United States Oftice of Solid Waste Office of Air Office of Research EPA/530-SW-87.0¢
Environmental and Emergency Response  and Radiation and Development June 1987 E
Protection Agency Washington, DC 20460 Washington, DC 20460 Washington, DC 20460

SEPA Municipal Waste
Combustion Study

Costs of Flue Gas
Cleaning Technologies

7.8. Environmental Protection Agercy
Region &5, Library (5PL-16)

23C S. Dearborn Street, Room 1670
Chicago, IL 60604



MUNICIPAL WASTE COMBUSTION STUDY:
COSTS OF FLUE GAS CLEANING TECHNOLOGIES

For Information Contact

Michael Johnston
U. S. Environmental Protection Agency
OAQPS/ESED (MD-13)
Research Triangle Park, North Carolina 27711
(919) 541-5601

June 1987



DISCLAIMER

This document has been reviewed and approved for publication by the
Office of Air and Radiation, U.S. Environmental Protection Agency. Approval
does not signify that the contents necessarily reflect the views and

policies of the Environmental Protection Agency, nor does the mention of

trade names or commercial products constitute endorsement or recommendation
for use. '

ii



COSTS OF FLUE GAS CLEANING TECHNOLOGIES
EXECUTIVE SUMMARY

This report is an assessment of emission control costs for municipal
waste combustors (MWC’s). The details of the cost estimates, including
their development, components, and design and cost premises, are addressed
in the subsequent sections of this volume.

A model plant approach was used in the sizing and costing of the
emission control systems. Due to differences in the feed waste charac-
teristics, combustion parameters, and emissions, separate cost estimates
were required for mass burning (MB), modular (MOD), refuse-derived fuel
(RDF), and fluid bed combustion (FBC) type furnaces. Table 1 presents the
MWC model plant specifications and the flue gas composition data used for
sizing and ¢ ting of the emission control systems. Table 2 presents the
MWC emissions control equipment design premises as reported by a number of
air pollution control equipment manufacturers.

Cost estimates were developed for control of particulate matter (PM)
emissions only and for control of both acid gas and PM emissions from the
MWC model plants. Controlled PM emission levels of 0.03, 0.02, and 0.0l
gr/dscf, corrected to 12 percent COZ, and 90 and 70 percent reductions of
HC1 and SOZ’ respectively, were used to develop the control cost estimates.

Electrostatic precipitators (ESP’s) were evaluated as PM controls for
all furnace types. Spray dryer/ESP (SD/ESP) and spray dryer/fabric filter
(SD/FF) systems were evaluated as acid gas/PM controls for MB, MOD, and RDF
model facilities. Fabric filters (FF’s) were evaluated as alternative PM
controls for FBC combustors. The flue gas from FBC combustors was assumed
to contain a negligible amount of acid gas due to the neutralization of the

acid gas in the flue gas by limestone which is introduced into the furnace
bed.



Capital and annualized operating costs were developed in August 1986
dollars using the cost information received from a number of air pollution
control equipment manufacturers for various flue gas flow rates and design
capacities. The capital cost estimates for PM and acid gas/PM control
systems for new MWC facilities are presented in Table 3. They were devel-
oped for 25 percent excess combustor capacity and include a 20 percent
factor for contingencies. The capital costs presented in Table 3 represent
the cost of the control system and auxiliary equipment (i.e., ductwork and
I.D. fan). In addition, a cost credit was applied to facilities with acid
gas control to account for the reduction in capital cost required to
construct a stack which does not require acid-resistant lining.

The increase in capital cost for requiring acid gas control in
addition to PM control for new facilities ranges from 50 to 500 percent.
The lower value of the range represents the MB and RDF model facilities
while the higher value represents MOD facilities. SD/FF systems require
0.5 to 5.5 percent less capital than SD/ESP systems for 1,000 tpd and
larger MB and RDF model facilities at the 0.03 gr/dscf PM emission level,
increasing to 5 to 8 percent at the 0.01 gr/dscf specification. For the
MOD model facilities, SD/FF systems require an additional 30 percent
of capital for acid gas/PM control as compared to a comparably designed
SD/ESP systems.

Table 4 presents the annualized operating cost estimates for new MWC
facilities for PM and acid gas/PM controls assuming 8,000 operating hours
per year and 20 and 15 years of equipment life for PM and acid gas/PM
control systems, respectively. Maintenance costs were assumed to be
2 percent of the total capital cost, the waste disposal cost was $15/ton,
and taxes and insurance were considered to be 4 percent of the total
capital cost. The interest rate for capital recovery charges was assumed
to 10 percent.

Indirect operating costs are more significant than direct operating
costs in each of the annualized operating cost estimates for the new
facilities. Indirect costs represent from 60 to 80 percent of the total
annualized cost of operating the emission control systems for MB and MOD
facilities. The indirect operating costs are slightly lower (55 to
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70 percent of the total annualized operating cost) for the RDF and FBC
facilities, and are less than 50 percent of the total annualized operating
cost for FBC facilities equipped with fabric filters.

The waste disposal cost is the major direct operating cost. The cost
contribution of waste disposal to the total direct operating cost is
proportional to the quantity disposed. Waste disposal costs represent from
25 to 40 percent of the total direct operating cost of PM emission control
systems for MB facilities. Waste disposal costs for RDF and FBC facilities
are 50 to 60 percent of the direct operating costs. The waste disposal
costs for acid gas/PM controls are 15 to 30 percent for MB facilities and
approximately 40 and 60 percent for RDF and FBC facilities, respectively.
The waste disposal cost for MOD facilities is insignificant due to the
small quantities of particulate matter generated.

Figures 1 through 4 present the annualized operating cost estimates
for the emission control systems for the new MWC model plants in terms of
dollars per ton of refuse burned. All figures indicate that the relative
costs of operating the emission control systems decrease as the facility
size increases. Also, as the PM emission levels become more stringent, the
annualized operating costs increase. The additional cost of controlling
acid gas along with PM emissions is $4 to $9 per ton for MB facilities. For
the RDF model plants, acid gas control accounts for an additional $4 to
$5 per ton. The corresponding cost for the model MOD facilities is $5 to
$12 per ton.

The SD/ESP system is more costly to operate than the SD/FF system
based on the information presented in Figures 1, 2, and 3. MB model plants
with a 0.03 gr/dscf outlet PM loading and the MOD model plants are the
execeptions. In general, however, the SD/ESP systems for the new MWC model
plants require an additional $.20 to $.90 per ton of waste burned to
operate per year than do comparable SD/FF systems. Fabric filters for FBC
facilities require $1 to $3 per ton of waste burned less in annualized
operating costs than do ESP systems.

The presentation of control cost information in terms of dollars per
unit amount of PM removed is a convenient measure of the effectiveness of
a PM control system. However, such information for acid gas/PM control
systems could be misleading due to the additional PM emission quantities
generated in the spray dryer. A better measure of the operating cost of



acid gas/PM controls is provided by presenting the cost information in
terms of dollars per unit of acid gas removed. Figures 5, 6, and 7 present
the annualized operating cost in terms of $/1b of acid gas removed for
SD/ESP and SD/FF systems for the new MB, MOD, and RDF model facilities.

Similar to the trends observed for the annualized operating costs in
terms of dollars per ton of waste burned, acid gas emission control
systems, in terms of dollars per pound of acid gas removed, become less
costly as the facility size increases. An additional $.02 to $.20 per
pound of acid gas removed is required to achieve 90 and 70 percent removal
of HC1 and 502, respectively, at an outlet grain loading of 0.01 gr/dscf
than at 0.03 gr/dscf corrected to 12% COZ. On the average, the annualized
operating costs for an SD/FF, in dollars per pound of acid gas removed, is
$.03 less costly than SD/ESP systems for the MB and RDF model plants.
However, the cost to operate an SD/FF for a model MOD facility, in dollars
per pound of acid gas removed, is on the average $.25 greater than an
SD/ESP for the same facility.

Retrofit costs for air pollution control equipment for existing
municipal waste combustors are also presented in this report. The emission
control systems which were coated for the model existing facilities were
designed to provide PM control only, or both acid gas and PM control. For
the MB and RDF model existing facilities, the control systems evaluated
included a spray dryer (SD) system retrofit to those facilities with a
high-efficiency ESP currently in place, and a SD/FF system retrofit to
facilities which have a wet scrubber or low-efficiency ESP currently in
place. The majority of the existing MOD facilities are uncontrolled.
Therefore, ESP’s and SD/ESP’s were evaluated for PM and acid gas/PM
control, respectively, for the model MOD existing facilities.

The design parameters for the emission control systems for the model
existing MWC facilities are identical to those discussed for the new MWC
model facilities. The emission control systems were designed to achieve a
PM emission level of 0.02 gr/dscf corrected to 12 percent COZ’ and 90 and
70 percent reduction of HC1 and SOZ’ respectively. One control unit was
assumed for each model MOD existing facility and for each combustion unit
in each MB and RDF model existing facility.

vi



Tables 5 and 6 present the capital and annualized operating retrofit
costs, respectively, for model existing refractory MB and MOD facilities.
Similar cost estimates for existing waterwall MB, MOD, and RDF model
facilities are presented in Tables 7 and 8. Retrofit factors were
determined based on vendor contacts and previous retrofit studies within
EPA with flue gas desulfurization systems in the utility industry. Several
considerations should be taken into account when developing retrofit costs
including the number and size of the air pollution control units, the
spatial Timitations, and the effect the retrofit air pollution control
equipment will have on current process operation. For the purposes of this
report, the capital and annualized operating retrofit cost estimates were
intended to bound the patential retrofit costs which would be expected for
the existing MWC population.
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TABLE 1. MUNICIPAL WASTE COMBUSTOR MODEL PLANT SPECIFICATIONS AND
FLUE GAS COMPOSITION DATA

Facility type

| I | I
Parameter | MB | MOD | RDF | FBC
1 I | |
_ | I | |
Facility specification | | } |
I | I
Waste composition (wt %): | | | |
Carbon | 26.73 | 26.73 | 33.8 | 33.8
Hydrogen | 3.6 | 3.6 | 4.5 | 4.5
Oxygen | 19.74 | 19.74 | 27.9 | 27.9
Sulfur | 0.12 | 0.12 | 0.2 | 0.2
Nitrogen | 0.17 | 0.17 | 0.5 | 0.5
Water | 27.14 | 27.14 | 25.2 | 25.2
Chlorine ) 0.38 | 0.32 | 0.39 | 0.32
Inerts | 22.12 | 22.18 | 7.51 | 7.58
I I I I
Excess combustion air, % | 80 | 50 } 50 | 25
I I I
PM emission factor, I | | |
% of waste inert converted to flyash | 10 | 0.5 | 80 | 80
I I | |
Amount of acid gas reaction | | | |
products released into flue gas, % | [ | | 80
I | | I
Temperature, °F | I | |
Waterwall 350 | 350 | 350 | 350
Refractory 450 | 450 | 450 |
A
Flue gas parameters (calculated) | I I
| | I I
Flow rate, dscf/1b of feed waste 83 | 69 | 85 | 70
scf/1b of feed waste 95 | 82 | 99 | 84
I | I I
Uncontrolled PM emissions, I | I I
gr/dscf at 12% CO2 | 2.16 | 0.11 | 4.63 | 6.84
gr/dscf | 1.87 | 0.11 | 4.98 | 8.83
I I I I
Uncontrolled acid gas emissions, | | | |
HC1, ppm dry | 500 | 500 | 500 | 50
SOZ’ ppm dry | 175 | 211 | 286 | 104
I I | |
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TABLE 2. CONTROL EQUIPMENT DESIGN PREMISES FOR MUNICIPAL WASTE COMBUSTORS

Facility type

— I
Parameter | MB | MOD | RDF | FBC
I l [ |
I I I I
ESP system { = } }
Specific collection plate area | | | |
for 0.03 gr/dscf at 12% CO2 outlet | 332 | 138 | 409 | 409
for 0.02 gr/dscf at 12% C02 outlet | 397 | 172 | 504 | 504
for 0.01 gr/dscf at 12% CO2 outlet | 500 | 208 | 545 } 545
| | |
Pressure drop, in. HZO ! 2.5 } 2.5 % 2.5 } 2.5
Equipment life, years ‘ 20 = 20 % 20 } 20
FF system } } } l
Air-to-cloth ratio, net | | | | 4:1
gross | | | | 3:1
| | | I
Pressure drop, in. HZO | : | | 7.5
I I I
Equipment 1ife, years | | | | 20
I | I |
Acid gas/PM system? I I I I
l I I I
SD exit temperature, °F | 280 | 280 | 280 |
I | I |
Alkali (lime) consumption, I | I |
% of equivalency ratio | 15Q- | 15Q— | 150 |
| R | I
Pressure drop, in. HZO | | | |
for SD/ESP system | 7.5 | 7.1 7.% |
for SD/FF system | 13 | 13 | 13 |
| I I I
Equipment life | 15 | 1% | 15 |
I I I I

qcither SD/ESP system or SD/FF system.
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TABLE 3.

SUMMARY Of ESTIMATED CAPITAL
WASTE COMBUSTOR FACILITIES® (

Wass burning model TacTTTtTes

WoduTat wodel YaciTitTes

STS OF EMISSION CONTROL SYSTEMS FOR MODEL NEW MUNICIPAL
1,000s tn August 1986 based on 8,000 hrs/yr operation)

Refuse-derTved fuel

FTuTd bed combustion ~

PM emission _ ] ,__,,mmiiﬁrllllluh, oo
level after
C(l)ld\t‘r;?l.t 250 Rd 1,000 s d 3,000 } d 100 tgg 250 } d 400 td 1.500 ! d 3.000':pd 251.) %ed ngg(% ;1
r S a capac capac capac Capac capac capac capac C capac Y
gla 002 (Hosol le). 1 (‘bdo? No.y2) (Mode No.y3) (Nod.? No.yl) (Nodgl Noy 5) (ibdo? No.yé) (Mode No.yl) (Mf)?ig1 No! 8) (Nodgl No. 9)](Model No. 10)
7
ESP System
0.03 1,549 »900 0,230 34’ 695 1,020 6,919 12,006 1,756 2,762
0.02 1,951 4.691 1,830 44 845 1,194 8.293 14,245 2,204 3,410
0.01 2,82 5,52 4,105 487 929 1,314 »193 15,881 2,270 3.589
SD/ESP System® '
0.03 4,]08 9,352 197 .4{6 2,420 3,149 }4.413 25,917
0.02 4,509 10,246 4,488 +516 2,526 3.489 $.972 21.423
0.01 4,060 10,916 »6 »564 2,648 3,609 16,539 28,069
b
SO/EE_ Systes
0.03 »242 8,905 1.69{ »960 3,176 4,179 13.170 22,042
0.02 4,24 8,905 ;.69 + 960 3.176 4,119 13.170 22,042
0.01 42 9.463 197 2020 3.296 4(.779 13,989 23,119
fF System
. 996 1,690
ggg 996 1,690
0.01 996 1,690

'

3The capital cost estimates were developed for control systems at 125 percent of actupl size and Include & 20 percent
contingency factor.

bror 90 and 70 percent control of HC1 and SOz, respectively.
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OF ESTIMATED ANMJALI €D OP T NG OOSTS OF EMISSION OONTROL SYSTEMS FOR MODEL NEW

TABLE 4. SUMMARY
ABLE 4 MUNJCIPAL WASTE COMBUSTOR FACILIT l (31,0005 1n August 1986 based on 8,000 hrs/yr operation)
T Mass burning model facilities Modular model facilities Refuse-der {ved fuel " Fluld bed combustfon
PM emission mode) facilities Mﬂl__(ﬁs_llﬂ.m__.
level after '
cc/)gtr(f)l.t 250 q'xt 1, ooo‘?d 3,000 t.g 100 tp “ 250 t d 400 tgt 1000 d 1 3, OOO'Epd cgggtggg cgggtggy
qr SC a capac capac capaci ac capac ac ac capac y
12% C0, (Model No’.' )] (Nodgl No! ) ? y “odag No. &) (Model No. ) (Modeg Ye (Modo? ) (Modal No. 8)[(Model No. 9)1|(Madel No. 10)
L LN - T T
£SP System ,rr
0.03 370 921 W/ 2,449 90 162 1,865 ,348 195
0.02 443 1,0 2,744 110 190 261 2.118 3,761 571 915
0.01 499 1,220 3,163 117 206 2,284 ,063
P a
0.03 1,061 2,529 6.515 380 645 858 4,218
0.02 1.156 2,706 . 6.77‘ 303 666 25 4,632 8,176
0.0l 1,212 2,839 1‘ 7,19 4 691 49 4,700
F a ! [
0.03 1,115 2,549 6,530 498 25 }.no 4,198 7,442
0.02 1,115 2,549 6.548 498 1 .110 ,199 1,444
0.01 1,150 2,661 | 6,83 51 849 1,229 4,362 1,637
£f System {
R 315
8?83 y 375 649
0.01 L 315
. b

290 and 70 percent control of HCI and SO,, respectively.
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TABLE 5. SUMMARY OF ESTIMATED CAPl:.. COSTS OF EMISSION CONTROL SYSTEMS FOR MODEL EXISTING REFfRACYORY
MUNICIPAL WASTE COMBUSTOR FAGILITVIES (31000s in August 1986 based on 6,500 hrs/yr operation)

Modular Model

| ]
| Mass Burning Mode) Facilities ! fFacilities
! t ] | | |
1 200 tpd | 450 tpd | 600 tpd 1 750 tpd I 1200 tpd 1 100 tpd
Control | capac ity I capacity | capacity I capacity | capacity | capacity
Dev ice ! (Model No. 1) I (Model No.2) | (Model No. 3) I (Model No. 4) | (Model No. S) | (Model No. 6)
| | 1 | | 1
a | | | | 1 t
ESP System ) 1 | I | ! 526
| | 1 t | !
ab | | ! [ | |
DS/ESP System™’ 1 | l | { ! 2,819
| | i | | |
b ! | i | | |
DS System | I | 6,005 | 6,879 ! 10,325 |
{ ! { I | I
ab 1 | | I 1 !
DS/FF System™’ | 6,335 t 11,346 | 11,062 | 12,728 | 18,745 |
! | ! i | f

%0.02 gr/dscf corrected to 12 percent 002.

t)90 and 70 percent reduction of HC) and 502. respectively.
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TABLE ©.

SUMMARY OF ESTIMATED ANNUAL IZED OPERATING COSTS OF EMISSION CONTROL SYSTEMS FOR MODEL EXISTING REFRACTORY
MUNICIPAL WASTE COMBUSTOR FACILITIES (31000s 1n August 1986 based on 6,500 hrs/yr operation)

Modular Model

| |
| Mass Burning Mode) Facilities l___ Facihities
| | } | | |
[ 200 tpd | 450 tpd ] 600 tpd ! 750 tpd 1 1200 tpd 1 100 tpd
Control | capacity [ capacity [ capacity | capacity | capacity I capacity
Device | (Model No. 1) | (Model No.2) ! (Model No. 3) | (Model No. 4) } (Model No. 5) | (Model No. 6)
I | | i | |
a I 1 | I | |
ESP System | | { [ | ] 123
| | | | | t
ab i I | I | 1
DS/ESP System“’ | | | | | | 645
! | { ! } 1
b 1 | l | 1 |
DS System 1 1 1 1,669 | 1,941 ] 2,884 |
t i | | | 1
ab 1 | 1 ] ] )
DS/FF System®’ ! 1,478 | 2,686 | 2,692 | 3,124 | 4,597 I
) 1 1 | I 1

20.02 gr/dscf corrected to 12 percent 002.

t’90 and 70 percent reduction of HC} and 502. respectively,



SUMMARY OF ESTIMATED CAPITAL COSTS OF EMISSION CONTROL SYSTEMS FOR MODEL EXISTING WATERWALL
MUNICIPAL WASTE COMBUSTOR FACILITIES (31000s in August 1986 based on 6,500 hrs/yr operation)

TABLE 7.

100

capa ity
(Model No.

f
3000 tpd

__Refused-dorived Fye] Model
|

1000 tpd 2200 tpd !
capac ity capacity |
(Model No. 8) | (Model No. 9)1
1

—Modular Mode) Facilities =~
| |
100 tpd | 200 tpd | 300 tpd
capac ity I capacity | capacity
Ododet No. 5) | (Model No. 6) | (Model No. 7)
| |

1

| 2200 tpd

| capacity
) No. 3) | (Model No. 4)

1

2 R
= 9
g g
& <
3 2
K 3

XX 1

20.02 gr/dscf corrected to 12 percent 0,

b%mmpumtmmlmdm .\dwz. respectively.



SUMMARY OF ESTIMATED ANNUAL IZED OPERATING COSTS OF EMISSION CONTROL SYSTEMS FOR MODEL EXISTING WATERWALL

MUNICIPAL WASTE COMBUSTOR FACILITIES (31000s in August 1986 based on 6,500 hrs/yr operation)

TABLE 8.

capac ity
(Model No. 10)

facilities

3000 tpd

Fi
2200 tpd

capac ity
(dodel No. 9)

1000 tpd
capacity
(Mode! No. 8)

Mxylar Mode) Facilfties
)
20tpd | 300 tpd
capac ity | capacity
Oodel No. 6) | (Mode) No. 7)
|

capacity

2200 tpd
capacity
(Mode) No. 4)

%0.02 gr/dscf corrected to 12 percent 0,

bmmmwmmntmotmmsoz. respect ively.
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1. INTRODUCTION

This report is an assessment of emission control costs for municipal
waste combustcrs. The information presented in this report was developed
during a comprehensive, integrated study of municipal waste combustion. An
overview of the findings of this study may be found in the Report to
Congress on Municipal Waste Combustion (EPA/530-SW-87-02la). Other
technical volumes issued as part of the Municipal Waste Combustion Study
include:

() Emission Data Base for Municipal Waste Combustors
(EPA/530-SW-87-021b)

. Combustion Control of Organic Emissions (EPA/530-SW-87-021c)

. Flue Gas Cleaning Technology (EPA/530-SW-87-021d)

) Sampling and Analysis of Municipal Waste Combustors
(EPA/530-SW-87-021f)

) Assessment of Health Risks Associated with Exposure to Municipal
Waste Combustion Emissions (EPA/530-SW-87-021g)

(] Characterization of the Municipal Waste © 'mbustor Industry
(EPA/530-SW-87-021h)

° Recycling of Solid Waste (EPA/530-SW-87-021i)

The approach taken for this report was to determine the capital and
annualized costs of installing and operating add-on air pollution control
devices for new and existing municipal waste combustion facilities.

MWC model plants were developed for the purpose of developing emission
control cost information. The model plants are representative of the MWC’s
which are currently planned, under construction, or in existence in the
United States with regard to design capacity and technology. They provide a
basis for calculating the flue gas quantity and composition. The model
facilities are comprised of mass burning (MB) units, modular combustor (MOD)
facilities, refuse-derived fuel burning (RDF) plants, and fluid bed
combustion (FBC) facilities.

The air pollution control devices which were costed for these
facilities were electrostatic precipitators (ESP’s) and fabric filters
(FF’s) for particulate matter (PM) control, and spray dryer/ESP’s



(SD/ESP’s) and SD/FF’s for acid gas/PM control. They were designed to
achieve emission levels of 0.03, 0.02, and 0.01 gr/dscf at 12% CO, for PM,
and 90 and 70 percent reduction of HC1 and SOZ, respectively, for acid gas.

Capital and annualized operating costs were determined for the air
pollution control equipment based on cost information received from air
pollution control equipment manufacturers. The cost estimates, presented
in the following sections of this document, are in August 1986 dollars and
assume 8,000 hrs/yr of operation for new MNC’s and 6,500 hrs/yr of operation
for existing facilities and 25 percent excess design capacity. Annualized
operating cost estimates for new MWC facilities are calculated in terms of
$/ton of waste burned, $/ton of flyash removed, and $/1b of acid gas
removed.

The remainder of the report is divided into five sections. Section 2
describes the model plants and flue gas compositions for new MWC facilities.
Section 3 is a discussion of the control system design evaluations. Capi-
tal and annualized operating cost estimates for emission control systems for
new MWC’s are presented in Section 4. (.st analyses for new facilities are
presented in Section 5, including costs per ton of waste burned and per unit
of pollutant removed. Section 6 is a discussion of retrofit costs for the
existing population of municipal waste combustors.
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2. NEW MUNICIPAL WASTE COMBUSTOR MODEL PLANTS

For the purpose of developing emission control cost information for new
and proposed municipal waste combustors (MWC’s), ten model plants were
developed. They are representative of the MWC’s which are currently planned
or under construction in the United States and they are intended to
approximate these units with regard to design capacity and technology. The
intent of the .del plants was to provide a basis for calculating flue gas
quantities and compositions for the sizing and costing of the associated
emission control systems. The model plant specifications and flue gas
composition data are listed in Table 2-1 and are described in the following
sections.

2.1 MODEL PLANTS

The ten model plants developed to represent new and proposed MWC’s
include three mass burning (MB) facilities, three modular combustor (MOD)
facilities, two refuse-derived fuel (RDF) burning facilities, and two fluid
bed combustion (FBC) facilities. The design and operation of these
facilities is described more fully in "Municipal Waste Combustion Study:
Combustion Control of Organic Emissions" (EPA/530-SW-87-021c). The primary
design parameters specified for each model plant are listed in Table 2-1 and
include: design capacity, excess air rate, feed waste inert composition,
and the emission factors for uncontrolled particulate matter (PM) and acid
gas (HC! and SOZ)'

The excess air rate and feed waste composition are the main parameters
which determine the flue gas quantities and compositions generated per unit
of waste burned. The excess air rates specified for combustion were 80, 50,
50, and 25 percent of the stoichiometric air requirements for the MB, MOD,
RDF, and FBC model plants, respectively. The respective uncontrolled PM
emission factors for the models plants were 10, 0.5, 80, and 80 percent of
the feed waste inert composition.

Acid gas emission factors were based on the assumption that the entire
sulfur and chlorine composition of the incoming feed was converted to SO2
and HC1 upon combustion. For FBC model plants, a negligible amount of acid
gas is assumed to be released in the flue gas due to the introduction of
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TABLE 2-1.

MODEL FLANT SPECIFICATIONS AND FLUE GAS COMPOSITION DATA

h

Model plants?

!

! | ] 1 1
Item ! No.1 | No. 2 | No.3 | No. 4 | MNo. 5 | No. 6 | No.7 | No. 8 | No.9 . 10
[ W) 1 (M) 1 MD) 1 (MOD) | (MOD) 1 (MOD) | _(RDF) | (RPF) § _{FBC) 1 __(FBC)
| | t [} | | | | { t
facility Specification | | { | | I 1 1 i t
| 1 | | | ! 1 | f |
No. of combustors per model i 24 21 41 2\ S i 81 3\ 44 24 2
I [ | | | 1 [ | I |
Total daily charge rate, tpd | 250 | 1,000 | 3,000 100 | 250 | 400 | 1,500 | 3.000 | 250 1t 500
| | \ | | { 1 \ ] \
Hourly charge rate at ] | [ | | | | | | |
1008 uttlization, 1b/hr | 20,833 | 83,333 | 250,000 | 8,333 | 20,833 | 33,333 | 125,000 | 250,000 § 20,833 | 41,667
1 | i | i | ] | 1 |
Ash content of feed waste, § | 22,12 | 22.12 | 22.12 | 22.18 | 22.18 | 22.18 | 7.5H1 7.51 1 7.58 1§ 7.58
| [ I | | | | ! | |
Excess combustion air, % of } ] } | 1 | | | 1 §
theoretical | 80 | 80 | 80 | 50 | 50 | 50 1 S0 | 50 | 25 | 25
[ | | { | | | { | |
PM emission factor, % of feed | 10 1 10 | 10 | 0.50 1| 0.50 1 0.50 1) 80 1 80 1 80 ) 80
waste ash | | t | ] ! ! | | |
[ | i | | | | ] t |
Acid gas emission factor: | t | ] | i i 1 1 1
HC1, ppm dry 1 500 | 500 | 500 | 500 | 500 | 500 | 500 | 500 | 50 | 50
50,, ppm dry 1 175 | 175 | 175 | 211 | 211 | 211 | 286 | 286 | 103 | 103
- 1 1 1 1 1 1 1 | 1 1
b | I i | I | 1 ! | |
flue gas data per cambustor | | 1 ] | ! | | f t
| I I | l | t | t I
Volume flow rate: | ] | | I | | | | |
I | | [ | | | | | |
dscfm | 14,362 1 57,447 | 86,170 | 4,776 | 4,776 | 4,776 | 58,703 | 88,055 | 12,205 | 24,411
scim 1 16,579 { 66,315 | 99.473 | 5.663 | 5.663 | 5.663 | 68,490 | 102,736 | 14,653 | 29,306
acfm ! 25,337 | 101,350 | 152,025 | 8,654 | 8,654 | 8.654 | 104,674 | 157,011 | 22,394 | 44,188
| ! | ] | [ | | | |
Outlet Temperature,“FC | 350 | 350 | 350 | 350 | 350 | 350 | 350 | 350 | 350 | 350
q [ | | [ | | | | | |
PM emissions : t | I i t | | | | |
| 1 1 [ 1 | 1 | 1 1
gr/dsct | 1.87 1 1.87 | 1.87 1| 0.11 | 0.11 1 0.11 | 4.98 | 4.98 | 8.83 1§ 8.83
gr/sct | 1.62 | 1.62 | 1.62 1 0.10 | 0.10 | 0.10 | 4.26 | 4.26 | 7.35 1 7.3
gr/acf 1 1.06 | 1.06 | 1.06 | 0.06 | 0.06 | 0.06 | 2.19 | 2.719 | 4.81 1 4.81
gr/dscf at 12% €02 | 2.16 | 2.16 2.16 | 0.11 1 0.1t t 0.11 4.63 | 4.63 | 6.84 | 6.84
gr/dsct at 7% 02 1 2.26 | 2.26 | 2.26 | 0.11 1 0.11 1 0.11 | .99 | 4.99 | 7.36 | 1.36
Vb/hr I o | 922 | 1,383 i 4.6 | 4.6 | 4.6 | 2,503 | 3,158 | 923 | 1,847
tons/yr at 8,000 hes/yr | 920 | 3,688 | 5,532 | 18 1 18 ¢ 18 1 10,012 1 15.020 | 3,692 | 7,388
[ | | [ ! | | | i [
Acid gas amisstonsd: 1 | ] | ! | | I 1 !
HCY, 1b/he { 41 | 163 | 244 | | I 14 1 4 1 167 | 250 t 3.4 6.9
tons/yr at 8,000 hrs/yr | 164 | 652 | 976 | 56 | 56 | 56 | 660 t 1000 | 13.6 | 7.6
502, 1b/hr | 25 | 100 | 150 | 10 | 10 | 10 1 167 | 250 | 12.5 1 25
tons/yr at 8,000 hrs/yr | 100 | 400 | 600 | 40 40 | 40 ! 668 | 1,000 | 50 | 100
! | I ) 1 1 1 ! ! !
M3 - Mass burning, MOD - Modular, ROF - Refuse-derived fuel, and FBC - Fluid bed combustion.
bCahulated ({except where indicated) based on the facility specificattions In this table and the feed waste composition data

from Yable 2-2.

“Assumed.

"l o1 FBU mode) plants {1.e., Model plants 9 and 10}, PM uemissions conutist of the acid gas/Vimestone jea tion products and

Inputitles 1o addition to the flyash formed frum feed waste inerts.

LU, quanttties only.

Acld gau amivsiuny tepresent the unrecacted HCL and



Yimestone into the FBC bed. The SO2 and HC1 formed during combustion react
with the limestone thus reducing the acid gas content of the flue gas
exiting the combustor. The products of the reaction are released as PM in
the flyash.

2.2 FLUE GAS COMPOSITION

The calculated flue gas compositions of PM and acid gas for each model
plant are presented following the model facility specifications in Table 2-1.
Flue gas composition is a function of combustor type, operating conditions,
and feed waste composition. The combustor type establishes two parameters:
(a) excess air rate and (b) the uncontrolled PM and acid gas emission rates.
The operating conditions establish flue gas temperature and pressure. The
feed waste composition determines the amount and composition of the flue gas
generated.

Table 2-2 presents the feed waste compositions specified for the model
plants. These waste compositions and the specified excess air rates were
used to calculate the flue gas quantities and PM and acid gas emission rates
presented in Table 2-1. The calculated flue gas compositions for the model
plants are presented in Table 2-3. These calculations were based on the
assumption that the feed waste utilization rate was 100 percent and
combustion was complete.
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TABLE 2-2. FEED WASTE COMPOSITION DATA®
(Weight Percent)

| MB [ MOD | RDF I FBC
Constituent | facilities | facilities | facilities | facilities

| | | |
Carbon } 26.73 } 26.73 : 33.8 } 33.8
Hydrogen t 3.6 { 3.6 { 4.5 { 4.5
Oxygen % 19.74 } 19.74 i 27.9 { 27.9
Sulfur { 0.12 { 0.12 { 0.2 i 0.2
Nitrogen } 0.17 I 0.17 { 0.5 } 0.5
Water % 27.14 { 27.14 i 25.2 { 25.2
Chlorine { 0.38 { 0.32 % 0.39 } 0.32
Inerts i 22.12 i 22.18 i 7.51 E 7.58
ATable 2-3 presents dry and wet flue gas compositions for the feed waste

characteristics given above.
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TABLE 2-3. CALOULATED FLUE GAS COMPOSITIONS?
(Volume %)

Mass burning units Modular facilities RDF facilittes FBC factilities

I [ | 1
b | 1 1 I .
Constituent | { | } ! ! !
| Vol S Dry | Vol % Wet I Vol % Dry { vol % Wet | Vol S Dry | Vol % wet | Vol % Dry | Vol % Wet
1 1 1 i 1 | | 1
| | | I I | |
CX)Z | 10.41 ] 9.02 | 12.53 I 10.56 . 12.88 } 11.04 1 15.49 | 12.91
| { | ! | ! |
502 | 0.02 | 0.02 | 0.02 t 0.02 l 0.03 { 0.02 | 0.03 { 0.03
| (175 ppm) | (152 ppm) | (211 ppm) | (178 ppm) | (286 ppm) | (245 ppm) | (104 ppm) | (86 ppm)
) | [ | [ [ |
HCY !  0.05 | 0.04 | 0.05 | 0.04 1 0.05 ) 0.04 ) 0.05 ] 0.04
| (500 ppm) | (433 ppm) { (507 ppm) | (427 ppm) | (500 ppm) | (431 ppm) | (50 ppm) | (41 ppm)
| | } | | [ | 1
) | 9.39 | 8.14 | 7.06 | 5.96 | 7.03 | 6.02 | 4.23 ! 3.52
2 | | ! n | | i |
N2 | 80.13 } 69.41 | 80.34 | 67.75 ] 80.01 | 68.57 ) 80.2¢ 1 66.80
t | | | | 1 \ |
H20 [ [ 13.37 | I 15,66 | I 14.29 | | 16.70
1 L. 1 1 1 1 | l
I ! | i | | | t
Mol wt I 30.05 | 28.44 | 30.30 V' 28.37 I 30.36 )} 28,59 )} 30.66 1 28.55
l | | | | { { t

%Results are based on feed waste composition data presented in Table 2-2.

SO, and HC1 flue gas quantities from FBC facilities represent only those porti. .5 remaining following
regctlon with limestone which 1s introduced into the combustor at 300 percent of the equivalency ratio.



3. CONTROL SYSTEM DESIGN EVALUATIONS

Tnis section presents design evaluations for the PM and acid gas/PM
emission control equipment for the MWC model plants. The emission control
systems were evaluated for achieving PM emission levels of 0.03, 0.02, and
0.01 gr/dscf corrected to 12 percent C0,, and 90 and 70 percent reduction of
HC1 and SO2
uncontrolled and controlled PM and acid gas emission quantities, and the
required control efficiencies for achieving the specified emission levels,
for each new MWC model facility.

The emission control systems which were evaluated for the new MWC model
plants included electrostatic precipitators (ESP’s) as PM controls for all
model plants. Spray dryer/ESP (SD/ESP) and spray dryer/fabric filter
(SD/FF) systems were evaluated as acid gas/PM controls for the MB, MOD, and
RDF model plants (i.e., Model plants 1 through 8). For FBC model plants
(i.e., Model plants 9 and 10), FF’s were evaluated as an alternative to
ESP’s for PM control. Acid gas controls were not evaluated for FBC

emissions, respectively. Table 3-1 presents the predicted

facilities. Limestone injection, inherent to the process, accounts for acid
gas control in these model plants.

The control devices 1isted above and evaluated in this report are more
fully described in "Municipal Waste Combustion Study: Flue Gas Cleaning
Technology" (EPA/530-SW-87-02le). There is evidence to suggest that
controlling PM and acid gas emissions to the assumed levels with these
control devices is effective in reducing emissions of heavy metals and
dioxins (see "Municipal Waste Combustion Study: Emission Data Base for
Municipal Waste Combustors," EPA/530-SW-87-021b). The design parameters for
the emission control systems evaluated in this report and the outlet flue
gas composition data are discussed in the following sections.

3.1 CONTROL SYSTEMS DESIGN PARAMETERS

The primary design factors evaluated for the MWC emission control
systems were specific collection plate area (SCA) for ESP’s, air-to-cloth
ratio (A:C) for FF’s, and spray dryer outlet temperature and lime consump-
tion rate for spray dryers.
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TABLE 3-1. MODEL ALANT CONTROLLED AND JNCONTROLLED EMISSICN ZATA
! Mode] olants
No. | | No. 2 No. 3 " Na. 4 I Ne, S [ Ne. 8 '"No, 7 ! No., 8 No, 3 No, .0
Parameter (MB) 1 MB) 1 'MB) 1 (MOD) ! ‘MOD) | (MOD) | (ROF) . (RDF) F3C)  1(F3C)
Total facility zafly ! . ! ! H ! ' | !
charge rate, tpd ! 250 1 1,000 ¢ 3,000 ! 100 ! 250 400 ! 1,500 ! 3.00C 250 520
! | H H | ) 1 H
No. of campustor units ; 2t 2! 4| 2! 5! 8| 3 4 2 2
i H H i L H I i
\ ] | | H ! i ' ,
ns (T P | ! ! | ! ! I ! !
! | ! ! ! I ! ! . :
PM emissions:? ] ! | ! | | i i ! !
| ! | | | | { l ) .

Design fnlet (!.e., uncontrolled), | ! | i i | | | i .
gr/ascf at 128 G)z ! 2.16 1 2.16 1 2,161 0.11 1 0.11 1 0.11 1 4.63 1| 4.63: 5.84 5.8
15/hr ! 460 | 1,844 ! 5,532 1! 9 1 23 1 374 7,509 1 15,020 | 1,846 ! 2,504
tons/yr | 1,840+ 7,376 | 22,128 | 36 | 92 | 148 | 30,036 | 60,080 | ~,384 . 4,776

| | ! | } ! | i ! ;

Required control efficiency (%) ] | { ! ! ! ! ! ! :
for outiet Tevel of: ! ! | | | | ! ! | !

! ! | ! ! | | | ! !
0.03 gr/dscf at 12X coz [ 98.6 ) 72.7 | 99.4 | 99.4 | 39.6 ! 99.8
0.02 gr/dscf at 1 2% coz [ 99.1 | 8l1.8 | 99.6 ! 99.6 ! 99.7 ¢ 99.7
0.01 gr/dscf at 1 2% G)z ! 99.5 l 90.9 ! 99.8 | 99.8 | 9%.9 ! 99.9
! | | | | [ ! ! | ]
Design outlet (1.e,, controlled), ! | ! | | ! ! ! ! ;
To/hr (tpy) for outlet level of | ! ! | ! { ! ! ! !
t ! | 1 | | ! ! ! !
0.03 gr/adscf at | X mz | 6.4 | 25.8 ! 77.4 2.5 ! 6.3 1| 10.1 1 45.1 | 90.1 ! 7.4 1 14.8
! (26)1 (1031 (31001 (1oM 251 (40} | (18031t (360) 1 (3001 (59)
0.02 gr/dscf at 1 2% coz | 41 16.6 | 49.8 | 1.6 1 4.2 1 6.7 1 301 60 ! 5.5 1 1.1
I (16)1 (661 (199)! (631 (171 (27} (1201 (240! 221 44)
0.01 gr/dscf at 1 2% coz ! 2.3 | 9.2 | 27.7 1 0.8 | 2.1 ¢ 3.3 15 ! 30 1.8 1.7
| (9! 3N (11 (3N (8)1 (13t (6031 (120} (7 ‘L5
5 | ! ! | ! | | ! . |
HC) emissigns: ! | i ! ! ! | | : i
} ! ! i ! | ! } ! i

Destgn fnlet (1.e., uncontrolled), ! ! | { | ! ! i . i
ppm dry ) S00 | S0 ! S0
18/8r | 82 1 326 | 976 | 28 ! 70 | 112 1 501 ! 1000 ! 6.8 | 13.8
toy | 3281 1,304 | 3,904 | 112 ¢} 280 | 448 | 2,004 | 4,000 | 27 | 55

| | [ [ | ! ! ! | i

Control efficiency, (%) ! ! I I ! I ! I ! |

! 90 |
| ! | ! | ! | | ; 1

Outlet emissions (!.,e., controlled)! ! | l | ! | ! | [
ppm ! 49 50- | 49 ) 49 | |
1b/hr ! 8.2 3261 97.61 2.8 | 7.0 1 11.2 | 50.1 1 100 | !
tpy ) 33 1 130 | 390 | 111 28 | 45 | 200 | 400 ! i

5 | ! | | | ! | | I !

0, saissions: ] ! ! 1 ! ! | ! I !

1 | i | ! | | ! ! |

Design fnlet (f.e., uncontrolled), | ! ! ! ! 1 1 ! | !
ppm ary | 178 I 211 ! 286 | 286 | 103 | 103
108/hr ! S0 I 200 600 | 20 ! S0t 80 | S0l ! 1,000 ! 25 1 5Q
tpy t 200 | 800 | 2,400 | 80 ! 200 | 320 1 2,004 | 4,000 ! 100 | 200

1 | ! ! | i | ! t !

Control efficiency, $ ! 70 i

t | | | | | | } i !

Outlet emissfons (1.e., controlled)l| ! | ! t i ! | ! |
pom | 53 62 84 | 84 ! !
1bs/he | 15 | 60 | 180 | 6 1 15 1 24 ) 150 ) 300 ¢ !
tey ! 60 | 240 | 720 ! 24 | 60 | 96 | 600 | 1,200 ! |

For FBC facility models (1.s., Models 9 and 10), the PM emissions consist of flyash and

reaction products and impurities,

HC1 and SO2 emissions from FBC models represemt the unreacted ac!d gas only.

3-2
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(a) ESP’s - Table 3-2 presents the suggested SCA values for ESP’s as
applied to the different MWC model plants for achieving PM emission levels
of 0.03, 0.02, and 0.01 gr/dscf corrected to 12% C02. These SCA values are
the averages of values suggested by several ESP manufacturers. As the inlet
loading is increased and/or outlet loading decreased, the SCA requirement of
an ESP is greater in order to enhance the collection efficiency of the ESP.
Since the SCA is directly related to the size and therefore the cost of an
ESP, changing the inlet or outlet loading of the ESP directly affects the
cost of that unit.

(b) Fabric Filters - Both reverse air and pulse jet type FF’s are

applied in the MWC industry. However, pulse jet type FF’s, with a net
air-to-cloth ratio of 4-to-1, and gross air-to-cloth ratio of as low as
3-to-1, are more commonly used.

(c) Spray Dryers - A key factor to spray dryer operation is the outlet
temperature which is controlled by the amount of water in the absorbent
feed. During spray dryer operation, the feed water is evaporated into the
flue gas thereby reducing its temperature. The rate of water addition is
limited by the set temperature at the spray dryer outlet. 1In addition, the
reactions of HC1 and SO2 with the absorbent, hydrated lime, proceed rapidly
while surface liquid is present but proceed more slowly when the absorbent
is dry. Calcium chloride, the product resulting from the reaction between
Time slurry and HC1, is hygroscopic if exposed to high humidity flue gas at
temperatures below 250°F (121°C). Therefore, to obtain a dry waste product,
the spray dryer design must ensure that a temperature of at least 250°F
(121°C)is maintained. Thus, the alkaline absorbent spray drying process to
neutralize HC1 and SO2 is most effective at a spray dryer outlet temperature
between 260°F (127°C) and 300°F (149°C). For the purposes of developing
cost estimates in this report, the spray dryer outlet temperature was
assumed to be 280°F (138°C).

The rate of addition of hydrated lime in the alkaline feed to the spray
dryer is controlled by the HCl1 and SO2 composition of the flue gas. Available
data indicates that an HC1 removal efficiency of at least 90 percent and an
SO2 removal efficiency of up to 70 percent can be achieved in the spray
dryer process if the hydrated lime is maintained at approximately 150
percent of the equivalency ratio. The equivalency ratio is defined as the
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TABLE 3-2. ESP SPECIFIC COLLECTION PLATE AREA FOR MWC APPLICATIONS

Average scal, ft2/1,000 acfm

I I
| Inlet PM | for outlet loading of
Type of | loading, |

incinerator | gr/dscf |
| corrected to | 0.03 {  0.02 | 0.01
| 12% CO2 | gr/dscf | gr/dscf | gr/dscf
l l
| |

MB | 1.72 | 332 | 397 | 500
| | l l

MOD | 0.11 | 138 | 172 | 208
| | l |

RDF & | | l : |
| 4.63 and 6.04 | 409 | 504 | 545
| I | |

FBC

ascA - Specific collection plate area. The SCA value listed is the
average of values submitted by several ESP manufacturers.
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combined stoichiometric molar requirement of hydrated lime per mole of HCI
and mole of SO2 in the entering flue gas. For a given acid gas removal
requirement, an SO/FF system would consume approximately 10 to 15 percent
less alkali than an SD/ESP system because of the additional acid gas removal
that occurs in the fabric filter. However, for the purpose of this report,
the same alkali equivalency ratio was assumed for both the SD/FF and SD/ESP
systems. Table 3-3 presents the assumed design premises and calculated
material balances for the spray dryer as applied to the new MB, MOD, and
RDF model plants for acid gas remova:

3.2 CONTROL SYSTEM OUTLET FLUE GAS COMPOSITION

Tables 3-4 and 3-5 present calculated flue gas compositions at the
outlet of the PM and acid gas/PM control systems, respectively, for each new
MWC model facility. The PM content of the flue gas entering the PM control
device of an acid gas/PM system is greater than the PM content of the flue
gas entering a system designed for PM control only. The difference in the PM
content is due to the introduction of solids into the flue gas as a result
of the reaction between the acid gas and alkali in the spray dryer.

For FBC models, the uncontrolled flue gas emission quantities were
calculated by estimating the rate of )limestone consumed in the combustor for
neutralizing 90 percent of the HCl and 70 percent of the SO2 in the flue
gas. Table 3-6 presents the assumed design premises and calculated material
balance data for the acid gas/limestone reaction products which enter the
emission control system in the FBC model plants.
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TABLE 3-3. LIME

SPRAY DRYER MATERIAL BALANCE FOR NEW MB, MOD, AND RDF MODEL S2

Model plants . —
No. 1} No. 2 No. 3 No, 4 No, S No, 6 No. 17 No, 8
Item (M8) (MB) (M) (MOD) (MOD) (MO0) (ROF ) (ROF)
Waste throughput rate per combustor, tpd 125 500 150 100 250 400 500 150
Alkal{ equivalency ratio, 4 150 150 150 150 150 150 150 150
Lime purity, 0 90 90 90 90 90 90 90
Lime consumption, 1b/hr 88 354 531 64 161 2517 457 685
tons/yr 352 1.416 2,124 256 644 1.028 1,828 2,740
SD outlet temperature, OFP 280 2680 280 260 280 280 280 280
Water consumed, gpm 2 9 13 1 4 6 9 13
;Es’ﬂr. l{ons}yr)
Flyash 30 922 1,383 9 23 37 2.503 £ 755
(920) (3,688) (5,532) (36) (92) (148) (10,012} (15,020)
Unreacted alkali and impurities 57 227 340 41 104 167 302 453
(228) (908) (1,360) (164) (416) (688) (1,208) (1,812)
Reaction products 110 438 657 19 195 313 541 811
(440) (1,752) (2,628) (316) (780) (1,252) (7,164) (3,244)
Solids dropout in SD (10%) 40 159 238 13 32 52 335 50
(160) (636) (952) (52) (128) (208) (1,340) (2,008)
Total soltds in flue gas leaving SD 357 1,428 2,142 116 90 465 3,011 4,51
(1,426) 5,712) (8,568) (464) ) (1,160) (1,860) (12,044) | (18,068)

4Calculations are based on 8,000 hrs of operation per year.

bSpectfled.
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TABLE 3-4. FLUE GAS COMPOSITIONS AT THE OUTLET OF PM CONTROL SYSTEMS

Model plants

! ! | | | | l I |
No. 1(MB) INo. 2(MB) INo. 3(MB) INo. 4(MOD)INo. S(MOD)INo, 6(MOD)INo. 7(RDF){No. B(RDF)INo. 9(FBC)INo. 10(fBC)

! | | 1 | | | ! | !
Temperature, °F 1 340 | 340 | 340 | 340 340 | 340 | 340 ) 340 1 340 | 340
! | I ! | ! | | ! !
Volume flow rate per | | | | | l | | ! |
combustor: { | { | ! | { | | !
! ! | ! | | | ] t i
docfm | 14,362 | 57,447 | 86,170 | 4,776 | 4,776 | 4,776 | 58,703 | 88,055 | 12,205 | 24,411
scfm | 16,579 | 66,315 | 99,473 | 5,663 | 5,663 | 5,663 | 68,490 | 102,736 | 14,653 | 29,306
acfm 1 25,025 | 100,099 | 150,148 | 8,548 | 8,548 | 8,548 | 103,382 | 155,073 | 22,117 | 44,235
b ! | ! } | ! | | | [
PM emissions: 1 | | | | I I } ! !
! ! ! ! ! } | ! I |
gr/acf at 0.03 gr/dscf R e 0.015 ---~---- > e 0.017 ~-~=---=- > | 0.017 | 0.017 i 0.020 | 0.020
at 0.02 gr/dscft J€mmmm e 0.01 --v----- P R Sttt b 0.011 ---~vmum- > ] 0.011 | 0.011 1| 0.015 | 0.015
at 0.01 gr/dscf e 0.005 ~--~=~-- > e 0.005 ----~--~=- > | 0.006 ! 0.006 | 0.005 | 0.005
b | | b | } ! | [ | l
Acid gas emissions: | | | | | ! ! | | {
) | t I 1 | I 1 t !
HC1, actual ppm |¢mmmmmmrmeean 287 ----mmeee e D il 219 ---=--m-- > 284 | 284 | 28 | 28
502, actual ppm R 100 --—-—=m~--~ D R 118 -=-~=—--- > : 162 | 162 | 57 1 57
| | |

3par combustor.

bCorracted to 12 percent 002,
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TABLE 3-

5.

FLUE GAS COMPOSITIONS AT THE OUTLET OF ACID GAS/PM CONTROL SYSTEMS

Flue gas composlt!on‘

Spray Oryer Outlet
Temporature, Of

Volume flow rate:
dscfm
scfm
acfm

PM emissions:

gr/scf
gr/acf
gr/dscf at 12% CO

1bs/hr 2

Acid gas emissions:

HC1, ppm
1b/hr

502, ppm
Tb/h

PM Control witiet
Temporature, Of
Volume flow rate:
dscfm
scfm
acfm
PM llisslons:b
gr/act at 0.03 gr/dscf
at 0.02 gr/dscf
at 0.01 gr/dscf

Acid gas enissfons:b

HCY, ppm
1b/hr

502. ppm
1b/hr

| MB models | MOD models | ROF models

| I | |

| ) | | | | t {

| No. 1 I No. 2 | No. 3 ! No. 4 { No. § I No. 6 | No. 7 { No. 8
1 3000 tod | 100 tpd | 250 tpd | 400 tpd 11,500 ted | 3,000 tpd

t | | | l | | t

| | | I | | | 1

| | 1 | ! | | 1

I 280 —mmm e e e >

| ! | | I 1 | |

| | I | | I | {

| 14,635 | 58,540 1 87,810 | 9,733 | 24,3321 38,931 ! 59,8161 89,724

| 17,247 | 68,987 ! 103,480 | 11,779 I 29,449 | 47,118 | 71,253 { 106,879

| 24,080 | 96,321 | 144,482 | 16,447 | 41,117 | 65,787 | 99,485 | 149,227

1 | | ) ! | | |

| | 1 i I ] | |

| | | | | | | |

| 2.41 1| 2.41 | 2.41 | 1.15 | 1.15 | 1.15 | 4.93 | 4.93

| 1.73 | 1.73 4 1.73 | 0.82 | 0.82 | 0.82 | 3.53 | 3.53

i 3.35 1| 3.35 | 3.35 | 1.36 | 1.36 | 1.36 | 5.57 | 5.57

| 357 1 1,428 | 2,142 | 116 | 291 | 465 | 3,011 | 4,517

| | | | | | | |

i { 1 | ) | i |

{ | [} } | | | 1

JCmmm e e 49 —-memmmmeee D R 50----mmmmm e > Lmmmmmeoe 49 ----~-- >

] 4| 16 | 24 | 11 11 11 17 | 25

R et T 63-vremmmee > <~ - 62~ -->) 84 | 84

] 8| 30 1 45 | 3 31 31 50 1| 15

| ) | | ) 1 1 !

| I | | I | | |

| | | | | | | t

R et - B B et T i L >

| | | 1 I | | |

{ | | | I { | |

{ | | | { { | |

| 14,635 58,540 | 87,810 | 9,733 | 24,332 | 368,931 1 59,816 | 89,724

I 17,247 | 69,987 | 103,480 | 11,779 | 29,449 | 47,118 | 71,253 | 106,879

I 23,775 | 96,397 | 142,529 | 16,224 | 40,562 | 64,898 | 96,141 | 147,211

| I | ! | | 1 ]

I | i i | i 1 |

| | | | | | I !

| 0.016 | 0.016 | 0.016 | 0.018 | 0.018 1 0.018 | 0.018 t 0.018

| 0.01 | 0.01 1| 0.01 | 0.012 | 0.012 |\ 0.012 | 0.012 | 0.012

| 0.006 | 0.006 | 0.006 ! 0.006 | 0.006 | 0.006 ! 0.006 | 0.006

I | ) 1 ] 1 | |

i | | | | | | 1

| { I | ] | ) 1

Yoo 49 ----mmm e >fm e -50- -> -- 49 ---—-- >

| 41 16 | 24 | 11 11 11 17 ¢ 25

R st 63 ---emmeoae P R e D T 62----=~-m~ > 84 ! 84

! 8 1 301 45 | 3! 50 | 75

1 | t

2per combustor.

bCorrected to 12 percent CO

2



TABLE 3-6. ALKALI MATERIAL BALANCE FOR FBC MODELS

a,b

Item |  Model 9 | Model 10
i
Waste throughput rate per combustor, tpd | 125 | 250
l I
Limestone equivalency ratio, % | 300 | 300
Limestone purity, % | 90 ! 90
Carryover of solids into flue gas, % | 80 | 80
Limestone consumption, lbs/hr | 374 ) 747
tons/yr | (1,496) | (2,988)
: |
Solids in flue gas at the FBC exit, | |
1bs/hr (tons/yr) } :
Flyash | 632 | 1,263
| (2,528) | (5,052)
Unreacted limestone and impurities | 209 | 418
at 80% carryover | (836) | (1,672)
l I
Reaction products at 80% carryover | 82 | 165
| (328) | (660)
Total solids in flue gas leaving FBC | 923 | 1,846
| (3,692) l (7,384)
| |

3 imestone is injected into the FBC bed.

b

Calculations are based on 8,000 hrs/yr of operation.
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4. CONTROL SYSTEM COST EVALUATIONS

This section presents estimates for the capital and annualized
operating costs to control PM and acid gas/PM emissions from new MWC model
plants to the specified levels. The cost methodology is presented, and the
assumptions are discussed, for calculating the capital and annualized
operating costs of the control and auxiliary equipment (i.e., I.D. fan and
ductwork).

4.1 CONTROL SYSTEMS

As described earlier, the control systems evaluated for the new MWC
model plants include ESP’s for all of the models plants, SO/ESP and SD/FF
systems for the MB, MOD, and RDF model plants, and FF’s for the FBC model
plants. The number and size of the control units included in each control
system were determined based on common practice at actual MWC installations
currently planned or under construction in the United States.

The control systems evaluated for MOD model plants were based on one
control unit per model. For all other model facilities, the control systems
evaluated were assumed to include one control unit per combustor. Each unit
in a control system was designed to handle 125 percent of the actual flue
gas flow rate in order to accommodate changes in flue gas flow rates as a
result of variations in feed waste composition and operating conditions.

4.2 CAPITAL COSTS

The capital costs of the air pollution control systems in this report
include all of the cost items necessary to design, purchase, and install
that system. The purchase cost includes the cost of the control device and
auxiliaries (i.e., I.D. fan and ductwork). Installation charges include
foundation and erection costs, electrical costs, and instrumentation and
control costs. Engineering services, taxes, contractor’s fee, and
contingencies are considered indirect installation costs.

(a) Methodology for Estimating Capital Costs - Capital costs were
developed for the PM and acid gas/PM control systems by separately esti-
mating capital costs for the main equipment and the auxiliary equipment. The
capital costs for the main equipment (i.e., ESP’s, FF's, SD/ESP’s, and

4-1



SD/FF’s) were calculated as follows. Design parameters for one unit of each
control system in each model plant were developed assuming 125 percent of
actual combustor design capacity. These design parameters were submitted to
a number of air pollution control equipment manufacturers with a request for
the capital cost information of a control unit for controlling MWC emissions
to the specified levels. Table 4-1 presents the control unit design
parameters submitted to the equipment manufacturers for each new MWC model
plant.

The cost data received were normalized to represent a common set of
design and cost premises. The estimated capital cost of one unit of each
control system for each model plant are presented in Figures 4-1 to 4-8 in
terms of flowrate into the unit for the specified outlet grain loadings of
0.03, 0.02, and 0.01 gr/dscf corrected to 12 percent COZ'

The normalized cost of each air pollution control unit (CU) was
incorporated into the expression below to estimate the total capital cost of
main equipment in a multi-unit control system for a model plant.

C Cu x (0.1375 + 0.8625 N)

1

where C1 Capital cost of main equipment in the control system

(@)
[ ]

Normalized cost of one unit of the control system

<
[ ]

Number of units in a control system.

The above expression was developed based on the assumption that 20 and 80
percent of the purchase cost of a control unit was for engineering and
fabrication, respectively. Installation charges were considered to be 60
percent of the purchase cost. &tngineering and equipment installation costs
were assumed to be 50 and 20 percent lower, respectively, for additional
units in a muiti-unit control system.
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50
104

TABLE 4-1. SPECIFICATIONS SUBMITTED TO £EQUIPMENT MANUFACTURERS FOR CONTROL EQUIPMENIT
\ Mode! plents®
{ _ . e
a | | ) | | i | |
Spectfication ! No. 1 I No. 2 | No. 3 } No. 4 No. § No. 6 | No. 7 I No. 8
L (M) (S, ) . LMLMLAM__LM_I J!_QC).
| | | | | | | | !
Incinerator capacity, tpd | 156.251 625 { 937.5 | 125 § 312.5 | 500 t 625 { 937.9 |
| | | | | | | | 1
Flue gas data | ! | ! \ } | | ]
1 | i 1 1 | | I 1
Volume flow rate: { | | | | { { | i
scfm 1 20,724 | 82,894 1124,341 | 14,157 I 35,392 | 56,628 | 85,613 {128,420 |
acfm 1 31.672 (126,687 1190,031 | 21,636 | 54,090 | 86,544 1130,843 1196,264 {
[ | | t | | I ! |
Outlet Temperature, O { 350 l 350 l 350 t 350 | 350 | 350 { 350 | 350 |
I | t 1 [ ! | t t
Moisture content, % I 13.371 13.371 13.371 15.671 15.671 15.671 14.291 14.29]
| | | | | | | I |
PM emissions: | | I | | l l { |
gr/dscf at 12% 03 | 61 2.161 2.161 0.111 0.111 0.111 4.631 4.631
gr/scf I .62] 1.621 1.621 0.1 1 0.11 0.1 1 4.261 .21
| t | | | | | | 1
Acid gas emissions: | | | | | I ! | !
HC), ppm dry i 500 | 500 | 500 | 500 | 500 | 500 | 500 | 500 |
502. ppm dry [ 175 | 175 | 175 [ 211 | 211 | 211 | 286 | 286 !
t I 1 I | i 1 | |

104

°Represants 125 percent of actual combustor capacity and flue

gas generated for each model plant,
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Logarithmic Scale
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Figure 4 - 1. Capital Cost Estimates of an ESP for a Model Mass

Burning Facility
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Figure 4 - 2. Capital Cost Estimates of an ESP for a Model Modular

Combustor Facility

Outlet Loading:
0.01 gr/dsct

_——

0.02 gr/dscf
—_——— {.:]_ —_—

0.03 gr/dsct
—_— —



9-¥

100

-
o

44 1 12111

Capital Cost ($100,000's)
[8)]

1

]
24,500

August 1986 Dollars
Logarithmic Scale
y(min) = 1, y(max) = 100

Inlet Flowrate (acfm)

T
245,000

Outlet Loading:
0.01 gr/dsct

—_——

0.02 gr/dscf
-— ..E]_ —

0.03 gri/dsct

— D ——

Figure 4 - 3. Capital Cost Estimates of an ESP for a Model RDF Facility

and FBC Facility
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Figure 4 - 4. Capital Cost Estimates of an SD/ESP for a Model Mass
Burning Facility



8-v

T Outlet Loading:
0.01 gr/dsct

—_—

0.02 gr/dsct
-—— ._(3. ——

34
o

A

0.03 gr/dsct
—_— D ——

Capital Cost ($100,000's)

L

10

1
24,500 245,000
Inlet Flowra.c (acfm)

August 1986 Dollars
Logarithmic Scale
y(min) = 10, y(max) = 100

Figure 4 -5. Capital Cost Estimates of an SD/ESP for a Model
Modular Combustor Facility
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Figure 4 - 6. Capital Cost Estimates of an SD/ESP for a Model Refuse-

Derived Fuel Burning Facility
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Figure 4 -7. Capital Cost Estimates of an SD/FF for a Model MB
Facility, MOD Facility, and RDF Facility



11-¢

10 - Outlet Loading:

1 .03, .02, .01 gr/dscft
—_——

:
@ 5
o
S
§ b
2
®
Q
o
s
a
o A
O

1
T T
28,000 60,000

intet Flowrate (acfm)

August 1986 Dollars
Logarithmic Scale
y(min) = 1; y(max) =10

Figure 4 - 8. Capital Cost Estimates of an FF for a Model Fluid Bed
Combustion Facility



The following mathematical

cost of

auxiliary equipment for each control system.

2.38 x (N) x (Q)0.96

1.76 x (L) x (Q)0.5

(N) x [25,000 + 59.61 x (H) x (1 + 2.59 D)]

(N) x [25,000 + 82.88 x (H) x (1 + 2.20 D)]

(N) x [25,000 + 84.79 x (H) x (1 + 4.14 D)]

(N) x [25,000 + 76.73 x (H) x (1 + 4.33 D)]

Capital cost of I.D. fans in the control system for each model

plant

Capital cost of total ductwork in the control system for each

model plant

Capital cost of stacks in an acid gas/PM control system for

each model plant

Capital cost of stacks in a PM control system for each model

plant

Number of control units

expressions were used to estimate the capital

for D > 5 ft
for D < 5 ft

for D > 5 ft

v

for D < 5 ft

Flue gas flow rate at the control unit outlet, acfm
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L = Total ductwork Tength in the control system, ft
H = Stack height, ft
D = Stack diameter, ft

The cost equation for an I.D. fan was developed based on cost in-
formaticn received from fan manufacturers. The cost equation for ductwork
was developed based on an average velocity of 3,000 ft/min through the
ductwork; material and installation charges specified as $1.50 per 1b of duct
material; and an additional 20 percent for insulation, fittings, and material
wastage. The assumed ductwork length for each new model plant are presented
in Tables 4-2 and 4-3.

Double wall stacks, one per unit in each emission control system, were
selected for evaluation. Information regarding the capital required for the
purchase and installation of the stack were obtained from stack
manufacturers. These cost data were incorporated into the mathematical
expressions listed above.

Separate stack equations were developed for PM and acid gas/PM contro]l
systems because of the need for using acid-resistant lining in the stack with
PM control systems. Also, separate equations were developed for stacks
less than 5 ft in diameter because of the recommendation by manufacturers
that a stack of less than 5 ft in diameter and more than 100 ft in height
must be tapered. Stack dimensions for each new MWC model plant are listed
in Tables 4-2 and 4-3.

Stack capital cost estimates were developed in order to calculate a cost
credit which was applied to the capital costs of those model plants with acid
gas control to account for the reduction in capital costs required to build a
stack which does not require acid gas-resistant lining. This cost credit was
equal to the difference in price for a stack following a PM emission control
system and a stack following an acid gas/PM emission control system for each
model plant. It is important to note that the stack capital costs would be
significantly lower if the capital costs were based on one common stack with
multiple flues for the entire control system rather than assuming one stack
per control unit,



TABLE 4-2. AUXILIARY EQUIPMENT PARAMETERS FOR PM CONTROLS

| Model plants | Assumed
| | | | | _ductwork length, ft
Auxiliary | | Incinerator| Unita | Units in| Per |
equipment | No. | Units | size®, | control | contr81 |
| | | tpd | system : unit ! Total
l l l I
Ductwork | 1 | 2 | 156.2 | 2 | 60 | 120
I 2 | 2 | 625 | 2 | 150 | 300
f 3 | 4 | 937.5 | 4 | 200c | 800c
| 4 | 2 | 62.5 | 1 | 130c | 130c
I 5 | 5 | 62.5 | 1 I 250c | 250c
| 6 | 8 | 62.5 | 1 | 370 | 370
| 7 | 3 | 625 | 3 | 150 | 450
| 8 | 4 | 937.5 | 4 | 200 | 800
I 9 | 2 | 156.2 | 2 | 60 | 120
([ 10 | 2 | 312.5 | 2 | 100 | 200
'L il I | | [ | L [
| | | | Stack | Assumed d
| Model plant | No. of |Velocity,| diameter,| stack height,” ft
[ no. | stacks | ft/min | ft {
I | I |
Stack | 1 | 2 | 3,210 | 3.5 | 200
| 2 | 2 | 3,210 | 7.0 | 200
| 3 | 4 | 2,910 | 9.0 | 200
t 4 | 1 | 2,985 | 3.0 | 100
| 5 | 1 | 2,690 | 5.0 | 100
| 6 | 1 | 2,990 | 6.0 | 100
| 7 |3 ] 2,890 | 7.5 | 200
| 8 | 4 | 3,010 | 9.0 | 200
| 9 | 2 | 2,840 | 3.5 | 200
| 10 | 2 | 2,870 | 5.0 | 200
l | | I |

aRepresents 125 percent of actual incinerator capacity.
bInc]udes length of ductwork from boiler outlet to stack inlet.

CIncludes 40 ft of duct length per combustor from boiler outlet to manifold
plus 50 feet from the control system exit to the stack.

dAssumed stack heights are 100 ft for modular units and 200 ft for all other
units.



TABLE 4-3. AUXILIARY EQUIPMENT PARAMETERS FOR ACID GAS/PM CONTROLS

| Model plants | Assumed
| | | |__ductwork length, ft
Auxiliary | |Incinerator| Unit? [uUnits in|~ Per
equipment | No. | Units | size, |control | contrgl |
| } } tpd |system { unit { Total
l I
Ductwork | 1 | 2 | 156.2 | 2 | 120 | 240
|2 | 2 | 625 | 2 | 300 | 600
| 3 | 4 | 937.5 | 4 | 400C | 1,600c
| 4 | 2 | 62.5 | 1 | 180c | 180C
| 5 | 5 | 62.5 | 1 | 300c | 300C
| 6 | 8 | 62.5 | 1 ] 420 | 420
| 7 | 3 | 625 | 3 | 300 | 300
| 8 | 4 | 937.5 | 4 | 400 | 1,600
| | | l | l
l I I | |
| | | | Stack | Assumed d
|  Model plant| No. of |Velocity,| diameter,| stack height™, ft
| no. | stacks | ft/min { ft |
I I I !
Stack | 1 | 2 | 2,885 | 3.5 | 200
| 2 | 2 | 2,885 | 7.0 | 200
| 3 | 4 | 3,310 | 8.0 [ 200
| 4 | 1 | 2,985 | 3.0 | 100
| 5 | 1 | 2,690 | 5.0 | 100
| 6 | 1 | 2,990 | 6.0 | 100
| 7 |3 | 2,980 | 7.0 [ 200
| 8 | 4 | 3,030 | 8.5 | 200
[ 9 | 2 | 3,470 | 3.0 | 200
| 10 | 2 | 3,090 | 4.5 | 200

aRepresents 125 percent of actual incinerator capacity.
bInc1udes length of ductwork from boiler outlet to stack inlet.

“Includes 40 ft of duct length per incinerator from boiler outlet to manifold
plus 100 ft from the control system exit to the stack.

dAssumed stack heights are 100 ft for modular units and 200 ft for all other

units.
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The material of construction for ductwork and stack in PM control
systems is assumed to be 1/4-inch cast refractory-lined carbon steel for all
model plants. For acid gas/PM control systems, the material of construction
for the stack is assumed to be 1/4-inch carbon steel for all model plants.

The following equation was used to calculate the total capital cost of
a control system:

S =1.20x [C1 + C2 + C3]
where CS = Total capital cost of the control system.
Cl = Capital cost of main equipment.

C2 + C3 = Capital cost of auxiliary equipment (i.e., fan and
ductwork).

The above equation includes a 20 percent contingency factor. It does not
include the cost credit applied to those model plants with acid gas control
for stack capital costs as discussed above.

(b) Capital Cost Estimates - Tables 4-4 through 4-7 present capital
cost estimates for the PM and acid gas/PM control systems for new MB, MOD,
RDF, and FBC model plants, respectively. The capital cost estimates indicate
that the cost of ESP’s designed for an emission level of 0.0l gr/dscf are
approximately 35 percent more expensive than ESP’s designed for 0.03 gr/dscf
for new MWC model plants. The corresponding values for SD/ESP systems and
SD/FF systems are 13 percent and 6 percent, respectively. The capital cost
required for a SD/FF system to achieve PM emission levels of 0.03 and 0.02
gr/dscf are identical because the reduced emission level does not affect
baghouse sizing. However, to achieve an emission level of 0.0l gr/dscf with
a SD/FF, a more expensive bag material is required. Therefore, the capital
cost increases. The FF capital costs for the FBC model plants were reported
to be identical at all three PM emission levels by the manufacturers.




TABLE 4-4. SUMMARY OF ESTIMATED CAPITAL COSTS OF EMISSION CONTROL
SYSTEMS FOR MODEL NEW MASS BURNING FACILITIES
($1,000s in August 1986 based on 8,000 hrs/yr operation)

Controlled PM
emission level,

Model plant 1

Model plant 2

Model plant 3

l I |
| | |
gr/dscf at 12% €0, | (250 tpd) | (1,000 tpd) | (3,000 tpd)
l | l
I | I
ESP System | | {
l l
0.03 | 1,549 | 3,900 | 10,230
0.02 | 1,951 | 4,693 | 11,830
0.0l | 2,252 | 5,521 } 14,105
! |
SD/ESP Systema = i }
0.03 | 4,108 1 9,352 | 23,197
0.02 | 4,589 | 10,246 | 24,488
0.0l | 4,868 | 10,916 | 26,641
I | I
SD/FF System? | | |
| | |
0.03 | 4,242 | 8,905 | 21,691
0.02 | 4,242 | 8,905 | 21,691
0.01 | 4,421 | 9,463 | 23,197
| | |

390 and 70 percent reduction of HC1 and SOZ’ respectively.
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TABLE 4-5. SUMMARY OF ESTIMATED CAPITAL COSTS OF EMISSION CONTROL
SYSTEMS FOR MODEL NEW MODULAR COMBUSTOR FACILITIES
($1,000s in August 1986 based on 8,000 hrs/yr operation)

Controlled PM
emission level,
gr/dscf at 12% CO2

Model Plant 4 Model Plant 5 Model Plant 6

I I I
I [ I
| | |
| | I
| L |
I I I
ESP System { : {
0.03 | 34] i 695 | 1,020
0.02 | 447 | 845 | 1,194
0.01 | 487 | 929 | 1,314
I | I
SD/ESP System? | | !
I I
0.03 | 1,426 | 2,420 | 3,149
0.02 | 1,516 | 2,526 | 3,489
0.01 | 1,564 | 2,648 i 3,609
| | I
SD/FF System? | | i
I I I
0.03 | 1,960 | 3,176 | 4,179
0.02 | 1,960 | 3,176 | 4,179
0.01 | 2,020 | 3,296 | 4,779

390 and 70 percent reduction of HC1 and SOZ’ respectively.
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TABLE 4-6. SUMMARY OF ESTIMATED CAPITAL COSTS OF EMISSION CONTROL SYSTEMS
FOR MODEL NEW REFUSE-DERIVED FUEL BURNING FACILITIES
($1,000s in August 1986 based on 8,000 hrs/yr operation)

Controlled PM

emission level, Model plant 7 Model plant 8

| |
| |
gr/dscf at 12% CO2 | (1,500 tpd) | (3,000 tpd)
. :
ESP System { }
0.03 | 6,919 | 12,006
0.02 | 8,293 | 14,245
0.01 [ 9,193 = 15,881
I
SD/ESP System® { {
0.03 | 14,413 | 25,917
0.02 | 15,972 | 27,423
0.01 | 16,539 | 28,069
| |
SD/FF System® | ’
|
0.03 | 13,170 | 22,042
0.02 | 13,170 | 22,042
0.01 | 13,989 | 23,119
I !

430 and 70 percent reduction of HC1 and SOZ’ respectively.



TABLE 4-7. SUMMARY OF ESTIMATED CAPITAL COSTS OF PM CONTROLS
FOR MODEL NEW FLUID BED COMBUSTION FACILITIES
($1,000s in August 1986 based on 8,000 hrs/yr operation)

Controlled PM

emission level, Model plant 9 Model plant

| |
| |
10 gr/dscf at 12% CO2 | (250 tpd) | (500 tpd)
: |
ESP System | |
| |
0.03 [ 1,756 | 2,762
0.02 | 2,204 | 3,410
0.01 | 2,270 | 3,589
I I
FF System | |
I |
0.03 | 996 | 1,690
0.02 | 996 | 1,690
0.01 | 996 | 1,690
| |
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A comparison of capital costs for acid gas/PM control systems and PM
control systems indicates that 40 to 170 percent additional capital is
required for controlling both PM and acid gas emissions as compared to
controlling PM emissions alone for new MB and RDF model facilities. For the
MOD model facilities, the additional capital cost required to control acid
gas emissions as well as PM emissions with a SD/ESP or SD/FF is 200 to 500
percent than for an ESP alone. PM emissions at the outlet of a MOD
combustor are generally very low. With the addition of a SO, PM emissions
at the inlet of the PM emission control device increase to twelve times
their normal level. Thus a large amount of additional capital is necessary
for the PM control device. In general, as the model facility size increases
the percentage of additional capital required to control both PM and acid
gas emissions decreases.

A comparison of capital cost estimates for SD/ESP and SD/FF systems
indicates that SD/FF systems are generally less expensive than SD/ESP
systems at all PM emission levels for new MB and RDF facilities except for
the 250 tpd MB model plant at the 0.03 gr/dscf outlet grain loading. The
opposite is true for the MOD model facilities. Assuming SD capital costs
are similar, the capital cost of an ESP is approximately 30 percent less
than a FF for a MOD model plant equipped with a spray dryer for acid gas
control. As discussed in Section 3, an increase in PM loading at the inlet
of an ESP would require an increase in the SCA of that ESP to achieve the
same outlet loading. This directly affects the capital cost of the unit.
However, FF size, and therefore capital cost, is based on the air-to-cloth
ratio. For MOD model facilities equipped with a SD, the increase in the PM
loading at the inlet of the PM control device, which initially is very low,
is not great enough to require an increase in the SCA of the ESP to cause
the capital cost of that unit to exceed the capital cost of a FF in an acid
gas/PM control system.

According to the capital cost estimates for FBC facilities (Table 4-7),
FF's are 40 to 55 percent less expensive than ESP’s at all outlet grain
loadings. As discussed above, the capital cost of an ESP is directly
affected by the inlet grain loading while the capital cost of a FF is based
on air flow. Therefore, one would expect the capital cost of an ESP for an
FBC model facility, which has a high outlet grain loading from the combustor,
to be greater than the capital cost of a FF.
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4.3 ANNUALIZED OPERATING COSTS

The annualized operating cost of an emission control system is the
annual cost to own and operate that control system. The annualized operating
cost includes direct operating costs, such as the cost of utilities,
maintenance, and operating labor, and indirect operating costs or capital-
related charges, such as the cost of depreciation, interest, administrative
overhead, property taxes, and insurance.

Table 4-8 presents the cost bases used in calculating each control
system’s annualized operating costs. While actual costs experienced by
individual plants can vary, the values listed are those selected as typical
and they provide a reasonable estimate of the annualized operating costs of
each control system. Tables 4-9 through 4-12 present the annualized operating
cost estimates based on 8,000 hours of annual operation for the new MB, MOD, ‘
RDF, and FBC model plants. Tables 4-13 through 4-23 present detailed
breakdowns of these estimates.

As one might expect, the cost estimates indicate that the increases in
control system annualized operating costs coincide with a decrease in the PM
emission level requirement from 0.03 to 0.01 gr/dscf at 12% COZ' For ESP’s,
this cost increase is generally 25 percent. For SD/ESP’s and SD/FF’s, the
cost increase is 10 and 4 percent, respectively.

The SD/FF control system annualized operating costs are 2 to 10 percent
lower than the corresponding SD/ESP systems for the new MB and RDF model
facilities. However, for new MB model plants with a PM emission level of
0.03 gr/dscf, SD/FF’s are slightly more expensive to operate than a SD/ESP.
Annualized operating cost estimates for FBC models indicate that FF’s are
approximately 30 percent less costly to operate than ESP’s for the same
facility. The annualized costs of operating a SD/FF for acid gas/PM control

for a MOD model facility are generally 25 percent greater than for a SD/ESP
for that facility.
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TABLE 4-8. ANNUALIZED OPERATING COST BASES

Item Cost base

) a
Direct costs

Operating labor:
Labor hours 1-man hr/shift for PM control
systems and 2-man hr/shift for

acid gas/PM control systems

Supervision 15% of total operating labor
Cost $12.02/hr for operating labor and
$14.42/hr for supervision
Utilities:

System pressure drop,

For ESP system 2.5 in. w.c.
For SD/ESP 7.5 in. w.c.
For SD/FF 13 in. w.c.
For FF 8 in. w.c.

Power requirements of spray

dryer atomizer 6 kw/1,000 Igs/hr feed + 15 kw

ESP 1.5 watts/ft" plate area
Electricity cost $0.064/kwh
Water $0.85/1,000 gallons
Chemicals (1ime) $55/ton

b

Annual maintenance 2% of total capital cost

Waste disposal $15.00/ton of waste disposed

Indirect costs

Overhead 60% of operating and

maintenance labor

Taxes, insurance, and
administrative overhead 4% of total capital cost
Capital recovery 20 years life for ESPs and
FFs and 15 years life for
SO/ESP and SD/FF systems; and

10% interest rate on money.

I
I
I
I
I
I
I
I
I
|
|
I
|
|
|
|
|
|
I
|
I
I
I
I
I
I
I
I
I
I
|
|
|
|
I
|
|
|
I
|
I
I
|
I
I
I
I
I
I
I

Based on 8,000 hours per year of operation.

bOne-haIf of the total is assumed to be for labor.
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TABLE 4-9. SUMMARY OF ESTIMATED ANNUALIZED OPERATING COSTS OF EMISSION
CONTROL SYSTEMS FOR MODEL NEW MASS BURNING FACILITIES
($1,000s in August 1986 based on 8,000 hrs/yr operation)

Controlled PM

emission level, Model plant 1 Model plant 2 Model plant 3

| | |
I l I
gr/dscf at 12% €O, | (250 tpd) | (1,000 tpd) % (3,000 tpd)
| |
| I I
ESP System } { {
0.03 1 370 ( 921 | 2,449
0.02 1 443 | 1,067 | 2,744
0.01 | 499 | 1,220 { 3,163
l I
SD/ESP System? | { {
|
0.03 | 1,061 | 2,529 | 6,515
0.02 | 1,156 | 2,706 | 6,771
0.01 | 1,212 | 2,839 | 7,198
| | |
SO/FF System? | | |
| | |
0.03 | 1,115 l 2,549 | 6,538
0.02 | 1,115 | 2,549 | 6,540
0.01 | 1,150 | 2,661 | 6,838
| | l

490 and 70 percent reduction of HC1 and SO., respectively.
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TABLE 4-10. SUMMARY OF ESTIMATED ANNUALIZED OPERATING COSTS OF EMISSION
CONTROL SYSTEMS FOR MODEL NEW MODULAR COMBUSTOR FACILITIES
($1,000s in August 1986 based on 8,000 hrs/yr operation)

Controlled PM
emission level,
gr/dscf at 12% CO2

Model Plant 4 Model Plant 5 Model Plant 6

l l |
I | I
| | |
l { |
| I |
l l I
ESP System | ; }
|
0.03 | 90 | 162 | 229
0.02 | 110 | 190 | 261
0.01 | 117 | 206 | 283
| I |
SD/ESP System® | ! {
l
0.03 ] 380 | 645 | 858
0.02 | 398 | 666 | 925
0.01 l 408 | 691 | 949
| | I
SD/FF S stema | | |
| | I
0.03 | 498 | 825 | 1110
0.02 | 498 | 825 [ 1110
0.01 | 510 | 849 | 1229

330 and 70 percent reduction of HC1 and SOZ’ respectively.
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TABLE 4-11. SUMMARY OF ESTIMATED ANNUALIZED OPERATING
COSTS OF EMISSION CONTROL SYSTEMS FOR MODEL
NEW REFUSE-DERIVED FUEL BURNING FACILITIES
($1,000s in August 1986 based on 8,000 hrs/yr operation)

Controlled PM

emission level, Model plant 7 Model plant 8

| |
| |
gr/dscf at 12% CO2 | (1,500 tpd) { (3,000 tpd)
|
l |
ESP System ! =
0.03 | 1,865 | 3,348
0.02 | 2,118 | 3,761
0.01 | 2,284 | 4,063
I |
SD/ESP System? | |
| I
0.03 | 4,278 | 7,876
0.02 | 4,632 I 8,176
0.01 | 4 700 | 8,305
| |
SD/FF System? | {
| l
0.03 | 4,198 | 7,442
0.02 | 4,199 | 7,444
0.01 | 4,362 | 7,637
| I

490 and 70 percent reduction of HCl and 502, respectively.
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TABLE 4-12. SUMMARY OF ESTIMATED ANNUALIZED OPERATING COSTS OF PM CONTROLS
FOR MODEL NEW FLUID BED COMBUSTION FACILITIES
($1,000s in August 1986 based on 8,000 hrs/yr operation)

Controlled PM

emission level, Model plant 9 Model plant 10

| |
| I
gr/dscf at 12% CO2 | (250 tpd) | (500 tpd)
% -
ESP System | }
I
0.03 | 489 | 795
0.02 l 571 | 915
0.01 | 584 l 948 -
| I
FF System | ,
|
0.03 | 375 | 649
0.02 | 375 | 649
0.01 | 375 | 650
l |
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TABLE 4-]13.

ESTIMATED ANNUAL IZED OPERATING COSTS FOR ESP SYSTEMS FOR MODEL NEW MASS
BURNING FACILITIES (August 1986 dollars based on 8,000 hrs/yr operation)

! Model plant 1 (250 §pd) {  Model plant 2 (l.OOOatpd) | Model plant 3 (3.000atpd)
i__for outlet PM level of |  for outlet PM lgvel” of | _for outlet PM level™ of
Item { l ! { | t | ! l
1 003 | 0,02 1 0,01 | 0,03 1002 | 0.0 | 0,03 1 0,02 | 0.01
| ! | ! ! ) | | 1
Direct Cost | l | | | I | | !
1 | | | I | | | |
Operating labor | 24,000 | 24,000 | 24,000 | 24,000 | 24,000 | 24,000 | 48.000 { 48,000 | 48,000
! | | | | ! | ! I
Supervision { 4,300 1 4,300 1 4,3001 4,300 1 4,300 1 4,300 1% 8,700 | 8,700 | 8,700
| | | | | ! | { !
Utilities: } | | | I | ! ! !
| | | | | | | ) |
Electricity | 12,800 | 12,800 | 12,800 | 51,300 ! S1.300 1 51,300 | 154,000 | 154,000 | 154,000
Water | (U] (U] (U] 0! 01 (VM| (U] 01 0
! ) | | ) | ! | |
Chamicals (1ime) } 0! 01 01 01 0] 01 01 01 0
| | | ! | ! ! l |
Maintenancab I 31,000 | 39,000 | 45,000 | 78,000 | 93,900 | 110,400 | 204,600 | 236,600 | 282,100
| | ! | | | | | !
Waste disposal | 27,200 | 27,400 | 27,500 1| 109,100 | 109,700 | 110,100 | 327,300 | 328,900 | 330,300
1 1 1 | l } 1 i I
I | | | | | | ! [

—Jotal direct =~~~ | 99,300 [ 107,500 | 113,600 | 266,700 | 283,200 | 300,100 | 742,000 | 776,200 | 623,100

lodirect Cost

Overhead (608 of opera-
ting labor and
maintenance labor)

Taxes, 1i_.:ance, and
general administra-
tion

Capital recovery

——— — — e —

!
|
|
|
50,100 | 95,4001 105,000 118,700
|
|
i

26,300 28,700 30,500 40,400 45,200
| |
| !
| |
62,000 78,000 90,100 | 156,000 187,7001 220,8001 409.2001 473,2001 564,200
| [ | !
181,900 | 229,200 | 264,500 | 458,100 §51,200f 648,50011,201,600!1,389,50011,0L56,800

| 1 i 1

Total Annualized Cost

- - —— e - —— ——— — —
- ———— —— ——— - - ——

| ! ] ! l ! 1 ! 1
1 369,500 | 443,400 | 498,700 | 921,200 11,067,30011,219.50012,448,80012,743,90013,162,800
! I | | | | | | !

%n units of gr/dscf at

12 percent 002,

bAssumes 50 percent of maintenance cost for labor.
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TABLE 4-14. ESTIMATED ANNUALIZED OPERATING COSTS FOR SD/ESP SYSTEMS
FOR MODEL NEW MASS BURNING FACILITIES?
(August 1986 dollars based on 8,000 hrs/yr operation)

Model plant 1 (250 &pd) | Model plant 2 (l.OOObtpd) | Model plant 3 (3.0oobtpd)
__for outlet PM lovel of |  for outlet PM jevel of |  for outlet PM Jevel of
Item

0.03 0.03

Plrect Cost |

| I ) | i
1 0.03 1 0,02 | 0,01 | |
| | ! | I
! [ | ]
| | | ! |
48,1001 48,1001 48,1001 48,1001 48,1001 48.1001 96,2001 96,2001 96,200
| | i | | } | |
8,700 8,7001 8,7001 8,7001 8,700 8,700t 17,3001 17,3001 17,300
! | | | | l ! |

|
|
}
i
|
l
|
Operating labor !
|

|

)

Utilittes: | | | ! | | | 1 |

|

l

|

|

|

§

[

1

)

|

|

Supervision

| ! | | | 1 | |

60,700f 60,7001 60,7001 199,0001 199,000 199,0001 575,2001 575,200/ 575,300

2,400} 2,400 2,4001 9,0001 9,0001 9,0001 26,1001 26,1001 26,100
| | | | | ! | |

48,8001 48,800! 48,8001 194,500]1 194,500f 194,5001 584,3001 584,300 584,300
] (! i ! | | } |

82,2001 91,800f 97,4001 187,0001 204,900! 218,300f 463,9001 489,800/ 532,800

Electricity
Water

Cheamicals (11me)

Ma Intenance®
| } | | | | l |

47,3001 47,4001 47,5001 188,900({ 189,5001 189,900} 566,6001 568,2001 569,500
| 1 | 1 1 | | |
| ] | | | I ! 1

_Total indirect | 296,2001 307,9001 313,600! 635,2001 653,7001 667.50012,329,60012,351,10012,401,300

Waste disposal

| | | | | | | ! }
Indirect Cost | | | ) | | I l |
| | { 1 t ] | | |
Overhead (60 percent of | f } | | | { | 1
operating labor and | ! ! ! | | | | !
maintenance labor) { s8,700f 61,6001 63,3001 90,200%f 95,6001 99,6001 207,300 215,0001 227,900
} ! l l I | | | }
Taxes, insurance, and | I i | | 1 } 1 |
general administra- | | l | | | | l 4
tion | 164,3001 183,6001 194,7001 374,1001 409,8001 436,600f 927,900! 979,50011,065,600
| | } | | | | ! |
Capital recovery | 540,1001 603,300 640,00011,229,50011,347,10011,435,20013,049,80013,219,50013,502,600
1 1 1 | | 1 1 1 1
|

| | [ 1 T ! I | |
Total Annualized Cost 11,061,30041,156,40011,211,60012,529,00012,706,20012,838,90016,514,60016,771,10017,197,600
! ! I | ! i | | |

%or 90 and 70 percent control of HCl and SO,, respectively.

2
®In units of gr/dscf at 12 percent CO2.

“Assumes 50 percent of maintenance cost for labor.
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TABLE 4-15. ESTIMATED ANNUALIZED OPt RATING COSTS FOR SD/FF SYSTEMS
FOR MODEL NEW MASS BURNING FACILITIES?
{August 1986 dollars based on 8,000 hrs/yr operation)

Model plant 1 (250 épd) | Model plant 2 (1,000 tpd) | Model plant 3 (3,000 tpd)
b b
—for outlet PM Jevel of |  for outlet PM level of | for outlet PM Jevel of

Item | | I | | ! | |

0.03 10,02 1 001 | 0.03 1 ¢.02 1 0,01 | 0,03 | 0,02 | 0,01
| I | | | | | |
Direct Cost t | I | | | | |
| | ] I I | | I

48,1001 48,1001 48,1001 48,1001 48,1001 48,1001 96,2001 96,2001 96.200
| | I | | ! | |

Operating labor

Supervision 8.7001 8,700l 8,7001 8,700! 8,7001 8,7001 17,3001 17,3001 17,300
| | | | t } | !
Utilities: | ! { | ! | ! |
Electricity 87,500 87,500} 87,5001 307,500! 307,500} 307,500f 896,100( 896,100f 896,100
Water 2,400! 2,400] 2,4001 9,0001 9,0001 9,000 26,1001 26,1001 26,100

| | | ! | | ! |

48,8001 48,8001 48,8001 194,5001 194,5001 194,500! 584,300) 584,3001 584,300
1 | | | ! ! ! |

84,8001 84,800f 88,4001 178,1001 178,100/ 189,300! 433,800! 433,800 463,900
1 | | | | | | !

47,3001 47,4001 47,5001 188,900 189,500) 189,900! 566,6001 568,200! 569,500
| | | 1 1 i | I
| | | | | ! l |

_TJotal direct =~ = 1 327,6001 327,7001 331,400{ 934.8001 935.4001 947,000{2,620,40012,622,0002,653,400

Chemicals (1imeo)
Maintenance®

Waste disposal

1
[
!
i
|
|
|
|
I
l
|
|
| | | | | } ! ! !
|
|
!
|
1
|
)
|
1
l

| 1 ! | | | | 1 l
Indirect Cost 1 | I ) } ! l | |
[ | | t | | | | |
Overhead (60 percent of | | | ] | ! | | |
operating labor and t | { 1 { | | | |
maintenance labor) 59,5001 59,5001 60,600i 87,5001 87,5001 90,9001 198,2001 198,2001 207,300
| | | ! t l i | |
Taxes, iInsurance, and | | | | | ! I ! !
general administra- | ! | ! | | i | !
tion !} 169,700 169,7001 176,800! 356,2001 3%6,200f 378,500f 667,600f 8667,6001 927,900
t { i | i ] | | i
Capital recovery t 557,7001 557,700f 5861,20011,170,80011,170,80011,244,100{2,851,80012,851,80013,049,800
1 1 i 1 1 1 | 1 1
| I I ! I | | ! |
Total indirect 1 786.9001 286,.9001 818,60011,614,50011,014,50011,713,50013,917.60013,917,060014,185.,000
| ! | I | | [ 1 [

Total Annualized Cost 11,114,50011,114,60011,150,00012,549,30012,549,90012,660,50016,538,00016,539,60016,838,400
| | | | | | | | I

%or 90 and 70 percent control of HCl1 and 502, respectively.
bIn units of gr/dscf at 12 percent COZ'

“Assumes 50 porcent of maintenance cost for Jabor,
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TABLE 4-16. ESTIMATED ANNUALIZED OPERATING COSTS FOR ESP SYSTEMS
FOR MODEL NEW MODULAR COMBUSTOR FACILITIES
(August 1986 dollars based on 8,000 hrs/yr operation)

I Model plant 4 (100 spd) | Model plant 5 (250 tpd) |  Model plant 6 (400 tpd)
I___for outlet PM Jovel” of | for outlet PM level® of ) for outlet PM level® of
Item I | | } i | | ! |
1 003 | 0,02 | 000 1 003 '} 0,02 { 0.0% '} 0,03 1 002 1 0.0)
| | | ! | | | | !
Direct Cost | ) | ) } 1 ! | !
| | I 1 | | ! | !
Operating labor | 12,000 | 12,000 } 12,000 ! 12,000 )} 12,000 | 12,000 ! 12,000 | 12,000 | 12,000
l | | ! | | l | |
Supervision Il 22001} 22001 2,200! 2,2001 2,200 2,2001 2,200} 2,2001 2,200
| | | | ! | | !
Utiifties: | | | | | | | | )
! | | | | { ! | l
Electricity 1 4,400 | 4,400 | 4,400 I 11,000 { 11l,00u | 11,000 | 17,500 | 17,500 | 17,500
Water | 0| 0t ot 0! 01 0! 01 0| 0
| | | | } ! ! | |
Chemicals (1ime) | 0! 01 (V] (U 01 0t 0t 0! 0
I | | | ! } | ! |
Maintenance” I\ 6,800 8,900} 9,700 | 13,900 { 16,900 { 18,600 { 20,400 | 23,900 | 26,300
| | | | | ! | | I
Waste disposal | 400 | 500 | 500 | 1,000 | 1,100 ¢+ 1,300 1 1,600 1 1,800 1 2,000
1 | 1 1 | [ 1 1
1 i i | ! I | ) !

| | 1 I | ] | | |
Indirect Cost | | | | } | l { |
| | | | ! | | | |
Overhead (608 of | | 1 | t | | { |
operating labor and | | | | } ! | | !
ma intenance labor) ! 10,600 | 11,200 | 11,400 | 12,700 | 13,600 | 14,100 | 14,600 | 15,700 | 16,400
| | ! | t | | | |
Taxes, Insurance, and | [ } } | 1 ] i |
general adminfistra- | | | } | | | | |
tion i 13,600t 17,900 | 19,500t 27,800 | 33,800 ! 37,200 | 40,800t 47,800 | 52,600
| | | I | | | | |
Capital recovery | 40,100 1 52,500t 57,200 { 81,600 | 99,300 | 109,100 | 119,800 | 140,200 | 154,300
1 1 1 L 1 1 1 1 I
! t | ! ! | | | |
Jotal indirect | ©4,300 1 61,600 ! 86,100 | 122,100 { 146,700 | 160,400 1 175,200 | 203,700 } 223,300
t | | ! | | | } |
Total Annualized Cost ! 90,100 | 109,600 | 116,900 | 162,200 | 189,900 | 205,500 | 228,900 | 261,100 | 283,300

| | ! ! ! t ! ) !

%n units of gr/dscf at 12 percent 002.

DAt,uumcb 50 percent of maintenance cost for labor.
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TABLE 4-17. ESTIMATED ANNUALIZED OPERATING COSTS FOR SD/ESP SYSTEMS
FOR MODEL NEW MODULAR COMBUSTOR FACILITIES?
(August 1986 dollars based on 8,000 hrs/yr operation)

Model plant 4 (100 gpd) Model plant 5 (250 tpd) Model plant 6 (400 tpd)

] | |

| for outlet PM level of | for outlet PM level of | for outlet PM level  of
{ I { | | | | | H

1 0,03 1 0,02 1 0,01 | 0.03 10,02 1 001 | 0,03 10,02 | 0,01
I | | | ! | | ! !
Direct Cost 1 | | 1 | ) ! 1 ]
| | | | | ) | ! }

Operating labor | 24,000 | 24,000 | 24,000 | 24,000 | 24,000 1 24,000 | 24,000 | 24,000 ! 24,000
| | | | | | | | |

Supervision | 4,300 | 4,300 | 4,300 1| 4,300 | 4,300 | 4,300 | 4,300 | 4,300 | 4,300
) | } I | | | | |
Utilities: i | | | ! | | | |
! | | | l | | | |

Electricity | 27,400 | 27,400 | 27,400 | 56,900 | 56,900 | 56,900 | 86,500 | 86,500 ! 86,500
| { | ! I | | | !

Water | 800 | 800 | 800 | 2,000 | 2,000 | 2,000 | 2,900 | 2,900 | 2,900
| | I | | | | | !

Chemicals (1ime) I 17,600 | 17,600 | 17,600 | 44,200 | 44,200 | 44,200 | 70,600 | 70,600 | 70,600
! | | | | | | | |

Maintenance© | 28,500 | 30,300 | 31,300 | 48,400 ! 50,500 | 53,000 } 63,000 | 69,800 | 72,200
| | | | } | | ) |

Waste disposal 7,600 7,700 7,700 | 18,900 19,100 19,200 30,400 30,600 30,800
P | 1 I ! | L I | |

__Total direct 110,200 | 112,100 § 113,100 198,700 | 201,000 § 203,600 | 281,700 | 208,700 | 291,300

Indirect cost

Overhead (608 of
operating labor and
maintenance labor) 25,500 26,100 26,400 31,500 32,100 32,900 35,900 37,900 38,600

Taxes, {nsurance, and
general administration| 57,000 60,600 62,600 96,800 | 101,000 | 105,900 | 126,000 | 139,600 | 144,400

Capital recovery 182,500 1 199,300 | 205,600 | 316,200 | 332,100 | 346,100 | 414,000 | 458,700 | 474,500
_Jotal indirect 270,000 | 266,000 | 294,600 | 446,500 | 465,200 | 486,900 | 575,900 | 636,200 | 657,500

Jotal Aonualized Cost 1380,200 | 398,100 | 407,700 | 645,200 | 666,200 [ 690,500 | 857,600 | 924,900 | 948,800
% or 90 and 70 percent control of HC1 and S0,, respectively, ‘
PIn units of gr/dscf at 12 percent CO,.

CAssumes 50 percent of maintenance cost for labor.
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TABLE 4-18.

ESTIMATED ANNUAL IZED OPERATING COSTS FOR SD
FOR MODEL NEW MODULAR COK!JSTOR FACILIT
(August 1986 dollars based on

/FF §YSTLMS
8,000 hrs/yr operatlon)

?ggel glaﬂt 4 ](lyglﬁp ?g?e;u)}ggt 5 {250 ﬁpd) I:gcriegl)tflant 6 (400 ﬁpd)
0,03 0.02 0.0] 0,03 .02 0.91 0.03 0.02 Q.01

Direct Coot
Operating labor 24,000 24,000 24,000 24,000 24,000 24,000 24,000 24,000 24,000
Supervision 4,300 4,300 4,300 4,300 4,300 4,300 4,300 4,300 4,300
Utilitles:

Electricity 39,600 39,600 39,000 87,400 87,400 87,400 | 135,200 135,200 | 135,200

Water 800 800 800 2,000 2,000 2,000 2,900 2,900 2,900
Chemicals (1ime) 17,600 17,600 17,600 44,200 44,200 44,200 70,600 10,600 70.600
Maintenance® 39,200 39,200 40,400 63,500 63,500 65,900 83,600 83,600 95,600
Waste disposal 7,600 7,700 7,700 18,900 19,100 19,200 30,400 30,600 30,800
—~Jotal direct 133,100 ] 133,200 ) 134,400 | 244,300 | 244,500 | 247,000 ] 351,000 ] 351,200 } 363,400
Indirect cost
Overhead (68 of

operating labor and

malntenance labor) 28,700 28,700 29,100 36,000 36,000 36,800 42,100 42,100 45,700
Taxes, insurance, and

general administratfon| 78,400 78,400 80,800 | 127,000 | 127,000 | 131,800 | 167,200 | 167,200 | 191,200
Capital recovery 251,700 | 257,700 | 205,600 | 417,600 | 417,600 | 433,300 { 549,400 | 549,400 | 626,300
_Jotal indirect 364,800 ! 364,800 | 375,500 | 980,600 ! 580,600 | 601,900 | 798,700 ! 758,700 | 865,200
Total Annualized Cost 1497,900 | 498,000 | 509,900 | 624,900 | 829,100 | 648,900 }1,109,700}3,109,900}1,228,600

3For 90 and 70 percent control of HCl and SO,, respectively.

PIn units of gr/dscf at 12 percent CO,.

CAssumes SO percent of maintenance cost for labor.



TABLE 4-19.

ESTIMATED ANNUALIZED OPERATING COSTS FOR ESP SYSTEMS

FOR MODEL NEW REFUSE-DERIVED FUEL BURNING FACILITIES
(August 1986 dollars based on 8,000 hrs/yr operation)

Model plant 7 (1,500_tpd)

|

Model plant 8 (3,000 tpd)

Total Annualized Costs

|
| for outlet PM level? of for outlet PM level? of
Item | |
| 0.03 | 0.02 | 0.01 0.03 | 0.02 | 0.01
| I I | |
Direct Costs } I } } } }
Operating labor | 36,100f 36,100) 36,100f 48,100 48,100| 48,100
| I I I | I
Supervision | 6,500} 6,500] 6,500] 8,700 8,700 8,700
| | I I | I
Utilities: } } I { i {
Electricity | 79,500 79,500f 79,500| 159,000{ 159,000| 159,100
Water | 0: 0= 0= 0} 0} "0
|
Chemicals (1imestone) | 0| 0| 0{ o] 0{ 0
I I I I
Maintenanceb | 138,400| 165,900 183,900/ 240,100| 284,900| 317,600
| I I | | |
Waste disposal | 447,800| 448,700| 449,600{ 895,800| 897,600 899,400
—
Total direct | 708.300[ 736,700{ 755,60041,351,700/1,398,300!1,432.900
| | | | I |
Indirect Costs | | | | | |
| | | | I I
Overhead | 67,000 75,300, 80,700| 106,100] 119,600] 129,400
| | I I | |
Taxes, insurance, and | | | | | |
general administra- | 276,800} 331,700' 367,700 480,200 569,800[ 635,200
A O s A
Capital recovery | 812,700} 974,100/1,079,800{1,410,200{1,673,200]1,865,400
T T R AP
Total indirect 11.156,500 996,500 62,60012,630,000
I
I
I

I I I | |
1,864,800|2,117,800(2,283,800(3,348,200|3,760,900|4,062, 900
| |

2n units of gr/dscf at 12 percent CO

2

bAssumes 50 percent of maintenance cost for labor.
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TABLE 4-20. ESTIMATED ANNUALIZED OPERATING COSTS FOR SD/ESP SYSTEQS
FOR MODEL NEW REFUSE-DERIVED FUEL BURNING FACILITIES
(August 1986 dollars based on 8,000 hrs/yr operation)

Model plant 7 (l,SOObtpd) Model plant 8 (3,000, tpd)

-

for outlet PM level® of for outlet PM Iever of
Ttem | I l I I
0.03 | _0.02 | 0.01 | 0.03 { 0.02 [ 0.01
I I I | |
Direct Cost { } { : {
Operating labor 72,000 72,000] 72,000| 96,200] 96,200] 96,200
I | I I |
Supervision 13,000 13,000] 13,000} 17,300} 17,300 17,300
I | I | I
Utilities: I I I } {
Electricity 305,900 305,900] 305,900 596,500, 596,500f 596,500
Water 13,500] 13,500 13,500] 27,700] 27,700 27,700

| | | |
376,900 376,900f 376,900 753,300 753,300] 753,300
| | I I
288,300 319,400| 330,800| 518,300| 548,500f 561,400
I I I I |
599,600 600,500| 601,400]1,199,200]1,201,000]|1,202,800
| |

Chemicals (1ime)
Maintenance®

Waste disposal

e e e e s e e e e e —————— e ————

Taxes, insurance, and
general administra-

| , L
| I I |
Total direct 1,669,200]1,701,20011,713,50013,208,500(3,240,500/3,255,200
| | | I |
Indirect Cost | l I | |
| | I I |
Overhead (60 percent of | l I I |
operating labor and I I I | |
maintenance labor) 137,500 146,800| 150,200| 223,600} 232,700| 236,500
I I | | |
I | | | |
I | |

I
576,500{ 683,900f 661,600|1,036,700{1,096,900|1,122,800

|
tion |
| I I |
Capital recovery |1,894,900{2,099,900/2,174,400|3,407,400{3,605,400]3,690,300
| .
Total indirect 08,90012.9 0 4,667,700/4.9 0015,049.600

I | I I I
Total Annualized Cost  |4,278,100|4,631,800|4,699,700|7,876,200(8,175,500(8,304,800
I I I I I I

For 90 and 70 percent control of HCl1 and 502, respectively.
bIn units of gr/dscf at 12 percent C02.
CAssumes 50 percent of maintenance cost for labor.
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TABLE 4-21. ESTIMATED ANNUALIZED OPERATING COSTS FOR SD/FF SYSTEM§
FOR MODEL NEW REFUSE-DERIVED FUEL BURNING FACILITIES
(August 1986 dollars based on 8,000 hrs/yr operation)

Model plant 7 (1,500btpd) | Model plant 8 (3,000btpd)
for outlet PM level” of | for outlet PM level” of
ten 0.03 I 0.02 I 0.01 I 0.03 | 0.02 | 0.01
Direct Cost I I I I I
Operating labor 72,000I 72,000I 72,000I 96,200I 96,200I 96,200
Supervision 13,000I 13,000I 13,000I 17,300I 17,300I 17,300
Utilities: I I I I I
Electricity 471,600I 471,600I 471,600I 927,900I 927,900I 927,000
Water 13,500{ 13,500 13,500 27,700| 27,700| 27,700

I | I I |
Chemicals (lime) 376,900{ 376,900] 376,900] 753,300 753,300] 753,300

I I I I I
Maintenance® 263,400| 263,400 279,800| 440,800| 440,800 462,400

| I | I I
599,600 600,500| 601,400(1,199,200|1,201,000{ 1,202,800
| I I | |

| l I | l
1,810.0001,810,900|],828,200(3,462,400|3,464,200| 3,466,000
I |

Waste disposal

Total direct

Indirect Cost

Overhead (60 percent of

(PRSI RN S WS, S ——————— ———— S R D e s

|

I I

I I
130,000 130,000 |
| |

I I

I
|
|

I I
I | |
| | |
operating labor and | 134,900{ 200,300f 200,300 206,800
maintenance labor) | | I
| | |
Taxes, insurance, and I | |
general administra- 526,800 526,800] 559,600} 881,700 881,700 924,800
tion | I I
| I I | |
Capital recovery 1,731,50041,731,500)1,839,200{2,897,900|2,897,900| 3,039,500
e
Total indirect 002,388,300 3,70013,979,90013,979,900) 4,171,100
| I I I I
Total Annualized Cost 4,198,300}4,199,200/4,361,900(7,442,300|7,444,100| 7,637,100

4For 90 and 70 percent control of HC1 and SOZ‘ respectively.
bIn units of gr/dscf at 12 percent COZ’

CAssumes 50 percent of maintenance cost for labor.
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TABLE 4-22. ESTIMATED ANNUALIZED OPERATING COSTS FOR ESP SYSTEMS
FOR MODEL NEW FLUID BED COMBUSTION FACILITIES
(August 1986 dollars based on 8,000 hrs/yr operation)

Model plant 9 (250 spd)
for outlet PM Jevel® of

| Model plant 10 (500_tpd)

|
| for outlet PM level® of
Item |

| 0.03 | 0.02 | 0.01 0.03 | 0.02 | 0.0l

| I I I I
Direct Cost } I } } { I
Operating labor | 24,000 | 24,000 | 24,000 24,000 24,000] 24,000

| | I I I
Supervision | 4,300 | 4,300 | 4,300 | 4,300 4,300; 4,300

I I I I |-

Utilities: ’ { { I I ;
Electricity | 11,300 | 11,300 | 11,300 | 22,700} 22,700 22,700
Water | 0 | 0 | 0 | 0} 0} 0

I | | | | I
Chemicals (1imestone) | 0 | 0 | 0 | 0] 0] 0
I | I I | |

Maintenanceb | 35,100 | 44,100 | 45,400 | 55,200 68,200] 71,800
I | | I | |

Waste disposal | 110,300 | 110,400 | 110,700 | 220,800 221,000] 221,400
]

Total direct 1 185,000 | 194,100 | 195,700 | 327,000 | 340,200 | 344.200
I | I I I I
Indirect Cost | | I I I I
| I | I I |

Overhead (60 percent of | | | [ | [
operating labor and | I I I | |
maintenance labor) | 27,500 | 30,200 | 30,600 | 33,500| 37,400| 38,500

| I I I |

Taxes, insurance, and | | | | |
general administra- | I I | | |
tion | 70,200 | 88,200 | 90,800 110,500| 136,400] 143,600

| I | | |

Capital recovery | 206,300 | 258,900 | 266,600 | 324,400| 400,500| 421,600

i —
Total indirect | 304.000 | 377,300 00 | 468,400 | 574,300 | 603,700
I I | | |
Total Annualized Cost | 489,000 | 571,400 | 583,700 795,400| 914,500| 947,900
| | I

3In units of gr/dscf at 12 percent COZ.

b

Assumes 50 percent of maintenance cost for labor.
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TABLE 4-23. ESTIMATED ANNUALIZED OPERATING COSTS FOR FF SYSTEMS
FOR MODEL NEW FLUID BED COMBUSTION FACILITIES
(August 1986 dollars based on 8,000 hrs/yr operation)

Model plant 9 (250 sp

Model plant 10 (500_tpd)

|
| for outlet PM IeveI for outlet PM Tevel? of
Item | | I
| 0.03 | 0.02 | 0.0l | 0.03 | 0.02 | 0.01
I I | I I |
Direct Cost } { { = } {
Operating labor | 24,000 | 24,000 | 24,000 | 24,000 24,000] 24,000
| | I I I I
Supervision | 4,300 | 4,300 | 4,300 | 4,300] 4,300 4,300
I | I I |- |
Utilities: I I I I { I
Electricity | 36,200 | 36,200 | 36,200 | 72,500| 72,500} 72,500
Water | 0| 0 | 0 | 0] 0| 0
I I | | I I
Chemicals (1imestone) | 0 | 0} 0 | 0] 0] 0
| | | I I I
Maintenanceb | 19,900 | 19,900 | 19,900 | 33,800 33,800] 33,800
| I I I I |
Waste disposal | 110,300 | 110,400 | 110,700 | 220,800 221,000 221,400
—
Total direct | 194,700 | 194,800 | 195,100 | 355,400 | 355,600 | 356,000
I I I | I I
Indirect Cost I I | | I I
I | I I I |
Overhead (60 percent of | | I I | I
operating labor and | | I I I |
maintenance labor) | 23,000 | 23,000 | 23,000 | 27,500y 27,500 27,500
I I I I |
Taxes, insurance, and | | |
general administra- I | I
tion 39,800 | 39,800 | 39,800 | 67,600 67,600 67,600
I | | |
Capital recovery { 117,000 | 117,000 | 117,000 | 198,500, 198,500] 198,500
| | |
| | I
Total indirect [ 179,800 | 179,800 { 179,800 | 293,600 | 293,600 | 293,600
| I | | | I
Total Annualized Cost | 374,500 | 374,600 | 374,900 | 649,000 649,200] 649,600
I I | I | I
%In units of gr/dscf at 12 percent COZ.
bAssumes 50 percent of maintenance cost for labor.
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The waste disposal cost is the —ajor direct operating cost of the
emission control systems for the new MWC model plants. The contribution of
waste disposal costs to the total direct operating cost is proportional to
the quantity of waste disposed. For the purpose of this report, waste
disposal costs were conservatively estimated to be $15/ton. Nevertheless,
they represent from 15 to 45 percent of the total direct operating cost for
new MB facilities. Waste disposal costs for RDF and FBC facilities range
from 50 to 70 percent of the direct operating cost of the emission control
system. The waste disposal cost for MOD facilities is insignificant due to
the small quantity of solid waste generated. However, with the addition of
a SD, the waste disposal costs for MOD model facilities can be expected to
increase to as much as 10 percent of the total direct operating cost.

Due to the variability of waste disposal costs across the country, one
could reasonably assume the cost of waste disposal to range as high as $30
to $50 per ton. If this were the case, the waste disposal cost for MB
facilities would be 30 to 70 percent of the total direct operating cost of
the emission control system. For RDF and FBC facilities, the waste disposal
cost would represent 60 to 90 percent of the direct operating costs. If
disposal of flyash in a hazardous waste Tandfill becomes appropriate, owing
to the fact that flyash exhibits characteristics of hazardous waste as
indicated by the EP toxicity test, and assuming waste disposal would,
therefore, cost $150 per ton, the cost of waste disposal for emission
control systems for MWC’s would be as high as 80 to 95 percent of the total
direct operating cost.
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5. FURTHER COST ANALYSES

Further cost analyses were performed by developing cost estimates based
on the new MWC model plant control system annualized operating cost data
from Tables 4-9 through 4-12, and the data on flyash (PM) collected from the
emission control systems which are presented in Table 5-1. Tables 5-2
through 5-5 present summaries of the annualized operating cost estimates in
terms of dollars per ton of waste burned and dollars per ton of flyash
collected from the emission control systems for new MB, MOD, RDF, and FBC
model plants. _

The cost data presented in Tables 5-2 through 5-5 indicate that the
annualized operating cost for controlling MWC emissions to the specified
outlet levels is approximately $4 to $9 per ton of refuse burned,
respectively, for new MB and RDF model facilities. For MOD model plants,
the corresponding costs are $5 and $10 per ton of refuse burned. For FBC
models, the cost of controlling PM emissions is $5 per ton of refuse burned.
In general, the annualized operating cost per ton of refuse burned for the
emission control systems for new MWC model plants decreases as facility size
increases. The additional cost for controlling acid gas and PM emissions,
as compared to controlling PM emissions alone, also decreases with
increasing facility size.

The unit cost data in terms of $/ton of PM collected can be used to
analyze the annualized operating cost of PM controls, but are misleading
when comparing the costs of acid gas/PM and PM controls due to the fact that
a major portion of particulate matter collected by acid gas/PM control
systems is generated as a result of the introduction of alkali feed in the
spray dryer equipment. The additional solids in the flue gas of acid gas/PM
emission control systems were not considered when calculating the data
presented in Tables 5-2 through 5-5.

The cost data were also analyzed to obtain an indication of the
annualized operating costs of installing and operating an acid gas removal
control system in terms of dollars per unit of acid gas removed. Table 5-6
presents cost estimates in terms of $/1b of acid gas removed for the SD/FF
and SD/ESP control systems. The quantity of acid gas removed includes both

HC1 and 502.

5-1



TABLE 5-1.- SUMMARY OF FLYASH COLLECTED FROM THE EMISSION CONTROL SYSTEMS
FOR THE NEW MWC MODEL PLANTS, tpy

PM collected, tons/yr for outlet loading of

Model plant

and capacity 0.03 gr/dscf 0.02 gr/dscf 0.01 gr/dscf

PM controls

~nN
—
0]
Yt
(o]

|

| |

| |

: :
No. 1 ( 250 tpd MB) 1,814 | 1,824 | 1,831
No. 2 (1,000 tpd MB) 7,273 ; 7,310 | 7,339
No. 3 (3,000 tpd MB) | 21,929 | 22,017
No. 4 ( 100 tpd MOD) 26 | 30 | 33
No. 5 ( 250 tpd MOD) 67 | 75 |- 84
No. 6 ( 400 tpd MOD) 108 | 121 | 135
No. 7 (1,500 tpd RDF) 29,856 | 29,916 | 29,976
No. 8 (3,000 tpd RDF) 59,720 | 59,840 | 59,960
No. 9 ( 250 tpd FBC) 7,354 | 7,362 | 7,377
No. 10 ( 500 tpd FBC) 14,717 | 14,732 | 14,761

| |
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TABLE §-2. SUMMARY OF EMISSION CONTROL SYSTEM ANNUALIZED OPERATING
COST ESTIMATES FOR MODEL NEW MASS BURNING FACILITIES

Model plants

I
No. 1 (250 tpd MB) | No. 2 (1,000 tpd MB) No. 3 (3,000 tpd MB)
Controlled PM

emission level

|
|
, |
$/ton of | $/ton of |
I

|
|
I
! | I
| §/ton of | $/ton of | $/ton of | $/ton of
| waste | PM | waste | PM waste | PM
| burned | collected | burned collected burned | collected
| | | |
S P T P R
0.03 | 4.44 | 208 | 2.76 | 127 | -2.45 | 112
0.02 | 5.32 | 282 | 3.20 | 146 | 2.74 | 125
0.01 | 5.99 I 272 | 3.66 | 166 | 3.16 l 144
| | | | I |
AR | | | | |
0.03 | 12.73 | 584 | 7.59 | 348 | 6.52 | 299
0.02 | 13.87 | 632 | 8.12 | 370 | 6.77 | 309
0.01 | 14.54 | 660 | 8.52 l 387 | 7.20 | 327
| I I | | |
2 | | | | |
0.03 | 13.38 | 613 | 7.65 | 351 | 6.54 I 300
0.02 | 13.38 | 610 | 7.65 I 349 |  6.54 l 298
0.01 | 13.80 | 627 | 7.98 | 363 | 6.84 | 311
I I I I I I

4t 12 percent COZ‘

5-3



TABLE 5-3. SUMMARY OF EMISSION CONTROL SYSTEM ANNUALIZED OPERATING COST ESTIMATES

FOR MODEL NEW MODULAR COMBUSTOR FACILITIES

Model plants

Controlled PM

No. 4 (100 tpd MOD)

No. 5 (250 tpd MOD)

No. 6 (400 tpd MOD)

emission level

I
I I |
| I |
: | I | | | |
| $/ton of | $/ton of | $/ton of | $/ton of | $/ton of | §/ton of
| waste | PM | waste | PM | waste | PM
| burned | collected | burned | collected | burned | collecte
| I I I | |
ESP I I l I | I
0.03 | 2.70 | 3,462 | 1.94 | 2,418 | -1.72 | 2,120
0.02 | 3.30 | 3,667 | 2.28 | 2,533 | 1.96 | 2,157
0.01 | 3.5l | 3,545 | 2.47 | 2,452 | 2.12 | 2,096
I l I | | I
DA | | | | | |
0.03 | 11.40 | 14,615 | 7.74 | 9,627 | 6.44 | 7,944
0.02 | 11.94 | 13,267 | 7.99 | 8,880 | 6.94 | 7,645
0.01 | 12.24 | 12,364 | 8.29 | 8,226 | 7.12 | 7,030
| I I I I I
S-SR I RN T AUUR
0.03 | 14.94 | 19,154 | 9.90 | 12,313 | 8.33 | 10,278
0.02 | 14.94 | 16,600 | 9.90 | 11,000 | 8.33 | 9,174
0.01 | 15.30 | 15,455 | 10.19 | 10,107 | 9.22 | 9,104
I I I I | I

At 12 percent COZ'
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TABLE 5-4., SUMMARY OF EMISSION CONTROL SYSTEM ANNUALIZED OPERATING COST
" ESTIMATES FOR MODEL NEW REFUSE-DERIVED FUEL BURNING FACILITIES

Model plants

No. 7 (1,500 tpd RDF) | No. 8 (3,000 tpd RDF)

PM emission Tevel?

|
| I
l |
{ | i l
after control | $/ton of | $/ton of | $/ton of | $/ton of
| waste | PM | waste | PM
| burned | collected | burned | collected
| [ | I
o A R
0.03 | 3.73 | 62 | 3.35 | 56
0.02 |  4.24 | 71 | 3.76 | 63
0.01 | 4.57 | 76 | 4.06 | 68
I I | !
SO/ESP | | | }
| | I
0.03 | 8.56 | 143 | 7.88 | 132
0.02 | 9.26 | 15§ | 8.18 | 137
0.01 | 9.40 | 157 | 8.31 | 139
l I I I
SD/FF | | | |
| | | I
0.03 | 8.40 | 141 | 7.44 | 125
0.02 | 8.40 | 140 | 7.44 | 124
0.01 | 8.72 | 146 | 7.64 | 128
| I ! I

At 12 percent COZ‘
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TABLE 5-5. SUMMARY OF PM CONTROL SYSTEM ANNUALIZED OPERATING ESTIMATES
FOR MODEL NEW FLUID BED COMBUSTION FACILITIES

Model plants

No. 9 (250 tpd FBC) No. 10 (500 tpd FBC)

I
I I
. |
PM emission level | |
after control | | | |
|  $/ton | $/ton | $/ton | $/ton
|  waste | PM | waste | PM
| burned | collected | burned | collected
I I I I
S R B B
0.03 | 5.87 | 66 | 4.77 | 54
0.02 | 6.85 | 78 | 5.49 | 62
0.01 | 7.01 | 79 | 5.69 | 64
| I I [
—
0.03 | 4.50 | 51 | 3.89 | 44
0.02 |  4.50 | 51 | 3.89 | 44
0.01 | 4.50 | 51 [ 3.90 | 44
| | I I

At 12 percent COZ’
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TABLE 5-6. SUMMARY OF ACID GAS REMOVAL ANNUALIZED OPERATING
COST ESTIMATES FOR MODEL NEW MASS BURNING, MODULAR
COMBUSTOR, AND REFUSE-DERIVED FUEL BURNING FACILITIES

a,b

Acid gas removed,a Cost effectiveness

| |
Model facility | tpy | $/1b of acid qas removed
| | 0.03 } 0.02 | 0.0l
| | l
No. 1 (250 tdp MB) SD/ESP | 435 | 1.22 | 1.33 | 1.39
SD/FF i | 1.28 | 1.28 | 1.32
l l I |
No. 2 (1,000 tpd MB) SD/ESP | 1,734 | .73 | .78 | .82
SD/FF | = 73 { 72 i 7
l
No. 3 (3,000 tpd MB) SD/ESP | 5,194 | .63 | .65 | .69
SO/FF | { .63 { .63 | .66
l |
No. 4 (100 tpd MOD) SD/ESP | 157 | 1.21 | 1.27 ] 1.30
SD/FF | | 1.59 | 1.59 ] 1.62
| | | I
No. 5 (250 tpd MOD) SD/ESP | 392 | .82 | .85 | .88
SO/FF | ] 1.05 | 1.05 | 1.08
| | | |
No. 6 (400 tpd MOD) SD/ESP | 627 | .68 | .78 | .76
SO/FF | | .89 | .89 | .98
| | I I
No. 7 (1,500 tpd RDF) SD/ESP | 3,208 | .67 | J2 .72
SO/FF | | .65 | .66 | .68
| | l l
No. 8 . ,000 tpd RDF) SD/ESP | 6,400 | .61 | .64 | .65
SO/FF | | .58 | .58 | .60
l | l |

The values indicated apply to HC1 and SO2 for Model plants 1 through 8.

bThe values are listed according to the outlet PM emission level (gr/dscf
corrected to 12 percent COZ).
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:.  RETROFIT COSTS

Retrofit costs for air pollution control equipment for existing
municipal waste combustors are presented in this section. The same method-
ology and design and cost premises were employed for estimating retrofit
costs for existing facilities as were used to determine costs for emission
control systems for new MWC facilities. Model plants were developed which
were intended to be representative of the existing population of MWC's with
regard to design capacity and technology. Retrofit factors were ¢etermined
based on vendor contacts and previous retrofit studies within EPA with flue
gas desulfurization (FGD) systems in the utility industry. The capital and
annualized operating retrofit cost estimates were intended to bound the
potential retrofit costs which would be expected for the existing MWC
population. More detailed retrofit cost studies than presented in this
section are currently underway.

6.1 MODEL PLANTS

Sixteen model plants were selected to represent the existing population
of MWC’s with regard to design capacity and technology. Six of the model
plants were refractory, non-heat recovering facilities of which five were
mass burning (MB) units and one was a modular combustor (MOD) facility. The
remaining ten model plants were waterwall, heat-recovering units which
included four MB units, three MOD facilities, and three RDF facilities. The
primary design parameters and calculated flue gas quantities and composi-
tions for each refractory and waterwall model plant are listed in Tables 6-1
and 6-2, respectively.

6.2 CONTROL SYSTEMS

The emission control systems which were costed for the model existing
facilities were designed to provide PM control only, or both acid gas and PM
control. For the MB and RDF model existing facilities, the control systems
evaluated included a spray dryer (SD) system retrofit to those facilities
with a high-efficiency ESP currently in place, and a SD/FF system retrofit
to facilities which have a wet scrubber or Tow-efficiency ESP currently in
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TABLE 6-1. REFRACTORY MODEL PLANT SPECIFICATIONS AND FLUE GAS COMPOSITION DATA

Model phnts.

Item 1 No. | i No. 2 | No. 3 I No. 4 1 No. § | No. 6
l (MB) I (MB) I (MB) ' (NB) ' (MB) I (MOD)

Eacliity Specification i 1 ) i ! I

t ) ) } L )
No. of combustors per model ' 2 | 3 i 2 \ 2 ] 3 { 2

! ] { { { {
Total dafly charge rate, tpd [} 200 | 450 | 600 ] 150 { 1,200 ! 100

| | [ I | !

Hourly charge rate at 1008 I | I | 1 |
utilization, 1b/hr ) 16,667 I 37.500 | 50,000 ) 62,500 | 100.000 | 8,333

} | ) | | |
Ash content of feed waste, % [} 22.12 t 22.12 { 22.12 { 22.12 | 22,12 | 22.18

| [ 1 | [ |

Excess combusion atr, % of 1 | ! [ I !
theoretical [} 80 | 80 | a0 1 80 I 80 | 50

| ! f [ I [

P4 emisston factor, 5 of feed ) | | 1 ! 1
waste ash § 10 1 10 \ 10 | 10 | 10 | 0.5

i | | [} [} {

Acid gas emisston factor: | I | | | 1
HCY, ppm dry [ 500 [ 00 | 500 | 500 | 500 [ 500
501. ppm dry , 178 l 175 | 178 l 175 l 175 l 211

nummmz" | | ) ' 1 !

4 ! | [} t {

Yolume flow rate: | 1 | | t I
dscfm | 11,489 | 17,234 ! 34,468 ! 43,005 | 45,950 1 4,716
scfa | 13,263 | 19,895 | 39,709 } 49,737 ! 53,052 [ 5,663
actm I 22,712 | 34,159 [ 68,317 | 85.397 ) 91,090 1 9,113

) i \ 1 ¥ )
Outlet Temperature, oC i 450 | 450 [ 450 t 450 | 450 | 450

| | | [} [ i

PM Emissions: I | [ | | I
gr/dsct [ 1.87 | 1.07 I 1.07 | 1.87 i 1.87 ! 0.11
gr/scf | 1.62 | 1.62 ) 1.62 [} 1.62 | 1.62 | 0.10
gr/act ) 0.94 I 0.94 ) 0.94 ] 0.%4 ] 0.94 1 0.06
gr/dsct at 1% 002 i 2.16 ] 2.16 |} 2.16 [} 2.16 [} 2.16 § 0.1
gr/dscf at 7% 02 | 2.26 [} 2.26 t 2.26 [} 2.26 t 2.26 { 0.11
ib/hr | 104 ] 217 [ 553 ! 691 ! 400 ! 4.6
tons/yr at 6500 hrs/yr | 598 | 970 | 1,936 | 2,419 | 1,400 I 16

[ ! | ! ! |

Acid Gas Emissions: 1 ) ) ) 1 I
HCY, 1b/hr i 33 | 49 ) 98 [} 122 i 131 t 14
tons/yr at 6500 hrs/yr | to? | 159 | 319 t 97 | 426 ! 49
$0., Vb/hr | 2 | 30 | 60 ! 75 I 80 | 10
fons/yr at 6500 hrs/yr | 65 | % | 5| 4| %0 | 35

:ie - Mass burning snd MOD - Modular.
Calculated (except where tadicated) based on the facllity specifications in this table and the feed waste composition data from Table 2-2.

Assumed.
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TABLE 6-2, WATERWALL MODEL PLANT SPECIFICATIONS AND FLUE GAS COMPOSITION DATA
l Model plmts‘
Item ! No. 1 | No. 2 { No. 3 | No. 4 1 No. § i No. 6 [ No. 7 | No. 8 I No. 9 ] No. 10
I (MB) ' (MB) I (MB) I (MB) l (MOD) | (MOD) I {MOD) I (FFD) ' (RED) l (RFD)
Eacility Specification ! ! | [ 1 [ l 1 ! |
| ! | | | ] 1 i i | .
No. of combustors per mode) ] 2 2 4 1 3 ! 2 1 4 4 ) 4 | 2 1 4
i t ] { | { t | t t
Total daily charge rate, tpd | 200 | 400 | 1,600 | 2,200 | 100 | 200 | 300 | 1,000 | 2,200 | 3,000
| 1 ] | 1 | ! 1 I |
Hourly charge rate at 100% i i | i ) | | t i |
utilization, 1b/hr | 16,667 ! 33,333 | 83,333 | 163,333 ! 8,333 t 16,667 | 25,000 | 63,333 | 183,333 | 250,000
! I } | | I ] | ] I
Ash content of feed waste, % | 22.12 [ 22.12 | 22.12 | 22.12 I 22.18 | 22.18 | 22.18 | 7.51 | 7.51 | 7.51
| i t i § { | | | {
Excess combusion atr, § of t | { | | | | | | 1
theoretical | 80 I 60 | 80 | 80 | 50 | 50 | 50 | 50 | 50 | 50
| i | ] i | | | i 1
PM emission factor, £ of feed | | | ] | | i } | |
waste ash I 10 | 10 | 10 ! 10 | 0.5 | 0.5 1 0.5 | 80 | 80 | 80
l I | 1 1 1 i | 1 I
Acid gas emission factor: | ! 1 1 ! | | I 1 i
HC1, ppm dry | 500 { 500 i 500 | 500 | 500 { so0 | s00 | 500 | S00 500
SOZ' ppm dry | 175 ' 175 | 175 ' 175 | 211 ' 211 | 211 l 2086 l 286 | 286
Elue gas data per combustor® ' ) i ) i i i i j i
{ | l | t i { t | |
Volume flow rate: | I { I l i { 1 I ]
dscfm | 11,489 I 22,987 | 28,723 | 84,217 | 4,776 | 4,776 | 7,164 | 29,352 | 129,148 | 88,055
scfm } 13,263 i 26,526 | 33,158 1 97,218 | 5,663 | 5,663 | 8,494 | 34,245 1 150,679 | 102,736
acfm 1 20.270 { 40.540 t 50,675 {1 148,579 | 8,654 | 8,654 | 12,982 | $2,337 | 230,283 1 157,011
I ! | | ] | i | | I
Outlet Temperature, °FC I 30 | 350 | 350 | 350 | 350 | 350 | 350 | 350 | 350 | 350
§ { 1 | | | | | | |
PM Emisstons: | | | I i | I t | |
gr/dscf | 1.8 | 1.87 i 1.87 ! 1.87 | 0.11 i 0.11 | 0.11 | 4.98 | 4.98 | 4.98
gr/scf | 1.62 ) 1.62 1 1.62 } 1.62 | 0.10 i 0.10 1 0.10 1 4.26 | 4.26 | 4.26
gr/acf { 1.06 ¢ 1.06 | 1.06 | 1.06 | 0.06 | 0.06 | 0.06 | 2.79 | 2.719 | 2.79
gr/dscf at 1% ()02 1 2.16 | 2.16 2.16 | 2.16 | 0.11 | 0.11 | 0.11 | 4.63 | 4.63 | 4.63
gr/dscf at 7% °, | 2.26 | 2.26 | 2.26 | 2.26 | 0.11 | 0.11 1 0.11 1 4.99 | 4.99 | 4.99
1b/hr ) 104 1 369 ] 461 1 1,351 | 5 | S 7 1 1,252 1 S.507 | 3,755
tons/yr at 6500 hrs/yr { 598 [} 1,199 | 1,498 [ 4,391 | 16 | 16 | 23 | 4,069 | 17,898 | 12,204
[ | f 1 | | 1 ] ! ]
Acid Gas Emissions: 1 | 1 1 ! I i | I |
HCY, Yo/hr ] 33 { 65 | 82 [ 239 } 14 i 14 | 21 83 | 367 | 250
tons/yr at 6500 hrs/yr [} 107 | 211 | 267 I 117 [ 46 | 46 | 68 | 270 | 1,193 | al3
SO,, 1b/hr [} 20 I 40 | 50 I 147 f 10 | 10 1 15 | 83 | 367 | 250
‘ons/yr at 6500 hrs/yr l 65 l 130 I 163 | 476 l 33 I 33 I 49 l 270 l 1,193 l 813

b

CAssumed.

38 - Mass burning , MOD - Modular, and RDF - refuse-derived fuel.
Calculated (except where indicated) based on the facility specifications in this table and the feed waste composition data from Table

2-2.



place. The majority of the existing MOD facilities are uncontrolled.
Therefore, ESP’s and SD/ESP’s were evaluated for PM and acid gas/PM control,
respectively, for the model MOD existing facilities.

The design parameters for the emission control systems for the model
existing MWC facilities are identical to those discussed for the new MWC
model facilities. The emission control systems were designed to achieve a
PM emission level of 0.02 gr/dscf corrected to 12 percent COZ’ and 90 and
70 percent reduction of HC1 and SOz, respectively. One control unit was
assumed for each model MOD existing facility and for each combustion unit in
each MB and RDF model existing facility.

6.3 CONTROL SYSTEM COST EVALUATIONS

This section presents estimates for the capital and annualized
operating retrofit costs to control PM and acid gas/PM emissions from the
existing MWC model plants to the specified levels. Each unit in a control
system was designed to accommodate 125 percent of the actual flue gas flow
rate to account for fluctuations in gas flow due to variations in feed waste
composition or operating conditions.

(a) Methodology for Estimating Capital Costs - Capital costs for the
emission control systems were calculated by estimating retrofit factors
which would provide an upper and lower bound to the costs for retrofitting
an existing MWC facility. The retrofit factor for a dry scrubber, applied
to existing MB or RDF model facilities, and an ESP, applied to existing MOD
facilities, was assumed to be 1.4 based on vendor contacts. The retrofit
factor for SD/ESP and SD/FF systems was assumed to be 1.8 based on the upper
1imit for retrofit factors observed for flue gas desulfurization systems in
the utility industry.

The capital cost for one unit in each control system was estimated
based on the vendor data presented in Figures 4-1, 4-2, 4-4, 4-5, and 4-7.
Figures 4-1 and 4-2 present capital cost estimates for an ESP for the
control of PM emissions from MB and MOD facilities, respectively. Capital
cost estimates of SD/ESP’s for the control of acid gas/PM emissions from MB
and MOD facilities are presented in Figures 4-4 and 4-5, respectively.
SO/FF capital cost estimates are presented in Figure 4-7. The capital cost
for SD units for the model existing MB and RDF facilities were estimated to
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be the difference between the capital costs of a SD/ESP for MB facilities,
obtained from Figure 4-4, and the cost of an ESP for the same MB facility,
obtained from Figure 4-1.

As previously stated, one control unit was assumed for each model MOD
existing facility and for each combustion unit in each MB and RDF model
existing facility. Where multi-unit control systems were required, the
capital cost for one unit of each system (CU) was incorporated into the
expression presented in Section 4 for calculating the total cost of the main
equipment for the entire system:

Cl = C, X (0.1375 + 0.8625 N)

where C1 = Cap1ta] cost of main equipment in the control system
Cu = Cost of one unit of the control system.
N = Number of units in a control system.

In addition to the costs for the main equipment, the capital cost
estimates also included the ductwork cost. The length of ductwork required
for each emission control system, from boiler outlet to stack inlet, was
assumed to be double the length that was discussed in Section 4. Fan and
stack costs were not considered. The total capital cost for each control
system for the model existing MWC facilities was calculated by adding the
cost for each control system and the ductwork cost as follows:

CS = [Rf X C1] + C2
where CS = Total capital cost of the control system.
C1 = Capital cost of main equipment.
C2 = Capital cost of ductwork.
Rf = Retrofit factor (i.e., 1.4 for SD and ESP control systems;
1.8 for SD/ESP and SD/FF control systems).

(b) Capital Cost Estimates - Tables 6-1 through 6-5 present the
capital cost estimates for the PM and acid gas/PM control systems for the
MB, MOD, and RDF model existing facilities, respectively. Based on these
estimates, one can expect the capital cost of a retrofit acid gas/PM control
to be nearly twice the cost of a SD alone for MB and RDF model existing
facilities. For the MOD model existing facilities, a SD/ESP system applied
to an uncontrolled facility will be as much as five times more cost]y than
for an ESP for PM control only.
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(c) Annualized Operating Cost Estimates - The annualized operating
costs of emission control systems for model existing MWC facilities were
calculated using the cost bases Tisted in Table 4-8 and are presented in
Tables 6-6 through 6-10 based on 6,500 hours of annual operation.

Tables 6-11 through 6-22 present detailed breakdowns of these estimates.

6-9



9-9

TABLE 6-3. SUMMARY OF ESTIMATED CAPITAL (Q0STS OF EMISSION CONTROL SYSTEMS
FOR MODEL EXISTING REFRACTORY MASS BURNING FACILITIES
(31,0005 tn August 1986 based on 6,500 hrs/yr operation)

Control I Model plant 1 | Model plant 2 | Model plant 3 | Mode) plant 4 { Model plant 5
Deyice (200 tpd) | {450 ted) L (600 tod) 1 (150 ted) 1 (1,200 tpd)
| | i . | !
SD System | e ! NA® ! 6,005 ! 6,879 | 10,325
| | ! I |
SD/FF System | 6,335 | 11,346 | 11,062 | 12,728 ! 18,745
1 i 1 L 1

A%Current controls consist of only a wet scrubber or low-efficiency ESP.



TABLE 6-4. SUMMARY OF ESTIMATED CAPITAL COSTS
OF EMISSION CONTROL SYSTEMS FOR MODEL
EXISTING REFRACTORY MODULAR COMBUSTOR
FACILITIES ($1,000s in August 1986
based on 6,500 hrs/yr operation)

Control | Model plant 6
Device 1 (100 tpd)
|
ESP System | 526
l
SD/ESP System | 2,819
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TABLE 6-5.

SUMMARY OF ESTIMATED CAPITAL QOSTS OF EMISSION CONTROL SYSTEMS

FOR MOOEL EXISTING WATERWALL MASS BURNING FACILITIES
(31,0008 in August 1986 based on 6,500 hrs/yr operation)

Control | Model plant 1 | Model plant 2 | Model plant 3 | Model plant 4
Qevice | (200 tod) ! (400 tpd) ] {1.000 tpd) 1 {24200 tod)
! | ! |
SD System ! 3,063 ! 4,544 ! 9,901 1 14,353
| | | |
| { | |
SO/FF System | 5,997 | 8,539 | 18,690 I 25,307
{ 1 1 | :
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TABLE 6-6. SUMMARY OF ESTIMATED CAPITAL COSTS OF EMISSION CONTROL SYSTEMS
FOR MODEL EXISTING WATERWALL MODULAR COMBUSTOR FACILITIES
(81,0008 in August 1986 based on 6,500 hrs/yr operation)
Control | Model plant 5 | Model plant 6 | Model plant 7
Device ] (100 ¢pd) | (200 cpd) 1 (300 tpd)
| ] |
ESP System ] 487 ] 783 | 999
| | |
SD/ESP System i 2,551 ] 3,853 | 4,865
1 1 |
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TABLE 6-7. SUMMARY OF ESTIMATED CAPITAL COSTS OF EMISSION CONTROL SYSTEMS
FOR MODEL EXISTING REFUSE-DERIVED FUEL BURNING FACILITIES
($1,0008 in August 1986 based on 6,500 hrs/yr operation)

Control | Model plant 8 | Model plant 9 | Model plant 10
Device I (1.000 tpd) | (2.200 tpd) ] (3,000 tpd)
| | I
SD System | 10,202 | 12,926 | 19,492
I I |
SD/FF System | 19,189 | 22,090 | 34,058
| I |




21-9

TABLE 6-8.

SUMMARY OF ESTIMATED ANNUAL1ZED OPERATING COSTS OF EMISSION CONTROL SYSTEMS

FOR MODEL EXISTING REFRACTORY MASS BURNING FACILITIES
($1,000s 1n August 1986 based on 6,500 hrs/yr operation)

Control | Model plant 1 | Model plant 2 | Model plant 3
Qevice | (200 tpd) | (430 tpd) 1
] | ]
SD System | m | NA® | 1,669
! l |
SD/FF System { 1.478 1 2.686 ! 2,692
1 |

1

[y

Model plant 4

1,941

3,124

_—_———

Model plant S

2,684

4,597

3Current controls consist of only a wet scrubber or low-efficlency €SP,
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TABLE 6-9.

SUMMARY OF ESTIMATED ANNUALIZED OPERATING COSTS OF EMISSION CONTROL SYSTEMS
FOR MODEL EXISTING REFRACTORY MODULAR COMBUSTOR FACILITIES
(§1,000s in August 1986 based on 6,500 hrs/yr operation)

Model Plant 6

|
Control Device | (100 tpd)
1
|
ESP System | 123
|
|
SD/ESP System ] 645
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TABLE 6-10. SUMMARY OF ESTIMATED ANNUALIZED OPERATING COSTS OF EMISSION CONTROL SYSTEMS
FOR MODEL EXISTING WATERWALL MASS BURNING FACILITIES
($1,000s in August 1986 based on 6,500 hrs/yr operation)

Control | Model plant 1 | Model plant 2 | Model plant 3 | Model plant 4
Device } (200 tpd) ] (400 tpd) i (1,000 tpd) | (2,200 tpd)
| | I I
SD System | 810 | 1,222 | 2,724 | 4,278
| { | |
| | | |
SD/FF System | 1,399 | 2,030 | 4,506 1 6,543
] | | |
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TABLE 6-11. SUMMARY OF ESTIMATED ANNUALIZED OPERATING COSTS OF EMISSION CONTROL SYSTEMS
FOR MODEL EXISTING WATERWALL MODULAR COMBUSTOR FACILITIES
(§1,000s in August 1986 based on 6,500 hrs/yr operation)

Control | Model plant 5 | Model plant 6 | Model plant 7
Device l (100 tpd) l (200 cpd) l (300 tpd)
| |
ESP System | 115 : 177 | 224
| | |
I | |
SD/ESP System | 587 | 884 | 1,124
] ] !
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TABLE 6-12. SUMMARY OF ESTIMATED ANNUALIZED OPERATING COSTS OF EMISSION CONTROL SYSTEMS
FOR MODEL EXISTING REFUSE-DERIVED FUEL BURNING FACILITIES
(91,0008 in August 1986 based on 6,500 hrs/yr operation)

Control | Model plant 8 | Model plant 9 | Model plant 10
Device | (1,000 tpd) | (2.200 tpd) 1 {3.000 tpd)
| | I
SD System ] 3,067 | 4,574 | 6,350
| I I
| I I
SD/FF System | 4,876 6,458 ] 9,558
] L
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TABLE 6-13. ESTIMATED ANNUALIZED OPERATING COSTS FOR SD SYSTEMS FOR MODEL EXISTING REFRACTORY MASS BURNING FACILITIES?
(August 1986 dollars based on 6,500 hrs/yr operation)

I Model plant 1 | Model plant 2 | Model plant 3 |  Model plant 4 ! Model plant §
1 (200 tod) ] (450 tpd) 1 (600 tpd) 1 {750 tpd) 1 (1.200 1pd)
| | [ l I

Direct Cost | ! | ! !
| | | | [

Operating labor | | ) 39,100 [ 39,100 | 1,200
| | I [ !

Superviston | | | 7,000 | 7.000 ) 10,500
| { { l {

Utilities: | b | b ! l l
| NA | NA | | |

Electricity | | | 188,300 | 232,300 | 370,359
Water | { | 10,600 ! 13,300 ! 20,900

i | | } |

Chemicals (1ime) ] i ] 94,700 i 118,700 ] 189,800
1 1 ! ) ]

Maintenance® I 1 ] 120,100 ! 165, 100 I 206,500
| | 1 | )

Waste disposal | | { 115,400 1 144,200 } 153,900
] i 1 1 |
[ | | | |

_Total direct | | ) 1 515,200 | 119,700 1 1,010,500
| I I ! }

ladirect cost { | [ i !
| | l | |

Overhead (60K of | | l | |

operating labor and | | | | !

maintenance labor) | { t 63,700 { 71,200 t 103,400
| | ! t |

Taxes, insuras.e, and | § i } |

genera)l administrationl | | 240,200 | 330,200 { 413,000
1 | | | i

Capital recovery i | 1 1 189,500 | 1,089,300 i 1,357,500
| | | ] }

—Total tndirect | 1 | 1,093,400 ) 1:248,500 1 1,873,900
| [ | ) |

Jetal Annualized Cost | 1 ] 1,668,600 1 2,212,400 1 2,004,400

20.02 gr/dscf corrected to 12 percent 002

bCurrent controls consist of only a wet scrubber or low-efficiency ESP.

CAssumes 50 percent of maintenance cost for labor.

and 90 and 70 percent reductfon of HCl and 502. respectively.
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TANE 6-14, ESTIMATED ANNUALIZED OPERATING COSTS FOR SD/FF SYSTEMS FOR MODEL EXISTING REFRACTORY MASS BURNING FACIL1Tifs?
{August 1986 dollars based on 6,500 hrs/yr coperation)

| Model plant 1 | Model plant 2 |  Model plant 3 | Model plant 4 | Model plant 5
1 {200 tpd) |  (45Q tpd} | (GO0 tpd) { (150 tpd) { (1,200 tpd)
| { ! | {
Direct Cost | 1 ! | !
| | | { |
Operating labor | 39,100 | 58,600 | 39,100 ) 39,100 | 58,600
] ) | | !
Supervision | 7,000 | 10,500 | 7,000 | 7,000 ) 10,500
| | ] 1 )
Utilities: ! i I ) |
| | [ | I
Electricity | 79,500 ! 169,400 | 213,400 | 263,600 | 420,600
Water | 3,300 | 8,000 | 10,600 | 13,300 | 20,900
| ! | I i
Chemicals (1ime) | 31,500 | 71,300 | 94,700 | 118,700 ) 189, 800
| | | | |
Ma {ntenance® | 126,700 l 226,900 l 221,200 l 254,600 | 374,900
| | | | |
Waste disposal | 38,500 | 86,600 { 115,400 | 144,200 t 153,900
i ! 1 i |
| } | | {
_TIotal direct | 325,600 i 631,300 1 101,400 ) 837,500 { 1,229,200
] ! | } {
Indirect cost ) ] ) i |
! | ) ) |
Overhead (60% of | | i | |
operating labor and | | | I !
maintenance labor) | 65,1700 I 109,500 | 94,000 | 104,000 | 153,900
) | [ | t
Taxes, finsurance, and | | | | [
general administrationl 253,400 | 453,600 ! 442,500 [ 509,100 | 749,800
| ! | | |
Capital recovery 1 92,900 | 1.491,700 | 1,454,400 i 1,673,400 1 2,464,500
! { | ! |
__Jotal indirect f 1.152.000 i 2.055,000 L 1.990,900 | 2,266,500 = 3,368,200 @
|

20.02 gr/dscf corrected to 12 percent O
b

2 and 90 and 70 percent reduction of HC)] and SOZ. respectively.

Assumes 50 percent of maintenance cost for labor.



TABLE 6-15. ESTIMATED ANNUALIZED OPERATING COSTS
FOR ESP SYSTEMS FOR MODEL EXISTING a
REFRACTORY MODULAR COMBUSTOR FACILITIES
(August 1986 dollars based on 6,500 hrs/yr operation)

Model plant 6

|
{ (100 tpd)
I
Direct Cost |
l
Operating labor | 9,800
|
Supervision | 1,800
|
Utilities: |
I
Electricity | 7,600
Water | 0
|
Chemicals (lime) | 0
|
Maintenanceb | 10,500
Waste disposal | 500
L
|
Total direct L 30,200
|
ndir |
I
Overhead (60% of |
operating labor and |
maintenance labor) | 10,100
|
Taxes, insurance, and |
general administration| 21,000
l
Capital recovery % 61,800
TJotal indirect | 92,900
|
Total Annualized Cost | 123,100

30.02 gr/dscf corrected to 12 percent COZ'

bAssumes 50 percent of maintenance cost
for labor.



TABLE 6-16. ESTIMATED ANNUALIZED OPERATING COSTS
FOR SD/ESP SYSTEMS FOR MODEL EXISTING
REFRACTORY MODULAR COMBUSTOR FACILITIES?
(August 1986 dollars based on 6,500 hrs/yr operation)

Model plant 6

I
| (100 tpd)
I
ir C |
I
Operating labor | 19,500
|
Supervision | 3,500
I
Utilities: |
|
Electricity | 27,600
Water | 1,700
l
Chemicals (lime) | 14,300
I
Maintenanceb | 56,400
daste disposal | 7,700
|
|
Total direct | 130,700
|
Indirect cost |
|
Overhead (60% of |
operating labor and |
maintenance labor) | 30,700
|
Taxes, insurance, and |
general administration| 112,900
l
Capital recovery 1 370,600
I
Total indirect | _514.100
|
Total Annyalized Cost | 644,800

30.02 gr/dscf corrected to 12 percent CO2
and 90 and 70 percent reduction of HCI
and SOZ’ respectively.

bAssumes 50 percent of maintenance cost
for labor.

6-20
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TABLE 6-17. ESTIMATED ANNUALIZED (PSRATING C0STS FOR SD SYSTEMS FOR MODEL EXISTING WATERWALL
MASS BURNING FACILITIES™ (August 1986 dollars based on 6,500 hrs/yr operation)

[

Capital recovery
_Total indirect

511.300

| Model plant 1 | Model plant 2 | Model plant 3 | Model plant 4
1 (200 tpd) 1 (400 tpd) I (1.000 tpd) I (2.200 tpd)
| t | i
Direct Cost l { { {
{ { | t
Operating labor { 39,100 § 39,100 | 78,100 { 58,600
| | | |
Superv ision ! 7,000 | 7,000 i 14,100 } 10,500
§ | | }
Utilities: | } | ]
1 ] ! |
Electricity | 60,400 i 108,400 1 264,800 | 546,300
Water I 1,300 [ 2,700 l 6,600 | 15,900
| | | }
Chemicals (1ime) | 31,500 | 63,300 { 158,000 } 348,000
| { | |
Mai ntenancob | 61,300 1 90,900 | 198,000 | 287,100
| i | |
Waste disposal | 368,500 t 76,900 | 192,400 | 423,200
| | L i
| | t !
Total direct { 239,100 1 388,300 { 912,000 { 1.689.600
| | { t
Indirect cost 1 | | !
{ | | |
Overhead (60% of ] | 1 |
operating labor and | ) 1 )
maintenance labor) | 46,100 } 54,900 ] 114,720 [ 127,600
| | I I
Taxes, insurance, and | 1 | 1
general administrationt 122,500 | 181,800 | 396,000 ! 574,100
I | ! {
1
1
1
|

%.02 gr/dscf corrected to 12 percent (l);, and 90 and 70 percent reduction of HCl and 502, respactively.

bl\ssmas 50 percent of maintenance cost for labor.
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TABLE 6-18. ESTIMATED ANNUALIZED U’ERAT!NG COSTS FOR SD/FF SYSTEMS FOR MODEL EXISTING WATERWALL
MASS BURNING FACILITIES® (August 1986 dollars based on 6,500 hrs/yr operation)

| Model plant 1 | Model plant 2 | Model plant 3 I Model plant 4
i (200 tpd) { (400 tpd) 1 €1.000 tpd) 1 (2,200 tpd)
| | i )

Direct Coot ) ! ] !
I ) I I

Operating labor | 39,100 1 39,100 [ 18,100 | 58,600
| | | 1

Supervision | 7,000 | 1,000 t 14,100 { 10,500
| | | |

Utilities: ! } | |
| ) ) i

Electricity | 69,600 | 126,800 | 310,700 1 647,400
Water | 1,300 1 2,700 l 6,600 1 15,900

| | | {

Chemicals (1ime) | 31,500 | 63,300 1 158,000 ! 348,000
l l t {

mmunanceb | 119,900 { 170,800 | 373,800 | 506,100
| ! | |

Waste disposal l 38,500 ) 76,900 } 192,400 ) 423,200
1 1 1 1
| | 1 1

Indirect cost

Overhead (608 of
operating labor and

maintenance 1labor) 63,600 18,900 167,500 193,300
Taxes, tnsurance, and
general administration 239,900 341,600 747,600 1,012,300

—— ————— m————

Capital racovery
—JIetal indirect

g ahad e e iy

%.02 gr/dscf corrected to 12 percent CO2 and 90 and 70 percent reduction of HCl and 502. respectively.

bASSl.OS 50 percent of maintenance cost for labor.



TABLE 6-19, ESTIMATED ANNUALIZED OPERATING COSTS FOR ESP SYSTEMS FO§
MODEL EXISTING WATERWALL MODULAR COMBUSTOR FACILITIES
(August 1986 dollars based on 6,500 hrs/yr operation)

Model plant § Model plant 6 Modet plant 7

! ! l
1 (100 tod) 1 (200 tod) . i £300 to4d)

1 [ |
Direct Cost I ! t
I f t

Operating labor ! 9,800 ! 9,800 ! 9,800
! | |

Supervision l 1.800 } 1,800 ! 1,800
| | |
utflities: i | l
i ! !

Electricity ] 6,800 | 13,500 | 20,300

Water 1 0 l 0 i 0
! | !

Chemicals (1ime) } 0 ! 0 1 0
l | 1

Ma intenance® ! 9,700 ! 15,700 [ 20,000
! | i

waste disposal | S00 ! 900 | 1,400
! 1 1
1 I |

—Total direct 1. 28,600 ] 41,700 1 53,300
! ! !
Indirect cost ! ! !
| ! !
Overhead (60% of | | |
operating labor and { ! !

maintenance tabor) | 10,000 1 11,700 | 13,000
! ! |
Taxes, {nsurance, and | ! {

general aoministrationl 19,500 | 31,300 | 40,000
! ! |

Capital recovery I £7.,200 1 92,000 1 112,300
| | |

Total indirect I 86,700 1 135,000 Il 170,300
| | [

Total Mnnualized Cost | 118,300 1 176,70 @ | 223,600
29.02 gr/dsct corrected to 12 percent 002.

t’Assmos SO percent of maintenance cost for labor.
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TABLE 6-20. ESTIMATED ANNUALIZED OPERATING COSTS FOR SD/ESP SYSTEMS FOR
MODEL EXISTING WATERWALL MOOULAR COMBLSTOR FACILITIES?
(August 1986 dollars based on 6,500 hrs/yr operation)

I Model plant 5 | Moge} plant » |  Model plant

1 (100 tpd) i (200 tpd) 1 (300 tpd)
| 1 i
Qirect Cost ! ! l
| ! |

Operating ladbor 1 19,500 | 19,500 I 19,500
H | |

Supervision l 3,500 | 3,500 | 3,500
! | |
Utilities: | | ]
l | I

Electricity ! 23,600 | 40,900 | 58,300

Water } 700 1 1,300 i 2,000
| i I

Chamicals (1ime) t 14,300 | 28,800 l 43,100
| ! |

Maintenance’ ! §1,000 | 77,100 ! 97,300
! [ [

Waste disposal ! 7,700 | 15,500 | 23,300
1 il i
| | |

Jotal direct | 120,300 1 156,500 1 247,000
| ! !
Indirect cost | ! !
| ! 1
Overhead (60% of i | |
operating ladbor and | ! {

maintenance labor) | 29,100 ! 36,900 } 43,000
| | i
Taxes, fnsurance, and | | 1

general aaministrationt 102,000 | 154,100 | 194,600
| t |

3.02 gr/dscf corrected to 12 percent ooz and 90 and 70 percent reduction of

HC1 and 502, respectively.

bAssu»os 50 percent of maintenance cost for labor.
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TABLE 6-21. ESTIMATED ANNUALIZED OPERATING COSTS FOR SD SYSTEMS FOR MODEL
EXISTING WATERWALL REFUSE-DERIVED FUEL BURNING FACILITIES*
(August 1986 dollars based on 6,500 hrs/yr operation)

Model plant 8 Mode! plant 9 Model plant 10

J: 11,000 tpd) : (2,200 tod) : (3,000 tpd)

Operating labor : 78,100 : 39,100 : 78,100

Supervision : 14,100 : 7,000 : 14,100
Utilittes: : : :

Electrictty : 287,000 : $88,900 : 596,500

water ! 8,000 ! 15,900 ! 27,700

Chemicals (1ime) : 203,800 : 449,000 : 753,300

Ma fntenance® : 204,000 : 258,500 : 398,800

" Waste disposal : 406,100 : 893,500 : 975,800
T T 3

lngirect cost

Overhead (60K of
operating labor and

maintenance labor) 116,500
Taxes, fnsurance, and
general aamministration 408,100 517,000 779,700

!
!
1
|
I
105,200 ! 172,300
!
|
!
!

%0.02 gr/dscf corrected to 12 percent coz and 90 and 70 percent reduction of
HC1 and SOZ. respectively,

bAssuns 50 percent of maintenance cost for labor.
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TABLE 6-22. ESTIMATED ANNUALIZED OPERATING CDSTS FOR SD/FF SYSTEMS FOR EL
EXISTING WATERWAL| REFUSE-DERIVED FUEL BURNING FACILITIES
(August 1386 dollars based on 6,500 hrs/yr operation)

I Model plant 8 | Model plant 9 [ Model plant 10
1 (1.000 tod) 1 (22200 tpd) 1 (3:.00Q tpd)
i ) [
Qirect Cost ! i I
{ ! I
Operating labor | 78,100 i 39,100 { 78,100
| | !
Supervision | 14,100 | 7,000 1 14,100
! [ |
Uttlities: I I !
I | |
Electricity 1 321,000 ! 663,800 ! 927,900
Water ! 8,000 1 15,900 | 27,700
{ ! {
Chemicals (1{me) | 203,800 ! 449,000 | 753,300
| | |
Maintenance® | 383,800 | 441,800 ! 681,200
I ! !
Waste disposal ! 406,100 ! 493,500 ) 975,800
{ 1 1
t I |
Jotal direct 1 1,414,900 1 2,510,100 i 3,458,100
! { |
Indirect cost | | 1
| 1 |
Overhead (60K of | 1 !
- operating labor and l | !
maintenance labor) | 170,500 | 160,200 l 259,700
! ! i
Taxes, insurance, and | | |
general administration! 767,600 ! 883.600 ! 1,362,300
I ! |
Capital recovery | 2,522,800 | 2,904,200 | 4,477,700 =
1 | I
—Total fndirect L 2,460,900 | 3,948,000 | 6,099,700

[ 1 |
Total Annualized Cost | 4,875,800 | 6,458,100 | 9,857,800 @

%.02 gr/dsct corrected to 12 percent 002 and 90 and 70 percent reduction of
HC1 and 502, respectively.

bAssuns 50 percent of maintenance cost for labor,
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