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1.0 INTRODUCTION

This report presents estimates of the costs and cost effectiveness
associated with controlling sulfur dioxide (502) emissions from small coal-
and oil-fired steam generating units (i.e., boilers). The report was
prepared as part of the project to develop new source performance standards
(NSPS) for small boilers under Section 111 of the Clean Air Act. Small
“boilers are defined as industrial-commercial-institutional boilers having
heat input capacities of 29 MW (100 million Btu/hour) or less. The
regulatory baseline and alternative control levels used in this cost
analysis are discussed in the report entitled, "Overview of the Regu]atory
Baseline, Technical Basis, and Alternative Control Levels for Sulfur Dioxide

(502) Emission Standards for Small Steam Generating Um‘ts".1



2.0  SUMMARY

Capital, operation and maintenance (0&M), and annualized costs were
estimated for model boﬂer/SO2 control systems firing coal and oil in EPA
Region V. The SO2 control techniques examined for coal-fired boilers were
the use of low sulfur coal, flue gas desulfurization (FGD) systems, and
fluidized bed combustion (FBC) units. For oil-fired boilers, the use of
medium sulfur oil, very low sulfur oil, andAFGD systems were examined.

Annualized costs for the model coal-fired boilers at the regulatory
baseline range from $599,000/yr at the 2.9 MW (10 million Btu/hour) boiler
size and 0.26 capacity factor to $3,661,000/yr at the 29 MW (100 million
Btu/hour) boiler size and 0.55 capacity factor. The increase in annualized
costs over the regulatory baseline for Alternative Control Level 1 (i.e.,
firing low sulfur coal) ranges from 4 to 7 percent. Alternative Control
Level 2 (i.e., 90 percent SO2 reduction) increases annualized costs by 22 to
56 percent over the regulatory baseline.

The incremental cost effeqtiyeness of emission control associated with
. Alternative Control Level 1 over the regulatory baseline ranges from $536/Mg
($486/ton) at the 29 MW (100 million.Btu/hour) boiler size and 0.55 capacity
factor to $2,120/Mg ($1,920/ton) at the 2.9 MW (10 million Btu/hour) size
and 0.26 capacity factor. The incremental cost effectiveness of emission
control associated with Alternative Control Level 2 over Alternative Control
Level 1 ranges from $3,060/Mg ($2,830/ton) to $33,300/Mg ($30,200/£Qn) over
the same range in boiler size and capacity factor. ‘

Annualized costs for model oil-fired boilers at the regulatory baseline
range from $330,000/yr at the 2.9 MW (10 million Btu/hour) size and 0.26
capacity factor to $2,623,000/yr at the 29 MW (100 million Btu/hour) size

and 0.55 capacity factor. Compared to the regulatory baseline, Alternative
Control Level 1 (i.e., firing medium sulfur o0il) increases annualized costs
by 2 to 4 percent; Alternative Control Level 2 (i.e., firing very low sulfur
0i1) increases annualized costs by 8 to 21 percent; and Alternative Control
Level 3 (90 percent SO2 reduction) raises annualized costs by 29 to 96
percent.



The incremental cost effectiveness of emission control associated with
Alternative Control Level 1 over the regulatory baseline averages about
$339/Mg ($308/ton) for all boiler sizes and capacity factors. The
incremental cost effectiveness of emission control associated with
Alternative Control Level 2 over Alternative Control Level 1 averages about
$1,560/Mg ($1,420/ton) for all boiler sizes and capacity factors. This is
because the only cost differences. between these alternative control ievels
are fuel cost differences. Since these costs vary in proportion to SO2
~emission differences, incremental cost effectiveness does not change with
boiler size or capacity factor.

The incremental cost effectiveness of emission control associated with
Alternative Control Level 3 over Alternative Control Level 2 increases with
decreasing boiler size and capacity factor from $12,300/Mg ($11,200/ton) to
$393,000/Mg ($357,000/ton). This reflects the economies of scale assaciated
with FGD systems. '



3.0 MODEL BOILER COSTING METHODOLOGY

This model boiler cost analysis estimates capital, 0&M, and annualized
costs using the methodology discussed in References 2 and 3. The selection
of model boiler types and sizes used in this analysis is discussed in
Reference 4. Al1l costs are presented in June 1985 dollars. Capital and 0&M
. costs were updated from other time bases using the Chemical Engineering (CE)
plant cost and Bureau of Labor Statistics (BLS) producer price indices,
respectiveiy. The total cost for each model system includes the costs of
the boiler, fuel, and add-on SO2 control equipment, where applicable.

The SO2 alternative control levels used in this analysis are summarized
in Table 1. As discussed in Reference 1, a regulatory baseline of 1,550
ng/J (3.6 1b/million Btu) is selected for coal-fired boilers for purposes of
analysis. This emission level is repreéented by the firing of'type
F-bituminous coal. This coal has a maximum expected SO2 emission rate of .
1,550 ng/J (3.6 Tb/million Btu) and a long-term average SO2 emission rate of
1,230 ng/J (2.86 1b/million Btu). Alternative Control Level 1 for coal is
an emission level of 520 ng/J (1.2 1b/million -Btu). In the analysis, this
emission level is met by firing Tow sulfur, type-B bituminous coal.
Alternative Control Level 2 for coal is a requirement of 90 percent SO2
reduction on a contindous basis. This level can be achieved using either
FGD or FBC systems. Various coal types were examined to determine the
Towest cost option for FGD or FBC application. Type F-bituminous coal
_results in the Towest annualized.costs for a 90 percent SO2 reduction
requirement. v

As discussed in Reference 1, a regulatory baseline of 1,290 ng/J (3.0
1b/million Btu) is selected for oil-fired boilers for purposes of analysis.
Alternative Control Level 1 for o0il is an emission level of 690 ng/J
(1.6 1b/million Btu). In the analysis, this emission level is achieved by
the firing of medium sulfur oil. Alternative Control Level 2 for oil is an
emission level of 210 ng/J (0.50 1b/million Btu), which is met by firing
very low sulfur oil. Although either very low sulfur residual oil or
distillate oil can be used to meet Alternative Control Level 2, only
distillate oil is considered to be universally available in this sulfur



content range. The sulfur content of distillate oils can range up to

210 ng SOZ/J (0.50 1b SOz/mi1lion Btu), but the average distillate oil
contains about 130 ng SOZ/J (0.30 1b 502/m111ion Btu). As a result, the
typical distiilate oil selected for this analysis produces SO2 emissions of
130 ng/J (0.30 Tb/million Btu). - Ninety percent SO2 reduction is required
under Alternative Control Level 3 and is met by use of FGD systems. High
sulfur oil was chosen for use with an FGD system to meet Alternative Control
Level 3 because it results in the lowest annualized costs for the FGD
option. '

The costs associated with Alternative Control Level 2 for coal-fired
boilers and Alternative Control Level 3 for oil-fired boilers are based on
costs for sodium and dual alkali FGD systems. Although not specifically
included, costs for wet lime/limestone FGD, lime spray drying, and FBC are
in the same general range as those for sodium and dual alkali FGD.
Therefore, the costs presented for these alternative control levels are
representative of systems that are capable of achieving 90 percent'SO
reduction on a continuous basis.

The fuel prices used in this analysis are presented in Table 2. These
are projected prices for fuel delivered in EPA Region V, Tevelized over a
15-year period from 1992 to 2007. Region V fuel prices were used for
illustrative purposes. Similar cost results would be expected using fuel
prices for other EPA regions. | o

For the various alternative control levels, costs were estimated for
appropriate methods to. ensure compliance. For the reduced sulfur oil
alternatives, shipment fuel sampling and analysis are required. Both the

2

specified procedure and the associated costs for this compliance option are
‘discussed in Reference 6. The low sulfur coal alternative would require
continuous monitoring of some type, either daily fuel sampling and analysis
- of the coal fired or installation of an outlet SO2 continuous emission:
monitor (CEM). Daily fuel sampiing and analysis result in lower continuous
monitoring costs. For the 90 percent SO2 reduction alternatives, continuous
monitoring is required. Costs for daily fuel sampling and analysis at the
inlet and an SO2 CEM at the outlet are used in this ana]ysis.7 (An inlet
SO2 CEM could be used instead of fuel sampling and analysis for FGD
appiications, but this would resuit in higher costs.)



4.0 MODEL BOILER COST ANALYSIS RESULTS

4.1 COAL

Tables 3 and 4 present the costs of model coal-fired boilers operating
at capacity factors of 0.26 and 0.55, respectively. Annualized costs for
model boilers at the regulatory baseline range from $599,000/yr at the 2.9
MW (10 million Btu/hour) boiler size and 0.26 capacity factor to
$3,661,000/yr at the 29 MW (100 million Btu/hour) boiler size and 0.55
capacity factor. The increase in annualized costs over the regulatory
baseline for Alternative Control Level 1 ranges from 4 to 7 percent.
Requiring 90 percent reduction under Alternative Control Level 2 increases
annualized costs by 22 to 56 percent over the regulatory baseline.

Tables 5 and 6 present the results of the analysis for the model coal-
fired boilers at capacity factors of 0.26 and 0.55, respectively. The
incremental cost effectiveness of emission control a§sociated with
Alternative Control Level 1 (i.e., firing low sulfur coal) over the
regulatory baseline ranges from $536/Mg ($486/ton) at the 29 MW (100 million
Btu/hour) boiler size and 0.55 capacity factor to $2,120/Mg ($§1,920/ton) at
the 2.9 MW (10 million Btu/hour) boiler size and 0.26 capacity factor. The
incremental cost effectiveness of emission contro} associated with
Alternative Control Level 2 over Alternative Control Level 1 ranges from
$3,060/Mg ($2,830/ton) at the 29 MW (100 million Btu/hour) boiler size and
0.55 capac1ty factor to $33, 300/Mg ($30,200/ton) at the 2.9 MW (10 million
Btu/hour) size and 0.26 capacity factor.

The incremental. cost effectiveness of emission control associated with
Alternative Control Level 1 decreases with increasing boiler size and
capacity factor. This is due to the fact that daily fuel sampling and
analysis are required for comp1ian;e under Alternative Control Level 1 but
not under the regulatory baseline. While the annualized costs associated
with the daily fuel sampling and analysis remain constant as boiler size and
capacity factor increase, the SO2 emission reductions under Alternative
Control Level 1 increase. Other costs associated with 502 control (e.g.,



fuel costs) increase in proportion to boiler size and capacity factor. As a
result, the incremental cost effectiveness of emission control decreases as
boiler size and capacity factor increase.

A similar trend occurs when comparing Alternative Control Level 2 to
A]ternative_Contro] Level 1. In this case, an outlet SOz CEM is required
for compliance under Alternative Control Level 2 in addition to fuel
sampling and analysis. -While the annualized costs for the CEM remain
constant as boiler size and capacity factor increase, SO2 emission
reductions increase. In addition, due to economies of scale, the annualized
costs of FGD systems (on a heat input capacity basis) decrease as boiler
size increases. Thus, the incremental cost effectiveness of emission
control between Alternative Control Level 2 and Alternative Control Level 1
decreases as boiler size increases. ‘

4.2 0OIL

Tables 7 and 8 hresent the costs of oil-fired madel boilers operating
at capacity factors of 0.26 and 0.55, respectively. Annualized costs for
boilers at the regulatory baseline range from $330,000/yr at the 2.9 MW
(10 million Btu/hour) size and 0.26 capacity factor to $2,623,000/yr at the
29 MW - (100 million Btu/hour) size and 0.55 capacity factor. Compared to the
regulatory baseline, Alternative Control Level 1 increases annualized costs
by 2 to 4 percent; Alternative Control Level 2 increases annualized costs by
8 to 21 percent; and Alternative Control Level 3 increases annualized costs
by 29 to 96 percent.

Tables 9 and 10 present the results of the analysis for oil-fired
boilers operating at 0.26 and 0.55 capacity factors, respectively. The
incremental cost effectiveness of emission control associated with
Alternative Control Level 1 over the regulatory baseline remains essentially
constant for all boiler sizes and capacity factors, averaging about $339/Mg
($308/ton). This is because the difference in annualized costs between
Alternative Control Level 1 and the regulatory baseline is due primarily to
the price difference between high and medium sulfur oil. Since both SO2



emission rates and fuel prices are specified on a heat input basis, varying
boiler size or capacity factor has little impact on incremental cost
effectiveness.

The incremental cost effectiveness of emission control associated with
Alternative Control Level 2 aver Alternative Control Level 1 also does not
vary with boiler size or capacity factor. The annualized cost differences
between the two alternative control levels are again due primarily to the
price difference between medium sulfur and very low sulfur oil. As
discussed above, when both SO2 emission rates and fuel prices are specified
on a heat input basis, varying boiler size or capacity factor has little
impact on incremental cost effectiveness. Thus, the incremental cost
effectiveness of emission control between Alternative Control Level 2 and
Alternative Control Level 1 remains essentially constant at an average
$1,560/Mg ($1,420/ton) for all boiler sizes and capacity, factors.

The incremental cost effectiveness of emission control associated with
Alternative Control Level 3 over Alternative Control Level 2 increases from .
$12,300/Mg ($11,200/ton) at the 29 Mw'(loo million Btu/hour) boiler size and
0.55 capacity factor to $393,000/Mg ($357,000/ton) at the 2.9 MW (10 million
.Btu/hour) size and 0.26 capacity factor. This increase in incremental cost
effectiveness with decreasing boiler size and capacity factor is due to the
Alternative Control Level 3 continuous compliance requirement and FGD
economies of scale, as discussed for coal-fired'boi1ers in Section 4.1.
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TABLE 1. SO2 ALTERNATIVE CONTROL LEVELS

SO2 Emission Standard

Basis

Coal

Regulatory baseline

Alternative Control Level 1

Alternative Control Level 2

0il

Regulatory baseline
Alternative Control Level 1
Alternative Control Level 2

Alternative Control Level 3

1,550 ng/J
(3.6 1b/million Btu)

520 ng/J
(1.2 1b/million Btu)

90% SO2 reduction

1,290 ng/J
(3.0 1b/million Btu)

- 690 ng/J |
(1.6 1b/million Btu)

210 ng/J
(0.5 1b/million Btu)

90% 302 reduction

- Low sulfur coal

Medium sulfur coal?

b

FGD or FBCC

‘High su1fur'oil

Medium sulfur oil
Very low sulfur oil

FGD

.aType F-bituminous

bType B-bituminous

“FGD = Flue gas desulfurization
FBC = Fluidized Bed Combustion

SOURCE: Reference 1.
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TABLE 2. PROJECTED FUEL PRICES FOR EPA REGION V

Coal:
Low sulfur bituminous

Medium su]fdr bituminous

0il:
High sulfur residual
Medium sulfur residual

Distillate

Natural Gas:b

$/6J ($/million Btu)?
2.73 (2.88)
2.38 (2.51)

3.51 (3.70)
3.70 (3.90)
4.61 (4.86)

4.49 (4.73)

3 evelized prices in June 1985 dollars.

bIndustrial non-carriage market price. Used during FGD malfunction.

SOURCE: Reference 5.

11
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a
TABLE 3. Model Boller Cost Analysis for Sulfur Dioxlde Control Alternatives for Coal-fired Bollers in Reglon V at 0.26 Capacity Factor

Coal Actual SO Annual SO2 Caplital O & M costs, $1,000/yx Annualised

Boller b.c.doe, typs, emisslon rate, enissions, CO8LS, ~m-"Te-vsem~s—cecmmoc——o-- cost,
StzefControl ngll (lbllﬂntu)_ Mgiyr {(tonsfyr) §1,000 Fuel MNonfuel Toral $1,000/yx
2.9 M (10 MBru/bx)

Bassline F-BITY 1,230 (2.86) 30 (33) 1,355 7 285 342 599

Level 1/LSC B-BIT- 463 (1.08) 11 (12) 1,380 66 311 kY 638

Lavel 2/PR r-31T 93 (0.22) 2.2 (2.5) 2,399 57 479 536 938
7.3 M (25 WBouihr)

Bassline ¥-BIT 1,230 (2.86) 74 (81} 2,797 143 n S34 998

Level 1/LSC B-BITY 465 (1.08) 28 (1) 2,823 164 418 582 1,050

Level 2/FR rF-3IT 93 (0.22) 3.6 (6.2) 3,833 143 605 748 1,390
14.6 M (30 MBcu/hr) .-

Baselline ¥-8IT 1,230 (2.86) 150 (160) 4,967 286 592 878 1,703

Level 1/LSC B-31T7 485 (1.08) ' 56 {61) 4,994 328 619 947 1,776

Level 2/PR F-BI1T 93 (0.22) 11 (1-2) 6,366 286 837 1,123 2,159
22.0 W4 (75 WBeu/hr) .

Baseline | B )8 1,230 (2.86) 220 {240) 7,136 429 663 I,0§2 2,280

Level 1/LSC B-BIY 465 (1.08) [ 1] (92) 7,163 492 689 1,181 2,30

Lavel 2/PR r-Blz 3 (0.22) 17 {(18) 8,761 A28 936 1,365 2,793
29.3 M4 (100 MBru/hr) .

Baseline 7-BIY 1,230 (2.88) 300 (330) 9,158 512 742 1,314 2,840

Lewvel 1/LSC l'l-lt 463 (1.08) 109 {120} 9,189 656 768 1,424 2,933

Level 2/PR -7 93 (0.22) 22 (23) 10,991 572 1,042 1,614 3,482

-
All casts ars in June 1983 dollarxs.

b
LSC = Lov sulfur cosl

PR = Perxcent reduction system (Flue gss desulfiirization o5 fluldized bed coabustlon)

¢
Mo compllance costs are lncluded with ths baseline optlon.

d
Altermative Control Level 1 lacludes the compliance costs assoclared with fuel sampling/analysis.

e .
Alternative Control Levsl 2 includes the costs assoclated vith datly fuel sampling/analysis at the FGD inlet and continuous emission

monktoring at the FGCD ourlet.
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TABLE &. Model Boller Cost Analysis for Sulfur Dioxide Control Alternatives for Coal-ficred Bollers in Reglon V at 0.55 Capacity l-‘acr.or.

Coal Actusl S50 Annual 52 Caplcal O & M costs, §1,000/yx Annual lzed

Boller b.c.d. e type, emisslon Fate, emlssions, COSLS, r~m-Tee~memmeceemmmmemcaeeoo . cost,
Slze/Control "~ ngfd (ib/HMBru) Mg/yc (tonsl/yr) 61,000 Fuel Nonfuel Total $1,000/yx
2.9 M4 (10 WBtu/hi) . .

Baseline F-BIT 1,230 (2.86) 63 (69) 1,574 121 355 476 735

Level 3/LSC B-BITY 465 (1.08) 24 (26) 1,599 139 a2 521 784

Level 2/FR F-BIT 93 (0.22) 4.7 (3.2) 2,424 121 381 702 1,107

7.3 i (25 WBcu/hr) '

Basellne F-BIT 1,230 (2.88) 150 (170) 2,830 302 492 79 1,26}

Level 1/LSC B-BIT 465 (1.08) 59 (63) 2,858 347 518 863 1,337

Laval 2/PR F-BIY 83 (0.22) 12 (13) 3,877 302 51 1,083 1,112
14.6 M (50 MBiu/hr) :

Baseline ¥-2IT 1,2% (2.86) 310 {340y $,020 605 729 1,334 2,165

Level 1/LSC B-BIT 465 (1.08) 120 (130) 5,031 694 755 1,449 2,285

Level 2/PFR 7-BIT 93 (0.22) . 24 (26) 6,435 603 1,045 3,650 2,753
22.0 M4 (75 WBou/hr)

Baselins ¥-BIY 1,230 (2.88) 470 {320) 2,200 9207 e1s8 1,725 2,920

Level 1/LSC B-BIT 485 (1.08) 180 (200) 7,241 1,041 843 1,884 3,088

Level 2/FR F-BIT . 93 (0.22) 16 (39) 8,853 90?2 1,185 2,092 3,618
29.3 M4 (100 MMBtu/hr) .

Baselline F-B1T 1,230 (2.86) 630 (690) 9,287 1,209 917 2,126 3,661

Lavel 1/LSC «B-BIT 465 (1.08) 240 (260) 9,28 1,388 941 2,329 3,870

Lavel 2/FR ¥-3IT ) 93 (0.22) [} {50) 11,106 1,209 1,33 2,542 4,465
a

All costs are Ln Juna 1985 dollacs.

LSC = Low sulfur cosl : ’
PR = Percenr reductlon system (Flue gas desulfurization or fluldised bed combusction)

Mo compliance costs srs included wich the baseline option.
dutomulvo Control Level 1 includes the complisnce costs sssoclated with fuel saxpling/snalysis.

®Altemative Control Level 2 includes the costs sssociated with dally fuel sasplingl/anslysis at the FGD inlet and continuous emission
monitoring at the FGD outlet.



121

TABLE 5. Cost Effectivencss Results of Sulfur Dioxide Control Alternatives
for Coal-fired Bollers in Reglon V at 0.26 Capacliy Facror®

Coal Actual 302 : Annual Annualized Incremental

Boiler type, " emlssion rate, emission cost, cost effectivensss,
SLnIControlh’c‘d" nglJ {1b/MBtu) Mglyx (ronlyr) $1000/yr §/Mg (S/ton)
2.9 M (10 MMBeu/hr)

Baseline F-BIT 1,230 (2.86) . 30 (33) 599 - -

Level 1/LSC B-BIT 465 (1.08) 1n (12) 638 2,120 (1,920)

Leval 2/PR P-BIT 93 (0.22)_ 2.2 (2.5) 935 33,300 (30,200)

7.3 M (25 MBru/hr) ’

Baselins F-BIT 1,230 (2.86) 74 (81) 998 - -

Level L{LSC B-BIT 465 (1.08) 28 {31) 1,050 1,130 {1,030)

Level 2/PR F-BIT 93 (0.22) 5.6 (6.2) 1,391 15,300 (13,900)
14.6 ¥4 (50 MMBru/hr) '

Baseline F-BIT 1,230 (2.86) 150 (160) 1,703 - -

Level 1/LSC . B-BIT 465 (1.08) . 56 (61) 1,776 775 (741)

Level 2/PR ) F-BIT 93 (0.22) 11 (12) 2,159 8,580 (7,780)
22.0 MW (75 MBtu/hr) ) '

Baselins F-BIT 1,230 (2.86) 220 (240) 2,280 - -

Level 1/L5C B-BIT 4635 (1.08) ’ 84 (92) 2,374 690 (636)

Level 2/PR F-BIT 93 (0.22) 17 (18) 2,793 6,260 (5,680)
29.3 Md (100 MMBrtu/hr)

Baseline F-BIT 1,230 (2.86) 300 (330) 2,840 - -

Level 1/LSC B-BIT ’ 463 (1.08) 109 (120) 2,955 602 (548)

Level 2/PR F-BIT 93 (0.22) 22 (25) 3,402 6,090 (5,530)

.A.ll costs are in June 1985 dallars.

b
LSC = Low sulfur coal
PR = Percent reduction system (Flue gas desulfurization or fluidized bed combustion).

[~

No compliasnce costs are included with the baseline option.

d . .

Altemative Control Level 1 tacludes the compliance costs assoclated with fuel sampling/analysis.

L ]
Alternative Control Level 2 Includes the costs assoclated with daily fuel sampling analysis st the FGD lnlet and continuous emission monltoring at
the FGD ocutlet.
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TABLE 6. Cost Effectiveness Results of Sulfur Dioxide Control Alternatives
for Coal-fired Bollers in Reglon V at 0.55 Capaclty Pactot‘

Coal Actual SO2 ' Annual Annualized Incremental

Boller type, emiasion rate, emission coak, cost effectivensass,
Size/Control®’S+9:® ng/J (1b/MEeu) Mglys (tonfyr) $1000/yc $/Mg (8/tom)
2.9 W (10 MMBru/hr)

Baseline P-BIT 1,230 (2.86) 63 (69) 735 - -

Level 1/LSC B-BIT 465 (1.08) 24 (26) 784 1,260 (1,140)

Level 2/PR . 7-BIT 93 (0.22) 4.7 (5.2) 1,107 17,100 - (15,500)
7.3 M (25 MBeu/hr) )

Basaline 7-BIT 1,230 (2.86) ) 150 (170) 1,261 - -

Level 1/LSC ' B-BIT 465 (1.08) 39 (65) 1,337 835 (724)

Lavel 2/PR F-BIT _93 (0.22) . 12 (13) 1,712 7,950 (7,210)
14.6 WM (50 MMBru/hr)

Bassline F-BIT 1,230 (2.86) - 310 (340) 2,165 - -

Level 1/LSC B-BIT 465 (1.08) 120 (130) 2,285 632 {571)

Level 2/PR F-BIY 93 (0.22) 24 (26) 2,753 4,850 (4,3500)
22.0 MW (75 MMBtu/hr)

Baselins F-BIT 1,230 (2.86) 470 (520) 2,920 - -

Level 1/LSC B-BIT 465 (1.08) 180 (200) 3,085 569 (516)

Level 2/PR ¥-BIT 93 (0.22) 36 (39) 3,618 3,690 (3,310)
29.3 M (100 MBrujhr) '

Bassline F-BIT 1,230 (2.86) - 630 (690) 3,661 - -

Level 1/LSC B-BIT ' ' 465 (1.08) 240 (260) 3,870 536 (486)

Level 2/PR F-BIT 93 (0.22) " | * (50) 4,465 3,060 (2,830)

.Au costs are in June 1985 dollars.

LSC = Low sulfur coal .
PR = Percent reductlon system (Flue gas desulfurizatlon or fluidized bed combustion).

¢

NHo camplisnce costs are included vith the baseline option.

d

Altematlive Control Level 1 includes the compllance costs sssoclated with fuel sampling/analysis.

L]
Altermative Control Level 2 includes the costs assoclated with daily fuel saapling .;ulyah at the FGD Lnlet and continuous emisslon monitoring st
the FGD ouctlet.
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TASLE 7. Model Boller Cost Analysis for Sulfur Dioxlde Control Alternatives for OLl-flred Bollers in

Region V st 0.26 Capacity Factor

502 Annual 502' Capital O & H coata, $1,000/y« Annualized
v.c.d,e emlsaion rate, enlasions, £O8tS, —emeo-eose—ec-cccoe——oooe- cost,
Botler Size/Contxol ' ‘' ng/J (Lbi¥MBeu) Mg lyc (toasfyr) §1,000 Fuel Nonfuel Total $1,000/yx
2.9 MW (10 Brufhr)
Basaline 1,280 (3.00) 31 (34) 445 84 174 258 33
Level 1/MSRO 688 (1.60) 17 (18) [} a9 175 264 336
Level 2/DISTO 129 (0.30) 3.1 3.4) 434 111 174 285 3558
Levsl 3/PR 98 (0.23) 2.4 (2.6) 1,172 84 34 458 648
7.3 MW (25 MBtu/hs)
Baseline 1,290 (3.00) 7 (85) 733 211 230 441 361
Level 1/MSRO 688 (1.60) 41 (46) 734 222 232 (T2} 573
Level 2/DISTO 129 (0.30) 1.7 (8.5) nz an 230 507 624
Level 3 /PR 98 (0.23) 5.9 {6.5) 1,682 211 453 666 942
14.6 MW (50 MHBru/hr) '
Bassline 1,290 (3.00) 155 €171) 1,481 421 224 695 939
Lavel 1/MSRO . 5688 (1.50) 83 {(91) 1,483 444 275 719 963
Level 2/DISTO 129 (0.30) 15 (17) 1,463 533 274 a2z 1,068
Level 3/PR 98 (0.23) ’ 12 asn 2,699 A2l 538 957 1,406
22.0 WM {75 MfBrujhr)
Beseline 1,290 (3.00) 232 (256) 1,900 632 318 950 1,264
Level 1 /MSRO 668 (1.60) 124 (137 1,903 666 319 985 1,199
Level 2/DISTO 129 (0.30) 23 (26) 1,863 830 318 1,148 1,438
Level 3/PR 98 (0.23) 18 (19) 3,34 632 615 1,247 1,805
29.3 M (100 MWBru/hr)
Baseline 1,290 (3.00) 310 (342) - 2,277 84) 361 1,204 1,579
Level 1/M5RO 688 (1.60) 165 €182) 2,281 [-1:1] 362 1,250 1,626
Level 2/DISTO 129 (0.30) N (34) . 2,262 1,107 361 1,468 1,839
Level 3/FR 98 (0.23) 24 (26) ’ 3,%1 8A) &9l 1,53 2,186

2,11 costs sre in Juns 1985 dollars.

bnsno = Hediuva sulfur sesidusl otl

DISTO = Discillate ofd
PR = 90X 502 reacval (based on flus gss desulfurization)

“The compl lance costs for Alternstive Control Level 1 are the costs associated with shipasut fusl sampling/analysis.

d

Mo complisnce costs sssoclsted with distillate oll combustion to meet Altsrnative Control Level 2.

*The compl lance costs for Alternstive Control Level 3 are the costs assoclated with dailly fuel sampling/analysis at the FGD

inlet and continuous emisslon monitorlng at the FGD outlet.



TABLE 8. Model Boiler Cost Analysis for Sulfur Dioxide Control Alternatives for Oil-fired Boilers in

Region V at 0.55 Cepacity Factor

§0 i Annual so2 Capital O & M costs, $1,000/yr Annualized
b.c.d.e enionlo‘ rate, emissions, CO8tE,  c-c-sccccccccctcccccccnon. cost, .
Boiler Size/Control ¢~ *™ ng/d (Llb/MMBtu) Mg/yr (tons/yr) $1,000 fFuel Nonfuel Total $1,000/yr
2.9 MU (10 MNBtu/hr)
Baseline 1,290 (3.00) 66 (72) 461 178 220 398 471
Level 1/MSRO 688 (1.60) 35 39 462 188 220 408 482
Levet 2/01ST0 129 (0.30) 6.6 (7.2) 453 234 219 453 526
Level 3/PR 98 (0.23) 5.0 (5.5) 1,194 178 452 630 824
7.3 MU (25 NMBtu/hr)
Baseline 1,290 (3.00) 164 (181) 764 - (Y7 291 737 860
Level 1/MSRO 688 (1.60) 87 (96) 766 470 292 762 88s
Level 2/DISTO 129 (0.30) ) 16 (18) 754 585 292 . 8717 997
Level 3/PR 98 (0.23) 12 (14) 1,723 446 545 1,014 1,295
14.6 MW (50 MMBtu/hr) ' .
Baseline 1,290 (3.00) 328 (361) 1,535 891 346 1,237 1,487
Level 1/MSRO 688 (1.60) 175 (193) 1,539 940 346 1,286 1,537
Level 2/D1STO 129 (0.30) 33 38) 1,529 1,11 346 1,517 1,764
Level 3/PR 98 (0.23) 25 27) 2,769 891 682 1,573 2,036
22.0 MW (75 MNBtu/hr)
Baseline 1,290 (3.00) 492 (542) - 1,976 1,337 401 1,738 2,059
Level 1/MSRO 688 (1.60) i 262  (289) 1,982 1,409 402 1,811 2,133
Level 2/01S70 129 (0.30) 49 (54) 1,977 1,756 401 2,157 2,476
Level 3/PR ) 98 (0.23) 37 41) 3,440 1,337 797 2,134 2,712
29.3 MW (100 NHMBtu/hr) .
Baseline 1,290 (3.00) 656 (723) 2,374 1,783 455 2,238 2,623
Level 1/MSRO 688 (1.60) 350 (385) 2,382 1,879 456 2,335 2,722
Level 2/DISTO 129 (0.30) 66 (72) 2,384 2,342 455 2,797 3,181
Level 3/PR 98 (0.23) 50 (55) 4,046 - 1,783 9210 2,693 3,375

8att costs are in June 1985 dollars.

busno s Medium sulfur residual oil
DISTO = Distillate oil
PR = 90X so2 removal (besed on flue gas desul furization)

%The comptiance costs for Alternative Control Level 1 are the costs associated with shipment fuel sampling/analysis.

duo compliance costs essociated with distillate oil combustion to meet Alternative Control Level 2.

€rhe compliance costs for Alternative Control Level 3 are the costs associated with -daily fuel sampling/analysis at the FGD

inlet and continuous emission monitoring at the FGD outlet.
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TABLE 9. Cost Effectiveness Results of Sulfur Dioxide Control Alternatives for Oil-fired

8ollers in Region V at 0.25 Cepacity factor

SO Annual Annual ized Incremental
Boiler aizeé e enissioﬁ rate, emissions, cost, cost effectiveness,
Control ' ! ng/d (lb/HMBtu) Mg/ys (ton/yr) $1000/yr $/Mg ($/ton)
2.9 MU {10 MM8tu/hr)
Baseline 1,290 (3.00) 31 (34) 330 - -
Level Y/NSRO 688 (1.60) 17 18) 336 415 (376)
Level 2/D1ST0 129 (0.30) i 3.4) 355 1,410 (1,280)
Level 3/PR 98 (0.23) 2.4 2.6) 648 393,000 (357,000)
7.3 MM (25 nuMBtu/hr)
8ascline 1,290 (3.00) 77 (85) 561 - -
Level 1/MSRO 488 (1.60) 1 (46) 573 332 301)
Level 2/D1STO 129 (0.30) 7.7 (4.%) 624 1,520 (1,380)
Level 3/pPR 98 (0.23) 5.9 (8.5) 942 171,000 (155,000)
14.6 MW (50 MMBtu/hr) .
Baseline 1,290 (3.00) 155 (171 93% - -
Level 1/MSRO 688 (1.60) 83 o 963 332 (301)
Level 2/D1S70 129 (0.30) 15 (7 1,068 1,560 (1,420)
Level 3/PR 98 (0.23) 122 (3 1,406 90,700 (82,300)
22.0 MW (75 umBtu/hr)
Baseline 1,290 (3.00) 232 (256) 1,264 - -
Level 1/MSRO 688 (1.60) 124 (137) 1,299 323 (293)
Level 2/01STO 129 (0.30) 23 (26) 1,458 1,580 (1,430)
Level 3/PR 98 (0.23) 18 (19} 1,805 62,100 (56,300)
29.3 MW (100 MMBtu/hr)
Baseline 1,290 (3.00) 310 (342) 1,579 - -
Level 1/MSRO 688 (1.60) 165 (182) 1,626 325 (295)
Level 2/D01STO 129 (0.30) n (34) 1,839 1,590 (1,440)
Level 3/PR 98 (0.23) 24 (26) 2,186 46,600 (42,300)

BaAll costs are in June 1985 dollars.

b

PR = 90X SO

Cthe compliance costs for Alternative Control Level t are the costs associated with shipment fuel

sampling/analysis.
d

MSRO = Medium sulfur residual oil
DISTO = Distillate oil
, femoval (based on flue gas desulfurization)

Wo compliance costs associated with distillate oil combustion to meet Alternative Control Level 2.

®the compliance costs for Atternative Control Level 3 are the costs asscciated with daily fuel sampling/
analysis at the FGD intet and continuous emission monitoring at the FGD outlet.
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TABLE 10. Cost Effectiveness Results of Sulfur Dioxidi Control Atternatives for Oil-fired
Bollers in Region V at 0.55 Capacity Factor

'S0 Annual Annualized Incremental
Boiler i'!eé e emigssioh rate, emissions, cost, cost effectiveness,
Control ' ™" ng/d (lb/MNBtu) Mg/yr (ton/yr) $1000/yr $/Mg {$/ton)
2.9 MY (10 MMBtu/hr) .
Baseline 1,290 (3.00) 86 (72) 194! - -
Level 1/MSRO 488 (1.60) .35 (39) 482 360 (330)
Level 2/DISTO 129 (0.30) 6.6 7.2) 526 1,550 (1,400)
Level 3/PR 96 (0.23) 5.0 (5.5) 824 189,000 (172,000)
7.3 M4 (25 MMBtu/hr) .
Baseline 1,290 (3.00) 184 (181) 860 - -
Level 1/MSRO 688 (1.60) 87 (96) 88s 327 (297)
Level 2/D1ST0 129 (0.30) 16 €18) 997 1,580 <1,430)
Level 3/PR 98 (0.23) 12 (14) 1,295 ) 75,600 (68,600)
~ 14.6 WM (50 mmBtu/hr)
Baseline 1,290 (3.00) 328 (361) 1,487 - -
Level 1/MSRO 688 (1.60) 75 (193) 1,537 327 €297)
Level 2/01S70 129 (0.30) 33 (36) 1,764 - 1,600 €1,450)
Level 31/PR 98 (0.23) 25 (¥15] 2,036 34,500 ¢31,300)
22.0 MW (75 MHBtu/hr)
Baseline 1,290 (3.00) 492 (542) 2,059 - -
Level 1/MSRO 688 (1.60) 262 (289) 2,133 322 (293)
Level 2/01ST0 129 (0.30) 49 (54) 2,476 1,610 €(1,460)
Level 3/PR 98 (0.23) 37 L1) 2,712 20,000 ¢18,100)
29.3 WY (100 WMBtu/hr) .
Baseline 1,290 (3.00) 456 (72%3) 2,623 - -
Level 1/MSRO 688 (1.60) 350 (385) 2,722 324 (294)
Level 2/DISTO 129 (0.30) &6 72y . 3,181 1,620 €1,470)
Level 3/PR $8 (0.23) 50 (55) 3,375 12,300 (11,200)

SAlL costs are in June 1985 dollars.

Pusgo = Medium sulfur residust oil.

DiSTO = Distillate oil.
PR = 90X so2 removal (based on flue gas desulfurization)

€The compl iance costs for Alternative Control tevel 1 are the costs associated with shipment fuel
sampl ing/analysis. )

dno compliance costs associated with distillate oil combustion to meet Alternative Control Level 2.

®The compliance costs for Atternative Control Level 3 are the costs associated with daily fuel
sampling/analysis at the FGD intet and continuous emission monitoring at the FGD outlet.
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