatina towers or 
columns for vaporization and preparation. Heavy fractions of the crude oil, which do not vaporize in !the topping 
operation, are separated by steam or vacuum distillation. The heavy residuum products are reduced to coke and 
more valuablevolatileproducts via destructive distillation and coking. Depending on the boiling range of the stock 
and its stability with respect to heat and product specifications, solvent extraction and/or absorption techniques 
can also be used. The distillation fractions • "straight run products" · usually include refmery gas, gasoline, 
kerosene, light fuel oil, diesel oils, gas oil, lube distillate, and heavy bottoms, the amount of each being 
determined by the type and composition of the crude oil. Some of these products are treated to remove 
impurities and used as base stock$ or sold as finished products; the remainder are used as feedstOCik for other 
refinery units. 

9.1.2.1 Emissions-The main source of emissions from crude oil preparation processes is the barometric condenser 
on the vacuum distillation column. This condenser, while maintaining a vacuum on the tower, often allows 
noncondensable light hydrocarbons and hydrogen sulfide to pass through to the atmosphere. The quantity of 
these emissions is a function· of the unit size, type of feedstock, and the cooling water temperature. Vapor 
n:covery systems reduce these emissions to negligible amounts (see Table 9.1·1). · 
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Figure 9.1-1. Basic flow diagram of petroleum refinery . 
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Type of process 

Boilers and process heatersB 
lb/103 bbl oil burned 
kg/1 03 liters oil burned 
lb/103 ft3 gas burned 
kg/103 m3 gas burned 

Fluid cata!ytic cracking 
unit~ 

Uncontrolled 
lb/103 bbl fresh feed 

kg/103 liters fresh 
feed 

Electrostatic precipitator 
and CO boiler 
lb/1 03 bbl fresh 

feed 
kg/103 liters fresh 

fresh feed 
Moving-bed catalytic 

cracking units8 
lb/103 bbl fresh 

feed 
kg/103 l,iters fresh 

teed 
Fluid .coking units9 

Uncontrolled 
lb/i03 bbl fresh feed 
kg/103 liters fresh 

feed 
Electrostatic precipitator 

lb/103 bbl fresh 
feed 

kg/1 ()3 liters fresh 
feed 

-~~-

Table 9.1·1. EMISSION FACTORS FOR PETROLEUM REFINERIES 
EMISSION FACTOR RATING: A 

Sulf1,1r Nitrogen 
oxides Carbon Hydro- oxides 

Particulates {S02) monoxide ' carbons {N02) 

840 6,726sb Neif 140 2,900 
2.4 19.25 Neg 0.4 8.3 
0.02 ,· 2sd Neg 0.03 0.23 
0.32 32s Neg 0.48 3.7 

242 493 13,700 220 71.0 
(93 to 340)1 {313 to 525) (37.1 to 145.0) 

0.695 1.413 39.2 0.630 0.204 
(0.267 to 0.976) (0.898 to 1.505) (0.1 07 to 0.416) 

44.7 493 Neg 220 71.0 
(12.5 to 61.0) (313 to 525) (37. 1 to 145.0) 

0.128 1.413 Neg 0.630 0.204 
(0.036 to 0.175) (0.898 to 1.505) (0.1 07 to 0.416) 

17 60 3,800 87 5 

0.049 '0.111 10.8 0.250 0.014 

523 NAh Neg Neg Neg 
1.50 NA Neg Neg Neg 

6.85 NA Neg Neg Neg 

0.0196 NA Neg Neg Neg 

Aide-
hydes Ammonia 

25 Neg 
0.071 Neg 
0.003 Neg 
0.048 Neg 

19 54 

0.054 0.155 

19 54 

0.054 0.155 

12 6 

0.034 0.017 

Neg I Neg 
Neg Neg 

Neg Neg 

Neg Neg 
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Table 9.1-1. (continued}. EMISSION FACTORS PETROLEUM ·REFINERIES 

EMISSION FACTOR RATING: A - ~ - - -
I 

,a:.. 
Sulfur Nitrogen 
oxides Carbon Hydro- oxides Aide-

Type of process Particulates (SO~ monoxide carbons IN02) hydes Ammonia 

Compressor internal com-
bustion engines~! 
lb/103 tt' gas burned Neg 2s Neg 1.2 0.9 0.1 0.2 
kg/1 03 m3 gas burned Neg :Y.ls Neg 19.3 14.4 1.61 3.2 

Slowdown systems8 

Uncontrolled 
I b/1 03 bbl refinery Neg Neg Neg 300 Neg Neg Neg 
capacity 

kg/1o" liters refinery Neg Neg Neg 0.860 Neg Neg Neg 
capacity 

Q! Vapor recovery svstem - or flaring rn 
lb/103 bbl refinery Neg Neg Neg 5 Neg Neg Neg rn -~ capacity 
kg/1o" liters refinery Neg Neg Neg 0.014 Neg Neg Neg l"rj capacity > a Process drains. Uncontrolled 
lb/103 bbl waste Neg Neg Neg 210 Neg Neg Neg 

:;a water 
rn kg/1 OS liters waste Neg Neg Neg 0;600 Neg Neg .Neg 

water 

' Vapor recovery or 
separator covers 
lb/1o' bbl waste Neg Neg Neg 

water 
8 Neg Neg Neg 

. 
_kgf1o' liters waste water Neg Neg Neg 0.023 Neg Neg Neg 

Vacuum jets8 

Uncontrolled 
lb/10"3 bbl vacuum Neg Neg Neg 

distillate 
130 Neg Neg Neg 

kg/1 o' liters vacuum Neg Neg Neg 0.370 Neg Neg Neg 
distillate 

Fume burner or waste-
,a:.. heat boiler - lb/1o' bbl vacuum Neg Neg Neg Neg Neg Neg Neg ...a 
~ distillate 

--- .-
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~ -..... w 

': -a 
tr a -= a. 
c 
rn -~ 

:00 -I u. 

• 

Type of process 

kg/103 liters vacuum 
distillate 

Cooling towers8 

lb/106 gal cooling 
water 

kg/106 liters cooling 
water 

Pipeline valves and 
flanges8 

lb/103 bbl refining 
capacity 

kg/1 03 I iter refining 
capacity 

Vessel relief valves8 

lb/1 03 bbl refining 
capacity 

kg/1 03 I iter refining 
capacity 

Pump seals8 

lb/1 03 bbl refining 
capacity 

kg/1 o3 liter refining 
capacity 

Compressor sealsa 
lb/1 03 bbl refining 
capacity 
kg/1~ liter refining 

capacity 
Miscellaneous (air blowing, 

sampling; etc.) 8 

lb/1 03 bbl nifining 
capacity 

kg/103 liter refining 
capacity 

8 Refere nee 1. 

Table 9.1-1. (continued). EMISSION FACTORS FOR PETROLEUM REFINERIES 
EMISSION FACTOR RATING: A 

Sulfur Nitrogen 
oxides Carbon Hydro- oxides 

Particulates !S02I monoxide carbons (N02) 

Neg Neg Neg Neg Neg 

Neg Neg Neg 6 Neg 

Neg Neg Neg 0.72 Neg 

Neg Neg Neg 28 Neg 

Neg Neg Neg 0.080 Neg 

Neg Neg Neg 11 Neg 

Neg Neg NP.g 0.031 Neg 

Neg Neg Neg 17 Neg 

Neg Neg Neg 0.049 Neg 

Neg Neg Neg 5 Neg 
Neg 
Neg Neg Neg 0.014 Neg 

Neg Neg Neg 10 Neg 

Neg Neg Neg 0.029 Neg 

Aide-
hydes Ammonia 

Neg Neg 

Neg Neg 

Neg Neg 

Neg Neg 

Neg Neg 

Neg Neg 

Neg Neg 

Neg Neg 

Neg Neg 

Neg Neg 

Neg Neg 

Neg Neg 

Neg Neg 

bg = Fuel oil sulfur content (weight percent) : factors based on 1 00 percent combustion of sulfur to so2 and assumed density of 336 lb/bbl (0.96 kg/1 iter). 
cNegligible emission. 
ds =refinery ges sulfur content (lb/100 ft3

): factors based on 100 percent combustion of sulfur to so2 . 
11References1 through 6. 
1Numhan in oarenthHil inrtir.ata rnnn11 or vnh111s nll!I.RNM. 



9.1.3 Converting 

To meet quantity demands for certain types of petroleum products, it is often necessary.to chemically convert · 
the molecular structures of certain hydrocarbons via "cracking" and ''reforming" to' produce compounds of 
different structures. 

9.1.'3.1 Catalytic Crack:ingLJn the cracking operation, large molecules are decomposed by heat, pressure, and 
catalysis irito smaller, lower-boiling molecules. Simultaneously, some of the molecules combine (polymerize) to 
form larger molecules. Products of cracking are gaseous hydtocarbons, gasoline, gas oil, fuel oil, and coke. 

Most catalytic cracking operations in the U.S. today are performed by usmg four main methods: (1) fixed-bed, 
a batch operation; (2) moVing-bed, typified by thermofor catalytic cracking (TCC) and Houdriflow unitsj (3) 
fluidized-bed (FCC); and (4) "once-through" units. The two most widely used units are. the moving- and 
fluidized-bed types, with the lattt;r most predominant. 

In a moving-bed cracker, the charge (gas oil) is heated to 900°F under pressure and passed to the reactor where 
it passes cross-flow to a descending stream of molecular sieve-type catalyst in the form of beads or pellets. The 
cracked products then pass to a fractionating tower where the various compounds are tapped off. Meanwhile, the 
spent catalyst flows through a regeneration zone where coke deposits are burned off in a continuous process. The 
n.igenetated catalyst is then conveyed to storage bins atop the reactor vessel for reuse. 

, . In fluidized systems, finely powdered catalyst is lifted into the reactor by the incoming heated oil charge, 
Which vaporizes upon contact with the hot catalyst. Spent catalyst settles out in the reactor, is drawn off at a 
controlled rate, purged with steam, and lifted by an air stream into the regenerator where the deposited coke is 
~m~~ . 

Emissions.,....Emissions from cracking unit regenerators consist of particulates (coke and catalyst fine~). 
hydrocarbons, sulfur oxides, carbon monoxide, aldehydes, ammonia, and nitrogen oxides in the combusion gases. 
In addition, catalyst fines may be discharged by vents on the catalyst handling systems on both TCC and FCC 
units. Control measures comm6nly used on regenerators consist of cyclones and electrostatic precipitators to 
remove partictilates and energy-recovery combustors to. reduce carbon monoxide· emissions. The latter recovers 
the heat of combustion of the CO to produce refinery process steam. 

9.1.3.2 Hydrocracking2-The hydrocracker uses a fixed-bed catalytic reactor, wherein cracking occurs in the 
presence of hydrogen under substantial pressure. The· principal functions of the hydrogen are to suppress the 
formation c:if heavy residual material and to increase. the yield of gasoline by reacting with the cracked products.· 
High-molecular-weight, sulfur-bearing hydrocarbons are also cracked, and the sulfur combines with the hydrogen 
to form hydrogen sulfide (H2S). Therefore. waste gas from the hydrocracker contains large amounts of H2S, 

. which can be processed for removal of sulfur. 

9.1;3.3 Catalytic Reforming I ~In refom1ing processes, a feedstock of gasoline undergoes molecular rearrange
ment via catalysis (usually including .hydrogen removal) to produce a gasoline of higher quality and octane 
number. In various fixed-bed and fluidized-bed processes, the catalyst is regenerated continously; in a manner 
similar to that u8ed with cracking units. · 

There are essentially no· emissions from reforming operations. 

9.1.3.4 Polymerizatio~, Alkylation, and Isomerization !-Polymerization and alkylation are processes used to 
produce gasoline from the gaseous hydrocarbons fom1ed during cracking operations. Polymerization joins two or 
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more olefins (noncyclic unsatur~ted hydrocarbons with c=C double bonds), and alkylation unites an alefm and 
an iso-paraffin (noncyclic branched-chain hydrocarbon saturated with hydrogen). Isomerization is the pllOcess for 
altering the arrangement of atoms in a molecule without adding or removing anything from the original material, 
and is usually used in the oil industry to form branched-chain hydrocarbons. A number of catalysts such as 
. phosphoric acid, sulfuric acid, platinum, aluminum chloride,. and hydrofluoric acid are used to promote the 
combination or rearrangement of these light hydrocarbons. · 

9.1.3.5 Emissions-These three processes, including regeneration of any necessary catalysts, form esseniially 
closed systems and have no unique, major source of. atmospheric emissions. However, the highly volatile 
hydrocarbons handled, coupled with the high process .pressures required, make valve stems and pwnp shafts 
difficult to seal, and a greater emission rate from these sources can generally be expected in these process areas 
th8n would be the average throughout the refinery. ·The best method for con~rolling these emissions is the 
effective maintenance, repair, and replacement of pwnp seals, valve caulking, and pipe-joint sealer. 

9.1.4 Treating 

"Hydrogen," "chemical," and "physical" treating are used in the refinery process to remove undesirable 
impurities such as sulfur, nitrogen, and oxygen to improve product quality. 

9.1.4.1 Hydrogen Treating! -In this procedure hydrogen is reacted with impurities in comPQunds t0 produce 
removable hydrogen sulfide, ammonia, and water. In addition, the process converts diolefins (gurn·forrning 
hydrocarbons with the empirical formula R=C=R) into stable compounds while minimizing saturation of 
desirable aromatics. 

Hydrogenation units are nearly all the ftxed-bed type with catalyst replacement or regeneration (by 
combustion) d'one intermittently, the frequency of which is dependent upon operating conditions and the 
product being treated. The hydrogen sulfide produced is removed freim the hydrogen stream via extraction and 
converted to elemental sulfur or sulfuric acid or, when present iri small quantities, burned to so2 in a flare or 
boiler firebox. 

9.L4.2 Chemical Treating1-Chemical treating is generally classifjed into four groups: (I) acid treatment, (2) 
sweetening, (3) solvent extraction, and (4) additives. Acid treatment inv<?lves contacting hydrocar~ons with 
sulfuric acid to partially. remove sulfur and nitrogen compounds, to precipitate asphaltic or gum-like materials, 
and to improve color and odor. Spent acid sludges that result are usually converted to ammonium sulfate or 
sulfuric acid. · · 

Sweetening processes oxidize mercaptans (formula: R·S·H) to disulfide (formula: R.S·S·R) without actual 
sulfur removal. In some processes, air and steam are used for agitation in· mixing tanks and to reactivate chemical 
solutions. 

Solvent extraction utilizes solvents that have affinities for the undesirable compounds and that can easily be 
removed from the product stream. Specifically, mercaptan compounds are usually extracted using a strong caustic 
solution; hydrogen sulfide is removed by a number of commercial processes. . ..· 

Finally, additives or inhibitors are primarily materials added in small amounts to oxidize mercaptans to 
disulfide and to retard gum fonnation. 
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9.1.4.3 Physical TreatingLSome of the many physical methods used to remove impurities include electrical 
coalescence, ftltration, absorption, and·air blowing. Specific apPlications ofphysica.t methods are desalting cru~ 
oil, removing wax, decolorizing lube oils, and brightening diesel oil. 

9. I .4.4 Emissions - Emissions from treating operations consist. of. S02, hydrocarbons, and visible plumf!S. 
Emission levels depend on the methods used in handling spent acid and acid sludges, as well as the means 
employed for recovery or disposal of hydrogen sulfide. Other potential sources of these emissions in treating 
include catalyst regeneration, air agitation in mixing tanks, and other air blowing operations. Trace amounts of 
malodorous substances may eseape from numerous sources including settling tarik vents, purge tanks, waste 
treatment units,- waste-water drains, valves, and pump seals. 

Control methpds used include: covers for waste water separators; vapor recovery systems for settling arid surge 
tanks; improved maintenance for pumps, valves, etc; and sulfur recovery plants. 

9.1.5 Blendingl 

The final major operation in petroleum refining consists of blending the products in various proportions to 
meet certain specifications, such as vapor pressure, specific gravity, sulfur content, viscosity, octane number, 
initial boiling point, and pour point. 

9.1.5.1 Emissions - Emissions associated with this operation are hydrocarbons that leak from storage vessels, 
va.tves, and pumps. Vapor recovery systems and specially built tanks minimize storage emissions; good 

-housekeeping precludes pump and valve leakage. 

9.1.6 Miscellaneous Operationsl 

In addition to the four refinery operations described above, there are many process operations. connected with 
all four. These involve the use of cooling towers, blow-down systems, process heaters and boilers; compressors, 
and process drains. The emissions and controls associated with these operations are listed in Table 9;~ -1. 

References for Section 9.1 

l. Atmospheric Ernissi~rts from Petroleum Refineries: A Guide for Measurement and Control. U.S. DHEW, 
Public Health Service. Washington, D.C. PHS Publication Number 763. 1960. 

2. Impurities in Petroleum. In: Petreco Manual. Long Beach, Petrolite Corp. 1958. p.l. 

3. Jones, Ben G. Refmery Improves Particulate Control. The Oil and Gas Journal. 69(26):60-62. June 28, 1971. 

4. Private communications with personnel in the Emission Testing Branch, Applied Technology Division, 
Environmental Protection Agency, Research Triangle Park, N.C., regarding source testing at a petroleum 
refinery preparatory to setting new source standards. June-August 1972. 

5. Control Techniques for Sulfur Oxide in Air Pollutants. Envirorunental Protection Agency, Office of Air 
Programs, Research Triangle Park, N.C. Publication Number AP•52. January 1969. · · · 

6. Olson, H;N. and K.E. Hutchinson. How Feasible are Giant, One-Train Refineries? The Oil and Gas Journal. 
70(.1):39-43. January 3, 1972. 
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9.2 NATURAL GAS PROCESSING by Harry Butcher and TGm Lahre 

9.2.1 General1 

Natural gas from high-pressure wells is usually passed through field separators to remove h)ldrocarbon 
condensate and water at the well. Nat\lfal gasoline, butane, and propane are usually present in the gas, and gas 
processing plants are required for the recovery of these liquefiable constituents (see Figure 9.2·1). Natural gas is 
considered "sour" if hydrogen sulfide is present in amounts greater than 0.25 grain per 100 standard cubic feet. 
The hydrogen sulfide (H2S) must be removed (called ''sweetening" the gas) before the gas can be utilized. IfH2S 
is present, the gas is usually sweetened by absorption of the H2S in an amine solution. Amine proce•s are used 
for over 95 percent of all gas sweetening in the United States. Processes such as carbonate processes, solid bed 
absorbents, and physical absorption methods are employed in the other sweetening plants. Emissions data for 
sweetening processes other than amine types are very meager. 

The major emission sources in the natural gas processing industry are compressor engines and acid gas wastes 
from gas sweetening plants. Compressor engine emissions are discussed in section 3.3.2; therefore, only gas 
sweetening plant emissions are discussed here. 

9.2.2 Process Description 2,3 

Many chemical processes are available for sweetening natural gas. However, at present, the most widely used 
method for H2S removal or gas sweetening is the amine type process (also known as the Girdler process) in which 
various amine solutions are utilized for absorbing H2S. The process is summarized in reaction 1 and illUstrated in 
Figure 9.2·2. 

where: 

2 RNH2 + H2S ___.,.(RNH3)2S 

R = mono, di, or tri·ethanol 

N =nitrogen 

H= hydrogen 

S =sulfur 

(1) 

The recovered hydrogen sulfide gas stream may be (1) vented, (2) flared in waste gas flares or modem 
smokeless flares, (3) incinerated, or ( 4) utilized for the production of elemental sulfur or other commercial 
products. If the recovered H2S gas stream is not to be utilized 8s a feedstock for commercial applications, the gas 
is usually passed to a tail gas incinerator in which the H2S is oxidized to sulfur dioxide and then pa$Sed to the 
atmosphere via a stack. For more details, the reader should consult Reference 8. 

9.2.3 Emissions 4•5 

Emissions will only result from gas sweetening plants if the acid wa'Ste gas from the amine process is flared or 
incinerated. Most often, the acid waste gas is used as a feedstock in nearby sulfur recovery or sulfuric acid plants. 

When flaring or incineration -is practiced, the major pollutant of concern is sulfur dioxide. Most pluts employ 
elevated smokeless flares or tail gas incinerators to ensure complete combustion of all waste gas constituents. 
including virtually 100 percent conversion of H2S to 802. Little particulate, smoke, or hydrocarbons result from 
these devices, and because gas temperatures do not usually exceed 1200°F (650°C). significant quantities of 
nitrogen oxides are not formed. Emission factors for gas sweetening plants with smokeless flares or i:m.cinerators 
are presented in Table 9.2·1. 
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Figure 9.2-1. Generalized flow diagram of the natural gas industry. 
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Table 9.2·1. EMISSION FACTORS FOR GAS SWEETENING PLANTSa 
EMISSION FACTOR RATING: SULFUR OXIDES: A 

ALL OTHER FACTORS:. C 

Sulfur oxidesc Carbon 
Processb Particulates (S02) monoxide Hydrocarbons 

Amine 

lb/106 ft3 gas processed Neg. 1685 gd Neg. Neg. 
kg/103m3 gas processed Neg. 26.9ssd Neg. Neg. 

Nitrogen 
oxides 

Neg. 
Neg . 

. 8 Eniission factors are presented in this section only for sniokeless flares and tail gas incinerators on the amine gas sweetening 
process. Too little emissions information exists to characterize emissions from older, less efficient waste gas flares on the 
amine process or from other, less common gas sweetening processes. Emission factors for various internal combustitl)n engines 
utilized in. a gas processing plant are given i.n section 3.3,2. Emission factors for sulfuric acid plants and sulfur recovery plants 
are given in sections 6. 17 and 5.18, respectively. 

brhese factors represent emissions after smokeless flares (with fuel· gas and steam injection) or tail gas incinerators and are based 
on References 2 and 4 through 7. · 

C,ese factors a~e based on the assumptions that virtually 100 percent of all H:zS in the acid gas waste is converted 10 S02 during 
flaring or incineration and that the sweetening process removes essentially 100 percent of the H:zS present in the ~ock. 

ds Is the H:zS content, on a mole percent basis, in the sour gas entering the gas-sweetening plant. For example. if the H.,S content 
is 2 percent, the emission factor would be 1685 times 2, or 3370 lb so2 per million cubic feet of sour gas processed. If the 
H:zS mole percent is unknown, average values from Table 9.2·2 may be substituted. 
Note: If H2s contents are reported In grains per 100 scf or ppm, use the following factors to convert to mole percent: 

0.01 mol% H:zS = 6.26 gr H:zS/100 scf at 60°F and 29.92 in. Hg 
1 gr/100 scf = 16 ppm (by volume) 

To convert to or from metric units. use the following factor: 
0.044 gr/1 00 scf = 1 mg/fll.m3 
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CD 
a: 
Q 
en 
CD 
o( 
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Figure 9.2-2. Flow diagram of the amine process for gas sweetening. 
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State 

Alabama 

Arizona 

Arkansas 

California 

Colorado 

Florida 

Kansas 

Louisiana 

Michigan 

Mississippi 

Montana 

New Mexico 

North Dakota 

Oklahoma 

9.2-4 

Tabfe 9.2·2. AVERAGe HYDROGEN SULFIDE CONCENTRATIONS 
IN NATURAL GAS BY AIR QUALITY CONTROL REGION& . 

· AQCR. 
AQCR name number 

Mobile-Pensacola•Panama CitY·· .5 
Southern Mississippi (Fla., Miss.) 

Four Corners (Colo., N.M., Utah) 14 

Monroe-EI Dorado (La.) 19 
Shreveport· Texarkana-Tyler 22. 

(La., Okla., Texas) 

Metropolitan Los Angeles 24. 
San Joaquin Valley 31. 
South Central Coast 32 
Southeast Desert 33 

Four Corners (Ariz., N;M;, Utah) 14 
Metropolitan Denver 36 
Pawnee 37 
San Isabel 38 
Yampa 40 

Mobile·Pensacola·Panama CitY • 6 
Southern Mississippi (Ala., Miss.) 

Northwest Kansas 97 
Southwest Kansas 100 

Monroe~EI Dorado (Ariz.) 19 
Shreveport-Texarkana-Tyler 22 

(Ariz., Okla., Texas) 

Upper Michigan 126 

Mississippi Delta 134 
Mobile-Pensacola-Panama City - 5 
Southern Mississippi (Ala., Fla.) 

Great Falls 141 
Miles City 143 

Four Corners (Ariz., Colo., Utah) 14 
Pecos-Permian Basin 155 

North Dakota 172' 
Northwestern Oklahoma 187 
Shreveport-Texarkana-Tyler 22 

(Ariz., La ... Texas) 
Southeastern Oklahoma 188 

EMISSION FACTORS 

Average 
H2S, mol% 

.3.30 .. 

0.71 

0.15 
.0.56 

2.09 
0.89 
3.66 
1;0 

0.71 
0.1 
0.49 
0~3 
0.31 

3.30 

0.005 
0.02 

0.16 f 
0.55 

0.5 

0.68 
3.30 

3.93 
0.4 

0.71 
0.83 

1.74b 

1.1 
0.55 

0.3 
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Table 9;2·2 (continued). AVERAGE HYDROGEN SULFIDE CONCENTRATIONS 
IN NATURAL GAS BY AIR QUALITY CONTROL REGION8 

AQCR Average 

State AQCR name number H2S,mol% 

Texas Abilene-Wichita Falls 210 0.055 
Amarillo-Lubbock 211 0.26 
Austin-Waco 212 0.57 
Corpus Christi· Victoria 214 0.59 
Metropolitan Dallas-Fort Worth 215 2.54 
Metropolitan San Antonio 217 1.41 
Midland-Odessa-San Angelo 218 0.63 
Shreveport-Texarkana-Tyler 22 0.55 

(Ariz., La., Okla.) 

Utah Four Corners (Ariz., Colo., N.M.) 14 0.71 

Wyoming Casper 241 1.262 
Wyoming (except Park, Bighorn 243 2.34 

and Washakie Counties) 

aRefere'nce 9. 

bsour gas only reported for Burke, Williams, and McKenzie Counties. 

CPark, Bighorn, and Washakie Counties report gas with an average 23 mol % H2S content. 

Some plants still use older, less efficient waste gas flares. Because these flares usually burn at temperatures 
lower than necessary for complete combustion, some emissions of hydrocarbons and particulates as well as higher 
quantities of H2S can occur. No data are available to estimate the magnitude of these emissions from waste gas 
flares. 

Emissions from sweetening plants with adjacent commercial plants, such as sulfuric acid plants or sulfur 
recovery plants, are presented in sections 5.17 and 5.18, respectively. Emission factors for internal combustion 
engines used in gas processing plants are given in section 3.3.2. 

Background material for this section was prepared for EPA by Ecology Audits, Inc. 8 

References for Section 9.2 

1. Katz, D.L., D. Cornell, R. Kobayashi, F.H. Poettmann, J.A. Vary, J.R. Elenbaas, and C.f. Weinaug. 
Handbook of Natural Gas Engineering. New York, McGraw-Hill Book Company. 1959.802 p. 

2. Maddox, R.R. Gas and Liquid Sweetening. 2nd Ed. Campbell Petroleum Series, Norman, Oklahoma. 1974. 
298p. 

3. Encyclopedia of Chemical Technology. Vol. 7. Kirk, R.E. and D.F. Othmer (eds.). New York, Interscience 
Encyclopedia, Inc. 1951. 

4. Sulfur Compound Emissions of the Petroleum Production Industry. M.W. Kellogg Co., Houston, Texas. 
Prepared for Environmental Protection Agency, Research Triangle Park, N.C. under Contract No. :68-02-1308. 
Publication No. EPA-650/2-75-030. December 1974. 

5. Unpublished stack test data for gas sweetening plants. Ecology Audits, Inc., Dallas, Texas. 1974. 
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6. Control Techniques for Hydrocarbon and Organic Solvent Emissions from Stationary Sources. U.S. DHEW, 
PHS, EHS, National Air Pollution Control Administration; Washington,D.C. Publication No. AP-68. March 
1970. p. 3-1 and 4-5. 

7. Control Techniques for Nitrogen Oxides from Stationary Sources. U.S. DHEW, PHS, EHS, National Air 
Pollution Control Administration, Washington, D.C. Publication No. AP-67. March 1970. p. 7-25 to 7~32. 

8. Mullins, B.J. et al. Atmospheric Emissions Survey of the Sour Gas Processing Industry. Ecology Audits, Inc., 
Dallas, Texas. Prepared for Environmental Protection Agency, Research Triangle Park, N.C. under Contract 
No. 68-02-1865. Publication No. EPA-450/3-75-076. October 1975. · 

9. Federal Air Quality Control Regions. Environmental Protection Agency, Research Triangle Park, N.C. 
Publication No. AP-102. January 1972. 
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10. WOOD PROCESSING 

Wood processing involves· the conversion of raw wood to either pulp, pulpboard, or one of several types of 
wallboard inducting plywood, particleboard, or hardboard. This section presents emissions data for chemical 
wood pUlping, for pulpboard and plywood manufacturing, and for woodworking operations. The burning of wood 
waste in boilers and conicaJ burners is not included as it is discussed in Chapters 1 and 2 of this publication. 

10.1 CHEMICAL WOOD PULPING Revised by Thomas Lahre 

10.1.1 Generall 

Chemical wood pulping involves the extraction of cellulose from wood by dissolving the lignin that binds the 
cellulose fibers together. The principal processes used in chemicaJ pulping are the kraft, sulfite, neutral sulfite 
semichemical (NSSC), dissolving, and soda; the first three of these display the greatest potentia] for causing air 
pollution. The kraft process accounts for about 65 percent of all rlulp produced in the United States; the sulfite 
and NSSC processes, together, account for less than 20percent of the total. The choice of pulping process is de
termined· by the product being made, by the type of wood species available, and by economic considerations. 

10.1.2 Kraft Pulping 

10.1.2.1 Process Descriptiofii,L ... The kraft process (see Figure 10.1.2-1) involves the cooking of wood chips 
under pressure in the presence of a cooking liquor in either a batch or a continuous digesier. The cooldng liquor, 
or "white liquor," consisting of an aqueous solution of sodium sulfide and sodium hydroxide, dissolves the lignin 
that binds the cellulose fibers together. 

When cooking is completed, the contents of the digester are forced into the blow tank. Here the major portion 
of the spent cooking liquor, which contains the dissolved lignin, is drained, and the pulp enters the initial stage of 
washing. From the blow tank the pulp passes through the knotter where unreacted chunks of wood a11e removed. 
The pulp is then washed and, in some mills, bleached before being pressed and dried into the finished product. 

It is economically necessary to recover both the inorganic cooking chemicals and the heat content of the spent 
"black liquor," which is separated from the cooked pulp. Recovery is accomplished by first concentrating the 
liquor to a level that will support combustion and then feeding it to a furnace where burning and chemioal recovery 
take place. 

lnitiaJ concentration of the weak black liquor, which contains about 15 percent solids, occurs in the multiple
effect evaporator. Here process steam is passed countercurrent to the liquor in a series of evaporato~ tubes that 
increase the solids content to 40 to 55 percent. Further concentration is then effected in the direct contact 
evaporator. This is generally a scrubbing device (a cyclonic or venturi scrubber or a cascade evaporator) in which 
hot combustion gases frort1 the recovery furnace mix with the incoming black liquor to raise its solids content to 
55 to 70 percent. 

The black liquor concentrate is then sprayed into the recovery furnace where the organic content supports 
combustion. The inorganic compounds fall to the bottom of the furnace and are discharged to the smelt dissolving 
tank to form a solution called "green liquor." The green liquor is then conveyed to a causticizer where slaked 
lime (calcium hydroxide) is added to convert the solution back to white liquor, which can be reused in subsequent 
cooks. Residual lime sludge from the causticizer can be recycled after being dewatered and caJcined in the hot 
lime kiln. 

Many mills need more steam for process heating, for driving equipment, for providing electric power, etc., than 
can be provided by the recovery furnace alone. Thus, conventional industrial boilers that burn coaJ, oil, natura] 
gas, and in some cases, bark and wood waste are commonly employed. 
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IO.L2.2. EmiSSion and Controlsl·6-Particulate emissions from the kraft process occur primarily from there· 
covery furnace, the lime kiln, and the smelt dissolving tank. These emis5ions consist mainly of sodium salts but 
include some calcium salts from the lime kiln. They are caused primarily by the carryover of solids plus the sub· 
limation and condensation of the inorganiC chemicals. 

Particulate control is provided on recovery furnaces in a variety ofways. In mills where either a cyclonic 
scrubber or· cascade evaporator serves as the direct contact evaporator, further control is necessary as these devices 
are generally only 20 to SO percent efficient for particulates. Most often in these cases, an electrostatic precipitator 
is employed after the direct contact evaporator to provide an overall particulate control efficiency of 85 to;;;.. 99 
percent. In a few mills, however, a venturi scrubber is utilized as the direct contact evaporator and simultaneously 
provides 80 to 90 percent particulate· control. In ·either case auxiliary scrubbers may be included after the 
pl"(lcipitator or the venturi scrubber to provide additional control of particulates. 

Particulate control on lime kilns is generally accomplished by scrubbers. Smelt dissolving tanks are conunonly 
controlled by mesh pads but employ scrubbers when further control is needed. · 

The characteristic odor of the kraft mill is caused in large part by the emission of hydrogen sulfide. The major 
source is the direct contact evaporator in which the sodium sulfide in the black liquor reacts with the carbon 
dioxide in the furnace exhaust. The lime kiln can also be a potential source as a similar reaction occurs involving 
residual sodium sulfide in the lime mud. Lesser amounts of hydrogen sulfide are emitted with the non condensible 
off-gasses from the digesters and multiple-effect evaporators. 

The kraft-process odor also results from an assortment of organic sulfur compounds, all of which have extremely 
low odor thresholds. Methyl mercaptan and dimethyl sulfide are formed in reactions with the ~ood component 
lignin. Dimethyl disulfide is formed through the oxidatipn of mercaptan groups derived from the lignlin. These 
compounds are emitted from many points within a mill: however, the main sources are the digester/llllow tank 
systems and the direct contact evaporator. · 

Although odor control devices, per se, are not generally employed in kraft mills, control of red.uced sulfur 
compounds can be accomplished by process modifications and by optimizing operating conditions. For example, 

· black liquor oxidation systems, which oxidize sulfides into less reactive thiosulfates, can considerably reduce 
odorous sulfur emissions from the direct contact evaporator, although the vent gases from such systems become 
minor odor sources themselves. Noncondensible odorous gases· vented from the digester/blow tank system and 
multipli:-effect evaporators can be destroyed by thermal oxidation, usually by passing them through the lime 
kiln. Optimum operation of the recovery furnace, by avoiding overloading and by maintaining sufficient oxygen 
residual and turbulence, significantly reduces emissions of reduced sulfur compounds from this sourc~. In addi
tion, the use of fresh water instead of contaminated condensates in the scrubbers and pulp washers furtl. r reduces 
odorous emissions. The effect of any of these modifications on a: given mill's emissions will vary co iderably. 

Several new mills have incorporated recovery systems that eliminate the conv~ntional direct contact ev porators. 
In one system, preheated combustion air rather than flue gas provides direct contact evaporation. In the other, 
the multiple-effect eVaporator system is extended to replace the direct contact evaporator altogether. In both of 
these systems, reduced sulfur emissions from the recovery furnace/direct contact evaporator reportedly can be 
reduced by more than 9S percent from conventional uncontrolled systems. 

Sulfur dioxide emissions result mainly from oxidation qf reduced sulfur compounds in the recovery furnace. 
It is reported that the direct contact evaporator absorbs SO to 80 percent of these emissions; further scrubbing, if 
employed, can reduce them another 10 to 20 percent. 

Potential sources of carbon monoxide emissions from the kraft process include the recovery furnae4 and lime 
kilns. The major cause of carbon monoxide emissions is furnace operation well above rated capadty, making it 
impossible to maintain oxidizing conditions. 

4/77 Wood Processing 10.1-3 



Some nitrogen oxides are also emitted from the recovery furnace andlime kilns although the 
amounts are relatively small. Indications are that nitrogen oxid~s emissions .from each of these sources 
are on. the order of l pound per a.ir-dried ton' (0.5 kg/air-dried MT) of pulp produced.s 6 

A major source of emissions in a kraft mill is the boiler for generating auxiliary steam and power. 
The fuels used are coal, oil, natural gas, or bark/wood waste.Emission factors for boilers are presented 
in Chapter 1. 

Table 10.1.2-1 presents emission factors for a conventional kraft mill. The most widely used 
particulate controls devices are shown along with the odor reductions resulting from black liquor 
oxidation and incineration of noncondensible off-gases. · . 

-10.1.3 Acid Sulfite Pulping by Tom Lahre 

10.1.3.1 Process Description14 - The production of acid sulfite pqlp proceeds similarly to kraft pulp· 
ing except that different chemicals are used in the cooking liquor. In place of the caustic solution used 
to dissolve the lignin in the wood, sulfurous acid is employed. To buffer the cooking.solution, a bisul
fite of sodium, magnesium, calcium, or ammonium is used. A shnplified flow diagram of a magnesium· 
base process is shown in Figure 10.1.3-1. 

Digestion is carried out under high pressure and high temperature in either batch-mode or con· 
tinuous digesters in the presence of a sulfurous acid-bisulfite cooking liquor. When cooking is com
leted, th~ digester i; either discharged at high pressure into a blow pit or its contents are pumped out 
at a lower pressure into a dUJnp tank. The spent sulfite liquor (also called red liquor) then drains 
through the bottom of the tank and is either treated and disposed, incinerated, or sent to a plant for 
recovery of heat and chemicals. The pulp is then washed and processed throntJh screens and centri-

1
,. 

fuges for removal of knots, bundles of fibers, and other materials. It subsequently may be bleached, 
pressed, and dried in paper-making operations. 

Because of the variety of bases employed in the cooking liquor, numerous schemes for heat and/ or 
chemical recovery have evolved. In calcium-base sysiems, which are used mostly in older mills, chemi· 
cal recovery is not practical, and the spent liquor is usllally discarded or incinerated. In ammonium
base operations, heat can be recovered from the spent liquor through combustion, but the ammonium 
base is consumed· in the process. In sodium- or magnesium-base operations heat, sulfur, and base 
recovery are all feasible. . 

If recovery is practiced, the spent weak red liquor (which contains more than half of the raw 
materials as dissolved organic solids) is concentrated in a multiple-effect evaporator and direct contact 
evaporator to 55 to 60 percent solids. Strong liquor is sprayed into a furnace and burned, producing 
steam for the digesters, evaporators, etc., and to meet the mills power requirements. 

When magnesium base liquor is burned, a flue gas is produced from which magnesium oxide is 
recovered in a multiple cyclone as fine white powder. The magnesium oxide is then water-slaked and 
used as circulating liquor in a series of venturi scrubbers which are designed to absorb sulfur dioxide 
from the flue gas and form a bisulfite solution for use in the cook cycle. When sodium-base liquor is 
burned, the inorganic compounds are recovered as a molten smelt containing sodium sulfide and · 
sodium carbonate. This smelt may be processed further and used to absorb sulfur dioxide from the 
flue gas and sulfur burner. In some sodium-base mills, however, the smelt may be sold to a nearby kraft 
mill as raw material for producing green liquor. . · 

EMISSION FACTORS 4/77 



,.-.-\ 

~ 
......... 
-..1 
-..1 

~ 
g 
Q. 

"= "' 0 
n 
('D 
(II 
(II .... = (JQ 

1-1 

? 
1-1 
I 

Cll 

,..--. ... 

Table 10.1.2·1. EMISSION FACTORS FOR SULFATE PULPING8 

(unit weights of air-dried unbleached pulp) 
EMISSION FACTOR RATING: A 

Sulfur 
Type Particulatesb dioxide (50?)c 

·Source control lb/ton kg/MT lb/ton kg/MT 

Digester reI ief and Untreated9 - ""- - -
blow tank 

Brown stock washers Untreated - - 0.01 0.005 
Multiple effect Untreated9 - - 0.01 0.005 

evaporators 
Untreated h Recovery boiler and 150 75' 5 2.5 

direct contact Venturi 47 23.5 5 2.5 
evaporator scrubberi 

Electrostatic 8 4 5 2.5 
precipitator 

3 - 1 sk .5-7.51< Auxiliary 3 1.5 
scrubber 

Smelt dissolving Untreated 5 2.5 0.1 0.05 
tank Mesh pad 1 0.5 0.1 0.05 

Lime kilns Untreated 45 22.5 0.3 0.15 
Scrubber 3 1.5 0.2 0.1 

Turpentine Untreated - - - -
condenser 

Miscellaneous Untreated - - - -
sources I 
For more detailed data on specific types of. mills, consult Reference 1. 

bReferences 1, 1. 8. 

cReferences 1. 7. 9, 10. 

dReferences 6. 11. Use higher value for overloaded furnaces. 

Carbon 
monoxided 

lb/ton kg/MT 

- -

- -
- -

2. 60 1 . 30 
2-60 1 - 30 

2 - 60 1 - 30 

2-60 1 - 30 

- -
- -
10 5 
10 5 
- -

- -

Bfteterences 1 , 4, 7-10, 12, 13. These reduced sulfur compounds are usually expressed as sulfur. 
1RSH-methyl mercaptan; RSR-dimethyl sulfide; RSSR-dimethyl disulfide. 

Hydrogen RSH, RSR, 
su !tide( s4• - RSSR~S~e.f 

lb/ton kg!MT lbfton kg!MT 

0.1 0.06 1.5 0.75 

0.02 0.01 0.2 0.1 
0.1 0.05 0.4 0.2 

12~ 6~ 1i_ 0.5! 
121. 61 11 0.5

1 

lt 6i 1i 0.5i 

1t 6i 1i 0.5
1 

0.04 0.02 0.4 0.2 
0.04 0.02 0.4 0.2 
0.5 0.25 0.25 0.12~ 
0.5 0.25 0.25 0.125 
0.01 0.005 0.5 0.25 

- - 0.5 0.25 

91f the noncondansible gases from these sources are vented to the lime kiln, recovery furnace. or equivalent, the reduced sulfur compounds 
are destroyed •• 

hThese factors apply when either a cyclonic scrubber or cascade evaporator is used for direct contact ·evaporation with no further controls. 

ilhes& redueed sulfur eompoundetTR&) are typieaHy redueed by 60 peroent when IJiaek liquor qx~d8Uen ie empWyed but can be GUt by 90 te 
99 percent when oxidation is complete ami the !&Covary furnace is operated optimally. 

iThese factors apply when a venturi scrubber is used for direct contact evaporation with no further controls. 

kuse 15(7.5) when the auxiliary scrubber follows a venturi scrubber and 3(1.5) when employed after an electrostatic precipitator. 
11nsludes knotter vents, brownstock seal tanks, etc. Wilen black liquor oxidation is included. a factor of 0.6(0.3) ahould be used. 
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If recovery iii not practiced, &ll. acid plant of sufficioot capacity to fulfill the mill's to'-1 &Ulfite 
requirement is necessary, Norn1ally, sulfur is burned in a rotary or spray burner. The gas prqduced'is 
then cooled by heat ex~hailgers.plus a water spray and then absorbed in a variety of different scrubbers 
containing either limestone or·a solution of the base chemical. Where recovery is practiced; fortifica· 
tion is accomplished similarly, although a much smaller amount of sulfur dioxide must be produced 
to make .up for that lost in the proce88. 

10.1.3.2 Emi88ions and Controlslt ·Sulfur dioxide is;_generaDy considered the major pollutant of 
concern from sulfite pulp mills. The characterisiic '*kraft" odor is not emitted because volatile re
duced sulfur compounds are not products of tht: lignin-bisulfite reaction. 

· One of the major SO~.sou~ces is the digester and blow pit or dump tank system. Sulfur dioxide is 
present in the intermittent digester relief gases as well as in the gases given off at the end of the cook 
when the digester contents ar~ discharged into the blow pit or dump tank. The quantity of sulfur oxide 
evolved and emitted to the atmosphere in these gas streams depends on the pH of the cookiqg liquor, 
the pressure at which the digester contents are discharged,· and the effectivene88 of the absorption 
systems employed for S02 recovery. Scrubbers can be installed that reduce so~ from this source by as 
much as 99 percent. 

Another source of sulfur dioxide emi88ionil is the recovery system. Since magnesium-, sod~um·, and 
ammonium-base ~ecovery systems all utilize absorption systems to re~over sol generated in the re
covery furnace, acid fortification towers, multiple-effect evaporators. etc •• the magnitude of SOz 
emissions depends on the .desired .efficiency of these· systems. Generally, such absorption systems 
provide better than 95 percent sulfur recovery to minimize sulfur makeup needs. · 

The various pulp washing. screening. and cleaning operations are also potential sources of SOz, 
These operations are numerous and may account for a significant fraction of a mill's S02 emissions if 
not controlled. 

The only significant particulate source in the pulping and recovery process is the absorpti«m system. 
handling the recovery furnace exhaust. Less particulate is generated in ammoniuqt-base syst!E!itlS than 
magnesium· or sodium-base systems as the combustion productions are mostly nitrogen, wa~r vapor, 
and sulfur dioxide. .. . · . · · 

Other major sources of ~missions in a sulfite pulp miil include the auxiliary power boilers. ~mis-
sion factors for these boilers are presented in .Chapter 1. · · 

Emi88ion factors for the various sulfite pulping operations are shown in Table 10.1.3-1. 

10.1.4 Neutral Sulfite Semichemical (NSSC) Pulping 

10.1.4.1 Process Description•• 1,1s,16 ·In this process. the wood chips are cooked in a neutral solution of 
sodium sulfite and sodium bicarbonate. The sulfite ion reacts with the lignin in the wood, and the 
sodium bicarbonate acts as a buffer to maintain a neutral solution; The major difference between this 
process (as well as all semichemical techniques) and the kraft and acid sulfite processes is t~t only a 
portion of the lignin is removed during the cook, after which the pulp is further reduced by mechani
cal disintegration. Because of this, yields as high as 60 to 80 percent can be achieved as opposed to SO to 
55 percent for other chemical processes. 
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Table 10.1.3-1. EMISSION FACTORS FOR SULFITE PULPING8 

~ .. 
Emission factllrb 

Emission '· 

Par iculate Sulfur Dioxide f;~ctor 
Source Base Control lb/ADUT kg/ADUMT lb/ADUT kg/ADUMT rating 

Digester/blow pit or 
Negd dump tankC All None Neg 10-70 5-35 c 

MgO Process change8 Neg Neg 2·6 1-3 c 
MgO Scrubber Neg Neg 1 0.5 8 
MgO Process change 

and scrubber Neg Neg 0.2 0.1 8 
MgO All exhaust 

vented through Neg Neg 0 0 ·A 
recovery system 

NH3 Process .change Neg Neg 25 12.5 0 
NH3 Process change Neg Neg 0.4 0:2 .. B 

and serubber 
Na ·Process cha!'lge 

and scrubber Neg Ne11 2. 1 c 
Ca Unknown Neg Neg t)7 33.5 c 

Recovery system f MgO Multiclone and 2 1 9. 4.6 A 
.venturi 

scrubbers 
NH3 Ammonia 0,7 o.aa 1 3.!l s 

absorption and 
mist E!liminator 

Na Sodium carbonate 4 ··. 2 2 1 c 
scrubber 

Acid plant9 NHJ Scrubber ·Neg Neg 0.3 0.2 c 
Na l)nknownh Neg Neg 0.2 0.1 0 
Ca Jensse·n Neg Neg a 4 c 

scrubber 

Other sourcesi All None Neg Neg 12 6 D 

a All emiqion factors represent long-term average emiqions. 

bFactors expressed in terms of lb (kg) of pollutl'fnt per air dried unbleached ton (MTI of pulp. All factors are based on data 
in Reference 14. 

cThese factors represent emissions that occur after the cook is completed and when the digester contents are discharged ·in
to the blow pit' or dump tank. Some relief gases are vented from the digester during the cook cycle, but these !Ire usuell¥ 
·transferred ~o pre5sure accumulators, and the S07 therein is reabsorbed for use in the cooking liquor. ·These factors repre
sent tong·tarm average emissions; in some mills; tfie actual emissions will be intermittent and for short time periods. 

dNegligible emissions. 

eProcess changes· may include such mell$ures as raising the pH of the oooking liquor, thereby lowering the free.S02, reliev
ing the pressure in the digester before the contents ere discharged, and pumping·out the digester contents instead of blow-
ing them out. · · 

f The recovery system at most mitis is a closed syste~ that includes the recovery furnace, direct contact evaporator, multi· 
pie-effect evaporator, acid fortifi~tion tower, and S02 absorption scrubbers. Generally, there will only be one emission 
point for the entire recovery system. These factors.are long-term averages and include the high S02 emissions during the 
periodic purging of the recovery system. · · · 

9Acid plants are necessary in mills that have no or insufficient recovery systems. 

hcontrol is practiced, but type of control Is unknown~ 

I Includes miscellaneous pull)ing operations such as knotters, washers, screens, etc. 
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Thi; NSS( • JHucess v:uie!l. from milt to mill. Some n.ills dispose of their spent liquor, some mills recover the 
l'oukin~ chemkals, ;uut'somc, which arc upcratcc.l in conjunction with kraft mills, mix their spcntliqu1n with the 
kaafl lilJIIm :as a :;uurt;c of makeup chemicals. When recovery is pradiccd, the steps involved parallel those of the 
sulrit~· prm,'l'ss. 

10.1.4 . .! I(IJiissiuns :end Ccmtruls 1•7 .•5•16 P;erticulatc ern1sswns arc a potential problem only when recovery 
systems :ue employed. Mills that~Ju practice rccuvery, ht.!l ate not operated in conjunction with kraft operations 
ulh-n ulili1.e llui~.li;~.ed bed reactors to burn their spent liquor. Because the nuc gas contains sodium $Uifate and 
:;udium c:1rhonatc dust, cll1cicnt particulate collectiun may be inclu~ed to facilitate chemicaJ, recovery, 

A puh~ntial gascoits pullutant is sulfur dioxide. The absorbing towers, digester/blow tank system, and recovery 
furnace arc the main suurcl.ls of this pollutant with the amounts emitted dependent upon the capabillity of the 
scruhhing.deviccs installed fur cuntrul and recovery. 

llydrugen sulfide can alsu be Cljlitted from NSSC mills using kraft.type recovery furnaces. The main potential 
source is the absorbing tower where a significant quantity of hydrogen sulfide is liberated as the cooking liquor is 
made. Other possible sources include the recovery furnace, depending on the operating conditions maintained, as 
well as the digester /blow tank system in mills where some green liquor is used in the cooking process.· Where green 
littuur i!l used, it is also possible that significant quantities of mercaptans will be produced. Hydrogen sulfide 
elnissions can be eliminated if burned to sulfur dioxide prior to entering the absorbing systems. 

Because the NSSC process differs greatly from mill to mill, and because of the scarcity of adequate data, no 
emiSsion factors .arc presented. 
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10.2 PULPBOARD 

10.2.1 Generall 

Pulpbuard .manufacturing involves the fabrication of fibrous boards from~ pulp slurry. This includes 
1
two dis

tinct types of product, paperboard and fiberboard. Paperboard is a general term that describes a sheet o.q 12 inch 
(0.30 mm) or more in thickness made of fibrous material on a paper~forriling machinc.2 Fiberboard, also referred 
to.as particle board, is thicker than paperboard and is made somewhat differently. ~ 

·There are two distinct phases in the conversion of wood to pulpboard: (I) the manufacture of pulp f m raw 
wood and (2) the manufacture of pulpboard from the pulp. This section deals only with the latter as th former 
is ,covered under the section on the wood pulping industry. I 

·10.2.2 Pro.cess Description I 

In the m.ortufacture of paperboard, the stock is sent through screens into the head box, from which, it flows 
onto a mmtng screen. Approximately IS percent of the water is removed by suction boxes located upder the 
screen. Another SO to 60 percent of the moisture content is removed in the drying section. The dried board 
then ente~ the calendar stack, which imparts t~e final surface to the product. 

In the manufacture of fiberboard, the slurry that remains after pulping is washed a~:~d sent to the sto«tk chests 
where sizing is added. The refined fiber from the stock chests is fed to the head box of the board machine. The 
stock is. next fed onto the forming screens and sent to dryers, after which the dry product is finally 1.:ut and 
fabricated. 

10.2.3 Emissionsl 

Emissions from the paperboard machine consist mainly of water vapor; little or no particulate matter is emit
ted from the dryers.J·S Particulates are emitted, however, from the fiberboard drying opera!ion. Additional 
particulate emissions occur from the cutting and sanding operations. Emission factors for these operaltions are 
given in section 10.4. Emission factors for pulpboard manufacturing are shown in Table 10.2-1. 

Table 10.2·1. PARTICULATE EMISSION FACTORS FOR 
PULPBOARD MANUFACTURING• 
EMISSION FACTOR RATING: E 

Paperboard 
F iberboardb 

Type of product lbfton 
Neg 
0.6 

Emissions 

aemission factors expressed as units per unit weight of flnlshlicl product. 
bReterence 1. 

References for Section 10.2 

kg/MT 
Neg 
0.3 

l. Air Pollutant Emission Factors. Resources Research, Inc., Reston, Virginia. Prepared for National Air 
PoUution Control Administration, Washington, D.C. under Contract No. CPA-22-69-119. April 1970. 

2. The Dictionary of Paper.· New York. American Paper and Pulp Association, 1940. 
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10.3 PLYWOOD VENEER AND LAYOUT OPERATIONS By ThomtJS l.ahre · 

10.3.1 Process Description t 

Plywood is a material made of several thin wood veneers bonded together with an adhesive. Its uses are many 
and include wall sidings, sheathing, roof-decking~ concrete-formboards, floors, and containers. 

During the man~facture of plywood, incoming logs are sawed to desired length, debarked, and then peeled 
into thin, continuous veneers of uniform thickness. (Veneer thicknesses of 1/45 to 1/S inch are co1111mon.) 
These veneers are then transported to special dryers where they 11re subjected to high temperatures until dried to 
a desired moisture content. After drying, the veneers are sorted, patched; and assembled in layers with some 
type of thermosetting resin used as the adhesive. The veneer assembly is th~n transferred to. a hot press" where, 
under presssure and steam heat, the plywood product is formed. Subsequently, all that remains is trimming, 
sanding, and possibly some sort of finishing treatment to enhance the usefullness of the plywood. 

10.3.2 Emissions2. 3 

The main sources of emiSSions from plywood manufacturing are the veneer drying and $aDding operations. 
A third source is the pressing operation although these emissions are considered minor. 

The major pollutants emitted from veneer dryers are organics. These consist of two discemable fractions: 
(1) conciensibles, consisting of wood resins, resin acids, and wood sugars, which form a blue haze upon cooling 
in the atmosphere, and (2) volatiles, which are comprised of terpines and unburned methane-the latter oc:;curring 
when gas-fired dryers are employed. The amounts of these compounds produced depends ori the wood.species 
dried, the drying time, and the nature and operation of the dryer itself. In addition, negligible amounts of fine 
wood fibers are also emitted during the drying process. 

Sanding operations are a potential source of particulate emiSsions (see section 10.4). Emission factors for piy-. 
wood veneer dryers without controls are given in Table 1 0.3-1. 

Source 

Veneer dryers 

Table 10.3-1. EMISSION FACTORS FOR PLYWOOD MANUFACTURING 
EMISSION FACTOR RATING: S 

Organic compounda.b 
Condensible Volatile 

lb/104 ft2 kg/103m2 lb/104 ft2 

3.6 1.9 2.1 

kg/103m2 

1.1 

•Emission factors expressed in pounds of pollutant per 10,000 square feet of 3/8-in. plywood produced (kilograms per 1,000. 
square meters on a 1 -em basis). 

bReferences 2 and 3. 
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10.4 WOODWORKING OPERATIONS by Tom Lahre 

10.4.1 General 1"5 

"Wood.working," as defmed in this section, includes any operation that involves the generation of small wood 
waste particles (shavings, sanderdust, sawdust, etc.) by any kind of mechanical manipulation of wood, bark, or 
wood byproducts: Common woodworking operations include sawing, planing, chipping, ·shaping, moulding, 
hogging, latheing, 1llld sanding. Woodworking operations are found in numerous industries such as sawmills; 
plywood, particleboard, and hardboard plants; and t:umiture manufacturing plants . 

. Most plants eng~d in woodworking employ pneumatic transfer systems. to remove the generated wood waste 
from the iminediate proximity of each woodworking operation. These. systems are necessazy. as a housekeeping 
measure to ·eliminate the vast quantity of waste material that would otherwise accumulate. They are alsO a 
convenient means of transporting the ·wlll;te material to common collection points for ultimate disposal. Large 
diameter cyclones have historically been the primary means of separating the waste materialfrom the airstreams 
in the pneumatic transfer systems, although baghouses have recently been. installed in some plants for this 
purpose. 

The waste material collected in the cyclones or baghouses may be burned in wood waste boilers, utilized in the 
manufacture of other products (such as pulp or particleboard), or incinerated in conical (teepee/wigwam) 
burners. The latter practice is declining with· the advent of more stringent . air. pollution control regulations and 
because of the economic attractiveness of utilizing wood waste as a re8ource. 

10.4.2 Emissions1"6 

The only pollutant of concern in woodworking operations is particulate matter. The major emission points are 
the cyclones utilized in the pneumatic transfer systems; The quantity of particulate emissions from a given 
cyclone will depend on the dimensions of the cyclone, the velocity of the airstream, and the nature of the 
operation generating the waste. Typical large-diameter cyclones found in the industry will only effectively collect 
particles greater than 40 micrometers in. diameter. Baghouses, when employed, collect essentially all of the waste 
material in the airstream. 

It is difficult to describe a typical woodworking operation and the emissions resulting therefrom because of 
the many types of operations that may be r.equired to produce a given type of product and because of the many 
variations that may exist in the pneumatic transfer and collection systems. For example, the waste from 
numerous pieces of equipment often feed into the same cyclone, and it is common for the material collected in 
one or several cyclones to be conveyed to another cyclone. It is also possible for portions of the waste generated 
by a single operation to be directed to different cyclones. 

Because of this complexity, it is useful when evaluating emissions from a given facility to consider the waste 
handling cyclones as air pollution sources instead of the various woodworking operations that actually generate 
the particulate matter; Emission factors for typical large-diameter cyclones utilized for waste collection in 
woodworking operations are given in Table 10.4-1. 

Emission factors for wood waste boilers, conical burners, and various drying operations-often found in 
facilities employing woodworking operations-are given in sections 1.6, 2.3, 10.2~ and 10.3. 
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Table 10.4.1. PARTICULATE EMISSION FACTORS FOR LARGE 
DIAMETER CYCLONES8 IN WOODWORKING INDUSTRY 

Particulate emissionsb 

Types of waste handled gr/scf g/Nm3 lb/hr kg/hr 

SanderdustC o.ossd 0.126d se 2.3e 

Otherf 0.0~ 0.079 2h 0.91h 

&rypical waste collection cyclones range from 4 to 16 feet (1.2 to 4.9 meters) in diameter 
and employ airfl.ows ranging from 2,000 to 26,000 SU!ndard cubic feet (57 to 740 normal 
cubic meters) per minute. Note: if baghouses ·are used for waste collection, particulate 
emissions will be negligible. 

beaseca on information in References 1 through 3. 

C,Ohese factors should be used whenever W85te from sanding operations is fed directly into 
the cyclone in question. 

~hese factors rflPresent the median of IJI values observed. The observed values range from 
0.005 to 0.16 gr/scf (0,0114 to 0.37 g/!im3). 

~hese factors rapresent the median of all values observed. The observed values range from 
0.2 to 30 lb/hr (0.09 to 13.6 kg/hrl. 

1
These factors shoufd be used for cyclones handling waste from all operations othe~ than 
sanding. This includes cyclones that handle Wii$te (including sanderdustl already collected 
by another cyclone. · · 

!!These factors rapresent the median of all values observed. The observed values range from 
0.001 to 0.16 gr/scf (0.002 to 0.37 g/Nm3). 

hThese faetors represent the median of ;j value5 observed. The observed values range from 
0.03 to 241b/hr (0.014 to 10.9 kg/hr). 

·· References for Section 10.4 
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Mid·Willamette Valley. Mid-Willamette Valley Air Pollution Authority, Salem, Ore~ March 24, 1969. 
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( MISCELLANEOUS SOURCES 

This chapter contains emission factor information on those source categories that differ substantially from.:....and 
hence' cannot be grouped with:._the other "stationary" sources discussed in this publication. These "miscell3!11eous" 
emitters (both natural, and man-made) are almost exclusively •·area sources", that is, their pollutant generating 
process(es) are dispersed over large land areas (for example, hundreds of acres, as in the case of forest wildfires), as 
opposed to sources emitting from one or more stacks with a total emitting area of only several square feet. Another 
characteristic these sources have in common is the nonapplicability, in most cases, of conventional control 
methods, such as wet/dry equipment, fuel switching, process changes, etc. Instead, control of these emissions, 
where possible at all, may include such techniques as modification of agricultural burning practiees, paving with 
asphalt or concrete, or stabilization of dirt roads. Finally, miscellaneous sources generally emit pollutants 
intermittently, when compared with most stationary point sources. For example, a forest fire may emit large 
quantities of particulates and carbon monoxide for several hours or even days, but when measure.d against the 
emissions of a continuous emitter (such as a sulfuric acid plant) over a long period of time (1 year, for example), its 
emissions may seem relatively minor. Effects on air quality may also be of relatively short-term duration .. 

11.1 FOREST WILDFIRES 

11.1.1 GeneraJl 

by William M. Vatavuk, EPA' 
and George Yamate, liT (Consultant) 

A forest "wildfire" is a large-scale natural combustion process that consumes various ages, sizes, and types of 
botanical specimens growing outdoors in a defined geographical area. Consequently, wildfires are potential sources 
of large amounts of air pollutants that should be considered when trring to relate emissions to air quality. 

The size and intensity (or even the occurrence) of a wildfire is directly dependent on such variables as the local 
meteorological conditions, the species of trees and their moisture content, and the weight of consumable fuel per 
acre (ftiel loading). Once a fire begins, the dry combustible material (usually small undergrowth and forest floor 
litter) is consumed first, arid if the energy release is large and of sufficient duration, the drying of green, live 
material occurs with subsequent burning of this material as well as the larger dry material. Under proper 
environmental and fuel conditions, this proce&S may initiate a chain reaction that results in a widespread 
conflagration. · 

The complete combustion of a forest fuel will require a heat flux (temperature gradient), an adequate oxygen , 
supply, and sufficient burning time. The size and quantity of forest fuels, the meteorological conditions, and the 
topographic features interact to modify and change the burning behavior as the fire spreads; thus, the wildfire will 
attain different degrees of combustion during its lifetime. 

The importance of both fuel type and fuel loading on the fire process cannot be overemphasized. To meet the 
pressing need for this kind of information, the U.S. Forest Service is developing a country-wide fuel identification 
system (model) that will proVide estimates of fuel loading by tree-size class, in tons per acre. Further, the 
environmental parameters of wind, slope, and expected moisture changes have been superimposed on this fuel 
model and incorporated into a National Fire Danger Rating System (NFDR). This system considers five classes of 
fuel (three dead and two living), the components of which are selected on the basis of combustibility, response to 
moisture (for the dead fuels), and whether the living fuels are herbaceous (plants) or ligneous (trees). 

Most fuel loading figures are based on values for "available fuel" (combustible material that will be consumed in 
a wildfire under specific weather conditions). Available fuel values must not be confused with corresponding values 
for either "total fuel" (all the combustible material that would burn unde~ the most severe weather and burning 



conditions) or "potential fuel"- (the larger woody material that remains even after an extremely high jntensity 
wildfire). It must be emphasized, however, that the various methods of fuel identification are of value only when ' 
they are related to the existing fuel quantity, the quantity consumed by the fire, and the geographic area and 
conditions under which the fire occurs. 

For the sake of conformity (and convenience), estimated fuel loadings were obtained for the vegetation in the 
National Forest Regions and the wildlife areas established by the U.S. Forest Service, and are presented in Table 
11.1·1. Figure 11.1·1 illustrates these areas and regions. 

Table 11.1·1. SUMMARY OF ESTIMATED FUEL 
CONSUMED BY FOREST FIRESa 

Estimated average fuel loading 
Area and Regionb MT /hectare- ton/acre 

Rocky Mountain group 83 37 
Region 1: Northern 135 60 
Region 2: Rocky Mountain 67 30 
Region.3: Southwestern 22 10 
Region 4: I ntermo!.lntain 40 8 

Pacific group 43 19 
Region 5: California 40 18 
Region 6: Pacific Northwest 135 60 
Region 10: Alaska 36 16 

Coastal 135 60 
Interior 25 11 

Southern group 20 9 
Region 8: Southern 20 g 

Eastern group 25 11 

North Central group 25 11 
Region 9: Conifers 22 10 

Hardwoods 27 12 

8
Reference 1. 

bsee Figure 11.1·1 for regional boundaries. 

11.1.2 Emissions and Controls! 

It has been hypothesized (but not proven) that the nature and amounts of air pollutant emission$ are directly 
related to the intensity and direction (relative to the wind) of the wildfire, and indirectly related to the rate at 
which the fire spreads. The factors that affect the rate of spread are (I) weather (wind velocity, ambient 
temperature, and relative hu~dity), (2) fuels (fuel type, fuel bed array, moisture content, and fuel size), and (3) 
topography (slope and proflle). However, logistical problems (such as size of the burnin& area) and difficulties in 
safely situating personnel and equipment close to the fire have prevented the collection of any reliable 
experimental emission data on actual wildfires, so that it is presently impossible to verify or disprove the 
above-stated hypothesis. Therefore, until such measurements are made, the only available information is that 
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Figure 11.1-1. Forest areas and U.S. Forest Service Regions. 

obtained .from burning experiments in the laboratory. These data, in the forms of both emissions and emission 
factors, are contained in Table 11.1·2. It must be· emphasized that the factors presented here are adequate for. 
laboratory-scale emissions estimates, but that substantial errors may result if they are used to calculate actual 
wildfire emissions. 

The emissions and emission factors displayed in Table ·11.1·2 are calculated using the following formulQ: 

Ft = PtL (I) 

Et· FiA•PiLA (2) 

where: f't .. Emission facto.- (mass of pollutant/unit area of forest consumed) . 

Pt = Yield for pollutant "i" (mass of pollutant/unit mass of forest fuel consumed) 

= 8.5 ki/MT (17lb/ton) for total particulate 

.. 70 kg/MT (140 lb/ton) for carbon monoxide 

= 12 kg/MT (24 lb/ton) for total hydrocarbon (as CH4) 
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Table 11.1-2. SUMMARY OF EMISSIONS AND EMISSION FACTORS FOR FOREST WILDFIRESa 

EMISSION FACTOR RATING: 0 

~ Area Emission factors, kg/hectare Emissions, MT 

~ 
fi.l 
6 :z 
~ 
> 
Q 
0 ::a 
fl} 

Geographic areab 

Rocky Mountain 
group 

Northern, 
Region 1 

Rocky Mountain, 
Region 2 

Southwestern, 
Region 3 

Intermountain, 
Region 4 

Pacific group 
California, 

Region 5 
Alaska, 

Region 10 
Pacific N.W. 

Region 6 

Southern group 
Southern, 

Region 8 

North Central group 
Eastern, Region 9 
(Both groups a~ 
in Region 9) 

Eastern group 
(With Region 9) 

Total United States 

consumed Wildfire 
by fuel 

wildfire, consumption •. 
hectares MT!hectare 

313,397 83 

142,276 135 

65,882 67 

83,765 22 

21,475 40 

469,906 43 

18,997 40 

423,530 36 

27,380 135 

806,289 20 

806,289 20 

94,191 25 
141,238 25 

47,046 25 

1,730,830 38 

_ a Areas consumed by wildfire and emissions are for 1971. 

':::t bGeographic areas are defined in Figure 11.1-1. 
v. 

cHydrocarbons expressed as methane. 

,--. 

Partie-
ulate 

706 

1,144 

572 

191 

153 

362 

343 

305 

1,144 

172 

172 

210 
210 

210 

324 

Carbon Hydro-. Nitrogen Partie· Carbon Hydro-
monoxide carbons oxides ulate monoxide carbons 

5,810 996 166 220,907 1,819,237 311,869 

9,420 1,620 269 162,628 1,339,283 229,592 

4,710 808 135 37,654 310,086 53,157 

1,570 289 45 15,957 131,417 22,533 

1,260 215 36 3;273 26,953 4,620 

2,980 512 85 170,090 1,400,738 240,126 

2,830 485 81 6,514 53,645 9;196 

2,510 431 72 129,098 1,063,154 182,255 

9,420 1,620 269 31,296 257,738 44,183 

1,410 242 40 138,244 1,138,484 195,168 

1,410 242 40 138,244 1,138,484 195,168 

1,730 296 49.·· 19,739 ' .162,555 27,867 
1;730 296 49 29,598 243,746 41,785 

1,730 296 49 9,859 81,191 13,918 

2,670 45S 76 560;552 4,616,317 791,369 

-· 

Nitrogen 
oxides 

51,978 

38,265 

8,860 

3,735 

770 

40,021 

1,533 

30,376 

. 7,363 

32,528 

32,528 

4,644 
.. 

6,964 

2,320 

131,895 



(_ 

= 2 kg/MT (4lb/ton) for nitrogen oxides (NOx) . 

= Negligible for sulfur oxides (SOx) 

L = Fuel loading consumed (mass of forest fuel/unit land area burned) 

A = Land area burned 

~ = Total emissions of pollutant "i" (mass of pollutant) 

For example, suppose that it is necessary to estimate the total particulate emissions from a 10,000 hectare 
wildfire in the Southern area (Region 8). From ,Table 11.1-1 it is seen that the average fuel loading is 20, 
MT/hectare (9 ton/acre). Further, the pollutant yield for particulates is 8.5 kg/MT (17 lb/ton). Therefore, the 
emissions are: 

E = (8.5 kg/MT of fuel) (20 MT of fuel/hectare) (10,000 hectares) 

E = 1,700,000kg= 1,700MT 

The most effective method for controlling wildfire emissions is, of course, to prevent the occurrence of forest 
fires using various means at the forester's disposal. A frequently used technique for reducing wildfire occurrence is 
"prescribed" or "hazard reduction" burning. This type of managed bum involves combustion of litter and 
underbrush in order to prevent fuel buildup on the forest floor and thus reduce the danger of a wildfue. Although 
some air pollution is generated by this preventative burning, the net amount is believed to be a relatively smaller 
quantity than that produced under a wildfire situation. 

Reference for Section 11.1 

1. Development of Emission Factors for Estimating Atmospheric Emissions from Forest Fires. Final Report. liT 
Research Institute, Chicago, Ill. Prepared for Office of Air Quality Planning and Standards, Envircrmmental 
Protection Agency, Research Triangle Park, N.C., under Contract No. 68-02-0641, October 1973. (Pulblication 
No. EPA450/3-73-009). 
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f1.2 FUGITIVE DUST SOURCES by Charles 0. Mann. EPA,· 
and Chatten C. Cowherd, Jr., 

Midwest Research Institute 

. Significant sources of atmospheric dust arise from the mechanical disturbance of granular material exposed to 
the air~ Dust generated from these open sources is termed "fugitive'' because it is not discharged to the 
atmosphere in a confmed flow stream. Common sources of fugitive dust inClude: {1) unpaved roads, (2) 
agricultural tilling operations, (3) aggregate storage piles, and (4) heavy construction operations. 

For the above categories of fugitive dust sources, _the dust generation process is caused by two basic physical 
phenomena: 

1. Pulverization arid abrasion of surface materials by application of mechanical force through impleme~ts 
(wheels, blades, etc.). · 

· 2. Entrainment of dust particles by the action of turbulent air currents. Airborne dust may also be generated 
independently by wind erosion of an exposed surface if the wind speed exceeds about 12 mi/hr (19 ,km/hr). 

The air pollution impact of a fugitive. dust source depends on the quantity and drift potential of the dust 
particles injected into the atmosphere. In addition to large dust particles that settle out near the source (often 
creating a localized nuisance problem), considerable amounts of fine particles are also emitted and dispersed over 
much greater distances from the source. 

Control te.chniques for fugitive dust sources generally involve watering, chemical stabilization, or reduction of 
surface wind speed using windbreaks or source enclosures. Watering, the most common and generally least 
expensive method, p.-ovides only temporary dust control. The use of chemicals to treat exposed "surfaces provides 
longer term dust suppression but may be costly, have adverse impacts on plant and animal life, or contaminate 
the treated material. Windbreaks and source enclosures are often impractical because of the size of fugitive dust · 
sources. At present, too few data are available to permit estimation of the control efficiencies of these methods. 

11.2.1 Unpaved Roads (Dirt and Gravel) 

11.2.1.1 General-Dust plumes trailing behind vehicles traveling on unpaved roads are a familiar sight in rural 
areas of the United States. When a vehicle travels over an unpaved road, the force of the wheels on the road 
surface cause pulve~ation of surface material. Particles are lifted and dropped from the rolling wheels, and the 
road surface is exposed t~ strong air currents in turbulent shear with the surface, The turbulent wake behind the 
vehicle continues to act on the road surface after the vehicle has passed. 

11.2.1.2 Emissions and Correction Parameters - .The quantity of dust emissions from a given segment of 
unpaved road varies linearly with the volume of traffic. In addition, emissions depend on correction parrameters 
(average vehiCle speed, vehicle mix, surface texture, and surface moisture) that characterize the condition ofa 
particular road and the. associated vehicular traffic. 

In the typical speed range on unpaved roads, that is, 30-50 mi/hr (48-80 km/hr), the results .of field 
measurements indicate that emissions are directly proportional to vehicle speed.t-3 Umited field measurements 
further indicate that vehiCles produce dust from an unpaved road in proportion to the number of wheels.1 For 
roads with a significant volume ofvehicles with six or more wheels, the traffic volume should be adjusted to the 
equivalent volume of four-wheeled vehicles. · 

Dust emissions from unpaved roads have been found to vary in direct proportion to the fraction of silt {that is, 
particles smaller than. 75 ~ in diameter-as defmed by American Association of State Highway Officials) in the 
road surface material.1 The silt fraction is deteqnined by measuring the proportion of loose,-dry, surface dust 
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that passes a 200-mesh screen. The silt content of gravel roads averages about 12 percent, and the silt content o{ a 
dirt road may be approximated by the silt content of the parent soil in the area;1 

Unpaved roads have a hard, nonporous surface that dries quickly after a rainfall. The temporary reduction in 
emissions because of rainfall may be accounted for by neglecting emissions on "wet" days, that is, days with 
more than O.Ql in. (0.254 mm) of rainfall. 

11.2.1.3 Corrected Emission Factor - The quantity of fugitive dust emissions from -an unpaved road, per 
vehicle-mile of travel, may be estimated (within ± 20 percent) using the following empirical expression 1 : 

where: 

E= (
0.81 'NJ. _ _v365- w\ 

A3o/\ 36s 7 
E"' Emission factor, pounds per vehicle-mile 

s = Silt content ofroad surface material, percent __ 

S = Average vehicle speed, miles per hour 

(I) 

w = Mean arutual number of days with O.Ql in. (0.254. mm) pr more of rainfall (see Figure 11 ;2-1) 

The equation is valid for vehicle speeds in the range of 30-50 mi/hr ( 48-80 km/hr). 

On the average, dust emissions from unpaved roads, as given by, equation 1, have the following particle size 
characteri$tics:1 - · - -

Particle size 

< 30./JID 

>30~m 

Weight percent 

60 

40 

The 30 IJm value was determined1 to be the effective aerodynamic cutoff diameter for the capture of rood dust by 
a standard high-volume filtration sampler, based on a particle density of 2.0-2.5 g/cm3

• On this basis, road dust 
emissions of particles larger than 30-40 J.1Ir1 in diameter are not likely to be captured by high-volume samplers 
remote from unpaved roads. Furthermore, the potential drift distance of particles is governed by the initial 
injection height of the particle, the particle's terminal settling velocity, and the degree of atmospheric turbulence. 
Theoretical drift distances, as a function of particle diameter and mean wind speed, have been computed for 
unpaved road elnissions.1 These results indicate that, for a typical mean wind speed of 10 mi/hr (16 km/hr), 
particles larger than about 100 f.Lm are likely to settle out within 20-30 feet (6~9 m) froni the edge of the road. 
Dust that settles within this distance is not included in equation 1. Particles that are 30-100 f.Lm in diiu:neter are 
likely to undergo impeded settling. These particles, depending upon the extent of atmospheric turbulence, are 
likely to settie within a few hundred feet from the road-. Smaller particles, particularly those less than l0-15 f.Lm 
in diameter, have much slower gravitational settling velocities and are much more likely to have their settling rate 
retarded by atmospheric turbulence. Thus, based on the presently available data, itappears appropriate to report 
only those particles smaller than 30 ~m (60 percent of the emissions predicted by Equation 1) as emissions that 
may remain indefinitely suspended. 

11.2.1.4 Control Methods - Common control techniques for unpaved roads are paving, surface treating with 
penetration chemicals, working of soil stabilization chemicals into the roadbed, watering, and traffic control 
regulations. Paving as a control technique is often not practical. because of its high cost. ·Surface chemical. 
treatments and watering can be accomplished with moderate to low costs, but frequent retreatments are re,quired 
for such techniques to be effective. Traffic controls, such as speed limits and traffic volume restrictions, provide 
moderate emission reductions, but such regulations may be difficult to enforce. Table 11.2.1-1 shows 
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approximate control efficiencies achievable for each method. Watering, because of the frequency df_ tre;1tments 
required, is generally not feasible for public roads and is effectively used only where watering equipment is 
readily available and roads are confined to a single site, such as a construction location. · 

.Tabt~ 11.2.1~1 CONTROL METHODS FO~ UNPAVED ROADS 

Control method 

· . Paving, 

Treating surface with penetrating chemicals 
Working soil stabilizing chemicals into roadbed 

· Speed .controla 
JOmi/hr 
20 mi/hr 
1£:; mi/hr 

Approximate ·control efficiency, % 

85 
50 

··so 

25 
65 
80 

_ aBased on the a5SUmption thet "uncontrolled" speed is typicelly 40 mi/hr. Between 30·50 mi/hr emissions ere linearly 
_ proportional to vehicle speed. Below 30 mi/hr, however, emissions appear to be proportional to the square of the vehicle speed.' 

References for Section 11.2.1 

1. Cowherd, C., Jr., K. Axetell, Jr., C. M. Guenther, and G. A. Jutze. Development of Emission Factors for 
Fugitive Du~t Sources, Midwest Research Institute, Kansas City, Mo. Prepared for Environmental Protection 
Agency, Research Triangle Park, N.C. under Contract No. 68-02-0619. Publication No. 450/3-74-037. June ( 
1974. 

2. Roberts, J. W., A. T. Rossano, P. T. Bosserman, G. C. Hofer, and H. A. Watters. The Measurement, Cost and 
Control ofTraffic Dust and Gravel Roads in Seattle's Duwamish Valley. (Presented at Annual Meeting of 
Pacific Northwest International Section of Air Pollution Control Association. Eugene. November 1972. Paper 
No. AP-72-5.) . 

3. Sehmel, .G. A. Particle Resuspension from an Asphalt Road Caused by Carand Truck Traffic. Atmos. Environ. 
7: 291-309, July 1973. 

4. Climatic Atlas of the United States. U. S. Department of Commerce, EnVironmental Sciences Services 
Administration, Environmental Data Service, W<lShington, D. C. June 1968. 

5. Jutze, G. A., K. Axetell, Jr., and W. Parker. Investigation of Fugitive Dust-Sources Emissions and Control. 
PEDCo Environmental Specialists, Inc., Cincinnati, Ohio. Prepared for Environmental Protection Agency, 
Research Triangl~ Park, N.C. under Contract No. 68-02-0044. Task No.4. Publication No. EPA-450/3-74-
036a. June 1974, · 
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11.2.2 Agricultural Tilling 

11.2.2.1 General - The two universal objectives of agricultural tilling are the creation of the desired soU 
structure to be used as the crop seedbed and the eradication of weeds. Plowing, the most common method of 
tillage, consists. of some form of cutting loose, granulating, and inverting the soil and turning under the organic 
litter. Implements that loosen the soil and cut off the weeds but leave the surface ttash in plilce, have reeently 
become more popular for tilling in dJYland farming areas. 

During a tilling operation, dust particles from the loosenin@ and pulverization of the soil are injected inio the 
atmosphere as the soil is dropped to the surface. Dust emissions are greatest when the soil is dry andduringfmal 
seedbed preparation. · 

11:2.2.2 EmisSions and Correction Parameters - The quantity of dust emissions from agricultural tilling is 
proporti9nal to the uea of land tilled. In addition, emissions depend on the following correction panmeters, 
which. characterize the coadition of a particulilr field being tilled: (1) surface soil texture,. and (2} surface son 
moisture content. · · · -· 

Dust emissions from agricultural tilling have been fotind to vary in direct proportion to the silt content (that 
is, particles between 2 pro and SO~ in diameter-as dermed by U.S. Department of Agriculture) of the surface 
soil (Q-10 em depth).1 The soil sllt content is commonly determined by the Buoyocous hydrometer method.2 

Field measurements indicate that dust emissions from agricultural tilling are inversely proportional to the 
square of the surface soil moisture (Q-10 em depth). I Thomthwaite's precipitation-evaporation (PE) incJex3 is a 
useful approximate measure of average surface soil moisture. The PE index is determined from total annual 
rainfall and mean annual temperature; rainfall amounts must be corrected for irrigation . 

. Available test data indicate no . substantial dependen,ce of emissions on the type of tillage implement when 
operating at a typical speed (for example, 8·10 km/hr).1 ·- -- -

11.2.2.3 Corrected Emission Facto,r - The quantity of dust emis$ions from agricultural tilling, per acre of land 
tilled, may be estimated (within± 20 percent) using the following empirical expression•: 

1.4s (2) 

E "(~)2 
where: E ;:: Bmissi~ factor, pounds per acre 

s = Silt content of surface son, pereent 

PE = Thomthwaite's precipitation-evaporation index (Figure 11.2-2} 

Equation 2, which was derived from field measurements, excludes dust that settles out withln 20.30 ft (6·9 m) of 
the tillage p;ath. 

On the average, the dust emissions from agricultural tilling, as given by Equation 2, have the following particle 
size characteristics1 : . 
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Particle size. 

< 30pm 

> 30pm 

Weight percent 

80 

20 

The 30 pm value was determined 1 to be the effective aerodynamic cutoff diameter for capture of tillage dust by a 
standard high-volume fd~ration sampler, based on a particle density of 2.0-2.5 g/cm3 • As discussed in section 
11.2.13, only particles smaller than about 30 J,lm have the potential for long range transport. Thus, for 
agricultural tilling about 80 percent of the emissions predicted by Equation 2 are likely to remain suspended 
indefinitely. 

11.2.2 .4 Control Methods4 - In general, contrql methods are not applied to reduce emissions from a&ricultural 
tilling. Irrigation of fields prior to plowing will reduce emissions, but in many cases this practice would make the 
soU unworkable and adversely affect the plowed soil's characteristics. Control. methods for agricultural activities 
are aimed primarily at reduction of emissions from wind erosion through such practices as continuous cropping, 
stubble mulching, strip cropping, applying limited irrigation to fallow fields, building windbreaks, and using 
chemical stabilizers. No data are available to indicate the effects of these or other control methods on agricultural 
tilling, but as a practical matter it may be assumed that emission reductions are not significant. 

References for Section 11.2.2. 

1. Cowherd, C., Jr., K. Axetell, Jr., C. M. Guenther, and G. A. Jutze. Development of Emission Factors for 
Fugitive Dust Sources. Midwest Research Institute, Kansas City, Mo. Prepared for Environmental Protection 
Agency, Research Triangle Park, N.C. under Contract No. 68-02·0619. Publication No. EPA-450/3-74-037. 
June 1974. 

2. Buoyocous, G. J. Recalibtation of the Hydrometer Method for Making Mechanical Analyses of Soils. Agron. J. 
43: 434-438, 1951. 

3. Thomthwaite, C. W. Climates of North America According to a New Classification. Geograph. Rev. 21: 
633-655, 1931. 

4. Jutze, G. A., K. AXetell, Jr., and W. Parker. Investigation of Fugitive Dust.Sources Emissions and Control. 
PEDCo Environmental Specialists, Inc., Cincinnati, Ohio. Prepared for Environmental Protection Agency, 
Research Triangle Park, N.C. under Contract No. 68-02-0044. Publication No. EPA-450/3-74-036a. June 1974. 
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( 11.2.3 Aggregate Storage Piles 

(_ 

11.2.3.1 General - An inherent part of the operation of plants that utilize minerals in aggregate form is t,he 
maintenance of outdoor storage piles. Storage piles are usually left uncovered, partially because of the necessity 
for frequent transfer of material into or out of storage. 

Dust emissions occur at several points in the storage cycle-during loading of material onto the pile, during 
disturbances by strong wind currents, and during loadout of material from the pile. The movement of trucks and 
loading equipment in the storage pile area is also a substantial source of dust emissions. 

11.2.3.2 Emissions and Correction Parameters - Tlie quantity of dust emissions from aggregate storage 
operations varies linearly with the volume of aggregate passing through the storage cycle. In addition, emissions 
depand on the following correction parameters that characterize the condition of a particular storage pile: (1) age 
of the pile, (2) moisture content, and (3) proportion of aggregate fmes. 

When freshly processed aggregate is loaded onto a storage pile, its potential for dust emissions is at a 
maximum. Fines are easily disaggregated and released to thl':l atmosphere upon exposure to air currents resulting 
from aggregate transfer or high winds. As the aggregate weathers, however, the potential for dust emissions is 
greatly reduced. Moisture causes aggregation and cementation of fmes to the surfaces of larger particles. Any 
significant rainfall soaks the interior of the pile, and the drying process is very Slow. 

11.2.3.3 Corrected Emission Factor - Total dust emissions from aggregate storage piles can be diVided into the 
contributions of several distinct source activities that occur within the storage cycle: 

1. Loading of aggregate onto storage piles. 

2. Equipment traffic in storage area. 

3. Wind erosion. · 

4. Loadout of aggregate for shipment. 

Table 11.2.3·1 shows the emissions contribution of each source activity, based on field tests of suspended dust 
emissions from crushed stone and sand and gravel storage piles.1 A 3-month storage cycle was assumed in the 
calculations. 

Table 11.2.3·1 AGGREGATE STORAGE EMISSIONS 

Source activity 

Loading onto piles 
Vehicular traffic 
Wind erosion 
Loadout from piles 

Total 

11-rhornthwaite's precipitation-evaporation index. 

12/75 

Correction 
parameter 

PE indexa 
Rainfall frequency 

Climatic factor 
PE index3 

Miscellaneous Sources 

Approximate 
percentage of total 

12 
40 
33 
15 

100 
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Also shown in Table 11.2.3-1 are the climatic correction parameters that differentiate the emissions potential 
of one aggregate storage area from another. Overall, Thomthwaite's precipitation-evaporation index2 best 
characterizes the variability of total emissions from aggregate storage piles. 

The quantity of suspended dust emissions fr~m aggregate storage piles, per ton ofaggregate placed in storage, 
may be estimated using the following empirical cxpression1 :. 

E _ 0.33 

-(-m(fy (3) 

where: E ·;:: Emission factor, pounds per ton placed in storage 

PE = Thomthwaite's precipitation-evaporation index (see Figure 11.2·2) 

Equation 3 describes the emissions of particles less than 30 pm in diameter. This particle size was determined1 to 
be the effective cutoff diameter for the capture of aggregate dust by a standard high-volume ftltration sampler, 
based on a particle density of 2.0-2.5 g/cm3

• Because only particles smaller than 30 pm are included, equation 3 
expresses the total emissions likely to remain indefinitely suspended. (See section 11.2.1.3). 

11.2.3.4 Control Methods -Watering and use of chemical wetting agents are the principal means for control of 
aggregate storage pile emissions. Enclosure or covering of inactive piles to reduce wind erosion can also reduce 
emissions. Watering is useful mainly to reduce emissions from vehicular traffic in the storage pile area. Frequent 
watering can, based on the breakdowns shown in Table 11.2-3, reduce total emission by about 40 percent. 
Watering of the storage piles themselves typically has only a very temporary, minimal effect on total emissions. A 
much more effective technique is to apply chemical wetting agents to provide better wetting of fmes and longer 
retention of the moisture film. Continuous chemical treatment of material loaded onto piles, coupled with 
watering or treatment of roadways, can reduce total particulate emissions from aggregate storage operations by 
up to 90 percent.3 

References for Section 11.2.3 
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2. Thornthwaite, C. W. Climates of North America According to a New Classification. Geograph. Rev. 21: 
633-655, 1931. . 

3. Jutze, G. A., K. AxeteU, Jr., and W. Parker: Investigation of Fugitive Dust-Sources Emissions and Control. 
PEDCo Environmental Specialists, Inc., Cincinnati, Ohio. Prepared for Environmental Protection Agency, 
Research Triangle Park, N.C. under Contract No. 68-02.0044. Publication No. EPA-450/3·74-036a. June 1974. 
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( 11.2.4 Heavy Construction Operations 

( 

11.2.4.1 General - Heavy construction is a source of dust emissions that may have substantial temporary impact 
on local air quality. Building and road construction are the prevalent construction categories with the highest 
emissions potential. Emissions during the construction of a building or road are associated with land clearing, 
blasting, ground excavation, cut and fill operations, and the construction of the particular facility itself. Dust 
emissions vary substantially from day to day depending on the level of activity, the specific operations, and the 
prevailing weather. A large portion of the emissions result from equipment traffic over temporary roads at the 
construction site. 

11.2.4.2 Emissions and Correction Parameters -The quantity of dust emissions from construction operations 
are proportional to the area of land being worked and the level of construction activity. Also, by analogy to the 
parameter dependence observed for other similar fugitive dust sources, 1 it is probable that emissions from heavy 
construction operations are directly proportional to the silt content of the soil (that is, particles smaller than 75 
~min diameter) and inversely proportional to the square of the soil moisture, as represented by Thomthwaite's 
precipitation-evaporation (PE) index.2 

11.2.4.3 Emission Factor - Based on field measurements of suspended dust emissions from apartment and 
shopping center construction projects, an approximate emission factor for construction operations is: 

1.2 tons per acre of construction per month of activity 

This value applies to construction operations with: (1) mediwn activity level, (2) moderate silt content ("'30 
percent), and (3) semiarid climate (PE "'50; see Figure 11.2-2). Test data are not sufficient to derive the specific 
dependence of dust emissions on correction parameters. 

The above emission factor applies to particles less than about 30 ~ in diameter, which is the effective cut-off 
size for the capture of construction dust by a standard high-volume flltration sampler1 , based on a particle 
density of2.0-2.5 g/cm3

• 

11.2.4.4 Control Methods - Watering is most often selected as a control method because water and necessary 
equipment are usually available at construction sites. The effectiveness of watering for control depends S"'atly on 
the frequency of application. An effective watering program (that is, twice daily watering with complete 
coverage) is estimated to reduce dust emissions by up to 50 percent? Chemical stabilization is not effective in 
reducing the large portion of construction emissions caused by equipment traffic or active excavation and cut and 
fill operations. Chemical stabilizers are useful primarily for application on completed cuts and fills at the 
constrUction site. Wind erosion emissions from inactive portions of the construction site can be reduced by about 
80 percent in this manner, but this represents a fairly minor reduction in total emissions compared with emissions 
occurring during a period of high activity. 

References for Section 11.2.4 

L Cowherd, C., Jr., K. Axetell, Jr., C. M. Guenther, and G. A. Jutze. Development of Emissions Factors for 
Fugitive Dust Sources. Midwest Research Institute, Kansas City, Mo. Prepared for Environmental Protection 
Agency, Research Triangle Park, N.C. under Contract No. 68-02-0619. Publication No. EPA-450/3·74-037. 
June 1974. 

2. Thomthwaite, C. W. Climates of North America According to a New Classification. Geograph. Rev. 21: 
633-655, 1931. 

3. Jutze, G. A., K. Axetell, Jr., and W. Parker. Investigation of Fugitive Dust-Sources Emissions and Control, 
PEOCo Environmental Specialists, Inc., Cincinnati, Oltio. Prepared for Environmental· ProtectioJl !Agency, 
Research Triangle Park, N.C. under Contract No. 68-02-0044. Publication No. EPA-450/3-74-036a. June 1974. 
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APPENDIX A 

MISCELLANEOUS DATA 

Note: Previous editions of Compilation of Air Pollutant Emission Factors presented a table.entitled Percentage 
Distribution by Size of Particles from Selected Sources without Control Equipment. Many of the data have 
become obsolete with the development of new information. As soon as the new information is sufficiently 
refined, a new table, complete with references, will be pubiished for addition to this document. 

9/73 A-1 



> 
"0 

i 
= Q. 
)(" 

co 

' .... !W 

·-

Table A·1. NATIONWIDE EMISSIONS FOR 1971 a 

I Stationary Solid waste 
combustion . ·--~~~~!_ ___ 

Pollutant I ·--
ton/yr 1 Mg/yrc. ton/yr Hg/yr 

Particulates 6,500,000 i 5,900,000 700,000 600,000 

~u l{ur oxides I 26,Joo,ooo I 23;900,000 100,000 100,000 
I 

Carbon monoxide 1,000,000 t 900,000 3,800,000 3,400,000 

Hydrocarbons Joo.ooo I Joo,ooo 1,000,000 900,000 

Httrogen oxides 10,200,0~~_j 9,300,000 200,000 200,000 

•Reference 1. 

bsome totals may be rounded to a convenient number of figures. 

cMg - megagrams. 

Mobile Industrtal 
combustion processes 

1---
ton/yr Mg/yr ton/yr Mg/yr 

1,000,000 900,000 13,500,000 12,200,000 

1,000,000 1,000,000 5,100,000 4,600,000 

77,500,000 70,200,000 11,400,000 10,300,000 

14,700,000 13,300,000 5,600,000 5,100,000 

11,200,000 10,200,000 200,000 200,000 

.. ~. 

Hisce 11 aneous Totalb 
---· -----

ton/yr Mg/yr ton/yr Mg/yr-

5,200,000 4,800,000 26,9oo,ooo 24,400,000 

100,000 100,000 32,600,000 29,700,000 

6,500,000 5,9{10,000 100,200,000 . 90,700,000 

5,000,000 4,500,000 26,600,000 24,100,000 

200,000 200,000 22,000,000 20,100,000 
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Table A·2. DISTRIBUTION BY PARTICLE SIZE OF AVERAGE COLLECTION EFFICIENCIES 
FOR VARIOUS PARTICULATE CONTROL EQUIPMENTa,b 

Efficiency,% 
Particle size range, l.Lm 

Type of collector Overall 0 to 5 5 to 10 10 to 20 

Baffled settling chamber 58.6 7.5 22 43 
Simple cyclone 65.3 12 33 57 
Long-cone cyclone 84.2 40 79 92 
Multiple cyclone 74.2 25 !54 74 

( 12-in. diameter) 
Multiple cyclone 93.8 63 95 98 

(6·in. diameter) 
Irrigated long-cone 91.0 63 93 96 

cyclone 
Electrostatic 97.0 72 94.5 97 

precipitator 
Irrigated electrostatic - 99.0 97 99 99.5 

precipitator 
Spray tower 94.5 90 96 98 
Self-induced spray 93.6 85 96 98 

scrubber 
Disintegrator scrubber 98.5 93 98 99 
Venturi scrubber 99.5 99 99.5 100 
Wet-impingement scrubber 97,9 96 98.5 99 
Baghouse 99,7 99.5 100 100 

aAeferences 2 and 3. 
boata ba&ed on standard silica dust with the following particle size and weight distribution: 

Particle size 
range,p.m 

Oto 5 
5 to 10 

10 to 20 
20to 44 
·>44 

Percent 
by weight 

20 
10 
15 
20 
35 

EMISSION F ACfORS 

20 to 44 >44 

80 90 
82 91 
95 97 
95 98 

99.5 100 

98.5 100 

99.5 100 

100 100 

100 100 
100 100 

100 100 
100 100 
100 100 
100 100 
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Table A-3. THERMAL EQUIVALENTS FOR VARIOUS FUELS 

Type of fuel Btu (gross) kcal 

Solid fuels 
Bituminous coal (21.0 to 28.0) x (5.8 to 7.8) x 

106/ton 106/MT 

Anthracite coal 25.3 x 106/ton 7.03 x 106/MT 
Lignite 16.0 x 106/ton 4.45 x 1 o6 /MT 
Wood 21.0 x 106/cord 1.47 x 106Jm3 

Liquid fuels 
Residual fuel oil 6.3 X 106/bbl 10 x 103/liter 
Distillate fuel oil 5.9 X 106/bbl 9.35 x 103/liter 

Gaseous fuels 
Natural gas 1,050/ft3 9,350/m3 
Liquefied petroleum gas 

Butane 97.400/gal 6.480/liter 
Propane 90,500/gal 6,030/liter 

Table A·4. WEIGHTS OF SELECTED 
SUBSTANCES 

Type of substance 

Asphalt 
Butane, liquid at 60° F 
Crude oil 
Distillate oil 
Gasoline 
Propane, liquid at 60° F 
Residual oil 
Water 

Appendix 

lb/gal 

8.57 
4.84 
7.08 
7.05 
6.17 
4.24 
7.88 
8;4 

g/liter 

1030 
579. 
860 
845 
739 
507 
944 

1000 

I 
i 

-· 
( 

( 
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Table A-5. GENERAL CONVERSION FACTORS 

Fuel 
Oil 

Type of substance 

Natural gas 

Agricultural products 
Corn 
Milo 
Oats 
Barley 
Wheat 
Cotton 

Mineral products 
Brick 
Cement 
Cement 
Concrete 

Mobile so~,~rces 
Gasoline-powered motor vehicle 
0 iesel·powered motor vehicle 
Steamship 
MotorW.ip 

Other substances 
Paint 
Varnish 
Whiskey 
Water 

Miscellaneous factors 

Metric system 

Conversion factors 

1 bbl = 42 gal= 159 liters 
1 therm::: 100,000 Btu= 95 ft3 
1 therm = 25,000 kcal = 2.7 m3 

1 bu ::: 56 lb = 25.4 kg 
1 bu = 56 lb = 25.4 kg 
1 bu = 32 lb = 14.5 kg 
1 bu = 48 lb = 21.8 kg 
1 bu = 60 lb = 27.2 kg 
1 bale = 500 lb = 226 kg 

1 brick= 6.5 lb = 2.95 kg 
1 bbl = 375 lb = 170 kg 
1 yd3 = 2500 lb = 1130 kg 
1 yd3 = 4000 lb = 1820 kg 

1.0 mi/gal = 0.426 km/liter 
1.0 mi/gal = 0.426 km/liter 
1.0 gal/naut mi = 2.051iters/km 
1.0 gal/naut mi = 2.051iters/km 

1 gal= 10 to 151b = 4.5 to 6.82 kg 
1 gal= 7 lb = 3.18 kg 
1 bbl"' 50 gal== 188 liters 
1 gal = 8.3 lb = 3.81 kg 

1 lb = 7000 grains= 453.6 grams 
1 ft3 "' 7.48 gal= 28.32 liters 

1 ft = 0.3048 m 
1 mi = 1609 m 
11b::: 453.6 g 
1 ton (short)= 907.2 kg 
1 ton (short) = 0.9072 MT . 

(metric ton) 

EMISSION FACTORS A·S 



·.'f( 

REFERENCES FOR APPENDIX 

I. Unpublished data file of nationwide emissions for 1970. Environmental Protection Agency, Office of Air 
Programs, Research Triangle Park, N.C. 

2. Stairm!Uld, C.J. The Design and Performance of Modem Gas Cleaning Equipment. J. Inst. Fuel. 29:58-80. 
1956. 

3. Stairmand, C.J. Removal of Grit, Dust, and Fume from Exhaust Gases from Chemical Engineering Processes. 
London. Chern. Eng. p. 310-326, December 1965. 
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APPENDIX 8 

EMISSION FACTORS 

AND 

NEW SOURCE PERFORMANCE STANDARDS 

FOR STATIONARY SOURCES 

The New Source Performanee Standai'ds (NSPS) promulgated by the Environmental Proteetioil 
Agency for various industrial categories and the page reference in this publication where uncontrolled 
emission factors for those sources are discussed are presented in Tablea B-1 and B-2. Note that. in the 
case of steam-electric power plants, the NSPS encomp888 much broader source categories than the 
corresponding emission factors. In several instances, the NSPS were formulated on different bases 
than the emi88ion factors (for example, grains per standard cubic foot venus pounds per ton). Non
criteria pollutant standards have not been included in Table B-2. Finally, note that NSPS relating to 
opacity have been omitted because they cannot (at this time) be directly correlated with emission 
factors. 

B·l 



Table B-1. PROMULGATED NEW SOURCE PERFORMANCE STANDARDS 

New Source AP-42 ( 
Performance Standard page 

Source category and pollutant (maximum 2-hr average) reference 

F.ossil-fuel·fired steam generators 
with > 63 x 106 kcal/hr (250 x 106 Btu/ '·· 
hr) of heat input 

Coal-burning plants (excluding lignite) 
Pulverized wet bottom 

Particulates 0.18 g/106 cal heat 1.1·3 
input (0.10 lb/106 Btu) . 

Sulfur dioxide 2.2 g/1 06 cal heat 1.1-3 
input (1.2 lb/106 Btu) 

Nitrogen oxides (as N02)· 1.26 g/106 cal heat 1.1-3 
input (0,70 lb/106 Btu) 

Pulverized dry bottom 
Particulates 0.18 g/106 cal heat 1.1-3 

input (0.10 lb/l06 Btu) 
Sulfur dioxide 2.2 g/106 cal heat 1.1~3 

input (1.2 lb/106 Btu) 
Nitrogen oxides (as N02l 1.26 ~11'06 cal heat 1.1·3 

Pulverized cyclone . 
input (0.70 lb/106 Btu) 

Particulates o, 18 g/1 06 cal heat 1.1·3 

Sulfur dioxide 
input (0.10 lb/106 Btu) 
2;2 g/106 cal heat 1.1·3 
input (1.21b/106 Btu) 

Nitrogen oxides (as N02I 1.26 g/ 1 06 cal heat 1.1·3 ( input (0.70 lb/106 Btu) 
Spreader stoker 

Particulates 0.18 g/106 cal heat 1.1-3 

Sulfur dioxide 
input (0.10 lb/106 Btu) 
2.2 g/106 cal heat 1.1·3 
input (1.21b/106 Btu) 

Nitrogen oxides (as N02I 1.26 g/106 cal heat 1.1-3 

Residual-oil-burning plants 
input (0.70 lb/106 Btu) 

Particulates 0.18 g/106 cal heat 1.3·2 
input (0.10 lb/106 Btu) 

Sulfur dioxide 1.4 g/1 06 cal heat 1.3-2 

Nitrogen oxides (as N02l 
input (0.80 lb/106 Btu) 
0.54 g/106 cal heat 1.3·2 

Natural·gas-burning plants 
input (0.30 lb/106 Btu) 

Particulates 0.18 g/106 cal heat 1.4-2 
input (0.10 lb/106 Btu) 

Nitrogen oxides (as N02) 0.36 g/106 cal heat 
input (0.20 lb/106 Btu) 1.4·2 

Municipal incinerators 
Particulates 0.18 g/Nm3 (0.08 gr/scf) 2.,., 

Portland cement plants 
corrected to 12% C02 

·---·-- Kiln-dry process 
Particulates 0.15 kg/MT (0.30 lb/ton) 8.6·3 

of feed to kiln' l. 
1~2 EMISSION FACTORS 4/77 



Table B-1. (continuedt PROMULGATED NEW SOURCE PERFORMANCE STANDARDS 

New Source AP·42 
Performance Standard page 

Source category and pollutant (maximum 2-hr average) reference 

Ki1n-wet process 0.15 kg/MT (0.30 lb/ton) 8.6-3 
Particulates of feed to kiln 

Clinker cooler 0.050 kg/MT (0.10 lb/ 8.6-4 
Particulates ton) of feed to kiln 

Nitric acid plants 1.5 kg/MT (3.0 lb/ton) 5.9-3 
Nitrogen oxides (as N02l of 100% acid produced 

Sulfuric acid plants 2.0 kg/MT (4.0 lb/ton) 5.17-5 
Sulfur dioxide of 100% acid produced 

Sulfuric acid mist 0.075 kg/MT (0.151b/ 5.17-7 

(as H2 S04l ton) of 100% acid produced 

~tie 40- Protection of Environment. Pert SO-Standards of Performance for New Stationary Sources. Federal Register. 
36 (247):24876. December 23, 1971 · 

( 

(__ 
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Table 8·2. PROMULGATED NEW SOURCE PERFORMANCE STANDARDS 

AP·42 
New source page 

Source category and pollutant performance standard reference 

Asphalt concrete plantsa 
Particulates 

Petroleum refineries 
90 mg/Nm3 (0.040 gr/dscf) 8.1-4 

Fluid catalytic cracking unitsa 
Particulates 60 mg/Nm3 (0.026 gr/dscf)b 
Carbon monoxide 0.050% by volume 9.1-3 

Fuel gas combustion 230 mg H2S/Nm3 
so2 (0. 10 gr H:zS/Nni3 9.1·3 

Storage vessels for petroleum 
liquidsa 

"Floating roof" storage tanks 
Hydrocarbons For vapor pressure 78-570 4.3-8 

mm Hg, equip with floating roof, 
vapor recovery system, or 

equivalent; for vapc>r pressure 
> 570 mm Hg, equip with vapor 

Secondary lead smeltersii 
recovery system or equivalent. 

Blast (cupola) furnaces 
Particulates 50 mg/Nm3 (0.022 gr/dscf) 7.11·2 

Reverberatory furnaces 
Particulates 

Secondary brass and bronze 
50 mg/Nm3 (0.022 gr/dscf) 7.11·2 

ingot production plantsa 
Reverberatory furnaces 

Particulates 50 mg/Nm3 (0.022 gr/dscf) 7.9·2 
Iron and steel plantsa. f 

Basic oxygen process furnaces 
50 mg/Nm3 (0.022 gr/dscf) I ( Particulates 7.5-5 

Electric arc furnaces 
Particulates 

Sewage treatment plantsa 
12 mg/Nm3 (0.0052 gr/dscf) 7.5·5 

Sewage sludge incinerators 
Particulates 0.65 g/kg (1.30 lb/ton) 2.5-2 

Primary copper smeltersC 
of dry- sludge input 

Dryer 
Particulates 

Roaster 
50 mg/Nm3 (0.022 gr/dscf) 7.3-2 

Sulfur dioxide 
Smelting Furnace • 

0.065% 7.3·2 

Sulfur dioxide 
Copper converter 

0.065% 7.3·2 

Sulfur dioxide 
• Reverberatory furnaces that 

0.065% 7.3·2 

process high-impurity feed 
materials are exempt from 
sulfur dioxide standa.rrl 

Pnmary lead smeltersC 
Blast furnace 

Particulates 50 mg/Nm3 (0.022 gr/dscf) 7.6·4 
Reverberatory furnace 

Particulates 50 mg/Nm3 (0.022 gr/dscf) 7.6·4 
Smtering machine 
discharge end 

Particulates 50 mg/Nm3 (0.022 grldscf) 7.6-4 
---- - ---·--
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Table B-2 (continued). PROMULGATED NEW SOURCE 
PERFORMANCE STANDARDS 

New source 
AP-42 

page 
Source category and pollutant performance standard reference 

Electric smelting furnace 
Sulfur dioxide 

Converter 
Sulfur dioxide 

Sintering machine 
Sulfur dioxide 

Primary zinc smeltersC 
Sintering machine 

Particulates 
Roaster 

Sulfur dioxide 
Coal preparation plants·d 

Thermal dryer 
Particulates 

Pneumatic coal cleaning 
equipment 

Particulates 
Ferroalloy production faci.lities• 

Electric submerged arc 
furnaces 

Particulates 

0.065% 

0.065% 

0.065% 

50 mg/Nm3 (0.022 gr /dscf) 

0.065% 

70 mg/Nm3 (0.031 gr/dscf) 

40 mg/Nm3 (0.018 gr/dscf) 

0.45 kg/Mw-hr (0.99 lb/Mw·hrl 
("high silicon alloys") 

0.23 kg/Mw-hr (0.51 lb/Mw·hr) 
(chrome and manganese alloys) 

No visible emissions may escape 
furnace capture system. 

No visible emissions may escape 
tapping system for> 40% of each 

tapping period. 

7.6-4 

7.6-4 

7.6-4 

7.7·1 

7 .7·1 

8.9·1 

8.9-1 

7.4·2 

Carbon monoxide 20% volume basis 7.4·1 

"Title 40 • Protection of Environment. Part 60 ·Standards of Performance for New 
Stationary Sources: Additions and Miscellaneous Amendments. Federal Register. 
39 (471. March 8, 1974. 

brhe actual NSPS reads "1.0 kg/1000 kg (1.0 lb/1000 lb) of coke burn-off in the catalyst 
regenerate':.!" which is approximately equivalent to an exhaust gas concentration of 
60 mg/Nm~ (0.026 gr/dscf). 

C'Title 40- Protection of Environment. Part 60 ·Standards of Performance for New 
Stationary Sources: Primary Copper, Zinc, and Lead Smelters. Federal Register. 41. 
Jan1,1ary 15. 1976. 

~itle 40. Protection of Environment. Part 60 • Standards of Performance for New 
Stationery Sources: Coal Preparation Plants, Federal Register. 41. January 15, 1976. 

8'J'itle 40 • Proteetion of Environment. Part 60 • Standards of Performance for New 
Stationary Sources:· Ferroalloy Production Facilities. Federal Register. 41. May 4, 1976. 

fTitle 40 • Protection of Environment. Part 60 • Standards of Performance for New 
Stationary Sources: Electric Arc Furnaces in the Steel Industry. Federal Register. 40. 
September 23, 1975. 
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APPENDIX C 

NEDS SOURCE CLASSIFICATIONCODES 
AND 

EMISSION FACTOR LISTING 

The Source Classification Codes (SCC's) presented herein comprise the basic "building blocks" upon which the 
National Emissions Data System (NEDS) is structured. Each SCC represents a process or function within a source 
category logically associated with a point of air pollution emissions. In NEDS, any operation that causes air 
pollution can be represented by one or more of these SCC's. 

Also presented herein are emission factors for the five NEDS pollutants (particulates, sulfur oxides, nitrogen 
oxi~es, hydrocarbons, and carbon monoxide) that correspond to each SCC. These factors are utilized in NEDS to 
automatically compute estimates of air pollutant emissions associated with a process when a more accurate 
estimate is not supplied to the system. These factors are, for the most part, taken directly from AP-42. In certain 
cases, however, they may be derived from better information not yet incorporated into AP-42 or be based merely 
on the similarity of one process to another for which emissions information does exist. 

Because these emission factors are merely single representative values taken, in many cases, from a broad range 
of possible values and because they do not reflect all of the variables affecting emissions that are described in detail 
in this document, the user is cautioned not to use the factors listed in Appendix C out of context to estimate the 
emissions from any given source. Instead, if emission factors must be used to estimate emissions, the appropriate 
section of this document should be consulted to obtain the most applicable factor for the source in question. The 
factors presented in Appendix C are reliable only when applied to numerous sources as they are in NEDS. 

NOTE: The Sowce Classification Code and emission factor listing presented in Appendix C was created on Octo
ber 21, 1975, to replace the listing dated June 20, 1974. The listing has been updated to include several new 
Source Classification Codes as well as several new or revised emission factors that are considered necessazy for the 
improvement of NEDS. The listing will be updated periodically as better source and emission factor information 
becomes available. Any comments regarding this listing, especially those pertainiQ.g to the need for additional 
SCC"s, should be directed to: · 

Chief, Emission Factor Section (MD-14) 
National Air Data Branch 
Environmental Protection Agency 
Research Triangle Park, N.C. 27711 

Cl 
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U M I T S 

loan ULLOI!i au•11ro, 
lotto GlLLONS IUINEh 
1000 GALLONS BUll NED 

1000 GILLOIIS au•NtD 
lao~ GALLON~ au•Nro 
1~011 IlL LOll- aUIN!II 

II ILL ION CUIIC 'lET IIUIMID 
IIJLLIDN CUIIC ,u IIUIIIU 
IIII.LIOII CUIIC ,,u eu111ro 

MILLION CUiiC 'fU eu•,.ro 
MILl. lOll CUIIC '!U RUINID 
MILI.InN CUIIC 'n' •u•Nu 
"IL~ION CUIIC PUT IIURIIC(I 

TONI IU~NED 

'ONS IU•NCII 
TON! IUiliCO 

IODO UL~ON! RUIIN!D 
IOCID ULLOIII IIUIIIrll 

TONS IUINEO 
TONI IUIIIIO 
TONS IUIINEO 

1000 IALLOIIS IIU.NIID 
I DOC! !I&~LONS eu•NIID 
,1000 ~ALLONS IUiiNIID 

MILLION CU81C '''' IURllrO 
1000 Gl~LON tuai!ID ILIOUI~I 
TONI IUINCD IIOLIDI 

TONS IUIINEO 
'Oll! IIJaN£0 
TONS RUIINED 
1000 GALLONS 'UIINID 
IOOD GALLONS tUaNrD 
MILLI~II·CUIIC 'rET IUIOIID 
1000 GALLONS IUINID 
TOllS IUIINEO 
1000 Gl~I.OIIS IUINCD 
IOII.LION CUIIC r!lt IUINID 

TOllS IUIN£0 
TONI IUaNEO 
TOllS IURNED 
IOOD GALLONS 'UIII£~ 
10011 GALLONS eu•NED 
MIL~IOll CUIIC '''' IU•liEO 
I 000 UI.I.ON! IUINID 
TOllS IUIN(O 
lnOO IA~LOll~ IUIN£n 
MILLION CUIIC rr.Et IUili!D 

C·S 
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ers•ILL"t OIL 

1-01•001•01 TUUINE ~.oo r•o. .1 •• SoH ,,,. INto G4LL0NS auurrl' '1·0 I •00 I •02 uc.,~ocHING r•o. ·~~0 G•LLONS RUI'IEO 
I..I&Tu••L G•s 

2•01•?!12-~1 TUOBI N[ IOoO ."'0· ~ .,,, •2.0 "'' MIUIO'I cuue rrn 
7o01·~!1h02 •tci•Aoc&TING t-.n. 5 •1n1n• cuuc rrn 

OIESH 

~-or-~DJ·~I AECI•~ocHI'iG lloO . ••n. l70o HoO us, htOUSA"!IS 0~ ~&I,I.OIIS' 
hnr-~03•!12 TUUINE So DO '""· "·~ s.s, IS•.• 101'0 GlLLON' ~Uolo[O 

orsrou•l OIL 

hor-on•-or TU•BINF uo, loOCi IULLON' 8UON[!I 

JfT run 

J-01•005•01 Tuo~INE ,,,n IODO G.I.LON~ BU•NEO 

c•u~r o 11. 

2•01•00~·01 TU~BINE .. ,, lobn GALLON' ~UONEO 
.. OC[SS G&S 

1•01•~0?•?1 TUOftiNE no. MIL~IDN CUAIC rtET 
OT~(RINOT CL&Srro 

I•DI•'"•t? S~EC 1FT IN REHOR~ MILLION CU~IC 'FET ~UR~ED !•OI•U••U ~•rc1n IN ~EMU~ lOOP G4LLON~ NUONEO 

INT(ON~CO••uSTI'N •INOUSTRIU 

•···•··•·•·•··•·· ....•.•..•..•.••• 

OISTilLH( OIL 

2-0 1·0~ 1•0 I TUR~INE s.oo 1•o. ''·• ~.5? .~ .. 1000 tiOLLONS BURNEP 
1•01·~01•"' Rtcl••~cur~~ u.s. . ~ .. •••• 31oS I02o •~oo G&LLo"s ~URN£~ 

~&TUA&L G&S 

( 1•02•00loOI Tu•.• I"E l~.o ... o. 5 ~.,. ~:r., II So MILLIO'N cu,.rc F[tT 
2•0'•"01•01 ·~EC,ROcATIN~ 'all"* ' IIHLION CU .. IC rrrr 

G&SOU~£ 

I•Ot•~Ol•OI otCioROCATING •• so s,,., 102• ..... :J,,.o. IODO GALLONS """"FO 

~ltSEL FUEl, 

7•02'•0"11•"1 RECIPAO(ATING u.s ~~·· 5 ~u. H,s 102. I'CUIII ULi.ONS su•Hro 
2•02•00•·~2 TUOBINE !l.r:tl"' I~Oo s A7ol ,.~, as;. I!'Otl IUI.I.O'I~ "''••ro 

OUIOU41, OIL 

hD7•0~S•OI TU.UINF 1s•. 1000 G•LLONS BURNED 

Jtf rUEL 

2•07•006·01 TUIIINt 6o20 lOOft GOLLONS BUONEO 

c•uot ~IL 

2·07•007•01 TUISINE ,q •. s 100~ GOLLON' otJoNrO 

OROCE55 Gl5 

2•~7-~0·-~· TUUI"[ no. 5 "ILLION CUBIC •rn 1on1-nO••ot ·~c.l~•nc•''"G UOo $ HJLLION cuerc rrET ~~~·~ro 

OT•ER/~OT CL&51'0 

7-nz-•••·•7 S~ECirT IN ~r•u• "lLLIO" CUBit F£[f auo•ro ,.;.07••••w•lll !~EC "' IN •r•u~ 1000 GILLON' ~U•Nt~ 
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••• ....... •••••••• 111111 ••••••• , •• , ••••• 

DIESEL 

2•0)•001•111 AE(I~•oclTING 
OT~[~INDT CliSI~D 

l•0)•999o97 SPECI~T IN ~E"'"" 
~-o3·•••·•8 s~rer'' •~ -E"a~K 

INTe•NLC0"8U5TION •ENGINE TESTING 

•····•·•·•·••···• •·•····•·•·•••··· 
IIRCU" 

2•0••001·~1 TURBO~ET 

ROCKET HOTOR 

2•0••00!•nt SOLIO PROPELLANT 

1•0••99h97 
2·D•·•n-u 
2•0h999•99 

S~ECI'T JN AfHARl 
9PECI'T IN REH.Al 
SP!CIFT IN REH.Rl 

INDUSTRIAL ~ROCES •CH!HICAL "'' 
................. ···············~· 

iOIPIC ACID PROD 

)•01•001•~1 GENt••L-CTCLONE. 
)•OI•ODI•9t OTHER/NOT CL.SJPO 

3•01•002•01 PURGE G.S 
3•01•002•02 STOR.G[/LDIDJNG 

i'IH.~'IU IIICOUSU 

)·01•00$•01 
)o01•00)•02 
)•01•00)•113 
l•DI•OOJ• .. 

)•II 1•00~·•0 I 
l•DI•IIO••n 

3·01•00!;•01 
l•OJ•OD!\•'l2 
lollt•ons-os 
3•01•005·0• 
3•01•00$•05 
3o01•00Son 

COUR((IIL "tG 

ACGCNCR•TO~ ElJT 
~URGE GIS 
HORJGriLOAOI'IG 
OTHEAIN?T CL.StrD 

GENU II. 
OTN!RI"OT CI.-SIVO 

(MI~IIEI. PAOCE5S 
THEII"II. '"0CES$ 
rUoN•tt PAOC GIS 
~UANICE 'ROC OIL 
~UANIC! W/GlSIOII. 
nTw£11/"oT CI..SFO 

~ • T I 0 M • l F " I S S 
S 0 u • C £ C L • S S I 

0 ~ 0 • T I 5 f 5 f E ' 
I C A T I 0 N C 0 0 ! ~ 

, " u " n s r " 1 • T r ·o , t • 
PART SOl "'I 
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a, 
o. 

Oo 
Do 
Oo 

..... 

UoO 

Do 

n, 
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o. 
o. 
o. 

Oo 

o. 
Oo 

s 
~··· 

~~·· 

u.o 

,, 
Oo 

Oo 
Oo 
o. 

0• 
0• 

iJ N I f 

MC 

• •• o 

o. 

•o.o 
Do 

(1, 
90o0 

o, 

IJ,,oo. 
o, 

1 ,aog. 
•oa. 

co 

n. 

o. ... 
too, 

o. 
0• 

u,soo. 
0. 

. .,,,.,.,, 
•,!oo. 

3•01•0116•01 PTPOLIDJSTIL/~t~L •D~, too. uo. 
)•111•0~··•• nT~~RINOT CL•5rO 

CMLO~INF 

l·ll1•007oOI GENE•IL 
J-01•007••9 OTHf.II/NOT CLASirO 

CMLORo&LULI 

3•111•~DR•'ll 

3·01•001•112 
!•OI•OOhO) 
3•0J•noa-n• 
)•01•000·~~ 
!•OI•OOI•U 

3·01•00h~l 

J•III•OO••III 
J•01•"09wt• 
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LIQUtrTN•OIAPHRGM 
I.IQUI,T~·"FIIC Ctl. 
LOADING TNKCI.VNT 
LOADING STGTNKVNT 
•IR•ftLOII N( ftlllht 
OTHE•INOT CLASirn 

!O.P/DET ~~IIYOAfR 
5'ECIALTY CLt•~•s 
IITM(AS/NOT CL&SrD 

o, 
o. 
o. 

o. 

o. 
o. 
no 
o, 
"· 

o, 

o. 
flo 
Do 

AppendixC 

II, o. 
o. n. 
o. n. 

"11.1.1 o• cu&t c n:ET •••••ro 
IOOD 5llLON~ eu•Nr~ 

Nll.l.fOII CU.IC ,!lt IUIINtO 
1000 GALlONS &U•IfD 
TONS &UIINU 

TONS 'RODUCFII 
'ONS ~•ooucro 

'rONS Pllnoucra 
?ONS 'IIIIOI,IC!O 

TONS ,RODUCU 
TONS I'•OIIUC!Q 
TONS 'RIIIIUCU 
?ONS I'IIODUCtO 

TONS '"ooucu 
TONS '"oDucr·o 

TOllS PIIODUC!O 
TONS ••ooucro 
TDNS I'ADDUC!O 
TONS I'AODUCeo 
TONS l'•ooucro 
?ONS l'llf!OUCT 

'rOllS I'RIIDI,IC!D 
TONS '"IIDUCt 

TONS 'II:DDUCF.D 
TONS "RIIOUCEO 

too TONS CMLO.IOIE I.I'JUr,.trO 
·loa TOllS CMLORIII! LnU!,JrO 
100 TONS CMLOIIINE LI~U!rltO 
100 TON' CH~O.INE L14UE,It0 
IOD TONS CMLD•INE I.IQU'.rlrll 
IDD TOllS CHI.OIIIN~ LIOUEI'I[D 

?O~S l'llltOUC!O .,.,,., PIOI)DUCf 
TONS ~•ooucto 
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[WDLeSt"iES•1•~t 

3•ri·"~C•~I •tT~•TION REACTRS 
l•"l•~lr-~2 '"'~0) CONCTRTR~ 

l•OI•~I"·~) HZ$0~ ~EGflrfF.,.IT" 
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co 

,, 
"• 
"• 
"• 
?• 

I) .. I T s. 

T~N5 P~novcrD 

TON' l"~nouc~o 
TON5 PonoucrD 
TONS Ponoucto 
To•~ hiON[D 
ToN~ P•~ouceD 
TON~ ~OnOUCEn 

TONS rr··~ OCtO 
To•s 'INAL ACID 
To•s Pt••L HI~ 

ToNS ACID 
TONS HID 
TON~ nuoos,.q 
TONS Act() 

TONS PU~E ICIO POODVCE~ 
TONS •u•t ACID •~ooucr~ 
TON! PU•t ACID PNooucr' 
TON' PUR[ ACIO PNooucr~ 
TONS I'UOt ACID PRODUCE~ 
TONS Pu•r ACID P~ooucr~ 
TON! PURE: ACID P•oourPn 
TONS PUOE: &CIO ·••ooucr.~ 
TON! PUR£ ACIO PRonucE~ 

•o•s POODUC[D 
TONS PO.,DUCT 
TONS PRODUCT 

TONS POODUC£D ( TON' PRODUCED 
TONS PRODUCt() 
TONS PRODUCED 
TON~ roooucr.o 

TONS P~05PH4Tt ooc• 
TONS ·~"''~"£ ooc• 
T~ws PW~SPwAU •De• 
TON9 ·~~oueto 

TONS Pwosowo~ous 8Uut~ 
TON~ P~noucr.o 

TONS PO,DUC£()· 
TONS P~ODUCro 
ToHS ~•..,oucr 

TONS P~OOUC[O 

TONS ••~oucro 

TONS PO~OUC[I) 
'TONS PonouctD 
TONS POQOUCto 
TONS PftODUC£11 
TONS PIG• tNT 
TONS PNnovcr.o 

TO~, ~Nt~oucro 
TON$ •~ocucro 
TON! P~ODUCf 
'C"S •~•oucro 
TONS ··~~UC[O 
To•s P~noucro 
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' ' T ! " s 0 u • c r c ~ s • ' I I T I 0 N c o ~ r ' 

0 u N' D r " I D E N u ~ I • 
•uT so• NOI we co u .. I ' s 

INOUSU 1•~ uocu· •CHEMICA~ "'G 
········•········ ················· 

MISO~ •CNAMeU 

)•DI•OU•OI GCN!U~ o, Talis 'u•r· •Cift ••ooucr~ 
M2SO~~CONHCT 

~-ot•OU•nt "·' CONVUSION z.so ··"0 TONS •u•r ACU ••ooucr~ 
3•01•023•0~ ''·' CtiNYU,.ON 2oSO ,.~o TONS 'u•r •CID "'"00U(E, 
)•0 1•0'2 3•0• ••• o CONVUSION 2.$0 ••• o TONS 'u•r ACID 'IIOOUCED 
h01•023•nl .••• o CONVUSION z,so z,.o TONS ·•u•r •c•o O>AGDUCEII 
3•01•023•10 u,o CONVUSJIIN z.so •a.o ToNS PU•E •c•o 'IIJII!UCE~ 
3•tii•OU•U ••• o CONVUIJON z.so n.o TONS •u•r •CID ••ooucr" 
3•01•0Z3•t• •s.o CONVU"'o!ON 2·50 70,0. TOllS PUNE lCIII ••ooucEI' 
3•DI•023•U ••~~~a CONVEUJON z.so u.~ TONS •u•r •CII! ,_ODUC£0 
3-01•023•1• UoO CONVE.SION 2oSO .,.a TONS PUI;( &CII! ""ooucto 
3·01•0.23•"' OTNEIIINOT C~-S'D , TONS 'IIIIOUC,O 

STNTNETIC 'IBEIIS 

l·III•DZO•OI ••.~ON u•n•~ ToO~ TONS PJ~ro 
3•11J•o2•-oz n•c•oN GEN~ .. ~ o. TON~ "8U 
3•0 I•DZ.•Ol o~~nw fO'IS P~nouc• 
3oOJ•02••o• E~ASTI C TOMS ••oovc• 
3•01•020.0$ TtrLoM TONS ~AnoucT 

3-01•020•06 '0~HSTEN TON~ ~AODUCT 

3•01•020.0. MOM!I TONS PIOI!UCT 
l-01•020.10 &C.,~,c TQ .. S '~~DUCT 
3•0t•o2•-u T'fy[.,; TONS ••oouc• 
l•Ot•Olll•t• 0~[""' •o"~ Plfti)UC' 
l•OI•Oh•" otwUSI.,oT c~•sro TONS PAOOuc~o 

SE"ts•NTNfiC~IIII 

3•01•07~-~· •••o• ~r,.r••~ o. TONS FI~E• 

)-01 •nH•OS •cnatr TONS '"noucro 
3•(\1•02S• 10 Y ISCQSf TONS ••ooucro 
'l•OI•02S•t• OTHUSINOT C~AS~o TONS PIOOUCEO 

SYNTHETIC RUIBEO 

3o01•DU•OI 8UT.OI[NE•G[N[AA~ .TONS ••oouc• 
l•OI•OU•02 H[THY~,IO'[N[•G"~ TONS "'nOuCT 
l•OI•OU•Ol IU"NE GENE I A~ TONS PRftDUCT 
hOJ•Oh·o• '[MT.OI[HE•GENO~ TQNS ooni)UCT 
l•OI•OU-os OIH[TWW[PTN[ GE'I~ TONS "'OOUCT 

( l•OI•n2'••o• otNT ANE-GEN[Ul TONS '"oouc·, 
3•01•02••07 FTNAN[NITIILE•G[N TONS 'R00U(T 
l•DI•Dh•ftl •COTLONJTIII~E•GE" TONS '"01!UCT 
3•01•026•0• ACIO~EIN•G[NEII.L TONS PonoucT 
3•01•026•20 AUTO Tli[S GrMEI~ TONS ••nouco 
3•01•0h••• OTMEIIMOT CL&SrO TONS "'00UCT 

rUTI~I% UIIO .. fUTI 

l•DI•OlT•OI PIIILTW~oNEUTRLIZO o. o. TONS PNOOUCED 
hOI •02h02 '~IL~ING TOWEll o.•o 0• TOI<S ·'•ooucro 
3•01•027•03 '"I~TWIIoOIIT(OOLAS 12.0 ~· 'DNS '"~Oucro 
l•OI•02T•D• G~A~ULiT~"EUTLIZA o,· n. TONS '"~oucro 
3•01•027-~5 GR&NULATOO o.•o a·,,.s TONS ••ooue'o 
l•OI•Dlh06 G~ANULAT•DIITCOOLR 1o00 3o00 TONS MIODuCrD 

rENTI~IZoNSUIIOHOS 

J•OI•"U•OI G"I"D•D•w •• oo. TONS Mlnoucro 
3•01•0ZI•OJ •AIN SHCl o. TOO! PIIODU(~D 

rEIITI~IZ•TO,SPNOS 

3oDI•02'"01 RUN or otLE o. TONS '"~OUCEO 
3-ot -on.nr GOANULAI o. TONS MIIOOUCEO 

FEATILIZ•D!aMPHOS 

l•OI•t'13n•~l n•TU•COOL[IS eo.o TONS I'ROOUUO 
)•01•030·0: ••o•t••·G•••u~aTr z,oo TONS PROOUCtO 
hOI•Oln•n ftTM[IIINQT naSI ro TONS ••ooucu 

TU!PTNALIC &(10 

J•OI•Oli•OI HN03•'•11AI.~[NG[N lloO TONS Pone~ucr.o 

3·01•031•" OTH!IINnT CLaS lrO TONS ,_OOUCtO 

SULrURIC~EMENTlLI 

)ont•DU•OI HOO•C~AUS 2$UG[ ,,.,. TONS MIIOOUCT 
l•Dt•n37•0Z wOD•n•us JSUG[ •••• ToNS PRODUCT 
3•0I•OH•03 •oo-euus .STAGE •••• TON~ '"01!UCT 
J•fti•OlJ•t• OTHU/NDT CUSI'o TONS PAOI!UCt 
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I~DU5Tqll~ •~ocr~ ·C~EMICIL H'G 

·•··•·······•·•·• •·····•·····•••·· 
P[$TICIOFS 

J•DI·~ll•OI HILIT"In~ 
3•01•0l3••• OTHER/NOT CLISirD 

lMU£5/""IPES 

PIGM[NT•INO~GIN 

~·DI•rilS•OI CI~CINITJON 
·3•01•0)§•99 OTME~/NOT C~I5JrO 

SODIUM SU~rUE 

Jool-~3•·o• 
3•01•036•02 

SODIUM SULrl TE 

GENUIL/OT"U 
•ILNS 

3•01•017·~1 GENE~ILfOT"[R 
l•OI•Ol7•02 KILNS 

SODIUM "ICIRS 

l•t'I•03a•O I GtNERll 

LITHIUM HVOA011Dr 

3•01•Dl••OI GENERAL 

rUT II. I Z[A URU 

hO 1•0~0-~ I GE.N.EAIL 

Nl TRoc'nLUL.OSE 

l•DI·O~I•DI 

3•!11•0~ I•PZ 
J•CII·O~I•O) 

3-0 1•0~ I•" 

IDHE51Vt5 

REACTOR POn 
"2SDO CoNCENTRT~S 
SOILING TUBS 
OTMERINOT CLISirD 

)•01•0!0•01 GENL/COH~ND UNKWN 

ICEHT[ rLU[ 

)•~l·~fO•t• OTHER/NOT CL&Sro 

l•Cl•091•~1 OTM!RINOT CLISro 

HIL£1C: INHVD,.OE 

3•~J•IDO•Ol GENERll/OTH[R 

PDLVINL PYRILJOON 

SUL,ONIC AC:JO/lf! 

)•01•110•01 Gt~E~l~/OT~~~ 

3o01•111·01 
3-01•111•02 
3•01•111•03 
l-01•111·0~ 
)•01•111•" 

'ORHII.OE·IITO[ 

cauL• lNG 
SEA LINT! 
A~l~E LINE/GRIND 
r1 R£ l'~oo' "'~ 
OfHERSINOT CLIS'O 

l•DI•IJn-01 SILVER cATILYST 
3•01•12~·~2 HIIEO OJJOE CTLST 

ETHYlENE OlC~LRDf 

C-10 

'•01•12~•01 nlTCHLOOJHITION 
3•nt•I2S•~2 DIRECT CHLRNITION 

'•Ol•PO•OI 
h~l·l )0•02 
3-0 1•13"·", 

N"l•"2so~ ••ocrs 
corr ovrN "'·'ROO 
Cl~RnLCTM BV•~~OO 

N I T D N 
5 0 II R C 

o, 
o, 
o. 

M· I T T 
sox 

o, 
o, 
o, 
"· 

0 N D A,T A 5; 5 T t M 
I C l T I 0 ~ C 0 0 E S 

o. 
o. 
0• 
o. 

U N I T 

He 

o. 
a, 
o; 
0, 

o, 
o; 
o, 
a, 

EMISSION FACTORS 

tl N 1 t 

GaLLONS 0, PR~bUC:T 
TONS PROOUC:~O 

TONS PRODUCT 

TON! 0, ~ROOUCT 
TONS 0' I'RO~UC:T 

TONS ~R10UCT 
TON$ ~IIODUC:T 

TONS PRODUCT 
ToNS ~R·OOUC:T 

TOOlS PRI)DUC·T 

TONS I'RDOUCT 

TONS PRODUCT 

"· TONS ~•ooucro. 
~, TO !'IS I'RIIOUCEO o• TONS PRO!)UCEO 
Oo· T·ONS PRODUCED 

TONS PRODUCT ( 
ToNS P~~ouc:'t 

TONS ~III!!IUCT 

TONS PR~OUCT 

ToNS I'~~OUCT 

TONS PRODUCT 

~. TONS "RODUCT 

"' TON !I I'IOOOUCT 
"· TONS 'RDOUCT 
n. TONS "~OOUCT 

TONS ,.~00\IC:. 

TONS PI•OOUCT 
T.OPIS ~~DDUCT 

T~~~ "RI!DUCT 
ToNS P~OOUC:T 

TONS I'IIODUCT 
TON! "~ODUCT 
T~NS ~llnOUCT 
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{ ,. ll u .. 
[ " T T r 0 p [ ~ II N I • 

PAU SOl 'IO~ H( co U lol I T S 
I"~UST~IIL ••OC£5 •CH[MJ(lL HtG 

•···•·•·•··••···· ................. 
wiST[ GAS tLAR[S 

l·Or·•o~-.. OTHE_/,OT CLASI'O ~ILLIO~ Cu•rc •n't ~~~·~•o 
OTHER/NOT CLIS!~ft 

hOt••••·•• !I'EtlrT IN RE"IR~ TliNS ··~OUCT 

l"oUSTRIIl PROCES ·~000/J~QICULTURIL ., ............... ················· 
IL~Al~l ~ENTDRITN 

3•02•001-~1 GENUAL 60,0 TO"! MEIL I'RCI~U(tp 

3-o:r.no .... o, OTHEIIINOT CLISrO TONS ••oouct 

corrH ROISTIN~ 

3•117•1'l07•01 DIRECTtiRE ROISTR 7o6n DolO TONS '"!!" RU'IS 
l.02•D02•DJ INDIRCTriREROASTA ~.ro 0•10 TO"!I GRHN BEI"S 
3•02•002•03 STONU/CDDLU I oRO o. TONS UEEN !IU"!I 
1·07•007• .. OTHER/MOT CLISFO TONS PRODUCT 

CDF'EE•INSTANT 

l-07•00)•01 SPRAY DRIER ~.~o 0• TONS GAE!ft I[INS 

COTTON Gl'"~I~G 

3•0Z•no•-~• UNLOADING rAN s.oo o, D• o. Oo .. ~u COTfO" 
JoOt•OIIhnZ CL!AIIU 1.oo o, Oo o, Oo eun COTTO~ 
3•112•1)1)••03 !TICKIBU~R •at"NE 3,00 !lo o. o. 0• 8ALES cnTTo'l 
3•IIZ•OII•••• OTH!~INOT CLISFO IlL!! CCITTO'I 

r[!DIG•AI'I TE•HEL 

3-02•1105•01 SMIPING/N!CEJVING loOO o. o. o, o. TON$ GRAIN ••ocrsuo 
3•02•006•02 T~I'~S'FRJto•vrr~G z.oo o. n. o. no TON!I GUIN 'liaer;sro 
3•02•00~·03 SC·!~NINGICL[ANNG &.oo o, o. o, n. ToNS GUlli l'ftnCE SEt> 
3·M•IID5•~' ORTING •• oo TONS GRAIN I'ROCUSfD 

F[[O/GRAIN (NTATE 

( l•OZ•nO••nt SH I 'NG/UU I VNG s,oo Oo 0• o, 0• TO,., GRAIN I'ROCE$5U 
3·02•006·~2 TRANSF[PICO~Y!T"G 3oDO o, o. o, n. TON" G .. IN 'ltocnno 
)•112•110•·~3 SCII!!NINGICL!INNG e.oo o. o. o. .,. ToNS GRAIN ••oc[Ssro 
l-02•0D••"• O~U"G 7.ao TONS GUlli ••ocr~sn. 
3•07•00·-·~ OTHER/NOT CLI5"0 To'IS GUh I'IIOCE SI!:O 

GRAIN PROCU,.'IG 

3•!17•007-"1 COR .. HElL s.no TaN !I GilliN PftOCE.SSfD 
3•02•0117•1lZ SOT SUN 7o00 toN !I ,.~ ... ~•ncr;srn 
3·0~·007•!13 BAR~'-T/WHEITCLEAN ,,20 TON!I GUIN .. ncEssrn 
3-n,•o"'·"• "'Lo cu•,.r• o.~o '""5 GilliN •~ocU5!n 
)•02•007•05 "'RLrTrLou• MilL lo!IO ToNS GAliN "IOCfUFO 
3•02'•0,.,7•011 W~T COR~ MIL~ING o. TONS OF 'AODUCT 
3•02•007•30 WHEAT FLOUR MILL o, TONS PIIODUC' 
3•02•007• .. OTH!II/NDT CLISFO Toll !I •Rocuno 

tf[p MINUF'ICTURE 

)·OZ•Dtlll·~l BIA~EY rtto•G~N~ 3.00 TOllS c•AIN PIIOCEISE~ 
3•02•110P•t9 OTHER/Nt>T CliSrO TON !I PR!IC£SUO 

•tRH!NUTNoet£11 

).O,•IlOt•QI G~AI~ HANDLING 3o00 o. TONS GilliN I'RnC!SSED 
)•02•00h02 DRYING 51'NT GilliN a.o,. TONS ,.liN PIIOC!SSte 
3•0r•oOt•n3 UtwiNG tHoUSANDS o• G•LLo~s 
3•02•00t•tft OTO!UINOT CLAUD GILLIINS PROIIUCT 
)•DZ•!IIIh .. OTH!II/NOT CLI5rD TONS GRII" 'IIDCEISEO 

r[RM!NTATNoWMI,IT 

3•02•010•01 GilliN HANDLING 3o00 II, TONS GRAIN 'IIOCfSS!O 
3•1)2•0 11!•02 OIITING SPNT GRAIN s.oo ToNS , •• ,,. ••ocrssro 
)•02•" 1 r-•u IGJNG o. 1n,o IAU!LISO GIL I 
hOt•!!IO•n OfHfii/NnT c~•Sro $ALLONS PIIOOUCT 

~"E•~~t!~T·TN.WJ"'£ 

,.oz•ntt•nt GENUIL o. o, laUD .. ! PIIODUCT 

rts~ HEll 

!, • .,,.,,,_,. coowr•s·•"''"'IS~ o, TONS FISH HEAL .I'IIOIIUCfll. 
3•0r·n•z-~2 coowr•s-sTaLr•tsH o. To~S FI~M N•IL I'IIC~U¢f0 

·t.OI•O 12•~3 o•rru DoiQ Tou 'I~N SCUP 
)•117•"''•" OT"!~INOT CLISifO TONS ••~crnr' ... IN"ItiTrS T>or 1$11 CnNTr.NT 1 ·~· •~o1cnu T"r $Ulrll4 Cotnr,.T Or Til! rU~L "" I ~.IICPNT oa,rS I~Y WriGHT! 
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PlA7 sor ~~'( "C C" U N I T s r.ousr• 1 •L ••octs •FO~D/AGOICULTUOAL 

·•··•····•··•···· ·············~··· 
•to T SMO~ING 

1·02-0U·ol GENE OIL 0.30 o ... o1 o.i.o 'TONS t1E.IT 5•0•£~ ·STARCH •~G 

.\-02•"1•-ol GENEOAL R.oo TONS suoc:" ,•ooucr~ 
~UG'" ONE ••oct• 

ho2-o 1 s-o 1 GENERAL 
TONS SUGAR PRoDUCED )•02•01$•99 OT11ERINOT n•slr~ TON!! ~00(£55(0 

SUGiO BEET POOC£5 

'l•n2•016-~l DRT£0 ONLY 
TONS .... BEET$ 3•tiZ•OI6•qo OTH£0/NOT cusrro TONS RAW n:rn 

PE .. UT P00CE5SING 

3·1:>2•0 I 7•20 OIL/HOT CLASFO TONS PRODUCT h02•017''""' o·THER/NoT cusro To,.s I'RIICES$£0 
CANOT/co••rcr••• 

3•111•018·'9 OTHEOINOT CUSFO TONS P•ODU(T· 
DiiOY PRODUCTS 

1•02•0)0•~1 "'L~ SP~A¥-ORY[R ~. TONS PROQOCT J.o, ..... nlo~~~~' OTHE~INOT CL45rO 
To"~ I'R"O'IICT 

~T~EA/NOT cL•StFD 

·l~~o02 ... 9o.qg 5P£Ct'T IN R[HU~ TONS P•ocnno ltNPUTI 3•(12-·,~·~9 SPECI~Y tN Rr,114 .. R'I( TONS I'OOOUCtO 'criNUHfO.I 
INDUSTRIAL PR~CES ... P,.PIAAl' HETiLS 

·····~·········~· .-~.~ •••••••••••• 0 

lLUMINU~ OR[·~AUX 

3-o1-oo~-or COUS~INGIHA"oliNG 6.00 TONS OF ORE 
ll. DRE•ELECROREDN ( 

3•03•001.•01 PR£8U[ CELlS 81.3 T·ONS ALUHfNUH I'ROQUC£0 l•Dl•!TOI•O: HOOI7ST~ SOnER&OG ,~ ... 
TON~ ALU14JNOH P~ODUC:~D )•0)•001•03 VERTSTO SODtRSE!:fG 7a.q TONS AlUHtNUII P~onuc:ro ]•03•001•0• ~•TEPfiL~ H.NCLNG 1o.o TON~ ·&LUHfNV" POODUC[II J-ol-oot-os INOOE ea•E FUON'E loOO TONS ILUHI'IUII P•Ooucro 3•03•00 ·-·99 OTHER/NOT CL•SrO 
.'oNs ALUMINUM PROOUCrD 

IL oq['•CALC ILHYO 

3-n)-007-nt GENEOAL lOO. TONS ALUHt NIIH POOOUC:U 
CO~E ~tT BtP•oouc 

~-0) 111 003•t:!l GEN[PiL 3oSO q.oo 0·"~ ~.zo 1.27 TONS COAL C:N'ARGED 3-0)•003-02 OHN CH.&Ri';.PIG r.so o.oz o.ol 2oSO Oo60 TONS CnAL CliU-GI10 l-0)•003•0.1 OVtll.l PUSHING 0.60 lhZa o.n,. TO~$ COlL CHlRr.tO 3-03•003·~~ ~UENCHING o.~o TONS COlL CMUC:£0 ~·03•003•0S· U~LOIOI~G O.'IO TON·S COlL CIIUG!D 3-0)•003-~6 UNOE~rtRING t~.oo ToNS COAL CHUGtD 3·0)•00)•07 eOAL CRu~"'"'NDL ToNS COAL C'IARG!D 3.•03•00)•99 OTHER/N~T CliSPO TON$ COAL CHARGI!'D 
co~r HtT•!I!'tHtvE 

l•Ol•OO••·O I · GENEOAL 2oo. o, 0· BoOO r.~o TONS COAL CHl~GEO 
COPP£0 5"'ELT[R' 

3-n3~nns--':!l TOTlLIGENE~A~ IJS. 1.zso. TONS cn•cr..,?~uro o•r 3·•03•1)05•02 OOASTI NG '1§.0 lln.n. TON~ CONCENTUTFO Cl!tl!' l-03•00S•03 SHEL T INr.. 20.0 H~. TON$ CONCENTRAf!O 0~! l-OJ•005·o• CONVEOTtNG 60.0 @1?'0, TONS CONCtNTRAT£0 DR! )•03•005·~5 OEf'INING to.o "· TON5 CONC!NT•ati:O nor 3·0)•005·0~ o•r oq•rP 
TO~S Of' PRE 

)•03•005·1)~ f'INISH oPEOoGENL 'DN9 ,.IIOIIUC!O J-OJ•Ms·•• ~f~£~/N~T CllSFC TONS CON([NTOAY!;:O o•r 
'EFULLtn OPEN FNC 

l•03•1)06•01 501 rtsr 200. TONS ,.Jtnoucro 
J-nJ•OD6-~2 75. rrsr 31So TO"S ,.OOOUC£0 l•Ol•O(I&-nt 901 rtsr SH. TONS Poooucto· l•0Jo~~I"H)6 ... '111 SILICON METlL u~. TONS PRODUCED ----
l•"J•006~~oO!t SILI(O,..~"'GA-.ES£ 19St TONS ••noucto 

'A' I'I~ICIT£5 r~r A5"4 rrtN1'tNT • • s• t•rrcATrs t~r ~Ulf'UR CO,TFNT ~r THE f'UrL ON • •r.~n"t "•srs tRT WfiGHT) 
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~ I l G ~ L , ~ I ' S I 0 .. 11 a , 1 s ' s ' r " 
5 0 '·' . c L I S 5 I , I c I T I 0 N C 0 D t ~ 

/ .. -
, (I u N 0 [ . 0 , r R u " I T 

•uT so a ~o• ~c co u ~ I T S 
·~OUST~IIL rROC!S ··~I"UY METILS 

·········•······· ················· 
•tUOILLOT COiifiN~l~ 

l•lll•l!n6•1n SCR!FNIN~ Do TONS ••ocunD 
'•t'l•l\06•11 ORE CRT[. T0"5 ••ocrnro 

l•03•11o•·•z Lnwc••• c•·RtiCT~ TOii~ ••o.crsn~ 

h0)•00f·•• OTNli/NnT CLISro TO tiS "~ODUC!O 

rro•LOT sr"covrNC 

1•0)•007•DI rtiO.IOIN~INESE •s,o TaliS ••o11ucrc 

1•!11•1107-0Z G!ti!UL T01i5 ""oouctD 

IIOii roOOUCTI~Ii 

1-ru-no•-o 1 &LUT ·r,.c·o•rc~G Ulo Oo Do o, ,,,so. TO"S POCIOUC!D 

3•111•001·~2 SLIST rNC•I~LC"G -• .. o a, Oo a, "• TONS "'"oucto 
1•0)•001•113 SltiT!II"G GE .. to•L 'loll .... " .TON.S .PIOOUUD 

J•O)•DO~•o• Olf•CIUSNIMI .. OLE Oo "' TO~S or ooc 
3•!11•~08•0'lo SCA'""IIIG loOO Do ~· Oo .~. TOll !I ··~CESU:D 
I•OJ•OO••o6 SINO NJNOLIIIG 0'~ Oo TONS MIOIDLF.D 

3•113·008•07 MOLD OniiS TONS SANO I!IIKEO. 

'·0)•008·~· SLAG CluSM/"AIIOL TONS MI'IOLEO 

3•03•008••• ~TM!"INOT CLJSrO TONS '"00UC!O 

'Tt!L 'IODUCTIOti 

3•03·~0··"'1 OriiNCIUN OIVIIC! 17.~ Do TO"I """DUC.ED 

3•0l•OO•·n2 or11M!AITM NOILNCE •• ,o n • TOllS ,.•e.oucro 

3•1U•OOt•n3 • O,.··GEN!UL 'loloO 
.,,, TilliS ••11oucr.o 

1•03•tlllt•O* ELECT IIC W/LANC£ II ,D ... , fOilS ,~OUCUI 

)•D)•00T•05 ELECT I•C tiOLANCE •• ~o ••·a TONS P•nouctD 
J•DI•DOhln 'I"I!M/' I en I NG TOllS '"onucu 
J•O)•nOT•II ''"'~"'~o•r •Its TONS '"DD\ICF.O 
)•~3·110t•l2 'IIII!IN/G"ItiO,ETC toNS "ROOUCCO 

3•03•00h20 rtiii!IIIIOTME" . 'ON~ '"00UC!D 
)•0).-00 .... ftTME.IIIOT CLAS,O toNs P•noucro 

LUD SMEL tr•s 

3•0J•Oift•OI SIIITEIING , ... .u. n, Do "' fON!I COMCtNfiiTtO on 
)•03•010•02 eLIST ruRNJCt ;n, 311 •• Do ~. ~· TON !I CONCENTIIHEI\I .,.~ 

)•0)•010•0·) U¥118 rU~IIICE ,,,. Oo "' o, l'o To~s CONCftiTRJTE' I'R~ 

)•0)•01!1•0' OR! CIUSHING 2t00 Do Oo Do Oo TONS or oar counro 

h03•011l•OS "IT(RI.LS MINCLN~ ~.oo Oo Oo Do Oo TC~S or LtiO ... O,UCT 

3·03•010··· OTHl"INOT C~IS,O TO liS CONCCIITRITFO Olf 

·•OLYBD!IIU" 

3•0)•011•01 HININCi•G(NfiiL Oo Huii!IIIEDI Or TO~I 11111rO 

)•0)•011•01 IIILLING•GtNUAL Co fOilS "DDUCT 

)•03•011•" ""ouss.nTHU Tt)"S rRIIC£!1!£D 

TITANIUM 'IOCfSS 

hO)•OIJ•OI CIILDIINATI~~ STIT Oo Oo o, TONS 'R'IDUCT 

1•03•01hU OTNERiNOT CLISiro TONS ~•ocr,rn 

GOLD 

J-03•0 I 3•0 I "INING/,.OC!SSING o, TONS o•c 

UIIUII 

1-D)•DihCII· OIIE G'II"D Oo TONS ••ocrsuo 

3-03•01 .. 02 IUUCTII K.ILN TOllS ,•ncuuo 

3•DI•OIO•ft) o•t!IIS/CILCIN!IIS TON. ,.ocuuo 

3•D)•OI••n o~!R/NoT c~asro 
TONS "'DCCS!EO 

tUTUIU" o•! 

1•03•0ih~l STOll I Ill o, Do o, "' fD.IIS' c' on 
l-03•0 I 1•112 c•us11r11a o, Ot o, 0• TONS 'IOCUS!o 
hOI•OIS•~J M[LTINI n, TO liS ••ocullro 

l,;oJ•nl5•o• OU!IICM/M(U T"UT o. Co o, o. TONS 'ROCUSEO 
)•01•01••01 GIINQINI Do Ot o, "' TalliS ••ocnsro 
3•CI3•0U•Ot SULrl~lftti/OISSOLV Ot o, Oo TONI "IOCUUO 
3oo113•0II•O? SINTriiiNI Oo TONS ,.ocnuo 
3•01•011•111 YrNTIUTIOti o, ToNs ,oocnsu 
3•0)•111S•Ot LUCN,.tL n:• Oo Ot Oo Do '""' '•ncrnro 
'•OJ•IIII•tt OTNEI/NOT CLASrD o, TOtiS 'IIIICUUO 

~UCUIT MI~I~G 

hiU•ftU•I)I su•'•cr I~ISTINI II, Oo Do II• TOOlS or 0~1 
hOJ•OU•112 SUir&CI DIILLIIIG "· no Do Oo TI!~S 0' 01! 

3•CU•02S•DJ SUir&Cr MINDLING o, Oo o, flo TON' 011: 0111 

J•Ol•OIS•O• NITUIIL vuo• o, ... Do Do .,, TOii' 0, 011! 
I•OJ•OU•OS ST•I•""' l'lo Oo o, Do Tt>i'IS UIIOYID 

3·03•02·-~· LOADIIIG .... Oo o, "' TO liS n' on 
)•01•011•07 COIIVF.T/NIULiti. "• Oo n, Po To•n or o~c 

3•DJ•ftlll•ll• UliLDIDIIIII "· II• llo t'o fOOl~ or ou 
'I' INOICifU f~l ., .. c., .. ,,..,. •s• INDICITU TNt suvu• CON,NT or T~t ruu ON a ,;•crNf .. ,., I IY Wfl ~NT I 
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I' ART 5"~ N~X liC c~ u Ill I r 5 INOVSTPJAL P~OC[S •PRJHAI!T "ETALS ......•..••..••.• ••·•••··•···•···· 

•ERCUn ~INING CnNTINUt~ 

J.03•0U·o• CONV/HAUL WAST[ "· o. "· ~. TONS or DR[ 
l•OJ•On•99. OTMtP/NQT nasro TONS or O·RE 

•[RCURT OR! PRO(S 

l-"3•026-llll CRliSHIIIG o. o. a. o. TONS P~ocrssro 
3•03•026·~2 ROTlU 'URNACE ~. ToN' PR!ICUUII 
3•03•?26•03 R(TOI>T 'URUCE o. ro~s PPOCES•ED 
3•03·DU•o• CALCINE "· n. r'! .• o. TONS PROCESS!? 
h(IJ•026·0~ ·BURNT ORE 

8 "' "· o. o. n, ToNS P~!ICES~EO 
3·03•026•0• H0£1NG PROCESS n, .n. o, ~. TONS PR!ICUSEO 
3·03•026•" OTH[II/NOT CLAS'O TONS l'llncusro 

ZINC SI<ELTIIIG 

3w03•DlD•OI G£11£RlL o. TONS PROCI!:S!IED 
l•03•0l0•02 AO&STNG/HULT.NIITH uo. 1,10"· To;>NS I'IIOCE~'I£0 
l•O)•OlO•Ol S I NT£11 I ~·G ta.,o TOllS PRIIC£SUO 
J•03•Dlii•O~ .. H0~17 R[TOIITS a.oo T'ON~ I'ROcESSEO 
J•03•Dl0•05 vtRT IIETMT5 roo. TONS I'IIOCESU·D 
l•03•0JO•D' [~ECTIIOt.YTJe PROC loOO TONS PROCESUO' 
3•03•0)0•" OTHER/NOT CLAS'O TONS I'IIIICE.SUO 

OTH£11/IIOT CI.ISr~ 

h0)•U9•9• SI'ECIH JN R!HIR~ TONS PIIOOUCtO 

I~OUSTIII&L I'AOcis •SECONIIIIIT H~TALS 

················~ ·············~··· 

ALUHJNUM OP!IIAT~ 

3·0~·001·01 SWEATING'UIINICE ~~.s TONS "IIOOUCEO 
l•D~•DDt•nZ 5H!LT•CIIUCieL£ )•'O 'TON$ METAl. PllnOUC!O 
3•00•00 I ··03 SMELT•R[VER~ '"C ~.3o TO~S M!UL I'IIOOUCrll 
3·0~·001•0• CNt.ORINaY~ STATN u.s n. .o. o, II• TONS METAL "IIO~UCED 
l•DhOOI•IO rOIL ROLLING (lo TONS l'llnoucT 
J-0~•00 1•11 rOIL CONVERTING 0• TONS I'Rnouc!o 
3-00•001•20 CAN HlNU,Ac.T·uR! n, TONS. PA!!DUC~O 
3·0~•001•50 IIOLL•DIIIW•EITRUDE o. To"s I'IIOOUC!O 
3-0~·00 ,., OT"EIIINOT CLa,ro TONS I'ROOUCI':O 

SRISSI!RON! ~ELT 

3•00•"07•~1 BLAST 'NC lloO TONS CHARI\E 

( )•00•!102•~2 C~UCI8U '~C u.o TONS CHUG~ 
l•o••OOZ•OJ CUPOI.A rNC u,o TONS CNI~CE 
),;l'••~OZ·O• ti.E(T II•OUCTJDN ZollO ToNS CHARGE 
3•0••~02•05 aEyERB ,.NC 70oll YONS C'HUGE 
)•Oo•OOZ•O' ~OTAI!Y ,NC 6!1oll ToNS CHA~Cr 
J•011•0"2•~• OTMEII/N"T CLIStrO TON~ I'IIOOUCEO 

GRAY IRD~ 

3·0•·003·~· CU,OI.A 17o0 ... ~. TON! "Ull. CHaiiGt 
l·!l··~0l•02 •EY£11!1 ,NC ~.on 0• TDN5 METAL CH.li"GE' · 
3-00•003•03 ELECT "'oueT rON •• so o. T(I~S HUAL CHARGE 
3-0··~03•0! ANN[AI.I~G OP[IIATN TONS HFTAL tMAOG[ 
3•!1h003·30 "ISC CAsT•rA~CTM TON~ """crssEo 
3•0 .. •00.1•'f0 G"INOING•CL£&~1NG o, o. o, 0· TON$ PPnCtS9[0 
l•O••ODl•SO $AND HANDL•GENI. ToNS HlNOL[n 
l•'I••OD3•H OTH[~/NOT CLASI,.D ToN9 HETAL CHARQE 

I.EAO swEL.T src 

l•OhODo•OI P'OT tURNACE ~.eo o, Do a. -~· TONS N!Tll. CHAIIGEO 
l•O••n0o•'2 REV[I>B ,NC 1~7. MoO "· o. a. TONS HHAL CHliiGEO 
l•OhOOo•Ol HISTICUI'OI.l ,. .. , 193, 5h0 o. o, o. TON! HETAL CHARGED 
l•Oo•ODo•O• RoTAn AEYF.II~ ""C 7o.o o. o. n, o. TONS H[T&I. cwa•cro 
J .. o••"O~t-08 LEAD ouor "" TONS PAIICES!EO 
3•0hOOo•n OTHEII/NOT CLASirO TONS I'~"CI':S!IED 

LEAD 8ATTUV 

J .. O~·nO~•OI TOTAL•nNUAL o,,o o, o. ~. Q. TO"! OF UTTERI!:S I"•OOt'e'Ert 
3-0~•005•'1~ eAST!NG ,U~NA(£ o.a .. o. Q. n, "' TONS or· ~ITT£AIU l'oooucto 
l•O••ODS•I)l PI5Tr "UU DoZI !1, "' "· ~. TON~ or ~ITT£11IES PROOU(E;I 
3•D••OD~•o• T~REE PROCE$ OPER n.tllt n, "· o, .e. T!INS or urrtllrr:s PP,OU(!'l 
3·D~•OOS··q OTNERI"!!T Ct.aSirO TON~ PRQC[~~ED 

IIIIAG~ESIUIII 5EC 

3 .. t"t .. -0,,·~1 POT· rUP•IICE ... oo TONS PllnCESS£0 
3•011~1'Jttll••9 OTMERINOT C~•SirD TONS PRnCt~S[D 
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I~OUSTRilL ~~O~~S •MI~~~AL OROOU~TS 

················· ·•·••·•····•··••· 

'·05•0~S•Ol 
3-o~·aos-o~
J•OS·oos--o-3 
3•,$•005•0•' 
loOS•OilS•OS 
J-05•005•99 

C£11£~T Mr~ DoT· 

3-05•006•01 
3•05•006•0~ 

JoOS•OD6•0'3 
3•0!.•006·0~ 
h05•00h05 
J-05•006•9• 

CEMENT -MrG WET. 

3•05•007•01 
3•05•007•02 
).05•007•0] 
.\·0~•007·o• 
J-0~·007•05 
)o05•00i•99 

3·05•009•01 
J.OS•ooe-~2 
hOS•OCI~•OJ 
3•05•00ft•" 

3•05•009•01 
l•M•OD9•0Z 
l•OS•009•nJ 
3·05•009·•• 

COAL CLUN!NG 

J·tK•n 1 o·~ 1 
3-o~-o 1 n-oz· 
3-05•0 I O•~J 
3·05•010•99 

3-o~-o 11-o 1 
3·05•0 11-•ZO 
3•05•011•21 
J•OS•n 11•99 

'I BUGL ASS "rei 

J·t'~•"IZ•OI 
3•05•DIZ•OZ 
hOS•O I'Z•O J 
l•05•0IZ•n~ 

.l•OS•OI:•OS 
3-0~•011•99 

UWMlfL. bRHR 
RlWMATL CRU5HIORC 
ELE~TRI~ ~RC M[LT 
CURI~G OVEN 
MDLDISMAWEOUT 
OT~ER/Not CLASirD 

KILNS 
DRYE~S/G~IND[O[TC 
•IL'<S•OIL 'I~ED 
•ILN!•GU rl~tD 

, •I(NS~(~~L I'I~EO 
OT!<'E,_~lNOT. CUStrO 

~ILNS 
Qqy[RSIGqiNOEAETC 
•I LNS•O I L rl ~ED 
•ILNS GAS riAED 
•ILNS•COAL 'IRED 
OT~£RiHoT CLASII'D 

ORTING 
-~~~-N-OI.NG 
~TQ~AGE 
OTHE~INOT CLASirD 

··~ TASH 
CLATICO•! 
NATUUL CLH 
DTHE•INOT CLASII'D 

TH[RMif'i.U I D &EO 
TH[RH,.LA5H 
THER~IHULTILOUYPD 

OTH!RIN~T CLASIFD 

GENEUL 
AS&E~T/C[HNT POTS 
ROAD SuorlCE 
nTHE~/~OT CLlSf'O 

~EVtRBF~C~~~G£N£X 

~EYER!rN(•Rf'CUP£X 
ELECTRIC IND f'NC 
I'ORHING LINE 
.CURl NG rvEN. 
OTHERIN"T CLASII'O 

3-~~·013·~1 ROTARY f'N( GtNl 
3·05•013•99 OTHER/NOT CLASif'D 

l•DS•~I~·~I 
3·05•010•10 
3·0S•Ol••ll 
J-OS•~ I•• I Z 
3·0S•Ol0·99 

GV•5UH Hf'G 

,.o·s·o 1 5•0 1 
3·0~·015•02 

l•OS•DI5•n3 
3-a~·nls•o• 
3•05•0 I ~-99 

1-0~·nl .. "' 
3·0~·ni6•0' 
3-o~·nl6·o3 

SDO'LIH£ GFNL rNC 
~Aw HAT RFCISTORG 
.8ATCH!N~/HI~ING 
-HOLTEN HOLD TlN.9 
OTN[~INOT CLA!II'O 

ow HTL oRTER 
PRIHART GRI,OER 
CALCINEP 
CONVn lNG 
OTNtRINOT !LASif'O 

o•IHUy (RU!HiNG 
~[(ND~T CRU~HING 
ClLCINN~•VFPT~IL~ 

T ., n 
0 U R 

i· L' F N I 5 ·s ·1 ·o • O· A T 'A 
t CLis,IFI __ CATI~N 

s .• ,ttH 
c o n r s 

,, ~- _U ~ ~ ~ [· -N I T T ""'D , E ~ II ~ I • 
OUT S~t N~l ~f 

JOoO 
IZOo 
so.o 

Oo20 
UoO 

~6.0 

UoO 
2~~. 
H~, 

H~. 

~3.0 
&oOo 

2Uo 
ue, 
228, 

70o0 
76o0 
,~.o 

liDo 
s~.o 
t•.o 

20o0 
UoO 
25.0 

loCO 
loOfl 

o, 
s~.o 

7o00 

UoO 

'IQ,O 
loi!O 

•o,o 
o,7o 

JoOo 

lq •• 
IOoZ 
Zlo8 

o, 
o, 

o, 
n. 

Do 

"· 

D•SO 

OoSO 

Oo 
~. 

n, 

EMISSION FACTORS 

o, 
o, 
Cl'o 

a. 

o, 
o, 
o, 

o, 
o, 

o, 

o, 
n, 

"' !'• 
~· 

Oo 

Oo 
~. 

Do 

ToN~ rrto "''£•1-'i. 
1o~s nro HATE•I~~ 
.T0~5 FE'O' H(TE•I•L 
TONS·trro HITE~IIL' 
TON~ FEt~ H~T!RI~L 

·.TON$ rEr.O NITFJjlli,. 

Bl~R£LS CEMENT OWOOUCC~ 
II"REL,,CEH!NY ,~~D~t(D 
TONS CE"ENT PA~OU(F.O 
TO~S CEMENT PRO~UC!O 
TONS Ct•tNT ,~OOUC£0 
TONS C!~ENT ~~OOUCEO 

8•RR!L5,CENENT·~~ODucr~ 
IA~RrLS CEHENT 'p~QOUCtn 
TeNS CE•tNT ,R~DUCro 
TONS cr•ENT PRODUCED 
To~s cr•tNT P~nnucto 
TciNS C[H!NT PP,OUCfO 

TONS INPUT TO PWDCEtS 
TONS, H>•ut TO ••OCtU 
To~S IN,UT TO PPOCfSS 
TONS PRn~UCEO 

TONS FI~ISHEO OROOUcT 
'TONS f'I~ISHEO.•~OOUCT 
TONS rt~IS~£~ OIOCU(T 
TONS ,.Rt>DuCtD 

TON$ (DAL Cllll£1) 
TONS COAl, 0~1[~ 
TQ~S COAL 0"1~~ 
TO~S COAL CL!A~£~ 

ru~lr YARO, co~Cft!T~ ~·~ouern 
D• TO~~ P~~OUCT 
~. TON! ... RO~UCT 

"' 

- TONS """DUCT-

TON' Hnn 1 A~ .•. ,.ocruro 
TONS ltiT!RilL ooioctn!O 
TO~,_MAT!RilL ••OC!!!lO 
.TONS MATUI·&L I'ROCUtl!n 
TONS HtTt~rAL ••ocf!·£~ 
_Tolls ,~ocnn~ 

.TONS ·CHAIIU 

.TONS CMUC!II 

ToNs ·~Ass ·~ooucro 
T'oNS ••ocuno 
ToNS I'II;OC!SU' 
TONS I'•~C!U!Q 
T.OIIS I'W"OUCfO 

TOllS "'•oUtiNI'U T 
TONS TH~CIUG~I'~T 
TOllS TN~CIUIWOUT 
TONt TH.OUGNOUT 
TONS TH•OUGH .. uT· 

TONS "'OCUUO 
ToNs ,•ocnn~ 
TON!! """CESS!O 
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If • ' I D ~ ~ r • ' ' I 0 ~ fl • • • s • ' , r " s 0 II ~ c c l ' I , I c • ' I D M c 0 ~ r. ' ( , 0 u N ~ s ~ I 0 • r • u " I , 
··~· 

so• ~u 10( ((I II N I T S 

I~OUST~Jll ••~cr~ •"INE~&~ 'ftO,uCTS 

•·······•··•·••·· ...........•...•. 
ll Ht •rG CONTINUE II 

)•D'So•DU•~• CaLCINNG••OT•~IL~ 200. TONS ·IIIIOCU!Ifll 

l•OS•Ili6•~S caLCJHUIC ~ILN TONS ••nCE;S'IfD 

l•OS•Oil•tl' rLUIOIZtl •t:l CILN TON !I ••ocrnro 
l•OS•D 16•09 HTDftUO• TONS OITOIUTED LINt ••O!'!'UCr" 

3•01!.•0U•9• OTHE./N~T CLlSJrD TONS ,RftCUUD 

•I NEUL IIDOL 

3·0!1•017•01 CUI'OLl zz.o OoO!, -TONS (HIIIG! 

3•0!1•0 """2 •rvua '"c SoOO TOllS CHAIIGiE 

3•05•017·~3 BLOII CM&"B£• u.o ToNS CHUG! 

3•05•017·0• CuiiiiiG · ovrot OoDD TOll!< CNUIG! 

l•OS•017o.,S· COOLU 2oDG ToNS (HAAG! 

3•05•017• .. OTN!IIINOT CL15lr~ TON !I '"~CI!siED 

· •tRLJT[ "'G 

3·~!<-ni••OI VERTIC&~ rNC G£N ZloO "TONS CMARI$! 

l•Os•OI~·U ~THEP/N~T CLASIPO 
toNS PllnCE~SEO 

JMOS,.NAT[ MC~ 

3•0s•n••~ot ORYING I·SoO TOllS "IIO!II'II&T! ROcll 

JoO!;•OI,hOZ GRINDING zo.o TONS '"~'""'" 
~0(11 

)•0!1•0 .. •0] TRA~S,£11/STOIIAGE ZollO TGN! I'MDSpM&T! ·•o~oc 

loDS•CJI •·o• D"EN STOIIIG!. fU"t.D TONS PMnSPIIITE RO~II 

1oos~o I •~" o1ME .. /N"T CU5JFO 
TONS •Roenno 

STO~C QUA~•IPROC 

3-05•"20·01 ,.,MAllY CRUSHING o.so Oo Oo o. (h TON' ...... MATERIA~ 
3-05~02~•02 SEC CIIUSMISC.E!N h50 Oo Do D, C• TONS ""' MATEIIUL 

3o0'S.,020•03 T!RT CIIUSH/SC~EE• •• oo Do Do o, (h ,QNS 'RAW MATERUL 

l•OS•OZO•D• RECIIUSMISCR!!NIN~ 5.00 !lo "' 0, o. ToNs IIAW IIAT!IIUL 

l•0$•020•05 fiNES HJLI. •• oo "· 0• G, Do TONS lUll HATERU~ 

3-05•020•06 SCREF.N/CONYT/HNOL ZoCID o, Oo o, o. TONS I'RODUCT 

]•05•02~·07 O'!" STOUGE IOoD Do II• 0, D• TONS ""oDUCT STOIISII 

3•rs•02C•OI CUT STD~!•Gt:"!~IL "· D• Do' o. ·TONS 'RI'ICUS!D 

l•OS•OZO•Ot RLaSTIMG•GEIIERAL G. II• o. o. TONS I'AOCUS!D 

l•O!I•DlO•U oT~ERINOT C~AStro 
TONS I'ROCC59EO 

( 
SALT ~I>II~G 

)•05•021•01 G£"£UL "· TOllS tiiNI':D 

P0TA$M ·~OOUCTJON 

lo0S•II21•01 "IIIE•GqJND/OU o, TONS OAt! 

31·0~ .. .,2~-·· OTH_UINOT CLAS"O 
TOllS I'ROCI!'SSED 

(ALCIUII RD•nr 

!•05•023•111 "IIIING/~·OCESSI"G 
o. TONS .,RODUCO 

loOS•OZ)•n OTH[R/NOT CL&SI,O TONS I'IIOCUSI!'D 

IIG (liUOMITE 

l-OS•020.01 NINE/JAOCE$5 Oo TONS PIIOOUCT 

J.,O,S•DI••'' oTHE"'""' CLAStro 
TONS I'IOCt:nED 

S&llrofGUVEl 

"l•OS•OZ$•1JI CRUSHINGISCIIEEM "·'" o. D• Oo o. TOllS I'IIODUCT 

3-~s·nn·•• OTMEII/IIOT CI.ASI"O 
TONS I'RIIC!SSEO 

OJAToM&enusru,. 

J•OS•OU•QI H~NDI.ING "· o. o. Co TONS PRODUCT 

l•D!i•OI,•CJI' Ohtrii/NOT CLlS"O 
TONS I'RDCl5S!I) 

CERAMIC EI.HT PTS 

3•05•~311•" OTHER/NOT CLUIFO 
TONS PII!ICUSEO 

ISBUTOS NJMING 

l•ll5•0l ,.~ l suRrACE BLASTING o. o. o. 0• TONS Of' Dill! 

3•DS•03J•01 SUR,.Ct OIIILLIIIG n, o. o. "' TONS Of' 011! 

3•05•031•03 (OSSlNG o. Oo o, tl• TONS or 011! 

)•05•031•0• ~Oil:> lNG ... II• o. flo ToN! 0, Oil! 

3•t!S•0 31•05 COIIVrT/HAU~ as on o. Do Oo Go TONS "" ou 

3-os~~~l·!l• co"v"""'~L w•s't .,, o. II, (h TOllS 0' ORt: 

)•05•0l!~ry7 UNI,O&OI"!i G. Do o. ,0 TON' or oRE 

lo05•0l!•OO STIII•~I"G II, 0• !1. Oo TONS RE"OV!D 

)•n!I•Dlt•o• vt .. YIUTJIII o, Oo o. !I• TOll! o,. ou 
3•05•0 ll•lll STO(~PILI"' Oo 0• 1!. llo TONS or ou· 

-- ---·-- 3•01'1•'''·11 Ul~INGS "· 0• o. !lo fillS or HUUtal. 

·)•OS•~l J•U n110EII/~IIT CLI~,D 
ToNS I'RIICESUD 

... l"~ICIT£5 twr osw coNTt"' o ·• s• III~ICATU TI'E SUVUR I:IINft:ltT '" TilE rutl. h A 'tiiCr."' ~ISIS tliT W(IGIITI 

( 
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••• D ~. 1.. £ " 0 ., 0 • • • $ • s ' r . 5 0 II R ·c e •. s c . • ·, I ~ " c 0 ~ f 5 
~ U N ~ s £ • p £ . U N I T 

PART sor 
-~· •c en U N I t s INOUSTI'IAL ~ROC£5 ••IN[OAL PRODUCtS 

••········•··•••• ···~············· 
•SR"ITOS MILLING 

:1 .. ~~-ol1··'• C~U$HING o, 0• o; ~· TONS , • .,C[SS£0 Jo~n~~on~o: o~:• f~>~.ii o, o. o, ~. TONS PRIIC£55£0 3~~~·031•0) ·~CRUSH,ING "· 0· o: n, TONS PRncuuo l•t"S•~li.•Ofll SCUENING o, o. o; n. TONS PROC£55EO 3~05•tJ2•nS r IBEI! I Z1 NG ~. ~. o. "' TON$ ~R~C(SStn 3~C~·DH•06 UUING n, n. o. ~. TCINS Po~etssto 3·0S•03Z•" OTHr•tNoT tUSFO 
TON~ PRnt~SS!O 

"I HI NGoSP[C ""L 

3·05·~•0·~1 OP£11 PIT•BLASTING o, o. o; ~h.· TONS "' HUE~IAL 3-05•0•0•01 OPEN 'I T•ORI LL•I NG o, (1, 'o, o:o. TONS or HAT£OiaL l•OS•0•0•03 OPEN ~,IT•COU I NG o, o. o; '1; TONS or "ATFR JAL l•OS•o•o·rn UNOEoGRO•VEHTILAT o, n, o; n, TONS or Hnur•~ 3·1'5•0~0~20 LOADING ['t, o. n; "• T0"5 fiF HU£~1&~ l•CIS .. o4e.zl COHVEfiHAO~ MATL o, o. ~'! "• TON~ 0' HU£RIAL l•OS•D40•22 CDNVfTIN&UL WASTE "• o. o, o: TO~, or HAT£111'1. J•OS•o•o-u , U~~O&CIING 'lo o. n; n; TONS or H&T£11 I AI. lo0S•0•0•24 STRIP~JNG "· .,, o; a. TONS OF· HlT£RJAL hOS•o•o-n STOC~PILF o, o. o; 0• TONS 0~ HATEIII&L 3oOS•O•fi•JO PRIMARY CRUSNU o, l'o ['t; 
"' TONS OF HAT[IIIAL 3o0S•O•n•31 SECONDARY CRU~NER o, o. n; o; TONS OF HATEIII&L J•OS•O•o~U ORE CDNCEHT~ATOII 1), "' .o. n~· TONS 0, HUEIIIAL J•OS•o•o-u 0~1( lliiYrll "· o. o; o. "TONS or HUU!AL ,.,os·o•o•H SC•EENJNG o. o. o; o; .TONS or HATriiiAL J~O~·o•o-3• UILIN·5 PILES o, n. o; o; .. TON3 OF ~&Ttl! UL J•os··o•o~n ~TNEIIINOT CLASIFD 

TON~ or HATtiH&L 
OTNEIIINOT CL&SJFO 

!I·0~•999~~o09 SP!Cir¥ IN R!MU~ 
TONS P'IIOOUCT 

I•OUSTIIJAL, P~OCE$ •PUII~LEU~ 1'1011¥ 
·········~~·~··~· ...... , .•........ 

P•OC.£55 HEATE.il 

3·06•DIIi•'nl OIL, e'fo. ,,nn. s z,•on. ..o. o. 1.ooo au~ns OIL ~u~ .. [~ 3-06•001•~2 ;lS. OoOI OoR3 s o.u o,o, o. IODD Cuarc 'E!T 6&$ ~~~~[~ 3·06•00 I•!IS. 01~ zo.o r•o. 5 ...o ,,,. 
D• lOCO G&L~O .. S OIL "u,..,.ro s-o•~nor-o• GAS zo.o no. s uo. so,o o. "ILLION CU&IC ~tET BU.ON[O 

( tLUID to&trERS 

loO,•I!OZ•OI ~ENUAL IF CCI. 2ttZ. . .,. "•0 22n. U,?oo, 1000 IAOR[LS iR~S~ r!E' 
~OV•BEO CAT•ell&(~ 

s~DA•003•1!1 C[NEOIAL ITCCI ,,,o 6floCI 5•00 87.~ J,eoo. 1000 IA~R!~! r•tSw F!ED 
SLOW•DOWN SYST• 

3•06•00"t!!""l llfCO,.TIIoLS o, ~. o. s.oo Do 1000 IUII!LS ~EriNtn Ca~aCifT )o06•00••02 lifO CONTROLS o. o. 0• soo. o. 1000 UU[~' R[FIN!n CA~&eJTT 
PIIOf[$5 OIIAI~S 

3o06•QOS~ol GEN W"ONTROL o. "· D• loOO Oo· 100" ftlltR[~S w•Ht wnu 3.116•D0!•02 erN HID CONTROL o. o, 0• rro. n. IOIJO URII[LS wAST! wanot 
V&cUUIO JfTS 

J•OA•On6•0I WfCONTfiOI, o, o. o. o, o. 10110 UU!!,S vocuu .. olniL~lTIO l•D••DD6•02 lifO CDNTIIOL o. "• o. I so, o. 1000 IUR[L! VACUuw OlliTILLATIO 
CCOLI"G TOWERS 

s.o,•on7-nr o, o. 0• 6oDO .,, 
IOIL~ION GALLON' COOLING WAT£11 

HISCEI.LAN!IIUS 

,.a ... oo~-o~ PIP'E/YlLVE•FLlNGt o. o, ~. u.~ .,, lOIII'> uuns UFI~t•Y C&~ACIT' 3•06•0Dh02 VtSL -E~IEF Vli,U( o, o, D· lloO o. 1000 eu~n• R"INUT cvac1n J•Q6•110h03 PUM~ SULS o, ~. o. ,,,o o. lo~n ~•••n~ otrrJNUY ~•••ern :t-D6•ooa·o• co .. •llru stiLS o, o, Ch s.oo "' to"O eu•n~ nn·•~•T ca•tcnT 3•06•0o~~os OTMU~GE"L o, ~. o. IOoO .,, 10011 UPQtL' u""u' ca•acrn 
YLA•rs 

J•ri•·oo••ol ~ATUIIA~ GAl .,, 
~·IHICINS "'" cuuc P'UT hiU•MOh" OTMEOINQT CLASJrD 
MJUIO"S oP' CU~IC rr~T 

SLUIIG( CO .. VE"Tt.P 

J•~6•fliP•"I GE~EI!aL 
ToNS ••ocnu~ 
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N & T I 0 .. L " I ' 9 I 0 N 0 ' T l 5T~T£M 
s 0 u " (' c ' ~ I , I ( . ' I Q N e o ~ r s 

" 0 u ~ n s " 
, 0 " E R u .. I ' ,...,, 

I~O~s••I•L ••CCES ••Ef•nLEU" I~OIIY 
sox Nox H( co U " I T S 

·················· ., ............... 
iS•waLT 0110.~£· 

,..,,.,., .. , ... , Gh£1'1L TO tiS '"'0CE$5EO 
hO••:II•U o•ootiiiNCT CLASirO TO 'IS l'IIOC£SSED 

·~··10 Ct'~l~ll 

l-O··~Ihl)l GE'JEUL Uh 1000 IIIIIIELS "'''" re:r" 
hO••~IZ•e2 COOLI"G Dl'£11 IODO UUELt; tRI!'SII HE'! 
l•h•"Z•~l 'IIAfOSI'OMTITIOtl lt;JOCI I>APII!LS r•rs" rU!I 
'·O•·~•z-~· STOUGE IDfl!l IUII[L, "II!SH FU'l 

c••••••lc •r•e~~ 

J•O••!"'IJ-OI G[t~EUL IOftO 1-IIIIELS riiiSH rr.r~ 

~'·~''":' CLl51'n 

!•06••••...,•-. SI'!CI" '" llr•••• TONS I'IIOCEUt:D 
'·0•······· SI'£CI" '" •r•••• BAIIIILS•I'IIOC!SS!O 

:~'"''"••• ••ot(~ •"000 "tOOUCTS 
••••••••••••••••• ••••••••••••••••• 

SUL' ur 0 ULI'~G 

, . ., .. ,.,,.,. ILOWTNI ICCU•ULTII Do Oo t'o IIII•DIIT TONS. "i"'"'; '"" l•07•~01•02' oUWOSf$(11!£~$ D. o, 0• .III•DIU TONS Ull LUC~{D 1'111.1' 
JwD7·~~ f•Cl "ULTorr•ec• rval' Do llo "• ., .. .,., TO .. , UN L~ACHE" l'uLt 
, ... e,~~01•0• ~tCVT R~LII/n(IVI~ l!iolo SoliD •.Ool' llhDIU TOllS U'l I.UCIIED I'ULP 
)•07•,01·0~ S~ELT DJ!ISOLV TNK 7oDD o, ~0 AlhOIU TONS uN uewrt> ·"uL" 
)oOh:O I•~' ~I~E IILN5 •s.o l'o aDoo a I hOllY TONS U'l LIAC:NU I'UJ.I' 
,..,,.~,. •tt7 TUIII'ENTJtl~ CONOSII o. Oo Do liii•I'IIY TOllS UN Ul(I'EII 1'111.1'· 
'•07•e,. -~• FLIIIOII~O CALCINEII ,,,., Do o. AIII•Ditl TO IllS iii\IILUCH!D I'UV 
)•07ot'OI•C' LI~UOII OXION TOWII llhDIIT TOOlS UIIIIIU•cwtP l'uV 
l•O,•QCI••• o•wE~IN~T CJ.&5Jrl' IJII•DIIY TONS UIJ!IU:ac,.!ll I'UV 

s·.;~riTr tUL'I~~ 

s.oT-•Oz·~• L UUOII •tCOVEIIT llhi'IIY tONS UNIJLIICOIED I'UI.I' , • .,,.~n-oz 5ULriT( TO.,!II IIII•DIIY ,., ... UN!IILUC"ED l'uL" 
l•07··~'7•C) DIGESTU Oo IIII•DIIY· TO .. S uNI!ILI!ICNf'l I'UV 
3•07•")'f•Ott s~n• "~c o, &JhDIIY TONS UNILIACNEO I'UL" 
h07•~'Z•eS fH'I'IIITOII!I Oo IIII•OIIT TOtiS U118LEACKE0 "uL.• 
3·07·,~1-~6 I'ULI DI~!STI!R r, TO"S 1111 DIIT ;.u~" 
J•O,,•e'r••• OTH!.INOT CLASI'D Tt>IIS a I'~ ·oilY ........ 

•-L•-eo••=- "''' 
J•O'•Ae•-ea IIOUIQAIID•Q!II Do TON !I P'IIII!III!'D l'IIIIIDUCT 
,.o,.e,•-~7 rt ~U~OUO•G£11 do6!1 TO"' riUSIIED .. IIODUCr ,.o,., •.•• OTIItN/NoT t~AStro TOOlS ,. .. ,s~u l'lt00UC1' 

••rssu•! '"~'''~G 

J•C'"•:P!t•OI c~~o~o'r TOllS or NOOD jw£AT!D 
3•07•,, ... OTH~II~CT c~as trt' TOllS or NOOD Tlle!Uf-D 

.. "LOILI"'II• 

J•C7•!106•!11 4~~tiAL TONS or I'IIDDUCT 

•L¥~ooe,•••,~o•-D 

J•_,.,..,.':I:U•"I vtt~UI onr• Oo Oo lo ,, lh TOllS I'IIOCUUO 
, .. .,,.,07•01 SAIIDIIIG Do o, o, Oo ToNs ""ocrsuo 
)•0'·""~'··· ~THU/Ngt cusrro TONS .. IOCU'IrD 

S•o•ILL ''''''•5 

3-0h., .... DT .. '.O/NOT CLISirO TOllS I'IIOCI!:SS!D 

P•C"~SI~• •rG 

J•07•':"!'Jt••• &TNFIIINOT CLAStrO TONS I'IIOCES!I!D 

:e•• oooctur•G 

'•t'f•"ll., ..... llf.N!IIIJOT cusrro· TO"' ""OC£SUD 

• •••!Tv•r ~ra 

l.r'•"'2'••• oT•F.IINOT cusrro TONS I'IOCEUED 

~'~''''~· CL•It'D 

,.e.,·•••·•• ~l'UI" '" •r~uc TOllS l'IOCUSED 
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IN~U5TAIIL PAD([$ •M[TAL r&~OIC•TIO~ 

••••••••••••••m•• ••••••A•••••••••• 

l·O••O,I•OI MISC HAoDw&O£ 
)•09•001•02 FA~" HAC~INfAT 
3•09•001•99 OTHEAIN~T CL451FO 

M.I(HJNING OPE'A' 

l•O"'-olo-nr 
l•D9•0l0•02 
l•DhOlO•Ol 
3-0•·~lo-o• 
l•D•·OlO•OS 
l•09•0l0·06 
l•D9•0l0•99 

OPIL~ING•SP "'TL 
,.MI~~ING•SP ••TL 

AE&HING.SP HATL 
GAINOING•SP HATL 
51\IING•SP HITL 
HONING•SP HITL 
OTfoftR•SP PU TL 

INDUSTRIAL PAOCt5 •LEIT~ER PRODUCTS 
, ........ ,..... .. . . .. . ............... . 

~TH~R/NOT CL&~JFO 

l•20•990·•9 ·SP~~IFT IN AfHAA< 

IN~USTAIIL P~DC[S •TErTILt HFG 
··········~······ .•.•.•........... 

l•lO•DOI•OI tARN PA[PI8LEACH 
3•~0·001•02 PRINTING 
3•30~001·90 OTHERIN"T SP£CIFD 

l•ln·D~2•DI 

l•lti•OD2•02 
lol0•002•0J 
l•l0•002•99 

IHPOFGN•TION 
wn· COATING 
HOT MELT CDATING 
OTH(~/NOT SPECIFO 

CARPET OPUITNS 

INOUST~IAL PRortS •INPRoCtsS FU[l 
•••••a••••••••••• ••••••••••••••••• 

3-lli'0•002•01 
)·•0•002·03 
l••o·n02·o~ 
lo•0-~02•06 
~-'90•002•07 

l-•n-oot·o~ 
3-•o-ooz·o• 
l-90 ... 002·•• 

OE$IOU&L OIL 

C-20 

l·•o·M~·nl 
3"''90•I'ln ... o,. 
3-~o"'o"~·ol 
lw,O•I'1011,.0,. 
3-•o-oo•-ns 
:h·V0•00"'•06 
-'-'~o-no•·~,. 
l•'90•~011•()A 

3w't"•OO'I .. Qt 
J••O•tiOII•In 
'-"O•DO••II 
)~9[1·~011•30 

CE"E~T <ILMIOATER 
tiM! KILN 
<&OLIN •ILN 
eRIC~ KILNIORT 
1\TI'SUH <ILNIETC 
CO&L ORy[RS 
ROCK/GRAVEL ORTER 
OTHER/NOT CLISirn 

ASPHALT OATEA 
CEMENT •ILNIOATER 
LIME "IL" 
•&nLIN <ILN 
'H[T&l MELTING 
~·JC• K ILN/ORT 
GYPSIIH •ILNIETC 
GlAH ruRNICE 
POC<,GR&V£L OAT£0 
rRI T 5HF.l TEA 
PUL JTE FURN&C£ 
rt[O/GR&IN ORTING 

P D U ~ 0 

P.UH 

o, 

Oo 
o, 
Oo 
o, 
o. 
o, 
Oo 
o. 

Oo 
o. 
o. 
o, 
o. 
Do 
0, 
o, 
o. 
o, 
o, 
o. 

L 
c 

" I 5 S 
I 5 I 

0, 
o. 

Do 
flo 
o. 
Oo 
Do 
o, 

o, 

o. 
n. 
0, 

"o o, 
llo 
n, 
n, 

"· o, 
n, 
n, 
o, 
o. 
Do 
n, 
no 
o, 
Do 
o. 

0 " 0 • T'. 
I C A t I 0 N 

n • r· • u ·,. 1 t 
N~X MC 

o. 
Do 

o. 
Do 
o. 
o. 
Do 
Oo 

Oo 

o. 
o. 
o. 
Oo 
o. 
Oo 
Oo 
Oo 

o. 
Oo 
Oo 
o. 
o. 
Oo 
0· 
n. 
.n, 
Oo 
Oo 
Oo 

o, 
0, 
0, 
Do 
o, 
o, 

o. 

o, 
o, 
o, 
o, 
Do 
o. 
o, 
a, 

o, 
o. 
0~ 
o, 
o, 
o, 
o, 
tl, 
Do 
no 
Do 
o, 

EMISSION FACTORS 

co ~ I T 5. 

"• TCNS Or PRODUCT 
TONS or PRO~UCT 
TON~ PROCE'S~EO 

"• 
"' no 
~0 

Oo 

"' 

"• 0· 
o. 
"o 
Oo 
o. 
o. 

"' 

"· 0• 
no 
Oo 
0• 
Oo 
~. 

o. 
Oo .... 
"0 o. 

TONS PROCES~E~ 
TONS PR!IC£$5(0 
TON$ P~OCES!£0 
TON5 PROC£59£0 
TONS Ponct~'1ED 
ToNs" P~ncuno 
TONS POOC£551!:0 

TONS I'RnCt!SI!:D. 

TONS PROCt!nfD 
·TolirS PAOC£55tD 
TON<; PR!ICES•Fo 

TON$ PAOC£55£0 
TONS PPOCESSEO 
ToNS PR!IC£!1$!0 
TONS PROC£55!0 

TONS I'AOC£55£0 

toNs eu••ro 
TONS 8UO~tO 
TONS 8UONED 
TONS.BUI'NEO 
TONS 8UO'I£0 
TON! BURNED 
TON! BURNED 
TO'IS 8URN£0 

1000 GILLO~S BURNED 
IOOO GILLON! BURN£n 
1000 GILLON! BURN!~ 
1000 GILLO'I! BURN£0 
1ooo G&L~ON' euoNtD 
IOOD GI~LO'I! ~UoN£D 
1000 GALLON! BURNED 
1000 GILLO'IS BURNED 
1000 GALLON! 8UI'NED 
1000 G&L~ON! ~UoNtO 
1000 GALLON~ 8URN£0 
lOtiO GILLON! eu~N!O 
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.. ' " ~ ~ E " I ' ' I 0 • !,1 l ' l s . ' T r. ~ 

5 ,. ~ c c L • s s I , I c ' ' I 0 N c 0 ,. £ s 
/ 

( 
, 0 u .. n s £ • D ~ £ A \1 h I • 

UAT ,. ..,. •c co u .. I ' s 
INDU!TRIIL ~ROC£~ •I NPPOCns run 

············•···· ············~···· 
~UIDUlL OIL COIIfi'IU[~ • l••li•OD•-31 tOOD•OAYICOOKIETC o, o, o. o. o, 1000 GILL·O'OS PUDN£r' 

)otO;.OD•·U FERTILIZE" ORfi'IG !1, "· "' ~. ,, 100~ G•LLO'OS &UO'I£11 

~-•o·o~•·so PULPaoaoo•o••E•s o. o. o. ~. o. 1000 GALLO 'I, ~~~·~~~~ 

l••o•oO•·~I PLTWDDO•D~TCO, o, o, o. ~. D• 1000 GILLO'IS aulill!l:' 

,.,o-oo•-sz PUV•RECDV ROlLI' o, o. 0• o, ~. 1000 GILLO•S f.lt"IP!t'£0: 

3-•o•oo•·n OTN~O/N~f·Cl&SirD o. Oo o. Do II• 1000 GILLO•S ~u·••r:i 

IIISTILLHE OIL 

)otO•OIIS•III &SI'IUlT OR¥U Oo o. 0• Oo Ito 10011 GllLO .. S l'UqN[D 

lote•OIIS•O~ C(~ENT •ILNIDRTEo o, o. 0• o. ~. loon GAlLO'<~ euur~:> 

,.,o.;oos~a; LIOiE liL~ o, o, o. o, o. I DOD CI~LON~ ~~~~-!!:> 

3•.t~•nOS•t'• UOLIN KILN o, ~0 Oo no ... ID~O GALLON~ ~"~"~~'. 

,.,o-aos~os METAL "EL'I~G Do o, 0• o. !lo 1000 G·I~LONI ~U~ItlO 

)•~0·005•04 ARJ(• KILN/OU o. (I; o. o, "' loon GILLO~~ "UO"[O 

lo00•005•07 G¥1'5UM KILN/ETC o. Do o. Do Oo 1000 G.AUON5 I'U~IIEO 

,.,1)•00~·111 GLASS rui'"HE 0·. Do 0• o, o. loon 6Ali.ONS euoN!O 

)•00•005•0• AOCKIGOIY£L ORYEO o, .,, Do o. ~. 1000 GALI.OM~ ~uliNE~ 

).to•IIO~•ICI rRJT SMELTro Oo o. ~· o, o • loon G'lLOoo~ auuro 

3•to•OOS•II l''rRI.ITE 'UUICE o, .,, 0· o. o. 1000 GAlLONS auur'l 

)•tD•!I~~·3c> rEED/GRaiN DATING o. "· o. o. (lo 100(1 GILI.ON9 !UO"[:I 

l-'0•005•31 FOOD•OOT/COOKIETC o. n, Oo o, "' loon GALLOOI~ ,uRN~ De 

3•fO•DOS•3J r!RfiLIJ!O DRYING o. o. Oo o. Do IDOl! GAlLONS &UDN!O 

3•to•OOS•Sn I'UL~IOAoO•DOyEAS llo o, 0· o. o. 1000 GALLONS- ~URNro 

l•fO•OIIS•SI PL vwnoo~o•..:n Do n. o. Do no I DOD GILi.ONS ~U~NEO 

)•t0•00~~52 PUti'•O~(OV POIL!R o. ~. o. Oo llo looo G•lLDN~ 9U~II£' 

l•tO•OOS•n QfH£•/MOT CLA$1ro o. o. o. ~. Oo 10011 t;&LL0"9 ~UPN!II 

NATUUL <;AS 

:!··~·006•01 &SPfi&LT o••u Do ~. Oo o, 0• MILLIO~ cueri: F"EIET l•J•~!o 

lot0•006•02 C!M!"f ~II.NIORY!R o. (1., Oo Oo (!. Ml~liON CUOIC J'['U au••ro 

:!~90•006•03 LIM£ KILN o. "• o. o. ... "ILL ION cu~~c rrn PUON~O 
)•tO•OO•·o~ ~AOLIN liLN o, o. 0· Oo I'• MILLIO'I CU91C rru euhro 

:!••0•006•09 METAL MrL fl NG o,. o, 0• Do "' IIILLI'CI" CuAIC rrE• ~UR'IFO 

)••0•006•0• ~OIC< KILNIIIU$ o. o. Oo o. "' II·I~L··ION Cu"C rrn punro 

:!•tD•OD.•(I7 GYI'~l•M ULN ETC o. 0, o. o. no iiiLLION cu~.rc 
,,., RUR'IEO 

l•tO•D06•01 GLI5S ru~NHE o, o. "' o. 0· ~ILLIO'f cue1e rrn· ~UR'I!D 

:!•tO•oo•·o• ROC•IGO.Y[L OR'E~ o, o. 0• Do n. MILLIC't'l CU81C r~n e•JRMto 

:!•90•006•111 rRif SM!LH• ·o, o. o. Do o. MILLION CU81C ttET ••JA' 11't0 

3·•0•006•11 PERl. I TE 'U~'IACE o. Oo 0• o. C'to MILL I C .. CU91C r!!FT eu•'~fO 

( 
:!•tO•OO,•lO rEF.O/GOAIN OftTING o, n. o. o, "' "ILL ION CU! I C rrtT· eu•--J~' 

,.,0•006•31 FOOO•OOy/CD"KIETC o. !1, Oo o, ~. ~ILL I~" (U•It ·~H ~u•~co 

3·9('1•00~-3-2 rEOTILIZEO DRfiNG o. o, Do o. n·, ~ILLI0" CUBit r~u •u•~r:~ 

3•f0•006oSO ~UL~•OA•~•Dty!RS Do ~. o. o. . o. - ~IL~IO~ ~U91C •tn llll,.!'l'lll£0 

~-•o•o!l,··s 1 PLTWODOoDOfUS o, ~. o. o. n. MILLIO'I Cu·~ IC ·~n eu• .. r~ 

)•t0•006•5% P~(~.Rt:COY ~OILER o, o, "' Oo n. •·tlll0" tu~l~ ~fl" O•Jt~CII 

, .• n.oa•·•• OT~ft/N~T CLlSirD Do Oo 0• no o. MllLIO" cu~•e· ,,!'!' •"'•Nr~ 

I'AQCES$ ~AS 

1·00•007•01 CO/"LAST ruoN&Ct o, Oo Oo o,. o. "ILll'" CUBIC rrn •u•.,ro 

J•tO•II07~D~ (Oll DYr" GAS o, no (1, o, n. HILL·In'l CV&IC rru ~VR'I!t) 

J·•o•007•" OTMERIN~T n•SI•~ o, o, o. o. n. MILLION · ~UB..C .. ,u •u .. r~ 

COlE 

1•t0•008·01 HINEtAL WOOL tURN o. .,, o. Oo 0· TO~!I ·eu•NEO 

)•00•00~·" OT!<UINof CLUirO Do 'o, 0• o, "' To~s 

wooo 

J.~•o-ao'"" OTHfiiiN!IT CcAStrO o. Oo o. o. "• ToNS BUON£0 

L IQ PrY c;&$ IVGI 

3••n-ol"••• DTM£0/NOT CLAS I'D o, o, .,. Do o • 1000 GAI.LO .. ~·ouRN[~ 

OTHI!;RI'IOT na51ro 

, .... " .. ,,,_,, 5P[( I" I" •t••·~ o. o. Oo o, o. ~ILLIDN CU,IC reEf ~u••EO 

;.,c••••·•" 5"ECI" IN R[HU~ o, o, o. 0, n. I oen GALLO.,~ eU,tlo£~ 

s-•o·•"·n SI'ECirT IN •c·u~ o·, o. .,. "· Do TONS !UONfO 

I,'IOII~i'OI&L 1'0(1([5 ~OftoEOIN.,. CU9trO 
................. ................. 

VHI" ~~ ArfiUPl' 

, ........... T~N· PO~CU<l~ 
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~ • 0 N A l E " ~ s ~ ~ D l T A s , s ' r " 
5 0 II It ( E c l A , I I . ' I n ~ C D ~ E ~ 

,. 0 U N 5 t " I ' 0 ,. £ R u N I T .... , $111 NO. .. , co II .. I T 'I POINT SC [VIP •CLEANING SOLVENT 
••a•••••••••••a•• ·······•········· 

DRHLEA .. ING 

•·OI•MI•OI P[RC~lOR[TMYLENE 
-, c. "· Oo uo. "• TollS CLIITM[S CLEA'I£0 

•·!11•001~02 STODDARD o. llo Do lOS. Oo TOllS CLOTHES CI.EANEI' ••ol•oot•n SPEC"T SOLVENT TON'! CLIITNU ClEhEO 
DEGREASitlG 

··01•!107•!11 STOIIDIRD o. o. o. o. TONS SOLVE!IT uno· 
•-o 1 •oOl•02 TRICHLOROUMANE TON !I SOLV£tlT U'SU ••OI•OOZ•O] PEACMLOPOET"TlENE TONS SOLVENT usro •-or-ooz-o• M[T .. TLENE CMLIIRQE TOllS SOLVE•If un11 
··01•002-~!1 TRICHLOROETHYLENE TONS SOt. VENT usu ··01•002•0• TOJ.UiiN£ toNs SOLVENT USED ••OI•n02•U O.THUINOT CLIS"Il toNs ·SOLVENT USED 

OTHtRINOT CLISI'D 

~-OJ•U9•U SI'ECI'V I~ ~EMU~ TONS SOLVENT USF.II 
'OVIT se· tVA'" •SUR,A(E con ltiG ..... ~ ....•....... ················· 

"I NT 

•·02•001•01 GENE~AL o. o, o. lol~o. n. To"s COATING 
•·02•001""' ACETONE 2oDDoo TONS SOLVENT, IN COATING 
0.0~•001•03 UHT~ AcETATE t,ooo. TONS SOLVENT IN COATIIICI ••t't•(IOI•Q• HU 2,ooo. TONS SCILVtro!T '" COATING •·t'2•001•05 TOLUENE z,ooo. TON$ SOLVENT IN CO I TIN• ••02•001•H SOLVENT GENEIUL 2.aao. TollS SOLVE liT IN COATI till 

.VAR~ISMISHELLAC 

o•02•003•QI G!NUAL 1,ooo. TONS COATING 
•-6t•D03•0Z ACETONE a,ooo. TOllS SOLVENT IN COif lNG. ·-02•003•0] ETHTL ACETATE z,ooo. TONS SOLVENT IN COlT lNG 
••oz•OOJ•n• TOLUENE z,ooo. TONS 50LY£NT IN CO&fJNG •·02•00]•0!1 HLEN! ZoDIIOo TONS SOLVENT IN COUINII 
••02•003•9• SOlVENT GENE~lL t,ooo. ToN'! SOLYE,.T IN COAfJNG 

LAQU(R 

o•Oz•OOo•ol GENUAL .•• s.o. TONS COATIIIG 
··02•00••07 ACETONE z,ooo. TONS SOLVENT IN CoATtN5 ( •-oz•oo•'-o3 ETHTL lctTlTE z,ooo. TONS SOLVENT IN Ct'UINI: ••Ot•OOo·O• ISOI'~O,TL ALCOHOL 2,ooo. TO"!! SOLVEIIT ·IN COATI Nil 
•·02•000·0~ HE~ z,ooo. '~'"' SOLY£NT Ill CD A TIN& 
•·~t·oooi-o6 TOLUEN~ z,ooo. TONS SOLVENT Ill COATING •-oz-oo••o7 IYLI!N£ 2o000o TOllS SOL yti'(T IN COATING 
·-(11•00'1•99 5QLV~NT GENE~AL t,ooo. TONS SOLVENT IN COATING 

[NAN[L 

0•02•005•01 GENEUL o. o. o. ••o. "' TOllS COITiotG 
•·02•00~·02 t:£LLnso~ vr •CETAT t,oao. TONS SOLVENT IN COATING O•OZ•oOS•OJ HEX z,ooo. TOllS SOLVENT Ill COATI HI' 
'~""Ol•C'I-O~•OIIf TOLIIENE r.aoo. TOllS SOLV~NT IN COATJIIG ••Ot•OOS•OS JVLENE z,ooo. TONS SOLVENT IN COATING •·02•005•99 SOLVENT GENERAL z,ooo. TONS SOLVENT Ill COlt lNG 

~·I~£• 

•-oz~oo6-ol GENERAL loJ20o ToNS COATING 
••D2•M6•02. NAPHTIU z,ooo. TONS SOLV£,.T .. , COl? lNG ••02•006•0) ITL!NE 2o00IIo TONS SOlVENT '" CoAT lNG •-oz-oo•-o• NIN!UL VI"ITS z,ooo. TONS S!!LVE'IT IN COlt lNG 
••02•006•11~ TOLUENE. z,ooo; TONS SOLVENT IN COlT lNG 
*•02'•00···· ·SOLVENT GENERAL z,ooo. TOllS SOLVE liT Ill COATI lOS 

AOH~Sivt 

··02•007·01 .GENERAL TOllS COITJ'Ici 
•·02•007·02 Hh a,ooo. TONS SnLVENT IN CUTfNG 
•-rz·oC7·03 TOLUENE z,ooo. TOllS .SOLVE liT , .. C~ITINII 
•·02•007·11~ 8ENUNE z,ooo. TON9 SOLVENT IN C~Ayt"G 
•·02•007·0~ Hl,.HTHA z,ooo. 'ON !I SOLV!NT Ill COlliN. q.et-no'-9• SOLV~NT GE'NUIL z,ooo. TONS SOlV!NT IN COITI'Ia 

COATING nVfN 

•·Ohll~ft·~ I GENEUL TOllS COATJN• 
111 .. 02'•"0P•r'l2 0~1£11 • 175F TONS COATING 
•~oz-nos-o3 81~!1! • 17!1~ TON !I CDlTJ'IG .... C"z·n,_. .. ,t OTHUISHCirT · TONS COATING 

... l"niC•TrS THF ASH CONTr~T, •s• INI!IcAT~S T~f SUlrUR CONfFNT Or THE rUrL DN 0 ~:Rt!NT ~ASIS lftT W~IGHTI 
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~ • T ~ ~ L r " ' ~ 0 ~ ~ • T A s s T E M 
s 0 " . c c A S s I r I A T I 0 N c 0 o E s 

p ft u E ~ r 0 " E • u H I T 
I' lOT !01 NOI H( co U N I ' s P(IINT SC tYAI' •SUorACE COATING 

·················· ••••••••••••••••e 
SO~YENT 

~·07•00••01 GtiiEOAL J,ano, TON~ SOLV!NT 
•.-:07•00••aZ ACETONE 2,ooo. TON$ SOLV[OiT 
••02•'J0'•03 8UfYL ACEHTE z,ooo. TONS SftLVENT 
•·or•OOtoo• BUTT~ ALCOHOL 2,ooo. TONS SnLVENT 
••02•00bO~ CUUTOL 2o000o TnNq SOLV£NT 
•·02•0Dt•o• CELLUOLVE z,ooo. TONS SOLV[IIT 
••Ot•oa•·n7 CELLOSOLVE 4CtT&T z.ooo. TONS SOLVENT 
ttilll'DJ .. QOt~oa DIMETHYLrOoHA"IDE z,ooo. TONS SOLV!IIT 
III•02•no•-o• ETMH lCET ATE z,ooo, TONS SftLVENT 
~•OJ•OO .. IO [THTL ALCOHOL ZoOGDo TOllS SOLVENT 
.,.IIJ•OOhll .usnLI~E 2oiiOOo TONS S~LVE'IT 
•·ot•oo•·•z Uol'oDPTL ALCOHOL J,ooo. TONS SOLVENT 
•·02·•00'"1 J 1501'001'TL ACETATE t,ooo. TQNS SOLVENT 
••D2•0Dtol• IE ROSENE 2o000o TONS 50LytNT 
II•OJ'•0._,9•1S L&CTOL ~I' lilTS 2oDIIOo TnNS SOLV[NT 
•·oz•oo•·•• NETNVL A(( UTE 2.ooo. TCINS SOLVENT 
~-a z-oo•·•' METIIYI, HCOMOI, 2o000o Tctas SOLVE'IT 
,...o,~on•·•• M[l z,IIOOo TONS SOLVENT 
OoO~•DO'"I' Mil( ZoOOO~ TON$ SOLVENT 
••Of"t'0'•2D MINERAL· SI'IIITS 2 0 000o TO 'IS SOLVENT 
•·02•00'•21 N.,MTNa 2oDOO·o TftN$ SOLVE 'IT 
Oo02•01JhU TOLUENE ZoDt;IOo TONS SO)LVENT 
••DZ•OOt•U vusn z,ooo. TONS SOLVE 'IT 
•·02•011'"2" ITLEooE z,ooo. TONS SOLVENT 

OTHEO/NOT CLASirD 

••02•• ..... Sl'((lrT 1'1 O[MU~ TONS eO&TIIIG 

POl liT se EYI" •I'ETROL ,100 sTG 
••••••••••••••••• .........•....... 

"ltD lOOP' 

••03•01:'1•~1 IRUTN•G.,DL I HE o, no o. 10,3 ~. 1000 ULLON• STO,&GE C•I'ACIT~ 
OoO"J•DOI•02 UElTM•c•uot"" · Do Oo O)o s ••• "' 1000 GALLO'IS sTDIAGE CAPACITT 
••113•001•03 WOO~INGoGASnLINf Do o. llo •~oo "• I ODD GALLONS TMIIIIIIGNPUT 
tt•Ol•DOI•Ott WOUING•CIIIOE .Do "· Oo 7.la o. looo GALLONS THIOUGNI'UT 
••OJ•OOI•O~ eRUTH•JET ruEL Do Oo Oo noz Oo I ODD GALLONS STDIAGC CA,A~ITf 
••OJ•ODion6 ~IEAfM•wEOOSENf Do Oo o. llol ~. lOOn GALLONS STDI&GE CAI'ACITT 
•·03•001•07 BIUTH•O·I sT rOJEL o. Do Oo u.l 0· 1000 UI.LO'I, STDIAG[ CAI'&CITT 

( ••OJ•DDI•DI IIEUH•BEN!ENE o. 0, .,, u;1 o • 1non G&LLO'IS STOI&Gt Cl,&CITT 
••DJ•DDI•O' IIElTH•tTCLDNfl o, Do Oo IDol "' 1000 GALLO'IS STOIAG[ CAI'ACITT 
.... CU•Q.GI•Ift 80[&TN•CTCLOI'E'IT o. D, Oo s ••• Q,, 1000) GALLONS STOIAG[ CAI'&CIT~ 
0•03•~01•11 80~UHoMEI'UNC o, o, o. llo) a. 1000 GALLONS STOIUiC CU&CITT 
••OJ•DIII•II DICATII•N(IU[ o. "' Do Hoi no 1000 GALLONS STOIA&! c.,.ACITT 
••D3•00I•IJ BIE&TH•ISDOCTlN! Oo ~0 Do 13ot Oo 1000 GALLONS STO~IGE C&PICITT 
••O.J•ao·•·• tt eoEATMotSOPENTAN( Do Do Oo ~·~0 Oo 10110 GALLONS STOioGt C&~&CITT 
h03.•0fll•ll II£ATM•PfNU'It Do Do Do •••• ~ . 1000 GALLONS STOOAG( ~AI'ACITT 
O•OI•OI:U•I• BOC&TII•TOLUEN! o, Do o. ~~~~~~ o. I ODD GALLONS STO.AGC C&PACITT 
••OI•ODI•SO WOOIING•Jif rUEL Oo o. Do ,.~o .... loon GALLONS TltOOUIIHI'UT 
OoDJ•IIIII•SI wOIIINGoi[IDSfNE Do "' Oo loOO Do 1oon GALLONS TltiOI•G~I'UT 
••OJ•OIII•U WOR.INGoOIS 0 fUEL no Oo Do toOl) Oo 1000 G•L~O'IS T1ti0UGitO'IIT 
OoOJ•OOI•U WOUING.~[NfE'IE Oo no Oo to on Oo lOll" GALLOOIS THOOUI;MIOUT 
111·0)•001•14f NOIKIIIG•CTCLON(I o. Do o. 2o)O no I COO ULLO'IS TIIIOUGHPUT 
0•03•001•5!1 WOiiiNGoCTCLOI'E'IT Oo Do Oo .,.o Oo 1000 GALLONS THIIOUGHO'UT 
hDJ•OOI•U wOo~ I 'ICioH[PT &'IE Oo Do Do loZn Do 1000 GALL OilS THIOU.ItPUT 
tt•.CIIJ•OC I•S7 WOIKINGoii!UN( Oo Oo II• ,,, Do 1000 GALLO'IS TIIIIIIUGIII'UT 
••OJ•ODI•U ~OIKINGoiSODCTA'I[ Do Oo a. loSO Oo 10!10 GALLONS THIDUGitPUT 
hO)•DDI•St WOOII"G•IIO'!NT Oo fto Do, 1So7 o. IOOD GALLONS THIIDUGHO'UT 
Oo03•0111••0 wOUINhi'!NT&NE Do a, Oo 1o;• Oo 1000 GALLO'IS TMIIOUGNI'UT 
O•OJ•CIDI•U WOUINGoTDLU!'IE o, o, Do a .... Oo I DOll UL~O'IS TNIIOIIGIIPUT 
0•03•0111•" UUTMCoSI'CCI" lOOn G&LLO'IS STOitAGr· hl'ltl" 
... u.:oc ..... won I NO•SI'CC "' 1000 G&I.LOIIS TIIIIII'IIT 

rLOlTING IIOOr 

••11)•(10, ..... ST&'IO STG•GASOLN Do Oo Oo I hi no 1000 GALLO'IS STO"'GE C&PACI~f 
••!1)•002•02 WOU I NG•,. ODlltT Do 1000 UL~ONS TNIIOUGHpUT 
••CJJ•DOJ'•OJ ST &'lo STG•c•uor Oo Oo Do Uo6 Oo 10!10 G&LLO~S STO.AGE CAO'&CITT 
••OS•OIIt•OO WOU I NGeC"UDE o, 1000 ULLO'IS THUII$MI'UT 
4t•DJ•002~os ST&'ID STG•JfTrUEL Do Do Oo .oJf "' .1000 GALLO'"' $TO.AGE CAPACITf 
••DJ•DDt•n• ST&'ID STG•K£110SN~ o. Oo Do ''"' "· 1000 GAHON1 STO.AGf C&•&CITt 
••03•002•0? ST&~O 5TG•01Sf r1. Do no Do ,;•o o. lOOn GaLLONS STO.AGE CAI'&CITt 
••0)•1102•0• STAND STG•IENZE'IE o, Do Do 2o70 n. 1000 GALLONS STO.AGE C&P&ciTY 
OoDJ•ODI•Ot STANO STG•CYCLHfl o, o. 0• Jo03 "' 1onn UL~OHS sTo•••r CA•&ciT~ 
••DJ•002•1n ST&~O SfG•CYCLI'EN Oo Oo "' ··'' 0• loOO GALLON~ STORAGE CA,ACI~T 
••03•0Dt•ll STANO STG•NfpTANE o, o. a. .... "· 1000 G&LLOOIS STO.AGE CAI'ACITY 
•·•U•ODJ•IZ STA'Ift ~TG•HEI.'IE o, o. Oo .0,. n, 1000 UL~ONS ST0.4GE CAPACITY 
••OJ•OOI•U STANO STG•I~OOCTN Oo Do o. 2o01 o. 1000 GALLONS .TO.AGE (AI'&(ITY 
'•03•00I•Itt ST&NII ,,,.,.OPfNT o, Oo Do zo,• Do loon ULLON' ST!I.&GC C&P4CITY 
••OJ:•ODI•tS ST&NO STG•I'f'IT&'I[ o. Do Ot Uot n, 101111 GALLOII5 JTO.AGr CAPACITY 
0.03•0!11•16 ST&Nft 5TG•TIILUENf Oo Do Ot Doll ,, IOM GALLONS ST!t.AG£ C&I'&CITY 
•·03•001•9f STANO STG•$1'ECirf 10'110 GALLONS STO.&GE CA,ICITT 

••• I'IDICATES.TN! &SN CDNT[NT, .,. INDICATES Tit[ SIILrU• CO'ITf'IT 0, TN[ rllr.L ON A PFIC[NT RASIS lilT NEIGWTI 

( 
12/75 AppendlxC C~23 



• • T 0 • • ~ [ " s 0 0 • T • 5 ' 5 T f " 5 0 II c • s s , I • T I 0 N e o a r ' .. n u • [ " 0 , E ~ u ~ I . 
'UT 5~· NOX ~e eo U N I T 5 

ODJ" se [YAP ·•u•oL o~OD STG ................. •·•·····•·•··•··• 
VU·v••a~ SP&CE 

•-o~·no.~oo, WO~XIN~•GASOLINE o. o. o. 10,2 o. lOCO GAL~ON5 TM~OUGHoUT 
~·0)•00.3•03 WORXINGoJET 'U[L ·o, o. o. 2ol~ ~. loon GALLON~ TH~·OUGHPUT 
tt•Ol•OCU•nlt WQ~WlNGoW[ROSENf a. ~. o. loCO Oo I coo GALLON'S TM~OUiliPUT 
••nJ•DOl•oS MOUINGoOIST 'uE·L o, "• Do loOn llo loco GALLON! THROUGHPUT 
0•03•00·3•0& IIC~XlNGoRENUN£ o. o. 0• '2olO 0• 1000 GALLOd ~MROUGMPUT 
••03•0DJ•M HORWIHG•CTCLOH[I o, o, o. 2o'0 Oo 1001.'1 'GALI.ON! THROIIGHoUT 
••03•003•.01 ·w·oR•INGoCYCLOOENT o. n, Do 1o20 n~· loOl'l ULLION! 'THROUGHOUT 
••03•003•0• WDliiNGoH[PT AN[ -~. o, 0• t.•o no loe>n GHLONS TMRO.UGMOUT 
••Ol•OD3•10 wOUINGoHhANE o,· o. o. ..oo "' loon Gi!,.~ONJ.TM~OUGW~UT 
~·Ol•OD3•11 ~O~kiNG•ISOOCTANE o. n, Do lo70 0• 1000 GALI.O~t TM~OUIM,UT 
~•03•0DJ•IZ WOU ING•!SOOE~T o,. o, 0• 17ol no IOM G'A~\;ONS TM~OUIMOUT 
••DJ•nOJ•U WORK ING.,ENTANE o, n, o. I ZoO "' l.oon G•L~OO TM~OUCM,UT 
hD3•003•I,'O ,WOU IIIGoTOLUENt Oo o, 0• Oo7J , .o• 1oon G·~LONS TMIOUIMIUT 
••Ol•ODJ•n \IOU I Nii•S'EC "V lone G•LLONS T~~U,UT 

OTMUINOT C~A! l.'n 

0•03•"'"'"' ''H In IM •r•nw 1000 HL ITOIICO 

'DINT se rv" •NUC 'O.G&NIC !TOI 

•·••············· ..........•...... 

0?MEI/NOT CLUI'O 

"~•Citt .. nOI••• SPEC I rY IN •r.•uw TONS 5'0110 

POINT H rv•• ••II NT I NG Por.!! 
••••••••••••••••• ················· 

OITUS 

o.n~•OOI•OI GENE PAl,. o. TONS SOLVENT 

LETTr~P•ns 

••Os•oor-oi ~ENCqAL 700. TONS INC 
'0•05•~02•02 •EROHNE z,ooo. ToNS SOL VENT IN hK 
•·os•oor•nl •INUAL SPIRITS a,ooo. .. TONS SOLYrNT IN I Nit 
O•Oii•OOZ•" SOLVENT GENU•L z,ooo. TONS SOLVENT IN INI 

'L[IOG."'INt·C 

•·O~•nO:t•CII GENCOAL I, 300 • ·•o•s INk 
tf•OS•OI:U.,.OZ CUBHO!,. z,ooo. ·~NS 50LVENT IN INk 
••OS•OOJ•DJ CElL050i,.YE r,ooo. TONS SDLVEN•. IN INI 
OoOI•OOJo~~ rTMTL ALCOHOL r,ooa, TONS SOLVENT IN INl 
••05•00'3•0! l!o••o'''- ILCDWOI,. r,ooo, 'TCN! SOLVENT I" INK 
••OS•OOS•O' N•,_O,L ALCOHOL z,ooc. TONS SDLUNT IN IN~ 
11•01•003•07 "''"'"• z,ooo. TONS. !~LVINT IN INK 
~-ns•nas ... SOLYrNT GENUIL z,ooo, TONS SOLVEN• JN ·INI 

UfHOQU,HIC 

~-o·~-~o•-o• QENEOA~ 100o TONS INr 
~-o~·oo .. oz HIN~oiiL s•••ITS z,ooa. TO~$ SOLVtN·T IN 1·u 
•·os•OO••oJ JSO,~O,,L ILCOWO~ z,ooo, TONS· S~LYCNT IN I•• 
'I•OS•aOIIII•'' 'O~V.ENT Q[NE .. L ,,ooo. •oNt. SOLVE>If IN INK 

GUVUOE 

"""~•ftOS~OI GENUAL 1 1 lOt'!, 'TONS ·IN X 
~•05•00~•02 OIMETMT!,.,OO"AHIOE z,ooa, T·oNS SOI.V£NT ~~ ., ... 
••os•nOS•OJ ETNTL ACE UTE z,ooo, TON~ SOLVENT IN IN~ 
OoOS•OO~·O• ETHYL ALCOM~L 2,oon, '•oNS SOLVENT IN INl 
••OS•OOS•O! t1o,.OP•L ALCOWOI,. 1,ooo. TONS SOLVENT IN ~~· ••nS•nDS•o• "'" 2o000o TONS S"LV.ENT IN INI 
, ••OS•OOS•07 NUr z,ooo. TQN~ SOLVENT IN INI 
••05•"05•01 NINUAL !PI~ITS z,ooo. TON~ S"LVENT IN INI 
••OS•OOS•O• N•,lltC~¥L •LCOHOL z,ooo. TONS !OLVJNT IN hr 
••OS•MS•I n· TOLUFNE r,ooo. TON~ Sni.VENT IN ,.,. 
••oS•OOS•" SOLVENT GENUIL z,ooo. TONS .SOI.V(NT IN INI 
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~ . II N ' ~ r. .. I 5 I 0 • b • ' • ~ • 5 • ~ " 
5 0· , .• c f c ~ • 5 5 

,. I ( • ' I 0 ,, 
' 0 " [ s 

, ft u N ft s " • r p r ~ u tj I • 
II'IR' snr P.'"tl ., en u ~ I ' s 

'01'' sc ru• ·•ET•n~ •ut-•~••s 

·····•······••··· .•..•....••.•.... 
••N• c••srT•uc~s 

•-n•-nOt•o• ~OADIS'LlSNI•GISft o. Oo o. ll ... "· 10011 GILLON' T •• ,. ... ,£•••o 
•·06•1111i·OZ l0AIII5'LI5HI•COUD a. no ~. 10o6 "· 1000 ~iLLc•• T~IIN5Ft.•O!D 

0•1!6..0ili•Ol L<liO 15rLISW I·JrT o. ~0 II• I • •Q n, I !lOti GILLON. TO~""rooro, 

tt•"••nOI•n• 1.011115rLA5WI·lEOII Do "· "•. o.,. "• I OliO G&I.LO·~ TOI"tSOfU[Q 

••06•001·~5 I.OAOIS'LASWI•OIST o. n, ~· '-'·'l "• lnoo G•I.L0"5 T•II_,9,E'!tll'~ 

~•06•f'IOI•l' LOAOISU~~I•GASOLN o, o, a. .... , fto looo G&L·Lo•s n•Nsrru•n 
•·06•001•27 ·LIIAOISUr~I•CoUO£ o. o, ~. , .. "' o. 10(1(1 GOLLON. Tlltii,_.S,Filllit-:"':-

••06•0111•21 L6&0ISU~~I•JET Fl a, l!o fto n.,, n• lOtiO G&li.O~S TAi"5r£Ut.O 

0·0••001•2' ~0AOISU•HI•JE005N o, o, 0• o.H$; ~. I COO GILL00f5 T••"9F£UF' 

••D•·ODI·ln lOADISUaHI•DI5T o. II• 0• o .... ~. 1on~ ~&LLO"' •••Ns•r•oro 
Oo06•001•SI UNLDAD•~lSD~.Ptt o. Do Do 2··~ ~. 100~ uuo .. ~ T•-tt~•u.ro 
~-04•001•52 U"LDOO•C•UO! 1111. "· ~. o. ···~ 

r. IOM ~ALLO"S •••.,s•cur~ 

o-o••ODI•Sl UNLDID•JET FU!l o, Oo 0• o.•s o. 1000 GIHOOf~ •••,.s•r•aro 

••0 ... 001•5._ UIII.O&II•krftD.0:(N£ o. o. n, OoU ~· leon GALLo•~ •••ttsrrooro 
0•06•0IIl•U U"lDAO•DIST OIL o, "· ~. a1112• ~. lor'o c;&l\.D~'; , •• ,.,,ru•~ 
Oo!IA•ODI•07 LDADISri.S"r5,tCFT 1onn GiLLQ'fS TR•"s•t••r~ 

••06•001••• lOAOISUaHI5•~CI'' 
loon ~ILLON~ •~•.,s•r•••n 

•·06•nOr-n UNI.OAD•S•H I rY roon G4LLO'f5 T'A"S't•.,o 

HAft INf vnsns 

••OA•Oft~•nl I.OADING•GlSOLIIIE Oo o. 0· loU o. roon ULLOOfS TPANSFtUfO 

••06•002·02 LDADING•C~UD£ OIL o. n, n. z.se 0• 1000 GILLON~ T"'"~•rurn 
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JNTRODUCTION 

APPENDIX D 
PROJECTED EMISSION FACTORS 

FOR HIGHWAY VEHICLES 
prepa1ed by 

David S. Kircher, 
Marcia E. Williams, 

and Charles C. Masser 

In earlier editions of Compuation of Air Pollutant Emission Factors (AP42), projected emission factors for 
highway vehicles were integrated with actual, measured emission factors. Measured emission factors are mean 
values arrived at through a testing program that involves a random statistical sample of in-use vehicles. Projected 
emission factors, on the other hand, are a conglomeration of measurements of emissions from prototype vehicles, 
best estimates based on applicable Federal standards, and, in some cases, outright educated guesses. In an attempt 
to make the user more aware of these differences, projected emission factors are separated from the main body of 
emission factors and presented as an appendix in this supplement to the report. 

Measured emission estimates are updated annually at the conclusion of EPA's annual surveillance program. 
Projected emission factors, however, are updated when new data become available and not necess3rily on a 
regular schedule. For several reasons, revisions to projected emission factors are likely to be necessary more 
frequently than on an annual basis. First, current legislation allows for limited time extensions for achieving the 
statutory motor vehicle emission standards. Second, Congressional action that would change the timetable for 
achieving these standards, the standards themselves, or both is likely in the future. Third, new data on 
catalyst-equipped (1975) automobiles are becoming available daily. As a result, the user of these data is 
encouraged to keep abreast of happenings likely to affect the data presented herein. Every attempt will be made 
to revise these data in a timely fashion when revisions become necessary. 

This appendix contains mostly tables of data. Emission factor calculations are only briefly described because 
the more detailed discussion in Chapter 3 applies in nearly all cases. Any exceptions to this are noted.~ reader 
is frequently teferred to the text of Chapter 3; thus, it is recommended that a copy be close at hand. 

Six vehicle categories encompassing all registered motor vehicles in use and projected to be in use on U.S. 
highways are dealt with in this appendix. The categories in order of presentation are: 

1. Ught-duty, gasoline-powered vehicles 

2. Ught-duty, gasoline-powered trucks 

3. Ught-duty. diesel-powered vehicles 

4. Heavy-duty, gasoline-powered vehicles 

5. Heavy-duty, diesel-powered vehicles 

6. Motorcycles 

7. All highway vehicles 
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D.l LIGHT~DUTY, GASOLINE~POWERED VEHICLES 

D.l.l General 

This vehicle category represents passenger cars, a major source of ambient levels of carbon monoxide, 
hydrocarbons, and nitrogen oxides in many areas of the United States. The reader is encouraged to become 
familiar with section 3.1.2, which discusses light-duty gasoline-powered vehicles in greater detail, before using the 

data presented here. · 

0.1.2 CO, HC, NOx Exhaust Emissions 

the calculation of projected composite emission factors is limited in this presentation to the Federal Test 
Procedure (FTP) methodology (see section 3.1.2). The modal technique is not, generally, amenable to absolute 
emission projections. A user who wants to quantify the projected emissions over a specirlC driving sequence can 
apply the modal technique to the 1972 calendar as discussed in section 3.1.2. A ratio of the 1972 calendar year. 
modal emissions to the 1972 calendar year FTP emissions can be obtained, and this ratio can be applill!d to a 
projected FTP value to adjust for the specific driving cycle of interest. 

The calculation of composite emission factors for Ught~duty vehicles using the FTP procedure is given blp 

n 
enpstwx = E Cipn mtn Yips Zipt rtptwx (01·1) 

where: enpstwx 

Cipn 

Yips 

Zipt 

tip twx 

l=n·12 

= Composite emission factor in grams per mile (g/km) for calendar year (n), pollutant (p), 
average speed (s), ambient temperature (t), percentage cold operation (w), and 

. percentage hot start operation (x) 

= The FTP Mean emission factor for the ith model year light-duty vehicles during calenciar 
year (n) and for pollutant (p) 

= The fraction of annual travel by the ith model year light-duty vehicles during calendar 
year (n) 

= The speed correction factor for the ith model year light-duty vehicles for pollutant (p), 
and average speed (s). This variable applies only to CO, HC, and NOx. 

= The temperature correction for the ith model year Ught·duty vehicles for pollutant(p) 
1:111d ambient temperature (t) 

= The hot/cold vehicle operation correction factor for the ith model year light-duty 
vehicles for pollutant (p), ambient temperature (t), percentage cold operation ~w), and 
percentage hot start operation (x). 

The variable Cipn is summarized in Tables D.l·l through 0.1·21, segregated by location (California, 
non-California, high altitude). The input mtn is described by example in Table 0.1·22. The speed correction 
factors are presented in Tables 0.1·23 and 0.1·24. 

The temperature correction and hot/cold vehicle operation correction factors, given in Table D.l-25, are 
separated into non-catalyst and catalyst correction factors. Catalyst correction factors should be applied for 
model years 1975·1977. For non-catalyst vehicles, the factors are the same as those presented in section 3.1.2. 
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For catalyst vehlcles, emissions during the hot start phase of operation (vehicle start-up after a short-less than 1 
hour-engine-off period) are greater than vehicle emissions during the hot stabilized phase. Therefore, the 
correction factor is a function of the percentage of cold operation, the percentage of hot start operation, and the 
ambient temperature(t). · 

riptw = 

riptwx = 

w + (100-w)f(t) 
20 + 80 f(t) 

w + x f{t) + {lOQ..w-x) g(t) 
20 + 27 f(t) + 53 g(t) 

Pre-1975 
model years 

Post-1974 
model years 

(DI-2) 

(01-3) 

Table 0.1-1. CARBON MONOXIDE, HYDROCARBON. AND NITROGEN OXIDES 
EXHAUST EMISSION FACTORS FOR LIGHT-DUTY, GASOLINE-POWERED VEHICLES

EXCLUDING CALIFORNIA-FOR CALENDAR YEAR 1973 
(BASED ON 1975 FEDERAL TEST PROCEDURE) --. . .. ~--~ ..... _ ~--~-· - . __ ... &- ·-

Carbon Nitrogen 
Location and monoxide Hydrocarbons oxides 

model year . g/mi g/km g/mi g/km g/mi I . g/km 

Low altitude 

I 
Pre-1968 94.0 58.4 8.8 . 5.5 3.34 2.07 
1968 67.6 42.0 6.8 '4,2 4.32 2.68 
1969 65.4 40.6 5.3 3.3 5.08 

I 
3.15 

1970 56.0 34.8 5.3 3.3 4.35 2.70 
1971 53.5 33.2 4.3 2.7 4.30 I 2.67 i 
1972 39.0 24.2 3.5 2;2 4.55 I 2.83 I 

1973 37.0 23.0 3.2 2.0 3.1 I 1.9 i 
' High altitude 

Pre-1968 143 88.8 12.0 

I 
7.5 2.0 1.2 

1968 106 65.8 7.6 4.7 2.86 I 1.77 
1969 101 . 62.7 6.6 4.1 

I 
2.93 1.82 

1970 91.0 56.5 6.0 ! 
3.7 3.32 2.06 

1971 84.0 52.2 5.7 I 3.5 2.74 1.70 
1972 84.0 52.2 5.2 I 3.2 3.08 1.91 

I 

1973 80.0 49.7 4.7 I 2.9 ' 3.1 1.93 
I 

! 

Table D.1·2. CARBON MONOXIDE, HYDROCARBON, AND NITROGEN OXIDES EXHAUST EMISSION 
FACTORS FOR LIGHT-DUTY, GASOLINE-POWERED VEHICLE$-STATE OF CALIFORNIA 

ONLY-FOR CALENDAR YEAR 1973 (BASED ON 1975 FEDERAL TEST PROCEDURE) 
--~~-~-~~--~~ 

Carbon Nitrogen 
Location and monoxide Hydrocarbons oxides 

model year g/mi g/km s,rnr--r-9Tkrii'· g/mi -- 9/k:m-
California 

Pre-1966 94.0 58.4 8.8 5.6 3:34 2.07 
1966 81.0 50.3 6.5 4.0 3.61 2.24 
1967 81.0 50.3 6.5 4.0 3.61 2.24 
1968 67.6 42.0 6.8 4.2 4.32 2.68 
1969 65.4 i 40.6 5.3 3.3 5.08 3.15 
1970 56.0 

! 
34.8 5.3 . 3.3 4.35 2.70 i 

1971 53.5 i -33.2 4.3 2.7 3.83 . 2.38 
I 

1972 49.0 I 30.4 3.9 2.4 3.81 2.37 
1973 37.0 I 23.0 3.2 

I 

2.0 3.1 1.9 
. t __l. ....__~-'-""""".......t.."·l ..•• ,-.........,. ___ 
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Table D.1-3. CARBON MONOXIDE, HYDROCARBON, AND NITROGEN OXIQES EXHAUST EMI~ION 
FACTORS FOR LIGHT·DUTY, GASOLINE-POWERED VEHICLES-EXCLUDING CALIFORNIA-F!OR 

/ CALENDAR YEAR 1974 (BASED ON 1975 FEDERAL TEST PROCEDURE) 
( 

( 

( 

··--- -----· ---- .. ··-·· --·------ ... ..... 
J ........... ~ _ .............. ·-

l Carbon N i•~ "'QE!n 

Location and monoxide . Hydrocarbons oxides 

model year g/mi g/km g/mi i e/i<m -r· -- '9/ini -- etkm 

Low altitude 

I 
' 

I 
I 

Pre·1968 95.0 59.0 I 8.9 5.5 ' 3.34 2.07 

1968 70.6 43.8 j 7.4 4.6 4.32 2.68 

1969 68.4 42.5 
i 

5.8 I 3.6 
I 

5.08 3.15 I i 

1970 58.5 36.3 I 5.8 .. \. 3.6 4.35 2.70 i ' 
. 

1971 56.0 34.8 i 4.7 2.9 i 4.30 I 2.67 I ' 
1972 41.0 25.5 ' 3.8 2.4 4.55 

I 
2.83 

1973 39.0 24.2 I 3.5 2.2 ' 
3.3 2.0 

1974 37.0 23.0 I 3.2 I 2.0 3.1 1.9 
I I I I I 

High altitude 
Pre-1968 145 90.0 12.1 7~5 2.0 1.2 

1968 111 68.9 8.3 5.2 2.86 1.78 

1969 106 66.8 7.2 4.5 2.93 1.82 
1970 95.0 59.0 6.6 4.1 .3.32 2.06 
1971 88.0 54.6 6.2 3.9 2.74 1.70 
1972 88.0 54.6 5.7 3.5 3.08 1.91 
1973 84.0 52.2 5.2 3.2 3.3 2.05 
1974 80.0 49.7 4.7 2.9 3.1 1.9 

Tabla 0.1-4. CARBON MONOXIDE, HYDROCARBON, AND NITROGEN OXIDES EXHAUST EMISSION 
FACTORS FOR LIGHT·DUTY, GASOLINE-POWERED VEHICLES-STATE OF CALIFORNIA ONLY

FOR CALENDAR YEAR 1974 (BASED ON 1975 FEDERAL TEST PROCEDURE) 
-· --- - ---·-·~---

~ ... ~ --------·- - -=+-
Carbon Nitrogen 

Location and monoxide Hydrocarbons oxide!! 
model year g/mi ; g/kiTI g/mi I g/km g/mi g/km 

California 
I : 
: 

Pre-1966 95.0 59.0 8.9 5.5 3.34 2.07 
1966 82.0 50.9 7.1 4.4 3.61 

. 
2.24 ' 

1967 82.0 I 50.9 7.1 4.4 3.61 2.24 
1968 70.6 43.8 7.4 4.6 4.32 2.68 
1969 68.4 42.5 5.8 ! 3.6 5.08 ' 3.15 
1970 58.5 36.3 5.8 3.6 4.35 2.70 
1971 56.0 34.8 4.7 2.9 3.83 2.38 
1972 51.0 31.7 

i 
4.2 2.6 3.81 2.37 

1973 39.0 24.2 3.5 2.2 3.3 ; 2.05 
1974 37.0 23.0 3.2 2.0 . 2.0 1.2 
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. Table D.1·5. tARBON MONOXIDE, HYDROCARBON, AND NITROGEN OXIDES 
EXHAUST EMISSION. FACTORS FOR LIGHT-DUTY, GASOLINE·POWERED VEHICLES

EXCLUDING CALIFORNIA-FOR CALENDAR YEAR 1975 
(BASED ON 1975 FEDERAL TEST PROCEDURE) 

--~~--. -~-~---~~-· 
__ .................... 

·Carbon l_ Nitrogen 
Location and monoxide · Hydrocarbons_ .· oxides _ .. _.-~- ----
model year g/mi g/km g/mi Qlkm. ! g/mi g/km 

Low altitude I 
Pre-1968 96.0 ,. 59.6 9.0 5.6 3.34 2.07 
1968 73.6 45.7 8.0 5.0 4.32 2.68 
1969 71.4 44.3 6.3 3.9 5.08 3.15 
1970 61.0 37.9 6.3 3.9 4.35 2.70 
1971 58.5 36.3 5.1 3.2 4.30 2.67 
1972 43.0 26.7 4.1 2.5 4.55 I 2.83 
1973 41.0 25.5 3.8 2.4 

I 
3.5 I 2.2 I 

1974 39.0 24.2 3.5 2.2 ~ 3.3 I 2.0 ; 

-I 1975 9.0 5.6 1.0 o.a 3.1 1.9 
: I 

High altitude ' ' 
Pre-1968 147 91.3 12.2 7.6 I 2.0 I 1.2 
1968 116 72.0 9.0 5.6 2.86 i 1.78 
1969 111 68.9 7.8 4.8 2.93 ' 1.82 I 
1970 99.0 61.5 7.2 4.5 ' 3.32 ! 2.06 

; 

1971 92.0 57.1 6.7 4.2 2.74 1.70 
1972 92.0 57.1- 6.2 3.9 3.08 ~ 1.91 ! 1973 88.0 54.6 5.7 3.5 3.5 

I 
2.17 

1974 84.0 52.2 5.2 3.2 3.3 2.06 
1975 19.5 12.1 1.46 I 0.91 3.1 1.9 

------· -·-- ...L_ ____ •• 

Table D.1--6. CARBON MONOXIDE, HYOROCARBON, AND NITROGEN OXIDES 
EXHAUST EMISSION FACTORS FOR LIGHT-DUTY, GASOLINE-POWERED VEHICLES

STATE OF CALIFORNIA ONLY-FOR CALEN.DAR YEAR 1975 
(BASED ON 1975 FEDERAL TEST PROCEDURE) - . ·- . --- -T-- -- .. .• ··-·-·· _,, .. ___ , .. --- .. ···---

Carbon I Nitrogen 
Location and monoxide I Hydrocarbons 

! 
oxides 

model year g/mi g/km g/mi g/km g/mi g/km 

California I ' 
Pre-1966 

I 96.0 I 59.6 9.0 5.6 3.34 2.07 
1966 83.0 51.5 7·.7 4.8 i 3.61 2.24 
1967 I 83.0 i 51.5 7.7 4.8 ! 3.61 2.24 
1968 I 73.6 ; 45.7 8.0 5.0 

: 
4.32 2.68 ; I 

1969 I 71.4 I 44.3 6.3 3.9 5.08 3.15 
1970 I 61.0 

; 

37.9 6.3 3.9 4.35 2.70 I 

1971 58.6 ' 36.3 5.1 3.2 3.83 2.38 ! 
1972 ; 53.0 ' 32.9 4._5 2.8 3.81 2.37 

' 1973 41.0 ' 25.5 3.8 2.4 3.6 2.17 ' 
1974 ! 39.0 ' 24.2 3.5 2.2 2.06 1.28 
1975 5.4 3.4 0.6 0.4 2.0 1.2 

l r 
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Table 0.1-7. CARBON MONOXIDE, HYDROCARBON, AND NITROGEN OXID.ES 
EXHAUST EMISSION FACTORS FOR LIGHT-DUTY, GASOLINE-POWERED VEHICLE~ 

EXCLUDING CALIFORNIA-FOR CALENDAR YEAR 1976 .. 
(BASED ON 1975 FEDERAL TEST PROCEDURE) 

Carbon Nitrogen 
Location and monoxide Hydrocarbons oxides 
model year g/mi g/km g/mi g/km gtmi 

Low altitude 
Pre-1968 97 .. 0 60.2- 9.1 5.7 3.34 
1968 76.6 47.6 8.6 5.3 4.32 
-1969 74.4 46.2 6.8 4.2 5.08 
1970 63.5 39.4 6.8 4.2 4~35 

1971 61.0 37.9 5.5 3.4 4.30 
1972 45.0 27.9 4.4 2.7 4.55 
1973 43.0 26.7 4.1 

I 
2.5 3.7 

1974 41.0 25.5 3.8 2.4 3.5 

I 
1975 9.9 6.1 1.20 0.75 3.2 
1976 9.0 5.6 1.0 0.6 3.1 

I High altitude 

I Pre-1968 149 ! 92.5 12.3 7.6 2.0 
1968 121 

I 75.1 9.7 I 6.0 2.86 
1969· 116 72.0 8.4 I 5.2 2.93 
1970 103 64.0 7.8 I 4.8 3.32 
1971 96.0 59.6 I 7.2 I 4.5 2.74 
1972 96.0 59.6 

I 
6.7 

1 
4.2 3.08 l 

1973 92.0 57.1 I 6.2 3.9 3.7 
1974 88.0 54,6 5.7 l 3.5 3.5 
1975 21.5 13.4 I 1.76 I 1.09 3.2 
1976 19.5 12.1 l 1.46 0.91 3.1 

Table D.1·8. CARBON MONOXIDE, HYDROCARBON, AND NITROGEN OXIDES 
EXHAUST EMISSION FACTORS FOR LIGHT-DUTY,_GASOLINE-POWERED VEHICLES

STATE OF CALIFORNIA ONLY-FOR CALENDAR YEAR 1976 
(BASED ON 1975 FEDERAL TEST PROCEDURE) 

' 
Carbon i Nitrogen 

Location and monoxide Hydrocarbons oxides 
model year g/mi g/km g/mi g/km g/mi 

California i 

Pre-1966 97.0 60.2 
! 

9.1 5.7 3.34 
1966 84.0 52.2 8.3 5.2 3.61 
1967 84.0 52.2 8.3 5.2 3.61 
1968 76.6 47.6 8.6 5.3 4.32 
1969 74.4 46.2 6.8 4.2 5.08 
1970 63.5 39.4 6.8 4.2 4.35 
1971 61.0 37.9 5.5 3.4 3.83 
1972 55.0 34.2 4.8 3.0 3.81 
1973 43.0 26.7 4.1 2.5 3.7 
1974 41.0 25.5 

I 
3.8 2.4 2.12 

1975 5.9 3.7 0.7 0.4 2.06 
1976 5.4 3.4 I 

0.6 0.4 2.0 I 

~m 

2.07 
2.86 
3.15 
2.70 
2.67 
2.83 
2;3 
2,2 
2.0 
1.9 

1.2 
1.78 
1.82 
2.06 
1~70 
1.91 
2.3 
2.2 
2.0 
1.9 

g/km 

2.07 
2.24 
2.24 
2.68 
3.15 
2.70 
2.37 
2.37 
2.30 
1.32 
1.28 
1.24 
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Table D.1-9. CARBON MONOXIDE. HYDROCARBON, AND NITROGEN OXIDES 
EXHAUST EMISSION FACTORS FOR LIGHT·DUTY, GASOLINE-POWERED VEHICLES

EXCLUDING CALIFORNIA-FOR CALENDAR YEAR 1977 
(BASED ON 1975 FEDERAL TEST PROCEDUR_E) 

Location and 
model year 

. --· r Nit~~g~~--

h"',~'!~~'oJ.m ...... j. Q{_\1Yd'i'bo;:.:m ... f . ;fm; ... ox\~-9/kin 
I 

Low altitude I I 

1 
Pre-1968 

' 
98.0 60.9 I 9.2 5.7 3.34 

1968 i 79.6 49.4 I 9.2 

I 

5.7 4.32 
1969 I 77.4 48.1 

I 
7.3 4.5 5.08 i. 

1970 I 66.0. 41.0 7.3 4.5 4.35 
19'71 63.5 39.4 I 5.9 

I 

3.7 4.30 I I 
1972 

;. 
47.0 29.2 I 4.7 2.9 4.55 I 

1913 45.0 27.9 ' 4.4 2.7 3.9 I 

1974 43.0 26.7 j 4.1 i 2.5 3.7 
1975 10.8 6.7 ! 1.4 I 0.9 3.3 
1976 9.9 6.1 I 1.2 0.7 3.2 
1977 9.0 5.6 ! 1.0 I 0.6 2.0 

! 
i 

' 
High altitude l 

' I Pre-1968 ; 151 93.8 12.4 7.7 2.0 I 
1968 I 126 78.2 10.4 

I 
6.5 2.86 I 

1969 ! 121 75.1 9.0 5.6 2.93 
1970 ; 1.07 66.4 8.4 I 5.2 3.32 
1971 i 100 62.1 7.7 I 4.8 2.74 
1972 i 100 62.1 7.2 4.5 3.08 
1973 I 96.0 59.6 6.7 4.2 3.9 I 
1974 i 92.0 57.1 6.2 3.9 3.7 
1.975 ~ 23.5 14.6 2.06 1.28 3.3 
1976 ! 21.5 13.4 1.76 1.09 3.2 
1977 ! 9.0 5.6 1.0 0.6 2.0 

Table D.1·10. CARBON MONOXIDE, HYDROCARBON, AND NITROGEN OXIDES 
EXHAUST EMISSION FACTORS !=OR LIGHT-DUTY, GASOLINE-POWERED VEHICLES

STATE OF CALIFORNIA ONLY-FOR CALENDAR YEAR 1977 
(BASED ON 1975 FEDERAL TEST PROCEDURE) -.----.. -........... - .. --. ... -~ ------··· -·~-

, .. , .. -· ~- -· -~·· .... '- - . 
~ ......... ~.,..,--~ -~· -···~ .. -.... _.-~---.....~-~ 

2.07 
2.68 
3.15 
2.70 
2.67 
2.83 
2.4 
2.3 
2.0 
2.0 
1.2 

1.2 
1.78 
1.82 
2.06 
1.70 
1.91 
2.4 
2.3 
2.0 
2.0 
1.2 

I Carbon Nitrogen 
Location and monoxide Hydrocarbons oxides 
model year g/mi g/km g/mi g/km g/mi g/km 

California 
Pre-1966 98.0 60.9 9.2 5.7 3.34 2.07 
1966 85.0 52.8 9.0 5.6 3.61 2.24 
1967 85.0 52.8 9.0 5.6 3.61 2.24 
1968 79.6 49.4 9.2 5.7 4.32 2.68 
1969 77.4 48.1 7.3 4.5 5.08 3.15 
1970 66.0 41.0 7.3 4.5 4.35 2.70 
1971 63.5 39.4 5.9 3.7 3.83 2.38 
1972 57.0 35.4 5.1 3.2 3.81 2.37 
1973 45.0 27.9 4;4 2.7 3.9 2.4 
1974 43.0 26.7 4.1 2.5 2.18 1.35 
1975 6.5 4.0 0.8 0.5 2.12 1.32 
1976 5.9 3.7 0.7 0.4 2.06 1.28 
1977 5.4 3.4 ·o.6 0.4 1.5 0.93 
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Table D.1·11. CARBON MONOXIDE, HYDROCARBON, AND NITROGEN OXIDES 
EXHAUST EMISSION FACTORS FOR LIGHT·DUTY, GASOLINE-POWERED VEHICLES

EXCLUDING CALIFORNIA-FOR CALENDAR YEAR 1978 
(BASED ON 1975 FEDERAL TEST PROCEDURE) 

Carbon Nitrogen 
Location and monoxide Hydrocarbons oxides 
model year g/mi g/km g/mi g/km gtmi g/1(1111 

Low altitude 
Pre-1968 99.0 61.5 9.3 5.8 3.34 2.07 
1968 82.6 . 51.3 9.3 5.8 4.32 2.68 
1969 80.4 49.9 7.8 4.8 5.08 3.15 
19i0 68.5 42.5 7.8 4.8 4.35 2.70 
1971 66.0 41.0 6.3 3.9 4.30 :2.67 
1972 49.0 30.4 5.0 3.1 4.55 2.83 
1973 47.0 29.2 4.7 2.9 4.1 2.5 
1974 45.0 27.9 4.4 2.7 3.9 2.4 
1975 11.7 7.3 1.6 1.0 3.4 . 2.1 
1976 10.8 6.7 1.4 0.9 3.3 2.0 
1977 9,9 6.1 1.2 0.7 2.06 1.3 
1978 2.8 1.7 0.27 0.17 0.24 O.l5 

High altitude 
Pre-1968 153 95 12.5 7.8 2.0 1.2 
1968 131 81.4 11.1 6.9 2.86 1.78 
1969 126 78.2 9.6 6.0 . 2.93 1.~ 
1970 111 68.9 9.0 5.6 '3.32 2.06 
1971 104 64.6 8.2 5.1 2.74 1.70 
1972 104 64.6 7.7 4.8 3.08 1.91 
1973 100 62.1 7.2 4.5 4.1 2.5 
1974 96.0 59'.6 6.7 4:2 3.9 2.4 
1975 25.5 15.8 2.36 1.47 3.4 2.1 
1976 23.5 14.6 2.06 1.28 3.3 2.0 
1977 9.9 6.1 1.2 0.6 2.06 1.3 
1978 2.8 1.7 0.27 0.17 0.24 . 0.15 

Table D.1·12. CARBON MONOXIDE, HYDROCARBON, AND NITROGEN OXIDES 
EXHAUST EMISSION FACTORS FOR LIGHT-DUTY, GASOLINE-POWERED VEHICLES

STATE OF CALIFORNIA ONLY-FOR CALENDAR YEAR 1978 
(BASED ON 1975 FEDERAL TEST PROCEDURE) 

Carbon Nitrogen 
Location and monoxide Hydrocarbons oxides 
model year g/mi g/km g/mi glkm g/mi g/km 

California 
Pre-1966 99.0 61.5 9.3 5.8 3.34 2.07 
1966 85.0 52.8 9.0 5.6 3.61 2.24 
1967 85.0 52.8 9.0 5.6 3.61 2.24 
1968 82.6 51.3 9.3 5.8 4.32 2.68 
1969 80.4 49.9 7.8 4.8 5.08 3.1'5 
1970 68.5 42.5 7.8 4.8 4.35. 2.70 
1971 66.0 41.0 6.3 3.9 3.83 2.38 
1972 59.0 36.6 5.4 3.4 3.81 2.37 
1973 47.0 29.2 4.7 2.9 4.1 2.55 
1974 45.0 27.9 4.4 2.7 2.24 1:.39 
1975 7.0 4.3 1.0 0.6 2.18 1.35 
1976 6.5 4.0 0.8 0.5 2.12 1.32 
1977 5.9 3.7 0.7 0.4 1.56 0.97 
1978 2.8 1.7 0.27 0.17 0.24 0.15 
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Table D.1•13. CARBON MONOXIDE, HYDROCARBON, AND NITROGEN OXIDES 
EXHAUST EMISSION FACTORS FOR LIGHT-DUTY, GASOLINE-POWERED VEHICLES

EXCLUDING CALIFORNIA-FOR CALENDAR YEAR 1979. 
(BASED ON 1975 FEDERAL TEST PROCEDURE) 

Carbon Nitrogen 
Location and monoxide Hydrocarbons oxides 
model year g/mi g/km gtmi gtKm gtmi gfkm 

Low altitude 
Pre-1968 99.0 61.5 9.3 5.8 3.34 2.07 
1968 82.6 '51.3 9.3 6.8 4.32 2.68 
1969 83.4 61:8 8.3 6.2 5.08 3,16 
1970 71.0 44.1 8.3 5.2 4.36 2.70 
1971 68.5 42.6 6.7 4.2 4.30 2.67 
1972 51.0 31.7 5.3 3.3 4.55 2.83 
1973 49.0 30.4 6.0 3.1 4.3 2.7 
1974 47.0 29.2 4.7 2.9 4.1 2.5 
1975 12.6 7.8 1.8 1.1 3.6 2.2 
1976 11.7 7.3 1.6 1.0 3.4 2.1 
1977 10.8 6.7 1.4 0.9 2.12 1.32 
1978 3.1 1.9 0.32 0.20 0.29 0.18 
1979 2.8 1.7 0.27 0.17 0.24 0.15 

High altitude 
Pre·1968 153 95.0 12.5 7.8 2.00 1.20 
1968 131 81.4 1 1.1 6.9 2.86 1.78 
1969 131 81.4 10.2 6.3 2.93 1.82 
1970 115 71.4 9.6 6.0 3.32 2.06 
1971 108 67.1 8.7 5.4 2.74' 1.70 
1972 108 67.1 8.2 5.1 3.08 1.91 
1973 104 64.6 7.7 4.8 4.3 2.7 
1974 100 62.1 7.2 4.5 4.1 2.5 
1975 27.5 17.1 2.66 1.65 3.5 2.2 
1976 25.5 15.8 2.36 1.47 3.4 2.1 
1977 10.8 6.7 1.4 0.9 2.12 1.32 
1978 3.1 1.9 0.32 0.20 0.29 0.18 
1979 2.8 1.7 0.27 0.17 0.24 0.15 

Table D. H4. CARBON MONOXIDE, HYDROCARBON, AND NITROGEN OXIDES 
EXHAUST EMISSION FAC10RS FOR LIGHT-DUTY, GASOLINE-POWERED VEHICLES

STATE OF CALIFORNIA ONLY-FOR CALENDAR YEAR 1979 
(BASED ON 1975 FEDERAL TEST PROCEDURE) 

Carbon Nitrogen 
Location and monoxide Hydrocarbons oxides 
model year g/mi g/km g/mi g/km g/mi g/km 

California 
1966 85.0 52.8 9.0 5.6 3.61 2.24 
1967 85.0 52.8 9.0 5.6 3.61 2.24 
1968 82.6 51.3 9.3 5.8 4.32 2.68 
1969 83.4 51.8 8.3 5.2 5.08 3.16 
1970 71.0 44.1 8.3 5,2 4.35 2.70 
1971 68.5 42.5 6.7 4.2 3.83 2.38 
1972 61.0 37.9 5.7 3.5 3.81 2.37 
1973 49.0 30.4 5.0 3.1 4.30 2.70 
1974 47.0 29.2 4.7 2.9 2.30 1.43 
1975 7.6 4,7 1.1 0.7 2.24 1.39 
1976 7.0 4.3 1.0 0.6 2.18 1.35 
1977 6.5 4.0 0.8 0.5 1.62 1.01 
1978 3.1 1.9 0.32 0.20 0.29' 0.18 
1979 2.8 1.7 0.27 0.17 0.24 0.15 
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Table D.1-15. CARBON MONOXIDE, HYDROCARBON, AND NITROGEN OXIDES 
EXHAUST EMISSION FACTORS FOR LIGHT·DUTY, GASOLINE-POWERED VEHICLEs

EXCLUDING CALIFORNIA-FOR CALENDAR YEAR 1980 
(BASED ON 1975 FEDERAL TEST PROCEDURE) 

Carbon Nitrogen 
Location and monoxide Hydrocarbons oxides 
model year g/mi gtkm g/ml g/km g/mi gtkm 

Low altitude 
Pre-1968 99.0 61.5 9.3 5.8 3.34 2.07 
1968 82.6 51,3 9.3 5.8 4.32 2.68 
1969 83.4 51.8 8.3 5.2 5.08 3.15 
1970 73.5 45.6 8.8 5.5 4.35 2.7111 
1971 71.0 44.1 7.1 4.4 4.30 2.67 
1972 53.0 32.9 5.6 3.5 4.55 2.83 
1973 51.0 31.7 5.3 3.3 4.5 2.8 
1974 49.0. 30.4 5.0 3.1 4.3 2.7 
1975 13.5 8.4 2.0 1.2 3.6 2.2 
1976 12.6 7.8 1.8 1.1 3.5 2.2 
1977 11.7 7.3 1.6 1.0 2.18 1.35 
197~ 3.4 2.1 0.38 0.24 0.34 0.21 
1979 3.1 1.9 0.32 0.20 0.29 0.18 
1980 2.8 1.7 0.27 0.17 0.24 0.15 

High altitude 

12/75 

Pre-1968 153 95.0 12.5 7.8 2.0 1.2 
1968 131 81.4 11.1 6.9 2.86 1.78 
1969 131 81.4 10.2 6.3 2.93 1.82 
1970 119 73.9 10.2 6.3 3.32 2.06 
1971 112 69.6 9.2 5.7 2.74 1.70 
1972 112 69.6 8.7 5.4 3.08 1.91 
1973 108 67.1 8.2 6.1 4,5 2.8 
1974 104 64.6 7.7 4.8 4.3 2.7 
1976 29.6 18.3 2.96 1.84 3.6 2.2 
1976 27.5 17.1 2.66 1.65 3,5 2.2 
1977 11.7 7.3 1.6 1.0 2.18 1.36 
1978 3.4 2.1 0.38 0.24 0.34 0.2t 
1979 3.1 1.9 0.32 0.20 0.29 0.18 
1980 2.8 1.7 C..27 0.17 0.24 0.1& 

Table 0.1·16. CARBON MONOXIDE, HYDROCARBON, AND NITROGEN OXIDES 
EXHAUST EMISSION FACTORS FOR LIGHT-DUTY, GASOLINE-POWERED VEHICLES

STATE OF CALIFORNIA ONLY-FOR CALENDAR YEAR 1980 
(BASED ON 1976 FEDERAL TEST PROCEDURE) 

Carbon Nitrogen 
Location and monoxide Hvdrocarbons oxides 
model year g/mi g/km g/mi g/km g/mi g/km 

California 
1967 86.0 62.8 9.0 5.6 3.61 2.24 
1968 82.6 61.3 9.3 6.8 4.32 2.68 
1969 83.4 51.8 8.3 5.2 6.08 3.15 
1970 73.6 45.6 8.8 5.5 4.35 2.i!O 
1971 71.0 44.1 7.1 4.4 3.83 2.38 
1972 63.0 39.1 6.0 3.7 3.81 2;a1 
1973 51.0 31.7 5.3 3.3 4.50 2.19 
1974 49.0 30.4 5.0 3.1 2.36 1.47 
1976 8.1 5.0 1.2 0.7 2.30 1.43 
1976 7.6 4.7 1.1 0.7 . 2.24 1.39 
1977 7.0 4.3 1.0 0.6 1.68 1.04 
1978 3.4 2.1 0.38 0.24 0.34 0.21 
1979 3.1 1.9 0.32 0.20 0.29 0.18 
1980 2.8 1.7 0.27 0.17 0.24 0.15 
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Table D.1-17 •. CARBON MONOXIDE, HYDROCARBON, AND NITROGEN OXIDES 
EXHAUST EMISSION FACTORS FOR LIGHT-DUTY, GASOLINE·POWERED VEHICLES

EXCLUDING CALIFORNIA,...FOR CALENDAR YEAR 1985 
(BASED ON 1975 FEDERALTEST PROCEDURE) 

Carbon Nitrogen 
Location and monoxide Hydrocarbons oxides 

model year g/mi g/km g/mi g/km g/mi g/km 

Low altitude 
1972 57.0 35.4 6.2 3.9 4.55 2.83 
1973 57.0 35.4 6.2 3.9 5.0 3.1 
1974 57.0 35.4 6.2 3.9 5.0 3.1 
1975 18.0 11.2 3.0 1.9 4.1 2.5 
1976 17.1 10.6 2.8 1.7 4.0 2.5 
19'17 16.2 10.1 2.6 1.6 2.48 1.54 
1978 4.8 3.0 0.65 0.40 1.1 0.68 
1979 4.5 2.8 0.59 0.37 0.90 0.56 
1980 4.2 2.6 0.54 0.34 0.73 0.45 
1981 3.9 2.4 0.49 0.30 0.56 0.35 
1982 3.6 2.2 0.43 0.27 0.40 0.25 
1983 3.4 2.1 0.38 0.24 0.34 0.21 
1984 3.1 1.9 0.32 0.20 0.29 0.18 
1985 2.8 1.7 0,27 0.17 0.24 0.15 

High altitude 
1972 120 74.5 9.7 6.0 3.08 1.91 
1973 120 74.5 9.7 6.0 5.0 3.1 
1974 120 74.5 9.7 6.0 5.0 3.1 
1975 39.5 24.5 3.46 2.15 4.1 2.5 
1976 37.5 23.3 3.16 1.96 4.0 2.5 
1977 16.2 10.1 2.60 L60 2.48 1.54 
1978 4.8 3.0 0.65 0.40 1.00 0.68 
1979 4.5 2.8 0.59 0.37 0.90 0.56 
1980 4.2 2.6 0.54 0.34 0.73 0.45 
1981 3.9 2.4 0.49 0.30 0.56 0.35 
1982 3.6 2.2 0.43 0.27 0.40 0.25 
1983 3.4 2.1 0.38 0.24 0.34 0.21 
1984 3.1 1.9 0.32 0.20 0.29 0.18 
1985 2.8 1.7 0.27 0.17 0,24 0.15 

Table D.1·18. CARBON MONOXIDE, HYDROCARBON, AND NITROGEN OXIDES 
EXHAUST EMISSION FACTORS FOR LIGHT·DUTY; GASOLINE-POWERED VEHICLES

STATE OF CALIFORNIA ONLY-FOR CALENDAR YEAR 1985 
(BASED ON 1975 FEDERAL TEST PROCEDURE) 

Carbon Nitrogen 
Location and monoxide Hydrocarbons oxides 
model year g/mi g/km g/mi Q/km Q/rn1 · g/km 

California 
1972 67.0 41.6 6.6 4.1 3.81 2.37 
1973 57.0 35.4 6.2 3.9 5.0 3.1 
1974 57.0 35.4 6.2 3.9 2.60 Ui1 
1975 10.8 6.7 1.8 1.1 2.60 1.61 
1976 10.3 6.4 1.7 1.1 2.54 1.58 
1977 9.7 6.0 1.6 1.0 1.98 1.23 
1978 4.8 3.0 0.65 0.40 1.1 0.68 
1979 4.5 2.8 0.59 0.37 0.90 0.56 
1980 4.2 2.6 0.54 0.34 0.73 0.45 
1981 3.9 2.4 0.49 0.30 0.56 0.35 
1982 3.6 2.2 0.43 0.27 0.40 0.25 
1983 3.4 2.1 0.38 0.24 0.34 0.21 
1984 3.1 1.9 0.32 0.20 0.29 0.18 
1985 2.8 1.7 0.27 0.17 0.24 0.15 
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Table D.1·19. CARBON MONOXIDE, HYDROCARBON, AND NITROGEN OXIDES 
EXHAUST EMISSION FACTORS FOR LIGHT-DUTY, GASOLINE-POWERED VEHICLES

EXCLUDING CALIFORNIA-FOR CALENDAR YEAR 1990 
(BASED ON 1975 FEDERAL TEST PROCEDURE) 

1 
; Carbon , 

Location and 
rnodel year 

· monoxide ' Hydrocarbons 
•~--g/m·.:--·-l:-- g/km ---t~-- · · · .... ----- --"·- · · · ". --. . - g/mi · - g/km g/mi 

Nitrogen 
oxides 

I 

Low anrl high 
altitude 

1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1'1Rb 
1987 
1988 
1989 
1990 

18.0 
5.6 
5.6' 
5.6 
5.3 
5.0 
4.8 
4.5 
4.2 
3.9 
3.H 
3.4 
3.1 
2R 

11.2 
3.6 
3.6 
3.6 
3.3 
3.1 
3.0 
2.8 
2.6 
2.4 
2.2 
2.1 
1.9 
1.7 

3.0 1.9 
0.81 0.50 
0.81 0.50 
0.81 0.50 
0.76 0.47 
0.70 0.43 
0.65 0.40 
0.59 0.37 
0.54 0.34 
0.49 0.30 
0.43 0.27 
0.38 0.24 
0.32 0.20 
0.27 0.17 

2.6 
1.70 
1.70 
1.70 
1.50 
1.30 
1.10 
0.90 
0.73 
0.66 
0.40 
0.34 
0.29 
0.24 

Table D.1·20. CARBON MONOXIDE, HYDROCARBON, AND NITROGEN OXIDES 
EXHAUST EMISSION FACTORS FOR LIGHT-DUTY, GASOLINE-POWERED VEHICLES

STATE OF CALIFORNIA ONLY-FOR CALENDAR YEAR 1990 
(BASED ON 1975 FEDERAL TEST PROCEDURE) 

g/km 

1.6 
1.06 
1.06 
1.06 
0.93 
0.81 
0.68 
0.56 
0.45 
0.35 
0.25 
0.21 
0.18 
0.15 

··----·--·- -----· ------------- -~---·-----·~-r-····--·· ~- ••- ~n •••• • j- _. ·- ~- .~~-··-·~~·-. ··T-~-~------_ . 
Carbon Nitrogen 

Location and monoxide Hydrocarbons oxides 
model year g/mi 

·--- - - g/mi "-r---- ·9/km ·• ----9~~r---· --~ · ·· Qikm g/km 

California 
1977 ~n.8 6.7 1.8 1.1 2.10 1.30 
1978 I 5.1;i 3.5 0.81 0.50 1.70 1.06 
1979 i 5.6 I 3.5 0.81 0.50 1.70 1.06 
1980 5.6 

I 
1.5 0.81 0.50 1.70 1.06 

1981 5.3 3.3 0.76 0.47 1.50 0.93 
1982 5.0 3.1 0.70 0.43 1.30 0.81 
1983 4.8 3.0 0.65 0.40 1.10 0.68 
1984 4.5 2.8 0.59 0.37 0.90 0.56 
1985 4.2 2.6 0.54 0.34 0.73 0.45 
1986 3.9 2.4 0.49 0.30 0.56 0.35 
1987 3.6 2.2 0.43 0.27 0.40 0.25 
1988 3.4 2.1 0.38 0.24 0.34 0.21 
1989 3.1 1.9 0.32 0.20 0.29 0.18 
1990 2.8 1.7 0.27 0.17 0.24 0.15 
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Table D.1-21. PARTICULATE, SULFURIC ACID, AND TOTAL SULFUR OXI[)ES 
EMISSION FACTORS FOR LIGHT-DUTY GASOLINE-POWERED VEHICLES I 

EmiS$ion factors 
Non-catalyst Non-catalyst Catalyst 

Pollutant (Leaded fuel! (Unleaded fuel) (Unleaded fuel) 

Particulate 
Exhaust& 

g/mi 0.34 0.05 
g/km 0.21 0.03 

Tire wear 
g/mi 0.20 0.20 
·gtkm 0.12 0.12 

Sulfuric acid 
g/mi 0.001 0.001 
g/km 0.001 0.001 

Total sulfur oxides. 
g/mi 0.13 0.13 .. 
g/km 0,08 0.08 

8 Excluding particulate sulfate or sulfuric acid aerosol. 
bsulfuric acid emission varies markedly with driving mode and fuel sulfur levels. 

Age, 
years 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

>13 

Table 0.1·22. SAMPLE CALCULATION OF FRACTION OF ANNUAL 
LIGHT-DUTY VEHICLE TRAVEL BY MODELYEAR8 

Fraction of total 
v~:=hicles in use Average annual 

nationwide (a)b miles driven (b)C axb 

0.081 15,900 1,288 
0.110 15,000 1,650 
.0.107 14,000 1,498 
0.106 13,100 1,389 
0.102 12,200 1,244 
0.096 11,300 1,085 
0.088 10,300 906 
0.077 9,400 724 
0.064 8,500 544 
0.049 7,600 372 
0.033 6,700 221 
0.023 6,700 154 
0,064 6,700 429 

0.05 
0.03 

0.20 
0.12 

0,02.0.06b 
0.0Hl04 

0.13 
0.08 

Fraction 
of annual 

travel (m)d 

0.112 
0.143 
0.130 
0.121 
0.108 
0,094 
0.079 
0.063 
0.047 

! 
o:o32 
0,019 

I 0.013 
0.039 

a References 1 through 6. 
bThasa data are for July 1. Data from References 2·6 were averaged to produc~;~ a value form that Is batter suited for projections. 
cMIIeage valuat ere the raault1 of at least s(luares analysis of data in Reference 1. 
dm .. ab/l:ab. 
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Table D.1·23. COEFFICIENTS FOR SPEED CORRECTION FACTORS FOR LIGHT-DUTY VEHICLES8 •b 
- ·--c--- .. ... 

v· :ce(A+BS+CS 2 1 
IPS vips =A+ BS 

Model Hydrocarbons Carbon monoxide Nitrogen oxides 
location year A 8 c A B c A B 

Low altitude 1957-1967 0.953 -6.00 X 10-2 5.81 X 10-4 0.967 -s.o1 x 10-2 5.78 X 10- 4 0.808 0.980 x lO -- 2 

(Excluding 1966-
1967 Calif.) 

California 1966-1967 0.957 -5.98 X 10-2 5.63 X 10 ··4 0.981 -6.22 x 1 o-·2 6.19x to· 4 0.844 0.798 X 10 ··2 

Low altitude 1968 1.070 -6.63x 10-2 5.98 X 10 -4 1.047 -6.52 x 10-2 6.01 X 10- 4 0.888 0.569 X 10 ·· 2 

1969 1.005 -6.27 X 10-2 5.80 X 10-4 1.259 -7.72 x 10-2 6.60 X 10 · 4 · 0.915 0.432 X 10 ··2 

1970 0.901 -5.70 x w--2 5.59 X 10 ··4 1.267 -7.72 x w- 2 6.40 )( 10 • 4 0.843 0.798 X 10 ··2 

Post-1970 0.943 -5.92 X 10-2 5.67 X 10-4 1.241 _-7 .52 x w-2 6.09 X 10 - 4 0.843 0.804 X 10-2 

High altitude 1957-1967 0.883 -c-5.58 X 10-2 5.52 X 10 - 4 0.721 --4.57 X -10-2 4.56 X 10 -·4 0.602 2.027 X 10 - 2 

1968 0.722 -4.63 X 1Q-2 4.80 X 10 -4 0.662 -4.23 X 10-2 4.33 X 10 -- 4 0.642 1.835 X 10 :-2 

1969 0.706 --4.55 X 10-2 4.84x 10-4 0.628 -4.04 x w-·2 4.26 X 10 - 4 0.726 1.403 X 10 - 2 

1970 0.840 -5.33 x w-2 5.33 X 10 -4 0.835 -5.24 x w-2 4.98 X 10 .. 4 0.614 1.978 X 10 · 2 

Post-1970 0.787 -4.99 X lQ-2 4.99 X 10 - 4 0.894 I -5.54 X 10-2 4.99 X 10 "4 j 0.697 I 1.553 X 10 · 2 

t 

aReference 7. Equations should not be extended beyond the range of the data ( 15 to 45 mi/hr; 24 to 72 km/hr). For speed correction factors at low speeds (5 and 
10 mi/tlr;S and 16 km/hr) sea Table 0.1-24. -

bThe speed correction factor equations and coefficients presented in t!1is table are expressed in terms of english units (miles per hour). In order to perform calcula
tions using the metric system of units, it is suggested that kilometers per hour be first converted to miles per hour (1 km/hr = 0.621 mi/hr). Once speed correction 
factors are determined, all other calculations can be performed using metric units. . 

-· 



Table 0.1•24. LOW AVERAGE SPEED CORRECTION FACTORS 
FOR LIGHT-DUTY VEHICLES8 

Carbon monoxide Hydrocarbons 
Model 5mi/hr 10 mi/hr 5 mi/hr ' 10 mi/hr 

Nitrogen oxides 
5 mi/hr 10 mi/hr 

Location year (8 km/hr) (16 km/hr) (8 kmfhr) (16 km/hr) (8 km/hr) (16 km/hr) 

Low altitude H:l57-1967 2.72 1.57 2.50 1.45 1.08 1.03 
(Excluding 1966- I 1967 Calif.) 

1966-19671 California 1.79 1.00 1.87 1.12 1.16 1.09 
Low altitude 1968 3.06 1.75 2.96 1.66 1.04 1.00 

I 1969 3.57 1.86 2.95 1.65 1.08 1.05 

I 1970 3.60 1.88 2.51 1.51 1.13 1.05 
Post-1970 4.15 2.23 2.75 1.63 1.15 I 1.03 

High altitude I 1957-19671 2.29 1.48 2.34 1.37 1.33 1.20 
I 1968 2.43 1.54 2.10 1.27 1.22 1.18 
I 1969 I -2.47 1.61 2.04 l 1.22 1.22 1.08 
i 

1970 1 2.84 1.72 2.35 l 1.36 1.19 1.11 : 
Post-1970 1 3.00 1.83 2.17 j 1.35 1.06 I 1.02 

aoriving patterns developed from CAPE-21 vehicle operation deta (Reference 81 were input to the modal emission analysis 
model (see section 3.1.2.3). The results predicted by the model (emissions at 5 and 10 mi/hr; 8 and 16 km/hrl were divided 
by FTP emission factors for hot operation to obtain the above results. The above data are approximate and represent the best 
currently available information. 

Table 0.1·25. LIGHT-DUTY VEHICLE TEMPERATURE CORRECTION FACTORS 
AND HOT/COLD VEHICLE OPERATION CORRECTION FACTORS 

FOR FTP EMISSION FACTORS& - ~--·--·- ---.- ... 
---·-~--·---

Hot/cold vehicle operation 
Pollutant Temperature cor- correction factors 
and controls rection factor (Ziptlb g(t) f(t) 

Carbon monoxide 
Non-catalyst -0.0127t + 1;9_5 - 0.0045t + 0.02 
Catalyst -0.0743t + 6.58 e0.035t- 5.24 e0.036t -4.14 

Hydrocarbons 
Non-catalyst -0.0113t+ 1.81 - 0.0079t + 0.03 
Catalyst -0.0304t + 3.25 0.0018t + 0.0095 0.0050t - 0.0409 

Nitrogen oxides 
Non-catalyst -0.0046t + 1 .36 - -0.0068t + 1.64 
Catalyst -0.0060t + 1.52 -0.0010t + 0.858 G.0010t + 0.835 

aAeference9. Temperature (t) is expressed in °F. In order to apply the above equations, °C must first be converted to °F (F= 9/5C 
+321. Similarly °Kelvin (K) ~ust be converted to °F IF= 9/S(K-273.161+32). 

bThe formulae for zipt enable the correction of FTP emission factors for ambient temperature. The formulae for fit) are used in 
conjunction With Equation 01-2 to calculate riptw· If the variable riptw is used in Equation 01-1, zipt must be used also. 
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where: f(t) and g(t) are given in Table 0.1·25, w is the percentage of cold operation, and xis the percentage 
of hot start operation. For pre·1975 model year vehicles, non-catalyst factors should be used. For 

1975·1977, catalyst factors should be used. 

The use of catalysts after 1978 is uncertain at present. For model years 1979 and beyond, the use of those , 
correction factors that produce the highest emission estimates is suggested in order that emissions are not 
underestimated. The extent of use of catalysts in 1977 and 1978 will depend on the impact of the 1979 .sulfuric 

acid emission standard, which cannot now be predicted. 

D.1.3 · Crankcase and Evaporative Hydrocarbon Emission Factors 

In addition to exhaust emission fa'ctors, the calculation of hydrocarbon emissions from gasoline motor vehicles 
involves evaporative and crankcase hydrocarbon emission factors. Composite crankcase emissions can be 

determined using: 

n 

i=n·12 

where: fn = The composite crankcase hydrocarbon emission factor for calendar year (n) 

hi = The crankcase emission factor for the ith model year 

min= The weighted animal travel of the ith model year during calendar year (n) 

Crankcase hydrocarbon emission factor by model year are summarized in Table 0.1·26. 

12/75 

Table 0.1·26. CRANKCASE HYDROCARBON 
EMISSIONS BY MODEL YEAR 
FOR LIGHT·DUTY VEHICLES 

EMISSION FACTOR RATING: B 

Model 
year 

California only 
Pre·1961 
1961 through 1963 
1964 through 1967 

Post·1967 

All areas except 
California 

Pre·1963 
1963 through 1967 

Post·1967 

Hydrocarbons 
g/mi g/km 

4.1 2.5 
0.8 0.5 
0.0 0.0 

0.0 0.0 

4.1 2.5 
0.8 0.5 

0.0 0.0 
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There are two sources of evaporative hydrocarbon emissions from light-duty vehicles:. the fuel tank .and the 
carburetor system. Diurnal changes in aii'!bient temperature result in expansion of t~e air-fuel mixture in a 
partially filled fuel tank. As a result, gasoline vapor is expelled to the atmosphere. Running losses from the fuel 
tank occur as the fuel is heated by the road surface during driving, and hot soak losses from the carburetor system 
occur .after engine shutdown at the end of a trip. Carburetor system losses occur from such locations as the 
carburetor vents, the float bowl, and the gaps around the throttle and choke shafts. Because evaporative emissions 
are· a function of the diurnal variation in ambient temperature and the number of trips per day, emissions are best 
calculated in terms of evaporative emissions per day per vehicle. Emissions per day can be converted to emissions 
per mile (if necessary) by dividing the emissions per day be an average daily miles per vehicle value. This value is 
likely to vary from location to location, ho~ever. The composite evaporative hydrocarbon emission factor is 
given by: · 

n 

(Dl-5) 

.i=n-12 

where: en = The composite evaporative hydrocarbon emission factor for calendar year (n) in lbs/day {g/day) 

gi 

kj 

d 

min 

= 

= 

= 

= 

The diurnal evaporative hydrocarbon emission factor for model year (i) in lbs/day (g/day) 

The hot soak evaporative emission factor in lbs/trip (g/trip) for the jth model year 

The number of daily trips per vehicle (3.3 trips/vehicle-day is the nationwide average) 

The weighted annual travel of the ith model year during calendar year (n) 

The variables gi and kj are presented in Table 0.1·27 by model year. 

Table 0.1·27. EVAPORATIVE HYDROCARBON EMISSIONS BY MODEL YEAR 
FOR LIGHT-DUTY VEHICLESa 

Location and 
model year 

Low altitude 
Pre-1970 
1970 (Calif.) 
1970 (non-Calif.) 
1971 
1972-1979 
Post-1979d 

High altitudee 
Pre-1971 
1971-1979 
Post·1979e 

a References 1 0 and 11 . 
bsee text for explanation. 

EMISSION FACTOR RATING· A 

By sourceb 
Diurnal, g/day · Hot soak, g/trip 

26.0 14.7 
16.3 10.9 
26.0 14.7 
16.3 10.9 
12.1 12.0 
- -

37.4 17.4 
17.4 14.2 
- -

Composite 
g/dayc g/mi 

74.5 2.53 
52.3 1.78 
74.5 2.53 
52.3 1.78 
51.7 1.76 
- 0.5 

94.8 3,22 
64.3 2.19 
- 0.5 

g/km 

1.57 
1.11 
1.57 
1.11 
1.09 
0.31 

2.00 
1.36 
0.31 

coram per day values are diurnal emissions plus hot soak emissions multiplied by the average number of trips per day. Nationwide 
data from References 1 and 2 indicate that the average vehicle is used for 3.3 trips per day. Gram/mile values were determined by 
dividing average g/day by the average nationwide travel per vehicle (29.4 mi/day) from Reference 2. 

dPost·1979 evaporative emission factors are based on the assumption that existing technology can result in further control of evepo· 
rative hydrocarbons. A breakdown of post-1979 emissions by source (that is, diurnal and hot soak) is not available. 

evehicles without evaporative control were not tested at high altitude. Values presented here are the product of the ratio of pre. 
1971 (low altitude) evaporative emissions to 1972 evaporative emissions and 1971-1972 high altitude emissions. 
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0.1.4 Particulate and Sulfur Oxide Emissions 

Light-duty, gasoline-powered vehicles emit relatively small quantities of particulate and sulfur oxides in .. 
comparison with emission levels of the three pollutants discussed above. For this reason, average rather than 
composite emission factors should be sufficiently accurate for approximating particulate .and sulfur oxide 
emissions from light-duty, gasoline·powered vehicles. Average emission factors for these pollutants are presented 
in Table D.l-21. No Federal standards for these two pollutants are presently in effect, although many areas do 
have opacity (antismoke) regulationsapplicable to motor vehicles. 

Sulfuric acid emission from catalysts is presently receiving considerable attention. An emission staadard for 
that pollutant is anticipated beginning in model year·1979. 

D.1.S ·Basic Assumptions 

Light--duty vehicle emission standards. ·A critical assumption necessary in the calculation of projected composite 
emission rates is the timetable for implementation of future emission standards for light· duty vehicles. The 
timetable used for light·duty vehicles in this appendix is that which reflects current legislation and administrative 
actions as of Aprill, 1975. This schedule is: 

• For hydrocarbons- 1.5 g/mi (0.93 g/km) for 1975 tluough 1977 model years; 0.41 g/mi (0.25 g/km) for 
1978 and later model years. 

• For carbon monoxide - 15 g/mi (9 .3 g/km) for 1975 through 1977 model years; 3.4 g/mi (2.1 g/km) for 
1978 and later model years. 

• For nitrogen oxides- 3.1 g/mi (1.9 g/km) for 1975 and 1976 model years; 2.0 g/mi (1.24 g/km) for the 
1977 model year; 0.4 g/mi (0.25 g/km) for 1978 and later model years. 

Although the statutory standards of 0.41 g/mi for HC, 3.4 g/mi for CO, and 0.4 g/mi for NOx ~e legally 
scheduled for implementation in 1978, consideration of increased sulfuric acid emission from cataJiysts, fuel 
economy problems and control technology availability, and reevaluation of the level of NOx control needed to 
achieve the NOz air quality standard led the EPA Administrator to recommend to Congress that the Ught~uty 
vehicle emission control schedule be revised. The tabulated values in this appendix do not, however, reflect these 
recent recommendations. If Congress accepts the proposed revisions, the appropriate tables will be revised. 

Deteriomtion and emission factors. Although deterioration factors are no longer presented by themselves in this 
publication, they are, nontheless, used implicitly to calculate calendar year emission factors for motor vehicles. 
Based on an analysis of surveillance data,tO,ll approximate linear deterioration rates for pre·1968 model years 
were established as follows: carbon monoxide - l percent per calendar year, hydrocarbons- I percent per 
calendar year, and nitrogen oxides-0 percent per calendar year. For 1968-1974 model years, deterioration was 
assumed to be 5 percent per calendar year for CO, lO percent per calendar year for HC, and 7 percent per 
calendar year for NOx. For all pre-1975 model years, linear deterioration was applied to the surveUlance test 
results to detemune tabulated values.11 Vehicles of model year 1975 and later are assumed to have a 
deterioration rate of 10 percent per calendar year for co and 20 percent per calendar year for HC. For NOX. see 
the following section on credit for inspection/maintenance systems. These deterioration rates are appl~d to new 
vehicle emission factors for prototype cars. 

0.1.6 Credit for Inspection/Maintenance Systems 

If an Air Quality Control Region has an inspection/maintenance (1/M) program, the following· credits can be 
applied t'? light·duty vehicles: 

1. A 10 percent· reduction in CO and HC can be applied to all model year vehicles starting the year 1/M is 
introduced. 

2. Deterioration following the initial10 percent is assumed to follow the schedules below: 
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HC co 
Pre-1975 vehicles 2 percent per year 2 percent per year 

1975 and later vehicles 12 percent per year 7 percent per year 

3. This deterioration rate continues until a vehicle is 10 years old and remains stable thereafter. No catalyst 
replacement is assumed. 

4. The NOx emission deterioration and response to 1/M is highly conjectural; the estimates below are based on 
the assumption of engine-out emission of 1.2 g/mi at low mileage, deterioration of engine-out emission at 4 
percent per year, NOx catalyst efficiency deterioration from 80 percent to 70 percent in the first 3 years, 
and a linear deterioration in average catalyst efficiency from 70 percent to zero over the next 7 years 
because of catalyst failures. The response to 1/M without catalyst replacement is a reduction in the 
engine-out deterioration from 4 to 2 percent per year. One catalyst replacement is assumed for the catalyst 
replacement scenario. Note: There is no emission reduction due to 1/M for pre-1978 vehicles. 

NOx EMISSION DETERIORATION 

(Standard is 0.4 g/mi, 0.25 g/km) 

1/M, no catalyst 1/M, one catalyst 
No 1/M replacement · replacement 

··~~ Year g/mi g/km g/mi g/km ----g/mi ·-·- ·· 97km 

1 0.24 0.15 0.24 0.15 0.24 0.15 
2 0.29 0.18 0.28 0.17 0.28 0.17 
3 0.34 0.21 0.33 0.20 0.33 U.20 
4 0.40 0.25 0.38 0.24 0.38 0.24 
5 0.56 0.35 0.52 0.32 0.3f; 0.24 
6 0.73 0.45 0.66 0.41 0.40 \:'.1" 
7 0.90 0.56 0.81 0.50 0.47 0.29 
8 1.1 0.68 0.96 0.60 0.55 0.34 
9 1.3 0.81 1.12 0.70 0.63 0.39· 

10 1.5 0.93 1.3 0.81 0.71 0.44 
> 10 1.7 1.1 1.5 0.93 0,80 0.50 

~-- ----·····-·--·····-- ·--

~able does not apply to pre-1978 vehicles, 

0.1.7 Adjusting Emission Factor Tables for Changes in Future Light-Duty Vehicle Emission 
Standards 

Because it is likely that Congressional action will alter the existing light-duty emission standard schc~1.ule. ;~ 
methodology is presented here to enable modification of the emission factor tables (Tables D.l-l through 
D.l-20). The emission factor tables presented in this .appendix, as stated previously, reflect statutory (arbon 
monoxide, hydrocarbon, and nitrogen oxides exhaust emission standards. If changes in the mag11itude of the 
standards and/or the implementation dates occur, appropriate adjustments can be accomplished using Table 
D.l-28. This table contains emission factors by vehicle age for a number of likely future emission standards. 

In order to illustrate the proper use of Table 1-28, the following hypothetical example is given. Emission 
standards applicable up to and including the 1977 model year are set by law, but changes in the schedule after 
1977 (beginning with 1978 models) may occur. For purposes of this example, assume that the Congress changes 
the existing law such that 1978-1979 model year vehicles are subject to a carbon monoxide emission standard of 
9.0 gfmi, a hydrocarbon emission standard of 0.9 g/mi, and a nitrogen oxides emission standard of 2.0 g/ .. 11. 
Assume also that this scenario has no effect on 1980 and later models, which remain at present statutory levels. 
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Vehicle age, 15.0 g/mi 
yearsa Standard 

g/mi g/km 

1 9.0 6.6 
2 9.9 6.1 
3 10.8 I 6.7 
4 11.7 j 7.3 
5 12.61 7.8 
6 13.6 8.4 
7 114.4 i 8.9 
8 15.3 i 9.5 
9 116.2 ! 10.1 

10 17.1 . 10.6 
.11+ i 18.0 11.2 

Table 0.1-28. EXHAUST EMISSION FACTORS 8Y VEHICLE AGE 
FOR SELECTED LIGHT·DUTY VEHICLE EMISSION STANDARDS 

Carbon monoxide I Hydrocarbons Nitrogen oxides 
. 9.0g/mi 3.4g/mi 

I 
1.6g/mi 0.9g/mi 0.41 g/mi 2.0 g/mi 1.5 g/mi 1.0 g/mi 

Standard Standard Standard Standard Standard Standard Standard Standard 

g/mi g/km g/mi g/km g/mi g/km g/mi g/km 
l 

g/mi g/km g/mi ; gikm g/mi g/km g/mi g/km 

5.4 3.4 2.8 1.7 1.0 0.6 0.6 0.4 0.27 0.17 2.00 . 1.2 1.50 0.93 1.0 . 0.6 

5.9 3.7 3.1 1.9 1.2 0.7 0.7 0.4 0.32 0.20 2.06 1 .28 1.66 0.97 1.04 : 0.65 
6.5 4.0 3.4 2.1 1.4 0.9 0.8 0.6 0.38 0.24 2.12 1 32 1.62 1.01 1.08 0.67 
7.0 4.3 3.6 2.2 1.6 1.0 1.0 0.6 0.43 0.27 2.18 1.3b 1.68 1.04 1.12 0.70 
7.6 4.7 3.9 2.4 1.8 1.1 1.1 0.7 0.49 0.30 2.24 1.39 1.74 1.08 1.16 0.72 

"'I 
5.0 4.2 2.6 2.0 1.2 1.2 0.7 0.54 0.34 2.30 1.43 1.80 1.12 1.20 0.75 

8.6 s.3 I 4.5 2.8 I 2.2 
1.4 1.3 0.8 0.59 0.37 2.36 1.47 1.86 1.16 1.24 0.77 

9.2 5.7 4.8 3.0 2.4 1.5 1.4 0.9 0.65 0.40 2.42 1.60 1.92 1.19 1.28 0.79 

9.7 6.0 5.0 3.1 . 2.6 1.6 1.6 1.0 0.70 0.43 2.48 1.64 1.98 1.23 1.32 0.82 
10.3 i 6.4 5.3 3.3 ! 2.8 1.7 1.7 I 1.1 0.76 0.47 2.54 1.58 I 2.04 1.27 1.36 0.84 

• 10.8 i 6.7 5.6 3.5 3.0 1.9 1.8 I 1.1 0.81 0.50 2.60 1.61 2.10 1.30 1.40 0.87 
' 

11 vehlcle age refers to a year in a vehicle's life. For ex11mple, age one m!Ninl vehicles from 0 to 1 year old. 

0.4g/mi 
Standard -----

g/mi g/km 

0.24 0.16 
0.29 0.18 
0.34 0.21 
0.40 0.26 
0.56 0.35 
0.73 0.46 
0.90 0.56 
1.1. 0.68 
1.3 0.81 
1.5 0.93 
1.7 1.06 



This change in the standard schedule affects the tabulated values for the 1978 and 19'/9 model years presented .. m 
Tables D.l-11 thrQugh 0.1·20. In other words, every number in every column in these tables beaded with "1978 
or 1979" model year must be completely changed. The appropriate replacement values are summarized in Table 
D.1-28. The age of the vehicle refers to a year in a vehicle's life. For example, the 1978 model year vehicles are 
assumed to be age one in calendar year 1978, age two in calendar year 1979 and so on . 

. To change the 1978 model year column in Table 0.1-11 to reflect our hypothetical Congressional action, the 
appropriate values are extracted from the firstrow (age one) of Table D,l-28. For a 9.0 g/mi CO standard, the age 
one emission factor for both low and high altitude locations is 5.4 g/mi (3.4 g/krn). This value is used to replace 
the existing value [2.8 g/mi (1.7 g/km)] in the 1978 column of Table D.l-11. A similar procedure is used for 
hydrocarbons and nitrogen oxides. 

To illustrate a slightly more complicated situation, consider the revision of Table D.1-16 to reflect our 
hypothetical situation. All the values in the 1978 and 1979 columns must be changed. In 1980~ the 1978 model 
year vehicles are age three, thus from Table D.l-28 the appropriate carbon monoxide emission factor is 6.5 g/mi 
(4.0 g/krn). This value replaces the existing value of 3.4 g/mi (2.1 g/krn). The 1979 model year carbon monoxide 
emission factor is 5.9 g/mi (3.7 g/km), replacing the existing Table D.I-16 value of 3.1 g/mi (1.9 g/km). This 
procedure is followed, using Table D.l-28, for all three pollutants. The procedure is similar for other standard 
schedules and other calendar year tables. 

The above methodology was designed to enable the user of this document to quickly revise the tables. Any 
Congressional action will result in revision of the appropriate tables by EPA. Publication of these revised tables 
takes time, however, and although every effort is made by EPA to make these changes quickly, the required lead 
time is such that certain users may want to perform the modifications to the tables in advance. The standards 
covered in Table D.l-28 represent the most likely values Congress will adopt, but by no means represent all 
possible standards. 
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0.2 LIGHT~OUTY, GASOLINE~POWEREO TRUCKS 

0.2.1 General 

This class of vehicles includes all trucks with a gross vehicle weight (GVW) of 8500 lb (3856 kg) Oil" less. It is 
comprised of vehicles that formerly were included in the light-duty truck (6000 lb: 2722 kg GVW and under) 
and the heavy-duty vehicle (6001 lb; 2722 kg GVW and over) classes. Generally, these trucks arE! used for 
personal transportl!tioil as opposed to commercial use. 

0.2.2 FI'P Exhaust Emissions 

Projected emission factors for light trucks are summarized in Tables D.2·1 through 0.2·12, (For information 
on projected emission factors for vehicles operated in California and at high altitude, see sections D.2.5 and 
0.2.6). The basic methodology used. for projecting light-duty vehicle emission factors (section D.l of this 
appendix) also applies to this class. As in section D.l, the composite emission factor for light-duty trucks is given 
by: 

enpstwx 

where: enpstwx 

cipn 

min 

vips 

Zjpt 

rip twx 

n 

(02·1) 

i=n-12 

= Composite emission factor in g/mi (g/km) for calendar year (n), pollutant (p), average 
speed (s), ambient temperature (t), percentage cold operation (w), and percentage hot 
start operation (x) 

= 

= 

= 

= 

= 

The 1975 Federal Test Procedure mean emission factor for the ith model year .light-duty 
trucks during calendar year (n) and for pollutant (p) · 

The fraction of annual travel by the jth model year light-duty trucks during calendar year 
(n) 

The speed correction factor for the ith model year light-duty trucks for pollutant (p) and 
average speed (s) 

The temperature correction for the ith model year light-duty trucks for pollutant{p) and 
ambient temperature (t) 

The hot/cold vehicle operation correction factor for the ith model year light-duty trucks 
for pollutant (p), ambient temperature (t), percentage cold operation (w), and percentage 
hot start operation (x) 

Values for min are given in Table 0.2·11. Unless other data are available, vips (Tables 0.2·12 and O.l-13), Zipt• 
and riptwx (Table 0.2-14) are the same for this class as for light-duty vehicles. 
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Table D.2·1. PROJECTED CARBON MONOXIDE, HYDROCARBON, AND NITROGEN OXIDE$ 
EXHAUST EMISSION FACTORS FOR LIGHT-DUTY, GASOLINE-POWERED TRUCKS

EXCLUDING CALIFORNIA-FOR CALENDAR YEAR 1973 
(BASED ON 1975 FEDERAL TEST PROCEDURE) 

----· .. -· ·--·- . - .... __ .. 
··--·- . - -- ::=r=------·---·----- -·-·-··-·"" ' Carbon ! · Nitrogen 
Location and monoxide i Hydrocarbo oxides 

g/mi g/km g/mi · g/km ; g/mi g/km model year ; 

Low altitude 
I 
! ; 

Pre-1968 125.0 77.6 i 17.0 10.6 ! 4.2-
I 

1968 70.0 43.5 I 7.9 4.9 4.9 I 
1969 67.8 42.1 I 5.9 3.7 5.3 
1970 i 56.0 34.8 I 5.4 3.4 5.2 
1971 I 56.0 34.8 I 4 . .7 2.9 5.2 
1972 ! 45.0 .27.9 

i 
3.8 2.4 5.3 I 

1973 I 42.8 26.6 3.6 2.2 4.4 

Table D.2·2. PROJECTED CARBON MONOXIDE, HYDROCARBON, AND NITROGEN OXIDES 
EXHAUST EMISSION FACTORS FOR LIGHT-DUTY, GASOLINE-POWERED TRUCKS 

EXCLUDING CALIFORNIA-FOR CALENDAR YEAR 1974 
(BASED ON 1975 FEDERAL TEST PROCEDURE) 

Carbon ! Nitrogen 
Location and monoxide ! Hydrocarbons oxides 
model year g/mi g/km : g/mi g/km g/mi 

' 
Low altitude 

Pre-1968 125.0 77.6 17.0 10.6 4.2 
1968 73.5 45.6 8.7 5.4 4.9 
1969 71.3 44.3 6.5 4.0 5.3 
1970 58.5 36.3 6.0 3.7 5.2 
1971 58.5 36.3 5.2 3.2 5.2 
1972 47.2 29.3 4.2 2.6 5.3 
1973 46.0 27.9 4.0 ·. 2~6 4.6 
1974 42.8 26.6 3.6 2.2 4.4 

2.6 
3.0 
3.3 
3.2 
3.2 
3.3 
2.7 

g/km 

2.6 
3.0 
3.3 
3.2 
3.2 
3.3 
2.9 
2.7 
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Table D.2-3. PROJECTED CARBON MONOXIDE, HYDROCARBON, AND NITROGEN OXIDES 
EXHAUST EMISSION FACTORS FOR LIGHT-DUTY, GASOLINE-POWERED TRUCKS

EXCLUDING CALIFORNIA-FOR CALENDAR YEAR 1975 
(BASED ON 1975 FEDERAL TEST PROCEDURE) 

--~~~~ .... --···- -·--~··--- --~------.' ~·& ··-"······-·- •• - --- ··-- ~-~-·-~ ··--
Carbon I Nitrogen 

Location and monoxide Hydrocarbons oxides I·. g/mi g/km 
·- -9/mf ·-- ·· ·· · -g/k-m -Qim1 ......... ~- ·· -97km. model year 

Low altitude 
Pre-1968 125 77.6 17.0 10.6 4.2 
1968 77.0 47.8 9.5 5.9 4.9 
1969 74.8 46.5 7.1 4.4 5.3 
1970 61.0 37.9 6.6 4.1 5.2 
1971 61.0 37.9 5.7 3.5 5.2 
1972 49.4 30.7 4.6 2.9 5.3 
1973 47.2 29.3 4.4 2.7 4.8 
1974 45.0 27.9 4.0 2.5 4.6 
1975 27.0 16.8 2.7 1.7 4.4 

Table D.2-4. PROJECTED CARBON MONOXIDE, HYDROCARBON, AND NITROGEN OXIDES 
EXHAUST EMISSION FACTORS FOR LIGHT-DUTY, GASOLINE-POWERED TRUCKS

EXCLUDING CALIFORNIA-FOR CALENDAR YEAR 1976 
(BASED ON 1975 FEDERAL TEST PROCEDURE) 

2.6 
3.0 
3.3 
3.2 
3.2 
3.3 
3.0 
2.9 
2.7 

Carbon Nitrogen 
Location and monoxide Hydrocarbons oxi"-es 
model year g/mi g/km g/mi g/km g/mi g/km 

Low altitude 
F're-1968 125 77.6 17.0 10.6 4.2 2.6 
1968 80.5 50.0 10;3 6.4 4.9 3.0 
1969 78.3 48.6 7.7 4.8 

I 
5.3 3.3 

1970 63.5 39.4 7.2 4.5 5.2 3.2 
1971 63.5 39.4 6.2 3.9 I 5.2 3.2 
1972 51.6 32.0 5.0 3.1 

I 
5.3 3.3 

1973 49A 30.7 4.8 3.0 5.0 3.1 
1974 47.2 29.3 4.4 2.7 4.8 3.0 
1975 28.5 17.7 3.0 1.9 ! 4.6 2.9 
1976 27.0 16.8 2.7 1.7 4.4 2.7 
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Table D.2-5. j:)ROJEC:TED CARBON MONOXIDE, HYDROCARBON, AND NITROGEN OXlDES. 
EXHAUST EMISSION FACTORS FOR LIGHT-DUTY, GAS.OLINE-POWERED TRUCKS

EXCLUDING CALl FORNIA-FOR CALENDAR YEAR 1977 
(BASED ON 1975 FEDERAL TEST PROCEDURE) 

-------- ··-- -···-·----~-~---~~-~---~-· ·-- -, -~~-,·-- "'·-·. '~ .. -~-

Carbon Nitrogen 
Location and monoxide Hydrocarbons oxides 

model year g/mi g/km g/mi I g/km g/mi 

Low altitude 
Pre-1968 125 .. 77.5 17.0 10.6 4.2 
1968 84.0 52.2 11.1 6.9 4.9 
1969 81.8 60.8 8.3 5.2 5.3 
1970 66.0 41.0 7.8 4.8 5.2 
1971 66.0 41.0 6.7 4.2 5.2 
1972 53;8 33.4 5.4 3.4 5.3 
1973 51.6 32.0 5.2 3.2 5.2 
1974 49.4 30.7 4.8 3.0 5.0 
1975 30.0 18.6 3.3 2.0 4.8 
1976 28.5 17.7 3.0 1.9 4.6 
1977 27.0 16.8 2.7 1.7 4.4 

Table D.2-6. PROJECTED CARBON MONOXIDE, HYDROCARBON, AND NITROGEN OXIDES 
EXHAUST EMISSION FACTORS FOR LIGHT-DUTY, GASOLINE-POWERED TRUCKS

EXCLUDING CALIFORNIA-FOR CALENDAR YEAR 1978 
" 

I 

Carbon ! Nitrogen 
Location and monoxide Hydrocarbons oxides 
model year g/mi g/km g/mi g/km g/mi 

Low altitude 

I 
I Pre-1968 125 77.6 17.0 10.6 4.2 

1968 87.5 54.3 11.9 7.4 4.9 
1969 85.3 53.0 8.9 5.5 5.3 
1970 68.5 42.5 8.4 5.2 5.2 
1971 68.5 42.5 7.2 4.5 5.2 
1972 56.0 34.8 5.8 3.6 5.3 
1973 53.8 33.4 5.6 3.5 5.4 
1974 51.6 32~0 5.2 3.2 5.2 
1975 31.5 19.6 3.6 2.2 5.0 
1976 30.0 18.6 3.3 2.0 4.8 
1977 28.5 17.7 3.0 1.9 4.6 
1978 9.8 6.1 1.0 0.6 2.3 

g7km 

2.6 
3.0 
3.3 
3.2 
3.2 
3.3 
3.2 
3.1 
3.0 
2.9 
2.7 

-
g/km 

2.6 
3.0 
3.3 
3.~ 
3.2 
3.3 
3.4 
3.2 
3.1 
3.0 
2.9 
1.4 
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Table D.2·7. PROJECTED CARBON MONCJ.XIDE, HYDROCARBON, AND NITROGEN OXIDE$ 
EXHAUST EMISSION FACTORS FOR LIGHT-DUTY, GASOLINE;POWERED TRUCKS

EXCLUDING CALIFORNIA-FOR CALENDAR YEAR 1979 
(BASED ON 1975 FEDERAL TEST PROCEDURE) 

- --·--- -· ·-

CarLon Nitrogen 
Location and monoxide Hydrocarbons oxides_. 
model year g/mi g/km _g/mi g/km g/mi _ g/km 

Low altitude 
Pre-1968 125 77.6. 17.0 10.6 4.2 
1968 87.5 54.3 11.9 7.4 4.9 

'1969 88.8 55.1 9.5 5.9 5.3 
1970 71.0 44.1' 9.0 5.6 5.2 
1971 71.0 44.1 7.7 4.8 5.2 
1972 58.2. 36.1 6.2 3.9 5.3 
1973 56.0 34.8 6.0 3.7 5.6 
1974 53.8 33.4 5.6 3.5 5.4 
1975 33.0 20.5 3.9 2.4 5.2 
1976 31.5 19.6 3.6 2.2 5.0 
1917 30.0 18.6 3.3 1.4 4.8 
1918 10.8 6.7 1.2 0.7 2.35 
1979 9,8 6.1 1.0 0.6 2.3 

Table 0.2-8. PROJECTED CARBON MONOXIDE, HYDROCARBON, AND NITROGEN QXIDIS 
EXHAUST EMISSION FACTORS FOR LIGHT-DUTY, GASOLINE-POWERED TRUCKS.:. 

-
EXCLUDING CALIFORNIA-FOR CALENDAR YEAR 1980 

(BASED ON 1975 FEDERAL TEST PROCEDURE) 

2.6 
3.0 
3.3 
3.2 
3.2 
3.3 
3.5 
3.4 
3.2 
3.1 
3.0 
1.46 
1.4 

Carbon Nitrogen 
Location and monoxide Hydrocarbons oxi~ 
model year g/mi g/km g/mi g/km g/mi g/km 

Low altitude 
Pre-1968 125 77.6 17.0 10.6 4.2 2.6 
1968 87.5 54.3 11.9 I 7.4 4.9 3.0 
1969 88.8 55.1 9.5 5.9 5.3 3.3 
1970 73.5 45.6 9.6 6.0 5.2 3.2 
1971 73.5 45.6 8.2 5.1 5.2 3.2 
1972 60.4 37.5 6.6 4.1 5.3 3.3 
1973 58.2 36.1 6.4 4.0 5.8 3.6 
1974 55.0 34.8 6.0 

I 
3.7 5.6 3.5 

1976 34.6 21.4 4.2 2.6 5.4 3.4 
1976 33.0 20,5 3.9 2.4 5.2 3.2 
1977 31.5 19.6 3.6 2.2 5.0 3.1 
1978 11.8 7.3 1.4 0.9 2.4 1.5 
1979 10.8 6.7 1.2 0.7 2.35 1.46 
1980 9.8 6.1 1.0 I 0.6 2:3 1.4 
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Table D.2-9. PROJECTED CARBON MONODIDE, HYDROCARBON, AND NITROGEN OXIDES 
EXHAUST EMISSJON FACTORS FOR LIGHT-DUTY, GASOLINE•POWERED TRUCKS

EXCLUDING CAliFORNIA-FOR CALENDAR YEAR 1985 
(BASED ON 1975 FEDERAL TEST PROCEDURE) 

- -
Carbon Nitrogen 

Location imd monoxide Hydrocarbons oxides 
model year 

___ , _________ ...;..;. .------------ . ________ ..:,. --- ' 

g/mi 
--g/mi g/km g/mi g/km 

Low altitude 
1972 64.8 40.2 7.4 4.6 5.3 
1973 64.8 40.2 7.6 4.7 6.4 
1974 64.8 40.2 7.6 4.7 6.4 
1975 42.0 26.1 5.7 3.5 6.4 

. 1976 40.5 25.1 5.4 3.4 6.2 
1977 39.0 24.2 5.1 3.2 6.0 
1978 16.8 10.4 2.4 1.5 2.65 
1979 15.8 9.8 2.2 1.4 2.6 
1980 14.8 9.2 2.0 1.2 2.55 
1981 13.8 8.6 1.8 1.1 2.5 
1982 12.8 7.9 1.6 1.0 2.45 
1983 11.8 7.3 1.4 0.9 2.4 
1984 10.8 6.7 1.2 0.7 2.35 
1985 9.8 6.1 1.0 0.6 2.3 

-

g/km 

3.3 
4.0 
4.0 
4.0 
3.9 
3.7 
1.65 
1.6 
1.58 
1.6 
1.52 
1.5 
1.46 
1.4 
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Table D.2·10. PROJECTED CARBON MONOXIDE, HYDROCARBON, AND NITROGEN OXIDES 
. EXHAUST EMISSION FACTORS FOR LIGHT-DUTY, GASOLINE-POWERED TRUCKS

EXCLUDING CALIFORNIA-FOR CALENDAR YEAR 1990 
(BASED ON 1975 FEDERAL TESTPROCED!JRE) 

Carbon 
Location and monoxide Hydrocarbons 
model year g/mi g/km g/mi g/km g/mi 

Low altitude 
1977 42.0 26.1 !5.7 3.5 6.4 
1978 19.8 12.3 3.0 1.9 2.8 
1979 19.8 12.3 3.0 1.9 2.8 
1980 19.8 12.3 .. 3.0 1.9 2.8 
1981 18.8 11.7 2.8 1.7 2.75 
1982 17.8 11.1 2.6 1.6 2.7 
1983 16.8 10.4 2.4 1.5 2.65 
1984 15.8 9.8 2.2 1.4 2.6 
1985 14.8 9.2 2.0 1.2 2.55 
1986 13.8 8.7 1.8 1.1 2.5 
1987 12.8 7.9 1.6 1.0 2.45 
1988 11.8 7.3 1.4 0.9 2.4 
1989 10.8 6.7 1.2 0.7 2.35 
1990 9.8 6.1 1.0 0.6 2.3 

Table D.2·11. SAMPLE CALCULATION OF FRACTION OF ANNUAL 
LIGHT-DUTY, GASOLINE-POWERED TRUCK TRAVEL BY MODEL YEAR 

Fraction of total 
Age, vehicles in use Average annual 
years nationwide (ala miles driven (b)b 

1 0.061 15,900 
2 0,097 16,000 
3 0.097 14,000 
4 0.097 13,100 
5 0.083 12,200 
6 0.076 11,300 
7 0.076 10,300 
8 0.063 9,400 
9 0.054. 8,500 

10 0.043 7,600 
11 0.036 6,700 
12 0.024 6,700 

>13 0.185 4,500 

8 Vehlcles In use by modal year as of 1972 (Reference 1 and 2). 
bReference 2. 
em • ab/~ab. 
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axb 

970 
1,455 
1,358 
1,270 
1,013 

859 
783 
592 
459 
327 
241 
161 
832 

Nitrogen 
oxides 

g/km 

4.0 
1.74 
1.74 
1.74 
1.71 
1.68 
1.65 
1.61 
1.58 
1.55 
1.52 
1.49 
1.46 
1.43 

Fraction 
of annual 

travel (m)c 

0.094 
0.141 
0.132 
0.123 
0.098 
0.083 
0.076 
0.057 
0.044 
0.032 
0.023 
O.D16 
0.081" 
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Table D.2-12. COEFFICIENTS FOR SPEED CORRECTION FACTORS FOR LIGHT-DUTY TRUCKS8 

. 
v· =etA+ BS + cs 2 ! 1ps Vips =A+ BS 

Model Hydrocarbons Carbon monoxide· Nitrogen ox ides 
location year A B c A B c A B 

low altitude 1957-1967 0.953 -6.00 X 10-2 5.81 X 10 - 4 0.967 -6.07 x to-2 5.78 X 10-4 0.808 0.980 X 10 c·2 

(Excluding 1966· 
1967 Calif.) 

California 1966-1967 0.957 -5.98 X 10-2 5.63 X 10-4 0.981 -6.22 X 10-2 6.19 X 10-4 . 0.844 0.798 X 10 ··2 

low altitude 1968· 1.070 -6.63 X 10-2 5.98 X 10 - 4 1.047 -6.52 x 10-2 6.01 X 10 - 4 0.888 0.569 X 10 --2 

1969 1.005 -6.27 x w-2 5.80 X 10 - 4 1.259 -7.72 X 10-2 6.60 X 10 --4 0.915 0.432 X 10 - 2 

1970 0.901 ~.10 x to--2 5.59 X 10-4 1.267 -7.72 x w-2 6.40 X 10 - 4 0.843 0.798 X 10 - 2 

Post-1970 0.943 -5.92 x m-2 5.67 X f0-4 1.241 -7.52 x w-2 6.09 X 10 - 4 0.843 0.804 X 10 - 2 

High altitude 1957-1967 0.883 -5.58 X 10-2 5.52 X 10 .:.4 0.121 -4.57 X 1Q-2 4.56 X 10 - 4 0.602 2~027 X 10-2 

1968 0.722 -4.63 X 10-2 4.80 X 10-4 0.662 -4.23 X 10-2 4.33 X 10-4 0.642 1.835 X ,10-2 -

1969 0.706 -4.55 X 10-2 4.84 X 10-4 0.628 -4.04 x to· 2 4.26 X 10-4 0.126 1.403 X 10 - 2 

1970 0.840 -5:33 x m-2 5.33 X 10-4 0.835 ~.24x to-2 4.98 x10 - 4 0.614 1.978 X 10 - 2 

Post-1970 0.787 -4.99 X 10-2 4.99 X 10-4 0.894 -5.54 X tQ-2 4.99 X 10-4 0.697 1.553 X 10-2 
----·-- ---- -----

a Reference 3. Equations should not be extended beyond the range of d8ta .115 to 45 mi/hrl. These data are for light-duty vehiclu and are assumed applicable to light-
duty trucks. · · 
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Location 

Low altitude 
(Excluding 1966-
1967 Calif.) 

California 
Low altitude 

High altitude 

Table D.2-13. LOW AVERAGE SPEED CORRECTION FACTORS 
FOR LIGHT-DUTY TRUCKsa 

Carbon monoxide Hydrocarbons Nitrogen o~ides 
Model 5 mi/hr 10 mi/hr 5 mi/hr 10 mi/hr 5 mi/hr 10 mi/hr 
year (8 km/hr) (16 km/hr) (8 km/hrl (16 km/hr) (8 km/hrl (16 km/hr) 

1957-1967 2.72 1.57 2.50 1.45 1.08 1.03 

1966-1967 1.79 1.00 1.87 1.12 ·. 1.16 1.09 
1968 3.06 1.75 2.96 1.66 1.04 ., 1.00 

1969 3.57 1.86 2.95 1.65 1.08 HIS 
1970 3,60 1.88 2.51 1.51 1.13 LOS 

Post-1970 4.15 2.23 2.75 1.63 1.15 1•03 
1957-1967 2.29 1.48 2.34 1.37 1.33 1,20 

1968 2.43 1.54 2.10 1.27 1.22 1.18 
1969 2.47 1.61 2.04 1.22 1.22 1.08 
1970 2.84 1.72 2.35 1.36 1.19 1.11 

Post-1970 3.00 1.83 2.17 1.35 1.06 1.02 

a Driving patterns developed from CAPE-21 vehicle operation data (Reference 41 were input to the mod$1 emission analy5is model 
(see section 3.1.2.31. The results predicted bv the model (emissions at 5 and 10 mi/hr (8 and 16 km/hrl were divided by FTP 
emission factors for operation to obtain t!'le above results. The above data are approximate end represent the best curref1tly 
available information. 

Table D.2-14. LIGHT-DUTY TRUCK TEMPERATURE CORRECTION FACTORS 
AND HOt/COLD VEHICLE OPERATION CORRECTION FACTORS 

FOR FTP EMISSION FACTORSa 

Hot/cold vehicle operation 
Pollutant Temperature cor- correction factors 
and controls rection factor (ziptlb g(t) f(t) 

Carbon monoxide 
Non-catalyst -0.0127t + 1.95 - 0.0045t -It 0.02 
Catalyst -0.0743t + 6.58 80.035t -5.24 80.036t "1'4.14 

Hydrocarbons 
Non-catalyst -0.0113t + 1.81 - 0.0079t i 0.03 
Catalyst -0.0304t + 3.25 0,0018t + 0.0095 0.0050t -t 0.0409 

' Nitrogen oxides ! 

Non-catalyst -0.0046t + 1.36 - -0.0068t+ 1.64 
Catalyst -0.0060t + 1.S2 -0.0010t + 0.868 0.0010t + 0.835 

8 Reference 5. Te'!'perature itl'ls expressed in °F. In order to apply the above equations, °C must first be converted to °F IF=9/5C 
+ 321. Similarly Kelvin (KI must be converted to °F (F= 9/SIK- 273.161 + 321. · 

bThe formulae for zipt enable the correction of FTP emission factors for ambient temperature. The formulae for fltl ere usacl in 
conjunction with equation 0.1·2 to calculate ripwx· If tlie variable. riptwx is used in eQuation 0.1-1, iipt must be used !illsO. See 
section 01 for eppropriate formulae for calculating riptwx·· 
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For pre-197S model year vehicles, noncatalyst temperature correction factors should be used. For 1975-1977 
model year vehicles, temperature-dependent correction factors should be calculated for the catalyst and 
noncatalyst class, and the results weighted into an overall factor that is two-thirds catalyst, one-third noncatalyst.• 
For 1978 and later model year vehicles:, noncatalysttemperature correction factors should be applied. 

0.2.3 Evaporative and Crankcase Emissions 

In addition to exhaust emission factors, evaporative crankcase hydrocarbon emissions are determined using: 
n 

where: f0 

ffiin 

Location 

All areas 
e)(cept high 
altitude and 
Californiac 

High 
altitude 

(02-2) 

i=n-12 

= The combined evaporative and CFankcase hydrocarbon emission factor for calendar year (n) 

= The combined evaporative and crankcase hydrocarbon· emission rate for the ith model year. 
Emission factors for this source are reported in Table 0.2-15. The crankcase and evaporative 
emissions reported in the table are added together to arrive at this variable. 

= The weighted'ann\ial travel of the ith model year vehicle during calendar year (n) 

Table D.2-15. CRANKCASE AND EVAPORATIVE HYDROCARBONS 
EMISSION F'ACTORS FOR LIGHT-DUTY, GASOLINE-POWERED TRUCKS 

EMISSION FACTOR RATING: B 

Model Crankcase emissionsil Evaporative emissionsb 
years g/km g/mi g/km g/mi 

Pre-1963 2.9 4.6 2.2 3.6 

1963·1967 1.5 2.4 2.2 3.6 

1968-1970 0.0 0.0 2.2 3.6 
197,1 0.0 0.0 . 1.9 3.1 
1972-1979 0.0 0.0 1.9 3.1 
Post-1979d 0.0 0.0 0.3 0.5 

Pre-1963 2.9 4.6 2.9 4.6 
1963-1967 1.5 2.4 2,9 4.6 
1968-1970 0.0 0.0 2.9 4.6 
1971-1979 0.0 0.0 2.4 3.9 
Post-1979d 0.0 0.0 0.3 0.5 

8 Reference 6. Tabulated values were determined by assuming that two-thirds of the light-duty trucks are 6000 lbs GVW (2700 kg) 
and under, and that one-third are 6001-$500 lbs GVW (2700·3860 kg).· · 

bLight-duty vehicle evaporative data (section 3.1.2) and heavy-duty vehicle evaporative data (section 3.1.4) were used to estimate 
the listed values. 

CFor California: Evaporative emissions for the 1970 model year are 1.9 g/km (3;1 g/mil all other model years are the same as those 
reported as. "All area except high altitude and California". Crankcase emissions for the pre-1961 California light-duty trucks are 
4.6 g/mi (2.9 g/km), 1961·1963 model years are 2.4 (g/mi (1.5 g/km), all post~1963 model year vehicles are 0.0 g/mi (O.Og/km). 

dpost-1979 evaporative emission factors are based on the assumption that existing technology, when' applied to the entire light 
truck class, can result in further control of evaporative hydrocarbons. 
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0.2.4 Particulate and Sulfur Oxides Emissions 

Particulate and sulfur oxides emission factors are presented in Table 0.2·16. 

Table 0.2·16. PARTICULATE, SULFURIC ACID, AND TOTAL SULFUR OXIDES 
EMISSION FACTORS FOR LIGHT-DUTY, GASOLINE-POWERED VEHICLES 

Emission factors 
N(ln-catalyst Non-catalyst Ccnalyst 

Pollutant (Leaded fuel) (Unleaded fuel) (Unle$1ed fuel) 

Particulate 
Exhausta 

g/mi 0.34 0.05 0.05 
g/km 0.21 0.03 0.03 

Tire wear 
g/mi 0.20 0.20 0.20 

g/km 0.12 0.12 0.1~ 

Sulfuric acid 
o.of'o.osb g/mi 0.001 0.001 

g/km 0.001 0.001 0.0 -0.04 
Total sulfur oxides 

g/mi 0.18 0.18 0.1$ 
g/km 0.11 0.11 0.11 

;I Excluding particulate sulfate or sulfuric acid aerosol. 
"sulfuric acid emission varies markedly with driving mode and fuel sulfur levels. 

0.2.5 Basic Assumptions 

Composition of class. For emission estimation purposes, this class is composed of trucks having a GVW of 8500 
lb (3856 kg) or less. Thus, this class includes the group of trucks previously defined in AP-42 as light-duty 
vehicles (LDV) plus a group of vehicles previously defined as heavy-duty vehicles (HDV). On the basis of numbers 
of vehicles nationwide, the split is two-thirds LDVs, one-third HDVs. 

Standards. The pollutant standards assumed for this category are weighted averages of the standards applicable to 
the various vehicle classes that were combined to create the light-duty truck class. Until 1975, those light-duty 
trucks that weighed 6000 lb (2722 kg) and under were required to meet light-duty vehicle emission standards. 
Beginning in 1975, in accordance with a court order, a separate light truck class was created. This class, which 
comprises two-thirds of the light-duty truck class (as defined here), is required to meet standards of 20 8/rrri (12.4 
g/km) of carbon monoxide, 2 g/mi (1.2 g/km) of hydrocarbons, and 3.1 g/mi (1.9 g/krrl) of nitrogen oxides from 
1975 through 1977. The remaining one-third of the light-duty trucks are currently subject to heavy-duty vehicle 
standards. Data presented in section 0.2 are based on the assumption that, beginning in 1978, the light-duty 
truck class of O-S500 lb (3856 kg) GVW will be subject to the following standards: carbon monoxide-17.9 g/rrri 
(1 1.1 g/km), hydrocarbon-1'.65 g/mi (1.0 g/km), and nitrogen oxides-2.3 g/mi (1.4 g/km). 

Deterioration. The same deterioration assumptions discussed in section D.l for light-duty vehicles apply except 
that 1975-1977 model year vehicles weighing between 6000 and 8500 lb (2722-3856 kg) are assumed 1not to be 
equipped with catalytic converters. Therefore, the deterioration factors for light-duty trucks are weighted values 
composed of 6000-lb (2722 kg) GVW truck deterioration values and 6001 to 85QO-lb (2722-3856 kg) GVW truck 
deterioration values. The weighting factors are two-thirds and one-third, respectively. 

Actual emission values. For 1972 and earlier model year vehicles, emission values are those measured in the EPA 
Emi:.sion SurVeillance Program 7 •

8 and the baseline study of 6,00Q- to lO,OQO..lb (2,722-4,536 kg) trucks.9 
•
1 0 
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The tabulated values are weighted two-thirds for 0-6000-lb (0..2722 kg) trucks and one-third for 6000- to _8500..J.b 
(2722-3856 kg) trucks. For 1973·1974 model year emission values, this- same weighting factor is applied to 
projected 1973-1974 light-duty vehicle emissions and 1972 model year 6,000- to 10,000-lb (2,7224,536 kg) 
emission values. 1975-1977 model year emission values for 0- to 600Q-lb (0 to 2722 kg) GVW trucks are based on 
unpublished certification test data along with estimates of prototype-to-production differences. Post-1977 model 
year emission values are based on previous relationships of low mileage in-use emission values to the standards. 

California values. Projected emission-factors for vehicles ciperated in California were not computed because of a 
lack of information. The Pre-1975 California light-duty vehicle ratios canbe applied to the light-duty trucks as a 
best estimate (see section D.l). For 1975 and later, no difference is expected except in the value for nitrogen 
oxides in 1975-1976; the California. standards can be weighted two-thirds, and the truck baseline value of 7.1 
g/mi (4.4 gm/km) one-third to get an estimated value for nitrogen oxides in 1975-1976. 

0.2.6 High Altitude and Inspection/Maintenance Corrections 

To correct for high altitude for all pollutants for light-duty trucks, the light-duty vehicle ratio of high altitude 
to low altitude emission factors· for the model year vehicle is applied to the calendar year in question (see section 
D.l). Credit for inspection/maintenance for light·duty trucks is the same as that given for autos in section D. I. of 
this appendix. 
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( D.3 LIGHT·DUTYt DIESEL-POWERED VEHICLES 

0.3.1 General 

( 

Although light-duty diesels represent only a small fraction of automobiles in use, their numbers can be 
expected· to increase in the future. Currently, only two manufacturers produce diesel-powered automobiles for 
sale in the United States, but this may change as the demand for low polluting, economical engines grows. 

0.3.2 Emissions 

Because of the limited data base for these vehicles, no attempt has been made to predict deterioration factors. 
The composite emission factor calculation procedure involves only the Federal Test Procedure (FTP) emission 
factor and the fraction of travel by model year (see main text, section 3.1.3). The values presented in Table 
3.13-1 apply to all model years and pollut$lts. 

0.3.3 Basic Asswnptions 

Standards. See section D.l, Ught-Duty, Gasoline-Powered Vehicles. 

Deterioration. Because of the lack of data, no deterioration factors are assumed. Diesels are expected to continue 
to emit carbon monoxide and hydrocarbons at their present rates but to meet future NOx standards exactly. 
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(. D.4. HEAVY-DUTY, GASOLINE-POWERED VEHICLES 

D.4.1 General 

( 

This class includes vehicles with a gross vehicle- weight of more than 8500 lb {3856 kg). Most of the vehicles 
are trucks; however, buses and special purpose vehicles such as motor homes are also included. As in other 
sections of this appendix the reader is encouraged to refer to the main text (see section 3.1.4) for a much more 
detailed presentation. The discussion presented here is brief, consisting primarily of data summaries. 

D.4.2 Carbon Monoxide, Hydrocarbon, and Nitrogen Oxides Exhaust Emissions 

The composite exhaust emission factor is calculated using: 

n 

enps = L: cipn min vips 
i=n-12 

(0.4-1) 

where: enps = Composite emission factor in g/mi (g/km) for calendar year (n) pollutant (p), and average speed 
(s) 

= The test procedure emission factor for pollutant {p) in g/mi (g/km) for the ith model year in 
calendar year (n) 

= The weighted annual. travel of the ith model year vehicles during calendar year {n). The 
determination of this variable involves the use of the vehicle year distribution. 

vips = The speed correction factor for the ith model year vehicles for pollvtant (p) and average speed 
(s) . 

The projected test procedure 'emission factors (Cipn) are summarized in Tables 0.4-1 through 0.4-10. These 
projected factors are based on the San Antonio Road Route test (see section 3.1.4) and assume 100 percent 
warmed-up vehicle operation at an average speed of approximately 18 mi/hr (29 km/hr). Table 0.4-11 contains a 
sample calculation of the variable min, using nationwide statistics. Speed correction factor data are collltained in 
Table 0.4-12 and Table 0.4-13. · 

Table 0.4-1. PROJECTED CARBON MONOXIDE, HYDROCARBON, AND NITROGEN OXIDES 
· EXHAUST EMISSION FACTORS FOR HEAVY-DUTY, GASOLINe-POWERED VEHICLEs

EXCLUDING CALIFORNIA-FOR CALENDAR YEAR 1973 -· 
Carbon Nitrogen 

Location and monoxide Hydrocarbons oxicles 
model year g/mi g/km Qlmi g7km g/mi 

Low altitude 

I Pre-1970 238 148 35.4 22.0 6.8 
1970 188 117 13.9 8.6 12.7 
1971 188 117 13.8 8.6 12.6 I 
1972 188 117 13.7 8.5 12.6 I 
1973 188 117 13.6 8.4 12.5 i 
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Table D.4-2. PROJECTED CARBON MONOXIDE, HYDROCARBON; AND NITROG'EN OXIDES 
EXHAUST EMISSION FACTORS FOR HEAVY-DUTY, GASOLINE-POWERE.D VEHICLES

EXCLUDING CALIFORNIA-FOR CALENDAR YEAR 1974 

Carbon Nitrogen 
location and monoxide Hydrocarbons oxides 
model year g/mi g/km g/mi g/km g/mi 

Low altitude 
Pre-1970 238 148 35.4 22;0 6.8 
1970 188 117 - 14.0 8.7 12.7 
1971 188 "117 13.9 8.6 12.7 
1972 188 117 13.8 8.6 12.6 
1973 188 117 13.7 8.5 12.6 
1974 167 104 13.1 8.1 12.5 

Table D.4-3. PROJECTED CARBON MONOXIDE, HYDROCARBON, AND NITROGEN OXIDES 
EXHAUST EMISSION FACTORS FOR HEAVY-DUTY, GASOLINE-POWERED VEHICLES

EXCLUDING CALIFORNIA-FOR CALENDAR YEAR 1975 

Carbon Nitrogen 
Location and monoxide Hydrocarbons oxides 
-model year g/mi g/km g/mi g/km g/mi 

Low altitude 
Pre-1970 238 148 35.4 22.0 6.8 
1970 188 117 14.1 8.8 12.8 
1971 188 117 14.0 8.1 12.7 
1912 .. 188 117 13.9 8.6 12.7 
1973 188 117 13.8 8.6 12.6 
1974 168 104 13.2 8.2 12.6 
1975 167 104 13.1 8.1 12.5 

Table D.4-4. PROJECTED CARBON MONOXIDE, HYDROCARBON, AND NITROGEN OXIDES 
EXHAUST EMISSION FACTORS FOR HEAVY-DUTY, GASOLINE-POWERED VEHICLES

EXCLUDING CALIFORNIA-FOR CALENDAR YEAR 1.976 

Carbon i Nitrogen 
Location and monoxide Hydrocarbons oxides 
model year g/mi g/km g/mi g/km g/mi 

Low altitude -· 

Pre-1970 238 148 35.4 22.0 6.8 
1970 188 117 14.2 8.8 12.8 
1971 188 117 14.1 8.8 12.8 
1972 188 117 14.0 8.7 12.7 
1973 188 117 

I 
13.9 8.6 12.7 

1974 169 105 13.3 8.3 12.6 
1975 168 104 I 13.2 8.2 12.6 
1976 167 104 : 13.1 8.1 12:5 

g/km 

4.2 
7~9 
7,9 
7.8 
7.8 
7.8 

g/km. 

4.2 
7.9 
7:9 
7.9 
7.8 
7.8 
7.8 

g/km 

4.2 
7.9 
7.9 
7.9 
7.9 
7.8 
7.8 
7.8 
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Table D.4-5. PROJECTED CARBON MONOXIDE, HYDROCARBON, ANO NITROGEN OXIDES. 
EXHAUST EMISSION FACTORS FOR HEAVY-DUTY, GASOLINE-POWERED VEHICLEs

EXCLUDING CALIFORNIA-FOR CALENDAR YEAR 1977 . 
Carbon NitrogeA 

Location and monoxide Hydrocarbons oxides 
g/mi model year g/mi g/km g/mi g/km 

Low altitude 
Pre-1970 238 148 35.4 22.0 6.8 

1970 188 117 14.3 8.9 I 12.9 

1971 188 117 14.2 8.8 12.8 

1972 188 117 14.1 8.8 12.8 

1973 188 117 14.0 8.7 12.7 

1974 170 106 13.4 8.3 12.7 

. 1975 169 ' 105 13.3 8.3 
I 

12.6 

1976 168 104 13.2 8.2 12.6 

1977 167 104 13.1 8.1 I 12.5 

Table DA-6. PROJECTED CARBON MONOXIDE, HYDROCARBON, AND NITROGEN OXIDES 
EXHAUST EMISSION FACTORS FOR HEAVY-DUTY, GASOLINE-POWERED VEHICLES

EXeLUDING CALIFORNIA-FOR CALENDAR YEAR 1978 

-
g/km 

4.2 
8.0 
7.9 
7.9 
7.9 
7.9 
7.8 
7.8 
7.8 

Carbon Nitrogen 

Location and monoxide Hydrocarbons oxides 

model year g/mi g/km g/mi g/km g/mi g/km 

Low altitude 
Pre-1970 238 148 35.4 22.0 6.8 4.2 

1970 188 117 14.4 8.9 12.9 8.0 

1971 188 117 14.3 8.9 12.9 8.0 

1972 188 117 14.2 8.8 12.8 7.9 

1973 188 117 14.1 8.8 12.8 
·-

7.9 

1974 171 106 13.5 8.4 12.7 7.9 

'1975 170 106 13.4 8.3 12.7 7.9 

1976 169 105 13.3 8.3 12.6 .7.8 

1977 168 104 13.2 8.2 12.6 7.8 

1978 117 73 6.0 3.7 11.4 7.1 
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Table D.4-7. PROJECTED CARBON MONOXIDE, HYDROCARBON, AND NITROGEN OXIDES 
EXHAUST EMISSION FACTORS FOR HEAVY-DUTY, GASOLINE-POWERED VEHICLES

EXCLUDING CALIFORNIA-FOR CALENDAR YEAR 1979 
- WY"O -· ,_ 

Carbon Nitrogen 
Location and monoxide Hydrocarbons oxides 

" 

model year g/mi g/km g/mi g/km g/mi g/km 

Low altitude 
Pre-1970 238 148 35.4 22.0 6.8 4.2 
1970 188 117 14.4 8.9 13.0 8.1 
1971 188 117 14;4 8.9 12.9 8.0 
1972 188 117 14.3 8.9 12.9 8.0 
1973 188 117 14.2 8.8 12.8 7.9 
1974 172 107 13.6 8.4 12.8 7.9 
1975 171 106 13.5 8.4 12.7 7.9 
1916 170 106 13.4 8.3 12.7 7.9 
1977 169 105 13.3 8.3 12.6 7.8 
1978 118 73 6.0 3.7 11.6 7.2 
1979 117 73 6.0 3.7 11.4 7.1 

Table D.4-8. PROJECTED CARBON MONOXIDE, HYDROCARBON, AND NITROGEN OXIDES 
EXHAUST EMISSION FACTORS FOR HEAVY-DUTY, GASOLINE-POWERED VEHICLES

EXCLUDING CALIFORNIA-FOR CALENDAR YEAR 1980 
·-~-~"T ...,.c,r-.••• .,,.,....._, ... _ 

Location and 
model year 

Low altitude 
Pre-1970 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 

0.4-4 

-·-
i 
I 
j 

! 
i 

I 
i 
I 

I 
i 

! 
' 

g/mi 

238 
188 
188 
188 
188 
173 
172 
171 
170 
119 
118 
117 

Carbon 
monoxide 

' i 

' 

I 
I 

g/km 

148 
117 
117 
117 
117 
107 
107 
106 
106 
74 
73 
73 

i 

I 
I 

.. -+ N;irngen 
Hydrocarbons __ oxiq~--

g/mi g/km g/mi . g/km 
i 

35.4 
14.4 
14.4 
14.4 

.. 14.3 
13.7 
13.6 
13.5 
13.4 
6.1 
6.0 
6.0 

I 

I 
' 

i 
I 
I 

22.0 
8.9 
8.9 

. 8.9 
8.9 
8.5 
8.4 
8.4 
8.3 
3.8 
3.7 
3.7 

I 

' i 
I 
I 

6.8 
13.0 
13.0 
12.9 
12.9 
12.8 
12.8 
12.7 
12.7 
11.8 
11.6 
11.4 

I 

I 
I 

4.2 
8.1 
8.1 
8.0 
8.0 
7.9 
7.9 
7.9 
7.9 
7.3 
7.2 
7.1 
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Table 0.4-9. PROJE.CTED CARBON MONOXIDE, HYDROCARBON, AND NITROGEN OXIDES 
EXHAUST EMISSION FACTORS FOR HEAVY-DUTY, GASOLINE-POWERED VEHICLES-

EXCLUDING CALIFORNIA-FOR CALENDAR YEAR 1985 

-
Carbon Nitrogen 

Location and monoxide Hydrocarbons oxides 
model year g/mi g/kin g/mi .. g/km g/mi I 

Low altitude 
1972 188 117 14.4 8.9 13.0 

I 1973 188 117 14.4 8.9 13.0 
1974 176 109 14.0 8.7 13.0 
1975 176 109 14.0 8.7 13.0 
1976 175 109 14.0 8.7 12.9 
1977 174 108 13.9 8.6 ~2.9 

1978 124 77 6.3 3.9 12.8 
1979 123 76 6.2 3.9 12.6 
1980 122 76 6.2 3.9 12.4 
1981 121 75 6.2 3.9 i 12.2 
1982 120 75 6.1 3.8 ! 12.0 
1983 119 74 

I 6.1 3.8 
; 

11.8 
I 

I I 1984 118 73 6.1 3.8 11.6 
I 1985 117 73 I 6.0 3.7 11.4 

Table D.4-10. PROJECTED CARBON MONOXIDE, HYDROCARBON, AND NITROGEN OXIDES 
EXHAUST EMISSION FACTORS FOR HEAVY-DUTY, GASOLINE-POWERED VEHICLES

EXCLUDING CALIFORNIA-FOR CALENDAR YEAR 1990 

Carbon Nitrogen 
Location and monoxide Hydrocarbons oxides 
model year g/mi g/km g/mi I g/km g/mi 

Low altitude 

I 1977 176 109 14.0 8.7 13.0 
1978 126 I 78 6.3 I 3.9 13.0 
1979 126 

I 

78 6.3 I 3.9 I 
I 

13.0 
1980 126 I 78 6.2 3.9 13.0 
1981 126 I 78 6.2 3.9 13.0 I 1982 125 I 78 6.2 ! 3.9 13.0 
1983 124 i 77 6.2 I 3.9 12.8 
1984 123 76 6.2 I 3.9 12.6 
1985 122 76 6.2 3.9 12.4 

I 
1986 121 75 6.1 3.8 12.2 
1987 120 75 6.1 3.8 12.0 
1988 119 74 6.1 3.8 11.8 
1989 118 I 73 6.0 I 3.7 11.6 

I 

1990 I I I 117 I 73 6.0 I 3.7 11.4 
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8.1 
8.1 
8.1 
8.1 
8.0 
8.0 
7.9 
7.8 
7.7 
7.6 
7.5 
7.3 
7.2 
7.1 

g/km 

8.1 
8.1 
8.1 
8.1 
8.1 
8.1 
7.9 
7.8 
7.7 
7.6 
7.5 
7.3 
7.3 
7.1 



Age, 
years 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

>13 

Table 0.4·11. SAMPLE CALCULATION OF FRACTlON OF ANNUAL 
HEAVY-DUTY, GASOLINE-POWERED VEHICLE TRAVEL BY MODEL YEAR 

Fraction of total 
vehicles in use Average annual 

nationwide (a)a mil~ driven (b)b axb 

0.037 19,000 703 
0.078 18,000 1.404 
0.078 17,000 1,326 
0.078 16,000 1,248 
0.075 14,000 1,050 
0.075 12,000 900 
0.075 10,000 750 
0.068 9,500 646 
0.059 9,000 531 
0.053 8,500 451 
0.044 8,000 352 
0.032 7,500 240 
0.247 7,000 1,729 

a vehicles in use by model year as of 1972 (Reference 1 ). 
bReference 1. 
em =ab/~ilb. 
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Fraction 
of annual 

travel (m)C 

0.062 
0.124· 
0.117 
0.110 
0.093 
0.080 
o.oS6-
0.057 
0.047 
0.040 
0.031 
0.021 
0.153 

12/75 
( 



~-

-N -.... VI 

f 
-~ 

0 

c 
~ 

-~~ .. -----..... 

Table 0.4-12. COEFFICIENTS FOR SPEED CORRECTION FACTORS FOR HEAVY-DUTY. GASOLINE-POWERED VEHICLEs&.b -

_ (A+BS+CS2 ) 
vips- e vips=A+BS 

Model Hydrocarbons Carbon monoxide Nitrogen oxides 

Location year A B c A B I c A B 

Low Pre-1970 0.953 I -6.00 x 10-2 ! 5.81 x 10 -4 0.967 I -6.07 X 10-2 l 5.78 X 10 -4 0.808 I 0.980 X 10 -2 

altitude Post-1969. I ·1.070 ~-6.63 x 10-2 ,5.98 x 10-4 1.047,-6.52 X 10-2 ,6.01 X 10 -4· I 0.888 I 0.569 X 10 -
2 

High Pre-1970 0.883 -5.58 X 10-:! . 5.52 X 10 -4 0.721 -4.57 X 10-2 I 4.56 X 10-4 I 0.602 2.027 X 10-2 

altitude Post;1969 0.722 -4.63 X 10-2 4.80 X 10-4 0.662 -4.23 X 10-2 I 4.33 X 10-4 i 0.642 1.835 X 10-2 

-

8 Refaranca 2. Equations should not be extended beyond the range of data115 to 45 mi/hr). These data are from tests of light-duty vehicles and are assumed appli
cable to heavy-duty vehicles. 

bsJ,eed Is) is In miles par hour (1 mi/hr"' 1.61 km/hr). 



Table D.4-13. LOW AVERAGE SPEED CORRECTION FACTORS 
FOR HEAVY-DUTY, GASOLINE-POWERED VEHICLESa 

Carbon monoxide HydrC)carbons · 
Model 5 mi/hr 10 mi/hr 5 mi/hr 10 mi/hr 

Nitrogen oxides 
5 mi/hr 10 mi/hr 

Location year (8 km/hr) (16 km/hr) (8 km/hr) (16 km/hr) (8 km/hr) (16 km/hr) 

Low altitude Pre-1970 2.72 1.57 2.50 1.45 1.08 1.03 
Post-1969 3.06 1.75 2.96 1.66 1.04 1.00 

High altitude Pre-1970 2.29 1.48 2.34 1.37 1.33 1.20 
Post-1969 2.43 1.54 2.10 1.27 1.22 1.18 

a Driving patterns developed from CAPE:21 vehicle operation data (Reference 3)were input to the modal emission analysis model 
(see section 3.1.2.3). The results predicted by the model (emissions at 8 and 16 km/hr; 5 and 10 mi/hrl were divided by FTP 
emission factors for hot operation to obtain the above results. The above data represent the best currently available information 
for light-duty vehicles. These data are assumed applicable to heavy-duty. vehicles given the lack of better information. 

0.4.3 Crankcase and Evaporative Hydrocarbons 

In addition to exhaust emission factors, the calculation of evaporative and crankcase hy~rocarbon emissions 
are determined using: 

n 
fn "" 2: hi min 

i=n-12 

(0.4-2) 

where: fn == The combined evaporative and crankcase hydrocarbon emission factor for calendar year (n) 

hi "" The combined evaporative and crankcase hydrocarbon emission rate for the ith model year. 

,,...--• 

( 

Emission factors for this source are reported in Table 0.4-14. Crankcase and evaporative 
emissions must be combined before applying equation 0.4-2. ; ( 

min = The weighted annual travel of the ith model year vehicle during calendar year (n) 

Table D.4-14. CRANKCASE AND EVAPORATIVE HYDROCARBON EMISSION 
FACTORS FOR HEAVY-DUTY, GASOLINE-POWERED VEHICLES 

EMISSION FACTOR RATING: B 

Model Crankcase emissionsb Evaoorative emissionsa 
Location years g/mi g/km g/mi g/km 

All areas Pre-1968 5.7 3.5 5.8 3.6 
except high 
altitude and Post-1967C 0.0 0.0 5.8 3.6 
California 

California only Pre-1964 5.7 3.5 5.8 3.6 
Post-1963c 0.0 0.0 5.8 3.6 

High altitude Pre-1968 5.7 3.5 7.4 4.6 
Post-1967C 0.0 0.0 7.4 4.6 

a References 4 through 6 were used to estimate evaporative emission factors for heavy-duty vehicles (HDV). The formula from 
section 3.1.2.5 was used to calculate g/mi (g/kml values, (evaporative emission factor= g + kd). The HDV diurnal evaporative 
emissions (g) were assumed to be three times the LDV value to account for the larger size fuel tanks used on HDV. Nine trips 
per day (d =number of trips per day) from Reference 3 were used in conjunction with the LDV hot soak emissions (t) to yield 
a total evaporative emission rate in grams per day. This value was divided by 36.2 miles per day (58.3 km/day) from Reference 
1 to obtain the per mile (per kilometer) rate. 

bcrankcase factors are from Reference 7. 
cHOV evaporative emissions are expected to be controlled in 1978. Assume 50 percent reduction over the above post-1967 values 

(post-19.63 California). 
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1 D.4.4 Sulfur Oxide and Particulate Emissions 
·~ ' 

( 

Projected sulfur oxide and particulate emission factors for all model year heavy-duty, gasoone-powered 
vehicles are presented in Table 0.4--15. Sulfur oxides factors are based on fuel sulfur content and fuel 
consumption. (Sulfuric acid emissions are between 1 and 3 percent of sulfur oxides emissions.) T~-wear 
particulate factors are based on, automobile test results, a premise necess!ily because of the lack of data for 
heavy-duty vehicles. Truck tire wear is likely to result in greater particulate emission than that for automobiles 
because of larger tires, heavier loads on tires, and more tires per vehicle. Although the factors presented in Table 
0.4-15 can be adjusted for the number of tires per vehicle, adjustments cannot be made to account for the other 
differences. 

Table D.4-15. SULFUR OXIDES AND PARTICULATE 
EMISSION FACTORS FOR HEAVY-DUTY, 

GASOLINE-POWERED VEHICLES 
EMISSION FACTOR RATING: B 

Pollutant 

Particulate 
Exhaust'~ 
Tirewearb, 

Sulfur oxidesC 
(SOx asS02) 

g/mi 

0.91 
0.20T 

0.36 

Emissions 
g/km 

0.56 
0.12T 

0.22 

a Calculated from the Reference 8 value of 12 lb/103 gal (1.46 g/llter) 
gasoline. A 6.0 mi/gal (2.6 kmlliterl value from Reference 9 was used 
to convert to a per kilometer (per mile) emission factor. 

bReference 1 0. The data from this reference are for passenger cars. In 
the absence of specific data for heavy-duty vehicles, they are assumed 
to be representative of truck-tire-wear particulate. An adjustment is 
made for trucks with more than four tires. T equals the number of tires 
divided by four. 

ceased on an average fuel consumption of 6.0 mi/gal (2.6 km/literl from 
Reference 9. on a 0:04 percen't sulfur content from References 11 and 
12, and on a density of 6.1 lb/gal (0.73 kg/liter) from References 11 
and 12. 

D.4.S Basic Assumptions 

Emission factors for heavy-duty vehicles (HDV) are based on San Antonio Road Route data for controlled 
(1970-1973 model years) trucks13 and for uncontrolled (pre-1970 model years) trucks.14 Unpublished data on 
1974 trucks and technical judgment were used to estimate emission factors for post-1973 HDV. In doing so, it 
was assumed that diesel trucks will take over most of the "heavy" HDV market (trucks weighing more than 
13,000 kg) and that the average weight of a gasoline-powered HDV will be approximately 26,000 lbs (11 ,790 kg). 
It is expected that interim standards for HDV, which will result in significant HC reduction, will be implemented 
in 1978. 

Projected emission factors at high altitude and for the State of California are not reported in these tables; 
however, they can be derived using the following methodologies. Although all pre-1975 model yea~ HDV 
emission factors for California vehicles are the same as those reported in these tables, the hydrocarbon and 
nitrogen oxides values for 197 5-1977 model years in. California can be assumed equal to the national (tabulated) 
values for the 1978 model year. Carbon monoxide levels for 1975-1977 HDV in California can be assumed to be 
9 percent lower than the 1975-1977 national levels. To convert the national HDV levels for high altitude for all 
pollutants in a given calendar year, the light-duty vehicle (LDV) ratio of high altitude to low altitude emission 
factors (by pollutant) can be used. For pre-1970 model year trucks, the pre-1968 model year LDV ratio can be 
applied. For 1970-1973 model year trucks, the 1968 model year LDV ratio can be applied. For 1974--1977 
trucks, the 1970 LDV ratio can be applied. For post-1977 trucks, the 1975 model year LDV ratio can be applied. 
See section 0.1 of this appendix to obtain the data necessary to calculate these ratios. 
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D.S HEAVY-DUTY. DIESEL-POWERED VEHICLES 

0.5.1 General 

This class of vehicles includes all diesel vehicles with a gioss vehicle weight (GVW) of more than 6000 lb 
(2772 kg). On the highway, heavy-duty diesel engines are primarily used in trucks and buses. Diesel engine$ in any 
application demonstrate operating principles that are significantly different from those of the gasoline engine. 

D.5.2 Emissions of Carbon Monoxide, Hydrocarbons, and Nitrogen Oxides 

. Emissions from heavy-duty, diesel-powered vehicles during a calendar year (n) and for a pollutant (p) can be 
approximately calculated using: 

n 

enps "' l: · Cipn min vips 
i=n-12 

(D.S-1) 

where: enps = Composite emission factor in g/mi (g/km) for calendar year (n), pollutant (p), and average 
speed (s) 

.'1pn 

lnfn 

= The emission rate in g/mi (g/km) for the ith model year vehicles in calendar year (n~ over a 
transient. urban driving schedule with average speed of approximately 18 mi/hr 

= The fraction of total heavy·duty diesel miles (km) driven by the ith model year vehicles during 
calendar year (n) 

vips = The. speed correction factor for the tth model year heavy.duty diesel vehicles for pollutant (p) 
and average speed (s) 

Values for C!pn are given in Table D.S-1; values for mtn are in Table D.S-2. The speed correction factor (Yips> can 
be computed using data In Table D.S-3. Table D.S-3 gives heavy-duty diesel HC, CO, and NOx emission factors in 
grams per minute for idle operation, for an urban route with average speed of 18 mi/hr (29 km/hr),, and for 
operation at an over-the-road speed of 60 mi/hr (97 km/hr). 
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Table D.5·1. CARBON MONOXIDE, HYDROCARBON, AND. NITROGEN OXIDES EXHAUST EMISSION FACTORS 
FOR HEAVY-DUTY DIESEL-POWERED VEHICLES BY CALENDAR YEAR 

Emission factors by calendar yeara 
Model 1973 1974 1975 1976 1977 1978 1979 1980 1985 

Pollutant year g/mi g/km g/mi g/km g/mi g/km g/mi g/km g/mi g/km g/mi g/km g/mi g/km g/mi g/km g/mi g/km 

Carbon All 28.7 17.8 28.7 17.8 28.7 17.8 28.7 17.8 28.7 17.8. 28.7 17.8 28.7 17.8 28.7 17.8 28.7 17.8 
monoxide 

Hydrocarbons All 4.6 2.9 4.6 2.9 4.6 2.9 4.6 2.9 4.6 2.9. 4.6 2.9 . 4.6 2.9 4.6 2.9 4.6 2.9 

Nitrogen Pre-
oxides 1978 20.9 13.0 20.9 13.0 20.9 13.0 20.9 13.0 2Q.9 13.0 20.9 . . 13.0 20.9 13.0 20.9 13.0 20.9 13.0 

1978 18.1 11.2 19.0 11.8 19.9 12.4 20.9 13.0 
1979 18.1 11.2 19.0 11.8 20.9 13.0 
1980 18.1 11.2 20.9 13.0 
1981 20.9 13.0 
1982 20.8 12.9 
1983 19.9 12.4 
1984 19.0 11.8 
1985 18.1 11.2 
1986 
1987 
1988 
1989 
1990 

-

aRefarence 1. 

1990 
g/mi g/km 

28.7 17.8 

4.6 2.9 

20.9 13.0 
20.9 13.0 
20.9 13.0 
20.9 13.0 
20.9 13.0 
20.9 13.0 
20.9 13.0 
20.9 13.0 
20.9 13.0 
20.9 13.0 
20.8 12.9 
19.9 12.4 
19.0 11.8 
18.1 1'1.2 
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Table D.5-2. SAMPLE CALCULATION OF FRACTION OF ANNUAL 
HEAVY-DUTY DIESEL-POWERED V,EH'ICLE TRAVEL BY MODEL YEAR . 

Fraction of total -
Age, vehicles in use 
years nationwide (a)a 

1 0.077 
2 0.135 
3 0.134 
4 0.131 
5 0.099 
6 0.090 
7 0.082 
8 0.062 
9 0.045 

10 0.033 
11 0.025 
12 0,016 

>13 0.064 -
8 Vehicles in use by model year as of 1972 (Reference 21. 
bReference 2. 
em = ab/l:ab; 

FraOtion 

Average annual of annual 
miles driven (b)b axb travel (tn)C 

70,000 5,390 0.096 
70,000 9,450 0.1169 
70,000 9,380 0.168 
70,000 9,170 0.164 
62,000 6,138 0.110 
50,000 4,500 0.080 
46,000 3,772 0;067 
43,000 2,666 0.048 
42,000 1,890 0.034 
30,000 990 0.018 
25,000 625 0.011 
25,000 375 0.007 
25,000 1,600 0.029 

Table D.5-3. EMISSION FACTORS FOR HEAVY-DUTY, DIESEL-POWERED VEHICLES 
UN,DER DIFFERENT OPERATING CONDITIONS8 

(g/min) 
EMISSION FACTOR RATING: B 

Operating mode 
Urban 

Pollutant Idle (18 mi/hr; 29 km/hr) 

Carbon monoxide 0.64 8.61 
Hydrocarbons .. 0.32 1.38-
Nitrogen oxides 1.03 6.27 _, 

(NOx as N02 l 

aoata are obtained by analysis of results in Reference 1. 

for average speeds less than 18 mi/hr (29 km/hr), the correction factor is: 

18 
Urban + (s -1) Idle 

Vjps = 
Urban 

Over-the-roatl 
(6Q mi/hr; 97 krn/hr) 

5.40 
2.25 

28.3 

(D.S-2) 

Where: sis the. average speed of interest (in mi/hr), and the urban and idle values (in g/min) are obtained from · 
Table D.S-3. For average speeds above 18 mi/hr (29 km/hr), the correction factor is: 

18 
42S [(60-S) Urban+ (S-18) Over the Road] 

(D.S-3) 
Urban 

Where: Sis the average speed (in mi/hr) of interest. Urban and over-the-road values (in g/min) are obtain~d from 
Table D.S-3. Emission factors for heavy-duty diesel vehicles assume all operation to be under warmed·uA vehicle 
conditions. Temperature correction factors, therefore, are not included because ambient temperature has l!ninimal 
effects on warmed-up operation. 

12/75 Appendix D ID.S-3 



0.5.3 Emissions of Other Pollutants. 
. ' ~ 

Emissions. of sulfur oxides, sulfuric acid, particulate, aldehydes, and organic acids are summarized in Table 
0.54. 

Table 0.5-4. SULFUR OXIDES, PARTICULATE, 
ALDEHYDES, AND ORGANIC ACIDS 

EMISSION FACTORS FOR HEAVY-DUTY, 
DIESEL-POWERED VEHICLES · 

EMISSION FACTOR RATING: B 

Emissions& 
Pollutant g/mi 

Particulate 1.3 
Sulfur oxidesb 2.8 

(SOx asS02l 

Aldehydes 0.3 
(as HCHOl 

Organic acids 0.3 

g/km 

0.81 
1.7 

0.2 

0.2 

aRaference 3. Particulate doll not Include tire. weer: 111 heevy4uty 
· ga1ollna vahlclelectlon for tire weer eml11lon facton. " · · 
boata band on u1umed fuellulfur content of 0.20 rmcent. A full 

economy of 4.8 ml/gal (2.0 km/lltar) wat u11d from Fieference 4. 
Sulfuric acid emlaelont range from 0,6 • 3.0 percent of the 1ulfur 
oxide• em111lont, with the belt estimate baing 1 percent, Thill lltl· 
matlllare bated on engineering Judgment rather then me11urament 
data. 

0.5.4 Basic Assumptions 

Hydrocarbon and carbon monoxide levels for heavy-duty diesel vehicles until model year 1978 are given by 
Reference 1. An interim standard for diesel HDV that will restrict nitrogen oxides levels, but not hydrocarbon or 
carbon monoXide levels, is expected to be implemented in 1978. For purposes of the projections; the nltropn 
oxides standard was assumed to be 9 grams per brake horsepower per hour. Nitrogen oxide emission standards in 
California for 1975-1977 model year HDV are assu!lled to be equivalent to the national levels in 1978 i 
hydrocarbon and carbon monoxide levels in California will be the same as national levels. A separate table is not 
given for California, but emissions are the same. at those reported in Table 0.5-1, with the exception of the 
1975-1977 model years. It is assumed that the effect of altitude on diesel emissions is minimal and c"' be 
considered negligible. 3 
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D.6 MOTORCYCLES 

D.6.1 General 

Motorcycles are becoming an increasingly popular mode of transportation as reflected by steady increases in 
sales over the past few years. A detailed discussion of motorcycles may be found in section 3.1.7. 

D.6.2 Cubon Monoxide, Hydrocarbon, and Nitrogen Oxides Exhaust Emissions 

The composite exhaust emission factor is calculated using: 

n 
enps. = I: Cipn min Yips 

i=n-12 
(I>,6·1) 

where: enps = Composite emission factor in g/mi (g/km) for calendar year (n), pollutant (p), and average 
speed (s) 

Clpn = The test procedure emission factor for pollutant (p) in g/mi (g/km) for the ith model y~ar in 
calendar year (n) 1 

mtn • 1he weighted annual travel of the tth model year vehicles during calendar year (n) .. The 
determination of thJa variable involves the use of the vehicle year distribution. 

Vlpa .., The speed correction factor for the ith model year vehicles for pollutant (p) and rverage speed 
(s) 

The emission factor results of the Federal Test Procedure (clpn) as modified for motorcycles are summariZed in 
Tables 0.6-1 through 0.6-6. Table 0.6-7 contains a sample calculation of the variable mtn using nationwide 
statist1cs.2 Because there are no speed correction factor data for motorcycles, the variable vjps will be assumed to 
equal one. The emission factor for particulate; sulfur oxide, and aldehyde and for crankcase and evaporative 
hydrocarbons are presented In Table D.6-8. 

Tabla D.8·1. PROJECTED CARBON MONOXIDE, HYDROCARBON AND NITROGEN 
OXIDES EXHAUST EMISSION FACTORS FOR MOTORCYCLES FOR PRE·1877 

AND 1977 CALENDAR YEARS 

Carbon 
monoxide 

Nitrogen 
oxides Location and 

modal year g mi g/km g/ITii ·- g/km 

Low altitude 
Pra-1877•·b 
1877b 

:F•ctort for P,.·1977 c1l1nd•r Yllfl, 
fiCtol'l for Clllndtr VII" 1977, 

12/75 

30.8 
28.0 

19.0 
17;4 

Appendix D 

8.1 
s.o 

6.0 
3.1 

0.2 
0.25 

0.1 
0.16 
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Table D.6-2. PROJECTED CARBON MONOXIDE, HYDROCARBON; AND NITROGEN OXIDES 
EXHAUST EMISSION FACTORS FOR MOTORCYCLES FOR CALENDAR YEAR 1978 

Carbon 
monoxide . Hydrocarbons 

Nitrogen 
oxides Location and 

model year g/mi g/km g/mi g/km g/mi g/km 

Low altitude 
Pre-1977 
1977 
1978 

30.6 
29.4 
28.0 

19.0 
18.3 
17.4 

8.1 
5.5 
5.0 

5.0 
3.4 
3.1 

0.2 
0.25 
0.25 

Table D.6·3. P~OJECTED CARBON MONOXIDE, HYDROCARBON, AND NITRO.GEN OXIDES 
EXHAUST EMISSION FACTORS FOR MOTORCYCLES FOR CALENDAR YEAR 1979 

Carbon Nitrogen 
Location and monoxide Hydrocarbons oxides 
model year g/mi g/km g/mi g/km g/mi 

Low altitude 
Pre-1977 30.6 19.0 8.1 5.0 0.2 
1977 30.6 19.0 6.0 3.7 0.25 
1978 29.4 18.3 5.5 3.4 0.25 
1979 28.0 17.4 5.0 3.1 0.25 

Table D.6-4. PROJECTED CARBON MONOXIDE, HYDROCARBON, AND NITROGEN OXIDES 
EXHAUST .EMISSION FACTORS FOR MOTORCYCLES FOR CALENDAR YEAR 1980 

Carbon . Nitrogen 
Location and monoxide H drocarbons oxides 
model year g/mi g/km g/mi g/km g/mi 

Low altitude 
Pre-1977 30.6 19.0 8.1 5.0 0.2 
1977 30.6 19.0 6.5 4.0 0.25 
1978 30.6 19.0 6.0 3.7 0.25 
1979 29.4 18.3 5.5 3.4 0.25 
1980 28.0 17.4 5.0 3.1 0.25 

Table D.6-5. PROJECTED CARBON MONOXIDE, HYDROCARBON, AND NITROGEN OXIDES 
EXHAUST EMISSION FACTORS FOR MOTORCYCLES FOR CALENDAR YEAR 1985 

--~' 
•. ... .... ,. 

Carbon Nitrogen 
Location and monoxide Hydrocarbons oxides 

0.1 
0.16 
0.16 

g/km 

0.1 
0.16 
0.16 
0.16 

g/km 

0.1 
0.16 
0.16 
0.16 
0.16 

--·-.. -~ 

model year g/mi g/km g/mi 
·-9tkm ___ ~-··-· ---·--· --·-·---

g/mi g/km 

Low altitude 
Pre-1977 30.6 19.0 8.1 5.0 0.2 0.1 
1977 30.6 19.0 8.1 5.0 0.25 0.16 
1978 30.6 19.0 8.1 5.0 0.25 0.16 
1979 30.6 19.0 8.0 5.0 0.25 0.16 
1980 30.6 19.0 7.5 4.7 0.25 0.16 
1981 30.6 19.0 7.0 4.3 0.25 0.16 
1982 30.6 19.0 6.5· 4.0 0.25 0.16 
1983 30.6 19.0 6.0 3.7 0.25 0.16 
1984 29.4 18.3 5.5 3.4 0.25 0.16 
1985 2.1 1.3 0.41 0.25 0.4 0 ., 

"" 
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Table 0.&6. PROJECTED CARBON MONOXIDE, HYDROCARBON, AND NITROGEN OXIDES 
EXHAUST EMISSION FACTORS FOR MOTORCYCLES FOR CALENDAR YEAR 1990 

Location and 
model year 

Low altitude 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 

Age, 
years 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
. 11 

>12 

Carbon 
monoxide Hydrocarbons 

g/mi g/km g/mi g/km 

30.6 19.0 '8.1 5.0 
30.6 19.0 8.1 5.0 
30.6 19.0 8.1 5.0 
30.6 19.0 8.1 5.0 
30.6 19.0 8.1 5.0 
30.6 19.0 8.1 5.0 
30.6 19.0 8.1 5.0 
30.6 19.0 8.0 5.0 

3.1 1.9 0.81 0.50 
2.9 1.8 0.73 0.45 
2.7 

I 
1.7 0.65 0.40 

2.5 1.6 0.57 0.35 
2.3 1.4 0.49 0.30 
2.1 1.3 0.41 0.25 

Table 0.6-7. SAMPLE CALCULATION OF FRACTION OF ANNUAL 
MOTORCYCLE TRAVEL BY MODEL YEAR 

Fraction of total 
vehicles in use Average annual 

nationwide (a)a miles driven (b)b axb 

0.04 2,500 100 
0.20 2,100 420 
0.19 1,800 342 
0.16 1,600 256 
0.10 1,400 140 
0.09 1,200 108 
0.05 1,100 55 
0.03 1,000 30 
0.03 950 29 
0.02 900 18 
0.0005 850 4 
0.085 BOO 68 

aveh•cles in use by model veer as of 1974 (Reference 21. 
bReference 2. 
em = eb/I:ab. 
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Nitrogen 
oxides 

g/mi g/km 

0.25 0.16 
0.25 0.16 
0.25 0.16 
0.25 0.16 
0.25 0.16 
0.25 0.16 
0.26 0.16 
0.25 0.16 
0.4 0.25 
0.4 0.25· 
0.4 0.25 
0.4 0.25 
0.4 0.25 .. 
0.4 0.25 

Fraction 
of annual 

travel (m)C 

0.064 
0.268 
0,218 
0.163 
0.089 
0.069 
0.035 
0.019 
0.019 
0.011 
0.003 
0.043 



Tabla D.6-B. SULFUR OXIDE, ALDEHYDE, AND CRANKCASE AND 
EVAPORATIVE HYDROCARBON EMISSION FACTORS FOR MOTORCYCLES8 

Emissions 
2-stroke engine . 4-stroke angina 

... uutant g/mi g/km g(mi 

Hydrocarbons 
Crankcaseb - - 0.60 
EvaporativaC 0.36 0.22 0.36 

Particulates 0.33 0.21 0.046 
Sulfur oxidesd 0.038. 0.024 0.022 

(SOx asS02l 
Aldehydes 0.11 0.068 0.047 

(RCHO as HCHOl 

1 Rtferencs 1. 
bMost 2"troke engines use crenkcaae induction end produ~ no crankcase losae~. 

g/km 

0.37 
0.22 
0.029 
0,014 

0.029 

ceveporetlve emlulona were calculated a11uming that carburetor louea were negligible. Diurnal breathing of the fuel tank (a func
tion of fuel vapor pnsuuns, vapor apace in the tank, and diurnal temperature variation I Wll IISUI'I'IG to account for all the IYipclrl· 
tlvelo1111 euocleted with motorcycle~. The value presented Ia bend on average vapor preuure, vapor apace, and temperature 
varletlon. 

dcalculated using a 0.043 percent sulfur content (by weight) for regular fuel u11d In 2"trokeenglneaend 0.022 percent sulfur con· 
tent (by weight) for premium fuel uaed In 4-stroke englnll. 

D.6.3 Basic Assumptions 

Baseline emission data are from. Reference 1. The motorcycle population was assumed to be 60 percent 
4-stroke and 40 percent 2-stroke. ( 

For the interim standards, deterioration factors for 1977 through 1984 were assumed to be: 10 percent per 
calendar year for hydrocarbons, S percent per calendar year for carbon monoxide, and 0 percent per calendar 
year for nitrogen oxides. For 1985 and beyond, deterioration factors are:· 20 percent per calendar year for 
hydrocarbon, 10 percent per calendar year for carbon monoxide, and 0 percent per calendar year for nitrogen 
oxides. Motorcycles are assumed to deteriorate until they reach uncontrolled emission values. The deterioration 
rate is a fixed percentage of base year emissions. 

References for Section D.6 

1. Hare, C. T. and K. J. Springer. Exhaust Emissions from Uncontrolled Vehicles and Related Equipment Using 
Internal Combustion Engines. Part Ill, Motorcycles. Final Report. Southwest Research Institute, San Antonio, 
Texas. Prepared for Environmental Protection Agency, Research Triangle Park, N.C. under Contract No. EHS 
70-108·. Publication No. APTD-1492. March 1973. 

2. Motorcycle Usage and Owner Profile Study. Hendrix, Tucker and Walder, Inc., Los Angeles, Calif. March 
1974. 
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0.7 ALL HIGHWAY VEJUCLES 

0.7.1 General 

Emission factors for 1972 for aU major classes of highway vehicle are summapized in section 3.1.1. A nJ,nnber .. 
of scenarios that embody a range of local conditions, such as different ambient temperatures and average route 
speeds, are ·considered. Although similar data for calendar years 1973 through 1990 are presented here, only one 
scenario is presented. This single scenario is presented because it is general in nature and, therefore1 most 
appropriate for a range of applications. The authors, however, believe that projections of any signifwance $hould 
be based on the data and methodologies presented in sections D.l through 0.6 of this appendix. The data 
presented in this section are, clearly, only approximations and are useful only for rough estimates. 

'The scenario considers the four major highway vehicle· classes: iight·duty, gasoline-powered vehicles (LDV); 
light-duty, gasoline-powered trucks (LDT); heavy,duty, gasoline-powered vehicles (HDV); and heavy-duty, 
diesel-powered vehicles (HDD). An average route speed of approximately 19.6 mi/hr (31.6 km/hr) is ~umed. 
The ambient temperature is assumed to be 24°C (7S°F). Twenty percent of LDV and LDT operltion is 
considered to be in a cold operation; aU HDV and HDG operation is taken to be in wanned·u~ conditiOifi. The 
percentage of total vehicular travel by each of the vehicle classes is based on nationwide data,l• The pef4entage 
of travel by clas& is assumed to be 80.4 percent by lDV, 11.8 percent by LOT, 4,6 by HDV, and 3.2 perelent by 
HDD. 

D. 7.2 Emissions 

Emissions for the five pollutants for all highway vehicles are presented in Table 0.7·1. The results are ~mly an 
approxJinate indication of how future emission-controlled vehicles will influence the overall emissions frpm the 
fleet of vehicles on the road. These values do not apply to high altitude areas, nor do they apply.to vehiclea in the 
State of California. 

Calendar 
year 

1973 
1974 
1976 
1978 
1977 
1978" 
1979 
1980 
1986 
1990 

Table 0.7·1. AVERAGE EMISSION FACTORS FOR HIGHWAY VEHICLES 
FOR SELECTED CALENDAR YEARS 

Carbon Nitrogen Sulfur 
monoxide Hydrocarbons oxides oxides& 

g/mi g/km g/mi g/km gfmi g/km gfmi g/km 

71,5 44.4 10.1 6.3 . 4.9 3.0 0.23 0.14 
67.5 41.9 9.4 6,8 4.8 3.0 0.23 0.14 
61.1 37.9 8.8 6.6 4.8 3.0 0.23 0.14 
54.6 33.9 8.0 5.0 4.8 3.0 0.22 0.14 
48.3 30.0 7.2 4.6 4.6 2.9 0.22 0.14 
42.7 26.5 6.6 4.1 4.3 2.7 0.21 0.13 
36,8 22.9 6.1 3.8 3.9 2.4 0.21 0.13 
31.0 19.3 6.4 3,4 3.6 2.2 0,20 0.12 
15.7 9,8 2.7 1.7 2.4 1.5 0.19 0.12 
11.3 7.0 1.9 1.2 2.0 1.2 0.19 0.12 

1 Fuelsulfur level•. may be reduced in th8'future. If so, sulfur oxldesemlsslons will be reduced proportionately. 
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Parti=ulate 
g/mi g/km 

0.61 0.38 
0.81 0.38 
0.69 0.37 
0.67 0.35 
0.54 0.34 
0.61 0.32 
0.49 0.30 
0.47 0.29 
0.41 0.25 
0.40 0.25 



References for Section D.7. 

1. Highway Statistics 1971. U.S. Department of Transportation, Federal Highway Administration, Washington, 
D. C. 1972. p. 81 

2. 1972 Census of Transportation. Truck Inventory and Use -Survey. U.S. Department of Commerce, Bureau-of 
the Census, Washington,D.C. 1974. 
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