AP-42
Fourth Edition
September 1985

Note: This is an early version of the AP 42, Compilation of Air Pollutant Emission Factors, Volume I
Stationary Point and Area Sources. EPA has made this available for historical reference purposes. The
latest emission factors are available on the AP42 webpage.

The most recent updates to AP42 are located on the EPA web site at www.epa.gov/ttn/chief/ap42/

COMPILATION
OF
AIR POLLUTANT
EMISSION FACTORS

Volume I:
Stationary Point
And Area Sources

U.S. ENVIRONMENTAL PROTECTION AGENCY
Office Of Air And Radiation

Office Of Air Quality Planning And Standards

Research Triangle Park, North Caroliha 27711

September 1985

For sale by the Superintendent of Ik ts, U.8. Government Printing Office
Washington, DC 20402



aingram
Text Box

Note: This is an early version of the AP 42, Compilation of Air Pollutant Emission Factors, Volume I Stationary Point and Area Sources.  EPA has made this available for historical reference purposes.  The latest emission factors are available on the AP42 webpage.

The most recent updates to AP42 are located on the EPA web site at www.epa.gov/ttn/chief/ap42/



Protection Agency, and has been approved for publication. Mention of trade names or commercial products is

This report has been reviewed by The Office of Air Quality Planning And Standards, U. S. Environmental .
not intended to constitute endorsement or recommendation for use.

Volume |




PUBLICATIONS IN SERIES

Issue Date

COMPILATION OF ATR POLLUTANT EMISSION FACTORS
(Fourth Edition) 9/85

iii 9/85




PREFACE TO THE FOURTH EDITION

VOLUME I: STATIONARY POINT AND AREA SOURCES

Compilation of Air Pollutant Emission Factors, AP-42, reports data on
emissions of atmospheric pollutants for which sufficient information exists
to establish realistic emission factors. The information herein is bhased on
Public Health Service Publication 999-AP-42, Compilation Of Air Pollutant
Emigsion Factors, by R. L. Duprey, and on three ensuing revised and expanded
editions of Compilation Of Air Pollutant Emission Factors as published by the
U. S. Envirommental Protection Agency in February 1972, April 1973 and February
1976.

The present document comprises the Third Edition and all Supplements issued
since it appeared in February 1976. Also included here are seven newly revised
Sections of AP-42, with information recently developed for AP-42 users. These
new data will be found in the following:

Section 4.3 Storage O0f Organic Liquids

Section 4.4 Transportation And Marketing Of Petroleum Liquids
Section 8.11 Glass Fiber Manufacturing

Section 8.19 Construction Aggregate Processing

Section 11.2.1 Unpaved Roads

Section 11.2.5 Paved Urban Roads

Section 11.2.6 Industrial Paved Roads

Chapters and Sectiomns of this document are arranged in a format that
permits easy and convenient replacement of material, whenever information
reflecting more accurate and refined emission factors should be published and
distributed. TFor easy addition of any future materials, the loose leaf format
continues to be used. This approach permits the document to be placed in a
ring binder or to be secured by rings, rivets or other fagtenmers. A bottom
corner of each page bears the date the information was issued.

For the Fourth Edition, stationary point and area sources have been
collected as Volume I. Mobile sources, formerly in Chapter 3.0, are now
separated into Volume II. Also, commensurate with the designation of lead as
a criteria pollutant, lead emission factors formerly in Appendix E have been
incorporated into the appropriate Sections. For persons unfamiliar with the
contents of AP-42, an alphabetic cross reference index has been added following
the Contents.

Comments and suggestions regarding this document are appreciated and should

be sent to the Director, Monitoring And Data Analysis Division, MD-14, U. S.
Envirommental Protection Agency, Research Triangle Park, NC 27711.
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COMPILATION OF AIR POLLUTANT EMISSION FACTORS

VOLUME 1I1:
STATIONARY POINT AND AREA SOURCES

Introduction

What is an emission factor?

An emission factor is an average value which relates the quantity of a
pollutant released to the atmosphere with the activity associated with the
release of that pollutant. It is usually expressed as the weight of pollutant
divided by a unit weipght, volume, distance or duration of the activity that
emits the pollutant (e. g., kilograms of particulate emitted per megagrams of
coal combusted). Using such factors permits the estimation of emissions from
various sources of air pollution. 1In most cases, these factors are simply
averages of all available data of acceptable quality, generally without consid-
eration for the influence of various process parameters such as temperature,
reactant concentrations, etc. For a few cases, however, such as in the estima-
tion of volatile organic emisslons from petroleum storage tanks, this document
contains empirical formulae which can relate emissions to such variables as
tavk diameter, liquid temperature and wind velocity. Emission factors corre-
lated with such variables tend to yield more precise estimates than would fac-
tors derived from broader statistical averages.

Recommended uses of emission factors

Emission factors are very useful tools for estimating air pollutants
from sources. However, because such factors are averages obtained from data
of wide range and varying degrees of accuracy, emissions calculated this way
for a given facility are likely to be different from that facility's actual

emissions. Because they are averages, the emission facter will be higher than
actual emissions for some sources and lower than for others. Only an onsite
source test can determine the actual pollutant contribution from a source,
under the conditions existing at the time of the test. For the most accurate
emissions estimation, . it is recommended that source specific data be obtained
whenever possible. ~Factors are more appropriately used to estimate the collec~
tive emissions of a number of sources, such as is done in emissions inventory
efforts.

If factors are used to predict smissions from new or proposed sources,
the user should review the latest literature and technology to determine if
such sources are likely to exhibit emission characteristics different from
those of typical existing sources.

In a few AP-42 Sections, emission factors are presented for facilities
having air pollution control equipment in place. These factors generally are
not intended to represent best available or state of the art control techno-
logy, rather they relate to the level of control commonly found on existing
facilities. The usefulness of this information should be considered carefully,
in light of changes in air pollution control technology. The user should
consider the age, level cf maintenance and other aspects which may influence
equinment efficacy.



Examples of various factor applications

Calculating carbon monoxide (CO) emissions from distillate oil combustion
serves as an example of the simplest use of emission factors. Consider an
industrial boiler which burns 90,000 liters of distillate oil per day. In
Section 1.3 of AP-42, the CO emission factor for industrial boilers burning
distillate oil is 0.6 kg CO per 103 liters of oil burmed.

Then CO emissions
= €O emission factor x distillate oil burned/day
0.6 x 90
54 kg/day

In a somewhat more complex case, suppose a sulfuric acid (H9S04) plant
produces 200 Mg of 100% H»S04 per day by converting sulfur dioxide (S07) into
sulfur trioxide (803) at 97.5% efficiency. In Section 5.17, the S0y emission
factors are listed according to SO9 to 503 conversion efficiencies, in whole
numbers. The reader is directed to Footnote b, an interpolation formula which
may be used to obtain the emission factor for 97.5Z S09 to S0O3 conversion.

Emission factor for kg S09/Mg 100% HpS04
682 - [(6.82)(%Z 502 to 503 conversion)]
= 682 - [(6.82)(97.5)]
682 - 665
=17

For production of 200 Mg of 100%Z HySO; per day, SOy emissions are calculated as
507 emissions
= 17 kg S0 emissions/Mg 100% HS04 x 200 Mg 100% H804/day
= 3400 kg/day

Emission Factor Ratings

To help users understand the reliability and accuracy of AP-42 emission
factors, each Table (and sometimes individual factors within a Table) is given
a rating (A through E, with A being the best) which reflects the quality and
the amount of data on which the factors are based. 1In general, factors based on
many observations or on more widely accepted test procedures are assigned higher
rankings. For instance, an emission factor based on ten or more source tests on
different plants would likely get an A rating, if all tests were conducted using
a single valid reference measurement method or equivalent techniques. Conversely,
a factor based on a single observation of questiomable quality, or one extrapo-
lated from another factor for a similar process, would probably be labeled D or
E. Several suybjective schemes have been used in the past to assign these ratings,
depending upon data availability, source characteristics, etc. Because these
ratings are subjective and take no account of the inherent scatter among the
data used to calculate factors, they should be used only as approximations, to
infer error bounds or confidence intervals about each emission factor. At
most, a rating should be considered an indicator of the accuracy and precision of
a given factor used to estimate emissions from a large number of sources. This
indicator will largely reflect the professional judgement of the authors and
reviewers of AP-42 Sections concerning the reliability of any estimates derived
with these factors.




1. EXTERNAL COMBUSTION SOURCES

External combustion sources include steam/electric generating plants,
industrial boilers, and commercial and domestic combustion units. Coal,
fuel o0il 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, refinery gas, blast furnace gas and other waste or byproduct
fuels. Coal, oil and natural gas currently supply about 95 percent of the
total thermal energy consumed in the United States. 1980 saw nationwide
consumption! of over 530 x 10° megagrams (585 million tons) of bituminous
coal, nearly 3.6 x 10° megagrams (4 million tons) of anthracite coal,
91 x 102 liters (24 billion gallons) of distillate oil, 114 x 109 liters
(37 billion galloms) of residual oil, and 57 x 1012 cubic meters (20 trillion
cubic feet) of natural gas.

Power generation, process heating and space heating are some of the
largest fuel combustion sources of sulfur oxides, nitrogen oxides and
particulate emissions. The following Sections present emission factor data
on the major fossil fuels - coal, fuel o0il and natural gas - and for other
fuels as well.

11980 National Emissions Data System (NEDS) Fuel Use Report, EPA-450/4-82-011,
U. S. Envirommental Protection Agency, Research Triangle Park, NC,
August 1982.
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1.1. BITUMINOUS AND SUBBITUMINOUS COAL COMBUSTION

1.1.1 Generall

Coal is a complex combination of organic matter and inorganic ash
formed over eons from successive layers of fallen vegetation. Coal types
are broadly classified as anthracite, bituminous, subbituminous or lignite,
and classification is made by heating values and amounts of fixed carbon,
volatile matter, ash, sulfur and moisture. Formulas for differentiating
coals based on these properties are given in Reference 1. See Sections 1.2
and 1.7 for discussions of anthracite and lignite, respectively.

There are two major coal combustion techniques, suspension firing and
grate firing. Suspension firing is the primary combustion mechanism in
pulverized coal and cyclone systems. Grate firing is the primary mechanism
in underfeed and overfeed stokers. Both mechanisms are employed in spreader
stokers.

Pulverized coal furnaces are used primarily in utility and large
industrial boilers. 1In these systems, the coal is pulverized in a mill to
the consistency of talcum powder (i.e., at least 70 percent of the particles
will pass through a 200 mesh sieve). The pulverized coal is generally
entrained in primary air before being fed through the burners to the combus-
tion chamber, where it is fired in suspension. Pulverized coal furnaces are
classified as either dry or wet bottom, depending on the ash removal tech-
nique., Dry bottom furnaces fire coals with high ash fusion temperatures,
and dry ash removal techniques are used. In wet bottom (slag tap) furnaces,
coals with low ash fusion temperatures are used, and molten ash is drained
from the bottom of the furnace. Pulverized coal furnaces are further clas-
sified by the firing position of the burners, i.e., single (front or rear)
wall, horizontally opposed, vertical, tangential (corner fired), turbo or
arch fired.

Cyclone furnaces burn low ash fusion temperature coal crushed to a 4
mesh size. The coal is fed tangentially, with primary air, to a horizontal
cylindrical combustion chamber. 1In this chamber, small coal particles are
burned in suspension, while the larger particles are forced against the
outer wall. Because of the high temperatures developed in the relatively
small furnace volume, and because of the low fusion temperature of the coal
ash, much of the ash forms a liquid slag which is drained from the bottom of
the furnace through a slag tap opening. Cyclone furnaces are used mostly in
utility and large industrial applications.

In spreader stokers, a flipping mechanism throws the coal into the

furnace and onto a moving fuel bed. Combustion occurs partly in suspension
and partly on the grate. Because of significant carbon in the particulate,
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flyash reinjection from mechanical collectors is commonly employed to improve
boiler efficiency. Ash residue in the fuel bed is deposited in a receiving
pit at the end of the grate.

In overfeed stokers, coal is fed onto a traveling or vibrating grate,
and it burns on the fuel bed as it progresses through the furnace. Ash
particles fall into an ash pit at the rear of the stoker. The term "over-
feed" applies because the coal is fed onto the moving grate under an adjust-
able gate. Conversely, in "underfeed" stokers, coal is fed into the firing
zone from underneath by mechanical rams or screw conveyers. The coal moves
in a channel, known as a retort, from which it is forced upward, spilling
over the top of each side to form and to feed the fuel bed. Combustion is
completed by the time the bed reaches the side dump grates from which the
ash is discharged to shallow pits. Underfeed stokers include single retort
units and multiple retort units, the latter having several retorts side by
side.

1.1.2 Fmissions and Controls

The major pollutants of concern from external coal combustion are
particulate, sulfur oxides and nitrogen oxides. Some unburnt combustibles,
including numerous organic compounds and carbon monoxide, are generally
emitted even under proper boiler operating conditions.

Particulate?=" - Particulate composition and emission levels are a
complex function of firing configuration, boiler operation and coal pro-
perties. TIn pulverized coal systems, combustion is almost complete, and
thus particulate is largely comprised of inorganic ash residue. In wet
bottom pulverized coal units and cyclones, the quantity of ash leaving the
boiler is less than in dry bottom units, since some of the ash liquifies,
collects on the furnace walls, and drains from the furnace bottom as molten
slag. 1In an effort to increase the fraction of ash drawn off as wet slag
and thus to reduce the flyash disposal problem, flyash is sometimes rein-
jected from collection equipment into slag tap systems. Ash from dry bottom
units may also be reinjected into wet bottom boilers for this same purpose.

Because a mixture of fine and coarse coal particles is fired in spreader
stokers, significant unburnt carbon can be present in the particulate. To
improve boiler efficiency, flyash from collection devices (typically multi-
ple cyclones) is sometimes reinjected into spreader stoker furnaces. This
practice can dramatically increase the particulate loading at the boiler
outlet and, to a lesser extent, at the mechanical collector outlet. Flyash
can also be reinjected from the boiler, alir heater and economizer dust
hoppers. Flyash reinjection from these hoppers does not increase particulate
loadings nearly so much as from multiple cyclones.

Particulate emissions from uncontrolled overfeed and underfeed stokers
are considerably lower than from pulverized coal units and spreader stokers,
since combustion takes place in a relatively quiescent fuel bed. Flyash
reinjection is not practiced in these kinds of stokers.

Other variables than firing configuration and flyash reinjection can
affect emissions from stokers. Particulate loadings will often increase as
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load increases (especially as full load is approached) and with sudden load
changes. Similarly, particulate can increase as the ash and fines contents
increase. ("Fines" are defined in this context as coal particles smaller
than one sixteenth inch, or about 1.6 millimeters, in diameter.) Converse-
ly, particulate can be reduced significantly when overfire air pressures are
increased.®

The primary kinds of particulate control devices used for coal combus-
tion include multiple cyclones, electrostatic precipitators, fabric filters
(baghouses) and scrubbers. Some measure of control will even result due to
ash settling in boiler/air heater/economizer dust hoppers, large breeches
and chimney bases. To the extent possible from the existing data base, the
effects of such settling are reflected in the emission factors in
Table 1.1-1.

Electrostatic precipitators (ESP) are the most common high efficiency
control device used on pulverized coal and cyclone units, and they are being
used increasingly on stokers. Generally, ESP collection efficiencies are a
function of collection plate area per volumetric flow rate of flue gas
through the device. Particulate control efficiencies of 99.9 weight percent
are obtainable with ESPs. Fabric filters have recently seen increased use
in both utility and industrial applications, generally effecting about 99.8
percent efficiency. An advantage of fabric filters is that they are un-
affected by high flyash resistivities associated with low sulfur coals.

ESPs located after air preheaters (i.e., cold side precipitators) may operate
at significantly reduced efficiencies when low sulfur coal is fired. Scrub-
bers are also used to control particulate, although their primary use is to
control sulfur oxides. One drawback of scrubbers is the high energy require-
ment to achieve control efficiencies comparable to those of ESPs and
baghouses.?

Mechanical collectors, generally multiple cyclones, are the primary
means of control on many stokers and are sometimes installed upstream of
high efficiency control devices in order to reduce the ash collection burden.
Depending on application and design, multiple cyclone efficiencies can vary
tremendously. Where cyclone design flow rates are not attained (which is
common with underfeed and overfeed stokers), these devices may be only
marginally effective and may prove little better in reducing particulate
than large breeching. Conversely, well designed multiple cyclones, oper-
ating at the required flow rates, can achieve collection efficiencies on
spreader stokers and overfeed stokers of 90 to 95 percent. Even higher
collection efficiencies are obtainable on spreader stokers with reinjected
flyash because of the larger particle sizes and increased particulate load-
ings reaching the_ controls.>—6

Sulfur Oxides’—? - Gaseous sulfur oxides from external coal combustion
are largely sulfur dioxide (S0,) and much lesser quantities of sulfur tri-
oxide (S03) and gaseous sulfates. These compounds form as the organic and
pyritic sulfur in the coal is oxidized during the combustion process. On
average, 98 percent of the sulfur present in bituminous coal will be emitted
as gaseous sulfur oxides, whereas somewhat less will be emitted when subbitu-
minous coal is fired. The more alkaline nature of the ash in some subbitu-
minous coals causes some of the sulfur to react to form various sulfate
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TABLE 1.1-1. EMISSION FACTORS FOR EXTERNAL BITUMINOUS AND SUBBITUMINOUS COAL COMBUSTION2

¥-1°1

Particulateb Sulfur Oxides® Hitrogeo Oxidesd | Carbon Monoxide® | Nommethane Vocef Methane®
Firing Configuration kg/Mg [ 1bv/ton kg Hg 1bfton kg /Hg 1bfton | kg/Mg Ib/ton kg/Hg 1b/ton kg/Mg | 1b/ton
Pulverized coal flred
Dry bottom 54 104 19.58(17.55) | 395(358) | 10.5(7.5)8 | 21(15)8 | 0.3 0.6 0.0% 0.07 0.015 0.03
Wet botbtom 3.58h 74k 12.58{17.55) 395(355) 17 34 0.3 0.5 0.0% 0.07 0.015 0.03
Cyclone furnace 1ah C2ah | 19.55(17.55) | 395(35s) | 18.5 37 0.3 0.6 0.0§ 0.07 0.015 0.03
Spreader stoker . )
Uncontrolled 303 60d 19.58{17.58} 395{355) ? 14 2.5 5 0.04 0.G7 0,015 ¢.03
After multiple cyclone
With fly ash reinjection
from multiple cyclone 8.5 -7 19.55(17.58) 395(358) 7 14 2.5 5 .04 Q.07 0.015 .03
No fly ash reinjection 1
% Erom multiple cyclome 6 12 19.58(17.55) | 398({358) 7 14 2.5 5 0.04 G.07 0.015 0.03
= Overfeed stokerk
3 Uncontrolled am 150 12.55{17.55) 395{355) 3.25 - 7.5 3 ] 0.04 0.07 0.015 003
s After multiple cyclone 4,50 9u 19.55{17.58) | 39s(355) 3.25 7.5 3 6 0.04 0.07 0.015 0.03
= Underfeed stoker _ L
) Uncentrolled 7.50 © 15P 15.58 J1s 4,75 : 9.5 5.5 11 0.65 1.3 0.4 0.8
g After multiple cyclone .50 11n 15.58 318 4.75 9.5 5.5 11 0.65 1.3 0.4 0.8
Eg Handf Leed units 7.5 15 15.58 318 1.5 3 45 90 5 10 4 B
&
4Factors represent uncontroiled emissions unless otherwise specified and should be applied to coal consumption as fired.
bBased on EPA Method 5 (front half catch) as descrlbed in Reference 12. Where particulate is expressed in terms of coal
ash content, &, factor is determined by multiplying weight % ash content of coal (ss fired} by the mmerical value
preceding the "A". For example, if coal having 8% ash ia Fired in a dry bottom unit, the particulate emission factor
would be 5 x 8, or 40 kg/Mg (80 lbfton). The "condensible™ matter collected fn back half catch of EPA Method 5 averages
<5% of fromt half, or "filterable”, catch for pulverized coal and cyclone furnaces; 10X for epreader stokers; 15% for
other stokers; and 50¥ for handfired unita (References 6, 13, 49).
CExpressed as 50y, including 50y, 504 and gaseous sulfates. Factors in parentheses should be used to estimate gaseous
50y emisslons for subbitumincus coag- In all cases, "5" is weight X sulfur content of cosl as fired. GSee Footnote b for
exanple calculation. On average for bitwuminous cosl, 97% of fuel sulfur {s emitted as 507, and only about 0.7% of fuel
aulfur is emitted as 503 and gasecus sulfate. An equally small percent of fuel sulfur is emitred as particulate sulfate
[(References 9, 13}. Small quantitles of sulfur are alsc retsined in bottom ash. With subbituminous coal generally about
10% more fuel sulfur is retained in the bortom ash and particulate because of the more alksline nature of the coal ash.
Conversion to gaseous sulfate appears about the same as for bituminous cosal.
dExpressed as NO,. Generally, 95 - 99 volume I of nitrogen oxides present in combustion exhsust will be in the Eorm of
N0, the rest ¥0z (Reference 11). To ezpress factors as NO, multiply by Factor of 0.66. All factors represent emission
at baseline operaction (f.e., 60 - 110X load acd no KO, control measures, as discuesed in text).
SNominal values achieveable under normal operating conditicns. Values one or two orders of magnitude higher can occur
when combustion is not complete.
Nommethane volatile orgamic compounds (VOC), expressed as Cy to G, malkene equivalents {Reference 58). Because of
N limited date on MMYOC available to distinguish the effects of firlng configuration, all data were averaged
collecrively to develop a single average for pulverized coal umits, cyclones, ampreaders and overfeed stokers.
BParenthetic value i for tangentislly fired bpilers.
hUncontrolled particulate emlssions, when po fly ash reinjection is employed. “Then control device is installed, and
collected fly ash is reinjected to boiler, particulate from boiler reaching control equipment can increasse by up to a
[factor of two. )
Jaccounts for fly ash settling in an economizer, air heater or breeching upatream of control device or stack.
{Particulate. directly at beiler outlet typlcally will be twice this level.) Factor should be applied even when fly
ash is reinjected to boller from boller, air heater or econcmizer dust hoppers.
kIncludea traveling grate, vibrating grate and chala grate stokers.
<o Diccounts for fly ash settling in bdreeching or stack base. Particulate loadings directly at boiler outlet typically
Py can be 50% higher. :
E;" O3ee text for dlacusaion of apparently low multiple cyclome control efficlencles, regarding uncontrolled emissions.

PAccounts for fly ash settling in breeching downstream of boiler outlet.
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TABLE 1.1-2. EMISSION FACTOR RATINGS AND REFERENCES FOR BITUMINOUS AND SUBBITUMINCUS COAL COMBUSTION

Ficing Conflgurati Particulate Sul fur Oxides Hitrogen Oxides Carbon Monoxide ¥oomethane VGOC Methane
riog tontlguration Rating Ref. Rating Ref. Rating  Ref. Rating Ref. Rating Ref.  Rating Ref.
Pulverized coal fired
Dry bottom A 14-25 A 9,16-19,21, A 11,14,16-17, A 16,18-19,21 A 55,58 A 58
31-37,39, 21,46 ,56 47,57
41-46,51-55
Wet bottom ] 14,16,26 A " c 14,16 A " A 58 A "
Cyclone furnace i} 14,19,22, A " B 11 A " A " A "
27-29
Spreader atoker
Uncontrolled B 17,30-35 A " A 11,17,31-37 A 17,19,31-34, A " A "
39-40,46 36,47,51
After multiple cyclone
With flyash reinjection
from cyclone B 14,32,36-38 A " A " A " A " A "
Ho flyash reinjection
from cyclone A 17,31-35, A " A " A " A " Y »
39,40,59
Overfeed stoker
Uncontrolled B 6,17,41-43, A " A 11,17,19, B 17,41-42,45, A " A "
45-47 41-45 473,51
After multiple cyclone B 6,41,44-45 A " A " B " A " A "
Underfeed stoker
Uncontrolled B 6,19,47-48 B 19,48 B 19,47-48 B 19,47-48 A 47,58 A 47,58
After multiple cyclone [+ [ B " B " B " A " A "
HandEfired unite D 49-50 D " D 50 D 50 )] 50,58 D 50,58

"
These ratings, in the context of thie Section, refer to the oumber of test data on which each emisaion factor is based. An "A" rating means the
factor is based on tests st ten or wore boilers, a "B" rating on six to pine test data, and a "C" rating on test data for two to five boilers.

A "DY rating indicates the factor ie based on only a single datum or extrapolated from a secondary reference, These ratings are not a measure of
the acatter in the underlying test data. However, a higher rating will generally increase confideace that a given factor will better approximate
the average emiseione for a particular boiler category.



salts that are retained in the boiler or in the flyash, Generally, boiler
size, firing configuration and boiler operation have little 1mpact on the
percent conversion of fuel sulfur to sulfur oxides.

Several techniques are used to reduce sulfur oxides from coal combus-
tion. One way is to switch to lower sulfur coals, since sulfur oxide emis-
sions are proportional to the sulfur content of the coal. This alternative
may not be possible where lower sulfur coal is not readily available or
where a different grade of coal cannot be satisfactorily fired. In some
cases, various cleaning processes may be employed to reduce the fuel sulfur
content.. Physical coal cleaning removes mineral sulfur such as pyrite but
is not effective in removing organic sulfur. Chemical cleaning and solvent
refining processes are being developed to remove organic sulfur.

Many flue gas desulfurization techniques can remove sulfur oxides
formed during combustion. Flue gases can be treated through wet, semidry or
dry desulfurization processes of either the throwaway type, in which all
waste streams are discarded, or the recovery (regenerable) type, in which
the S0y absorbent is regenerated and reused. To date, wet systems are the
most commonly applied. Wet systems generally use alkali slurries as the SOy
absorbent medium and can be designed to remove well in excess of 90 percent
of the incoming S0x.’ Particulate reduction of up to 99 percent is also
possible with wet scrubbers, but flyash is often collected by upstream ESPs
or baghouses to avoid erosion of the desulfurization equipment and possible
interference with the process reactions.’ Also, the volume of scrubber
sludge is reduced with separate flyash removal, and contamination of the
reagents and byproducts is prevented. References 7 and 8 give more details
on scrubbing and other 50y removal techniques.

Nitrogen Oxides 10-1! - Nitrogen oxides (NOg) emissions from coal
combustion are primarily nitrogen oxide (NO). Only a few volume percent are
comprised of nitrogen dioxide (NO;). NO results from thermal fixation of
atmospheric nitrogen in the combustion flame and from oxidation of the
nitrogen bound in the coal. Typically, only 20 to 60 percent of the fuel
nitrogen is converted to nitrogen oxides. Bituminous and subbituminous
coals usually contain from 0.5 to 2 weight percent nitrogen, present mainly
in aromatic ring structures. Fuel nitrogen can account for up to 80 percent
of total NOy from coal combustion.

A number of combustion modifications can be made to reduce NOx emis-
sions from boilers. Low excess air (LEA) firing is the most widespread
control modification, because it can be practiced in both old and new units
and in all sizes of boilers. LEA firing is easy to implement and has the
added advantage of increasing fuel use efficiency. LEA firing is generally
only effective above 20 percent excess air for pulverized coal units and
above 30 percent excess air for stokers. Below these levels the NOx reduc-
tion due to decreased Oy availability is offset by increased NOy due to
increased flame temperature. Another NOy reduction technique is simply to
switch to a coal having a lower nitrogen content, although many boilers may
not properly fire coals of different properties.

Of f-stoichiometric (staged) combustion is also an effective means of
controlling NOx from coal fired equipment. This can be achieved by using

1.1-6 EMISSION FACTORS 8/82




overfire air or low NOx burners designed to stage combustion in the flame
zone. Other NOy reduction techniques include flue gas recirculation, load
reduction, and steam or water injection. However, these techniques are not
very effective for use on coal fired equipment because of the fuel nitrogen
effect. Ammonia injection is another technique which can be used, but it is
costly. The net reduction of NOx from any of these techmiques or combin-
ations thereof varies considerably with boiler type, coal properties and
existing operating practices. Typical reductions will range from 10 to 60
percent. References 10 and 60 should be consulted for a detailed discussion
of each of these NOy reduction techniques. To date, flue gas treatment is
not used to reduce nitrogen oxide emissions due to its higher cost.

Volatile Organic Compounds and Carbon Monoxide - Volatile organic com-
pounds (VOC) and carbon monoxide (CO) are unburnt gaseous combustibles which
are generally emitted in quite small amounts. However, during startups,
temporary upsets or other conditions preventing complete combustion, unburnt
combustible emissions may increase dramatically. VOC and CO emissions per
unit of fuel fired are normally lower from pulverized coal or cyclone
furnaces than from smaller stokers and handfired units where operating
conditions are not as well controlled. Measures used for NOx control can
increase CO emissions, so to minimize the risk of explosion, such measures
are applied only to the point at which CO in the flue gas reaches a maximum
of about 200 parts per million. Control measures, other than maintaining
proper combustion conditions, are not applied to control VOC and CO.

Emission Factors and References - Average emission factors for
bituminous and subbituminous coal combustion in boilers are presented in
Table 1.1-1. The factors for underfeed stokers and handfired units also may
be applied to hot air furnaces. In addition to factors for uncontrolled
emissions, factors are also presented for emissions after multiple cyclones.
Emission factor ratings and references are presented in Table 1.1-2.

Further general information on coal, combustion practices, emissions and
controls is available in the references cited above.
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1.2 ANTHRACITE COAL COMBUSTION
1.2.1 Generall_2

Anthracite coal is a high rank coal with a high fixed carbon content and
low volatile matter coutent, relative to bituminous coal and lignite, and it
has higher ignition and ash fusion temperatures. Because of its low volatile
matter content and slight clinkering, anthracite is most commonly fired in
medium sized traveling grate stokers and small hand fired units. Some
anthracite (occasionally along with petroleum coke) is used in pulverized coal
fired boilers. It is also blended with bituminous coal. None is fired in
spreader stokers. Because of its low sulfur content (typically less than 0.8
weight percent) and minimal smoking tendencies, anthracite is cousidered a
desirable fuel where readily available.

In the United States, all anthracite is mined in Northeastern Pennsylvaunia
and is consumed mostly in Pennsylvania and several surrounding states. The
largest use of anthracite is for space heating. Lesser amounts are emp loyed
for steam/electric production; coke manufacturing, sintering and pelletizing;
and other industrial uses. Anthracite combustion curreuntly is only a small
fraction of the total quantity of coal combusted in the United States.

2=-14
1.2.2 Emissions and Controls

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.), and the ash content of
the coal. Pulverized coal fired boilers emit the highest quantity of particulate
per unit of fuel because they fire the anthracite in suspension, which results
in a high percentage of ash carryover into the exhaust gases. Pulverized
anthracite fired boilers operate in the dry tap or dry bottom mode because of
anthracite's characteristically high ash fusion temperature. Traveling grate
stokers and hand fired units produce much less particulate per unit of fuel
fired, because combustion takes place in a quiescent fuel bed without significant
ash carryover into the exhaust gases. In general, particulate emissions from
traveling grate stokers will increase during sootblowing and flyash reinjection
and with higher fuel bed underfeed air from forced draft fans. 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 from bituminous coal combustion data
that a large fraction of the fuel sulfur is emitted as sulfur oxides. Also,
because combustion equipment, excess air rates, combustion temperatures, etc.,
are similar between anthracite and bituminous coal combustion, nitrogen oxide
and carbon monoxide emissions are assumed to be similar, too. Volatile organic
compound (VOC) emissions, however, are expected to be considerably lower
because the volatile matter content of anthracite is significantly less than
that of bituminous coal,
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TABLE 1,2-1. UNCONTROLLED EMISSION FACTORS FOR ANTHRACITE COMBUSTION®

b Sulfurc Nitrogsn Carbon e voC
Particulates Oxides Oxides Monoxide Nonme thane Methane

Boiler Type
kg/Mg 1b/ton  kg/Mg 1b/ton  kg/Mg 1lb/ton  kg/Mg 1b/ton

Pulverized coal

fired f f 19.58 39§ 9 18 f f £ £

s

= Traveling grate o o

A stoker 4.6° 9.1 19.58 39S 5 10 0.3 0.6 f f

8 .

= . h h

- Hand fed units 5 10 19.58 395 1.5 3 f f £ f

5

g 8ractors are for uncontrolled emissions and should be applied to coal consumption as fired.

v Based on EPA Method 5 (front half catch).
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 verify this assumption for pulverized anthracite fired
boilers. Most of these emissions are SO0,, with 1 - 3% SO;. S indicates that the weight percent of
sulfur in the oil should be multiplied by the value given.
For pulverized anthracite fired boilers and hand fed units, assumed to be similar to bituminous coal
combustion. For traveling grate stokers, see References 8 and 1l.
May increase by several orders of magnitude if a boiler is unot properly operated or maintained. Factors
for traveling grate stokers are based on limited information in Reference 8. Factors for pulverized
coal fired boilers substantiated by additional data in Reference l4.
fEmission factor reported in Table 1.1-1 may be used, based on the similarity of anthracite and bituminous
coal. :
BReferences 12-13, 15-18. Accounts for limited fallout that may occur in fallout chambers and stack
breeching. Emission factors for individual boilers may range from 2.5 - 25 kg/Mg (5 - 50 1b/ton) and as

Z high as 25 kg/Mg (50 1b/ton) during sootblowing.

S Rpeference 2.




Control of emissions from anthracite combustion has mainly been limited
to particulate matter. The most efficient particulate controls -~ fabric
filters, scrubbers and electrostatic precipitators - 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,
because of the characteristic high resistivity of low sulfur anthracite flyash.
It is reported that higher efficiencies can be achieved using larger precipitators
and flue gas conditioning. Mechanical collectors are frequently employed
upstream from these devices for large particle removal,

Traveling grate stokers are of ten uncontrolled. Indeed, particulate
control has often been considered unnecessary because of anthracite's low
smoking tendencies and of the fact that a significant fraction of large size
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 on
traveling grate stokers, and limited information suggests these .devices may be
up to /5 percent efficient on particulate. F¥lyash reinjection, frequently
used in traveling grate stokers to enhance fuel use efficiency, tends to
increase particulate emissions per unit of fuel combusted.

Emission factors for anthracite combustion are presented in Table 1.2.1,
and emission factor ratings in Table 1.2-2,

TABLE 1.2-2. ANTHRACITE COAL EMISSION FACTOR RATING®

Sulfur Nitrogen Carbon voc
Furnace Type Particulates Oxides Oxides Monoxide Nonmethane Methane
Pulverized coal B B B B c C
Traveling grate B B B B C C
Hand fed units B B B B D D

a
The emission factor rating is explained in the Introduction to this volume.
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1.3 FUEL OIL COMBUSTION

1.3.1 Generall’z’22

Fuel o0ils are broadly classified into two major types, distillate
and residual. Distillate oils (fuel oil grade Nos. 1l 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, having negligible ash and nitrogen
contents and usually containing less than 0.3 weight percent sulfur.
Residual oils (grade Nos. 4, 5 and 6), on the other hand, are used
mainly in utility, industrial and large commercial applications
with sophisticated combustion equipment. WNo. 4 0il is sometimes
classified as a distillate, and No. 6 is sometimes referred to as
Bunker C. Being more viscous and less volatile than distillate
oils, the heavier residual oils (Nos. 5 and 6) must be heated to
facilitate handling and proper atomization. Because residual oils
are produced from the residue left after 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 given in Appendix A.

1.3.2 Emissions

Emissions 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. 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, SO and NO .
The reader is urged to consult the references for a detailed
discussion of the parameters that affect emissions from oil combustion.
Particulate Matter3_7’12_13’24’26—27 - 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 residual oils, Nos. 4 and 5 usually
result in less particulate than does the heavier No. 6.

In boilers firing No. 6, particulate emissions can be described,
on the average, as a function of the sulfur content of the oil. As
shown in Table 1.3-1 (Footnote g), particulate emissions can be
reduced considerably when low-sulfur grade 6 oil is fired. This 1is
because low sulfur No. 6, whether refined from naturally occurring
low sulfur crude o0il or desulfurized by one of several current
processes, exhibits substantially lower viscosity aund reduced
asphaltene, ash and sulfur - all of which results in better
atomization and cleaner combustion.
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TABLE 1.3-1. UNCONTROLLED EMISSION FACTORS FOR FUEL OIL COMBUSTION
EMISSION FACTOR RATING: A

Particulateb Sul fur Dloxide® Sulfur Carbon Witrogen oxide® Volatile OrganicsE
Matter Trioxide Honoxide Nonmethane Methane

a
Boiler Type
ke/10%1 1b/107gal kg/1071 1b/10%gal kg/10°1 1b/107gal kg/10%1 1b/10°gal kg/10°1  1b/10%gal kg/10%1 16/10%gal kg/10°1 1b/107gal

Utility Boilers h h
Residual Gil g B 195 1575 0,348 2.958 0.6 5 8,0 1 67 i 0.09 0.76 0.03 0.28
(12.63(5) (1053 (42)

Industrial Bollers

Residual Gil g g 195 1575 0,245 23 0.6 5 6.6'1 55:I 0.034 0.28 0.12 1.0

Distillate 011l 0.24 2 175 1425 0, 245 25 0.6 5 2.4 20 0.024 0,2 Q.006 0.052
Commercial Bollers

Residual 0il g g 193 1578 0.248 28 0.6 5 " 6.6 55 0.14 1.13 0.057 0.415

Distillate 0il 0.24 2 178 1428 0.2458 25 0.6 5 2.4 20 0.04 0.34 0.026 0.216
Residential Furnaces

Distillate 01l 0.3 2.5 i7s 1428 0.245 25 0.6 5 2.2 18 0.085 0.713 0.214 1.78

%Bgilers can he approximately classified accerding to their gross {hipher) heat rate as shown below:

Utility (power plant) boilers: >106 x 109 Jihe (100 xn 106 Btu/hr)

Industrial boilers: 10.6 x 10% to 106 x 109 J/hr (10 x 10% to 100 x 108 Btu/hn)

Commercial beilers: 0.5 x 10% to 10.6 x 107 J/hr (0.5 x 10°% to 10 x 10% Btu/hr)

Residential furnaces: <0.5 x 109 Jihr <0.5 x lﬂﬁ Btu/hr}
References 3-7 and 24-25, Particulate matter i{s defincd in this section as that material collected by EPA Method 5 (front half catch).
References 1-5. 5 indicates that the weight % of sulfur in the oil should be multiplied by the value given.
References 3-5 and 8-10. Carbon monoxide emissions may increase hy factors of 10 to 100 {f the unit is improperly operated or not well maintained.
Expressed as NO,. References 1-3, B-l1, 17 and 2A. Test results indicate that at least 95% by weight of N0y is ND for all boller types except residential
furnaces, where abpout 73% 1s NO.
References 18-21, Volatile organic compound emisslaons are generally negligible unless boiler is improperly operated or not well maintained, in which case
emissions may increase by several orders of magnitude.
Particulate emission factors for residual oil combustion are, on average, a function of fuel oll grade apmd sulfur content:

Grade 6 oll: 1.25¢5) + 0.38 kg/102 liter [10¢S) + 3 1b/107 gal] where § is the welght % of sulfur in the oil, This relaticnship is

based on 81 individual tests and has a correlatlon coefficlent of 0.65.

Grade 5 oil: 1.25 kg/102 liter (10 16/10° gal}

Crade 4 oil: 0.8 kgf10? liter (7 1b/10° gal)
Reference 25. .
Use 5 kgflU® liters (42 1b/10% gal) for tangentially fired boilers, 12.6 kg/I03 liters (105 1b/10%°gal) for vertical fired bollers, and B.0 kg/10 liters
(67 1b/103 gal} for all others, at Full load and normal (>I5%) excess air. Several combustion modifications can be employed for NOx reduction: {1)
limited excess air can reduce N0, emissions 5-20X, (2) staged combustlon 20-40%, (3) using low MOy burners 20-50%, and (4) ammonia injection can reduce NOy
emissions 40-70% but may lncrease emisslons of ammonia. Combinations of these modifications have been employed Efor further reductions in certain bollers.
See Reference 23 for a discussion of these and other Nfy reduclag techniques and their operational and environmental impacts.
jNitrogen oxldes emissicns from resldual oil combustion in industrial and commercial bollers ave stromgly related to Euel nitrogen content, estimated more
accurately by the empirical relationship:

kg BO;/107 liters = 2.75 + 50{N)? [1b NU,/10%gal = 22 + 400(N}?] where W is the weight ¥ of nitrogen in the oll. For residual ocils having high

(>0.5 weight ¥) nitrogen content, use 15 kg N0, /107 liter (120 1b NOzllU3gal) as an emission factor.
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Boiler load can also affect particulate emissions in units
firing No. 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 small 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 cannot 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.

; 1-5,25,27 . A
Sulfur Oxides (80%) ? — 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
emitted as 50,, about 1 to 5 percent as 503 and about 1 to 3 percent
as particulate sulfates. Sulfur trioxide readily reacts with water
vapor (both in air and in flue gases) to form a sulfuric acid mist.

Nitrogen Oxides (Nox)lnll’14’]'7’23’27 — Two mechanisms form nitrogen
oxides, oxidation of fuelbound nitrogen and thermal fixation of

the nitrogen in combustion air. Fuel NOyx 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 NO,, on the
other hand, are largely a function of peak flame temperature and
available oxygen - factors which depend on boiler size, firing
configuration and operating practices.

Fuel nitrogen conversion is the more important NOy forming
mechanism in residual oil boilers. FExcept in certain large units
having unusually high peak flame temperatures, or in units firing a
low nitrogen residual oil, fuel NOy will generally account for over
50 percent of the total NOx generated. Thermal fixation, on the
other hand, is the dominant NOx forming mechanism in units firing
distillate oils, primarily because of the negligible nitrogen
content in these lighter oils., Because distillate o0il fired boilers
usually have low heat release rates, however, the quantity of
thermal NOy formed in them is less than that of larger units.

A number of variables influence how much NOy is formed by
these two mechanisms. One important variable is firing configuration.
Nitrogen oxide emissions from tangentially (cormner) fired boilers
are, on the average, less than those of horizontally opposed units.
Also important are the firing practices employed during boiler
operation. Limited excess air firing, flue gas recirculation,
staged combustion, or some combination thereof may result in NOy
reductions from 5 to 60 percent. See Section 1.4 for a discussion
of these techniques. Load reduction can likewise decrease NOy
production. Nitrogen oxides emissions may be reduced from 0.5 to 1
percent for each percentage reduction in load from full load operation.
It should be noted that most of these variables, with the exception
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boilers. Limited excess air firing is possible in many small

boilers, but the resulting NOyx reductions are not nearly as significant.
18-21 . .

Other Pollutants — As a rule, only minor amounts of volatile

organic compounds (VOC) and carbon monoxide will be emitted from

the combustion of fuel oil. The rate at which VOCs are emitted

depends on combustion efficiency. Emissions of trace elements from

0il fired boilers are relative to the trace element concentrations

of the oil.

of excess air, influence the NOy emissions only of large oil fired _ .

Organic compounds present in the flue gas streams of boilers
include aliphatic and aromatic hydrocarbons, esters, ethers, alcohols,
carbonyls, carboxylic acids and polycylic organic matter. The last
includes all organic matter having two or more benzene rings.

Trace elements are also emitted from the combustion of fuel oil.
The quantity of trace elements emitted depends on combustion
temperature, fuel feed mechanism and the composition of the fuel.
The temperature determines the degree of volatilization of specific
compounds contained in the fuel. The fuel feed mechanism affects
the separation of emissions into bottom ash and fly ash,

If a boiler unit is operated improperly or is poorly maintained,
the concentrations of carbon monoxide and VOCs may increase by several
orders of magnitude.

1.3.3 Controls .

The various control devices and/or techniques employed on
0il fired boilers depend 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,

Boiler Modificationl_l}’8_9’13_14’23 - Boiler modification includes
any physical change in the boiler apparatus itself or in its opera-
tion. Maintenance of the burner system, for example, is important
to assure proper atomization and subsequent minimization of any
unburned combustibles. Periodic tuning is important in small units
for maximum operating efficiency and emission control, particularly
of smoke and CO. Combustion modifications, such as limited excess
air firing, flue gas recirculation, staged combustion and reduced
load operation, result in lowered NOy emissions in large facilities.
See Table 1.3-1 for specific reductions possible through these
combustion modifications.,
Fuel SubstitutionB’S’lz’28 - Fuel substitution, the firing of
"cleaner" fuel oils, can substantially reduce emissions of a number
of pollutants. Lower sulfur oils, for instance, will reduce SO0x
emissions in all boilers, regardless of size or type of unit or
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grade of oil fired. Particulates generally will be reduced when a
lighter grade of o0il is fired. Nitrogen oxide emissions will be
reduced by switching to either a distillate oil or a residual oil
with less nitrogen. The practice of fuel substitution, however,
may be limited by the ability of a given operation to fire a better
grade of oil and by the cost and availability thereof.

. 15-16,28 . .
Flue Gas Cleaning - Flue gas cleaning equipment generally

is employed only on large oil fired boilers., Mechanical collectors,
a prevalent type of control device, are primarily useful in con-
trolling 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 or
when a clean oil is combusted, cyclonic collectors will not be nearly
as effective due to a high percentage of small particles (less than

3 microns diameter) being emitted.

Electrostatic precipitators are commonly used in oil fired power
plants. Older precipitators which are also small precipitators
generally remove 40 to 60 percent of the particulate matter emissions.
Due to the low ash content of the o0il, greater collection efficiency
may not be required. Today, new or rebuilt electrostatic precipitators
have collection efficiencies of up to 90 percent.

Scrubbing systems have been installed on oil-fired boilers,
especially of late, to control both sulfur oxides and particulate.
These systems can achieve SO, removal efficiencies of up to 90 to
95 percent and provide particulate control efficiencies on the
order of 50 to 60 percent.
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1.4 NATURAL GAS COMBUSTION
1.4.1 Generall’2

Natural gas is one of the major fuels used throughout the
country. It is used mainly for power generation, for industrial
process steam and heat production, and for domestic and commercial
space heating. The primary component of natural gas is methane,
although varying amounts of ethane and smaller amounts of nitrogen,
helium and carbon dioxide are also present. Gas processing plants
are required for recovery of liquefiable constituents and removal
of hydrogen sulfide (H;S) before the gas is used (see Natural Gas
Processing, Section 9.2). The average gross heating value of
natural gas is approximately 9350 kilocalories per standard cubic
meter (1050 British thermal units/standard cubic foot), usually
varying from 8900 to 9800 kcal/sem (1000 to 1100 Btu/scf).

Because natural gas in its original state is a gaseous,
homogenous fluid, its combustion is simple and can be precisely
controlled. Common excess air rates range from 10 to 15 percent,
but some large units operate at lower excess air rates to increase
efficiency and reduce nitrogen oxide (NOx) emissions.

3-26

1.4.2 Emissions and Controls

Even though natural gas is considered to be a relatively clean
fuel, some emissions can occur from the combustion reaction. For
example, improper operating counditions, 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 detectiomn
purposes, small amounts of sulfur oxides will also be produced in
the combustion process.

Nitrogen oxides are the major pollutants of concern when
burning natural gas. Nitrogen oxide emissions are functions of
combustion chamber temperature and combustion product cooling rate.
Emission levels vary considerably with the type and size of umnit
and with operating conditions.

In some large boilers, several operating modifications may be
employed for NO control. Staged combustion for example, including
of f-stoichiometric firing and/or two stage combustion, can reduce
NO emissions by 5 to 50 percent.2 In off-stoichiometric firing,
also called "biased firing", some burners are operated fuel rich,
some fuel lean, and others may supply air only. In two stage
combustion, the burners are operated fuel rich (by introducing only
70 to 90 percent stoichiometric air), with combustion being comp leted
by air injected above the flame zone through second stage "NOo-ports".
In staged combustion, NOx emissions are reduced because the bulk of
combustion occurs under fuel rich conditions.
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Other NOx reducing 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 unburned combustibles (carbon monoxide, volatile organic
compounds and smoke) and/or other operational problems. This
technique can reduce NOy emissions by 5 to 35 percent, primarily
because of lack of oxygen during combustion. Flue gas recirculation
into the primary combustion zone, because the flue gas is relatively
cool and oxygen deficient, can also lower NOy emissions by 4 to
85 percent, depending on the amount of gas recirculated. Flue gas
recirculation is best suited for new boillers. Retrofit application
would require extensive burner modifications. Initial studies
indicate that low NOx burners (20 to 50 percent reduction) and
ammonia injection (40 to 70 percent reduction) also offer NO,
emission reductionms.

Combinations of the above combustion modifications may also be
employed to reduce NOx emissions further. In some boilers, for
instance, NOx reductions as high as 70 to 90 percent have been
produced by employing several of these techniques simultaneously.
In general, however, because the net effect of any of these
combinations varies greatly, it is difficult to predict what the
reductions will be in any given umit.

Emission factors for natural gas combustion are presented in
Table 1.4-1, and factor ratings in Table 1.4-~2.

12 I I "II'
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Figure 1.4-1, L oad reduction coefficient as function of boiler
load. (Used to determine NOyx reductions at reduced loads in

large boilers.) .
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TABLE 1.4-1. UNCONTROLLED EMISSION FACTORS FOR NATURAL GAS COMBUSTION?

Furnace Size & Type Particulatesb sulfur® Nitrogend'e Carbonf’g VYolatile Organics
(106 Btu/hr kg/105m3 lbill]“'ftJ Dioxide Cxide Monoxide Nonmethane Methane
heat input) kg/108m? 1671008t kg/106m3 1b/106Fe3 kg/10%m? 1b/106Ft3 kg/10Pm 16/108£t? kg/106m3 1b710Bft?

Utility boilers 16-86  1-5 9.6 0.6 ssoo”  sso” 640 40 23 1.4 4.8 0.3
(>100)
Industrial bollers 15-80 1-5 9.8 0.6 2240 140 360 35 L] 2.8 48 3
(10 - 100}
Domestic and
commercial boilers 16-80 -5 9.6 0.6 1600 100 320 20 84 5.3 43 2.7
(<10}
:All emission factors are expressed as welght per volume fuel fired.
References 15-18. 6 3 6
;Reference 4 (based on an average sulfur content of natural gas of 4600 g/10° Nm~ (2000 grfi0" secf).

References 4-5,7-8,11,14,18-19,21,

Expressed as NO;. Test results indicate that about 35 weight % of NO, is NO.

References 4,7-8,16,18,22-25,

BReferences 16 gnd 18. Hay ingrease 10 to 100 times with improper operatlon or maintenance.

Use 4400 kgf10° m® {275 15/10°f¢®) For tangentially fired units. At reduced loads, multiply this factor by the losd reduction coefficient

given in Figure l.4-1. See text for potential NOy reductions by combustion modiflcations. HNote that the N0, reduction from these
modifications will also occur at reduced load conditioms.




TABLE 1.4-2., FACTOR RATINGS FOR NATURAL GAS COMBUSTION .

Furnace Type Particulates Sulfur Nitrogen Carbon voC
Oxides Oxides Monoxides Nonmethane Methane

Utility boiler B A A A c c
Industrial boiler B A A A C C
Commercial boiler B . A A A D D
Residential furnace B A A A D D

References for Section 1.4

1. D. M. Hugh, et al., Exhaust Gases from Combustion and Industrial
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Inc., Washington, DC, October 2, 1971.

2. J. H. Perry (ed.), Chemical Engineer's Handbook, 4th Edition,
McGraw-Hill, New York, NY, 1963.

3. H. H. Hovey, et al., The Development of Air Contaminant Emission
Tables for Non-process Emissions, New York State Department of
Health, Albany, NY, 1965.

4, W. Bartok, et al., Systematic Field Study of NOx Emission
Control Methods for Utility Boilers, APTD-1163, U.S. Environ-
mental Protection Agency, Research Triangle Park, NC, December
1971.

5. F. A. Bagwell, et al., "Oxides of Nitrogen Emission Reduction
Program for 0il and Gas Fired Utility Boilers", Proceedings
of the American Power Conference, 14:683-693, April 1970.

6. R. L. Chass and R. E. George, "Contaminant Emissions from the
Combustion of Fuels", Journal of the Air Pollution Control
Association 10:34-42, February 1980.
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1.5 LIQUEFIED PETROLEUM GAS COMBUSTION
1.5.1 General1

Liquefied petroleum gas (LPG) consists of butane, propane, or
a mixture of the two, and of trace amounts of propylene and butylene.
This gas, obtained from oil or gas wells as a gasoline refining
byproduct, 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 mostly butane, Grade F
mostly propane, and Grades B through E being varying mixtures of
butane and propane. The heating value of LPG ranges from 6,480
kecal/liter (97,400 Btu/gallon) for Grade A to 6,030 kcal/liter
(90,500 Btu/gallon) 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 Emissions1

LPG is considered a "c¢clean" fuel because it does not produce
visible emissions. MHowever, gaseous pollutants such as carbon
monoxide, volatile organic compounds (VOC's) and nitrogen oxides do
occur. The most significant factors affecting these emissions are
burner design, adjustment and venting. Improper design, blocking
and clogging of the flue vent, and lack of combustion air result in
improper combustion and 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 in the combustion zoune. The amount of
sulfur dioxide emitted is directly proportional to the amount of
sulfur in the fuel. Ewmission factors for LPG combustion are presented
in Table 1.5-1.
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TABLE 1.5-1. EMISSION FACTORS FOR LPG COMBUSTION?
EMISSION FACTOR RATING: C

b Furnace Particulates Sulfur, Nitrugeg Carbon Volatile Organics

= Type and Oxldes Oxides Monnxide Nonme thane Hethane
g Fuel kpf1071  1b/10%gal kgf10°1 1b/10%gal kg/1031  1b/10%gal kg/10%1  th/103gal kg/10%1  1b/10%gal kg/l0%1  1b/10°gal
2 Industrial

o] Butane 0.0i-0.06  0.10-0.47 0.{1s 0.098 1.58 13.2 0.4 1.3 0.0 0.26 0.03 0.28
= Propane 0.0L-0.05  0,09-0.44 G.015 0.09s 1.49 12.4 0.37 P 0.03 0.25 0.03 0.27
§ Domestic/

(9] commercial

Eg Butane 0.01-0.06  0.10-0,47 0.018 0.098 1.13 9.4 0.23 1.9 0.G6 0.5 0.03 0.25
=] Propane 0.01-0.05  0.09-0.44 n.015 0.09s L.05 5.8 n.22 1.8 0.08 0.47 0.03 0.24
€8]

2 pssumes emissions {except sulfur oxides) are the same, on a heat input basis, as for natural gas combustlon.

Expressed as S0z. S equals the sulfur content expressed in g/l00 m® &1s vapor. For example, if sulfur content is ©.366 g/L0Om? (0.16 gr/100£e?) vapor,
the 503 emission factor would be .01l x 0.366 or 0.0037 kg S02/10% liters (0.09 x 0.16 or 0.014 1b of 502/1000 pal) butane burned.

CExpre.'ssed as NO;. )

o]
~
o]
e
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CPA-22-69-119, Resources Research, Inc., Reston, VA, Durham,
NC, April 1970,

2. E. A. Clifford, A Practical Guide to Liquified Petroleum Gas
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. 1.6 WOOD WASTE COMBUSTION IN BOILERS
1.6.1 Generall-B

The burning of wood waste in boilers is mostly confined to
those industries where it is available as a byproduct. It is
burned both to obtain heat energy and to alleviate possible solid
waste disposal problems. Wood waste may include large pieces like
slabs, logs and bark strips as well as cuttings, shavings, pellets
and sawdust, and heating values for this waste range from about
4,400 to 5,000 kilocalories per kilogram of fuel dry weight (7,940 to
9,131 Btu/1b). However, because of typical moisture contents of
40 to 75 percent, the heating values for many wood waste wmaterials
as fired range as low as 2,200 to 3,300 kilocalories per kilogram
of fuel. Generally, bark is the major type of waste burned in pulp
mills, and a varying mixture of wood and bark waste, or wood waste
alone, are most frequently burned in the lumber, furniture and
plywood industries.

1.6.2 Firing Practicesl_

A variety of boiler firing configurations is used for burning
wood waste. One common type in smaller operations is the dutch
oven, or extension type of furnace with a flat grate., This unit is
widely used because it can burn fuels with a very high moisture
content. Fuel is fed into the oven through apertures at the top of
. a firebox and is fired in a cone shaped pile on a flat grate. The
burning is done in two stages, drying and gasification, and combustion
of gaseous products. The first stage takes place in a cell separated
from the boiler section by a bridge wall. The combustion stage
takes place in the main boiler section. The dutch oven is not
responsive to changes in steam load, and it provides poor combustion
control,

In a fuel cell oven, the fuel is dropped onto suspended fixed
grates and is fired in a pile. Unlike the dutch oven, the fuel
cell also uses combustion air preheating and repositioning of the
secondary and tertiary air injection ports to improve boiler efficiency.

In many large operations, more conventional boilers have been
modified to burn wood waste. These units may include spreader
stokers with traveling grates, vibrating grate stokers, etc,, as
well as tangentially fired or cyclone fired boilers. The most
widely used of these configurations is the spreader stoker. Fuel
is dropped in front of an air jet which casts the fuel out over a
moving grate, spreading it in an even thin blanket. The burning is
done in three stages in a single chamber, (1) drying, (2) distillation
and burning of volatile matter and (3) burning of carbon. This
type of operation has a fast response to load changes, has improved
combustion control and can be operated with multiple fuels. Natural
gas or oil are often fired in spreader stoker boilers as auxiliary

. fuel. This is done to maintain constant steam when the wood waste
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supply fluctuates and/or to provide more steam than is possible
from the waste supply alone.

Sander dust is often burned in various boiler types at plywood,
particle board and furniture plants. Sander dust contains fine
wood particles with low moisture content (less than 20 weight
percent). It is fired in a flaming horizontal torch, usually with
natural gas as an ignition aid or supplementary fuel.

1.6.3 Emissions and Contr:olsl'"28

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

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

Furnace design and operating conditions are particularly
important when firing wood waste. For example, because of the high
moisture content that can be present in this waste, a larger than
usual area of refractory surface is often necessary to dry the fuel
before combustion. In addition, sufficient secondary air must be
supplied over the fuel bed to burn the volatiles that account for
most of the combustible material in the waste. When proper drying
conditions do not exist, or when secondary combustion is incomplete,
the combustion temperature is lowered, and increased particulate,
carbon monoxide and hydrocarbon emissions may result. Lowering of
combustion temperature generally results in decreased nitrogen
oxide emissions. Also, emissions can fluctuate in the short term
due to significant variations in fuel moisture content over short
periods of time.

Flyash reinjection, which is common in many larger boilers to
improve fuel efficiency, has a considerable effect on particulate
emissions. Because a fraction of the collected flyash is reinjected
into the boiler, the dust loading from the furnace, and comsequently
from the collection device, increases significantly per unit of
wood waste burmed. It is reported that full reinjection can cause
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TABLE 1.6-1.

EMISSION FACTORS FOR WOOD AND BARK COMBUSTION IN BOILERS

Emission Factor
Pollutant/Fuel Type/Control kg /Mg 1b/ton Rating
Particulated,b
Bark¢®
Multiclene, with fly ash
reinjectiond 7 14 B
Multiclome, without fly ash
reinjection 4.5 9 B
Uncontrolled 24 47 B
Wood/bark mixturee
Hulticleonme, with fly ash
Telnjection 3 L] c
Multiclene, without fly ash
reinjectionf 2.7 5.3 C
Uncontrolled® 3.6 7.2 c
Woodh
Uncontrelled 4.4 8.8 C
Sulfur Dioxidel] 0.075 0.15 B
(0.01 - 0.2} | (0.02 - 0.4)
Nitrogen Oxides (as NO,)¥
50,000 - 400,000 1b steam/hr 1.4 2.8 B
<G0,000 1b steam/hr 0.34 0.68 B
Carbon Monoxide® 2 - 24 4 - 47 C
voc
Noume thane? 0.7 1.4 D
MethaneP 0.15 0.3 E

Bpeferences 2, 4, 9, 17-18. For bollers burning ges or cil as

an auxiliary fuel, all particulates are assumed to result
from only wood waste fuel.

bMay include condensible hydrocarbons conaiating of pitches
and tars, mostly from back half catch of EPA Method 5.
Tests reported ia Reference 20 indicate that condensible
hydrocarbons account for 4% of total particulate weipht.
CBased on fuel moisture content of about 50%.

dafter control equipment, aesuming an average collection
efficiency of BOX. Data from References 4, 7-8 indicate
that 50% fly ash reinjection increasses the dust load at
the cyclone inlet 1.2 to 1.5 times, while 100% fly ash
reinjection increases the load 1.5 to 2 times without
reinjection.

®Based on fuel molature conmtent of 33%.

fBaged on large dutch ovens and spreader stokers (averaging
23,430 kg steam/hr) with steam pressures from 20 — 75 kpa
(140 - 530 psi).

8Based on small dutch ovens and spreader stokers (usually
operating <9075 kg steam/hr), with pressures from 5 - 30 kpa
{35 - 230 psi). Careful air adjustments and improved fuel
separation and firing were used on some units, but the
effects cannot be isolated.

hpeferences 12-13, 19, 27. Wood waste iocludes cuttings,
shavings, sawdust znd chips, but mot bark. Moisture content
ranges from 3 - 50 weight X. Based on emall unite

(<3000 kg steam/hr} in New York and North Caroclina.

JReference 23. Based on teste of fuel sulfur content and
sulfur dioxide emissions at four mills burning bark. The
lower limit of the ramge {in parentheses) should be used for
wood, and higher values for bark. 4 heating value of 5000
keal/kg (9000 BTU/1b) 1is sssumed. The factors are based on
the dry weight of fuel.

kReferences 7, 24-26. Several factors can influence emission
rates, I{ncluding combustion zone temperatures, excess air,
boiler operating conditions, fuel moisture and fueil aitrogen
content. Factors on a dry weight basis.

Upeference 30. Factors on a dry weight baeis.

DReferences 20, 30. Noomethame VOC reportedly consists of
compounds with a high vapor pressure such as alpha piomene.

PReference 30. Based on an approximation of methane/non-
methane ratio, which 1s very variable. Methane, expressed as
a X of total volatile organic compounds, varied from 0 - 74
welight X.



a tenfold increase in the dust loadings of some systems, although
increases of 1.2 to 2 times are more typical for boilers using 50
to 100 percent reinjection. A major factor affecting this dust
loading increase is the extent to which the sand and other noncom-
bustibles can successfully be separated from the flyash before
reinjection to the furnace.

Although reinjection increases boiler efficiency from 1 to
4 percent and minimizes the emissions of uncombusted carbon, it
also increases boiler maintenance requirements, decreases average
flyash particle size and makes collection more difficult. Properly
designed reinjection systems should separate sand and char from the
exhaust gases, to reinject the larger carbon particles to the
furnace and to divert the fine sand particles to the ash disposal
system. : '

Several factors can influence emissions, such as boiler size
and type, design features, age, load factors, wood species and
operating procedures. In addition, wood is often cofired with
other fuels. The effect of these factors on emissions is difficult
to quantify. It is best to refer to the references for further
information.

The use of multitube cyclone mechanical collectors provides
the particulate control for many hogged boilers. Usually, two
multicyclones are used in series, allowing the first collector to
remove the bulk of the dust and the second collector to remove
smaller particles. The collection efficiency for this arrangement
is from 65 to 95 percent. Low pressure drop scrubbers and fabric
filters have been used extensively for many years. On the West
Coast, pulse jets have been used.

Emission factors for wood waste boilers are presented in
Table 1.6-1. - '
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1.7 LIGNITE COMBUSTION
1.7.1 Generall_4

Lignite is a relatively young coal with properties intermediate
to those of bituminous ccal and peat. It has a high moisture
content (35 to 40 weight percent) and a low wet basis heating value
(1500 to 1900 kilocalories) and generally is burned only close to
where it is mined, in some midwestern States 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 burned mainly in small stokers,
but today the trend is toward use in much larger pulverized coal
fired or cyclone fired boilers.

The major advantages of firing lignite are that, in certain
geographical areas, it is plentiful, relatively low in cost and low
in sulfur content (0.4 to 1 wet basis weight percent). Disadvantages
are that more fuel and larger facilities are necessary to generate
a unit of power than is the case with bituminous coal. There are
several reasons for this. First, the higher moisture content 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 combustion specified size, especially in
pulverized coal fired units. Third, greater tube spacing and
additional soot blowing are required because of the higher ash
fouling tendencies. Fourth, because of its lower heating value,
more fuel must be handled to produce a given amount of power, since
lignite usually is not cleaned or dried before combustion (except
for some drying that may occur in the crusher or pulverizer and
during transfer to the burner). Generally, no major problems exist
with the handling or combustion of lignite when its unique
characteristics are taken into account.

1.7.2 Emissions and Controlsz-11

The major pollutants of concern when firing lignite, as with
any coal, are particulates, sulfur oxides, and nitrogen oxides.
Volatile organic compound (VOC) and carbon monoxide emissions are
quite low under normal operating conditions.

Particulate emission levels appear most dependent on the
firing configuration in the boiler. Pulverized coal fired units
and spreader stokers, which fire all or much of the lignite in
suspension, emit the greatest quantity of flyash per unit of fuel
burned. Cyclones, which collect much of the ash as molten slag in
the furnace itself, and stokers (other than spreader), which retain

a large fraction of the ash in the fuel bed, both emit less particulate

matter. In general, the relatively high sodium content of lignite
lowers particulate emissions by causing more of the resulting
flyash to deposit on the boiler tubes. This is especially so in
pulverized coal fired units wherein a high fraction of the ash is
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TABLE 1.7-1. HEMISSION FACTORS FOR EXTERNAL COMBUSTION OF LIGNITE coaL?

Particulatesb Sulfur c Nitrogen Carbon voC
Firing Configuration dioxide oxides Monoxide Ronmethane Methane

kg/Mg 1b/ton  kg/Mg 1b/ton  kg/Mg 1b/ton B

Pulverized Coal Fired

Dry Bottom 3.1A 6.3A 158 308 gt 19%f g g 2
Cyclone Furnace 3.3A 6.74 158 308 8.5 17 g g g
Spreader Stoker 3.4A 6.8A 158 308 3 6 g g [}
Other Stokers 1.54 2.94 158 308 3 3 g g g

2par uncontrolled emissions, and should be applied te lignite consumption as fired.
cReferences 5-6,9,12. A is the wet basis percent ash content of the lignite.

References 2,5-6. S is the wet basis percent sulfur content of the lignite by weight. For a high sodium/ash lignite

(Na,0 2 8%), use 8.55 kg/Mg (17S lb/ton); for a low sodium/ash lignite (Na,0 <2%), use 17.58 kg/Mg (355 lb/ton). When

the sodium/ash content is unknown, use 158 kg/Mg (3058 1b/ton). The comversion of gsulfur to sulfur dioxide is shown as

a function of alkali ash constituents in Referemces 10-11.

References 2,5,7-8. Expressed as NO,.
€use 7 kg/Mg (14 1b/ton) for front wall fired and horizontally opposed wall fired units, and 4 kg/Mg (8 1b/ton) for
ftangentially fired units.
May be reduced 20 - 40% with low excess alr firing and/or staged combustion in front fired and opposed wall fired units and

cyclones.
Factors reported in Table 1.1-1 may be used, based on the similarity of lignite combustion and bituminous coal combustion.




suspended in the combustion gases and can readily come into contact
with the boiler surfaces.

Nitrogen oxide emissions are mainly a function of the boiler
firing configuration and excess air. Stokers produce the lowest NO
levels, mainly because most existing units are much smaller than
the other firing type and have lower peak flame temperatures. In
most boilers, regardless of firing configuration, lower excess air
during combustion results in lower NO emissions.

Sulfur oxide emissions are a function of the alkali (especially
sodium) content of the lignite ash. Unlike most fossil fuel
combustion, in which over 90 percent of the fuel sulfur is emitted
as 503, a significant fraction of the sulfur in lignite reacts with
the ash components during combustion and is retained in the boiler
ash deposits and flyash. Tests have shown that less than 50 percent
of the available sulfur may be emitted as 50, when a high sodium
lignite is burned, whereas more than 90 percent may be emitted from
low sodium lignite. As a rough average, about 75 percent of the
fuel sulfur will be emitted as $0,, the remainder being converted
to various sulfate salts.

Newer lignite fired utility boilers are equipped with large
electrostatic precipitators that may achieve as high as 99.5 percent
particulate control. Older and smaller electrostatic precipitators
operate at about 95 percent efficiency. Older industrial and
commercial units use cyclone collectors that normally achieve 60 to
80 percent collection efficiency on lignite flyash. Flue gas
desulfurization systems currently are in operation on several
lignite fired utility boilers. These systems are identical to
those used on bituminous coal fired boilers (see Section 1.1).

Nitrogen oxide reductions of up to 40 percent can be achieved
by changing the burner geometry, controlling excess air and making
other changes in operating procedures. The techniques are identical
for bituminous and lignite coal.

TABLE 1.7-~2. RATINGS OF EMISSION
FACTORS FOR LIGNITE COMBUSTION

Firing Configuration Particulates Sulfur Nitrogen
Dioxide Dioxide

Pulverized Coal Fired
Dry Bottom

Cyclone Furnace

Spreader Stoker

== I~ RS T
O w > o»
g a > 5

Other Stokers
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Emission factors for particulates, sulfur dioxide and nitrogen
oxides are presented in Table 1.7-1. Based on the similarity of
lignite combustion and bituminous coal combustion, emission factors
for carbon monoxide and volatile organic compounds reported in
Table 1.1-1 may be used.

References for Section 1.7
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1.8 BAGASSE COMBUSTION IN SUGAR MILLS

1.8.1 General!

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/Ib (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 hoil-
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 Controls!

Particulate is the major pollutant of concern from bagasse boilers. Unless an auxiliary fuel is fired,
few sulfur oxides will be emitted because of the low sulfur content (<0.1 percent, by weight) of ba-
gasse. Some nitrogen oxides are emitted, although the quantities 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-cyclones
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 types 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
Ib/103 Ib steam?@ g/kg steam?@ Ib/ton bagasseP kg/MT bagasseP
ParticulateC 4 4 16 8
Sulfl.-lr oxides d d d d
Nitrogen oxides® 0.3 0.3 1.2 0.6

a Emission factors 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 bagasse, containing approximately 50 percent moisture, by weight.
As a rule of thumb, about 2 pounds (2 kg) of steam are produced from 1 pound (tkg) of wet bagasse.

CMulti-cyclones are reportedly 20 to B0 percent efficient on particulate from bagasse 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 estirnate sulfur oxide emissions.

€Based on Reference 1.

Reference for Section 1.8
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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
1.9.1 Generall_2

Fireplaces are used mainly in homes, lodges, etc., for supplemental
heating and for aesthetic effects. Wood is the most common fuel for
fireplaces, but, coal, compacted wood waste "logs", paper and rubbish may
also be burned. Fuel is intermittently added to the fire by hand.

Fireplaces can be divided into two broad categories, 1) masonry,
generally brick fireplaces, assembled on site integral to a structure and
2) prefabricated, usually metal, fireplaces installed on site as a package
with appropriate ductwork.

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

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

Masonry fireplaces usually heat a room by radiation, with a significant
fraction of the combustion heat lost in the exhaust gases or through the
fireplace walls. Moreover, some of the radiant heat entering the room must
~go toward warming the air that is pulled into the residence to make up for
the air drawn up the chimney. The net effect is that masonry fireplaces are
usually inefficient heating devices. Indeed, in cases where combustion is
poor, where the outside air is cold, or where the fire is allowed to smolder
(thus drawing air into a residence without producing appreciable radiant
heat energy), a net heat loss may occur in a residence from use of a fireplace.
Fireplace heating efficiency may be improved by a number of measures that
either reduce the excess air rate or transfer some of the heat back into the
residence that would normally be lost in the exhaust gases or through the
fireplace walls. As noted above, such measures are commonly incorporated
into prefabricated units. As a result, the energy efficiencies of prefabri-
cated fireplaces are slightly higher than those of masonry fireplaces.
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1.9.2 Emissions3_10

including carbon monoxide, gaseous organics and particulate matter (i.e.,
smoke). Significant quantities of unburnt combustibles are produced because -
fireplaces are inefficient combustion devices, because of high uncontrolled
excess air rates and the absence of any sort of secondary combustion. The
latter is especially important in wood burning because of its high volatile
matter content, typically 80 percent oun a dry weight basis. In additon to
unburnt combustibles, lesser amounts of nitrogen oxides and sulfur oxides

are emitted,

The major pollutants of concern from fireplaces are unburnt combustibles, .

Polycyclic organic material (POM), a minor but potentially important
component of wood smoke, is a group of organic compounds which includes
potential carcinogens such as benzo(a)pyrene (BaP). POM results from the
combination of free radical species formed in the flame zone, primarily as a
consequence of incomplete combustion. Under reducing conditions, radical
chain propagation is enhanced, allowing the buildup of complex organic
material such as POM. POM is generally found in or on smoke particles,
although some sublimation into the vapor phase is probable.

Another important constituent of wood smoke is creosote. This tar—like
substance will burn if the fire is sufficiently hot, but at lower tempera-
tures, it may deposit oun cool surfaces in the exhaust system. Creosote
deposits are a fire hazard in the flue, but they can be reduced if the
exhaust ductwork is insulated to prevent creosote condensation or the exhaust
system is cleaned regularly to remove any buildup.

Fireplace emissions are highly variable and are a function of many wood .
characteristics and operating practices. In general, conditions which

promote a fast burn rate and a higher flame intensity will enhance secondary

combustion and thereby lower emissions. Conversely, higher emissions will

result from a slow burn rate and a lower flame intensity. Such generali-

zations apply particularly to the earlier stages of the burning cycle, when

significant quantities of combustible volatile matter are being driven out

of the wood. Later in the burning cycle, when all of the volatile matter

has been driven out of the wood, the charcoal that remains burns with

relatively few emissions.
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Emission factors and corresponding factor ratings for wood combustion
in residential fireplaces are given in Table 1.9-1.

. TABLE 1.9-1, EMISSION FACTORS FOR RESIDENTIAL FIREPLACES
a ,
Wood Emission
Pollutant Factor
g/kg 1b/ton Ratings

Particulateb 14 28 o
Sulfur oxides® 0.2 0.4 A
Nitrogen oxidesd 1.7 3.4 C
Carbon monoxidee 85 170 C
VOCf

Methane - -

Nonmethane 13 26 D

#Based on tests burning primarily oak, fir or pine, with moisture
content ranging from 15 - 357%.
References 1, 3-4, 8-10. Includes condensible organics (back
half catch of EPA Method 5 or similar test method), which alone
. accounts for 54 - 76% of the total mass collected by both the
front and back half catches (Reference 4). POM is carried by
suspended particulate matter and has been found to range from
0.017 - 0.044 g/kg (References 1, 4) which may include BaP of up
to 1.7 mg/kg (Reference 1).
References 2, 4.
Expressed as NOp. References 3-4, 8, 10.
References 1, 3-4, 6, 8-10.
References 1, 3=4, 6, 10. Dash = no data available.

oM A n
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1.10 RESIDENTIAL WOOD STOVES
1.10.1 General >

Wood stoves are used primarily as domestic space heaters to supplement
conventional heating systems. The two basic designs for wood stoves are
radiating and circulating. Common construction materials include cast
iron, heavy gauge sheet metal and stainless steel. Radiating type stoves
transfer heat to the room by radiation from the hot stove walls. Circulating
type stoves have double wall construction with louvers on the exterior wall
to permit the conversion of radiant enmergy to warm convection air. Properly
designed, these stoves range in heating efficiency from 50 to 70 percent.
Radiant stoves have proven to be somewhat more efficient than the circulating

type.

The thoroughness of combustion and the amount of heat transferred from a
stove, regardless of whether it is a radiating or circulatory wmodel, depend
heavily on firebox temperature, residence time and turbulence (mixing). The
"three Ts" (temperature, time and turbulence) are affected by air flow
patterns through the stove and by the mode of stove operation. Many stove
designs have internal baffles that increase the residence time of flue
gases, thus promoting heat transfer. The use of baffles and secondary
combustion air may also help to reduce emissions by promoting mixing and
more thorough combustion. Unless the secondary air is adequately preheated,
it may serve to quench the flue gas, thus retarding, rather than enhancing,
secondary combustion. Secondary combustion air systems should be designed
to deliver the proper amount of secondary air at the right location with
adequate turbulence and sufficient temperature to promote true secondary
combustion.

Stoves are further categorized by the air flow pattern through the
burning wood within the stoves. Example generic designs -~ updraft, downdraft,
crossdraft and "S~flow'" - are shown schematically in Figure 1.10-1.

In the updraft air flow type of stove, air enters at the base of the
stove and passes through the wood to the stovepipe at the top. Secondary
air enters above the wood to assist in igniting unburned volatiles in the
combustion gases. Updraft stoves provide very little gas phase residence
time, which is needed for efficient transfer of heat from the gases to the
walls of the stove and/or stovepipe,

The downdraft air flow type of stove initially behaves like an updraft.
A vertical damper is opened at the top rear to promote rapid combustion.
When a hot bed of coals is developed, the damper is closed, and the flue
gases are then forced back down through the bed of coals before going out
the flue exit.

The side or cross draft is equipped with a vertical baffle (open at the
bottom) and an adjustable damper at the top, similar to the downdraft. The
damper is open when combustion is initiated, to generate hot coals and
adequate draft. The damper is then closed. The gases must then move down
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under the vertical baffle, the flame is developed horizontally to the fuel
bed, and ideally the gases and flame come in contact at the baffle point
before passing out the flue exit.
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Figure 1.10-1. Generic designs of wood stoves based on flow paths

The S-flow, or horizontal baffle, stove is equipped with both a primary
and a secondary air inlet, like the updraft stove. Retention time within
the stove is a function of both the rate of burn and the length of the smoke
path. To lengthen the retention time, gases are kept from exiting directly
up the flue by a metal baffle plate located several inches above the burning
wood. The baffle plate absorbs a considerable amount of heat and reflects
and radiates much of it back to the firebox. The longer gas phase residence
time results in improved combustion when the proper amounts of air are
provided, and it enhances heat transfer from the gas phase.

Sof twoods and hardwoods are the most common fuels for residential
stoves. Coal and waste fuels, which burn at significantly higher temperature
than cordwood, are not included in computing emission factors because of the
relative scarcity of test data available. The performance of various heaters
within a given type will vary, depending on how a particular design uses its
potential performance advantages. Much of the available emissions data came
from studies conducted on stoves designed for woodburning.

1.10.2 Emissions and Controlg> 2>

Residential combustion of wood produces atmospheric emissions of
particulates, sulfur oxides, nitrogen oxides, carbon monoxide, organic
materials including polyecyclic organic matter (POM), and mineral constituents.
. Organic species, carbon monoxide and, to a large extent, the particulate
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matter emissions result from incomplete combustion of the fuel. Efficient
combustion tends to limit emissions of carbon monoxide and volatile organic
compounds by oxidizing these compounds to carbon dioxide and water. Sulfur
oxides arise from oxidation of fuel sulfur, while nitrogen oxides are formed
both from fuel nitrogen and by the combination of atmospheric nitrogen with
oxygen in the combustion zone. Mineral constituents in the particulate
emissions result from minerals released from the wood matrix during combustion
and entrained in the combustion gases.

Wood smoke is composed of unburned fuel - combustible gases, droplets
and solid particulates. Part of the organic compounds in smoke often condensec
in the chimney or flue pipe. This tar-like substance is called creosote.
If the combustion zone temperature is sufficiently high, creosote burns with
the other organic compounds in the wood. However, creosote burns at a
higher temperature than other chemicals in the wood, so there are times when
it is not burned with the other products. Creosote deposits are a fire
hazard, but they can be reduced if the exhaust ductwork is insulated to
prevent creosote condensation, or the exhaust system is cleaned regularly to
remove any buildup.

Polycyeclic organic material (POM), a minor but potentially important
component of wood smoke, is a group of organic compounds which includes
potential carcinogens such as benzo(a)pyrene (BaP). POM results from the
combination of free radical species formed in the flame zone, primarily as a
consequence of incomplete combustion. Under reducing conditions, radical
chain propagation is enhanced, allowing the buildup of complex otrganic
material such as POM. POM is generally found in or on smoke particles,
although some sublimation into the vapor phase is probable.

Emissions from any one stove are highly variable, and they correspond
directly to different stages in the burning cycle. A new charge of wood
produces a quick drop in firebox temperature and a dramatic increase in
emissions, primarily organic matter. When all of the volatiles have been
driven off, the charcoal stage of the burn is characterized by relatively
clean emissions.

Emissions of particulate, carbon monoxide and volatile organic compounds
were found to depend on burn rate. Emissions increase as burn rates decrease,
for the great majority of the closed combustion devices currently on the
market. A burn rate of approximately three kilograms per hour has been
determined representative of actual woodstove operation.

Wood is a complex fuel, and the combined processes of combustion and
pyrolysis which occur in a wood heater are affected by changes in the
composition of the fuel, moisture content and the effective burning surface
area. The moisture content of wood depends on the type of wood and the
amount of time it has been dried (seasoned). The water in the wood increases
the amount of heat required to raise the wood to its combustion point, thus
reducing the rate of pyrolysis until moisture is released. Wood moisture
has been found to have little affect on emissions. Dry wood (less than
15 percent moisture content) may produce slightly higher emissions than the
commonly occurring 30 to 40 percent moisture wood. However, firing very wet
wood may produce higher emissions due to smoldering and reduced burn rate.
The size of the wood also has a large effect on the rate of pyrolysis, For
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smaller pieces of wood, there is a shorter distance for the pyrolysis products
to diffuse, a larger surface area-to-mass ratio, and a reduction in the time
required to heat the entire piece of wood. One effect of log size is to
change the distribution of organics among the different effluents (creosote,
particulate matter and condensible organics) for a given burn rate. These
results also indicate that the distribution of the total organic effluent
among creosote, particulate matter and condensibles is a function of firebox
and sample probe temperatures.

Results of ultimate analysis (for carbon, hydrogen and oxygen) of dry
wood types are within one to two percent for the majority of all species.
The inherent difference between softwood and hardwood is the greater amount
of resins in softwoods, which increases their heating value by weight.

Several combustion modification techniques are available to reduce
emissions from wood stoves, with varying degrees of effectiveness. Some
techniques relate to modified stove design and others to operator practices.
Proper modifications of stove design (1) will reduce pollutant formation in
the fuel magazine or in the primary combustion zone or (2) will cause
previously formed emissions to be destroyed in the primary or secondary
combustion zones.

A recent wood stove emission control development is the catalytic
converter, a transfer technology from the automobile. The catalytic converter
is a noble metal catalyst, such as palladium, coated on ceramic honeycomb
substrates and placed directly in the exhaust gas flow, where it reduces the
ignition temperature (flash point) of the unburnt hydrocarbons and carbon
monoxide. Retrofit catalysts tend to be installed in the flue pipe farther
downstream of the woodstove firebox than built~in catalysts. Thus, adequate
catalyst operating temperatures may not be achieved with the add on type,
resulting in potential flue gas blockage and fire hazards. Limited testing
of built-in designs indicates that carbon monoxide and total hydrocarbon
emissions are reduced considerably, and efficiency is improved, by the
catalyst effect. Some initial findings also indicate that emissions of
nitrogen oxides may be inecreased by as much as a factor of three.
Additionally, there is concern that combustion temperatures achieved in
stoves operating at representative burn rates (approximately 3 kilograms per
hour or less) are not adequate to "light off" the catalyst. Thus, the
catalytic unit might reduce emissions but not under all burning conditions.
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Emission factors and corresponding emission factor ratings for wood
combustion in residential wood stoves are presented in Table 1.10-1.

TABLE 1.10-1, EMISSION FACTORS FOR RESIDENTIAL WOOD STOVES

Wood® Emission

Pollutant Factor

g/kg 1b/ton Ratings
Particulateb’c 21 42 C
Sulfur oxidesd 0.2 0.4 A
Nitrogen oxides® 1.4 2.8 C
Carbon monoxide ¢ 130 260 C

voc8©

Methane 0.5 1.0 D
Nonmethane 51 100 D

%Based on tests burning primarily oak, fir or pine, with moisture
content ranging from 15 - 35%.
References 3-6, 8-10, 13-14, 17, 22, 24-25. 1Includes condensible
organics (back half catch of EPA Method 5 or similar test
method), which alone account for 54 -~ 767 of the total mass
collected by both front and back half catches (Reference 4).
POM is carried by suspended particulate matter and has been
found to range from 0,19 - 0.37 g/kg (References 4, 14-~15,
22-23) which may include BaP of up to 1.4 mg/kg (Reference 15).
Fmissions were determined at burn rates of 3 kg/hr or less. If
>3 kg/hr, emissions may decrease by as much as 55 - 60% for
particulates and VOC, and 25% for carbon monoxide.
References 2, 4.
Expressed as NO,. References 3-4, 15, 17, 22-23.
References 3-4,710-11, 13, 15, 17, 22-23,
Breferences 3-4, 11, 15, 17, 22-23.
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1.11 WASTE OIL COMBI'ST_ION
1.11.1 General

The largest source of waste oil is used automotive crankcase oil, originating mostly from automo-
bile service stations. and usually being found with small amounts of other automotive fluids. Other
sources of waste oil include metal working lubricants, heavy hvdrocarbon fuels, animal and v egetable
oils and fats, and industrial oil materials,

In 1975. 57 percent of waste crankcase oil was consumed as alternative fucel in comventional boiler
equipment (Section 1.3). The remainder was refined (15 percent), blended into road oil or asphalt
(15 percent), or used for other nonfuel purposes (13 percent).!

1.11.2 Emissions and Controls

Lead emissions from burning waste oil depend on the lead content of the oil and on operating
conditions. Lead content may vary from 800 to 11.200 ppm.? Average concentrations hase been sug-
gested as 6,000! and ax 10,000 ppm?®. During normal operation. about 30 percent of the lead is emilted
as particulate with flue gas.%' Combustion of {uel containing 10 percent waste oil gives particulate
ranging from 1410 19 percent lead. Ash content from combustion of fuels containing waste oil is higher
than that for distillate or residual fuel oil. ranging from 0.03 to 3.78 weight percent. and lead accounts
for about 35 percent of the ash produced in such combustion.?

Currently, controls are not usually applied to oil fired combustion sources. An exception is utility
boilers, especially in the northeastern United States, Pretreatment by vacaum distillation. solvent
axtraction. settling and/or centrifuging minimizes lead emissions but may make waste oil use uneco-
nomical.? High c¢fficiency particulate control by means of properly operated and maintained fabric
filters ix 99 percent effective for 0.5-1 pm diameter lead and other submicron-sized particulate. but
~uch a degree ol control is infrequently used.?

Table 1.11-1. WASTE QIL COMBUSTION EMISSION FACTORS
EMISSION FACTOR RATING: B

Emission factor
Pollutant (kg/m3) " (Ib/103 gal) References
Particulate® 9.0 (A) 75 (A) 5
LeadP 90(P) 75 (P) 1,2,3

2The letter A is for weight % of ash in the waste oil. To calculate the
particulate emission factor, multiply the ash in the oil by 9.0 to get
kilograms of particulate emitted per m3 waste oil burned. Example:
ash of waste oil is 0,5% the emission factor is 0.5 x 9.0 =4.5 kg
particulate per m3 waste oil burned.

BThe letter P indicates that the percent lead in the waste oil being pro-
cessed should be multiplied by the value given in the table in order to

obtain the emission factor, Average P= 1.0% (10,000 ppm). Refer to
Reference 5,
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2. SOLID WASTE DISPOSAL

As defined in the Solid Waste Disposal Act of 1965, the term *‘solid waste™ means garbage, refuse, and other
discarded solid materials, including solid-waste materials resulting from industrial, commercial, and agricultural
operations, and from community activities. It includes both combustibles and noncombustibles.

Solid wastes may be classified into four general categories: urban, industrial, mineral, and agricultural.
Although urban wastes represent only a relatively small part of the total solid wastes produced, this category has
a large potential for air pollution since in heavily populated areas solid waste is often burned to reduce the bulk
of material requiring final disposal ! The following discussion will be lirnited 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 figure does not.include uncollected 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’and industrial wastes. Approximately 50 percent of all the urban and industrial waste generated iin the
United States is burned, using a wide variety of combustion methods with both enclosed and open
burning3. Atmospheric emissions, both gaseous and particulate, result from refuse disposal operations that use
combustion to reduce the quantity of refuse. Emissions from these combustion processes cover a wide range
because of their dependence upon the refuse burned, the method of combustion or incineration, and other
factors. Because of the large number of variables involved, it is not possible, in general, to delineate when 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 Number 675.
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2.1 REFUSE INCINERATION
2.1.1 Process Description!-

The most common types of incinerators consist of a refractory-lined chamber with a grate upon which refuse
is burned. In some newer incinerators water-walled furnaces are used. Combustion products are formed by
heating and burning of refuse on the grate. In most cases, since insufficient underfire (undergrate) air is provided
to enable complete combustion, additional 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 chamber directly into the
exhaust stack. Single-chamber incinerators of this type do not meet modern air pollution codes.

2.1.2 Definitions of Incinerator Categories’

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

1. Municipal incinerators — Multiple-chamber units often have capacities greater than 50 tons (45.3 MT) per
day and are usually equipped with automatic charging mechanisms, temperature controls, and movable
grate systems. Municipal incinerators are also usually equipped with some type of particulate control
device, such as a spray chamber or electrostatic precipitator.

2. Industrial/commercial incinerators — The capacities of these units cover a wide range, generally between
50 and 4,000 pounds (22.7 and 1,800 kilograms) per hour. Of either single- or multiple-chamber cesign,
these units are often manually charged and intermittently operated. Some industrial incinerators are
similar to municipal incinerators in size and design. Better designed emission control systems include gas -
fired afterburners or scrubbing, or both.

3. Trench incinerators — A trench incinerator is designed for the combustion of wastes having relatively high
heat content and low ash content. The design of the unit is simple: a U-shaped combustion chamber is
formed by the sides and bottom of the pit and air is supplied from nozzles along the top of the pit. The
nozzles are directed at an angle below the horizontal to provide a curtain of air across the top of the pit and
to provide air for combustion in the pit. The trench incinerator is not as efficient for burning wastes as the
municipal multiple-chamber unit, except where careful precautions are taken to use it for disposal of low-
ash, high-heat-content refuse, and where special attention is paid to proper operation. Low construction
and operating costs have resulted in the use of this incinerator to dispose of materials other than those for
which it was originally designed. Emission factors for trench incinerators used to burn three such
materials’ are included in Table 2.1-1.

4. Domestic incinerators — This category includes incinerators marketed for residential use. Fairly simplein
design, they may have single or multiple chambers and usually are equipped with an auxiliary burner to
aid combustion.

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.
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TABLE 2.1-1. EMISSION FACTORS FOR REFUSE INCINERATORS WITHOUT CONTROLS2

EMISSION FACTOR RATING: A

Particulates Sulfur Oxides® Carbon monoxide organicsd Witrogen oxides® Leadf
Incinerator type kg/Mg 1bfton kg/ Mg ib/ton  kgi¥g 1bfton kg/Mg 1bfton kg/Mg 1bfton kg/Mg  1b/ton
MunicipalB
¥ultiple chacber, uncontrolled 15 30 L.25 2.5 17.5 35 0.75 1.5 1.5 3 0.2 0.4
E Wwith settling chamber and
= water spray systemh 7 14 1.25 2.5 17.5 35 0.75 1.5 1.5 3 - -
177
a Industrial/comnercial
% Multiple chamberl 1.5 7 1.25] 2,53 5 10 1.5 3 1.5 3 - -~
Single chamber 7.5 15 1.25d 2,51 10 20 7.5 15 1 2 - -
) Trench
2 Hood 6.5 13 0.05 .10 - - - - 2 4 - -
= Rubber tires 69 138 - - - - - - - - - -
Qo Municipal tefuse 18.5 37 1.251 2.5] - - - - - - - B
g Controlled air® 0.7 1.4 0.75 1.5 Neg Neg Neg Neg 5 10 - -
Flue-fed single chamber® 15 ko) 0.25 0.5 10 20 7.5 15 1.5 3 - -
Flue—-fed {modified)P.q 3 ) 0.25 0.5 5 10 1.5 3 5 10 - -
Domestic single chamber
Without primary burnerT 17.5 35 0.25 0.5 150 300 50 100 0.5 1 - -
With primary burner$ 3.5 ¥ 0.25 0.5 Heg Neg 1 2 1 2 - -
Pathological® ] 8 Neg Neg HNeg Heg Neg Heg 1.5 3 - -
agmission factors are based on weight per unit weight of refuse lReferences 3, 5, 10, 13, 1S.
charged. Dash indicates no available data. JBased on municipal incinerator data.
Average factors given based on EPA procedures for incinerator References 3, 5, 10, 1S.
stack testing. lpeference 7.
CExpressed as sulfur dioxide. Mhaged on data for wood combustion in conical burners.
dExpresserl as methane. DReference 9.
2Expressed as nitregen dioxide. Ogeferences 3, 10, 11, 13, 15, 16.
References 5, 8-14&, 24-28. PWith afterburners and draft controls.
BReferences 5, 8-1l4. AReferences 3, L1, 15.
byoar municipal incinerators are equipped with at least this much TReferences 5, 10.
control; see Table 2.1-2 for appropriate efficlencles for other SReference 5.
controls. tReference 3, 9.
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6. Pathological incinerators — These are incinerators used to dispose of animal remains and other organic
material of high moisture content. Generally, these units are in a size range of 50 to 100 pounds (22.7 to
45.4 kilograms) per hour. Wastes are burned on the 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 oxygen for 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 charging mechanisms
and are characterized by the high effluent temperatures reached at the exit of the incinerators.

2.1.3 Emissions and Controls!

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. Air may be introduced from beneath the
chamber, from the side, or from the top of the combustion area. As underfire air is increased, and 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 are strongly dependent upon grate type. The use
of rotary kiln and reciprocating grates results in higher particulate emissions than the use of rocking or traveling
grates.14 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 increasc 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.!*

Hydrochloric acid emissions were found to approximate 1.0 Ib/ton of feed in early work'*and 1.8 lb/ton in
more recent work.2? The level can be sharply increased in areas where large quantities of plastics are consumed.
Methane levels found in recent work?? range from 0.04 to 0.4 lb/ton of feed.

Table 2.1-2 lists the relative collection efficiencies of particulate control equipment used for municipal
incinerators. This control equipment has little effect on gaseous emissions. Table 2.1-1 summarizes the
uncontrolled emission factors for the various types of incinerators previously discussed.

Table 2.1-2, COLLECTION EFFICIENCIES FOR VARIOUS TYPES OF
MUNICIPAL INCINERATION PARTICULATE CONTROL SYSTEMS?

Type of system Efficiency, %

Settling chamber 0to 30
Settling chamber and water spray 30 to 60
Wetted baffles 60

Mechanical collector 30t0 80
Scrubber 80 10 95
Electrostatic precipitator 90 to 96
Fabric filter 97 to 99

3References 3,5, 6, and 17 through 21.
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2.2 AUTOMOBILE BODY INCINERATION

2.2.1 Process Description

Auto incinerators consist of a single primary combustion chamber in which one or several partially stripped
cars are burned (Tires are removed.) Approximately 30 to 40 minutes is required to burn two bodies
simultaneously.? As many as 50 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 tunnel-type incinerator have capacities of more than 50 cars per 8-hour day.

2.2.2 Emissions and Controls*

Both the degree of combustion as determined by the incinerator design and the amount of combustible
material left on the car greatly affect emissions. Temperatures on the order of 1200°F (650°C) are reached during
auto body incineration.” This relatively low combustion temperature is a result of the large incinerator volume
needed to contain the bodies as compared with the small quantity of combustible material. The use of overfire air

jets in the primary combustion chamber increases combustion efficiency by providing air and increased
turbulence.

In an attempt to reduce the various air pollutants produced by this method of burning, some auto incinerators
are equipped with emission control devices. Afterburners and low-voltage electrostatic precipitators have been
used to reduce particulate emissions; the former also reduces some of the gaseous emissions.>*% When
afterburners are used to control emissions, the temperature in the secondary combustion chamber should be at

least 1500°F (815°C). Lower temperatures result in higher emissions. Emission factors for auto body incinerators
are presented in Table 2.2-1.

Table 2.2-1. EMISSION FACTORS FOR AUTO BODY INCINERATION®
EMISSION FACTOR RATING: B

Uncontrolled With afterburner

Pollutants ib/car kg/car Ib/car kg/car
ParticulatesP 2 0.9 156 0.68
Carbon monoxide® 25 1.1 Neg Neg
Hydrocarbons (CH, )¢ 0.5 0.23 Neg Neg
Nitrogen oxides (NO,)9 | 0.1 0.05 0.02 0.01
Aldehydes (HCOH)d 0.2 0.09 0.06 0.03
Organic acids (acetic)9 0.21 0.10 0.07 0.03

2Based on 250 |b (113 kg) of combustible material on stripped car body.
bReferences 2 and 4.

CBased on data for open burning and References 2 and 5.
dReference 3.
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2.3 CONICAL BURNERS

2.3.1 Process Description!

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 underfire air blown into the chamber
below the grate and by overfire 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 content of the charged material, control of combustion air, tvpe of charging system used, and the
condition in which the incinerator 1s maintained. The most critical ot 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 control systems
include water curtains (wet caps) and water scrubbers. Emission factors for conical burners are shown in Table
2.3-1.
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Table 2.3-1. EMISSION FACTORS FOR WASTE INCINERATION IN CONICAL BURNERS
WITHOUT CONTROLS?
EMISSION FACTOR RATING: B

Type of Particulaies Sulfur oxides Carbon monoxide Hydrocarbons Nitrogen oxides
waste ib/ton kg/MT Ib/ton kg/MT ib/ton kg/MT Ib/ton kg/MT Ib/ton kg/MT
Municipal 20(10 to 60)cd 10 2 1 60 30 20 10 5 25
refuse?
Wood refuse® 1f 05 0.1 0.05 130 65 11 55 1 0.5
79 35
20h 10

3Moisture content as fired is approximately 50 percent for wood waste,

bExu:ept for particulates, factors are based on comparison with other waste disposal practices.

CUse high side of range for intermittent operations charged with a bulldozer.

9Based on Reference 3.

€References 4 through 9. :

fSatisfactorv operation: properly maintained burner with adjustable underfire air supply and adjustable, tangential overfire air inlets, approximately 500 percent
excess air and 700°F {370°C) exit gas temperature.

9Unsatisfactory operation: properly maintained burner with radial overfire air supply near bottom of shell, approximately 1200 percent excess air and 400°F {204°C)
exit gas temperature.

Very 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 (204°C} exit gas temperature.
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2.4 OPEN BURNING
2.4.1 General :

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 refuse, bulky industrial refuse, and leaves.

2.4.2 Emissions'"®

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, carbon 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 voca Nitrogen
Source Particulate oxldes monoxide methane nonmethane oxides

Municipal refuseb

kg /Mg 8 0.5 42 6.5 15 3

1b/ton 16 1 85 13 30 6
Automobile

components®
kg /Mg 50 Neg. 62 5 16 2
1b/ton 100 Neg. 125 10 32 4

4Data indicate that VOC emissions are approximately 257 methane, 8% other saturates,
18% olefins, 42% others (oxygenates, acetylene, aromatics, trace formaldehyde).
breferences 2, 7.

CReferences 2. Upholstery, belts, hoses and tires burned together.

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 ora backfire. (Headfires are started at
the upwind side of a field and allowed to progress in the direction of the wind, whereas backfires are started at the
downwind edge and forced to progress in a direction opposing the wind.) Other variables such as fuel loading (how
much refuse material is burned per unit of land area) and how the refuse is arranged (that is, in piles, rows, or
spread out) are also important in certain instances. Emission factors for open agricultural burningare presented
in Table 2.4-2 as a function of refuse type and also, in certain instances, as a function of burning techniques
and/or moisture content when these variables are known to significantly affect emissions. Table 2.4-2 also
presents typical fuel loading values associated with each type of refuse. These values can be used, along with the
corresponding 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 location of the
leaf piles. Increasing the moisture content of the leaves generally increases the amount of carbon monoxide,
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N Table 2.4-2. EMISSION FACTORS AND FUEL LOADING FACTORS FOR OPEN BURNING
=
i3 OF AGRICULTURAL MATERIALS®*
EMISSION FACTOR RATING: B
voce
Carbon Fuel Loading Factors
Particulateb Monoxide Methane Nonmethane {waste production)
Refuse Category | kg/Mg 1b/ton | kg/Mg 1b/ton [ kg/Mg 1b/ton kg/Mg 1b/ton |Mg/hectare tonfacre
Field Cropsd |
Unspecified I 11 21 58 117 2.7 5.4 9 18 4.5 2
Burning techniques not |
significant®
Asparagusf 1) 40 75 150 10 20 13 66 3.4 1.5
Bar Ley : 11 22 78 157 2.2 4.5 7.5 15 |38 1.7
Corn by 1o Doss 108 2 4 3 12 9.4 4.2
Cotton g 8 | = 176 0.7 1.4 2.5 5 3.8 1.7
t Grasses Py 16 50 101 2.2 4.5 7.5 L5
= Pineappled ! 4 8 56 112 1 2 3 6
_ Rice by 9 41 83 1.2 2.4 1 4 8 6.7 3.0
n Safflower | 9 18 72 144 3 & ' 10 20 2.9 1.3
i~ Sorghum o9 18 | 18 77 i 2 3.5 7 6.5 2.9
9 Sugar canel : 2.5-3.5 6-8.4 ! 0-41  60-81 | 0.6-2 1.2-3.8 1-6 4-12 8-46 3-17
! Headfire hnrningj i
> Alfalfa : 23 4s |5 06 L 4.2 3.5 1 14 28 1.8 0.8
Q Bean (red) Y 43 oo Bs | s 1w |18 6 l* 5.6 2.5
= Hay (wild) T 12 o7 e | 2.5 s 1 g5 | 2.2 1.0
- Dats o2 44 ' 58 137 4 7.8 i 13 26 3.6 i.6
7 Puy i 1p 3l 147 4.5 9 ! s 29 | 5. 2.5
Wheat ' 22 ! 64 128 2 4 ' h.s 13 1 4.3 1.9
|
Backlire burningk ' ’
Alfalfa Lo 29 60 119 4.5 9 14 29 b 1. 0.8
Bean (rod), nen [ 14 72 148 '3 6 10 19 s 2.5
May (wild) I s 17 75 150 ! 2 4 6.5 13 b 2.2 1.0
Oats Lo 21 68 s o2 4 7 15 1 o3 L.4
Wheat |! b 13 56 108 1.3 2.6 4.5 9 1 4.3 1.9
' |
Vine Crops Ty 5 26 st Lo 1.7 j 5 1 5, 2.5
Weeds " i _
Lospecified i b 15 . 42 85 | L.5 3 ) 4.5 9 7.2 3.2
Ba<sian thistle (tumblnwe;d)l 11 22 f1534 309 | 0,2 0.5 I 0.8 1.5 % 0.2 a.1
3.2 6.5 10 21
| |

Tules fwild reeds) 3 s | o 34
1

Al
~
o
]




o
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oo
oo

[esodsi(q 31sem pI(Og
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Orchard Cropsd,l,m
Unspecified 3 6 26 52 1.2 2.5 4 8 3.6 1.6
Almand 3 6 23 46 1 2 3 6 3.6 1.6
Apple 2 4 21 42 0.5 1 1.5 3 5.2 2.3
Apricot 3 [} 24 49 1 2 3 6 4 1.8
Avocado 10 21 58 116 3.8 7.5 12 25 3.4 1.5
Cherry 4 8 22 44 1.2 2.5 4 8 2.2 1.0
Citrus {orange, lemon} 3 b 40 81 1.5 3 5 g 2.2 1.0
Date palm 5 10 28 56 0.8 1.7 3 5 2.2 1.0
Fig 4 7 28 57 1,2 2.5 4 8 4.9 2,2
Hectarine 2 4 16 a3 0.5 1 1.5 3 4.5 2.0
N1ive 6 12 57 114 2 4 7 14 2.7 1.2
Peach k] 6 21 42 0.6 1.2 2 4 5.6 2,5
Pear 4 9 28 57 1 2 3.5 ? 5.8 2.6
Prune 2 3 21 42 0.4 0.7 1 2 2.7 1.2
Wal-~at 3 [ 24 47 1 2 3 6 2.7 1.2

Forest Residnes?
Unspecified 8 17 0 140 2.8 5.7 g 19 157 70
Hemlock, Nouglas Fir, cedarP 2 4 45 90 0.6 1.2 2 4
Ponderasa pined ] 12 98 185 1.7 3.3 5.5 11 !

AExpressed as weight of pollutant emitted/weight of refuse material burned.

breference 12. Particulate matter From most agricultural refuse burning has been found to be in the submicrometer

yize range.

Chata Indicate that ¥OC emissions average 22% methane, 7.5% other saturates, 17X olefins, 15% acetylene, 18.5%
unidentified. Unidentified VOU are expected to include aldehydes, ketones, aromatics, cycloparaffins.

diafarences 12-13 for emission factors, Reference l4 for fuel loading Factors.

®Far these refuse materials, no significant difference exists between emissions from headfiring or backfiring.

fractors represent emissions under typical high moisture conditions. If ferns are dried to <15% moisture, particulate
emisslons will be reduced hy 30%, CO emisslons 23%, VOC 74%.

s¥oforence 1b,  When plneapple {3 allowed to dry to <20%Z molsture, as It usually s, firing technique is not important.
When headflred at 20% molsture, particoalate emlssions will Increase to 11.5 kg/Mg {23 1b/ton) and VOC will Increase to
h.5 kefdg (13 1b/ton).

e turs are For dry (15% molsture) vice straw. Lf rice straw is burned at higher mnisture levels, particulate emissinns
+i1t increase to 4.5 kg/Mg (29 lb/fton), CO emissions to B0.5 kg/Mg {18l lb/ton), and VOC emissions to l1.5 kg/Mg

{23 Ihftond.

lpeference 20. See Section B.12 for discussion of sugar cane burning. The following fuel loading factors are to be
used in the corresponding states: Louisiana, 8 - 13.6 Mg/hectare (3 - 5 tonfacre}; Florida, 11 - 19 Mg/hectare

{4 - 7 tonfacre); Hawaii, 30 - 48 Mpg/hectare (11 - 17 ton/acre}. For other areas, values generally increase with length
ui growing season. Use the larger end of the emission factor range for lower loading factors.

Jsce text for definition of headfiring.

kSee text For definition of backfiring. This category, for emission estimation purposes, includes another techaique
used occasionally to limit emissions, called into-the-wind striplighting, which is lighting filelds in strips into the
wind at 100 ~ 200 m (300 - ») (t} intervals.

lorehard prunings are usually burned in piles. There are no significant differences in emissions between burning a
"cold pile” and using a roll-on technique, where prunings are bulldozed onto the embers of a preceding fire.

MIf orchard removal is the purpose of a burn, 66 Mg/hectars {30 tonfacre) of waste will be produced.

TReference 10, NOK emissions ostlnated at 2 kg/Mg (4 1b/ton).

PRefarence 15.

TReference 16,




hydrocarbon, and particulate emissions. Increasing the density of the piles increases the amount of hydrocarbon
and particulate emissions, but has a variable effect on carbon monoxide emissions. Arranging the leaves in
conical piles and igniting around the periphery of the bottom proves to the least desirable method of burning.
Igniting a single spot on the top of the pile decreases the hydrocarbon and particulate emissions. Carbon
monoxide emissions with top ignitiondecreases if moisture content is high but increases if moisture content is
low. Particulate, hydrocarbon, and carbon monoxide emissions from windrow ignition (piling the leaves into a
long row and igniting one end, allowing it to burn toward the other end) are intermediate between top and bottom
ignition. Emission factors 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.

Table 2.4-3. EMISSION FACTORS FOR LEAF BURNING18/19
EMISSION FACTOR RATING: B

ParticulateP Carbon monoxide voce
Methane Nonmethane
Leaf Species kg/Mg  1b/ton kg /Mg 1b/ton kg/Mg  1lb/ron | kg/Mg  1b/ton
Black Ash 18 36 63.5 127 5.5 11 13.5 27
Modesto Ash 16 32 81.5 163 5 10 12 24
White Ash 21.5 43 57 113 6.5 13 16 32
Catalpa 8.5 17 44.5 89 2.5 5 6.5 13
Horse Chestnut 27 54 73.5 147 8 17 20 40
Cottonwood 19 38 45 90 6 12 14 28
American Elm 13 26 59.5 119 4 8 9.5 19
Eucalyprus 18 36 45 90 5.5 11 13.5 27
Sweet Gum 16.5 33 70 140 5 10 12.5 25
Black Locust 35 70 65 130 11 22 . 26 52
Magnolia 6.5 13 27.5 55 2 4 5 10
Silver Maple 33 66 51 102 10 20 24,5 49
American Sycamore 7.5 15 57.5 115 2.5 3 5.5 11
California Sycamore 5 10 52 104 1.5 3 3.5 7
Tulip 10 20 38.5 77 3 6 7.5 15
Red Oak 46 92 68.5 137 14 28 34 69
Sugar Maple 26.5 53 54 108 8 16 20 40
Unspeclfied 19 38 56 112 6 12 14 28

AReferences 18-19. Factors are an arithmetle average of results obtained by burning high and low wmolsture
content conical piles, ignited either at the top or around the periphery of the bhottom. The windrow
arrangement was only tested on Modesto Ash, Catalpa, American Elm, Sweet Gum, 3ilver Maple and Tulip, and
results are lncluded in the averages for these specles.

bThe majority of particulate is submicron in siza.

CTests indicate that VOC emissions average 29% methane, 117% other saturates, 33Z olefina, 27% other
(aromatics, acetylene, oxygenates).
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25 SEWAGE SLUDGE INCINERATION
2.5.1 Process Description 13

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 present in
studge, leaving only an odorless, sterile ash, as well as reducing the solid 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 incoming sludge, an inciner-
ator, and some type of air pollution control equipment (commonly 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, rising, combustion
gases, and then burned as it moves slowly down through the lower hearths. At the bottom hearth any residual
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 1100°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.

2.5.2 Emissions and Controls 1,24-7

Because of the violent upwards 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-
jcant amounts when sludge burning is compared with many other combustion processes. 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 formed 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 in fluid-
ized bed units as temperatures are uniformly high enough to provide complete oxidation of the volatile com-
pounds. Odors can also emanate from the pretreatment stages unless the operations are properly enclosed,

Emission factors for sludge incinerators 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 2.5-1., EMISSION FACTORS FOR SEWAGE SLUDGE INCINERATOQRSA

EMISSION FACTOR RATING: B

Uncontrolledb After scrubber
Pollutant Multiple hearth Fluidized bed
kg/Mg 1b/ton kg/Mg 1b/ton kg/Mg 1b/ton
9 Particulate® 50 100 1.5 3 1.5 3
@ Sulfur dioxided 0.5 1 0.4 0.8 0.4 0.8
é Carbon meonoxide® Neg Neg Neg Neg Neg Neg
% Nitrogen oxidesd (as NO,) 3 6 2.5 5 2.5 5
r.% Hydrocar bonsd 0.75 1.5 0.5 1 0.5 1
Hydrogen chloride gas 0.75 1.5 0.15 0.3 0.15 0.3
Leadf - - 0.015 0.025 0.001 0.002

(0.01-0.2) (0.02-0.,03) (0.005-0.002) (0.001-0.003)

3Emission factors expressed as weight per unit weight of dried sludge. Dash indicates
no data available.
stimated from emission factors after scrubbers.
CReferences 6-9.
dReference 8.
CReferences 6, 8.
fReferences 10-11.
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3.0 STATIONARY INTERNAL COMBUSTION SOURCES

Internal combustion engines included in this category gemerally are used
in applications similar to those associated with external combustion sources.
The major engines within this category are gas turbines and large heavy duty
general utility reciprocating engines. Most stationary internal combustion
engines are used to generate electric power, to pump gas or other fluids, or
to compress air for pneumatic machinery.
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3.1 Stationary Gas Turbines for Electric Utility Power Plants

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.! The primary fuels used are natural gas and No. 2 (distillate) fuel oil,
although residual oil is used in a few applications.

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 generation but
that little agreement existed among the investigators regarding the terms in which the emissions were expressed.
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
assumptions on engine air flow or fuel flow rates (based on manufacturers’ data). Another shortcoming 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 financial data on an annual basis. Sawyer and Farmer? 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 used for electric generation in 1971.

Of the 253 generating stations listed by Sawyer and Farmer, 137 have more than one turbine-generator unit.
From the available data, it is not possible to know how many hours each turbine was operated during 1971 for
these multiple-turbine plants. The remaining 116 (single-turbine) units, however, were operated an average of 1196
hours during 1971 (or 13.7 percent of the time), and their average load factor (percent of rated load) 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 year and 250 starts per year as normal, the resulting average operating day is
about 4.8 hours long. One hour of no-load time per day would represent about 21 percent of operating time, which
is considered somewhat excessive. For economy considerations, turbines are not run at off-design conditions any
longer than necessary, so time spent at intermediate power points is probably minimal. The bulk of 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 15 percent at zero load and 2 percent each at
25 percent, 50 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 turn 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.,1-1.
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Table 3,1--1, TYPICAL OPERATING CYCLE FOR ELECTRIC
UTILITY TURBINES

Time at condition

Condition, Percent operating based on 4.8-hr day .
% of rated time spent Contribution to load
power at condition hours minutes factor at condition

0 15 0.72 43 0.00x 0.15=0.0
25 2 0.10 6 0.25 x 0.02 = 0.005
50 2 0.10 6 0.50 x 0.02 = 0.010
75 2 0.10 6 0.75x 0.02 = 0.015

100 (base) 60 2.88 173 1.0 x 0.60=0.60

125 (peak) 19 0.91 bb 1.25x 0.19 = 0.238
4.81 289 Load factor = 0.868

The operating cycle in Table 3. 1-1is used to compute emission factors, although it is only an estimate of actual
operating patterns.

Table 3.1~2. COMPOSITE EMISSION FACTORS FOR 1971
POPULATION OF ELECTRIC UTILITY TURBINES
EMISSION FACTOR RATING: B

Nitrogen Hydro- Carbon Partic- Sulfur
oxides carbons Monoxide ulate oxides
Time basis
Entire population
Ib/hr rated load@ 8.84 0.79 2.18 0.52 0.33
kg/hr rated load 4,01 0.36 0.99 0.24 0.15
Gas-fired only
Ib/hr rated load 7.81 0.79 2.18 0.27 0.098
kg/hr rated load 3.54 0.36 0.99 0.12 0.044
Qil-fired only
Ib/hr rated load 9.60 0.79 2.18 0.71 0.50
kg/hr rated load 4.35 0.36 0.99 0.32 0.23
Fuel basis
Gas-fired only
16/106 £13 gas 413. 42, 116. 14. 9408b
kg/10°m? gas 6615. 673. 1842, 224, 15,0008
Qil-fired only
Ib/103 gal oil 67.8 5.57 15.4 5.0 1405
kg/10? liter oil 8.13 0.668 1.85 0.60 16.85

F] .
Rated load expressed in megawatts.

ft= gas.

bs is the percentage sulfur. Exampl%: If the factor is 940 and the sulfur content is 0.01 percent, the sulfur oxides emitted would

be 940 times 0,01, or 9.4 |1b/10°

Table 3.1-21is the resultant composite emission factors based on the operating cycle of Table 3. 1-1 and the

1971 population of electric utility turbines.

3.1-2
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Different values for time at base and peak loads are obtained by changing the total time at lower loads (0
through 75 percent) or by changing the distribution of time spent at lower loads. The cycle given in Table 3.1-~1
seems reasonable, however, considering the fixed load factor and the economies of turbine operation. Note that the
cycle determines only the importance of each load condition in computing composite emission factors for each
type of turbine, not overall operating hours.

The top portion of Table 3. 1—2 gives separate factors for gas-fired and oil-fired units, and the bottom portion
gives fuel-based 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.
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3.2 Heavy Duty Natural Gas Fired Pipeline Compressor Engines

3.2.1 General! — 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 the Gulf
Coast) and along the major gas pipelines. Both reciprocating engines and gas turbines are utilized, but the trend
has been toward use of large pas turbines. Gas turbines emit considerably fewer pollutants than do reciprocating
engines; however, reciprocating engines are generally more efficient in their use of fuel.

3.2.2 Emissions and Controls!*> — The primary pollutant of concern is NOy, which readily forms in the high
temperature, pressure, and excess air environment found in natural gas fired compressor engines. Lesser amounts
of carbon monoxide and hydrocarbons are emitted, although for each unit of natural gas bumed, compressor
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 usually be
quite low because of the negligible sulfur content of most pipeline gas.

The major variables affecting NOy emissions from compressor engines include the air fuel ratio, engine load
(defined as the ratio of the operating horsepower divided by the rated horsepower), intake (manifold) air
temperature, and absolute humidity. In general, NOy emissions increase with increasing load and intake air
temperature and decrease with increasing absolute humidity and air fuel ratio. (The latter already being, in most
compressor engines, on the “lean” side of that air fuel ratio at which maximum NO, formation occurs.)
Quantitative estimates of the effects of these variables are presented in Reference 2.

Because NO, is the primary pollutant of significance emitted from pipeline compressor engines, control
measures to date have been directed mainly at limiting NOy emissions. For gas turbines, the most effective
method of controlling NOy 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 NOy
reductions may not be as great as with water injection, and it has the added disadvantage that a supply of steam
must be readily available. Exhaust gas recirculation, wherein a portion of the exhaust gases is recirculated back
into the intake manifold, may result in NO, reductions of up to 50 percent. This technique, however, may not be
practical in many cases because the recirculated gases must be cooled to prevent engine malfunction. Other
combustion modifications, designed to reduce the temperature and/or residence time of the combustion gases,
can also be effective in reducing NOy emissions by 10 to 40 percent in specific gas turbine units.

For reciprocating gas-fired engines, the most effective NO, control measures are those that change the air-fuel
ratio. Thus, changes in engine torque, speed, intake air temperature, etc., that in turn increase the air-fuel ratio,
may all result in lower NOy, emissions. Exhaust gas recirculation may also be effective in lowering NOy emissions
although, as with turbines, there are practical limits because of the large quantities of exhaust gas that must be
cooled. Available data suggest that other NOy 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 3.2-1.
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Table 3.2-1, EMISSION FACTORS FOR HEAVY DUTY NATURAL
GAS FIRED PIPELINE COMPRESSOR ENGINES?

EMISSION FACTOR RATING: A

Nitrogen oxides Carbon Hydrocarbons Sulfur
(as N02)b monoxide (as C)€ dioxided Particulate®

Reciprocating engines

1b/103 hp-hr 24 3.1 9.7 0.004 NA

g/hp-hr 1 14 4.4 0.002 NA

a/kW-hr 15 1.9 5.9 0.003 NA

Ib/108 scff 3,400 430 1,400 0.6 NA

kg/106 Nm3f 55,400 7,020 21,800 9.2 NA
Gas turbines

tb/103 hp-hr 2.9 1.1 0.2 0.004 NA

g/hp-hr 1.3 0.5 0.1 0.002 NA

a/kW-hr 1.7 0.7 0.1 0.003 NA

Ib/108 scfd 300 120 23 0.6 NA

kg/108 Nm39 4,700 1,940 280 9.2 NA

3All factors based on References 2 and 3.

b These factors are for compressor engines operated at rated load, In general, NQ, emissions will increase with increasing
load and intake (manifold) air temperature and decrease with increasing air-fuel ratios (excess air rates) and absolute
humidity. Quantitative estimates of the ef‘fe(:ts of these variables are presented in Reference 2.

©These factors represent total hydrocarbons, Nonmethane hydrocarbons are estimated to make up 1o 5 to 10 percent of
these totals, on the average. :

9Based on an assumed sulfur content of pipeline gas of 2000 gr/106 scf (4600 g/ﬂma). If pipeline quality natural gas is
not fired, a material balance should be performed to determine 802 emissions based on the actual sulfur content,

®Not available from existing data.

FThese factors are calculated from the above factors for reciprocating engines assuming a heating vatue of 1050 Btu/scf
(9350 kcal/ﬂm3) for natural gas and an average fuel consumption of 7500 Btu/hp-hr (2530 kcal/kW-hr).

9Thege factors are calculated from the above factors for gas turbines assuming a heating value of 1,050 Btu/scf {9,350 kcal/
Nms) of natural gas and an average fuel consumption of 10,000 Btu/hp-hr (3,380 kcal/kW-hr).

References for Section 3.2

1. Standard Support Document and Environmental Impact Statement - Stationary Reciprocating Internal
Combustion Engines. Aerotherm/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 K.J. 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 Gasoline and Diesel Industrial Engines

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 neclzessary, therefore, to make reasonable assumptions concerning usage in order to formulate emission
factors.

3,3.2 Emissions — Once reasonable usage and duty cycles for this category were ascertained, emission values
from each of the test engines | were aggregated (on the basis of nationwide engine population statistics) to arrive at
the factors presented in Table 3, 3-1.Because of their aggregate nature, data contained in this table must be
applied to a population of industrial engines rather than 1o an individual power plant.

The best method for calculating emissions is on the basis of “brake specific” emission factors (g/kWh or
Ib/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). '

Table 3.3~1. EMISSION FACTORS FOR GASOLINE
AND DIESEL POWERED INDUSTRIAL EQUIPMENT
EMISSION FACTOR RATING: C

Engine categoryb

Pollutantd Gasoline Diesel

Carbon monoxide :
g/hr 5700. 197.

Ib/hr 12.6 0.434
g/kWh 267. 4.06
g/hphr 199. 3.03
kag/10° liter 472. 12.2
Ib/10* gal 3940. 102.
Exhaust hydrocarbons
g/hr 191, 72.8
Ib/hr 0.421 0.160
a/kWh 8.95 1.50
g/hphr 6.68 1.12
ka/10 titer 15.8 4.49
Ib/10 gal 132. 375
Evaporative hydrocarbons
g/hr ' 62.0 -
Ib/hr 0.137 -
Crankcase hydrocarbons
g/hr 38.3 -
Ib/hr 0.084 -
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Table 3.3~1 (continued). EMISSION FACTORS FOR GASOLINE
AND DIESEL POWERED INDUSTRIAL EQUIPMENT
EMISSION FACTOR RATING: C

Engine categoryb

Pollutant? Gasoline Diesel
Nitrogen oxides
g/hr 148. 910.
Ib/hr 0.326 2.01
a/kWh 6.92 18.8
g/hphr 5.16 14.0
kg/10® liter 12.2 56.2
ib/10% gal 102. 469.
Aldehydes
a’hr 6.33 13.7
Ib/hr 0.014 0.030
9/kWh 0.30 0.28
g/hphr : 0.22 0.21
ka/10% liter 0.522 0.84
Ib/103 gal 4.36 7.04
Sulfur oxides
g/hr 7.67 60.5
Ib/hr 0.017 0.133
a/kWh 0.359 1.25
g/hphr 0.268 0.931
kg/10? liter 0.636 3.74
Ib/10° gal 5.31 31.2
Particulate
g/hr 9.33 65.0
Ib/hr 0.021 0.143
a/kWh 0.439 1.34
o/hphr 0.327 1.00
kg/10? liter 0.775 4.01
Ib/10% gal 6.47 335

AReferences 1 and 2.

bAs discussed in the text, the engines used to determine 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 3.3

1. Hare, C. T. and K. J. Springer. Exhaust Emissions from Uncontrolled Vehicles and Related Equipment Using
Internal Combustion Engines. Final Report. Part 5: Heavy-Duty Farm, Construction, and Industrial Engines.
Southwest Research Institute, San Antonio, Texas. Prepared for Environmental Protection Agency, Research
Triangle Park, N.C., under Contract No. EHS 70-108. October 1973, 105 p.

2. Hare, C. T. Letter to C. C. Masser of the Environmental Protection Agency concerning fuel-based enission
rates for farm, construction, and industrial engines. San Antonio, Tex. January 14, 1974. .
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3.4 STATIONARY LARGE BORE DIESEL AND DUAL FUEL ENGINES

. 3.4.1 General

The primary domestic use of large bore diesel engines, i.e., those
greater than 560 cubic inch displacement per cylinder (CID/CYL), is in oil
and gas exploration and production. These engines, in groups of three to
five, supply mechanical power to operate drilling (rotary table), mud pump-
ing and hoisting equipment, and may also operate pumps or auxiliary power
generators. Another frequent application of large bore diesels is elec-
tricity generation for both base and standby service., Smaller uses include
irrigation, hoisting and nuclear power plant emergency cooling water pump
operation.

Dual fuel engines were developed to obtain compression ignition
performance and the economy of natural gas, using a minimum of 5 to 6 percent
diesel fuel to ignite the natural gas. Dual fuel large bore engines (greater
than 560 CID/CYL) have been used almost exclusively for prime electric power
generation.

3.4.2 Emissions and Controls

The primary pollutant of concern from large bore diesel and dual fuel
engines is NOx, which readily forms in the high temperature, pressure and
excess air enviromment found in these engines. Lesser amounts of carbon
monoxide and hydrocarbons are also emitted. Sulfur dioxide emissions will
usually be quite low because of the negligible sulfur content of diesel

fuels and natural gas.

. The major variables affecting NOx emissions from diesel engines are
injection timing, manifold air temperature, engine speed, engine load and
ambient humidity. TIn general, NOx emissions decrease with increasing
humidity.

Because NOx is the primary pollutant from diesel and dual fuel engines,
control measures to date have been directed mainly at limiting NOx emis-
gsions. The most effective NOx control technique for diesel engines is fuel
injection retard, achieving reductions (at eight degrees of retard) of up to
40 percent. Additional NOx reductions are possible with combined retard and
air/fuel ratio change. Both retarded fuel injection (8°) and air/fuel ratio
change of five percent are also effective in reducing NOx emissions from
dual fuel engines, achieving nominal NOx reductions of about 40 percent and
maximum NOyx reductions of up to 70 percent.

Other NOx control techmiques exist but are not considered feasible
because of excessive fuel penalties, capital cost, or maintenance or opera-
tional problems. These techniques include exhaust gas recirculation (EGR),
combustion chamber modification, water injection and catalytic reductiom,
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TABLE 3.4~1. EMISSION FACTORS FOR STATIONARY LARGE BORE DIESEL
AND DUAL FUEL ENGINES?

EMISSION FACTOR RATING: C

Nitrogen Carbon vocd Sulfur
Engine type | Particulateb oxides® | monoxide | Methane | Nommethane | dioxide®
Diesel
1b/103 hph 2.4 24 6.4 0.07 0.63 2.8
g/hph 1.1 11 2.9 0.03 0.29 1.3
g/kWh 1.5 15 3.9 0.04 0.4 1.7
1b/103 galf 50 500 130 1 13 60
g/1 6 60 16 0.2 1.6 7.2
Dual fuel
16/103 hph NA 18 5.9 4.7 1.5 0.70
g/hph NA 8 2.7 2,1 0.7 0.32
g/kWh NA 11 3.6 2.9 0.9 0.43

3Representative uncontrolled levels for each fuel, determined by weighting data from
several manufacturers. Weighting based on % of total horgepower gold by each manu-
facturer during a five year period. NA = not available.
Emission Factor Rating: E. Approximation based on test of a medium bore diesel.
Emissions are minimum expected for engine operating at 50 — 100X full rated load.
At 0X load, emissions would increase to 30 g/l., Reference 2.
CMeasured as NO,. Factors are for engines operated at rated load and speed.
dNonmethane VOC is 90% of total VOC from diesel engines but only 25X of total VOC
emigssions from dual fuel engines. Individual chemical species within the non-
methane fraction are not identified. Molecular weight of nonmethane gas stream is
assumed to be that of methane.
€Based on assumed sulfur content of 0.4 weight ¥ for diesel fuel and 0.46 g/scm
(0.20 gr/scf) for pipeline quality natural gas. Dual fuel 309 emissions based on
52 011/95% gas wix. FEmissions should be ad justed for other fuel ratios.
fThese factore calculated from the above factors, assuming heating values of 40
MI/1 (145,000 Btu/gal) for oil and 41 MI/ecm (1100 Btu/scf) for natural gas, and
an average fuel consumption of 9.9 MI/kWh (7000 Btu/hph).

References for Section 3.4

1.

Standards Support And Environmental Impact Statement, Volume I:
Stationary Internal Combustion Engines, EPA-450/2-78-125a, U. S.
Environmental Protection Agency, Research Triangle Park, NC, July 1979.

Telephone communication between William H. Lamason, Office Of Air
Quality Planning And Standards, U. S. Environmental Protection Agency,
Research Triangle Park, NC, and John H. Wasser, Office Of Research And
Development, U. S. Environmental Protection Agency, Research Triangle
Park, NC, July 15, 1983.
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4. EVAPORATION LOSS SOURCES

Evaporation losses include the organic solvents emitted from
dry cleaning plants and surface coating operations, and the volatile
matter in petroleum products. This chapter presents the volatile
organic emissions from these sources, including liquid petroleum
storage and marketing. Where possible, the effect is shown of
controls to reduce the emissions of organic compounds.

4.1 DRY CLEANING
4.1.1 Generall’2

Dry cleaning involves the cleaning of fabrics with nonaqueous
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 air stream.

Two general types of cleaning fluids are used in the industry,
petroleum solvents and synthetic solvents. Petroleum solvents,
such as Stoddard or 140-F, are inexpensive combustible hydrocarbon
mixtures similar to kerosene. Operations using petroleum solvents
are known as petroleum plants. Synthetic solvents are nonflammable
but more expensive halogenated hydrocarbons. Perchloroethylene and
trichlorotrifluoroethane are the two synthetic dry cleaning solvents
presently in use. Operations using these synthetic solvents are
respectively called "perc'" plants and fluorocarbon plants.

There are two basic types of dry cleaning machines, transfer
and dry-to-dry. Transfer machines accomplish washing and drying in
separate machines. Usually, the washer extracts excess solvent
from the clothes before they are transferred to the dryer, but 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
supplying "self-service" dry cleaning for consumers. Only synthetic
solvents are used in coin operated dry cleaning machines. Such
machines are small, with a capacity of 3.6 to 11.5 kg (8 to 25 1b)
of clothing.
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Figure 4.1-1. Perchloroethylene dry cleaning plant flow diagram.




Commercial operations, such as small neighborhood or franchise
dry cleaning shops, clean soiled apparel for the consumer. Generally,
perchloroethylene and petroleum solvents are used in commercial
operations. A typical "perc" plant operates a 14 to 27 kg (30 to
60 1b) capacity washer/extractor and an equivalent size reclaiming
dryer. '

Industrial cleaners are larger dry cleaning plants which
supply rental service of uniforms, mats, mops, etc., to businesses
or industries. Perchloroethylene is used by approximately 50 percent
of the industrial dry cleaning establishments. A typical large
industrial cleaner has a 230 kg (500 1b) capacity washer/extractor
and three to six 38 kg (100 1b) capacity dryers.

A typical perc plant is 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 solvent, and the other contains
"charged" solvent (used solvent to which small amounts of detergent
have been added to aid in cleaning). Generally, clothes are cleaned
in charged solvent and rinsed in pure solvent. A water bath may
also be used.

After the clothes have been washed, the used solvent is filtered,
and part of the filtered solvent is returned to the charged solvent
tank for washing the next load. The remaining solvent is then
distilled to remove oils, fats, greases, etc., and is returned to
the pure solvent tank. The resulting distillation bottoms are
typically stored on the premises until disposed of. The filter
cake and collected solids (muck) are usually removed from 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 offgases are vented to a carbon
adsorption unit for additional solvent recovery.

After washing, the clothes are transferred to the dryer to be
tumbled in a heated air stream. Exhaust gases from the dryer,
along with a small amount of exhaust gases from the washer/extractor,
are vented to a water cooled condenser and water separator.
Recovered solvent is returned to the pure solvent storage tank. In
30 to 50 percent of the perc plants, the condenser offgases are
vented to a carbon adsorption unit for additional solvent recovery.
To reclaim this solvent, the unit must be periodically desorbed
with steam, usually at the end of each day. Desorbed solvent and
water are condensed and separated, and recovered solvent is returned
to the pure solvent tank.

A petroleum plant would differ from Figure 4.1-1 chiefly in
that there would be no recovery of solvent from the washer and
dryer and no muck cooker. A fluorocarbon plant would differ in
that an unvented refrigeration system would be used in place of a
carbon adsorption unit. Another difference is that a typical
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fluorocarbon plant could use a cartridge filter which is drained
and disposed of after several hundred cycles.

Emissions and Controlsl_B

The solvent itself is the primary emission from dry cleaning
operations. Solvent is given off by washer, dryer, solvent still,
muck cooker, still residue and filter muck storage areas, as well
as by leaky pipes, flanges and pumps.

Petroleum plants have not generally employed solvent recovery,
because of the low cost of petroleum solvents and the fire hazards
associated with collecting vapors. Some emission control, however,
can be obtained by maintaining all equipment (e.g., preventing lint
accumulation, solvent leakapge, etc.) and by using good operating
practices (e.g., not overloading machinery). Both carbon adsorption
and incineration appear to be technically feasible controls for
petroleum plants, but costs are high.

Solvent recovery 1s 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, still and muck cooker through the
use of condensers, water/solvent separators and carbon adsorption
units., Typically once a day, solvent in the carbon adsorption unit
is desorbed with steam, condensed, separated from the condensed
water and returmed to the pure solvent storage tank. Residual
solvent emitted from treated distillation bottoms and muck is not
recovered. As in petroleum plants, good emission control can be
obtained by good housekeeping (maintaining all equipment 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 maintenance 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.

Typical coin operated and commercial plants emit less than
10" grams (one ton) per year. Some applications of emission estimates
are too broad to identify every small facility. For estimates over
large areas, the factors in Table 4.1-2 may be applied for coin
operated and commercial dry cleaning emissions.
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TABLE 4.1-1, SOLVENT LOCSS EMISSION FACTORS FOR DRY CLEANING OPERATIONS
FMISSION FACTOR RATING: B

Emission Ratea

B~ .
Py Solvent Type Source Typical system Well controlled system
. (Process used) kg/100 kg (1B/100 ib) kg/100 kg (1b/100 1b)
b c
Petroleum wagher /dryer 13 2
(transfer process) Filter digposal
uncovked (dralned) 8
centrifuged 0.5 -1
gti11l residue disposal t 0.5 -1
d .
miscellanecus 1 |

- Perchlorvethylene washer/dryerfstill/muck cooker 8° 0.3°
§ (transfer process) fllter disposal
g uncooked muck 14
s cooked muck t.3 0.5 - 1.3
5 cartridge Filter 1.1 0.5 - 1.1
K atill tesidueddisposal 1.6 0.5 - 1.6
s miscellaneous 1.5 1
s
é Trichlorotrif luornethane uasher!dryer/stillf 0 0
. (dry-to-dry process) cartridge filter disposal 1 |
o) still residueddisposal 0.5 0.5
ﬁ miscellaneous 1 -3 1 -3

ARefarences 1-4., Units are in terms of welght solvent per weight of clothes cleaned (capacity x loads).
Emissions also may be estimated by determining the amount of solvent consumed. Assuming that al}
solvent input 18 eventually evaporated to the atmosphere, an emlasion factor of 2000 1b/ton (1000 kg/Mg)
of solvent consumed can he applied.

Different materlal in wash retains a different amount of solvent (synthetics, 10 kg/100 kg; cotton,

20 kg/100 kg; leather, 40 kg/100 kg).

Fmissions from washer, dryer, stlll and muck cooker are passed collectively through a carbon adsorber.
Miscellaneous sources include fugitives From Elanges, pumps, plpes and storage tanks, and Eixed losses
such as opening and closing dryers, etc.

€Uncontrelled emlssions From washer, dryer, still and muck cooker average about 8 kg/ 100 kg (8 1h/100 1b).
About 157 of solvent emitted s from washer, 75% dryer, 5% each from still and muck cooker.

Based on the typlcal refrigeration system installed in fluorocarbon plants.
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TABLE 4.1-2. PER CAPITA SOLVENT L0SS gMISSION
FACTORS FOR DRY CLEANING PLANTS

EMISSION FACTOR RATING: B

Emission Factors b
Operation kg/yr/capita g/day/capita
(1b/year/cap) (1b/day/cap)

Commercial 0.6 1.9
(1.3) (0.004)

Coin operated 0.2 0.6
(0.4) (0.001)

gReferences 2-4, All nonmethane VOC.
Assumes a 6 day operating week (313 days/yr).

References for Section 4.1
1. Study To Support New Source Performance Standards for the

Dry Cleaning Industry, EPA Contract No. 68-02-1412, TRW, Inc.,
Vienna, VA, May 1976.

2.  Perchloroethylene Dry Cleaners - Background Information for
Proposed Standards, EPA-450/3-79-029a, U.S. Environmental
Protection Agency, Research Triangle Park, NC, August 1980.

3. Control of Volatile Organic Emissions from Perchloroethylene
Dry Cleaning Systems, EPA-450/2-78-050, U.S. Envirommental
Protection Agency, Research Triangle Park, NC, December 1978.

4. Control of Volatile Organic Emissions from Petroleum Dry
Cleaners (Draft), Office of Air Quality Planning and Standards,
U.S. Environmental Protection Agency, Research Triangle Park,
NC, February 1981.
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4.2 SURFACE COATING

Surface coating operations involve the application of paint, varnish,
lacquer or paint primer, for decorative or protective purposes. This is
accomplished by brushing, rollings, spraying, flow coating and dipping oper—
ations. Some industrial surface coating operations include automobile assembly,
job enameling, and manufacturing of aircraft, containers, furniture, appliances
and plastic products. Nonindustrial applications of surface coatings include
automobile refinishing and architectural coating of domestic, industrial,
government and institutional structures, including building interiors and
exteriors and exteriors and signs and highway markings. Nonindustrial Surface
Coating is discussed below in Section 4.2.1, and Industrial Surface Coating
in Section 4.2.,2.

Emissions of volatile organic compounds (VOC) occur in surface coating
operations because of evaporation of the paint vehicle, thinner or solvent
used to facilitate the application of 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 about 50 per-
cent, and most, if not all, of this is emitted during the application of
coatings. The major factor affecting these emissions is the amount of
volatile matter contained in the coating. The volatile portion of most com~
mon surface coatings averages about 50 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, ketomnes,
esters, alkyl and aryl hydrocarbon solvents, and mineral spirits. Table
4.2-1 presents emission factors for gemeral surface coating operations.

TABLE 4.2-1. EMISSION FACTORS FOR GENERAL SURFACE COATING APPLICATIONSa

EMISSION FACTOR RATING: B

Emissionsgb
Coating Type kg /Mg 1b/ton
Paint 560 1120
Varnish and Shellac 500 1000
Lacquer 770 1540
Enamel 420 840
Primer (zinc chromate) 660 1320

AReference 1.
bRreference 2. Nonme thane VOC.

References for Section 4.2

1. Products Finishing, 41(6A):4-54, March 1977.

2. Air Pollution Engineering Manual, Second Edition, AP-40, U. S.
Environmental Protection Agency, Research Triangle Park, NC, May 1973,
Out of Print.
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4.2.1 NONINDUSTRIAL SURFACE COATING!?3

. Nonindustrial surface coating operations are nonmanufacturing
applications of surface coating. Two major categories are architectural
surface coating and automobile refinishing. Architectural uses are
considered to include both industrial and nonindustrial structures.
Automobile refinishing pertains to the painting of damaged or worn
highway vehicle finishes and not the painting of vehicles during
manufacture.

Emissions from a single architectural structure or automobile
refinishing are calculated by using total volume and content and
welght of volatile constituents for the coating employed in the
specific application. Estimating emissions for a large area which
includes many major and minor applications of nonindustrial surface
coatings requires that area source estimates be developed. Archi-
tectural surface coating and auto refinishing emissions data are
often difficult to compile for a large geographical area. 1In cases
where a large inventory is being developed and/or resources are
unavailable for detailed accounting of actual volume of coatings
for these applications, emissions may be assumed proportional to
population or number of employees. Table 4.2.1-1 presents factors
from national emission data and emissions per population or employee
for architectural surface coating and automobile refinishing.

TABLE 4.2.1-1. NATIONAL EMISSIONS AND EMISSION FACTORS
FOR VOC FROM ARCHITECTURAL SURFACEaCOATING
AND AUTOMOBILE REFINLSHING

EMISSION FACTOR RATING: C

Architectural Surface Automobile
Emissions Coating Refinishing

National

Mg/yr 446,000 181,000

ton/yr 491,000 199,000
Per capita

kg/yr (1b/yr) 21.4 (4.6) b 0.84 (1.9) e

g/day (1b/day) 5.8 (0.013) 2.7 (0.006)
Per employee

Mg/yr (ton/yr) - 2.3 (2.6)

kg/day (1b/day) - 7.4 (16.3)

dReferences 3 and 5 - 8. All nonmethane organics.

Reference 8. Calculated by dividing kg/yr (1b/yr) by 365 days and
converting to appropriate units. Assumes that 75% of annual
emissions occurs over a 9 month ozone season. For shorter ozone
.seasons, adjust accordingly.

. Assumes a 6 day operating week (313 days/yr).

4/81 Evaporation Loss Sources 4.2.1-1




The use of waterborme architectural coatings reduces volatile
organic compound emissions. Current consumption trends indicate .
increasing substitution of waterborne architectural coatings for

those using solvent. Automobile refinishing often is done in areas

only slightly enclosed, which makes control of emissions difficult.

Where automobile refinishing takes place in an enclosed area,

control of the gaseous emissions 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, but they are widely used to stop paint

particulate emissions.

References for Section 4.2.1
1. Air Pollution Engineering Manual, Second Editiom, AP-40, U.S.

Environmental Protection Agency, Research Triangle Park, NC,
May 1973. Out of Print,

2. Control Techniques for Hydrocarbon and Organic Gases from
Stationary Sources, AP-68, U.S. Environmental Protection
Agency, Research Triangle Park, NC, October 1969.

3. Control Techniques Guideline for Architectural Surface Coatings
(Draft), Office of Air Quality Planning and Standards, U.S.
Environmental Protection Agency, Research Triangle Park, NC,

February 1979. .

4, Air Pollutant Emission Factors, HEW Contract No. CPA-22-69-119,
Resources Research Inc., Reston, VA, April 1970.

5. Procedures for the Preparation of Emission Inventories for
Volatile Organic Compounds, Volume I, Second Editionm,
EPA~450/2-77-028, U.S. Envirommental Protection Agency, Research
Triangle Park, NC, September 1980.

6. W.H. Lamason, "Technical Discussion of Per Capita Emission
Factors for Several Area Sources of Volatile Organic Compounds",
Monitoring and Data Analysis Division, U.S. Environmental
Protection Agency, Research Triangle Park, NC, March 15, 1981.
Unpublished.

7. End Use of Solvents Containing Volatile Organic Compounds,
EPA-450/3-79-032, U.S. Environmental Protection Agency, Research
Triangle Park, NC, May 1979.

8. Written communications between Bill Lamason and Chuck Mann,
Monitoring and Data Analysis Division, U.S. Environmental

Protection Agency, Research Triangle Park, NC, October 1980
and March 1981.
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Implementation Plans, EPA-450/4-80-016, U.S, Environmental
Protection Agency, Research Triangle Park, NC, December 1980.

. 9. Final Emission Inventory Requirements for 1982 Ozone State
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4.2.2 TINDUSTRIAL SURFACE COATING
. 4.2.2.1 GENERAL INDUSTRIAL SURFACE COATINGl~%

Process Description — Surface coating is the application of decorative or
protective materials in liquid or powder form to substrates. These coatings
normally include general solvent type paints, varnishes, lacquers and water
thinned paints. After application of coating by one of a variety of methods
such as brushing, rolling, spraying, dipping and flow coating, the surface is
air and/or heat dried to remove the volatile solvents from the coated surface.
Powder type coatings can be applied to a hot surface or can be melted after
application and caused to flow together. Other coatings can be polymerized
after application by thermal curing with infrared or electron beam systems.

Coating Operations — There are both "toll" (“independent") and "captive”
surface coating operations. Toll operations fi1ll orders to various manufac—
turer specifications, and thus change coating and solvent conditions more
frequently than do captive companies, which fabricate and coat products within
a single facility and which may operate continuously with the same solvents.
Toll and captive operations differ in emission control systems applicable to
coating lines, because not all controls are technically feasible in toll
situations.

Coating Formulations - Conventional coatings contain at least 30 volume
percent solvents to permit easy handling and application. They typically con—
tain 70 to 85 percent solvents by volume. These solvents may be of one com-
ponent or of a mixture of volatile ethers, acetates, aromatics, cellosolves,

. aliphatic hydrocarbons and/or water. Coatings with 30 volume percent of
solvent or less are called low solvent or "high solids” coatings.

Waterborne coatings, which have recently gained substantial use, are of
several types: water emulsion, water soluble and colloidal dispersion, and
electrocoat. Common ratios of water to solvent organics in emulsion and dis—
persion coatings are 80/20 and 70/30.

Two part catalyzed coatings to be dried, powder coatings, hot melts, and
radiation cured (ultraviolet and electron beam) coatings contain essentially
no volatile organic compounds (VOC), although some monomers and other lower
molecular weight organics may volatilize.

Depending on the product requirements and the material being coated, a
surface may have one or more layers of coating applied. The first coat may be
applied to cover surface imperfections or to assure adhesion of the coating.
The intermediate coats usually provide the required color, texture or print,
and a clear protective topcoat is often added. General coating types do not
differ from those described, although the intended use and the material to be
coated determine the composition and resins used in the coatings.

Coating Application Procedures - Conventional spray, which is air atomized

and usually hand operated, is one of the most versatile coating methods. Colors
can be changed easily, and a variety of sizes and shapes can be painted under
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many operating conditions. Conventional, catalyzed or waterborne coatings can
be applied with little modification. The disadvantages are low efficiency from
overspray and high energy requirements for the air compressor.

In hot airless spray, the paint is forced through an atomizing nozzle.
Since volumetric flow is less, overspray is reduced. Less solvent is also
required, thus reducing VOC emissions. Care must be taken for proper flow of
the coating, to avoid plugging and abrading of the nozzle orifice. Electro-
static spray is most efficient for low visocity paints. Charged paint par—
ticles are attracted to an oppositely charged surface. Spray guns, spinning
discs or bell shaped atomizers can be used to atomize the paint. Application
efficiencies of 90 to 95 percent are possible, with good "wraparound" and edge
coating. Interiors and recessed surfaces are difficult to coat, however.

Roller coating is used to apply coatings and inks to flat surfaces. If
the cylindrical rollers move in the same direction as the surface to be coated,
the system is called a direct roll coater. If they rotate in the opposite
direction, the system is a reverse roll coater. Coatings can be applied to any
flat surface efficiently and uniformly and at high speeds. Printing and deco-
rative graining are applied with direct rollers. Reverse rollers are used to
apply fillers to porous or imperfect substrates, including papers and fabrics,
to give a smooth uniform surface.

Knife coating is relatively inexpensive, but it is not appropriate for
coating unstable materials, such as some knit goods, or when a high degree of
accuracy in the coating thickness is required.

Rotogravure printing is widely used in coating vinyl imitation leathers .
and wallpaper, and in the application of a transparent protective layer over

the printed pattern. In rotogravure printing, the image area is recessed, or
"intaglio”, relative to the copper plated cylinder on which the image is

engraved. The ink is picked up on the engraved area, and excess 1nk is scraped

off the nonimage area with a "doctor blade™. The image is transferred directly

to the paper or other substrate, which is web fed, and the product is then

dried.

Dip coating requires that the surface of the subject be immersed in a bath
of paint. Dipping 1s effective for coating irregularly shaped or bulky items
and for priming. All surfaces are covered, but coating thickness varies, edge
blistering can occur, and a good appearance is not always achieved.

In flow coating, materials to be coated are conveyed through a flow of
paint. Paint flow is directed, without atomization, toward the surface through
multiple nozzles, then is caught in a trough and recycled. For flat surfaces,
close control of film thickness can be maintained by passing the surface
through a constantly flowing curtain of paint at a controlled rate.

Emissions and Controls — Essentially all of the VOC emitted from the sur—
face coating industry is from the solvents which are used in the paint formu-
lations, used to thin paints at the coating facility or used for cleanup. All
unrecovered solvent can be considered potential emissions. Monomers and low
molecular weight organics can be emitted from those coatings that do not include
solvents, but such emissions are essentially negligible. .
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Emigsions from surface coating for an uncontrolled facility can be esti-

mated by assuming that all VOC in the coatings is emitted. Usually, coating
consumption volume will be known, and some information about the types of
coatings and solvents will be available. The choice of a particular emission
factor will depend on the coating data available. If no specific information
is given for the coating, it may be estimated from the data in Table 4.2.2.1-2.

TABLE 4.2.2.1-1. VOC EMISSION FACTORS FOR UNCONTROLLED SURFACE COATINGA

EMISSION FACTOR RATING: B

Emissions of VOCP
Available information on coating|kg/liter of coating | 1b/gal of coating
Conventional or waterborne
paints
voc, wt % (d) d°coating density® |d-coating density®
100 100
voC, vol % (V) v+0.884d v-7.364
100 100
Waterborne paint
. VOC as weight % of total d*X-coating density®|d *X*coating density®
volatiles — including water 100 100
(X); total volatiles as
weight 7% of coating (d)
VOC as volume % of total V-Y-0.88d V-Y-7.364
volatiles — including water 100 100
(Y); total volatiles as
volume % of coating (V)

8Material balance, when coatings volume use is known.

bror special purposes, factors expressed kg/l of coating less water may be
desired. These may be computed as follows:

Factor as kg/l of coating

= Factor as kg/l of coating less water ; _ volume % water
100

CIf coating density is not known, it can be estimated from the information
in Table 4.2.2.1-2.

dThe values 0.88 (kg/1) and 7.36 (1b/gal) use the average density of
solvent in coatings. Use the densities of the solvents in the coatings
actually used by the source, if known.
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TABLE 4.2.2.1-2. TYPICAL DENSITIES AND SOLIDS CONTENTS OF COATINGS

Type of coating Density Solids
kg/liter 1b/gal (volume %)
Enamel, air dry 0.91 7.6 39.6
Enamel, baking 1.09 9.1 42.8
Acrylic enamel 1.07 8.9 30.3
Alkyd enamel ‘ 0.96 8.0 47.2
Primer surfacer 1.13 9.4 49.0
Primer, epoxy 1.26 10.5 57.2
Varnish, baking 0.79 6.6 35.3
Lacquer, spraying 0.95 7.9 26.1
Vinyl, roller coat 0.92 7.7 12.0
Polyurethane 1.10 9.2 31.7
Stain 0.88 7.3 21.6
Sealer 0.84 7.0 11.7
Magnet wire enamel 0.94 7.8 25.0
Paper coating 0.92 7.7 22.0
Fabric coating ~ 0.92 7.7 22.0

AReference 1.

All solvents separately purchased as solvent that are used in surface
coating operations and are not recovered subsequently can be considered
potential emissions. Such VOC emissions at a facility can result from onsite
dilution of coatings with solvent, from "makeup solvents” required in flow
coating and, in some instances, dip coating, and from the solvents used for
cleanup. Makeup solvents are added to coatings to compensate for standing
losses, concentration or amount, and thus to bring the coating back to working
specifications. Solvent emissions should be added to VOC emissions from
coatings to get total emissions from a coating facility.

Typical ranges of control efficiencies are given in Table 4.2.2.1-3.
Emission controls normally fall under one of three categories — modification in
paint formula, process changes, or addon controls. These are discussed further
in the specific subsections which follow.

TABLE 4.2.2.1-3. CONTROL EFFICIENCIES FOR
SURFACE COATING QPERATIONS®

Control option ReductionP
(%)
Substitute waterborne coatings 60-95
Substitute low solvent coatings 40-80
Substitute powder coatings 92-98
Add afterburners/incinerators 95

AReferences 2-4.
bExpressed as % of total uncontrolled emission load.
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References for Section 4.2.2.1

Products: Metal Coating Air Pollution Control, EPA-625/3-77-009, U. S.
Environmental Protection Agency, Cincinnati, OH, May 1977.

. 1. Controlling Pollution from the Manufacturing and Coating of Metal

2. H. R. Powers, "Economic and Energy Savings through Coating Selection”,
The Sherwin-Williams Company, Chicago, IL, February 8, 1978.

3. Alr Pollution Engineering Manual, Second Edition, AP-40, U. S.
Environmental Protection Agency, Research Triangle Park, NC, May 1973.
Out of Print.

4. Products Finighing, 41(6A):4-54, March 1977.
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4.2.2.2 CAN COATINGL—4

Process Description — Cans may be made from a rectangular sheet (body blank)
and two circular ends (three piece cans), or they can be drawn and wall ironed
from a shallow cup to which an end is attached after the can is filled (two
plece cans). There are major differences in coating practices, depending on
the type of can and the product packaged in it. Figure 4.2.2.2-1 depicts a
three piece can sheet printing operation.

There are both "toll” and "captive” can coating operations. The former
fill orders to customer specifications, and the latter coat the metal for pro—
ducts fabricated within one facility. Some can coating operations do both
toll and captive work, and some plants fabricate just can ends.

Three pilece can manufacturing involves sheet coating and can fabricating.
Sheet coating includes base coating and printing or lithographing, followed by
curing at temperatures of up to 220°C (425°F). When the sheets have been
formed into cylinders, the seam is sprayed, usually with a lacquer, to protect
the exposed metal. 1f they are to contain an edible product, the interiors are
spray coated, and the cans baked up to 220°C (425°F).

Two piece cans are used largely by beer and other beverage industries.
The exteriors may be reverse roll coated in white and cured at 170 to 200°C
(325 to 400°F). "Several colors of ink are then transferred (sometimes by
lithographic printing) to the cans as they rotate on a mandrel. A protective
varnish may be roll coated over the inks. The coating is then cured in a
single or multipass oven at temperatures of 180 to 200°C (350 to 400°F). The
cans are spray coated on the interior and spray and/or roll coated on the
exterior of the bottom end. A final baking at 110 to 200°C (225 to 400°F)
completes the process.

Emissions and Controls - Emissions from can coating operations depend on
composition of the coating, coated area, thickness of coat and efficiency of
application. Post—application chemical changes, and nonsolvent contaminants
like oven fuel combustion products, may also affect the composition of emis-
gions. All solvent used and not recovered can be considered potential
emissions.

Sources of can coating VOC emissions include the coating area and the oven
area of the sheet base and lithographic coating lines, the three piece can side
seam and interior spray coating processes, and the two piece can coating and
end sealing compound lines. Emission rates vary with line speed, can or sheet
size, and coating type. On sheet coating lines, where the coating is applied
by rollers, most solvent evaporates in the oven. For other coating processes,
the coating operation itself is the major source. Fmissions can be estimated
from the amount of coating applied by using the factors in Table 4.2.2.1-1 or,
if the number and general nature of the coating lines are known, from Table
4.2.2.2-1.

Incineration and the use of waterborne and low solvent coatings both
reduce organic vapor emissions. Other technically feasible control options,
such as electrostatically sprayed powder coatings, are not presently applicable
to the whole industry. Catalytic and thermal incinerators both can be used,
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TABLE 4.2.2.2-1. VOC EMISSION FACTORS FOR CAN COATING PROCESSES2

EMISSION FACTOR RATING: B
Typlcal emissions Typical organic
from coating lineP! Estimated Estimated emissions®
Process fraction fractien
from coater| from oven
1b/hr kg/hr area (%) %) Mg/yr ton/yr
Three piece can sheet base coating line 112 51 9-12 88-91 160 176
Three plece can sheet lithographic 65 30 8-11 89-92 50 55
coating line
Three piece beer and beverage can — side 12 5 100 air dried 18 20
seam spray coating process
Three pilece beer and beverage can - 54 25 75-85 15-25 80 88
interior body spray coating process
Two piece can coating line 86 39 NA NA 260 287
Two plece can end sealing compound 1ine 8 4 100 air dried 14 15

dReference 3. NA = not available.

bOrganic solvent emissions will vary according to line speed, size of can or sheet being coated, and

type of coating used.
CBased upon normal operating conditions.




TABLE 4.2.2.2-2.

CONTROL EFFICIENCIES FOR CAN COATING LINES®

Affected facilityD Control option Reduction®
(%)
Two Piece Can Lines
Exterior coating Thermal and catalytic incineration 90
Waterborne and high solids coating 60-90
Ultraviolet curing <100
Interior spray
coating Thermal and catalytic incineration 90
Waterborne and high solids coating 60-90
Powder coating 100
Carbon adsorption 90
Three Piece Can Lines
Sheet coating lines
Exterior coating Thermal and catalytic incineration 90
Waterborne and high solids coating 60-90
Ultraviolet curing <100
Interior spray
coating Thermal and catalytic incineration 90
Waterborne and high solids coating 60-90
Can fabricating lines
Side seam spray
coating Waterborne and high solids coating 60-90
Powder (only for uncemented seams) 100
Interior spray
coating Thermal and catalytic incineration 90
Waterborne and high solids coating 60-90
Powder (only for uncemented seams) 100
Carbon adsorption 90
End Coating Lines
Sealing compound Waterborne and high solids coating 70-95
Sheet coating Carbon adsorption 90
Thermal and catalytic incineration 90
Waterborne and high solids coating 60-90

8Reference 3.

bcoil coating lines consist of coaters, ovens and quench areas.

and end wire coating lines consist of coaters and ovens.
CCompared to conventional solvent base coatings used without any added

4,2.2,2-4
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primers, backers (coatings on the reverse or backside of the coil), and some

waterborne low to medium gloss topcoats have been developed that equal the

performance of organic solventborne coatings for aluminum but have not yet been

applied at full 1line speed in all cases. Waterborne coatings for other metals
. are being developed.

Available control technology includes the use of addon devices like
incinerators and carbon adsorbers and a conversion to low solvent and ultra-
violet curable coatings. Thermal and catalytic incinerators both may be used
to control emissions from three piece can sheet base coating lines, sheet
lithographic coating lines, and interior spray coating. Incineration is appli-
cable to two piece can coating lines. Carbon adsorption is most acceptable to
low temperature processes which use a limited number of solvents. Such pro-
cesses include two and three piece can interior spray coating, two piece can
end sealing compound lines, and three piece can side seam spray coating.

Low solvent coatings are not yet available to replace all the organic
solventborne formulations presently used in the can industry. Waterborne
basecoats have been successfully applied to two piece cans. Powder coating
technology is used for side seam coating of noncemented three piece cans.

Ultraviolet curing technology is available for rapid drying of the first
two colors of ink on three piece can sheet lithographic coating lines.

References for Section 4.2.2.2
1. T. W. Hughes, et al., Source Assessment: Prioritization of Air Pollution

from Industrial Surface Coating Operations, EPA-650/2-75-019a, U. S.
. Envirommental Protection Agency, Research Triangle Park, NC, November 1975.

2. Control of Volatile Organic Emissions from Existing Stationary Sources,
Volume I: Control Methods for Surface Coating Operations, EPA-450/2-76-
028, U. S. Environmental Protection Agency, Research Trianmgle Park, NC,
May 1977.

3. Control of Volatile Organic Emissions from Existing Stationary Sources,
Volume I1: Surface Coating of Cans, Coils, Paper Fabrics, Automobiles,
and Light Duty Trucks, EPA-450/2-77-008, U. S. Enviromnmental Protection
Agency, Research Triangle Park, NC, May 1977.

4. Alr Pollution Control Technology Applicable to 26 Source of Volatile
Organic Compounds, Office of Air Quality Planning and Standards, U. S.
Envirommental Protection Agency, Research Triangle Park, NC, May 27, 1977.
Unpublished.
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4.2.2.3 MAGNET WIRE COATINGl

Process Description - Magnet wire coating is applying a coat of electrically
insulating varnish or enamel to aluminum or copper wire used in electrical
wachinery. The wire is usually coated in large plants that both draw and
insulate it and then sell it to electrical equipment manufacturers. The wire
coating must meet rigid electrical, thermal and abrasion specifications.

Figure 4.2.2.3-1 shows a typical wire coating operation. The wire is
unwound from spools and passed through an annealing furnace. Annealing softens
the wire and cleauns it by burning off oil and dirt. Usually, the wire then
passes through a bath in the coating applicator and is drawn through an orifice
or coating die to scrape off the excess. It is then dried and cured in a two
zone oven first at 200°, then 430°C (400 and 806°F). Wire may pass through the
coating applicator and the oven as many as twelve times to acquire the necessary
thickness of coating.

Emigsions and Controls — Emissions from wire coating operations depend on
compogition of the coating, thickness of coat and efficiency of application.
Postapplication chemical changes, and nonsolvent contaminants such as oven fuel
combustion products, may also affect the composition of emissions. All solvent
used and not recovered can be considered potential emissions.

The exhaust from the oven is the most important source of solvent emissions
in the wire coating plant. Emissions from the applicator are comparatively low,
because a dip coating technique is used. See Figure 4.2.2.3-1,

Volatile organic compound (VOC) emissions may be estimated from the factors
in Table 4.2.2.1-1, 1f the coating usage is known and if the coater has no
controls. Most wire coaters built since 1960 do have controls, so the infor-
mation in the following paragraph may be applicable. Table 4.2.2.3-1 gives
estimated emissions for a typical wire coating line.

TABLE 4.2.2.3-1 ORGANIC SOLVENT EMISSIONS FROM A TYPICAL WIRE
COATING LINE®

Coating Lineb Annual Totals®
kg/hr  1b/hr Mg/yr  ton/yr
12 26 84 93

AReference 1.
bOrganic solvent emissions vary from line to line by size and
speed of wire, number of wires per oven, and number of passes
through oven. A typical line may coat 544 kg (1,200 1b) wire/day.
A plant may have many lines.
CBased upon normal operating conditions of 7,000 hr/yr for ome line
without incimerator.
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Incineration is the only commonly used technique to control emissions from
wire coating operations. Since about 1960, all major wire coating designers
have incorporated catalytic incinerators into their oven designs, because of
the economic benefits. The internal catalytic incinerator burns solvent fumes
and circulates heat back Into the wire drying zone. TFuel otherwise needed to
operate the oven is eliminated or greatly reduced, as are costs. Esgentially
all solvent emissions from the oven can be directed to an incinerator with a
combustion efficiency of a least 90 percent.

Ultraviolet cured coatings are available for special systems. Carbon
adsorption is not practical. Use of low solvent coatings is only a potential
control, because they have not yet been developed with properties that meet
industry's requirements.

References for Section 4.2.2.3

1. Control of Volatile Organic Emissions from Existing Stationary Sources,
Volume IV: Surface Coating for Insulation of Magnet Wire, EPA-450/2-77-
033, U. S. Environmental Protection Agency, Research Triangle Park, NC,
December 1977.

2. Controlled and Uncontrolled Emission Rates and Applicable Limitations for
Eighty Processes, EPA Contract Number 68-02-1382, TRC of New England,
Wethersfield, CT, September 1976.
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4.2.2.4 OTHER METAL COATING!-3

Process Description - Large appliance, metal furniture and miscellaneous metal
part and product coating lines have many common operations, similar emissions

and emission points, and available control technology. Figure 4.,2.2.4-1 shows
a typical metal furniture coating line.

Large appliances include doors, cases, lids, panels and interior support
parts of washers, dryers, ranges, refrigerators, freezers, water heaters, air
conditioners, and associated products. Metal furniture includes both outdoor
and indoor pieces manufactured for household, business or institutional use.
"Miscellaneous parts and products” herein denotes large and small farm machin-
ery, small appliances, commercial and industrial machinery, fabricated metal
products and other industries that coat metal under Standard Industrial
Classification (SIC) codes 33 through 39.

Large Appliances - The coatings applied to large appliances are usually
epoxy, epoxy/acrylic or polyester enamels for the primer or single coat, and
acrylic enamels for the topcoat. Coatings containing alkyd resins are also
used. Prime and interior single coats are applied at 25 to 36 volume percent
solids. Topcoats and exterior single coats are applied at 30 to 40 volume
percent. Lacquers may be used to touch up any scratches that occur during
assembly. Coatings contain 2 to 15 solvents, typical of which are esters,
ketones, apliphatics, alcohols, aromatics, ethers and terpenes.

Small parts are generally dip coated, and flow or spray coating is used
for larger parts. Dip and flow coating are performed in an enclosed room
vented either by a roof fan or by an exhaust system adjoining the drain board
or tunnel. Down or side draft booths remove overspray and organic vapors from
prime coat spraying. Spray booths are also equipped with dry filters or a
water wash to trap overspray-

Parts may be touched up manually with conventional or airless spray equip-
ment. Then they are sent to a flashoff area (either open or tunneled) for
about 7 minutes and are baked in a multipass oven for about 20 minutes at 180
to 230°C (350 to 450°F). At that point, large appliance exterior parts go omn
to the topcoat application area, and single coated interior parts are moved to
the assembly area of the plant.

The topcoat, and sometimes primers, are applied by automated electrostatic
disc, bell or other types of spray equipment. Topcoats often are more than one
color, changed by automatically flushing out the system with solvent. Both the
topcoat and touchup spray areas are designed with side or down draft exhaust
control. The parts go through about a 10 minute flashoff period, followed by
baking in a multipass oven for 20 to 30 minutes at 140 to 180°C (270 to 350°F).

Metal Furniture — Most metal furniture coatings are enamels, although some
lacquers are used. The most common coatings are alkyds, epoxies and acrylics,
which contain the same solvents used in large appliance coatings, applied at
about 25 to 35 percent solids.

On a typical metal furniture coating line (see Figure 4.2.2.4-1), the
prime coat can be applied with the same methods used for large appliances, but
it may be cured at slightly lower temperatures, 150 to 200°C (300 to 400°F).
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The topcoat, usually the only coat, is applied with electrostatic spray or with
conventional airless or air spray. Most spray coating is manual, in contrast
to large appliance operatioms. Flow coating or dip coating 1s done, if the
plant generally uses only one or two colors on a line.

The coated furniture is usually baked, but in some cases it ig air dried.
If it is to be baked, it passes through a flashoff area into a multizone oven
at temperatures ranging from 150 to 230°C (300 to 450°F).

Miscellaneous Metal Parts and Products — Both enamels (30 to 40 volume
percent solids) and lacquers (10 to 20 volume percent solids) are used to coat
miscellaneous metal parts and products, although enamels are more common.
Coatings often are purchased at higher volume percent solids but are thinned
before application (frequently with aromatic solvent blends). Alkyds are
popular with industrial and farm machinery manufacturers. Most of the coatings
contain several (up to 10) different solvents, including ketones, esters,
alcohols, aliphatics, ethers, aromatics and terpenes.

Single or double coatings are applied in conveyored or batch operations.
Spraying is usually employed for single coats. Flow and dip coating may be
used when only one or two colors are applied. For two coat operations, primers
are usually applied by flow or dip coating, and topcoats are almost always
applied by spraying. Electrostatic spraying is common. Spray booths and areas
are kept at a slight negative pressure to capture overspray.

A manual two coat operation may be used for large items like industrial
and farm machinery. The coatings on large products are often air dried rather
than oven baked, because the machinery, when completely assembled, includes
heat sensitive materials and may be too large to be cured in an oven. Miscel-
laneous parts and products can be baked in single or multipass ovens at 150 to
230°C (300 to 450°F).

Emissions and Controls - Volatile organic compounds (VOC) are emitted
from application and flashoff areas and the ovens of metal coating lines. See
Figure 4.2.2.4-1. The composition of emissions varies among coating lines
according to physical construction, coating method and type of coating applied,
but distribution of emissions among individual operations has been assumed to
be fairly constant, regardless of the type of coating line or the specific pro-
duct coated, as Table 4.2.2.4-2 indicates. All solvent used can be considered
potential emissions. Emissions can be calculated from the factors in Table
4.2.2.1-1 if coatings use 1s known, or from the factors in Table 4.2.2.4-2 if
only a general description of the plant is available. For emissions from the
cleansing and pretreatment area, see Section 4.6, Solvent Degreasing.

When powder coatings, which contain almost no VOC, are applied to some
metal products as a coating modification, emissions are greatly reduced.
Powder coatings are applied as single coats on some large appliance interior
parts and as topcoat for kitchen ranges. They are also used on metal bed and
chair frames, shelving and stadium seating, and they have been applied as
single coats on small appliances, small farm machinery, fabricated metal pro-
duct parts and industrial machinery components. The usual application methods
are manual or automatic electrostatic spray.
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TABLE 4.2.2.4-1. ESTIMATED CONTROL TECHNOLOGY EFFICIENCIES FOR METAL COATING LINES2

Application Organic Emissions Reduction (%)
Control Large Metal
Technology Large appliances ; Metal furniture Miscellaneous jappliances|furniture|Miscellaneous
Powder Top, exterior or [Top or single Oven baked aingle 95-99b 95-99b 95-98¢
interior single |coat coat or topcoat
coat
Waterborne (epray, |All aspplicaticne |Prime, top or Oven baked single 70-90b 60-90b 60-90¢
dip, flowcoat) single coat coat, primer and
topcoat; ailr
dried primer and
topcoat
Waterborne (elec- |Prime or interior|Prime or single (Oven beked single 90-95b 90-95b 90-95¢
trodeposition) gingle coat coat coat and primer
Higher sclids Top or exterior |Top or single Oven baked single| 60-80b 50-80b 50-80¢
(spray) single coat and |coat coat and topcoat;
sound deadener air dried primer
and topcoat
Carbon absorption [Prime, single Prime, top or Oven baked single g0d 90d 90d
or topcoat single coat coat, primer and
application and application topcoat applica-
flashoff areas and flashoff tion and flash-
areas off areas; alr
dried primer and
topcoat applica-
tion and drying
areas
Incineration Prime, top or Ovens Ovens 90d god 90+
or single coat
ovens

dReferences 1-3.

bthe base case againset which these I reductlons were calculated 1s 2 high organic solvent coating which

contains 25 volume X solids and 75 wolume X organic solvents.

Tranefer efficiencies for liquid coatings

are assumed to be about 80% for spray and 90X for dip or flowcoat, for powders about 93X, and for electro-

deposition, 99%.

CFigures reflect the range of reduction possible.

Actual reduction achleved depends on compositions of the

conventional coating originally used and replacement low organic solvent coating, on transfer efficiency,
and on relative film thicknesses of the two coatings.
dReduction is only across the control device and does not account for capture efficiency.
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TABLE 4.2.2.4-2. EMISSION FACTORS FOR TYPICAL METAL COATING PLANTS®

EMISSION FACTOR RATING: B

‘ Emissions Estimated Emissions ()
Type of Plant Production Rate Mg/yr tonfyr Application
and Flashoff QOvens
Large appliances
Prime and topcoat spray 768,000 units/yr 315 347 80 20
Metal furnitured
Single spray® 48 x 106 Ft2/yr 500 550 65 - 80 20 - 35
Single d¢ipd 23 x 10% £t2/yr 160 176 50 - 60 40 - 50
Miscellaneous metalb .
Conveyor single flowd 16 x 108 ft2/yr 111 122 50 - 60 : 40 - 50
Conveyor dip 16 x 105 £12/yx 111 122 40 - 50 50 - 60
Conveyor single spray® 16 x 10 ftzfyr 200 220 70 - 80 20 - 30
Conveyor two coat, flow and| 16 x 106 ft2/yr 311 342 60 - 70 30 - 40
spray
Conveyor two coat, dip and 16 x 106 fe2/yr 31t 342 60 - 70 30 - 40
spray
Conveyor two coat, spray 16 x 106 fed/yr 400 440 70 - 80 30 - 30
Manual two coat, spray 8.5 x 106 fe2/yr 212 233 100 0
and air dry

2References 1-4.

bEgtimated from ares coated , assumed dry coating thickness of 1 mil, coating aof 75% solvent by volime and
25% solids by volume, appropriate transfer efficiency (TE), and solvent density of 0.88 kg/liter

{7.36 1b/gal). The equaticn to be used is:

E (tons/yr) = 2.29 x 1075 area coated (ft2) V 1
T =V TE
or
E (Mg/vr) = 2,09 x 1076 area coated (ft2) ¥ 1
100 =V TE

where V = VOC as volume X.

CTransfer efficiency assumed to be 60%, presuming the coater uses manual electrostatic egquipment.

d¥low and dip coat transfer efficiencles assumed tc be 90%.

eTransfer efficlency asaumed to be 50%, presuming the coater uses electrostatic equipment but coats a
wide range of product sizes and configurations.



Improving transfer efficiency is a method of reducing emissions. One

such technique 1s the electrostatic application of the coating, and another

is dip coating with waterborne paint. For example, many makers of large
appliances are now using electrodeposition to apply prime coats to exterior
parts and single coats to interiors, because this technique increases corrosion
protection and resistance to detergents. Electrodeposition of these waterborne
coatings is also being used at several metal furniture coating plants and at
some farm, commercial machinery and fabricated metal products facilities.

Automated electrostatic spraying is most efficient, but manual and
conventional methods can be used, also. Roll coating is another option on some
miscellaneous parts. Use of higher solids coatings is a practiced technique
for reduction of VOC emissions.

Carbon adsorption is technically feasible for collecting emissions from
prime, top and single coat applications and flashoff areas. However, the
entrained sticky paint particles are a filtration problem, and adsorbers are
not commonly used.

Incineration is used to reduce organic vapor emissions from baking ovens
for large appliances, metal furniture and miscellaneous products, and it is an
option for control of emissions from application and flashoff areas.

Table 4.2.2.4-1 gives estimated control efficiencies for large appliance,
metal furniture and miscellaneous metal part and product coating lines, and
Table 4.2.2.4~2 gives their emission factors.

References for Section 4.2.2.4
1. Control of Volatile Organic Emissions from Existing Stationary Sources,

Volume ITI: Surface Coating of Metal Furniture, EPA-450/2-77-032, U. S.
Environmental Protection Agency, Research Triangle Park, NC, December 1977.

2. Control of Volatile Organic Emissions from Existing Stationary Sources,
Volume V: Surface Coating of Large Appliances, EPA-450/2-77-034, U. S.
Environmental Protection Agency, Research Triangle Park, NC, December 1977.

3. Control of Volatile Organic Emissions from Existing Stationary Sources,
Volume V: Surface Coating of Miscellaneous Metal Parts and Products,
EPA-450/2-78~015, U. S. Envirommental Protection Agency, Research Triangle
Park, NC, June 1978.

4. G. T. Helms, "Appropriate Transfer Efficiencies for Metal Furniture and
Large Appliance Coating”, Memorandum, Office of Air Quality Planning and
Standards, U. S. Envirommental Protection Agency, Research Triangle Park,
NC, November 28, 1980.
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4,2.,2.5 FLAT WOOD INTERIOR PANEL COATING

Process Descriptionl - Finished flat wood construction products are interior
panels made of hardwood plywoods (matural and lauan), particle board, and
hardboard.

Fewer than 25 percent of the manufacturers of such flat wood products
coat the products in their plants, and in some of the plants that do coat, only
a small percentage of total production is coated. At present, most coating is
done by toll coaters who receive panels from manufacturers and undercoat or
finish them according to customer specifications and product requirements.

Some of the layers and coatings that can be factory applied to flat woods
are filler, sealer, groove coat, primer, stain, basecoat, ink, and topcoat.
Solvents used in organic base flat wood coatings are usually component mix-
tures, including methyl ethyl ketone, methyl isobutyl ketone, toluene, Xylene,
butyl acetates, propanol, ethanol, butanol, naphtha, methanol, amyl acetate,
mineral spirits, SoCal I and II, glycols, and glycol ethers. Those most often
used in waterborne coatings are glycol, glycol ethers, propanol and butanol.

Various forms of roll coating are the preferred techniques for applying
coatings to flat woods. Coatings used for surface cover can be applied with
a direct roller coater, and reverse roll coaters are generally used to apply
fillers, forcing the filler into panel cracks and voids. Precision coating
and printing (usually with offset gravure grain printers) are also forms of
roll coating, and several types of curtain coating may be employed, also
(usually for topcoat application). Various spray techniques and brush coating
may be used, too.

Printed Interior panelings are produced from plywoods with hardwood
surfaces (primarily lauvan) and from various wood composition panels, including
hardboard and particle board. Finishing techniques are used to cover the
original surface and to produce various decorative effects. Figure 4.2.2.5-1
is a flow diagram showing some, but not all, typical production line variations
for printed interior paneling.

Groove coatings, applied in different ways and at differemt points in the
coating procedure, are usually pigmented low resin solids reduced with water
before use, therefore yielding few, if any, emissions. Fillers, usually applied
by reverse roll coating, may be of various formulations: (1) polyester (which
is ultraviolet cured), (2) water base, (3) lacquer base, (4) polyurethane and
(5) alkyd urea base. Water base fillers are in common use on printed paneling
lines.

Sealers may be of water or solvent base, usually applied by airless spray
or direct roll coating, respectively. Basecoats, which are usually direct roll
coated, generally are of lacquer, synthetic, vinyl, modified alkyd urea,
catalyzed vinyl, or water base.

Inks are applied by an offset gravure printing operation similar to direct

roll coating. Most lauan printing inks are pigments dispersed in alkyd resin,
with some nitrocellulose added for better wipe and printability. Water base
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inks have a good future for clarity, cost and environmental reasons. After
printing, a board goes through one or two direct or precision roll coaters

for application of the clear protective topcoat. Some topcoats are synthetic,
prepared from solvent soluble alkyd or polyester resins, urea formaldehyde
cross linkings, resins, and solvents.

Natural hardwood plywood panels are coated with transparent or clear
finishes to enhance and protect their face ply of hardwood veneer. Typical
production lines are similar to those for printed interior paneling, except
that a primer sealer 1is applied to the filled panel, usually by direct roll
coating. The panel is then embossed and "valley printed” to give a "dis—
tressed” or antique appearance. No basecoat is required. A sealer is also
applied after printing but before application of the topcoat, which may be
curtain coated, although direct roll coating remains the usual technique.

Emissions and Controlsl™2 - Emissions of volatile organic compounds (VOC) at
flat wood coating plants occur primarily from reverse roll coating of filler,
direct roll coating of sealer and basecoat, printing of wood grain patterns,
direct roll or curtain coating of topcoat(s), and oven drying after one or
more of those operations (see Figure 4.2.2.5-1). All solvent used and not
recovered can be considered potential emissions. Emissions can be calculated
from the factors in Table 4.2.2.1-1, if the coating use is known. Emissions
for interior printed panels can be estimated from the factors in Table
4,2,2,5-1, if the area of coated panels is known.

Waterborne coatings are increasingly used to reduce emissions. They can
be applied to almost all flat wood except redwood and, possibly, cedar. The
major use of waterborne flat wood coatings is in the filler and basecoat
applied to printed interior paneling. Limited use has been made of waterborne
materials for inks, groove coats, and topcoats with printed paneling, and for
inks and groove coats with natural hardwood panels.

Ultraviolet curing systems are applicable to clear or semitransparent
fillers, topcoats on particle board coating lines, and specialty coating oper-
ations. Polyester, acrylic, urethane and alkyd coatings can be cured by this
method.

Afterburners can be used to control VOC emissions from baking ovens, and
there would seem to be ample recovered heat to use. Extremely few flat wood
coating operations have afterburners as addon controls, though, despite the
fact that they are a viable control option for reducing emissions where product
requirements restrict the use of other control techniques.

Carbon adsorption is technically feasible, especially for specific
applications (e. g., redwood surface treatment), but the use of multicomponent
golvents and different coating formulations in several steps along the coating
line has thus far precluded its use to control flat wood coating emissions and
to reclaim solvents. The use of low solvent coatings to fi1l pores and to seal
wood has been demonstrated.
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TABLE 4.2.2.5-1. VOC EMISSION FACTORS FOR INTERIOR PRINTED PANELS?

Ve R AN AL

EMISSION FACTOR RATING: B

Coverageb Uncontrolled VOC Emissions
11 ter/100m2 gal/1,000 ft2 kg/100m2 coated 1b/1,000 ft2 coated
Paint Water | Conven-| Water | Conven- | Water | Conven— | Ultra- | Water | Conven-— Ultra-
Category borne tional | borme tional borne tional violet®| borne tional violet®
E .
= Filler 6.5 6.9 1.6 1.7 0.3 3.0 Neg 0.6 6.1 Neg
€]
=
S Sealer 1.4 1.2 0.35 0.3 0.2 0.5 0 0.4 1.1 0
551 .
2 Basecoat 2.6 3.2 3.2 0.65 0.8 0.2 0.24 0.5 5.0 0.5
H
s
g Ink 0.4 0.4 0.1 0.1 0.1 0.3 0.10 0.2 0.6 0.2
Topcoat 2.6 2.8 0.65 0.7 0.4 1.8 Neg .8 3.7 Neg
TOTAL 13.5 14.5 3.4 3.6 1.2 8.0 0.4 2.5 16.5 0.8
dReference l. Organics are all nommethane. Neg = negligible.
breference 3. From Abitibi Corp., Cucamonga, CA. Adjustments between water and conventional paints made
using typical nonvolatiles content.
€YV line uses no sealer, uses waterborne basecoat and ink. Total ad justed to cover potential emissions
from UV coatings.
En
~
co
=




References for Section 4.2.2.5

Volume VII: Factory Surface Coating of Flat Wood Interior Paneling, EPA-
450/2~-78-032, U. S. Envirommental Protection Agency, Research Triangle
Park, NC, June 1978.

. 1. Control of Volatile Organic Emissions from Existing Stationary Sources,

2. Air Pollution Control Technology Applicable to 26 Sources of Volatile
Organic Compounds, Office of Air Quality Planning and Standards, U. S.
Environmental Protection Agency, Research Triangle Park, NC, May 27, 1977.
Unpublighed.

3. Products Finishing, 41(6A):4-54, March 1977.

4/81 Evaporation Loss Sources 4.2.2.5-5







4.2.2.6 PAPER COATING

Process Descriptionl-2 - Paper is coated for various decorative and functional
purposes with waterborne, organic solventborne, or solvent free extruded mate-—
rials. Paper coating is not to be confused with printing operations, which
use contrast coatings that must show a difference in brightness from the paper
to be visible. Coating operations are the application of a uniform layer or
coating across a substrate. Printing results in an image or design on the
substrate.

Waterborne coatings improve printability and gloes but cannot compete
with organic solventborne coatings in resistance to weather, scuff and chem-
lcals. Solventborne coatings, as an added advantage, permit a wide range of
surface textures. Most solventborne coating is done by paper converting com-
panies that buy paper from mills and apply coatings to produce a final product.
Among the many products that are coated with solventborne materials are adhesive
tapes and labels, decorated paper, book covers, zinc oxide coated office copier
paper, carbon paper, typewriter ribbons, and photographic film.

Organic solvent formulations generally used are made up of film forming
materials, plasticizers, pigments and solvents. The main classes of film
formers used in paper coating are cellulose derivatives (usually nitrocellu-
lose) and vinyl resins (usually the copolymer of vinyl chloride and vinyl
acetate). Three common plasticizers are dioetyl phthalate, tricresyl phos—
phate and castor oil. The major solvents used are toluene, xylene, methyl
ethyl ketone, isopropyl alcohol, methanol, acetone, and ethanol. Although a
single solvent is frequently used, a mixture is often necessary to obtain the
optimum drying rate, flexibility, toughness and abrasion resistance.

A variety of low solvent coatings, with negligible emissions, has been
developed for some uses to form organic resin films equal to those of con—
ventional solventborne coatings. They can be applied up to 1/8 inch thick
(usually by reverse roller coating) to products like artificial leather goods,
book covers and carbon paper. Smooth hot melt finishes can be applied over
rough textured paper by heated gravure or roll coaters at temperatures from 65
to 230°C (150 to 450°F).

Plastic extrusion coating is a type of hot melt coating in which a molten
thermoplastic sheet (usually low or medium density polyethylene) is extruded
from a slotted die at temperatures of up to 315°C (600°F). The substrate and
the molten plastic coat are united by pressure between a rubber roll and a
chill roll which solidifies the plastic. Many products, such as the polyeth-
ylene coated milk carton, are coated with solvent free extrusion coatings.

Figure 4.2.2.6-1 shows a typical paper coating line that uses organic
solventborne formulations. The application device is usually a reverse roller,
a knife or a rotogravure printer. Knife coaters can apply solutions of much
higher viscosity than roll coaters can, thus emitting less solvent per pound of
solids applied. The gravure printer can print patterns or can coat a solid
sheet of color on a paper web.

Evaporation Loss Sources 4.2.2.6-1




Ovens may be divided into from two to five temperature zones. The first
zone is usally at about 43°C (110°F), and other zones have progressively higher
temperatures to cure the coating after most solvent has evaporated. The typi-
cal curing temperature 1is 120°C (250°F), and ovens are generally limited to .
200°C (400°F) to avoid damage to the paper. Natural gas is the fuel most of ten
used in direct fired ovens, but fuel oil is sometimes used. Some of the hea-
vier grades of fuel oil can create problems, because 30 and particulate may
contaminate the paper coating. Distillate fuel oil usually can be used satis-—
factorily. Steam produced from burning solvent retrieved from an adsorber or
vented to an incinerator may also be used to heat curing ovens.

Emissions and Controls? — The main emission points from paper coating lines are
the coating applicator and the oven (see Figure 4.2.2.6-1)., In a typical paper
coating plant, about 70 percent of all solvents used are emitted from the coat-
ing lines, with most coming from the first zone of the oven. The other 30 per-
cent are emitted from solvent transfer, storage and mixing operations and can
be reduced through good housekeeping practices. All solvent used and not
recovered or destroyed can be considered potential emissions.

TABLE 4.2.2.6-1. CONTROL EFFICIENCIES FOR
PAPER COATING LINES2

Affected facility Control method Efficiency (%)
Coating line Incineration 95
Carbon adsorption 90+
Low solvent coating 80 - 99b

dReference 2. .

bBased on comparison with a conventional coating containing 35%
solids and 65% organic solvent, by volume.

Volatile organic compounds (VOC) emissions from individual paper coating
plants vary with size and number of coating lines, line construction, coating
formulation, and substrate composition, so each must be evaluated individually.
VOC emissions can be estimated from the factors in Table 4.2,2.1-1, if coating
use is known and sufficient information on coating composition is available.
Since many paper coating formulas are proprietary, it may be necessary to have
information on the total solvent used and to assume that, unless a control
device is used, essentially all solvent is emitted. Rarely would as much as 3
percent be retained in the product.

Almost all solvent emissions from the coating lines can be collected and
gsent to a control device. Thermal incinerators have been retrofitted to a large
number of oven exhausts, with primary and even secondary heat recovery systems
heating the ovens. Carbon adsorption is most easily adaptable to lines which
use single solvent coating. 1If solvent mixtures are collected by adsorbers,
they usually must be distilled for reuse.

Although available for some products, low solvent coatings are not yet
available for all paper coating operationms. The nature of the products, such

4.2.2.6-2 EMISSION FACTORS
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as some types of photographic film, may preclude development of a low solvent
option. Furthermore, the more complex the mixture of organic solvents in the

coating, the more difficult and expensive to reclaim them for reuse with a

carbon adsorption system. .

References for Section 4.2.2.6

1. T. W. Hughes, et al., Source Assessment: Prioritization of Air Pollution
from Industrial Surface Coating Operations, EPA-650/2-75-019a, U. S.
Environmental Protection Agency, Research Triangle Park, NC, February 1975.

2. Control of Volatile Organic Emissions from Existing Stationary Sources,
Volume I1: Surface Coating of Cans, Coils, Paper Fabrics, Automobiles,
and Light Duty Trucks, EPA-430/2-77-008, U. S. Envirommental Protection
Agency, Research Triangle Park, NC, May 1977.

4.2.2.6-4 EMISSION FACTORS




4.2.2.7 TFABRIC COATINGL-3

Process Description — Fabric coating imparts to a fabric substrate properties
such as strength, stability, water or acid repellence, or appearance. Fabric
coating is the uniform application of an elastomeric or thermoplastic polymer
golution, or a vinyl plastisol or organosol, across all of at least one side

of a supporting fabric surface or substrate. Coatings are applied by blade,
roll coater, reverse roll coater, and in some instances, by rotogravure coater.
Fabric coating should not be confused with vinyl printing and top coating,
which occur almost exclusively on rotogravure equipment. Textile printing also
should not be considered a fabric coating process.

Products usually fabric coated are rainwear, tents, tarpaulins, substrates
for industrial and electrical tape, tire cord, seals, and gaskets. The industry
is mostly small to medium size plants, many of which are toll coaters, rather
than specialists in their own product lines.

Figure 4.2.2.7-1 is of a typical fabric coating operation. If the fabric
is to be coated with rubber, the rubber is milled with pigments, curing agents
and fillers before being dissolved (mixed) in a suitable solvent. When other
than rubber coatings are used, milling is rarely necessary.

Emissions and Controls! — The volatile organic compounds (VOC) emissions in a
fabric coating plant originate at the mixer, the coating applicator and the
oven (see Figure 4.2,2.7-1). Emissions from these three areas are from 10 to
25 percent, 20 to 30 percent and 40 to 65 percent, respectively. Fugitive
losses, amounting to a few percent, escape during solvent transfer, storage
tank breathing, agitation of mixing tanks, waste solvent disposal, various
stages of cleanup, and evaporation from the coated fabric after it leaves the
line.

The most accurate method of estimating VOC emissions from a fabric coating
plant is to obtain purchase or use records of all solvents in a specified time
period, add to that the amount of solvent contained in purchased coating solu-
tions, and subtract any stockpiled solvent, such as cleanup solvent, that is
recovered and disposed of in a nonpolluting manner. Emissions from the actual
coating line, without any solvent recovery, can be estimated from the factors
in Section 4.2.2.1, General Industrial Surface Coating, if coating use is known
and sufficient information on coating composition is available. Because many
fabric coatings are proprietary, it may be necessary for the user to supply
information on the total solvent used and to assume that, unless a control
device is used, all solvent is emitted. To calculate total plant emissions,
the coatings mixing losses must be accounted. These losses can be estimated
from the printline losses by using the relative split of plant emissions bet-
ween the mixing area and the printline. For example,

Emissions, = Emissions, (1OZ loss from mixing
mixing printline 85% loss from primtlin

Incineration is probably the best way to control coating application and
curing emissions on coating lines using a variety of coating formulations.
Primary and secondary heat recovery are likely to be used to help reduce the
fuel requirements of the coating process and, therefore, to increase the economy

4/81 Evaporation Loss Sources 4.2.2,7-1




¢-LeeTy

FABRIC

CURING
PIGMENTS  RUBBER  AGENTS SOLVENT

5 MILLING =1  MIXING

»

® COATING APPLICATION

2 O AAYURE, > cgzr;’:;ﬁu::::s __,._EGATED
E ROTOGRAVURE) PROBUCT
0

-t

@)

)

n

Figure 4.2.2.7-1. Fabric coating plant emission points.7

iy
~
00
—_




of incineration. As with other surface coating operations, carbon adsorption
is most easily accomplished by sources using a single solvent that can be
recovered for reuse. Mixed solvent recovery is, however, in use in other web
. coating processes. Fugitive emissions controls include tight covers for open
tanks, collection hoods for cleanup areas, and closed containers for storage
of solvent wiping cloths. Where high solids or waterborne coatings have been
developed to replace conventional coatings, their use may preclude the need for
a control device.

References for Section 4.2.2.7

1. Control of Volatile Organic Emissions from Existing Stationary Sources,
Volume 1I: Surface Coating of Cans, Coils, Paper Fabrics, Automobiles,
and Light Duty Trucks, EPA-450/2-77-008, U. S. Environmental Protection
Agency, Research Triangle Park, NC, May 1977.

2. B. H. Carpenter and G. K. Hilliard, Environmental Aspects of Chemical Use
in Printing Operations, EPA-560/1~75-005, U. S. Environmental Protection
Agency, Washington, DC, January 1976.

3. J. C. Berry, "Fabric Printing Definition"”, Memorandum, Office of Air Quality
Planning and Standards, U. S. Environmental Protection Agency, Research
Triangle Park, NC, August 25, 1980.
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1.k
4.2.2.8 AUTOMOBILE AND LIGHT DUTY TRUCK SURFACE COATING OPERATIONS

General - Surface coating of an automobile body is a multistep operation
carried out on an assembly line conveyor system. Such a line operates at a
speed of 3 to 8 meters (9 to 25 feet) per minute and usually produces 30 to
70 units per hour. An assembly plant may operate up to two 8 hour production
shifts per day, with a third shift used for cleanup and maintanance. Plants
may stop production for a vacation of one and a half weeks at Christmas
through New Year's Day and may stop for several weeks in Summer for model
changeover,

Although finishing processes vary from plant to plant, they have some
common characteristics. Major steps of such processes are:

Solvent*wipe Curing of guide coat
Phosphating treatment Application of topcoat(s)
Application of prime coat Curing of topcoat(s)
Curing of prime coat Final repair operations

Application of guide coat

A general diagram of these consecutive steps is presented in Figure
4,2.2.8~1, Application of a coating takes place in a dip tank or spray
booth, and curing occurs in the flashoff area and bake oven. The typical
structures for application and curing are contiguous, to prevent exposure
of the wet body to the ambient environment before the coating is cured.

The automobile body is assembled from a number of welded metal sections.
The body and the parts to be coated all pass through the same metal
preparation process,

First, surfaces are wiped with solvent to eliminate traces of oil and
grease. Second, a phosphating process prepares surfaces for the primer
application. Since iron and steel rust readily, phosphate treatment is nec~
essary to retard such. Phosphating also improves the adhesion of the primer
and the metal. The phosphating process occurs in a multistage washer, with
detergent cleaning, rinsing, and coating of the metal surface with zinc
phosphate. The parts and bodies pass through a water spray cooling process.
If solventborne primer is to be applied, they are then oven dried,

A primer is applied to protect the metal surface from corrosion and
to assure good adhesion of subsequent coatings. Approximately half of all
assembly plants use solventborne primers with a combination of manual and
automatic spray application. The rest use waterborne primers. As new plants
are constructed and exiting plants modernized, the use of waterborne primers
is expected to increase.

%
The term "solvent'" here means organic solvent.
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Waterborne primer is most often applied in an electrodeposition (EDP)
bath. The composition of the bath is about 5 to 15 volume percent solids,
2 to 10 percent solvent and the rest water. The solvents used are typically
organic compounds of higher molecular weight and low volatility, like
ethylene glycol monobutyl ether.

When EDP is used, a guide coat (also called a primer surfacer) is
applied between the primer and the topcoat to build film thickness, to fill
in surface imperfections and to permit sanding between the primer and top-
coat. Guide coats are applied by a combination of manual and automatic
spraying and can be solventborne or waterborne. Powder guide coat is used
at one light duty truck plant.

The topcoat provides the variety of colors and surface appearance to
meet customer demand. Topcoats are applied in one to three steps to assure
sufficient coating thickness. An oven bake may follow each topcoat appli-
cation, or the coating may be applied wet on wet. At a minimum, the final
topcoat is baked in a high temperature oven.

Topcoats in the automobile industry traditionally have been solventborne
lacquers and enamels. Recent trends have been to higher solids content.
Powder topcoats have been tested at several plants.

The current trend in the industry is toward base coat/clear coat
(BC/CC) topcoating systems, consisting of a relatively thin application of
highly pigmented metallic base coat followed by a thicker clear coat. These
BC/CC topcoats have more appealing appearance than do single coat metallic
topcoats, and competitive pressures are expected to increase their use by
U. S. manufacturers.

The VOC content of most BC/CC coatings in use today is higher than that
of conventional enamel topcoats. Development and testing of lower VOC
content (higher solids) BC/CC coatings are being done, however, by automobile
manufacturers and coating suppliers. ’

Following the application of the topcoat, the body goes to the trim
operation area, where vehicle assembly is completed. The final step of the
surface coating operation is generally the final repair process, in which
damaged coating is repaired in a spray booth and is air dried or baked in a
low temperature oven to prevent damage of heat sensitive plastic parts added
in the trim operation area.

Emissions and Controls - Volatile organic compounds (VOC) are the major
pollutants from surface coating operations. Potential VOC emitting oper-
ations are shown in Figure 4.2.2.8-1. The application and curing of the
prime coat, guide coat and topcoat account for 50 to 80 percent of the VOC
emitted from assembly plants. Final topcoat repair, cleanup, and miscella-
neous sources such as the coating of small component parts and application
of sealants, account for the remaining 20 percent. Approximately 75 to 90
percent of the VOC emitted during the application and curing process is
emitted from the spray booth and flashoff area, and 10 to 25 percent from
the bake oven. This emissions split is heavily dependent on the types of
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TABLE 4.2.2.8-1. EMISSION FACTORS FOR AUTOMOBILE‘AND LIGHT DUTY
TRUCK SURFACE COATING OPERATIONS

EMISSION FACTOR RATING: C

Automobile Light Duty Truck
Coating kg(1b) of VOC b kg(1lb) of vOC
per vehicle per hour per vehicle per hour
Prime Coat
Solventborne ‘
spray 6.61 363 19.27 732
(14.54) (799) (42.39) (1611)
Cathodic
electrodeposition 21 12 .27 10
(.45) (25) (.58) (22)
Guide Coat
Solventborne spray 1.89 104 6,38 243
(4.16) 229 (14.04) (534)
Waterborne spray .68 38 2.3 87
(1.50) (83) (5.06) (192)
Topcoat
Lacquer 21.96 1208
(48.31) (2657) NA NA
Dispersion lacquer  14.50 798
(31.90) (1755) NA NA
Enamel 7.08 390 17.71 673
(15.58) (857) (38.96) (1480)
Basecoat/clear coat 6.05 333 18.91 719
(13.32) (732) (41.59) (1581)
Waterborne 2.25 124 7.03 267
(4.,95) (273) (15.47) (588)

4411 nonmethane VOC. Factors are calculated using the following equation
and the typical values of parameters presented in Tables 4.2,2.8-2 and
4,2,2,8-3. NA = Not applicable.

E =Av('_‘.1T
v

£ vc s

SceT
Where: Ev = emission factor for VOC, mass per vehicle (1b/vehicle)
(exclusive of any addon control devices)
A = area coated per vehicle (£t2/vehicle)
c1 = conversion factor: 1 £t/12,000 mil

T_ = thickness of the dry coating film (mil)

= VOC (organic solvent) content of coating as applied, less water
(1b VOC/gal coating, less water)

c; = conversion factor: 7.48 gallons/ft?

8 = solids in coating as applied, volume fraction (gal solids/gal
coating)

e, = transfer efficiency fraction (fraction of total coating solids
used which remains on coated parts)

Example: The VOC emissions per automobile from a cathodic electrodeposited
prime coat.

_ (850 £t2)(1/12000) (0.6 mi1) (1.2 1b/gal-H20)
E, mass of VOC (-84 gal/gal) (1.00)

b = .45 1b VOC/vehicle (.21 kg VOC/vehicle)
Base on an average line speed of 55 automobiles/hr.
Based on an average line gpeed of 38 light duty trucks/hr.
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solvents used and on transfer efficiency. With improved transfer effi-
ciencies and the newer coatings, it is expected that the percent of VOC
emitted from the spray booth and the flashoff area will decrease, and the
percent of VOC emitted from the bake oven will remain fairly constant.
Higher solids coatings, with their slower solvents, will tend to have a
greater fraction of emissions from the bake oven.

Several factors affect the mass of VOC emitted per vehicle from surface
coating operations in the automotive industry. Among these are:

VOC content of coatings (pounds of coating, less water)
Volume solids content of coating

Area coated per vehicle

Film thickness

Transfer efficiency

The greater the quantity of VOC in the coating composition, the greater will
be the emissions. Lacquers having 12 to 18 volume percent solids are higher
in VOC than enamels having 24 to 33 volume percent solids. Emissions are
also influenced by the area of the parts being coated, the coating thickness,
the configuration of the part and the application technique.

The transfer efficiency (fraction of the solids in the total consumed
coating which remains on the part) varies with the type of application tech-
nique. Transfer efficiency for typical air atomized spraying ranges from 30
to 50 percent. The range for electrostatic spraying, an application method
that uses an electrical potential to increase transfer efficiency of the
coating solids, is from 60 to 95 percent. Both air atomized and electro-
static spray equipment may be used in the same spray booth.

Several types of control techniques are available to reduce VOC
emissions from automobile and light duty truck surface coating operations.
These methods can be broadly categorized as either control devices or new
coating and application systems. Control devices reduce emissions by either
recovering or destroying VOC before it is discharged into the ambient air.
Such techniques include thermal and catalytic incinerators on bake ovens,
and carbon adsorbers on spray booths. New coatings with relatively low VOC
levels can be used in place of high VOC content coatings. Such coating
systems include electrodeposition of waterborne prime coatings, and for top
coats, air spray of waterborne enamels and air or electrostatic spray of
high solids, solventborne enamels and powder coatings. TImprovements in the
transfer efficiency decrease the amount of coating which must be used to
achieve a given film thickness, thereby reducing emissions of VOC to the
ambient air.

Calculation of VOC emissions for representative conditions provides the
emission factors in Table 4.2.2.8-1. The factors were calculated with the
typical value of parameters presented in Tables 4.2.2.8-2 and 4.2.2.8-3.

The values for the various parameters for automobiles and light duty trucks
represent average conditions existing in the automobile and light duty truck
industry in 1980. A more accurate estimate of VOC emissions can be calcu-
lated with the equation in Table 4.2.2.8-1 and with site-specific values for
the various parameters.
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- TABLE 4.2.2.8-2. PARAMETERS FOR THE AUTOMOBILE SURFACE COATING INDUSTRYZ
=]
!
N
(o]
Area Coated Film VOC Content, Volume Fraction Solids, Transfer
Application per wvehicle, Thickaess, 1b/gal-H,0 gal/gal-H,0 Efficiency,
£e? ‘mil %
Prime Coat
Selventborne spray 450 0.8 5.7 0.22 40
{220-570) {0.3-2.5} (4.2-6.0) {.20-.35) (35-50}
Cathodic electrodeposition 850 0.6 1.2 0.84 100
I (660-1060) {0.5-0.8) {1.2-1.5) {.84-.87) (85-100)
—
o3 Guide Coat
@ Solventborne spray 200 0.8 5.0 0.30 . . 40
gg (170-280) (0.5-1.5) {3.0-5.6} (.25-.55) {35-65}
Waterborne spray 200 0.8 2.8 0.62 30
; (170-280) (0.5-2.0) (2.6-3.0) (.60-.65) {25-40}
o .
g Topcoat
= Solventborne spray
v Lacquer 240 2.5 6.2 0.12 40
{170-280) {1.0-3.0) {5.8-6.6) (.10-.13} {30-65)
Dispersion lacquer 240 2.5 5.8 0.17 40
(170-280) {1.0-3.0) (4.9-5.8) (.17-.27) (30-65)
Enamel 240 2.5 5.0 0.30 40
(170-280} (1.0-3.0) (3.0-5.6) {.25-.55) (30-653
Base coat/fclear coatb 240 2.5 4.7 0.33 40
Base coat 240 1.0 5.6 0:.20 40
(170-280) (0.8-1.0) (3.4-6.4) (.13-.48) (30-50}
Clear coat 240 1.5 4.0 0.42 40
(170-280) (1.2-1.5) (3.0-5.1) {.30-.54) (30-653
Waterborne spray 240 2.2 2.8 0.62 30
(170-280) (1.0-2.5) (2.6-3.0) (.60-.65) (25-40)

2411 values for coatings as applied, except for VOC content and volume fraction solids which are for coatings as applied minus water.
Ranges in parentheses. Low VOC content (high solids) base cecatfclear coats are still undergoing testing and development.
Composite of base coat and clear coat.
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TABLE 4.2.2.8-3. PARAMETERS FOR THE LIGHT DUTY TRUCK SURFACE COATING INDUSTRY>

Area Coated Film VOC Content, Volume Fraction Solids, Transfer
Application per vehicle, Thickness, 1b/gal-H;0 gal/gal-H,0 Efficiency,
£t2 mil Z
Prime Coat
Solventborne spray 875 1.2 5.7. 0.22 40
. (300-1000) {0.7-1.7) (4.2-6,0) {0.20-.35) (35-50})
Cathodic electrodeposition 1100 0.6 1.2 0.84 100
{850-1250) {0.5-0.8) (1.2-1.5) (.84-.87) (85-100}
Guide Coat
Solventborne spray 675 0.8 5.0 0.30 40
(180-740) (0.7-1.7) (3.0-5.6) (.25-.55) (35-65)
Waterborne spray 675 0.8 2.8 0.62 30
{180-740}) (0.5-2.0) (2.6-3.0) (.60-.65) (25-40)
Topcoat
Solventborne spray
Enamel 750 2.0 5.0 0.30 40
(300-900) {1.0-2.5) (3.0-5.6) (.25-,55) {30-65)
Base coat/clear coatb 750 2.5 4.7 0.33 40
Base coat 750 1.0 5.6 0.20 40
{300-900}) (0.8-1.0) (3.4-6.4) (.13-.48) (30-50)
Clear coat 750 1.5 4.0 0.42 40
{300-900) (1.2-1.5) {3.0-5.1}) (.30-.54} (30-65)
Waterborne spray 750 2.2 2.8 0.62 30
{300-900) (1.0-2.5) (2.6-3.0) (.60-.65) (25-40)

8411 values are for coatings as applied, except for VOC content and volume fraction solids which are for coatings as applied minus water.
Ranges in parenthesis. Low VOC content (high sollids} base ccat/clear coats are still undergoing testing and development.
Composite of typical base coat and clear coat.



Emission factors are not available for final topcoat repair, cleanup,

coating of small parts and application of sealants.

References for Section 4.2.2.8

l.

Control of Volatile Organic Emissions from Existing Statiomary

Sources - Volume II: Surface Coating of Cans, Coils, Paper Fabrics,

Automobiles, and Light Duty Trucks, EPA-450/2-77-008, U.S. Environmental

Protection Agency, Research Triangle Park, NC, May 1977.

Study To Determine Capabilities To Meet Federal EPA Guidelines for

Volatile Organic Compound Emissions, General Motors Corporation,

Detroit, MI, November 1978.

Automobile and Light Duty Truck Surface Coating Operations - Background
Information for Proposed Standards, EPA-450/3-79-030, U.S. Environmental
Protection Agency, Research Triangle Park, NC, September 1979.

Written communication from D, A. Frank, General Motors Corporation,
Warren, MI, to H. J. Modetz, Acurex Corporation, Morrisville, NC,
April 14, 1981.
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. 4.2.2.9 PRESSURE SENSITIVE TAPES AND LABELS

Generall_5 - The coating of pressure sensitive tapes and labels
(PSTL) is an operation in which some backing material (paper, cloth
or film) is coated to create a tape or label product that sticks on
contact. The term "pressure sensitive'" indicates that the adhesive
bond is formed on contact, without wetting, heating or adding a
curing agent.

The products manufactured by the PSTL surface coating industry
may have several different types of coatings applied to them. The
two primary types of coatings are adhesives and releases. Adhesive
coating is a necessary step in the manufacture of almost all PSTL
products. It is generally the heaviest coating (typically 0.051 kg/mz,
or 0.011 1b/ft2) and therefore has the highest level of solvent
emissions (generally 85 to 95 percent of total line emissions).

Release coatings are applied to the backside of tape or to the
mounting paper of labels. The function of release coating is to
allow smooth and easy unrolling of a tape or removal of a label
from mounting paper. Release coatings are applied in a very thin
coat (typically 0.00081 kg/mZ, or 0.00017 1b/ft2). This thin
coating produces less emissions than does a comparable size adhesive
coating line.

. Five basic coating processes can be used to apply both adhesive
and release coatings:

solvent base coating

waterborne (emulsion) coating

100 percent solids (hot melt) coating
calender coating

prepolymer coating

A solvent base coating process is used to produce 80 to 85
percent of all products in the PSTL industry, and essentially all
of the solvent emissions from the industry result from solvent base
coating. Because of its broad application and significant emissions,
solvent base coating of PSTL products is discussed in greater
detail.
, 1-2,5 , .
Process Description - Solvent base surface coating is conceptually
a simple process. A continuous roll of backing material (called
the web) is uurolled, coated, dried and rolled again. A typical
solvent base coating line is shown in Figure 4.2.2.9-1. Large
lines in this industry have typical web widths of 152 centimeters
(60 in), while small lines are generally 48 centimeters (24 in).
Line speeds vary substantially, from three to 305 meters per
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. minute (10 - 1000 ft/min). To initiate the coating process the
continuous web material is unwound from its roll. It travels to a
coating head, where the solvent base coating formulation is applied.
These formulations have specified levels of solvent and coating
solids by weight. Solvent base adhesive formulations contain
approximately 67 weight percent solvent and 33 weight percent
coating solids. Solvent base releases average about 95 weight
percent solvent and 5 weight percent coating solids. Solvents used
include toluene, xylene, heptane, hexane and methyl ethyl ketone.

The coating solids portion of the formulations consists of elastomers
(natural rubber, styrene-butadiene rubber, polyacrylates), tackifying
resins (polyterpenes, rosins, petroleum hydrocarbon resins, asphalts),
plasticizers (phthalate esters, polybutenes, mineral oil), and
fillers (zinc oxide, silica, clay).

The order of application is generally release coat, primer
coat (if any) and adhesive coat. A web must always have a release
coat before the adhesive can be applied. Primer coats are not
required on all products, generally being applied to improve the
performance of the adhesive.

Three basic categories of coating heads are used in the PSTL
industry. The type of coating head used has a great effect on the
quality of the coated product, but only a minor effect on overall
emissions. The first type operates by applying coating to the web

. and scraping excess off to a desired thickness. Examples of this
type of coater are the knife coater, blade coater and metering rod
coater, The second category of coating head meters on a specific
amount of coating. Gravure and reverse roll coaters are the most
common examples. The third category of coating head does not
actually apply a surface coating, but rather it saturates the web
backing. The most common example in this category is the dip and
squeeze coater.

After solvent base coatings have been applied, the web moves
into the drying oven where the solvents are evaporated from the
web. The important characteristics of the drying oven operation
are:

source of heat

temperature profile

residence time

allowable hydrocarbon concentration in the dryer
oven air circulation

Two basic types of heating are used in conventional drying

ovens, direct and indirect. Direct heating routes the hot combustion
gases (blended with ambient air to the proper temperature) directly
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into the drying zone. With indirect heating, the incoming oven air
stream is heated in a heat exchanger with steam or hot combustion
gases but does not physically mix with them. Direct fired ovens

are more common in the PSTL industry because of their higher

thermal efficiency. Indirect heated ovens are less energy efficient
in both the production of steam and the heat transfer in the
exchanger.

Drying oven temperature control is an important consideration
in PSTL production. The oven temperature must be above the boiling
point of the applied solvent. However, the temperature profile
must be controlled by using multizoned ovens. Coating flaws known
as "craters" or "fish eyes" will develop if the initial drying
proceeds too quickly. These ovens are physically divided into
several sections, each with its own hot air supply and exhaust. By
keeping the temperature of the first zone low, and then gradually
increasing it in subsequent zones, uniform drying can be accomplished
without flaws. After exiting the drying oven, the continuous web
is wound on a roll, and the coating process is complete.

Emissions? 0710 _ rhe only pollutants emitted in significant
quantities from solvent base coating of pressure sensitive tapes

and labels are volatile organic compounds (VOC) from solvent
evaporation. In an uncontrolled facility, essentially all of the
solvent used in the coating formulation is emitted to the atmosphere.
Of these uncontrolled emissions, 80 to 95 percent are emitted with
the drying oven exhaust. Some solvent (from zero to five percent)
can remain in the final coated product, although this solvent will
eventually evaporate into the atmosphere. The remainder of applied
solvent is lost from a number of small sources as fugitive emissions.
The major VOC emission points in a PSTL surface coating operation
are indicated in Figure 4.2,2,9-1.

There are also VOC losses from solvent storage and handling,
equipment cleaning, miscellaneous spills, and ceating formulation
mixing tanks. These emissions are not addressed here, as these
sources have a comparatively small quantity of emissions.

Fugitive solvent emissions during the coating process come
from the evaporative loss of solvent around the ceoating head and
from the exposed wet web prior to its entering the drying oven.

The magnitude of these losses is determined by the width of the
web, the line speed, the volatility and temperature of the solvent,
and the air turbulence in the coating area.

Two factors which directly determine total line emissions are

the weight (thickness) of the applied coating on the web and the
solvent/solids ratio of the coating formulations. For coating
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formulations with a constant solvent/solids ratio during coating,

any increases in coating weight would produce higher levels of VOC
emissions., The solvent/solids ratio in coating formulations is not
constant industrywide. This ratio varies widely among products.

If a coating weight 1s constant, greater emissions will be produced
by increasing the weight percent solvent of a particular formulation.

These two operating parameters, combined with line speed, line
width and solvent volatility, produce a number of potentional mass
emission situations. Table 4,2.2,9-1 presents emission factors for
controlled and uncontrolled PSTL surface coating operations. The
potential amount of VOC emissions from the coating process is equal
to the total amount of solvent applied at the coating head.

C 1,6-18
ontrols — The complete air pollution control system for a
modern pressure sensitive tape or label surface coating facility
consists of two sections, the solvent vapor capture system and the
emlssion control device. The capture system collects VOC vapors

from the coating head, the wet web and the drying oven. The captured
vapors are directed to a control device to be either recovered (as
liquid solvent) or destroyed. As an alternate emission control
technique, the PSTL industry is also using low-VOC content coatings
to reduce their VOC emissions. Waterborne and hot melt coatings

and radiation cured prepolymers are examples of these low=VOC

content coatings. Emissions of VOC from such coatings are negligible
or zero. Low-VOC content coatings are not universally applicable

to the PSTL industry, but about 25 percent of the production in

this industry is presently using these innovative coatings.

Capture Systems ~ In a typical PSTL surface coating facility,
80 to 95 percent of VOC emissions from the coating process is
captured in the coating line drying ovens. Fans are used to
direct drying oven emissions to a control device. In some facilities
a portion of the drying oven exhaust is recirculated into the oven
instead of to a control device. Recirculation is used to increase
the VOC concentration of the drying oven exhaust gases going to the
control device,

Another important aspect of capture in a PSTL facility
involves fugitive VOC emissions. Three techniques can be used to
collect fugitive VOC emissions from PSTL coating lines. The first
involves the use of floor sweeps and/or hooding systems around the
coating head and exposed coated web. Fugitive emissions collected
in the hoods can be directed into the drying oven and on to a
control device, or they can be sent directly to the control device.
The second capture technique involves enclosing the entire coating
line or the coating application and flashoff areas. By maintaining
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TABLE 4.2.2.9-~1., EMISSION FACTORS FOR PRESSURE SENSITIVE
TAPE AND LABEL SURFACE COATING OPERATIONS

EMISSION FACTOR RATING: C

Nonmethane VOCa

Uncontrolled 85% Control 90% Control

Emission Points kg/kg kg/kg kg/kg

(1b/1b) (1b/1b) (1b/1b)
Drying Oven Exhaust? 0.80-0.95
Fugitives® 0.01~-0.15 0.01-0.095 0.0025~0,0425
Product P.eteutiond 0.01-0.05 0.01-0.05 0.01-0.05
Control Device® 0.045 0.0475
Total Emissions® | 1.0 0.15 0.10

a'Ezr.'pr:eased as the mass of volatile organic compounds (VOC) emitted per
mass of total solvent used. Solvent is assumed to comsist entirely of VOC.

bReferencea 1, 6-7, 9. Dryer exhaust emissions depend on coating line
operating speed, frequency of line downtime, coating composition and
oven design.

“Determined by difference between total emissions and other point
sources. Magnitude is determined by size of the line equipment,
line speed, volatility and temperature of the solvents, and air
turbulence in the coating area.

dReferences 6~3. Solvent in the product eventually evaporates into
the atmogphere.

®Refarences 1, 10, 17-18. Emissions are residual content in captured
solvent laden air vented after treatment. Controlled coating line
emissions are based on an overall reduction efficiency which is equal
to capture efficiency times control device efficiency. For 852
control, capture efficlency is 90% with a 95Z efficient control device.
For 90Z control, capture efficiency 18 95Z with a 95% efficlent control
device.

fValues agsume that uncontrolled coating lines eventually emit 100Z
of all solvents used.
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a slight negative pressure within the enclosure, a capture efficiency
of 100 percent is theoretically possible. The captured emissions

are directed by fans into the oven or to a control device. The

third capture technique is an expanded form of total enclosure.

The entire building or structure which houses the coating line acts
as an enclosure. The entire room air is vented to a comntrol

device. The maintenance of a slight negative pressure ensures that
very few emissions escape the room.

The efficiency of any vapor capture system is highly dependent
on its design and its degree of integration with the coating line
equipment configuration. The design of any system must allow safe
and adequate access to the coating line equipment for maintenance.
The system must also be designed to protect workers from exposure
to unhealthy concentrations of the organic solvents used in the
surface coating processes. The efficiency of a well designed
combined dryer exhaust and fugitive capture system is 95 percent,

Control Devices - The control devices and/or techniques that
may be used to control captured VOC emissions can be classified
into two categories, solvent recovery and solvent destruction.
Fixed bed carbon adsorption is the primary solvent recovery technique
used in this industry. 1In fixed bed adsorption, the solvent
vapors are adsorbed onto the surface of activated carbon, and the
solvent is regenerated by steam. Solvent recovered in this manner
may be reused in the coating process or sold to a reclaimer. The
efficiency of carbon adsorption systems can reach 98 percent, but a
95 percent efficiency is more characteristic of continuous long
term operation.

The primary solvent destruction technique used in the PSTL
industry is thermal incineration, which can be as high as 99
percent efficient. However, operating experience with incineration
devices has shown that 95 percent efficiency is more characteristic.
Catalytic incineration could be used to control VOC emissions with
the same success as thermal incineration, but no catalytic devices
have been found in the industry.

The efficiencies of carbon adsorption and thermal incineration
control techniques on PSTL coating VOC emissions have been determined
to be equal. Control device emission factors presented in Table
4.,2.2.9-1 represent the residual VOC content in the exhaust air
after treatment.

The overall emission reduction efficiency for VOC emission
control systems is equal to the capture efficiency times the
control device efficiency. Emission factors for two control
levels are presented in Table 4.2.2.9-1. The 85 percent control
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level represents 90 percent capture with a 95 percent efficient
control device. The 90 percent control level represents 95 percent
capture with a 95 percent efficient control device.
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4,2.2.10 METAL COIL SURFACE COATING

Generall=2 - Metal coil surface coating (coil coating) is the linear process
by which protective or decorative organic coatings are applied to flat metal
sheet or strip packaged in rolls or coils. Although the physical
configurations of coil coating lines differ from one installation to another,
the operations generally follow a set pattern. Metal strip is uncoiled at the
entry to a coating line and is passed through a wet section, where the metal
is thoroughly cleaned and is given a chemical treatment to inhibit rust and to
promote coatings adhesion to the metal surface. In some installations, the
wet section contains an electrogalvanizing operation. Then the metal strip is
dried and sent through a coating application station, where rollers coat one
or both sides of the metal strip. The strip then passes through an oven where
the coatings are dried and cured. As the strip exits the oven, it is cooled
by a water spray and again dried. If the line is a tandem line, there is
first the application of a prime coat, followed by another of top or finish
coat. The second coat is also dried and cured in an oven, and the strip is
again cooled and dried before being rewound into a coil and packaged for
shipment or further processing. Most coil coating lines have accumulators at
the entry and exit that permit continuous metal strip movement through the
coating process while a new coil is mounted at the entry or a full coil
removed at the exit. Figure 4.2.2.10-1 is a flow diagram of a coil coating
line.

Coll coating lines process metal in widths ranging from a few centimeters
to 183 centimeters (72 inches), and in thicknesses of from 0.018 to 0.229
centimeters (0.007 to 0.090 inches). The speed of the metal strip through the
line is as high as 3.6 meters per second (700 feet per minute) on some of the
newer lines.

A wide variety of coating formulations is used by the coil coating
industry. The more prevalent coating types include polyesters, acrylics,
polyfluorocarbons, alkyds, vinyls and plastisols. About 85 percent of the
coatings used are organic solvent base and have solvent contents ranging from
near 0 to 80 volume percent, with the prevalent range being 40 to 60 volume
percent. Most of the remaining 15 percent of coatings are waterborne, but
they contain organic solvent in the range of 2 to 15 volume percent. High
solids coatings, in the form of plastisols, organosols and powders, are also
used to some extent by the industry, but the hardware is different for powder
applications.

The solvents most often used in the coil coating industry include xylene,
toluene, methyl ethyl ketone, Cellosolve Acetate (TM), butanol, diacetone
alcohol, Cellosolve (TM), Butyl Cellosolve (TM), Solvesso 100 and 150 (TM),
isophorone, butyl carbinol, mineral spirits, ethanol, nitropropane,
tetrahydrofuran, Panasolve (TM), methyl isobutyl ketome, Hisol 100 (TM),
Tenneco T-125 (TM), isopropanol, and diisoamyl ketone.

Coil coating operations can be classified in one of two operating

categories, toll coaters and captive coaters. The toll coater is a service
coater who works for many customers according to the needs and specifications
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of each. The coated metal is delivered to the customer, who forms the end
products. Toll coaters use many different coating formulations and normally
use mostly organic solvent base coatings. Major markets for toll coating
operations include the transportation industry, the construction industry and
appliance, furniture and container manufacturers. The captive coater is
normally one operation in a manufacturing process. Many steel and aluminum
companies have their own coil coating operations, where the metal they produce
is coated and then formed into end products. Captive coaters are much more
likely to use water base coatings because the metal coated is often used for
only a few end products. Building products such as aluminum siding are one of
the more important uses of waterborne metal coatings.

Emission and Controlsl=12 - volatile organic compounds (VOC) are the major
pollutants emitted from metal coil surface coating operations. Specific
operations that emit VOC are the coating application station, the curing oven
and the quench area. These are identified in Figure 4.2.2.,10-1, VOC
emissions result from the evaporation of organic solvents contained in the
coating. The percentage of total VOC emissions given off at each emission
point varies from one installation to another, but, on the average, about 8
percent is given off at the coating application station, 90 percent the oven
and 2 percent the quench area. On most coating lines, the coating application
station is enclosed or hooded to capture fugitive emissions and to direct them
into the oven. The quench is an enclosed operation located immediately
adjacent to the exit end of the oven so that a large fraction of the emissions
given off at the quench is captured and directed into the oven by the oven
ventilating air. In operations such as these, approximately 95 percent of the
total emissions is exhausted by the oven, and the remaining 5 percent escapes
as fugitive emissions.

The rate of VOC emissions from individual coil coating lines may vary
widely from one installation to another. Factors that affect the emission
rate include VOC content of coatings as applied, VOC density, area of metal
coated, solids content of coatings as applied, thickness of the applied
coating and number of coats applied. Because the coatings are applied by
roller coating, transfer efficiency is generally considered to approach 100
percent and therefore does not affect the emission rate.

Two emission control techniques are widespread in the coil coating
industry, incineration and use of low VOC content coatings. Incinerators may
be either thermal or catalytic, both of which have been demonstrated to
achieve consistently a VOC destruction efficiency of 95 percent or greater.
When used with coating rooms or hoods to capture fugitive emissions,
incineration systems can reduce overall emissions by 90 percent or more.

Waterborne coatings are the only low VOC content coating technology that
is used to a significant extent in the coil coating industry. These coatings
have substantially lower VOC emissions than most of the organic solventborne
coatings. Waterborne coatings are used as an emission control technique most
often by installations that coat metal for only a few products, such as
building materials. Many such coaters are captive to the firm that produces
and sells the products fabricated from the coated coil. Because waterborne
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TABLE 4.2.2.10-1. VOC EMISSION FACTORS FOR COIL COATING® .

EMISSION FACTOR RATING: C

Coatings kg/hr (1b/hr) kg/m2 (1b/ft2)
Average Normal range Average Normal range
Solventborne
uncontrolled 303 50 - 1,798 0.060 0.027 - 0.160
(669) (110 - 3,964) (0.012) (0.006 ~ 0.033)
controlledP 30 5 - 180 0.0060 0.0027 - 0.0160
( 67) (11 - 396) (0.0012) (0.0006 - 0.0033)
Waterborne 50 3 - 337 0.0108 0.0011 - 0.0301 -
(111) (7 - 743) (0.0021) (0.0003 - 0.0062)

8A11 nonmethane VOC. Factors are calculated using the following equations and
the operating parameters given in Table 4.2.2.10-2.

0.623 ATVD

S @

where
E = mass of VOC emissions per hour (1lb/hr)
A = Area of metal coated per hour (ft2)
= Line speed (ft/min) x strip width (ft) x 60 min/hr
V = VOC content of coatings (fraction by volume)
D = VOC Density (assumed to be 7.36 lb/gal)
S = Solids content of coatings (fraction by volume)
T = Total dry film thickness of coatings applied (in).

The constant 0.623 represents conversion factors of 7.48 gal/ft3 divided
by the conversion factor of 12 in/ft,

(2) M=

1

where
M = mass of VOC emissions per unit area coated.
bComputed by assuming a 90 percent overall control efficiency (95 percent

capture and 95 percent removal by the control device). .
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TABLE 4.2.2.10-2. OPERATING PARAMETERS FOR SMALL, MEDIUM AND
LARGE COIL COATING LINES2

Solventborne coatings

Total
Line Line Strip dry film voC Solids vVoC
size speed width  thicknessP content® content® densityP
(ft/min) (ft) (in) (fraction) (fraction) (1b/gal)
Small 200 l.67 0.0018 0.40 0.60 7.36
Medium 300 3 0.0018 0.60 0.40 7.36
Large 500 4 0.0018 0.80 0.20 7.36

Waterborne coatings

Small 200 1.67 0.0018 0.02 0.50 7.36
Medium 300 3 0.0018 0.10 0.40 7.36
Large 500 4 0.0018 0.15 0.20 7.36

80btained from Reference 3.

Average value assumed for emission factor calculations. Actual values should
be used to estimate emissions from individual sources.

CAll three values of VOC content and solids content were used in the
calculation of emission factors for each plant size to give maximum, minimum
and average emission factors.

coatings have not been developed for many coated metal coil uses, most toll
coaters use organic solventborne coatings and control their emissions by
incineration. Most newer incincerator installations use heat recovery to
reduce the operating cost of an incineration system.

Emission factors for coil coating operations and the equations used to
compute them are presented in Table 4.2.2.10-1. The values presented therein
represent maximum, minimum and average emissions from small, medium and large
coil coating lines. An average film thickness and an average solvent content
are assumed to compute the average emission factor. Values for the VOC
content near the maximum and minimum used by the industry are assumed for the
calculations of maximum and minimum emission factors.

The emission factors in Table 4.2.2.10-1 are useful in estimating VOC
. emissions for a large sample of coil coating sources, but they may not be
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applicable to individual plants. To estimate the emissions from a specific
plant, operating parameters of the coil coating line should be obtained and
used in the equation given in the footnote to the Table. If different
coatings are used for prime and topcoats, separate calculations must be made
for each coat. Operating parameters on which the emission factors are based
are presented in Table 4.2.2.10-2.
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4,2,2.11 LARGE APPLIANCE SURFACE COATING

Generall - Large appliance surface coating is the application of protective or
decorative organic coatings to preformed large appliance parts. For this
discussion, large appliances are defined as any metal range, oven, microwave
oven, refrigerator, freezer, washing machine, dryer, dishwasher, water heater
or trash compactor.

Regardless of the appliance, similar manufacturing operations are
involved. Coiled or sheet metal is cut and stamped into the proper shapes,
and the major parts welded together. The welded parts are cleaned with
organic degreasers or a caustic detergent (or both) to remove grease and mill
scale accumulated during handling, and the parts are then rinsed in one or
more water rinses. This is often followed by a process to improve the grain
of the metal before treatment in a phosphate bath, Iron or zinc p