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1.0 EXECUTIVE SUMMARY

The objective of this report is to review the New Source Performance"
Standard (NSPS) of 1.3 pounds of particulates/ton dry sludge input and the
opacity standard of 20 percent for the incineration of sewage sludge
(Subpart 0 40 CFR 60). This standard is reviewed by gathering and
summarizing information for sewage sludge incinerators built since the
standard was last reviewed in 1978, The achievabiiity, applicability, .and '
need for revision of the standard is evaluated in light of these data.
Selected data for incinerators built prior fo 1978 are also presented and
discussed in this report.

1.1 BACKGROUND

In 1982, the actual wastewater input into sewage treatment plants was
just under 27,000 million gallons per day (MGD): Approximately 15 percent
(4,525 MGD) of this wastewater flow entered plants capable of intinerating
the sludge generated in the -process of treating these wastewaters. It is
estimated that between 1.1 and 1.5 million dry tons of sludge is incinerated
annuaily in the U.S. _ '

Since 1934 when incineration was first used as a sludge disposal
technigue, it is astimated that over 400 sTudge incinerators have been
built. Current estimates show that there are approximately 150 wastewaier
treatment plants capable of incinerating all, or part, of their sludge
production., Since many facilities use more than one incinerator, a
substantially greater number of “individual incinerators are likely to exist.

Since the last NSPS review in 1978, it is estimated that at least 23
new sludge incineration facilities-have been installed. Approximately
70 percent of these facilities use multiple-hearth incinerators, 15 percent
use fluidized-bed incinerators, and 15 percent usé electric incinerators.
Between 1984 and 1989, it is estimated that 18 new installations will come
on line and be subject to the provisions of the NSPS.
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Twenty-two states treat sewage sludge incinerators as a distinct source
category. In these states, the federal NSPS is applied. Most other states
have general standards that encompass incineration of all types of municipal
wastes and refuse, These standards are usually less stringent than the
existing NSPS for sludge incinerators. Of 11 states surveyed, ounly
Massachusetts and Connecticut have existing monitoring and reporting
requirements for sewage sludge incinerators.

1.2 EMISSIONS CHARACTERISTICS OF SLUDGE INCINERATORS

Uncontrolled emissions from sewage sludge incinerators can vary from
Tess than 10 1b/ton dry.sludge to over 400 1b/ton dry sludge. In general,.
uncontrolled emission characteristics are a function of the incinerator
type, sludge characteristics, and the operating practices used at individual
incinerators. Uncontrolled emissions from multiple-hearth incinerators are
typically about 50 1b/ton while uncontrolled emissions from fluidized-bed
incinerators average about 88-1b/ton.- For individual incinerators, actual
uneontrolled emissions can vary substantially from these values depending on
the sjudge quality and operating practices used.. However, no quantitative
correlation has been identified between specific operating parameters and
uncontroiled particulate emissions, ’

Séwage sludge incinerators also emit potentiail& toxic trace elements.
Data for 12 incinerators indicate that emissions of trace elements are
highly variable. <Controiied emissions of cadmium range from 0.C03 Ib/dry
ton sltudge to 0.06 1b/dry ton. The highest controlled trace element
emissions were for lead, which range from 0.002 to 0.16 1b/ton, and. average
0.05 Tb/dry ton sludge. Data on uncontrolled trace element emission rates
from six incinerators average 0.03 1b/ton for cadmium, 0.18 1b/ton for
chromium, 0.08 1b/ton for nickel, 0.45 1b/ton for lead, and 0.02 1b/ton for
arsenic. The efficiency of control devices in reducing trace element
emissions from sludge incinerators is generally less than that for total
particulates. C

For multiple-hearth and fluidized-bed incinerators built since 1978,
the predominant control technology for particulate emissions are combination
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venturi/impingement-tray scrubbers.‘ These devices were applied prior to
1978, but their use has become more widespread in recent years. For the 17
multiple- hearth incinerators built since 1978, scrubber pressure drops range
from 10 to 45 inch W.G. Of ‘the four new fluidized=bed incinerators
installed since 1978, three are equipped with combination venturi/
impingement-tray scrubbers. New electric incinerators are most often
equipped with individual venturi scrubbers. Pressure drops for scrubbers
used on the four electric incinerators built since 1978 are less than

10 inch W.G.

1.3 CURRENT EMISSION LEVELS ACHIEVABLE ,

New sewage sludge ihtinerators, when correctly operated and equipped
with an appropriate control device, can achieve the existing New Source
Performance Standards. Of the 17 multiple-hearth incinerators that have
begun operating in the past five years, 11 are officially in compliance with
~ the NSPS.  Four new units have not yet been tested. The remaining multiple-
hearth fncineratpr, located in Providence, Rhode Island, has demonstrated
the capability to meet the NSPS, but has n@t-yetfoffiéia11y complied with
the standard. A1l of the four fluidized-bed sludge incinerators installed
since 1978 are in compliiance with the standard. O0f the four electric
incinerators installed since 1978, two were unabie to achieve the NSPS.
However, neither of these unité'isjequipped with a scrubber capabie of being
operated at a pressure drop considered to represent Best Available Controi
Technoiogy. One electric incinerator is officially in compiiance, wnile
another has not yet been tested.

For the 17 muitipie-hearth incinerators that have been atfected hHv the
NSPS since 1978, the average emission rate is .76 ib/drv ton siudge input.
[f the Providence, Rhode Island incinerator is excluded, the average
emission rate for multiple-hearth incinerators in compliance with the NSPS
is 0.67 1b/dry ton. This is approximately one-half of the allowable
emission rate. The data indicate that many multiple-hearth incinerators are
‘capable of reducing emissions to well below the current NSPS level. The
average emission rate achieved by fluidized-bed incinerators affected by the
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NSPS since 1978 is 0.74 1b/dry ton sludge. Emission rates for new electric
incinerators average 2.22 Tb/dry ton sludge.

1.4 COSTS OF EMISSIONS CONTROL

The cost effectiveness of controlling particulate emissions from sewége
sTudge incinerators is estimated to range from $191 to $1743 per ton
removed. These costs are based on conservative capital cost estimates for
venturi/impingement-tray scrubbers operating at pressure drops of from 20 to
40 inches W.G. Cost effectiveness is most sensitive to incinerator size.
. Scrubber pressure drop has a small impact on overall cost effectiveness.
For each 10 inch W.G. change in pressure drop, a change in cost effective-
ness on the ofder of $10 is achieved. Figure i-1 summarizes the estimated
cost effectiveness of controlling particulate emissions from both fluidized-
bed and multiple-hearth sewage sludge incinerators at a scrubber pressure
drop of 40 inches W.G.

1.5 COINCINERATION WITH MUNICIPAL REFUSE

At the present time, there 4s no-éxplicit statement in either Subpart 0
or Subpart E that defines which standard is to be applied in cases whare
sewage sludge is coincinerated with municipal refuse. Although about 23
faciiities have coincinerated sewage siudge and municipal refuse it one time
or another in the 4.S., only 3 facilities have been identified as bdaing '
operational over the next 5 years. In each czse. sewage sludge will be
coincinerated in a conventiona! refuse incinerator. Electrostatic
precipitators will be employed to control particulate emissions at all three
of these coincineration facilities. Insufficient data z2re 2vailable to
indicate haow coincineration will atfect the particuiate emissions from these
incinerators.
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Figure 1-1. Cost Effectiveness of Sludge Incinerator Particulate
Control at a Pressure Drop of 40 inches W.G.
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2.0 DESCRIPTION OF THE INDUSTRY

2.1 [INTRODUCTION

Sewage sludge incinerators are subject to particulate emission limits
of 1.3 pounds per ton of dry sludge input and limited to a maximum stack
opacity of 20 percent, as promulgated under subpart O of the New Source
Performance Standards (NSPS). As part of the review of the NSPS, this
chapter provides background information on the number and location of sewage
studge incinerators in-the U.S., the types of incineration technologies
employed, as well as bn the initial development of the standard. Sfate
regulations applicable to sludge incinerators are also reviewed.

In Section 2.2, the industry is broadly characterized. Information on
the number and Tocatiqn of sludge incinerators, as well as an estimate of
the amount of sTudge incinerated, is presented. The prevaience of alterna-
tive incineration techniques, and the growth in the use of incineration, are
also discussed in the first section.

Section 2.3 provides detailed descriptions of the major technologies
employed to incinerate sewage sludge. Both design and operating charac-
teristics of these incinerators are discussed. '

.In Section 2.4 of this chapter, background information on the
deveiopment of the NSPS for sewage siudge incinerators is presented. The
technical basis of the original standard is reviewed, as are the subsequent
revisions made to the standard. State requlations, particularly those
retating to monitoring and reporting raquirements, are aiso reviewed in this
section.

2.2 CHARACTERIZATION OF THE INDUSTRY

Over 33,000 publicly owned sewage treatment'works are currently
operating in the U.S. These plants have a combined capacity to treat over
35,000 million gallons of municipal wastewateré each day. In 1982, the
actual wastewater inbut into sewage treatment plants was just under
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27,000 million gallons per day (MGD),’kgpresenting a capacity utilization of
76 percent. Approximately 15 percent of the total 1982 wastewater flow
entered plants that are capable of incinerating all, or a portion of the

- sludge generated in the process of treating these wastewaters. However,
nearly all plants employ more than one sludge disposal teéhnique, and somé
incinerators are not currently operating.

2.2.1 Number and Location of Sewage Sludge Incinerators

There are two main sources of information on the number and locations
of sewage sludge incinerators in the U.S. The first is the NEEDS survey
conducted biennially by EPA in compliance with Sections 205(a) and 516(b)(2)
of the Clean. Water Act.1 The survey encompasses more than 32,000 existing
and p1ahnea publicly owned treatment works (POTW) in the U.S. Second, a
survey of incineration facilities has recently been completed as part of
work conducted by EPA's Sludge Task Force.

The EPA Sludge Task Force utilized the NEEDS survey as a starting
point.2 However, the Sludge Task force validated the NEEDS data through
contacts with all of the regional offices of EPA, with state and local
agencies, vendors of sludge incinerators, as-well as individual plants. The
EPA Sludge Task Force continues to update their data on a regular basis, ang
is considered to be the most reliable source of information on the aumber
and location of sludge incinerators currently operating in the U.S.

The latest update (July, 1983) of the Task Force survey lists 153
treatment piants that are incinerating all, or part, of their sludge
production. Neither the NEEDS data, nor the update prepared by the EPA
Sludge Task Force, 1ist the number of individual incinerators. Since many
treatment plants in the U.S. utilize more than one incinerator (for example,
the wastewater treatment piant in Indianapolis, [ndiana, operates 8
incinerators), a substantially greater number of individual incinerators is
implied.

The tocations of the plants employing incineration are shown in
Figure 2-1. The largest concentrations of sludge incineration facilities
are found in the Northeast and a]ond the Great Lakes.
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2.2.2 Amount of Sludge Incinerated
No precise data are available on the amount of sludge incinerated

annually in the U.S. As part of their project, the EPA Sludge Task Force has
estimated that seven million dry tons of sludge are produced annually by
wastewater treatment plants in the U.S.3 0f this total, the Task Force '
estimates that between 15 and 22 percent is disposed of through
incineration. On this basis, the total amount of sludge incinerated
annually is between 1.1 and 1.5 million dry tons.

This estimate can be confirmed on the basis of the amount of wastewater
entering plants that employ incineration as a disposal technique. The
corresponding flow of wastewaters into the incineration facilities listed in
the EPA Sludge Task Force surve& 1514,525 MGD. Although the amount of
sludge generated per gallon of wastewater treated can vary greatly as a
function of the specific treatment pﬁocesses employed, an average value of’
0.65 dry tons of sludge per million gallons of wastewater was derived from
35 POTW's that employ incineration.4 Applying this value to the wastewater
in-flow given by the Sludge Task Force, yields about 1,1 million dry tons of
sTudge incinerated annually, . ' ' ‘

Since it is not known precisely how much of the sludge generated at
treatment plants that are equipped with incinerators is actually disposed of
in this manner, the lower end of the range estimated above (1.1 million ‘
tons/vear! {ic considered the most relijable.

2.2.2 Pravalence of Alternative Incineration Techniaues

. A variety of different technologies are available for incineration of
municipal sewage sludge. By far the most common is the multiple-hearth
furnace [MHF}. Of the 153 incineration plants listed by the Siudge Task
Force, 120 (78 percent} employ muitiple-hearth incinerators. Fluidized-bed
furnaces (FBF) account for most of the additional incinerators currently
operating in the U.S. The Sludge Task Force lists 24 treatment plants that
employ fluidized-bed incinerators {about 16 percent of the total). Electric
{infrared) incinerafors are also sometimes used for dispesing of sewage
sludge, particularly in smaller rural communities. . EPA's Sludge Task Force
identified six treatment plants that utilize electric furnaces. The Sludge
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Task Force data also list one plant that employs a rotary kiln incinerator.
The individual technologies available for incinerating sewage sludge are
discussed in more detail in Section 2.3.

2.2.4 Number and Type of Incinerators Installed Since. 1978

Since this report focuses on the comp11ance status of incinerators
installed after the last review of the standard in 1978, a survey was
conducted to identify all sludge incinerators that have either commenced
operation over the past five years, or that are under construction.
Incineration facilities affected by the NSPS that were installed prior to
1978 were discussed in the previous review. The survey was conducted in
three stages.

First, a questionaire was sent to all ten regional offices of EPA.
Information was reguested for incinerators built since 1978 on the location,
capacity, and design of each incinerator as well its associated emissions
control equibment. In addition, the regional EPA offices were requested to
- provide emissions data for these units. Responses were obtained from eight
of the ten.regional EPA offices,-ideqtifying a total of 16 incinerators
built since 1978 and 7 under construction. Complete information was
available for only a few of these units, however.

Therefore, foliow-up telephone contacts were made to regional, state,
and tocal air pollution cogtroT agencies.. In all, over 40 1ndi§idua1s were
contacted during the second stage of the sdrvey. Further information was
collected on the incinerators identified in the written survey and an
additional nine new (i.e. operating since 1978) incinerators were
jdentified. A1T 23 new plants identified in the third and final stage of
the survey were contacted in order %o cbtain more detailed information on
actual operating parameters at these facilities. o

The results of the survey are presented in Tables 2-1 and 2-2. Of the
25 new incinerators listed in Table 2-1, nearly 70 percent utilize
multiple-hearth furnaces. This is consistent with data for the total U.S.
population of siudge incinerators. Also, the incinerators installed since
1978 are concentrated geographically in the Northeast and Great Lakes
regions of the U.S. Of the 7 incinerators listed in Table 2-2 as currently
under construction in the U.S., 4 utilize the multiple-hearth design.
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TABLE 2-1. SEWAGE SLUDGE INCINERATORS INSTALLED IN THE U.S.

SINCE 1978

Location

Petersburg, Alaska
Wrangell, Alaska
Marietta, Georgia

Qahu, Hawaii

Cedar Rapids, lowa
Kansas City, Kansas
Cynthiana, Kentucky
Kenton County, Kentucky
Attleboro, Massachusetts
" Battle Creek, Michigan
‘Bay County, Michigan

St. Paul, Minnesota
Independence, Missouri
Atlantic City, New Jersey
Amherst, New York
Hamburg, New York

N, Tonawanda, New York
Niagra County, New York
.Rocky Mount, N. Carplina
Cleveland, Ghio
foungstown, Ohio
Providence, Rhode Island
Arlington, Virginia

Design Type

Electric
Electric
Multiple-Hearth
Multiple-Hearth
Multiple-Hearth
Fluid-Bed
Electric
Multiple-Hearth

*Multiple-Hearth

Multiple-Hearth
Electric

Multiple-Hearth (2)

Fluid~Bed
Multiple-Hearth
Multinle-Hearth
Fluid-Bed (2},

Multiple-Hearth

Multipie-Hearth
Multiple-Hearth
Multiple-Hearth
Multiple-Hearth
Multiple-Hearth
Multipie-Hearth
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TABLE 2-2. INCINERATION FACILITIES CURRENTLY UNDER CONSTRUCTION IN

THE U.S.
Location . Design Type
Decatur, Georgia Electric
Gainsville, Georgia , Electric
Fall River, Massachusetts Multiple-Hearth
Lynn, Massachusetts Multiple-Hearth
St. Louis, Missouri Multiple-Hearth
Watertown, New York Fluid-Bed

Cranston, Rhode Isiand Multiple-Hearth
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For incinerators which have begun operations since 1978, the results of
the survey are considered to be relatively complete. However, there is less
certainty with respect to what percentage of incinerators currently under
construction in the U.S. were identified in the survey since less emphasis‘
was given to this gquestion. '
2.2.5 Growth in the Use of Incineration as a Sludge Disposal Technique

Since 1934, when incineration was first used as a sewage sludge
disposal technique, over 400 incinerators have been constructed.5 Over half
of these were built between 1965 and 1975. The rafe of growth of sewage
sludge incineration declined sharply beginning in the mid 1970's, however,

The only source of information on the future growth of incineration of
sewage sludge is the NEEDS data base. ‘Since the main objective of the NEEDS
survey is to quantify ongoing and future construction programs at wastewater
treatment plants, the growth projections provided in the NEEDS data files
are assumed to be reasonably accurate,

On the basis of plant Surveys and demographic. projections, NEEDS
estimates that 63 sludge incineration facilities will be constructed between
1982 and 2000. Assuming a linear rate of growth, 18 incinerdtion facilities
would begin operating over the next five years. This would be roughly
consistent with the rate of growth witnessed in both the 1973 to 1978, and
1978 to 1983, five yeaé time frames. An estimate of approximately 18 new -
siudge jncineration facilities over the next five years is aiso reasonably
consistent with the available data on current construction programs.

2.3 PROCESS DESCRIPTIONS
2.3.1 Prncess Overview

Incineration is only one method of disposing of sludge generated by a
system for treating municipal wastewater. The major processes involved in
this treatment include sedimentation, filtration, digestion, chemical
conditioning, and dewatering. From the standpoint of incineration, the most
important aspect of these related treatment processes is their impact on the
moisture and energy content of the sludge. Many of the processes which
reduce the moisture content of wastewater sludge can also redhce the



prqpoftion of volatile elements to inert materials. Secondary treatment
processes, such as anaerobic digestioﬂ,'can significantly lower the energy
content of the sludge. Most sewage sludges undergo a variety of individual
treatments prior to the final conditioning and dewatering steps. Since
sludge conditioning and dewatering are integral to the overall incineration
process, they are briefly described below.

2.3.1.1 Sludge conditioning. Pre-thickened primary or combined

primary and secondary sludges are chemically treated to enhance their
dewatering characteristics. Chemical conditioning changes the colloidal
structure of the sludge, causing particles to coagulate.6 Absorbed water is
released as voids are created by the coalescing particles.

A wide variety of chemicals have been used for conditibning séwage
siudge. The most popular agents are ferric chloride, Time, aluminum
chlorohydrate, and organic polymers. Depending on the level and type of
pretreatment that the sludge has received, conditioners are added at a rate
of between 1 and 12 percent of the dry sludge weight.

2.3.1.2 Sludge dewatering techniques. Dewatering is a crjtical step

in the process of sludge %ncineration, since it reduces the thermal demand
on the incinerators. Vacuum filtration, filter presses, belt filters and
centifugation are the most widely used sludge dewatering technologies,
a]though:numétous other processes are available. The NEEDS-data base Tists
nearly 1,200 vacuum filters, 242 centrifuges, 151 filter presses, and 36
"other” dewatering devices as currentiy in use at sewage treatment plants.
0f the 23 incineration facilities installed since 1978, 11 employ vacuum
filters, 5 are equipped with horizontal belt presses, 3 use centrifuges, and
4 have installed filter presses. Although these data are limited, the use
of the relatively new belt press systems appears to be increasing.

Vacuum filtration is a technique that is applicable to all types of
sewage sltudge. The major equipment component is a cylindrical drum filter.
Natural and synthetic cloth, coil springs, or wire mesh fabrics can all be
used as the filter material. The drum is suspended above a vat of sludge
and periodically dips into it. As the drum slowly rotates, part of the
circumference is subjected to an internal vacuum. The vacuum draws water ‘
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out through the filter medium. Prior to the next submergence into the.
sludge vat, the filter cake is scraped from the drum and deposited on a
conveyor, The moisture content of the sludge cake is normally 70 to

80 percent, A range of from 60 to 86 percent final moisture content was
reported for new facilities that use vacuum filters. '

In a filter press, dewatering is accomplished by forcing the water from
the sludge under elevated pressures., Various designs are available. The
most common consists of a series ‘of rectangular plates supported in a
vertical position. Filters are placed over the recessed plates. Sludge is
pumped into the space between the plates and the plates are then pressed
against each other (60 to 225 1b/sq. in.) by hydraulic.rams. The entire
batch cycle takes from 1 to 3 hours to comp]éte.' Filter presses are capable
of reducing the moisture content of the sludge to as low as 55 percent. In
the survey of new plants, sludge cake moisture contents of from 65 percent
to 75 percent were reported.

Horizontal belt filters are a re]ative1y new approach to dewatering .
sewage sludge. One variant of these filters consists of two continuous
beits placed one above the other. Chemically conditioned s]udge is
continuously fed between the two belts. bewatering is accomplished in three
separate zones. In the first, water is removed by the force of gravity. In
thHe second zone, pressure is-applied by a series of rollers located above .
the upper beit. Shear forces are applied in the final zone. The dewatered
siudge cake is then removed from the bHelt by a scraper. Belt fiiters are
designed to. achieve approximately the same level of moisture removal as
vacuum filters. However, the extent to which any dewatering technique can
remove moisture from sewage sludge depends, in part, on the specific
physical, chemical, and biological characteristics of the sludge. For
example, a belt press filter recently installed at the incineration facility
in Merrimack, New Hampshire, achieved a 78 percent final moisture content in
the sludge compared to the 85 percent that was obtained from the vacuum
filter system that had previously been used. 7 The results of the survey of

new facilities gave a range of from 60 to 82 percent moisture in the sludge
after being dewatered in a belt press.
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Centrifuges are available in a variety of different design
configurations including the horizohta], conical, solid bowl, basket, and
disc types. Sludge is fed continuously into the centrifuge where it is
subjected to centrifugal forces of up to 300 gravities. The slTudge cake is’
discharged by a screw conveyor. Although centrifuges'are capable of ’
producing a sludge having a moisture content as low as 60 percent, this
8 The three
facilities in the survey that employ centrifuges reported final moisture
contents of from 60 to 70 percent.

2.3.2 Multiple-Hearth Furnaces

level of dewatering is usually not economically feasible.

The basic multiple-hearth furnace design is nearly a ceritury old,
having been initially developed for roasting of mineral ores. An air-cooled -
variant of the original Herreshoff design has been used for incinerating
sewage sludge since the 1930's.

2.3.2.1 Design.characteristics Figure 2-2 illustrates the overall
design of a multiple-hearth furnace. MuItip?e-hearﬁh furnaces -are
.cylindrically shaped and oriented vertically. The outer shell.is
constructed of steel and surrounds a series of horizontal refractory
hearths. A hollow cast iron rotating shaft runs through the center of the
hearths. Cooling air is introduced into the shaft by a fan located at its
_base, Attached to the central shaft are rabble arms, which extend above the
hearths. Each rabble arm is equipped with 2 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, aiternating in direction from the
outside in, to the inside out, between hearths. Either 2 or 4 rabble arms
axtend into sach hearth. Typically, the upper and lower hearths are fitted
with 4 rabble arms, whiie only two are piaced within the middie hearths,
Burners, providing auxiiliary fuel, are located in the sidewalls of the
hearths,

The size of MHF's used for incineration of-sewage sludge typically
range from 6 hearth furnaces having an outer diameter of ~ 6 ft. and a total
effective hearth area of 85 sq. ft., to 12 hearth, 22 ft. diameter furnaces
with hearth areas of over 3000 5q. ft.g Hearth loading rates range from
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between 7 to 12 pounds of wet sludge per hodr, per square foot. This

corresponds to furnace capacities of from 600 pounds of wet studge per hour

up to 18 tons per hour. ' '
2.3.2.2 Qperating character1st1cs Partially dewatered sludge is fed

into the periphery of the top hearth. The motion of the rabble arms rakes
the sludge toward the center shaft where it drops through holes located near
the edge 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, and is arranged so that a
sludge depth of about one inch is ma1nta1ned in each hearth at the design
sludge flow rate.

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 Towermost 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. Provisions are usually made to inject ambient air
directly into one of the middle hearths as well.

From the standpoint of the overall 1né{neration nrocess, multiple-’
hearth furnaces can be divided into three zones. The upperhearths comprise
the drying zone where most of the moisture in the sludge is evaporated. The
temperature in the drying zone is typically between 800 and 1400°F,
Combustion occurs in the middle hearths (second zcne) as the femperature is
increased to about 1700°F., The combustion zone, can be further subdivided
into the upper-middie 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.
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Under proper operating conditions, 50 to 100 percent excess air must be
added to a MHF in order to ensure complete combustion of the studge. '
Besides enhancing contact between fuel and oxygen in the furnace, these
relatively high rates of excess air addition are necessary in order 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
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 particulates and unnecessarily high fuel
consumption. .

Another important parameter in the operation of a multiple-hearth
sewage sludge incinerator is the rate of feed of the sludge cake. Any
sudden increase or decrease in load to the furnace can severely affect the
performance of the incinerator.lo A sharp increase in the rate of feed has
been shown to lower the combustion zone in the furnace. This can
subsequently lead to a decrease in temperature within the combustion zone
and the potential for the fire to be extinguished.. Conversely, a sudden
decrease in furnace load can cause excessively high temperatures in the
furnace with the attendant risk of damage to the refractories and rabble
castings. The moisture content of the sludge feed must also be Xept
relatively constant for the samé reasons,

Maintaining a uniform rate of feed into a MHF can be difficult,
nowever. First, mechanical sludge dewatering devices are not cagable or
producing a sludge cake of perfectly uniform moisture content. Second, at
most incineration plants, the é1udge is fed directly from the treatment
facility to the dewatering device, and then directly into the incinerator.
Holding tanks are not usually available to independently control the rate of
sludge input into the furnace. A related probiem is that it may take up to
an hour (or more) for the sludge to descend from the drying zone to the
combustion, zone in a muLtipie-hearth incinerator‘.11 Thus, a change in the
furnace load may not be noticed by the furnace operators in time to take
corrective action. Moreover, there will be an additional delay before the

2-14




incinerator responds to these correctivé measures and operations become
stable. ’ ' .

The speed at which the rabble arms are rotated can also have a critical
impact on the operation df a multiple-hearth incinerator. Typically, the‘
rotational speed can be varied between 0 and 3 revolutions per minute. As
the speed of the rabble mechanism is increased, the rate of drying in the
upper hearths is increased and the combustion zones tends to rise,
Combustion will also tend to take place in a greater number of hearths.
Experimental data have also demonstrated that the temperature of the hottest
hearth will decrease as the speed of the rabble arm rotation is increased.12
The ‘opposite effects are observed when the speed of the rabble motion is
decreased. ‘ -

However, changes in the speed of rotation of the rabble arms will
initially have just the opposite effects of those described above. For
example, an increase in the rabble.arm speed will initially create.an
internal increase in the load to the combustion zone. This will cause a
temporary decline of the burning zone and an overall.decrease in the
temperature of the lower hearths. From 1 to 3 houfs are required for a MHF
" to stabilize after the speed of the rabble arms is changed. Because of the
transient furnace instabilities caused by such changes in the speed of the
rabbie motion, adjustment of rabble arﬁ_speéd is not an effective means of
controlling the process of combustion in a muitiple-hearth 1ncinerator.13
Rather, the speed of the rabble movement shouid be set slow encugh to form
good furrows in the sludge, but fast encugh to avoid crusting of the sludge
in the upper hearths. The optimum speed is a function of the sludge
moisture content and loading rate.

For optimum performance, the temperature profile within the furnace
should be controlled by adjusting the firing rate of the burners. Ideally,
only those burners Tlocated immediately above and below the combustioﬁ zone
should be used (depending on the number of hearths, and the capacities of
the available burners). This allows a greater sludge residence time in the
drying zone and can decreasé turbulence in the upper héarths.

" Theorectically, combustion can become self sustaining in a MHF when
studges having a heating value of at least 10,000 Btu/1b, a moisture content
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of less than 75 percent, and a volatile solids fraction of at least 60 to '
65 percent are incinerated. However, under autogenous conditions the
highest temperature in the. furnace may only be about 900°F, which is

insufficent to completely destroy_odor causing organics.14

Even at minimum-
excess air rates, some auxilliary fuel must be burned in MHF's in order tb
maintain a minimum temperature of 1350°F for destruction of odoriferious
materia]s.ls

As discussed above, the operation of multiple-hearth sludge
incinerators is complicated by the number of process variables involved, as
well as by the transient nature of some of the responses observed when these
variables are altered. -As a means to establish guidélines for the operation
of MHF incinerators, particulary for reducing tﬁe amount of fuel consumed, a
substantial amount of both theorectical and empirical research has recently
been conducted by the Indianapolis Center for Advanced Research (ICFAR).16
Although the best mode of operating any incinerator is a function of
numerous site-specific conditions, a number of génera1 procedures ﬁave been

established as the result of the ICFAR work. These operational guidelines
Cinclude: : '

1. Utilization of shaft co}]ing air as combustion air;

2. Maintenance of sludge combustion on the lower burning hearths;

3, Use of only. those burners located on, or immediately adjacent to,

the combustion hearth{s};

4. HMaintenance of rabbie arm speed as siow as possibie;

Minimization of air leakage into the incinerator;
Maintenance of sludge loading rates at, or below, design capacity,
and;

7. Maintenance of excess air at 25 to 50 percent.

At incinerators where these procedures have been put into practice,
fuel savings of from 30 to 70 percent have been attained.w’18 Moreover,
there are some indications that the operational procedures which result in
reductions in fuel use also result in decreased emissions of pérticulates.lg
The relationship between operating procedures and particulate emissions is
discussed in more detail in Chapter 3.
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2.3.3 Fluidized-Bed Incinerators

Since its original development as a method for recovering catalysts in
‘the 01l refining industry, fluidized-bed technology has been applied to a
wide range of industrial processes. The first fluidized-bed reactor,
designed specifically for incineration of sewage sludge, was installed in‘
1961 in Lynwood, Washingtaon.

2.3.3.1 Design characteristics. Figure 2-3 depicts the cross-section

of a fluidized-bed sludge incinerator. Like multiple-hearth furnaces,
fluidized-bed incinerators (FBF) are cylindrically shaped and oriented
vertically. The outer shell is constructed of steel and is lined with
refractory. Tuyeres are located at the base of the furnace within a
refractory lined grid. A bed of sand, approximately 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 air is-first passed through a heat exchanger where heat is recovered
from the hot flue gases. Alternatively, ambient air can be injected
directly into the furnace.

The physical dimensions of FBF units range from diameters of 6 to
25 feet. The corresponding range in the freeboard area is 3C to 525 square
feet. Fluidized-bed incinerators have sludge loading rateéhof between 20 to
50 wet b/hr/sa. ft. (roughly 5 times nigher than muizinle-hearth furnaces!.
Purning capacities of FBF units range trom oné-haif to 15 tons of wet sludge
pér hour. . _ '

2.3.3.2 Operating characteristics. Partially dewatered sludge is fed

w

into the lower porftion of the furnace. Air injected through the tuyeres at
pressures of from 3 to 5 psig, simulitaneousiy fluidizes the bed of hot sand
and the incoming sludge. Temperatures of 1400 to 1700°F are maintained in
the bed. Residence times are on the order of 2 to 5 seconds. As the s]hdge
burns, fine ash particles are carried out thé 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.
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The overall process of combustion of the siudge occurs in two zones.
Within the bed itself (zone 1) evaporation of the water and pyrolysis of the
organic materials occur neér1y-simu1taneous1y as the_température of the
sludge is rapidly raised. In the second zone, {freeboard areé) the
remaining free carbon and combustible gases are burned. The second zone
functions essentially as an after-burner.20

From the standpoint of combustion, fluidization of the.s1udge has a
numbef of advantages. First, the turbulence in the bed facilitates the
tranéfer of heat from the hot sand particles to the sludge. Similarly,
nearly ideal mixing is achieved between the sludge and the combustion air:as
a result of the greatly increased surface areas available, Finally, the
sand provides a relatively uniform source of heat within the bed.

The most noticable impact of the better burning atmosphere provided by
a fluidized-bed incinerator is seen in -the amount of excess air required for
complete combustion of the sludge. Fluidized-bed sludge incinerators can
achieve complete combustion with 20°'to 50 percent excess air. This'is about
half the amount of excess air typically required for incinerating sewage
sludge. in huTtip]e-hearth furnaces. As a Cansequence, FBF incinerators have
generaily Tower fuel requirements compared to MHF incinerators.

Controlling the rate of feed of the sludge into the incinerator is the
most criticé1 operating variable. There is an upper iimit on the rate of
heat transfer that can be achieved for a given quantity of sand. If the
rate of sludge fzed exceeds the burning capacity of the sand bed, combustion
will not be complete. Similarly, either a rapid increase in the overai;
furnace load or in the total moisture content of the sludge will lead to
coagulation of *he siudge into heavy masses, denress *he bed, and hait
combustion. It is also important, for the same reasons, to ensure that an
adequate residence time is available for the sludge to burn completely.
However, due to their excellent mixing characteristics, as well as their
short residence times, fluidized-bed sludge incinerators are less vulnerable
than MHF's to fluctuations in the rate of sludge, and total moisture input

into -the furnace. Moreover, any disruption of combustion will occur almos:
3
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immediately, and can be more easily detected and corrected by the operators
of the furnace. '
2.3.4 Electric Incinerators

The electric furnace is the newest of the technologies currently in

commerical use for the incineration of sewage sludge. Most of these units
were installed in the middle and late 1970's. The capacities of existing
units are less than one ton of wet sludge per hour,

2.3.4.1 Design characteristics. Electric incinerators consist of a

horizontally oriented, insulated furnace. A belt conveyor extends the
length of the furnace. Infrared heating elements are located in the roof
. above the conveyor belt. Combustion air is preheateéd by the flue gases and
is injected into the discharge end dfqthe furnace. Electric incinerators
consist of a number of pre-fabricated moduies, which can be linked together
to provide the necessary furnace Tength. A schematic of an electric sludge
incinerator is provided in Figure 2-4.

2.3.4,2 Operating characteristics. The dewatered sludge cake is

_conveyed into one end of the incinerator. An internal roller mechanism
Tevels the é]udge into a éontinudﬂs layer approxiﬁate]y one inch fhick
across the width of the belt. The sludge is dryed and then burns 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 ébove the ash hopper
and is further heated by the outgoing ash. The direction of air flow is
ccuntercurrent to the movement of the sludge along the conveyor. Exhaust
gases Teave the furnace at the feed end.

2.3.5 Qther Incinerator Desians

A number of other technologies have been used Tor incineration of
sewage sludge including cyclonic reactors, rotary kilns, and wet oxidation
reactors. These incinerators are no longer in widespread use, and will be
only briefly described.

2.3.5.1 (Cyclonic reactors. The cyclonic reactor is designed for small
capacity applications, It is constructed of a cylindrical chamber that is
lined with refractory. Preheated combustion air is introduced into. the
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chamber tangentially at high velocities. The sludge is spréyed 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.21 The ash is
removed with the flue gases. .
' 2.3.5.2 Rotary kilns, Rotary kilns also have limited capacities
(~1200 1b/hr). The kiln is inclined slightly to the horizontal plane, with
the upper end receiving both the sludge feed and the combustion air. A
burner is located at the opposite end of the kiln. The kiln rotates at a
speed of about 6 inches per second. Ash is deposited into a hopper located
below the burner.

2.3.5.3 Wet oxidation reactors. This process is not strictly one of

incineration, but of oxidation at elevated temperature'and pressure in the
presence of water. Untreated sludge is first ground and mixed with a
specified amount of compressed air. The mixture is then circulated through
a series of heat exchangers before entering a pressurized reactor. The
temperature of the reactor is held at from 350 to 600°F. Steam is usuaily
used for auxilliary heat. The water and remaining ash are circulated out of
the Eeactor and are fina??y'separated in a tank or lagoon:

2.4 REGULATORY BACKGROUND
2.4.1 Selection of Sewage Sludge Incinerators for NSPS

Sewage sludge incinerators were originally selected for NSPS
development in 1973 on the basis of their potential to emit significant
quantities of particulate matter intc the atmosphere. It was noted that
less emphasis was given to retention of ash in sludge incinerators compared
to other types of incineration units. Moregver, concern was exprassed gver
the potential of sludge incinerators to emit “significant concentrations" of
mercury and other toxic materia1s.22 Although prior to 1973 all sludge
incinerators in the U.S. were controlled with wet scrubbers, nearly all of
these operated at Tow pressure drops {2 to 8 in. W.G.) with attendant low
removal efficiencies. 1In addition, existing state and Tocal Eegu]ations did
not explicity apply to incineration.of sewage sludge. |
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Prior to proposal of a NSPS for sewage.sludge incineration, 15 plants
having visible emissions of less than lb percent opacity were visited, Each
of these facilities were evaluated as to the feasibility of performing
emissions measurements. Five locations were subséquently selected for
testing: three multiple-hearth and two fluid-bed units. Four of the
selected incinerators were controlled by low energy (2.5 to 6.0 in. W.G.)
impingement-type scrubbers; one of the fluid bed units was equipped with a
venturi scrubber operating at a pressure drop of .18 inches of water. The
results of these stack tests are presented in Table 2-3. On the basis of
these tests, a particulate emissions standard of 0.031 gr/dscf was proposed
in 1973 for new sewage slude incinerators. An opacity limitation of
10 percent was also proposed.

2.4.2 Current NSPS for Sewage Sludge Incinerators

On February 28, 1974, the proposed standard was amended. It was felt
that a standard based on the concentration of the particuiate matter in the
flue gases would lead to unacceptable error due to the difficulties in
.. distinguishing between combustion air as opposed to dilution air in
multiple-hearth furnaces. Thus, the promulgated standard for particulate
matter was expresséd on a mass basis, and set at 1.3 1b/ton of dry siudge
-input. The opacity standard was also changed from 10 percent to 20 percent,
Sewage sludge incinerators are also subject to federal emission Timits for
mercurv of 3200 grams per day. .

The revised MSPS promulgated as Subpart O, Standards of Performance for
Sewage Treatment Plants, applies to incinerators buiit or modified after
June 11, 1973. Any incinerator that burn wastes consisting of more than
10 percent sewage sludge {dry), or charges more than 1000 kg of zewage
sludge per day, s subject to the standard.

A facility is considered to have commenced construction on the date
that a continuous program of construction starts, or on the date that a
contractual agreement, including economic penalties for cancellation, is
signed, Existing fac%Tities that are modified in any way which increases
the amount of particulate matter emitted, also become subject to the NSPS.
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A device must be installed to measure the amount of sludge charged into
the incinerator to within 5 percent accuracy. Access must also be provided
for taking grab samples of the sludge. No provision is made in the existing
standard for monitoring either particulate emissions (through periodic stgék
testing), or stack opacity, from sludge incinerators.

2.4,3 State Regulations 7
State regulations affecting sewage sludge incinerators were surveyed

through written requests to the regional offices of EPA as well as by
telephone contacts to State offices. No changes in these regulations were
identified since the last NSPS review was conducted in 1978. The applicable
State regutations are briefly discussed below.

Twenty-two states treat sewage sludge incinerators as a distinct source
category. In these states, the federal NSPS is applied. Most other states
have general standards that encompass incineration of all types of municipal
wastes and refuse. These standards are usually less stringent than the |

~existing NSPS for siudge incinerators.

In order-to assess state requirements -for monitoring emissions from
sewage s]udgé incineratoirs, the requlatioris in 11 states were surveyed.

Over 70 percent of all facilities currently incinerating sewage sludge in
the U.S. are located in these 11 states. The results of this survey are
provided in Table 2-4. ) |

Tn six of the states, some provision is made to monitor either
particulate emissions (through pericdic stack tests) or opacity. In most of
these six, however; the facilities affected by the monitoring requirement
are to be determined on a case-by-case basis at the discretion of the
Administrator. There is no indication. however, *hat this discretionary
authority has ever been appiied to sewage siudge incinerators in these
states. The cut-off of 100 tons of particulate/year applied in California
would exclude virtually all sludge incinerators.

Connecticut has a statutory requirement for the installation of a stack
opacity recorder on all incinerators with a waste reduction capacity of more
than 2000 pounds per hour. Opacity readings must be summarized and
submitted to the Administrator on a quarterly basis. Connecticut does not,
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however, treat the incineration of sewage sludge as a distinct source
category. Thus, the appiicability of the requ1rements to sludge
incinerators is not ent1re1y clear.

Massachusetts is the only other State in the sampie that has a
monitoring requirement that would likely affect facilities incinerating
sewage sludge. Massachusetts requires that a "Standard Operating Procedure”
be developed prior to the granting of an operating permit. Although the
exact content of the Operating Procedure is determined on a plant-specific
basis, the procedure should detail how specific operating practices will
minimize emissions. Operators of affected facilities are required to show
conforﬁity with these practices in an annual .summary report to the
Administrator.

Since .only Connecticut and Massachusetts appear to have existing
monitoring programs for sludge incinerators, personnel at both the state and
local level were contacted in these states for further information. EPA's
Region 1 office was also contacted for further details. The information
obtained from these contacts is presented below.

Although Connecticut c¢ould Tegally require an operator of a sludge
incinerator to inéta!] a device to continuously monitor and record stack
opacity, this requirement is generally not excercised on siudge
incinerators.23 Opacity monitors have been found to not operate properiy
when placed in the stack of an incinerator, Tﬁe major problem encountered
in monitoring opacity is the moisture content of the incinerator flue gas.
At typical incinerator stack gas temperatures of approximately 120°F, all of
the moisture (10 to 36 percent) in the gas is condensed, A related problem
is that the Tens of the fransmissometer can be 2asily fouled by solids and
oils in incinerator flue gases.24 The major manufacturer of opacity
monitors confirms that they will not operate properly in such environments
25 For these
reasons, installation of opacity monitors on sewage sludge incinerators is

without prior dehumidification and reheating of the flue gas.

generally not required, and no enforcement action has ever been taken in
Connecticut on the basis of opacity recordings.
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The Standard Operating Procedure (SOP) required by the State of
Massachusetts is general, and does not follow any specific format.26
Normally, only such information as shut-down procedures in case of scrubber
ma]funct%on, maintenance procedures and schedules, and operator training
programs would be required. Each incinerator would, however, be treated on
a case-by-case basis and more specific information on operating practices
could potentially be required in certain instances. For examplie, if an
incinerator fails an initial compliiance test, and the reason for such
failure can be correlated to specific operating parameters, the State may
require that these parameters be munitored.z7 However, no specific instance
could be identified where an incinerator was required to maintain and
‘monitor a specific operating parameter within a specified range, or where an
enforcement action has been initiated on the basis of an SOP report. 1
There is nonetheless, some interest in both Connecticut and
Massachusetts to require more detailed monitoring of incinerator operating
practices. Sludge moisture content and scrubber pressure drop have been
cited as.two variables that might be.mare closely mom‘tored.28 The primary
objective in strengthening these requirements would be to improve inspection
procedures. There are, however, no formal plans %to institute a scheme to
more closely monitor operating conditions at sludge incineration faciiities.
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3.0 EMISSION CHARACTERISTICS, STATUS OF CONTRdL TECHNOLOGY,
AND COMPLIANCE STATUS OF SEWAGE SLUDGE INCINERATORS

3.1 INTRODUCTION AND SUMMARY OF FINDINGS
3.1.1 Introduction
The objective of this chapter is to investigate the emission

characteristics of sewage sludge incinerators and to evaluate their ability

. to meet the existing NSPS of 1.3 pounds of particulate per ton of dry sludge

input. This evaluation is focused on the compliance experience of incinera-
tors which have begun operating during the past five years. The compliance
experience bf sludge incinerators instalied prior to 1978 has been
previously reviewed.1

The types of technologies employed to control .particulate emissions
from studge incinerators are identified and discussed in Section 3.2.

Trends over the past ten years-in the types of control technologies most
widely used are discussed. The type of coptrol device most widely used
since 1978 is described in detail.

Section 3.3, discusses uncontroiled emission characteristics of sewage
siudge incinerators. The-impact' that the quality of the sludge feed, as
weil as the manner in which the incinerator is operated, can have on
uncontrolled amission rates is also assessed in this section.

In Section 3.4 the capability of sewage sludge incinerafors to comply
with the existing NSPS is addressed., First, the results of the review
conducted in 1978 are briaflv summarized. Second, the compliance experienca
of incinerators installed since 1978 are presented and evaluated.

The potential of sewage sludge incinerators to emit toxic substances is
briefly reviewed in Section 3.5,

In the final section of this chapter an estimate is made of the
‘national emissions of particulates from incinerators thdt are expected to be
installed between 1985 and 1990.
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3.1.2 Summary of Findings .
Multiple-hearth and fluidized-bed incinerators that have begun ~

operating over the past five years commonly employ combination

venturi/impingement-tray scrubbers to control particulate emissions. In - . ,
most cases, these scrubbers are operated at total pressure drops of '

approximately 30 inches of water. The standard could likely be achieved at

pressure drops of less than 30 in. W.G., although higher pressure drops are

commonly employed to account for typically wide variations in the

particulate loading at the scrubber inlet.

Over the past ten years there has been a distinct trend toward the
nearly exclusive .use of combination venturi/impingement-tray scrubbers io
control emissions from multiple-hearth incinerators. Prior to- 1978 on1j .
about 20 percent of multiple-hearth incinerators were equipped with venturi/
impingement-tray scrubbers. Al7 but three of the 17 multiple-hearth
incinerators installed after 1978 utilize this technology, however. Three
of the four new fluidized-bed incinerators are also equipped with
combination venturi/ impingement-tray control devices. Although all
electric incinerators installed since 1978 utilize a'Qénturi, only oné, of
these is followed by an impingement-tray scrubber.

The average pressure drop for all scrubbers installed after 1978 is
approximately 25 in. W.G. This is higher than the average pressure drop of
19 in. W.G. for the control devices in use when the NSPS was reviewed in
1978. The trend toward increasing pressure drops for scrubbers applied to
sludge incinerators reflects the wide variability in the amount of particu-
lates that potentially may enter the scrubber, rather than widespread
difficuifies in meeting the NSPS. Emissions from most of the incinerators
installed after 1978 are well under the NSPS limit. Moreover, several
incinerators equipped with eontrol systems operating at considerably lower
pressure drops have achieved the NSPS.

Uncontrolled rates of particulate emissions from sewage sludge
incinerators are-highly variable. On the basis of the available data,
uncontrolled emissions can range'from Tess than 10 1b/dry ton input to over =~
400 1b/dry ton. Variability in the quality of the sludge feed, as well as
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the manner in which an incinerator 1s.operéted, are responsible for the
variability observed in uncontrolled emissions from sludge incinerators.
There is some evidence to suggest that uncontrolled emissions can be
decreased by improving incinerator operating practices. However, no
quantitative correlation has been identified between any specific operatiﬁg
parameter(s) and uncontrolled particulate emissions.

New sewage sludge incinerators, when correctly operated and equipped
with an appropriate-control device, can achieve the existing New Source
Performance Standards. Of the 17 multiple-hearth incinerators that have
bequn operating in the past five years, 12 are officially in compliance with
the NSPS. Four new units have not yet béen tested. The remaining
‘ multiple-hearth incinerator, located in Provfdence, Rhode Island, has
demonstrated the éapabi?ity to meet the NSPS during unofficial tests, but
has not yet officially complied with the standard. Al1 of the four
fluidized-bed sludge incinerators ‘installed since 1978 are in compliance
with the standard. Of the four electric incinerators installed since 1978,
two were unable to achieve the NSPS. However, both of these units are '
.equipped with scrubbers ope;ated at very low pressure drops of 8 to 10
inches W.G. One electric incinerator is officially in compliancs, while '
another has not yet been tested.

"Sewage s]udge'incinerators also emit potenpéi11y'tox1c trace elements,
Data for 12 sewage siudge incinerators indicate that emissions of trace '
elements are highly variable. For exampla, controlled emissions of cadmium
ranged from 0.003 1b/dry ton sludge to 0.06 ib/dry ton. OQverall, the
highest controlled trace element emissions weré for lead, which can range
from 0.002 up to 9.16 1b/dry ton sludge. and averaged 0.05 1b/ton. Data on
uncontrolled trace element emission rates from 6 incinerators averaged 0.03
Tb/ton for cadmium, 0.18 1b/ton for chromium, 0.08 1b/ton for nickel, 0.45
1b/ton for lead, and 0.02 1b/ton for arsenic, The efficiency of control
devices in removing trace elements from incinerator flue gases is generally
less than that for total particulates. For the six incinerators tested,
control efficiencies were lowest for lead (average = 63 percent) and for
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cadmium {average = 83 percent}. 'Thefe is no apparent correlation between
the pressure drop of the control devices and their corresponding removal
efficiencies for trace elements. ’ ’

It is estimated that an additional 245,000 dry tons of sludge will be -
incinerated annually at 18 new wastewater treatment plants by the year 1990.
Assuming a maximum particulate emission rate of 1.3 1b/dry ton sludge, the
increase in national particulate emissions from sewage sludge incinerators
would be 160 tons in 1990.

3.2 EMISSION COMTROLS APPLIED TO SEWAGE SLUDGE IMCINERATORS

Particulate emissions from sewage sludge incinerators have historically
been controlled by wet scrubbers. ‘The most obvious reasons for this are
that a sewage treatment plant provides a relatively inexpensive source of
scrubber water (plant effluent is used) and a system for treatment of the
scrubber effluent is available (spent scrubber water is fed to the head of
the treatment plant for solids removal). In addition, a long history o%
scrubber applications has demonstrated success in meeting poliution control
standards for particulate matter. This' section identifies the'types of
particulate matter emission controls applied to sludge incinerators and
focuses on the controls which are currently most widely used.
3.2.1 Control Technologies Applied Prior to 1978

Table 3-1 shows the estimated distribution of emission controls applied
to sludge incinerators prior to 1978. As Table 3-1 indicates, a wide
variety of emission controls were applied to all types of incinerators prior
to 1978. The types of controls shown in Table 3-1 range from low pressure
droo spray towers and wet cyclones {pressure drops from 4 to 9 inch W.G.},
to higher pressure drop venturi scrubbers and venturi/impingement-tray
scrubbers (pressure drops from 12 to 40 inch W.G.). In general, the lowest
pressure drop scrubbers were utilized prior to proposal of the NSPS in the
earjy seventies, The most widely used type of control device applied to
multiple-hearth incinerators was the impingement-tray scrubber. Combination
venturi/impindement-tray scrubbers were most widely applied to fluidized-
bed incinerators. Most electric incinerators used venturi scrubbers.
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3.2.2 Control Technologies Applied After 1978 )

Table 3-2 shows the distribution of emission control technologies
applied to sewage studge incinerators built since 1978. The data presented
in this table were collected as pért of the survey described in Chapter 2.
The contral device installations included in Table 3-2 represent’' all 25 of
the new incinerators identified in this study as being built since 1978.

Table 3-2 shows that most of the sewage sludge incinerators installed

since 1978 are equipped with venturi/impingement-tray scrubbers. Before
1978, only 20 percent of the multiple-hearth incinerators used venturi/
impingement-tray scrubbers, but after 1978, this number increased to nearly
90 percent. Three of the four new fluidized-bed incinerators are also
equipped with combination venturi/impingement-trayNscﬁubbers. New electric
incinerators are controlled predominantly by individual venturi scrubbers.
Pressure drops for the venturi/impingement scrubbers shown in Table 3-2
range from 10 to 45 inch W.G. In general, this represents an increase in
pressure drop over the same type of acrubber -used prior to 1978. The
following section presents a brief process description for a typical
venturi/impingement-tray scrubber system. .
3.2.3 Venturi/Impingement-Tray Scrubber Description

Figure 3-1 presents a simplified diagram of a typical venturi/
1mp1nqement tray scrubber. As the figure shows, hot gas exits. the
incinerator and enters the nreconling or quench séction of the scrubber
Spray nozzies in the quench section zool the incoming gas and tha guenched
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 *hroat and flnods the +hroat
completely. This eliminates buiid-up of solids and reduces abrasion.
Turbulence created by high gas velocity in the converging throat section
deflects some of the water travelling down the throat into the gas streém.
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, it passes into a flooded elbow where the stream
velocity decreases allowing the water and gas to separate. Most venturi
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TABLE 3-2. DISTRIBUTION OF EMISSION CONTROL TECHNOLOGIES APPLIED
TO SEWAGE SLUDGE INCINERATORS AFTER 1978

Range of
Pressure Drops
Control Type Total Number Percent of Total {(in. w.g.)
Multiple Hearth Incinerators :
Venturi/Impingement-Tray 15 38 10 - 45
Fabric Filter 1 6 -
Impingement Tray 1 6 10
) Total 17
Fluidized Bed Incinerators o -
VYenturi/Impingement-Tray 3 75 a2
Venturi 1 25 ONRE
Total 4
Electric Incinerators :
Venturi 3 75 . 8 - 10
Venturi/Impingement-Tray 1 25 10
Total i

aData Not Recorded
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sections come equipped with variable throats. By restricting the throat
area within the Qenturi, 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 remova1'efficieﬁcy. '

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 1 to 4 trays, but
most systems for which data are available have 2 or 3 trays.

Although pressure drop informatibn for individual components of the
venturi/impingement-tray scrubber system is limited, available data show
that the impinger section usually. accounts for just under one-third of-the
overall scrubber preséure drop. As shown in Table 3-2, overall pressure
drops range from 10 to 45 inch W.G. Individual impingément-tray tower
oressure drops rangé between 5 and 10 inch W.G.

As noted'ear1ier, scrubber water consists of effluent from the water
treatment ﬁlant. The total solids content of the inlet scrubber water
depends on the performance of the waisr treatment plant. Oesign data for
one plant built after 1978 indicates a permissible total solids content of 1
to 5 percent.3 )

3.3 UNCONTROLLED EMISSIONS FROM SEWAGE SLUDGE INCIMNERATORS
The following section describes the uncontrolled emission characteris-
tics of sewage sludge incinerators. The discussion focuses on {1) the
differences in emission characteristics for the three major types of
incinerators, and (2) the factors affecting uncontrolled emissions.
3.3.1 Uncontrolled Emission Characteristics of Sludge Incinerators
Uncontrolled particulate emission rates can vary widely dependihg on’

the type of incinerator, the volatiles and moisture content of the sludge;

3-9




‘and the overall operating practices empioyed. Generally, uncontrolled
particﬁ1ate.emissions from fluidized-bed incinerators are the highest
because suspension burning results in most of the ash being carried out of
the incinerator with the flue gas. Uncontrolled emissions from multiple-
hearth and fluidized-bed incinerator§ are extremely variable, however. -
Electric incinerators appear to have the lowest rates of uncontrolled
particulate release.

Since particulate loadings at the scrubber inlet are not normally
measured during compliance testina, uncontrolled emissions data are
limited. The available data are presented in Table 3-3. Both relatively
new, as well as o]def, incinerators are represented in the table,

For the 21 multiple-hearth inciﬁerators listed in Table 3-3
uncontrolled particulate emission rates range from about 5 1bs/dry ton
sludge input to over 450 1b/ton. The average emission rate for the 21
multiple-hearth incinerators is 89 1b/ton. Both of the incinerators with
the highest uncontrolled emission rates burn a sludge having relatively
Tow percentage of volatile solids. Nonetheless, in order to emit
450 1b/ton,. a large percentage of the inert materials would have to be
discharged with the furnace exhaust. As is discussed below, much of the ash
from these incinerators was probably being suspended by incoming air and
emitted with the flue gas. T1f the two incinerators having the highest
emission rates, Indianapolis #2 and MERL D, are excluded, the average
uncontrolled emission ratas Tor the multiple-hearth incinerators listed in
Table 3-3 decreases to 51 1b/dry ton sludge input.

Uncontrolled emission rates for the 12 fluidized-bed incinerators
listed in Table 2-3 range From 18 to 342 1b/drv *on input with zn averaas of
approximately 88 1b/ton. The results obtained from the incinerators in
Lynwood and Edmonds, Washington, are notable in that they demonstrate the
wide fluctuations in uncontrolled emissions that can occur from a single
incinerator, burning a sludge of relatively constant volatiles and moisture
content, at a relatively constant loading rate.

The data available for electric incinerators indicate a'range of

uncontrolled particulate emissions of from 3 to 17 1b/ton with an average
of 11.2 1b/ton.
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3.3.2 Factors Affecting Uncontrolied Particulate Emission Rates From
Sewage Sludge Incinerators '

There are numerous factors that may influence the amount of particulate
- matter that is discharged from a sludge incineratof including characteris-
tics of the sludge and operating practices. Since 1978 attempts have beeﬁ
made to identify correlations between these factors and emission rates, but
for the most part, no quantitative correlations have been found.11 It is
important to note that the operating variables of a sludge incinerator are
very closely inter-related. With the data presently available, it is
virtually impossible to delineate precisely individual cause and effect
relationships. Nonetheless, although the relationships between operating
‘parameters and uncontrolled émission rates cannot not be quantified, tﬁey
are discussed here in a qualitative manner.

3.3.2.1 Sludge characteristics. The two major characteristics of
sewage sludge which may, directly or indirectly, affect the rate of
uncontr011ed.emissions from sludge incinerators are the moisture content and
the percent of volatile solids in the sludge feed. As the moisture content
-bf the's1udge increases, of as the volatile sol?ds content decreases, more
fuel is reguired to burn the sludge. As more fuel is consumed, the amount
of air flowing through the incjnerator is also increased. Higher air flow
rates increase the opportunity for particuiate matter to be entrained within
the exhaust gases. Sludges having a low perceniage of volatile solids
compound this problem by also increasing the quantity of inert materiais
present.

The moisture content of the sludge can also have an indirect effect on
particulate emissions by making it more difficult to obtain a corract drving
profile within a multiple-hearth incinerator. As mentioned in the
preceding chapter, too rapid drying can lead to severe turbulence in the
upper hearths. A high degree of turbulence in the drying hearth(s) might
also increase the amount of solids that become entrained in the exhaust
gases,

Although the moisture content and volatile solids content of the sludge
can affect uncontrolled emissions, no direct correlation is clearly evident
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between these parameters. For example, the two incinerators Tocated in
Merrimack, New Hampshire, listed in Table 3-3, burn a sludge having a very
high moisture content, The uncontrolled emissions from these furnaces,
however, were less than the average for the total number of multiple- hearth
furnaces listed. Similarly, uncontro]]ed emissions from the MERL B
incinerator were very low, although this unit burns a relatively high
moisture content sludge.

3.3.2.2 Ash discharge system. One aspect of the design of multiple-

hearth incinerators that has been clearly related to uncontrolled emission
rates is the ash discharge s_ystem.12 In some multiple-hearth incinerators
-air is allowed to enter into the ash drop hole at the base of the furnace.
This allows virtually all of the fines in the ash to be suspended and drawn
back into the incinerator. The unusually high uncontrolled particulate
emission rates measured at both the Indianapolis #2 and MERL D incinerators
were probably caused by this problem. 13,14

3.3.2.3 OQperating practices. A number of incinerator operat1nq

practices have the potential to impact uncontrolled emissions from sewage
studge incinerators. These include, but are not limited to, (1) sludge feed
rate, (2) excess aijr rate, (3) rabbie arm speed, (4) combustion zone loca-
tion, (5) burner use profile, and (6) combustion air fiow geometry. The
delivery of a consistent quality and quantity of sludge is key in maih-
taining steady state inciﬁerator operations. However, no single operating
variable can have a totally independent e7fect on emissions. For example,
combustion zone location is influenced strongly by both the siudge feed rate
and the rabble arm speed, as well as by the burner use profile. Achieving
optimum operating conditions within a siudge incinerator requires an
optimization of many individual and closely inter-related parameters.
Operating practices have only been indirectly implicated as a factor
that may affect uncontrolled emission rates. There are only two documented
cases (discussed below) where chahges in operating procedures have led to
reduced emissions from sewage sludge incinerators. However, in both of
these instances, emissions measurements were made at the outlet, rather than
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the inlet, of the control devices. Thus, it is not absolutely certain that
the emission reductions achieved were due entirely to decreases in the
amount of particulate being discharged from the furnace. Operational
changes could also potentially lead to reduced emission rates by improving -
the efficiency of the scruﬁbér. Scrubber efficiency will be affected by the
particie size distribution, the velocity of the furnace exhaust gas, as well
as by the concentration of the particulate matter in the exhaust gas.
However, it is unlikely that changes in operating practices could result in
major decreases in controlied emissions by increasing the efficiency of the
control device alone; any major decrease in the controlled emission rate
would imply a corresponding decrease in the total quantity of particulates
entering the scrubber. ' |
The first case where operaticonal modifications have led to reduced
emissions was at the Indianapolis incinerators. The operational changes
were performed by the Indianapolis Center for Advanced Research (ICFAR) and
were primarily directed toward reducing the fuel Eansumption of the .
incineragors.ls
The program instituted by ICFAR wés based on theoretical analysis of
combustion kinetics, parametric data, and on data, obtained from operational
trial runs. The resuit of these analyses was specific operating ranges for
key incinerator operating variables. For the [ndianapolis‘incinerators
(eight identical muitiple-hearth furnaces with eight hearths each) the
foliowing operating conditions were specifiad:
1. Maintain excess air at 25 to 50 percent,
2. Utilize cooling air from the center shaft for combustion air,
3. Maintain siudge combustion on hearth 6.
4. Utilize burners on hearth 6 only; if additional fuel is required
utilize hearth 4 burners.
5. Maintain sludge cake loading to design rates (7 tons/hour).
6. Employ slowest possible shaft speed {0.6 rpm).
7. Maintain furnace draft of .02 to .04 inches-of water.
- In addition, the program instituted by ICFAR called for installation of
instruments to monitor sludge flow rate, oxygen levels in the furnace
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exhaust, and fuel.f1ow rates. Control systems were also installed to
remotely control fuel and air supply into the incinerators. -Finally, a
detailed operating manual was devised and used in conjunction with on-site’
operator training in the new operating mode, A

Over an'eight month, full scale, plant demonstraticn, fuel use was
reduced by 34 percent after the new operating program was begun. Moreover,
subsequent testing showed particulate emissions to have decreased by
approximately 70 percent compared to those measured before the fuel saving
program was instituted. In more detailed follow-up studies on incinerator
#2, an attempt was made to find direct correlations between emissions and
individual incinerator operating paramete?s. No consistent correlations
were found, however, although the Towest eﬁissions overall occurred at the
slowest rabble arm speed. ICFAR concluded that additional tests were
required to fill the void that exists in the analytical and operationail
understanding of how incinerator operating modes affect particulate
emissions. ' '

ICFAR instituted a similar operating program for the multiple-hearth
incinerator located in Providence, Rhode Island.- As will be discussed in
the following section, the Providence incinerator failed to meet the NSPS
during initial compliance testing; controlled emissions averaged 2.20 lb/dry
ton siudge input during the first test in October 1980. The objectivg:in '
initiating the new operating mode at Providence was to reduce both fuel
consumption and particulate loadings to the scrubber. After the ICFAR
procedures were initiated in the spring of 1982, along with general improve-
ments in the condition of the plant, fuel consumption decreased by about
70 percent. Controlled narticulate emissions were reduced by nearly
85 percent on the basis of an unofficial test conducted in July 1982, and by
50 percent on the basis of an official test performed in August 1982.
Similar to the Indianapolis incinerators, emission reductions of this
magnitude suggests that the rate of uncontrolled particulate release was
significantly reduced as the result of changes in incinerator operating
practices. The experience -at Providence will be-discussed in more detail in
the following section.
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Sdme additional insights into the relationship between operating
parameters and uncontrolled emission rates have been obtained from work
carried out by EPA's Municipal Environmental Research Laboratory (MERL). In
tests conducted on ten sewage sludge incinerators, reductions in gas
velocity were shown to reduce the amount of particulate discharged from the
furnace. The average particle size also decreased with decreasing gas
velocity, however. Although rabble arm speed adjustments were not shown to
have any effect on the amount of particulate discharged from the furnace,
there were some indications that decreasing rabble arm speed may result in
increases in the average particle size. Thus, Towering the speed of the
rabble arms may serve to compeﬁsate for the lower average particle sizes
obtained when steps are taken (by lowering excess air or sludge feed rafes)
" to reduce gas velocities.

3.4 ACHIEVABILITY OF THE STANDARD )

In- this section the achievabiﬁity of the current -NSPS for sewage sludge
incinerators is assessed on the basis of the experience that facilities
~affected by the MSPS have had in compltyihg with the standard. First, the
compiiance experiences of facilities instailed prior to 1978 will be briefly
summarized. In addition, some follow-up studies performed in response io
the resuits obtained from the ‘earlier review of the standard in 1978 will be
summarized. Second, the compliance experience of incinerators installed
after 1978 will be addressed.
3.4.1 Compliance Experience of Incinerators Instalied Prior tn 1978

The compliance experience of 26 incinerators was addressed in the 1978
raview of the NSPS.17 Table 3-4 Tists these incinerators, and nrovides
information on sludge characteristics, the types of contrel devices
employed, as well as the emission Tevels achieved.

Of the 26 incinerators, 4 multiple-hearth units were unable to meet the
standard. Of these four, however, only the failure of the Merrimack,
New Hampshire #2 incinerator to meet the.standard could not be reasonably
explained, although some evidence implied that the'high moisture content of
the sludge burned at Merrimack might be responsib]e.17 Between 1977 and
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1979 a number of modifications were made to the scrubber. These included
alteration of the separator system to increase gas velocity through the mist
eliminator, decrease of the venturi throat diameter, and the addition of
four impingement plates within.the cyclonic separator housing. The success’
of these modifications in reducing emissions from the Merrimack incineratérs
is shown in Table 3--5.19 As can be seen in Table 3-5, both incinerators
eventually were able to demonstrate compliance with the NSPS once the
pressure drops of the control devices were increased to 40 to 42 in. W.G.

On the basis of the data collected during the 1978 review, no
quantitative correlation could be established between controlied emission
rates and either the pressure drop of the scrubber or the moisture content
of the sludge.- As can be.seen in Table 3-4, some incfnerators were able to
achieve the standard at relatively low pressure drops. For exampie, the
three incinerators in Cincinnati, Ohio, demonstrated compliance while using
impingement~tray scrubbers operating at pressure drops of less than 10 in.
W.G. In addition, some plants burning a sludge of relatively high moisture
content {Maryville, TN, for .example) easily met the standard with control
devites operating at moderate pressure drops.

In order to examine whether correlations between operating variables
and controlied emissions would become apparent if a larger data base were

20 _For-this study, detailed data were

uséd, a foliow-up studv was initiated.
collected on 60 sTﬁdge incinerators. However, no strong correlations could
be found between emissions and either scrubber pressure drop, sludge
moisture content, or sludge Toading rate. Figure 3-2 shows the reiationsnip
found between emissions from multiple-hearth incinerators and the pressure
drop of the centrol devices. The moisture content of the sludge is aiso
shown. As can be seen, the relationship is highly scattered and no
correlation is apparent.

‘Although no quantitative correlation has been generally established
between emissions and scrubber pressure drop, this does not imply that the
pressure drop of a control device has no impact on particulate emissions.
For any given incinerator, and any given scrubber, emissions will increase
as the pressure drop is decreased. Inversely, emissions can be decreased by

3-21




"pappe sajeid juowabuiduy Moy FA’ . 6670 Z 98 64-1
JUON 8t - 09°1 VA £8 8.-8
‘97K ssydut Or
03 doJp 3uansssud wnuwixew ov ) vE1 b 8
9SEIAOUL O} LUNJUDA DIL}LPOY 1] G¢°1 I £8 8L-€
A 81 - ¢ (8
“A0JRULWL]9 JSLW pILLpOY A - 481 I ¥8 LL-01
*butraajemap abpnis ui pasy
WL pIdNPaY  "43QQNLIS BulysLxa £t vl ¢ 98
uo dodp 34nssauad paseasduj £€ v6° 1 1 68 LL-6
5¢ {0°¢ ¢ £8
SUON 52 t0°¢ I v8 . LL-s
buL3sa] 03 aoLayg 7 (t9tm otul) (uop Aup/qL) A3QUNN (%) 924n3stoy 31
pajudwa{dw] suoL}ed|)Lpol doag 42g9Qnadg . SUOLSSLW] JA0jeaauLau] abpn|s
40 sabueyy |euolrjeaadq BANSSUY
NELIIF RIS

JLIS AIVWIHYIW JHL LV 2 ANV T
SYOLYYINIONI d04 VLvO 'SNOISSIWI JO AuVWWNS "5-E 378Yl

3-22



LB/TON OF DRY SO1 1DS

2.6 SLUDGE YCISTURE CONTENT, PERCENT
o- H20 - 69 -
T.bls @ - 20 > A0 > 6
.2 G-SO’HZD:_TJ
@ - Hza > 80

2.0~ Q) - UNKNOWN
1.8 o ®
1.6k e S
T30 o I.;‘s LB/0RY TON (MSPS;

(S ~ S, O
1.20= =

P o

]' -

b] O 0 O
0.6 e O o

Q e

0.4 S .
¢.20 '

3 1 ! ' | f 1 ‘ N '

o} 3 16 15 20 8 30 1] )

LONTROL QEVICEZ PRESIURE ZJROP [ {N. H2Q) |

Figure 3-2. Multiple=Hearth Incinerator Emissions Versus

Scrubber Pressure Drop

3-23




jncreasing the pressure drop of the scrubber {as seen in Table 3-5), at
Jeast until the particle size cut-off for the scrubber is reached. The
analysis d1scussed in the preceed1ng paragraphs only indicates that there is
no specific emission rate {(1b/dry ton sludge) that can be universally '
correlated with a specific pressure drop.

3.4.,2 Compliance Experience of Incinerators Installed After 1978

Sewage sludge incinerators that have come under the NSPS since 1978 are
listed in Table 3-6. Information is provided on the types of controi
devices used, sludge characteristics, and emission rates achieved by these
incinerators.

0f the 17 mu1tip1e7hearth incinerators listed in Table 3-6, 12 are in
compliance with the NSPS. Four new units have not yet been tested. On1y'
the incinerator located in Providence, Rhode IsTand, has failed to achieve
the NSPS. The Attleboro incinerator did, however, fail to meet the standard
during initial compliance tests. All four of the fluidized-bed incinerators
instaTled since 1978 have achieved the NSPS. 0f the four electric
incinerators listed in Table 3-6, only one is in compliance with the
standard. One electric incinerator has not yet beén tested. Incinerators”
that have failed to meet the standard are discussed in more detail in
Section 3.4.2.1.

The average particulate emission rate achieved by all new multiple-
hearth incinerators is 0.76 1b/dry fon of sludge input. If the Providenca
incinerator is exciuded, the average emission rate for facilitiss in
compliance is 0.67 1b/ton. This is approximately one-haif of the allowable
standard. The pressure drops of the scrubbers employed to meet the standard
ranged from 10 to 45 in, Y.G. The average oressyre drop for 211 17
muitiple-hearth incinerators is about 28 in. W.G. Apparently, however, many
of the multiple-hearth incinerators listed in Table 3-6 could have achieved
the standard at lower pressure drops. In one instance, Youngstown, Ohio,
the standard is being met with a scrubber operating at a pressure drop of
only 10 in, W.G. .

The aveﬁage emission rate for the f]uidized-Bed incinerators that have
come under the NSPS since 1978 is 0.74 1b/tom. The pressure drops of the
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scrubbers employed to meet the-standard were between 30 and 42 in. W.G. As
is the case for multiple-hearth incinerators, however, the standard could
evidently be achieved by these units at more moderate pressure drops.

For the three new electric incinerdtors that have been tested, the
average emission rate is 2.22 1b/ton. However, the control devices in use
at each of these facilities operate at low pressure drops (average =
9 in, W.G.). This is significantly less than the pressure drop that would
considered be Best Available Control Technology (BACT) for sewage sludge
incinerators.21

3.4.2.1 Discussion of incinerators that have failed to achieve the

NSPS. In this section the experience at the Providence incinerator is
addressed in more detail. Since the Attleboro incinerator failed to pass
its original compliance tests, the experience there will also be briefly
reviewed, Because neither of the two electric incinerators that have failed
to meet the standard are equipped with BACT, these units will not be
considered in an assessment of the achievability of the standard.

. The incinerator located in Attleboro, Massachusetts, is a seven hearth
unit with a rated sludge capacity of 3,350 lb/hour (dry basis). The
incinerator burns both sludge and scum from primary and secondary wastewater
treatment procasses., Thé maximum design feed rate of the scum is
1.4 gatlons/minute. ‘Oﬁeraticn of the incinerator is controlled by 2
computer, and is designed for ccmpietely automatic cperation.

The Attisboro incinerator failed to achieve the NSPS when first fested
in December of 1981, Failure to meet the standard was due to a breakdown of

the computer while the test was in progress.22

Once the problem with the
computer cantrol svstem was ractified, a second series of fests were
conducted in February of 1983. The incinerator was also unablie to achieve
compliance during this second series of tests, however. The main problem
encountered during this test was in the scum feeding mecham‘sm.?3
0r1§ina11y, the scum was atomized and injected into hearths four and six.
Besides a number of mechanical problems associated with the scum atomization
and injection systems, the scum injected into hearth four was not being

completely combusted. At the time of the test, it was determined that if
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the écum were injected into hearth six only, without atomization, then the
incinerator would be able to achieve the standard.?4 The incinerator was
.retested in this mode in May 1983, and demonstrated compliance with the
NSPS. . )

The incinerator located in Providence, Rhode Island, is muTtip1e;heaFth
design (nine hearths) and a rated capacity of from 2.2 to 2.8 dry tons of
sludge per hour. Design specifications call for a sludge moisture content
of 72 to 78 percent with a volatile solids content of 55 to 75 percent. The
dincinerator was originally constructed in 1959, Extensive renovations were
made to the incinerdtor beginning in the late 1970's. These modifications
were severe enough to bring the unit under the NSPS at that time.

Compliance testing was inifia11y cdn&ucted in Qctober 1980. Measured
emissions averaged 3.20 Tb/dry ton input during these tests. MNone of the
three separate test runs showed emissions to be within the NSPS. During
subsequent investigations, a number of problems were identified which could
have contributed to the failure of the incinerator to achieve'fhe'standard.
Many of the bgrners were not functioning properiy, and some were not
operating at all. In addition, numerous- instrumentation and c0ntrdT systems
were out of order, including the center shaft speed alarm, the temperature
recorder, and the nigh/low alarms tor the ash slurry tank.25 The volatiles
content of the sluage burned during the test was oniy 50 to 55 percent,
which was siightly lower-than the winimum design specifications. The siudge
loading rate was aiso onfy about 83 percent of design capacity. Most likely
as a result of the poor sludge quality and the reduced loading rate, combus-
tion was not occurring on the proper hearths. The scrubber inlet water was
aiso very dirty due to either a dirty water strainer or %o an axceptionally
high total solids content in the ireatment plant effluent (no quantitative
measurements of the scrubber water solids content were made at the time of
the test).26 It also was noted in the test repart that the paint used to
coat the interior of the stack was peeling off during testing and collecting

. in the sampling train.z7 Finaily, during the 1980 tests an ojl-fired :
afterburner was in use which could have also contributed to excessive 1
particulate emissions.2o ’
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As noted previously in the section on uncontrolied emission
characteristics, subsequent to the initial compliah;e testing, a number of
incinerator modifications and ‘operational changes were made in an effort to
improve control of the incineration system and to reduce emissions. Many of
these changes were performed in consultation with ICFAR. The following
system modifications and operational changes were initiated after the 1980
test: '

1. A temporary oxygen monitor was installed upstream of the control device
to aid operators in controlling the furnace.

2. Inoperative burners were replaced, and other burners adjusted.

3. A sludge feed rate indicator was.installed in the control room.

The sludge dewatering process was changed to a 24 Hour cycle to

increase the dewatering efficiency of the filter presses and to ensure

a more consistent quality feed to the incinerators.

A1l existing instruments and controls were repaired and calibrated.

An operating procedure was developed to maintain combustion on the

preper hearths. . o

An on-site operator training.program was instituted. _

8. The scrubber. system was inspected and all necessary maintenance carried
out.

After these changes were performed, the Providence incinerator was
unofficially tested. Emissions during those tésts_averaged 0.85 Tb/dry ton
sludge input; one-haif of the allowable NSPS 1imit and an 80 percent
reduction from the resuits cobtained in the 1980 test. On the dasis of thesa
results, an official compliance test was conducted three weeks later in
August 1982. However, during the August test the incinerator failed to meet
the allowabie emission Timitation.

The results of all three separate emission tests performed on the
Providence incinerator are summarized -in Table 3-7. Important operating
variables as measured during these tests are also provided. The most
noticeable difference between the 1980 tests and those performed in 1982 is
the quantity of fuel consumed. Prior to initiation of the fuel conserving
operational mode, the Providence incinerator burned, on average, 34 gallons
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of No. 2 fuel o0il per ton of sludge feed. After the operational changes
were made, average fuel use declined to less than 10 gal/ton. Flue gas flow
rates decreased as less fuel was required to burn the siudge. The average
gas flow rate during the 1982 test was 70 percent of what it was in 1980.
The data in Table 3-7 also indicate that the changes made in the dewateriﬁg
cycle were successful in reducing the moisture content of the sludge. The
average sludge moisture content during the 1980 test was 76.4 percent,
compared to average moisture contents of 67.8 percent and 69.9 percent
during the July and August, respectively, 1982 tests. Finally, during the
1982 tests, the sludge feed rate was within design capacity while in the
1980 test sludge was being fed to the incinerator at less than minimum
design loadings. ' :

The Providence incinerator fai]gd to meet the NSPS during the August
1982 test, owing to the sharp increase in emissions during Run No. 2. There
were, however, repeated upsets in the operation of the incinerator while the
test was in progress., These upsets were, for the most pa}t, caused by
external factors that ultimately interfered with the operation.of the
incinerator. One impact of these upsets on the operation of the incinerator
is reflected in the air flow rates. As discussed earlier, an increase in
the air Tlow rate through the incirerator shouid resulit in some increase in
the amount of particulate dischargéd from the furnace. Ouring run No. 2 of
the Auguét 1982 tast, the average flue gas flow rate was nearly 20 percent
higher than it was during the first run, and emissions increased
substantially. The problems encountered during the August test are reviewed
below, and are based on the conclusions drawn by the operators of the
Providence incineration Faci?ity.zg

Prior to the test, the incinerator had been operated only inter-
mittently due to continuing mechanical problems with the incinerator and
associated equipment. On the day of tne test, sludge was first fed to the
incinerator_only five hours before the test was scheduled to begin. Plant
personnel felt that this was insufficient time for the incinerator to
stabilize, especially at the required feed rates.
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Appréximate1y one minute after the start of the first run an electrical
problem caused all of the burners in the incinerator to go out of service.
In the ten minutes it took to correct the problem, the operation of the
incinerator became even less stable. A further failure of the electrical
system occurred approximately ane-half hour later, While the problem was
being repaired, all power to the circuit was shut-off. Many of the
incinerator control systems were tied to this circuit, including the oxygen
analyzer and the sludge scale. The operators of the incinerator, however,
were not informed that the power to these instruments had been cut. As a
result, a number of incorrect control responses were made, further
disrupting the overall- operation of the furnace.

Problems were also experienced with the dewatering_systém duriné the
first test run. Due to a problem with a sludge feed pump, two of the vacuum
filters went off-Tine causing the sludge feed to be reduced by about
50 percent for a short period of time. Uhile the s1udgerfeed was
inter%upted, there was a naticeable increase in stack gas opacity.

The various probiems experienced while the first run was in progress
carried over to the second test run. Several of the bufneks.wéré not
operating which 1imited the operator's control of the furnace. Continuing
problems with the siudge feed pumps led to an unsteadv rate of feed to the
furnace. The major problem occurring in the second run, however, was caused
by waste 01l which had inadvertently been stored in one of the sludge
holding tanks. Just prior to the start of run No. 2, the operators beaan %o
feed the furnace with the sludge from this tank. The presence of the waste
oil caused periodic flare-ups in the furnace. Sludge began to burn in the
drving hearths. In order to control these flare-ups, the airflow throuch
the incinerator was increased by opening up the access doors on the upper
hearths. This was estimated to cause a three- to five-fold increase in the
air flow through the system. When the air flow was increased, carbon
particles which had built up inside the exhaust system were dislodged.
Whenever the system air flow was increased, there was a corresponding
increase in visible emissions.30
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In symmary, the Providence incinerator and its associated systems were
not in good working condition when first tested in 1980 for compliance with
the NSPS. A program was subseqently carried out to upgrade the equipment at
the plant and to improve the overall operation of the facility. This
- program was successful in reducing fuel consumption and in reducing
particulate emissions, as evidenced by the unofficial test conducted in
July, 1982. During the August compliance test, a series of equipment
failures prevented the incinerator from reaching a stable level of
operation. For the most part, these failures were unusual and can not be
considered as representative of typical operating conditions at the
- facility.. In absence of the problems experienced during the August test,
the Providence incinerator could be reasohab]y expected to achieve the NSPS,

3.5 EMISSIONS OF TRACE ELEMEMTS FROM SEWAGE SLUDGE INCINERATORS

As noted in Chapter 2, one of the original basis of the development of
the NSPS for sewage sludge incinerators was their potential to emit toxic
trace elements into the.atmosphere. .In this section, data on trace element
emissions from sludge incinerators are presented and briefly discussed.
3.5.1 Data Sources and Methods of Analysis

Relatively limited data are available on trace element emissions from
sludge incinerators. The most complete set of data available is that
assembled by EPA's Municipal Environmental Research Laborateory (MERL) from
tests on ten incinerators.31 In these tests sampling was conducted at both
the inlet and the ocutlet of the control device. Thus, the MERL data
includes measurements of both controlled and uncontrolled trace element
emissions. Complete data are available for only 6 of the 10 incinerators
tested, however.

MERL employed a Source Assessment Sampling System (SASS). Since only
one sampling train was available, measurements at the scrubber inlet and
outlet were not made simultaneously. This could potentially introduce
significant error into the data, because release of trace elements from
sludge incinerators can be highly variable over relatively short périods of
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time. The ﬁartic]es collected in the front end of the SASS train were
'separately digested and analyzed for trace element content using a spectro-
photometer system with an inductively coupled argon plasma source.

Another set of data on trace element emissions from sTudge incinerators
. was developed from tests conducted by EPA's Environmental Sciences Research
Laboratory (ESRL).32 Four sludge incinerators were tested by ESRL. A
standard EPA Method 5 sampling train was employed. Samples were callected
at the outlet of the control device only. Analysis of the particulates
(probe and filter catch) for trace element composition was performed through
X-ray fluorescence spectrophotometry.

The final data presented in this section are for the incinerator.
3 The Atlantic City unit is
relatively new, having been installed after 1978. The trace element content

installed in Atlantic City, New Jersey.

(cadmium and Tead only) of the particulates collected during compliance
testing were measured using standard X-ray fluorescent techniques.
3.5.2 Uncontrolied Emissions of Trace Elements

Table 3-8 summarizes the data collected by MERL on uncontrolled
.emissions of trace elements from six seﬁage siudge incinerators. -

The uncontrolied rate of particulate emissions are provided for
reference. The highest uncontrolled trace element emissions from the six
incinerators were for lead (Pb). Lead emissions ranged from 0.03 lb/ton to
1.77 1b/ton. Average uncontrolled Pb emissions (0.45 1b/ton) were more than
double those for chromium. Uncontrolied emissions of cadmium (Cd) ranged
from 0.002 1b/dry ton sludge to 0.07 1b/ton. The average rate of
uncontrolied Cd emissions was 0.03 1b/dry ton. Uncontrolled chromium {Cr)
amissions were higher, ranging from 0.007 1b/ten to 0.53 1b/ton (average =
0.18 1b/dry ton). Uncontrolled emissions of Nickel (Ni) averaged 0.08
1b/dry ton, but were as high as 0.33 from incinerator D. Arsenic (As)
emissions were generally negligible, with the exception of incinerator A
which emitted 0.64 1b/dry ton sludge. Four of the six incinerators,
however, showed uncontrolled arsenic emissions of less than 0.001 1b/ton.
Overall, incinerators A and D had the highest rates of uhcontroi]ed trace
element emissions.
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3.5.3 Controlled Trace Element Emissions

Data on controlled emissions of trace elements from 'séwage sludge
incinerators are presented in Table 3-9.

-As in the case of the data on uncontrolled emissions, controlled lead -
emissions are the highest of all.the trace elements analyzed. Controlled
lead emissions ranged from 0.002 1b/ton to 0.16 1b/ton, and averaged
0.05 1b/ton for all 12 tests. Controlled emissions of cadmium averaged
approximately 0.01 1b/dry ton sludge for the 12 incinerators listed. This
is about one-third of the average uncontrolled emission rate for cadmium.

Average controlled emissions of chromium are four percent of the average
. uncontrolled rate. Average controlled-emissions of nickel are also about
four percent of the average uncontrolled rate. In ali cases, controlled
emissions of arsenic were negligible. The arsenic emission rate of
0.02 1b/ton reported for incinerator MERL C is probably in error since ‘the
uncontrolled As emission rate reported for this incinerator was
0.0008 1b/ton. As mentioned earlier, however, the inlet and outlet samp]es
were not co11ected 51mu1taneousTy Thus, the arsenic emission rate during
the outlet’ sampling could have conce1vab1y been higher than it was when the
measurements were made at the scrubber inlet.

The various data sources are in relatively good agreement for
‘controlled cadmium emissions. Controlled cadmium emissions ranged from
0.003 to 0.06 1b/ton, with an average emission rate of 0.01 1b/ton. The
cadmium data from the Atlantic City incinerator illustrate the variability
in emission rates that can occur frem an individual incinerator.

The data for controlled chromium and nickel emissions are also
reasonably consistent. Chromium emissions range from 0.0002 1b/ton to
0.G3 ib/ton; nickel emissions range from 0.0002 1b/ton to 0.008 1b/ten.

The lead emissions rates reported for both the ESRL incinerators and
- the Atlantic City incinerator are generally lower than those given in the
MERL data. The highest reported controlled emission rate for lead is
0.16 1b/dry ton.
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3.5.4 Control Efficiencies for Trace Element Emissions

Using the MERL data, the efficiency of control devices in reducing
emissions of trace elements from sewage sludge incinerators can be.
estimated. In Table 3-10 both the type, and the operating pressure drops, -
of Eontro] devices in use on the MERL incinerators are listed. The overall
control efficiencies for particulate emissions are shown, and these can-be
compared to the control efficiencies calculated for the five trace elements.

Based on average data only, control efficiencies for trace metals are
less than those for total particulates. The lowest control efficiency is
for lead emissions, which éverage 63 percent. . The next lowest removal
efficiency, 83.percent, is for cadmium,

There are, hoﬁever, significant variations émong individual
incinerators. In some cases, trace elements are controlled more efficiently
than total particulates. For example, the calculated removal efficiency of
nickel for incinerator MERL C, 95 percent, is higher than the 91 percent
calculated for particulates as a whole. There is also significant
variability within individual trace element categories. The removal
“efficiency of both cadmium and chromium ‘ranges from about 55 percent to
about 90 percent. An even greater variability is seen in the percent
reduction in lead emissions that can be achieved by typical control devices.
- There is no apparent correlation between'scrupber pressure drop and 2ither
control of trace elements or control of total particulates. |

3.6 NATIOMAL EMISSIONS FROM SEWAGE SLUDGE INCINERATORS

Estimates from the NEEDS Survey discussed in Chapter 2 indicate that ar
increase of 2,713 mitlion gallons per day of wastewater will flow into new
treatment plants equipped with incinerators between 1982 and the year 2000.
Assuming a linear increase, a 1,031 million galions per day increase is
estimated to occur for 18 new incineration facilities between 1984 and 1989,
For an average sludge production of 0.65 dry tons per million gallons of
wastewater {see Section 2.2.2), the flow of sludge into new incineration
facilities is estimated to be 245,000 dry tons in the year.1989. Assuming
all new incinerators produce particulate emissions at a rate equal to the
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current standard (1.3 1b/dry ton sludge), national particu]ate.emissions
from all new incinerators are estimated to be 160 tons in 1990, Based on a
weighted average uncontrolled particulate emission rate for all incinerators
of 52 1b/dry ton sludge, national emissions from new sludge incinerators
would be approximately 6,400 tons if the NSPS were not in place.
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. 4.0 CONTROL COSTS

4,1 INTRODUCTION AND SUMMARY
4.1.1 Introduction
This chapter presents the costs of controlling particulate emissions

from sewage sludge incinerators. Section 4.2 presents the details of the
cost components. The capital and annua]ized costs for a range of
multiple-hearth and fluidized-bed sewage sludge incinerator sizes are
presented in Section 4.3. Cost effectiveness of controlling particulate
emissions from these incinerators is presented and discussed in Section 4.4,
4.1.2 Summary of Findings

The cost effectivness of controlling particulate emissions from sewage
sludge incinerators is estimated to range from $191 to $1743 pef ton
removed. These costs are based on conservative capital cost estimates for
venturi/impingement-tray scrubbers operating at pressure drops of .from
20 in. W.G. to 40 in. W.G. Cost effectiveness }s most sensitive to
incinerator size. The highest cost effectiveness was calculated for a
500 dry 1b/hr fluidized-bed incinerator equipped with a venturi/impingement-
ttéy scrubber operating at a pressure drop of 40 in. W.G. The total cost
impact of operating at lower pressuré drops is very small, on the order of
$10 per ton of particulate removed for sach 10 in. change in pressure drop.

- For equivalent size incinerators, the cost effectiveness of reducing
particulate emissions from fluidized-bed incinerators is less than that from
multiple-hearth incinerators.

4.2 COST COMPONENTS

The estimated control costs for sewage sludge incinerators are based on
the most prevalent control system applied to incinerators built since 1978{
the venturi/impingement-tray scrubber. Flue gaé from the incinerator is
first ducted to a variable throat venturi scrubber. In the venturi the dust
particles agglomerate with the scrubbing 1iquid. The gas stream then passes
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through a flooded elbow which agglomerates the larger, heavy droplets. An
impingement scrubber cools the gas, further reduces particulates, and
eliminates mist with a mist eliminator. The gas then passes onto the stack.
A more detailed description of a typical venturi/impingement scrubber '
system was presented in Chapter 3, ‘

The equipment specifications for the control system costed in this
Chapter are shown in Table 4-1. Equipment and materials specifications were
based on information supplied by vendors of these control devices, and on
specifications for actual plants. For the range of pressure drops assumed
for the variable throat venturi (12 to 22 in. W.G.), 3/16 inch type 316
stainless steel was recommended.1 Data supplied by another vendor of these
systems confirmed that 3/16 inch type 316 stainless steel would be used for

2

both the venturi and impingement-tray scrubbers.™ Material specifications

for circulation tanks, piping, fans, pumps, and ducting are consistent with
design data for actual plants using similar control systems.3’4’5
The individual capital cost components and the general methodology used

for calculating total capital costs are presented in Table 4-2. Direct

capital costs consist of the basic and auxiliary .equipment costs in addition. -

to the labor and material required to install the equipment. Indirect costs
are those costs that are not attributable to specific equipment items.
Contingencies are also included in total capital costs to compensate for
unpredicted construction cpsfs and other unforeseen expenses.

Equipment costs for the venturi scrubber, flooded 21bow and the fan
were caicuiated using cost equations from "Capital and Operating Costs of
Selected Air Pollution Control Systems" (GARD).6 The equipment costs for
the impingement scrubber, scrubhber water circuylation tanks. ducting, =iping,
and pumps were calculated using information contained in the EPA report
"Costs of Uncontrolled Non Fossil Fuel-Fired Boilers and PM Controls Applied
to these Boilers“.7 The installation factors for all egquipment were also
based on this report, and are presented in Table 4-3. These facfors are

multiplied by the equipment cost to yield the installation cost for each
incinerator.
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TABLE 4-1. EQUIPMENT SPECIFICATIONS FOR VENTURI/IMPfNGEMENT—TRAY
SCRUBBER CONTROL SYSTEM

EQUIPMENT

SPECIFICATIONS

VYenturi Scrubber

Impingement Scrubber

Yenturi Scrubber
Circulation Tank

Fan & Auxiliaries

External Scrubber
Water Piping

Impingement Scrubber

. Water Pump

Bucting

3/16" inch thick 316 stainless steel, automatic
variable throat venturi

Includes: Venturi, elbow, pumps, controls,
quencher

3/16" inch thick 316 stainless steel
Includes: Impingement scrubber, mist eliminator

5 minute Tiquid hoﬁdup time, 304 stainless
steel storage tanks
Includes: Storage tanks

Radial tip centrifugal fan (60 hp), carbon steel
Includes: Fan motor, and starter, dampers,
V-belt drive

100 ft lenath of pipe, 304 stainless steel,
Schedule 40 )

20 ft piping height; centrifugal, open, drip
oroof, Stainiess steel.

Includes: Pump, motor, and starter
{and a spare)

30-40 ft of straight ducting; 10 cauge stainless
steel.
Includes: Bucting
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TABLE 4-2. CAPITAL COST COMPONENTS

Direct Costs

Equipment
+ Installation
Total Direct Costs

Indirect Costs

Engineering - 10% of direct costs
Construction and Field Expense - 10% of direct costs
Construction Fees - 10% of direct costs
Start Up Costs - 2% of direct costs
+ Performance Costs - 1% of direct costs
-Total Indirect Costs - 33% of direct costs

Contingencies - 20% of (Total Indirect Costs + Total Direct Costs)

.Total Capital Cost = Total Indirect Costs + Total Direct Costs &
Contingencies
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TABLE 4-3. EQUIPMENT INSTALLATION FACTORS?

Equipment Item Installation Cost Factor
Wet Scrubber - 0.8
Circulation Pump 1.49
Circulation Tank 0.93
" Fan 1.18
Ducting 1.6
b

External Piping ) e 0.1

%tems included in installation cost are the following:
freight and taxes.
foundations and supports
erection and handling
electrical
internal piping
insulation

1
2
3
4
5
6
7) painting

L P L

(
(
(
(
(
(

bEstimated from Guthrie, "Process Plant Estimating, Evaluation and Control”

n. 462.
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The operating and maintenance (0&M) cost components are listed in
Table 4-4., Direct 0&M costs include operating and maintenance labor,
supervision, spare parts, and electricity used for pumps, fans, and
controls. Indirect operating costs include payroll and plant overhead which
are based on some key 0&M cost components (direct labor, supervisory .labor,
maintenance labor, and spare parts).

Telephone contacts with each of the 23 incineration facilities
installed since 1978 indicated that capacity utilization ranges from abcut
60 to 120 percent. A mid-point value of 80 percent (7008 hours/year) was
assumed to calculate annual operating costs. Direct labor was assumed to be
2 man-hours/shift and maintenance labor 1 man—hour/shift.8 Supervisory
Tabor was eétiméted to be 15 percent of the direct labor costs. The unit
costs used for O&M cost calculations are shown in Table 4-5,

Total annualized costs are the sum of the annual 0&M costs and the
annualized capital charges. The annualized capital chérges incTude the
payoff of the capital investment (capifaT recovery), general and
administrative costs, taxes, and insurance.

" Table 4-6 presents the methods used to calculate the individual
annualized capital charges. The capital recovery cost is determined by
multiplying the capital recovery factor, which is based on the real before
tax interest rate and the equipment life, by the fota] capitai cost. for
this anaivsis a 10 percent real inferest rate.and a 15 year equipment iife
are assumed. This translates into a capitq] recovery factor of 13.15
percent, The real interest rate o7 10 percent was selected as a typical
constant dollar rate of return on investment to provide a basis for
calculation of capital recovery charges. Table 4-6 also presents the
methods used to calculate the other annualized capital charges.

4.3 CAPITAL AND ANNUALIZED COSTS

This section presents the capital and annualized costs for the control
'system discussed in Section 4.2. The costs for controlling particulate
emissions from multiple-hearth jncinerators of various.sizes are discussed
in Section 4.3.1. In Section 4.3.2 the control costs for fluidized-bed
incinerators of various sizes are presented.
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TABLE 4-4. OPERATING AND MAINTENANCE COST COMPONENTS

(1} Direct dperating Costs

Direct Labor
Supervision
Maintenance Labor
Spare Parts
.+ Flectricity
Total Direct Operating Costs

(2) Indirect Operating Costs

Payroll - 30% of (Direct Labor + Supervision Labor +
Maintenance Labor)
+ Plant - 26% of (Direct Labor + Supervision + Ma1ntenance
Labor + Spare Parts)

Tota! Indirect Operating Costs -

(3} Total Annual Operating and Maintenance Costs
= Total Direct .+ Total Indirect Operating Costs
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TABLE 4-5. UNIT COSTS USED IN O&M COST CALCULATIONS

January 1983 §

Utilities

Electricity $0.0503/kwh
Labor b

Direct Labor $11.75/man=hr
Supervision Labor® $15.28/man-hr
Maintenance Labord $14.34/man-hr

IMonthly Energy Review, April 1983.

bAverage of Chemical & AlTlied Products and Petroleum diréct labor wages.
Monthly Labor Review, April 1983.

CEstimated at 30 percent over direct labor rate.

dEstimated at 22 percent over direct labor rate.
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TABLE 4-6. ANNUALIZED COST COMPONENTS

(1) Total Annualized Cost = Annual Operating Costs + Capital Charges

(2) Capital Charges = Capital recovery + miscellaneous (G&A, taxes and
insurance? :

(3) Calculation of Capital Charges Components

A. Capital Recovery = Capital Recovery Factor (CRF) x Total Capital

Cost n
crp <1 (1+ )
(1+ 1)1
i = interest rate ‘
n = number of years of useful life of control system
Item n i CRF
ControT System 1% 10 0.1315

B. G&A, taxes and insurance = 4% of total capital cost
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" 4.3.1 Multiple-Hearth Incinerator Control Systems
Table 4-7 shows the operating parameters for the model multiple- hearth
incinerators, and associated control systems, Capital and annualized costs

were calculated for model multiple-hearth incinerators of sizes ranging from
0.5 dry ton sludge/hour to 4.0 dry ton sludge/hour. This size range '
represents the majority of multiple-hearth incinerator sizes. Operating
parameters for the model control systems for multiple-hearth incinerators
were developed from design data for actual plants, from contacts with
equipment vendors, and from theoretical calculations. The moisture content
and volatile solids content of the sludge represent typical values for '
currentlj operating incinerators (see Chapter 3). Excess air rates, flue
gas flow rates, and liquid flow rates are based on desigﬁ data for two
recently installed incinerators as well on information provided by

vendors. 9,10,11,12 ‘Operating parameters were initially developed for the
1.0 dry ton/hr model plant, and scaled linearly up or down,

" As discussed in Chapter 3, scrubber pressure drops for the sewage
sludge incinerators built since 1978 range from 10 to 45 inch W.G. Costs
were calculated for‘three cases of scrubber pressure drop: 20, 50, and
40 inches W.G. Howevér, since a variable throat venturi is assumed here,
capftal costs were estimated for a fan capable of operating at the hichest
pressure drop for any given incinerator size. ATthough the capital costs
for a fan with a maximum oberating capability corresponding to a pressure
drop of 20 in. W.G. would cost about 20 percent liess than a fan designed for
a 40 in. pressure drop, this cost difference would have a negiigible impact
on total annualized costs. The fan power requirements do vary according to
pressure dreop, however, .

Table 4-8 shows the details of the capital cost estimates. Attempts
were made to verify the capital cost estimates with vendor quotes and costs
for actual systems. For the 1.0 ton/hr model plant, one vendor quote was
about $60,000.13 However, some of the equipment components included in the
estimates (instrumentation and control systems, ducting, piping, etc.) were
not included in the vendor quote. Another vendor quote for the 1.0 ton/hour
model plant was $125,000 {also exclusive of instrumentation and control).l4
The capital cost of a similar control system installed at an actual plant
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TABLE 4-7. OPERATING PARAMETERS FOR MODEL MULTIPLE-HEARTH SEWAGE
SLUDGE INCINERATORS AND CONTROL SYSTEMS

Incinerator Capacity

4.0

(dry ton sludge/hr) 0.5 1.0 2.0
Excess Air (%) 75 75 75 75
STudge Moisture

Content (%) 70 70 70 70
% Volatiles 70 70 70 70
in Sludge Solids
Gas Flow to

Venturi (acfm) 6,000 12,000 24,000 48,000
Gas Flow out of _

Impingement (acfm) 2,250 4,500 9,000 18,000
Temperature into

Venturi (°F) 800 800 800 800
Temperature- out of - .

Impingement (°F) 120 120 120 120
Liquid Flow

into Precooler(gpm) 20 40 30 160

" Liquid Flow into ,

Venturi (gpm) 25 50 100 200
Liauid Flow into

impingement {gpm) 82 i75 350 700
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TABLE 4-8. CAPITAL COSTS FOR MODEL MULTIPLE-HEARTH INCINERATOR

CONTROL SYSTEMS (JANUARY 1983 $)

Incinerator Capacity

(Dry‘Tons Sludge/Hr) 0.5 1.0 2.0 4.0
Venturi Scrubber 75,900 83,800 97,800 113,QOd
Impingement Scrubber 15,500 26,000 43,800 73,700
Venturi Circulation Tank 4,000 5,900 8,600 12,600
Fan & Auxiliaries 17,000 17,500 18,500 30,900
Ducting ' 5,500 7,300 10,000 13,800
Piping . 2,200 3,100 5,300 7,900
Pump : 3,800 4,100 4,900 7,800
Total 123,800 147,700 188,900 250,600
Total Direct Cost . 224,500 266,500 339,000 470,900
(Equipment + Instailation) :

Indirect Cost 74,100 87,900 111,900 155,400
Contingencies 44,900 53,300 67,800 24,200
Total Instailed Capital Cost 342.500 407,700 720,200

518,700
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was $128,000.15 Thus, the cost estimates presented in Table 4-8 are
considered to bé reasonable, but somewhat conservative,

Table 4-9 presents the details of the annualized costs. The capital,
operating, and annualized costs for all incinerator sizes are summarized in’
Table 4-10. As seen from the table, the annualized cost increases as the
incinerator size increases. However, for a given incinerator size, _
annualized costs change very 1ittle as the scrubber pressure drop increases.
The small increase in annualized costs is due to the increased fan energy
and pumping requirements associated with increasing pressure drop.

4,3.2 Fluidized-Bed Incinerator Control Systems

Cost analysis was performed for fivé fluidized-bed incinerator sizes.
The incinerator sizes range from 0.25 dry ton/hour to 4.0 dry ton/hour. The
model plant parameters for the fluidized-bed incinerators are shown in
Table 4-11, An excess air rate of 35 percent, and an exit gas temperature
.0f 1500°F was_ assumed for the model fluidized-bed incinerator. The flue gas
flow rates are the same as thosé developed for the multiple-hearth furnaces,
but have been adjusted to reflect the Tower excess air rates, and higher
furnace exhaust temperatures, typical of fluidized-bed sludge incinerators.

Capital and annualized costs were calculated for scrubber pressure
drops of 20, 30, and 40 inches. The details of the capital costs are
oresented in Table 4-12. The annualized costs are shown in Table 4-13. The
capital, operatihg, and arnualized costs for all fluidized-bed incinerator
sizes are presented in Table 4-14., Once 2gain, the annuaiized costs
increase with incinerator size, but remain relatively constant for a given
incinerator size as the pressure drop changes. )

4,4 COST EFFECTIVENESS OF CONTROLS

Cost effectiveness of the control system was calculated for
multipie-hearth and fliuidized-bed incinerators at 20, 30 and 40 inches of
pressure drop. ~The controlled particulate emission rate was assumed to be
the NSPS 1imit (1.3 1b/dry ton siudge). The uncontrolied particulate
emission rate (51 1b/dry ton) for multiple-hearth incinerators is the
average of 19 incinerators (see Table 3-3). The uncontrolled emission rate
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TABLE 4-9. ANNUALIZED COSTS FOR MODEL MULTIPLE-HEARTH INCINERATOR
CONTROL SYSTEMS (JANUARY 1983 §$)

Incinerator Capacity (dry tons/hr)

0.5 1.0 2.0 4.0

Electricity
Fan:

aP = 20" 2,800 5,600 11,300 22,600

AP = 30" 4,200 8,500 16,900 33,900

AP = 40" : 5,600 11,300 22,600 45,200
Pumps: A 700 1,100 1,800 3,200
Total Labor Cost < 41,200 41,200 41,200 41,200
'Total Direct Operating Cost
{including spare parts)

AP = 20" 57,100 60,400 66,800 79,500

AP = 30" 58,600 63,300 72,400 $0,8C0

AP = 40" i .- 66,100 66,100 78,100 102,100
Indirect Operating Costs . 26,300 26,300 26,300 26,300
Total Annual Operating Costs C . |

AP = 20" 83,500 86,700 93,100 105,300

AP, = 30" ’ 84,500 89,600 88,700 117,100

AP = 40" 86,300 g2,400 104,400 128,400
Capital Recovery 45,200 £3,500 68,200 94,700
G&A, Taxes and [nsurance 13,700 . 16,300 20,700 23,300
Total Capital Charges 58,900 69,900 88,900 123,500
Total Annualized Costs

AP = 20" 142,400 156,600 182,000 229,300

AP = 30" - 143,800 159,500 187,600 240,600

AP = 40" 145,200 162,300 193,300 251,900
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TABLE 4-11. OPERATING PARAMETERS FOR MQDEL FLUIDIZED-BED SEWAGE

SLUDGE INCINERATORS AND CONTROL SYSTEMS

Incinerator Capacity

(Ory Ton Sludge/Hr) 0.25 -0.5 1.0 2.0 4.0
Excess Air (%) 35 35 35 35 35
Sludge Moisture
Content (%) 70 70 70 70 70
Sludge Volatiles
Content (% .Seolids) 70 70 70 70 70
Gas Flow to Venturi (acfm) 3,375 6,750 13,500 27,000 54,000
Gas Flow out of Impingement 875 1,750 3,500 7,000 14,000
(acfm) '
{gmgerature into Venturi 1,500 1,500 1,500 1,500 1,500
F

Temperature out of 120 120 120 120 120
Impingement {°F) :

" Liquid Flow 10 20 40 " 80 160
into precooler {gpm) -
Liguid flow into venturi 13 25 50 100 2G0
{apm)
Liquid flow into impinger {gpm) 44 88 175 350 700
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TABLE 4-12. CAPITAL COSTS FOR MODEL FLUIDIZED-BED INCINERATOR
CONTROL SYSTEMS (JANUARY 1983 $)

Incinerator Capacity '
(Dry . Tons Sludge/Hr) 0.25 0.5 1.0 2.0 4,0

Venturi Scrubber 66,400 87,900 90,000 105,000 136,000
Impingement Scrubber 8,600 14,400 24,300 40,900 68,700
Venturi Circulation Tank 2,600 4,000 5,900 8,600 12,600
Fan & Auxiliaries 17,000 17,100 17,500 18,500 30,900
Ducting . 4,800 5,500 7,300 10,000 13,800
Piping | " 1,700 2,200 3,100 - 5,300 7,900
Pump 3,000 3,400 4,160 5,000 7,800
Total | 104,100 134,500 152,200 . 193,300 277,700
Total Direct C;St | 190;000 -é42,100- 274,200 . 346,300 449,500
{Equipment + Installation) '

Indirect Cost. . 62,700 79,900 90,500 . 114;300 164,900
Contingencies 38,000 48,400 54,800 69,300 99,200

Total Instaiied Capital . '
Cost ’ 290,700 370,400 419,500 522,900 764,400




TABLE 4-13. ANNUALIZED COSTS FOR MODEL FLUIDIZED-BED INCINERATOR
CONTROL SYSTEMS {JANUARY 1983 $)

0.5

1.0

Incinerator Capacity (Dry Tons/Hr)
2.0

0.25
Electricity
Fan:
P = 20" 1,100
P = 30" 1,600
P = 40" 2,200
Pumps: 500
Total Labor Cost 41,200

Total Direct Operating Costs
(including spare parts)

P = 20" 55,300
P = 30" 55,800
P = 40" 56,400

Indirect Operating Costs 26,300

Total Annual Operating Costs

P = 20" 81,600
P = 30" 32,100
P = 4ag® 82,700
Capital Recovery 38,200
G&A, Insurance, Taxes 11,300
Totai Capital Charges 49,800

Total Annualized Cost

P = 20" 131,400
P = 30" 131,900
P = 40" 132,500

2,200
3,300
4,400

700

41,200

56,600
57,700
58,800

26,300

82,900

84,000
82,100

48,700
14,300
63,500

146,400
147,500
148,600

4,400
6,600

8,800

1,100
41,200

59,200
61,400
63,600

26,300

85,500
87,700
89,800
55,200
16,800

72,000

157,200
159,700
161,300

8,800
13,200
17,600

1,800
41,200

64,300
68,700
73,100

26,300

90,600
95,000
99,400

69,700

21,200
90,900

181,500
185,900

190,300

17,600
26,400
35,100

3,200

41,200

74,500
83,200
92,000

26,300

100,800
109,500
118,300
100,500

30,600

131,100

231,500
240,700
249,400
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for fluidized bed incinerators (88 1b/dry ton) is the average of 11 emission
tests (see Table 3-3). _

The cost effectiveness was calculated by dividing the annulized costs
($/yr) by the emission reduction achieved (tpy) by the control éystem to
yiéld the cost to remove one ton of particulates. The cost effectiveness
increased slightly with increasing pressure drop and decreased significantly
with increasing incinerator capacity as shown in Table 4-15 for
multiple-hearth control systems and Table 4-16 for fluidized-bed control
systems. _

At equivalent incinerator capacities and pressure drops, fluidized-~bed
control systems have lower cost effectiveness. Multiple-hearth cost
effectiveness ranged from $329 to $1669 per ton removed and fluidizéd-bed
cost effectiveness ranged from $191 to 31743 per ton removed. The 0.25 dry
ton/hr fluidized-bed control system had the highest cost effectiveness since
emission reduction is strongly influenced by incinerator size.
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5.0 'FOINCINERATION OF SEWAGE SLUDGE AND MUNICIPAL REFUSE

5.1 TINTRODUCTION AND SUMMARY OF FINDINGS
5.1.1 Introduction-
At the present time, an NSPS has not been developed specifically for

incinerators that coincinerate sewage sludge and municipal refuse. A
procedure has been developed by EPA for use in determining whether
facilities coincinerating are subject to Subpart E (municipal incinerators)
or Subpart 0 (Sewage sludge incinerators) of the New Source Performance
Standards.1 T

In this chapter the technologies available for coincinerating sludge
and solid wastes are described. Former, as well as current coincineration
projects in the U.S. are reviewed. 1In addition, the technical, economic,
and institutional factors most-Tikely to affect the growth of coincineration
are overviewed. The effect that coincineration has on particulate emissions
is also addressed.
£.1.2 Summary of Findings

No technology has ever been developed for the express purpose of
combined incineration of sewage sludge and municipai refuse. Four different
approaches to coincineration can be distihguished: 1) combustion of _
dewatered siudge in a refuse incinerator; 2) combustion of pre-dried sludge
in a rafuse incinerator, and; use of preparec municipal refuse {refuse
derived fuel); in either 3) a muitiple-hedrth sludge incinerator or 4) a
fluidized-bed sludge incinerator. A1l of the major techniques for combined
incineration have been tried in the U.S.

Over the past 30 years, 23 facilities in the U.S. have coincinerated
refuse and sewage sludge. Only one facility is currently operating on a
regular commercial basis, 18 have been shut down, and the remaining 4 have
reverted to single purpose incineration. In addition, 6 coincineration
facilities were being planned during the mid 1970's. Of these, only one has '
. started up. One is still being considered, but plans for the remaining four

facifities-have been dropped. )
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'A variety of operational and maintenance problems have plagued
virtually every coincineration facility in the U.S. It has proved difficult
to maintain combustion in refuse incinerators when partially dewatered
sludge is added. Although thermal drying of the sludge mitigates
combustion-related problems, the dryers themselves are subject to plugginé;
corrosion, and odors, as well as fire and explosion. Technical gbstacles to
burning refuse-derived fuel in conventional multiple-hearth or fluidized-bed
sewage sludge incinerators include the reliability of refuse preparation
systems and control of combustion.

The process of planning and implementing new coincineration projects in
the U.S, is often hampered by organizational differences between those
groups resbon§1b1e for disposing of sludge and refuse. Whereas séwage
sludge management authority is vested in centralized, public bodies, the
collection, transport, and disposal of municipal refuse is usually managed
by a combination of decentralized public and private bodies. These
organizational differences detract from the achievement of the Tevel of
integration in municipal waste management prégrams necessary for the
implementation of coincimeration facilities. Moreover, the criteria
employed in siting a sludge treatment and disposal plant are essentially
different from those used in locating a refuse incinerator.

Yery little data .are available on particulate emissions from combined
iﬁcineratHOn of sewage sludge and municipal refuse. Some evidence indicates
that uncontroiled emissigns from refuse incinerators may increase when
sludge is coincinerated. Operating a multiple-nearth unit in a pyrclysis
mode does not appear to offer any signif%cant reduction of uncontrolied
emissions when prepared municinal refuse is used for fuel. 1t is doubtful
that all of the various approaches to coincineration will have simiiar
emission characteristics, a]thopgh this is a topic deserving further
investigation.

Despite the general lack of technical success with coincineration
projects, the costs of combined incineration of sewage sludge and ﬁﬁnicipa]
refuse are still attractive when compared to the costs of burning these
wastes separately. Coincineration is also attractive from the standpoint of




energy conservation. Thus, the incentives to coincinerate are still clear.
Yet until the various technical problems and uncertainties are overcome,
little growth in the use of coincineration can be expected over the next
five years. ' ‘

A number of requlatory issues have been identified. First, the
separate NSPS's for municipal and sludge incinerators are not expressed in
the same units, and the conversion from a concentration- to a mass-based
standard is not straight-forward. Second, in the existing proration
procedure, a discontinuity exists when an incinerator is burning equal
amounts of sludge and refuse. Third, neither standard addresses the case
where an incinerator is operated in a pyrolysis mode. Finally, Subpart £°
inc]udés a minimum size cﬁt-off, while Subpart O applies' to all incinerator
sizes.

5.2 DESCRIPTION OF COINCINERATION TECHNOLOGIES

Any incinerator that is capabie of burning eithér sewage sludge or
municipal refuse separately could feasibly burn hoth wastes simultaneously.
" No technoiogies have been, or are béing; devefoped specifically for purposes
of combined incineration, however. Thus, coincineration technology can be
classified, at the most general level, according to whether the incinerator
was originaliy designed for burning retuse or sludge. On the other hand,
succassful coincineratfbn sometimes requires modification of the incinerator
itself, and/or a pretreatment of the wéste beyvond that which would be
required if the waste were burned separately. When these additional
considerations are taken into account, four distinct categories of
coincineration technoloay emerqe. An additional (fifth) classification can
oe made con the basis of whether or not the incinerator is operated in a
pyroiysis, or starved-air combustion mode. These categories are discussed
below.
5.2.1.. Incineration of Dewatered Sludge in a Conventional Refuse
Incinerator '

The oldest, simplest, and most direct method of achieving combined
incineration is to burn partially dewatered s1udge (i.e., 70 to 80 percent
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moisture content) in a conventional municipal refuse incinerator.

Figure 5-1 depicts a typical mass-burning refuse incinerator. This approach
can be further subdivided on the basis of the type feeding mechanism
employed. The sludge can be fed sepafateTy into the furnace by either
spraying it into the combustion chamber or by dumping it onto the grate. -
Alternatively, the sludge can be mixed with the refuse prior to entering the
incinerator.

Although this approach has the advantage of simplicity, it has not
proved to be very successful. The major problem encountered with this
technique relates to cambustion. Conventional incinerators usually provide
insufficient residence time for the sludge to burn completely. 'In addition,
too little heat is generated from the burning refuse to evaporate the
moisture and combust the sludge. These problems are compounded by
difficulties in distr%buting the sludge evenly within the furnace. For the
most part, this approach has proved unsuccessful both in this country and in
Europe, although two future projects in the U.S. are expected to.use 1it.

5.2.2. Coincineration of Pre-dried Sludge in a Conventional Refuse
- Incinerator’ ' ' '

As a means to overcome the probiems associated with burning sludge
directly in a refuse incinerator, a number of facilities hawe instalied
systems to dry the sludge %o less than 20 percent moisture content before it
enters the fufnace. A wide variety of different drying systems have been
employed. flue-gas heated direct contact dryers, steam heated rntary
dryers, flash evaporaters, spray dryers, and multi-effect evaporators have
a1l .been utilized in the past. The dried sludge is then mixed with the
refuse at a ratio of approximately 10 parts refuse to each sart sludge and
fed into the incinerator. .

This method has been relatively successful., Pre-drying mitigétes the
combustion problems associated with the use of only partially dewatered
s1ques. Also, separation of the drying process from the combustion process
;imp]ifies furnace operations. Nonetheless, this technique has not been
entirely devoid of problems. A major difficulty has been the prevention of
rapid corrosion in the dryers. Clogging and general handling problems have
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also been encountered with the dried sludge. Odors given off by the dryers
{particularly direct contact dryers) have been another obstacle. Flash
evaporators are unattractive because of the potential for explosions to
occur. Nonetheless, the majority of the facilities currently coincinerating
in Europe, as well as the only commercially operating plant in the U.S., can
be classified within this category. :
5.2.3. Combustion of Refuse in a Multiple-hearth Sludge Incinerator

In this arrangement, prepared municipal refuse is used in place of
fossil fuels for burning sludge in a mﬁltip]e-hearth furnace (MHF),
Preparation of the raw refuse entails the mechanical separation of
non-combustibles and subsequent shreddiﬁg of the remaining organic portion
intc uniform particle sizes. The refuse derived fuel (RDF) thus obtained
can be further treated chemically to produce a fine‘powder or pressed into
briquettes or pellets. The RDF is then either mixed with the sludge and fed
together into the top of the incinerator, or fed separately into one of the
lower hearths. -

Although at least three units of this type operate in EZurope, it has
not been fﬁ11y demonstrated in the U.S. Some testing has been dene at a
demonstration facility in Contra Costa County, California. Baséd on limited
operating data, the major probiem with this design is controlling the rate
of combustion in the incinerator. Localized overheating causea by periodic
intense heat release from the RDF can lead to structural failures in the
rabble shatt castings. To compensate for the higher heat reiease rata
assocjated with co-burning RDF, a greater voiume of cooling air is reguired.
At higher than‘design air flow rates, the movement of the sludge and refuse
through the hearths could be impeded. Besides installation of all of the
facilities required to produce the RDF, substantial modifications to the
incinerator itself are necessary in order to coincinerate.

The major benefit associated with this type of system would be the
reduction in fuel costs for sludge incineration. Fuel costs represent the
largest share of the total annualized costs of operating MHF incinerators.
5.2.4, Combustion of ROF in a Fluidized-Bed Sludge Incinerator.

This approach is analogous to that described above, except that
caincineration would take place in a2 fluidized-bed sewage sludge incinerator
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_(FBF). The RDF can either be introduced into the furnace as dry pellets,
fluff, or powder, or alternatively the refuse can be pulped into a slurry
having a 40 to 45 percent moisture content and sprayed .into the furnace
along with the sludge. Both the wet and dry systems have been demonstrated
in the U.S. '

Compared to coincineration in a multiple-hearth incinerator, use of a
FBF offers a number of advantages. Foremost is that combustion is more
easily controlled in a fluid-bed, and furnace operation is less vulnerable
to changes in the sludge feed rate or moisture content, due to both the
excellent mixing characteristics and longer residence time typical of these
incinerators. ' : ‘ .

As in the case of MHF's, however, significant modiffcation has to be
made to the incinerator in order to burn RDF. Beside the addition of a
feeding mechanism, a system for separating inert RDF materials that build up
in the sand bed is required. The interior of the furnace shell must also-be
~protected from the corrosive condensatien of HCI and HF gases evoiving from
combustion of plastic materials.
5.2.5. Starved-Air Combustion (Pyrolysis)

With the excéption of fluidized-bed furnacss, all of the incineration
techniques reviewed above can be operated in a starved-air or pyrolysis
mode. Thds, this category represents not so much a distinct technology type
as it does a gJeneral operating technique, sppiicable to a number of
alternative technoiogy configurations. Four incinerators, specificaily
desigﬁed to operate as pyrolytic reactors, are presently under develigpment.

These incinerators include the PuroxR (Union Carbide), TorraxR
{Carborundum), LandgardR {Monsanto), and the Flash Pvrolvsis {Qccidental)
systems. Both the Purox and Torrax processes are based on a verticai shaft
reactor design; the Landgard system utilizes a rotary kiln. All of these
technologies are being developed primariiy as municipal refuse incinerators.
Each, however, has also been considered as a possible coincineration '
* technology and some testing has been conducted on them in this mode.

In & conventional refuse incinerator, combustion under starved-air
conditions is the most common operating technique. Generally, however,
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combustion air is added at only slightly Tess than stoichiometric rates.

The off-gases from the furnace are then combusted in an afterburner. The |
smaller, modular refuse incinerators that have been widely utilized since

| the early 1970's are almost always designed to operate under starved-air
conditions. '

Operating a multiple-hearth sewage sludge incinerator in a pyrolysis '
mode is a technique that was developed specifically for purposes of
coincinerating refuse. As described earlier, the major problem encountered
in coincinerating in these furnaces is controlling the rate of combustion.
By operating the furnace as a pyrolysis reactor, these problems are
effectively overcome. During a series of comprehensive tests conducted on a
MHF at the Contra Costa County demonstration ﬁroject, operating the furnace
in a pyrolysis mode emerged as the preferred means of co-burning refuse with
sewage sTudge.2 The major manufacturers of multiple-hearth furnaces also
recommend that the unit be operated in a pyrolysis mode when coincinerating
municipal refuse.3 Other benefits associated with this approach are an
increased furnace capacity and the capability for pyrolysis to become
autogenous with sludges having a low solids content. -

For all types of pyrolysis, the major disadvantage is the greatly
increased compiexity of the system. The furnaces must be welﬁ-sea1ed
against'air infiltration, the interior linings must be highly corrosion
resistant, and additional controls and instrumentation are required.

'Moreover, to be economicaliy viabie these sysfems must be able to recover
and utilize the snergy content of the off-gases. Heat recovery systems add
to the overall complexity and capital costs of the facilitv. Finally, a
greater volume of residual ash and char is produced when wastes are
processed by pyrolysis rather than incineration.

5.3 REVIEW OF COINCINERATION PROJECTS IN THE U.S.

A1l of the available techniques for combined incineration of sewage
sludge and municipal refuse have been, at one time or another, tried in the
U.S. in either commercial- or pilot-scale plants. No single approach has
emerged as a definitively "best" technique, although burning pre-dried
- sludge in a conventional refuse incinerator has been attempted most often.




A comprehensive listing of former, present, and planned coincineration
projects in the U.S. is provided in Table 5-1. Only one facility, at
Stamford, Connecticut, is currently coincinérating‘on a regular commercial
basis. The facility in Glen Cove, New York, is in a start-up phase. OQut of
the total 32 facilities listed, 18 units that forﬁer]y were coincineratin§
have been shut-down or abandoned completely and four facilities have
reverted to single-purpose incineration. Of the six major coincineration
projects being considered during the mid 1970's, only the Glen Cove facility
is currently operative. The municipal incinerator in Harrisburg,
Pennsylvania, plans to begin burning sludge sometime in the next year.

" In quite a few cases, plants that have shut aqwn have'done so for
technical reasons. Operating problems have plagued some of the new, as well
-as the older, coincineration facilities. The Ansonia, Connecticut, Duluth,
Minnesota and Holyoke, Connecticut, plants have each experienced equipment
failures. Even the Stamford plant has .been unable to coincinerate on a
.continugus basis since thé facility began operating in 1975,  New pyrolysis.
reactors have yet to demonstrate a sufficient level of operating reliability
when processing refuse alone,-and the feasibility of coincinerating in these: -
units s sti1T open to question.4

§.4 ECONOMIC AND INSTITUTIONAL CONSIDERATIONS ) _

From the standpoint of annualized operating cosfs, coincinerzting
siudge and refuse appears to be an attractive waste management approach in
situations where landfilling or other disposal options are unavailable. In
contrast, there are numercus institutional barriers to coincineration that
can mitigate the aconomic incentives for co-disposal.

5.4.1 Costs for Coincineration

The most comprehensive assessment of the costs of coincineration was
conducted in 1976.5 In this study, the costs for separate incineration of
sludge and refuse were compared to the costs of four combined incineration
systems. Costs for non-thermal disposal options are also used for
comparison. The coincineration designs considered included a
multiple-hearth unit burning ROF, a Torrax pyrolysis shaft furnace, and two
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systems bésed on the use of a cdnvedtiona] refuse incinerator with
pre-drying (either direct or indirect) of the sludge.

The principal conclusion of this analysis was that for all combustion
technologies considered, coincineration had the lowest annualized costs.
A1l four combined incineration systems were shown to be less costly to buitd
and to operate when compared to the costs for incinerating these wastes
separately. Burning dried sludge in a mass-burning refuse incinerator was
the lowest cost option. However, all types of incineration involved higher
costs than land or ocean disposal.

The capital costs of constructing a coincineration facility could,
nonetheless, be prohibitive to many municipalities. For example, the
:‘capita1 cost of a multiple-hearth furnace burning refuse derived fuel was
estimated to be nearly four times higher than the same furnace burning fuel
0il.

5.4.2. Institutional Factors Affecting Coincineration _

Institutional issues embody a number of complex legal, organizational,
and administrative factors which relate to wastewater and solid waste

management. These factors often serve to discourage‘combined disposal of
municipal sewage siudge and refuse.

Water- and sclid waste-related management programs have evoived along
different paths. While water quality programs were initiated through public
action, solid waste hand]iné and disﬁosa1 has remained predominantly a
private concern. Hdater quality management programs are highly cantralized
within public bodies. In contrast, sciid waste management is much less
centralized, with authority vested in various groups, some private and some
public. Moreover, different aspects of solid waste removal, collection,
transport, processing, storage, and disposal can be controlied by different
bodies. These organizational differences alone are obstacles to integrating
municipal waste management and planm‘ng.6 From the perspective of those
responsible for municipal refuse management, there is no real incentive to
engage in a coincineration project, especially when refuse disposal is
carried out by private companies.
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" Siting a codispoéa] facility creates numerous problems since the
criteria by which potential sites are judged are not mutual. The location
of a sewage treatment plant is determined bx hydrological boundaries.
Collection and disposdT of municipal refuse is organized according to .
municipal boundaries.” Rarely do these locational parameters overlap.
Furthermore, while transportation is a c¢ritical concern in handling refuse,
it has little relevance to the treatment and disposal of sewage sludge.

5.5 PROSPECTS FOR GROWTH OF COINCINERATION

Little growth in coincineration is Tikely to occur over the next five
years because coincineration has yet to be widely 'demonstrated as a reliable
_disposal technique. The failure of the vast majority of the systems but
into operation in the past has clearly impeded the widespread acceptance of
the technology. Other than the plants currently operating in Stamford,
Connecticut and Glen Cove, New York, only the facility planned for
Harrisburg, Pennsylvania, has a high probability of entering commercial
service within the next few years.

Countering these technical uncertainties, however, are the economic
incentives to coincinerate refuse and sewage sludge. With the.rise in the
costs for fossil fuels over the past five years, these incentives have
become stronger. Also, the economics of incineration relative to Tand
disposal should djhinish as a result of increased regu1ation and declining

availability of disposal sites.8

5.6 EMISSION CHARACTERISTICS OF COMBINED SLUDGE AND MUNICIPAL REFUSE
INCINERATION

Yery 1ittle data are available on the particulate emissien
characteristics of coincineration facilities. On the basis of the data that
are available, no overall generalizations can be drawn as to the impact that
combined burning has on emissions compared to incineration of the wastes
separately. However, given the wide variability in both the types of
techno]ogies‘avai1ab1e for coincineration and the control devices used on
these technologies, as well as the differences in the types of waste burned,




it is doubtful that emissionﬁ will show similar characteristics. This is a
topic requiring further investigation.
5.6.1 Control Technologies Used.

White wet scrubbers are normally used on sewage sludge incinerators, &
variety of different controf systems are currently being-used on refuse '
incinerators. Of the approximately 45 municipal refuse incinerators
currently operating in the U.S., about 23 are equipped with electrostatic
precipitators (ESP), 15 use wet scrubbers, baghouses are in use at two
plants, and the rest are controllied with either mechanical separators or a
combination of controlﬁdevices. Each of the three coincineration facilities’
expected to be operating'in 1985 are equipped with ESP's,’

5.6.2 Emission Test Data '
Emissions tests were performed in 1977 on the multiple-hearth sludge

incinerator Tocated at the Central Contra Costa Sewage Treatment Plant in
California. The incinerator was modified to burn prepared municipal refuse
in combination with sewage s]udge.l In add{tion, provisions were made to
operate the unit in either an incineration or pyrolysis mode. Both the
re]at%ve amounts of RDF and sewage:s1udge entering the furnace, as we1i as
the Yocation at which the w;stes entered the furnace, were varied during the
test program. These parameters are summarized for each individuai test run
in Table 5-2. Particulate emissions were measured (EPA Method 5) at both
the inlet and the outlet of the afterburner. A]fhough the incinerator is
squipped with a scrubber, no sampling was conducted on the scrubber inlet.
The results of these tests are summarized in Figure 5-2. The
individual runs have been grouped according to the ratio of refuse to sludge
burned during the test. There is no apparent difference in the uncontroiled
emission rate of incineration as opposed to pyrolysis, although the
emissions from pyronsis-are controlled somewhat better by the afterburner.
' This is most likely a function of the difference in the average size of the
particles leaving the furnace, which were generally larger when it was
operated in the pyrolysis mode. No emissions tests were performed on the -
furnace when it was incinerating sludge alone.
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Although barticu]ate emissions appear to decline as the ratio of RDF to
~ sludge declines, this trend could aiso be a function of how the sludge is
" charged into the incinerator. The uncontrolled rate of particulate release
is generally higher when the sludge is charged separately into the top
hearth {runs 8C, 80, 19H, 191, and 31P). In the other runs the sludge was
first blended with the RDF before it entered the top of the incinerator.

Two sets of emissions data were obtained for refuse incinerators
coincinerating sludge. The first set is from the Waterbury, Connecticut,
facility.g This incinerator is a batch-fed, mass-burning, refuse
incinerator with a capacity of about 150 tons/day. The sludge was first
flash-evaporated and then burned in suspension in the secondary combustion
chamber. The ratio of refuse to é]udée was approximately 3.5:1. Emissions
where controlled by a spray-baffle scrubber. The Waterbury unit was not
tested in accordance with EPA Method § proéedures.

A Consumat modular refuse incinerator was tested while coincinerating
sewage sIudge.lO The sludge was first dried in an indirect steém dryer to a
20 to 25 percent moisture content. The dried sludge was not mixed with the
refuse,'buf rather dumped into the hopper on top of'the réfuse: '
Approximateiy equal portions of sludge and refuse were burned. The
incinerator is not equipped with a scrubber. Afterburners are empioyed to
control particulate and odorous emissions.

The data from these two tests are displaved in Figure 5-3., For the
Watarbury Taciiiiy, no difference can be discerned between the controiled
particulate emissions when refuse is burned separately in contrast to
combined incineration. There is, however, a noticable increase in the
emissions from the Consumat incinerator when dried sludge is burned, over
that observed for refuse alone.

5.7 REGULATORY ISSUES

As mentioned earlier, there is currently no NSPS that applies explicity
to coincineration. In the few cases where new facilities subject
to NSPS have been built, the emission limit has been determined on an ad hoc

basis. Table 5-3 shows the procedure that has been employed in making these
determinations.
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TABLE 5-3. CURRENT BASIS FOR DETERMINING THE APPLICABILITY
OF THE NSPS TO INCINERATORS

Municipal

Incinerator

standard cubic foot flue gas

b)

DSSE determination (E-7), May 17,
percentage of each waste consumed.

5-20

Sewage Sludge Refuse Charging Rate Applicab1ea)
(Percent) (Percent) (tons/day) Subpart
100 0 any rate Subpart 0
51 - 100 0 - 49 > 50 total waste Prorated, O/Eb)
0 - 50 50 - 100 > 50 total waste Subpart E
0 100 < 50 municipal refuse None
1 - 99 1- 99 <50 total wastes, Subpart 0
> 1.1 sewage sludge
11 - 99 1 - 89 < 50 total wastes, Subpart 0
< 1.1 sewage sludqge
0 - 10 g0 - 100 < 50 total wastes, ‘None
< 1.1 sewage sludge
a)

Subﬁart 0: 1.3 1b particulate/dry ton sludge input; Subpart E: 0.08 grains/dry

1976, allows a prorated standard based on the




There are a number of inconsistencies within this scheme. First, as
noted in the 1978 review of the -sewage sludge incineration standards, there
exists a discontinuity when an incinerator is burning 50 percent municipal
waste and 50 percent sludge.11 Also as.noted in the 1978 review, the '
separate standards are not expressed in the same units; the conversion from
a concentration- to a mass-based standard is not always straight-forward.

Additional gaps in the coverage of the existing regulations are also
apparent. For example, neither Subpart E nor Subpart 0 addresses the .
appIicabi1ity of the standard when an incinerator is operated in a pyrolysis
mode. In at least one instance, a planned solid waste pyr01ys1s project was
exempted from the NSPS on this basis. 12 '

The fact that the existing NSPS for refuse incinerators has a minimum
size cut-off (50 ton/day), while no cut-off is given for sludge furnaces,
raises a number of questions in terms of the equity of the current procedure
for applying the Subparts. For example, a. large 250 ton/day refuse
incinerator burning 75 ton/day of siudge would have to meet a less str1ngent-
_standard than a 45 ton/day incinerator burning 5 ton/day sludge.

Finally, in some jnstances, it is not clear whether the percent
contribution of sludge to the total incinerator charge rate is to be
ca1cu1ated on.a wet or dry basis. _

Because of the lack of sufficient emission data, the differences
hetween alternative coincineration techniques, and the differences between
the two standards, it is not possibie to resolve these issues in this study.
5.7.1 NSPS Applied to Forﬁer, Existing, and Planned Coincineration

Facilities

Various determinations have been made in the past as to which NSPS
should apply to coincineration. Of the facilities that were formerly
coincinerating, only the Holyoke, Massachusetts, and Ouluth, Minnesota
{ncinerators were subject to the NSPS. In both instances, the incinerators
were required to meet either the most stringent applicable NSPS (subpart 0),
or to meet an emission limit based on a proration of theltwo applicable

subparts in a manner acceptable to the Administrator.B’I4
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Each of the three coincineration projects expected to be operating over
the next five years will be required to meet different emission limits. The
planned coincineration facility in Harrisburg, Pennsylvania, is considered
an‘existing facility, and will not be subject to the NSPS. The incinerator
will remain subject only to the state emission limit of 0.1 grains/dscf '
(corrected to 12 percent COZ) for existing municipal incinerators. An
emissions test will be performed, however, once the incinerator begins to
burn s1udge.15 _

Although the incinerators in Stamford, Connecticut, were built in 1975,
and therefore are subject to the NSPS, the emission 1imit currently applied
to the facility is the State emission Timit for existing sources of 0.4 1b
particulate/ 1000 1b flue gas. Emissions tests are currently being planned,
however, to determine which Subpart of the NSPS that the incinerator is to
be subject to. If the Stamford facility is determined to qualify under
Subpart 0, then this Subpart will be app]ied.16

Presently, no final determiﬁation has been made as to which- Subpart
will be applied to the Glenn Cove, New York, coincineration facility. A
test program is currently underway, and a final determination will be made

at thé conclusion of these tests.17
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