Lesson 6

Air Pollution Emissions, Regulations,
and Control Techniques for Industrial
and Utility Boilers

Lesson Goal and Objectives
Goal

To familiarize you with the air pollution emissions generated in a boiler, the air
pollution regulations that limit the amount of pollution that can be emitted from a
boiler, and the control techniques used to reduce these emissions.

Objectives

Upon completing this lesson, you should be able to—
1. name three air pollutants emitted from a boiler,
2. recognize two regulations that have been adopted to limit the amount of air
pollution that can be emitted from a boiler, and
3. recognize at least three control techniques and equipment used to reduce
particulate, SO, and NO, emissions from a boiler.

Air Pollution Emissions

Air pollution emissions generated from burning fossil fuels in a boiler are particulate
matter, sulfur dioxide (SO,), nitrogen oxides (NO;), and carbon monoxide (CO).
These are emitted in varying amounts depending on the fuel burned and the boiler’s
operating conditions. A complete listing of emission factors for particulates, SO,
and NO, emitted from boilers is given in the EPA publication AP-42.

Particulate Matter

Particulate matter is emitted from a boiler stack when fossil fuel is burned in the
furnace. Since coal usually contains a higher content of ash than does fuel oil or gas,
the particulate emissions from coal-fired boilers are usually greater than those from
oil-or gas-fired boilers. In fact, when natural gas is burned in a boiler, particulate
emissions are almost nil. Coal-fired boilers produce different amounts of particulate
emissions depending on ash content of the coal and the way the fuel is burned in the
furnace. For instance, when coal is pulverized and burned in a pulverized coal-fired
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boiler, the particulate emissions are higher than those from an underfeed, overfeed,
or spreader stoker boiler. Underfeed, overfeed, and spreader stoker boilers burn a
coarser coal than do pulverized coal-fired boilers, resulting in coarser fly ash in the
exhaust gas. Emission factors used to estimate particulate emissions from coal-fired
boilers are listed in Appendix A.

For fuel-oil combustion, particulate emissions vary depending on the grade and
composition of the fuel burned, the type and size of the boiler, and the firing and
loading practices. Loading practice refers to the percent capacity—such as 50%,
75%, or 100% of the boiler's rated capacity —at which the boiler is operated. The
amount of particulate emissions resulting from burning fuel oil depends mostly on
the grade of the fuel burned. Fly ash emissions are greater when burning heavy
residual oils (Nos. 5 and 6 grades) than when burning lighter distillate oils (No. 2
grade). Particulate emissions are also a function of the sulfur content when burning
residual oil. The higher the sulfur content for residual oil, the higher the particulate
emissions generated. This is because high sulfur residual oil contains more ash,
sulfur, and heavy organic compounds that are difficult to burn cleanly. Emission
factors used to estimate particulate emissions from oil- and gas-fired boilers are listed
in Appendix A.

Sulfur Dioxide

Sulfur dioxide emissions occur when the sulfur contained in the fuel is oxidized to
SO;. Therefore, the lower the amount of sulfur contained in the fuel, the lower the
resulting emissions will be when the fuel is burned. Natural gas contains very little
sulfur and, consequently, a very small amount of S0, is emitted from a gas-fired
boiler. Fuel oils contain varying amounts of sulfur in the oil. The heavier oils usually
contain more sulfur than do the lighter oils. SO, emissions resulting from burning coal
will depend on the amount of sulfur contained in the coal. Low sulfur western coal
usually has a sulfur content of less than 1% whereas some high sulfur eastern coals
contain between 3 and 6% sulfur. The higher the sulfur content in the coal, the
larger the amount of SO, emitted. Emission factors used to estimate SO, emissions
from boilers are listed in Appendix A.

Nitrogen Oxide

When fossil fuels are burned in a furnace, nitrogen oxides (NO,) are formed by two
processes. In the first, the nitrogen and oxygen contained in the combustion air react
at the high temperatures in the furnace to form nitrogen oxide (NO). In the second,
the nitrogen compounds contained in the fuel are oxidized to form NO. The impor-
tant factors that affect the formation of nitrogen oxides are: flame and furnace
temperature, residence time that the combustion products are at the flame
temperature, the nitrogen and oxygen content of the combustion air, and the
nitrogen content of the fuel that is burned. In large boilers, approximately 95% of
the NO, is in the form of NO, the remainder is nitrogen dioxide (NO,).

In boilers, nitrogen oxide emissions will vary depending on the fuel burned. If
coal is burned, NO, emissions will be high because coal has a high percentage of
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nitrogen and the temperature of the flame is high. For fuel oil, the NO, emissions
will vary depending on how much nitrogen is contained in the fuel oil and also on
the conditions in the furnace. NO, emissions from gas-fired boilers occur mainly
because of the high temperatures in the furnace since natural gas contains very little
nitrogen. Emission factors used to estimate nitrogen oxide emissions from boilers are
listed in Appendix A.

Carbon Monoxide

Carbon monoxide (CO) is formed as a result of the incomplete combustion of the
fuel (see Lesson 2). If the boiler is operated properly, the CO emissions will be
relatively low regardless of the fuel that is burned.

Emission Regulations*

The Federal government has set standards for pollutant levels in the ambient air.
These standards, known as the National Ambient Air Quality Standards (NAAQS),
are specified for the following pollutants: sulfur dioxide (SO,), carbon monoxide
(CO). ozone (O;), nitrogen dioxide (NO,), particulate matter, and lead. In order
that these ambient standards can be attained, industrial source emission standards
have also been set. State and local air pollution control agencies have adopted
regulations to limit the pollutant concentration that can be emitted. The Federal
government has set New Source Performance Standards (NSPS) for industrial
sources. Two NSPS for boilers have been promulgated, and a third should be
promulgated in late 1984 or early 1985.

New Source Performance Standards
for Fossil Fuel-Fired Steam Generators

EPA has promulgated NSPS for fossil fuel-fired steam generators (FFFSG) with heat
input greater than 73 MW (250 x 10¢ Bru/hr). These standards establish particulate,
sulfur dioxide, and nitrogen oxide emission limits for steam generators whose “con-
struction commenced” after August 17, 1971 (Table 6-1). This standard is covered
under Subpart D, Part 60, Code of Federal Regulations. The Code of Federal
Regulations defines a fossil fuel-fired steam generator as a furnace or boiler used in
the process of burning fossil fuel (natural gas, oil, coal, or wood) for the purpose of
producing steam by heat transfer. This NSPS covers both utility and industrial
boilers rated greater than 73 MW (250 x 10¢ Btu/hr heat input). The term “con-
struction commenced” is defined in the Clean Air Act and does not necessarily mean
that actual physical construction was initiated. It may be interpreted as the date that
a permit is initiated at the air pollution control agency.

*The majority of the following sections are adapted from Beachler and Joseph, February, 1984.
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Emission monitoring requirements are also given in Table 6-1. Continuous emis-
sion monitors for monitoring opacity, SO,, and NO, emissions are required for all
fossil fuel-fired steam generators rated greater than 73 MW (250 x 10¢ Btu/hr heat
input) installed after August 17, 1971. EPA has proposed an amendment to Subpart
D to allow fuel sampling or manual stack sampling (modified EPA Method 6) to be
used in place of continuous SO, emission monitors. -

Table 6-1. New Source Performance Standards for fossil fuel-fired steam
generators rated greater than 73 MW (250 x 10* Bru/hr heat
input). Subpart D, new sources installed after August 17, 1971.

. . . . Emission
Emissions Me:nc /u)nus %nbgjl;;l: ]t;mts Fuel monitoring
ng/J tu) requirement
Particulate* 43 0.1 Gas, liquid, solid -
50, 340 0.8 Liquid (oil) Continuous
520 1.2 Solid (coal) Continuous
NO, 86 0.2 Gas Continuous
130 0.3 Liquid (oil) Continuous
300 0.7 Solid (except lignite) | Continuous
*Opacity is not to exceed 20% for periods over six minutes in one | Continuous
hour, and opacity is never to exceed 27% (for burning all fuels).

Note: For utility boilers, this standard applies to boilers installed after August 17,
1971 but before September 18, 1978.

New Source Performance Standards
for Electric Utility Steam Generators

EPA promulgated NSPS for electric utility steam generators with heat input greater
than 73 MW (250 x 10¢ Btu/hr) for which construction commenced after September
18, 1978 (Table 6-2). This standard is covered under Subpart Da, Part 60, Code of
Federal Regulations. The Code of Federal Regulations defines electric utility steam
generating unit as any steam generator that is constructed for the purpose of supply-
ing more than one-third potential electric capacity and more than 25 MW electrical
output to any utility power distribution system for sale. This standard is more strin-
gent than Subpart D and applies only to utility steam generators.
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Table 6-2. New Source Performance Standards for fossil fuel-fired steam Zenerators
rated greater than 73 MW (250 x 10° Btu/hr heat input). Subpart
Da, new sources installed after September 18, 1978,

. . . . Emission
Emissions | Metric units | English units Fuel monitoring
Particulate* 13 0.03 Gas, liquid, solid —
S0, 340 0.8 Liquid or gaseous Continuous
and 90% 50, reduction is
required unless emissions are
less than
86 0.2
520 1.2 Solid (coal) Continuous
and 90% SO, reduction is
required unless SO,
emissions are less than
260 0.6
then 709 SO, reduction is
required
® sliding scale is between
70% and 90% as long as
emissions (after control)
are less than 0.6 1b/10* Btu
NO, 86 0.2 Gasecus (except coal derived) | Continucus
130 0.3 Liquid (except coal derived) | Continuous
210 0.5 Subbituminous coal Conrinuous
260 0.6 . Bituminous/anthracite coal Continuous
and lignite
340 0.8 Lignite mined in ND, SD, Continuous
and Montana burned in
a slag-top furnace
*Opacity is not to exceed 20% for periods over six minutes in one hour, Continuous
and opacity is never to exceed 27% (for burning all fuels).

The NSPS for electric steam generators built after September 18, 1978 requires an
SO, emission reduction (usually flue gas scrubbing). In boilers burning coal, the SO,
emissions must be less than 1.2 1b/10¢ Btu. Also, a 909 reduction of SO, emissions
is required for sources burning high sulfur coal. If the emissions are less than
0.6 1b/10° Btu (coal-fired units) then only 70% SO, emission reduction is required.
A sliding scale of control is between 709 and 909%, as long as the SO, emissions
after control are less than 0.6 1b/10¢ Btu. Boilers burning low sulfur coal (usually
less than 1%) generally have SO; emissions less than 0.6 1b/10° Btu. Some sulfur
contained in coal can be removed by coal washing before it is burned. This can
enable the plant to meet the standard by partial scrubbing (70 to 90%) as long as
the emissions are less than 0.6 1b/10° Btu. For oil-fired utility boilers, the SO, emis-
sions must be less than 0.8 1b/10¢ Btu and 90% SO, emission reduction {scrubbing)
1s required, unless the emissions are less than 0.2 1b/10¢ Btu. In this case, no
scrubbing is required.

For example, a power plant (> 250 x 10% Btu/hr) cannot have SO, emissions
exceeding 1.2 Ib/10¢ Btu. In addition, the plant is required to reduce the SO, emis-
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sions by 90%. If the plant’s ernissions are less than 0.6 1b/10¢ Btu, then only 709
scrubbing is required. It is possible that the SO, emissions will fall between 0.6 and
1.2 1b/10% Btu. In this case, 909, scrubbing is required. It is also possible to meet
the NSPS standard by scrubbing 85% if, and only if, the plant's emissions do not
exceed 0.6 1b/10° Btu. A useful graphical representation of the 1978 NSPS for sulfur
dioxide emission limitations from fossil fuel-fired steam generators (utility boilers) is
shown in Figure 6-1.
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Source: Beachler and Joseph, 1984.

Figure 6-1. 1978 NSPS for utility boilers—required
50, reduction.

A number of economic and energy impacts were considered when EPA decided to
set this NSPS standard. One factor that made the variable 70 to 90% control rule
attractive was the encouragement to use control technology such as dry FGD
scrubbing that can easily remove 709 of SO, emissions from flue gas. Another fac-
tor was that the rule would encourage the use of locally-available coal and would not
create an economic incentive for burning low-sulfur western coal (Costle, 1977).

Emission monitoring requirements were also given in Table 6-2. Continuous emis-
sion monitors for monitoring opacity, SO,, and NO, emissions are required for all
fossil fuel-fired steam generators rated greater than 73 MW (250 X 10¢ Bru/ hr)
installed after September 18, 1978.

Every four years an NSPS that has been promulgated is reviewed by EPA. In 1984
the NSPS for utility boilers will be reviewed, possibly resulting in some changes to
the current standard.
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Proposed New Source Performance Standards
for Industrial Boilers

Proposed New Source Performance Standards for industrial boilers were published in
the Federal Register on June 19, 1984. The proposed NSPS affects boilers with a
heat input capacity of greater than 29 MW (100 X 10° Btu/hr). The draft was
published as Subpart Db, Part 60, Code of Federal Regulations. The proposed
regulations establish limits for particulate and NO, emissions from industrial boilers
firing coal, oil, natural gas, wood, or solid waste. The proposed emission limits
supersede the particulate and NO, standards given in Subpart D for industrial
boilers greater than 73 MW (250 x 10% Btu/hr) heat input. The changes to Subpart
D would not be retroactive, and these changes would only apply to new industrial
boilers that are “constructed” after June 19, 1984.

There are no SO, emission limits included in the proposed standard. The pro-
posed standard does not revise the SO, emission limits given in Subpart D for
industrial boilers greater than 78 MW (250 x 10¢ Btu/ hr). SO, emission limits given .
in Subpart D still apply. A proposed standard for limiting SO; emissions from
industrial boilers is being worked on by the EPA staff, with a projected proposal
date of 1985.

Air Pollution Control Equipment

Particulate Emissions Control

Particulate emissions are controlled by using cyclones, wet scrubbers, electrostatic
precipitators (ESPs), and fabric filters (baghouses). Cyclones are generally used to
remove particles larger than 10 pm in diameter. These devices are occasionally used
before wet scrubbers, ESPs, or baghouses to remove large particles. Wet scrubbers
are generally used when both particulate and SO, emission reduction is desired.
Electrostatic precipitators have been used to reduce particulate emissions from
boiler flue gas for over 50 years. ESPs have been designed to remove particles with at
least 99.5% efficiency. ESPs used on boiler exhaust generally contain discharge elec-
trodes and collection plates. The discharge electrodes are either long thin wires or
wires attached together in rigid frames. Discharge electrodes create a strong electric
field that ionizes flue gas as it passes through the ESP. This ionization charges the
particles in the flue gas. Charged particles migrate to and are collected on oppositely
charged collection plates. Cold-side ESPs are located behind the combustion air
preheaters where the flue gas temperatures are approximately 400°F or less. Hot-side
ESPs are located in front of air preheaters and are used to clean flue gas having
temperatures greater than 572°F. One problem in using ESPs occurs when low-sulfur
coal is burned in a boiler. The resulting fly ash has high resistivity and is difficult to
collect. Hot-side ESPs were popular in the early 1970’s for removing fly ash having
high resistivity. However, many of these hot-side ESPs did not operate reliably, and
vendors recently favor the use of cold-side ESPs and conditioning agents. Some of
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these conditioning agents include sulfur trioxide, sulfuric acid, ammonia, sodium
chloride, or soda ash. ESPs are covered in detail in APTI Course 412B Electrostatic
Precipitator Plan Review (EPA 450/2-82-019). .

Baghouses have been used to remove fly ash from flue gas at over 100 industrial
and utility boiler installations in the U.S. Reports have shown that baghouses used
on pulverized-coal-fired utility boilers are routinely capable of achieving collection
efficiencies of 99.99%, stack opacities well below 5%, and outlet concentrations of
0.005 1b/10° Btu (Carr and Smith, 1984). The collection efficiency for baghouses
used on industrial coal-fired boilers has been equally high,

Baghouses are located downstream of air preheaters where the flue gas
temperatures are typically 300 to 350°F. Baghouses contain long cylindrical bags
made with fabric material. Bags hang vertically in the baghouse and filter dust on
the outside or inside of the bag, depending on the baghouse design and purpose.
The flue gas temperature in the baghouse must be carefully controlled and must be
high enough to prevent water or acid from condensing in the baghouse. However,
the temperature must be low enough (<500°F) to keep the fabric material from
deteriorating. Many baghouses use bags made of fiberglass that are coated with
Teflon®, silicone, or graphite either singly or in combination. Other materials such
as Teflon®, Ryton®, and acrylics have been used. Utility-boiler baghouses almost
always contain fiberglass bags and use reverse air cleaning or shake and deflate
cleaning. Industrial-boiler baghouses contain bags made with fiberglass, Teflon®,
Nomex?®, and Ryton®, and they clean dirty bags by reverse air, shaking, and pulse
jet techniques. Baghouses are covered in detail in APTI Course 412B Baghouse Plan
Review (EPA 450/2-82-005).

The required emission reduction efficiencies for meeting the various NSPS emis-
sion levels for particulate matter are given in Table 6-3. Baghouses and electrostatic
precipitators are the most popular particulate emission control devices used to meet
the NSPS (for particulate matter) on coal-fired boilers because they are generally the
only devices that can consistently meet the 0.03 1b/10% Bru emission limitations, Wet
scrubbers are also used, but usually only when SO, emission control (FGD systemns) is
required. A summary of particulate matter control devices used to develop the pro-
posed industrial boiler NSPS emission limits is given in Table 6-4.
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. Table 6-3. Required efficiencies to achieve NSPS control levels

for particulate emissions.

Uncontrolled Efficiency required at the given emission limit (%)
Boiler type Fuel. cmissions
anal
and fuel s ng/J 43 ng/J 21.5 ng/J 13 ng/J
%ah 1 (b/10*Bew | 0.1 16/10°Brw | 0.05 1b/10° Bea) | (0.08 Ib/10° Bru)
Pulverized coal” 5t 11 1522 10 3350 97.18 to 98.72 98.59 10 99.34 99.15 1o 99.62
(3.54 10 7.79)
Spreader stoker* 51to 11 1165 ro 2563 96.31 to 98.32 98.16 1o 99.16 98.89 to0 99.50
(2.7] ro 5.96)
Chain grate stoker* 5to 1l 447 to 985 90.38 10 95.63 95.19 o 97.82 97.12 1o 98.69
(1.04 to 2.29)
Underfeed stoker* 5w 11 224 1o 490 80.77 10 91.23 90.38 to 95.61 94.23 10 97.57
(0.52 to 1.14)
Residual oil® 5% sulfur 96 55.16 77.58 86.55
19, ash (0.223)
Distillate oil® 0.5% sulfur 6.3 - - -
(0.0146)
Natural gas® — 0.34 to 6.45 - — -
(0.0008 to 0.015)

AReference AP-42 ex

emissions on a kg/MT (lb/ton) of fuel burned basis. A conversion factor of
k]/kg (12,000 Bru/Ib) was used.
"Reference AP-42 expresses emissions on a kg/1000 £ (Ib/1000 gal) of fuel burned basis. Conversion factors
of 43,043 k]/kg (18,500 Btu/lb) and 45,345 k]/kg (19,500 Bru/Ib) were used to convert factors to a
heat input basis for residual and distillate oil respectively. Densities of 0.96 kg/f (8.0 Ib/gal) and
0.84 kg/f (7.0 1b/gal) were also used.
“Reference AP-42 expresses cmissions on 2 kg/10° m?® (Ib/10* ft*) of fuel burned basis. A conversion
factor of 50,707 k]/kg (21,800 Btu/Ib) and a density of 0.722 kg/m? (0.0451 Ib/ft*) were used.

Table 6-4. Summary of particulate matter control devices to meet the
proposed NSPS emission limits.

Fuel

Coal

Wood
Solid waste

above fuels

Coal equipped with wet
scrubbing FGD systems

Fuel mixtures containing

Basis of Proposed emission limits
proposed standard | ng/J (Ib/million Btu) heat input
ng/] 1b/10* Btu Opacity
Fabric filter/ESP 21.5 0.05 20%
Wet scrubber 43 0.10 20%
ESP/wet scrubber 43 0.10 20%,
ESP 43 0.10 20%
ESP/wet scrubber 43 0.10 20%
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Sulfur Dioxide Control

Sulfur dioxides (50,) are emitted from coal-fired and oil-fired boilers burning fuels
that contain sulfur. SO, emissions have been controlled by both wet and dry
scrubbing. These are usually called flue gas desulfurization (FGD) processes. The two
most popular wet scrubbing methods are lime and limestone scrubbing. Approx-
imately 75% of all installed FGD systems use a lime or limestone slurry as the
scrubbing liquor. Here SO, reacts with the lime or limestone slurry to form calcium
sulfite and calcium sulfate sludge. The sludge must be disposed of in 2 pond or
landfill. Other wet scrubbing systems include the Dual Alkali, Wellman-Lord, and
Magnesium Oxide processes. Most wet scrubbing FGD systems are capable of reduc-
ing SO, emissions by 90%. Therefore, these wet FGD systems can usually be used to
meet the SO, emission reduction requirements for the NSPS (Subpart Da).

In dry FGD scrubbing, an alkaline slurry is injected in a spray dryer with dry par-
ticle collection in a baghouse or electrostatic precipitator. Spray dryers are vessels
where hot flue gases are contacted with a fine, wet, alkaline spray. SO, emissions are
sorbed by the alkaline spray. The high temperature of the flue gas, 250 to 400°F,
evaporates the moisture from the alkaline spray, leaving a dry product. The dry
product is collected in a baghouse or ESP. Dry scrubbing FGD systems can remove
approximately 75 to 90% of the SO, emissions.

EPA-IERL is currently working on a promising technology called Limestone
Injection Multistage Burner (LIMB). In this process, limestone is injected with
pulverized coal and burned in a multistage low NO, burner. Current studies indicate
an SO, reduction of 509 is possible with a limestone stoichiometric ratio of 2.0,

Sulfur oxides can also be reduced by coal cleaning or by using synthetic fuels.
Coal can be cleaned by using physical and chemical coal cleaning methods. Mineral
sulfur can be removed by physical methods in which coal is crushed, washed, and
then separated by settling processes using cyclones, air classifiers, or magnetic
separators. Organic-bound sulfur can be removed by chemical methods such as
microwave desulfurization and hydrothermal desulfurization. The Industrial
Environmental Research Laboratory (IERL) of the EPA is currently involved in
research of these technologies. Coal can also be gasified or liquefied into “cleaner”
synthetic fuels. Commercial operation of synthetic fuel facilities is expected in the
mid 1980’s or early 1990's. Sulfur dioxide emission reduction is covered in detail in
APTI Course 412C, Wet Scrubber Plan Review (EPA 450/2-82-020).

Nitrogen Oxide Control

Nitrogen oxides are emitted from gas-, oil-, and coal-fired boilers. These emissions
can be reduced by two control methods: combustion modtfications and flue gas
treatment. Combustion modifications are changes made in the operation and design
of the furnace. Some of the more widely used combustion modification techniques
include the use of low excess air, staged combustion, flue gas recirculation, and low-
NO, burners. These combustion modifications are done to alter the combustion con-
ditions in the furnace. This can be accomplished by:
® reducing the peak flame temperature,
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* reducing the residence time the combustion products remain in the

chamber, or

* changing the mixing rate of the fuel and air.

NO. emissions can be reduced from 10 to 40% depending on the fuel burned and
the combustion conditions in the furnace. Combustion modification techniques can
usually be used to meet all of the NSPS NO, emission limits (Subparts D, Da,
and Db).

Nitrogen oxide emissions can also be reduced by treating the flue gas after it
leaves the combustion zone. This technique can be used when there is a need to
reduce NO, emissions to very low levels, such as the NO, emission reduction from
utility boilers now required by the South Coast Air Quality Management District in
California. However, flue gas treatment is not required to meet any of the NSPS
standards for industrial or utility boilers.

Flue gas treatment methods include the Exxon Thermal De-NO,, Selective
Catalytic Reduction (SCR), and the Shell UOP processes. These processes have been
used in Japan to reduce NO, emissions from utility boilers. Pilot projects are cur-
rently being tested in the United States at a number of utilities. Full scale units are
expected to be installed in the next few years. The Exxon process has reduced NO,
emissions by 60%, and the SCR and Shell UOP processes have reduced NO, emis-
sions by 90%. Nitrogen oxide emission reduction techniques are covered in detail in
APTI Course 415, Control of Gaseous Emissions (EPA 450/ 2-81-005).

Summary

Industrial and utility boilers can emit significant amounts of air pollutants into the
atmosphere. Air pollution regulations have been developed to limit the amount of
pollution that can be emitted. Regulations such as the NSPS have been one tool
used to help improve and maintain air quality. Major efforts by industry to develop
and install air pollution control devices to meet air pollution regulations will help
our society in its continual struggle for protecting the quality of air we breathe.
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Review Exercise

. True or False? The amount of particulate emissions from
coal-fired boilers depend on the way the coal is burned in
the furnace.

.Inaboiler, ____________ is emitted when the . True
in the fuel is oxidized; while ______ is emitted when
the ______  in the fuel is oxidized and the
mn the air is burned.
- In 1971, an NSPS was promulgated regulating emissions . sulfur dioxide,
from sulfur,
a. electric udility boilers greater than 78 MW. nitrogen oxide,
b. industrial boilers greater than 73 MW. nitrogen,
c. electric utility and industrial boilers greater than nitrogen

73 MW.
d. electric utility and industrial boilers less than 78 MW,

- In 1978, an NSPS was promulgated regulating emissions
from
a. electric utility and industrial boilers greater than
73 MW,
b. industrial boilers greater than 29 MW.
c. electric utility boilers greater than 73 MW.
d. electric utility boilers greater than 29 MW,

. c¢. electric utility

and industrial

boilers greater
than 73 MW.

. The 1978 NSPS for electric utility boilers requires
a. 90% S0; emission reduction and SO, emissions less

. c. electric utility

boilers greater

than 1.2 1b/10¢ Btu. than 73 MW,
b. 70% SO; emission reduction and SO, emissions less
0.6 1b/10¢ Btu.
c. a sliding scale of from 70% to 90% as long as SO,
emissions after control are less than 0.6 1b/10¢ Btu.
d. all of the above
e. a. and b. only
. Boilers burning low-sulfur coal produce fly ash having . d. all of the
high resistivity which is difficult to collect using a above

a. baghouse.

b. electrostatic precipitator.
¢. wet scrubber.

d. dry scrubber.
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7. Because of high temperature flue gas from utility
boilers, baghouses used on them contain
a. coated wool bags.
b. uncoated cotton bags.
c. coated fiberglass bags.
d. all of the above

8. Most FGD installationsuse ___ ___ to reduce SO, 7. c. coated
emissions. fiberglass bags.
a. dual alkali and magnesium oxide scrubbing
b. lime and limestone scrubbing
c. the Wellman-Lord process
d. dry scrubbing

9. Combustion modification techniques are used to reduce 8. b. lime and
nitrogen oxide emissions from boilers. These include limestone
a. low excess air. scrubbing
b. staged combustion. '
c. flue gas recirculation.
d. low NO, burners.
e. all of the above
f. none of the above
9. e. all of the
above
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1. EXTERNAL COMBUSTION SOURCES

External combustion sources include steam-electric generating plants, industrial boilers, commercial and
institutional boilers, and commercial and domestic combustion units. Coal, fuel oil, and natural gas are the major
fossil fuels used by these sources. Other fuels used in relatively small quantities are liquefied petroleum gas, wood,
coke, refinery gas, blast furnace gas, and other waste- or by-product fueis. Coal, oil, and natural gas currently
supply about 95 percent of the total thermal energy consumed in the United States. In 1970 over 500 million
tons (454 x 10® MT) of coal, 623 million barrels (99 x 10° liters) of distillate fuei oil, 715 miilion barrels (114 x
10° liters) of ll'esiduai fuel oil, and 22 trillion cubic feet (623 x 102 Liters) of natural gas were consumed in the
United States.

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 for the

major fossil fuels — coal, fuel oil, and natural gas — as weil as for liquefied pewcleum gas and wood waste
combustion in boilers.

REFERENCE

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

1.1 BITUMINOUS COAL COMBUSTION Revised by Robert Rosensteel!
. and Thomas Lahre

1.1.1 General

Coal, the most abundant fossil fue] in the United States, is burned in 2 wide variety of furnaces to produce
heat and steam. Coal-fired furnaces range in size from small handfired units with capacities of 10 to 20 pounds
(4.5 10 9 kilograms) of coal per hour to large pulverized-coal-fired units, which may burn 300 to 400 tons (275 to
360 MT) of coal per hour.

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

1.1.2 Emissions and Controls

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

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

A number of flue-gas desulfurization processes have been evaluated; effective methods are undergeing full-scale
operation. Processes included in this category are: limestone-dolomite injection, limestone wet scrubbing,
catalytic oxidation, magnesium oxide scrubbing, and the Wellman-Lord process. Detailed discussion of various
flue-gas desulfurization processes may be found in the literature 12,13

1.1.2.3. Nitrogen Oxides!+S - Emissioas of oxides of nitrogen result not only from the high temperature reaction
of atmospheric nitrogen and oxygen in the combustion zone, but also from the partial combustion of nitrogenous
compounds contained in the fuel The important factors that affect NO, production are: flame and fumnace
temperature, residence time of combustion gases at the flame temperature, rate of cooling of the gases, and
amount of excess air present in the flame. Discussions of the mechanisms involved are contained in the indicated
references.

1.1.2.4 Other Gases - The efficiency of combustion primarily determines the carbon monoxide and hydrocarbon
content of the gases emitted from bituminous coal combustion. Sucsessful combustion that results in a low level
of carbon monoxide and organic emissions requires a high degree of turbulence, a high temperature, and
sufficient time for the combustion reaction to take piace. Thus, careful control of excess air rates, the use of high
combustion temperature, and provision for intimate fuel-air contact will minimize these emissions.

Factors for these gaseous emissions are also preseated in Table [.1-2. The size range in.Btu per hour for the
various types of furnaces as shown in Table 1.1-2 is only provided as a guide in selecting the proper factor and is
not meant to distinguish clearly between furnace applications.

TABLE 1.1-1. RANGE OF COLLECTION EFFICI ENCIES FOR COMMON TYPES
OF FLY-A_.EH_CONTROL EQUIPMENT®

Range of collection efficiencies, %
Settling
High- Low- chamber ex-

Type of Electrostatic efficiency resistance panded chimney

furnace precipitator cycione cyclone basss
Cyclone furnace 65 to 99.5b 30 to 40 20 10 30 100
Pulverizedunit | 8010995 | g5t 75 40 to 60 200
Spreader stoker 99 .50 85 t0 90 70 to 80 20 to 30
Other stokers 99.5b 90 tc 95 7510 85 25 to 50

IRefersnces 1 and 2.
BThe maximum efficincy to be expected for this collection device applisd to this type soures,
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1.2 ANTHRACITE COAL COMBUSTION revised by Tum Luhre
1.2.1 Generalls?

Anthracite is a high-rank coal having a high fixed-carbon content and low volatile-matter content
relative to bituminous coal and lignite. It is also characterized by higher ignition and ash fusion tem.
peratures. Because of its low volatile-matter content and non-clinkering characteristics, anthracite is
most commonly fired in medium-sized traveling-grate stokers and small hand-fired units. Some an-
thracite (occasionally along with petroleum coke) is fired in pulverized-coal-fired boilers. None is fired
in spreader stokers. Because of its low sulfur content (typically iess than 0.8 percent, by weight) and
minimal smoking tendencies, anthracite is considered a desirable fuel where readily available.

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

1.2.2 Emissions and Controls3-*

Particulate emissions from anthracite combustion are a function of furnace-firing configuration,
firing practices (boiler load, quantity and location of underfire air, sootblowing, flyash reinjection,
etc.), as well as of the 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 per
centage of ash carryover into the exhaust gases. Traveling-grate stokers and hand-fired units, on the
other hand, produce much less particulste per unit of fuel fired. This is because combustion takes
place in a quiescent fuel bed and does not result in significant ash carryover into the exhaust gases. In
general, particulate emissions from traveling-grate stokers will increase during sootblowing, fly-
ash reinjection, and with higher underfeed air rates through the fuel bed. Higher underfeed air rates,
in turn, result from higher grate loadings and the use of forced-draft fans rather than natural draft to
supply combustion air. Smoking is rarely a problem because of anthracite’s low volatile-matter
content. '

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

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

Traveling-grate stokers are often uncontrolied. Indeed, particulate control has often been con-
sidered unnecessary because of anthracite’s low smoking tendencies and due to the fact that a signifi-

cant {raction of the large-sized flyash from stokers is readily collected in flyash hoppersaswell asinthe
breeching and base of the stack. Cyclone collectors have been employed on traveling-grate stokers;

4/77 External Combustion Sources
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limited information suggests these devices may be up to 75 percent efficient on particulate. Flyash rein-
jection, frequently employed in traveling-grate stokers to enhance fuel-use efficiency, tends to in-
crease particuiate emissions per unit of fuel combusted.

Emission factors for anthracite combustion sre presented in Table 1.2.1.

EMISSION FACTORS 4/77
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Protection Agency, Research Triangle Park, N.C. under Contract No. CPA-70-90. Publication No.
APTD-1163. December 31, 1971.

-

EMISSION FACTORS +/7%



1.3 FUEL OIL COMBUSTION by Tum Laire

.
1.3.1 Geneni!-*

Fuel oils are broadly classified into two major types: distillate and residual. Distillate oils (fuel oil grades | ang
-) are used mainly in domestic and small commercial applications in which easy fuel burning is required,
Drstiliates are more volatile and less viscous than residual oils as well as cleaner, having negligible ash and nitrogen
contents and usually containing less than 0.3 percent sulfur (by weight). Residual oils (fuel oil grades 4, 5, and 6),
on the other hand, are used mainly in utility, industrial, and large commercial applications in which sophisticated
combustion equipment can be utilized. (Grade 4 oil is sometimes classified as a distillate: grade 6 is sometimes
referred to as Bunker C.) Being more viscous and less volatile than distillate oils, the heavier residual oils (grades 5
and 6) must be heated for ease of handling and to facilitate proper atomnization. Because residual oils are
produced from the residue left over after the lighter fractions (gasoline, kerosene, and distillate oils) have been
removed from the crude oil, they contain significant quantities of ash, nitrogen, and sulfur. Properties of typical
fuel oils are 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 leve! of equipment maintenance. Table 1.3-1 presents
emission factors for fuel oil combustion in units without control equipment. Note that the emission factors for
industrial and commercial boilers are divided into distillate and residual oil categories because the combustion of
each produces significantly different emissions of particulates, SO,, and NOy. The reader is urged 1o consult the
references cited for a detailed discussion of all of the parameters that affect emissions from oil combustion,

1.3.2.1 Particulates™® 1213 _ Papiculate 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, grades 4 and 5 usually result in less particulate than does the heavier grade 6.

In boilers firing grade 6, particulate emissions can be described, on the average, as 2 function of the suifur
content of the oil. As shown in Table 1.3-1( footnote ¢ ), particulate emissions can be reduced considerably when
low-sulfur grade 6 oil is fired. This is because low-sulfur grade 6, whether refined from naturally occurring
low-sulfur crude oil or desulfurized by one of several processes currently in practice, exhibits substantially lower
viscosity and reduced asphaltene, ash, and sulfur content — all of which result in better atomization and cleaner
¢ombustion.

Boiler load can also affect particulate emissions in units firing grade 6 oil. At low load conditions, particulate
emissions may be lowered by 30 to 40 percent from utility boilers and by as much as 60 percent from 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 shouid be noted, in this regard, that any
condition that prevenis proper boiler operation can result in excessive particulate formation.

1.3.2.2 Sulfur Oxides (SO,,)"S - Total sulfur oxide emissions are almost entirely dependent on the sulfur
content of the fuel and are not affected by boiler size, burner design, or grade of fuel being fired. On the average,
more than 95 percent of the fuel suifur is converted to S04, with about 1 to 3 percent further oxidized to SO4.
Sulfur trioxide readily reacts with water vapor (both in the air and in the flue gases) to form a sulfuric acid mist.
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1.3.2.3 Nitrogen Oxides (NO,()H' $IL 14 1o mechanisms form nitrogen oxides: oxidation of fuel-bound
nitrogen and thermal fixation of the nitrogen present in combustion air. Fuei NOy are primarily a function of the
rutrogen content of the fuel and the available oxygen (on the average, about 45 percent of the fuel nitrogen is
converted to NQ,, but this may vary from 20 to 70 percent). Thermal NO,, on the other hand, are largely a
function of peak flame temperature and availabie oxygen — factors which are dependent on boiler size, firing
configuration, and operating practices.

Fuel nitrogen conversion is the more important NO, -forming mechanism in boilers firing residual oil. Except
in certamn large units having unusuaily high peak flame lemperatures, or in units firing a low-nitrogen residual oil,
fuel NOy will generally account for over 50 percent of the total NO, generated. Thermal fixation, on the other
hand, is the predominant NO, -forming mechanism in units firing distillate oils, primarily because of the negligibie
nitrogen content in these lighter oils. Because distillate-oil-fired boilers usually have low heat release rates,
however, the quantity of thermal NO, formed in them is less than in larger units,

A number of variables influence how much NOy is formed by these two mechanisms. One important variabie
is firing configuration. Nitrogen oxides emissions from tangentially (corner) fired boilers are, on the average, only
half those of horizontally opposed units. Also important are the firing practices employed during boiler operation.
The use of limited excess air firing, flue gas recirculation, s:aged combustion, or some combination thereof, may
result in NOy reductions ranging 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 10 |
percent for each percentage reduction in load from full load operation. It should be noted that most of these
vanables, with the exception of excess air, are applicable only in large oil-fired boilers. Limited excess air firing is
possible in many small boilers, but the resulting NO, reductions are not nearly as significant.

1.3.2.4 Other Pollutants ! #5. B10. 14 _ 5, 4 ryje, only minor smounts of hydrocarbons and carbon monaside
will be produced during fuel oil combustion. If a unit is operated improperly or not maintained, however, the
resulting concentrations of these pollutants may increase by several orders of magnitude. This is most likely to be
the case with small, often unattended units.

1.3.3 Controls

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

1.3.3.1 Boiler Modification!-8.9.13.14 _ Boiler modification includes any physical change in the boiler
apparatus itself or in the operation thereof. Maintenance of the burner system, for example, is important to
assure proper atomization and subsequent minimiration of any unburned combustibles, Periodic tuning is
important in small units to maximize operating efficiency and minimize poliutant emissions, particularly smoke
and CO. Combustion modifications such as limited excess air firing, flue gas recirculation, staged combustion, and
reduced load operation all result in lowered NOx emissions in large facilities. (See Table 1.3-1 for specific
reductions possible through these combustion modifications.)

1.3.3.2 Fuel Substitution>5-12 Fuel substitution, that is, the firing of “‘cleaner™ fuel oils, can substantially
reduce emissions of 2 number of poliutants, Lower sulfur oils, for instance, will reduce SOx emissions in all
boilers regardless of size or type of unit or grade of oil fired. Particulates will generally be reduced when a better
grade of oil is fired. Nitrogen oxide emissions will be reduced by switching to either a distillate il or a residual oil
containing 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 as well as the cost and availability thereof.
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1.3.3.3 Flue Gas Cleaning 6. 1521 _ Fiye gas cleaning equipment is generally only employed on iarge oil-fired
boilers. Mechanical collectors, a prevalent type of control device, are primarily useful in controlling particulates
generated during soot blowing, during upset conditions, or when a very dirty, heavy oil is fired. During these
situations, high efficiency cyclonic collectors can effect up to 85 percent controi of particulate. Under normal
firing conditions, however, or when a clean oil is combusted, cyclonic collectors will not be nearly as effective.

Electrostatic precipitators are commonly found in power plants that at one time fired coal. Precipitators that
were designed for coal flyash provide only 40 to 60 percent control of oil-fired particulate. Collection efficiencies
of up 1o 90 percent, however, have been reported for new or rebuilt devices that were specificaily designed for
oil-firing units.

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 93 percent and provide particulate
control efficiencies on the order of 50 to 60 percent. The reader should consult References 20 and 21 for details
on the numerous types of flue gas desulfurization systems currently avajlable or under development.

References for Section 1.3
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14 NATURAL GAS COMBUSTION Revised by Thomas Lakre

14.1 General 1.2

Natural gas has become one of the major fuels used throughout the country. It is used mainly for power gen-
eration, for industrial process steam and heat production, and for domestic and commercial space heating. The
pimary component-of natural gas is methane, although varying amounts of ethane and smaller amounts of nitro-
gen. helium, and carbon dioxide are also presant. The average gross heating value of natural gas is approximately
1050 Bru/stdft? (9350 kcal/Nm?3), varying generally between 1000 and 1100 Btu/stdft3 (8900 to 9800 kcal/
Nm3).

Because natural gas in its original state is 2 gaseous, homogenous fluid, its combustion is simple and can be pre-
cisely conurolled. Common excess air rates range from 10 to 1S percent; however, some large units operate at
€XCSSS air rates as low as S percent to maximize efficency and minimize nitrogen oxide (NO,) emissions.

142 Emissions and Controls 3-16

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

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

In some large boilers, several operating modifications have been employed for NOy control. Staged combus-
ton, for example, including off-stoichiometric firing andfor two-stage combustion, can reduce NO, emissions
by 30 to 70 percent. In off-stoichiometric firing, also called “biased firing,” some burners are operated fisel-
rich, some fuel-lean, while others may supply air only. In two-staged combustion, the bumers are operated fuel-
rich (by introducing only B0 to 95 percent stoichiometric air) with combustion being completed by air injected
above the flame zone through second-stage “NO-ports.” In staged combustion, NO, emissions are reduced be-
cause the bulk of combustion occurs under fuel-rich, reducing conditions.

Other NO, -reducing modifications inciude 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 unbumned combus-
tibles {(carbon monoxide, hydrocarbons, and smoke) and/or other operational problems. This technique can re-
duce NO, emissions by 10 to 30 percent primarily because of the lack of availability of oxygen during
combustion. Flue gas recirculation into the primary combustion zone, because the flue gas is relatively coo! and
oxygen deficient, can also lower NO, emissions by 20 to 60 percent depending on the amount of gas recircu-
lasted. At present only a few systems have this capability, however,

Combinations of the above combustion modifications may also be employed to further reduce NO, emissions.
In some boilers, for instance, NOy reductions as high as 70 to 90 percent have been produced as a resuls of em-
ploying 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 overall reductions will be in any given unit.

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

Type of unit
Industriai process Domestic and
Power plant boiler commercial heating
Pollutant 1b/106 f13 kg/106 m3 Ib/106 #13 kg/106 m3 Ib/106 f3 kg/106 m3

Particulates® 515 80-240 5-15 80-240 515 ' 80-240
Sulfur oxides (SO5)b 0.6 9.6 0.6 9.6 0.6 9.6
Carbon monoxidec 17 12 17 272 20 320
Hydrocarbons 1 16 3 48 8 128

(as CH4]d
Nitrogen oxides 7001-h 11,2001-h {120-230)i {1920- (8C-120)i {1280

{NO2)e 3580} 19200

2References 4.7,8,12,

DReference 4 (based on an average sulfur content of naturst ges of 2000 gr/106 natr3 (4600 9/406 Nmd),

CReferancm 5, 8-12.

YReferences 8, 9, 12,

*Aeforences 39, 12-16.

* Use 300 15/106 w13 (4800 kg/105 Nm for tangentiaily fired units,

941 reduced loads, muitiply this factor by the load raeduction cosfficient given in Figure 1,41,

PSee text tor potential NO, recuctions due to combustion modifications. Note that the NOy reduction from these modificstions
will aiso occur st reduced load conditions.

i This represents a typical range foe many industrisi boilers, For large industrial units (> 100 MMBtu/r) um the NO, factors pre
snted for power plants.

i Use BO (1280} for domastic hesting units and 120 (1920) for commercial units,

12

10

0.3

05

04

LOAD REDUCTION COEFFICIENT

4 6l L] 100 110
LOAD, percant

Figure 1.,4-1, Load reduction coefficient as function of boiler
load. (Used to determine NOy reductions at reduced loads in
large boilers.)
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References for Section 1.4
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1.5 LIQUEFIED PETROLEUM GAS COMBUSTION Revised by Thomas Lahre

1.5.1 General!

Liquefied petroleum gas, commonly referred to as LPG, consists mainly of butane, propane, or 2 mixture of
the two, and of trace zmounts of propviene and butylene. This gas, obtained from oil or gas wells as a by-product
of gasoline refining, is soid as a liquid in metal cylinders under pressure and, therefore, is often cailed bottled gas.
LPG is graded according to maximum vapor pressure with Grade A being predominantly butane, Grade F
being predominantly propane, and Grades B through E consisting of varying mixtures of butane and propane. The
heating value of LPG ranges from 97,400 Btu/gallon (6,480 keaVliter) for Grade A to 90,500 Btu/gallon (6,030
kealliter) for Grade F. The largest market for LPG is the domestic-commercial market, followed by the chemicai
industry and the internal combustion engine.

1.5.2 Emissions!

LPG is considered a “clean”™ fuel because it does not produce vhible emissions. Gaseous pollutants such as
carbon monoxide, hydrocarboans, and nitrogen oxides do occur, however. The most significant factors affecting
these emissions are the bumer design, adjustment, and venting.? Improper design, blocking and clogging of the
flue vent, and lack of combustion zir result in improper combustion that causes the emission of aldehydes, carbon
monoxide, hydrocarbons, and other organics. Nitrogen oxide emissions are a function of 2 number of variables
including temperature, excess air, and residence time in the combustion zone. The amount of sulfur dioxide
emitted is directly proportional to the amount of sulfur in the fuel Emission factors for LPG combustion are
presented in Table 1.5-1.

References for Section 1.5

1. Air Pollutant Emission Factors. Final Report. Resources Research, Inc. Reston, Va. Prepared for Naticnal
Air Poliution Control Administration, Durham, N.C., under Contract Number CPA-22-69-119. Aprii 1970.

2 Clifford, E.A. A Practical Guide to Liquified Petroleum Gas Utilization. New York, Moore Publishing Co.
1962.
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1.6 WOOD/BARK WASTE COMBUSTION IN BOILERS Revised by Thomas Lzhrs
1.6.1 General 13

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

16.2 Firing Practices!-3

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

163 Emissions 1.2.4-8

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

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

Fly-ash reinjection, which is commonly employed in many larger boilers to improve fuel-use efficiency, has a
considerable effect on particulate emissions. Because a fraction of the collected fly-ash is reinjected into the
bailer, the dust loading from the furnace, and consequently from the collection device, increases significantly
per ton of wood waste burned. It is reported that full reinjection can cause a 10-foid increase in the dust load-
ings of some systerms although increases of 1.2 to 2 times are more typical for boilers employing 50 to 100 per-
cent reinjection. A major factor affecting this dust loading increase is the extent to which the sand and other
non-combustibies can be successfully separated from the fly-ash before reinjection to the furnace.

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

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

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

Emissions
Pollutant lb/ton kg/MT
Particuiates
Barkb.c
With fly-ash reinjectiond 75 (15) 37.5(7.5)
Without fly-ash reinjection 50 25
Wood/bark mixtursb.e
With fly-ash reinjectiond 45 {9) 22.5 {4.5)
Without fly-ash reinjection 30 15
Wood'.g 515 2575
Sulfur oxides (SO} Mi 15 0.75
Carbon monoxidel 2-60 1-30
Hydrocarbonsk 270 1-35
Nitrogen oxides (NO4)1 10 5

*Thess emimion factors were detsrmined for boilers burning gas or oil a5 an suxilisry fuel, and it war amumed ail particulats
resuited from the waste fuel alons, When cosl is burned ss an suxilisry fuei, the appropriste emimsion factor from Tabis 1.1.2
shouid be umd in addition to the sbove factor.

YThesm factors besed on an ss-fired moisture contant of 50 percern,

“Asferences 2, 4, 9, '

dThis factor represents # typical dust loading resching the control squipmant for boilers empioying fly-ash reinjection. The vaiue

_in peranthesis represents emissions after the control squipment assuming an aversge efficiency of 80 percent.

*Referances 7, 1Q,

fThis weste inciudes ciean, dry (% to 50 percent moisrure) wwdust, shavings, ends, stc., and no bark, For well designed and
Operated boilers use lower vaiue and higher velues for athers, This factor is expressed on an as-fired moisture content basis as-
uming no fly-ash reinjection, '

Referonces 11.13,

MThis factor is icuisted by meteris) belance astuming s maximum suifur mntent of 0.1 percent in the wase, When auxiliary
fueis are burned, the approprists factors from Tables 1.1-2, 1.3-1, or 1.4-1 3hould be used in addition 10 determine sultur oxice
Imissions, .
fnefmnm 1,57
IThis tactor is based on enginsering judgment and limited dats from refersnces 11 through 11 Use lower valuas for wetl designad
and operated boilers,

:Thil factor is based on limitad data from references 13 through 15, Use lower veluss for well designed and operated boilers.
Reforence 18

References for Section 1.6

1. Steam, Its Generation and Use, 37th Ed. New York, Babcock and Wilcox Co., 1963. p. 19-7 to 19-10 and
3A4,

2. Atmospheric Emissions from the Pulp and Paper Manufacturing Industry. U.S. Environmental Protection
Agency, Research Triangie Park, N.C. Publication No. EPA-450/1 -73-002. September 1973.
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. C-E Bark Buming Boilers. Combustion Engineering, Irc., Windsor, Connecticut. 1973.

. Barron, Jr., Alvah. Studies on the Collection of Bark Char Throughout the Industry. TAPPI, 53(8):1441-1442,

August 1970,

- Kreisinger, Henry. Combustion of Wood-Waste Fuels. Mechanical Engineering. 61:115-120, February 1939.
- Magill, P.L.etal. (eds.). Air Pollution Handbook. New York, McGraw-Hill Book Co., 1956. p. 1-15 and 1-16.

. Air Pollutant Emission Factors. Final Report. Resources Research, Inc., Reston, Virginia. Prepared for U.S.

Environmental Protection Agency, Durham, N.C. under Contract-No, CPA-22-69-119. Aprl 1970, p.247 10
2-55.

. Mullen, J. F. A Method for Determining Combustible Loss, Dust Emissions, and Recirculated Refuse for a

Solid Fuel Buming System. Combustion Engineering, Inc., Windsor, Connecticut.

. Source test data from Alan Lindsey, Region [V, US. Environmental Protection Agency, Atlanta, Georgia.

May 1973,

Effenberger, H. K. et al. Control of Hogged-Fuel Boiler Emissions: A Case History. TAPPL, 56(2):111-115,
February 1973.

Source test data from the Oregon Department of Environmental Quality, Portland, Oregon. May 1973.
Source test data from the Illinois Environmental Protection Agency, Springfield, Illinois. Jume 1973.
Danielson, I. A. (ed.). Air Pollution Engineering Manual, U.S. Department of Health, Education, and Welfare,
PHS, National Center for Air Pollution Control, Cincinnati, Ohio. Publication No. 999-AP<40. 1967.
p. 436439,

Droege, H. and G. Lee. The Use of Gas Sampling and Analysis for the Evaluation of Teepee Burners. Bureau
of Air Sanitation, California Department of Public Health. (Presented at the 7th Conference on Methods in
Air Pollution Studies, Los Angeles. January 1967.)

Junge, D. C. and R. Kwan. An Investigation of the Chemically Reactive Constituents of Atmospheric Emis-
sions from Hog-Fuel Boilers in Oregon. PNWIS-APCA Paper No. 73-AP-21. November 1973.

Galeano, S. F. and K. M. Leopoid. A Survey of Emissions of Nitrogen Oxides in the Pulp Mill. TAPPL
36(3):74-76, March 1973,

5/74 External Combustion Sources

A-23



1.7 LIGNITE COMBUSTION by Thomas Lahre
1.7.1 Genera] i+

Lignite is a geologically young coal whose properties are intermediate to those of bituminous coal and peat. It
has a high moisture content (35 10 40 percent, by weight) and a low heating value (6000 to 7500 Btu/lb, wet
basis) and is generally only bumed close to where it i- mined, that is, in the midwestern States centered about
North Dakota and in Texas. Although a small amount is used in industrial and domestic situations, lignite is
mainly used for steam-electric production in power piants. In the past, lignite was mainly bumed in smali stokers:
today the trend is toward use in much larger pulverized-coai-fired or cyclone-fired boilers.

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

i.7.2 Emissions and Controls 28

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

Particulate emissions 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. Both cyclones, which collect much of the ash as molten siag in the furnace itseif, and
stokers (other than spreader stokers), which retain a large fraction of the ash in the fuel bed, emit less particulate
matter. In general, the higher sodium content of lignite, reiative to other coals, lowers particulate emissions by
causing much of the resulting flyash to deposit on the boiler tubes. This is especially the case in
pulverizedcoal-fired units wherein a high fraction of the ash is suspended in the combustion gases and can readily
come into contact with the boiler surfaces.

Nitrogen oxides emissions are mainly a function of the boiler firing configuration and excess air. Cyclones
produce the highest NOx levels, primarily because of the high heat-release rates and temperatures reached in the
small furnace sections of the boiler. Pulverized-coal-fired boilers produce less NOy than cyclones because.
combustion occurs over a larger volume, which results in lower peak flame temperatures. Tangensally fired
boilers produce the lowest NO_ levels in this category. Stokers produce the lowest NC)x levels mainly because

most existing units are much smaller than the other firing types. In most boilers, regardiess of firing
configuration, lower excess air during combustion results in lower NOx entissions.

Sulfur oxide emissions are 2 function of the alkal (especially sodium) content of the lignite ash. Unlike most
fossil fuel combustion, in which over 90 percent of the fuel sulfur is emitted as SO,, a significant fraction of
the sulfur in lignite reacts with the ash components during combustion and is retained in the boiler ash deposits and
ﬂ}'ash.. Tests have shown that less than 50 percent of the available sulfur may be emitted as SO, when a
highsodium lignite is burned, whereas, more than 90 percent may be emitted with low-sodium lignite. As a rough
average, about 75 percent of the fuel sulfur will be emitted as 50, with the remainder being converted to various
sulfate salts. :

12/75 External Combustion Sources

A-24



Aur pollution controls on lignite-fired boilers in the United States have mainiy been hmited to cyclone
collectors, which typicaily achieve 60 to 75 percent collection efficiency on lignite flyash. Electrostatic
precipitators, which are widely utilized in Europe on lignitic coals and can effect 99+ percent particulate controi,
have seen only limited application in the United States to date although their use will probably become
widespread on newer units in the future.

Nitrogen oxides reduction (up to 40 percent) has been demonstrated using low excess air firing and staged
combustion (see section 1.4 for a discussion of these techniques); it is not vet known. however, whether these
techniques can be continuously employed on lignite combustion units without incurring operational problems.
Sulfur oxides reduction (up to 50 percent) and some particulate control can be achieved through the use of high

sodium lignite. This is not generally considered a desirable practice, however, because of the increased ash fouling
that may resuit.

Emission factors for lignite combustion are presented in Table 1.7-1.

Table 1.7-1. EMISSIONS FROM LIGNITE COMBUSTION WITHOUT CONTROL EQUIPMENT?
EMISSION FACTOR RATING: 8

Type of boiler
Pulverized-coal Cvclone Spreaker stoker Other stokers

Potlutant Ib/ton kg/MT ib/ton Kg/MT ib/ton kg/M-T' Ib/ton kg/MT
Particulated 7.0A% 3.5Ac 8A 3A 7.0Aad 3.5ad 3.0A 1.5A
Suifur oxides® 308 158 30S 158 30S 188 308 158
Nitrogsn 14(8)9.h 7(4)8.h 17 85 -] 3 6 3

oxidesf '
Hydrocarbonsi | <1.0 <05 <1.0 <0.5 1.0 0.5 1.0 0.5
Carbon 1.0 05 1.0 0.5 2. 1 2 1

monoxidet '

2A1l emission factors are expressed in terms of pounds of poliutant per ton (kilograms of poliutant per metric ton) of lignite bumed
wat basrs {35 to 40 percant moisture, by weight),

DA is the ssh content of the lignite by weight, wet basis. Fectors based on References 5 and 8.

CThis factor is based on dats for dry-botrom, puiverized-cosi-fired units only. It is axpected thet this factor wouid be lower for wer-
bottom units.

9 imited dats preciuce sny determination of the sttect of fiyash reinjection. it is expected that perticulete smistions wouki be
grester when reinjection is smployed.

5 is the suifur conrent of the lignite By weight, wet basiz. For 3 high sodium-ash lignite {Na2Q > 8 percent) use 175 Ib/ton (B.55
kg/MT}: for a iow sodium-ssh lignite (Na; O < 2 percant), use 35S Ib/ton (17.55 kg/MT). For intermediate sodium-ash lignite. or

when the sodium-ash content is unknown, use 305 Ib/ton (155 kg/MT)), Factors based on Referencey 2,5 and6.
fExpressed a5 NO3. Factors bezad on Aefersnces 2, 3.5, 7. and 9,

JUse 14 1b/ton (7 kg/MT) for front-wail-fired and horizontaily opposed wall-fired units and 8 Ib/ton {4 kg/MT) for tangentiaily.
fired unity,

hNitrogen oxide emissions may ba reducad by 20 to 40 peroent with low excess sir firing and/or staged combustion in front-fired
ard opposed watl-fired unity and cyciones,

i Thess factors ars based on the similarity of lignite combustion 10 bituminous coal combustion snd on limited data in Reference 7.

References for Section 1.7

I. Kirk-Othmer Encyclopedia of Chemical Technology. 2nd Ed. Vol. 12. New York, John Wiley and Sons, 1967.
p. 381413

2 Gronhovd, G. H. et al. Some Studies on Stack Emissions from Lignite-Fired Powerplants. (Presented at the
1973 Lignite Symposium. Grand Forks, North Dakota. May 9-10, 1973.)

3. Study to Support Standards of Performance for New Lignite-Fired Steam Generators. Summary Report.
Arthur D. Litte, Inc., Cambridge, Massachusetts. Prepared for U.S. Environmental Protection Agency,
Research Triangle Park, N.C. under contract No. 68-02-1332. Juiy 1974.
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. 1965 Keystone Coal Buyers Manual. New York, McGraw-Hill, Inc., 1965. p. 364-365,

. Source test data on lignite-fired power plants. Supplied by North Dakota State Department of Health,
Bismark, N.D. December 1973,

- Gronhovd, G.H. et al. Comparison of Ash Fouling Tendencies of High and Low-Sodium Lignite from a North
Dakota Mine. In: Proceedings of the American Power Conference. Vol. XXVIIL. 1966. p- 632-642,

- Crawford, A. R. et al. Field Testing: Application of Combustion Modifications to Control NQOy Emissions
from Utility Boilers. Exxon Research and Engineering Co., Linden, NJ. Prepared for US. Environmental
Protection Agency, Research Triangle Park, N.C. under Contract No. 68-02-0227. Publication Number
EPA-650/2-74-066. June 1974.

. Engeibrecht, H. L. Electrostatic Precipitators in Thermal Power Statjons Using Low Grade Coal. (Presented at
28th Annual Meeting of the American Power Conference. April 26-28, 1966.)

. Source test data from U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
Research Triangle Park, N.C. 1974.
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1.8 BAGASSE COMBUSTION IN SUGAR MILLS by Tom Lahre

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 miil'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 oaly bagasse or when bagasse is too wet to support
combustion.

The United States sugar industry is locsted in Florida, Louisiana, Hawaii, Texas, and Puerto Rico.
Except in Hawaii, where raw sugar production takes place yesr 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 walis. This kind of boiler is common in older mills in the sugar cane industry. Newer boil-
ers, on the other hand, may employ traveling-grate stokers. Underfire air is used to suspend the ba-
gasse, and overfired air is supplied to complete combustion. This kind of boiler requires bagasse witha
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, whereasscrubbers (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 FACTCORS FOR UNCONTROLLED BAGASSE BOILERS
EMISSION FACTOR RATING: C

, 7 Emission facrors
1b/103 Ibsteamd | g/kg steamd Ib/ton hagassed kg/MT bagassed
Particulate® 4 4 16 8
Sulfur oxides d d d d
Nitrogen oxides® I 0.3 03 1.2 0.6

' Emimion factors are expressed in terrm of the amount of steam produced, s most mills do not monitor the
amount of bagexse fired. These factors should be spolisd only 10 that fraction of ttesm reguiting from bagasse
comnbustion. {f a significant amount (> 25% of totsi Bru input) of fusl oil is fired with the bagasse, the spproprists
emission factors from Tabie 1.3-1 should be used 10 sstimate the emimion contributions from the fuesl oil,

BEmimions are expressed in terms of wet bagass, containing approximately 50 percent moisturs, by weight.
As a rule of thumb, about 2 pounds (2 kg) of stearn are produced from 1 pound (1kg} of wet bagasss,

€Muiti-cyelones are reportediy 20 to 60 percent efficient on particulate from bageme boilers. Wet scrubbers
are capable of effecting 90 or more percant particulate control, Based on Referance 1.

dSulfur oxide emissions from the firing of bagasse slone would be expectsd o be negligiblé as bagesse typically
contains less than 0.1 percant sulfur, by weight. If fuel oil is fired with bageszs, the appropriste factors from
Tabie 1.3-1 should be used to ssrimats sulfur oxide emissions,

*Based on Refersnce 1.

Reference for Section 1.8

l. Background Document: Bagasse Combustion in Sugar Mills. Prepared by Environmental Science
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.

EMISSION FACTORS 4/77

A-28



1.9 RESIDENTIAL FIREPLACES by Tom Lehre
1.9.1 Generalis?

F'uvphcammﬂhedmhﬁyin}nma.bdgnm,lormpplmdhuﬁngmd for their aesthet
ic effect. Wood is most commonly burned in firepiaces; however, coal, compacted wood waste “logs”

paper, and rubbish may all be burned at times. Fuel is generaily added to the fire by hand on an inter-
mittent basis.

Combustion generally takes place on a raised grate or on the floor of the fireplace. Combustion air
is supplied by natural draft, and may be controlled, to some extent, by a damper located in the chim.
ney directly above the firebox. It is common practice for dampers to be left completeiy open during
the fire, affording little control of the amount of air drawn up the chimney.

Mmfmplmhnxammbyndinhmwithldgﬁfmt&leﬁonofﬂwhmdmeddwh:gm
bustion (estimated at greater than 70 percent) lost in the exhaust gases or through the fireplace walls.
In addition, as with any fuel-burning, space-heating device, some of the resulting heat energy must go
toward warming the air that infiltrates into the residence to make up for the air drawn ap the chimney.
The net effect is that fireplaces are extremely inefficient heating devices. Indeed, in cases where com-
bustion is poor, where the outside air is cold, or where the fire is allowed to smolder (thus drawing air
into a residence without producing spreciable radiant heat errergy) a net heat loss may occur in a resi-
dence due to the use of a fireplace. Fireplace efficiency may be improved by a number of devices that
either reduce the excess air rate or transfer some of the heat back into the residence that is normally
lost in the exhaust gases or through the fireplace walls.

1.9.2 Emissionsh?

The major pollutants of concern from fireplaces are unburnt combustibles~carbon monoxide and
smoke. Significant quantities of these pollutants are produced because fireplaces are grossly ineffi-
cient combustion devices due to high, uncontrolled excess air rates, low combustion temperatures, and
the absence of any sort of secondary combustion. The last of these is especially important when burn-
ing wood because of its typically high (80 percent, on a dry weight basis)? volatile matter content.

Because most wood contains negligible sulfur, very féw sulfur oxides are emitted. Sulfur oxides will
be produced, of course, when coal or other sulfur-bearing fuels are burned. Nitrogen oxide emissions
from fireplaces are expected to be negligible because of the low combustion temperatures involved.

Emission factors for wood and coal combustion in residential fireplaces are given in Table 1.9-1.
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Table 1.9-1. EMISSION FACTORS FOR RESIDENTIAL FIREPLACES
EMISSION FACTOR RATING: C

Wood Coal?
Pallutant lb/ton kg/MT Ib/ton kg/MT
Particulate 200 10b 30¢c 15¢
Sulfur oxides od od 38s° 36s5®
Nitrogen oxides : 1t o.5f 3 1.5
Hydrocarbons 58 2.58 20 10
Carbon monoxide 120h goh 90 45

SAll cosl emision factors, axcept particulats, are based on data in Tabls 1.1-2
of Section 1,1 for hand-fired units.

This includes condensable particulats. Only sbout 30 parcent of thip is fittar-
sbis particulate as determined by EPA Method 5 (front-haif catch).* Basag
on limited data from Reference 1.

This includes condensable particulate, About 50 percent of this is filterable
perticulate as determined by EPA Method 5 (front-heif catch} 4 Based on
limited data from Reference 1.

dBnud on negligible suifur content in most wood.S

3 is the suifur content, on & weight percent basis, of the coat.

"8esed on data in Table 2.3-1 in Section 2.3 for wood waste combustion in
geonical burmers.,

9 Nonmethane volatile hydrocarbons. Sased on limited data from Raferencs 1.
P Bassd on limited data from Referencs 1.

References for Section 1.9

l. Snowden, W.D., et al. Source Sampling Residential Fireplaces for Emission Factor Development.
Valentine, Fisher and Tomlinson. Seattle, Washington. Prepared for Environmental Protection
Agency, Research Triangle Park, N.C., under Contract 68-02-1992. Publication No. EPA-450/3-
76-010. November 1975.

2. Snowden, W.D., and 1.J. Primlani. Atmospheric Emissions From Residential Space Heating. Pre-
sented at the Pacific Northwest International Section of the Air Pollution Control Association
Annual Meeting. Boise, Idaho. November 1974,

3. Kreisinger, Henry. Combustion of Wood-Waste Fuels. Mechanical Engineering. §1:115, February '
1939,

4. Title 40 - Protection of Environment. Part 60: Standards of Performance for New Stationary
Sources. Method 5 - Detemination of Emission from Stationary Sources. Federal Register. 36
(247): 24888-24890, December 23, 1971.

EMISSION FACTORS 4/77

A-30



2. SOLID WASTE DISPOSAL

Revised by Robert Rosensteel

As defined in the Solid Waste Disposal Act of 1965, the term “solid waste™ means garbage, refusé, 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 categdries: 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 potental for air pollution since in heavily populated areas solid waste is often bumed to reduce the bulk

of material requiring final disposal! The following discussion- wiil be limited to the urban and industrial waste
categories.

An average of 5.5 pounds (2.5 kilograms) of urban refuse and garbage is collected per capita per day in the
United States.2 This 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 ingustrial wastes. Approximately 50 percent of all the urban and industrial waste geperated in the
United States is burned, using a wide variety of combustion methods with both enclosed and open
burning?. Atmospheric smissions, 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 generai, to delineate when 2 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.
April 1971.

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

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

2.1.1 Process Description! -4

The most common types of incinerators consist of 2 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
heatng and buming 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 bumning waste to promote complete
gas-phase combustion. In multiple-chamber incinerators, gases from the primary chamber flow to a smail
secondary mixing chamber where more air is admitted, and more complete oxidaton occurs. As much as 300
percent excess air may be supplied in order to promote oxidation of combustibles. Auxiliary bumers 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 incinerarors — 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 slectrostatic precipitator. .

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

3. Trench Incinerators — A trench incinerator is designed for the combustion of wastes having relagively 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 suppiied from nozzles aiong the top of the pit. The
nozzles are directed at an angle below the horizontal to provide 2 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 bumming wastes
as the municipal muitiple-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 simple in
design, they may have single or muitiple chambers and usually are equipped with an auxiliary bumer to
aid combustion.
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5. Flue-fed incinerators — These units, commonly found in large aparunent 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 rcduce emissions.

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 bumned on a hearth in the combustion chamber. The units are
equipped with combustion controls and afterbumers to ensure good combustion and minimal emissions.

7. Controlled air incinerators — These units operate on 2 controlled ‘combustion principle in which the
waste is burned in the absence of sufficient axygen for complete combustion in the main chamber. This
process generates a highly combustible gas mixture that is then bumed 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 ternperatures 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 arex. As underfire air is increased, an increase in
fly-ash emissions occurs. Erratic refuse charging causes a disruption of the combustion bed and a subsequent
release of large quantities of particulates. Large quantities of uncombusted particulate matter and carbon
monoxide are also emitted for an extended period after charging of batch-fed units because of interruptions in
the combustion process. in continuously fed units, furnace particulate emissions are strongly dependent upon
grate type. The use of rotary kiln and reciprocating grates resuits in higher particulate emissions than the use of
rocking or traveling grates.!4 Emissions of oxides of sulfur sre dependent on the sulfur contant of the refuse.
Carbon monoxide and unburned hydrocarbon emissions may be significant and are caused by poor combustion
resulting from improper incinerator design or operating conditions. Nitrogen oxide emissions increase with an
increase in the temperature of the combustion zone, an increase in the residence time in the combustion zone
before quenching, and an increase in the excess air rates to the point where dilution cooling overcomes the effect
of increased oxygen concentration.!4

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
uncontroiled 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 Qto 30
Settling chamber and water spray 30t 80
Werted baffles 60

Mecharnical collector : 30w 80
Scrubber 80 10 95
Electrostatic precipitator 90 10 96
Fabric filter 97 10 99

SReferences 3.5,8, and 17 through 21.
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2.2 AUTOMOBILE BODY INCINERATION Revised by Robert Rusensteel

2.2.1 Process Description

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

2.2.2 Emissions and Controls!

Both the degree of combustion as determined by the incinerator design and the amount of combustibie
material left on the car ¥eatly affect emissions. Tenperatures 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 uss of overfire air

Jets in the primary combustion chamber increases combustion efficiency by providing air and increased
turbuience.

In an attempt to reduce the various air pollutants produced by this method of burming, some auto incinerators
are equipped with emission control devices. Afterburners and low-voitage electrostatic precipitators have been
used to reduce particulate emistions; the former also reduces some of the gaseous emissions.34 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

Uncontrolied With afterburner

Pollutants Ib/car kg/car tb/car kg/car
Particulates® 2 0.9 1.5 0.68
Carbon monoxide® 25 1.1 Neg Neg
Hydrocarbon. (CH, )€ 0.5 0.23 Neg Neg
Nitrogen oxides (NO,)9 ! 01 | 0.05 0.02 0.01
Aldehydes (HCOH)d 0.2 0.08 0.06 0.03
Organic acids (acetic)? | 0.21 0.10 0.07 0.03

8asedt on 250 ib (113 kg) of combustible material on stripped car body.
EReterencei 2 and 4.

CHased on data for apen huming and Refersnces 2 and 5.

dReference 3.
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23 CONICAL BURNERS

2.3.1 Process Description!

Conical bumners are generally a truncated metal cone with 2 screened top vent. The charge is placed on a
raised grate by either conveyor or buildozer; 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 grawe 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, type of charging system used, and the
condition in which the incinerator is maintained The most critical of these factors seems to be the level of
maintenance on the incinerators. It is not uncommon for conical burners to have missing doors and numerous
holes in the shell, resulting in excessive combustion air, low temnperatures, and, therefore, high emission rates of
combustibie pollutants.?

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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2.4 OPEN BURNING revised by Tom Lahre

and P C
2.4.1 General! am manova

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 componenta,
landscape refuse, agricultural field refuse, wood refuse, bulky industrial refuse, and leaves.

2.4.2 Emissions!-1?

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

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

Sulfur Carbon Hydrocarbons
- Particulates oxides monoxide (CHy) Nitrogen oxides

Municipa! refuse®

Ib/ton 16 1 85 30 6

kg/MT 8 05 42 18 3
Automobile

mr'npt-.mentst"c
ib/ton 100 Neg. 125 30 4
kg/MT 50 Neg. 82 15 2

R efarences 2 through &
bUnhomlrv. beirs, hoses, ard tires burned in common.
“Retererce 2

Emissions from agricultural refuse burning are dependent mainly on the moisture content of the
refuse and, in the case of the field crops, on whether the refuse is burned in & headfire or s 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 perunit 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 burning are presented in Table 2.4-2 as & function of
refuse type and also, in certin instances, as a function of burning techniques and/or moisture content
when these variables are known to significantly affect emissions, Table 2.4-2 also presents typical fuel
loading values associated with esch type of refuse. These values can be used, along with the correspond-
ing emission factori, 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 locs-
tion of the leaf piles. Increasing the moisture content of the jeaves generally increases the amount of
carbon monoxide, hydrocarbon, and particulate emissions. Increasing the density of the piles in-
creases the amount of hydrocarbon and particulate emissions, but has a veriable effect on carbon
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Table 2.4-2. EMISSION FACTORS AND FUEL LOADING FACTORS FOR OPEN BURNING
OF AGRICULTURAL MATERIALS?
EMISSION FACTOR RATING: B

Emussion factors
Carbon Hydrocarbons Fuet loading factors
Particulate? monoxide (as CgHq4) - {waste production)
Refuse category Io/ton | kg/iMT ib/ton | kg/MT ib/ton | kg/MT ton/acre I MT/hectare
Field crops® i
Unspecified o2 1 17 | 58 - 23 12 2.0 45
Burring technique |
not significantd '
Asparagus® | 40 | 20 150 75 a5 42 1.5 343
Barlev l 22 ' n 157 78 19 10 1.7 38
Corn bora b7 108 54 16 8 4.2 9.4
Cotton I8 | 4 176 88 6 3 1.7 a8
Grasses I 16 | 8 107 | s0 19 10
Pineappief 8 | 4 112 56 8 4
Riced : 9 . 4 83 4 10 5 30 6.7
Satfiower ;18 | g 144 72 26 13 1.3 29
Sorghum i 18 | 9 77 38 9 4 29 6.5
Sugar cane | 7 4 71 35 10 5 11.0 24.0
Headtire burning |
Alfalfa 45 23 106 83 36 18 0.8 1.8
Bean (red) 43 22 186 93 46 23 25 5.6
Hay (wild) 32 16 139 70 22 11 1.0 2.2
Qars 44 22 137 68 1 16 1.6 3.6
Pea 3 16 147 74 38 19 2.5 5.6
Wheat ] 22 11 128 64 17 9 1.9 43
Backfire burning! :
Aifalta 29 14 118 60 37 18 08 1.8
Bean {red), pea | 14 7 148 72 i) 12 2.5 5.6
Hay {(wild) 17 8 150 75 17 8 1.0 2.2
Qats A 11 136 68 18 9 1.6 36
Wheat 13 6 108 54 1" 6 1.9 4.3
Vine crops 5 3 51 28 7 4 2.5 5.6
Weeds
Unspecified 15 8 . 85 42 12 6 3.2 7.2
Russian thistle 22 1 309 154 2 1 6.1 0.2
{tumbleweed)
Tules (wild reeds) 5 ] 34 17 27 14
Orchard cropsS.k.}
Unspecified 6 3 52 26 10 -] 1.6 3.6
Almond 6 3 46 23 8 4 1.6 36
Apple 4 Z 42 23 4 2 2.3 5.2
Apricot 6 3 49 24 8 4 1.8 4.0
Avocado 21 10 116 58 32 16 15 34
Cherry 8 4 44 22 10 5 1.0 22
Citrus (orange, 6 3 81 40 12 6 1.0 2.2
lemon)
Date palm 10 5 56 2B 7 4 1.0 2,2
Fig 7 4 57 28 10 5 2.2 49
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Table 2.4-2 icontinued). EMISSION FACTORS AND FUEL LOADING FACTORS FOR OPEN BURNING
OF AGRICULTURAL MATERIALS®
EMISSION FACTOR RATING: B

Emission factors
Carbon Hydrocarbons Fue! loading factors
ParticulateD monoxide (asCgHqq) (waste production)
Refuse category Ib/ton | kg/MT Ib/ton | kg/MT Ib/ton | kg/MT ton/acre | MT/hectare
Orchard cropsSX:|
{continued)
Nectarine 4 2 33 18 4 2 2.0 45
Olive 12 6 114 57 18 9 1.2 2.7
Peach 6 3 42 21 5 2 . 25 5.6
Pear 9 4 87 28 9 4 2.6 5.8
Prune 3 .2 42 N 3 2 1.2 - 2.7
Walnut 8 3 47 24 8 4 1.2 2.7
Forest residues :
Unspecifieg™ 17 8 140 70 24 12 70 187
Hemiock, Douglas 4 2 20 45 5 2
fir, cedar® |
Ponderosa pine® 12 8 . 196 a8 14 7

AFactors axpressed as weight of pollutant emitted per weight of refuse material burned.

OParticulate marter from most agricultuesl refuse burning has besn found 1o be in the submicrometar size range. 12

“Reterences 12 and 13 for emission factors; Reference 14 for fuel loading factors.

IFor these retuse materisie, no sgnificant difference exists between smissions resuiting from headfiring or backfiring.

*Thase factors represent emissions under typicsl high moisture conditions. If ferns are dried 0 less than 15 parcent
moisture, particulate smissions will be reduced by 30 percent, CO emission by 23 percent, and HC by 74 percant.

'When pinespole is allowsd to dry to less than 20 percent moisture, as it usuaily is, the firing techniqus is not important.
When headfired abave 20 percent moisture, perticulate emimion will increses to 23 Ib/ton {11.5 kg/MT} snd HC wilt
incresse to 12 tb/ton (8 kg/MT). Ses Reference 11.

This tactor is for dry (<15 percent moisture) rice straw. !f rice straw is burned at higher moisture levels, particulate
emission will incresse 1o 29 ib/ton (14.5 kg/MT), CO emimsion to 181 Ib/tan (B0.5 kg/MT), snd HC emimsion to 21
Ib/ton (10.5 kg/MTI, :

Section 6,12 for discussion of miger cang buming.

'See accompanying taxt for definition of headfiring.

!Ses sccompanying text for definition of backfiring. This category, for emission estimation purposss, includes another
wchnique used occasionslly for limiting emissions, ealled into-the-wind striplighting, which involves lighting fieids in
strips imto the wind at 100-200 m (300-800 1) intervals.

rchard prunings are usually burned in piles. No significant difference in amission resuits from burning & “cold pile”
8 Opposd 10 using & roli-on tachnique, where prunings are bulldozed onto s bed of embers from a preceding fire.

'11 orchard removst is the purpose of & burn, 30 ton/acre (66 MT/hectarsl of waste will be progucsd,

MReferance 10. Nitrogen oxide emisions astimated st 4 Ib/1on (2 kg/MT), ’

MAgterencs 15.

Ofleference 18.

m&mAmtbhmmmulpdamdmmmdthmhqd&eb&
tom proves to be 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 ignition
decrease if moisture content is high but increase 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 {actors 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.
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Table 24-3. EMISSION FACTORS FOR LEAF BURNING'8.19
EMISSION FACTOR RATING: B

Particulated.b Carbon monoxide? Hydrocarbonsd €
Leaf species b/ton kg/MT ib/ton kg/MT Ib/ton kg/MT

Biack Ash 36 18 127 83.5 41 20.5
Modesto Ash 32 16 163 81.5 2% | 125
White Ash 43 215 113 57 ry 10.5
Catalpa 17 as 443 15 7.5
Horse Chestriut 54 27 147 73.5 39 18.5
Cortonwood 38 19 90 45 32 16
American Eim 26 13 119 53.5 29 145
Eucaiyptus 36 18 90 45 26 13
Sweet Gum 33 16.5 140 70 27 13.5
Black Locust 70 s 130 65 62 k3
Magnoiia 13 6.5 55 2785 10 5
Silver Mapie 66 a3 102 51 25 12.5
American Sycamore 15 7.5 15 - 57.5 8 4
Catiforma Sycamore 10 5 104 52 5 2.5
Tulip 20 10 77 385 18 8
Red Cak 92 46 137 68.5 34 17
Sugar Maple 53 26.5 108 54 27 13.5
Unspecified 38 19 112 58 206 13

¥Thess factors are an arithmaetic sverage of the resuits cbtained by burning high- and tow-moisture content conical piles ignited
tither at the top or around the periphery of the bottom, The windrow-afrangement was only tested on Modesto Ash, Cataipa,
American Eim, Sweet Gum, Silver Mapie, and Tulip, and the results are included in the aversge for thess species.

©The majority of perticulstes sre submicron in size.

CTests indicate hydrocsrbons consist, on the aversge, of 42% olefirg, 32% mathene, 8% scetyiene, and 13% other saturstes.
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15 SEWAGE SLUDGE INCINERATION By Thomas Lahre
25.1 Process Description 1-3

[ncineration is becoming an important means of disposal for the increasing amounts of sludge being produced
in sewage treatment plants. [ncineration has the advantages of both destroying the organic matter present in
sludge. leaving only an odorless, sterile ash, as weil 23 reducing the solid mass by about 90 percent. Disadvantages
inciude the remaining, but reduced, waste disposal problem and the potential for air pollution. Siudge inciner-
ation systems usually include a sludge pretreatment stage to thicken and dewater the incoming sludge, an incines-
ator, und some type of air pollution control equipment {commonly wet scrubbers).

The most prevalent Lypes 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
gses. and then burned as it moves slowly down through the lower hearths. At the bottom hearth any residual
3-h 15 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,
4nd 1009 to 1200°F (540 to 650°C) in the upper, drying hearths. Temperatures in a fuidized bed reactor are
furly uniform, from 1250 to 1S00°F (680 to 820°C). In both types of furnace an auxiliary fuel may be required
ther during startup or when the moisture content of the sludge is too high to suppornt combustion.

-.3.2 Emissions and Controls !.2.4-7

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 efficicncics ranging from 95 to 99+ percent.

Although dry sludge may contain from 1 to 2 percent sulfur by weight, sulfur oxides are not emitted in signif-
icant 2mounts when sludge burning is compared with many other combustion processex.  Similarly, nitrogen
uvxides, because temperatures during incineration do not exceed 1500°F (820°C) in Muidized bed reactors or
1600 to 2000°F (870 to 1100°C) in muitiple hearth units, are not formed in g£reat amounts,

Odors can be 2 problem in muitiple hearth systems as unburned volatiles are given off in the upper, drying
nearths. but are readily removed when afterburners are employed. Odurs are not generally a problem in flusd-
‘zed bed units as temperatures are uniformly high enough to provide complete oxidation of the volatile com-
pounds. Odors can aiso emanate from the pretreatment stages uniess the operations are properly enclused.

Emission factors for sludge incinerators are shown in Table 2.5-1. It should be noted that most sludge ncin-
crators operating today empioy some type of scrubber.
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Tabie 2.5-1. EMISSION FACTORS FOR SEWAGE SLUDGE INCINERATORS
EMISSION FACTOR RATING: B

Emissions 3
Uncontrolled® After scrubber

Pollutant Ib/ton kg/MT ib/ton kg/MT
Particulatec 100 50 3 1.5
Suitur dioxided 1 a.5 0.8 0.4
Carbon monoxide® Neg Neg Neg "Neg
Nitrogen oxidesd (as NO5) 6 3 5 25
Hydrocarbonsd 1.5 0.75 1 0.5
Hydrogen chioride gasd 1.5 075 0.3 0.15

Wnit weights in terme of drisd siudos,
bEntimetad from emission factors atter scrubbers.
References 6-9.

dRefarence B,

*References 8, 8.
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"Appendix B

Conversion Factors

Length
linch=2.54 cm
1 m=3.048 ft

1 ft=0.305m

Mass
11b=453.6 g
lkg=2.21b

Pressure

1 atm =101,325 Pa
=760 mm Hg (0°C)
=14.7 psia

Force
1 N=1 kgem/s?

Energy

l cal=4.184 ]

1 }=9.48x 10" Bru
1 Btu=252.2 cal

Kinematic viscosity
1 m?/s=10% stokes

Power
1W=1]/s
1 hp=133,479 Beu/hr

Area
1 cm?=0.155 in?
1 m?=10.764 fr?

B-1

Volume

1 cm?®*=0.061 in?

1 m3=35.31 fr?

1 barrel (oil) =42 gal
1 f13=17.48 gal

1 ft*>=28.817 liters

Density
1 kg/m?=0.0624 1b/fi?

Dynamic viscosity
1 Paes=1 Nem/s= 1000 centipoise
1 ¢cp=0.000672 b/ fresec

Volume flow

1 m¥/s=35.3 ft3/sec

1 m*/min=35.3% ft*/min
lscfm=1.7 m*h

1 gpm=10.227 m¥/h

Velocity
1 m/s=5.048 ft/sec
] mi/hr=0.447 m/s

Geomerry

area of circle = g2
circumnference of circle=2 7r
surface area of sphere=4 712
volume of sphere =4/3 #r?
area of cylinder=2 »rh
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