i

United States

Office of Air Quality EPA-450/3-86-001

Environmental Protection

Agency

Planning and Standards
Research Triangle Park NC 27711

Air

An Analysis of Cc{s;ts

And Cost

Effectiveness 0
S02 Control For
Mixed-Fuel-Fired
Steam Generatmgl

Units

hse

o







(3 3

EPA-450/3-86-001

An Analysis of Costs and Cost Effectiveness
of SO2 Control for Mixed-Fuel-Fired
Steam Generating Units

Prepared by
Radian Corporation
Under Contract No. 68-02-3816

Prepared for:

U.S. ENVIRONMENTAL PROTECTION AGENCY
Office of Air and Radiation
Office of Air Quality Planning and Standards
Emission Standards and Engineering Division T
Research Triangle Park, NC 27711

June 1986




DISCLAIMER

This report has been reviewed by the Office of Air Quality Planning and Standards, U.S. Environmental
Protection Agency, and approved for publication as received from the Radian Corporation. Approval does
not signify that the contents necessarily reflect the views and policies of the U.S. Environmental Protection
Agency, nor does mention of trade names or commercial products constitute endorsement or recommenda-
tion for use. Copies of this report are available from the National Technical Information Services, 5285 Port
Royal Road, Springfield, Virginia 22161.




53

TABLE OF CONTENTS

3
! Page
; N
1,0 INTRODUCTION. . erveeeesoeensonssseseasssosnnsaaasonas eedesaeeeaaes 1
|
2.0 PROJECTIONS OF NEW MIXED FUEL~FIRED STEAM GENERATING UNITS....... 3
3.0 MIXED FUEL-FIRED STEAM GENERATING UNIT SO2 CONTROL ¢OST .......... 9
Coal/Nonfossil Mixed Fuel-Fired Steam Generating Units.......vou. 11
0i1/Nonfossil Mixed Fuel-Fired Steam Generating UNitS.ueneennnnnn 26
4,0 NATIONAL IMPACTS . iertieneneeoseneansssossnosssosssiasnansnsnansnans 30
Selection of Regulatory A1ternatives...............%.., ........... 30
After-Tax NPV of Alternative Fuel Mixtures and Emiséion .
CONErol SYSTaMS . . tvveeeeneneeeeaessooassocacnssascatassonsscnns L. 31
Analysis of Regulatory ATEErNAETVES s et eeenrnreredenanearsenens 34
5.0 CONSIDERATION OF EMISSION CREDITS.....vvvereenennns é..‘ ........... 39
6.0 REFERENCES . . .uuerinrenneenneeenrensoaaacenseaneanns [ 56
' |
APPENDIX A: COST DEVELOPMENT FOR MIXED FUEL-FIRED %
STEAM GENERATING UNITS..iiirieienenanacnns ebesieereeaes A-1
a |
<







1.0 INTRODUCTION :

The analysis described herein was undertaken in coAjunction with
efforts to develop new source performance standards (NS?S) for industrial-
commercial-institutional steam generating units with he@t input capacities
greater than 100 million Btu/hour. Industrial-commercial-institutional
steam generating units classified as mixed fuel-fired steam generating units
include any unit firing a mixture of nonsulfur-bearing fﬁe]s (e.g.; wood,
solid waste, municipal refuse, natural gas, etc.) with sh]fur-bearing fossii
fuels (e.g., coal, oil). |

Mixed fuel-fired steam generating units are econom1ca11y attractive in
many cases because the nonsulfur-bearing fuel is genera]ﬂy a nonfossil fuel
which is replacing a more costly fossil fuel. Such uniﬁs maintain the
flexibility to fire 100 percent capacity of either fuel @hou]d the need
arise. | ; '

Although mixed fuel-fired steam generating units ma& be found at a wide
variety of industriai—commercia]-institutiona1 sites, the principal users of
mixed fuel-fired steam generating units are industries.ﬂhat have a Tow
sulfur gaseous fuel or a nonfossil fuel available on siﬂe as a byproduct of
the plant's processes. By using the waste products from their processes as
vfuel, these industries are reducing their waste disposay costs.

Many mixed fuel combinations exist. The most common fuel combinations
fired in mixed fuel-fired steam generating units are wooh/coa1 and municipal
waste/coal mixtures. Hence, the major users of mixed'fde1—f1red steam
generat1ng units are the forest products and the paper and allied products
industries. . ‘

The objective of this report is to estimate the potentia1 national
impacts associated with possible NSPS Timiting sulfur dfoxide (502)
emissions from new, modified, or reconstructed mixed fuel-fired steam
generating units. These impacts are based on an examinétion of the annual
SO control costs, 502 emissions, and the cost effect1veness of SO2 control
on model mixed fuei-fired steam generating units. In add1t1on, the cost




effectiveness of including versus not including an "emission credit" in
possible NSPS for mixed fuel-fired steam generating units is also examined.

Projections of the number of new mixed fuel-fired steam generating
units and the development of model steam generating units are discussed in
Section 2.0. Section 3.0 presents the results of the model mixed fuel-fired
steam generating unit cost analysis. The results of the national impacts
analysis are presented in Section 4.0. Section 5.0 discusses the

consideration of emission credits for mixed fuel-fired steam generating
units.

g




2.0 PROJECTIONS OF NEW MIXED FUEL-FIRED STEAM GENERATING UNITS
5 .

A wide variety of nonsulfur-bearing fuels may be coLfired with
sulfur-bearing fossil fuels in mixed fuel-fired industrié]-commercia]-
institutional steam generating units. Little data or information are
readily available, however, concerning the existing population of mixed
fuel-fired steam generating units, current fuel firing p%actices (i.e.,
relative amounts of nonsulfur-bearing fuels and sulfur-bearing fossil fuels.
typically co-fired), or the projected growth in the number of new mixed
fuel-fired steam generating units. From the data and 1nformation that are
available, it appears that the major users of mixed fuel-fired steam
generating units are the forest products and paper indusﬁries. Wood is the
predominant nonsulfur-bearing fuel fired in these steam Qenerating units.
The growth of mixed fuel-fired steam generating units fi?ing
nonsulfur-bearing fuels other than wood is also expected%to be small in
comparison to wood/fossil fuel-fired steam generating units. Therefore,
although the results discussed in this report are based nn projections for
new steam generating units firing mixtures of sulfur-bearing f05511 fuels
and wood, these results are considered representative ofithe impacts on all
new mixed fuel-fired steam generating units.

Model mixed fuel-fired steam generating units were aeveloped based on
information obtained from a survey of the pulp and paper and forest‘products
industries by the National Council of the Paper Industryifor Air and Stream
Improvement (NCASI).1 This report provided information 6n the fuel mix,
population projections, and size distribution of mixed fbe]-fired steam
generating units. ' '

During the five-year-period ffom 1980 through 1984,;35 mixed fuel-fired
steam generating units having a total heat input capacity of 20.1 billion

2!

Btu/hour were installed in the pulp and paper industry. It is anticipated

that about the same number of new mixed fuel-fired steam}generating units

having the same total capacity will be built over the fiYe-year period
ending in 1990. Consequently, the information provided by NCASI was used to




project the population of new mixed fuel-fired steam generating units
anticipated in the time frame of 1985 through 1990.

Table 1 presents the size distribution of these projected mixed
fuel-fired steam generating units. Three model steam generating units were
selected to represent the size range presented in Table 1. The smalT mixed
fuel-fired steam generating units (100-250 million Btu/houi) are represented
by a 150 million Btu/hour model unit, the medium sized units (250-500
million Btu/hour) are represented by a 400 million Btu/hour model unit, and
large units (>500 million Btu/hour) are represented by an 800 million
Btu/hour model unit.

Table 2 presents the projected fuel mix distribution of mixed fuel-
fired steam generating um’ts.1 Three model fuel mixtures were selected to
represent those presented in Table 2. Fuel mixtures of 20 percent
nonsulfur-bearing fuel/80 percent sulfur-bearing fossil fuel, 50 percent
nonsulfur-bearing fuel/50 percent sulfur-bearing fossil fuel, and 80 percent
nonsulfur-bearing fuel/20 percent sulfur-bearing fossil fuel were chosen to
represent mixed fuel steam generating units f1r1ng 0 to 49 percent
nonsulfur-bearing fuel, 50 to 75 percent nonsulfur- -bearing fuel, and greater
than 75 percent nonsulfur-bearing fuel, respectively.

Table 2 shows that all five 150 million Btu/hour mixed fuel-fired steam
generating units fire a fuel mixture near 80 percent nonsulfur-bearing
fuel/20 percent sulfur-bearing fossil fuel. Table 2 also shows that. 11 of
the projected medium sized mixed fuel-fired steam generating units will burn
a 20 percent sulfur-bearing fossil fuel mixture, 2 units will fire a 50
percent sulfur-bearing fossil fuel mixture, and 2 units will fire an 80
percent su]fur-beariné fossil fuel mixture. 0f the Targe mixed fuel-fired
steam generating units, four units will fire 20 percent -sulfur-bearing
fossil fuel, two units will fire 50 percent sulfur-bearing fossil fuel, and
nine units will fire 80 percent sulfur-bearing fossil fuel.

Regions I, IV, and X were selected for analysis of the potential
impacts of SO2 control on new mixed fuel-fired steam generating units.

These three regions were selected because they have a high concentration of

pulp and paper and forest product 1ndustries.3 Thus, most new mixed
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TABLE 1. PROJECTED SIZE DISTRIBUTION OF NEW MIXED FUEL-FIRED
STEAM GENERATING UNITS FOR THE PERIOD 1985 TO 1990

Heat Input Capacity Model Unit Size
(million Btu/hr) (million Btu/hr) } Number of Units

100 - 250 150 i 5
250 - 500 400 i 15
>500 800 f 15

:

|

|

|

\

|

%

|

|
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[t 3

fuel-fired steam generating units are expected to be insﬁa]]ed in these
regions. Based on historical data, 23 percent of mixed fue]-fired steam

\ generating units in the paper and allied products industr& are in Region I,
45 percent of the units are in Region IV, and 32 percent 'of the units are in
Region X.3 It is assumed that new mixed fuel-fired unitQ will follow this
same regional distribution. Within each region, mixed fuel-fired steam
generating units are distributed according to size and f@e] mixture as
discussed above. On this basis, Table 3 presents the regjonal distribution

of the projected model mixed fuel-fired steam generating units.
|

|
|
I
r

|
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3.0 MIXED FUEL-FIRED STEAM GENERATING UNIT SO, CONTROL COST

2

i

This section presents the results of an analysis of 502 control costs
b
for mixed fuel-fired steam generating units. This analysis considers two
alternative control Tevels:

(1) The use of Tow sulfur fuels containing less than 1.2 1b
302/m111ion Btu for coal and less than 0.8 1b SOz/milTion Btu for
oil.

(2) The use of flue gas desulfurization (FGD) systems to achieve a 90
percent reduction in SO2 emissions. §

A1l costs presented in this analysis are in January ;983 dollars.
'Appendix A summarizes the general procedure and major assumptions used to
develop the cost estimates. The analysis is consistent w%th that contained
in the Industrial Boiler SO, Cost Report.4 ' The regu]atory baseline is the
same (i.e., existing State ?mp]ementation plans [SIP's]) énd, as in the
Industrial Boiler SO, Cost Report, the costs of sodium FGD systems have been
used to represent th; costs of FGD systems in genera].4 $or the 800 million
Btu/hour units, the FGD cost is represented by two shop fébricated 400
million Btu/hour units. Sodium FGD systems larger than about 400 million
Btu/hour are not available on a "packaged" basis. Because it costs less to
install two packaged FGD systems and increase overall reliability, two 400
million Btu/hour packaged FGD units were selected over a field erected 800
million Btu/hour FGD unit. ‘

This analysis also assumes an overall annual capacity factor of 0.6.

As discussed in the Industrial Boiler SO Cost Report,‘this annual capacity
factor is considered representative of i;dustrial-commercﬂaininstitutiona1
steam generating units in general. ' i |

Fossil fuel prices (Table 4) have also been assumed ﬁo be the same as
those used in the Industrial Boiler SO, Cost Report. Dati are generally
unavailable, however, on the cost of ngnfossiT_fueT. In §ome cases the

nonfossil fuel may be a byproduct of the plant's processes that could not be

|
|
|
|
i
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sold and which has a negligible cost associated with its Lse as a fuel. In
other cases, however, the nonfossil fuel is purchased much as are fossil
fuels. In general, there is some cost associated with thé use of nonfossil
fuel, although it is unlikely that the cost of nonfossil fuel would be
higher than that of available coal on a heating value basﬁs. Thus, this
analysis considers two cost scenarios for nonfossil fueT:E(l) nonfossil fuel
has zero cost, and (2) nonfossil fuel has the same cost aé the least

expensive coal available (on a $/million Btu basis). i

Coal/Nonfossil Mixed Fuel-Fired Steam Generating Units

Tables 5, 6, and 7 present the results of the cost aba]ysis for
coal/nonfossil mixed fuel-fired steam generating units in Regions I, IV, and

. X, respectively. As mentioned previously, these three regions are expected

to have the majority of new installations of mixed fue]-fﬁred steam
generating units due to the high concentration of pulp anb paper and forest
products  industries. The average cost effectiveness of_Sb2 control of an
alternative control level based on the use of low sulfur coal is less than
$380/ton in Region I, $325/ton in Region IV, and $1,000/ton in Region X.

The average cost effectiveness of 502 control associgted with an
alternative control level based on the use of Tow sulfur coal is
significantly higher in Region X than in Regions I and IVL This is due to
the much Tower emission reductions achieved between a medfum and Tow sulfur
coal in Region X compared to the SO2 emission reductions échieved between a
high and low sulfur coal in Regions I and IV.

As expected, the avergge'cost effectiveness of 502 c?ntro] associated
with an alternative control level based on the use of Tow sulfur coal does
not vary with the size of the mixed fue]—fired‘steam generating unit. As
shown, however, it does vary with the proportion of coal present in the fuel
mixture fired. |

This results from the assumption of "emission creditg" under the
regulatory baseline for mixed fuel-fired steam generatingfunits. Currently,
under the existing new source performance standard for inyustria]-

11 - |
|
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commercial-institutional steam generating units of more than 250 million
Btu/hour heat input capacity (i.e., 40 CFR Part 60 Subpart D) and regulatory
requirements contained in SIP's, dilution of the SO2 emissions resulting
from combustion of fossil fuel with the gases resulting from combustion of
nonfossil fuel is permitted.

Existing regulations permit one to add the heat 1nput supplied to a
mixed fuel-fired steam generating unit supplied by a nonfossil fuel to that
supplied by a fossil fuel in determining comp]jance. Since existing
regulations are generally written in terms of grams (or pounds) of 502 per
unit of heat input to the steam generating unit, including the heat input
supplied by the nonfossil fuel inherently provides an emission credit for a
mixed fuel-fired steam generating unit.

Typically, for example, many existing regulations limit SO2 emissions
from coal-fired steam generating units to 1.2 1b SOZ/m1111on Btu. To
achieve this emission 1imit, a coal-fired steam generat1ng unit is
essentially required to fire a Tlow sulfur coal or 1nsta1ﬂ an FGD system.
Because of the emission credit inherently provided by this type of
regulation, however, mixed fuel-fired steam generating units are not
required to fire a lTow sulfur coal or install an FGD system, but are
permitted to fire medium or even high sulfur coals. |

A mixed fuel-fired steam generating unit firing a f@e] mixture of 20
percent coal and 80 percent nonfossil fuel, for example, 1wou]d only be
required to fire a coal containing 6.0 1b SOZ/m1111on Btu or less. As
illustrated below, however, as the proportion of coal 1n the fuel m1xture

increases, the sulfur content of the coal that can be f1red decreases:
|

Maximum Coal Su]fur Content

Fossil/Nonfossil Fuel Mixture {1b SOo/m1111on Btu)
20% Fossil/80% Nonfossil ‘ 6.0
40% Fossi1/60% Nonfossil 3.0
50% Fossil1/50% Nonfossil 2.4
60% Fossil/40% Nonfossil 2.0 |
80% Fossi1/20% Nonfossi 1.5 |
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The reasonableness of emission credits for mixed fuel-fired steam
generating units are examined in Section 5.0. Except under the regulatory
baseline, however, the analysis discussed in this section assumes no
emission credits.

As a result, regardless of the proportion of coal fired in the fuel
mixture, mixed fuel-fired steam generating units must fire low sulfur coal
or install an FGD system to meet the requirements of an alternative control
Tevel based on the use of low sulfur .coal. As mentioned, however, this is
not the case under the regulatory baseline. As illustrated above, as the
proportion of coal in the fuel mixture increases, a mixed fuel-fired steam
generating unit must fire a lower sulfur coal to meet the regulatory
baseline of 2.5 1b SO0,/million Btu.

Consequently, as the proportion of coal fired in the fuel mixture
varies, the incremental costs and SO2 emission reductions between the _
regulatory baseline and an alternative control level based on the use of Tow
sulfur fuel can also vary. As a result, the average cost effectiveness of
SO2 control for a low sulfur fuel aiternatfve can vary as the proportion of
coal fired in the fuel mixture changes. '

Tables 5, 6, and 7 also present the average and incremental cost
effectiveness of Soz‘control associated with an alternative control level
requiring a 90 percent reduction in SO2 emissions. The average cost
effectiveness of SO2 control ranges from as Tow as $462/ton for the Targest
mixed fuel-fired steam generating unit firing a fuel mixture of 80 percent
coal and 20 percent nonfossil fuel in Region I, to as high as $2,333/ton for
the smallest mixed fuel-fired steam generating unit firing a fuel mixture of
20 percent coal and 80 percent nonfossil fuel in Region X. As expected, the
average cost effectiveness of a percent reduction in 302 emissions generally
becomes more favorable as the size of a mixed fuel-fired steam generating
unit increases. This is due to the economies of scale of the FGD system.
Because the analysis for the 800 million Btu/hour steam generating unit is
based on the use of two shop fabricated 400 million Btu/hour FGD units, the
average cost effectiveness is essentially the same for steam generating
units of 400 and 800 miliion Btu/hour heat input capacity.
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The average cost effectiveness of SO2 control associated with an
alternative control level requiring a percent reduction in 502 emissions
also varies as the amount of coal fired in the fuel mixture varies.
Generally, the average cost effectiveness improves as thé amount of coal
fired in the fuel mixture increases.

This is not always the case, however, as shown in R%gibn IV in
progressing from a fuel mixture of 50 percent coal and SQ percent nonfossil
fuel to a fuel mixture of 80 percent coal and 20 percent nonfossil fuel. In
this case, the average cost effectiveness of 502 control associated with an
alternative control level requiring a percent reduction in SO2 emissions
deteriorates rather than improves. |

In this particular case, a lower sulfur coal is req@ired under the
regulatory baseline in a fuel mixture consisting of 80 pércent coal and 20
percent nonfossil fuel than in a fuel mixture consistingjof 50 percent coal
and 50 percent nonfossil fuel. Consequently, the 502 emﬁssion reduction
achieved by an alternative control level requiring a 90 percent reduction in ’
502 emissions is less for the 80 percent coal/20 percentinonfossi] fuel
mixture than for the 50 percent coal/50 percert nonfossil fuel mixture. As
a result, the average cost effectiveness of SO control deteriorates in
progressing from the 50 percent coal/50 percent nonfoss11 fuel mixture to
the 80 percent coal/20 percent nonfossil fuel mixture.

As shown in the tables, the incremental cost effectiveness of achieving
a 90 percent reduction in 502 emissions over meeting an émisSion limit of
1.2 1b 502/m111ion Btu is almost identical for units with heat input
capacities of 400 and 800 million Btu/hour. This is priﬁari]y due to the
fact, discussed above, that for an 800 million Btu/hour unit, the FGD cost
is represented by two 400 million Btu/hour FGD units. ‘The incremental cost
effectiveness of 502 control for a 150 million Btu/hour %team generating
unit, however, is higher in all cases than those associated with larger
steam generating units, ) |

The incremental cost effectiveness also improves as\the percentage of
coal fired increases. This is as one would expect, becayse without an

emission credit an alternative control Tevel based on the use of Tow sulfur
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fuel always requires the combustion of a low sulfur fuel or the use of an
FGD system. Thus, in examining the incremental differences between an
alternative control level based on the use of Tow sulfur coal and an
alternative control level requiring a percent reduction in SO2 emissions,
one is always comparing the costs and emissions associated with firing a Tow
sulfur fuel with the costs and emissions associated with an FGD system. In
addition, FGD systems installed on mixed fuel-fired steam generating units
would be designed to accommodate firing of fossil fuel at full load to
provide maximum fuel use flexibility. Thus, the costs of FGD systems
installed on units firing small amounts of fossil fuel would be similar to
those installed on mixed fuel-fired units that fire large amounts of fossil
fuel relative to nonfossil fuel. However, the potential 502 emission
reductions obtainable from units burning relatively larger amounts of fossil
fuel relative to nonfossil fuel are much greater than for units burning
mostly nonfossil fuel. As a result, for mixed fuel-fired steam generating
units that fire only small amounts of fossil fuel, the costs of achieving a
percent reduction in 502 emissions are re1at1vejy high in proportion to the
resulting emission reductions. Conversely, as the amount of coal fired in
the fuel mixture increases, the FGD system costs demonstrate economies of
scale and the SO2 emission reductions achieved increase. The incremental
cost effectiveness of SO2 control, therefore, improves.

The amount of fossil fuel fired in a steam generating unit can be
expressed in terms of a fossil fuel utilization factor. This represents the
percentage of the rated steam generating unit heat input capacity that is
supplied by fossil fuel. The fossil fuel utilization factor is, therefore,
calculated on the basis of the amount of fossil fuel that is actually fired
compared: to the maximum ahount of fuel that could be fired in the steam
generating unit. For example, a 400 million Btu/hour mixed fuel-~fired steam
generating unit operating at an annual capacity factor of 0.6 is firing 240
million Btu/hour heat input -on an annual basis. If this unit fires 20
percent fossil fuel and 80 percent nonfossil fuel, the heat input supplied
from fossil fuel is 48 million Btu/hour on an annual basis. This represents
12 percent of the potential total annual heat input to the steam generating
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unit, or a fossil fuel utilization factor of 0.12. S1m1larly, a mixed
fuel-fired steam generating unit operating at an annual <apac1ty factor of
0.6 and firing 50 percent fossil fuel/50 percent nonfossg] fuel mixture

* would have a fossil fuel utilization factor of 0.3, and a unit firing 80
percent fossil fuel and 20 percent nonfossil fuel would ﬂave a fossil fuel
utilization factor of 0.48. o

Figures 1, 2, and 3 illustrate the incremental cost‘effectiveness of an
alternative control level requiring a 90 percent reduct1on in SO2 emissions
over an alternative control level based on the use of 1ow sulfur fuel as a
function of the fossil fuel utilization factor for mixed fuel-fired steam
generating units operating at an annual capacity utilization factor of 0.6.
Fossil fuel utilization factors of 0.12, 0.3, and 0.48 wére examined and are
shown in the f1gures

The incremental cost effectiveness of achieving a pprcent reduction in
502 emissions varies considerably with varying amounts of coal fired in the
steam generating unit. As shown in the figures, as the fossil fuel
ut111zat1on factor increases, the incremental cost effect1veness decreases.

A more rapid decrease in incremental cost -effectiveness pccurs in
progressing from a fossil fuel utilization factor of O.lé to a fossil fuel
utilization factor of 0.3 than in progressing from a fos$11 fuel utilization
factor of 0.3 to a fossil fuel utilization factor of 0.6. Thus, the fossil
fuel utilization factor exerts an important influence on the costs of
achieving a percent reduction in 502 emissions. «

Figure 4 illustrates the regional differences in the incremental cost
effectiveness associated with an alternative control 1evé1 requiring a 90
percent reduction in S0, emissions for a 400 million Btu?hour steam
generating unit. This figure shows that the incremental cost effectiveness
of an alternative control level requiring a 90 percent r%duction in 302
emissions over an alternative based on the use of low sulfur fuel in Region
IV is-about 30 percenf higher than in Region I and about§60 percent higher
than in Region X. These differences are due to regiona]ivariations in coal
sulfur contents and prices. The high incremental costs pssociated with
achieving a percent reduction in SO2 emissions in Regioq IV can be
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attributed t6 the fact that a higher sulfur coal is typically fired in this
region. Under a standard requiring a 90 percent reduction in 502 emissions,
steam generating units in Region IV will Tikely fire a Type H bituminous
coal having typical uncontrolled SO2 emissions of about 5.5 1b/m11116n Btu,
A 90 percent reduction would reduce these emissions to 0.55 1b 302/m111ion
Btu. In contrast, steam generating units in Region I will Tikely fire a
coal having typical uncontrolled 302 emissions of about 4.2 1b/million Btu,
and the uncontrolled emissions from a unit in Regjon X would typically be
about 2.1 Tb/million Btu. A 90 percent reduction in Regions I and X,
therefore, will result in SO2 emissions of 0.42 and 0.21 1b/million Btu,
respectively. Compared to a Tow sulfur coal emission 1imit of 1.2 1b
Soz/million Btu, steam generating units in Regions I and X realize greater
emission reductions under a 90 percent reduction requirement than those in
Region IV. Therefore, a 90 percent reduction requirement would be more cost
effective in Regions I and X than in Region IV.

The annualized costs presented in Tables 5, 6, and 7 assume that the
price of nonfossil fuel is zero cost. For a case where nonfossil fuel has a
price, anﬁualized costs will increase. However, since these increased
annualized costs cancel- out in comparing incremental impacts between
alternatives, the average and incremental cost effectiveness values cited
above and presented in Tables 5, 6, and 7 would remain unchanged. To
illustrate this, Table 8 summarizes the costs and cost effectiveness of SO2
control for a 150 million Btu/hour mixed fuel-fired steam generating unit
firing a fuel mixture of 20 percent coal and 80 percent nonfossil fuel in
Regions I, IV, and X. The annualized costs presented in this table assume

that the cost of the nonfossil fuel is equal to the cost of the Towest price

coal in each region on a $/million Btu heating value basis. This table
shows that although the total annualized costs are higher than those
presented in Tables 5, 6, and 7, the cost effectiveness values remain
unchanged.
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0i1/Nonfossil Mixed Fuel-Fired Steam Generating Units

Table 9 presents the results of the cost analysis for oil/nonfossil
mixed fuel-fired steam generating units in Region I. Mixed fuel-fired units
were only examined in Region I because the price premium for a Tow sulfur
0il1 compared to a high sulfur oil is essentially constant for all regions.5

The average cost effectiveness of 502 control associated with an
alternative control level based on the use of low sulfur oil is Tess than
$640/ton. As expected, the average cost effectiveness of S0, control under
this alternative control level remains constant with mixed fuel-fired steam
generating unit size. In addition, unlike the situation discussed above for
mixed fuel-fired steam generating units firing coal, the highest sulfur oil"
available is always fired in the 0il/nonfossil fuel mixture under the
regulatory baseline regardless of the proportion of 0il in this fuel
mixture. Consequently, the average cost effectiveness of SO2 control also
remains constant as the proportion of 0il fired in the fuel mixture varies.

Table 9 also preéents the average and incremental cost effectiveness of
SOz’control associated with an alternative control level requiring a percent
reduction in SO2 emissions. The average cost effectiveness of an SO2
emissions percent reduction requirement ranges from as 1ittle as $467/ton
for the largest mixed fuel-fired steam generating unit firing a fuel mixture
containing 80 percent 0i1/20 percent nonfossil fuel, to as much as
$1,505/ton for the smallest mixed fuel-fired unit firing a fuel mixture of
20 percent 0i1/80 percent nonfossil fuel. Similarly, the incremental cost
effectiveness of SO2 control ranges from as low as $0/ton to as high as
$5,000/ton. As expected, the average and incremental cost effectiveness of
SO2 control associated with an alternative control level requiring a percent
reduction in 502 emissions improves as the size of the mixed fuel-fired
steam generating unit increases or as the proportion of oil fired in the
0il/nonfossil fuel mixture increases. This is due to the economies of scale
experienced by the FGD system.

Figure 5 illustrates the incremental cbst effectiveness of an
alternative control level requiring a 90 percent reduction in SO2 emissions
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: over an alternative control level based on the use of 10W sulfur 0il as a
function of the fossil fuel utilization factor for mixed fuel-fired steam

$ generating units firing oil and operating at an annual cﬁpacity utilization
factor of 0.6. As with mixed fuel-fired steam generating units firing coal,
fossil fuel utilization factors of 0.12, 0.3, and 0.48 wére examined.

As shown in the figure, as the fossil fuel utilization factor
increases, the incremental cost effectiveness decreases.\ As discussed above
for mixed fuel-fired steam generating units firing coal,|this decrease is.
most rapid at Tow fossil fuel utilization factors. Thusi the fossil fuel
utilization factor exerts an important influence on the costs of achieving a
percent reduction in SO2 emissions.

The annualized costs presented in Table 9 assume that the price of
nonfossil fuel is zero. As discussed earlier for mixed fue]—fired steam
generating units firing coal, if the nonfossil fuel has a non-zero price,
the overall annualized costs will rise, but the incremental impacts
associated with SO2 control will not change. | )

29







4,0 NATIONAL IMPACTS

This section examines the national impacts of NSPS limiting S0,
emissions from new industrial-commercial-institutional mixed fuel-fired
steam generating units. The national impact analysis utﬁ]izes the projected
population of new mixed fuel-fired steam generating units described in
Section 2.0. To estimate these impacts, the total costs;associated with
each projected new mixed fuel-fired steam generating uniﬁ firing
coal/nonfossil, oil/nonfossil, or natural gas/nonfossil mixtures, including
the costs associated with environmental regulations, weré compared on an
after-tax net present value (NPV) basis over a 15-year investment period.
The Towest cost means of complying with each regulatory alternative examined
was then determined for each mixed fuel-fired steam generating unit. These
results were then aggregated to yield national projectioﬁs in 1990 of
annualized costs, SOZ-emissions, and solid and Tiquid waétes associated with
mixed fuel-fired steam generating units.

Selection of Regulatory Alternatives

_
I

The regulatory baseline represents the level of control required by
existing SIP's. Currently, the average SO2 emission Timit required under
SIP's is approximately 2.5 1b/milTion Btu .heat input. Thus, a regulatory
baseline of 2.5 1b/million Btu heat input was selected fér the analysis of
national impacts for new mixed fuel-fired steam generatiﬁg units. Also, as
discussed in the previous section, the regulatory baseline permits dilution
of the SO2 emissions resulting from combustion of fossi]ffue]s with the
gases resulting from combustion of nonfossil fuels to tomp]y with this
emission limit. Dilution is not permitted, however, to comply with the
various regulatory alternatives examined. The reasonab]éness of dilution or
"emission credits" for mixed fuel-fired steam generating?units is examined
in Section 5.0.

This national impact analysis examined two alternative control levels:
an alternative requiring a Tow sulfur fuel and an alternative requiring 90

|
|
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percent reduction in SO2 emissions. Also, this analysis considered two size
categories of mixed fuel-fired steam generating units: units greater than
250 million Btu/hour heat input capacity; and units between 100 and 250
million Btu/hour heat input capacity. Table 10 presents the four regulatory
alternatives examined.

After-Tax NPV of Alternative Fuel Mixtures and Emission Control Systems

Table 11 presents the after-tax NPV of alternative fuel mixtures and
emission control systems for the regulatory baseline, for an alternative :
control level based on the use of low sulfur fossil fuel, and for an
alternative control level requiring a 90 percent reduction in 302 emissions.
These results are presented for a 150 million Btu/hour steam generating unit
firing 100 percent fossil fuel as well as a 20 percent fossil/80 percent
nonfossil fuel mixture. The analysis for this particular fuel mixture and
size of steam generating unit are presented because this combination results
in conservative estimates of impacts associated with 502 control. As the
steam generating unit size and amount of fossil fuel fired in the mixture
increases, the cost of SO2 control as a percent of total steam generating
unit costs decreases.

The results presented in this table show that at the regulatory
baseline and for alternative control levels based on the use of low sulfur
fuels or requiring a percent reduction in SO2 emissions, new projected mixed
fuel-fired steam generating units will continue to fire fossil/nonfossil
fuel mixtures. In addition, all units are expected to select coal as the
fossil fuel to fire in the fossil/nonfossil fuel mixture. This is to be
expected because a steam generating unit-capable of firing a nonfossil fuel

on a grate is also capable of firing coal. Thus, there are 1little capital
costs associated with the steam generating unit to be saved by firing
natural gas or o0il with.the nonfossil fuel.

As mentioned, Table 11 also shows that mixed fuel-fired steam
generating units do not "switch" fuels even under a regulatory alternative
requiring a 90 percent reduction in SOZ.emissions. One exception was found
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TABLE 10. REGULATORY ALTERNATIVES

Mixed Fuel-Fired Steam Generating Uniis
[
|
[

Steam Generating Unit Si%e (million Btu/hr)

100 - 250 | 5250

1
Baseline Baseline? ? Baseline
Alternative I Baseline j LSFb
Alternative II - LSF i LSF
Alternative III | LS. - 90% Red.©
Alternative IV 90% Red. | 90% Red.

%Baseline = 2.5 1b S0,/million Btu (SIP level)

bLSF = Low sulfur fuel standard (1.2 1b 502/m11110n Btu for coal and

0.8 1b 502/m11110n Btu for o0il).

€% Red. = Percent reduction requirement (90%'302 removal§.
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in Region I when the price of the nonfossil fuel was assumed equal to that
of coal. In this case the steam generating unit would s@itch to firing 100
percent oil. It is generally not expected, however, thai the price of
nonfossil fuel would ever be as high as the price of coaﬁ Consequently,
this one exception is considered to be highly unlikely and "fuel switching"
can be generally ruled out.

Analysis of Regulatory Alternatives

Table 12 summarizes the projected national impacts bf the four
regulatory a]ternativeé selected for analysis. The totaj annualized costs
shown assume a zero cost for nonfossil fuel. As exp]ainéd earlier in
Section 3.0, although the total annualized costs for each alternative would
be higher if the analysis was based on a non-zero cost fbr nonfossil fuel,

the incremental costs, or cost impacts, between regu]ato?y alternatives

!
|

Table 12 shows that at the regulatory baseline the annualized costs for
mixed fuel-fired steam generating units are about $424. 8 million per year
and the annual SO emissions are about 69,100 tons per year Under

would remain the same.

Regulatory ATternat1ve 1, annualized costs would be $445.9 million per year
with annual 502 emissions of 24,300 tons per year and aniaverage cost
effectiveness of $471/ton. For Regulatory Alternative 2, annualized costs
would be $446.3 million per year and annual SO2 em1ss1ons would be reduced
to 23,200 tons per year, for an average cost effect1veness of $468/ton The
incremental cost effectiveness of Regulatory A1ternat1ve 2 over Regulatory
Alternative 1 is $364/ton. ;

Under Regulatory ATternative 3, annualized costs would be about $470.0
million per year and annual emissions would be reduced tb about 8,200 tons
per year. Under Regulatory Alternative 4, annualized costs would be $471.6
million per year with annual 502 emissions of only 7,900 tons per year.'

The average cost effectiveness of Regulatory Alternatives 3 and 4 are
$742/ton and $765/ton, respectively. The incremental cost effectiveness of
Regulatory Alternative 3 over Regu]atory Alternative 2 15 $1,580/ton. The

\
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t

incremental cost effectiveness of Regulatory Alternative ‘4 over Regulatory
Alternative 3 is $5,333/ton. :

The high incremental cost effectiveness of Regulatory Alternative 4
over Regulatory Alternative 3 can be explained by examining the alternatives
themselves. Under Regulatory Alternative 3, only steam Qénerating units
with heat input capacities greater than 250 million Btu/ﬁour’wou1d be
required to achieve a percent reduction in SO2 emission51 Under Regulatory
Alternative 4, steam generating units with heat input capacities between 100.
and 250 million Btu/hour would also be required to achieve a percent
reduction in 502 emissions. As discussed in Section 2.0% only five new
mixed fuel-fired steam generating units with heat input capacities in this
range are expected to be constructed in the five-year peﬁiod ending in 1990.
On an annual basis, the potential emission reductions obtainable from these
mixed fuel-fired steam generating units with heat input éapacities less than
250 million Btu/hour is quite small, even under a standard requiring a
percent reduction in SO2 emissions. In addition, a?J.ofithese units are
expected to fire very small amounts. of fossil fuel in relation to nonfossil
fuel (on the order of 20 percent). As shown previously in Figures 1 to 3,
the incremental cost effectiveness -of achieving a percenﬁ reduction in SO2
emissions over the use of low sulfur fuel is very high for steam generating
units firing 20 percent fossil fuel/80 percent nonfossi]jfue] mixtures.

As discussed above, the amount of fossil fuel firedron an annual basis
compared to the rated annual heat input capacity for a pdrticuTar steam -
generating unit is referred to as the fossil fuel utilization factor.

Table 13 illustrates the relationship between incrementax cost effectiveness
values and fossil fuel utilization factors. A set of'regulatbry
alternatives was structured, ranging from establishing an emission limit
based on the use of Tow sulfur fuel for all mixed fuel-fired steam
generating units to requiring all mixed fuel-fired steamigenerating units to
achieve a percent reduction in 502 emissions. Within thﬁs range were
alternatives requiring percent reduction for steam generating units with
fossil fuel utilization factors above 0.48 and the use of Tow sulfur fuels
for those units with fossil fuel utilization factors of d.48 or less;
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percent reduction for steam generating units with fossi]ifue1 utilization
factors above 0.30 and the use of Tow sulfur fuel for units with fossil fuel
utilization factors of 0.30 or less; and percent reducti&n for steam
generating units with fossil fuel utilization factors above 0.12 and the use
of Tow sulfur fuel for units with fossil fuel utilization factors of 0.12 or
less. |

As shown in Table 13, the incremental cost effectivgness of a percent
reduction requirement for steam generating units with fossil fuel
utilization factors above 0.48 over a low sulfur fuel requirement for these
steam generating units is $0/ton of 502 removed. This 1§ because no new
mixed fuel-fired steam generating units were projected to fire fossil fuel
in amounts exceeding 48 percent of their rated annual caﬂacity; therefore,
no impacts were projected. The incremental cost effecti@eness of a percent
reduction requirement for steam generating units with fossil fuel
utilization factors above 0.30 and a Tow sulfur fuel req@irement for units
with fossil fuel utilization factors of 0.30 or less, ovqr a percent
reduction requirement.for only those units wit fossil fuel utilization
factors above 0.48, is $1,040/ton of SO2 removed. The incremental cost
effectiveness of a percent reduction requirement for steam generating units
with fossil fuel utilization factors above 0.12 and a Tow sulfur fuel
requirement for units with fossil fuel utilization factors of 0.12 or Tess,
over a percent reduction requirement for only ;hose units with fossil fuel
utilization factors above 0.30, is $1,460/ton of SOZ.remqved. The
incremental cost effectiveness of requiring all mixed fuel-fired steam
generating units to achieve a percent reduction in SOé eﬁissions over a
percent requirement for only those units with fossil fuel utilization
factors above 0.12 is $4,150/ton of SO2 removed.

I
|
I
I
i
|
|
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5.0 CONSIDERATION OF EMISSION CREDITS

The SO2 emissions resulting from the combustion of nonsulfur-bearing
fuels, such as wood, municipal solid waste, natural gas, @nd agricultural
waste products, are negligible. In terms of 502 emission;, therefore, there
are environmental benefits associated with combustion of fue] mixtures
containing nonsulfur-bearing fuels. ‘Emissions of SO2 from steam generating
units firing mixtures of coal or o0il with nonsulfur-bearihg fuels are Tower
than emissions from coal- or oil-fired steam generating units operating at
the same heat input firing the same coal or oil. 5 ‘

The existing NSPS for industria1—commercia]-institufiona] steam
generating units with greater than 250 million Btu/hour heat input capacity
(i.e., 40 CFR Part 60 Subpart D) and existing SIP's provide "emission
credits" for mixed fuel-fired steam generating units. An emission credit
for mixed fuel-fired steam generating units provides a "credit" toward the -
emission limits or percent reduction requirements inc]udéd in a standard for
the "dilution" of 502 emissions resulting from gombustioﬁ of sulfur-bearing
fossil fuels by the gases resulting from combustion of nonsulfur-bearing
fuels. Such an emission credit permits higher S0, emissions from mixed
fuel-fired steam generating units and results in the sam% Tevel of emissions
from both a mixed fuel-fired steam generating unit and a fossil fuel-fired
steam generating unit operating at the same heat input. 1The difference in
SO2 emissions mentioned above between these two types ofﬂsteam generating
units is eliminated and, as a result, any environmental benefit is also
eliminated. | '

Table 14 i11ustfates how an emission credit for mixéd fuel-fired steam
generating units would be incorporated into standards ba§ed on the use of
Tow sulfur fuel or standards requiring a percent reducticn in 502 emissions.
The magnitude of the emission credit is determined by d1v1d1ng the total
heat input supplied to the steam generating unit by the heat input supplied
by the sulfur-bearing fossil fuel.

If standards based on the use of low sulfur fuels 11m1ted 502 emissions

from coal combustion to 1.2 1b SOZ/m1111on Btu and from q11 combustion to
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TABLE 14. CALCULATION OF MIXED FUEL-FIRED
STEAM GENERATING UNIT EMISSION CREDIT

For a standard based on the use of low sulfur coal, (e.g., 1.2
1b/million Btu) an emission credit would allow the mixed fuel-fired
steam generating unit to fire a higher sulfur coal.

SO2 Emission Limit Without Emission Credit = 1.2 Tb/million Btu

SO2 Emission Limit With Emission Credit =
Total Heat Input )
Fossil Fuel Heat Input

1.2 1b/million Btu x (

Example: For a 400 million Btu/hr heat input mixed fuel-fired steam
generating unit operating at full capacity and firing a 50 percent
coal/50 percent nonsulfur-bearing fuel mixture,
502 Emission Limit With Emission Credit =

400 million Btu/hr
200 million Btu/hr

1.2 1b/million Btu x

= 2.4 1b/m111jon Btu

For a standard requiring a percent reduction in SO, emissions, (e.g.,
90 percent) an emission credit would allow the stegm generating unit to
operate the flue gas desulfurization system at a lower percent removal.

SO2 Percent Reduction Requirement Without Emission Credit =
90 percent

SO2 Emissions Level Permitted = 100-90 = 10 percent

SO2 Percent Reduction Requirement With Emission Credit =
Total Heat Input
Fossil Fuel Heat Input

100 - [10 Percent x

Example: For a 400 million Btu/hr heat input mixed fuel-fired steam
generating unit operating at full capacity and firing a 50 percent
coal/50 percent nonsulfur-bearing fuel mixture,

Percent Reduction Requirement With Emission Credit =
400 million Btu/hr
200 million Btu/hr

100 Percent - [10 Percent x ] = 80 percent
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0.8 1b 502/m111%on Btu, an emission credit would 1ncrease:these emission
limits to the Tevels shown in Table 15. Similarly, if standards required a
percent reduction in 502 emissions of 90 percent, an emisSion credit would
decrease this percent reduction requirement to the levels shown in Table 15.

~ To assess the reasonableness of emission credits for mixed fuel-fired
steam generating unité, the cost effectiveness of SO2 contro] for these
systems was analyzed. This analysis compared the cost effect1veness of SO
control for mixed fuel-fired steam generating units w1thout emission cred1ts.
and the cost effectiveness of these same units with em1ss1on credits. In
addition, the incremental cost effectiveness of SO contro] associated with
not providing emission credits for these systems was exam1ned

Fuel pricing data are available only for low sulfur fue1s with spec1f1c

sulfur contents. Thus, in order to use available fuel pch1ng data, this
analysis assumed an emission credit for coal/nonsulfur-bearing fuel mixtures
of:

\
(1). 400 percent for 20 percent coal/80 percenf nonsulfur-bearing fuel
mixtures, .
(2) 140 percent for 50 percent coal/50 percent nonsu]fur-bearing fuel
mixtures, and
(3) 75 percent for 80 percent coal/20 percent nonsu]fur bearing fuel
mixtures.
Similarly, for oil/nonsulfur-bearing fuel mixtures the foj1owing emission
credits were examined: . - }

(1) 400 percent for 20 percent 0i1/80 percent nohsuﬁfur-bearing fuel
mixtures, ) |

(2) 100 percent for 50 percent 0i1/50 percent nonsulfur-bearing fuel
mixtures, and

(3) 100 percent for 80 percent 0i1/20 percent nonsu]fur -bearing fuel

\
I
_mixtures. !
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TABLE 15. IMPACT OF EMISSION CREDITS ON SO2 EMISSION LIMITS
AND PERCENT REDUCTION REQUIREMENTS

S0, Emission Limit®

Percent ReducEion
Fuel Mixture (Percent) Coal 0il Requirement

20 Fossil/80 Nonsulfur- 6.0 4.0 ' 50
bearing fuel

50 Fossi1/50 Nonsulfur- 2.4 1.6 80
bearing fuel

80 Fossil/20 Nonsulfur- . 1.5 1.0 87.5
bearing fuel o : . ,

350, emission limit in 1b $SO,/million Btu assuming an emission Timit of
1.5 1b SO0,/million Btu for g coal-fired steam generating unit and 0.8
1b 502/m1?110n Btu for an oil-fired steam generating unit.

bPercent reduction requirement assuming a percent reduction requirement

of 90 percent for a coal-fired or oil-fired steam generating unit.
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For standards requiring a percent reduction in 302 emissions, the emission
credits examined were:

(1) 400 percent for 20 percent fossil fuel (coal or 011)/80 percent
nonsulfur-bearing fuel mixtures (i.e., 50 percgnt s0, reduction),

(2) 100 percent for 50 percent fossil fuel/50 percent
nonsulfur-bearing fuel mixtures (i.e., 80 percgnt 502 reduction),
and . |

(3) 25 percent for 80 percent fossil fuel/20 perceqt nonsulfur-bearing
fuel mixtures (i.e., 87.5 percent 502 reductioﬁ).

‘ Table 16 presents the cost and cost effectiveness of 502 control for a
400 million Btu/hour mixed fuel-fired steam generating unit firing coal as
the fossil fuel with an emission credit. The costs and dost effectiveness
for this steam generating unit size were selected for analysis and
discussion because (1) the unit size is generally represéntative of mixed
fuel-fired units (with 15 of a total 35 prOJected new un1ts in this size
range), and (2) new units in this size range are progected to fire the fu11
range of foési]/nonsu]fur—bear1ng fuel mixtures. Thus, trends in costs and
cost effectiveness as a function of fuel mixture will bei111ustrated. In
addition to the analysis of 400 million Btu/hour mixed fuel-fired steam
generating units, a "worst case" analysis is presented at the end of this
section for a 150 million Btu/hour steam generating unit 'firing a 20 peréent
fossi1/80 percent nonsulfur-bearing fuel mixture in Region I.

As shown in Table 16, for a 400 million Btu/hour unft with an emission
credit, standards based on the use of low sulfur coal woJ]d result in no
reduction in 802 emission§ in Region X. .Similarly, stanqards based on the
use of Tow sulfur coal would result in no reduction in SOZ emissions for
mixed fuel-fired steam generating units firing a 20 percent coal/80 percent
nonsulfur-bearing fuel mixture in Regions I and IV. ' i

Table 17 shows the incremental cost effectiveness o% not providing an
emission credit for coal/nonsulfur-bearing mixed fuel-fired steam generating
units. The incremental cost effectiveness of the additiéna] SO2 emission
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reductions achieved by not providing an emission credit ranges from $191/ton
to $397/ton in Regions I and IV. There is Tittle difference in this
incremental cost effectiveness of 502 control whether standards are based on ,
the use of Tow sulfur fuel or require a percent reduction in 502 emissions.

The dincremental cost effectiveness is significantly higher in Region X
than in Regions I and IV. Generally, it is in the range of $1,000/ton under
a standard based on the use of Tow sulfur coal, and ranges from $531/ton to
$1,068/ton under a standard requiring a percent reduction in 502 emissions.
As discussed in Section 3.0, this is primarily the result of the lower
emission reductions that exist between a medium and Tow sulfur coal in
Region X compared to emission reduction; between a high and Tow sulfur coal
in Regions I and IV.

Table 18 presents the cost and cost effectiveness of SO2 control for a
400 million Btu/hour mixed fuel-fired steam generating unit firing oil as
the fossil fuel with an emission credit. As noted above for mixed
fuel-fired steam generating units firing coal, with an emission credit, a
standard based on the use of low §u1fur fuel achieves no reduction in S0,
emissions for a mixed fuel-fired steam generating unit firing a 20 percent
0i1/80 percent nonsulfur-bearing fuel mixture.

Table 19 presents the incremental cost effectiveness of not providing
an emission credit for oil/nonsulfur-bearing mixed fuel-fired steam
generating units. The incrementdl cost effectiveness of the additional 302
emission reduction achieved by not providing an emission credit ranges from
$626/ton for a fuel mixture of 20 percent 0i1/80 percent nonsulfur-bearing
fuel to $926/ton for the fuel mixtures of 50 percent 0i1/50 percent
nonsulfur-bearing fuel and 80 percent 0i1/20 percent nonsulfur-bearing fuel
under a standard based on the use of Tow-sulfur oil.

With an emission credit, a mixed fuel-fired steam generating unit
firing a fuel mixture of 20 percent 0i1/80 percent nonsulfur-bearing fuel
fires a high sulfur oil. A mixed fuel-fired steam generating unit firing a
fuel mixture of 50 percent 0i1/50 percent nonsulfur-bearing fuel or 80
percent 0i1/20 percent nonsulfur-bearing fuel, however, fires a medium
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TABLE 19. INCREMENTAL COST EFFECTIVENESS OF NOT PROVIDING AN EMISSION
CREDIT FOR MIXED FUEL-FIRED STEAM GENERATING UNITS
FIRING OIL AS THE FOSSIL FUEL®

Annualized Annual Incremental
Costs Emissions Cost Effectiveness
($1,000/yr)  (tons/yr) ($/ton)

Low Sulfur 0il

20% 011/80% Nonsulfur-Bearing Fuel )
With Emission Credit 8,353 631

Without Emission Credit 8,643 168 626
. 50% 0i1/50% Nonsulfur-Bearing Fuel
With Emission Credit 12,037 840 -
Without Emission Credit 12,426 420 - 926
80% 0i1/20% Nonsulfur-Bearing Fuel '
With Emission Credit 15,540 1,346 -
Without Emission Credit 16,162 673 . 924

Percent Reduction Requirement

20% 0i1/80% Nonsulfur-Bearing Fuel

With Emission Credit 8,866 303 -

Without Emission Credit 8,960 50 372
50% 0i1/50% Nonsulfur-Bearing Fuel '

With Emission Credit : 12,491 284 -

Without Emission Credit - 12,539 126 . 304
80% 0i1/20% Nonsulfur-Bearing Fuel

With Emission Credit 16,063 265 -

Without Emission Credit 16,070 202 111

4400 million Btu/hr mixed fuel-fired steam generating unit.
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|
|

. . .| .
sulfur oil. Without an emission credit, a mixed fuel-fired steam generating

unit fires a Tow sulfur 0il regardless of the fuel mixturé.

Consequently, the incremental cost effectiveness forgmixed fuel-fired
steam generating units firing a 20 percent 0i1/80 percentfnonsu?fur-bearing
fuel mixture under a standard based on the use of Tow sulfur oil, with and
without an emission credit, is the difference between firﬁng'a high sulfur
0i1 versus a low sulfur oil. For the other fuel mixtures%examined, it is
the difference between firing a medium sulfur oil versus a low sulfur oil.. -
As a result, the incremental cost effectiveness of SO2 cobtro] associated
with not providing an emission credit is higher for fuel mixtures of 50
percent 0i1/50 percent nonsulfur-bearing fuel and 80 percént 0i11/20 percent
nonsulfur-bearing fuel than it is for a fuel mixture of Zb percent 0i1/80
percent nonsulfur-bearing fuel. ﬁ
7 As also shown in Table 19, the incremental cost effectiveness of 502
control resulting from the additional emission reduction associated with not
providing an emission credit under a standard requiring aspercent reduction
in SQ2 emissions is qgite low. It is gengral]y less thani$372/ton.

This incremental cost effectiveness is lower than that cited above
under standards based on the use of low sulfur oil because of the "economies
of scale" associated with FGD systems. With or without an emission credit,
an FGD system must be installed to reduce SO2 emissions. %The only
difference is that with an emission credit, the system is' operated at a
Tower level of performance than without an emission credi%; As a result,
the additional SO2 emission reduction achieved by operating the sysfem at a
high Tevel of performance, as required without an emission credit, is very
cost effective. B :

As discussed above, the costs and cost effectiveness: analysis for a 400
" million Btu/hour mixed fuel-fired unit is considered représentative of mixed
fuel-fired steam generating units in general and i]]ustrafes trends which
are a function of fuel mixture and regional location. Costs and cost
effectiveness of SO2 control for a 150 million Btu/hour mixed fuel-fired
steam generating unit with an emission credit firing a 20! percent coal/80-
percent nonsulfur-bearing fuel mixture in Region X and a ?O percent'oi1/80
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percent nonsulfur-bearing fuel mixture in Region I are presented below.

This represents a "worst case" comparison in the sense that this combination
of relatively small mixed fuel-fired steam generating unit and high
percentage of nonsulfur-bearing fuel in the mixture results in the iargest
emission credits and the highest cost effectiveness of SO2 control. Other
cases involving either Targer mixed fuel-fired steam generating units or a
higher fossil fuel content in the fuel mixture result in lower emission
credits and a lower cost effectiveness of SOzvcontro1. The results for
Region X are also presented for a mixed fuel-fired steam generating unit
firing coal because, of the three regions examined where mixed fuel-fired
steam generating units are expected to be constructed in significaht
numbers, the coal prices in Region X result in the highest cost
effectiveness of SO2 control.

: Table 20 presents the cost and cost effectiveness of SO, control for a
150 million Btu/hour mixed fuel-fired steam generating unit firing 20
percent coal and 80 percent nonsulfur-bearing fuel with an emission credit.
This table shows that with an emission credit, standards based on the use of
Tow sulfur coal would result in no reduction in SO2 emissions. Thus, the
average cost effectiveness of 302 control for standards based on the use of
low sulfurcoal is $0/ton. The average cost effectiveness of SO2 control '
for standards requiring a percent reduction in emissions is $3,895/ton. The
incremental cost effectiveness of 502 control for standards requiring a
percent reduction in emissions over standards based on Tow sulfur coal is
also $3,895/ton because the fuel fired under the regulatory baseline and
under standards based on the use of low sulfur coal are the same.

Table 21 shows the incremental cost effectiveness of not providing an
emission credit for mixed fuel-fired steam generating units. The
incremental cost effectiveness of not providing an emission credit for a
standard based on the use of Tow sulfur coal is $989/ton. Similarly, the
incremental cost effectiveness of not providing emission credits for a
standard requiring a percent reduction in 502 emissions is $328/ton.

Table 22 presents the cost and cost effectiveness of SO2 control for
mixed fuel-fired steam generating units firing oil as the fossil fuel with
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TABLE 21. INCREMENTAL COST EFFECTIVENESS OF NOT PROVIDING
AN EMISSION CREDIT FOR MIXED FUEL-FIRED STEAM GENERATING UNITS
FIRING COAL IN REGION X2 :

Incremental
Annualized Annual Cost
Costs Emissions Effectiveness
($1,000/yr)  (tons/yr) ($/ton)
Low Sulfur Fuel
With Emission Credit 3,587 166 -
Without Emission Credit 3,677 75 989
Percent Reduction Requirement
With Emission Credit 3,922 80 -
Without Emission Credit 3,944 13 ‘ 328

4150 mi1lion Btu/hour mixed fuel-fired steam generating unit firing a
20 percent coal/80 percent nonsulfur-bearing fuel mixture.
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an emission credit. As explained earlier, when an emission credit is
granted, a standard based on the use of Tow sulfur o0il results in no
reduction in SO2 emissions. Thus, the average cost effectiveness of a
standard based on the use of low sulfur oil is $0/ton. The average cost
effectiveness of a standard requiring a percent reduction in SO2 emissions
is $2,350/ton. The incremental cost effectiveness of a standard requiring a
percent reduction in SO2 emissions over a standard based on the use of low
sulfur oil is $2,350/ton.

Table 23 shows the incremental cost effectiveness of not providing an
emission credit for mixed fuel-fired steam generating units firing oil as
the fossil fuel. The incremental cost effectiveness of not providing
emission credits is $621/ton for standards based on the use of low sulfur
0il and $411/ton for standards requiring a percent reduction in SO2
emissions.
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TABLE 23. INCREMENTAL COST EFFECTIVENESS OF NOT PROVIDING
AN EMISSION CREDIT FOR MIXED FUEL-FIRED STEAM GENERATING UNITS
FIRING OIL AS THE FOSSIL FUEL® |
’ i

‘ Incremental
Annualized Annual | Cost
Costs Emissions Effectiveness
($1,000/yr)  (tons/yr) ($/ton)
Low Sulfur 011 |
|
With Emission Credit 3,713 237 -
Without Emission Credit 3,821 63 j 621
Percent Reduction Requirement
With Emission Credit ' 4,002 114 -
Without Emission Credit . 4,041 19 i 411

|
2150 million Btu/hour mixed fuel-fired steam generating unit firing a
20 percent oil and 80 percent nonsulfur-bearing fuel mixture.
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APPENDIX A
i
COST DEVELOPMENT FOR MIXED FUEL-FIRED STEAM GENERATING UNITS
|







A. Fuel Characteristics

Wood Characteristics

x
1l

4,560 Btu/1b
0.02 |
1.0 '

%
%

>
1}

Coal Characteristics

Depends on which coal is fired.

Mixture Characteristics

Calculated on a heat input.basis

Wood Feed Rate (1b/hr) = Q (% Wood)

|
Hyood .
where Q = Total Heat Input (106 Btu/hr)
H = Heat Value (Btu/lb)

Coal Feed Rate (1b/hr) = Q (% Coal)
Hcoa1

|
i
A |
Total Fuel Feed Rate (1b/hr) = Wood Feed Rate + Coal Feed Rate.
|
Heating Value of Mixture

\

A-1




H (Btu/1b) = (Wood Feed Rate)(Hwood) + (Coal Feed Rate)(Hcoa])

mix

Total Fuel Feed Rate (1b/hr)

- Sulfur Content of Mixture

(%) = (Wood Feed Rate)(Swood) + (Coal Feed Rate)(S )

Sm1'x “coal
Total Fuel Feed Rate (1b/hr)
where S = Sulfur Content (%)
- Ash Content of Mixture
Amix (%) = (Wood Feed Rate)(Awood) + (Coal Feed Rate)(Acoa1)

Total Fuel Feed Rate (1b/hr)

where A = Ash Content (%)
B. Flue Gas Flowrate

_ -5 | 6
FLW (ACFM) = Exp [8.14 x 10 Hcoa1] x 1.84 x 10 Q/Hcoa]

coal

FLW & (ACFM) = 73,500 acfm @ 150 million Btu/hr
196,000 acfm @ 400 million Btu/hr

392,000 acfm @ 800 million Btu/hr

wood

) + (% Coal)(FLW

FLW 1 ¢ (ACFM) = (% Wood) (FLW )

wood coal

where % Wood = percent of total heat input supplied by wood.

. % Coal

percent of total heat input supplied by coal.
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C. Capital Costs

- Steam Generating Unit

generating units are spreader stokers.

Calculated based on information found in Reference ﬁ. A1l steam
|
- Particulate Matter Control
Fabric filter for coal/nonfossil mixture. Venturi écrubber for
0il/nonfossil mixture. Costs for PM control based on algorithms
presented in Reference 4, Appendix A. These costs are based on the fuel
mixture characteristics.

- SO2 Controls
Sodium scrubbing used for goa] and oil/nonfossil mixtures. Costs for 502
control based on algorithms presented in Reference h, Appendix A. These’
costs reflect the flexibility to achieve 90 percent removal for a fully
fired coal or 0il steam generating unit.

|
|
D. Operating and Maintenance Costs ‘ |

- Steam Generating Unit

Based on 1nf0rmatioﬁ:found in Reference 6. Solid waste costs calculated
from spreader stoker algorithm in Appendix A of Reference 4.

- Particulate Matter Control |

Fabric filter and venturi scrubber costs calculated from algorithms in
Appendix A of Reference 4.
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502 Control

Sodium scrubbing costs calculated from algorithms in Appendix A of
Reference 4.

Annualized Costs
Calculated as shown in Table 2-8 of Reference 4.

After Tax Costs

Table A-1 presents the after tax fuel prices used in this analysis.

The after tax costs were calculated as explained in Reference 7.
Uncontrolled Emissions

For coal/nonfossil mixtures use mixture characteristics in AP-42
equation for coal. '

For oil/nonfossil mixtures

Emissions = (% Wood)(AP-42)wood + (% 011)(AP—42)01]

4Taken from Reference 3, p. 8-8..
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TABLE A-1. AFTER-TAX NET PRESENT VALUES OF INDUSTRIAL FUEL PRICES?

($/MILLION BTU) |

'

‘ éegion
Fuel Type I v X
:
Natural Gas i
High Coal Penetration 25.45 25.68 22.77
Low Coal Penetration 22.59 23.10 21.56
Residual 011 |
High Coal Penetrat1on
3.0 1b 502/10 Btu 23.93 23.82 22.18
1.6 1b 502/10 Btu 25.59 25.49 23.85
0.8 1b SO /10 Btu 27.52 27.42 25.94
0.3 1b 502/10 Btu 29.36 29.35 27.71
Low Coal Penetration
3.0 1b 502/106 Btu 18.27 18.15 16.58
1.6 1b 502/106 Btu 19.49 19.38 17.82
0.8 1b 302/10 Btu 20.92 20.80 19.34
0.3 1b 302/106 Btu 22.34 22.21 20.61
Coal |
Bituminous i
B 14.00 - 11.99 11.79
D 13.86 11.24 11.10
E 13.60 11.16 10.51
F 12.85 10.83 -
G 11.90 ﬁo.43 -
H 12.18 9.78 -
Subbituminous }
B | 9.87
. D . 9.64
E 7.78

aTaken from Reference 8.
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