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This report contains an updating of selected existing
emission factors in addition to twenty new factors compiled for
the National Air Pollution Control Administration, Division of
Air Quality and Emission Data, under contract CPA-22-69-119.
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1. INTRODUCTION

This report represents a compilation of the latest atmo-
spheric emission data available for a wide variety of selected
processes. One-half of the 40 processes discussed in this report
involve an updating or review of existing emission factors
presented in Public Health Service Publication 999-AP-42, "A
Compilation of Air Pollutant Emission Factors" by R.L. Duprey.

The remaining factors represent new processes for which emission
factors were not previously reported. A1l emission factors refer
to uncontrolled processes unless otherwise stated.

Information for emission factors was gathered primarily from
the technical literature up to November 1969, state and local air
poliution control agencies, trade and professional associations,
releasable portions of data obtained by TRW in various past studies,
and individual companies and persons within the various industries
under study. In all cases, attempts were made to obtain some idea
of the validity of the information obtained, and thus place each
bit of data relative to other data in the same area. Greatest weight
was given to actual measured emission data, i.e., source tests,
especially when the measuring technique was known. Estimates of
emissions were also made when feasible by making material balances
and process loss or yield calculations.

In general, it was found that except for the combustion and
incineration fields, very little new emission factor data has been
made public since Duprey's work in 1967. In the metallurgical and
mineral industries, additional emission data has been obtained by
various companies and control equipment manufacturers. This
information has not been made public, however. Some emission data
was available for most of the new factors developed in this report.
Frequently, however, these data were in the form of concentrations
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only, not quantitative emission rates. Process weight rates were
also frequently not given or reported. Considerable engineering
calculations were thus required in order to put these data into a
form usable for emission factors. These calculations, based on
material balances, combustion reactions, humidity balances, and
comparisons with similar processes with available emission data,
allowed one to relate the reported data with process throughputs
and develop a factor which is usable until better data are made
available.
Detailed information used to obtain the emission factors
is generally presented in an appendix to each section. Selection
of a final emission factor depended on the amount and range of data
available. Where considerable data existed a direct arithmetic
average was used. Values on order of magnitude greater or less
than the bulk of the data were not considered in determining the
arithmetic average. Where limited data were available (1 to 5 values)
and the values covered a wide range, the selected factor was based
on our best judgment considering the factors affecting emissions.
Whenever possible, the range or variation in emission factors was
reported and shown in parenthesis following the factor. This range
represents the range of values used in obtaining the factor and
represents the expected variation in emissions. A lack of information
sometimes prevented the reporting of a reasonable factor range.
Standard statistical deviations of the emission factors were
not generally reported since insufficient or only widely scattered
data were available and a significant deviation could not be calculated.
A1l emission factors in this report were ranked according to
the available data upon which they were based. A system which
weighted various information categories was used to rank the final
factors. These categories were: measured emission data with a
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total possible weight of 20, process data with a weight of 10,
and engineering analysis with a weight of 10. The highest
possible score for any factor was thus 40. Any factor ranking
less than 20 was considered questionable and those ranked 20 or
greater were considered reliable.

The emission data category rated the amount of measured
emission data, i.e., stack test data available with which to develop
an emission factor.

The process data category included such factors as the
variability of the process and its effect on emissions, and available
data on the variables. The engineering analysis category
included the data available upon which a material balance or related
emission calculation could be based.

The range of values for many emission factors is large.
However, when the factors are applied to a large number of sources,
the calculated overall emissions should approximate the true value.
When applied to a single isolated source, an emission factor may
yield emissions that differ considerably from the true value.
Measured emission data should therefore be used, if possible, for
single sources.
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2. STATIONARY FUEL COMBUSTION

Particulate emissions from most types of stationary fuel
combustion sources have been the subject of considerable research.
However, emissions from the combustion of some of the less common
fuels have not been determined to any great extent, nor have gaseous
emissions been studied in any great depth. This section concentrates
on some of these areas, and further quantifies some of these emissions.

Emissions from all types of fuel combustion are highly dependent
on the efficiency of combustion and type of fuel. The resulting
emission factors therefore cover a wide range.

Data used to determine the emission factors presented in this
section were largely based on measured values or by comparison with
similar combustion processes.

Anthracite coal combustion yielded the following approximate
particle size breakdown (% by weight, size by microns).

Particle Size  »44 l 20-44 ' 10-20 l 5-10 ! 5

% in Range 45 ! 7 l 8 t 5 } 35

No particle size data was found for wood combustion emissions,

the only other particulate source investigated in this section.
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2.1 ANTHRACITE COAL COMBUSTION

General Information

The combustion of anthracite coal is characterized by the type
of firing methods used for this fuel, and by the fuel's composition
and properties. As shown in Table 2.1-1, anthracite coal contains
very little volatile matter and sulfur, and has a relatively high
ignition temperature and ash fusion temperature as compared to
bituminous coal.

Consumption of anthracite coal has declined in recent years .
It is mainly consumed in Pennsylvania, New York, and New Jersey.

Table 2.1-1. Anthracite Coal Characteristics]

Characteristic? Pea, Buckwheat, Rice, Egg, Stove, &
and Barley Sizes Chestnut Sizes

Average Composition, Weight Percent

Water 6.2 4.
Volatile Matter 4.2 e 4.3
Fixed Carbon 78.1 . . 82.4
Ash 11.5 b - 8.9
Sulfur 0.7 - - 0.7
Heating Value, Btu/Pound 12,300 13,015
Average Ash Fusion Temperature 2890°F
Average Ignition Temperature 925°F

a) As received basis.
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Firing Practice

2
Due to its low volatile content, and the non-clinking characteristics

of the ash, anthracite coal is largely used in medium sized industrial
and institutional boilers using stationary or traveling grates. Anthracite
coal is not used in spreader stokers because of its low volatile content and
relatively high ignition temperature. This fuel may be burned in pulverized
coal fired units, but due to ignition difficulties, this practice is limited
to only a few plants in Eastern Pennsylvania. This fuel has also been widely
used in hand -fired furnaces.

Combustion of anthracite coal on a traveling grate is characterized by
a coal bed depth of 3 to 5 inches (bituminous coal is usually 5 to 7 inches
deep), and a high blast of underfire air at the rear or dumping end of the
grate. This high blast of air 1ifts incandescent fuel particles and gases
from the grate and reflects them from a Tong rear arch over the grate
toward the front of the fuel bed where fresh or "green" fuel is entering.
This special furnace arch design is required to assist in the fgnition of
the green fue].2 Additional underfire air passes up through the grate
through manually adjusted air boxes. Fuel feed rates are controlled by a
manually adjusted leveling gate at the front of the grate which regulates
the bed depth. Combustion rates are controlled by the speed of the grate
and by the underfire air rates. When automatic controls are used, the
grate speed and air rates are regulated by steam pressure. Some of the
smaller traveling grate and hand-fired units use only natural draft to
supply combustion air.

Fly ash collectors are not usually installed. However, for some of the
larger units, burning smaller sizes of coal such as Buckwheat 4 or 5, ash
carryover may be high due to the large blast of underfire air at the rear of

the grate. These units sometimes install mechanical type collectors and
then reinject the fly ash.2
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Factors Affecting Emissions

Particulate emissions are greatly affected by the rate of firing and by
the fuel's ash content. Due to the low volatile content of the anthracite
coal, smoke emissions are rarely a problem. High grate heat release
loadings result in excessive emissions since greater quantities of under-
fire air are required to burn the fuel. Hand -fired and some small natural
draft units have lower particulate emissions since underfire air rates
cannot be increased very much. However, larger units equipped with forced
draft fans may produce high rates of particulate emissions, especially
when operating at or near rated capacity.

Multicyclones may be used on anthracite coal-fired units, and very
large units may use electrostatic precipitators to reduce particulate emissions.

Emissions

Based on stack test data, literature references, comparisons to
bituminous coal combustion, and judgments , the emission data in Table 2.1-2
were compiled. The appendix contains more detailed data and calculations
upon which these factors were based. Figure 2.1-1 presents limited
particle size data.?

As is the case with other fuels, sulfur dioxide emissions are directly
related to the sulfur content of the coal. Nitrogen oxides and carbon
monoxide emissions can be expected to be similar to those found in
bituminous coal fired units since excess air rates and combustion temperatures
are similar. No emission data on these pollutants was found in the
literature.

Due to the lower volatile matter content of anthracite, hydrocarbon
emissions are probably somewhat lower than those from bituminous coal
combustion. Again no quantitative data were available.
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Reliability of Emission Factors

Rankings based on the various factors which affect the accuracy of
emission factors are presented in Table 2.1-3.

Table 2.1-3. Ranking of Anthracite Coal Combustion Emission Factors

Emission Process Engineering Total
Data Data Analysis
0-20 0-10 0-10
Particulate 10 8 5 23
S0y 5 8 8 21
HC 0 8 8 16
co 0 5 8 13
NOx 0 5 8 13

Based on these rankings and arbitrarily using a mid-point of 20 as
a dividing line between good and questionable factors, it is seen that

only the particulate and SOy factors are good and the remaining factors
are questionable.

Particulate samples were gathered by methods outlined in ASME PTC 27
and Western Precipitation Company's Bulletin WP-50. Particulate data
obtained by the State of New Jersey for traveling grate stokers was largely
obtained by the Null Balance Method and by a modified U.S. Public Health
Service Method. In almost all cases particulate represents that material
collected on an alundum thimble at stack temperatures of about 300°F7

.
PR et o
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Further emission research work in this area is not warranted
since the consumption of anthracite is decreasing every year, and
considerable particulate emission data already exists for the
traveling grate units which are the largest single type of unit in
common use for this fuel.

The only major assumptions made in obtaining these factors were
that hydrocarbons would approximate one-eighth of the bituminous coal
emissions and that carbon monoxide and nitrogen oxide emissions would
be similar to those found in bituminous coal combustion (see Appendix).
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A. PARTICULATE EMISSIONS

1. Pulverized coal-fired unit - dry bottom; based on data from a
single stack test made by the State of Pennsylvania.

Coal Composition:
12.1% - MWater

14.2% - Ash
6.1% - Volatile Matter
79.7% - Fixed Carbon
11,066 - Btu/1b

Coal rate 31,300 1bs/hr. Units equipped with cyclone and
electrostatic precipitator collection system - efficiency not )
known. Measured particulate emissions were 805 1bs/hr (0.91] rj_'b
grs/scf, 103,200 scfm) "
Based on an assumed particulate collection efficiency oﬁiéO% the
inlet particulate loading was:

805 = 4025 1bs ash/hr

0.20
Amount of ash entering furnace in coal was:

31,300 1bs coalf/hr x 0.142 ash = 4450 1bs ash/hr
% ash emitted = 4025 x 100 = 90%

4450

A 90% ash emission rate yields an emission factor of(38ﬁ 1bs particulate/ton

The State of Pennsylvania had used a factor of 15A.5 The factor for
bituminous coal, dry-bottom, pulverized coal-fired units is 17A. Since
the anthracite value is close to this, but based on only one test and on
an assumed fly ash collection efficiency, use the bituminous coal factor of 17A.
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2. Traveling Grate Stokers

Considerable stack test data from the State of New Jersey is
shown in the Table 2.1-4 and plotted in Figure 2.1-2. Consider-
able variations in these data are evident. The arithmetic mean
values of percent ash emitted in various ranges of grate heat
release rates, and their variances are shown in Table 2.1-5.

Table 2.1-5. Average Particulate Emission From Anthracite Coal Combustion
in Traveling Grate Stokers

Operating Mode Grate Hgat Release Emissions
Rate 108 Btu/ftZ - % of Inlet 1b/10° 6
hour Ash Btu?d Factor
: Normal 0.12 to 0.24 5.6 £ 5.6 -- 1.1A
(40-70% of Capacity) 0.25 to 0.31 11.6 * 3.9 -- 2.3A
General 8.31t5.9 0.685 1.7A
Soot Blowing General 26.8 T 18.2 2.2 5A

a) Based on average ash content of 10.4% and heating value of 12,600 Btu/1b.
b} A is the percent ash in the coal

The State of New York uses ]59Eon as particulates emission from
anthracite coal combustion.6 This is equivalent to an emission factor of
1.5A for a coal containing 10% ash. Their factor was based on bituminous
coals combustion.

The State of Pennsylvania used the same factors for anthracite and
bijtuminous coals combustion, name1y:5

Underfeed Stoker 3A 1bs/ton (A=% ash in coal)
Traveling Grate 3A 1bs/ton

The State of Pennsylvania has, however, now accepted the factors used
by the National Air Pollution Control Administration for bituminous fuel
combustion; namely 5A.



oo

——-

e
¢ .

N e T s B o

g

e

TOTAL PARTICULATE EMITTED AS % OF ASH IN COAL

FIGURE 2.1-2.
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EFFECT OF FIRING RATE ON EMISSIONS FROM TRAVELING GRATE
STOKERS BURNING ANTHRACITE COAL DURING NORMAL OPERATION
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Hand-Fired Units:
The State of Pennsylvania used 24-54 1bs/ton of coal for both
anthracite and bituminous.5 These figures appear high because

they include smoke and tars, and these substances are not as
prevalent with anthracite.

The State of New York used 15 1b/ton for all anthracite
combustion.® Blackie reports particulate emissions from
domestic hand-fired units with anthracite to be 6 1bs per

ton of coal.3 Smith reports values from 6-10 1bs/ton for
anthracite combustion in hand-fired equipment;7 these data are,
however, rather old. Hand-fired units burn the larger sized
coals such as egg and stove which contain about 9% ash.

Based on the above information, an emission factor of 10 1bs per
ton of coal was selected.

B. GASEOUS EMISSIONS

e

{ :

Fore
f

>

Sulfur Oxides

A stack test performed by the State of Pennsylvania on a traveling
grate stoker burning anthracite coal with a sulfur content of
0.65% yielded emissions of 117 1bs/hr of 502 at a fuel rate of
about 11,400 1bs/hr.

% S emitted = 100 x 117 = 11700 = 79%
11,400 x .0065 x 2 148
Based on earlier work on bituminous coal presented in the

literature, approximately 95% of the sulfur in the fuel appears
as SO2 and about 1% appears as 303 in the flue gas.5’7
There is no large body of evidence to show that this value should
be different for anthracite coal fired in large units. Limited
data indicates that for hand-fired units the amount of sulfur

emitted amounts to 90% as 302 and 1.5% as 503.8’9



3.2.3.3 Emission factors for oil-fired boilers. The emission factors
for oil-fired boilers are summarized in Table 3-15. These factors are
typical of firetube as well as watertube oil-fired boilers in the given size
ranges.

As noted earlier, particulate emissions from residual oil-fired boilers
are expressed as a function of the sulfur content of the fuel. Assuming a
fuel sulfur content of 3 percent (see Table 3-14), particulate emissions
from residual oil-fired units are greater by roughly a factor of 15 than for
distillate oil-fired boilers. This is due, in part, to the lower carbon
residue content of distillate oil.

Figure 3-10 shows particulate emissions as a function of fuel oil
carbon residue and illustrates the range of values that have been measured.
As can be seen from Figure 3-10, industrial boilers firing 011 containing
little or no carbon residue emit from § to 20 ng/J of particulate matter.

The type of atomization has been shown to affect the amount of
particulate matter emitted. One study on residual oil-fired units has shown
that a mechanically atomized unit produces 20 times the particulate matter
that a comparable air-atomized unit does (9.9 ng/J to 186.2 ng/J), and that
steam atomization produces roughly three times as much particulate matter as
air atomization (25.2 ng/J to 9.0 ng/J).69 The same study indicates that
mechanical atomization is the most common method of atomization, thus
accounting for the fact that the emission factor in Table 3-15, which
represents the current mix of installed atomization techniques, is
96.0 ng/J, a factor close to the high end of the range. This is based on a
fuel sulfur content of 3 percent.

As noted in Table 3-15, NOX emissions from oil-fired boilers are
subject to a wide variety of influences which can interact to affect
emission rates. In general, boilers firing residual oil emit more NOx than
equivalent boilers firing distillate oil. Furthermore, the range of NOx
emissions is wider for boilers firing residual oil. Both these trends are

accounted for by the larger amount and higher variability of fuel nitrogen
in residual oil.

3-46
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Nitrogen Oxides and Carbon Monoxide

The emission of these compounds is affected by the firing
method used and not by the type of coal. Since no quantitative
emission data were found, the factors used for bituminous coal
were selected as shown in Table 2.1-2 and based on data
developed in Section 2.2.
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2.2 BITUMINOUS COAL COMBUSTION - GASEQUS EMISSIONS

General

Coal is the most plentiful fuel in the United States, and
is burned in a wide variety of furnaces to produce heat and
steam. Coal fired furnaces range in size from small hand-fired
units with capacities of 10-20 pounds of coal per hour to
large pulverized coal-fired units which burn 300-400 tons of
coal per hour.

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

Particulate and sulfur oxide emissions from coal combustion
have received considerable attention, but the other gaseous
emissions which are less noticeable have not been the subject
of intensive investigations.

Emissions of gaseous hydrocarbons, carbon monoxide and
nitrogen oxides are currently not reduced by using control
equipment. They can, however, be reduced by optimum adjustment
of combustion conditions as discussed in the next section.

Factors Affecting Emissions

The carbon monoxide and hydrocarbon content of the gases
emitted from bituminous coal combustion depend mainly on the
efficiency of combustion. Complete combustion and a low level
of gaseous carbon and organic emissions involves a high degree
of turbulence, high temperatures, and sufficient time for the
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combustion reaction to take place. Thus, careful control of
excess air rates, high combustion temperature, and intimate fuel-
air contact will minimize these emissions.

Since the larger furnaces are usually better equipped to
control air and fuel feed rates, they have lower gaseous emission
rates. Smaller furnaces, both manual and stoker-fired, have less
control over air and fuel rates and combustion temperatures, and
produce higher emissions. Composition of the bituminous coal does
not apparently have any significant effect on these emissions.

Emissions of nitrogen oxides result primarily from the high
temperature reaction of atmospheric nitrogen and oxygen in the
combustion zone. The main factors affecting these emissions are
furnace temperature, residence time in the furnace, and the rate of
gas cooling. Generally, larger more efficient combustion units yield
higher nitrogen oxide emissions. The practice of preheating
combustion air at large boilers is considered a significant reason for
the resultant higher NO, release.

Since some of the factors affecting gaseous emissions such
as combustion temperatures or excess air rates are frequently not
readily apparent to the operator, the emissions of these compounds
tend to vary over a wide range. Reported CO and hydrocarbon emissions

vary 3 to 4 orders of magnitude among smaller combustion sources.
(See Appendix).

Emissions

Selected gaseous emissions from bituminous coal combustion are
presented in Table 2.2-1. The size range in Btu per hour for the
various categories is shown only as a guide in applying these
factors and cannot be used as a clear demarcation between furnace
applications. The actual values selected are based on engineering
Judgment and on knowledge and involvement with most of the tests.

Due to their higher firebox temperatures, cyclone-fired
furnaces and other types of wet bottom burnaces produce greater
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concentrations of nitrogen oxides. However, longer residence
time in the conventional wet bottom furnace appears to reduce
concentrations again by causing decomposition of the oxide.4

Table 2.2-1. Selected Gaseous Emissions from Bituminous Coal
Combustion.

Lbs/ton of Coal Burned

Fupnace Size, a b
105 Btu/hr heat input NOx co HC

1. Greater than 100 -
utility and large
jndustrial boilers

General-dry bottom 18 1 (0.1-3) 0.25 (.11-1)
Cyclone Furnaces 55 1 (0.1-3) 0.25 (.11-1)
2. 10 to 100

large commercial and
general industrial
boilers, stoker-fired 15 1.5 (1-3) 1 (0.2-20)

3. Less than 10

stoker-fired commercial
and domestic furnaces 6 10 (4.5-31) 2.5 (1-3.3)

4. Hand-fired Units 3 90 20

a) Expressed as NOp. The equation, log NOy = 1.165 log (hourly
heat input) - 7.6081, represents NO, emissions from dry bottom
pulverized and stoker fired units and can be used to estimate
hourly NOy emissions.

b) Expressed as methane.

Carbon monoxide and hydrocarbons are generally emitted at
concentrations of 5-50 ppm under normal combustion conditions in
stoker-fired units.
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Nitrogen oxides are mainly emitted as nitric oxide (NO) at
concentrations of about 100 to 500 ppm, except for the large
cyclone-fired units which emit concentrations in the range of
700 to 1200 ppm.4 Relationships between Btu input and hourly
emission of NO, may be found in the 1iterature.9’ 10 fop larger
combustion sources, an empirical relationship which expresses
NOy emissions in terms of heat input would probably be more
accurate than using a general emission factor. Based on emission
data available for this review (excluding cyclone furnaces), the
equation:

log NOX = 1.165 (log heat input) - 7.608
was derived. This equation gives the NOX emissions in 1bs/hr when
the hourly heat input is known. Figure 2.2-1 shows this relationship.

Reliability of Emission Factors

Gaseous emissions from bituminous coal combustion vary widely
since they are affected by many variables some of which are not
easily controiled. Thus, emissions even from the same furnace
will vary from day to day since only a small change in the
efficiency of combustion can greatly affect carbon monoxide and
hydrocarbon emissions. It must be realized, that these pollutants
are only emitted in ppm quantities, and they are not easily
measured with a great degree of accuracy.

Nitrogen oxide emissions are also affected by many variables
and thus cover a wide range. However, these emission data correlate
well with furnace size and are representative of the true emission.

Table 2.2-2 ranks the emission factors and indicates that
they are fairly reliable.
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103

10.01-

Log NOy = 1.165 Log (Heat input)
-7.608

Pounds NOy (as NO,) Emitted/ Hr.

104 1 1 1 I 1
104 105 106 00 0% 10° 10
Gross Heat Input to Furnace in Fuel
Btu/hr.

Figure 2.2-1.Nitrogen Oxide Emissions from Dry
Bottom Pulverized, and Stoker-Fired
Bituminous Coal Burning Furnaces.
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Table 2.2-2. Gaseous Emission Factor Ranking for

Bituminous Coal

Emission Data Process Data Engineering Analysis Total

0-20 0-10 0-10
NOX 12 7 8 27
co 10 7 5 22
HC 10 7 5 22
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APPENDIX 2.2

A. NITROGEN OXIDE EMISSIONS
1. Furnaces larger than 100 x 106 Btu/hr heat input
Large Industrial and Public Utility Sizes

Full Load Tests

Pulverized Coal - Dry bottom Reference
1bs/10%Btu 1bs/ton Coal
0.55 13.0 4
0.71 1741 4
0.95 24.8 4
Avg. 0.74 18.3

Cyclone -Fired
2.2 61 4

Other Firing Methods, Stokers, etc.
0.76 19.2 4

0.59 15.6 - wet bottom furnace 4

Partial Load Tests

Pulverized Coal - Dry bottom

1bs/10%8tu 1bs/ton Coal
0.31 7.3 4
0.51 13.7 4
0.74 19.3 4

Avg. 0.52 13.4
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1bs(106 Btu 1bs/ton Reference

Cyclone-Fired
1.8 55 4

Other Firing Methods
0.68 17.2 4

0.56 14.8 - wet bottom 4
furnace

Data not designating Toad or type of unit

0.17 to 2.5 4.1 - 60 5
0.12 to 2.44 3-20 ]
2.32 19.2 2,3

A value of 18 1bs/ton was chosen for dry bottom units, and

55 for cyclone units.

Furnaces in the 10 to 100 x 106 Btu/hr heat input range.
Large Commercial and General Industrial Sizes; Under-
feed or Overfeed Stokers

]b/]Othu 1bs/ton Reference
- 20 {estimate) 6,7
0.8 19.2 2,3

Note, 0il- fired units in this size range emit 12-17 1bs
NOx/ton.

Factor chosen based on data for both larger and smaller
sized units and on relationship in Figure 2.2-1, was
15 1bs. NOX/ton coal.

Based on 25 million Btu per ton of coal.
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3. Furnaces less than 10 x 106

including residential.

Btu/hr heat input stoker-fired

1bs/10%Btu - 1bs/ton fuel Reference
0.30 8.3 9
0.36 9.8 9
0.4 7
0.5 8

Hand -Fired Units
0.1 3.2 9

Factor chosen was 6 and 3 1bs/ton of fuel respectively
for small stokers and hand-fired units.

B. CARBON MONOXIDE AND HYDROCARBON EMISSIONS

Furnaces larger than 100 x 106 Btu/hr heat input
C0 Hc? Reference
1bs/10%8tu  1bs/ton 1bs/10%tu  1bs/ton
PULVERIZED COAL
0.017 0.41 0.013 0.32 3,4
0.011 0.26 0.005 0.13 3,8
0.005 0.13 0.013 0.35 3,4
0.10 2.8 0.004 0.11 9
0.044 1.16 0.001 0.35 3,4
Avg. 0.035 0.95 " 0.007 0.25
Other Data - 0.1 - 0.6 - 0.34 - 1.25 1€
STOKER- FIRED
0.029 0.73 0.012 0.3 3,4
0.51 12 0.005 0.1 9P
Value chosen for factor
] 0.25

a) Expressed as methane. Data from reference 3 & 4 converted from
carbon to methane by multiplying by 16/12.

b) 01d unit without modern combustion controls.
c) Data from reference one converted from hexane to methane.



AR

2-29

2. Furnaces in the 10 x 106 to 100 x 106 Btu/hr heat input range.
Co HC Reference
1bs/10%Btu  1bs/ton 1bs/10%tu  1bs/ton
0.1 3 0.0045 0.16 9
- 1 - 20
- - 14 - 26 7
Since very limited and scattered data are available for
furnaces in the 10 x 106 to 100 x 106 Btu/hr heat input range,
the final CO and HC factor was chosen by picking values
between the factors for the larger and smaller stoker-fired
units and not on the values reported above. Values chosen were
1.5 1bs/ton for CO and 1 for HC.
3. Furnaces less than 10 x 106 Btu/hr heat input.
Co HC Reference
1bs/10%8tu  1bs/ton 1bs/10%Btu  1bs/ton
STOKER-FIRED
0.16 4.5 0.116
0.14 3.9 0.036
1.1 31 0.12 3.3
Avg. 0.47 13.1 0.095 2.5
Value chosen 10 2.5
HAND-FIRED
3.5 99 0.73 21 9
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2.3 HYDROCARBON EMISSIONS FROM FUEL OIL COMBUSTION
IN POWER PLANTS

General Information

Residual or Grade 6 fuel oil is the major liquid fuel
used by electric power generating stations and accounts for
approximately 8.5% of all fuel burned at power stations.2 This
fuel oil is a component of the higher boiling residue resulting
from the distillation of crude petroleum. Its viscosity is high
and it requires heating for efficient transfer and injection
into the boiler. The average analysis of #6 or residual o0il is
86% carbon, 10% hydrogen, 1.0% water, 0.5% nitrogen, 1.6% sulfur,
and the remainder ash.2 However,wide variations in composition
may occur depending on the crude 0il and refining practices used
to produce the residual fuel. Grade 6 oil has a heating value of
about 18,300 Btu/pound!’ Many boilers use coal, oil, and natural
gas interchangeably and sometimes simultaneously.

Factors Affecting Emissions

The major factors affecting hydrocarbon emissions at oil
fired power plants are the quantity of oil used and the efficiency
of combustion within the furnace. This efficiency is affected
in turn by the temperature of the injected oil, the composition
of the oil, the pressure and temperature of the fuel at the burner,
and the excess air rates. "The key to optimum o0il burner
operation is careful control of fuel viscosity."3 Viscosity of

the fuel entering the burner should be less than 150 Saybolt Seconds

Universal (SSU).
In order to burn properly, oil must be atomized as it enters
the combustion chamber. This atomization provides a high degree

a)
b)

On a Btu basis, Reference 1.
Approximately 147,000 Btu/gallon.
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of air/fuel mixing and exposes a large amount of droplet surface
area to the heat of the combustion zone. There are three basic
types of oil atomizers; namely, air, steam,and mechanical (rotary
cup). However, steam atomizers are most commonly used at
power plants. In this type of atomizer, steam at a pressure
greater than 100 psi and hot oil (170 - 260°F) are mixed in the
burner nozzle and then sprayed into the combustion chamber.
The oil mixture is this atomized as it passes out through the
burner's nozzles.

0i1 burners are usually mounted in banks inside the
boiler's firebox. As many as 24 burners may be mounted in a
Jarge furnace, either all in a single side in rows (front-wall
fired) or in sets in the four corners of the boiler (tangentially
or corner fired). Excess air rates on the order of 15 to 30%
are usually used. Under ideal firing and combustion conditions
the hydrocarbon emissions are very low.

Emissions

Based on data presented in Appendix 2.3, the hydrocarbon
emission factor for oil-fired power plants shown below was
determined:

0.25 1bs/1000 1bs of o0il burned or 2 1bs/1000 gallons of

0il1 burned, when the hydrocarbons are expressed as methane.
The range of values reported in the literature was 0.1 to 0.4 1bs
per 1000 pounds of fuel oil.

ARe]iabi]ity of Emission Factor

Only reference: to actual source tests based mainly on work
conducted by the Los Angeles County Air Pollution Control District
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in the late 1950's were used to determine these emission factors.
However, due to the 1imited number of these data, the complicated
techniques required to measure rather Tow concentrations, and the
limited geographical area in which tests were made, further work
in this area should be done. Data on the composition of these
hydrocarbons would also be useful. The numerical ranking for
this factor is presented in Table 2.3-1.

Table 2.3-1. Emission Factor Ranking for Hydrocarbons

Emission Data Process Data Engineering Analysis Total
0-20 0-10 0-10
5 8 2 15
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APPENDIX 2.3

Emission Data from the Literature

Data

0.4 1bs methane/1000 1bs of oil
0.097 1bs hexane/1000 1bs of oil
0.19 1bs hexane/ton of oil
0.56 1bs hexane/ton of oil
13 ppm (0.324 1bs propane/1000 1bs of 0il)

Reference

4

5,6 (same data)

7 (1 ton oil = 244 gals)
7

8

Converting these values to methane?, and putting them on a common

basis of 1bs/1000, we have:

0.40 1bs
0.11 1bs
0.11 1bs
0.31 1bs
0.35 1bs

Total = 1.28

methane/1000 1bs
methane/1000 1bs
methane/1000 1bs
methane/1000 1bs
methane/1000 1bs

Avg = 0.256

a) Pounds of hexane are conve

by muitiplying by 96/86.

oil
oil
0il
oil
oil

rted to equivalent pounds of methane

Pounds of propane are converted to
methane by multiplying by 48/44.
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2.4 LIQUEFIED PETROLEUM GAS COMBUSTION

General Information

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

Butane, C7H]0, boils at 31.1°F and propane, C3H8, boils at
-43.8°F. The use of these gases is therefore limited to those areas
with ambient temperatures generally higher than these, since
vaporization is greatly impaired at temperatures approaching the
boiling point. LP gases are graded according to maximum vépor pressure
with Grade A being predominantly butane, Grade F being predominantly
propane, and Grades B thru E consisting of various mixtures of butane
and propane. Generally, sulfur content is less than one grain per
hundred cubic feet of vapor, although variance is not uncommon. The

heating value of LPG ranges from 3200 EEH:for Grade A to 2500 Eﬁﬂ-for

cf cf
Grade F.

The use of LPG has grown from 77 million gallons in 1935 to
14,466 million gallons in 1967 and is expected to top 43,500 million
gallons in 1978. The largest market for LPG is presently the
domestic-commercial heating market which consumed 43.0% of the 1967
total. The chemical industry and internal combustion engines consumed
37.6% and 8.0% of the 1967 total respectively. Annual utility use
accounted for 97 million gallons or only 0.67% of the 1967 total,
registering a decline for two straight years (1966 and 1967).]

This fuel is considered a "clean" fuel because of the lack
of visible emissions. Gaseous pollutants such as carbon monoxide,
hydrocarbons, and nitrogen oxides do occur, however.

a) Equal to 3375686 Btu per gallon.
b) Equal to -368;000 Btu per gallon.
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Factors Affecting Emissions

The most significant factor affecting emissions is the burner
design, adjustment, and venting.2 Improper design, blocking and
clogging of the flue vent, and lack of combustion air will result
in improper combustion causing 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 zone. These variables in turn are a function of hydrogen
to carbon ratio in the fuel and to furnace design. Since the
hydrogen to carbon ratio for LPG is similar to fuel 011,3 and
combustion chamber designs are similar to natural gas fired units,

a nitrogen oxide emission between that of fuel oil and natural gas
combustion is probable.

. The amount of 502 emitted is directly proportional to the amount
of sulfur in the fuel.

Emissions

There have been no published results of source testing of
stationary sources using LPG nor have any unpublished results been
found. However, due to the similarities between LPG and natural gas,
it is felt that for most emissions, the data used to compute
emission factors for natural gas combustion when put on a Btu basis
may be reasonably used when considering LPG. For nitrogen oxides
a factor based on both fuel oil and natural ga§ was used. Factors
based on these data as shown in the Appendix are presented in Table 2.4-1.
In some instances, the sulfur content in LPG may be different than
that normally found in natural gases thus affecting the amount of SQ2
produced. Therefore, a separate factor for 502 is presented.
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Table 2.4-1. Emissions From LPG Combustion, pounds per 1000 gallons

Pollutant Industrial Processes Domestic and Commercial
Furnaces Furnaces

Butane Propane Butane Propane
Aldehydes (HCHO) 0.70 0.64 Neg. Neg.
Carbon Monoxide 0.14 0.13 ' 0.14 0.12
Hydrocarbons(CH4) Neg. Neg. Neg. Neg.
Oxides of Nitrogen® 120 110 30-100° 30-90°
Oxides of Sulfur? 0.300S 0.335S 0.300S 0.335S
Other Organics 1.76 1.6 Neg. Neg.
Particulate 6.3 5.8 6.7 6.1

a) Expressed as NOZ'

b) S equals sulfur content expressed in grains per 100 CF 8as
vapor, e.g., if the sulfur content is 0.16 grains per 100 CF
vapor, the SO, emission would be 0.300 (for butane) x 0.16
or 0.048 1b 582 per 1000 gallon butane burned.

c) Use values of 30-50 for domestic units 50-100 for commercial units.
Neg. = negligible.

Reliability of Emission Factors

While there is a lack of measured emission data from LPG combustion
in stationary sources, this fuel does have many of the characteristics
of natural gas and the emissions are therefore similar. The factors
listed in Table 2.4-1 are based on an engineering analysis of
similar processes and fuels (LPG, natural gas combustion, and fuel

0il combustion) and on measured emissions from natural gas and oil
combustion.
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An overall ranking of questionable is assigned to these factors
based on the ranking in Table 2.4-2, and on the fact that the natural
gas emission data itself is about 10 years old. Los Angeles County
Air Pollution Control District sampling techniques were used. Further

work in this area is warranted due to the lack of data, and the
increased use of this fuel.

Table 2.4-2. LPG Emission Factor Ranking

Emission Data Process Data Engineering Analysis Total
0-20 0-10 0-10
2 8 8 18

The major assumptions made in deriving these factors were that
particulate and gaseous carbon compounds were the same as those from
natural gas combustion, and nitrogen oxide emissions were between
those for oil and gas combustion.
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Particulate, Carbon Monoxide, Hydrocarbons, and Aldehydes

The factors found in Table 4, Reference 4, are based upon
pounds per million cubic feet of natural gas burned. That table
was derived from the figures given in Reference 5 which assumed

that 6000 cubic feet of gas is equivalent to one barrel of fuel oil.

One barrel of fuel oil contains 312 1b at 18,500 Btu/1b, or 5.76

X 106 Btu.5 Therefore, Duprey's emission factors are based upon

pounds per 960 x 106 Btu.

Using the values given in Table 2.4-3; the heating value of
LPG can be found on a gallon basis.

Table 2.4-3. Properties of LPG’

Column
. : : b E
Avg. Gross CF/LB Avg. Specific LB/GAL Btu/1000 GAL
Gas Btu/CF Gravity'io (AxBxDx1000)
R ~q7
Butane 3200 6.29 2.02 16+:75 337 x 10°
Propane 2525 8.45 1.66 13:85 308 x 10°
. - .i'f,’ ~9 0

The emission factors shown by Duprey therefore can be converted
to relate gallonage (pounds per 1000 gallons LPG burned) by multiplying

each of Duprey's factors (excluding SO2 which is treated separately
herein) as follows:
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GAS MULTIPLIER
Butane % = 0.35]
Propane %g% = 0.32]

Duprey's table is shown below, with his column for emissions
from power plants omitted:

Table 2.4-4. Emission Factors For Natural Gas Combustion

(Pounds million cubic feet of natural gas bur‘ned)4
Type of Unit
Industrial Process Domestic and Commercial

Pollutant Boilers Heating Units
Aldehydes (HCHO) 2 Neg.
Carbon Monoxide 0.4 . 0.4
Hydrocarbons(CH4) Neg. Neg.
Oxides of Sulfur (302) 0.4 0.4
Other Organics 5 Neg.
Particulate 18 19

Table 2.4-1 in the main text is based upon the values given in
Table 2.4-4, with each value multiplied by 0.351 and 0.321 for
butane and propane,respectively.

Sulfur Oxides

When the sulfur content, S, is expressed in grains per 100 cf of

gas fuel, the weight of SO2 given off upon complete combustion of the
100 cf is: |

s x |mele. wt. S0, 1 ]7b. = s {%% X 5| = 0-000286 S 1b.
mole. wt. S 7000 grains . .
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To determine the pounds SO2 emitted from 1000 gal. of LPG,
find the number of 100 ft.3 units in 100 gallons of butane and propane.
Using the values shown in Table 2.4-3:

3 2
. Lt 1000 ~ 3
Butane: 6.29 yp— X 16 75 ga] 100 ft = Ips5@; 100 ft.” in 1000 gal.

Propane: 8.45 x 132g5 1000 3

00 - 1170, 100 ft.” units in 1000 gal.
Thus the weight of SO2 emitted from combustion of 1000 gal is:
Butane: 1050 x 0.000286 S = 0300 S o co
Propane: 1170 x 0.000286 S = 0.335S '

Nitrogen Oxides

For natura] gas combustion in industrial furnaces, Duprey reports
214 1bs NO /10 £t3 or.214 per 10° Btu of fuel (1000 Btu/ft>),
and 72 1bs NO /1000 gallons of oil or 0.5 1bs per 106 Btu of fuel
(142,000 Btu/ga]) An average factor for LPG assuming NO _ emissions
lie mid-way between oil and gas, would be 0.35 1bs per 10~ Btu.

For domestic and commercial units, the natural gas NO factor
is 0.116 NO per 106 Btu and the oil factor varies from Q. 5 to 0.083 1bs
per 106 Btu LPG factors are therefore 0.3 to 0.1 1bs per 106 Btu

depending on size of unit.
Butane contains %;?/x 106 Btu per 1000 gals. and propane contains

308 x 10 Btu per 1000 gals. (Table 2.4-3). NO, emissions are therefore:

Propane Butane
1bs/1000 gal. 1bs /1000 gal.
Industrial 0.35 x 308=108 0.35 x 337=118
Commercial - ’ ;
Domestic 0.1 x 308=30.8 0.1 x 337= 33.7
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2.5 WOOD WASTE COMBUSTION IN BOILERS

General Information

Wood is no longer a primary source of heat energy as it was
before the latter part of the nineteenth century. However, there
are situations today where the availability of wood as a by-product
or waste makes it a desirable fuel for steam generation. Industries
such as lumber, furniture, plywood, and pulp, use wood in the form
of hogged chips, shavings, and sawdust as fuel. It is sometimes
burned in combination with 0il, gas, or pulverized coal. This
technique is used where the available wood waste is substantial
enough to utilize, but the quantity is not always sufficient to
meet the power requirements of the plant.

Firing Practices

In general, furnaces designed for the burning of wood waste
fall into three types: 1) pile, 2) thin-bed, and 3) cyclonic. All
three of these furnaces are usually water-cooled and can be modified
to burn supplemental fuel with the wood.

In pile burning, the wood is fed through the furnace roof and
burned in a cone shaped pile on the grate. Most of the combustion
air enters under the grate around the edge of the pile. Excess air
at the boiler outlet is maintained at about 30-40%, but accurate
control is difficult.

Thin-bed burning is accomplished on a moving grate similar to
a spreader stoker. In a cyclone furnace, wood (especially bark) is
usually burned with coal.

Wood refuse from some processes contains more than 75% moisture.
Since it is not practical to burn wood with more than 60 or 65%

moisture, the excessive water is often extracted by means of mechanical
presses.
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Excessive water content is particularly common to pulping processes
where wood is frequently floated to the plant.

Unless the furnace is properly designed and operated, a smoke
problem will develop. The particulate matter resulting from the
combustion of hog fuel can be seen over a wide area depending on
weather conditions.] In addition, gaseous emissions common to all
combustion processes will occur.

It is common practice to reinject the collected fly ash from
wood boilers. A study of 15 bark boilers indicated that each of
these had a mechanical collector which collected 80% of the fly ash
and then reinjected half of the collected portio NCAS T~ sAY

soRE Y
Factors Affecting Emissions

Unless the furnace is properly designed and maintained, incomplete
combustion will result. The design of wood burning furnaces should
differ from that for coal furnaces as foHows:2

1. Larger area of refréctory surface in the primary fuel-drying

zone

2. Higher proportion of overfire secondary air above the grate

to primary air through the grate

3. Larger combustion space, or secondary air space, to burn

the volatile matter
Excessive smoking will result from improper grate maintenance,
especially where coal is burned simultaneously with the wood. When
mixed and burned in common, the resulting ash will cause furnace
slagging and adversely affect grate performance.

Another major factor is the water content of the wood refuse.
This is not only a function of the absorptive property of the wood
but also a function of the process which produces the waste. Thus
wet bark will generally produce more emissions than kiln-dried lumber.

Of minor importance, except as it reflects on the factor noted
above, is the species of wood. Table 2.5-3. (see Appendix 2.5) shows
the ultimate analysis of various wood fuels on a dry basis. However,
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the composition of bark is significantly different than wood. As
shown in Table 2.5-4., bark contains less carbon and nitrogen, but
more sulfur than wood. This difference coupled with a high moisture
content is thought to account for more severe dust and smoke problems
when burning bark.

Emissions

Emissions factors for the combustion of wood and bark in boilers
are shown in Table 2.5-1. These factors are based on the information
in Appendix 2.5.

Table 2.5-1. Emission Factors for Wood and Bark Combustion
in Boilers, 1b/ton of fuel-fired
(approximately 50% moisture content)

Emissions Condi tions of Operation
no reinject. 50% reinject.? 100% reinject.?
Particulate 25-30 30-35 40-45
co 1.5 (1 to 3)
HCC 2.0 (0.2 to 20)
N0, 9 10 (6 to 15)
s0oP 0-3
Carbony1s® 0.5 (0.4 to 0.9)F

a) This is not an emission factor. Value represents the loading
reaching the control equipment usually used on this type of
furnace, and is based on the percentage of fly ash reinjection
indicated.

b} Use zero for most wood and higher values for bark.

c) HC expressed as methane.

d) NOyx expressed as NOp.

e) As formaldehyde.

f) Trench incinerator emission (see Reference 6).
g) Particulate emissions are frequently reduced by using cyclone
collectors with efficiencies in the 75-85% range.
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Reliability of Emission Factors

A variety of data was used to arrive at emissions from wood
waste combustion in boilers. Particulate Emissions are based on
measured data from 1§_§eparate;bark bo{1§f§ and are believed to be
reliable. However, gaseous emission data are lacking and were

based on other related processes. The factor rankings are presented
in Table 2.5-2.

Table 2.5-2. Emission Factor Ranking for Wood Combustion in Boilers

Emission Data Process Data Engineering Analysis Total

0-20 0-10 0-10
Particulate 15 5 5 25
Gases 5 5 4 14

The following assumptions were made in determining the emission.
factors listed in this section:

___x 1. Particulate emissions from wood burning is slightly less

thén that for bark.

2. Gaseous emissions (CO, HC, and NOy) from wood and bark are
similar to that from the combustion of coal in industrial
boilers.

3. Carbonyls emitted from wood and bark are similar to that
from the combustion of wood in trench incinerators.

Further work on obtaining quantitative gaseous emission data
appears justified.
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APPENDIX 2.5

Results of source testing of wood boilers have not been published ,
T T et oA 8 S g B 2 2 1

nor HSVgrunpublished teéts results been found (with the exception of joro

bark boilers). Emissions from bark boilers may be substantial in
the form of particulate matter. Even some odorous gases have been
reported],although no indication was made as to gas type and quantity.
While Hough and Gross ! reported particulate emissions of 35 pounds
per ton of pulp produced, they are not clear as to the amount of
wood burned. It is generally expected that one half ton of burn-
able wood is generated per ton of air dried pulp. On that basis,
the reported 35 pound figure might well be expressed in terms of
70 pounds per ton (based on 50% moisture content). Since that
figure is at great variance with 15 other reported figures4 and its
origin is not stated, it will not be considered.

Based on a fly ash collector efficiency of 80%, the amount of
particulate that would be emitted from a boiler without fly ash
reinjection is about 25 to 30 pounds/ton of wood, depending on the

combustible content of the reinjected material. The process is
shown below:

(€N

4\7 #/ton
35 #/ton with 50% reinj. Collector
> . E = 80%
Boiler 14 #/ton / 28 #/ton
Fue > at 53% reinj.
VW 14 #/ton to disposal
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At 100% reinjection the particulate entering the collector
would increase to about 40-45 #/ton of wood.

Table 2 .5-5 is a compilation of known emission data for
the burning of bark in boilers with comparable figures for
coal combustion. In the absence of data for gaseous emissions
for wood boilers the known emission figures for coal boilers
may be considered reasonably similar to that expected from the
combustion of wood.

“Table 2.5-3. Ultimate Analysis of Wood Refuse Burned,3
percent by weight

Jack Birch Maple Eastern Dry Wet

Pine Hemlock Average Average
Carbon 53.4 57.4 50.4 53.6 53.7 26.8
Hydrogen 9 6.7 5.9 5.8 6.1 3.0
Sulfur .0 0.0 0.0 0.0 0.0 0.0
Nitrogen 0.1 0.3 0.5 0.2 0.3 0.2
Ash 0 1.8 4.1 2.5 2.6 1.3
Oxygen 38.6 33.8 39.1 37.9 37.3 18.6
(by difference)
Water - - - - - 50.0

Table 2.5-4. Ultimate Analysis of Wood and Bark,
percent by weight

Dry Average Wet Average
Wood? Barkb Woodd Bark
Carbon 53.7 26.5 26.8 13.2
Hydrogen 6.1 8.2 3.0 4.1
Sulfur 0.0 0.1 0.0 0.05
Nitrogen 0.3 0.0 0.2 0.0
Ash 2.6 1.7 1.3 0.8
Oxygen 37.3 62.0 18.6 31.0
Water - - 50.0 50.0

a) See Table 2,5-3.
b) Reference No. 4.
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Comparable Emission Data for Wood,

Bark, and Coal Combustion

Emissions, 1bs/ton of fuel firedg_

Fuel Type and 3 b F Ref.

Equipment Tyne Part. CO HC NOX 502 Carbonyls No.

>

Bark Boilers 307 Y -- -- -- 2.3 -- 4

Coal-fired

Industrial e

Boiler-Stoker 5A 1.5 1T to 6 to 5,7

2.5 15
Open Pit
Burning 4.6 to -- -~ 4 -- 0.4 to 0.9 6
12.8

a) HC expressed as methane.

b) NOX expressed as NOZ’

c) Wood weighed on an as-fired basis of 45-50% moisture content.

d) Value represents the lcading reaching the control equipment
used on this type of furnace, and is an average of 15 reported
installations. The range of emissions was 21-36 1b/ton of
wood, based on 50% reinjection of flyash.

e) Percent ash in coal; See Reference 5.

f) Expressed as formaldehyde. N

¥ ’: o
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3. REFUSE DISPOSAL

While incineration from an air pollution viewpoint is not
a recommended form of solid waste disposal, it does occur in almost
every part of the country and forms a significant part of the air
pollution problem. More than five pounds per day of solid waste
are currently collected from every person in this country, and this
value is increasing by 2-3% per year.

Approximate Particle size, microns - % by weight
Process D44 20-44 10-20 5-10 <5

funicipal Incineration 45 18 15 10 12

Atmospheric emissions, both gaseous and particulate, result
from refuse disposal operations which utilize combustion to reduce
the quantity of refuse. Many types of solid waste are currently
disposed of by a wide variety of combustion methods including both
enclosed and open burning. Emissions from these combustion processes
cover a wide range because of their dependence on the refuse burned,
the method of combustion or incineration, and the efficiency of
combustion. Many of these variables are not well controlled during
incineration.

Reported factors were largely based on measured emission data.
These data were found to vary considerably. The number chosen as

the emission factor represented our best judgment based on the
available data.



3.1 REFUSE INCINERATION

Process Description

Refuse incineration is the process of reducing combustible
wastes to inert residue by the use of high temperature
combustion. A wide variety of incinerators presently in
existence. Due to the variations in incinerator design, the types
of waste, and the methods of operation, incinerator emissions
vary widely. The most common type of incinerators consists of
a refractory lined chamber with a grate upon which refuse is
burned. This primary chamber may be followed by a secondary
combustion chamber to promote . more complete combustion
of the particulate and gaseous material which is carried
over from the primary chamber. Many small size incinerators
are single chamber units which vent the gases from the primary
combus tion chamber directly into the exhaust stack.

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

°Municipal incinerator - A multiple chamber unit with
capacities greater than 50 tons per day usually equipped
with automatic charging mechanisms and temperature
controls. Municipal incinerators are usually equipped
with some type of particulate control device such as

a spray chamber.

°Industrial/commercial incinerators - These units cover

a wide size range and are generally in the 50-4000 1bs

per hour range. They are frequently manually charged,

operate intermittently, and may be either single or
multiple chamber designs. Emission control systems
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among the better designs include gas-fired afterburners
and/or particulate scrubbing systems.

°Domestic incinerators - This category includes incinerators
marketed for residential use. They are fairly simple in
design (with single or multiple chamber) and usually are
equipped with an auxiliary burner to aid combustion.
°Flue-fed incinerators - These units, commonly found in
large apartment houses, are characterized by the charging

method which consists 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.
°Pathological incinerators - These are incinerators used
to dispose of animal remains and other high moisture
content organic material. Generally, these units are

in a size range of 50-100 pounds per hour. They are
equipped with combustion controls and afterburners
to insure good combustion and minimum emission.

Factors Affecting Emissions

Operating conditions, refuse composition, and basic
incinerator design have a great effect on emissions. The manner
in which air is supplied to the combustion chamber or chambers
has the greatest effect on the quantity of particulate emission.
Air may be introduced from beneath the chamber, from the side
or from the top of the combustion area. As underfire air
is increased, an increase in fly ash emission is noted.

The way in which refuse is charged has a great effect on the
particulate emissions. Improper charging causes a disruption
of the combustion bed with the subsequent release of large
quantities of particulate. Emission of oxides of sulfur
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dependent on the sulfur content of the refuse. Nitrogen .oxide
emissions depend on the temperature of the combustion gases,
residence time in the combustion zone, and the excess air rate.
Carbon monoxide and hydrocarbon emissions also depend on the
quantity of air supplied to the combustion chamber and the
efficiency of combustion.

Emissions

Table 3.1-1 lists the particulate and gaseous emission
factors for various incinerator types and classes based on
data in the Appendix. Properly operated multiple chamber
incinerators promote more complete combustion and subsequently
produce less emission than those of the simple single chamber
design. The single chamber high temperature regulated air
("starved air") incinerator is not included as a simple single
chamber design in this summary. The high temperature
incinerators employ a burner, at the base of the stack, to
achieve low particulate emission rates.

Table 3.1-2 lists the relative collection efficiencies
of various types of control equipment for incinerators. This
control equipment has little effect on gaseous pollutant emis-
sions. Table 3.1-3 lists a chemical analysis of
particulate emissions from a municipal incinerator, and Figure
3.1-1 shows the particle size distribution of particulate
emissions from a municipal incinerator.]]’ 12
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Table 3.1-2. Particulate Control Efficiencies of Various Types
of Control Equipment Applied to Municipal Incinerators

System Type Efficiency, %
Settling Chamber 0 to 30
Settling Chamber and Water Spray 30 to 60
Mechanical Collector ' 30 to 80
Scrubber 80 to 95
Electrostatic Precipitator 90 to 96
Fabric Filter 97 to 99

a) Based on Reference 1.

Table 3.1-3. Chemical Analysis of Fly Ash Samples From Typical
Municipal Incinerator

Component Percent of Particulate Emitted
Organic 10.4
Inorganic 89.6

Silica as 5102 36.1

Iron as Fe20 4.2

Alumina as A1203 22.4

Calcium as Ca0 8.6

Magnesium as Mg0 2.1

Sulfur as SO3 7.6

Sodium and potassium oxid»s 19.0
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Reliability of Emission Factors

Emission factors for particulates from multiple chamber
municipal incinerators was largely based on data obtained
by various Bureaus of the Public Health Service. The sampling
techniques are set forth in "Specifications for Incinerator
Testing at Federal Facilities”.

Substantial particulate emission data on small sized
incinerators was obtained from Resources Research, Inc. (RRI),
source sampling information and from 1iterature sources.

Most of the RRI data was obtained using the PHS procedures
or a modification of these procedures.

Gaseous emission data were not as readily available as
particulate emission data. Considerable variation was found
due to the difference in incinerator operation.

The emission factor information in this section incor-
porates much previously unpublished information obtained
from RRI's source tests and various Bureaus of the Public
Health Service. RRI data, PHS data and Los Angeles County

data have been considered as more reliable than other data
found.
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Table 3.1-4. Emission Factor Ranking for Incinerators

Municipal Incinerators
Particulate
Gases

Commercial/Industrial
Particulate
Gases

Domestic
Particulate
Gases

Flue Fed
Particulate
Gases

Pathological
Particulate
Gases

Emission Process Engineering Total
Data Data Analysis
0-20 0-10 0-10
15 8 28
8 21
15 5 25
8 5 18
13
13
15 25
3 5 13
10 8 23
8 5 8 21

Table 3.1-4 indicates that most of the particulate emission
factors are considered good, while most of the gaseous factors

are considered questionable.

No major assumptions were made in obtaining these data
since they are mainly based on actual emission measurements.
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APPENDIX 3.1

Table 3.1-5. Emissions from Municipal Multiple Chamber
Incinerators, 1bs/ton of Refuse Charged

Particulate SOXa HCb NOXC C0 Reference
35 1
8.1 <0.08 2.4 4 2
189 1 2.5 0.67 2
9 | 1.8 0.34 2.4 0.3 3
12.4 1.8 1.4-3.3 0.7 4
25.1 4
9.1 4
30.8 4
11.8 4
0.8 5
2.3 5
3.1 5
1.2 5
2.8 5
0.1 6
20.4°% 7
14.5° 7
14.8° 7
17.2° 7
13.6° 7
3 1.0 3.0 8
2.6° 2
179€ or 30 1.5 1.5 2 0.8 Factor

.6-20) (3-35) (1.0- 1.8) (0.1-1.8)(0.1-3.3) (0.3-4) Range

a) SOX expressed as SOZ; c) NOX expressed as NOZ‘

b) Hydrocarbons expressed as methane. d) After settling chamber.
When the referenced data was reported )
as hexane, it was converted to €
methane by multiplying by 96/86.

After water spray system.



Table 3.1-6. Emissions from Industrial and Commercial Multiple
Chamber Incinerators, 1bs/ton of Refuse Charged
Particulate Hc@ N0 o Reference
6.2 © 3.6 25 2
3.7 3
3.4 3
0.28 0.05 4
4.7¢ 9
4.69 9
4.8 16(6 to 20) 3.5  7(4to9) 9
5.2¢ 9
3.5 1€ 2.5 2.9 5
0.3 8
5 (with water 3 3 10 Factor
sprays)
3.4-6.2 0.3-20 Z2.5-3.5 0.05-25 Range
a) HC expressed as methane. d) With low efficiency scrubber
or spray system, average of
b; NO, expressed as NO,,. three tests.
c) With auxiliary burner in . .
h e) Originally reported by
primary chamber. Williamson as <1 expressed
as hexane.
Table 3.1-7. Emissions from Industrial and Commercial Single Chamber
Incinerators, 1bs/ton of Refuse Charged
Particulate HC3 NOXb co Reference
4.1°¢ 0.45 1.6 4.3 2
31.0 3
20-50 84 4
23.8 0.1 197-991 5
6.39 8 2 5.6(2 to 8) 9
6.99 19 2.5 9
14.2¢ 9 2 8 9
15 15 2 20 Factor
4.1-31.0 0.45-50 0.1-2  4.3-991 Range
a) HC expressed as methane. ¢) No underfire air.
b) NO, expressed as NO,. d) With water sprays.
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Table 3.1-8. Emissions from Flue Fed Incinerators,
1bs/ton of Refuse Charged.

b

Particulate SOXa HC NOXC Reference
40 1.3-4.4 4
0.5 8
76 2.2 6 5
52 5
48 5
37 5
37 5
34 5
25 5
23 5
23 5
19 5
17 5
7 5
26.2 0.5 0.07 6
13.4 10
3.9 10
11.7(with scrubber) 9
14.5(with scrubber)
33(no scrubber) 0.5 14 2.9 Average
7-76 Z.2-40 1.3-6 Range Used

a) SOx expressed as SO,.
b) HC expressed as methane.
c) NO, expressed as NO,.



Table 3.1-9. Emissions from Modified Flue Fed Incineratorsf,
1bs/ton of Refuse Charged

particulate 50, HCP NO.C O Reference

6.1 0.5 16 5

6.5 4.2 5

5.9 7 5

5.2 5

5.6 5

1.2 5

10.2 0.14 6

5.9(1.3 after water 9

spray)

5.3 9

6 0.5 3 10 Factor

1.2 to 10.2 7 to 16 Range

a) SOX expressed as 502. d) Esyimate based on commercial

b) HC expressed as methane. units.

c) NO, expressed as NO,. e) Chute fed unit, average of 3 tests.
f) With afterburners and draft

controls.

Table 3.1-10. Emissions from Domestic Incinerators (Without Gas-Fired
Primary Burner), 1bs/ton of Refuse Charged.

Particulate SOXa HCb NOXC co Reference
39 0.4 100 74 300
100 300-600 4

a) SO, expressed as 50,.
b) HC expressed as methane.
c) NO, expressed as NO,

d) Final factor was based on single chamber incinerator.
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Table 3.1-11. Emissions from Domestic Incinerators (With Gas
Afterburner), 1bs/ton of Refuse Charged

Particulate SOXa HCb NOXC co Reference

6.3 0.4 1.5 2.0 3

a) S0, expressed as SO,.
b) HC expressed as methane.
c) NO expressed as NO,

Table 3.1-12. Emissions from Pathological Incinerators, 1bs/ton
of Refuse Charged

Particulate Hcd NOXb Reference
2.3 neg. 1.2 5

8.0 neg. 1.6 5

3.1 neg. 8.8 5

7.3 neg. 2.0 5

5 © neq. 3 Factor
2.3-8.0 1.2-8.8 Range

a) HC expressed as methane.
b) NOX expressed as N02.
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3.2 AUTOMOBILE BODY INCINERATION

Process Description

Approximately 10 million automobiles are scrapped each year in
the United States,] and the accumulation and eventual disposal of
these discarded bodies presents an increasing problem in urban areas.

For many years open burning of automobile bodies to prepare them for use in
the steel industry has been practiced, but the heavy black smoke

resulting from this practice has led to regulations banning this form

of open burning in many areas.

However, burning is still a practical way to prepare scrapped cars
for steel processing if the air pollution problems resulting from the
incomplete combustion of paint, upholstery, insulation, floor mats, hoses,
etc., can be solved. In an attempt to reduce the various air pollutants
produced by this burning, automobile incinerators have been developed which
are equipped with emission control devices. Both afterburners and/or
Tow voltage electrostatic precipitators have been used to reduce
particulate emission52’3, with the former also reducing some of the
gaseous emissions. Afterburner particulate removal efficiencies of
about 40% have been reported.3

Automobile incinerators consist of a primary combustion chamber into
which the partially stripped car(s) is placed. The car is then ignited, and
the incinerator doors are closed. Approximately 30-40 minutes are
required to burn two bodies simu]taneous]y.4 Up to 50 cars per day
can be burned in this batch type operation depending on the size of the
incinerator, that is, the number of cars burned simultaneously. Continuous
operations in which cars are placed on a conveyor belt and passed through
a tunnel type of incinerator have capacities of more than 50 cars
per 8 hour day.

Factors Affecting Emissions

Both the degree of combustion as determined by the incinerator design,
and the amount of combustible material left on the car greatly affect combus tion.
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Temperatures on the order of 1200°F are reached during automobile body
incineration.4 This relatively low combustion temperature is caused
by the large incinerator volume needed to contain the bodies as
compared to the small quantity of combustible material. The use of
overfire air jets in the primary combustion chamber will increase
combustion efficiency by providing air and increased turbulence.

Normally tires are removed from the cars before incineration.
Incineration with tires would tend to increase the particulate emissions.

When afterburners are used to control emissions, the temperature
in the secondary combustion chamber should be at Teast 1500°F. Lower
temperatures will result in higher emissions.

Emissions

Particulates in the form of smoke, aldehydes, hydrocarbons,
organic acids, and nitrogen oxides are emitted from the combustion
of junked automobiles. Particulate is composed of approximately
67% combustible matter, largely carbon.4

Table 3.2-1 presents a summary of emission data reported in the
literature. More detailed data and related calculations are provided
in the Appendix 3.2.

Table 3.2.-1. Emissions from Automobile Body Incineration,
1bs/Car Burned

Uncontrolied With Afterburner
Particulates 2 (1.6 - 2.1) 1.5 (1 - 1.9)
co 2.5 (2 - 3) negligible
HC (as methane) 0.5 (0.3 - 0.7) negligible
Aldehydes (as HCOH) 0.1 (0 -0.2) 0.02
Organic Acids (as Acetic) 0.2 (0 - 0.4) 0.06

Nitrogen Oxides (as N02) 0.3 (0.2 - 0.4) 0.4



Reliability of Emission Factor

Limited emission testing has been done on automobile body incinera-
tion. However, the reported data agree fairly well considering the
process variables inherent in any type of incineration.

Table 3.2-2 presents the factor ranking.

Table 3.2