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NOTICE

The Emission Inventory Branch (EIB) has been working on this Supplement F to AP-42 for
several months. It is a substantial part of EPA's efforts to comply with Section 130 of the 1990
Clean Air Act Amendments, which require that the Agency review and revise its air pollutant emission
factors every three years. Supplements D and E reflected the first parts of this effort. Though the
Act requires this updating for ozone-related pollutants only (total organic compounds, oxides of
nitrogen, and carbon monoxide), the effort has been expanded to include, where data are available,
other criteria pollutants, hazardous pollutants, global warming gases and other speciation information.
More AP-42 sections are now under development and/or review, to result in the cover to cover update
of this important document series. This complete update has been a major technical undertaking, and
the efforts of the Emission Factor And Methodologies Section staff, and of the several contractors
who assisted, are hereby acknowledged. : '

This supplement and the subsequent updates now under development represent significant
improvements, but many data gaps and uncertainties still exist. AP-42 users can help alleviate this
situation by providing comments, emission test data, and any other information which may be
evaluated and reflected in future updates.

Those familiar with this document may notice that some factors published in the past now have
lower quality ratings, even though the factors are unchanged or are supported by newer and more
extensive data. This is attributable to the adoption of more consistent and stringently applied rating
criteria. The factors in this AP-42 update are believed to be more appropriate and to represent a
better estimate than in the past. Of course, they remain for estimation purposes and should not be
considered substitutes for exact measurements taken at the source.

Besides this print medium, the information in AP-42 is now available by several other routes. The
Air CHIEF compact disc/read-only memory (CD/ROM) contains AP-42, as well as about 30
hazardous air pollutant emission estimation reports and several data bases. It can be purchased from
the Government Printing Office for about $15.00. Also, the CHIEF electronic bulletin board, via
PC/modem at (919) 541-5742, contains the latest versions of each section of AP-42, and many other
reports and tools. In addition, individual sections of AP-42 can be obtained quickly and directly
through the facsimile service Fax CHIEF, at 919) 541-5626/0548. These electronic on-line services
operate 24 hours per day and 7 days per week. The CHIEF Newsletter, issued quarterly, contains
much useful information on emission factors, inventories and related matters, and anyone may
receive this newsletter by providing her/his name and address. These various media are provided by
EIB's ClearingHouse For Inventories And Emission Factors (CHIEF).

If you have questions or comments, on these or any other emission estimation topics, you may
call the Info CHIEF hot line at 919 541-5285, during Eastem Time office hours, or write to:

Emission Inventory Branch (MD 14)
US EPA
Research Triangle Park, NC 27711

Emission Factor And Methodologies Section
Emission Inventory Branch

Technical Support Division

Office Of Air Quality Planning And Standards
U. S. Environmental Protection Agency
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1.1 BITUMINQUS AND SUBBITUMINQUS COAL COMBUSTION
1.1.1 General

Coal is 2 complex combination of organic matter and inorganic ash formed over eons from
successive layers of fallen vegetation. Coal types are broadly classified as anthracite, bituminous,
subbituminous, or lignite. These classifications are based on coal heating value together with relative
amounts of fixed carbon, volatile matter, ash, sulfur, and moisture. Formulae and tables for classifying
coals are given in Reference 1. See AP-42 Sections 1.2 and 1.7 for discussions of anthracite and
lignite combustion, respectively.

There arc three major coal combustion techniques: suspension firing, grate firing, and
fluidized bed combustion. Suspension firing is the primary combustion mechanism in pulverized coal
and cyclone systems, Grate firing is the primary mechanism in underfeed and overfeed stokers. Both
mechanisms are employed in spreader stokers. Fluidized bed combustion, while not constituting a
significant percentage of the total boiler population, has nonetheless gained popularity in the last
decade and today generates steam for industries, cogenerators, independent power producers, and
utilities.

Pulverized coal furnaces are used primarily in utility and large industrial boilers. In these
systems, the coal is pulverized in a mill to the consistency of talcum powder (i.e., at least 70 percent
of the particles will pass through a 200 mesh sieve). The pulverized coal is generally entrained in
primary air before being fed through burners to the furnace, where it is fired in suspension. Pulverized
coal furnaces are classified as either dry or wet bottom, depending on the ash removal technique. Dry
bottom furnaces fire coals with high ash fusion temperatures and use dry ash removal techniques. In
wet bottom (or slag tap) furnaces, coals with low ash fusion temperatures are combusted and molten
ash is drained from the bottom of the furnace. Pulverized coal fumaces are further classified by the
firing position of the bumers, i.e., single (front or rear) wall, horizontally opposed, vertical, tangential
(or comer-fired). Wall-fired boilers can be either single wall-fired (with burners on only one wall of
the fumace firing horizontally) or opposed wall-fired (with burners mounted on two opposing walls).
Tangentially-fired boilers have bumers mounted in the corners of the furnace. The fuel and air are
injected toward the center of the furnace to create a vortex that enhances air and fuel mixing.

Cyclone furnaces bum low ash fusion temperature coal which has been crushed to below 4
mesh particle size. The coal is fed tangentially in a stream of primary air to a horizontal cylindrical
furnace. Within the furnace, small coal particles are burned in suspension while larger particles are
forced against the outer wall. Because of the high temperatures developed in the relatively small
furnace volume, and because of the low fusion temperature of the coal ash, much of the ash forms a
liquid slag on the furnace walls. The slag drains from,the walls to the bottom of the furnace where it
is removed through a slag tap opening. Cyclone furnaces are used mostly in utility and large
industrial applications.

In spreader stokers, a flipping mechanism throws the coal into the furnace and onto a moving
fuel bed. Combustion occurs partly in suspension and partly on the grate. Because of significant
carbon content in the particulate, fly ash reinjection from mechanical collectors is commonly employed
to improve boiler efficiency. Ash residue from the fuel bed is deposited in a receiving pit at the end

of the grate, :

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

Small hand-fired boilers and furnaces are sometimes found in small industrial, commercial,
institutional, or residential applications., In most hand-fired units, the fuel is primarily burned in layers
on the bottom of the furnace or on a grate. From an emissions standpoint, hand-fired units generally
have higher carbon monoxide (CO) and volatile organic compounds (VOC) emissions than larger
boilers because of their lower combustion efficiencies.

In a fluidized bed combustor (FBC), the coal is introduced to a bed of either sorbent
(limestone or dolomite) or inert material (usually sand) which is fluidized by an upward flow of air.
Most of the combustion occurs within the bed, but some smaller particles burn above the bed in the
"freeboard" space. The two principal types of atmospheric FBC boilers are bubbling bed and
circulating bed. The fundamental distinguishing feature between these types is the fluidization
velocity. In the bubbling bed design, the fluidization velocity is relatively low, ranging between 1.5
and 4 m/sec (5 and 12 fi/sec), in order to minimize solids carryover or elutriation from the combustor.
Circulating FBCs, however, employ fluidization velocities as high as 9 m/sec (30 ft/sec) to promote
the carryover or circulation of solids. High temperature cyclones are used in circulating FBCs and in
some bubbling FBCs to capture the solid fuel and bed material for return to the primary combustion
chamber. The circulating FBC maintains a continyous, high-volume recycle rate which increases the
fuel residence time compared to the bubbling bed design. Because of this feature, circulating FBCs
often achieve higher combustion efficiency and better sorbent utilization than bubbling bed units.’

1.1.2 Emissions and Controls

The major pollutants of concern from bituminous and subbituminous coal combustion are
particulate matter (PM), sulfur oxides (SO,), and nitrogen oxides (NO,). Emissions from coal
combustion depend on the rank and composition of the fuel, the type and size of the boiler, firing
conditions, load, type of control technologies, and the level of equipment maintenance. Some unburnt
combustibles, including numerous organic compounds and CO, are generally emitted even under
proper boiler operating conditions. Emission factors for major and minor pollutants are given in’
Tables 1.1-1 through 1.1-14.

Particulate Matter™® - Particulate matter composition and emission levels are a complex
function of firing configuration, boiler operation, and coal properties. In pulverized coal systems,
combustion is almost complete, and thus emitted particulate is largely comprised of inorganic ash
residues. In wet bottom pulverized coal units and cyclones, the quantity of ash leaving the boiler is
lower than in dry bottom units, because some of the ash liquifies, collects on the furnace walls, and
drains from the furnace bottom as molten slag. Particulate emission limits specified in applicable New
Source Performance Standards (NSPS) are summarized in Table 1.1-15.

Because a mixture of fine and coarse coal particles is fired in spreader stokers, significant
unbumt carbon can be present in the particulate. To improve boiler efficiency, fly ash from collection
devices (typically multiple cyclones) is sometimes reinjected into spreader stoker furnaces. This
practice can dramatically increase the particulate loading at the boiler outlet and, to a lesser extent, at
the mechanical collector outlet. Fly ash can also be reinjected from the boiler, air heater, and
economizer dust hoppers. Fly ash reinjection from these hoppers increases particulate loadings less
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than from multiple cyclones,

Uncontrolled overfeed and underfeed stokers emit considerably less particulate than do
pulverized coal units and spreader stokers, since combustion takes place in a relatively quiescent fuel
bed. Fly ash reinjection is not practiced in these kinds of stokers.

Variables other than firing configuration and fly ash reinjection can affect PM emissions from
stokers. Particulate loadings will often increase as load increases (especially as full load is
approached) and with sudden load changes. Similarly, particulate can increase as the coal ash and
“fines" contents increase. Fines, in this context, are coal particles smaller than about 1.6 millimeters
(1/16 inch) in diameter. Conversely, particulate can be reduced significantly when overfire air
pressures are increased.

FBCs may tax conventional particulate control systems. The particulate mass concentration
exiting FBCs is typically 2 to 4 times higher than that from pulverized coal boilers'®, Fluidized bed
combustor particles are also, on average, smaller in size, irregularly shaped, and have higher surface
area and porosity relative to pulverized coal ashes. Fluidized bed combustion ash is more difficult to
collect in electrostatic precipitators (ESPs) than pulverized coal ash because FBC ash has a higher
electrical resistivity. In addition, the use of multiclones for fly ash recycling, inherent with FBC
processes, tends to reduce flue gas stream particulate size™,

The primary kinds of PM control devices used for coal combustion include multiple cyclones,
ESPs, fabric filters (or baghouses), and scrubbers. Some measure of conirol will even result from fly
ash settling in boiler/air heater/economizer dust hoppers, large breeching, and chimney bases. The
effects of such settling are reflected in current emission factors.

ESPs are the most common high-efficiency PM control device used on pulverized coal and
cyclone units; they are also being used increasingly on stokers. Generally, ESP collection efficiencies
are a function of collection plate area per unit volumetric flow rate of flue gas through the device.
Particulate control efficiencies of 99.9 percent or above are obtainable with ESPs. Electrostatic
precipitators located downstream of air preheaters (i.e., cold side precipitators) operate at significantly
reduced efficiencies when low sulfur coal is fired. Fabric filters have recently seen increased use in
both utility and industrial applications, generally achieving at least 99.8 percent efficiency. An
advantage of fabric filters is that they are unaffected by the high fly ash resistivities associated with
low sulfur coals. Scrubbers are also used to control particulate, although their primary use is to
control sulfur oxides. One drawback of scrubbers is the high energy usage required to achieve control
efficiencies comparable to those for ESPs and baghouses®,

Mechanical collectors, generally multiple cyclones, are the primary means of PM control on
many stokers. They are sometimes installed upstream of high-efficiency control devices in order to
reduce the ash collection burden on these devices. Cyclones are also an integral part of most FBC
designs. Depending on application and design, multiple cyclone efficiencies can vary widely. Where
cyclone design flow rates are not attained (which is common with underfeed and overfeed stokers),
these devices may be only marginally effective and may prove litfle better in reducing particulate than
a large breeching, Conversely, well-designed multiple cyclones, operating at the required flow rates,
can achieve collection efficiencies on spreader stokers and overfeed stokers of 90 to 95 percent, Even
higher collection efficiencies are obtainable on spreader stokers with reinjected fly ash because of the
larger particle sizes and increased particulate loading reaching the controls®®.

Sulfur Oxides™ - Gaseous sulfur oxides (SO,) from coal combustion are primarily sulfur
dioxide (50O,), with a much lower quantity of sulfur trioxide (SO;) and gaseous sulfates. These
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compounds -form as the organic and pyritic sulfur in the coal is oxidized during the combustion
process. On average, about 95 percent of the sulfur present in bituminous coal will be emitted as
gaseous SO,, whereas somewhat less will be emitted when subbituminous coal is fired. The more
alkaline nature of the ash in some subbituminous coals causes some of the sulfur to react in the
furnace to form various sulfate salts that are retained in the boiler or in the flyash, In general, boiler
size, firing configuration and boiler operations have little effect on the percent conversion of fuel
sulfur to SO,. Sulfur dioxide emission limits specified in applicable NSPS are summarized in Table
1.1-15.

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

Many flue gas desulfurization (FGD) techniques can remove SO, formed during combustion.
Flue gases can be treated using wet, dry, or semi-dry desulfurization processes of either the throwaway
type (in which all waste streams are discarded) or the recovery/regenerable type (in which the SO,
absorbent is regenerated and reused). To date, wet systems are the most commonly applied. Wet
systems generally use alkali slurries as the SO, absorbent medium and can be designed to remove
greater than 90 percent of the incoming SO, Particulate reduction of up to 99 percent is also possible
with wet scrubbers, but fly ash is often collected by upstream ESPs or baghouses, to avoid erosion of
the desulfurization equipment and possible interference with FGD process reactions’. Also, the
volume of scrubber sludge is reduced with separate fly ash removal and contamination of the reagents
and byproducts is prevented. Lime/limestone scrubbers, sodium scrubbers, and dual alkali scrubbing
are among the commercially proven wet FGD systems. The effectiveness of these devices depends not
only on control device design but also operating variables. A summary table of commercial post-
combustion SO, controls is provided in Table 1.1-16. ‘

A number of dry and wet sorbent injection technologies are under development to capture SO,
in the furmace, the heat transfer sections, or ductwork downstream of the boiler. These technologies
are generally designed for retrofit applications and are well-suited for coal combustion sources
requiring moderate SO, reduction and which have a short remaining life.

Nitrogen Oxides'®!! - Nitrogen oxides (NO,) emissions from coal combustion are primarily
nitrogen oxide (NO), with only a few volume percent as nitrogen dioxide (NO,). Nitrous oxide (N,0)
is also emitted at ppm levels. Nitrogen oxides formation results from thermal fixation of atmospheric
nitrogen in the combustion flame and from oxidation of nitrogen bound in the coal. Experimental
measurements of thermal NO, formation have shown that the NO, concentration is exponentially
dependent on temperature and is proportional to N, concentration in the flame, the square root of

oxygen (O,) concentration in the flame, and the gas residence time®?, Typicaily, only 20 to 60 percent .

of the fuel nitrogen is converted to NO,. Bituminous and subbituminous coals usually contain from
0.5 to 2 weight percent nitrogen, mainly present in aromatic ring structures. Fuel nitrogen can account
for up to 80 percent of total NO, from coal combustion. Nitrogen oxide emission limits in applicable
NSPS are summarized in Table 1.1-15.

A number of combustion modifications have been used to reduce NO, emissions from boilers.

A summary of currently utilized NO, control technology for stokers is given in Table 1.1-17, Low
excess air (LEA) firing is the most widespread combustion modification, because it can be practiced in
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both old and new units and in all sizes of boilers. Low excess air firing is easy to implement and has
the added advantage of increasing fuel use efficiency. Low excess air firing is generally effective only
above 20 percent excess air for pulverized coal units and above 30 percent excess air for stokers.
Below these levels, the NO, reduction from decreased O, availability is offset by increased NO,
production due to higher flame temperatures. Another NO, reduction technique is simply to switch to
a coal having a lower nitrogen content, although many boilers may not properly fire coals with
different properties.

Off-stoichiometric (or staged) combustion is also an effective means of controlling NO,
emissions from coal-fired equipment, This can be achieved by using overfire air or low-NO, burners
designed to stage combustion in the flame zone. Other NO, reduction techniques include flue gas
recirculation, load reduction, and steam or water injection. However, these techniques are not very
effective for use on coal-fired equipment because of the fuel nitrogen effect. Ammonia injection is a
post-combustion technique which can also be used, but it is costly relative to other methods. For
cyclone boilers, the use of natural gas rebuming for NO, emission control is under investigation on a
full-scale utility boiler.”® The net reduction of NO, from any of these techniques or combinations
thereof varies considerably with boiler type, coal properties, and boiler operating practices. Typical
reductions will range from 10 to 60 percent. References 10 and 27 may be consulted for detailed
discussion of each of these NO, reduction techniques. To date, flue gas treatment has not been used
commercially to reduce NO, emissions from coal-fired boilers because of its higher relative cost.

Carbon Monoxide - The rate of CO emissions from combustion sources depends on the fuel
oxidation efficiency of the source. By controlling the combustion process carefully, CO emissions can
be minimized. Thus, if a unit is operated improperly or not well maintained, the resulting
concentrations of CO (as well as organic compounds) may increase by several orders of magnitude.
Smaller boilers, heaters, and fumaces ten to emit more CO and organics than larger combustors. This
is because smaller units usually have less high-temperature residence time and, therefore, less time to
achieve complete combustion than larger combustors. Various combustion modification techniques
used to reduce NO, can produce increased CO emissions,

Organic Compounds - Small amounts of organic compounds are emitied from coal
combustion. As with CO emissions, the rate at which organic compounds are emitted depends on the
combustion efficiency of the boiler. Therefore, any combustion modification which reduces the
combustion efficiency will most likely increase the concentrations of organic compounds in the flue
gases.

Total organic compounds (TOC) include volatile organic compounds (VOCs), semi-volatile
organic compounds, and condensible organic compounds. Emissions of VOCs are primarily
characterized by the criteria pollutant class of unburned vapor-phase hydrocarbons. Unburned
hydrocarbon emissions can include essentially all vapor phase organic compounds emitted from a
combustion source. These are primarily emissions of aliphatic, oxygenated, and low molecular weight
aromatic compounds which exist in the vapor phase at flue gas temperatures. These emissions include
alkanes, alkenes, aldehydes, carboxylic acids, and substitated benzenes (e.g., benzene, toluene, xylene,
and ethyl benzene.)""'%.

The remaining organic emissions are composed largely of compounds emitted from
combustion sources in a condensed phase. These compounds can almost exclusively be classed into a
group known as polycyclic organic matter (POM), and a subset of compounds called polynuclear
aromatic hydrocarbons (PNA or PAH). There are also PAH-nitrogen analogs. Polycyclic organic
matter can be especially prevalent in the emissions from coal combustion, because a large fraction of
the volatile matter in coal exits as POM",
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Formaldehyde is formed and emitted during combustion of hydrocarbon-based fuels such as
coal, Formaldehyde is present in the vapor phase of the flue gas. Formaldehyde is subject to
oxidation and decomposition at the high temperatures encountered during combustion Thus, larger
units with efficient combustion (resulting from closely regulated air-fuel ratios, uniformly high-
combustion chamber temperatures, and relatively long gas residence times) have lower formaldehyde
emission rates than do smaller, less efficient combustion units®?!,

Trace elements - Trace elements are also emitted from the combustion of coal. For this update
of AP-41, trace metals included in the list of 189 hazardous air pollutants under Title III od the 1990
Clean Air Act Amendments® were considered. The quantity of trace metals depends on combustion
temperature, fuel feed mechanism, and the composition of the fuel. The temperature determines the
degree of volatilization of specific trace elements contained in the fuel. The fuel feed mechanism
affects the partitioning of elements between bottom ash and fly ash. The quantity of any given metal
emitted, in general, depends on:

- the physical and chemical properties of the element itself;
- its concentration in the fuel;
- the combustion conditions; and

- the type of particulate control device used, and its collection efficiency
as a function of particle size.

It has become widely recognized that some trace metals become concentrated in certain waste
particle streams from a combustor (e.g., bottom ash, collector ash, and flue gas particulate) while
others do not", Various classification schemes have been developed to describe this partitioning
behavior.** The classification scheme used by Baig, et al.*® is as follows:

- Class 1: Elements which are approximately equally distributed between
fly ash and bottom ash, or show little or no small particle enrichment.

- Class 2: Elements which are enriched in fly ash relative to bottom ash,
or show increasing enrichment with decreasing particle size.

- Class 3: Elements which are intermediate between Class 1 and 2,
- Class 4: Elements which are emitted in the gas phase,

Fugitive Emissions - Fugitive emissions are defined as pollutants which escape from an
industrial process due to leakage, materials handling, inadequate operational control, transfer or
storage. The fly ash handling operations in most modern utility and industrial combustion sources
consist of pneumatic systems or enclosed and hooded systems which are vented through small fabric
filters or other dust control devices. The fugitive PM emissions from these systems are therefore
minimal. Fugitive particulate emissions can sometimes occur during fly ash transfer operations from
silos to trucks or rail cars.

Emission factors for SO,, NO,, and CO are presented in Tables 1.1-1 and 1.1-2, along with
emission factor ratings. Particulate matter and PM-10 emission factors and ratings are given in Tables
1.1-3 and 1.1-4. Cumulative particle size distribution and particulate size specific emission factors are
given in Figures 1.1-1 through 1.1-6 and Tables 1.1-5 through 1.1-10, respectively. Emission factors
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and ratings for speciated organics and N,O are given in Tables 1.1-11 and 1.1-12. Emission factors
and ratings for other non-criteria pollutants and lead are listed in Tables 1.1-13 and 1.1-14.

In general, the baseline emissions of criteria and non- criteria pollutants are those from
uncontrolled combustion sources. Uncontrolled sources are those without add-on pollution control
(APC) equipment, low-NO, burners, or other modifications designed for emission control. Baseline
emission for SO, and PM can also be obtained from measurements taken upstream of APC equipment.

Because of the inherently low NO, emission characteristics of FBCs and the potential for in-
bed SO, capture by calcium-based sorbents, uncontrolled emission factors for this source category
were not developed in the same sense as with the other source categories. For NO, emissions, the data
collected from test reports were considered to be baseline if no additional add-on NO, control system
(such as ammonia injection) was operated. For SO, emissions, a correlation was developed from
reported data on FBCs to relate SO, emissions to the coal sulfur content and the calcivm-to-sulfur ratio
in the bed.
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TABLE 1.1-1. (ENGLISH UNITS) EMISSION FACTORS FOR SULFUR OXIDES (SO,),NITROGEN
OXIDES (NO,), AND CARBON MONOXIDE (CO) FROM BITUMINOUS AND SUBBITUMINOUS COAL

COMBUSTION® .
— —
S0t NO.? co
Emissio Emissio . Emissio
n Fastor | n Factor n Factor
Firing Configuration §CC Ib/ton Rating IbAon Rating Ibton Rating
Pulverized coal fired, dry botiom, wall 101002-02/22 ass A 217 A 0.5 A
fired 102002-02/22 (358)
103002-06/22
Pulverized coal fired, dry botiom 101002-12/26 388 . A 14.4 A 05 A
tangentially fired : 102002-12/26 (359) - ‘
103002-16/26
Pulverized coal fired, wet bottom 101002-12/21 385 D 340 (o] 0.5 A
102002-01/21 (35%)
103002-05/21
Cyclone furnace 101002-03/23 ass D 33.8 c 0.6 A
102002-03/23 (353) :
103002-23/01
Spreader stoker 101002-04/24 388 B 18.7 A 5 A
102002-04/24 {858)
103002-09/24
Spreader stoker, with multiple 101002-03/24 388 B 18.7 A 5 A
cyclones, and reinjection 101002-04/24 (358)
103002-09/24
Spreader stoker, with multiple 101002-04/24 a8s A 13.7 A 5 A .
cyclones, no reinjection 101002-04/24 (358)
103002-09/24
Overfeed stoker' 101002-05/25 388 B 75 A 6 B
102002-05/10/26 (359)
103002-07/25
Overfeed stoker, with multiple 101002-05/25 288 B 75 A 6 B
cyclones' 102002-05/10/25 (855)
108-002-07/25
Underfoed stoker 102002-06 818 B 9.5 A 1 B
103002-08
Underfeed stoker, with multiple 102002-06 318 B 95 A 11 B
cyclone 103002-08
Hand-fed units 108002-14 318 D 9.1 E 275 E
Fluidized bed combustor, circulating 101002-17 9 E 39 E 18
bed 102002-17
103002-17
Fluidized bed combustor, bubbling 101002-17 g E 15.2 D 18 D
bed 102002-17
108002-17
a. Factors represent uncontrolled emissions unless otherwise specified and should be applied to

coal feed, as fired. :

b. Expressed as SO, including SO,, SO,, and gaseous sulfates. Factors in parentheses should
be used to estimate gaseous SO, emissions for subbituminous coal. In all cases, S is weight .
% sulfur content of coal as fired. Emission factor would be calculated by multiplying the weight
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percent sulfur in the coal by the numerical value preceding S. On average for bituminous coal,
95% of fuel sulfur is emitted as SO,, and only about 0.7% of fuel sulfur is emitted as SO, and
gaseous sulfate. An equally small percent of fuel sulfur is emitted as particulate sulfate
(References 9, 13). Small quantities of sulfur are also retained in bottom ash. With
subbituminous coal, about 10% more fuel sulfur is retained in the bottom ash and particulate
because of the more alkaline nature of the coal ash. Conversion to gaseous sulfate appears
about the same as for bituminous coal.

Expressed as NQ,. Generally, 95+ volume % of nitrogen oxides present in combustion exhaust
will be in the form of NO, the rest NO, (Reference 11). To express factors as NO, multiply
factors by 0.66. All factors represent emission at baseline operation (i.e., 60 to 110% load and
no NO, control measures).

Nominal values achievable under normal operating conditions. Values are one or two orders of
magnitude higher can occur when combustion is not complete.

Emission factors for CO, emissions from coal combustion should be calculated using CO,fton
coal = 73.3C, where C is the weight percent carbon content of the coal.

Includes traveling grate, vibrating grate and chain grate stokers.

Sulfur dioxide emission factors for fluidized bed combustion are a function of fuel sulfur content
and calcium-to-sulfur ratio. For both bubbling bed and circulating bed design, use: Ib SO/ton
coal = 39.6(S)(Ca/S)™*®. In this equation, S is the weight percent sulfur in the fuel and Ca/S is
the molar calcium-to-sulfur ratio in the bed. This equation may be used when the Ca/S is
between 1.5 and 7. When no calcium-based sorbents are used and the bed material is inert
with respect to sulfur capture, the emission factor for underfeed stokers should be used to
estimate the FBC SO, emissions. In this case, the emission factor ratings are E for both
bubbling and circulating units. '

SCC = Source classification code.
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. TABLE 1.1-2. (METRIC UNIT

OXIDES (NO,), AND CARBON M

S) EMISSION FACTORS FOR SULFUR OXIDES (S0,),NITROGEN

ONOXIDE (CO) FROM BITUMINOUS AND SUBBITUMINOUS COAL

COMBUSTION®
SO NOS° co%e
Emissio Emlsslo Emissio
. n n n
Flring Configuration _SCG Factor Rating Factor Rating Factor Rating
' kgMg kgMg kgMg
Pulverized coal fired, dry bottom, wall 101002-02/22 198 A 10.856 A 25 A
fired 102002-02/22 (17.58)
103002-06/22
Pulvetized coal fired, dry bottom, 101002-12/26 198 A 7.2 A 25 A
tangentially fired 102002-12/26 (17.58) :
103002-16/26
Pulverized coal fired, wet bottom 101002-12/21 198 D 17 c 25 A
102002-01/21 {17.58)
103002-05/21 :
Cyclone fumace 101002-03/23 198 D 169 cC 25 A
102002-03/23 (17.58)
108002-28/01
Spreader stoker 101002-04/24 198 B 6.85 A 25 A
102002-04/24 (17.58)
103002-09/24
Spreader stoker, with multiple 101002-03/24 198 B 6.85 A 25 A
cyclones, and reinjection 101002-04/24 (17.58) :
103002-09/24
Spreader stoker, with multiple 101002-04/24 198 A 6.85 A 25 A
cyclones, ho reinjection 101002-04/24 (17.58)
103002-09/24
Overfeed sioker’ 101002-05/25 198 B 3.75 A 3 B
102002-05M10/256  (17.58)
_ 103002-07/25
Overfeed stoker, with multiple 101002-05/25 195 B 3.76 A 3 B
cyclones' 102002-05/10/25 (17.58) .
103-002/07/25
Underfead stoker 102002-06 1558 B 475 A 5.5 B
_ 103002-08
Underfeed stoker, with multiple 102002-06 15.58 B 475 A 55 B
cyclone 103002-08
Hand-fed units 103002-14 16.55 4.55 E 1375 E
Fluidized bed combustor, circulating 101002-17 g 1.95 E 9 E
bed 102002-17
108002-17
Fluidized bed combustor, bubbling 101002-17 9 E 7.6 D 9 D
bed 102002-17
103002-17

coal feed, as fired.

Factors represent uncontrolled emissions unless otherwise specified and should be applied to

Expressed as 80, including SO,, SO,, and gaseous sulfates. Factors in parentheses should

be used to estimate gaseous SO, emissions for subbituminous coal. In all cases, S is weight
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% sulfur content of coal as fired. Emission factor would be calculated by multiplying the weight
percent sulfur in the coal by the numerical value preceding S. On average for bituminous coal,
95% of fuel sulfur is emitted as SO,, and only about 0.7% of fuel sulfur is emitted as SO, and
gaseous sulfate. An equally small percent of fuel sulfur is emitted as particulate suifate
(References 9, 13). Small quantities of sulfur are also retained in bottom ash. With
subbituminous coal, about 10% more fuel sulfur is retained in the bottom ash and particulate
because of the more alkaline nature of the coal ash. Conversion to gaseous sulfate appears
about the same as for bituminous coal.

Expressed as NO,. Generally, 95+ volume % of nitrogen oxides present in combustion exhaust
will be in the form of NO, the rest NO, (Reference 11). To express factors as NO, multiply
factors by 0.66. All factors represent emission at baseline operation (i.e., 60 to 110% load and
no NO, control measures).

Nominal values achievable under normal operating conditions. Values are one or two orders of
magnitude higher can occur when combustion is not complete.

Emission factors for CO, emissions from coal combustion should be calculated using CO,/Mg
coal = 36.7C, where C is the weight percent carbon content of the coal.

Includes traveling grate, vibrating grate and chain grate stokers.

Sulfur dioxide emission factors for fluidized bed combustion are a function of fuel sulfur content
and calcium-to-sulfur ratio. For both bubbling bed and circulating bed design, use: kg SO,/Mg
coal = 19.8(S)(Ca/S)*®. In this equation, S is the weight percent sulfur in the fuel and Ca/S is
the molar calcium-to-sulfur ratio in the bed. This equation may be used when the Ca/S is
between 1.5 and 7. When no calcium-based sorbents are used and the bed material is inert
with respect to sulfur capture, the emission factor for underfeed stokers should be used to
estimate the FBC SO, emissions. In this case, the emission factor ratings are E for both
bubbling and circulating units.

SCC = Source classification code.
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TABLE 1.1-8. (ENGLISH UNITS) EMISSION FACTORS FOR PARTICULATE MATTER (PM) AND PM
- LESS THAN 10 MICRONS (PM-10) FROM BITUMINOUS AND SUBBITUMINOUS COAL

COMBUSTION® _ .
| Filtorable PM® © PM-10
Emisslon Emission
' : . Factor Factor
Firing Configuration 8CC Ibfton Rating Ibion Rating
Pulvetized coal fired, dry botiom, wall fired " 101002-02/22 10A A T 2.8A E
‘ 102002-02/22
108002-06/22
Pulverized coal fired, dry bottom, tangentially fired 101002-12/26 10A B . 28A° E
102002-12/26 :
103002-16/26
Pulverized coal firad, wet bottom : 101002-12/21 7A° D 2.6A E
102002-01/21 K
103002-05/21
Cyclone furnace 101002-03/23 an° E 0.26A E
‘ 102002-08/23
103002-28/01
Spreader stoker 101002-04/24 66" B 13.2 E
102002-04/24 : '
103002-09/24
Spreader stoker, with multiple cyclones, and 101002-03/24 17 B 124  E
reinjection 101002-04/24
103002-09/24
Spreader stoker, with multiple cyclones, no reinjection 101002-04/24 12 A 78 E
101002-04/24
103002-09/24
Overfead stoker' 101002-05/25 16° c 6.0 E
102002-05/10/25
103002:07/25
Overfeed stoker, with multiple cyclones' 101002-05/25 16" c 5.0 E
102002-05/10/25
108002-07/25
Underfeed stoker 102002-06 18 D 6.2 E
103002-08
Underfeed stoker, with multiple cyclone 102002-06 1" D 6.2 E
_ 103002-08
Hand-fed units 103002-14 15 E 6.2 E
Fluidizad bed combustor, bubbling bed 101002-17 ] 12 E 18.2¢ E
102002-17
108002-17
Fluidized bed combustor, circulating bad 101002-17 : 17 E 13.2 E
_ 102002-17
103002-17
a.  Factors represent uncontrolled emissions unless otherwise specified and should be applied to

coal feed, as fired. . _

b. Based on EPA Method 5 (front half catch) as described in Reference 28. Where particulate is
expressed in terms of coal ash content, A, factor is determined by multiplying weight % ash .
content of coal (as fired) by the numerical value preceding the A. For example, if coal with 8%
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ash is fired in a pulverized coal fired, dry bottom unit, the PM emission factor would be 10 x 8,
or 80 Ib/ton. The "condensible" matter collected in back half catch of EPA Method 5 averages
<5% of front half, or “filterable", catch for pulverized coal and cyclone fumaces; 10% for

. spreader stokers; 16% for other stokers; and 50% for handfired units (References 6, 29, 30).
c. No data found; use assume emission factor for pulverized coal-fired dry bottom boilers.
d. Uncontrolled particulate emissions, when no fly ash reinjection is employed. When control

device is installed, and collected fly ash is reinjected to boiler, particulate from boiler reaching
control equipment can increase up to a factor of two.

e. Accounts for fly ash setiling in an economizer, air heater or breaching upstream of control
device or stack. (Particulate directly at boiler outlet typically will be twice this level.) Factor
should be applied even when fly ash is reinjected to boiler from air heater or economizer dust

hoppers.

f. Includes traveling grate, vibrating grate and chain grate stokers.

9. Accounts for fly ash setiling in breaching or stack base. Particulate loadings directly at boiler
outlet typically can be 50% higher.

h. See Reference 34 for discussion of apparently low multiple cyclone control efficiencies,

regarding uncontrolled emissions.
i. Accounts for fly ash settling in breaching downstream of boiler outiet.
Je No data found; use emission factor for underfeed stoker.
k. No data found; use emission factor for spreader stoker.
SCC = Source classification cods.
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- TABLE 1.1-4. (METRIC UNITS) EMISSION FACTORS FOR PARTICULATE MATTER (PM) AND PM
LESS THAN 10 MICRONS (PM-10) FROM BITUMINOUS AND SUBBITUMINOUS COA

COMBUSTION? . :
Filerable PM? o PM-10 .
- Emission ‘ Emission
. ] Factor |- Facior
Firing Configuration scC ka/Mg Rating | koMg ~ Rating
Pulverized coal fired, dry bottom, wall fired 101002-02/22 6A A 1.15A E
102002-02/22 '
~ 108002-06/22
Pulverized coal fired, dry bottom, tangentially fired 101002-12/26 5A B 1.15A° E
102002-12/26
103002-16/26
Pulverized coal fired, wet bottom ' 101002-12/21 a.5A? D 1.3A E
102002-01/21 o . :
103002-05/21
Cyclone fumace 101002-03/23 1A°? . E 0.13A E
102002-03/23 .
103002-23/01
Spreader stoker 101002-04/24 33° B 6.6 E
102002-04/24
103002-09/24
Spreader stoker, with multiple cyclones, and 101002-03/24 85 B 6.6 E
relnjection 101002-04/24
‘ 103002-09/24
Spreader stoker, with multiple cyclones, no reinjection 101002-04/24 6 A 3.9 E
101002-04/24
103002-09/24
Overfoed stoker' 101002-05/25 & C 3.0 E
102002-05/10/25
108002-07/25
Overfoesd stoker, with multiple cyclones’ 101002-05/25 45" C 25 E
102002-05/10/26
103-002-07/25
Underfeed stoker 102002-06 7.8 D 3 E
' 103002-08
Underfeed stoker, with multiple cyclone 102002-06 58" D 3.1 E
103002-08
Hand-fed units 103002-14 75 E 3.1 E
Fluidized bad combustor, bubbling bed 101002-17 6 E 6.6 E
102002-17
103002-17
Fluidized bed combustor, circulating bed 101002-17 85 E 6.6 E
: 102002-17
103002-17
a. Factors represent uncontrolled emissions unless otherwise specified and should be applied to

coal feed, as fired.

b. Based on EPA Method 5 (front half catch) as described in Reference 28. Where particulate is
expressed in terms of coal ash content, A, factor is determined by multiplying weight % ash
content of coal (as fired) by the numerical value preceding the A. For example, if coal with 8%
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ash is fired in a pulverized coal fired, dry bottom unit, the PM emission factor would be 5 x 8, or
40 kg/Mg. The "condensible” matter collected in back half catch of EPA Method 5 averages
<5% of front half, or “filtterable®, catch for pulverized coal and cyclone fumaces; 10% for
spreader stokers; 15% for other stokers; and 50% for handfired units (References 6, 29, 30).
No data found; use assume emission factor for pulverized coal-fired dry bottom boilers.
Uncontrolled particulate emissions, when no fly ash reinjection is employed. When control
device is installed, and collected fly ash is reinjected to boiler, particulate from boiler reaching
control equipment can increase up to a factor of two.

Accounts for fly ash settling in an economizer, air heater or breaching upstream of control
device or stack. (Particulate directly at boiler outlet typically will be twice this level.) Factor
should be applied even when fly ash is reinjected to boiler from air heater or economizer dust
hoppers.

Includes traveling grate, vibrating grate and chain grate stokers.

Accounts for fly ash settling in breaching or stack base. Particulate loadings directly at boiler
outlet typically can be 50% higher.

See Reference 34 for discussion of apparently low multiple cyclone control efficiencies,
regarding uncontrolied emissions.

Accounts for fly ash settling in breaching downstream of boiler outiet.

No data found; use emission factor for underfeed stoker.

No data found; use emission factor for spreader stoker.

CC = Source classification code.
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Figure 1.1-1. Cumulative size specific emission factors for dry bottom boilers buming pulverized
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TABLE 1.1-6. CUMULATIVE PARTICLE SIZE DISTRIBUTION AND SIZE SPECIFIC EMISSION
FACTORS FOR WET BOTTOM BOILERS BURNING PULVERIZED BITUMINOUS COAL®

(Emission Factor Rating: E)

Cumulative Mass % « stated size Cumulative Emission Factor® [kg/Mg (Ib/ton) coal, as fired]
Particlo Size® Controlled Controlled®
(urm) Multiple
Uncontrolled cyclones ESP Uncontrofled Multiple cyclones ESP
15 40 99 a3 1.4A (2.8A) 0.69A (1.38A) 0.023A (0.46A)
10 a7 83 75 1.30A (2.6A) 0.65A (1.8A) 0.021A (0.42A)
6 a3 84 63 1.16A (2.82A) 0.59A (1.18A) 0.018A (0.36A)
25 21 61 40 0.74A (1.48A) 0.43A (0.86A) 0.011A (0.0224)
125 6 a1 17 0.21A (0.42A) 0.22A (0.44A) 0.005A (0.01A)
1.00 4 19 8 0.14A (0.28A) 0.13A (0.26A) 0.002A (0.004A)
0.625 2 e ® 0.07A (0.14A) ) °
TOTAL 100 100 100 8.5A (7.0A) 0.7A (1.4A) 0.028A (0.056A)

saoTp

SCC = Source classification code.
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Reference 32. Applicable SCCs are 101002-12/21, 102002-01/21, and 103002-05/21.
Expressed as aerodynamic equivalent diameter.
A = coal ash weight %, as fired.
Estimated control efficiency for multiple cyclones is 94%; and for ESP, 99.2%.
. Insufficient data.
ESP = Electrostatic precipitator.
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TABLE 1.1-7. CUMULATIVE SIZE DISTRIBUTION AND SIZE SPECIFIC EMISSION FACTORS FOR
. CYCLONE FURNACES BURNING BITUMINOUS COAL®* -
(Emission Factor Rating: E)

N Cumulative Mass % < stated size Cumulative Emission Factor® [kg/Mg (IbAon) coal, as fired]
Particle Size" Controlled Controlled®
(um) Multiple
Uncontrolled cyclone ESP Uncontrolied Multiple cyclones ESP
8
15 33 95 80 0.83A (0.66A) 0.057A (0.114A) 0.0084A (0.013A)
10 13 94 68 0.13A (0.26A) 0.056A (0.1124A) 00054A (0.011A)
] 8 03 56 0.08A (0.16A) 0.056A (0.1124) 0.0045A (0.009A)
25 ] 92 36 o 0.055A (0.11A) 0.0029A (0.006A)
1.25 0 85 22 0 0.051A (0.10A) 0.0013A (0,004A)
1.00 0 82 17 | ] 0.049A (0.10A) 0.0014A (0.003A)
0.625 ] d d ] d d
TOTAL 100 -100 100 1A (2A) 0.06A (0.12A) 0.008A (0.016A)
a Reference 32. Applicable SCCs are 101002-03/23, 102002-03/23, and 103002-23/01.
b. Expressed as aerodynamic equivalent diameter.
c A = coal ash weight %, as fired.
d. Insufficient data.
e, Estimated control efficiency for multiple cyclones is 94%; and for ESP, 99.2%.

ESP = Electrostatic precipitator,
SCC = Source classification code.

7/93 External Combustion Sources 1.1-19
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Figure 1.1-3, Cumulative size specific emission factors for cyclone furnaces buming bituminous coal.
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TABLE 1.1-9. CUMULATIVE PARTICLE SIZE DISTRIBUTION AND SIZE SPECIFIC EMISSION
FACTORS FOR OVERFEED STOKERS BURNING BITUMINOUS COAL®

Cumulative Mass % < stated size Cumulative Emlssion Factor® [kg/Mg (Ib/ton) coal, as fired] .
Particle .
Sizeb Uncontrolled Multiple Cyclones Controlled®
(»m) Multiple Cyclones
Uncontrolled Controlled Factor Rating Factor Rating
15 49 60 89 (7.8) c 2.7 (5.4) - E
10 37 55 3,0 (6.0) c 2.5 (5.0) E
6 24 49 1.9 (3.8) ¢ 2.2 (4.4) B
25 14 43 1.1(22) c 1.9 (3.8) E
1.25 13 39 1.0 (2.0) c 1.8 (3.6) E
1.00 12 39 1.0 (2.0) c 1.8 (3.6) E
0.625 c 16 c c 0.7 (1.4) E
TOTAL 100 100 8.0 (16.0) c 4.5 (9.0) E
a. Reference 32. Applicable SCCs are 1001002-05/25, 102002-05/10/25, and 103002-07/25.
b. Expressed as aerodynamic equivalent diameter.
c. Insufficient data.
d. Estimated control efficiency for multiple cyclones is 80%.
8CC = Source classification code.
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Figure 1.1-5. Cumulative size specific emission factors for overfeed stokers burning bituminous coal.
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Figure 1.1-6. Cumulative specific emission factors for underfeed stokers buming bituminous coal.
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TABLE 1.1-10. CUMULATIVE PARTICLE SIZE DISTRIBUTION AND SIZE SPECIFIC EMISSION
FACTORS FOR UNDERFEED STOKERS BURNING BITUMINOUS COAL®

Uncontrolled Cumulative Emisslon Factor® [kg/Mg (IbAon) coal, as fired]
Particle Size® ‘
{(rm) Cumulative Mass %, < stated size Factor " Rating
15 50 88 (7.6) c
10 41 3.1(6.2) c
6 : 32 2.4 (4.8) c
25 25 1.9 (3.8) : c
1.25 22 1.7 (3.4) c
1.00 21 16(3.2) _ c
0.625 18 1.4 (27) c
TOTAL ' 100 7.5 (15.0) c
a. Reference 32. Applicable SCCs are 102002-06 and 103002-08.
b. Expressed as aerodynamic equivalent diameter. _
c. May also be used for uncontrolled hand-fired units.
8CC = Source classification code. ' .
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TABLE 1.1-11. (ENGLISH UNITS) EMISSION FACTORS FOR METHANE (CH,), NON-METHANE
TOTAL ORGANIC COMPOUNDS (NMTOC), AND NITROUS OXIDE (N,O) FROM BITUMINOUS AND

. SUBBITUMINOUS COAL COMBUSTION®
CHS NMTOC"* N.O
Emission Emlission Emlssion
: Factor Factor Factor
Flring Configuration SCC Ibton Rating IbAon Rating Ibon Rating
Pulverized coal fired, dry bottom, 101002-02/22 0.04 B 0.06 B .09 D
wall fired 102002-02/22
103002-06/22
Pulverized coal fired, dry bottom, 101002-12/26 0.04 B 0.06 B 08 D
tangentially fired 102002-12/26
103002-16/26
Pulverized coal fired, wet bottom 101002-12/21 0.05 B 0.04 B 09 E
102002-01/21
103002-05/21
Cyclone furnace 101002-03/23 0.01 B 0.1 B 09 . E
: 102002-03/23
103002-23
Spreader stoker 101002-04/24 0.06 B 0.05 B 09* E
102002-04/24
108002-09/24
Spreader stoker, with multiple 101002-08/24 0.06 B 0.05 B .09° E
cyclones, and relnjection 101002-04/24
108002-09/24
. . Spreader stoker, with multiple 101002-04/24 0.06 B 0.05 B 09 E
cyclones, no reinjection 101002-04/24
108002-09/24
Overfesd stoker' 101002-05/25 0.06 B 0.05 B 09 E
102002-05/10/25
103002-07/25
Overlead stoker, with multiple 101002-05/25 0.06 B 0.05 B o9 E
cyclones' 102002-05/10/25
103002-07/25
Underfeed stoker 102002-06 0.8 B 1.3 B 09" E
103002-08
Underfeed stoker, with multiple 102002-06 0.8 8 1.8 B 09* E
cyclone 108002-08
Hand-fed units 103002-14 5 E 10 E 09"
Fluidized bed combustor, bubbling 101002-17 0.06 E 0.05 E 5.9 E
bed 102002-17
108002-17
Fluidized bed combustor, circulating 101002-17 0.06 E 0.05 E 8.5 E
bed 102002-17
108002-17
a. Factors represent uncontrolled emissions unless otherwise specified and should be applied to
coal feed, as fired. :
b. Nominal values achievable under normal operating conditions. Values one or two orders of
. magnitude higher can occur when combustion is not complete.
c. Non-methane total organic compounds are expressed as C2 to C16 alkane equivalents
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- (Reference 31). Because of limited data, the effects of firing configuration on NMTOC emission
factors could not be distinguished. As a result, all data were averaged collectively to develop a
single average emission factor for pulverized coal units, cyclones, spreaders and overfeed .
stokers, ) -
d. Refer to EPA/OAQPS’s SPECIATE and XATEF data bases for emission factors on speciat
VOC. ‘ '
e. No data found; use emission factor for pulverized coal-fired dry bottom boilers.
f. Includes traveling grate, vibrating grate and chain grate stokers.
g No data found; use emission factor for circulating fluidized bed.
8CC = Source classification code.
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TABLE 1.1-12. (METRIC UNITS) EMISSION FACTORS FOR METHANE (CH,), NON-METHANE
TOTAL ORGANIC COMPOUNDS (NMTOC), AND NITROUS OXIDE (N,0) FROM BITUMINOUS AND
-~ SUBBITUMINOUS COAL COMBUSTION® =

CH? NMTOCR . N,O
Emission Emission Emission
Faclor Factot Factor
Firing Configuration . SCC kg/Mg Rating kMg . | Rating kgMg Rating
Pulverized coal fired, dry bottom, 101002-02/22 0.02 B 0.04 B 045 D
wall fired 102002-02/22
103002-06/22
Pulverized coal fired, dry bottom, 101002-12/26 0.02 B 0.04 B 015 D
tangentially fired 102002-12/26
103002-16/26
Pulverized coal fired, wet bottom 101002-12/21 0.025 B 0.02 B 045° E
102002-01721
103002-06/21
Cyclone furnace 101002-03/23 0.005 B 0.0585 B 045° E
102002-03/23
10300223
Spreader stoker 101002-04/24 0.03 B 0.025 B 045° E
102002-04/24
103002-09/24
Spreader stoker, with multiple 101002-03/24 003 B 0.025 B .045* E
¢yclones, and reinjection 101002-04/24
103002-09/24
. Spreader stoker, with multiple 101002-04/24 0.03 B 0.025 B .045° E
’ cyclones, no reinjection 101002-04/24
103002-00/24
Overfeed stoker' 101002-05/25 0.03 B 0.025 B .045* E
102002-05/10/25
103002-07/25
Overfeed stoker, with muttiple 101002-05/25 0.03 B 0.025 B 045 £
cyclones' 102002-05/10/25
103002-07/25
Underfeed stoker 102002-06 0.4 B 65 B .045° E
103002-08
Underfeed stoker, with muttiple 102002-06 0.4 B 65 B .045° E
cyclone 103002-08
Hand-fed units 103002-14 25 E 5 E 045°
Fluidized bed combustor, bubbling 101002-17 0.08 E 0.025 E 275 E
bed 102002-17
10300217
Fluidized bed combustor, clrculating 101002-17 0.03 E 0.025 E 275 E
bed 10200217
103002-17
a. Factors represent uncontrolied emissions unless otherwise specified and should be applied to
coal feed, as fired.
b. Nominal values achievable under normal operating conditions. Values one or two orders of
. magnitude higher can occur when combustion is not complete.
c. Non-methane total organic compounds are expressed as C2 to C16 alkane equivalents

7/93 External Combustion Sources 1.1-27




(Reference 31). Because of limited data, the effects of firing configuration on NMTOC emission
factors could not be distinguished. As a result, all data were averaged collectively to develop a
single average emission factor for pulverized coal units, cyclones, spreaders and overfeed : .
stokers.
d. Refer to EPA/OAQPS's SPECIATE and XATEF data bases for emission factors on speciated
Voc. '
. No data found; use emission factor for pulverized coal-fired dry bottom boilers.
Includes traveling grate, vibrating grate and chain grate stokers.
. No data found; use emission factor for circulating fluidized bed.

)
f
9
SCC = Source classification code.
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TABLE 1.1-15. NEW SOURCE PERFORMANCE STANDARDS FOR FOSSIL

FUEL-FIRED BOILERS
. Standard/ Fuel PM S0, NO,
Boiler Types/ Boiler Size or ng/J ngi) nghJ
Applicability MW Boiler (IbMMBu) (Ib/AMMBu) (vMMBtu)
Criteria (Million Btwhr) Type [% reduction] %6 reduction] (% reduction]
Subpart D »73 Qas 43 NA 86
(>250) (0.10) (0.20)
Industrial-
Utility Qil 43 340 129
(0.10) (0.80) (0.30)
Commence
construction after Bit/Subbit. 43 6520 300
8NM77 Coal (0.10) (1.20) {0.70)
Subpart Da >73 Gas 18 340 86
(»250) (0.09 (0.80) (020)
Utility (NA] [sor* [25)
Commence Qil 13 340 130
conatruction after (0.03) (0.80) (0.80)
ona/re {70) [oof* [80]
Bit/Subbit. 138 520 260/210°
Coal (0.03) (1.20) (0.60/0.50)
[e9] [ [65/65]
Subpart Db >29 Gas NA* NA® 48
(>100) (0.10)
Industrial-
Commercial- Distillate Of 43 240’ 49
Institutional {0.10) (0.80) {0.10)
{20]
Commence
construction after Residual Oil (Same as for (Same as for 1307
6/19/84% distilate oil) distillate oll) (0.80)
Pulverized 2 520* 300
Bit./Subbit. (0.05) (1.20) (0.70)
Coal (20}
Spreader ¢ &520° 260
Stoker & FBC (0.05) (1.20) (0.60)
(90]
Mass-Feed 2 s20* 210
Stoker (0.05) (1.20) (0.50)
[90]
Subpart De 29-29 Gas e - -
(10 - 100)
Small Industrial-
Commercial ol M 215 -
Institutional (0.50)
Commence Bit. & Subbit. ol 520 -
construction after Coal (0.05) (1.20
6//89 ' {90]

a. Zero percent reduction when emissions are less than 86 ng/J (0.20 Ib/MMBtu).
b. 70 percent reduction when emissions are less than 260 ng/J (0.60 Ib/MMBtu).
c. The first number applies to bituminous coal and the second to subbituminous coal.
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d. Standard applies when gas is fired in combination. with coal, see 40 CFR 60, Subpart Db.

e. Standard is adjusted for fuel combinations and capacity factor limits, see 40 CFR 60, Subpart
Db, ‘

f. For furnace heat release rates greater than 730,000 J/s-m® (70,000 Btwhr-ft?), the standard is .
86 ng/J (0.20 Ib/MMBtu). '

g For furnace heat release rates greater than 730,000 J/s-m® (70,000 Btwhr-t®), the standard is

170 ngN (0.40 Ib/MMBtu).

h. Standard applies when gas or oil is fired in combination with coal, see 40 CFR 60, Subpart Dec.

i 20 percent capacity limit applies for heat input capacities of 8.7 Mwt (30 MMBtwhr) or greater.

i Standard is adjusted for fuel combinations and capacity factor limits, see 40 CFR 60, Subpart
De.

k. Additional requirements apply to facilities which commenced construction, modification, or

reconstruction after 6/19/84 but on or before 6/19/86 (see 40 Code of Federal Regulations Part

60, Subpart Db). '

215 ng/J (0.50 Ib/million Btu) limit (but no percent reduction requirement) applies if facilities

combust only very low sulfur oil (< 0.5 wt. % sulfur). '

FBC = Fluidized bed combustion.
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TABLE 1-16. POST-COMBUSTION SO, CONTROLS FOR COAL COMBUSTION SOURCES

. Confrol Technology Procass Typical Control Efficiencies  Remarks

Wet scrubber LimeAlimestone 80-95+% Applicable to high sulfur
fuels,

Wet sludge product

Sodium carbonate 80-98% 1-125 MW (5-430 million
Btu/hr) typical application

range,
High reagent costs

Magnesium oxide/hydroxide 80-95+% Can be regenerated
Dual alkall 90-98% Uses lime to reganerate
sodium-based scrubbing
liquor
Spray drying Calcium hydroxide shurry, 70-90% Applicable to low and
vaporizes in spray vessel medium sulfur fuels,
Produces dry product
Furnace Injection Dry calcium 25-50% Commerciallzed in Europe,
cashonate/ydrate injection in Several U.S. demonstration
upper furnace cavity projects underway
Duct injection Dry sorbent injection into 25-50+% Several R&D and
duct, sometimes combined demonstration projects
with water spray underway,
Not yet commercially

available in the U.S.
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TABLE 1-17. COMBUSTION MODIFICATION NO, CONTROLS FOR STOKER COAL-FIRED INDUSTRIAL BOILERS

Effectiveness of

Control Commercial
Description of (% NO, reduction)  Range of Availability/R&D
Contfrol Technique  Technique Application Status Comments
Low Excess Air Reduction of air 6-25 Excess oxygen Available now but  Danger of
(LEA) flow under stoker limited to 5-6% need R&D on overheating grate,
bed minimum lower limit of clinker formation,
excass air corrosion, and
high CO
emissions
Staged ) Reduction of 525 Excess oxygen Most stokers have
combustion (LEA undergrate alr limited to 5% OFA ports as Need research to
+ OFA) flow and increase minimum smoke control determined .
of overfire air flow devices but may optimum location
need better sir and orientation of
flow control OFA ports for NQ,
devices emisslon control.
QOverheating grate,
corrosion, and
high CO emission
can oceur if
undergrate airflow
is reduced below
acceptable lovel
asin LEA
Reduction of coal  Varies from 49% Has been used Avallable Only stokers that
Load Reduction and air feed to the  decrease to 25% down to 25% load can reduce load
(LR) stoker increase in NO, without increasing
' (average 15% excess air. Nota
decrease) desirable
technique
because of loss in
boiler efficiency
Reduction of 8 Cornbustion air Available now if Not a desirable
Reduced air combustion air temperaiure boiler has technique
prehoat (RAP) temperature reduced from combustion air because of loss in
473K to 458K heater boiler efficiency
Injection of NH, in . 40-40 (from gas- Limited by furnace  Commercially Elaborate NH,
Ammonia injection  convective section  and oil-fired boiler  geometry. offered but not yet . injection,
of boiler experience) Feasible NH, demonstrated monitoring, and
injection rate control system
limited to 1.5 required.

NH/NO Possible load
restrictions on
boller and air
preheater fouling
by ammonium
bisulfate
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1.2 ANTHRACITE COAL COMBUSTION

1.2.1 Generall*

Anthracite coal is a high-rank coal with more fixed carbon and less volatile matter than either
bituminous coal or lignite; anthracite also has higher ignition and ash fusion temperatures. In the
United States, nearly all anthracite is mined in nostheastern Pennsylvania and consumed in
Pennsylvania and its 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 currently is only a small fraction of the total quantity of coal
combusted in the United States.

Another form of anthracite coal bumed in boilers is anthracite refuse, commonly known as
culm. Culm was produced as breaker reject material from the mining/sizing of anthracite coal and was
typically dumped by miners on the ground near operating mines. It is estimated that there are over 15
million Mg (16 million tons) of culm scattered in piles throughout northeastem Pennsylvania. The
heating value of culm is typically in the 1,400 to 2,800 kcal/kg (2,500 to 5,000 Btu/Ib) range,
compared to 6,700 to 7,800 kcal/kg (12,000 to 14,000 Btu/Ib) for anthracite coal.

1.2.2 Firing Practices®’

Due io its low volatile matter content, and non-clinkering characteristics, anthracite coal is
largely used in medium-sized industrial and institutional stoker boilers equipped with stationary or
traveling grates. Anthracite coal is not used in spreader stokers because of its low volatile matter
content and relatively high ignition temperature. This fuel may also be bumed in pulverized coal-fired
(PC-fired) units, but due to ignition difficulties, this practice is limited to only a few plants in eastern
Pennsylvania. Anthracite coal has also been widely used in hand-fired furnaces. Culm has been
combusted primarily in fluidized bed combustion (FBC) boilers because of its high ash content and
low heating value.

Combustion of anthracite coal on a traveling grate is characterized by a coal bed of 8 to 13 cm
(3 to 5 inches) in depth and a high blast of underfire air at the rear or dumping end of the grate. This
high blast of air lifts incandescent fuel particles and combustion gases from the grate and reflects the
particles against a long rear arch over the grate towards the front of the fuel bed where fresh or

"green" fuel enters. This special fumace arch design is required to assist in the ignition of the green
fuel.

A second type of stoker boiler used to bum anthracite coal is the underfeed stoker. Various
types of underfeed stokers are used in industrial boiler applications but the most common for
anthracite coal firing is the single-retort side-dump stoker with stationary grates. In this unit, coal is
fed intermittently to the fuel bed by a ram. In very small units the coal is fed continuously by a
screw. Feed coal is pushed through the retort and upward towards the tuyere blocks. Air is supplied
through the tuyere blocks on each side of the retort and through openings in the side grates. Overfire
air is commonly used with underfeed stokers to provide combustion air and turbulence in the flame
zone directly above the active fuel bed.
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In PC-fired boilers, the fuel is pulverized to the consistency of powder and pneumatically
injected through burners into the furace. Injected coal particles bumn in suspension within the furnace
region of the boiler. Hot flue gases rise-from the furnace and provide heat exchange with boiler tubes
in the walls and upper regions of the boiler. In general, PC-fired boilers operate either in a wet-
bottom or dry bottom mode; because of its high ash fusion temperature, anthracite coal is burned in
dry-bottom fumaces. :

For anthracite culm, combustion in conventional boiler systems is difficult due to the fuel’s
high ash content, high moisture content, and low heating value, However, the burning of culm ina -
fluidized bed system was demonstrated at a steam generation plant in Pennsylvania. A fluidized bed
consists of inert particles (e.g., rock and ash) through which air is blown so that the bed behaves as a
fluid. Anthracite coal enters in the space above the bed and bums in the bed. Fluidized beds can
handle fuels with moisture contents up to near 70 percent (total basis) because of the large thermal
mass represented by the hot inert bed particles. Fluidized beds can also handle fuels with ash contents
as high as 75 percent. Heat released by combustion is transferred to in-bed steam-generating tubes.
Limestone may be added to the bed to capture sulfur dioxide formed by combustion of fuel sulfur,

1.2.3 Emissions And Controls*

Particulate matter (PM) emissions from anthracite coal combustion are a function of furnace
firing configuration, firing practices (boiler load, quantity and location of underfire air, soot blowing,
flyash reinjection, etc.), and the ash content of the coal. Pulverized coal-fired boilers emit the highest
quantity of PM per unit of fuel because they fire the anthracite in suspension, which results in a high
percentage of ash carryover into exhaust gases. Traveling grate stokers and hand fired units produce
less PM per unit of fuel fired, and coarser particulates, because combustion takes place in a quiescent
fuel bed without significant ash carryover into the exhaust gases. In general, PM emissions from
traveling grate stokers will increase during soot blowing and flyash reinjection and with higher fuel
bed underfeed air flowrates. Smoke production during combustion is rarely a problem, because of
anthracite’s low volatile matter content,

Limited data are available on the emission of gaseous pollutants from anthracite combustion.
It is assumed, based on bituminous coal combustion data, that a large fraction of the fuel sulfur is
emitted as sulfur oxides. Also, because combustion equipment, excess air rates, combustion
temperatures, etc., are similar between anthracite and bituminous coal combustion, nitrogen oxide
emissions are also assumed to be similar, Nitrogen oxide emissions from FBC units buming culm are
typically lower than from other anthracite coal-burning boilers due to the lower operating temperatures
which characterize FBC beds.

Carbon monoxide and total organic compound emissions are dependent on combustion
efficiency. Generally their emission rates, defined as mass of emissions per unit of heat input,
decrease with increasing boiler size. Organic compound emissions are expected to be lower for
pulverized coal units and higher for underfeed and overfeed stokers due to relative combustion
efficiency levels.

Controls on anthracite emissions mainly have been applied to PM. The most efficient
particulate controls, fabric filters, scrubbers, and electrostatic precipitators, have been installed on large
pulverized anthracite-fired boilers. Fabric filters can achieve collection efficiencies exceeding 99
percent. Electrostatic precipitators typically are only 90 to 97 percent efficient, because of the
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charactetistic high resistivity of low sulfur anthracite fly ash. It is reported that higher efficiencies can
be achieved using larger precipitators and flue gas conditioning. Mechanical collectors are frequently
employed upstream from these devices for large particle removal.

Older traveling grate stokers are often uncontrolled. Indeed, particulate conirol has often been
considered unnecessary, because of anthracite’s low smoking tendencies and the fact that a significant
fraction of large size flyash from stokers is readily collected in flyash hoppers as well as in the
breeching and base of the stack. Cyclone collectors have been employed on traveling grate stokers,
and limited information suggests these devices may be up to 75 percent efficient on particulate.
Flyash reinjection, frequently used in traveling grate stokers to enhance fuel use efficiency, tends to
increase PM emissions per unit of fuel combusted. High-energy venturi scrubbers can generally
achieve PM collection efficiencies of 90 percent or greater. '

Emission factors and ratings for pollutants from anthracite coal combustion and anthracite
culm combustion are given in Tables 1.2-1 through 1.2-7. Cumulative size distribution data and size
specific emission factors and ratings for particulate emissions are summarized in Table 1.2-8.
Uncontrolled and controlled size specific emission factors are presented in Figure 1.2-1. Particle size
distribution data for bituminous coal combustion may be used for uncontrolled emissions from
pulverized anthracite-fired fumaces, and data for anthracite-fired traveling grate stokers may be used
for hand fired units.
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Table 1.2-1. EMISSION FACTORS FOR SPECIATED METALS FROM ANTHRACITE COAL

COMBUSTION IN STOKER FIRED BOILERS®

EMISSION FACTOR RATING: E

Pollutant Emission Factor Range Average Emission Factor
kg/Mg Ib/ton kg/Mg Ib/ton
Mercury 44E-05 - 6.5E05  8.7B-05 - 1.3E-04 6.5E-05 1.3E-04
Arsenic BDLY - 1.2E-04 BDL - 2.4E-04 9.3E-05 1.9E-04
Antimony BDL BDL BDL BDL
Beryllium LSE-05 - 2.7E-04  3.0B-05 - 5.4E-04 1.5E-04 3.1E-04
Cadmium 2.3B-05 - 55603  4.5E-05 - 1.1E-04 3.6E-05 7.1E-05
Chromium  3.0B-03 - 2.5B-02  5.9E-03 - 4.9E-02 1.4E-02 2.8E-02
Manganese  4.9E-04 - 2.7E03  9.8E-04 - 5.3E-03 1.8E-03 3.6E-03
Nickel 3.9E-03 - 1.8E-02  7.8E-03 - 3.5E-02 1.3E-02 2.6E-02
Selenium 24E-04 - 1.1IE03  4.7E-04 - 2.1E-03 6.3E-04 1.3B-03

®Reference 9. Units are kg of pollutant/Mg of coal burned and Ibs. of pollutant/ton of coal burned.
Source Classification Codes are 10100102, 10200104, and 10300102.
PBDL = Below detection limit.

Table 1.2-2. EMISSION FACTORS FOR TOTAL ORGANIC COMPOUNDS (TOC) AND
METHANE (CH,) FROM ANTHRACITE COAL COMBUSTORS®

Sourcei, Category TOC Emission Factor CH, Emission Factor
(5CO kg/Mg Ib/ton Rating kg/Mg 1b/ton Rating
Stoker fired boilers® 0.10 0.20 E ND ND -
(SCC 10100102,

10200104, 10300102)

Residential space? ND*® ND - 4 8 E
heaters

(no SCC)

®Units are kg of pollutant/Mg of coal bumed and Ibs. of pollutant/ton of coal bumed,
®SOC = Source Classification Code.

“Reference 9,
dReference 14.
°ND = No data.

1.24
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Table 1.2-3 (Metric Units). EMISSION FACTORS FOR SPECIATED ORGANIC COMPOUNDS
FROM ANTHRACITE COAL COMBUSTORS"

EMISSION FACTOR RATING: E

Pollutant Stoker Fired Boilers® Residential Space Heaters®
(SCC 10100102, (No SCC)
10200104, 10300102)
Emission Factor Emission Factor Emission Factor
Range
Biphenyl 1.25E-02 ND ND
Phenanthrene 3.4E-03 4.6E-02 - 2.1E-02 1.6E-01
Naphthalene 0.65E-01 45E-03 - 24E-02 1.5E-01
Acenaphthene ND¢ 7.0E-03 - 3.4E-01 3.5E-01
Acenaphthalene ND 7.0E-03 - 2.0E-02 2.5E-01
Fluorene ND 4.5E-03 - 2.9E-02 1.7E-02
Anthracene ND 4.5E-03 - 2.3E-(2 1.6E-02
. Fluoranthrene ND 4.8E-02 - 1.7E-01 1.1E-01
Pyrene ND 2.7E-02 - 1.2E-01 7.9E-02
Benzo(a)anthracene ND 7.0E-03 - 1.0E-01 2.8E-01
Chrysene ND 1.2E-02 - 1.1E-01 5.3E-02
Benzo(k)fluoranthrene ND 7.0E-03 - 3.1E-02 2.5E-01
Benzo(e)pyrene ND 2.3E-03 - 7.3E-03 4.2E-03
Benzo(a)pyrene ND 1.9E-03 - 4.5E-03 3.5E-03
Perylene ND 3.8E-04 - 1.2E-03 8.5E-04
Indeno(123-cd) perylene ND 2.3E-03 - 7.0E-03 2.4E-01
Benzo(gh,i,) perylene ND 2.2E-03 - 6.0E-03 2.1E-01
Anthanthrene ND 9.5E-05 - 5.5E-04 3.5E-03
Coronene ND 5.5E-04 - 4.0E-03 1.2E-02

2(Jnits are kg of pollutant/Mg of anthracite coal bumed. SCC = Source Classification Code.
bReference 9.

°Reference 14.
. IND = No data.
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Table 1.2-4 (English Units). EMISSION FACTORS FOR SPECIATED ORGANIC COMPOUNDS
FROM ANTHRACITE COAL COMBUSTORS®

EMISSION FACTOR RATING: E

Pollutant Stoker Fired Boilers® Residential Space Heaters®

(SCC 10100102, (No SCC)

10200104,
10300102)

Emission Factor Emission Factor | Emission Factor

_ Range
Biphenyl 2.5E-02 ND ND
Phenanthrene 6.8E-03 9.1E-02 - 4.3E-02 3.2E-01
Naphthalene | 1.3E-01 9.0E-03 - 4.8E-02 3.0E-01
Acenaphthene ND4 1.4E-02 - 6.7E-01 7.0E-01
Acenaphthalene ND 14B-02 - 30801 = . 49E-01
Fluorene ND ' 9.0E-03 - 5.8E-02 " 3.4E-02 |
Anthracene ND 9.0E-03 - 4.5E-02 3.3E-02 .
Fluoranthrene ND '96E-02-33E-01  22E-01
Pyrene ND © 5.4E-02 - 2.4E-01 1.6E-01
Benzo(a)anthracene ND * 14E-02 - 2.08-01 5.5E-01
Chrysene ND 2.3E-02 - 2.2E-01 1.1E-01
Benzo(k)fluoranthrene ND 1.4E-02 - 6.3E-02 5.0E-01
Benzo(e)pyrene ND 4.5E-03 - 1.5E-02 8.4E-03
Benzo(a)pyrene ND 3.8E-03 - 9.0E-03 ~ 7.0E-03
Perylene ND 7.6E-04 - 2.3E-03 1.7E-03
Indeno(123-cd) perylene ND 4.5E-03 - 1.4E-02 4.7E-01
Benzo(g.h,i,) perylene ND 4.3E-03 - 1.2E-02 4,2E-01
Anthanthrene ND 19E-04 - 1.IEO3 ~  7.0E-03
Coronene ND 1.1E-03 - 8.0E-03 24E-02

*Units are Ibs. of pollutant/ton of anthracite coal burned. SCC = Source Classification Code
PReference 9.

“Reference 14.
ND = No data. | __
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Table 1.2-7. EMISSION FACTORS FOR CARBON MONOXIDE (CO) AND
CARBON DIOXIDE (CO,) FROM ANTHRACITE COAL COMBUSTORS?

Sourc% Category CO Emission Factor CO, Emission Factor

SC : . .
(SO kg/Mg Ib/ton Rating kg/Mg Ib/ton Rating
Stoker fired boilers® 03 0.6 B 2840 5680 C

(SCC 10100102,
10200104, 10300102)

FBC boilersd 0.15 0.3 E ND® ND
(no SCC)

2Units are kg of pollutant/Mg of coal burned and Ibs. of pollutant/ton of coal bumed.

SCC = Source Classification Code.

“References 10, 13.

dReference 15. FBC = Fluidized bed combustion; FBC boilers buming culm fuel; all other sources
burning anthracite coal.

°ND = No data.
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Table 1.2-8. CUMULATIVE PARTICLE SIZE DISTRIBUTION AND SIZE SPECIFIC EMISSION
FACTORS FOR DRY BOTTOM BOILERS BURNING PULVERIZED ANTHRACITE COAL?

EMISSION FACTOR RATING: D

Particle Cumulative Mass % < stated size Cumulative Emission Factor?
Size® | kg/Mg (ibfton) coal, as fired
¢ [ ncontrolted Controlled® Uncontrolled Controlled®
Multiple Baghouse Multiple Baghouse
_ Cyclone Cyclone
15 32 63 79 1.6A (3.2A)° 0.63A 0.0079A
| (126A)  (0.016A)
10 23 55 67 12A 23A)  055A  0.0067A
(L10A) . (0.013A)
6 17 46 51 0.9A (1.7A) 0.46A 0.0051A
(0.92A)  (0.010A)
2.5 6 24 32 0.3A (0.6A) 0.24A 0.0032A
(048A)  (0.006A)
1.25 2 13 21 0.1A (0.2A) 0.13A 0.0021A
(026A)  (0.004A)
1.00° 2 10 18 0.1A (0.2A) 0.10A 0.0018A
(020A)  (0.004A)
0.625 1 7 0.05A (0.1A) 0.07A f
(0.14A)
TOTAL 100 100 100 5A (10A) 1A (2A) 0.01A
| (0.024)

®Reference 8. Source Classification Codes are 10100101, 10200101, and 10300101.
"Expressed as aerodynamic equivalent diameter.

“Estimated control efficiency for multiple cyclone is 80%; for baghouse, 99.8%.
%Units are kg of pollutant/Mg of coal bumed and Ibs. of pollutant/ton of coal burned.
°A = coal ash weight %, as fired.

fnsufficient data, _
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Figure 1.2-1. Cumulative size specific emission factors for dry bottom boilers burning pulverized
_ anthracite coal.

7/93 External Combustion Sources 1.2-11




References For Section 1.2

1.

10.

11,

12.

13.

14.

Minerals Yearbook, 1978-79, Bureau of Mines, U. S, Department of the Interior, Washington, DC,
1981. :

Air Pollutant Emission Factors, APTD-0923, U. S. Environmental Protection Agency, Research
Triangle Park, NC, April 1970.

P. Bender, D. Samela, W. Smith, G. Tsoumpas, and J. Laukaitis, "Operating Experience at the
Shamokin Culm Buming Steam Generation Plant", Presented at the 76th Anmual-Meeting of the
Air Pollution Control Association, Atlanta, GA, June 1983, ‘ o

Chemical Engineers’ Handbook, Fourth Edition, J. Perry, Editor, McGraw-Hill Book Company,
New York, NY, 1963.

Background Information Document For Industrial Boilers, EPA 450/3-82-006a, U. S.
Environmental Protection Agency, Research Triangle Park, NC, March 1982.

Steam: Its Generation and Use, Thirty-Seventh Edition, The Babcock & Wilcox Company, New
York, NY, 1963.

Emission Factor Documentation for AP-42 Section 1.2 - Anthracite Coal Combustion (Draft),
Technical Support Division, Office of Air Quality Planning and Standards, U, S. Environmental
Protection Agency, Research Triangle Park, NC, April 1993,

Inhalable Particulate Source Category Report for External Combustion Sources, EPA Contract
No. 68-02-3156, Acurex Corporation, Mountain View, CA, January 1985.

Emissions Assessment of Conventional Stationary Combustion Systems, EPA Contract No.
68-02-2197, GCA Corp., Bedford, MA, October 1980.

Source Sampling of Anthracite Coal Fired Boilers, RCA-Electronic Components, Lancaster, PA,
Final Report, Scott Environmental Technology, Inc., Plumsteadville, PA, April 1975.

Source Sampling of Anthracite Coal Fired Boilers, Shippensburg State College, Shippensburg, PA,
Final Report, Scott Environmental Technology, Inc, Plumsteadville, PA, May 1975.

Source Sampling of Anthracite Coal Fired Boilers, Pennhurst Center, Spring City, PA, Final
Report, TRC Environmental Consultants, Inc., Wethersfield, CT, January 23, 1980.

Source Sampling of Anthracite Coal Fired Boilers, West Chester State College, West Chester, PA,
Pennsylvania Department of Environmental Resources, Harrisburg, PA 1980.

Characterization of Emissions of PAHs From Residential Coal Fired Space Heaters, Vermont
Agency of Environmental Conservation, 1983,

1.2-12 EMISSION FACTORS 7/93




. References For Section 1.2 (Continued)

15.

16.

17.

18.

19.

7/93

Design, Construction, Operation, and Evaluation of a Prototype Culm Combustion Boiler/Heater
Unit, Contract No. AC21-78ET12307, U. 8. Dept. of Energy, Morgantown Energy Technology
Center, Morgantown, WV, October 1983.

Air Pollutant Emission Factors, APTD-0923, U. S. Environmental Protection Agency, Research
Triangle Park, NC, April 1970.

Source Test Data on Anthracite Fired Traveling Grate Stokers, Office of Air Quality Planning and
Standards, U. S. Environmental Protection Agency, Research Triangle Park, NC, 1975.

N. F. Suprenant, et al., Emissions Assessment of Conventional Stationary Combustion Systems,
Volume IV: Commercialllnstitutional Combustion Sources, EPA Contract No. 68-02-2197, GCA
Corporation, Bedford, MA, October 1980.

R. W. Cass and R. W. Bradway, Fractional Efficiency of a Utility Boiler Baghouse: Sunbury
Steam Electric Station, EPA-600/2-76-077a, U, S. Environmental Protection Agency, Washington,
DC, March 1976.

External Combustion Sources 1.2-13






1.3 FUEL OIL COMBUSTION
1.3.1 General'®?

Two major categories of fuel oil are bumed by combustion sources: distillate oils and residual
oils. These oils are further distinguished by grade numbers, with Nos. 1 and 2 being distillate oils;
Nos. 5 and 6 being residual oils; and No. 4 either distillate oil or a mixture of distillate and residual
oils. No. 6 fuel oil is sometimes referred to as Bunker C. Distillate oils are more volatile and less
viscous than residual oils. They have negligible nitrogen and ash contents and usually contain less
than 0.3 percent sulfur (by weight). Distillate oils are used mainly in domestic and small commercial
applications. Being more viscous and less volatile than distillate oils, the heavier residual oils (Nos. 5
and 6) must be heated for ease of handling and to facilitate proper atomization. Because residual oils
are produced from the residue remaining 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. Residual oils are used mainly in utility, industrial, and large commercial applications.

1.3.2 Emissions”

Emissions from fuel oil combustion depend on the grade and composition of the fuel, the type
and size of the boiler, the firing and loading practices used, and the level of equipment maintenance.
Because the combustion characteristics of distillate and residual oils are different, their combustion can
produce significantly different emissions. In general, the baseline emissions of criteria and non-criteria
pollutants are those from uncontrolled combustion sources. Uncontrolled sources are those without
add-on air pollution control (APC) equipment or other combustion modifications designed for emission
control. Baseline emissions for sulfur dioxide (SO,) and particulate matter (PM) can also be obtained
from measurements taken upstream of APC equipment.

In this section, point source emissions of nitrogen oxides (NO,), SO,, PM, and carbon
monoxide (CO) are being evaluated as criteria pollutants (those emissions which have established
National Primary and Secondary Ambient Air Quality Standards. Particulate matter emissions are
sometimes reported as total suspended particulate (TSP). More recent data generally quantify the
portion of inhalable PM which is considered to be less than 10 microns in aerodynamic diameter (PM-
10). In addition to the criteria pollutants, this section includes point source emissions of some non-
criteria pollutants, nitrous oxide (N,0), volatile organic compounds (VOCs), and hazardous air
pollutants (HAPs), as well as data on particle size distribution to support PM-10 emission inventory
efforts. Emissions of carbon monoxide (CQ,) are also being considered because of its possible
participation in global climatic change and the corresponding interest in including this gas in emission
inventories. Most of the carbon in fossil fuels is emitted as CO, during combustion. Minor amounts
of carbon are emitted as CO, much of which ultimately oxidizes to CO,, or as carbon in the ash.
Finally, fugitive emissions associated with the use of oil at the combustion source are being included
in this section.

Tables 1.3-1 through 1.3-4 present emission factors for uncontrolied emissions of criteria
pollutants from fuel oil combustion. A general discussion of emissions of criteria and non-criteria
pollutants from coal combustion is given in the following paragraphs. Tables 1.3-5 through 1.3-8
present cumulative size distribution data and size specific emission factors for particulate emissions
from fuel oil combustion. Uncontrolled and controlled size specific emission factors are presented in
Figures 1.3-1 through 1.3-4. Distillate and residual oil categories are given separately, because their
combustion produces significantly different particulate, SO,, and NO, emissions.
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Particulate Matter Emigsions®’+>132123-4

- Particulate matter emissions depend predominantly on the grade of fuel fired. Combustion of .
lighter distillate oils results in significantly lower PM formation than does combustion of heavier -
residual oils. Among residual oils, firing of Nos. 4 or 5 oils usually produces less PM than does the
firing of heavier No. 6 oil.

In general, PM emissions depend on the completeness of combustion as well as on the oil ash
content. The PM emitted by distillate oil-fired boilers is primarily carbonaceous particles resulting
from incomplete combustion of oil and is not correlated to the ash or sulfur content of the oil,
However, PM emissions from residual oil burning is related to the oil sulfur content. This is because
low sulfur No. 6 oil, either refined from naturally low sulfur crude oil or desulfurized by one of
several processes, exhibits substantially lower viscosity and reduced asphaltene, ash, and sulfur
contents, which results in better atomization and more complete combustion, ' :

Boiler load can also affect particulate emissions in units firing No. 6 oil. At low load
conditions, particulate emissions from utility boilers may be lowered by 30 to 40 percent and by as -
much as 60 percent from small industrial and commercial units. However, no significant particulate
emissions reductions have been noted at low loads from boilers firing any of the lighter grades. At
very low load conditions, proper combustion conditions may be difficult to maintain and particulate
emissions may increase significantly.

Sulfur Oxide Emissions! %%

Sulfur oxide (SO,) emissions are generated during oil combustion from the oxidation of sulfur
contained in the fuel. The emissions of SO, from conventional combustion systems are predominantly .
in the form of SO,. Uncontrolled SO, 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 average,

more than 95 percent of the fuel sulfur is converted to SO,: about 1 to 5 percent is further oxidized to

sulfur trioxide (SOy); and about 1 to 3 percent is emitted as sulfate particulate. S0, readily reacts with

water vapor (both in the atmosphere and in flue gases) to form a sulfuric acid mist.

Nitrogen Oxides Emissions!-1}+14:152024-2528-2941

Oxides of nitrogen (NO,) formed in combustion processes are due either to thermal fixation of
atmospheric nitrogen in the combustion air ("thermal NO,"), or to the conversion of chemically bound
nitrogen in the fuel ("fuel NO,"). The term NO, refers to the composite of nitric oxide (NO) and
nitrogen dioxide (NO,). Nitrous oxide is not included in NO, but has taken on recent interest because
of atmospheric effects. Test data have shown that for most external fossil fuel combustion systems,
over 95 percent of the emitted NO, is in the form of NO.

Experimental measurements of thermal NO, formation have shown that NO, concentration is
exponentially dependent on temperature, and proportional to N, concentration in the flame, the square
root of O, concentration in the flame, and the residence time. Thus, the formation of thermal NO, is
affected by four factors: (1) peak temperature, (2) fuel nitrogen concentration, (3) oxygen ‘
concentration, and (4) time of exposure at peak temperature. The emission trends due to changes in
these factors are generally consistent for all types of boilers: an increase in flame temperature, oxygen
availability, and/or residence time at high temperatures leads to an increase in NO, production.
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Fuel nitrogen conversion is the more important NO,-forming mechanism in residual oil boilers.
Tt can account for 50 percent of the total NO, emissions from residual oil firing. The percent
conversion of fuel nitrogen to NO, varies greatly, however; typically from 20 to 90 percent of nitrogen
in oil is converted to NO,. Except in certain large units having unusually high peak flame
temperatures, or in units firing a low nitrogen content residual oil, fuel NO, generally accounts for
over 50 percent of the total NO, generated. Thermal fixation, on the other hand, is the dominant NO,
forming mechanism in units firing distillate oils, primarily because of the negligible nitrogen content in
these lighter oils. Because distillate oil-fired boilers usually have lower heat release rates, the quantity
of thermal NO, formed in them is less than that of larger units.

A number of variables influence how much NO, is formed by these two mechanisms. One
important variable is firing configuration. NO, emissions from tangentially (corner) fired boilers are,
on the average, less than those of horizontally opposed units. Also important are the firing practices
employed during boiler operation. Low excess air (LEA) firing, flue gas recirculation (FGR), staged
combustion (SC), reduced air preheat (RAP), low NO, burners (LNBs), or some combination thereof
may result in NO, reductions of 5 to 60 percent. Load reduction (LR) can likewise decrease NO,
production. Nitrogen oxides emissions may be reduced from 0.5 to 1 percent for each percentage
reduction in load from full load operation. It should be noted that most of these variables, with the
exception of excess air, influence the NO, emissions only of large oil fired boilers. Low excess air-
firing is possible in many small boilers, but the resulting NO, reductions are less significant.

Recent N,O emissions data indicate that direct N,O emissions from oil combustion units are
considerably below the measurements made prior to 1988. Nevertheless, the N,O formation and
reaction mechanisms are still not well understood or well characterized. Additional sampling and
research is needed to fully characterize N,O emissions and to understand the N,O formation
mechanism. Emissions can vary widely from unit to unit, or even from the same unit at different
operating conditions. It has been shown in some cases that N,O increases with decreasing boiler
temperature. For this update, average emission factors based on reported test data have been
developed for conventional oil combustion systems. These factors are presented in Table 1.3-9.

The new source performance standards (NSPS) for PM, SO,, and NO, emissions from residual
oil combustion in fossil fuel-fired boilers are shown in Table 1.3-10.

Carbon Monoxide Emissions's"

The rate of CO emissions from combustion sources depends on the oxidation efficiency of the
fuel. By controlling the combustion process carefully, CO emissions can be minimized. Thus if a unit
is operated improperly or not well maintained, the resulting concentrations of CO (as well as organic
compounds) may increase by several orders of magnitude. Smaller boilers, heaters, and furnaces tend
to emit more of these pollutants than larger combustors. This is because smaller units usually have a
higher ratio of heat transfer surface area to flame volume leading to reduced flame temperature and
combustion intensity and, therefore, lower combustion efficiency than Jarger combustors.

The presence of CO in the exhaust gases of combustion systems results principally from
incomplete fuel combustion. Several conditions can lead to incomplete combustion, including:

- insufficient oxygen (O,) availability;

- poor fuel/air mixing;
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- cold wall flame quenching;
- reduced combustion temperature;

- decreased combustion gas residence time; and

- load reduction (i.e., reduced combustion intensity).

Since various combustion modifications for NO, reduction can produce one or more of the above
conditions, the possibility of increased CO emissions is a concern for environmental, energy efficiency,
and operational reasons.

Organic Compound Emissiong'®!%%0-356¢

Small amounis of organic compounds are emitted from combustion. As with CO emissions,
the rate at which organic compounds are emitted depends, to some extent, on the combustion
efficiency of the boiler. Therefore, any combustion modification which reduces the combustion
efficiency will most likely increase the concentrations of organic compounds in the flue gases.

Total organic compounds (TOCs) include VOCSs, semi-volatile organic compounds, and
condensible organic compounds. Emissions of VOCs are primarily characterized by the criteria
pollutant class of unbumed vapor phase hydrocarbons. Unburned hydrocarbon emissions can include
essentially all vapor phase organic compounds emitted from a combustion source. These are primarily
emissions of aliphatic, oxygenated, and low molecular weight aromatic compounds which exist in the
vapor phase at flue gas temperatures. These emissions include all alkanes, alkenes, aldehydes,
carboxylic acids, and substituted benzenes (e.g., benzene, toluene, xXylene, and ethyl benzene). .

The remaining organic emissions are composed largely of compounds emitted from
combustion sources in a condensed phase. These compounds can almost exclusively be classed into a
group known as polycyclic organic matter (POM), and a subset of compounds called polynuclear .
aromatic hydrocarbons (PNA or PAH). There are also PAH-nitrogen analogs. Information available
in the literature on POM compounds generally pertains to these PAH groups.

Formaldehyde is formed and emitted during combustion of hydrocarbon-based fuels including
coal and oil. Formaldehyde is present in the vapor phase of the flue gas. Formaldehyde is subject to
oxidation and decomposition at the high temperatures encountered during combustion, - Thus, larger
units with efficient combustion (resulting from closely regulated air-fuel ratios, uniformly high
combustion chamber temperatures, and relatively long gas retention times) have lower formaldehyde
emission rates than do smaller, less efficient combustion units, Average emission factors for POM and
formaldehyde from fuel oil combustors are presented in Table 1.3-9, together with N,O emissions data,

Trace Element Emissions!®1% 3640

. Trace elements are also emitted from the combustion of oil. For this update of AP-42, trace
metals included in the list of 189 hazardous air pollutants under Title I of the 1990 Clean Air Act
Amendments are considered. The quantity of trace metals emitted depends on combustion
temperature, fuel feed mechanism, and the composition of the fuel. The temperature determines the
degree of volatilization of specific compounds contained in the fuel. The fuel feed mechanism affects )
the separation of emissions into bottom ash and fly ash, .
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The quantity of any given metal emitted, in general, depends on:
- the physical and chemical properties of the element itself;
. its concentration in the fuel;

- the combustion conditions; and

- the type of particulate control device used, and its collection efficiency as a function of
particle size.

It has become widely recognized that some trace metals concentrate in certain waste particle
streams from a combustor (bottom ash, collector ash, flue gas particulate), while others do not.
Various classification schemes have been developed to describe this partitioning have been developed.
The classification scheme used by Baig, et al. is as follows:

- Ciass 1: Elements which are approximately equally distributed between fly ash and
bottom ash, or show little or no small particle enrichment.

- Class 2: Elements which are enriched in fly ash relative to bottom ash, or show
increasing enrichment with decreasing particle size.

- Class 3: Elements which are intermediate between Classed 1 and 2.
- Class 4: Elements which are emitted in the gas phase.

By understanding trace metal partitioning and concentration in fine particulate, it is possible to
postulate the effects of combustion controls on incremental trace metal emissions. For example,
several NO, controls for boilers reduce peak flame temperatures (€.g., SC, FGR, RAP, and LR). - If
combustion temperatures are reduced, fewer Class 2 metals will initially volatilize, and fewer will be
available for subsequent condensation and enrichment on fine PM. Therefore, for combustors with
particulate controls, lowered volatile metal emissions should result due to improved particulate
removal. Flue gas emissions of Class 1 metals (the non-segregating trace metals) should remain
relatively unchanged.

Lower local O, concentration are also expected to affect segregating metal emissions from
boilers with particle controls. Lower O, availability decreases the possibility of volatile metal
oxidation to less volatile oxides. Under these conditions, Class 2 metals should remain in the vapor
phase as they enter the cooler sections of the boiler. More redistribution to small particles should
occur and emissions should increase. Again, Class 1 metal emissions should remain unchanged.

Other combustion NO, controls which decrease local O, concentrations (e.g., SC and FGR)
also reduce peak flame temperatures. Under these conditions, the effect of reduced combustion
temperature is expected to be stronger than that of lower O, concentrations. Available trace metals
emissions data for fuel oil combustion in boilers are summarized in Table 1.3-11.

1.3.3 Controls

The various control techniques and/or devices employed on oil combustion sources depend on
the source category and the pollutant being controlled. Only controls for criteria pollutants are
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diScussed here because controls for non-criteria emissions have not been demonstrated or
commercialized for oil combustion sources. .

Control techniques may be classified into three broad categories: fuel substitution, combustion
modification, and post combustion control. Fuel substitution involves using "cleaner” fuels to reduce
emissions. Combustion modification and post- combustion control are both applicable and widely
commercialized for oil combustion sources. Combustion modification is applied primarily for NO,
control purposes, although for small units, some reduction in PM emissions may be available through
improved combustion practice. Post-combustion control is applied to emissions of particulate matter,
S0,, and, to some extent, NO,, from oil combustion.

1.3.3.1 Fuel Substitution>5'*%

Fuel substitution, or the firing of "cleaner” fuel oils, can substantially reduce emissions of a
number of pollutants. Lower sulfur oils, for instance, will reduce SO, emissions in all boilers,
regardless of the size or type of boiler or grade of oil fired. Particulates generally will be reduced
when a lighter grade of oil is fired. Nitrogen oxide emissions will be reduced by switching to either a
distillate oil or a residual oil with less nitrogen. The practice of fuel substitution, however, may be
limited by the ability of a given operation to fire a better grade of oil and by the cost and availability
of that fuel. ' '

1.3.3.2 Combustion Modification!*#91*1420

Combustion modification includes any physical change in the boiler apparatus itself or in its
operation. Regular maintenance of the burner system, for example, is important to assure proper
atomization and subsequent minimization of any unburned combustibles. Periodic tuning is important .
in small units for maximum operating efficiency and emissions control, particularly for PM and CO
emissions. Combustion modifications, such as LEA, FGR, SC, and reduced load operation, result in
lowered NO, emissions in large facilities.

Particulate Matter Control

Control of PM emissions from residential and commercial units is accomplished by improved
burner servicing and by incorporating appropriate equipment design changes to improve oil
atomization and combustion acrodynamics. Optimization of combustion aerodynamics using a flame
retention device, swirl, and/or recirculation is considered to be the best approach toward achieving the
triple goals of low PM emissions, low NO, emissions, and high thermal efficiency.

Large industrial and utility boilers are generally well-designed and well-maintained so that soot
and condensible organic compound emissions are minimized. Particulate matter emissions are more a
result of entrained fly ash in such units. Therefore, post- combustion controls are necessary to reduce
PM emissions from these sources.

NO, Control~"-

In boilers fired on crude oil or residual oil, the control of fuel NO, is very important in
achieving the desired degree of NO, reduction since, typically, fuel NO, accounts for 60 to 80 percent
of the total NO, formed. Fuel nitrogen conversion to NO; is highly dependent on the fuel-to-air ratio
in the combustion zone and, in contrast to thermal NO, formation, is relatively insensitive to small
changes in combustion zone temperature. In general, increased mixing of fuel and air increases
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nitrogen conversion which, in tum, increases fucl NO,. Thus, to reduce fuel NO, formation, the most
common combustion modification technique is to suppress combustion air levels below the theoretical
amount required for complete combustion. The lack of oxygen creates reducing conditions that, given
sufficient time at high temperatures, cause volatile fuel nitrogen to convert to N, rather than NO.

In the formation of both thermal and fuel NO,, all of the above reactions and conversions do
not take place at the same time, temperature, or rate. The actual mechanisms for NO, formation in a
specific situation are dependent on the quantity of fuel bound nitrogen, if any, and the temperature and
stoichiometry of the flame zone. Although the NO, formation mechanisms are different, both thermal
and fuel NO, are promoted by rapid mixing of fuel and combustion air. This rate of mixing may itself
depend on fuel characteristics such as the atomization quality of liquid fuels. Additionally, thermal
NO, is greatly increased by increased residence time at high temperatures, as mentioned above. Thus,
primary combustion modification controls for both thermal and fuel NO, typically rely on the
following control approaches:

- decrease primary flame zone O, level by:

- decreasing overall O, level;
- controlling (delaying) mixing of fuel and air; and
- use of fuel-rich primary flame zone.

- decrease residence time at high temperatures by:

- decreasing adiabatic flame temperature through dilution;
- decreasing combustion intensity;

- increasing flame cooling; and

- decreased primary flame zone residence time.

Table 1.3-12 shows the relationship between these control strategies and the combustion
modification NO, control techniques currently in use on boilers firing fuel oil.

1.3.3.3 Post Combustion Control™**

Post combustion control refers to removal of pollutants from combustion flue gases
downstream of the combustion zone of the boiler. Flue gas cleaning is usually employed on large oil-
fired boilers.

Particulate Matter Control*

Large industrial and utility boilers are generally, well-designed and well-maintained. Hence,
particulate collectors are usually the only method of controlling PM emissions from these sources.
Use of such collectors is described below.

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. For these situations, high efficiency cyclonic collectors can achieve up to 85 percent control of
particulate. Under normal firing conditions, or when a clean oil is combusted, cyclonic collectors are
not nearly so effective because of the high percentage of small particles (less than 3 micrometers in
diameter) emitted.
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Electrostatic precipitators (ESPs) are commonly used in oil-fired power plants. Older
precipitators, usually small, typically remove 40 to 60 percent of the emitted PM. Because of the low .
ash content of the oil, greater collection efficiency may not be required. Currently, new or rebuilt
ESPs can achieve collection efficiencies of up to 90 percent.

Scrubbing systems have also been installed on oil fired boilers to control both sulfur oxides
and particulate. These systems can achieve S0, removal efficiencies of 90 to 95 percent and
particulate control efficiencies of 50 to 60 percent.

NO, _Control®

The variety of flue gas treatment NO; control technologies is nearly as great as combustion
modification techniques. Although these technologies differ greatly in cost, complexity, and
effectiveness, they all involve the same basic chemical reaction: the combination of NO, with
ammonia (NH;) to form nitrogen (N,) and water (H,0). '

In selective catalytic reduction (SCR), the reaction takes place in the presence of a catalyst,
improving performance. Non-catalytic Systems rely on a direct reaction, usually at higher
temperatures, to remove NO,. Although removal efficiencies are lower, non-catalytic systems are
typically less complex and often significantly less costly. Table 1.3-13 presents various catalytic and
non-catalytic NO,-reduction technologies. _

S0, Contro] ™

Commercialized post-combustion flue gas desulfurization (FGD) processes use an alkaline
reagent to absorb SO, in the flue gas and produce a sodium or a calcium sulfate compound. These .
solid sulfate compounds are then removed in downstream equipment. Flue gas desulfurization

technologies are categorized as wet, semi-dry, or dry depending on the state of the reagent as it leaves

the absorber vessel. These processes are either regenerable (such that the reagent material can be

treated and reused) or are nonregenerable (in which case all waste streams are de-watered and

discarded).

Wet regenerable FGD processes are attractive because they have the potential for better than
95 percent sulfur removal efficiency, have minimal waste water discharges, and produce a saleable
sulfur product. Some of the current nonregenerable calcium-based processes can, however, produce a
saleable gypsum product. '

To date, wet systems are the most commonly applied. Wet systems generally use alkali
slurries as the SO, absorbent medium and can be designed to remove greater than 90 percent of the
incoming SO,. Lime/limestone scrubbers, sodium scrubbers, and dual alkali scrubbing are among the
commercially proven wet FGD systems. Effectiveness of these devices depends not only on control
device design but also operating variables. Table 1.3-14 summarizes commercially available post
combustion SO, control technologies.
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TABLE 1.3-3 (METRIC UNITS). EMISSION FACTORS FOR TOTAL ORGANIC COMPOUNDS
. (TOC), METHANE, AND NONMETHANE TOC (NMTOC)
FROM UNCONTROLLED FUEL OIL COMBUSTION

Firing Configuration TOC® Methane® NMTOC®
(SCC) ‘ Emission | Rating | Emission | Rating Emission Rating
Factor Factor Factor
kg/10° ¢ kg/10° ¢ kg/10° ¢

Utility boilers
No. 6 oil fired, 0.125 A 0.034 A 0.091 A
nommal firing
(10100401)
No. 6 oil fired, 0.125 A 0.034 A 0.091 A
tangential firing '
(10100404)
No. 5 oil fired, ' 0.125 A 0.034 A 0.091 A
normal firing
(10100405)
No. 5 oil fired, 0.125 A 0.034 A 0.001 A
tangential firing

. (10100406) '
No. 4 oil fired, 0.125 A 0.034 A 0.091 A
normal firing
(10100504)
No. 4 oil fired, 0.125 A 0.034 A 0.091 A
tangential firing ' :
(10100505)
Industrial boilers
No. 6 oil fired 0.154 A 0.12 A 0.034 A
(102004-01/02/03) '
No. 5 oil fired 0.154 - A 0.12 A 0.034 A
(10200404)
Distillate oil fired 0.030 A 0.006 A 0.024 A
(102005-01/02/03)
No. 4 oil fired 0.030 A 0.006 A 0.024 A
(10200504)
Commercial/institutional/residential combustors
No. 6 oil fired 0.193 A 0.057 A 0.136 A
(103004-01/02/03)

. No. 5 oil fired 0.193 A 0.057 A 0.136 A
(10300404)
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TABLE 1.3-3 (METRIC UNITS). EMISSION FACTORS FOR TOTAL ORGANIC COMPOUNDS
(TOC), METHANE, AND NONMETHANE TOC (NMTOC)
FROM UNCONTROLLED FUEL OIL COMBUSTION (Continued)

Firing Configuration TOC® Methane? NMTOC
(5CO Emission | Rating | Emission | Rating | Emission | Rating

Factor Factor Factor '
kg/10° ¢ kg/10° ¢ kg/10° 8

Distillate oil fired 0.067 A 0.026 A 0.041 A

(103005-01/02/03) |

No. 4 oil fired 0.067 A 0.026 A 0041 A

(10300504)

Residential furnace 0.299 A 0.214 A 0085 A

(No SCC)

28CC = Source Classification Code.

"References 16-19. Volatile organic compound emission can increase by several orders of magmtude
if t'he boiler is improperly operated or is not well mamlmned
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TABLE 1.34 (ENGLISH UNITS). EMISSION FACTORS FOR TOTAL ORGANIC COMPOUNDS
. ' (TOC), METHANE, AND NONMETHANE TOC (NMTOC)
FROM UNCONTROLLED FUEL OIL COMBUSTION

Firing TOC® Methane® NMTOC®
Configuration . -
(SCC)® Emission Rating Emission Rating Emission Rating
Factor Factor Factor
1b/10° gal 1b/10° gal 1b/10° gal

Utility boilers .
No. 6 oil fired, 1.04 A 0.28 A 0.76 A
normal firing
(10100401)
No. 6 oil fired, 1.04 A 0.28 A 0.76 A
tangential firing
(10100404)
No. 5 oil fired, 1.04 A 028 A 0.76 A
normal firing .
(10100405)
No. § oil fired, 1.04 A 0.28 A 0.76 A
tangential firing

. (10100406)
No. 4 oil fired, 1.04 A 0.28 A ) 0.76 A
normal firing
(10100504)
No. 4 oil fired, 1.04 A 028 A 0.76 A
tangential firing
(10100505)
Industrial boilers
No. 6 oil fired 1.28 A 1 A 0.28 A
(102004-01/02/03)
No. 5 oil fired 1.28 A 1 A 0.28 A
(10200404)
Distillate oil fired 0.252 A 0.052 A 0.2 A
(102005-01/02/03)
No. 4 oil fired 0.252 A 0.052 A 0.2 A
(10200504)
Commercial/institutional/residential combustors
No. 6 oil fired 1.605 A 0.475 A 1.13 A
(103004-01/02/03)

. No. 5 oil fired 1.605 A 0.475 A 1.13 A
(10300404)
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TABLE 1.3-4 (ENGLISH UNITS). EMISSION FACTORS FOR TOTAL ORGANIC COMPOUNDS
(TOC), METHANE, AND NONMETHANE TOC (NMTOC) .
FROM UNCONTROLLED FUEL OIL COMBUSTION (Contimued)

Firing TOC® Methane® - NMTOC®
Configuration
(SCey Emission Rating Emission Rating | Emission Rating
Factor Factor Factor

1b/10° gal 1b/10° gal | . Ib/10? gal
Distillate oil fired 0.556 A 0.216 A 0.34 A
(103005-01/02/03) : '
No. 4 oil fired 0.556 A 10216 A 034 A
(10300504) _ -
Residential fumace - 2.493 A 1.78 A 0.713 A
(No SCC) _

*SCC = Source Classification Code.
"Referencm 16-19. Volatile organic compound emission can increase by several orders of magnitude
if the boiler is improperly operated or is not well maintained.
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EMISSION FACTORS FOR UNCONTROLLED INDUSTRIAL BOILERS

TABLE 1.3-7. CUMULATIVE PARTICLE SIZE DISTRIBUTION AND SIZE SPECIFIC
. FIRING DISTILLATE OIL*

EMISSION FACTOR RATING: E

Particle Size® (um) Cumulative Mass % < Cumulative Emission Factor,
stated size [kg/10° ¢ (1b/10° gal)]

Uncontrolled Uncontrolled

15 68 0.16 (1.33)

10 50 0.12 (1.00)

6 30 0.07 (0.58)

2.5 12 0.03 (0.25)

1.25 9 0.02 (0.17)
1.00 8 0.02 (0.17)

0.625 2 0.005 (0.04)

. TOTAL 100 0.24 (2.00)

"Reference 29. Source Classification Codes: 102005-01/02/03.
*Expressed as aerodynamic equivalent diameter.
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TABLE 1.3-8. CUMULATIVE PARTICLE SIZE DISTRIBUTION AND SIZE SPECIFIC
EMISSION FACTORS FOR UNCONTROLLED COMMERCIAL BOILERS BURNING
RESIDUAL AND DISTILLATE OIL*

EMISSION FACTOR RATING: D

Particle Cumﬁlaﬁve Mass % Cumulative Emission Factor,®
Size® (um) < stated size [kg/10° ¢ (1ty10? gal)]
Uncon- Uncon- Uncontrolled, Uncqn_ttolled,_
trolled, trolled, Residual Oil Distillate Oil -
Residual Distillate ' o
| Oil

15 78 60 0.78A (6.50A) 0.14.(1.17)

10 62 55 0.62A (5.17A) 0.13 (1.08)

6 44 49 0.44A (3.67A) 0.12 (1.00)
2.5 23 42 0.23A (1.92A) 0.10 (0.83)
1.25 16 38 0.16A (1.33A) 0.09 (0.75)
1.00 14 | 37 0.14A (1.17A) 0.09 (0.75) .

0.625 13 35 0.13A (1.08A) 0.08 (0.67)
TOTAL 100 100 1A (8.34A) 0.24 (2.00)

*Reference 29. Source Classification Codes: 103004-01/02/03/04,103005-01/02/03/04.
*Expressed as aerodynamic equivalent diameter.
“Particulate emission factors for residual oil combustion without emission controls are, on average, a
function of fuel oil grade and sulfur content:
No. 6 oil: A = 1,12(S) + 0.37 kg/10° ¢ Where S is the weight % of sulfur in the oil
No.50il: A=12kg/10°¢
No. 4 oil: A = 0.84 kg/10° ¢
No. 2 oil: A =024 kg/10° ¢
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TABLE1.3-9. EMISSION FACTORS FOR NITROUS OXIDE (N,0), POLYCYCLIC
ORGANIC MATTER (POM), AND FORMALDEHYDE (HCOH) FROM
FUEL OIl. COMBUSTION

EMISSION FACTOR RATING: E

Firing Configuration Emission Factor, kg/10° ¢ (1t/10° gal)
(SCO) N,O° POM® HCOH*
Utili ustrial/commercial boilers
No. 6 oil fired 0.013 (0.11) 3.2-3.6 (7.4-8.4)  69-174 (161-405)
(101004-01 '
10200401
10300401)
Distillate oil fired 0.013 (0.11) 9.7 (22 . 100-174 (233-405)
(10100501 '
10200501
10300501) _
Residential fumaces 0.006 (0.05) NA NA
(No SCC)

8SCC = Source Classification Code.
. *References 28-29.
“References 16-19.
®particulate and gaseous POM.
“Particulate POM only.
NA = Not available.
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TABLE 1.3-10. NEW SOURCE PERFORMANCE STANDARDS FOR FOSSIL

FUEL FIRED BOILERS
Standard/ Boiler Size Fuel PM S0, NO,
Boiler Types/ MW or ng/J ng/J ng/y
Applicability (Million Boiler (Ib/MMBtu) (Ib/MMBtu) (Ib/MMBt)
Criteria Btu/hr) Type [% reduction] [% reduction]) [% reduction]
Subpart D >73 Gas 43 NA 80
(>250) (0.10) (0.20)
Industrial- _
Utility Qil 43 340 129
(0.10) (0.80) (0.30)
Commence
construction Bit./Subbit. 43 520 300
after 8/17/71 Coal (0.10) (1.20) (0.70)
Subpart Da >73 Gas 13 340 86
(>250) 0.03 (0.80) (020)
Utility [NA] [90]*- [25]
Commence Oil 13 340 130
construction (0.03) (0.80) (0.30)
after 9/18/78 [70] [901* [30]
Bit./Subbit, 13 520 260/210°
Coal (0.03) (1.20) (0.60/0.50)
[99] {90 [65/65]
Subpart Db >29 Gas NA‘ NA* 43f
(>100) 0.10)
Industrial-
Commercial- Distillate Oil = 43 340" 43f
Institutional - (0.10) (0.80) (0.10)
' ' [90]
Commence ‘
construction Residual Qil  (Same as for (Same as for 1308
after 6/19/84° distillate oil) distillate oil) (0.30)
Pulverized 22 520° 300
Bit./Subbit. (0.05) (1.20) (0.70)
Coal [90]
22¢ 520° 260
Spreader (0.05) (1.20) (0.60)
Stoker & FBC [90]
22° 520° 210
Mass-Feed (0.05) (1.20) (0.50)
Stoker [90] '
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TABLE 1.3-10. NEW SOURCE PERFORMANCE STANDARDS FOR FOSSIL
FUEL FIRED BOILERS (Continued)

Standard/ Boiler Size Fuel PM S0, NO,
Boiler Types/ MW or ng/J ng/J ng/J
Applicability (Million Boiler (b/MMBtu)  (Ib/MMBt)  (Ib/MMBtu)

Criteria Btu/hr) Type [% reduction] [% reduction] (% reduction)
Subpart Dc 29 -29 Gas = - -
(10 - 100)
Small

Industrial- Oil p 215 -

Commercial- (0.50)
Institutional
Bit. & Subbit. 22i% 520% -

Commence \ Coal (0.05) (1.20
construction [90]

after

~ 6/9/89

“Zero percent reduction when emissions are less than 86 ng/J (0.20 Ib/MMBtn).

70 percent reduction when emissions are less than 260 ng/J (0.60 I/MMBtu).

°The first number applies to bituminous coal and the second to subbituminous coal.

dStandard applies when gas is fired in combination with coal, see 40 CFR 60, Subpart Db.

*Standard is adjusted for fuel combinations and capacity factor limits, see 40 CFR 60, Subpart Db.

fRor furnace heat release rates greater than 730,000 ¥/s-m® (70,000 Bu/hr-ft’), the standard is 86 5ig/J
(0.20 Ib/MMBtu).

®For furnace heat release rates greater than 730,000 J/s-m® (70,000 Btu/hr-ft’), the standard is 170 ng/J
(0.40 1Ib/MMBtu).

bStandard applies when gas or oil is fired in combination with coal, see 40 CFR 60, Subpart Dc.

20 percent capacity limit applies for heat input capacities of 8.7 Mwt (30 MMBt/hr) or greater.

*Standard is adjusted for fuel combinations and capacity factor limits, see 40 CFR 60, Subpart Dc.

mAdditional requirements apply to facilities which commenced construction, modification, or
reconstruction after 6/19/84 but on or before 6/19/86 (see 40 Code of Federal Regulations Part 60,
Subpart Db).

2215 ng/J- (0.50 Ib/million Btu) limit (but no percent reduction requirement) applies if facilities
combust only very low sulfur oil (< 0.5 wt. % sulfur),
FBC = Fluidized bed combustion.
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TABLE 1.3-13. POST-COMBUSTION NO, REDUCTION TECHNOLOGIES

Technique Description Advantages Disadvantages
1. Urea Injection of urea - Low capital cost - Temperature dependent
injection  into furnace to react - Relatively simple system - Design must consider boiler operating
with NO, to form - Moderate NO, removal (30- conditions and design
N, and H,0 60%) - Reduction may decreased at lower
- Non-toxic chemical loads
- Typically, low energy injection
sufficient
2. Ammonia Injection of - Low operating cost - Moderately high capital cost
injection  ammonia into - Moderate NO, removal (30- - Ammonia handling, storage,
(Thermmal- furnace to react 60%) : vaporization and injection systems
DeNO,) with NO, to form required (Ammonia is a toxic
N, and H,0 chemical)
3. Air Heater  Air heater baskets - Moderate NO, removal (40-65 - Design must address pressure drop,
(AH-)SCR replaced with %) maintain heat transfer
catalyst coated - Moderate capital cost - Due to rotation of airc Leater, only
baskets. Catalyst - No additional ductwork or 50% of catalyst is active at any time
promotes reaction reactor required
of ammmonia with - Low pressure drop
NO,. - - Can use urea as ammonia
feedstock
- Rotating air heater assists
mixing, contact with catalyst
4. Duct SCR A smaller version of - Moderate capital cost - Duct location unit specific
conventional SCR is - Moderate NO, removal (30%) temperature, access dependent
placed in existing - No additional ductwork - Some pressure drop must be
ductwork required accommodated
5. Activated  Activate carbon - Active at low temperature - High pressure drop
Carbon catalyst, installed - High surface area reduces - Not a fully commercial technology
SCR downstream of air reactor size
heater, promotes - Low cost of catalyst
reaction of - Can use urea as ammonia

ammonia with NO, feedstock
at low temperature. - Activated carbon is non-
hazardous material
- SO, removal as well as NO,
removal
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TABLE 1.3-13. POST-COMBUSTION NO, REDUCTION TECHNOLOGIES (Continued)

Description Advantages

ammonija with NO,,

Technique Disadvantages
1. Urea Injection of urea - Low capital cost - Temperature dependent
injection into furnace to react - Relatively simple system - Design must consider boiler operating
' with NO, to form - Moderate NO, removal (30- conditions and design
- N, and H,0 60%) - Reduction may decreased at lower
- Non-toxic chemical loads
- Typically, low energy injection
sufficient '
6. Conven- Catalyst located in - High NO, removal (90%) - Very high capital cost
tional SCR flue gas stream - High operating cost :
(usually upstream of - Extensive ductwork to/from reactor
air heater) promotes - Large volume reazis. must B ited
reaction of - Increased pressure drop may require

ID fan or larger FD fan

- Reduced efficiency

- Ammonia sulfate removal equipment
for air heater

- Water treatment of air heater wash
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TABLE 1.3-14. POST-COMBUSTION SO, CONTROLS FOR FUEL OIL

. Spray drying

COMBUSTION SOURCES
Control Technology Process Typical Control Remarks
_ Efficiencies
Wet scrubber Lime/limestone 80-95+% Applicable to high
sulfur fuels,
Wet sludge product
Sodium carbonate 80-98% 1-125 MW (5430
million Btu/hr) typical
application range,
High reagent costs
Magnesium 830-95+% Can be regenerated
oxide/hydroxide
Dual alkali 90-96% Uses lime to
regenerate sodium-
based scrubbing liquor
Calcium hydmxide 70-90% Applicable to low and
slurry, vaporizes in medium sulfur fuels,
spray vessel Produces dry product
Fumace injection Dry calcium 25-50% Commercialized in
carbonate/hydrate Europe,
injection in upper Several U.S.
furnace cavity demonstration projects
underway
Duct injection Dry sorbent injection 25-50+% Several R&D and
into duct, sometimes : demonstration projects
combined with water underway,
spray Not yet commercially
available in the U.S.
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1.4 NATURAL GAS COMBUSTION
1.4.1 Generall?

Natural gas is one of the major fuels used throughout the country. It is used mainly for
industrial process steam and heat production; for residential and commercial space heating; and for
electric power generation. Natural gas consists of a high percentage of methane (generally above 80
percent) and varying amounts of ethane, propane, butane, and inerts (typically nitrogen, carbon
dioxide, and helium). Gas processing plants are required for the recovery of liquefiable constituents
and removal of hydrogen sulfide before the gas is used (see Natural Gas Processing, Section 9.2). The
average gross heating value of natural gas is approximately 8900 kilocalories per standard cubic meter
(1000 British thermal units per standard cubic foot), usually varying from 8000 to 9800 kcal/scm (900
to 1100 Btu/scf).

1.42 Emissions and Controls®>

Even though natural gas is considered to be a relatively clean-buming fuel, some emissions
can result from combustion. For example, improper operating conditions, including poor air/fuel
mixing, insufficient air, etc., may cause large amounts of smoke, carbon monoxide (CO), and organic
compound emissions. Moreover, because a sulfur-containing mercaptan is added to natural gas to
permit leak detection, small amounts of sulfur oxides will be produced in the combustion process.

Nitrogen oxides (NO,) are the major pollutants of concem when buming natural gas. Nitrogen
oxide emissions depend primarily on the peak temperature within the combustion chamber as well as
the furnace-zone oxygen concentration, nitrogen concentration, and time of exposure at peak
temperatures. Emission levels vary considerably with the type and size of combustor and with
operating conditions (particularly combustion air temperafure, load, and excess air level in boilers).

Currently, the two most prevalent NO, control techniques being applied to natural gas-fired
boilers (which result in characteristic changes in emission rates) are low NO, burners and flue gas
recirculation. Low NO, burners reduce NO, by accomplishing the combustion process in stages.
Staging partially delays the combustion process, resulting in a cooler flame which suppresses NO,
formation. The three most common types of low NO, burners being applied to natural gas-fired
boilers are staged air bummers, staged fuel burners, and radiant fiber bumers. Nitrogen oxide emission
reductions of 40 to 85 percent (relative to uncontroiled emission levels) have been observed with low
NO, burners. Other combustion staging techniques which have been applied to natural gas-fired
boilers include low excess air, reduced air preheat, and staged combustion (e.g., bumers-out-of-service
and overfire air). The degree of staging is a key operating parameter influencing NO, emission rates
for these systems.

In a flue gas recirculation (FGR) system, a portion of the flue gas is recycled from the stack to
the burner windbox. Upon entering the windbox, the gas is mixed with combustion air prior to being
fed to the bumer. The FGR system reduces NO, emissions by two mechanisms. The recycled flue
gas in made up of combustion products which act as inerts during combustion of the fuel/air mixture.
This additional mass is heated in the combustion zone, thereby lowering the peak flame temperatuse
and reducing the amount of NO, formed. To a lesser extent, FGR also reduces NO; formation by
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lowering the oxygen concentration in the primary flame zone. The amount of flue gas recirculated is a '
key operating parameter influencing NO; emission rates for these systems. Flue gas recirculation is

nomally used in combination with low NO, bumers. When used in combination, these techniques are

capable of reducing uncontrolled NO, emissions by 60 to 90 percent.

Two post-combustion technologies that may be applied to natural gas-fired boilers to reduce
NO, emissions by further amounts are selective noncatalytic reduction and selective catalytic
reduction. These systems inject ammonia (or urea) into combustion flue gases to reduce inlet NO,
emission rates by 40 to 70 percent. -

Although not measured, all particulate matter (PM) from natural gas combustion has been
estimated to be less than 1 micrometer in size. Particulate matter is composed of filterable and
condensible fractions, based on the EPA sampling method. Filterable and condensible emission rates
are of the same order of magnitude for boilers; for residential furnaces, most of the PM is in the form
of condensible material. ' R

_ The rates of CO and trace organic emissions from boilers and fumaces depend on the
efficiency of natural gas combustion. These emissions are minimized by combustion practices that
promote high combustion temperatures, long residence times at those temperatures, and turbulent
mixing of fuel and combustion air. In some cases, the addition of NO, control systems such as FGR
and low NO, bumners reduces combustion efficiency (due to lower combustion temperatures), resulting
in higher CO and organic emissions relative to uncontrolled boilers. '

Emission factors for natural gas combustion in boilers and furnaces are presented in Tables .
1.4-1 through 1.4-3. For the purposes of developing emission factors, natural gas combustors have
been organized into four general categories: utility/large industrial boilers, small industrial boilers,
commercial boilers, and residential funaces. Boilers and furnaces within these categories share the
same general design and operating characteristics and hence have similar emission characteristics when
combusting natural gas. The primary factor used to demarcate the individual combustor categories is
heat input,
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LOAD REDUCTION COEFFICIENT

Figure 1.4-1. Load reduction coefficient as a function of boiler load.
(Used to determine NO, reductions at reduced loads in large boilers.)

7193 External Combustion Sources 1.4-3



"BIEP ON = AN,
_ (01-Nd) Io1emwelp Wsreambs
OJUIeUApOISE UT SUGIONE (] Uet SSI[ 9q 0) PSUINSSE 3q ULD SUOISSIS Wd IV W JIQISUSPUCO PUe INJ S[qRINY S1p JO WnS o St
Wd oL uren Sundures (uopAmbe 10) ¢ PORISIN VA e Jo uoniod 1o8uidun o wr pejosfioo sopeem Aemmonred 1o ST N JQISUIPUOD,,
“mren uiduwres (Juoteambs 10) ¢ POYIS VIH e JO Ja1[y a1 0t Joud 10 uo pasfeo Janem ajenonted 1By ST N SIqRINLL,
"9p0D) UOTEOPISSE]D) J0IM0S = DS,

‘anjea Sunesy o8eIioAe
SRp 0] anfeA Sumesy pagloads Sy} Jo onel ) £q JOJOB] UOISSTIA USALS ogy Sulkidnnu £q san[ea Suneoy seS [RIMEU IS0 0] PIISATOD
9q Apwr S[qes SR U SIOJOBY UOISSIUIA SUJ, *(Jos/md 000T) JW/[ESY LTS JO InfeA Sunesy 10uSwy seS [eIrgeu 9FeloAs Ue UO poseg “109)
21qnd ,01/3wEInfiod JO “Sqf PUe SIS JIGRD (O Awelngjod Jo mu_ 3Ie S)IU[) °SHOISSIUID PI[ONUOCSUR Juasaidor SI0EY IV “¢1-6 SIOUSIYNY,

[00s ou]
a 31 081 o] 810 8T (£°0>) sovwmy [ROUSPISYY
[€0900€01]
0 SL (17 | 0 134 (4 (01>- £°0) SI9710q [EIMITIOD)
. [20900201]
a SL 0zl q 79 66 (00T - OT) SI9[I0q [RIASNPUT [[ETS
[+0900101 *10090101]
aN LN | S-1 08-91 (001<) s13[10q persnpuy AFIRYAINNN

Suped | w.ovar | cwm 01/8% | Supey oL/l w 01/3% q[00s]

£ £ ok £’ (ndug 83y 1Y/Mg O] ‘92S)
pINd JIQISUPUCS oNd SIqRIdNL] adAJ, 309snquIo)
<NOLLSNEINOD SVD TVINLYN WO
(Ad JELLVIW HLVINOLLYVd 404 SYOLDVA NOISSINA '1-#'1 SIqeL

on
S

EMISSION FACTORS

144



B1%P SN = Ny
-Auo s1pog peSexoed 0y £idde siojov} UCISSTIHy
*1Z-0T ‘81-91 ‘01-6 Se3UIJY,
*SUOIIPI0) PRO] AO[ 18 P3OUPSI 3q [[IA SIST0q PS[IONUODS UI0Y) SUOISEIHS YON 180 910N ‘-] 2InS] 01 JUSISLJA00 UOHONpal
puoy £q 101083 Ajdnynum ‘speo] paonpaI 1V (3 gOT/QI SLT) ¢ o01/31 0OpY 260 ‘Siun parg Aenuedue) 105 TON se pessaidxy ‘61-CT ‘0T S90USRIY,
(308 ec:.._m 0002) (BN oc:m 009% ‘s98 [eIyEE JO JUSNUOD INJ[NS 9FRISAE U0 PIsBY °L IOUSIYSY,
*3po)) UONBOLJIBSE]D) 3XMOS = JO5,
-onpea Sunecy aSeioAR sIQ 0y oNfRA Junwoy payoads a3 Jo
onel o) Aq 10308] UOISSIMS DAIS 31} SmArdnnw £q sonfea Supesq se3 [EINIBO JOGI0 01 PAUSATOS 3 Kutm 9[qe) ST UI $10308] UOISSTO oY), “(Jos/md 0001)
cI0/1EY OLT8 Jo 2n[EA Suneoy 108K sed [RINEU 5B8IsAE UB UO paseq I99f OIq03 0] humunpiod jo "sqy pue sisEeW QR ocﬁbnau::om Jo 8 oxe suuq),

14-5

d 4 o9  { v6 0081 v 90 96 pafonuosu).
[00s cu)
T60>) soovumny [engepreoy
aN anN a 9€ 08§ v 90 96 uonemonoal s88 anjy - Po[IONUCD m
o e 544 o Lt 0L v 90 96 szammq “ON 407 - PIIIORU0D 3
o 1z 0¢€ | 00% 0091 v 90 9'6 pefjouoduq) g
{£0900€01) m
0T>-¢0) siog PRbwmoy g
o LE 065 o 0€ sy v 90 9'6 uoyeNONoRI 588 0]y - PATIONUOD S
a 19 086 a 58 00€T \4 90 96 spumq “ON 407 - PIfIoNT) m
v CE 09§ v ovl 01T v 90 96 pafjonuocouy) g
[zo900z01]
001-01) siopod [eusnpu] [ews
aN aN a 5S 058 v 90 96 moTE[moNoel 588 AN - PATICNUC)
an 3aN a 418 00ET v 90 96 szonnq YQN 407 - PI[IONT0D
v oF ove v sy 0088 \ 9'0 9'6 pefjonuosun
[0900101 ‘10900101]
fomey | (w0141 | (Wg01/BX | Fumey | cWo0L/Al 0181 | Smeq | cwgoral | (Wy01/3% (undi aﬁamauwm 01 7
(00 p ON 208 ad£, 101SnqUICO
<NOLLSNENQD SV TVINLYN WO (00) EAIXONOW NOTIVD ANV o
‘“ON) SFAIX0 NFDOYLIN «20Ss) FATXOIA YNATNS Y04 SYOLOVH NOISSINH T-'1 AL w




R EE—E—LILLLmmmS——S
e ® ®

[ag]
2
| ‘spumodwod omeSIo Jo jueorad p¢ sosudumod uﬁﬁo.& :8 SoUAYY,
"spunoduiod s1wesio Jo susorad Z¢ sasudod sueyIow g VUBIYOY,
‘spunoduod spuesio jo juaosed £ sosuduiod sueysw g U1,
eJEp ON = AN,
"81 ‘01-6 S0UMJY,
"€Z-TT ‘01 SOWIYY,
3p0D WONRILISSE[D 300§ = D0S,
_ _ _ MeA
3uneoy oeror siyl 01 anfeA Suneay payroeds o Jo onex aip £q Jojoey usAlS oy Suikidnmun Leq sonfea Sumesy sed MU 19O m
O} PSUISAUOD 3] AT Sjqe) SIY) UY SI0J0E] UOISSTS UL, "(Jos/mg 0001) (W/feoX 0LZ8 JO Jnfea Supeay Joysn ses rermeu ofwose w3
o pased 199f JIQnd %Snﬁ::& JO "SqQ[ puUR SISIOWI JIqND oosgazom JO 3y 2Ie S)U[) "SUOISSIWO PSffONUOOUN Juasardar SI0308] [V, M
_ (]
| [Dosou @
a yll 1081 a SOHET _ 90d0°C Soogwmy EruspIsey &
: m
(€0900¢€01]
J y8'c A J SodT’l 90461 (01>-€°0) SI9[I0] [BIIOWHIC)
[20900Z01]
J g8'S FA a S0 Al 90961 (001-01) sI97I0q TeLNSNpUL [[EWS
_ . [¥0900101 ‘105001011
0 A 58T aN AN (001<) srnI0q remsnpur a3reyANm
Suney oL/al worsy |  Supey ot/ar w,01/3% q[00s]
% - 501 £ (nduy Teoy Ty/mg (01 ‘02IS)
pJOL ‘ 2200 ad4L, 1015RqUIOD
NOLLSNI9INOD SVO TVINLVYN WOIH M
(OOL) SANNONOD JINVOIO TVIOL ANV ‘%00) SAIX0Id NOTIVD Y0 SY0LOVA NOISSINA ‘¢-'1 SIqeL -



References for Section 1.4

1. Exhaust Gases From Combustion and Industrial Processes, EPA Contract No. EHSD 71-36,
Engineering Science, Inc., Washington, DC, October 1971,

2. Chemical Engineers' Handbook, Fourth Edition, J. H. Perry, Editor, McGraw-Hill Book
Company, New York, NY, 1963.

3.  Background Information Document For Industrial Boilers, EPA-450/3-82-006a, U. S.
Environmental Protection Agency, Research Triangle Park, NC, March 1982.

4. Background Information Document For Small Steam Generating Units, EPA-450/3-87-000, U. S.
Environmental Protection Agency, Research Triangle Park, NC, 1987.

5. Fine Particulate Emissions From Stationary and Miscellaneous Sources in the South Coast Air
Basin, Califomia Air Resources Board Contract No. A6-191-30, KVB, Inc., Tustin, CA, February
1979.

6. Emission Factor Documentation for AP-42 Section 1.4 - Natural Gas Combustion (Draft),
Technical Support Division, Office of Air Quality Planning and Standards, U. S. Environmental
Protection Agency, Research Triangle Park, NC, April 1993,

. 7. Systematic Field Study of NO, Emission Control Methods For Utility Boilers, APTD-1163, U. S.
Environmental Protection Agency, Research Triangle Park, NC, December 1971.

8. Compilation of Air Pollutant Emission Factors, Fourth Edition, AP-42, U. S. Environmental
Protection Agency, Research Triangle Park, NC, September 1985.

9. 1. L. Muhlbaier, "Particulate and Gaseous Emissions From Natural Gas Furnaces and Water
Heaters", Journal of the Air Pollution Control Association, December 1981.

10. Field Investigation of Emissions From Combustion Equipment for Space Heating, EPA-R2-73-
084a, U. S. Environmental Protection Agency, Research Triangle Park, NC, June 1973.

11. N. F. Suprenant, et al., Emissions Assessment of Conventional Stationary Combustion Systems,
Volume I: Gas and Oil Fired Residential Heating Sources, EPA-600/7-79-029b, U. S.
Environmental Protection Agency, Washington, DC, May 1979.

12. C. C. Shih, et al., Emissions Assessment of Conventional Stationary Combustion Systems, Volume
IIl: External Combustion Sources for Electricity Generation, EPA Contract No. 68-02-2197,
TRW, Inc., Redondo Beach, CA, November 1980. '

13. N. F. Suprenant, et al., Emissions Assessment of Conventional Stationary Combustion Systems,
Volume IV: Commerciall/lnstitutional Combustion Sources, EPA Contract No. 68-02-2197, GCA
Corporation, Bedford, MA, October 1980.

7/93 Extermal Combustion Sources 1.4-7



References for Section 1.4 (Continued)

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

N. F. Suprenant, ez al., Emissions Assessment of Conventional Stationary Combustion Systems,
Volume V: Industrial Combustion Sources, EPA Contract No. 68-02-2197, GCA Corporation,
Bedford, MA, October 1980. '

Emissions Test on 200 HP Boiler at Kaiser Hospital in Woodland Hills, Energy Systems
Associates, Tustin, CA, June 1986, _

Results From Performance Tests: California Milk Producers Boiler No. 5, Energy Systems
Associates, Tustin, CA, November 1984.

Source Test For Measurement of Nitrogen Oxides and Carbon Monoxide Emissions From Boiler
Exhaust at GAF Building Materials, Pacific Environmental Services, Inc., Baldwin Park, CA,
May 1991,

J. P. Kesselring and W. V. Krill, "A Low-NO, Bumner For Gas-Fired Firetube Boilers",
Proceedings: 1985 Symposium on Stationary Combustion NO, Control, Volume 2, EPRI CS-4360,
Electric Power Research Institute, Palo Alto, CA, January 1986. '

NO, Emission Control Technology Update, EPA Contract No. 68-01-6558, Radian Corporation,
Research Triangle Park, NC, January 1984,

Background Information Document For Small Steam Generating Units, EPA-450/3-87-000, U. S.
Environmental Protection Agency, Research Triangle Park, NC, 1987.

Evaluation of the Pollutant Emissions From Gas-Fired Forced Air Furnaces: Research Report
No. 1503, American Gas Association Laboratories, Cleveland, OH, May 1975.

Thirty-day Field Tests of Industrial Boilers: Site 5 - Gas-fired Low-NO, Burner, EPA-600/7-81-
095a, U. S. Environmental Protection Agency, Research Triangle Park, NC, May 1981.

Private communication from Kim Black (Industrial Combustion) to Ralph Harris (MRI),
Independent Third Party Source Tests, February 7, 1992,

14-8 EMISSION FACTORS 7/93



1.5 LIQUEFIED PETROLEUM GAS COMBUSTION
1.5.1 General'

Liquefied petroleum gas (LPG or LP-gas) consists of propane, propylene, butane, and
butylenes; the product used for domestic heating is substantially propane. This gas, obtained mostly
from gas wells (but also to a lesser extent as a refinery by-product) is stored as a liquid under
moderate pressures. There are three grades of LPG available as heating fuels: commercial-grade
propane, engine fuel-grade propane (also known as HD-5 propane), and commercial-grade butane. In
addition, there are high purity grades of LPG available for laboratory work and for use as aerosol
propellants. Specifications for the various LPG grades are available from the American Society for
Testing and Materials and the Gas Processors Association. A typical heating value for commercial-
grade propane and HD-5 propane is 6,090 kcalAiter (91,500 Bw/gallon), after vaporization; for
commercial-grade butane, the value is 6,790 kcal/liter (102,000 Btu/gallon).

The largest market for LPG is the domestic/commercial market, followed by the chemical
industry (where it is used as a petrochemical feedstock) and agriculture. Propane is also used as an
engine fuel as an alternative to gasoline and as a stand-by fuel for facilities that have interruptible
natural gas service contracts.

1.52 Emissions and Controls™*

Liquefied petroleum gas is considered a "clean” fuel because it does not produce visible
emissions, However, gaseous pollutants such as carbon monoxide (CO), organic compounds, and
nitrogen oxides (NO,) do occur. The most significant factors affecting these emissions are bumer
design, burner adjustment, and flue gas venting. Improper design, blocking and clogging of the flue
vent, and insufficient combustion air result in improper combustion and the emissions of aldehydes,
CO, hydrocarbons, and other organics. Nitrogen oxide emissions are a function of a number of
variables, including temperature, excess air, fuel/air mixing, and residence time in the combustion
zone. The amount of sulfur dioxide (SO,) emitted is directly proportional to the amount of sulfur in
the fuel. Emission factors for LPG combustion are presented in Tables 1.5-1 and 1.5-2.

Nitrogen oxides are the only pollutant for which emission controls have been developed.
Propane and butane are being used in Southem California as backup fuel to natural gas, replacing
distillate oil in this role pursuant to the phaseout of fuel oil in that region. Emission controls for NO,
have been developed for firetube and watertube boilers firing propane or butane. Vendors are now
warranting retrofit systems to levels as low as 30 to 40 ppm (based on 3 percent oxygen). These low-
NO, systems use a combination of low NO, bumers and flue gas recirculation. Some burner vendors
use water or steam injection into the flame zone for NO, reduction. This is a trimming technique
which may be necessary during backup fuel periods because LPG typically has a higher NO,-forming
potential than natural gas; conventional natural gas emission control systems may not be sufficient to
reduce LPG emissions to mandated levels. Also, LPG burners are more prone to sooting under the
modified combustion conditions required for low NO, emissions. The extent of allowable combustion
modifications for LPG may be more limited than for natural gas.

One NO, conirol system that has been demonstrated on small commercial boilers is flue gas
recirculation (FGR). Nitrogen oxide emissions from propane combustion can be reduced by as much
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as 50 percent by recirculating 16 percent of the flue gas. Nitrogen oxide emission reductions of over .
60 percent have been achieved with FGR and low NO, burners used in combination,
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TABLE 1.5-1. (ENGLISH UNITS) EMISSION FACTORS FOR LPG
: COMBUSTION"
(Source Classification Codes)

EMISSION FACTOR RATING: E

Pollutant Butane Emission Factor Propane Emission Factor
1b/1000 gal 1b/1000 gal
Industrial Commercial Industrial Commercial
Boilers® Boilers® Boilers® Boilers®
(10201001) (10301001) (10201002) (10301002)
Filterable particulate matter® 0.6 0.5 0.6 04
Sulfur oxides® 0.09S 0.098 0.108 0.108
Nitrogen oxides’ 21 15 19 14
Carbon dioxide 14,700 14,700 12,500 12,500
Carbon monoxide 3.6 2.1 32 1.9
Total organic compounds 0.6 0.6 0.5 0.5

*Assumes emissions (except SO, and NO,) are the same, on a heat input basis, as for natural gas
combustion. The NO, emission factors have been multiplied by a correction factor of 1.5 which is
the approximate ratio of propane/butane NO, emissions to natural gas NO, emissions.

®Heat input capacities generally between 10 and 100 million Btu/hour.

“Heat input capacities generally between 0.3 and 10 million Btu/hour.

®Filterable particulate matter (PM) is that PM collected on or prior to the filter of an EPA Method 5
(or equivalent) sampling train,

Expressed as SO,. S equals the sulfur content expressed on gr/100 ft® gas vapor. For example, if the
butane sulfur content is 0.18 gr/100 ft* emission factor would be (0.09 x 0.18=) 0.016 Ib of
S0,/1000 gal butane burned.

*Expressed as NO,.
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TABLE 1.5-2. (METRIC UNITS) EMISSION FACTORS FOR LPG COMBUSTION® .
(Source Classiﬁcaﬁon Codes)

EMISSION FACTOR RATING: E.

Pollutant Butane Emission Factor Propane Emission Factor
kg/1000 liters kg/1000 liters
Industriai | Commercial Industrial Commercial
Boilers® Boilers® ‘Boilers® " Boilers®
(10201001) (10301001) | (10201002) (10301002)
Filterable particulate matter? - 0.07 0.06 0.07 0.05
Sulfur oxides® 0.0118 0.0118 - 0.0128 0.0128
Nitrogen oxides' 25 1.8 2.3 1.7
Carbon dioxide 1,760 1,760 1,500 1,500
Carbon monoxide 04 0.3 04 ' 0.2
Total organic compounds 0.07 0.07 0.06 0.06
*Assumes emissions (except SO, and NO,) are the same, on a heat input basis, as for natural gas
combustion. The NO, emission factors have been multiplied by a correction factor of 1.5 which is .

the approximate ratio of propane/butane NO, emissions to natural gas NO, emissions.

Heat input capacities generally between 3 and 29 MW.

- ‘Heat input capacities generally between 0.1 and 3 MW.

‘Filterable particulate matter (PM) is that PM collected on or prior to the filter of an EPA Method 5
(or equivalent) sampling train.

‘Expressed as SO,. S equals the sulfur content expressed on gr/100 ft* gas vapor. For example, if the
butane sulfur content is 0.18 gr/100 ft® emission factor would be (0.011 x 0.18) = 0.0020 kg of
S0,/1000 liters butane burned.,

‘Expressed as NO,,.
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1.6 WOOD WASTE COMBUSTION IN BOILERS

1.6.1 General®

The burmning of wood waste in boilers is mostly confined to those industries where it is
available as a byproduct. It is bumned both to obtain heat energy and to alleviate possible solid waste
disposal problems. In boilers, wood waste is normally burned in the form of hogged wood, sawdust,
shavings, chips, sanderdust, or wood trim. Heating values for this waste range from about 2,200 to
2,700 kecal/kg (4,000 to 5,000 Bwu/Ib) of fuel on a wet, as-fired basis. The moisture content of as-fired
wood is typically near 50, weight percent but may vary from 5 to 75 weight percent depending on the
waste type and storage operations.

Generally, bark is the major type of waste burned in pulp mills; either a mixture of wood and
bark waste or wood waste alone is bumed most frequently in the lumber, furniture, and plywood
industries. As of 1980, there were approximately 1,600 wood-fired boilers operating in the U.S., with
a total capacity of over 30 GW (1.0 x 10" Btu/hr).

1.6.2 Firing Practices®’

Various boiler firing configurations are used for buming wood waste. One common type of
boiler used in smaller operations is the Dutch oven. This unit is widely used because it can burn fuels
with very high moisture content. Fuel is fed info the oven through an opening in the top of a
refractory-lined furnace. The fuel accumulates in a cone-shaped pile on a flat or sloping grate.
Combustion is accomplished in two stages: (1) drying and gasification, and (2) combustion of gaseous
products. The first stage takes place in the primary fumnace, which is separated from the secondary
furnace chamber by a bridge wall. Combustion is completed in the secondary chamber before gases
enter the boiler section. The large mass of refractory helps to stabilize combustion rates but also
causes a slow response to fluctuating stcam demand.

In another boiler type, the fuel cell oven, fuel is dropped onto suspended fixed grates and is
fired in a pile. Unlike the Dutch oven, the refractory-lined fuel cell also uses combustion air
preheating and positioning of secondary and tertiary air injection ports to improve boiler efficiency.
Because of their overall design and operating similarities, however, fuel cell and Dutch oven boilers
have comparable emission characteristics.

The most common firing method employed for wood-fired boilers larger than 45,000 kg/hr
(100,000 Ib/hr) stcam generation rate is the spreader stoker. With this boiler, wood enters the furnace
through a fuel chute and is spread either pneumatically or mechanically across the furnace, where
small pieces of the fuel bum while in suspension. Simultaneously, larger pieces of fuel are spread in a
thin, even bed on a stationary or moving grate. The burning is accomplished in three stages in a
single chamber: (1) moisture evaporation; (2) distillation and burning of volatile matter; and (3)
buming of fixed carbon. This type of operation has a fast response to load changes, has improved
combustion control, and can be operated with multiple fuels. Natural gas or oil is often fired in
spreader stoker boilers as auxiliary fuel. This is done to maintain constant sicam when the wood
waste supply fluctuates and/or to provide more steam than can be generated from the waste supply
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alone. ' Although spreader stokers are the most common stokers among larger wood-fired boilers, . .
overfeed and underfeed stokers are also utilized for smaller units,

Another boiler type sometimes used for wood combustion is the suspension-firing boiler. This
boiler differs from a spreader stoker in that small-sized fuel (normally less than 2 mm) is blown into
the boiler and combusted by supporting it in air rather than on fixed grates. Rapid changes in
combustion rate and, therefore, steam generation rate are possible because the finely divided fuel
particles bum very quickly. ' :

A recent development in wood firing is the fluidized bed combustion (FBC) boiler. A
fluidized bed consists of inert particles through which air is blown so that the bed behaves as a fluid.
Wood waste enters in the space above the bed and bums both in suspension and in the bed. Because
of the large thermal mass represented by the hot inert bed particles, fluidized beds can handle fuels -
with moisture contents up to near 70 percent (total basis). Fluidized beds can also handle dirty fuels
(up to 30 percent inert material). Wood fuel is pyrolyzed faster in a fluidized bed than on a grate due
to its immediate contact with hot bed material. As a result, combustion is rapid and results in nearly
complete combustion of the organic matter, thereby minimizing emission of unburned organic
compounds. ' \

1.6.3 Emissions And Controls®!!

The major emission of concem from wood boilers is particulate matter (PM), although other
pollutants, particularly carbon monoxide (CO) and organic compounds, may be emitted in significant
quantities under poor operating conditions, These emissions depend on a number of variables, _
including (1) the composition of the waste fuel bumed, (2) the degree of flyash reinjection employed
and (3) fumnace design and operating conditions. : '

The composition of wood waste depends largely on the industry from which it originates.
Pulping operations, for example, produce great quantities of bark that may contain more than 70
weight percent moisture, sand, and other non-combustibles. As a result, bark boilers in pulp mills may
emit considerable amounts of particulate matter to the atmosphere unless they are well controlled. On
the other hand, some operations, such as furniture manufacturing, generate a clean, dry wood waste
(e.g., 2 to 20 weight percent moisture) which produces relatively low particulate emission levels when
properly burned. Still other operations, such as sawmills, burn a varying mixture of bark and wood
waste that results in PM emissions somewhere between these two extremes.

Fumace design and operating conditions are particularly important when firing wood waste.
For example, because of the high moisture content that may be present in wood waste, a larger than
usual area of refractory surface is often necessary to dry the fuel before combustion. In addition,
sufficient secondary air must be supplied over the fuel bed to burn the volatiles that account for most
of the combustible material in the waste. When proper drying conditions do not exist, or when
secondary combustion is incomplete, the combustion temperature is lowered, and increased PM, CO,
and organic compound emissions may result. Short term emissions can fluctuate with significant
variations in fuel moisture content.

a considerable effect on PM emissions. Because a fraction of the collected flyash is reinjected into the

Flyash reinjection, which is commonly used with larger boilers to improve fuel efficiency, has .
boiler, the dust loading from the furnace and, consequently, from the collection device increase
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significantly per unit of wood waste burned. More recent boiler installations typically separate the
collected particulate into large and small fractions in sand classifiers. The larger particles, which are
mostly carbon, are reinjected into the furnace. The smaller particles, mostly inorganic ash and sand,
are sent to ash disposal.

Currently, the four most common control devices used to reduce PM emissions from wood-
fired boilers are mechanical collectors, wet scrubbers, electrostatic precipitators (ESPs), and fabric
filters. The use of multitube cyclone (or multiclone) mechanical collectors provides particulate control
for many hogged boilers. Often, two multiclones are used in series, allowing the first collector to
remove the bulk of the dust and the second to remove smaller particles. The efficiency of this
arrangement is from 65 to 95 percent. The most widely used wet scrubbers for wood-fired boilers are
venturi scrubbers. With gas-side pressure drops exceeding 4 kPa (15 inches of water), particulate
collection efficiencies of 90 percent or greater have been reported for venturi scrubbers operating on
wood-fired boilers.

Fabyic filters (i.e., baghouses) and ESPs are employed when collection efficiencies above 95
percent are required. When applied to wood-fired boilers, ESPs are often used downstream of
mechanical collector precleaners which remove larger-sized particles. Collection efficiencies of 93 to
99.8 percent for PM have been observed for ESPs operating on wood-fired boilers.

A variation of the ESP is the electrostatic gravel bed filter. In this device, PM in flue gases is
removed by impaction with gravel media inside a packed bed; collection is augmented by an
electrically charged grid within the bed. Particulate collection efficiencies are typically near 95
percent.

Fabric filters have had limited applications to wood-fired boilers. The principal drawback to
fabric filtration, as perceived by potential users, is a fire danger arising from the collection of
combustible carbonaceous fly ash. Steps can be taken to reduce this hazard, including the installation
of a mechanical collector upstream of the fabric filter to remove large buming particles of fly ash (i.e.,
"sparklers”). Despite complications, fabric filters are generally preferred for boilers firing sait-laden
wood. This fuel produces fine particulates with a high salt content. Fabric filters are capable of high
fine particle collection efficiencies; in addition, the salt content of the particles has a quenching effect,
thereby reducing fire hazards. In two tests of fabric filters operating on salt-laden wood-fired boilers,
particulate collection efficiencies were above 98 percent.

Emissions of nitrogen oxides (NO,) from wood-fired boilers are lower than those from coal-
fired boilers due to the lower nitrogen content of wood and the lower combustion temperatures which
characterize wood-fired boilers. For stoker and FBC boilers, overfire air ports may be used to lower
NO, emissions by staging the combustion process. In those areas of the U.S. where NO, emissions
must be reduced to their lowest levels, the application of selective non-catalytic reduction (SNCR) and
selective catalytic reduction (SCR) to waste wood-fired boilers has either been accomplished (SNCR)
or is being contemplated (SCR). Both systems are post-combustion NO, reduction techniques in
which ammonia (or urea) is injected into the flue gas to selectively reduce NO, to nitrogen and water.
In one application of SNCR to an industrial wood-fired boiler, NO, reduction efficiencies varied
between 35 and 75 percent as the ammonia:NO; ratio increased from 0.4 to 32

Emission factors and emission factor ratings for wood waste boilers are summarized in Tables
1.6-1 through 1.6-7. Emission factors are for uncontrolled combustors, unless otherwise indicated.
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Cumulative particle size distribution data and associated emission factors are presented in Tables 1.6-8
and 1.6-9. Uncontrolled and controlled size-specific emission factors are plotted in Figures 1.6-1 and
1.6-2. All emission factors presented are based on the feed rate of wet, as-fired wood with average
properties of 50 weight percent moisture and 2,500 kcal/kg (4,500 Btu/lb) higher heating values.
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Figure 1.6-1. Cumulative size specific emission factors for bark fired boilers.
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TABLE 1.6-3 EMISSION FACTORS FOR TOTAL ORGANIC COMPOUNDS (TOC) AND
CARBON DIOXIDE (CO,) FROM WOOD WASTE COMBUSTION*

Source Category TOC co;’
(sce® . .
kg/Mg Ib/ton Rating | kg/Mg 1b/ton Rating

Fuel cell/Dutch oven 0.09 0.18 C 1100 2100 B
boilers :
(no SCC)
Stoker boilers 0.11 0.22 C 1100 2100 B
(mo SCC)
FBC boilers® NDf ND 1100 2100 B
(no SCC)

"Units are kg of pollutant/Mg of wood waste bumed and Ibs. of pollutant/ton of wood waste burned.
Emission factros are b ased on wet, as-fired wood waste with average properties of 50 weight percent
moisture and 2500 kcal/kg (4500 Btu/Ib) higher heating value.

®SCC = Source Classification Code.

‘References 11, 14-15, 18. Emissions measured as total hydrocarbons, converted to kg carbon/Mg fuel
(Ib carbon/ton fuel).

. dReferences 11, 14-15, 17, 27.
‘FBC = Fluidized bed combustion.
IND = No data.
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Table 1.6-4 (Metric Units). EMISSION FACTORS FOR SPECIATED ORGANIC COMPOUNDS
FROM WOOD WASTE COMBUSTION®

Organic Compound® Emission Factor Average Emission Emission
Range® Factor Factor
_ kg/Mg kg/Mg Rating

Phenols 3.2E-05-6.0E-05 1.9E-(4 C
Acenaphthene 4.3E-08-2.1E-06 1.7E-06 C
Fluorene 8.5E-08-14E-05 4 8E-06 C
Phenanthrene 1.0E-06-9.0E-05 2.8E-05 C
Anthracene 4.3E-08-1.7E-(4 1.9E-05 C
Fluoranthene 4.3E-08-4.3E-04 4.5E-05 C
Pyrene 2.1E-07-2.9E-05 8.5E-06 C
Benzo(a)anthracene 4.3E-08-3.2E-06 9.0E-07 C
Benzo(b+k)fluoranthene 1.7E-07-9.5E-05 1.9E-05 C
Benzo(a)pyrene . 4.3E-08-1.5E-07 9.5E-08 D
Benzo(g,h,i)perylene 4.3E-08-1.7E-06 6.0E-07 . C
Chrysene 4.3E-08-1.5B-4 2.1E-05 C
Indeno(1,2,3,c.d)pyrene 4.3E-08-3.0E-07 1L7E-07 D
Polychlorinated dibenzo-p-dioxins 1.5E-09-1.7E-08 6.0E-09% C
Polychlorinated dibenzo-p-furans 2.3E-09-3.6E-08 1.5E-08%f C
Acenaphthylene 3.0E-07-3.4E-05 2.2E-05 C
Pyrene 4.5E-06% D
Methyl anthracene 7.0E-05% D
Acrolein 2.0E-06% D
Solicyladehyde 1.1E-05¢8 D
Benzaldehyde 6.0E-068 D
Formaldehyde 1'2E-04-1.6E-02 3.3E-03 C
Acetaldehyde 3.0E-05-1.2E-02 1.5E-03 C
Benzene 4,3E-05-7.0E-03 1.8E-03 C
Naphthalene 2.5E-05-2.9E-03 1L.1E-03 C
2,3,7,8-Tetrachlorodibenzo-p-dioxin 1.1E-011-2.6E-011 1.8E-11 D

“Units are kg of pollutant/Mg of wood waste burned and Ibs. of pollutant/ton wood waste burned. Emission

factors are based on wet, as-fired wood waste with average properties of 50 weight percent moisture and 2500
keal/kg higher heating value. Source Classification Codes are 10100901/02/03, 10200901/02/03/04/05/06/07,

and 10300901/02/03.

*Pollutants in this table represent organic species measured for wood waste combustors. Other organic species
may also have been emitted but were either not measured or were present at concentrations below analytical

limits.
“References 11-15, 18, 26-28,

“Emission factors are for total dioxins and furans, not toxic equivalents.

“Excludes data from combustion of sali-laden wood. For salt-laden wood, emission factor is 6.5E-07 kg/Mg
with a D rating. _

‘Excludes data from combustion of salt-laden wood. For salt-laden wood, emission factor is 2.8E-07 kg/Mg
with a D rating, _ ‘

*Based on data from one source test.

1.6-10 EMISSION FACTORS 7/93




Table 1.6-5 (English Units). EMISSION FACTORS FOR SPECIATED ORGANIC COMPOUNDS
FROM WOOD WASTE COMBUSTION*

Organic Compound® Emission Factor Average Emission | Emission
Range® Factor Factor
Ib/ton Ib/ton Rating
Phenols 64E-05-1.2E-4 3.9E-04 C
Acenaphthene 8.6E-08-4.3E-06 3.4E-06 C
Fluorene 1.7E07-2.8E-05 9.6E-06 C
Phenanthrene 2.0E-06-1.8E-04 5.7E-05 C
Anthracene 8.6E-08-3.5E-(4 3.8E-05 C
Fluoranthene 8.6E-08-8.6E-(4 9,0E-05 C
Pyrene 4.3B-07-5.9E-05 L.7E-05 C
Benzo(a)anthracene 8.GE-08-6.4E-06 1.8E-06 C
Benzo(b+k)fluoranthene 3.4E-07-19E-4 2.9E-05 C
Benzo(a)pyrene 8.6E-08-3.0E-07 1.9E-07 D
Benzo(g,h.i)perylene 8.6E-08-3.5E-06 12E-06 C
Chrysene 8.6E-08-3.0E-(4 4.3E-05 C
Indeno(1,2,3,c.d)pyrene 8.6E-08-6.0E-07 3.4E-07 D
Polychlorinated dibenzo-p-dioxins 3.0E-09-3.3E-08 1.2E-08% C
Polychlorinated dibenzo-p-furans 4.6E-09-7.2E-08 2.9E-08% C
Acenaphthylene 6.0E-07-6.8E-05 44E-05 C
Pyrene 9.0E-06* D
Methyl anthracene 1.4E-04¢ D
Acrolein 4.0E-06* D
Solicyladehyde 2.3B-05% D
Benzaldehyde 1.2E-05¢ D
Formaldehyde 2.3E-4-3.3E-02 6.6E-03 C
Acetaldehyde 6.1E-05-2.4E-02 3.0E-03 C
Benzene 8.6E-05-14E-02 3.6E-03 C
Naphthalene 5.0E-05-5.8E-03 23E-03 C
2,3,7,8-Tetrachlorodibenzo-p-dioxin 2.12E-011-5.11E-011 3.6E-11 D

*Units are kg of pollutant/Mg of wood waste bummed and Ibs. of pollutant/ton of wood waste bumed.
Emission factors are based on wet, as-fired wood waste with average properties of 50 weight percent moisture
and 4500 Bw/Ib higher heating value. Source Classification Codes are 10100901/02/03, -
10200901/02/03/04/05/06/07, and 10300901/02/03.

*Pollutants in this table represent organic species measured for wood waste combustors.

Other organic species may also have been emitted but were either not measured or were present at
concentrations below analytical limits,

“References 11-15, 18, 26-28,

‘Emission factors are for total dioxins and furans, not toxic equivalents.

“Excludes data from combustion of salt-laden wood. For salt-laden wood, emission factor is 1.3E-06 Ib/ton
with a D rating.

Bxcludes data from combustion of salt-laden wood. For salt-laden wood, emission factor is 5.5E-07 Ib/ton
with a D rating,

tBased on data from one source test.
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Table 1.6-6 (Metric Units). EMISSION FACTORS FOR SPECIATED METALS
FROM WOOD WASTE COMBUSTION?

Trace Element” Emission Factor Average Emission Emission
‘ Range® Factor Factor
kg/Mg kg/Mg Rating
Chromium (VI) 1.5E-05-2.9E-05 2.3E-05 D
Copper 7.0E-06-6.0E-04 9.5E-05 cC
Zinc 4.9E-05-1.1E-02 22E-03 c .
Barium 2.25-03¢ D
Potassium 3.9E-01¢ D
Sodium ' 9.0E-03¢ D
Iron 4.3E-04-3.3E-02 22E-(2 D
Lithium 3.5E-05¢ D
Boron 4, 0E-(4¢ D
Chlorine 3.9E-03¢ D
Vanadium 6.0E-05¢ D .
Cobalt® 6.5E-05¢ D
Thorinm 8.5E-06¢ D
Tungsten : 5.5E-06° D
Dysprosium 6.5E-06 D
Samariym ' 1.0E-05¢ D .
Neodyminm 1.3E-05¢ D
Praeseodymium : 1.5E-05¢ . D
Todine 8.0B-067 D
~‘Tin 1.5B-05¢ D
Molybdenum : 9.5E-05¢ . D
Niobium 1.7E-05¢ D
Zirconium 1,7E-04¢ D
Yttrium 2.8E-05¢ D
Rubidium 6.0E-04¢ D
Bromine 1.8E-04¢ D
Germanium 1.7E-06¢ D
Arsenic 7.0E-07-1.2E-04 4 4E-05 C
Cadmium - 1.3E-06-2.7E-04 8.5E-06 .C
Chromium (Total) 3.0E-06-2.3E-04 . 6.5E-05 - C.
Manganese ~ L5E-(04-2.6E-02 - 4 4E-03 C
Mercury 1.3B-06-1.0E-05 3.7E-06 C
Nickel _ 1.7E-05-2.9E-03 2.8E-04 C
Selenium 8.5E-06-9.0E-06 8.8E-06 D

*Units are kg of pollutant/Mg of wood waste burned and Ibs. of pollutant/ton of wood waste burned.

- Emission factors are based on wet, as-fired wood waste with average properties of 50 weight percent moisture
and 2500 kcal/kg higher heating value. Source Classification Codes are 10100901/02/03
10200901/02/03/04/05/06/07, and 10300901/02/03.

"Pollutants in this table represent metal species measured for wood waste combustors. Other metal species may
also have been emitted but were either not measured or were present at concentrations below analytical limits.

“References 11-15, ‘
‘Based on data from one source test. . A
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Table 1.6-7 (English Units), EMISSION FACTORS FOR SPECIATED METALS
FROM WOOD WASTE COMBUSTION®

Trace Element® - Emission Factor Average Emission Emission
Range® Factor Factor
Ib/ton Ib/ton Rating
Chromium (VI) 3.1E-05-5.9E-05 4.6E-05 D
Copper 1.4E-05-1.2E-03 1.9E-04 c
Zinc 9.9E-05-2.3E-02 44E-03 D
Barium 4 4E-03° D
Potassium 7.8E-01* D
Sodivm 1.8E-02¢ D
Iron 8.6E-(04-8.7E-02 44E-02 D
Lithinm 7.0E-05¢ D
Boron '8.0E-04¢ D
Chlorine 7.8E-03¢ D
Vanadium 1.2E-04¢ D
Cobalt 1.3E-04¢ D
Thorium 1.7E-05¢ D
Tungsten 1.1E-05¢ D
Dysprosium 1.3E-05¢ D
Samarium 2.0E-05¢ D
Neodymium 2.6E-05¢ D
Praeseodymium 3.0E-05¢ D
Todine 1.8E-05¢ D
Tin 3.1E-05¢ D
Molybdenum 1.9E-04¢ D
Niobivm 3.5E-05¢ D
Zirconium 3.5E-(4¢ D
Yitrium 5.6E-05¢ D
Rubidium 1.2E-03* D
Bromine 3.9E-04¢ D
Germanium 2.5E-06¢ D
Arsenic 14E-06-2 4E-(4 8.8E-05 C
Cadminym 2.7E-06-54E-(4 1.7E-05 C
Chromium (Total) 6.0E-06-4.6E-04 1.3E-04 C
Manganese 3.0E-04-52E-02 8.9E-03 C
Mercury 2 6E-06-2,1E-05 6.5E-06 C
Nickel 3.4E-05-5.8E-03 5.6B-04 C
Seleninm 1.7E-05-1 8E-05 1.8E-05 D

*Units are kg of pollutant/Mg of wood waste burned and Ibs. of pollutant/ton of wood waste burned.
Emission factors are based on wet, as-fired wood waste with average properties of 50 weight percent
moistore and 4500 Btu/lb higher heating value. Source Classification Codes are 10100901/02/03,
10200901/02/03/04/05/06/07, and 10300901/02/03.

"Pollutants in this table represent metal species measured for wood waste combustors. Other metal
species may also have been emitted but were either not measured or were present at concentrations
below analytical limits,

. “References 11-15.
Based on data from one source test.
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1.7 LIGNITE COMBUSTION

1.7.1 Generall*

Lignite is a coal in the early stages of coalification, with properties intermediate to those of
bituminous coal and peat. The two geographical arcas of the U.S, with extensive lignite deposits are
centered in the States of North Dakota and Texas. The lignite in both areas has a high moisture
content (30 to 40 weight percent) and a low heating value, [1,400 to 1,900 kcalkg (2,500 to 3,400
Bwy/lb), on a wet basis]. Consequently, lignite is burned near where it is mined. A small amount is
used in industrial and domestic situations, but lignite is mainly used for steam/electric production in
power plants. Lignite combustion has advanced from small stokers and the first pulverized coal (PC)
and cyclone-fired units to large (greater than 800 MW) PC power plants,

The major advantages of firing lignite are that it is relatively abundant (in the North Dakota
and Texas regions), relatively low in cost, and low in sulfur content. The disadvantages are that more
fuel and larger facilities arc necessary to generate a unit of power than is the case with bituminous
coal. The reasons for this are: (1) lignite’s higher moisture content means that more energy is lost in
evaporating water, which reduces boiler efficiency; (2) more energy is required to grind lignite to
combustion-specified size, especially in PC-fired units; (3) greater tube spacing and additional soot
blowing are required because of lignite’s higher ash fouling tendencies; and (4) because of its lower
heating value, more lignite must be handled to produce a given amount of power. Lignite usually is
not cleaned or dried before combustion (except for incidental drying in the crusher or pulverizer and
during transport to the burner). No major problems exist with the handling or combustion of lignite
when its unique characteristics are taken into account.

1.7.2 Emissions 21117

The major pollutants generated from firing lignite, as with any coal, are particulate matter
(PM), sulfur oxides (SO,), and nitrogen oxides (NO,). Emissions rates of organic compounds and
carbon monoxide (CO) are much lower than those for the major poliutants under normal operating
conditions.

Emission levels for PM appear most dependent on the firing configuration of the beiler.
Pulverized coal-fired units and spreader stokers fire much or all of the lignite in suspension; they emit
a greater quantity of flyash per unit of fuel bumed than do cyclones and other stokers. Cyclone
furnaces collect much of the ash as molten slag in the furnace itself. Stokers (other than spreader)
retain a large fraction of the ash in the fuel bed and botiom ash.

The NO, emissions from lignite combustion are mainly a function of the boiler design, firing
configuration, and excess air level. Stokers produce lower NO, levels than PC units and cyclones,
mainly because most stokers are relatively small and have lower peak flame temperatures. The boilers
constructed since implementation of the 1971 and 1979 new source performance standards (40 Code of
Federal Regulations, Part 60, Subparts D and Da respectively) have NO, controls integrated into the
boiler design and have comparable NO, emission levels to the small stokers. In most boilers,
regardless of firing configuration, lower excess combustion air results in lower NO, emissions.
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However, lowering the amount of excess air in a lignite-fired boiler can also affect the potennal for
ash foulmg : _ _

The rate of SO, emissions from lignite combustion are a function of the alkali (especially
sodium) content of the ash. For combustion of most fossil fuels, over 90 percent of the fuel sulfur is
emitted as sulfur dioxide (SO,) because of the low alkali content of the fuels. By contrast, a
significant fraction of the sulfur in lignite reacts with alkaline ash components during combustion and
is retained in the boiler bottom ash and flyash. Tests have shown that less than 50 percent of the
available sulfur may be emitted as SO, when a high-sodium lignite is buned, whereas more than 90
percent may be emiited from a low-sodium lignite. As an approximate average, about 75 percent of

the lignite sulfur will be emitted as SO,; the remainder. will be retained in the ash as various sulfate
salts.

1.7.3 Controls®11-17

Most lignite-fired utility boilers are equipped with electrostatic precipitators (ESPs) with
collection efficiencies as high as 99.5 percent for total PM. Older and smaller ESPs have lower
collection efficiencies of approximately 95 percent for total PM, Older industrial and commercial
units also may be equipped with cyclone collectors that normally achieve 60 to 80 percent collection
efficiency for total PM.,

Flue gas desulfurization (FGD) systems (comparable to those used on bituminous coal-fired
boilers) are in current operation on several lignite-fired utility boilers. Flue gases are treated through
wet or dry desulfurization processes of either the throwaway type (in which all waste streams are
discarded) or the recovery/regenerable type (in which the SO, absorbent is regenerated and reused).
Wet systems generally use alkali slurries as the SO, absorption medium and can reduce SO, emissions
by 90 percent or more. Spray dryers (or dry scrubbers) spray a solution or slurry of alkaline material
into a reaction vessel as a fine mist that mikes with the flue gas. The SO, reacts with the alkaline
mist to form salts. The solids from the spray dryer and the salts formed are collected in a partlculate
control device,

Over 50 percent reduction of NO, emissions can be achieved by changing the burner
geometry, controlling air flow in the fummace, or making other changes in operating procedures.
Overfire air and low NO, burners are two demonstrated NO, control techniques for lignite
combustion.

Baseline emission factors for NO,, SO,, and CO are presented in Tables 1.7-1 and 1.7-2.
Baseline emission faciors for total PM and nitrous oxide (N,O) are given in Table 1.7-3. Specific
emission factors for the cumulative particle size distributions are provided in Tables 1.7-4 and 1.7-5.
Uncontrolled and controlled size-specific emission factors are presented in Figures 1.7-1 and 1.7-2.
Lignite combustion and bituminous coal combustion are quite similar with respect to emissions of
carbon dioxide (CO,) and organic compounds. As a result, the bituminous coal emission factors for
these pollutants presented in Section 1.1 of this document may also be used to estimate emissions from
lignite combustion.

Emission factors for trace elements from uncontrolled lignite combustion are summarized in
Tables 1.7-6 and 1.7-7, based on currently available data.

1.7-2 EMISSION FACTORS - 7/93




. Controlled emission factors for NO,, CO, and PM are presented in Tables 1.7-8 and 1.7-9.
Controlled SO, emissions will depend primarily of applicable regulations and FGD equipment
performance, if applicable. Section 1.1 contains a discussion of FGD performance capabilities which
is also applicable to lignite-fired boilers. Controlled emission factors for selected hazardous air
pollutants are provided in Tables 1.7-10 and 1.7-11.
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Table 1.7-1 (Metric Units). EMISSION FACTORS FOR SULFUR OXIDES (S0,), l
NITROGEN OXIDES (NOQ,), AND CARBON MONOXIDE (CO)
FROM UNCONTROLLED LIGNITE COMBUSTION®

Firing Conﬁguranon S0,° No ¢ co®

SC

( C) Emission | Rating | Emission | Rating | Emission | Rating
Factor Factor Factor

Pulverized coal, dry 158° C 3.7 Cc

bottom, tangential
(SCC 10100302)

Pulverized coal, dry 158 C 5.6 C 0.13 C
bottom, wall fired
(SCC 10100301)

Cyclone 158 C 6.3 C

(SCC 10100303)

Spreader stoker 158 C 29 C

(SCC 10100306) :

Other stoker 158 C 29 Cc

(SCC 10100304)° .
Atmospheric fluidized bed 3S D 1.8 C 0.08 C

(no SCC)

alUmts are kg of pollutant/Mg of fuel bumed.
bSCC= Source Classification Code.

°Reference 2.

dReferences 2-3, 7-8, 15-16.

°References 7, 16.

€S= Weight % sulfur content of lignite, wet basis.
For high sodium ash (Na,0 > 8%), use 118S.
For low sodium ash (Na,0 < 2%), use 178S.
If ash sodium content is unknown, use 158.

1.74 - EMISSION FACTORS 7/93




Table 1.7-2 (English Units). EMISSION FACTORS FOR SULFUR OXIDES (S0,),
NITROGEN OXIDES (NO,), AND CARBON MONOXIDE (CO)
FROM UNCONTROLLED LIGNITE COMBUSTION®

Firing Configuration | SO,° No¢ Co®

(5€0) Emission | Rating | Emission | Rating | Emission | Rating
Factor Factor Factor

Pulverized coal, dry 308°® C 13 C

bottom, tangential
(SCC 10100302)

Pulverized coal, dry 308 C 11.1 C 025 C
bottom, wall fired
(SCC 10100301)

Cyclone 308 C 12.5 C
(SCC 10100303)
Spreader stoker 308 C 58 C
(SCC 10100306)
- Other stoker 308 C 58 C
. (SCC 10100304)f
Atmospheric fluidized bed 308 C 3.6 C - 015 C
(no SCC)

2 nits are Ib. of pollutant/ton of fuel burned.

b§CC= Source Classification Code.

“Reference 2.

dReferences 2-3, 7-8, 15-16.

-®References 7, 16.

fS= Weight % sulfur content of lignite, wet basis.
For high sodium ash (Nay0 > 8%), use 2285.
For low sodium ash (Na,0 < 2%), use 34S.
If ash sodium content is unknown, use 30S.
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Table 1.7-3. EMISSION FACTORS FOR PARTICULATE MATTER (PM) AND .
NITROUS OXIDE (N,0) FROM LIGNITE COMBUSTION?

Firing Configuration PMP 'N,0O°

SCC —

(5CO) Emission Factor Rating Emission Factor Rating
Pulverized coal, dry 3.3A (6.5A) E

bottom, tangential
(SCC 10100302)

Pulverized coal, dry 2.6A (5.1A) E
bottom, '

wall fired

(SCC 10100301)

Cyclone 3.4A (6.7A) C
(SCC 10100303)

Spreader stoker 4.0A (8.0A) E
(SCC 10100306)

Other stoker 1.7A (3.4A) E
(SCC 10100304)

Atmospheric fluidized bed 12 2.5) E .

Units are kg of pollutant/Mg of fuel burned and 1b. of pollutant/ton of fuel bumed
SCC= Source Classification Code.

PReferences 5-6, 12, 14. A = weight % ash content of lignite, wet basis.

“Reference 18.
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Figure 1.7-1. Cumulative size specific emission factors for boilers
firing pulverized lignite.
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Table 1.7-8. CONTROLLED EMISSION FACTORS FOR o
NITROGEN OXIDES (NO,) AND CARBON MONOXIDE (Co)
FROM CONTROLLED LIGNITE COMBI_JS'I'IONa

Firing Configuration NOb co*

SO Emission Factor Rating Emission Factor Rating
kg/Mg (Ib/ton) kg/Mg (Ib/ton) ' o

Pulverized coal, dry 3.3 (6.6) C 0.05 (0.10) D
bottom, tangential 3
overfire air

(no SCC)

Pulverized coal, dry 2.3 (4.6) Cc 0.24 (0.48) D
bottom, tangential o
overfire air/low NO,

bumers

(no SCC)

*Units are kg of pollutant/Mg of fuel burned and Ib, of pollutant/ton of fuel bumed.
SCC = Source Classification Code.

PReference 15, 16. | - o |
“References 15. | S ‘.
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“Table 1.7-9. EMISSION FACTORS FOR PARTICULATE MATTER (PM) EMISSIONS
FROM CONTROLLED LIGNITE COMBUSTION®

Firing Configuration Control Device : PM

SCO Emission Factor Rating
Subpart D Boilers, Baghouse 0.08A (0.16A) C
Pulverized coal,

Tangential and wall-fired Wet scrubber 0.05A (0.10A) c
(mo SCC)

Subpart Da Boilers, Wet scrubber 0.01A (0.02A) C
Pulverized coal,

Tangential fired

(no SCC)

Atmospheric fluidized bed Limestone addition 0.03A (0.06A) D

2Reference 15-16. A = weight % ash content of lignite, wet basis.
. Units are kg of pollutant/Mg of fuel burned and 1Ib. of pollutant/ton of fuel bumned.
SCC = Source Classification Code.
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Table 1.7-10 (Metric Units). EMISSION FACTORS FOR
TRACE METALS AND POLYCYCLIC ORGANIC MATTER (POM)
FROM CONTROLLED LIGNITE COMBUSTION?

EMISSION FACTOR RATING: E

Firing Configuration  Control Device Emission Factor, pg/J
SCC
(50 Cr Mn POM
Pulverized coal Multi-cyclones 29-32 |
(SCC 10100301) ESP 8.6
High efficiency cold-side : 0.99
ESP
Pulverized wet bottom ESP 15
(no SCC)
Pulverized dry bottom Multi-cyclones | 0.78-7.9°
(no SCC) ESP | 18 1.1°
Cyclone furnace ESP <33 57 0.05°-0.68"
(SCC 10100303) Multi-cyclones 710
Stoker, Multi-cyclones 13 47
configuration unknown
(no SCC) ESP <23
Spreader stoker Multi-cyclones 6.3

- (SCC 10100306)

*References 19-20. Units are picograms (10"12) of pollutant/Joule of fuel bured.
SCC = Source Classification Code. _

an'marily trimethyl propenyl naphthalene.

“Primarily biphenyl.
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Table 1.7-11 (English Units). EMISSION FACTORS FOR
TRACE METALS AND POLYCYCLIC ORGANIC MATTER (POM)
FROM CONTROLLED LIGNITE COMBUSTION*

EMISSION FACTOR RATING: E

Firing Configuration Control Device Emission Factor, 1b/10!2Btu’

(SCO Cr Mn POM

Pulverized coal Multi-cyclones 67-74

(SCC 10100301) ESP 20

High efficiency cold-side ESP 23

Pulverized wet bottom ESP M

(no SCC)

Pulverized dry bottom Multi-cyclones 1.8-18°

(no SCC) ESP a2 2.6°
. Cyclone furnace ESP <28 133 0.11°-1.6°

(SCC 10100303) Multi-cyclones 1700

Stoker, Multi-cyclones 30 110

configuration unknown

(no SCC) ESP <54

Spreader stoker Multi-cyclones

(SCC 10100306)

sReferences 19-20. Units are Ib. of pollutant/1012Btu of fuel burned.
SCC = Source Classification Code.

bPrimarily trimethyl propenyl naphthalene.

“Primarily biphenyl.
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1.8 BAGASSE COMBUSTION IN SUGAR MILLS
1.8.1 Process Description'*

Bagasse is the matted cellulose fiber residue from sugar cane that has been processed in a
sugar mill. Previously, bagasse was burned as means of solid waste disposal. However, as the cost of
fuel oil, natural gas, and electricity have increased, the definition of bagasse has changed from refuse
to a fuel.

The U.S. sugar cane industry is located in the tropical and subtropical regions of Florida,
Texas, Louisiana, Hawaii, and Puerto Rico. Except for Hawaii, where sugar cane production takes
place year round, sugar mills operate seasonally from 2 to 5 months per year.

Sugar cane is a large grass with a bamboo-like stalk that grows 8 to 15 feet tall. Only the
stalk contains sufficient sucrose for processing into sugar. All other parts of the sugar cane (i.c.,
leaves, top growth and roots) are termed “trash.” The objective of harvesting is to deliver the sugar
cane to the mill with a minimum of trash or other extrancous material. The cane is normally burned
in the field to remove a major portion of the trash and to control insects and rodents. See Section
11.1 for methods to estimate these emissions. The three most common methods of harvesting are
hand cutting, machine cutting, and mechanical raking. The cane that is delivered to a particular sugar
mill will vary in trash and dirt content depending on the harvesting method and weather conditions.
Inside the mill, cane preparation for extraction usually involves washing the cane to remove trash and
dirt, chopping, and then crushing. Juice is extracted in the milling portion of the plant by passing the
chopped and crushed cane through a series of grooved rolls. The cane remaining after milling is
bagasse.

Bagasse is a fuel of varying composition, consistency, and heating value. These characteristics
depend on the climate, type of soil upon which the cane is grown, variety of cane, harvesting method,
amount of cane washing, and the efficiency of the milling plant. In general, bagasse has a heating
value between 1,700 and 2,200 kcal/kg (3,000 and 4,000 Btw/lb) on a wet, as-fired basis. Most
bagasse has a moisture content between 45 and 55 percent by weight.

Fuel cells, horseshoe boilers, and spreader stoker boilers are used to burn bagasse. Horseshoe
boilers and fuel cells differ in the shapes of their furmace area but in other respects are similar in
design and operation. In these boilers (most common among older plants), bagasse is gravity-fed :
through chutes and piles onto a refractory hearth. Primary and overfire combustion air flows through
ports in the furnace walls; burning begins on the surface pile. Many of these units have dumping
hearths that permit ash removal while the unit is operating.

In more-recently built sugar mills, bagasse is burned in spreader stoker boilers. Bagasse feed
to these boilers enters the furnace through a fuel chute and is spread pneumatically or mechanically
across the furnace, where part of the fuel burns while in suspension. Simultaneously, large pieces of
fuel are spread in a thin, even bed on a stationary or moving grate. The flame over the grate radiates
heat back to the fuel to aid combustion. The combustion area of the furnace is lined with heat
exchange tubes (waterwalls).
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1.8.2 Emissions and Controls®

- The most significant pollutant emitted by bagasse-fired boilers is particulate matter, cansed by
the turbulent movement of combustion gases with respect to the burning bagasse and resultant ash.
Emissions of SO, and NO, are lower than conventional fossil fuels due to the characteristically low
levels of sulfur and nitrogen associated with bagasse. '

Auxiliary fuels (typically fuel oil or natural gas) may be used during startup of the boiler or
when the moisture content of the bagasse is too high to support combustion. If fuel oil is used during
these periods, SO, and NO, emissions will increase. Soil characteristics such as particle size can affect
the magnitude of PM emissions from the boiler. Mill operations can also influence the bagasse ash
content by not properly washing and preparing the cane. Upsets in combustion conditions can cause
increased emissions of carbon monoxide (CO) and unbumed organics, typically measured as volatile
organic compounds (VOCs) and total organic compounds (TOCs).

Mechanical collectors and wet scrubbers are commonly used to control particulate emissions
from bagasse-fired boilers. Mechanical collectors may be installed in single cyclone, double cyclone,
or multiple cyclone (i.e., multiclone) arrangements, The reported PM collection efficiency for
mechanical collectors is 20 to 60 percent. Due to the abrasive nature of bagasse fly ash, mechanical
collector performance may deteriorate over time due to erosion if the system is not well maintained.

- The most widely used wet scrubbers for bagasse-fired boilers are impingement and venturi
scrubbers. Impingement scrubbers normally operate at gas-side pressure drops of 5 to 15 inches of
water, typical pressure drops for venturi scrubbers are over 15 inches of water. Impingement
scrubbers are in greater use due to lower energy requirements and fewer operating and maintenance
problems. Reported PM collection efficiencies for both scrubber types are 90 percent or greater,

Gaseous emissions (e.g., SO,, NO,, CO, and organics) may also be absorbed to a significant
extent in a wet scrubber. Alkali compounds are sometimes utilized in the scrubber to prevent low pH
conditions. If CO,-generating compounds (such as sodium carbonate or calcium carbonate) are used,
CO, emissions will increase. : o

Fabric filters and electrostatic precipitators have not been used to a significant extent for
controlling PM from bagasse-fired boilers due to potential fire hazards (fabric filters) and relatively
higher costs (both devices). _

Emiésion factors and emission factor ratings for bagasse-fired boilers are shown in Table '1.8_-1
(metric units) and Table 1.8-2 (English units).

Fugitive dust may be generated by truck traffic and cane handling operations at the sugar mill,
Particulate matter emissions from these sources may be estimated by consulting Section 11.2,
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Table 1.8-1 (Metric Units). EMISSION FACTORS FOR BAGASSE-FIRED BOILERS*

Emission factor,
Pollutant : g/kg steam® kg/Mg bagasse® Rating
Particulate matter®
Uncontrolled 39 7.8 C
Controlled
Mechanical collector 21 42 D
Wet scrubber 04 0.8 B
PM-10°
Controlled
"Wet scrubber 0.34 0.68 - D
Carbon dioxide
Uncontrolled® 390 780 A
. Nitrogen oxides
Uncontrolled* 0.3 0.6 C
Polycyclic organic matter
Uncontrolled® 2.5E4 5.0E4 D

sSource Classification Code is 10201101.
bUnits are gram of pollutant/kg of steam produced,
where 1 kg of wet bagasse fired produces 2 kg of steam.
“Units are kg of pollutant/Mg of wet, as-fired bagasse containing approximately 50 percent moisture,
by weight.
iReferences 2, 6-14. Includes only filterable PM (i.e., that particulate collected on or prior to the filter
of an EPA Method 5 (or equivalent) sampling train.
*References 6-14. CO, emissions will increase following a wet scrubber in which CO,-gencrating
reagents (such as sodium carbonate or calcium carbonate) are used.
References 13-14.
#Reference 13. Based on measurements collected downstream of PM control devices which may have
provided some removal of polycyclic organic matter (POM) condensed on PM.
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Table 1.8-2 (English Units). EMISSION FACTORS FOR BAGASSE-FIRED BOILERS?

Emission factor

Pollutant 1b/1,000 1b steam® Ib/ton bagasse® Rating
Particulate matter® |
Uncontrolled 3.9 15.6 C
Controlled
Mechanical collector 2.1 8.4 D
Wet scrubber 04 1.6 B
PM:10°
Controlled _
Wet scrubber 0.34 1.36 D
Carbon dioxide
~ Uncontrolled® 390 1,560 A
Nitrogen oxides
Uncontrolled' 0.3 1.2 C
Polycyclic organic matter
Uncontrolled® 2.5E4 1.0E-3 D

“Source Classification Code is 10201101.

*Units arc Ibs. of pollutant/1,000 1bs. of steam produced,
where 1 Ib. of wet bagasse fired produces 2 Ibs. of steam. \
“Units are 1bs. of pollutant/ton of wet, as-fired bagasse containing approximately 50 percent moisture,

by weight,

“References 2, 6-14. Includes only filterable PM (i.e., that
of an EPA Method 5 (or equivalent) sampling train.

References 6-14. CO, emissions will increase following a wet scrubber in which CO,-generating
reagents (such as sodium carbonate or calcium carbonate) are used.

‘References 13-14.

particulate collected on or prior to the filter

®Reference 13. Based on measurements collected downstream of PM control devices which may have
provided some removal of polycyclic organic matter (POM) condensed on PM. .
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1.9 RESIDENTIAL FIREPLACES
1.9.1 General

Fireplaces are used primarily for aesthetic effects and secondarily as a supplemental heating
source in houses and other dwellings. Wood is the most common fuel for fireplaces, but coal and
densified wood "logs" may also be burned. The user intermittently adds fuel to the fire by hand.

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

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

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

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

1.9.2 Emissions'"

The major pollutants of concern from fireplaces are unburnt combustibles, including carbon
monoxide, gaseous organics and particulate matter (i.c., smoke). Significant quantities of unbumt
combustibles are produced because fireplaces are inefficient combustion devices, with high
uncontrolled excess air rates and without any sort of secondary combustion. The latter is especially
important in wood burning because of its high volatile matter content, typically 80 percent by dry
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weight. In addition to unburnt combustibles, lesser amounts of nitrogen oxides and sulfur oxides are I
emitted. : S ‘

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

Another important constituent of wood smoke is creosote. This tar-like substance will burn if
the fire is hot enough, but at insufficient temperatures, it may deposit on surfaces in the exhaust
system. Creosote deposits are a fire hazard in the flue, but they can be reduced if the chimney is
insulated to prevent creosote condensation or if the chimney is cleaned regularly to remove any
buildup.

Fireplace emissions are highly variable and are a function of many wood characteristics and
operating practices. In general, conditions which promote a fast burn rate and a higher flame intensity -
enhance secondary. combustion and thereby lower emissions. Conversely, higher emissions will result
from a slow burn rate and a lower flame intensity. Such generalizations apply particularly to the
earlier stages of the burning cycle, when significant quantities of combustible volatile matter are being
driven out of the wood. Later in the burmning cycle, when all volatile matter has been driven out of the. .
wood, the charcoal that remains bumns with relatively few emissions. _

Emission factors and their ratings for wood combustion in residential fireplaces are given in
Tables 1.9-1. and 1.9-2, ' .
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Table 1.9-1, (ENGLISH UNITS) EMISSION FACTORS FOR WOOD COMBUSTION IN
RESIDENTIAL FIREPLACES
(Source Classification Code: 2104008001)

Device Pollutant “ Emission Factor® Rating
Ib/ton

Fireplace PM-10° 34.6 B
Carbon Monoxide® 2526 B
Sulfur Oxides® 04 A
Nitrogen oxides® 2.6 C
Carbon Dioxide' 3400 C
Total VOCs® 2290 D
POM" 1.6E-3 E
Aldehydes"® 2.4 E

*Units are in Ibs. of pollutant/ton of dry wood burmned.
"References 2, 5, 7, 13; contains filterable and condensable particulate matter (PM); PM emissions are
considered to be 100% PM-10 (i.e., PM with an aerodynamic diameter of 10pm or less).
“References 2, 4, 5, 9, 13.

. References 1, 8.
*References 4, 9; expressed as NO,.
fReferences 5, 13
eReferences 4 - 5, 8. Data used to calculate the average emission factor were collected by various
methods. While the emission factor may be re ive of the source population in general, factors
may not be accurate for individual sources.
bReference 2.
iData used to calculate the average emission factor were collected from a single fireplace and are not
representative of the general source population.
*References 4, 11.
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Table 1.9-2. (METRIC UNITS) EMISSION FACTORS FOR WOOD COMBUSTION IN .
RESIDENTIAL FIREPLACES
(Source Classification Code: 2104008001)

Device Pollutant Emission Factor® Rating
g/kg

Fireplace PM-10° 17.3 B
Carbon Monoxide® 126.3 B
Sulfur Oxides? 0.2 A
Nitrogen oxides® 1.3 - C
Carbon Dioxide’ ' 1700 C
Total VOCs® - 1145 ‘D
POM® 0.8E-3 E
Aldehydes* 1.2 E

“Units are in grams of pollutant/kg of dry wood bumed.

*References 2, 5, 7, 13; contains filterable and condensable particulate matter (PM); PM emissions are
considered to be 100% PM-10 (i.e., PM with an aerodynamic diameter of 10pm or less).

‘References 2, 4, 5, 9, 13.

References 1, 8. .
‘References 4, 9; expressed as NO,. ' '

References 5, 13

*References 4 - 5, 8. Data used to calculate the average emission factor were collected by various
methods. While the emission factor may be representative of the source population in general, factors
may not be accurate for individual sources,

"Reference 2.

iData used to calculate the average emission factor were collected from a single fireplace and are not
representative of the general source population.

*References 4, 11,
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1.10 RESIDENTIAL WOOD STOVES

1.10.1 General'?

Wood stoves are commonly used in residences as space heaters. They are used both as the
primary source of residential heat and to supplement conventional heating Systems.

Five different categories should be considered when estimating emissions from wood burning
devices due to differences in both the magnitude and the composition of the emissions:

- the conventional wood stove,
- the noncatalytic wood stove,
- the catalytic wood stove,
- the pellet stove, and
- ﬂ}e masonry heater.
Among these categories, there are many variations in device design and operation characteristics.

The conventional stove category comprises all stoves without catalytic combustors not included
in the other noncatalytic categories (i.e., noncatalytic and pellet). Conventional stoves do not have any
emission reduction technology or design features and, in most cases, were manufactured before July 1,
1986. Stoves of many different airflow designs may be in this category, such as updraft, downdraft,
crossdraft and S-flow.

Noncatalytic wood stoves are those units that do not employ catalysts but do have emission
reducing technology or features. Typical noncatalytic design includes baffles and secondary
combustion chambers.

Catalytic stoves are equipped with a ceramic or metal honeycomb device, called a combustor
or converter, that is coated with a noble metal such as platinum or palladium. The catalyst material
reduces the ignition temperature of the unbumed volatile organic compounds (VOC) and carbon
monoxide (CO) in the exhaust gases, thus augmenting their ignition and combustion at normal stove
operating temperatures. As these components of the gases bumn, the temperature inside the catalyst
increases to a point at which the ignition of the gases is essentially self sustaining,

Pellet stoves are those fueled with pellets of sawdust, wood products, and other biomass
materials pressed into manageable shapes and sizes. These stoves have active air flow systems and
unique grate design {0 accomiodate this type of fuel. Some pellet stove models are subject to the
1988 New Source Performance Standards (NSPS), while others are exempt due 0 a high air-to-fuel
ratio (i.e., greater than 35-to-1).

Masonry heaters are large, enclosed chambers made of masonry products or a combination of
masonry products and ceramic materials. These devices are exempt from the 1988 NSPS due to their
weight (i.e., greater than 800 kg). Masonry heaters are gaining popularity as a cleaner burning and
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heat efficient form of primary and supplemental heat, relative to some other types of wood heaters. In .

a masonry heater, a complete charge of wood is burned in a relatively short period of time.. The use
of masonry materials promotes heat transfer. Thus, radiant heat from the heater warms the
surrounding area for many hours after the fire has burned out, ' :

1.10.2 Emissions

The combustion and pyrolysis of wood in wood stoves produce atmospheric emissions of
particulate matter, carbon monoxide, nitrogen oxides, organic compounds, mineral residues, and to a
lesser extent, sulfur oxides. The quantities and types of emissions are highly variable, depending on a
number of factors, including stage of the combustion cycle. During initial burning stages, after a new
wood charge is introduced, emissions (primarily VOCs) increase dramatically. After the initial period
of high burn rate, there is a charcoal stage of the burn cycle characterized by a slower burn rate and
decreased emissions. Emission rates during this stage are cyclical, characterized by relatively long
periods of low emissions and shorter episodes of emission spikes. _ '

Particulate emissions are defined in this discussion as the total catch measured by the EPA
Method 5H (Oregon Method 7) sampling train.' A small portion of wood stove particulate emissions
includes "solid" particles of elemental carbon and wood. The vast majority of particulate emissions is
condensed organic products of incomplete combustion equal to or less than 10 micrometers in '
aerodynamic diameter (PM-10). Although reported particle size data are scarce, one reference states
that 95 percent of the particles emitted from a wood stove were less than 0.4 micrometers in size.?

Sulfur oxides (SO,) are formed by oxidation of sulfur in the wood. Nitrogen oxides (NO,) are
formed by oxidation of fuel and atmospheric nitrogen. Mineral constituents, such as potassium and
sodivm compounds, are released from the wood matrix during combustion,

Polycyclic organic matter (POM) is an important component of the condensible fraction of
wood smoke. POM contains a wide range of compounds, including organic compounds formed

(PAH).

Emission factors and their ratings for wood combustion in residential wood stoves, pellet
stoves and masonry heaters are presented in Tables 1.10-1 through 1.10-8. The analysis leading to the
revision of these emission factors is contained in the emission factor documentation.”® These tables
include emission factors for criteria pollutants (PM-10, CO, NO,, 50,), CO,, Total Organic
Compounds (TOC), speciated organic compounds, PAH, and some elements. The emission factors are
presented by wood heater type. PM-10 and CO emission factors are further classified by stove
certification category. Phase II stoves are those certified to meet the July 1, 1990 EPA standards;

1.10-2 EMISSION FACTORS 7/93




Phase I stoves meet only the July 1, 1988 EPA standards; and Pre-Phase 1 stoves do not meet any of
the EPA standards but in most cases do necessarily meet the Oregon 1986 certification standards.'
The emission factors for PM and CO in Tables 1.10-1 and 1.10-2 are averages, derived entirely from
field test data obtained under actual operating conditions. Still, there is a potential for higher
emissions from some wood stove, pellet stove and masonry heater models.

As mentioned, particulate emissions are defined as the total emissions equivalent to that
collected by EPA Method 5H. This method employs a heated filter followed by three impingers, an
unheated filter, and a final impinger. Particulate emissions factors are presented as values equivalent
to that collected with Method 5H. Conversions are employed, as appropriate, for data collected with
other methods.

Table 1.10-7 shows net efficiency by device type, determined entirely from field test data. Net
or overall efficiency is the product of combustion efficiency multiplied by heat transfer efficiency.
Wood heater efficiency is an important parameter used, along with emission factors and percent
degradation, when calculating PM-10 emission reduction credits. Percent degradation is related to the
loss in effectiveness of a wood stove control device or catalyst over a period of operation. Control
degradation for any stove, including noncatalytic wood stoves, may also occur as a result of
deteriorated seals and gaskets, misaligned baffles and bypass mechanisms, broken refractories, or other
damaged functional components. The increase in emissions which can result from control degradation
has not been quantified. However, recent wood stove testing in Colorado and Oregon should produce
results which allow estimation of emissions as a function of stove age.
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TABLE 1.10-3. (ENGLISH AND METRIC UNITS) ORGANIC COMPOUND EMISSION ‘
FACTORS FOR RESIDENTIAL WOOD COMBUSTION®
(Source Classification Codes)

(EMISSION FACTOR RATING: E)®

Compounds WOOD STOVE TYPE
Conventional Catalytic
(SCC 2104008051) (SCC 2104008030)
Ib/ton glkg Ib/ton g/kg

Ethane 1.470 0.735 1.376 0.688
Ethylene 4.490 2.245 3.482 1.741
Acetylene 1.124 0.562 0.564 0.282
Propane 0.358 0.179 0.158 ‘ 0.079
Propene - 1.244 0.622 0.734 0.367
i-Butane 0.028 0.014 0.010 - 0.005
n-Butane 0.056 0.028 0.014 - 0,007
Butenes® 1.192 0.596 0.714 0.357
Pentenes® 0.616 0.308 0.150 0.075
Benzene 1.938 0.969 1.464 0.732
Toluene 0.730 0.365 0.520 0.260
Furan 0.342 0.171 0.124 0.062
Methyl Ethyl Ketone 0.290 0.145 0.062 0.031
2-Methyl Furan 0.656 0.328 0.084 - 0.042
2,5-Dimethyl Furan 0.162 0.081 0.002 0.011
Furfural 0.486 0.243 0.146 0.073
O-Xylene 0.202 0.101 0.186 0.093

"Reference 17. Units are in Ibs. of pollutant/ton of dry wood bumed and grams of pollutant/kg of dry
wood burned, :

*Data show a high degree of variability within the source population. Factors may not be accurate for
individual sources.

°1-butene, i-butene, t-2-butene, c-2-butene, 2-me-1-butene, 2-me-butene are reported as butenes.
“1-pentene, t-2-pentene, and c-2-pentene are reported as pentenes.

1.10-6 EMISSION FACTORS 7/93




. TABLE 1.10-4. (ENGLISH UNITS) POLYCYCLIC AROMATIC HYDROCARBON (PAH)
' EMISSION FACTORS FOR RESIDENTIAL WOOD COMBUSTION®
(Source Classification Codes)

(EMISSION FACTOR RATING: E)°

STOVE TYPE
Pollutant Conventional® Noncatalytic* Catalytic® Exempt Pellet’
(SCC (SCC (8CC (8CC
2104008051) 2104008050) 2104008030) 2104008053)

PAH
Acenaphthene 0.010 0.010 0.006
Acenaphthylene 0212 0.032 0.068
Anthracene 0.014 0.009 0.008
Benzo(a)Anthracene 0.020 <0.001 0.024
Benzo(b)Fluoranthene 0.006 0.004 0.004 2.60E-05
Benzo(g,h,i)Fluoranthene 0.028 0.006
Benzo(k)Fluoranthene 0.002 <0,001 0.002
Benzo(g,h,i)Perylene 0.004 0.020 0.002
Benzo(a)Pyrene 0.004 0.006 0.004
Benzo(e)Pyrene 0.012 0.002 0.004
Biphenyl 0.022

. Chrysene 0.012 0.010 0.010 7.52E-05
Dibenzo(ah)Anthracene 0.000 0.004 0.002
7,12-Dimethylbenz(a)Anthracene 0.004
Fluoranthene 0.020 0.008 0.012 5.48E-05
Fluorene 0.024 0.014 0.014
Indeno(1,2,3.cd)Pyrene 0.000 0.020 0.004
9-Methylanthracene 0.004
12-Methylbenz(a)Anthracene 0.002
3-Methylchlolanthrene <0.001
1-Methylphenanthrene 0.030
Naphthalene 0.288 0.144 0.186
Nitronaphthalene 0.000
Perylene 0.002
Phenanthrene 0.078 0.118 0.439 3.32E-05
Phenanthrol 0.000
Phenol <0.001
Pyrene 0.024 0.008 0.010 4.84E-05
PAH Total 0.730 0.500 0414

*Units are in Ibs. of pollutant/ton of dry wood burned.

*Data show a high degree of variability within the source population and/or came from a small number of
sources. Factors may not be accurate for individual sources.

“Reference 17.

“References 15, 18 - 20.

. “References 14 - 18.
Reference 27. Exempt = Exempt from 1988 NSPS (i.e., air : fuel >35:1).
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TABLE 1.10-5. (METRIC UNITS) POLYCYCLIC AROMATIC

HYDROCARBON (PAH)

EMISSION FACTORS FOR RESIDENTIAL WOOD COMBUSTION®
(Source Classification Codes) '
(Emission Factor Rating: E)®
Pollutant STOVE TYPE
Conventional® Noncatalytic? Catalytic® Exempt Pellet’
(SCC (Sscc (sCcC (SCC
2104008051) 2104008050) 2104008030) 2104008053)
PAH
Acenaphthene 0.005 0.005 0.003
Acenaphthylene 0.106 0.016 0.034
Anthracene 0.007 0.004 0.004
Benzo(a)Anthracene 0.010 <0.001 0.012
Benzo(b)Fluoranthene 0.003 0.002 0.002 1.30E-05
Benzo(g,h,i)Fluoranthene 0.014 0.003
Benzo(k)Fluoranthene 0.001 <0.001 0.001
Benzo(g,h,i)Perylene 0.002 0.010 0.001
Benzo(a)Pyrene - 0.002 0.003 0.002
Benzo(e)Pyrene 0.006 0.001 0.002
Biphenyl ' 0.011 o
Chrysene 0.006 - 0.005 - 0.005 3.76E-05
Dibenzo(a,h) Anthracene 0.000 0.002 0.001
7,12-Dimethylbenz(a)Anthracene 0.002
Fluoranthene 0.010 0.004 0.006 2.74E-05
Fluorene 0.012 0.007 0.007
Indeno(1.,2,3,cd)Pyrene 0.000 0.010 0.002
9-Methylanthracene 0.002
12-Methylbenz(a) Anthracene 0.001
3-Methyichlolanthrene <0.001
1-Methylphenanthrene 0.015
Naphthalene 0.144 0.072 0.093
Nitronaphthalene 0.000
Perylene 0.001 :
Phenanthrene 0.039 0.059 0.024 1.66E-05
Phenanthrol 0.000
Phenol <0.001
Pyrene 0.012 0.004 0.005 242E-05
PAH Total 0.365 0.250 0.207

‘Units are in grams of pollutant/kg of dry wood burned.
*Data show a high degree of variability within the source population and/or came from a small number of
sources. Factors may not be accurate for individual sources,

“Reference 17.
“References 15, 18 - 20,
‘References 14 - 18,

Reference 27. Exempt = Exempt from 1988 NSPS (i.e., air ; fuel >35:1),
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TABLE 1.10-6. (ENG

(Source Classification Codes)

(EMISSION FACTOR RATING: E)°

LISH AND METRIC UNITS) TRACE ELEMENT EMISSION FACTORS
" FOR RESIDENTIAL WOOD COMBUSTION®

WOOD STOVE TYPE
Element Conventional Noncatalytic Catalytic
(SCC 2104008051) (SCC 2104008050) (SCC 2104008030)
Ibon gkg 1b/ton g/kg 1b/ton g/kg
Cadmium (Cd) 2.2E05 1.1E-05 2.0B-05 1.0E-05 4.6E-05 2.3E-05
Chromium (Cr) <1.0E-06 <1.0B-06 <10E-06 <1.0E-05 <1.0E-06 <1.0-E06
Manganese (Mn) 1.7E-04 8.7E-05 1.4E-04 7.0E-05 2.2E-04 1.1E-04
Nickel (Ni) 1.4E-05 7.0E-06 2.0E-05 1.0E-05 2.2E-06 1.0E06
*References 14, 17. Units are in Ibs. of pollutant/ton of dry wood bumed and grams of poliutant/kg of
dry wood burned.
bThe data used to develop these emission factors showed a high degree of variability within the source

population. Factors may not be accurate for individual sources.

TABLE 1.10-7. SUMMARY OF WOOD HEATER NET EFFICIENCIES®

Wood Heater Type Source Net Efficiency (%) Reference
Classification
Code
Wood Stoves
Conventional 2104008051 54 26
Noncatalytic 2104008050 68 9, 12, 26
Catalytic 2104008030 68 6, 26
Pellet Stoves®
Certified 2104008053 68 11
Exempt 56 27
Masonry Heaters
All 2104008055 58 28

*Net efficiency is a function of both combustion efficiency and heat transfer efficiency.
The percentages shown here are based on data collected from in-home testing.

bCertified = Certified pursuant to 1988 NSPS.

Exempt = Exempt from 1988 NSPS (i.c., air : fuel >35:1).
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1.11 WASTE OIL COMBUSTION
1.11.1 General'

Waste, or used oil can be burned in a variety of combustion systems including industrial
boilers; commercial/institutional boilers; space heaters; asphalt plants; cement and lime kilns; other
types of dryers and calciners; and steel production blast furnaces. Boilers and space heaters consume
the bulk of the waste oil bumed. Space heaters are small combustion units [generally less than 0.1
MW (250,000 Btu/hr input)] that are common in autornobile service stations and automotive repair
shops where supplies of waste crankcase oil are available.

Boilers designed to burn No. 6 (residual) fuel oils or one of the distillate fuel oils can be used
to bum waste oil, with or without modifications for optimizing combustion. As an alternative to boiler
modification, the properties of waste oil can be modified by blending it with fuel oil, to the extent
required to achieve a clean-burning fuel mixture.

1.11.2 Emissions and Controls*?

Waste oil includes used crankcase oils from automobiles and trucks, used industrial lubricating
oils (such as metal working oils), and other used industrial oils (such as heat transfer fluids). When
discarded, these oils become waste oils due to a breakdown of physical properties and to
contamination by the materials they come in contact with. The different types of waste oils may be
burned as mixtures or as single fuels where supplies allow; for example, some space heaters in
automotive service stations bum waste crankcase oils.

Contamination of the virgin oils with a variety of materials leads to an air pollution potential
when these oils are burned. Potential pollutants include particulate matter (PM), small particles below
10 micrometers in size (PM-10), toxic metals, organic compounds, carbon monoxide (CO), sulfur
oxides (SO,), nitrogen oxides (NO,), hydrogen chloride, and global warming gases (CO,, methane).

Ash levels in waste oils are normally much higher than ash levels in either distillate oils or
residual oils. Waste oils have substantially higher concentrations of most of the trace elements
reported relative to those concentrations found in virgin fuel oils. However, because of the shift to
unleaded gasoline, the concentration of lead in waste crankcase oils has continued to decrease in recent
years. Without air pollution controls, higher concentrations of ash and trace metals in the waste fuel
translate to higher emission levels of PM and trace metals than is the case for virgin fuel oils.

Low efficiency pretreatment steps, such as large particle removal with screens or coarse filters,
are common prefeed procedures at oil-fired boilers. Reductions in total PM emissions can be expected
from these techniques but little or no effects have been noticed on the levels of (PM-10) emissions.

Constituent chlorine in waste oils typically exceeds the concentration of chlorine in virgin
distillate and residual oils. High levels of halogenated solvents are often found in waste oil as a result
of inadvertent or deliberate additions of the contaminant solvents to the waste oils. Many efficient
combustors can destroy more than 99.99 percent of the chlorinated solvents present in the fuel.
However, given the wide array of combustor types which burn waste oils, the presence of these
compounds in the emission stream cannot be ruled out.
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The flue gases from waste oil combustion often contain organic compounds other than .
chlorinated solvents. At ppmw levels, several hazardous organic compounds have been found in waste
oils. Benzene, toluene, polychlorinated biphenyls (PCBs) and polychlorinated dibenzo-d-dioxins are a
few of the hazardous compounds that have been detected in waste oil samples. - Additionally, these
hazardous compounds may be formed in the combustion process as products of incomplete
combustion,

Emission factors and emission factor ratings for waste oil combustion are shown in Tables
L.11-1 through 1.11-5. Emission factors have been determined for emissions from uncontrolled small
boilers and space heaters combusting waste oil. The use of both blended and unblended fuels is
included in the mix of combustion operations.

Emissions from waste oil used in batch asphalt plants may be estimated using the procedures
outlined in Section 4.5.
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2.1 REFUSE COMBUSTION

Refuse combustion involves the burning of garbage and other nonhazardous solids, commonly
called municipal solid waste (MSW). Types of combustion devices used to burn refuse include single
chamber units, multiple chamber units, and trench incinerators.

2.1.1 Generall?

As of January 1992, there were over 160 municipal waste combustor (MWC) plants operating
in the United States with capacities greater than 36 megagrams per day (Mg/day) [40 tons per day
(tpd)], with a total capacity of approximately 100,000 Mg/day (1 10,000 tpd of MSW).! Itis
projected that by 1997, the total MWC capacity will approach 150,000 Mg/day (165,000 tpd), which
represents approximately 28 percent of the estimated total amount of MSW generated in the United
States by the year 2000.

Federal regulations for MWCs are currently under three subparts of 40 CFR Part 60. Subpart
E covers MWC units that began construction after 1971 and have capacities to combust over
45 Mg/day (50 tpd) of MSW. Subpart Ea establishes new source performance standards (NSPS) for
MWC units which began construction or modification after December 20, 1989 and have capacities
over 225 Mg/day (250 tpd). An emission guideline (EG) was established under Subpart Ca covering
MWC units which began construction or modification prior to December 20, 1989 and have capacities
of greater than 225 Mg/day (250 tpd). The Subpart Ea and Ca regulations were promulgated on
February 11, 1991,

Subpart E includes a standard for particulate matter (PM). Subpart Ca and Ea currently
establish standards for PM, tetra- through octa- chlorinated dibenzo-p-dioxin/chlorinated
dibenzofurans (CDD/CDFs), hydrogen chloride (HCL), sulfur dioxide (SO,), nitrogen oxides NO,)
(Subpart Ea only), and carbon monoxide (CO). Additionally, standards for mercury (Hg), lead (Pb),
cadmium (Cd), and NO, (for Subpart Ca) are currently being considered for new and existing
facilities, as required by Section 129 of the Clean Air Act Amendments (CAAA) of 1990.

In addition to requiring revisions of the Subpart Ca and Ea regulations to include these
additional pollutants, Section 129 also requires the EPA to review the standards and guidelines for the
pollutants currently covered under these subparts. It is likely that the revised regulations will be more
stringent. The regulations are also being expanded to cover new and existing MWC facilities with
capacities of 225 Mg/day (250 tpd) or less. The revised regulations will likely cover facilities with
capacities as low as 18 to 45 Mg/day (20 to 50 tpd). These facilities are currently subject only to
‘State regulations. :

2.1.1.1 Combustor Technology - There are three main classes of technologies used to combust
MSW: mass burn, refuse-derived fuel (RDF), and modular combustors. This section provides a
general description of these three classes of combustors. Section 2.1.2 provides more details
regarding design and operation of each combustor class.

With mass burn units, the MSW is combusted without any preprocessing other than removal

of items too large to go through the feed system. In a typical mass burn combustor, refuse is placed
on a grate that moves through the combustor. Combustion air in excess of stoichiometric amounts is
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supplied both below (underfire air) and above (overfire air) the grate. Mass burn combustors are
usually erected at the site (as opposed to being prefabricated at another location), and range in size
from 46 to 900 Mg/day (50 to 1,000 tpd) of MSW throughput per unit. The mass burn combustor .
category can be divided into mass burn/waterwall (MB/WW), mass burn/rotary waterwall combustor
(MB/RC), and mass burn refractory wall (MB/REF) designs. Mass burn/waterwall designs have
water-filled tubes in the furnace walls that are used to recover heat for production of steam and/or
electricity. Mass burn/rotary waterwall combustors use a rotary combustion chamber constructed of
water-filled tubes followed by a waterwall furnace. Mass burn refractory designs are older and
typically do not include any heat recovery. Process diagrams for a typical MB/WW combustor, a
MB/RC combustor, and one type of MB/REF combustor are presented in Figures 2.1-1, 2.1-2 and
2.1-3, respectively.

Refuse-derived fuel combustors burn processed waste that varies from shredded waste to
finely divided fuel suitable for co-firing with pulverized coal. Combustor sizes range from 290 to
1,300 Mg/day (320 to 1,400 tpd). A process diagram for a typical RDF combustor is shown in
Figure 2.1-4. Waste processing usually consists of removing noncombustibles and shredding, which
generally raises the heating value and provides a more uniform fuel. The type of RDF used depends
on the boiler design. Most boilers designed to burn RDF use spreader stokers and fire fluff RDF in a
semi-suspension mode. A subset of the RDF technology is fluidized bed combustors (FBC).

Modular combustors are similar to mass burn combustors in that they burn waste that has not
been pre-processed, but they are typically shop fabricated and generally range in size from 4 to
130 Mg/day (5 to 140 tpd) of MSW throughput. One of the most common types of modular
combustors is the starved air or controlled air type, which incorporates two combustion chambers. A
process diagram of a typical modular starved-air (MOD/SA) combustor is presented in Figure 2.1-5.
Air is supplied to the primary chamber at sub-stoichiometric levels. The incomplete combustion .
products (CO and organic compounds) pass into the secondary combustion chamber where additional
air is added and combustion is completed. Another type of modular combustor design is the modular
excess air (MOD/EA) combustor which consists of two chambers as with MOD/SA units, but is
functionally similar to mass burn unit in that it uses excess air in the primary chamber.

2.1.2  Process Description*

Types of combustors described in this section include:

¢  Mass burn waterwall,
U Mass burn rotary waterwall,
o Mass burn refractory wall,

. Refuse-derived fuel-fired,

o Fluidized bed,

. Modular starved air, and

. Modular excess air.
2.1.2.1 Mass Burn Waterwall Combustors -- The MB/WW design represents the predominant _
technology in the existing population of large MWCs, and it is expected that over 50 percent of new
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Figure 2.1-1. Typical mass burn waterwall combustor.
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units will be MB/WW designs. In MB/WW units, the combustor walls are constructed of metal tubes

that contain circulating pressurized water used to recover heat from the combustion chamber, In the

lower actively burning region of the chamber where corrosive conditions may exist, the walls are .
generally lined with castable refractory. Heat is also recovered in the convective sections (i.e.,

superheater, economizer) of the combustor.

With this type of system, unprocessed waste (after removal of large, bulky items) is delivered
by an overhead crane to a feed hopper, which conveys the waste into the combustion chamber.
Earlier MB/WW designs utilized gravity feeders, but it is now more typical to feed by means of
single or dual hydraulic rams,

Nearly all modern MB/WW facilities utilize reciprocating grates or roller grates to move the
waste through the combustion chamber. The grates typically include three sections. On the initial
grate section, referred to as the drying grate, the moisture content of the waste is reduced prior to
ignition. The second grate section, referred to as the burning grate, is where the majority of active
burning takes place. The third grate section, referred to as the burnout or finishing grate, is where
remaining combustibles in the waste are burned. Smaller units may have only two individual grate
sections. Bottom ash is discharged from the finishing grate into a water-filled ash quench pit or ram
discharger. From there, the moist ash is discharged to a conveyor system and transported to an ash
load-out or storage area prior to disposal. Dry ash systems have been used in some designs, but their
use is not widespread.

Combustion air is added from beneath the grate by way of underfire air plenums. The
majority of MB/WW systems supply underfire air to the individual grate sections through multiple
plenums, which enhance the ability to control burning and heat release from the waste bed. Overfire
air is injected through rows of high-pressure nozzles located in the side walls of the combustor to .
oxidize fuel-rich gases evolved from the bed and complete the combustion process. Properly designed
and operated overfire air systems are essential for good mixing and burnout of organics in the flue
gas. Typically, MB/WW MWCs are operated with 80 to 100 percent excess air, '

The flue gas exits the combustor and passes through additional heat recovery sections to one
or more air pollution control devices (APCD). The types of APCDs that may be used are discussed
in Section 2.1.4,

2.1.2.2 Mass Burn Rotary Waterwall Combustors - A more unique mass burn design is the MB/RC.
Plants of this design range in size from 180 to 2,400 Mg/day (200 to 2,700 tpd), with typically two
or three units per plant. This type of system uses a rotary combustion chamber. Following pre-
sorting of objects too large to fit in the combustor, the waste is ram fed to the inclined rotary
combustion chamber, which rotates slowly, causing the waste to advance and tumble as it burns.
Underfire air is injected through the waste bed, and overfire air is provided above the waste bed.
Bottom ash is discharged from the rotary combustor to an afterburner grate and then into a wet
quench pit, From there, the moist ash is conveyed to an ash load-out or storage area prior to
disposal.

Approximately 80 percent of the combustion air is provided along the rotary combustion
chamber length, with most of the air provided in the first half of the chamber. The rest of the
combustion air is supplied to the afterburner grate and above the rotary combustor outlet in the boiler.
The MB/RC operates at about 50 percent excess air, compared with 80 to 100 percent for typical
MB/WW firing systems. Water flowing through the tubes in the rotary chamber recovers heat from .
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combustion. Additional heat recovery occurs in the boiler waterwall, superheater, and economizet.
From the economizer, the flue gas is typically routed to APCDs.

7.1.2.3 Mass Burn Refractory Wall Combustors -- Prior to 1970 there were numerous MB/REF
MWOCs in operation. The purpose of these plants was to achieve waste reduction; energy recovery
was generally not incorporated in their design. Most of the roughly 25 MB/REF plants that still
operate or that were built in the 1970s and 1980s use electrostatic precipitators (ESPs) to reduce PM
emissions, and several have heat recovery boilers. Most MB/REF combustors have unit sizes of 90
to 270 Mg/day (100 to 300 tpd). It is not expected that additional plants of this design will be built in
the United States.

The MB/REF combustors comprise several designs. One design involves a batch-fed upright
combustor, which may be cylindrical or rectangular in shape. A second design is based on a
rectangular combustion chamber with a traveling, rocking, or reciprocating grate. This type of
combustor is continuously fed and operates in an excess air mode. If the waste is moved on a
traveling grate, it is not sufficiently aerated as it advances through the combustor. As a result, waste
burnout or complete combustion is inhibited by fuel bed thickness, and there is considerable potential
for unburned waste to be discharged into the bottom ash pit. Rocking and reciprocating grate systems
stir and aerate the waste bed as it advances through the combustion chamber, thereby improving
contact between the waste and combustion air and increasing the burnout of combustibles. The
system generally discharges the ash at the end of the grate to a water quench pit for collection and
disposal in a landfill.

Because MB/REF combustors do not contain a heat transfer medium (such as the waterwalls
that are present in modern energy recovery units), they typically operate at higher excess air rates
(150 to 300 percent) than MB/WW combustors (80 to 100 percent). The higher excess air levels are
required to prevent excessive temperatures, which can result in refractory damage, slagging, fouling,
and corrosion problems. One adverse effect of higher excess air levels is the potential for increased
carryover of PM from the combustion chamber and, ultimately, increased stack emission rates. High
PM carryover may also contribute to increased CDD/CDF emissions by providing increased surface
area for downstream catalytic formation to take place. A second problem is the potential for high
excess air levels to quench (cool) the combustion reactions, preventing thermal destruction of organic
species.

An alternate, newer MB/REF combustor is the Volund design (Figure 2.1-3 presents this
MB/REF design). This design minimizes some of the problems of other MB/REF systems. A
refractory arch is installed above the combustion zone to reduce radiant heat losses and improve solids
burnout. The refractory arch also routes part of the rising gases from the drying and combustion
grates through a gas by-pass duct to the mixing chamber. There the gas is mixed with gas from the
burnout grate or kiln. Bottom ash is conveyed to an ash quench pit. Volund MB/REF combustors
operate with 80 to 120 percent excess air, which is more in line with excess air levels in the MB/WW
designs. As a result, lower CO levels and better organics destruction are achievable, as compared to
other MB/REF combustors.

9.1.2.4 Refuse-derived Fuel Combustors -- Refuse~derived fuel combustors burn MSW that has been
processed to varying degress, from simple removal of bulky and noncombustible items accompanied
by shredding, to extensive processing to produce a finely divided fuel suitable for co-firing in
pulverized coal-fired boilers. Processing MSW to RDF generally raises the heating value of the waste
because many of the noncombustible items are removed.
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A set of standards for classifying RDF types has been established by the American Society for
Testing and Materials. The type of RDF used is dependent on the boiler design. Boilers that are
designed to burn RDF as the primary fuel usually utilize spreader stokers and fire fluff RDF in a
semi-suspension mode. This mode of feeding is accomplished by using an air swept distributor,
which- allows a portion of the RDF to burn in suspension and the remainder to be burned out after
falling on a horizontal traveling grate. The number of RDF distributors in a single unit varies
directly with unit capacity. The distributors are normally adjustable so that the trajectory of the waste
feed can be varied. Because the traveling grate moves from the rear to the front of the furnace,
distributor settings are adjusted so that most of the waste lands on the rear two-thirds of the grate.
This allows more time for combustion to be completed on the grate. Bottom ash drops into a water-
filled quench chamber. Some traveling grates operate at a single speed, but most can be manually
adjusted to accommodate variations in burning conditions. Underfire air is normally preheated and
introduced beneath the grate by a single plenum. Overfire air is injected through rows of high-
pressure nozzles, providing a zone for mixing and completion of the combustion process. These
combustors typically operate at 80 to 100 percent excess air.

considerably lower than from mass burn plants as a result of the higher levels of carbon present in the
PM carryover, as Hg adsorbs onto the carbon and can be subsequently captured by the PM control
device.

Pulverized coal-(PC) fired boilers can co-fire fluff RDF or powdered RDF. In a PC-fired
boiler that co-fires fluff with pulverized coal, the RDF is introduced into the combustor by air
transport injectors that are located above or even with the coal nozzles. Due to its high moisture
content and large particle size, RDF requires a longer burnout time than coal. A significant portion
of the larger, partially burned particles disengage from the gas flow and fall onto stationary drop
grates at the bottom of the furnace where combustion is completed. Ash that accumulates on the
grate is periodically dumped into the ash hopper below the grate. Refuse-derived fuel can also be
co-fired with coal in stoker-fired boilers, :

2.1.2.5 Fluidized Bed Combustors — In an FBC, fluff or pelletized RDF is combusted on a turbulent
bed of noncombustible material such as limestone, sand, or silica. In its simplest form, an FBC
consists of a combustor vessel equipped with a gas distribution plate and underfire air windbox at the
bottom. The combustion bed overlies the gas distribution plate. The combustion bed is suspended or
"fluidized" through the introduction of underfire air at a high flow rate. The RDF may be injected
into or above the bed through ports in the combustor wall. Other wastes and supplemental fuel may
be blended with the RDF outside the combustor or added into the combustor through separate
openings. Overfire air is used to complete the combustion process.

There are two basic types of FBC Systems: bubbling bed and circulating bed. With bubbling

bed combustors, most of the fluidized solids are maintained near the bottom of the combustor by
using relatively low air fluidization velocities. This helps reduce the entrainment of solids from the
bed into the flue gas, minimizing recirculation or reinjection of bed particles. In contrast, circulating
bed combustors operate at relatively high fluidization velocities to promote carryover of solids into the
upper section of the combustor. Combustion occurs in both the bed and upper section of the
combustor, By design, a fraction of the bed material is entrained in the combustion gas and enters a
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cyclone separator which recycles unburned waste and inert particles to the lower bed. Some of the
ash is removed from the cyclone with the solids from the bed.

Good mixing is inherent in the FBC design. Fluidized bed combustors have very uniform gas
temperatures and mass compositions in both the bed and in the upper region of the combustor. This
allows the FBCs to operate at lower excess air and temperature levels than conventional combustion
systems. Waste-fired FBCs typically operate at excess air levels between 30 and 100 percent and at
bed temperatures around 815°C (1,500°F). Low temperatures are necessary for waste-firing FBCs
because higher temperatures lead to bed agglomeration.

7.1.2.6 Modular Starved-air (Controlled-air) Combustors -- In terms of number of facilities,
MOD/SA combustors represent a large segment of the existing MWC population. However, because
of their small sizes, they account for only a small percent of the total capacity. The basic design of a
MODY/SA combustor consists of two separate combustion chambers, referred to as the "primary” and
"secondary” chambers. Waste is batch-fed to the primary chamber by a hydraulically activated ram.
The charging bin is filled by a front end loader or other means. Waste is fed automatically on a set
frequency, with generally 6 to 10 minutes between charges.

Waste is moved through the primary combustion chamber by either hydraulic transfer rams or
reciprocating grates. Combustors using transfer rams have individual hearths upon which combustion
takes place. Grate systems generally include two separate grate sections. In either case, waste
retention times in the primary chamber are long, lasting up to 12 hours. Bottom ash is usually
discharged to a wet quench pit.

The quantity of air introduced into the primary chamber defines the rate at which waste burns.
Combustion air is introduced in the primary chamber at sub-stoichiometric levels, resulting in a flue
gas rich in unburned hydrocarbons. The combustion air flow rate to the primary chamber is
controlled to maintain an exhaust gas temperature set point, generally 650 to 980°C (1,200 to
1,800°F), which corresponds t0 about 40 to 60 percent theoretical air.

As the hot, fuel-rich flue gases flow to the secondary chamber, they are mixed with additional
air to complete the burning process. Because the temperature of the exhaust gases from the primary
chamber is above the autoignition point, completing combustion is simply a matter of introducing air
into the fuel-rich gases. The amount of air added to the secondary chamber is controlled to maintain
a desired flue gas exit temperature, typically 980 to 1,200°C (1,800 to 2,200°F). Approximately
80 percent of the total combustion air is introduced as secondary air. Typical excess air levels vary
from 80 to 150 percent.

The walls of both combustion chambers are refractory lined. Early MOD/SA combustors did
not include energy recovery, but a waste heat boiler is common in newer installations, with two or
more combustion modules manifolded to a single boiler. Combustors with energy recovery
capabilities also maintain dump stacks for use in an emergency, or when the boiler and/or air
pollution control equipment are not in operation,

Most MOD/SA MWCs are equipped with auxiliary fuel burners located in both the primary
and secondary combustion chambers. Auxiliary fuel can be used during startup (many modular units
do not operate continuously) or when problems are experienced maintaining desired combustion
temperatures. In general, the combustion process is self-sustaining through control of air flow and
feed rate, so that continuous co-firing of auxiliary fuel is normally not necessary.
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The high combustion temperatures and proper mixing of flue gas with air in the secondary
combustion chamber provide good combustion, resulting in relatively low CO and trace organic : .
emissions. Because of the limited amount of combustion air introduced through the primary chamber,
gas velocities in the primary chamber and the amount of entrained PM are low. Asa resuit, PM
emissions of air pollutants from MOD/SA MWCs are relatively low. Many existing modular systems
do not have air pollution controls. This is especially true of the smaller starved-air facilities. A few
of the newer MOD/SA MWCs have acid gas/PM controls.

2.1.2.7 Modular Excess Air Combustors -- There are fewer MOD/EA MWCs than MOD/SA

MWCs. The design of MOD/EA units is similar to that of MOD/SA units, including the presence of
primary and secondary combustion chambers. Waste is batch-fed to the primary chamber, which is
refractory-lined. The waste is moved through the primary chamber by hydraulic transfer rams,
oscillating grates, or a revolving hearth. Bottom ash is discharged to a wet quench pit. Additional
flue gas residence time for fuel/carbon burnout is provided in the secondary chamber, which is also = -
refractory-lined. Energy is typically recovered in a waste heat boiler, Facilities with multiple
combustors may have a tertiary chamber where flue gases from each combustor are mixed prior to
entering the energy recovery boiler.

Unlike the MOD/SA combustors but similar to MB/REF units, a MOD/EA combustor
typically operates at about 100 percent excess air in the primary chamber, but may vary between
50 and 250 percent excess air. The MOD/EA combustors also use recirculated flue gas for
combustion air to maintain desired temperatures in the primary and secondary chambers. Due to
higher air velocities, PM emissions from MOD/EA combustors are higher than those from MOD/SA -
combustors and are more similar in concentration to PM emissions from mass burn units. However,
NO, emissions from MOD/EA combustors appear to be lower than from either MOD/SA or mass .
burn units.

2.1.3 Emissions+’

Depending on the characteristics of the MSW and combustion conditions in the MWC, the
following pollutants can be emitted:

. PM,

. Metals (in solid form on PM, except for Hg),
. Acid gases (HCI, SO,),

. Co,

. NO,, and

. Toxic organics (most notably CDD/CDF).

A brief discussion on each of the pollutants is provided below, along with discussions on controls
used to reduce emissions of these pollutants to the atmosphere.

2.1.3.1 Particulate Matter - The amount of PM exiting the furnace of an MWC depends on the

waste characteristics, the physical nature of the combustor design, and the combustor’s operation, .
Under normal combustion conditions, solid fly ash particulates formed from inorganic,
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noncombustible constituents in MSW are released into the flue gas. Most of this particulate is
captured by the facility’s APCD and are not emitted to the atmosphere.

Particulate matter can vary greatly in size with diameters ranging from less than one
micrometer to hundreds of micrometers (um). Fine particulates, having diameters less than 10pm
(known as PM-10), are of increased concern because a greater potential for inhalation and passage
into the pulmonary region exists. Further, acid gases, metals, and toxic organics may preferentially
adsorb onto particulates in this size range. The NSPS and EG for MWCs regulate total PM, while
PM-10 is of interest for State Implementation Plans and when dealing with ambient PM
concentrations. In this chapter, "PM" refers to total PM as measured by EPA Reference Method 5.

The level of PM emissions at the inlet of the APCD will vary according the combustor
design, air distribution, and waste characteristics. For example, facilities that operate with high
underfire/overfire air ratios or relatively high excess air levels may entrain greater quantities of PM
and have high PM levels at the APCD inlet. For combustors with multiple-pass boilers that change
the direction of the flue gas flow, part of the PM may be removed prior to the APCD. Lastly, the
physical properties of the waste being fed and the method of feeding influences PM levels in the flue
gas. Typically, RDF units have higher PM carryover from the furnace due to the suspension-feeding
of the RDF. However, controlled PM emissions from RDF plants do not vary substantially from
other MWCs (i.e., MB/WW), because the PM is efficiently collected in the APCD.

2.1.3.2 Metals -- Metals are present in a variety of MSW streams, including paper, newsprint, yard
wastes, wood, batteries, and metal cans. The metals present in MSW are emitted from MWCs in
association with PM [e.g., arsenic (As), Cd, chromium (Cr), and Pb] and as vapors, such as Hg.
Due to the variability in MSW composition, metal concentrations are highly variable and are
essentially independent of combustor type. If the vapor pressure of a metal is such that condensation
onto particulates in the flue gas is possible, the metal can be effectively removed by the PM control
device. With the exception of Hg, most metals have sufficiently low vapor pressures to result in
almost all of the metals being condensed. Therefore, removal in the PM control device for these
metals is generally greater than 98 percent. Mercury, on the other hand, has a high vapor pressure at
typical APCD operating temperatures, and capture by the PM control device is highly variable. The
level of carbon in the fly ash appears to affect the level of Hg control. A high level of carbon in the
fly ash can enhance Hg adsorption onto particles removed by the PM control device.

9. 1.3.3 Acid Gases - The chief acid gases of concern from the combustion of MSW are HCI and
SO,. Hydrogen fluoride (HF), hydrogen bromide (HBr), and sulfur trioxide (SO5) are also generally
present, but at much lower concentrations. Concentrations of HCI and SO, in MWC flue gases
directly relate to the chlorine and sulfur content in the waste. The chlorine and sulfur contents vary
considerably based on seasonal and local waste variations. Emissions of SO, and HCI from MWCs
depend on the chemical form of sulfur and chlorine in the waste, the availability of alkali materials in
combustion-generated fly ash that act as sorbents, and the type of emission control system used. Acid
gas concentrations are considered to be independent of combustion conditions. The major sources of
chlorine in MSW are paper and plastics. Sulfur is contained in many constituents of MSW, such as
asphalt shingles, gypsum wallboard, and tires. Because RDF processing does not generally impact
the distribution of combustible materials in the waste fuel, HCI and SO, concentrations for mass burn
and RDF units are similar.

2.1.3.4 Carbon Monoxide - Carbon monoxide emissions result when all of the carbon in the waste

is not oxidized to carbon dioxide (CO,). High levels of CO indicate that the combustion gases were
not held at a sufficiently high temperature in the presence of oxygen (O,) for a long enough time to
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convert CO to CO,. As waste burns in a fuel bed, it releases CO, hydrogen (H,), and unburned
hydrocarbons. Additional air then reacts with the gases escaping from the fuel bed to convert CO and
H; to CO, and H,0. Adding too much air to the combustion zone will lower the local gas
temperature and quench (retard) the oxidation reactions. If too little air is added, the probability of
incomplete mixing increases, allowing greater quantities of unburned hydrocarbons to escape the
furnace. Both of the conditions would result in increased emissions of CO.

Because O, levels and air distributions vary among combustor types, CO levels also vary
among combustor types. For example, semi-suspension-fired RDF units generally have higher CO
levels than mass burn units, due to the effects of carryover of incompletely combusted materials into
low temperature portions of the combustor, and, in some cases, due to instabilities that result from
fuel feed characteristics. '

Carbon monoxide concentration is a good indicator of combustion efficiency, and is an
important criterion for indicating instabilities and nonuniformities in the combustion process. It is
during unstable combustion conditions that more carbonaceous material is available and higher
CDD/CDF and organic hazardous air pollutant levels occur. The relationship between emissions of
CDD/CDF and CO indicates that high levels of CO (several hundred parts per million by volume
[ppmv]), corresponding to poor combustion conditions, frequently correlate with high CDD/CDF
emissions. When CO levels are low, however, correlations between CO and CDD/CDF are not well
defined (due to the fact that many mechanisms may contribute to CDD/CDF formation), but
CDD/CDF emissions are generally lower,

2.1.3.5 Nitrogen Oxides -- Nitrogen oxides are products of all fuel/air combustion processes. Nitric
oxide (NO) is the primary component of NO, ; however, nitrogen dioxide (NO,) and nitrous oxide
(N,0) are also formed in smaller amounts. The combination of the compounds is referred to as NO,.
Nitrogen oxides are formed during combustion through (1) oxidation of nitrogen in the waste, and )
fixation of atmospheric nitrogen. Conversion of nitrogen in the waste occurs at relatively low
temperatures [less than 1,090°C (2,000°F)], while fixation of atmospheric nitrogen occurs at higher
temperatures. Because of the relatively low temperatures at which MWC furnaces operate, 70 to

80 percent of NO, formed in MWCs is associated with nitrogen in the waste.

2.1.3.6 Organic Compounds - A variety of organic compounds, including CDD/CDF,
chlorobenzene (CB), polychlorinated biphenyls (PCBs), chlorophenols (CPs), and polyaromatic
hydrocarbons (PAHs) are present in MSW or can be formed during the combustion and
post-combination processes. Organics in the flue gas can exist in the vapor phase or can be
condensed or absorbed on fine particulates. Control of organics is accomplished through proper
design and operation of both the combustor and the APCDs.

Based on potential health effects, CDD/CDF has been a focus of many research and
regulatory activities. Due to toxicity levels, attention is most often placed on levels of CDD/CDF in
the tetra- through octa-homolog groups and specific isomers within those groups that have chlorine
substituted in the 2, 3, 7, and 8 positions. As noted earlier, the NSPS and EG for MWCs regulate
the total tetra- through octa-CDD/CDF.

2.1.4 Controls®10
A wide variety of control technologies are used to control emissions from MWCs. The

control of PM, along with metals that have adsorbed onto the PM, is most frequently accomplished
through the use of an ESP or fabric filter (FF). Although other PM control technologies (e. g.,
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cyclones, electrified gravel beds, and venturi scrubbers) are available, they are seldom used on
existing systems, and it is anticipated that they will not be frequently used in future MWC systems.
The control of acid gas emissions (i.e., SO, and HC)) is most frequently accomplished through the
application of acid gas control technologies such as spray drying or dry sorbent injection, followed by
a high efficiency PM control device. Some facilities use a wet scrubber to control acid gases. It is
anticipated that dry systems (spray drying and dry sorbent injection) will be more widely used than
wet scrubbers on future U. S. MWC systems. Each of these technologies is discussed in more detail
below.

2.1.4.1 Electrostatic Precipitators - Electrostatic precipitators consist of a series of high-voltage (20
to 100 kilovolts) discharge electrodes and grounded metal plates through which PM-laden flue gas
flows. Negatively charged ions formed by this high-voltage field (known as a "corona") attach to PM
in the flue gas, causing the charged particles to migrate toward, and be collected on, the grounded
plates. The most common types of ESPs used by MWCs are (1) plate wire units in which the
discharge electrode is a bottom weighted or rigid wire, and (2) flat plate units which use flat plates
rather than wires as the discharge electrode.

As a general rule, the greater the amount of collection plate area, the greater the ESP’s PM
collection efficiency. Once the charged particles are collected on the grounded plates, the resulting
dust layer is removed from the plates by rapping, washing, or some other method and collected in a
hopper. When the dust layer is removed, some of the collected PM becomes re-entrained in the flue
gas. To assure good PM collection efficiency during plate cleaning and electrical upsets, ESPs have
several fields located in series along the direction of flue gas flow that can be energized and cleaned
independently. Particles re-entrained when the dust layer is removed from one field can be
recollected in a downstream field. Because of this phenomena, increasing the number of fields
generally improves PM removal efficiency.

Small particles generally have lower migration velocities than large particles and are therefore
more difficult to collect. This factor is especially important to MWCs because of the large amount of
total fly ash smaller than 1 pm. As compared to pulverized coal fired combustors, in which only 1 to
3 percent of the fly ash is generally smaller than 1 pm, 20 to 70 percent of the fly ash at the inlet of
the PM control device for MWCs is reported to be smaller than 1 um, As a result, effective
collection of PM from MWCs requires greater collection areas and lower flue gas velocities than
many other combustion types.

As an approximate indicator of collection efficiency, the specific collection area (SCA) of an
ESP is frequently used. The SCA is calculated by dividing the collecting electrode plate area by the
flue gas flow rate and is expressed as square feet of collecting area per 28 cubic meters per minute
(1000 cubic feet per minute) of flue gas. In general, the higher the SCA, the higher the collection
efficiency. Most ESPs at newer MWCs have SCAs in the range of 400 to 600. When estimating
emissions from ESP-equipped MWCs, the SCA of the ESP should be taken into consideration. Not
all ESPs are designed equally and performance of different ESPs will vary.

9.1.4.2 Fabric Filters -- Fabric filters are aiso used for PM and metals control, particularly in
combination with acid gas control and flue gas cooling. Fabric filters (also known as "baghouses")
remove PM by passing flue gas through a porous fabric that has been sewn into a cylindrical bag.
Multiple individual filter bags are mounted in an arranged compartment. A complete FF, in turn,
consists of 4 to 16 individual compartments that can be independently operated.
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As the flue gas flows through the filter bags, particulate is collected on the filter surface,
mainly through inertial impaction. The collected particulate builds up on the bag, forming a filter
cake. As the thickness of the filter cake increases, the pressure drop across the bag also increases.
Once pressure drop across the bags in a given compartment becomes excessive, that compartment is
generally taken off-line, mechanically cleaned, and then placed back on-line.

Fabric filters are generally differentiated by cleaning mechanisms. Two main filter cleaning
mechanisms are used: reverse-air and pulse-jet. In a reverse-air FF, flue gas flows through
unsupported filter bags, leaving the particulate on the inside of the bags. The particulate builds up to
form a particulate filter cake. Once excessive pressure drop across the filter cake is reached, air is .
blown through the filter in the opposite direction, the filter bag collapses, and the filter cake falls off
and is collected. In a pulse-jet FF, flue gas flows through supported filter bags leaving particulate on
the outside of the bags. To remove the particulate filter cake, compressed air is pulsed through the
inside of the filter bag, the filter bag expands and collapses to its pre-pulsed shape, and the filter cake
falls off and is collected. '

2.1.4.3 Spray Drying -- Spray dryers (SD) are the most frequently used acid gas control technology
for MWCs in the United States. When used in combination with an ESP or FF, the system can
control CDD/CDF, PM (and metals), SO,, and HCI emissions from MWCs. Spray dryer/fabric filter
systems are more common than SD/ESP systems and are used mostly on new, large MWCs. In the
spray drying process, lime slurry is injected into the SD through either a rotary atomizer or dual-fluid
nozzles. The water in the slurry evaporates to cool the flue gas, and the lime reacts with acid gases
to form calcium salts that can be removed by a PM control device. The SD is designed to provide
sufficient contact and residence time to produce a dry product before leaving the SD adsorber vessel.
The residence time in the adsorber vessel is typically 10 to 15 seconds. The particulate leaving the
SD contains fly ash plus calcium salts, water, and unreacted hydrated lime,

The key design and operating parameters that significantly affect SD performance are SD
outlet temperature and lime-to-acid gas stoichiometric ratio. The SD outlet approach to saturation
temperature is controlled by the amount of water in the slurry. More effective acid gas removal
occurs at lower approach to saturation temperatures, but the temperature must be high enough to
ensure the slurry and reaction products are adequately dried prior to collection in the PM control
device. For MWC flue gas containing significant chlorine, a minimum SD outlet temperature of
around 115°C (240°F) is required to control agglomeration of PM and sorbent by calcium chloride.
Outlet gas temperature from the SD is usually around 140°C (285°F). :

The stoichiometric ratio is the molar ratio of calcium in the lime slurry fed to the SD divided
by the theoretical amount of calcium required to completely react with the inlet HCI and SO, in the
flue gas. At a ratio of 1.0, the moles of calcium are equal to the moles of incoming HCI and SO,.
However, because of mass transfer limitations, incomplete mixing, differing rates of reaction (80,
reacts more slowly than HCI), more than the theoretical amount of lime is generally fed to the SD.
The stoichiometric ratio used in SD systems varies depending on the level of acid gas reduction
required, the temperature of the flue gas at the SD exit, and the type of PM control device used.
Lime is fed in quantities sufficient to react with the peak acid gas concentrations expected without
severely decreasing performance. The lime content in the slurry is generally about 10 percent by
weight, but cannot exceed approximately 30 percent by weight without clogging of the lime slurry
feed system and spray nozzles. :

2.1.4.4 Dry Sorbent Injection -- This type of technology has been developed primarily to control
acid gas emissions., However, when combined with flue gas cooling and either an ESP or FF,
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sorbent injection processes may also control CDD/CDF and PM emissions from MWCs. Two
primary subsets of dry sorbent injection technologies exist. The more widely used of these
approaches, referred to as duct sorbent injection (DSI), involves injecting dry alkali sorbents into flue
gas downstream of the combustor outlet and upstream of the PM control device. The second
approach, referred to as furnace sorbent injection (FSI), injects sorbent directly into the combustor.

In DSI, powdered sorbent is pneumatically injected into either a separate reaction vessel or a
section of flue gas duct located downstream of the combustor economizer or quench tower. Alkali in
the sorbent (generally calcium or sodium) reacts with HC1, HF, and SO, to form alkali saits [e.g.,
calcium chloride (CaCl,), calcium fluoride (CaF,), and calcium sulfite (CaS0O;)]. By lowering the
acid content of the flue gas, downstream equipment can be operated at reduced temperatures while
minimizing the potential for acid corrosion of equipment. Solid reaction products, fly ash, and
unreacted sorbent are collected with either an ESP or FF.

Acid gas removal efficiency with DSI depends on the method of sorbent injection, flue gas
temperature, sorbent type and feed rate, and the extent of sorbent mixing with the flue gas. Not all
DSI systems are of the same design, and performance of the systems will vary. Flue gas temperature
at the point of sorbent injection can range from about 150 to 320°C (300 to 600°F) depending on the
sorbent being used and the design of the process. Sorbents that have been successfully tested include
hydrated lime (Ca(OH),), soda ash (N2,C05), and sodium bicarbonate (NaHCO,). Based on
published data for hydrated lime, some DSI systems can achieve removal efficiencies comparable to
SD systems; however, performance is generally lower,

By combining flue gas cooling with DSI, it may be possible to increase CDD/CDF removal
through a combination of vapor condensation and adsorption onto the sorbent surface. Cooling may
also benefit PM control by decreasing the effective flue gas flow rate (i.e., cubic meters per minute)
and reducing the resistivity of individual particles.

Furnace sorbent injection involves the injection of powdered alkali sorbent (either lime or
limestone) into the furnace section of a combustor. This can be accomplished by addition of sorbent
to the overfire air, injection through separate ports, or mixing with the waste prior to feeding to the
combustor. As with DSI, reaction products, fly ash, and unreacted sorbent are collected using an
ESP or FF.

The basic chemistry of FSI is similar to DSI. Both use a reaction of sorbent with acid gases
to form alkali salts. However, several key differences exist in these two approaches. First, by
injecting sorbent directly into the furnace [at temperatures of 870 to 1,200°C (1,600 to 2,200°F)]
limestone can be calcined in the combustor to form more reactive lime, thereby allowing use of less
expensive limestone as a sorbent. Second, at these temperatures, SO, and lime react in the
combustor, thus providing a mechanism for effective removal of SO, at relatively low sorbent feed
rates. Third, by injecting sorbent into the furnace rather than into a downstream duct, additional time
is available for mixing and reaction between the sorbent and acid gases. Fourth, if a significant
portion of the HCI is removed before the flue gas exits the combustor, it may be possible to reduce
the formation of CDD/CDF in latter sections of the flue gas ducting. However, HCI and lime do not
react with each other at temperatures above 760°C (1,400°F). This is the flue gas temperature that
exists in the convective sections of the combustor. Therefore, HCl removal may be lower than with
DSL. Potential disadvantages of FSI include fouling and erosion of convective heat transfer surfaces
by the injected sorbent.
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2.1.4.5 Wet Scrubbers -- Many types of wet scrubbers have been used for controlling acid gas -
emissions from MWCs. These include spray towers, centrifugal scrubbers, and venturi scrubbers. .
Wet scrubbing technology has primarily been used in Japan and Europe. Currently, it is not
 anticipated that many new MWCs being built in the United States will use this type of acid gas - _
control system. Wet scrubbing normally involves passing the flue gas through an ESP to reduce PM,
followed by a one- or two-stage absorber system. With single-stage scrubbers, the flue gas reacts
with an alkaline scrubber liquid to simultaneously remove HC| and 50,. With two-stage scrubbers, a
low-pH water scrubber for HCI removal is installed upstream of the alkaline SO, scrubber. The
alkaline solution, typically containing calcium hydroxide [Ca(OH),], reacts with the acid gas to form
salts, which are generally insoluble and may be removed by sequential clarifying, thickening, and
vacuum filtering. The dewatered salts or sludges are then disposed.

2.1.4.6 Nitrogen Oxide Control Techniques -- The control of NO, emissions can be accomplished
through either combustion controls or add-on controls. Combustion controls include staged
combustion; low excess air (LEA), and flue gas recirculation (FGR). Add-on controls which have
been tested on MWCs include selective noncatalytic reduction (SNCR), selective catalytic reduction -
(SCR), and natural gas reburning.

Combustion controls involve the control of temperature or O, to reduce NO, formation.
With LEA, less air is supplied, which lowers the supply of O, that is available to react with N, in the
combustion air. In staged combustion, the amount of underfire air is reduced, which generates a '
starved-air region. In FGR, cooled flue gas is mixed with combustion air, which reduces to 0,
content of the combustion air supply. Due to the lower combustion temperatures present in MWCs,
most NO, is produced from the oxidation of nitrogen present in the fuel. As a result, combustion
modifications at MWCs have generally shown small to moderate reductions in NO, emissions as . '
compared to higher temperature combustion devices (i.e., fossil fuel-fired boilers). .

With SNCR, ammonia (NH,) or urea is injected into the furnace along with chemical
additives to reduce NO, to N, without the use of catalysts. Based on analyses of data from U.S,
MWCs equipped with SNCR, NO, reductions of 45 percent are achievable.

With SCR, NH, is injected into the flue gas downstream of the boiler where it mixes with
NO, in the flue gas and passes through a catalyst bed, where NO, is reduced to N, by a reaction with
NH;. This technique has not been applied to U.S. MWCs, but has been used on MWCs in Japan and
Germany. Reductions of up to 80 percent have been observed, but problems with catalyst poisoning
and deactivation may reduce performance over time.

Natural gas reburning involves limiting combustion air produce an LEA zone. Recirculated
flue gas and natural gas are then added to this LEA zone to produce a fuel-rich zone that inhibits NO,
formation and promotes reduction of NO, to N,. Natural gas reburning has been evaluated on both
pilot- and full-scale applications and achieved NO, reductions of 50 to 60 percent.

2.1.5 Mercury Controlg!1-14

- Unlike other metals, Hg exists in vapor form at typical APCD operating temperatures. As a
result, collection of Hg in the APCD is highly variable. Factors that affect Hg control are good PM
control, low temperatures in the APCD system, and a sufficient level of carbon in the fly ash. .
Higher levels of carbon in the fly ash enhance Hg adsorption onto the PM, which is removed by the
PM control device. To keep the Hg from volatilizing, it is important to operate the control systems at .
low temperatures, generally less than about 300 to 400°F.
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United States, Canada, Europe, and Japan. These control technologies include the injection of
activated carbon or sodium sulfide (Na,S) into the flue gas prior to the DSI- or SD-based acid gas
control system, or the use of activated carbon filters.

. Several mercury control technologies have been used on waste combustors in the

With activated carbon injection, Hg is adsorbed onto the carbon particle, which is then
captured in the PM control device. Test programs using activated carbon injection on MWCs in the
United States have shown Hg removal efficiencies of 50 to over 95 percent, depending on the carbon
feed rate.

Sodium sulfide injection involves spraying Na,$ solution into cooled flue gas prior to the acid
gas control device. Solid mercuric sulfide is precipitated from the reaction of Na,S and Hg and can
be collected in the PM control device. Results from tests on European and Canadian MWCs have
shown removal efficiencies of 50 to over 90 percent. Testings on a U.S. MWC, however, raised
questions on the effectiveness of this technology due to possible oversights in the analytical procedure
used in Europe and Canada.

Fixed bed activated carbon filters are another Hg control technology being used in Europe.
With this technology, the flue gas is passed through a fixed bed of granular activated carbon where
the Hg is adsorbed. Segments of the bed are periodically replaced as system pressure drop increases.

2.1.6 Emissions!312!

Tables 2.1-1 through 2.1-9 present emission factors for MWCs. The tables are for distinct
combustor types (i.e., MB/WW, RDF), and include emission factors for uncontrolled (prior to any
pollution control device) levels and for controlled levels based on various APCD types (i.e., ESP,
SD/FF). There are a large amount of data available for this source category, and as a result of this,
many of the emission factors have high quality ratings. However, for some categories there were
only limited data, and the ratings are low. In these cases, one should refer to the EPA Background
Information Documents (BIDs) developed for the NSPS and EG, which more thoroughly analyze the
data than does AP-42, as well as discuss performance capabilities of the control technologies and
expected emission levels. Also, when using the MWC emission factors, it should be kept in mind
that these are average values, and emissions from MWCs are greatly affected by the composition of
the waste and may vary for different facilities due to seasonal and regional differences. The AP42
background report for this section includes data for individual facilities that represent the range for a
combustor/control technology category. '
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_ Table 2.1-9 (Metric and English Units). EMISSION FACTORS FOR
MODULAR STARVED .
AIR COMBUSTORS®,b
(SCCs 50100101, 50300114)

Uncontrolled ESP¢
Emission _ Emission
: Factor Factor
Pollutant kg/Mg 1b/ton Rating kg/Mg lb/ton Rating
pMmd 1.72E+00 | 3.43E+00 B 1.74E-01 | 3.48E-01 B
As® 3.34E-04 | 6.69E-04 C 5.25E-05 | 1.05E-04 D
Cda¢ 1.20E-03 | 2.41E-03 D 2.30E-04 | 4.59E-04 D
Cr® 1.65E-03 | 3.31E-03 C 3.08E-04 | 6.16E-04 D
Hgef 2.8E-03 | 5.6 E-03 A 2.8E03 | 5.6 E-03 A
Ni¢ | 2.76E-03 | 5.52E-03 D 5.04E-04 | 1.01E-03 E
Pb® - - 1.41E-03 | 2.82E-03 C
SOy 1.61E+00 | 3.23E+00 E * *
HCi€ 1.08E+400 | 2.15E+00 D ¥ *
NOx& 1.58E+00 | 3.16E+00 B * *
Co8 1.50E-01 | 2.99E-01 B x * | .
CDD/CDF! | 1.47E-06 | 2.94E-06 D 1.88E-06 | 3.76E-06 oF
a Emission factors were calculated from concentrations using an F-factor of

9,570 dscf/MBtu and a heating value of 4,500 Btu/lb. Other heating values can
be substituted by multiplying the emission factor by the new heating value and
dividing by 4,500 Btu/lb. SCC = Source Classification Code.

b Emission factors should be used for estimating long-term, not short-term,
emission levels. This particularly applies to pollutants measured with a
continuous emission monitoring system (e.g., CO, NOy).

¢ ESP = Electrostatic Precipitator

d PM = total particulate matter, as measured with EPA Reference Method 5.

e Hazardous Air Pollutants listed in Title T of the 1990 Clean Air Act
Amendments.

f Mercury levels based on emission levels measured at mass burn, MOD/EA, and
MOD/SA combustors. '

g Control of NO, and CO is not tied to traditional acid gas/PM control devices.

h CDD/CDF = total tetra-through octa-chlorinated dibenzo-p-dioxin/chlorinated
dibenzofurans, 2,3,7,8-tetrachlorodibenzo-p-dioxin and dibenzofurans are
Hazardous Air Pollutants listed in Title I of the 1990 Clean Air Act
Amendments. '

* = Same as "uncontrolled" for these pollutants.

-— = Not available .
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Another point to keep in mind when using emission factors is that certain control
technologies, specifically ESPs and DSI systems, are not all designed with equal performance
capabilities. The ESP and DSI-based emission factors are based on data from a variety of facilities
and represent average emission levels for MWCs equipped with these control technologies. To
estimate emissions for a specific ESP or DSI system, refer to either the AP-42 background report for
this section or the NSPS and EG BIDs to obtain actual emissions data for these facilities. These
documents should also be used when conducting risk assessments, as well as for determining removal
efficiencies. Since the AP42 emission factors represent averages from numerous facilities, the
uncontrolled and controlled levels frequently do not correspond to simultaneous testing and should not
be used to calculate removal efficiencies.

Emission factors for MWCs were calculated from flue gas concentrations using an F-factor of
9,570 dry standard cubic feet per million British thermal unit (Btu) and an assumed heating value of
the waste of 4,500 Btu per pound (Btu/Ib) for all combustors except RDF, for which a 5,500 Btu/lb
heating value was assumed. These are average values for MWCs, however, a particular facility may
have a different heating value for the waste. In such a case, the emission factors shown in the tables
can be adjusted by multiplying the emission factor by the actual facility heating value and dividing by
the assumed heating value (4,500 or 5,500 Btu/lb, depending on the combustor type). Also,
conversion factors to obtain concentrations, which can be used for developing more specific emission
factors or make comparisons to regulatory limits, are provided in Tables 2. 1-10 and 2.1-11 for all
combustor types (except RDF) and RDF combustors, respectively.

Also note that the values shown in the tables for PM are for total PM, and the CDD/CDF
data represent total tetra- through octa-CDD/CDF. For S0O,, NO,, and CO, the data presented in the
tables represent long-term averages, and should not be used to estimate short-term emissions. Refer
to the EPA BIDs which discuss achievable emission levels of $O,, NO,, and CO for different
averaging times based on analysis of continuous emission monitoring data. Lastly, for PM and
metals, levels for MB/WW, MB/RC, MB/REF, and MOD/EA were combined to determine the
emission factors, since these emissions should be the same for these types of combustors. For
controlled levels, data were combined within each control technology type (e.g., SD/FF data, ESP
data). For Hg, MOD/SA data were also combined with the mass burn and MOD/EA data.

2.1.7 Other Types Of Combustors!22-134

Industrial/commercial Combustors - The capacities of these units cover a wide range,
generally between 23 and 1,800 kilograms (50 and 4,000 pounds) per hour. Of either single- or
multiple-chamber design, these units are often manually charged and intermittently operated. Some
industrial combustors are similar to municipal combustors in size and design. Emission control
systems include gas-fired afterburners, scrubbers, or both. Under Section 129 of the CAAA, these
types of combustors will be required to meet emission limits for the same list of pollutants as for
MWCs. The EPA has not yet established these limits.

Trench Combustors - Trench combustors, also called air curtain incinerators, forcefully
project a curtain of air across a pit in which open burning occurs. The air curtain is intended to
increase combustion efficiency and reduce smoke and PM emissions. Underfire air is also used to
increase combustion efficiency.
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Table 2.1-10. CONVERSION FACTORS FOR ALL COMBUSTOR TYPES

EXCEPT RDF
Divide By To Obtain*
For As, Cd, Cr, Hg, Ni, Pb, and CDD/CDF:
kg/Mg refuse L
Ib/ton refuse 4.03 x 10°6 pg/dscm
8.06 x 106
For PM: _
kg/Mg refuse 4.03x 107 ‘mg/dscm
Ib/ton refuse 8.06 x 103
For HCI:
kg/Mg refuse 6.15 x 10-3 ppmv -
Ib/ton refuse 1.23 x 102
For SO»: :
 kg/Mg refuse 1.07 x 102 ppmv
Ib/ton refuse 2.15 x 102
For NOy:
kg/Mg refuse 7.70 x 10-3 ppmv
Ib/ton refuse 1.54 x 102 -
For CO: :
kg/Mg refuse 4.69 x 10-3 ppmv
lb/ton refuse 9.4x 103
*at 7 percent O5.
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‘Table 2.1-11. CONVERSION FACTORS FOR REFUSE-DERIVED
FUEL COMBUSTORS

_ Divide By To Obtain*
For As, Cd, Cr, Hg, Ni, Pb, and CDD/CDF:
kg/Mg refuse
Ib/ton refuse 4.92 x 106 pg/dscm
9.85 x 106
For PM:
kg/Mg refuse 4.92 x 103 mg/dscm
Ib/ton refuse 9.85 x 107
For HCI:
kg/Mg refuse 75x 1073 ppmv
Ib/ton refuse 1.5 x 102
For SO9:
kg/Mg refuse 1.31 x 102 ppmv.
Ib/ton refuse 2.62 x 102
For NOy:
kg/Mg refuse 9.45 x 103 ppmv
Ib/ton refuse 1.89 x 102
For CO:
kg/Mg refuse 5.75 x 103 ppmv
Ib/ton refuse 1.15x 102

*at 7 percent O3.
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Trench combustors can be built either above- or below-ground. They have refractory walls
and floors and are normally 8-feet wide and 10-feet deep. Length varies from 8 to 16 feet. Some
units have mesh screens to contain larger particles of fly ash, but other add-on pollution controls are
normally not used. . :

Trench combustors burning wood wastes, yard wastes, and clean lumber are exempt from
Section 129, provided they comply with opacity limitations established by the Administrator. - The
primary use of air curtain incinerators is the disposal of these types of wastes, however, some of
these combustors are used to burn MSW or construction and demolition debris.

In some states, trench combustors are often viewed as a version of open burning and the use
of these types of units has been discontinued in some States. '

Domestic Combustors - This category includes combustors marketed for residential use.
These types of units are typically located at apartment complexes, residential buildings, or other
multiple family dwellings, and are generally found in urban areas. Fairly simple in design, they may
have single or multiple refractory-lined chambers and usually are equipped with an auxiliary burner to
aid combustion. Due to their small size, these types of units are not currently covered by the MWC
regulations,

Flue-fed Combustors - These units, commonly found in large apartment houses or other
multiple family dwellings, are characterized by the charging method of dropping refuse down the
combustor flue and into the combustion chamber. Modified flue-fed incinerators utilize afterburners
and draft controls to improve combustion efficiency and reduce emissions. Due to their small size,
these types of units are not currently covered by the MWC regulations. ‘

Emission factors for industrial/commercial, trench, domestic, and flue fed combustors are .
presented in Table 2.1-12, :

2.1-32 EMISSION FACTORS 7/93




*J[qe[IeAB JON = -
o[qI8nSeu = 8N o
-omeqyow se passardxyg g
"ECI-911 590URIRJ9Y v

00+a00'z| 00+300°1 | 00+300°T | 00+H00'T | o8N o8N | 10-900°S | 10-90S°T |00+H00°L | 00+H0S°€ soumgq Aremiid g
00+100°1 | 10-g00°s | zo+H00°1 | 10+d00°S | Z0+H00'€ | T0+T0S'1 | 10°H00°S | 10°H0S°T | 10+50S°¢ 10+dsL1] ewnq Arewmuid jnomrm
(00§ om)
Joqureyo o1fmws snsemo(
T0+300'1 | 00+d00°S | 00+700°€ | 00+30ST | 10+800°1 | 00+H00'S | 10-H00°S | 10-HOS'Z | 00+H00'S 00+300°€ (peytpom) paj-onf
oo+a00°¢ | co+d0s1 | 10+305°1 | 00+308°L | 10+500°Z | 10+H00'T | 10-HO0'S | 10-HOS'T | 10+H00°E 10+90S°1 |  3equreyo S[3uls poj-on]d
(60100€£0S ‘TISO010S)
- - 00+70S°Z | 00+ST'1 | 10+90L°€ | 10+HS8’1 ssnyes pediouniy
(LO100£0S ‘11S0010S)
- - Z0+H8¢'1 | 10+306°9 sean Joqqny
(90100£0S ‘01S00T0S)
00+300't | 00+300°C - - 10-900°1 | T0-900°S | 10+30E'T | 00+H0S"9 poom
Youal],
00+H00Z | 00+200°1 | 10+H08'T | 10+305°L | 10+500°Z | [0+800°T | 00+H0S'T | 00-+HST'T | 10+HOS'T 00+30S°L Jaqure)) A3uig
00+300°€ | 00+30s'T | 00+H00°€ | 00+30§°1 | 10+H00'T [ 00+H00'S | 00+HOST | 00-+HST'T | 00+HO0'L 00+d0S°€ Jaquet) o[dnnN
TEERJSUIIO0)) /[BHISTPU]
uoy/q| /8 uoy/q] /3y uo)/q] L OTES | uol/q| /3 uo)/qj /3 ad£J, 10)sNQUWOD
*oN gspunodmo) 00 Zos Wd
onzedsQ [eoL

d :ONLLVY 301DV NOISSINA

eALSYM TVAIDINNW NVHL 49HLO

SYOLSNENOD ASNITE Y04 SAOLIVI NOISSING QITIOYINOONN "(s3un) ysiSug pue SISW) T1-1°C SI8L

Solid Waste Disposal 2.1-33

7/93



References for Section 2.1 -

1. Memorandum from D; A. Fenn, and K. L. Nebel, Radian Corporation, Résearch Triangle .
Park, NC, to W. H. Stevenson, U. S. Environmental Protection Agency, Research Triangle '
Park, NC. March 1992. : : : - . .

2, I. Kiser, "The Future Role of Municipal Waste Comblistion," Waste Age, November 1991,

3. September 6, 1991. Meeting Summary: Appendix 1 (Docket No. A-90-45, Item Number II-
E-12), _

4, Municipal Waste Combustion Study: Combustion Control of Organic Emissions, EPA/530- .
SW-87-021c, U. S. Environmental Protection Agency, Washington, DC, June 1987..

5. M. Clark, "Minimizing Emissions from Resource Recovery," Presented at the International
Workshop on Municipal Waste Incineration, Quebec, Canada, October 1-2, 1987.

6. Municipal Waste Combustion Assessment: Combustion Control at Existing Facilities, ~
EPA 600/8-89-058, U. S. Environmental Protection Agency, Research Triangle Park, NC,
August 1989, '

7. Municipal Waste Combustors - Background Information fof Proposed Standards: Control of
NO_ Emissions, EPA-450/3-89-27d, U. S. Environmental Protection Agency, Research
Triangle Park, NC, August 1989, :

8. Municipal Waste Combustors - Background Information fbr Proposed Standards: Post
Combustion Technology Performance, U. S. Environmental Protection Agency, August 1989.

9. Municipal Waste Combustion Study - Flue Gas Cleaning Technology, EPA/530-SW-87-021c,
U. S. Environmental Protection Agency, Washington, DC, June 1987.

10. - R. Bijetina, er al., "Field Evaluation of Methane de-NO, at Olmstead Wasté—to-Energy
Facility," Presented at the 7th Annual Waste-to-Energy Symposium, Minneapolis, MN,
January 28-30, 1992.

11. K. L. Nebel and D. M. White, A Summary of Mercury Emissions and Applicable Control
Technologies for Municipal Waste Combustors, Research Triangle Park, NC, September,
1991, : ' _ _

12. Emission Test Report: OMSS Field Test on Carbon Injection for Mercury Control,
EPA-600/R-92-192, Office of Air Quality Planning and Standards, U. S. Environmental
Protection Agency, Research Triangle Park, NC, September 1992,

13, J. D. Kilgroe, er al., "Camden Country MWC Carbon Injection Test Results," Presented at
- the International Conference on Waste Combustion, Williamsburg, VA, March 1993,

14. Meeting Summary: Preliminary Mercury Testing Results for the Stanislaus County Municipal
Waste Combustor, U. S. Environmental Protection Agency, Research Triangle Park, NC,

November 22, 1991, .
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15. R. A. Zurlinden, et al., Environmental Test Report, Alexandria/Arlington Resources Recovery
Facility, Units 1, 2, and 3, Report No. 144B, Ogden Martin Systems of
. Alexandria/Arlington, Inc., Alexandria, VA, March 9, 1988.

16. R. A. Zurlinden, et al., Environmental Test Report, Alexandria/Arlington Resource Recovery
Facility, Units 1, 2, and 3, Report No. 144A (Revised), Ogden Martin Systems of
Alexandria/Arlington, Inc., Alexandria, VA, January 8, 1988.

17. Environmental Test Report, Babylon Resource Recovery Test Facility, Units 1 and 2, Ogden
Martin Systems of Babylon, Inc., Ogden Projects, Inc., March 1989.

18. Ogden Projects, Inc. Environmental Test Report, Units 1 and 2, Babylon Resource Recovery
Facility, Ogden Martin Systems for Babylon, Inc., Babylon, NY, February 1990.

19. PEI Associates, Inc. Method Development and Testing for Chromium, No. Refuse-to-Energy
Incinerator, Baltimore RESCO, EMB Report 85-CHMS, EPA Contract No. 68-02-3849,
U. S. Environmental Protection Agency, Research Triangle Park, NC, August 1986.

20. Entropy Environmentalists, Inc. Particulate, Sulfur Dioxide, Nitrogen Oxides, Chlorides,
Fluorides, and Carbon Monoxide Compliance Testing, Units 1, 2, and 3, Baltimore RESCO
Company, L. P., Southwest Resource Recovery Facility, RUST International, Inc., January
1985.

21.  Memorandum. J. Perez, AM/3, State of Wisconsin, to Files. "Review of Stack Test
Performed at Barron County Incinerator,” February 24, 1987.

. 22. D. S. Beachler, er al., "Bay County, Florida, Waste-to-Energy Facility Air Emission Tests.
Westinghouse Electric Corporation”, Presented at Municipal Waste Incineration Workshop,
Montreal, Canada, October 1987.

23.  Municipal Waste Combustion, Multi-Pollutant Study. Emission Test Report. Volume 1,
Summary of Results, EPA-600/8-89-064a, Maine Energy Recovery Company, Refuse-Derived
Fuel Facility, Biddeford, ME, July 1989.

24. S. Klamm, ef al., Emission Testing at an RDF Municipal Waste Combustor, EPA Contract
No. 68-02-4453, U. S. Environmental Protection Agency, NC, May 6, 1988. (Biddeford)

25. Emission Source Test Report — Preliminary Test Report on Cattaraugus County, New York
State Department of Environmental Conservation, August 5, 1986.

26. Permit No. 0560-0196 for Foster Wheeler Charleston Resource Recovery, Inc. Municipal
Solid Waste Incinerators A & B, Bureau of Air Quality Control, South Carolina Department
of Health and Environmental Control, Charleston, SC, October 1989.

217. Almega Corporation. Unit 1 and Unit 2, EPA Stack Emission Compliance Tests, May 26, 27,

and 29, 1987, at the Signal Environmental Systems, Claremont, NH, NH/VT Solid Waste
Facility, Prepared for Clark-Kenith, Inc. Atlanta, GA, July 1987.
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28.

29.

30,

31.

Entropy Environmentalists, Inc. Stationary Source Sampling Report, Signal Environmental
Systems, Inc., at th eClaremont Facility, Claremont, New Hampshire, Dioxins/Furans
Emissions Compliance Testing, Units 1 and 2, Reference No. 5553-A, Signal Environmental
Systems, Inc., Claremont, NH, October 2, 1987. :

M. D. McDannel, et al., Air Emissions Tests ar Commerce Refuse-to-Energy Facility May 26 -
June 5, 1987, County Sanitation Districts of Los Angeles County, Whittier, CA, July 1987.

M. D. McDannel and B. L. McDonald, Combustion Optimization Study at the Commerce
Refuse-to-Energy Facility. Volume I, ESA 20528-557, County Sanitation Districts of
Los Angeles County, Los Angeles, CA, June 1988.

M. D. McDannel ¢t al., Results of Air Emission Test During the Waste-to-Energy Facility,
County Sanitation Districts of Los Angeles County, Whittier, CA, December 1988.

- (Commerce)

32.

33.

34,

35.

36.

37.

38.

39.

41.
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‘Radian Corporation. Preliminary Data from October - Novémb_er 1988 Testing at the

Montgomery County South Plant, Dayton, Ohio.

Telefax. M. Hartman, Combustion Engineering to D. White, Radian Corporation. Detroit
Compliance Tests, September 1990.

Interpoll Laboratories. Results of the November 3-6, 1987 Performance Test on the No. 2
RDF and Sludge Incinerator at the WLSSD Plant in Duluth, Minnesota, Interpoll Report
No. 7-2443, April 25, 1988.

D. S. Beachler, (Westinghouse Electric Corporation) and ETS, Inc, Duzchess County
Resource Recovery Facility Emission Compliance Test Report, Volumes 1-5, New York
Department of Environmental Conservation, June 1989,

ETS, Inc. Compliance Test Report for Dutchess County Resource Recovery Facility, May

- 1989.

Letter and enclosures from W. Harold Snead, City of Galax, VA, to Jack R. Farmer, U. S.
Environmental Protection Agency, Research Triangle Park, NC, July 14, 1988.

Cooper Engineers, Inc., Air Emissions Tests of Solid Waste Combustion a Rotary
Combustion/Boiler System at Gallatin, Tennessee, West County Agency of Contra Costa
County, CA, July 1984,

B. L. McDonald, et al., Air Emissions Tests at the Hampton Refuse-Fired Stream Generating
Facility, April 18-24, 1988, Clark-Kenith, Incorporated, Bethesda, MD, June 1988.

Radian Corporation for American Ref-Fuel Company of Hempstead, Complidnce Test Report
Jor the Hempstead Resource Recovery Facility, Westbury, NY, Volume I, December 1989,

1. Campbell, Chief, Air Engineering Section, Hillsborough Coimty Environmental Protection

Commission, to E. L. Martinez, Source Analysis Section/AMTB, U. S. Environmental
Protection Agency, May 1, 1986,
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42. Mitsubishi SCR System for Municipal Refuse Incinerator, Measuring Results at Tokyo-
. Hikarigaoka and Iwatsuki, Mitsubishi Heavy Industries, Ltd, July 1987.

43.  Entropy Environmentalists, Inc. for Honolulu Resource Recovery Venture, Stationary Source
Sampling Final Report, Volume I, Oahu, HI, February 1990.

4. Ogden Projects, Inc., Environmental Test Report, Indianapolis Resource Recovery Facility,
Appendix A and Appendix B, Volume 1, (Prepared for Ogden Martin Systems of Indianapolis,
Inc.), August 1989.

45, Knisley, D.R., et al. (Radian Corporation), Emissions Test Report, Dioxin/Furan Emission
Testing, Refuse Fuels Associates, Lawrence MA, (Prepared for Refuse Fuels Association),
Haverhill, MA, June 1987, :

46. Entropy Environmentalists, Inc. Stationary Source Sampling Report, Ogden Martin Systems of
Haverhill, Inc., Lawrence, MA Thermal Conversion Facility. Particulate, Dioxins/Furans and
Nitrogen Oxides Emission Compliance Testing, September 1987.

47, Ethier, D.D., L.N. Hottenstein, and E.A. Pearson (T RC Environmental Consultants), Air
Emission Test Results at the Southeast Resource Recovery Facility Unit 1, October -
December, 1988, Prepared for Dravo Corporation, Long Beach, CA. February 28, 1989.

48. Letter from Rigo, H.G., Rigo & Rigo Associates, Inc., to Johnston, M., U. S. Environmental
Protection Agency. March 13, 1989. 2 pp. Compliance Test Report Unit No. 1 — South
. East Resource Recovery Facility, Long Beach, CA.

49, Vancil, M.A. and C.L. Anderson (Radian Corporation), Summary Report CDD/CDF, Metals,
HCl, S0,, NO,, CO and Particulate Testing, Marion County Solid Waste-to-Energy Facility,
Inc., Ogden Martin Systems of Marion, Brooks, Oregon, U. S. Environmental Protection
Agency, Research Triangle Park, NC, EMB Report No. 86-MIN-03A, September 1988.

50. Anderson, C.L., et al. (Radian Corporation), Characterization Test Report, Marion County
Solid Waste-to-Energy Facility, Inc., Ogden Martin Systems of Marion, Brooks, Oregon, U. S.
Environmental Protection Agency, Research Triangle Park, NC, EMB Report
No. 86-MIN-04, September 1988.

51. Letter Report from M.A. Vancil, Radian Corporation, to C.E. Riley, EMB Task Manager,
U. S. Environmental Protection Agency. Emission Test Results for the PCDD/PCDF Internal
Standards Recovery Study Field Test: Runs 1,2, 3, 5, 13, 14. July 24, 1987. (Marion)

52. Anderson, C.L., K.L. Wertz, M.A. Vancil, and J.W. Mayhew (Radian Corporation).
Shutdown/Startup Test Program Emission Test Report, Marion County Solid Waste-to-Energy
Facility, Inc., Ogden Martin Systems of Marion, Brooks, Oregon, U. S. Environmental
Protection Agency, Research Triangle Park, NC, EMB Report No. 37-MIN-H4A,

September 1988.

53. Clean Air Engineering, Inc., Report on Compliance Testing for Waste Management, Inc. at
the McKay Bay Refuse-to-Energy Project located in Tampa, Florida, October 1985.
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55.

36,

57.

58.

59.

61.

62.

63.
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Alliance Technologies Corporation, Field Test Report - NITEP HlI. Mid-Connecticut Facility,
Hartford, Connecticut. Volume Il Appendices, Prepared for Environment Canada.
June 1989.

Anderson, C.L. (Radian Corporation), CDD/CDF, Metals, and Particulate Emissions
Summary Report, Mid-Connecticut Resource Recovery Facility, Hartford, Connecticut,
U. S. Environmental Protection Agency, Research Triangle Park, NC, EMB Report
No. 88-MIN-09A, January 1989,

Entropy Environmentalists, Inc., Municipal Waste Combustion Multi-Pollutant Study,
Summary Report, Wheelabrator Millbury, Inc., Millbury, MA, U. S. Environmental Protection
Agency, Research Triangle Park, NC, EMB Report No. 88-MIN-07A, February 1989.

Entropy Environmentalists, Inc., Emissions Testing Report, Wheelabrator Millbury, Inc.
Resource Recovery Facility, Millbury, Massachusetts, Unit Nos. 1 and 2, February 8
through 12, 1988, Prepared for Rust International Corporation. Reference No. 5605-B.
August 5, 1988.

Entropy Environmentalists, Inc., Stationary Source Sampling Report, Wheelabrator Millbury,
Inc., Resource Recovery Facility, Millbury, Massachusetts, Mercury Emissions Compliance
Testing, Unit No. 1, May 10 and 11, 1988, Prepared for Rust International Corporation.
Reference No. 5892-A. May 18, 1988.

Entropy Environmentalists, Inc., Emission Test Reporr, Municipal Waste Combustion
Continuous Emission Monitoring Program, Wheelabrator Resource Recovery Facility,
Millbury, Massachusetts, U. S. Environmental Protection Agency, Research Triangle Park,
NC, Emission Test Report 88-MIN-07C, January 1989.

Entropy Environmentalist, Municipal Waste Combustion Multipollutant Study: Emission Test
Report - Wheelabrator Millbury, Inc. Millbury, Massachusetts, EMB Report No. 88-MIN-07,
July 1988.

Entropy Environmentalists, Emission Test Report, Municipal Waste Combustion, Continuous
Emission Monitoring Program, Wheelabrator Resource Recovery Facility, Millbury,
Massachusetts, Prepared for the U. S. Environmental Protection Agency, Research Triangle
Park, NC. EPA Contract No. 68-02-4336. October 1988,

Entropy Environmentalists, Emissions Testing at Wheelabrator Millbury, Inc. Resource
Recovery Facility, Millbury, Massachusetts, Prepared for Rust International Corporation.
February 8-12, 1988.

Radian Corporation, Site-Specific Test Plan and Quality Assurance Project Plan for the
Screening and Parametric Programs at the Montgomery County Solid Waste Management
Division South Incinerator - Unit #3, Prepared for U, S. EPA, OAQPS and ORD, Research
Triangle Park, NC. November 1988.

Letter and enclosures from John W. Norton, County of Montgomery, OH, to Jack R.

Farmer, U. S. Environmental Protection Agency, Research Triangle Park, NC, May 31,
1988.
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65. Hahn, J.L., et al., (Cooper Engineers) and J.A. Finney, Jr. and B. Bahor (Belco Pollution
Control Corp.), "Air Emissions Tests of a Deutsche Babcock Anlagen Dry Scrubber System
. at the Munich North Refuse-Fired Power Plant," Presented at: 78th Annual Meeting of the
Pollution Control Association, Detroit, MI, June 1985.

66. Clean Air Engineering, Results of Diagnostic and Compliance Testing at NSP French Island
Generating Facility Conducted May 17 - 19, 1989, July 1989.

67. Preliminary Report on Occidental Chemical Corporation EFW. New York State Department of
Environmental Conservation, (Niagara Falls), Albany, NY, January 1986.

68. H. J. Hall, Associates, Summary Analysis on Precipitator Tests and Performance Factors,
May 13-15, 1986 at Incinerator Units 1, 2 - Occidental Chemical Company, Prepared for
Occidental Chemical Company EFW. Niagara Falls, NY. June 25, 1986.

69. Anderson, C.L., et al. (Radian Corporation), Summary Report, COD/CDF, Metals and
Particulate, Uncontrolled and Controlled Emissions, Signal Environmental Systems, Inc.,
North Andover RESCO, North Andover, MA, U. S. Environmental Protection Agency,
Research Triangle Park, NC, EMB Report No. 86-MINO2A, March 1988.

70. York Services Corporation, Final Report for a Test Program on the Municipal Incinerator
Located at Northern Aroostook Regional Airport, Frenchville, Maine, Prepared for Northern
Aroostook Regional Incinerator Frenchville, ME. January 26, 1987.

71. Radian Corporation, Results From the Analysis of MSW Incinerator Testing at Oswego
. County, New York, Prepared for New York State Energy Research and Development
Authority. March 1988.

72. Radian Corporation, Data Analysis Results for Testing at a Two-Stage Modular MSW
Combustor: Oswego County ERF, Fulton, New York, Prepared for New York State’s Energy
Research and Development Authority. Albany, NY. November 1988.

73. Fossa, A.J., et al., Phase I Resource Recovery Facility Emission Characterization Study,
Overview Report, (Oneida, Peekskill), New York State Department of Environmental
Conservation, Albany, NY, May 1987,

74. Radian Corporation, Results from the Analysis of MSW Incinerator Testing at Peekskill,
New York, Prepared for New York State Energy Research and Development Authority,
DCN:88-233-012-21, August 1988.

75. Radian Corporation; Results from the Analysis of MSW Incinerator Testing at Peekskill, New
York (DRAFT), (Prepared for the New York State Energy Research and Development
Authority), Albany, NY, March 1988.

76. Ogden Martin Systems of Pennsauken, Inc., Pennsauken Resource Recovery Project, BACT
Assessment for Control of NO, Emissions, Top-Down Technology Consideration, Fairfield,
NJ, pp. 11, 13, December 15, 1988.
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77.

78.

79.

80.

Roy F. Weston, Incorporated, Penobscot Energy Recovery Company Facility, Orrington,
Maine, Source Emissions Compliance Test Report Incinerator Units A and B (Penobscot,
Maine), Prepared for GE Company September 1988,

Zaitlin, S., Air Emission License Finding of Fact and Order, Penobscot Energy Recovery
Company, Orrington, ME, State of Maine, Department of Environmental Protection, Board of
Environmental Protection, February 26, 1986.

Neulicht,' R. (Midwest Research Institute), Emissions Test Report: City of Philadelphia
Northwest and East Central Municipal Incinerators, Prepared for the U. S. Environmental
Protection Agency, Philadelphia, PA. October 31, 1985,

Letter with attachments from Gehring, Philip, Plant Manager (Pigeon Point Energy |

. Generating Facility), to Farmer, Jack R., Director, ESD, OAQPS, U. §. Envu'onmenta]

81.

32.

83.

84.

85.

86.

87.

88.

89.
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Protection Agency, June 30, 1988.

Entropy Environmentalists, Inc., Stationary Source Sampling Report, Signal RESCO, Pinellas
County Resource Recovery Facility, St. Petersburg, Florida, CARB/DER Emission Testing,
Unit 3 Precipitator Inlets and Stack, February and March 1987,

Midwest Research Institute, Results of the Combustion and Emissions Research Project at the
Vicon Incinerator Facility in Pittsfield, Massachusetts, Prepared for New York State Energy
Research and Development Authority, June 1987.

Response to Clean Air Act Section 114 Information Questionnaire, Results of Non-Criteria
Pollutant Testing Performed at Pope-Douglas Waste to Energy Facility, July 1987, Provided
to EPA on May 9, 1988.

Engineering Science, Inc., A Report on Air Emission Compliance Testing at the Regional
Waste Systems, Inc. Greater Portland Resource Recovery Project, Prepared for Dravo Energy
Resources, Inc., Pittsburgh, PA, March 19%9.

Woodman, D.E., Test Report Emission Tests, Regional Waste Systems, Portland, ME,
February 1990. .

Environment Canada, The National Incinerator Testing and Evaluation Program: Two State
Combustion, Report EPS 3/up/1, (Prince Edward Island), September 1985.

Statistical Analysis of Emission Test Data from Fluidized Bed Combustion Boilers at Prince
Edward Island, Canada, U. S. Environmental Protection Agency, Publication No.
EPA-450/3-86-015, December 1986.

The National Incinerator Testing and Evaluation Program: Air Pollution Control Technology,
EPS 3/UP/2, (Quebec City), Environment Canada, Ottawa, September 1986.

Lavalin, Inc., National Incinerator Testing and Evaluation Program: The Combustion
Characterization of Mass Burning Incinerator Technology, Quebec City (DRAFT), (Prepared
for Environmental Protection Service, Environmental Canada), Ottawa, Canada,

September 1987,
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90.

91.

92,

93.

94.

95.

96.

97.

98.

99.

100.

101.
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Environment Canada, NITEP, Environmental Characterization of Mass Burning Incinerator
Technology at Quebec City. Summary Report, EPS 3/UP/5. June 1988,

Interpoll Laboratories, Results of the March 21 - 26, 1988, Air Emission Compliance Test on
the No. 2 Boiler at the Red Wing Station, Test IV (High Load), Prepared for Northern States
Power Company, Minneapolis, MN, Report No. 8-2526, May 10, 1988.

Interpoll Laboratories, Results of the May 24-27, 1988 High Load Compliance Test on Unit 1
and Low Load Compliance Test on Unit 2 at the NSP Red Wing Station, Prepared for
Northern States Power Company, Minneapolis, MN, Report No. 8-2559, July 21, 1988.

Cal Recovery Systems, Inc., Final Report, Evaluation of Municipal Solid Waste Incineration.
(Red Wing, Minnesota facility) Submitted to Minnesota Pollution Control Agency, Report
No. 1130-87-1, January 1987.

Eastmount Engineering, Inc., Final Report, Waste-to-Energy Resource Recovery Facility,
Compliance Test Program, Volumes 11-V, (Prepared for SEMASS Partnership.), March 1990,

McClanahan, D (Fluor Daniel), A. Licata (Dravo), and J. Buschmann (Flakt, Inc.).,
"Operating Experience with Three APC Designs on Municipal Incinerators.” Proceedings of
the International Conference on Municipal Waste Combustion, pp. 7C-19 to 7C-41,
(Springfield), April 11-14, 1988.

Interpoll Laboratories, Inc., Results of the June 1988 Air Emission Performance Test on the
MSW Incinerators at the St. Croix Waste to Energy Facility in New Richmond, Wisconsin,
Prepared for American Resource Recovery, Waukesha, WI, Report No. 8-2560,

September 12, 1988.

Interpoll Laboratories, Inc, Results of the June 6, 1988, Scrubber Performance Test at the
St. Croix Waste to Energy Incineration Facility in New Richmond, Wisconsin, Prepared for
Interel Corporation, Englewood, CO, Report No. 8-25601, September 20, 1988.

Interpoll Laboratories, Inc., Results of the August 23, 1988, Scrubber Performance Test at the
St. Croix Waste to Energy Incineration Facility in New Richmond, Wisconsin, Prepared for
Interel Corporation, Englewood, CO, Report No. 8-2609, September 20, 1988.

Interpoll Laboratories, Inc., Results of the October 1988 Particulate Emission Compliance
Test on the MSW Incinerator at the St. Croix Waste to Energy Facility in New Richmond,
Wisconsin, Prepared for American Resource Recovery, Waukesha, W1, Report No. 8-2547,
November 3, 1988.

Interpoll Laboratories, Inc., Results of the October 21, 1988, Scrubber Performance Test at
the St. Croix Waste to Energy Facility in New Richmond, Wisconsin, Prepared for Interel
Corporation, Englewood, CO, Report No. 8-2648, December 2, 1988.

Hahn, J. L. (Ogden Projects, Inc.), Environmental Test Report, Prepared for Stanislaus Waste
Energy Company Crows Landing, CA, OPI Report No. 177R, April 7, 1989.
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- 102. © Hahn, J.L. and D.S. Sofaer, "Air Emissions Test Results from the Stanislaus County,
California Resource Recovery Facility”, Presented at the International Conference on
Municipal Waste Combustion, Hollywood, FL, pp. 4A-1 to 4A-14, April 11-14, 1989.

103.  Seelinger, R., et al. (Ogden Products, Inc.), Environmental Test Report, Walter B. Hall
Resource Recovery Facility, Units 1 and 2, (Prepared for Ogden Martin Systems of Tulsa,
Inc.), Tulsa, OK, September 1986.

104.  PEI Associates, Inc, Method Development and Testing for Chromium, Municipal Refuse
Incinerator, Tuscaloosa Energy Recovery, Tuscaloosa, Alabama, U. S. Environmental
Protection Agency, Research Triangle Park, NC, EMB Report 85-CHM-9, January 1986.

105.  Guest, T. and O. Knizek, "Mercury Control at Burnaby’s Municipal Waste Incinerator",
Proceedings of the 84th Annual Meeting and Exhibition of the Air and Waste Management
Association, Vancouver, British Columbia, Canada, June 16-21, 1991,

106.  Trip Report, Burnaby MWC, British Columbia, Canada. White, D., Radian Corporation,
May 1990.

107.  Entropy Environmentalists, Inc. for Babcock & Wilcox Co. North County Regional Resource
Recovery Facility, West Palm Beach, FL, October 1989,

108. Maly, P.M,, G.C. England. W.R. Seeker, N.R. Soelberg, and D.G. Linz. Results of the
July 1988 Wilmarth Boiler Characterization Tests, Gas Research Institute Topical Report
No. GRI-89/0109, June 1988-March 1989. '

109.  Hahn, J.L. (Cooper Engineers, Inc.), Air Emissions Testing at the Martin GmbH Waste-to-
Energy Facility in Wurzburg, West Germany, Prepared for Ogden Martin Systems, Inc.,
Paramus, NJ, January 1986. '

110.  Entropy Environmentalists, Inc. for Wesiinghouse RESD, Metals Emission Testing Results,
Conducted at the York County Resource Recovery Facility, February 1991,

111.  Entropy Environmentalists, Inc, for Westinghouse RESD, Emissions Testing for: Hexavalent
Chromium, Metals, Particulate. Conducted at the York County Resource Recovery Facility,
July 31 - August 4, 1990,

112.  Interpoll Laboratories, Results of the July 1987 Emission Performance Tests of the
Pope/Douglas Waste-to-Energy Facility MSW Incinerators in Alexandria, Minnesota,
(Prepared for HDR Techserv, Inc.), Minneapolis, MN, October 1987.

113.  Sussman, D.B., Ogden Martin System, Inc., Submittal to Air Docket (LE-131), Docket |
No. A-89-08, Category IV_-M, Washington, DC, October 1990.

114.  Ferraro, F., Wheelabrator Technologies, Inc., Data package to D.M. White, Radian
- Corporation, February 1991,

115.  Kanisley, D.R., et al. (Radian Corporation), Emissions Test Report, Dioxin/Furan Emission

Testing, Refuse Fuels Associates, Lawrence, Massachusetts, (Prepared for Refuse Fuels
Association), Haverhill, MA, June 1987. '
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116.  Entropy Environmentalists, Inc., Stationary Source Sampling Report, Ogden Martin Systems
of Haverhill, Inc., Lawrence, Massachusetts Thermal Conversion Facility. Particulate,
. Dioxins/Furans and Nitrogen Oxides Emission Compliance Testing. September 1987.

117. Fossa, A.J., et al., Phase I Resource Recovery Facility Emission Characterization Study,
Overview Report, New York State Department of Environmental Conservation, Albany, NY.
May 1987.

118. Telecon. DeVan, S. Oneida ERF, with Vancil, M.A., Radian Corporatlon April 4, 1988.
Specific collecting area of ESP’s.

119. Higgins, GM. 4n Evaluatzan of Trace Organic Emissions from Refuse Thermal Processing
Facilities (North Little Rock, Arkansas; Mayport Naval Station, Florida; and Wright Patterson
Air Force Base, Ohio), Prepared for U. S. Environmental Protection Agency/Office of Solid
Waste by Systech Corporation, July 1982,

120. Kerr, R., et al., Emission Source Test Report--Sheridan Avenue RDF Plant, Answers (Albany,
New York), Division of Air Resources, New York State Department of Environmental
Conservation, August 1985.

121. U. S. Environmental Protection Agency, Emission Factor Documentation for AP-42
Section 2.1, Refuse Combustion, Research Triangle Park, NC, May 1993.

122.  Air Pollutant Emission Factors, APTD-0923, U. S. Environmental Protection Agency,
Research Triangle Park, NC, April 1970.

. 123.  Control Techniques For Carbon Monoxide Emissions From Stationary Sources, AP-65, U. S,
Environmental Protection Agency, Research Triangle Park, NC, March 1970.

124.  Air Pollution Engineering Manual, AP-40, U. S. Environmental Protection Agency, Research
Triangle Park, NC, 1967,

125. 1. DeMarco. et al., Incinerator Guidelines 1969, SW. 13TS, U. S. Environmental Protection
Agency, Research Triangle Park, NC, 1969.

126.  Municipal Waste Combustors - Background Information for Proposed Guidelines Jor Existing
Facilities, U. S. Environmental Protection Agency, Research Triangle Park, NC,
EPA-450/3-89-27e, August 1989. '

127.  Municipal Waste Combustors - Background Information for Proposed Standards: Control of
NO, Emissions U. S. Environmental Protection Agency, Research Triangle Park, NC,
EPA-450/3-89-27d, August 1989.

127. 1.0. Brukle, J.A. Dorsey, and B.T. Riley, "The Effects of Operating Variables and Refuse
Types on Emissions from a Pilot-scale Trench Incinerator," Proceedings of the 1968

Incinerator Conference, American Society of Mechanical Engineers, New York, NY,
May 1968.

128. Nessen, W.R., Systems Study of Air Pollution from Municipal Incineration, Arthur D. Little,
Inc. Cambndge, MA, March 1970.
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130.  C.R. Brunner, Handbook of Incineration Systems, McGraw-Hill, Inc., pp. 10.3-10.4, 1991.

131.  Telecon Report, Personal communication between K. Quincey, Radian Corporation and .
E. Raulerson, Florida Department of Environmental Regulations, February 16, 1993.

132.  Telecon Report, Personal communications between K. Nebel and K. Quincey, Radian -
Corporation and M. McDonnold, Simonds Manufacturing, February 16, 1993.

133.  Telecon Report, Personal communications between K. Quincey, Radian Corporation and
R. Crochet, Crochet Equipment Company, February 16 and 26, 1993.

134.  Telecon Report, Personal communication between K. Quincey, Radian Corporation and
T. Allen, NC Division of Environmental Management, February 16, 1993.
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2.5 SEWAGE SLUDGE INCINERATION

There are approximately 170 sewage sludge incineration (SSI) plants in operation in the
United States. Three main types of incinerators are used: multiple hearth, fluidized bed, and electric
infrared. Some sludge is co-fired with municipal solid waste in combustors based on refuse
combustion technology (see Section 2.1). Refuse co-fired with sludge in combustors based on sludge
incinerating technology is limited to multiple hearth incinerators only.

Over 80 percent of the identified operating sludge incinerators are of the multiple hearth
design. About 15 percent are fluidized bed combustors and 3 percent are electric. The remaining
combustors co-fire refuse with sludge. Most sludge incinerators are located in the Eastern
United States, though there are a significant number on the West Coast. New York has the largest
number of facilities with 33. Pennsylvania and Michigan have the next-largest numbers of facilities
with 21 and 19 sites, respectively.

Sewage sludge incinerator emissions are currently regulated under 40 CFR Part 60, Subpart 0
and 40 CFR Part 61, Subparts C and E. Subpart 0 in Part 60 establishes a New Source Performance
Standard for particulate matter. Subparis C and E of Part 61--National Emission Standards for
Hazardous Air Pollution (NESHAP)--establish emission limits for beryllium and mercury,
respectively.

In 1989, technical standards for the use and disposal of sewage sludge were proposed as
40 CFR Part 503, under authority of Section 405 of the Clean Water Act. Subpart G of this
proposed Part 503 proposes to establish national emission limits for arsenic, beryllium, cadmium,
chromium, lead, mercury, nickel, and total hydrocarbons from sewage sludge incinerators. The
proposed limits for mercury and beryllium are based on the assumptions used in developing the
NESHAP’s for these pollutants, and no additional controls were proposed to be required. Carbon
monoxide emissions were examined, but no limit was proposed.

'2.5.1 Process Description!2

Types of incineration described in this section include:

. Multiple hearth,

. Fluidized bed, and

. Electric.

Single hearth cyclone, rotary kiln, and wet air oxidation are also briefly discussed.
2.5.1.1 Multiple Hearth Furnaces -- The multiple hearth furnace was originally developed for
mineral ore roasting nearly a century ago. The air-cooled variation has been used to incinerate
sewage sludge since the 1930s. A cross-sectional diagram of a typical multiple hearth furnace is
shown in Figure 2.5-1. The basic multiple hearth furnace (MHF) is a vertically oriented cylinder.

_The outer shell is constructed of steel, lined with refractory, and surrounds a series of horizontal
refractory hearths. A hollow cast iron rotating shaft runs through the center of the hearths. Cooling
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air is introduced into the shaft which extend above the hearths. Each rabble arm is equipped with a
number of teeth, approximately 6 inches in length, and spaced about 10 inches apart. The teeth are
shaped to rake the sludge in a spiral motion, alternating in direction from the outside in, to the inside
out, between hearths. Typically, the upper and lower hearths are fitted with four rabble arms, and
the middle hearths are fitted with two. Burners, providing auxiliary heat, are located in the sidewalls
of the hearths.

In most multiple hearth furnaces, partially dewatered sludge is fed onto the perimeter of the
top hearth. The rabble arms move the sludge through the incinerator by raking the sludge toward the
center shaft where it drops through holes located at the center of the hearth, In the next hearth the
sludge is raked in the opposite direction. This process is repeated in all of the subsequent hearths.
The effect of the rabble motion is to break up solid material to allow better surface contact with heat
and oxygen. A sludge depth of about 1 inch is maintained in each hearth at the design sludge flow
rate.

Scum may also be fed to one or more hearths of the incinerator. Scum is the material that
floats on wastewater. It is generally composed of vegetable and mineral oils, grease, hair, waxes,
fats, and other materials that will float. Scum may be removed from many treatment units including
preaeration tanks, skimming tanks, and sedimentation tanks. Quantities of scum are generaily small
compared to those of other wastewater solids. _ :

Ambient air is first ducted through the central shaft and its associated rabble arms. A
portion, or all, of this air is then taken from the top of the shaft and recirculated into the lowermost
hearth as preheated combustion air. Shaft cooling air which is not circulated back into the furnace is
ducted into the stack downstream of the air pollution control devices. The combustion air flows
upward through the drop holes in the hearths, countercurrent to the flow of the sludge, before being
exhausted from the top hearth. Air enters the bottom to cool the ash. Provisions are usually made to
inject ambient air directly into on the middle hearths as well.

From the standpoint of the overall incineration process, multiple hearth furnaces can be
divided into three zones. The upper hearths comprise the drying zone where most of the moisture in
the sludge is evaporated. The temperature in the drying zone is typically between 425 and 760°C
(800 and 1400°F). Sludge combustion occurs in the middle hearths (second zone) as the temperature
is increased to about 925°C (1700°F). The combustion zone can be further subdivided into the
upper-middle hearths where the volatile gases and solids are burned, and the lower-middle hearths
where most of the fixed carbon is combusted. The third zone, made up of the lowermost hearth(s), is
the cooling zone. In this zone the ash is cooled as its heat is transferred to the incoming combustion
air.

Multiple hearth furnaces are sometimes operated with afterburners to further reduce odors and
concentrations of unburned hydrocarbons. In afterburning, furnace exhaust gases are ducted to a
chamber where they are mixed with supplemental fuel and air and completely combusted. Some
incinerators have the flexibility to allow sludge to be fed to a lower hearth, thus allowing the upper
hearth(s) to function essentially as an afterburner.

Under normal operating condition, 50 to 100 percent excess air must be added to a MHF in
order to ensure complete combustion of the sludge. Besides enhancing contact between fuel and
oxygen in the furnace, these relatively high rates of excess air are necessary to compensate for normal

. variations in both the organic characteristics of the sludge feed and the rate at which it enters the

incinerator. When an inadequate amount of excess air is available, only partial oxidation of the
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carbon will occur, with a resultant increase in emissions of carbon monoxide, soot, and hydrocarbons.
Too much excess air, on the other hand, can cause increased entrainment of particulate and
unnecessarily high auxiliary fuel consumption.

Multiple hearth furnace emissions are usually controlled by a venturi scrubber, an
impingement tray scrubber, or a combination of both. Wet cyclones and dry cyclones are also used.
Wet electrostatic precipitators (ESPs) are being installed as retrofits where tighter limits on particulate
matter and metals are required by State regulations.

2.5.1.2 Fluidized Bed Incinerators -- Fluidized bed technology was first developed by the petroleum
industry to be used for catalyst regeneration. Figure 2.5-2 shows the cross section diagram of a
fluidized bed furnace. Fluidized bed combustors (FBCs) consist of vertically oriented outer shell
constructed of steel and lined with refractory. Tuyeres (nozzles designed to deliver blasts of air) are
located at the base of the furnace within a refractory-lined grid. A bed-of sand, approximately

0.75 meters (2.5 feet) thick, rests upon the grid. Two general configurations can be distinguished on
the basis of how the fluidizing air is injected into the furnace. In the "hot windbox" design the
combustion air is first preheated by passing through a heat exchanger where heat is recovered from
the hot flue gases, Alternatively, ambient air can be injected directly into the furnace from a cold
windbox.

Partially dewatered sludge is fed into the lower portion of the furnace. Air injected through
the tuyeres, at pressure of from 20 to 35 kilopascals (3 to 5 pounds per square inch grade),
simultaneously fluidizes the bed of hot sand and the incoming sludge. Temperatures of 750 to 925°C
(1400 to 1700°F) are maintained in the bed. Residence times are typically 2 to 5 seconds. As the
sludge burns, fine ash particles are carried out the top of the furnace. Some sand is also removed in
the air stream; sand make-up requirements are on the order of 5 percent for every 300 hours of
operation. '

Combustion of the sludge occurs in two zones. Within the bed itself (Zone 1) evaporation of
the water and pyrolysis of the organic materials occur nearly simultaneously as the temperature of the
sludge is rapidly raised. In the second zone, (freeboard area) the remaining free carbon and
combustible gases are burned. The second zone functions essentially as an afterburner.

Fluidization achieves nearly ideal mixing between the sludge and the combustion air and the
turbulence facilitates the transfer of heat from the hot sand to the sludge. The most noticeable impact
of the better burning atmosphere provided by a fluidized bed incinerator is seen in the limited amount
of excess air required for complete combustion of the sludge. Typically, FBCs can achieve complete
combustion with 20 to 50 percent excess air, about half the excess air required by multiple hearth
furnaces. As a consequence, FBC incinerators have generally lower fuel requirements compared to
MHF incinerators.

Fluidized bed incinerators most often have venturi scrubbers or venturi/impingement tray
scrubber combinations for emissions control.

2.5.1.3 Electric Infrared Incinerators -- The first electric infrared furnace was installed in 1975, and
their use is not common. Electric infrared incinerators consist of a horizontally oriented, insulated
furnace. A woven wire belt conveyor extends the length of the furnace and infrared heating elements
are located in the roof above the conveyor belt. Combustion air is preheated by the flue gases and is
injected into the discharge end of the furnace. Electric infrared incinerators consist of a number of
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prefabricated modules, which can be linked together to provide the necessary furnace length. A
cross section of an electric furnace is shown in Figure 2.5-3,

The dewatered sludge cake is conveyed into one end of the incinerator. An internal roller
mechanism levels the sludge into a continuous layer approximately one inch thick across the width of
the belt. The sludge is sequentially dried and then burned as it moves beneath the infrared heating .
elements. Ash is discharged into a hopper at the opposite end of the furnace. The preheated
combustion air enters the furnace above the ash hopper and is further heated by the outgoing ash.
The direction of air flow is countercurrent to the movement of the sludge along the conveyor,
Exhaust gases leave the furnace at the feed end. Excess air rates vary from 20 to 70 percent.

Compared to MHF and FBC technologies, the electric infrared furnace offers the advantage of
lower capital cost, especially for smaller systems. However, electricity costs in some areas may make
an electric furnace infeasible. One other concern is replacement of various components such as the
woven wire belt and infrared heaters, which have 3- to 5-year lifetimes.

Electric infrared incinerator emissions are usually controlled with a venturi scrubber or some
other wet scrubber.

2.5.1.4 Other Technologies — A number of other technologies have been used for incineration of
sewage sludge, including cyclonic reactors, rotary kilns, and wet oxidation reactors. These processes
are not in widespread use in the United States and will be discussed only briefly,

The cyclonic reactor is designed for small capacity applications. It is constructed of a vertical
cylindrical chamber that is lined with refractory. Preheated combustion air is introduced into the
chamber tangentially at high velocities. The sludge is sprayed radially toward the hot refractory
walls. Combustion is rapid: The residence time of the sludge in the chamber is on the order of
10 seconds. The ash is removed with the flue gases.

Rotary kilns are also generally used for small capacity applications. The kiln is inclined
slightly from the horizontal plane, with the upper end receiving both the sludge feed and the
combustion air. A burner is located at the lower end of the kiln. The circumference of the kiln
rotates at a speed of about 6 inches per second. Ash is deposited into a hopper located below the
burner.

The wet oxidation process is not strictly one of incineration; it instead utilizes oxidation at
elevated temperature and pressure in the presence of water (flameless combustion). Thickened
sludge, at about 6 percent solids, is first-ground and mixed with a stoichiometric amount of
compressed air. The slurry is then pressurized. The mixture is then circulated through a series of
heat exchangers before entering a pressurized reactor. The temperature of the reactor is held between
175 and 315°C (350 and 600°F). The pressure is normally 7,000 to 12,500 kilopascals (1,000 to
1,800 pounds per square inch grade). Steam is usually used for auxiliary heat. The water and
remaining ash are circulated out the reactor and are finally separated in a tank or lagoon. The liquid
phase is recycled to the treatment plant. Off-gases must be treated to eliminate odors: wet scrubbing,
afterburning or carbon absorption may be used.
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2.5.1.5 Co-Incineration and Co-Firing -- Wastewater treatment plant sludge generally has a high
water content and in some cases, fairly high levels of inert materials. As a result, its net fuel value is
often low. If sludge is combined with other combustible materials in a co-incineration scheme, a
furnace feed can be created that has both a low water concentration and a heat value high enough to
sustain combustion with little or no supplemental fuel. '

Virtually any material that can be burned can be combined with sludge in a co-incineration
process. Common materials for co-combustion are coal, municipal solid waste (MSW), wood waste
and agriculture waste. Thus, a municipal or industrial waste can be disposed of while providing an
autogenous (self-sustaining) sludge feed, thereby solving two disposal problems.

There are two basic approaches to combusting sludge with MSW: 1) use of MSW
combustion technology by adding dewatered or dried sludge to the MSW combustion unit, and 2) use
of sludge combustion technology by adding processed MSW as a supplemental fuel to the sludge
furnace. With the latter, MSW is processed by removing noncombustibles, shredding, air classifying,
and screening. Waste that is more finely processed is less likely to cause problems such as severe -
erosion of the hearths, poor temperature control, and refractory failures.

2.5.2 Emissions and Controls!3

Sewage sludge incinerators potentially emit significant quantities of pollutants, The major
pollutants emitted are: 1) particulate matter, 2) metals, 3) carbon monoxide (CO), 4) nitrogen oxides
(NO,), 5) sulfur dioxide (SO,), and 6) unburned hydrocarbons. Partial combustion of sludge can
result in emissions of intermediate products of incomplete combustion (PIC), including toxic organic
compounds. '

Uncontrolled particulate emission rates vary widely depending on the type of incinerator, the
volatiles and moisture content of the sludge, and the operating practices employed. Generally,
uncontrolled particulate emissions are highest from fluidized bed incinerators because suspension
burning results in much of the ash being carried out of the incinerator with the flue gas.
Uncontrolled emissions from multiple hearth and fluidized bed incinerators are extremely variable,
however. Electric incinerators appear to have the lowest rates of uncontrolled particulate release of
the three major furnace types, possibly because the sludge is not disturbed during firing. In general,
higher airflow rates increase the opportunity for particulate matter to be entrained in the exhaust
gases. Sludge with low volatile content or high moisture content may compound this situation by
requiring more supplemental fuel to burn. As more fuel is consumed, the amount of air flowing
through the incinerator is also increased. However, no direct correlation has been established
between air flow and particulate emissions.

Metals emissions are affected by metals content of the sludge, fuel bed temperature, and the
level of particulate matter control. Since metals which are volatilized in the combustion zone
condense in the exhaust gas stream, most metals (except mercury) are associated with fine particulate
and are removed as the fine particulates are removed.

Carbon monoxide is formed when available oxygen is insufficient for complete combustion or
when excess air levels are too high, resulting in lower combustion temperatures.

Nitrogen and sulfur oxide emissions are primarily the result of oxidation of nitrogen and

sulfur in the sludge. Therefore, these emissions can vary greatly based on local and seasonal sewage
characteristics.
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Emissions of volatile organic compounds also vary greatly with incinerator type and
operation. Incinerators with countercurrent air flow such as multiple hearth designs provide the
greatest opportunity for unburned hydrocarbons to be emitted. In the MHF, hot air and wet sludge
feed are contacted at the top of the furnace. Any compounds distilled from the solids are immediately
vented from the furnace at temperatures too low to completely destruct them.

Particulate emissions from sewage sludge incinerators have historically been controlled by wet
scrubbers, since the associated sewage treatment plant provides both a convenient source and a good
disposal option for the scrubber water. The types of existing sewage sludge incinerator controls range
from low pressure drop spray towers and wet cyclones to higher pressure drop venturi scrubbers and
venturi/impingement tray scrubber combinations. Electrostatic precipitators and baghouses are
employed, primarily where sludge is co-fired with municipal solid waste. The most widely used
control device applied to a multiple hearth incinerator is the impingement tray scrubber. Older units
use the tray scrubber alone while combination venturi/impingement tray scrubbers are widely applied
to newer multiple hearth incinerators and to fluidized bed incinerators. Most electric incinerators and
many fluidized bed incinerators use venturi scrubbers only.

In a typical combination venturi/impingement tray scrubber, hot gas exits the incinerator and
enters the precooling or quench section of the scrubber. Spray nozzles in the quench section cool the
incoming gas and the quenched gas then enters the venturi section of the control device. Venturi
water is usually pumped into an inlet weir above the quencher. The venturi water enters the scrubber
above the throat and floods the throat completely., This eliminates build-up of solids and reduces
abrasion. Turbulence created by high gas velocity in the converging throat section deflects some of
the water traveling down the throat into the gas stream. Particulate matter carried along with the gas
stream impacts on these water particles and on the water wall. As the scrubber water and flue gas
leave the venturi section, they pass into a flooded elbow where the stream velocity decreases,
allowing the water and gas to separate. Most venturi sections come equipped with variable throats.
By restricting the throat area within the venturi, the linear gas velocity is increased and the pressure
drop is subsequently increased. Up to a certain point, increasing the venturi pressure drop increases
the removal efficiency. Venturi scrubbers typically maintain 60 to 99 percent removal efficiency for
particulate matter, depending on pressure drop and particle size distribution.

At the base of the flooded elbow, the gas stream passes through a connecting duct to the base
of the impingement tray tower. Gas velocity is further reduced upon entry to the tower as the gas
stream passes upward through the perforated impingement trays. Water usually enters the trays from
inlet ports on opposite sides and flows across the tray. As gas passes through each perforation in the
tray, it creates a jet which bubbles up the water and further entrains solid particles. At the top of the
tower is a mist eliminator to reduce the carryover of water droplets in the stack effluent gas. The
impingement section can contain from one to four trays, but most systems for which data are
available have two or three trays. '

Emission factors and emission factor ratings for multiple hearth sewage sludge incinerators
are shown in Tables 2.5-1 through 2.5-5. Tables 2.5-6 through 2.5-8 present emission factors for
fluidized bed sewage sludge incinerators. Table 2.5-9 presents the available emission factors for
electric infrared incinerators. Tables 2.5-10 and 2.5-11 present the cumulative particle size
distribution and size specific emission factors for sewage sludge incinerators. Figures 2.5-4, 2.5-5,
and 2.5-6 present cumulative particle size distribution and size-specific emission factors for multiple-
hearth, fluidized-bed, and electric infrared incinerators, respectively.
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Table 2.5-10 (Metric and English Units). CUMULATIVE PARTICLE SIZE DISTRIBUTION

7/93

FOR SEWAGE SLUDGE INCINERATORS®

EMISSION FACTOR RATING: E

Cumulative mass % stated size

ng:tlzi:’le Uncontrolled Controlled (Scrubber)
Microns | MH® | EI° | MH | FBY | EI
15 15 43 30 7.7 60
10 10 30 27 7.3 50
50 53 17 25 6.7 35
2.5 2.8 10 22 6.0 25
1.0 1.2 6.0 20 5.0 18
0.625 0751 5.0 17 2.7 15

3 Reference 5.

b MH = multiple hearth incinerator. Source
Classification Code (SCC) 50100515.

¢ EI = electric infrared incinerator., SCC 50100517.

d FB = fluidized bed incinerator. SCC 50100516.
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Figure 2.5-4. Cumulative Particle Size Distribution and
Size-Specific Emission Factors for
Mulitiple-Health Incinerators
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‘ Figure 2.5-5. pumulative Particle Size Distribution and
Size-Specific Emission Factors for Fluidized-Bed Incinerators
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Size-Specific Emission Factors for Electric

Figure 2.5-6. Cumulative Particle Size Distribution and .
(infrared) Incinerators
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19. Performance Test Report for the Incineration System at the Honolulu Wastewater Treatment .
Plant, Honolulu, Oahu, Hawaii, [STAPPA/ALAPCO/05/22/86-No. 11], Zimpro, Rothschild, .
Wisconsin, January 1984.

20. (Test Results) Honolulu Wastewater Tkeatment" Plant, Ewa, Hawaii, [STAPPA/ALAPCQ/05/
22/86-No. 11], Zimpro, Rothschild, Wisconsin, November 1983.

21, Air Pollution Source Test. Sampling and Analysis of Air Pollutant Effluent Jrom Wastewater
Treatment Facility--Sand Island Wastewater Treatment Plant in Honolulu, Hawaii, [STAPPA/
ALAPCO/05/22/86-No. 11], Ultrachem, Walnut Creek, California, December 1978.

22. Air Pollution Source Test. Sampling and Analysis of Air Pollutant Effluent From Wastewater
Treatment Facility--Sand Island Wastewater Treatment Plant in Honolulu, Hawaii--Phase I,
[STAPPA/ALAPCO/05/22/86-No. 11}, Ultrachem, Walnut Creek, California, December
1979. _ _ :

23. Stationary Source Sampling Report, EEI Reference No. 2988, at the Osborne Wastewater
. Treatment Plant, Greensboro, North Carolina, [STAPPA/ALAPCO/07/28/86-No. 06],
Particulate Emissions and Particle Size Distribution Testing. Sludge Incinerator Scrubber
Inlet and Scrubber Stack, Entropy, Research Triangle Park, North Carolina, October 1985.

24, Metropolitan Sewer District--Little Miami Treatment Plant (three tests: August 9, 1985,

September 16, 1980, and September 30, 1980) and Mill Creek Treatment Plant (one test:
January 9, 1986), [STAPPA/ALAPCO/05/28/86-No. 14], Southwestern Ohio Air Pollution

Control Agency. .
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25. Particulate Emissions Compliance Testing, at the City of Milwaukee South Shore Treatment
. Plant, Milwaukee, Wisconsin, [STAPPA/ALAPCO/06/12/86-No. 19], Entropy, Research
Triangle Park, North Carolina, December 1980.

26. Particulate Emissions Compliance Testing, at the City of Milwaukee South Shore Treatment
Plant, Milwaukee, Wisconsin, [STAPPA/ALAPCO/06/12/86-No. 191, Entropy, Research
Triangle Park, North Carolina, November 1980.

217. Stack Test Report--Bayshore Regional Sewage Authority, in Union Beach, New Jersey,
[STAPPA/ALAPCO/05/22/86-No. 12], New Jersey State Department of Environmental
Protection, Trenton, New Jersey, March 1982.

28. Stack Test Report--Jersey City Sewage Authority, in Jersey City, New Jersey,
- [STAPPA/ALAPCO/05/22/86-No. 12], New Jersey State Department of Environmental
Protection, Trenton, New Jersey, December 1980.

- 29, Stack Test Report--Northwest Bergen County Sewer Authority, in Waldwick, New Jersey,
[STAPPA/ALAPCO/05/22/86-No. 12], New Jersey State Department of Environmental
Protection, Trenton, New Jersey, March 1982,

30.  Stack Test Report--Pequannock, Lincoln Park, and Fairfield Sewerage Authority, in Lincoln
Park, New Jersey, [STAPPA/ALAPCO/05/22/86-No. 12], New Jersey State Department of
Environmental Protection, Trenton, New Jersey, December 1975.
: 31.  Atmospheric Emission Evaluation, of the Anchorage Water and Wastewater Utility Sewage
Sludge Incinerator, ASA, Bellevue, Washington, April 1984.
32. Stack Sampling Report for Municipal Sewage Sludge Incinerator No. 1, Scrubber Outlet

(Stack), Providence, Rhode Island, Recon Systems, Inc., Three Bridges, New Jersey,
November 1980.

33. Stack Sampling Report, Compliance Test No. 3, at the Attleboro Advanced Wastewater
Treatment Facility, in Attleboro, Massachusetts, David Gordon Associates, Inc., Newton
Upper Falls, Massachusetts, May 1983.

34, Source Emission Survey, at the Rowlett Creek Plant, North Texas Municipal Water District,
- Plano, Texas, Shirco, Inc., Dallas, Texas, November 1978. :

35. Emissions Data for Infrared Municipal Sewage Sludge Incinerators (Five tests), Shirco, Inc.,
Dallas, Texas, January 1980.

37.  Electrostatic Precipitator Efficiency on a Multiple Hearth Incinerator Burning Sewage Sludge,
Contract No. 68-03-3148, U. S. Environmental Protection Agency, Research Triangle Park,
North Carolina, August 1986.

38. Baghouse Efficiency on a Multiple Hearth Incinerator Burning Sewage Sludge, Contract
No. 68-03-3148, U. S. Environmental Protection Agency, Research Triangle Park, North

. Carolina, August 1986.
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39.

J.B. Farrell and H. Wall, dir Pollution Discharges from Ten Sewage Sludge Incinerators,

- U. S. Environmental Protection Agency, Cincinnati, Ohio, August 1985,
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Emission Test Report. Sewage Sludge Incinerator, at the Davenport Wastewater Treatment
Plant, Davenport, lowa, [STAPPA/ALAPCO/11/04/86-No. 119], PEDCo Environmental,
Cincinnati, Ohio, October 1977, "

Sludge Incinerator Emission Testing. Unit No. 1 for City of Omaha, Papillion Creek Water
Pollution Control Plant, [STAPPA/ALAPCO/10/28/86-No. 100], Particle Data Labs, Ltd.,
Elmhurst, Illinois, September 1978. :

Sludge Incinerator Emission Testing. Unit No. 2 for City of Omaha, Papillion Creek Water
Pollution Control Plant, [STAPPA/ALAPCO/10/28/86-No. 100], Particle Data Labs, Ltd.,
Elmhurst, Illinois, May 1980, :

Particulate and Sulfur Dioxide Emissions Test Report for Zimpro on the Sewage Sludge
Incinerator Stack at the Cedar Rapids Water Pollution Control Facility, [STAPPA/ALAPCO/
11/04/86-No. 119], Serco, Cedar Falls, Iowa, September 1980.

Newpart‘ Wastewater Treatment Plant, Newport, Tennessee. (Nichols; December 1979).
[STAPPA/ALAPCO/10/27/86-No. 21]. '

Maryville Wastewater Treatment Plant Sewage Sludge Incinerator Emission Test Report,
[STAPPA/ALAPCO/10/27/86-No. 21], Enviro-measure, Inc., Knoxville, Tennessee, August
1984.

Maryville Wastewater Treatment Plant Sewage Sludge Incinerator Emission Test Report,
[STAPPA/ALAPCO/10/27/86-No. 21], Enviro-measure, Inc., Knoxville, Tennessee, October
1982,

Southerly Wastewater Treatment Plémt, Cleveland, Ohio, Incinerator No. 3, [STAPPA/
ALAPCO/11/12/86-No. 124], Envisage Environmental, Inc., Richfield, Ohio, May 1985.

Southerly Wastewater Treatment Plant, Cleveland, Ohio. Incinerator No. 1, [STAPPA/
ALAPCO/11/12/86-No. 124], Envisage Environmental, Inc., Richfield, Ohio, August 1985,

Final Report for an Emission Compliance Test Program (July 1, 1982), at the City of
Waterbury Wastewater Treatment Plant Sludge Incinerator, Waterbury, Connecticut,
[STAPPA/ALAPCO/12/17/86-No, 136}, York Services Corp, July 1982.

Incinerator Compliance Test, at the City of Stratford Sewage Treatment Plant, Stratford,
Connecticut, [STAPPA/ALAPCO/12/17/86-No. 136], Emission Testing Labs, September
1974,

Emission Compliance Tests at the Norwalk Wastewater Treatment Plant in South Smith Strees,
Norwalk, Connecticut, [STAPPA/ALAPCO/12/17/86-No. 136], York Research Corp,
Stamford, Connecticut, February 1975.
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Final Report—Emission Compliance Test Program at the East Shore Wastewater Treatment
Plant in New Haven, Connecticut, [STAPPA/ALAPCO/12/17/86-No. 136], York Services
Corp., Stamford, Connecticut, September 1982.

Incinerator Compliance Test at the Enfield Sewage Treatment Plant in Enfield, Connecticut,
[STAPPA/ALAPCO/12/17/86-No. 136}, York Research Corp., Stamford, Connecticut, July
1973.

Incinerator Compliance Test at The Glastonbury Sewage Trearment Plant in Glastonbury,
Connecticut, [STAPPA/ALAPCO/12/17/86-No. 136], York Research Corp., Stamford,
Connecticut, August 1973.

Results of the May 5, 1981, Particulate Emission Measurements of the Sludge Incinerator, at
the Metropolitan District Commission Incinerator Plant, [STAPPA/ALAPCO/12/17/86-
No. 136], Henry Souther Laboratories, Hartford, Connecticut.

Official Air Pollution Tests Conducted on the Nichols Engineering and Research Corporation
Sludge Incinerator at the Wastewater Treatment Plant in Middletown, Connecticut,
[STAPPA/ALAPCO/12/17/86-No. 136}, Rossnagel and Associates, Cherry Hill, New Jersey,
November 1976.

Measured Emissions From the West Nichols-Neptune Multiple Hearth Sludge Incinerator at the
Naugatuck Treatment Company in Naugatuck, Connecticut, [STAPPA/ALAPCO/12/17/86-
No. 136], The Research Corp., East Hartford, Connecticut, April 1985.

Compliance Test Report—-(August 27, 1986), at the Mattabasset District Pollution Control
Plant Main Incinerator in Cromwell, Connecticut, [STAPPA/ALAPCO/ 12/17/86-No. 136],
ROJAC Environmental Services, Inc., West Hartford, Connecticut, September 1986.

Stack Sampling Report (May 21, 1986) City of New London No. 2 Sludge Incinerator Outlet
Stack Compliance Test, [STAPPA/ALAPCO/12/17/86-No. 136), Recon Systems, Inc., Three
Bridges, New Jersey, June 1986.

Particulate Emission Tests, at the Town of Vernon Municipal Sludge Incinerator in Vernon,
Connecticut, [STAPPA/ALAPCO/12/17/86-No. 136), The Research Corp., Wethersfield,
Connecticut, March 1981.

Non-Criteria Emissions Monitoring Program for the Envirotech Nine- Hearth Sewage Sludge
Incinerator, at the Metropolitan Wastewater Treatment Facility in St. Paul, Minnesota, ERT
Document No. P-E081-500, October 1986.

D.R. Knisley, et al., Site 1 Revised Draft Emission Test Report, Sewage Sludge Test Program,
U. S. Environmental Protection Agency, Water Engineering Research Laboratory, Cincinnati,
Ohio, February 9, 1989.

D.R. Knisley, et al., Site 2 Final Emission Test Report, Sewage Sludge Test Program, U. S.
Environmental Protection Agency, Water Engineering Research Laboratory, Cincinnati, Ohio,
October 19, 1987.
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D.R. Knisley, et al., Site 3 Draft Emission Test Report and Addendum, Sewage Sludge Test
Program. Volume 1: Emission Test Results, U. S. Environmental Protection Agency, Water
Engineering Research Laboratory, Cincinnati, Ohio, October 1, 1987.

D.R. Knisley, et al., Site 4 Final Emission Test Report, Sewage Sludge Test Program, U. S.
Environmental Protection Agency, Water Engineering Research Laboratory, Cincinnati, Ohio,
May 9, 1988,

R.C. Adams, et al., Organic Emissions from the Exhaust Stack of a Mulriple Hearth Furnace
Burning Sewage Sludge, U. S. Environmental Protection Agency, Water Engineering
Research Laboratory, Cincinnati, Ohio, September 30, 1985.

R.C. Adams, et al., Particulate Removal Evaluation of an Electrostatic Precipitator Dust
Removal System Installed on a Multiple Hearth Incinerator Burning Sewage Sludge, U, S.
Environmental Protection Agency, Water Engineering Research Laboratory, Cincinnati, Ohio,
September 30, 1985. '

R.C. Adams, ef al, » Particulate Removal Capability of a Baghouse Filter on the Exhaust of a |
Multiple Hearth Furnace Burning Sewage Sludge, U. S. Environmental Protection Agency,
Water Engineering Research Laboratory, Cincinnati, Ohio, September 30, 1985.

R.G. McInnes, et al., Sampling and Analysis Program at the New Bedford Municipal Sewage
Sludge Incinerator, GCA Corporation/Technology Division. U. S. Environmental Protection
Agency, Research Triangle Park, North Carolina, November 1984.

R.T. Dewling, et al., "Fate and Behavior of Selected Heavy Metals in Incinerated Sludge."
Journal of the Water Pollution Control Federation, Vol. 52, No. 10, October 1980,

R.L. Bennet, ef al., Chemical and Physical Characterization of Municipal Sludge Incinerator
Emissions, Report No. EPA 600/3-84-047, NTIS No. PB 84-169325, U. S. Environmental
Protection Agency, Environmental Sciences Research Laboratory, Research Triangle Park,
North Carolina, March 1984.

Acurex Corporation. 1990 Source Test Data for the Sewage Sludge Incinerator,
Project 6595, Mountain View, California, April 15, 1991,

Emissions of Metals, Chromium, and Nickel Species, and Organics from Municipal
Wastewater Sludge Incinerators, Volume I: Summary Report, U. S. Environmental Protection
Agency, Cincinnati, Ohio, 1992.

L.T. Hentz, et al., Air Emission Studies of Sewage Sludge; Incinerators at the Western Branch
Wastewater Treatment Plan, Water Environmental Research, Vol. 64, No. 2, March/April,
1992.

Source Emissions Testing of the Incinerator #2 Exhaust Stack at the Central Costa Sanitary

District Municipal Wastewater Treatment Plan, Mortmez, California, Galson Technical
Services, Berkeley, California, October, 1990.
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76. R.R. Segal, ef al., Emissions of Metals, Chromium and Nickel Species, and Organics from
Municipal Wastewater Sludge Incinerators, Volume 1I: Site 5 Test Report - Hexavalent
Chromium Method Evaluation, EPA 600/R-92/003a, March 1992.

71. R.R. Segal, et al., Emissions of Metals, Chromium and Nickel Species, and Organics from
Municipal Wastewater Sludge Incinerators, Volume III: Site 6 Test Report,
EPA 600/R-92/003a, March 1992.

78. A.L. Cone et al., Emissions of Metals, Chromium, Nickel Species, and Organics from
Municipal Wastewater Sludge Incinerators. Volume 5: Site 7 Test Report CEMS, Entropy
Environmentalists, Inc., Research Triangle Park, North Carolina, March 1992.

79. R.R. Segal, et al., Emissions of Metals, Chromium and Nickel Species, and Organics from
Municipal Wastewater Sludge Incinerators, Volume VI: Site 8 Test Report,
EPA 600/R-92/003a, March 1992,

80. R.R. Segal, et al., Emissions of Metals, Chromium and Nickel Species, and Organics from
Municipal Wastewater Sludge Incinerators, Volume VII: Site 9 Test Report,
EPA 600/R-92/003a, March 1992.

81.  Stack Sampling for THC and Specific Organic Pollutants at MWCC Incinerators. Prepared

for the Metropolitan Waste Control Commission, Mears Park Centre, St. Paul, Minnesota,
July 11, 1991, QC-91-217.
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2.6 MEDICAL WASTE INCINERATION

Medical waste incineration involves the burning of wastes produced by hospitals, veterinary
facilities, and medical research facilities. These wastes include both infectious ("red bag") medical
wastes as well as non-infectious, general housekeeping wastes. The emission factors presented here
represent emissions when both types of these wastes are combusted rather than just infectious wastes.

Three main types of incinerators are used: controlled air, excess air, and rotary kiln. Of the
incinerators identified in this study, the majority (>95 percent) are controlled air units. A small
percentage (<2 percent) are excess air. Less than one percent were identified as rotary kiln. The
rotary kiln units tend to be larger, and typically are equipped with air pollution control devices.
Approximately 2 percent of the total population identified in this study were found to be equipped
with air pollution control devices. '

2.6.1 Process Description!

Types of incineration described in this section include:
. Controlled air,

. Excess air, and

o Rotary kiln.

2.6.1.1 Controlled-Air Incinerators -- Controlled-air incineration is the most widely used medical
waste incinerator (MWI) technology, and now dominates the market for new systems at hospitals and
similar medical facilities. This technology is also known as starved-air incineration, two-stage
incineration, or modular combustion. Figure 2.6-1 presents a typical schematic diagram of a
controlled air unit.

Combustion of waste in controlled air incinerators occurs in two stages. In the first stage,
waste is fed into the primary, or lower, combustion chamber, which is operated with less than the
stoichiometric amount of air required for combustion. Combustion air enters the primary chamber
from beneath the incinerator hearth (below the burning bed of waste). This air is called primary or
underfire air. In the primary (starved-air) chamber, the low air-to-fuel ratio dries and facilitates
volatilization of the waste, and most of the residual carbon in the ash burns. At these conditions,
combustion gas temperatures are relatively low [760 to 980°C (1,400 to 1,800°F)].

In the second stage, excess air is added to the volatile gases formed in the primary chamber to
complete combustion. Secondary chamber temperatures are higher than primary chamber
temperatures—typically 980 to 1,095°C (1,800 to 2,000°F). Depending on the heating value and
moisture content of the waste, additional heat may be needed. This can be provided by auxiliary
burners located at the entrance to the secondary (upper) chamber to maintain desired temperatures.

Waste feed capacities for controlled air incinerators range from about 0.6 to 50 kg/min (75 to

6,500 Ib/hr) [at an assumed fuel heating value of 19,700 kJ/kg (8,500 Btu/lb)]. Waste feed and ash
removal can be manual or automatic, depending on the unit size and options purchased. Throughput
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capacities for lower heating value wastes may be higher, since feed capacities are limited by primary
chamber heat release rates. Heat release rates for controlled air incinerators typically range from
about 430,000 to 710,000 kJ/hr-m? (15,000 to 25,000 Btu/hr-ft3).

Because of the low air addition rates in the primary chamber, and corresponding low flue gas
velocities (and turbulence), the amount of solids entrained in the gases leaving the primary chamber is
low. Therefore, the majority of controlled air incinerators do not have add-on gas cleaning devices.

5 6.1.2 Excess Air Incinerators - Excess air incinerators are typically small modular units. They
are also referred to as batch incinerators, multiple chamber incinerators, or "retort”" incinerators.
Excess air incinerators are typically a compact cube with a series of internal chambers and baffles.
Although they can be operated continuously, they are usually operated in a batch mode.

Figure 2.6-2 presents a schematic for an excess air unit. Typically, waste is manually fed
into the combustion chamber. The charging door is then closed, and an afterburner is ignited to bring
the secondary chamber to a target temperature [typically 870 to 980°C (1600 to 1800°F)]. When the
target temperature is reached, the primary chamber burner ignites. The waste is dried, ignited, and
combusted by heat provided by the primary chamber burner, as well as by radiant heat from the
chamber walls. Moisture and volatile components in the waste are vaporized, and pass (along with
combustion gases) out of the primary chamber and through a flame port which connects the primary
chamber to the secondary or mixing chamber. Secondary air is added through the flame port and is
mixed with the volatile components in the secondary chamber. Burners are also installed in the
secondary chamber to maintain adequate temperatures for combustion of volatile gases. Gases exiting
the secondary chamber are directed to the incinerator stack or to an air pollution-control device.

When the waste is consumed, the primary burner shuts off. Typically, the afterburner shuts off after
a set time. Once the chamber cools, ash is manually removed from the primary chamber floor and a
new charge of waste can be added.

Incinerators designed to burn general hospital waste operate at €xcess air levels of up to
300 percent. If only pathological wastes are combusted, excess air levels near 100 percent are more
common. The lower excess air helps maintain higher chamber temperature when burning high
moisture waste. Waste feed capacities for excess air incinerators are usually 3.8 kg/min (500 Ib/hr)
or less.

2.6.1.3 Rotary Kiln Incinerators -- Rotary kiln incinerators, like the other types, are designed with a
primary chamber, where the waste is heated and volatilized, and a secondary chamber, where
combustion of the volatile fraction is completed. The primary chamber consists of a slightly inclined,
rotating kiln in which waste materials migrate from the feed end to the ash discharge end. The waste
throughput rate is controlled by adjusting the rate of kiln rotation and the angle of inclination.
Combustion air enters the primary chamber through a port. An auxiliary burner is generally used to
start combustion and maintain desired combustion temperatures. Both the primary and secondary
chambers are usually lined with acid-resistant refractory brick, as shown in the schematic drawing,
Figure 2.6-3.
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Volatiles and combustion gases pass from the primary chamber to the secondary chamber.,
The secondary chamber operates at excess air. Combustion of the volatiles is completed in the
secondary chamber. Due to the turbulent motion of the waste in the primary chamber, solids burnout
rates and particulate entrainment in the flue gas are higher for rotary kiln incinerators than for other
incinerator designs. As a result, rotary kiln incinerators generally have add-on gas cleaning devices.

2.6.2 Emissions and Controls2:47-43

Medical waste incinerators can emit significant quantities of pollutants to the atmosphere.
These pollutants include: 1) particulate matter (PM), 2) metals, 3) acid gases, 4) oxides of nitrogen
(NO,), 5) carbon monoxide (CO), 6) organics, and 7) various other materials present in medical '
wastes, such as pathogens, cytotoxins, and radioactive diagnostic materials.

Particulate matter is emitted as a result of incomplete combustion of organics (i.e., soot) and
by the entrainment of noncombustible ash due to the turbulent movement of combustion gases.
Particulate matter may exit as a solid or an aerosol, and may contain heavy metals, acids, and/or trace
organics.

Uncontrolled particulate emission rates vary widely, depending on the type of incinerator,
composition of the waste, and the operating practices employed. Entrainment of PM in the
incinerator exhaust is primarily a function of the gas velocity within the combustion chamber
containing the solid waste. Controlled air incinerators have the lowest turbulence and, consequently, -
lowest PM emissions; rotary kiln incinerators have highly turbulent combustion, and thus have the
highest PM emissions.

The type and amount of trace metals in the flue gas are directly related to the metals
contained in the waste. Metals emissions are affected by the level of PM control and the flue gas
temperature. Most metals (except mercury) exhibit fine-particle enrichment and are removed by
maximizing small particle collection. Mercury, due to its high vapor pressure, does not show
significant particle enrichment, and removal is not a function of small particle collection in gas
streams at temperatures greater than 150°C (300°F).

Acid gas concentrations of hydrogen chloride (HCI) and sulfur dioxide (S0,) in MWI flue
gases are directly related to the chlorine and sulfur content of the waste, Most of the chlorine, which
is chemically bound within the waste in the form of polyvinyl chloride (PVC) and other chlorinated
compounds, will be converted to HCI. Sulfur is also chemically bound within the materials makin
up medical waste and is oxidized during combustion to form S0,. -

Oxides of nitrogen (NO,) represent a mixture of mainly nitric oxide (NO) and nitrogen
dioxide (NO,). They are formed during combustion by: 1) oxidation of nitrogen chemically bound
in the waste, and 2) reaction between molecular nitrogen and oxygen in the combustion air. The
formation of NO, is dependent on the quantity of fuel-bound nitrogen compounds, flame temperature,
and air/fuel ratio.

Carbon monoxide is a product of incomplete combustion. Its presence can be related to
insufficient oxygen, combustion (residence) time, temperature, and turbulence (fuel/air mixing) in the
combustion zone. - ‘

Failure to achieve complete combustion of organic materials evolved from the waste can result
in emissions of a variety of organic compounds. The products of incomplete combustion (PICs) range
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from low molecular weight hydrocarbon (e.g., methane or ethane) to high molecular weight
compounds [e.g., polychlorinated dibenzo-p-dioxins and dibenzofurans (CDD/CDF)]. In general,
combustion conditions required for control of CO (i.e., adequate oxygen, temperature, residence
" time, and turbulence) will also minimize emissions of most organics.

Emissions of CDD/CDF from MWIs may occur as either a vapor or as a fine particulate.
Many factors are believed to be involved in the formation of CDD/CDF and many theories exist
concerning the formation of these compounds. In brief, the best supported theories involve four
mechanisms of formation.2 The first theory states that trace quantities of CDD/CDF present in the
refuse feed are carried over, unburned, to the exhaust. The second theory involves formation of
CDD/CDF from chlorinated precursors with similar structures. Conversion of precursor material to
CDD/CDF can potentially occur either in the combustor at relatively high temperatures or at lower
temperatures such as are present in wet scrubbing systems. The third theory involves synthesis of
CDD/CDF compounds from a variety of organics and a chlorine donor. The fourth mechanism
involves catalyzed reactions on fly ash particles at low temperatures.

To date, most MWIs have operated without add-on air pollution control devices (APCDs). A
small percentage (approximately 2 percent) of MWIs do use APCDs. The most frequently used
control devices are wet scrubbers and fabric filters (FFs). Fabric filters provide mainly PM control.
Other PM control technologies include venturi scrubbers and electrostatic precipitators (ESPs). In
addition to wet scrubbing, dry sorbent injection (DSI) and spray dryer absorbers have also been used
for acid gas control.

Wet scrubbers use gas-liquid absorption to transfer pollutants from a gas to a liquid stream.
Scrubber design and the type of liquid solution used largely determine contaminant removal
efficiencies. With plain water, removal efficiencies for acid gases could be as high as 70 percent for
HCI and 30 percent for SO,. Addition of an alkaline reagent to the scrubber liquor for acid
neutralization has been shown to result in removal efficiencies of 93 to 96 percent.

Wet scrubbers are generally classified according to the energy required to overcome the
pressure drop through the system. Low-energy scrubbers (spray towers) are primarily used for acid
gas control only, and are usually circular in cross-section. The liquid is sprayed down the tower
through the rising gas. Acid gases are absorbed/neutralized by the scrubbing liquid. Low energy
scrubbers mainly remove particles larger than 5-10 micrometers (um) in diameter.

Medium-energy scrubbers can be used for particulate matter and/or acid gas control, Medium
energy devices rely mostly on impingement to facilitate removal of PM. This can be accomplished
through a variety of configurations, such as packed columns, baffle plates, and liquid impingement
scrubbers.

Venturi scrubbers are high-energy systems that are used primarily for PM control. A typical
venturi scrubber consists of a converging and a diverging section connected by a throat section. A
liquid (usually water) is introduced into the gas stream upstream of the throat. The flue gas impinges
on the liquid stream in the converging section. As the gas passes through the throat, the shearing
action atomizes the liquid into fine droplets. The gas then decelerates through the diverging section,
resulting in further contact between particles and liquid droplets. The droplets are then removed from
the gas stream by a cyclone, demister or swirl vanes.

A fabric filtration system (baghouse) consists of a number of filtering elements (bags) along
with a bag cleaning system contained in a main shell structure with dust hoppers. Particulate-laden
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cleaning the gas. A FF is typically divided into several compartments or sections. In a FF, both the
collection efficiency and the pressure drop across the bag surface increase as the dust layer on the bag
builds up. Since the system cannot continue to operate with an increasing pressure drop, the bags are
cleaned periodically. The cleaning processes include reverse flow with bag collapse, pulse jet
cleaning, and mechanical shaking. When reverse flow and mechanical shaking are used, the
particulate matter is collected on the inside of the bag; particulate matter is collected on the outside of
the bag in pulse jet systems. Generally, reverse flow FFs operate with lower gas flow per unit area
of bag surface (air-to-cloth ratio) than pulse jet systems and, thus, are larger and more costly fora
given gas flow-rate or application. Fabric filters can achieve very high (>99.9 percent) PM removal
efficiencies. These systems are also very effective in controlling fine particulate matter, which results
in good control of metals and organics entrained on fine particulate.

Particulate collection in an ESP occurs in three stepsf (l) sﬁspended_particles are given an
electrical charge; (2) the charged particles migrate to a collecting electrode of opposite polarity; and
(3) the collected PM is dislodged from the collecting electrodes and collected in hoppers for. disposal.

Charging of the particles is usually caused by ions produced in high voltage corona. The
electric fields and the corona necessary for particle charging are provided by converting alternating
current to direct current using high voltage transformers and rectifiers. Removal of the collected
particulate matter is accomplished mechanically by rapping or vibrating the collecting electrode plates.
ESPs have been used in many applications due to their high reliability and efficiency in controlling
total PM emissions. Except for very large and carefully designed ESPs, however, they are less
efficient than FFs at control of fine particulates and metals.

Dry sorbent injection (DSI) is another method for controlling acid gases. In the DSI process,
a dry alkaline material is injected into the flue gas into a dry venturi within the ducting or into the
duct ahead of a particulate control device. The alkaline material reacts with and neutralizes acids in
the flue gas. Fabric filters are employed downstream of DSI to: 1) control the PM generated by the
incinerator, 2) capture the DSI reaction products and unreacted sorbent, and 3) increase sorbent/acid
gas contact time, thus enhancing acid gas removal efficiency and sorbent utilization. Fabric filters are
commonly used with DSI because they provide high sorbent/acid gas contact. Fabric filters are less
sensitive to PM loading changes or combustion upsets than other PM control devices since they
operate with nearly constant efficiency. A potential disadvantage of ESPs used in conjunction with
DSI is that the sorbent increases the electrical resistivity of the PM being collected. This
phenomenon makes the PM more difficult to charge and, therefore, to collect. High resistivity can be
compensated for by flue gas conditioning or by increasing the plate area and size of the ESP.

The major factors affecting DSI performance are flue gas temperature, acid gas dew point
(temperature at which the acid gases condense), and sorbent-to-acid gas ratio. DSI performance
improves as the difference between flue gas and acid dew point temperatures decreases and the
sorbent-to-acid gas ratio increases. Acid gas removal efficiency with DSI also depends on sorbent
type and the extent of sorbent mixing with the flue gas. Sorbents that have been successfully applied
include hydrated lime [Ca(OH),], sodium hydroxide (NaOH), and sodium bicarbonate (NaHCO,).
For hydrated lime, DSI can achieve 80 to 95 percent of HCI removal and 40 to 70 percent removal of
SO, under proper operating conditions.

The primary advantage of DSI compared to wet scrubbers is the relative simplicity of the
sorbent preparation, handling, and injection systems as well as the easier handling and disposal of dry
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solid process wastes. The primary disadvantages are its lower sorbent utilization rate and
correspondingly higher sorbent and waste disposal rates.

In the spray drying process, lime slurry is injected into the SD through either a rotary
atomizer or dual-fluid nozzles. The water in the slurry evaporates to cool the flue gas, and the lime
reacts with acid gases to form calcium salts that can be removed by a PM control device. The SD is
designed to provide sufficient contact and residence time to produce a dry product before leaving the
SD adsorber vessel. The residence time in the adsorber vessel is typically 10 to 15 seconds. The
particulates leaving the SD (fly ash, calcium salts, and unreacted hydrated lime) are collected by a FF
or ESP.

Emission factors and emission factor ratings for controlled air incinerators are presented in
Tables 2.6-1 through 2.6-15. For emissions controlled with wet scrubbers, emission factors are
presented separately for low, medium, and high energy wet scrubbers. Particle size distribution data
for controlled air incinerators are presented in Table 2.6-15 for uncontrolled emissions and controlled
emissions following a medium-energy wet scrubber/FF and a low-energy wet scrubber. Emission
factors and emission factor ratings for rotary kiln incinerators are presented in Tables 2.6-16
through 2.6-18. Emissions data are not available for pathogens because there is not an accepted
methodology for measurement of these emissions. Refer to References 8, 9, 11, 12, and 19 for more
information.
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