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FOREWORD

Critical uncertainties surround a number of key factors that will influence the
future impacts of the revised New Source Performance Standards (RNSPS) to be
established for coal-fired electric utility boilers. These factors will affect
utility costs and hence will influence the coal choices and pollution control
measures adopted by utilities in response to alternative standards. For the study
reported herein, city-specific analyses were carried out to examine utility coal
and pollution control choices and their sensitivity to the factors of interest.
Complementing these sensitivity analyses are state, regional, and national
impact projections from the Utility Simulation Model for alternative standards
for the period from 1976 to the year 2000. Together, these analyses and impact
projections constitute Phase 3 of Teknekron's RNSPS review. The results of
Phases | ond 2 are presented elsewhere. 12,3

The sensitivity studies provide answers to the following generic questions (which
are broken down into highly specific questions in the body of this reportk

1. How will utility choices be affected by different ston-
dards and by uncertainties in key factors?

2. How well can the impacts of various full and partial
scrubbing options be distinguished?

3.  What are the likely impacts of a revised NSPS?

Key elements that were varied include coal mine prices, coal transportation
rates, coal sulfur and Btu contents, and the costs and performance of FGD
scrubbers. In each case, the selected range of variation reflects the element's
deg'ree' of uncertainty and sénsitivity to critical issues. For example, physical
parameters such as coal sulfur content and heating values for a specific coal
seam are taken from data on likely reserves with their associated variations;
while the ’range of uncertainty surrounding f.o.b. mine prices and transportation
costs reflects projected market conditions. For the costs of flue gas desulfuri-
zation (FGD), use was made of engineering estimates developed independently by
PEDCo and by the Tennessee Valley Authority; the TVA capital and operating
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costs used in this sensitivity study are significantly lower than PEDCo's.l"S'6
(See Appendix A.) The report discusses effects of these variations on the ability
to distinguish analytically between similar standards. Also discussed are the
sensitivities of several cost-effectiveness calculations (for example, cost per ton
of 502 removed) which have been' posited as measures of the worth of various

standards.

The impacts of revised standards will depend not only on utility coal and
pollution control choices but also on such factors as the future growth in
electricity demand, the amount of nuclear capacity, the phasing out of gas steam
plants, and the price of oil. These factors are themselves subject to uncertainty,
The latest assumptions of the joint EPA/DOE working group7 were used in the
projections for 1976 to 2000 (see Appendix G).

This report focuses on full versus partial scrubbing, considering several forms of
the revised standard; on coal properties and supply characteristics; on FGD
design, costs, and performance; on city-specific sensitivity studies; and on the
Utility Simulation Model's yearly projections of regional and national impacts
from 1976 to the year 2000. Potential RNSPS analyzed here include the EPA's
September 1978 proposed full scrubbing standard and several alternative
standards that would permit partial scrubbing. Appendix I, added in June 1979,
presents a brief comparison of the final promulgated RNSPS announced on
May 25, 1979, and two of the options described in this report.
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ABSTRACT

This report summarizes Teknekron's Phase 3 study of the projected effects of
several different potential revisions to the current New Source Performance
Standard (NSPS) for sulfur dioxide (SOZ) emissions from coal-fired electric
utility boilers. The revised NSPS (RNSPS) is assumed to apply to all coal-fired
units with a generating capacity of 25 megawatts or more, beginning operation
after 1982. A principal purpose of this phase of the RNSPS analysis is to present
to decision makers the critical uncertainties that will influence utility costs,
coal choices, and pollution control measures adopted by utilities in response to
alternative standards. Answers are presented to the following generic questions

(which are broken down into highly specific questions in the report):

I. How will utility choices be affected by different stan-
dards and uncertainties in key factors?

2. How well can the impacts of various full and partial
scrubbing options be distinguished?

3. What are the likely energy, economic, environmental, and
resource impacts of a revised NSPS?

This report focuses on issues of full versus partial scrubbing, considering several
forms of the revised standard; on coal properties and supply characteristics; on
FGD design, costs, and performance; on city-specific sensitivity studies; and on
the Utility Simulation Model's yearly projections of regional and national impacts
from 1976 to the year 2000. Potential RNSPS analyzed in this report include the
EPA's September 1978 proposed full scrubbing standard and several alternative
standards that would permit partial scrubbing. Appendix |, added in June 1979,
presents a brief comparison of the final promulgated RNSPS announced on
May 25, 1979, and two of the options described in this study.
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1. INTRODUCTION

Numerous potential revised New Source Performance Standards (RNSPS) have
been analyzed."3’8 Because of the many uncertainties surrounding future costs
and the responses of individual utilities, the impacts of each standard cannot be
predicted with certainty. Hence, emphasis should not be placed on the small
marginal differences between similar standards. = Accordingly, the Phase 3
projections presented in this report focus on five standards, different in form,
that exemplify the differences in likely impacts among feasible full and partial
scrubbing options. These standards include the full scrubbing option proposed by
EPA as the preliminary revised standard in September 1978 and several partial
scrubbing options.  City-specific sensitivity analyses for key states were
performed for this Phase 3 study to determine the ranges of uncertainty
surrounding coal and poliution control choices. Many of the sensitivity studies
were carried out with the Coal Assignment Model. The yearly impact projec-
tions from 1976 to 2000 were calculated by the Utility Simulation Model. In this
Phase 3 analysis the costs and performance of flue gas desulfurization (FGD)
technologies were based on wet scrubbing processes, while our analysis of the
final promulgated RNSPS given in Appendix | includes both wet and dry FGD
technologies. '

The Form of the Revised New Source Performance Standard

RNSPS standards are characterized by an emission ceiling, percentages of
required 502 removal, an emission averaging time (24-hour, 30-day, or annual
average), and an emission floor. These terms are explained in the Glossary. As
the Phase 3 sensitivity studies and state and regional projections demonsirate,
the specific form of the standard will significantly affect the use of low-sulfur
and intermediate-sulfur coals and the resulting level of SOZ emissions.



The sensitivity analyses conducted for this report covered the complete range of
502 emission floors and ceilings between 1.2 Ib 502 per million Btu (IO6 Btu) and
0.2 Ib 502/I06 Btu, in intervals of 0.l. Howeyer, for the national projections,
only five distinct standards are presented. These are:

° Current NSPS. This is the current standard of 1.2 Ib
56027 Iﬁ Btu with no mandatory percentage SO., removal..
Codl sulfur RSD (relative standard deviation) is assumed
to be zero for any averaging time. This assumption means
that the emission averaging time does not affect compli-
ance with this standard. For purposes of comparison with
the alternative RNSPS, this is considered to be an annual
average form of the standard. The current NSPS is used
as a baseline from which to compare the impacts of
alternative RNSPS.

° 0.2 b floor. This standard requires 85 percent removal of
SO, over a 24-hour averaging time but permits a drop to
75 percent removal for three daysper month, Also, it
includes a ceiling of 1.2 b SO,/10° Btu and a floor of
0.2 1b 50,/10° Btu. This stdhdard is the preliminar
RNSPS przomulgated by EPA in_September i)§7§. |F§£
ceiling may be exceeded three days per month, while the
floor, if controlling, may not be exceeded. Thus, the
mean coal sulfur content must be low enough so that the
mean plus 2 RSD (24-hour RSD is 0.08 for cleaned coal
and 0.15 for uncleaned coal) is less than the 1.2 Ib ceiling.
Similarly, only those coals for whicg the mean plus 3 RSD
(24-hour) is less than 0.2 Ib SO,/10” Btu may be scrubbed
at less than 85 percent removal‘efficiency. The only fuels
affected by the 0.21b floor are fg\ose with a suifur
content of less than about 0.5 Ib 5/10” Btu. It is assumed
that, when the floor controls, partial scrubbing with a
fixed bypass will be used. In cases where the ceiling
controls, it is assumed that the FGD system will operate
at a constant efficiency and that annual average emis-
sions therefore will be less than the ceiling. FGD capital
costs are based on a maximum expected coal sulfur
‘content [mean x (I + 2 or 3RSD)}, while operating costs
are based on the mea? sulfur content. This standard
requires full scrubbing (90 percent or greater annual SO
removal) Tor all coals except those affected by the floor
Greater than 90 percent annual removal would be required
only for high-sulfur coals containing more than 3.1 Ib
5/105 Btu.

° 0.6 Ib floor. This standard is identical to the preceding
standard except that the floor is raised. It permits partial




scrubbing (less than 85 percent daily SO, removal or,
equivalently, less than 90 percent annual $ 2 removal) of
intermediage-sulfur coals (coals with less” than about
1.51b S/10” Btu). It would require 90 percent annual SO

removal for all coals. with more than 1.5 Ib S/10° Btu and

greater t 90 percent removal for coals with more than
3.1 1b S/10” Btu. :

° 0.6 Ib uniform ceiling with 33 percent minimum removal.
is is an annual average standard that requires allscoals
to meet a uniform emission ceiling of 0.6 Ib SO,/10~ Btu.
Since the coal sulfur RSD = 0 for annual standgrds, annual
emissions will be at the limit of 0.6 Ib SO,/10° Btu. The
dashed line in Figure |-1 shows the percéntage removal
that would be required for each coal to meet a uniform
0.6 Ib ceiling. It can be seen that, if the minimum
percentage SO, removal is specified as 33 percent, the
specified 0.6 cz,ilin_g rather than the percentage removal
requirement will be controlling for all coals. Compared
with the 24-hour standard stipulating a 0.6 Ib floor, this
standard will allow much more partial scrubbing of inter-
mediate-sulfur coals. Whereas the 0.6 Ib floor standard
requires 90 percent annual r%movol for all coals with
more than about 1.51b S/10” Btu, the 0.6 Ib uniform
ceiling standard, requiring only 33 percent removal, per-
mits less than 90 percent annual removal (i.e., partioé
scrubbing) for all coals containing less than 3.0 Ib S/10
Btu.

Therefore, under this standard, compared with the 0.2 and
0.6 Ib floor 24-hour standards, intermediate-sulfur coals
will cost less to burn. As a result, these coals will replace
lower-sulfur coals in a number of states. (See the
sensitivity analyses.) Emissions will increase over the
0.2 Ib floor and 0.6 Ib floor cases.

° 0.5 Ib uniform ceiling with 90 percent removal. This form
of an annual RN§5£ requir%s high-sulfur coals containing
more than about 2.5 Ib $/10” Btu to be scrubbed at 90 to a
maximum 94 percent SO, removal. All other coals are
required to be scrubbed Zf 90 percent removal. This is a
"low emissions" full scrubbing standard based on current
FGD technology. For most regions, it can be expected
that emissions under this standard will be lower than
those under the full scrubbing option (0.2 Ib floor) previ-
ously described, due to lower emissions from the highest-
sulfur coals. '




Figure 1-1
Comparison of SO, Emissions under Annual Average Control Alternatives
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The five standards discussed above prescribe either 24-hour or annual periods
within which the SO, emissions are averaged. A shorter averaging time for o
given ceiling implies lower average emissions in order that emission ceilings not
be exceeded more than the allowed number of times (i.e., sulfur variability as
measured by the RSD becomes greater for shorter averaging periods). The
minimum specified percentage 502 removal also depends on overoging time.
Ninety percent annual 502 removal is assumed to be achieved if a minimum
85 percent daily 502 removal is maintained.

Table |-! illustrates the effects of averaging time for a number of potential
RNSPS. For comparative purposes, each of the RNSPS presented in the table are
compared at the same annual emission level.

Impacts of the Alternative Revised New Source Performance Standards

In Section 2, Summary of Principal Results, the projected impacts of alternative
RNSPS are grouped into three categories: environmental impacts; economic
impacts; and resource utilization. The absolute impact levels, the comparative
levels relative to the baseline, and the results of the sensitivity analyses are
presented for each category. In addition, Section 2 contains a subsection
devoted specifically to general conclusions from the sensitivity analyses, as well
as a subsection comparing the full and partial scrubbing options. The impact and
sensitivity discussions in Section 2 proceed as follows:

° Environmental Impacts

~  Regional 502 emissions*

- 502 emissions from RNSPS-controlled plants

* Emissions of numerous other pollutants — » particulates, trace metals,
‘ ond so forth ~ ‘were also calculated but are no¥ discussed in this report.



Table 1-1

Averaging Time and SO2 Standards with Equivalent Annual Emissions

a E.quivalent Standard (Some Annuat Emissions)
Revised NSPS 502 Stondard

1-Day Avvmgeb 30-Day Averoge® 365-Day AvvmgeJ
Minimum Averaging —
CeiEng Fkgx Removal Time Effective Minimum Effective Minimum Effective Minimum
(5/10° Btv)  (16/10° D) (%) (Days) Ceiling Floor Removal Ceiling Floor Removal Ceiling  Floor Removal
1.2 0 0 365 1.56-2.30% 0 0 1.45- 1.7 0 0 1.2 0 0
0.6 ) 0 33 365 0.79-1179 o 3 0.72-08™" 0 k7] 0.6 0 33
0.5 0 90 365 0.98 0 8s 0.72 0 88 0.5 0 90
1.2 0.2 85 ! 1.2 0.2 85 0.89 0.13 88 0.615 0.092 90
1.2 0.6 85 I 1.2 0.6 85 0.89 0.40 88 0.615 0.276 90
0.8 0 55 30 09-1.08 o 53 0.8 0 55 0.55- 0.64% 0 5
I.Zk 0.6 90 30 2.t 1.2 87 1.2 0.6 90 1.0 0.5 92
0.¢ 0 70 30 1.2 0 68 0.6 0 70 0.5 0 72
2 A key element of this table is the voriobility of cont sulfur content. For uncleaned cools, the assumed coal sulfur RSD (relative stondord deviotion) = 0.15 for o
24-hour averaging time, 0.069 for a 30-day averoging time, and 0.0 for an onnual averaging period. For cleaned coals, the RSD = 0.075 for a 24-hour averoging
:{rg;, 0.03 for a 30-day overoging time, and 0.0 for an annuol overaging period. In proctice, lot size as well as averaqing time and coal properties con change the
b Ceiling exemption allowed three days per month; no floor exemptions allowed.
€ No exemptions. Thirty-day average may not exceed ceiling or floor.
d No exemptions. Annua! average may not exceed timit.
e

The effective ceiling is o function of coal sulfur content (Cool S) in pounds per million Btu. One-day ceiling = 1.47 + 0.144 Coal S when Coal S is less thon §, and
2.34 when Coal § is equal to or greater than 6. The effective ceiling yields the same annual emissions for coals with different sulfur contents.

The effective ceiling is @ function of cool sulfur content (Cool 5) in pounds per million Bty. Thirty-day ceiting = 1.42 + 0.054 Coal S when Cool S is less than 6, and
1.74 when Cool S is equal 1o or greater than 6.

The effective ceiling is o function of coal sulfur content (Coal S) in pounds per mitlion Btu. One-day ceiling = 0.737 + 0.14h Coal S when Coal S is less thon 3, ond
1.17 when Cool S is equal to or greater than 3. For Coal § less than 0.38, minimum removal controls.

The effective ceiling is o function of coal sulfur content (Coal S) in pounds per miltion Btu. Thirty-day ceiling = 0.708 + 0.054 Coal S when Coal S is less thon 3,
and 0.87 when Coal S is equal to or greater thon 3. For Coal S less than 0.45, minimun removal controls.

The effective ceiling is o function of coal sulfur content (Coal S) in pounds per mitlion NMu. The effective ceiling = 0.832 + 0.089 Coal S when Coal S is equat to or
less than 2.76, and 1.08 when Coal S is greater than 2.76. For Coal S less than 0.74 and ceiling fess than 0.9, minimum removal controls.

The effective ceiling is o function of coal sulfur content (Coal S) in pounds per million Blu. The effective ceiting = 0.678 - 0.045 Coal S when Coal S is equal to or
tess than 2.76 and 0.55 when Coal S is greater than 2.76. For Coat S less than 0.74 and ceiling greater than 0.64, minimum removal controls.

The last two RNSPS shown represent the final promulqated RNSES. Coals with sulfur content below about 0.9 1b S per million [31u can be scrubbed at a mini.mum of
70 percent SOZ removal efficiency, as indicated by the last line, Other conls will he controlled by higher pereentage removals as indicated by the previous line,

.



FGD capacity
FGD sludge and coal ash production

Economic Impacts

Cumulative pollution control investment

National average monthly residential electricity bill

Present value of total utility expenditures

502 emission and percentage cost changes

Incremental costs of 502 reduction

Resource Utilization

Utility fossil fuel consumption
Utility water consumption
Coal production for electric utilities

Western coal shipped east of the Mississibpi River

Sensitivity Analyses

Ranges of cost uncertainties

Distinguishing differences among the impacts of
various partial scrubbing options

Implications and reliability of cost-effectiveness
measures '

. Implications of lower versus higher future FGD

costs

Thé form of the revised standard

Comparison of one full and one partial scrubbing option

502 emissions
Economic costs
Resource utilization

Other factors



Many measures of impacts can be used, ond these impacts can be aggregated
from the county level to the national level with the Utility Simulation Model. In
Section 3, Key Questions and Answers, impact measures and aggregations are
more extensively treated through a question and answer format. The questions
answered in Section 3 are as follows:

. WHAT ARE THE LIKELY IMPACTS OF A REVISED NSPS?

a.

C.

f.

How will the national costs and SO, emission reductions based on
higher (PEDCo) FGD costs be distribbted regionally in 1995 for the
full scrubbing option (0.2 Ib floor) and the partial scrubbing options
(0.6 1b floor and 0.6 Ib uniform ceiling)?

The regional emission projections include emissions from both old and
new generating units. The revised NSPS will affect only those units
in operation after 1982, and these plants and their successors should
be operating for over 35 years after 1983. What are the differences
in emissions from these RNSPS plants compared with the older units

. subject to more lenient standards?

What are the emission projections for coal-fired plants when TVA's
lower FGD cost estimates are used?

What are the principal utility capital investments for various stan-
dards using lower as compared with higher estimates of future
scrubber costs?

How do the alternative RNSPS differ in their impacts on primary
resource consumption and solid waste generation?

How are utility cqél production and consumption influenced by the
502 standard and by different estimates of FGD costs?

IIl. WHAT ARE THE DIFFERENCES BETWEEN THE PROJECTED IMPACTS
OF THE FULL AND PARTIAL SCRUBBING ALTERNATIVES?

a.

b.

What are the cost and emission differences between the various full
and partial scrubbing options? '

How does the form of the revised standard influence the costs of
pollution controls?
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HOW WILL UTILITY COAL CHOICES IN KEY STATES BE AFFECTED BY

DIFFERENT 50, EMISSION STANDARDS AND UNCERTAINTIES IN KEY
FACTORS?

a.

What estimates can be made regarding the typical utility costs of
buying, transporting, and burning different coals, and of required
pollution controls, as a function of the 502 standard?

What is the sensitivity of fuel-cycle costs to coal mine prices?

What is the sensitivity of fuel-cycle costs to coal transportation
costs?

What is the sensitivity of fuel-cycle costs to western coal character- |
istics?

What is the sensitivity of coal and poliution control choices to
different engineering estimates of FGD costs?

HOW ACCURATE AND RELIABLE ARE MEASURES OF THE COST
EFFECTIVENESS OF VARIOUS STANDARDS?



This section presents some of the major conclusions of the Phase 3 sensitivity
studies and impact projections for alternative revised New Source Performance

2. SUMMARY OF PRINCIPAL RESULTS

Standards (RNSPS).

Included below are the key results on regional SOZ emissions and percentage cost
changes, RNSPS-plant SO2 emissions, FGD capacity, and FGD sludge and coal

Environmental impacts

ash production.

502 Emissions

National power-plant SO, emissions from 1985 to 2000
are shown in Figure 2-1." SO., emissions increase under
the current NSPS because of ghe rapid increase in coal-
fired power generation after 1985. 502 emissions begin
to decrease under the revised NSPS after 1995, both
because of the tighter standards and because of retire-
ments of older plants (plants regulated by more lenient
State Implementation Plan standards). However, under
the current NSPS, SO, emissions increase through the
year 2000 even though &d plants are being retired.

National SO, emissions in 1995 decrease by 19.7 percent
under the full scrubbing option (0.2 Ib floor), by 17.5 per-
cent under the 0.6 Ib floor, and by |2.7 percent under the
0.6 Ib uniform ceiling.

Regional SO, emissions in (995 change under alternative
RNSPS as shown in Figure 2-2, Compared with projec-
tions for the baseline case (the current NSPS), the great-
est emission reductions occur in the West South Central
region. There emissions decrease by 44 percent under the
full scrubbing option (0.2 Ib floor) and by 28 percent under
the 0.6 Ib uniform ceiling. In the Pacific region, SO
emissions decrease by 57 percent under the full scrubbi
option and by 29 percent under the 0.6 Ib uniform ceiling
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Figure 2-1
National Power-Plant $O, Emissions
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Figure 2-2
Regional SO, Emissions (10¢ Tons), 1995
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(a partial scrubbing option). It is in the Pacific and West
South Central regions that the impacts of full and partial
scrubbing differ most substantially. Percentage emission
differentials in the East and Midwest are smaller, but
nevertheless important.

502 Emissions from RNSPS-Controlled Plants

° The results given above are for total emissions — that is,
emissions from existing pre-1977 plants (regulated by
SIPs), existing post-1977 plants (regulated by the current
NSPS), and post-1982 plants (assumed to be regulated by
the RNSPS or by SIPs more stringent than the RNSPS).
Figure 2-3 illustrates how SO, emissions are distributed
in 1995 among these three reg&lofory categories of plants.
Under a full scrubbing option, the RNSPS plant§ emit half
the SO, they would emit under the 0.6 Ib uniform ceiling
and 28 Sercent of what they would emit under the current
NSPS.

° In 1995 in the East, average RNSPS plant SO, emissions
drop from 0.6 Ib SO,/10 Btu under the O.G%b uniform
ceiling to 0.36 Ib 562/ 10° Btu ,under a full scrubbing
option.

° In 1995 in the West South Central region,éaverage RNSPS
plant emissions drop from 0.6 Ib SO /lé) Btu under the
0.6 Ib uniform ceiling to 0.29 Ib SO,/10° Btu under a full
scrubbing option.

'Y In 1995 in the Mountain and Pacific regions, average
RNSPS plant emissions drop from 0.6 Ib SO,/10” Btu
under the 0.6 Ib uniform ceiling to about 0.1€'1b 50,/
10™ Btu under a full scrubbing option.

° Since RNSPS plants will have expected operating life-

times of 35 to 40 years, their emissions will account for
on increasing percentage of total emissions over time.

FGD Capacity

° When projections are based on higher FGD costs, FGD
capacity reaches 194 GW by the year 2000 under the



Figure 2-3
National §0, Emissions from Coal-Fired Power Plants, 1995
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current NSPS,'423 GW under the 0.6 Ib uniform ceiling,
and 510 GW under a full scrubbing option. The net coal
capability in 2000 is projected to be about 630 GW.

) When projections are based on lower FGD costs, FGD
capacity reaches 295 GW by 2000 under the current NSPS
(a substantial increase over the higher FGD cost projec-
tion), 452 GW wunder the 0.6 Ib uniform ceiling, and
505 GW under the 0.2 Ib floor, full scrubbing option. The
net coal capability is the same as that projected using
higher FGD costs.

o Projected regional FGD capacity is shown in Figure 2-4.
The regions with the largest relative increases are the
Pacific, West South Central, and North Central.

FGD Sludge and Coal Ash Producﬁon

o In |99%, production of scrubber sludge increases from
I5x 10, tons (dry basis) under the current NSPS to
51 x 10° tons under full scrubbing. In the same year,
production of coal ash for disposal increases 6from
88 x 10~ tons under the current NSPS to 100 x 10” tons
under full scrubbing. Figure 2-5 illustrates national
sludge and coal ash production and FGD capacity in 1995
for the various RNSPS. The impacts of sludge disposal
will depend significantly on the individual power-plant
location. The volumes of FGD sludge produced are
smaller but of the same order of magnitude as the
volumes of coal ash. It should be noted that these
projections assume the use of wet scrubbing technologies:
lime, . limestone, and magnesium oxide. Dry scrubbing
technologies will be included in later studies.

Economic Impacts

This section presents key national results for cumulative pollution control invest-
ment, the average monthly residential electricity bill in 1995, the present value
of tfotal utility expenditures to 1995, national and regional increases in utility
costs and the corresponding decreases in SO, emissions, and the incremental
costs of SOZ reduction as determined by a widely used but questionable measure

of cost effectiveness, expressed as dollars per ton of SOZ removed.
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Figure 2-4

Regional FGD Capacity (GW), 1995
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Figure 2-5 ]
National Sludge and Coal Ash Production and FGD Capacity,

1995
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Cumvlative Pollution Control Investment

° Between 1983 and 2000, under the current NSPS, cumula-
tive investment for pollution controls (including water and
air pollution controls for electric utilities) is projected to
be S40 billion (1975 5). Under the 0.6 Ib uniform ceiling,
pollution control investment increases by $28 billion
(70 percent); and under the full scrubbing option it in-
creases by 542 billion (105 percent). These results are
based on the higher (PEDCo) FGD cost estimates, which .
reflect conservatism regarding FGD design.

° As indicated earlier, under the lower (TVA) FGD cost
estimates (which are about 40 percent lower than
PEDCo's and reflect a less conservative approach), FGD
capacity under the current NSPS significantly increases.
This is because lower FGD costs would make scrubbing
more economically attractive. Pollution control invest-
ments from 1983 to 2000 under the current NSPS are $34
billion (1975S). Under the 0.6 Ib uniform ceiling they
increase by $14 billion (41 percent); and under the full
scrubbing option they increase by $18 billion (53 percent).
The higher and lower FGD cost projections are compared
in Figure 2-6.

National Average Monthly Residential Electricity Bill

° The national average monthly residential electricity bill
in 1995 increases from $54.68 under the current NSPS to
$56.21 under the 0.6 Ib uniform ceiling (a 2.8 percent
increase). Under the full scrubbing option it rises to
$57.37 (a 4.9 percent increase). These projections assume
the higher FGD cost estimates. Using the lower esti-
mates reduces the expected monthly cost of electricity in
1995: the cost is $52.67 under the current NSPS, $53.75
(a 2.1 percent increase) under the 0.6 b uniform ceiling,
and $53.99 (a 2.5 percent increase) under the 0.2 ib floor,
full scrubbing option. A more stringent full scrubbing
option, the 0.5 Ib ceiling with 90 percent removal, would
lead to slightly greater cost increase (to $54.61 a month,
or a 3.6 percent increase). Using the lower instead of the
higher FGD cost estimates reduces the projected average
residential electricity bill under the 0.2 b floor, - full
scrubbing option by over $3 per month in 1995.
Figure 2-7 compares the 1995 monthly residential bills.



Figure 2-6
Comparison of Cumulative Poliution Control investment, 1983-2000,

ing Higher and Lower FGD Costs
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Figure 2-7
National Average Residential Monthly Electric Bill in 1998
and Percentage Increase from Current NSPS
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Present Value of Total Utility Expenditures to 1995

° Under higher FGD costs, the present value of total utility
expenditures to 1995 in 1975 dollars is as follows:

Current NSPS - $819 billion (0 percent in-
crease)

0.6 Ib uniform ceiling - $826 billion (0.8 percent in-
crease)

Full scrubbing
(0.2 Ib floor) - $832 billion (1.6 percent in-
crease)

° Under lower FGD costs, the present value of total utility
expenditures to 1995 in 1975 dollars is as follows:

Current NSPS - $805 billion (0 percent in-
crease)

0.6 Ib uniform ceiling - $809 billion (0.6 percent in-
crease)

Full scrubbing ‘

(0.2 Ib floor) - $811 billion (0.7 percent in-
crease)

502 Emission and Percentage Cost Changes

3 The increases in national total utility costs and percent-
age SO, reductions for alternative RNSPS are shown in
Figure %—8. Note that the cost increases range only from

. 3to 5percent, while the corresponding 502 emission
reductions range from 13 to 20 percent.

° The regional projections generally reflect the projected
national impacts, with the eastern regions showing rela-
tively less change in magnitude than the western regions,
as shown in Figures 2-9 through 2-11.

22



Figure 2-8
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PERCENTAGE CHANGE FROM CURRENT NSPS

_ Figure 2-9
Comparison of SO, Emission Reductions and increases in Total Utility Costs
for Revised NSPS Relative to Current NSPS, 1995
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Figure 2-10
Comparison of 8§80, Emission Reductions and Increases in Total Utility Costs

for Revised NSPS Relative to Current NSPS, 1995
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Figure 2-11
Comparison of $0, Emission Reductions and Increases in Total Utility Costs
for Revised NSPS Relative to Current NSPS, 1995
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° Total utility costs under the higher FGD cost assumptions
are slightly greater for the 0.6 Ib floor than for the 0.2 Ib
floor in the Southeast, yet the same is not true for the
other regions. This phenoraenon is caused by two factors
— the delivered price of coal and the scrubbing require-
ment. Under the 0.6 Ib floor, southeastern utilities con-
sume more low-sulfur coal and scrub less than under the
0.2 b floor. Under the 0.2 Ib floor, utilities will use
locally available higher-sulfur coals with a lower de-
livered price, which offsets the slightly increased cost of
scrubbers. The close similarity between these two RNSPS
options (0.2 Ib and 0.6 Ib floor) is discussed in Section 3.

Incremental Costs of 502 Reduction: Dollars per Ton of 502 Removed

Dollars per ton of 502 removed has been used in other studies as a measure of
the cost effectiveness of alternative RNSPS., Section 3 discusses the short-
comings of this measure due to the uncertainties which affect its calculation.
As shown in Section 3, great care must be exercised when considering this
measure. The absolute uncertainty and the relative uncertainties of this
measure when compared for alternative RNSPS make comparisons with other
model results difficult. This measure also varies significantly by region.

° Remembering the above caveats and using higher FGD
costs, the 1995 incremental costs per ton of 802 ‘removed
in 1975 dollars are as follows:

0.6 Ib uniform ceiling $1,375
0.6 Ib floor $1,531
0.2 Ib floor $1,591

° Remembering the above caveats and using lower FGD
costs, the 1995 incremental costs per ton of SO, removed
in 1975 dollars are as follows:

0.6 Ib uniform ceiling $900
0.2 Ib floor X $900
0.5 Ib ceiling, 90 percent removal 9831
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Resource Utilization

This section compares the impacts of alternative RNSPS on utility fossil fuel
consumption, on water consumption for cooling and FGD, on regional utility coal
production, and on movements of western coal to the East.

Utility Fossil Fuel Consumption
Figure 2-12 shows projected utility consumption of fossil fuels in 1995.

° Total coal consumption rises slightly as the SO, emission
standard becomes more stringent. This is due primarily to
FGD energy requirements.

° Projected oil consumption is largely independent of the
revised NSPS but does depend significantly on oil plant
retirement schedules. Considerable oil plant retirements
are projected to occur in the decade between 1985 and
1995, and these will reduce utility oil consumption over
time. (See Appendixes F and H.) In the USM, oil plants
are retired on the basis of age, anhounced utility plans,
and government coal conversion programs, and not
strictly on the basis of oil price. This is appropriate for a
number of reasons:

—  High fuel oil costs are usually passed through to the
customer

- Oil plants are often located in urban areas where
coal storage space is not available

— It is much easier for a utility to operate an existing
oil plant than to site, build, and operate a new coal
plant

—  Oil plants are often located in strategic locations in
the distribution grid and in 1995 will be used in a
cycling mode

—  Residual oil for electric utilities should be available
as long as petroleum is refined for gasoline for use
in motor vehicles, etc. The availability of oil will
depend more on future government oil policy than
on oil prices, which are already high compared to
coal.
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-  Lower vutility reserve margins in 1995, about 20 per-
cent, will discourage differential retirements of the
remaining oil capacity simply in response to more
stringent RNSPS

Oil plants in the 1990s will be dispatched after coal plants
because of their high fuel cost. Since the load curves are
assumed constant for each alternative NSPS, their use,
aond hence oil consumption, does not change with the
alternative New Source Performance Standards. If, how-
ever, scrubber reliability is lower thon assumed, the
remaining oil plants could be utilized more — although it
is also possible that utilities might build more nuclear
plants if coal plants proved to be less reliable.

The amount of diesel fuel used in transporting coal
depends on the amounts of western coal shipped east and
varies by about a factor of |.5 with changes in RNSPS.
The magnitude of this oil consumption in Btu's is about
one-tenth of that for residual oil to be burned for
electricity generation in 1995,

Utility Water Consumption

Total utility water consumption in 1995 for a full scrub-
bing option increases by about 5 percent over the current
NSPS baseline under the higher FGD cost estimates, and
by about 3 percent under the lower FGD cost estimates.

Under a full scrubbing option, total water consumption by
FGD equipment is about 9 percent of the water consump-
tion for generation cooling purposes. (See Figure 2-13.)
These calculations assume only wet scrubbing technol-
ogies. Dry scrubbing technologies should lead to lower
levels of consumptive water use than those given here.

An increase of less than | percent per year in the rate of
growth of electricity demand leads to a greater increase
in total water consumption in 1995 than does the in-
creased use of scrubbing under alternative RNSPS.

'As with SO, emissions and scrubber sludge disposal, the

impacts of increased water consumption will depend on
the location of individual power plants,
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Figure 2-13
Utility Water Consumption, 1995

Higher FGD Costs
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Coal Production for Electric Utilities

The electric utility sector consumes approximately two-thirds of the coal mined
in the United States. In 1976, national utility coal consumption was about

446 million tons.

® Under the current NSPS, national utility coal consumption
is projected to grow at an average annual rate of 5.3 per-
cent between |985 and 1995, reaching about 1,250 million
tons in 1995.

° Regional coal production, for electric utilities in 1995,
based on the higher FGD cost estimates, is shown in Fig-
ure 2-14. The use of low-sulfur coal (primarily from the
Northern Great Plains) is greatest under the current
NSPS. It decreases dramatically under the 0.6 Ib uniform
ceiling, while the use of Appalachian and Gulf Coast coals
increases. Under the full scrubbing option, the use of
these coals increases further.

° Regional coal production for electric utilities in 1995,
ba. 1 on the lower FGD cost estimates, is shown in Fig-
vre .-15. Compared with the projections based on the
higher FGD costs, the position of local coals is greatly
enhanced under all standards and the production of
Northern Great Plains coal is significantly reduced. Pro-
duction of high-sulfur midwestern coals for utility use
increases under the lower FGD cost estimates as the
RNSPS become more stringent. Appalachian and Gulif
Coast coal production is greater than under the higher
FGD costs for all RNSPS except the full scrubbing option:
under full scrubbing, the projected levels using either
higher or lower FGD costs are about the same.

° Coal production in all regions of the U.,S. will be greater
under all RNSPS than 1978 regional production levels.

Western Coal Shipped East

° The most significant differences in coal production are
demonstrated by the projections for western low-sulfur
coals shipped east of the Mississippi River. Figure 2-16
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shows the tonnages of western coal shipped east (primar-
ily to Midwestern states) under the higher FGD costs;
Figure 2-17 shows the tonnages under the lower FGD
costs. Under the current NSPS, eastward shipments of
western coal in 1995 are 240 x 10” tons under the higher
costs but only 72 million tons under the lower costs.
Under the 0.6 Ib uniform ceiling, these shipments are
reduced to 136 and 66 million tons, respectively. Using
lower future FGD costs substantially increases the pro-
jected use of local coals.

° As illustrated in Figures 2-16 and 2-17, shipments of
western coal to the East also change significantly with
the RNSPS. The current NSPS and the 0.6 b floor
standard show the greatest use of western coal east of the
Mississippi. The 0.6 Ib uniform ceiling decreases the use
of western coal. Full scrubbing options render local coal

use more attractive and minimize the use of western coal
in the East.

e  Under either the higher or lower FGD cost assumptions,
the 0.6 Ib uniform ceiling enhances the position of inter-
mediate-sulfur coals, while the full scrubbing option leads
to the greatest use of cheaper, local coals (over all sulfur
contents). ‘

Sensitivity Analyses

All the results discussed above can be considered as results of sensitivity
analyses of the national and regional effects of alternative assumptions and
alternative RNSPS. As on integral part of the Phase 3 RNSPS study, city-
specific sensitivity analyses were performed to determine ranges over which the
impacts of alternative standards will be influenced by factors over which EPA
‘has no control. These sensitivity analyses are discussed in greater detail in
Section 3 and Appendix C. |

Ranges of Cost Uncertainties for Key Cities

In the key cities (see Appendix C for examples), the range of cost uncertainties
and utility responses due to parameters over which EPA has no control can be
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Figure 2-16
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greater than the range of cost increases expected with the more stringent
RNSPS options. Parameters over which EPA has no control include, for example,
the sulfur contents and heating values of Powder River Basin coals, f.o.b. mine
prices for midwestern coals, and coal transportation rates., For the key cities
discussed in this report, the uncertainties in costs associated with these
parameters span a wider range than the cost increases imposed by selecting a

full scrubbing over a partial scrubbing option. '

Levelized fuel-cycle costs are sensitive not only to variations in the level and
form of the emission standard but also to variations in other key parameters.
(See Section 3 and Appendixes B and C for details.) Some general conclusions

are:

) As the revised NSPS become more strfngenf, levelized
fuel-cycle costs increase substantially (by as much as
25 percent) for low-sulfur coals while remaining nearly
constant or increasing only slightly for high-sulfur coals.
Therefore, local coals become increasingly competitive at
more stringent standards. These effects are reflected in
the impact projections discussed above.,

° The estimated difference in levelized fuel-cycle cost
between the cheapest local (eastern) and distant (western)
coals does not exceed approximately + |5 percent over d
Igrégg of SO, standards between 0.2and 1.2 1b SO,/

tu,

° Relatively small changes (on the order of + 10 percent) in
coal mine prices, coal transportation rates, FGD cost
estimates, and/or coal characteristics (sulfur and Btu
content) can significantly affect the economic competi-
tiveness of eastern versus western coals. In many cases,
utility economic choices are more sensitive to these costs
than they are to cost differences resulting from changing
the level of the revised NSPS, In Section 3 we present
graphs that demonstrate each of these variations for coal
plants located near Columbus, Ohio. Appendix C presents

~ further sensitivity analyses for other key cities, examin-
ing sensitivity as a function of these variable parameters
and the 502 emission standard. ‘
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Distinguishing Differences among the Impacts of Various
Partial Scrubbing Options

° The impacts of many of the very similg partial scrubbing
options investigated in other analyses™ are, in practice,
indistinguishable, because of the uncertainties in future
costs likely to be faced by individual utilities in each
state. Many of the myriad numbers presented for similar
standards at EPA's December |2th hearings are, in fact,
overlapping results that add little to the ability to choose
between feasible options.

The Implications and Reliability of Cost-Effectiveness Measures

Cost per ton of 502 removed is not definitive as a cost-effectiveness measure
for comparing alternative standards. This is because (a) it changes rapidly os a
function of the required level of emissions, and (b) uncertainties are introduced
by aggregating this measure -across many different coals and power-plant
situations. This cost-effectiveness measure and the companion measures of cost
per kWh and cost per Btu of fuel input are discussed and illustrated graphically in
Section 3.

The Implications of Lower versus Higher Future FGD Costs

As previously indicated, the FGD cdpital and operating cost estimates supplied in
December 1978 by the Tennessee Valley Authority are substantially lower than
PEDCo's. (See Appendix A for details.) These differences reflect different
engineering cost criteria and degrees of conservatism in cost estimation. Either
set of estimates could be used to describe future FGD costs under different
utility situations. Previous RNSPS studies have used PEDCo costs. Some
important comparisons are:

° For lime FGD systems, TVA's capital costs are about
30 percent lower than PEDCo's, and TVA's operating costs
are 20 percent lower. For limestone systems, TVA's
capital oand operating costs are about 40 percent and
27 percent lower, respectively.
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In general, lower FGD costs relative to higher FGD costs will:

o Increase the attractiveness of local coals and increase the
projected amount of scrubbing for any partial scrubbing
option. The amounts of scrubbing mandated under the full
scrubbing option are very similar under both sets of costs.

° Reduce dramatically projected shipments of western coal
to the East.

e  Reduce projected generation and therefore projected SO
emissions from existing plants in the East (because o
relatively cheaper operating costs for new plants under
lower as compared with higher FGD costs).

] Reduce the projected differences between full and partial
scrubbing options.

The two different ranges of impacts defined by the forecasts using the TVA and
PEDCo costs can be interpreted as bounding the most likely impacts of the
RNSPS. They also reflect the other uncertainties investigated in the sensitivity
studies.

The Form of the Revised Standard

The form and technical requirements of any given standard have important
implications for pollution control costs. Some general conclusions include the

following:

e Variable bypass on FGD scrubbers is less cost effective
than fixed bypass for emission control. (See Figure 2-18.)

° For the same onnual emission level, an annual average or
30-day standoard compared with a 24-hour standord -
permits greater FGD gas bypass for a given coal and
results in lower energy penalties. All standards were
evaluated assuming a constant SO, removal efficiency,
i.e., fixed bypass. However, shorf-?erm emissions result-
ing from coal sulfur variability may be higher than the
annual average. This likelihood and the diurnal nature of
adverse air pollution episodes indicate the need for set-
ting appropriate 24-hour standards in conjunction with the
longer-term standards.
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Figure 2-18
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° Setting an annual or 30-day standard specified as a
uniform ceiling with no mandatory percentage removal
requirement results in equivalent emissions from all
power plants regardless of the quality of the coal burned.
All other forms of the standard result in emissions that
depend on the sulfur and Btu content and sulfur variability
of the coal burned.

° To achieve the same annual emissions for a given coal, an
SO, standard with an annual averaging period compared
wif?'c the equivalent standard with a 24-hour averaging
period will permit lower costs per kilowatt-hour of elec-
tricity produced. This is principally due to coal sulfur
variability.

° For the 24-hour standards, given the specified assump-
tions regarding scrubber design and performance, there is
very little difference in annual emissions between the
"without exemptions" and "with exemptions" cases (the
latter being those cases in which the mandatory 85 per-
cent removal is allowed to drop to 75 percent three days
per month). Since the three-day-per-month exemption
should permit greater flexibility in utility operation, it
appears to be on effective element of o 24-hour standard.

. Comparison of One Full and One Partial Scrubbing Option

Numerous potential RNSPS have been analyzed. In this section we briefly
summarize the projected impacts of the 0.6 Ib uniform ceiling (a partial
scrubbing option) and the 0.2 Ib floor (a full scrubbing option). .Finally, we
mention some other factors that will influence the final choice of the RNSPS.

5O, Emissions

° In most of the East and Midwest, as indicated in
Table 2-1, full scrubbing will reduce SO, emissions by less
thon 10 percent over the partial scrubbing option in 1995.
This is primarily due to the large amount of remaining SIP-
regulated plants subject to more lenient emission stan-
dards in these regions. However, in the West South
Central region and .the West, SO, emissions can be
25 percent lower over the entire region under full scrub-
bing compared with partial scrubbing.
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Table 2-1

Percentage SO., Emission Reduction in 1995 undq
Full Scrubbing‘Compared with Partial Scrubbing

Higher FGD Costs Lower FGD Costsb
National 8.0% ' 4.3%
East 1.2% 1.8%
Midwest 3.0% : 3.4%
West South Central 22.3% 9.6%
West 25.6% 20.4%

Full scrubbing: 0.2 Ib floor. Partial scrubbing: 0.6 Ib uniform ceiling.

Using lower rather than higher FGD costs reduces absolute emission levels
under all RNSPS because FGD usage is relatively less expensive. Thus, the
relative emission differences are smaller.
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° Regional aggregations belie the local emission changes
that can occur. Figures 2-19, 2-20, and 2-2| show the
changes in projected emissions at the county level for
three groupings of states. Note that large percentage
differences occur in a number of counties in western
states and in the West South Central region. While
percentage change is not the definitive measure of
analysis and should not be relied upon exclusively, it
nonetheless illustrates relative local variations between
full and partial scrubbing.

It should also be noted that, compared with partial
scrubbing, full scrubbing can lead to greater emissions in
some counties. This can occur as the result, under full
scrubbing, of selecting a coal of much higher sulfur
content than would be used under partial scrubbing or of
operating SIP-regulated units at slightly higher capacity
factors. In most counties, however, the emission dif-
ferences between full and partial scrubbing are less than
ten percent.

° SO, emissions from RNSPS plants regulated by a full
scrUbbing standard can be less than half of those from
RNSPS plants under a partial scrubbing standard. Because
emissions from SIP-regulated plants dominate total emis-
sions over the 1985-2000 period, the difference between
full and partial scrubbing will become more significant as
these older plants are retired. Differences will also be
greatest in those regions that do not currently have large
amounts of coal generating capacity.

° If a partial scrubbing option were adopted now (which
would affect plants coming on line after 1982) and a full
scrubbing option were implemented four years from now
for plants coming on line after 1987, SO., emissions in the
year 2000 in the western U.S. would b% 8 to 10 percent
higher than if a full scrubbing option were adopted now.

Economic Costs

[ Under the full scrubbing option, cumulative pollution
control investment is 2| percent higher than under partial
scrubbing if the higher FGD cost estimates for wet
scrubbing processes are used, but only 8 percent if the
lower estimates are used. The use of dry scrubbing
technologies would probably reduce the differentials
between the costs of full and partial scrubbing.
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Figure 2-19
Percentage Change in Power-Plant SO, Emissions in 1995:
Partial vs. Full Scrubbing

West North Central and Mountain and Pacific Regions
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Figure 2-20
Percentage Change in Power-Plant $0, Emissions in 1995:
Partial vs. Full Scrubbing

West South Central Region

Each square represents a county with 80 emission changes.
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Figure 2-21
Percentage Change in Power-Plant §O, Emissions in 1995:
Partial vs. Full Scrubbing

East North Central, East, and East South Central Regions
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° Nationa! average monthly electricity bills vary by less
than 2 percent. between the full ond partial scrubbing
options using the higher FGD cost assumptions, and by
less thon | percent using the lower FGD cost assumptions.

° The present value of total utility expenditures varies less
than | percent between the full ond partial scrubbing
options. :

Resource Utilization

° The most significant differences between the resourc.
utilization impacts of full and partial scrubbing are in
utility coal production. Full scrubbing results in the
greater use of local coals. Full scrubbing also reduces the
movement of western coal east of the Mississippi River,
Coal markets will clearly depend on the RNSPS for 502 as
well as future scrubber costs.

e Under full scrubbing, compared to this partial scrubbing
option, FGD capacity increases by about 16 percent. using
the higher FGD ccst assumptions, and by about 9 percent
using the lower cost assumptions. FGD sludge production
increases by about 21 percent under the full scrubbing as
compared with the partial scrubbing option.

° No significant differences in utility oil consumption in
1995 are likely to occur as a result of a full scrubbing
option. '

Other Factors

Models and model projections have been used to highlight the probable impacts
of alternative RNSPS. The results have indicated the areas where there are
likely to be observable differences between the RNSPS, and they have indicated
the impacts that are most sensitive fo the RNSPS, as well as those that cannot
be projected with certainty. (See Section3 for more detailed sensitivity
studies.) '

Exogenous factors such as the rate of growth and acceptance of nuclear power,
the availability of gas for electricity generation, the availability of oil, and the



growth in electricity demand will significantly influence the impacts of any
RNSPS.

Obviously, other factors also will bear on the selection of a revised NSPS. Some
of these are listed below in two categories of questions: questions of technolog-
ical capability, and questions of political feasibility.

Questions of Technological Capability

a.  Will scrubbers perform reliably at the levels required for
full scrubbing?

b. Can dry scrubbing technologies significantly reduce the
costs of scrubbing lower-sulfur coals?

c.  Will greater coal sulfur variability than assumed in these
analyses necessitate using higher percentage removals or

lower-sulfur coals in order to meet 24-hour-average
standards?

d. Will emission-monitoring devices adequately measure
compliance with the proposed RNSPS?

e. s the flexibility of utility operation significantly greater

for longer averaging times (e.g., 30 days instead of daily)?

What benefits would result from longer averaging times?
What disbenefits?

Questions of Political Feasibility

a. How will "local coals" be defined under Section 125 of the
1977 Clean Air Act Amendments? Will this definition
influence the availability of lower-sulfur coals for use
under a partial scrubbing option?

b. What are the employment implications of full - versus
partial scrubbing?

c. How will full versus partial scrubbing affect visibility in
pristine areas of the West?

d.  What regional air quality impacts will result from full
versus partial scrubbing?
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e. What, if any, inflationary impacts can be expected to
result from the RNSPS?

f.  Will the usable reserve base of U.S. coals be affected by
the choice of RNSPS?

g. How will the new SIPs to be implemented after 1979
affect electric utility operations? What are the expected
lifetimes of SIP-regulated plants?

h. How will PSD and non-attainment provisions of the Clean
Air Act (1977) influence required emission limits?

Answers to these questions will be discussed and debated during the period prior
to selecting a revised NSPS.
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3. KEY QUESTIONS AND ANSWERS

This section discusses in detail the results of the sensitivity studies in order to
answer critical questions pertinent to the selection of a revised New Source
Performance Standard for 502. The appendixes contain additional information.

. WHAT ARE THE LIKELY IMPACTS
OF A REVISED NSPS?

a. HOW WILL NATIONAL COSTS AND SO2 EMISSION REDUCTIONS, BASED
ON THE HIGHER (PEDCO) FGD COSTS, BE DISTRIBUTED REGIONALLY IN
1995 FOR THE FULL SCRUBBING OPTION (0.2 LB FLOOR) AND THE PARTIAL
SCRUBBING OPTIONS (0.6 LB FLOOR and 0.6 LB UNIFORM CEILING)?

In 1995, national utility 502 emissions drop from 22.8 million tons projected
under the current NSPS to 19.9 million tons (12.7 percent reduction) under the
0.6 Ib uniform ceiling, 18.8 million tons (17.5 percent reduction) under a 0.6 Ib
floor, and 18.3 miltlion tons (19.7 percent reduction) under a 0.2 ib floor. Total
utility costs increase over those of the current NSPS by about 2.9 percent,
4.4 percent, and 5.2 percent for the uniform ceiling, 0.6 Ib floor, and 0.2 Ib floor,
respectively. The percentage changes shown in Table 3-1 indicate some signifi-
cant regional differences. These differences were illustrated earlier in
Figures 2-9 through 2-11.  Regional SO, emissions were illustrated in
Figure 2-2,

In the West South Central region, where a considerable amount of new coal-fired
capacity can be anticipated as a result of the phasing out of natural gas as a
boiler fuel, emissions are expected to decrease by as much as 44 percent while
costs increase by |5 percent. In the Mountain and Pacific regions, the combined
502 emission reduction will be about 37 percent under a full scrubbmg option,
28 percent under the 0.6 Ib floor, and 16 percent under the 0.6 ib uniform ceiling.
Cost increases in the Mountain and Pacific Regions will be about 7 percent,
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Table 3-1

Full and Partial Scrubbing vs. Current NSPS: Percentage Chtaigu in Regional
SOZ Emissions and Total Utility Costs in 1995

A

0.2 b Floor? 0.6 Ib Floor® 0.6 1b Uniform Ceiting®
(Full Scrubbing) (Partial Scrubbing) (Partial Scrubbing)
Census S0., Emission Cost SO., Emission Cost SO, Emission Cost
Regions Re&)cticn (%) Increase (%) Ratio Regiction (%) Increase (%) Ratio Reduction (%) Increase (%) Ratio"
Nation 19.7 5.2 3.8 17.5 4.4 4.0 12.7 2.9 4.4
Northeastd 20.0 1.0 20.0 20.4 1.0 20.4 13.7 1.0 13.7
Southeast® 17.9 2.3 7.8 7.6 3.0 5.9 12.6 1.8 7.0
North Centrat! 7.5 4.8 1.6 4.3 5.0 0.9 5.2 2.7 1.9
West South 44.2 18,7 3.0 42.0 9.3 4.5 28.2 6.5 4.3
Central
Mountain 21.9 6.0 3.7 16.0 6.5 3.6 10.3 3.4 3.0
Pacific 55.0 7.4 7.4 1.5 5.6 7.4 2.7 4.6 4.7
a

These results reflect the higher (PEDCo) FGD costs.

t.2b SOZI 108 B1v daily ceiling with exeinptions; 90 percent removal with specified 24-hour floor.
Anrwal average SO, emission celling of 0.6 tb S0,/10° Btu.

New England and Middie Atlantic Census Region stafes.

South Atlantic und East South Central Census Region states.

East North Central and West North Central Census Région states.



5 percent, and 4 percent under the three options respectively. The emission
reduction can be as large as 55 percent in the Pacific Region under a full
scrubbing option or 22 percent under the 0.6 1b uniform ceiling.

b. THE REGIONAL EMISSION PROJECTIONS INCLUDE EMISSIONS FROM
BOTH OLD AND NEW GENERATING UNITS. THE REVISED NSPS WILL
AFFECT ONLY THOSE UNITS IN OPERATION AFTER 1982, AND THESE
PLANTS AND THEIR SUCCESSORS SHOULD BE OPERATING FOR OVER
35 YEARS AFTER 1983. WHAT ARE THE DIFFERENCES IN EMISSIONS FROM
'THESE RNSPS PLANTS COMPARED WITH THE OLDER UNITS SUBJECT TO
MORE LENIENT STANDARDS?

Table 3-2 and Figure 2-3 indicate the distribution of emissions from pionts
regulated under State Implementation Plan standards, under the current NSPS,
ond under three alternative RNSPS. [t can be seen that, when scrubbing is
required for RNSPS plants, the older SIP plants may be operated at slightly
increased loads over the baseline case. However, the older SIP plants are going
to be retired over time; and, increasingly, a greater fraction of emissions will
come from RNSPS plants. It is estimated that in 1995, for example, under the

current NSPS, 6.7 million tons of 502 (30 percent of national 502 emissions) will
come from RNSPS plants.

The 0.6 Ib uniform ceiling option reduces 502 emissions from RNSPS plants in
1995 by 2.8 million tons (42 percent), resulting in RNSPS plant emissions of
3.9 million tons, or 20 percent of national 502 emissions. Another partial
scrubbing option (0.6 Ib floor) reduces emissions from the RNSPS plants in 1995
by 4.6 million tons (68 p_erceht), resulting in RNSPS plant emissions of 2.2 million
tons, or [l percent of national SOZ emissions. A full scrubbing option reduces
RNSPS plant emissions by 4.8 million tons (71 percent), bringing SO, emissions
from these plants down to 1.9 million tons, or 10 percent of national emissions.
In other words, under a full scrubbing option, RNSPS plants will emit half the

SOZ they would emit under the 0.6 Ib uniform ceiling. These reductions have
regional. and longer-term implications:
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Table 3-2

National Coal-Fired, Power-Plant SO,, Emissions by Regulatory Category
(million U.S. t&u per year)

Current NSPS for 0.6 Ib Floor fgr 0.2 1b Floor for 0.6 1b Uniform Ceiling
RNSPS Units RNSPS Units RNSPS Units for RNSPS Units
Y
o SIP_ NSPS RNSP SIP NSPS, RNSP, SIP , NSPS; RNSP. SIP . NSPS RNSP&
Units® Units'  Units Units™  Units' Units Units~ Units’ Units Units™ Units'  Units
1985 4.3 1.52  0.97 4.4 .51 0.29 14,5 1.5¢ 0.25 4.3 1.51 0.51
1990 13.6 1.54  3.92 13.9 1.54  1.26 13.9 .53 1.10 13.7 1.3 2.19
1995 12,1 1.50  6.76 13.7 .52 2.15 13.5 1.51 1.9 3.1 1.5l 3.9

9 These results reflect the higher (PEDCo) FGD Costs.
b 1216 50,/10° Btu daily ceiling, 85 percent daily removal, 0.6 Ib floor, partial scrubbing allowed,
€ Full scrubbing (same as 0.6 Ib floor above but with 0.2 Ib floor).

d Uniform ceilings (0.6 Ib 502/ IO6 Btu onnual ceiling, 33 percent minimum SO2 removal requirement,
partial scrubbing allowed).

e Units regulated under State implementation Plans.
f Units reguiated under the current NSPS (1.2 Ib SOz/ 106 Btu, annual ceiling).
9 Post-1982 units reguioted under o revised NSPS (RNSPS),



. In 1995 in the East, average RNSPS coal-plant SO
emissiops under a 0.6 Ib uniform ceiling reach 0.6 lg
SOQIIO Btu, as expected, compared with 0.36 Ib SO,/
107 Btu under the 0.2 Ib floor standard (which requirés
90 percent annual removal)

° In 1995 in the West South Central region, average RNSPS
plant emissions would rise from 0.29 Ib SO /610 Btu under
a 0.2 Ib floor standard, to 0.34 |Ib SO,/ID™ Btu under a
0.6 Ib floor standard, to 0.6 b S0,/10" Btu under aq
uniform 0.6 Ib ceiling

® In 1995 in the West, average RNSPS plant emissions rise
from 0.16 Ib SQ.,/10° Btu under a 0.2 Ib floor standard, to
034 Ib $0,,/10°Btu under a 0.6 Ib floor standard, to 0.6 Ib
502/ 10 B%u under the 0.6 Ib uniform ceiling

c. WHAT ARE THE EMISSION PROJECTIONS FOR COAL-FIRED PLANTS
WHEN THE LOWER (TVA) FGD COST ESTIMATES ARE USED?

The results in Table 3-2 were obtained using the higher (PEDCo) scrubber cost
estimates. Table 3-3 shows results for the current NSPS and the 0.2 Ib floor (full
scrubbing) standard using the lower (TVA) FGD' cost estimates.* Several
principal differences between the higher and lower FGD cost scenarios are
observed:

® For any year, the lower FGD cost estimates reduce the
costs of operating RNSPS units with scrubbers. Thus,
under the lower FGD cost scenarios, RNSPS units will be
used to generate a greater fraction of the total electric-
ity produced. RNSPS emissions in any year will be
greater under the TVA scenarios, both because more
generation occurs in these plants and because, on the
average, higher-sulfur coals are burned. However, in
several cases SO, emissions will be lower overall than
under the higher “"FGD cost scenarios, because existing
units subject to more lenient SIP standards will be oper-
ated less. See Figure 3-1 as compared with Figure 2-3.

° Lower FGD costs reduce the emission differences between
full and partial scrubbing options.

* A brief explanation of the engineering differences between PEDCo's and
TVA's cost estimates is presented in Appendix A.
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Table 3-3
National Coal-Fired, Power-Plant SO2 Emissions by Regulatory Category

(million U.S. fons per year)®
Current NSPS for 0.2 ib Floor for
RNSPS Units RNSPS Units
Year
SIPc NSPSd : RNSP§ SIP e NSPSd RNSP§

Units Units Units Units Units Units
1985 - 13.9 .65 1.05 14.2 1.65 0.35
1990 12.9 1.67 4,07 12.9 1.67 .66
{995 1.8 .64 7.13 i1.7 .64 3.07

“ These results reflect the lower (TVA) FGD Costs.

b Full scrubbing (1.2 1b 502/ l06 Btu daily ceiling, 85 percent minimum daily
$O, removal, 0.2 Ib floor).

€ Units regulofe& under State Implementation Plans.

4 Units regulated under the current NSPS (1.2 Ib SO,/10® Btu).

® Post-1982 units regulated under a revised NSPS (RNSPS).
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Table 3-4 indicates regional cost and emission differences expressed os o .
percentage change from the current NSPS baseline. Figure 3-2 shows regional
SO2 emissions for various RNSPS under the lower cost estimates for FGD.
Figure 3-3 shows the national cost changes associated with lower FGD costs and
should be compared with Figure 2-8.

d. WHAT ARE THElPRlNCIPAL UTILITY CAPITAL INVESTMENTS FOR
VARIOUS STANDARDS USING LOWER AS COMPARED WITH HIGHER ESTI-
MATES OF FUTURE SCRUBBER COSTS?

Total pollution control investment costs drop substantially under the lower FGD
cost scenarios, because TVA's lower FGD capital cost estimates are about
57 percent of PEDCo's on a dollar-per-kilowatt basis. See Figure 2-6 for a
comparison of the cumulative pollution control investments. Figure 3-4 shows
the total pollution control investment compared with total utility investments.
The total utility investment differences across RNSPS reflect a slight increase in
generating capacity required by the operation of additional FGD systems.

For both FGD cost calculations (assuming only wet scrubbing technologies),
about 320 GW of scrubbers are projected for 1995 under the full scrubbing option
(0.2 Ib floor). However, under the current NSPS baseline standard, the lower
TVA scrubber costs increase the use of higher-sulfur local coals and hence the
amount of scrubber capacity: 133 GW of scrubbers are projected for 1995 under
- the higher FGD cost case, and 201 GW under the lower FGD cost case.
Tables 3-5 and 3-6 show cumulative investment figures under both sets of
scenarios. Figure 2-7 compares projections for the national average monthly
residential electricity bill in 1995.

Note that while poliution control investment increases as the RNSPS become
more stringent, the increased investment is a small fraction of total utility
investment, Thus, for example, national monfhly electricity bills will increase
only from two to five percent across RNSPS,
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€S

Full and Partial Scrubbing vs. Current NSPS: Percentage

Table 3-4

$O., Emissions and Totel Utility Costs in 1995¢

Changes ih Regional

0.2 Ib Floor” 0.6 Ib Uniform Ceiling” 0.5 Ib Ceiling®
(F ull Scrubbing) (Partial Scrubbing) (Partial Serubbing)
Census SO, Emission Cost 50, Fmission Cost SO., Fmission Cost
Regions Redhrc tion (%) Increase (%) Ratio Reduction (%) Increase (%) Ratio Reczncﬁon (%) Increase (%) Ratio
Nation 19.1 2.8 6.8 15.5 2.3 6.7 23.6 3.2 7.4
Northeast® 15.2 1.0 15.2 16.7 1.0 16.7 . 22.2 1.0 22.2
Southeast! 14.9 2.3 6.5 12.5 2.0 6.3 17.7 1.0 17.7
North Centrat9 13.5 3.0 h.5 9.8 2.6 3.8 17.8 3.5 5.1
West South 39.1 4.0 9.8 32.6 2.7 12.1 h6.5 4.9 9.5
Central
Mountain 20.0 5.8 3.4 7.3 3.3 6.8 22.3 6.3 3.5
Pacific 49.4 h.6 10.7 10.9 3.6 3.0 55.5 4.9 1.3

9 These results reflect the lower (TVA) FGID costs.

b 1.2 SOZ/I06 Bty daily ceiling with excimptions; 90 percent removal with specified 2h-hour floor.

€ Uniform ceiling: 0.6 1b S()ZIIO6 Rtu annual ceiling, 33 percent minimum S()? removal requirement.

€ New F ngland ond Middle Atiantic Census Region states.

Anewal average S0, emission ceiling of 0.5 h 50,/10° Bro.

f South Atlantic and Fast South Centrol Census Region states.

9 fast Morth Centrol and West North Central Censos Region states,
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Figure 3-2
Regional SO, Emissions (10¢ Tons), 1995
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BILLIONS OF 1875 §

Figure 3-4
Comparison of National Pollution Control investment
and Total Cumulative Investment, 1983-2000
(Billions 19758)
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Table 3-5

Comparison of Cumvulative Pollution Control Investment, FGD Capacity,
and Total Coal Capacity

Higher FGD Costs

Current NSPS 0.6 Uniform

Baseline Ceiling 0.6 Floor 0.2 Floor
Pollution Control 40. 1| +27.4 +28.9 +41.7
Investment (1983-2000)° (68%)° a2%)®  (04%)P
FGD Capacity
in 2000 (GW)© 194 423 459 510
Net Coal Cc1pc1bi|i1yd S 4
in 2000 (GW) 630 629 628 628

@ Billions of 1975 dollars.
Percentage change from baseline.
Assumes wet scrubbing technologies only.

Reflects penalties due to pollution control devices.
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Table 3-6
Comparison of Cumwulative Pollution Control Investment, FGD Capacity,

and Total Coal Capacity
Lower FGD Costs
Current NSPS 0.6 Uniform 0.5 Ceiling
Baseline Ceiling 0.2 Floor 90% Removal
Poliution Control . 33.9 +13.6 +17.9 +19.9
Investment (1983-2000)° o) 53° (59)°
FGD Capacity
in 2000 (GW)° 295.0 452 505 530
Net Coal Capd)ilityd
in 2000 (GW) 632 631 632 631

@ Billions of 1975 dollars.
Percentage change from boseline.'
¢ Assumes wet scrubbing technologies only.

d Reflects penalties due to pollution control devices.
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e. HOW DO THE ALTERNATIVE RNSPS DIFFER IN THEIR IMPACTS ON
PRIMARY RESOURCE CONSUMPTION AND SOLID WASTE GENERATION?

For resource consumption, the major impacts presented here are utility fossil-
fuel consumption (both for electricity generation and in-plant use), consumption
of fuel for transporting coal, and water consumption for cooling and FGD use.

The major solid wastes produced by coal-fired power plants are coal ash and FGD
scrubber sludge.

The impacts of primary resource consumption ond solid waste generation are felt
locally, and we have calculated these impacts for each power plant, located by
county. Here, however, we present only national impacts for the year 1995.

° rossil fuel consumption. In 1995, total utility fossii-fuel
' consumption increases with more stringent standards. For
example, total consumption increases from 27.8 quads
under the current NSPS to 28.4 quads under a full scrub-

bing option with a 0.21b floor. The increase is due
principally to increased coal requirements (24.3 to

25.1 quads) for scrubber operations. Utility oil consump-

tion in 1995 will be about 3.! quads and does not change
appreciably in a specific year as a result of changes in
RNSPS. Because oil is always more expensive thon coal,

the dispatching of oil plants does not change significantly
across RNSPS., Changes in oil consumption over time
arise principally from retirements of oil plants. These
retirements are projected in the USM. Oil capacity over

time is illustrated in Appendix H, and oll consumption is
indicated in Appendix F. ~ _

Existing oil plants are accounted for in the utility rate
base, and fuel cost increases are often passed directly
through to consumers. So long as cil is available in 1995,
we believe that utilities will maintain any remaining oil
plants rather than license and site additional coal caopac-
ity and seek rate increases from public utility commis-
sions. Further, these existing oil plants may be located in
urban areas where coal storage is not feasible; and they
may be strategically located in the transmission grid so
that early replacement is not desirable.

Because of the costs of oil, these plants will be used for
cycling rather than baseload generation. In the 1990s,
reserve margins will average about 20 percent rather thon
keep to today's level, which can exceed 30 percent. This
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will further discourage the early retirement of reliable oil
plants. (It should be noted that utility oil capacity and
consumption are forecast in the USM to decrease
substantially after 1986. The issue in question here is
whether or not different RNSPS alone will induce signifi-
cant changes in the oil retirement rate.)

Another factor should also be considered. [f the future
reliability of FGD scrubbers proves to be lower than
anticipated and if this substantially reduces the availabil-
ity of coal plants, it is possible that oil plants might be
retired less rapidly under more stringent RNSPS. How-
ever, by 1995 under such a circumstance, utilities would
probably build a slightly greater number of nuclear plants
rather than retire oil plants differentially in response to
more stringent RNSPS. In oddition, experience should
enhance future scrubber reliability. If the RNSPS induced
the adoption of more nuclear capacity, oil consumption
(as well as 502 emissions) could decrease.

All these factors militate against retiring oil steam plants
simply on the basis of future oil prices. Plant-retirement
criteria in the Utility Simulation Model are based on
announced retirements, government policies mandating
retirements (e.g., gas steam), and generating-unit age
based on individual generating-unit data and the historical
aond announced ages of retired plants through 1987. Since
economic criteria alone do not govern capacity expansion,
significant changes in oil consumption are not projected in
response to the cost increases imposed by RNSPS. It
should be noted that all gas steam capacity is expected to
be retired by 1992, and its retirement rate con affect
regional coal capacity, emissions, and costs.

Diesel fuel consumed in 1995 in transporting coal by rail
varies by scenario from 0.23 quads to 0.35 quads. It is
highest under the current NSPS and under the 0.6 Ib floor,
where more western coal is shipped east. Fossil fuel
consumption was illustrated earlier in Figure 2-12.

Utility water consumption. Utility water consumption for
cooling water increases across RNSPS in 1995 from abou

4,9 x 10” acre-feet in the current NSPS case to 5.1 x 10

acre-feet in the 0.2 Ib floor case. In comparison, FGD
water consumpgion varies directly with FGD use, from
about 0.%2 x 10° acre-feet in the current NSPS case to
0.48 x 10” acre-feet under the full scrubbing option. Note
that aon increase of |.| percent per year in electricity
demand between 1976 and I9gS increases cooling water
consumption to about 6.1 x 10° acre-feet by 1995. This
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change in overall water consumption due to a different
rate of growth in electricity demand exceeds any change
expected from FGD usage. FGD water consumption
impacts, however, will depend significantly on power-
plant location. Utility water consumption is shown in
Figure 2-13. These calculations do not assume the use

of dry scrubbing technologies, which should lead to lower
projected water consumption levels.

° Solid waste produchon Utilit g scrubber sludge produc-
tion in 1995 varies from 15 x 10 of sludge (dry basis)
under the current NSPS to 51 x IO tons of sludge under
full scrubbing. (These projections are based on the higher
FGD cost estimates. Under the lower FGD cost, esti-
mates, the amounts of sludge vary gom 39.5x 10” tons
under the current NSPS to 57.7 x 10 tons under a 0.2 Ib
floor.) gotal coal ash for disposal is projected go be
88 x 10~ tons under the current NSPS and 100 x 10™ tons
under the 0.21b floor. Thus, the volumes of sludge
produced are of the same order of magnitude as the
volumes of coal ash. The costs of sludge disposal are
accounted for in our FGD cost models. Whether or not
disposal problems are encountered will depend on the

specific location of the power plant. Utility production of
solid wastes is illustrated in Figure 2-5.

f. HOW ARE UTILITY COAL PRODUCTION AND CONSUMPTION INFLU-
ENCED BY THE SO, STANDARD AND BY DIFFERENT ESTIMATES OF FGD
COSTS?

An alternative revised NSPS for 502, when set on a national basis, can affect
regional utility coal production and consumption patterns significantly. It can
also affect total required national coal production, primarily because of the
differences in heating values of coals across regions. Assuming the higher cost
estimates for scrubbers, Tables E-1 through E-3 (Appendix E) and Figure 2-14
show regional utility coal production in 985, |990 and 1995 under different SO2
standards: the current NSPS, a 0.6 Ib 502/ IO Btu floor, a 0.2 Ib 502/ IO Btu
fioor, and a 0.6 Ib 502/|06 Btu ceiling. A summary of regional growth rates
appears in Table E-4. Likewise, for the lower scrubber cost estimates, regional
utility coal production for the different SOZ standards is shown in Tables E-5

through E-7 and in Figure 2-15. A summary of nominal regional growth rates
using the lower scrubber costs appears in Table E-8.
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Current NSPS. Using the higher scrubber cost estimates,
projected utility coal production under the current NSPS
increases from approximately 740 million tons in 1985 to
1,250 million tons in 1995. This is an increase of 510 mil-
lion tons over ten years. Coal production in the Northern
Great Plains is projected to increase by the greatest
amount, from 210 million tons in 1985 to approximately
520 million tons in 1995. For the same ten-year period
under the current NSPS, Gulf Coast lignite production is
projected not to change substantially, while midwestern
coal mining for utilities is projected to remain relatively
constant, decreasing slightly over time.

The lower scrubber cost estimates measurably enhance
the competitive position of local coal. The rate of
increase of western coal shipments east of the Mississippi
drops from 7.7 percent per year to 2.2 percent per year
when scrubber costs are lowered to the TVA estimates.
(See Tables E-4 through E-8 in Appendix E). Likewise,
the rate of increase of Gulf Coast coal use increases
sharply, while shipments of coal from the Northern Great
Plains area (Powder River Basin) do not increase.

0.6 Ib floor (1.2 Ib ceiling, 85 percent removal). Under
the higher scrubber cost estimates, gor a national 24-hour
SO, standard with a 0.6 Ib SO,/10” Btu floor, projected
uﬁﬁfy coal production increoseg from 740 million tons in
1985 to 1,270 million tons in 1995. This is an increase of
530 million tons over ten years. Coal production in the
Northern Great Plains is projected to increase by the
greatest amount, from 210 to 480 million tons per year
(45 million tons less than under the current NSPS). Appa-
lachian coal production for utilities increases more than
under the current NSPS, to 460 million tons in 1995. This
reflects the increased use of local coal. This effect is
also evident for Gulf Coast lignite and coal from other
areas — primarily at the expense of growth in Northern
Great Plains coal production. Lower FGD costs were not
applied to an examination of this standard. :

0.2 b floor — the full scrubbing option. Under the higher
scrubber cosf6estTn§ofes, for a national 24-hour floor of
0.2 Ib SO,/10™ Btu (1.2 Ib ceiling, 85 percent 24-hour SO‘2
removal),“projected utility coal production increases from
740 million tons in 1985 to 1,310 million tons in 1995. The
use of local coals — coals from Appalachia, the Guif
Coast, and other areas — increases significantly as com-
pared with local coal use under the current NSPS. Appa-
lachian utility coal production is projected to increase by
200 million tons. Gulf Coast lignite mining increases




substantially, and much of this growth is projected to
occur between 1985 and 1990 as natural gas is phased out
as a boiler fuel. ‘

Lower scrubber cost estimates greatly enhance the posi-
tion of local coals under the full scrubbing option. Pro-
duction of midwestern coal for electric utilities increases
between 1985 and 1995, whereas under other scenarios it
remains level or decreases over time. Also, western coal
shipments east of the Mississippi may decline, whereas
they increase for other scenarios.

0.6 Ib uniform annual ceiling. For both the lower and
higher sets of FGD cost estimates, this represents a
"middle" scenario between the current NSPS and a full
scrubbing option. Compared with the latter two stan-
dards, assuming either the higher or lower FGD costs, the
0.6 Ib ceiling enhances the position of local coal by
allowing partial scrubbing of intermediate-sulfur coals.

Utility movements of western coal. Western coal shipped
to utilities east of the Mississippi River will be signifi-
cantly affected by the level of the national SO, standard
and scrubber costs, as shown in Figures 2-16 and‘Z 2-17.

Under the higher scrubber cost estimates and the current
NSPS, shipments of low-sulfur western coal to utilities
east of the Mississippi (predominantly to the Midwest)
increase from |10 million tons in 1985 to 240 million tons
in 1995. A similar growth pattern is observed for a 0.6 ib
SO, floor. However, for a 0.2 Ib floor and for the 0.6 Ib
uni?orm ceiling, the eastern markets for western coals do
not grow substantially: shipments of western coal reach
only 80 million tons in 1990 and 93 million tons in 1995
under the full scrubbing option; and under the 0.6 Ib
uniform ceiling they reach only 136 million tons in 1995.

These patterns change markedly when .the lower scrubber
cost estimates are used. Under the current NSPS, assum-
ing .the lower estimates, eastern utility consumption of
low-sulfur western coal grows by only 2.2 percent per
year (compared with a growth of 7.7 percent per year
using the higher scrubber cost estimates). Under a 0.6 Ib
uvniform annual ceiling, the rate of increase is only
I.3 percent per year; while under full scrubbing the
eastern market for western coal may even decline.
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The foregoing results are summarized as follows:

° Total national vutility coal production is projected to
increase as a result of the tightening of SO, emission
stondards. Under the current NSPS, national utility coal
consumption is projected to grow at an average annual
rate of 5.3 percent between 1985 ond 1995. This growth
rate is projected to increase to 5.4 percent under a 0.6 Ib
stondard, and to 5.8 percent under a 0.2 Ib stondard.

° The use of low-sulfur coal in power plants east of the
Mississippi is greatest under the current NSPS. It de- -
creases under a 0.6 Ib uniform ceiling option and further
under a full scrubbing option.

° If lower scrubber costs are used, the position of local coal
is greatly enhanced while long-distance shipments are
curtailed. The largest differences between the higher and
lower FGD cost estimates appear in the projections for
the use of low-sulfur coal east of the Mississippi:

- Under the current NSPS, western coal shipments
eastward increase by 7.7 percent per year using the
higher FGD cost estimates but only by 2.2 percent
per year using the lower FGD costs.

—  Under the full scrubbing standard, western coal
shipments eastward increase by 1.6 percent per year
using the higher FGD cost estimates but may even
decline using the lower costs.

° Coal production in all regions of the U.S. will be greater
under all RNSPS thon 1978 regional production levels.

Il. WHAT ARE THE DIFFERENCES BETWEEN THE
PROJECTED IMPACTS OF THE FULL AND PARTIAL
SCRUBBING ALTERNATIVES?.

a. WHAT ARE THE COST AND EMISSION DIFFERENCES BETWEEN THE
VARIOUS FULL AND PARTIAL SCRUBBING OPTIONS? '

Using the higher (PEDCo) serubber cost esﬁmafes,‘ neither this nor other studies

show significant cost or emission differences vetween the full ond partial
scrubbing options based on a 24-hour averaging time (0.2 .5 “‘oor aid 0.6 Ib
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floor). Differences do occur for the 0.6 Ib uniform ceiling option (which is an
annual form of the RNSPS), as noted above.

Why are the differences between the 0.2 Ib floor and 0.6 Ib floor options not
larger? One major reason is that the RNSPS principally affect coal-fired
capacity. While coal-fired capacity occounts for @ major fraction of the total
projected national generating capacity and steadily increases over time, noncoal
capacity still represents approximately one-half of the totdl projected capacity
and slightly less than one-half of the electricity projected to be generated by the
year 2000. (See Appendix H.) Thus, even if the costs of generating electricity
from RNSPS coal plants were to increase very rapidly, the overall cost

difference across scenarios would be moderated by the costs associated with
noncoal plants.

However, there are several reasons why the differences between the 0.2 Ib floor
and 0.6 Ib floor standards are not larger within the coal-fired plant category
itself. The calculated differences in cost between alternative RNSPS are
determined primarily by three elements: the design, cost, and operating
characteristics of FGD scrubbers; the form of the revised standard; and the coal
burned. A number of assumptions, including the relative standard deviation
(RSD) assumed for coal sulfur variability (28-hour RSD = 0.15 for uncleaned
coals), have served to reduce the observed cost and emission differentials
between these two very similar 24-hour SOZ standards. In practice, if different
assumptions proved true, the actual differentials could be greater.

Several key factors embedded in the analyses have influenced the estimated
pollution control costs and reduced the cost differentials between these two
options.

e . Compliance calculations and scrubber sizes are based on
the "worst case" situation. That is, the assumed design of -
the FGD scrubber system is such that complionce is
maintained on days when the 24-hour average coal sulfur
content is 1.3 times the long-term average coal sulfur

content (and at least 1.45 times the long-term average
content in the "no exemptions" cases).

° In cases where the Sogoemission floor controls (that is,

where the percentage removal can be less than the
prescribed 85 percent doil;' removal), it has been assumed
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that the SO, emission level will never exceed the floor.
Thus, the avérage coal sulfur content must produce emis-
sions below the floor by an amount determined by the coal
sulfur RSD, If the assumed RSDs were smaller than 0.15,
as they probably are for cleaned coals and for larger lot
sizes, emission levels under 24-hour or 30-day partial
scrubbing options would be higher.

FGD .systems are assumed to be designed with "fixed
bypass," that is, with a constant SO, removal efficiency
achieved through bypassing a fixed pgrcenfoge of the flue
gas stream around the scrubber. In general, bypassing a
portion of the flue gas results in capital cost savings,
because smaller FGD systems are required. Operating
costs are lower because less SO, is removed. The fixed
bypass conditions are determined?by the required emission
level, the coal to be burmed, and the emission stondard.

For days when incoming coal sulfur is below the long-term
average level, resulting in 24-hour emissions below the
emissions floor (which is never fo be exceeded), no
allowance was made for variable bypass (which would
increase emissions up to the floor). Had variable bypass
been assumed, the emission levels projected for plants
subject to the floor would have been higher by a factor of
about [.5. As Figure 2-18 shows, variable bypass is not
cost effective, since emissions increase more rapidly t
cost savings, especially for low-sulfur coals. If variable
bypass were allowed, utilities would emit at the level of
the specified standard, not below it. {In this study's
onalysis of annual standards where an annual average
ceiling controls, anual emissions are at the level of the
ceiling; that is, the annual RSD is zero.)

HOW DOES THE FORM OF THE REVISED STANDARD INFLUENCE THE

COSTS OF POLLUTION CONTROLS?

The form and fechnical requirements of aony given standard have numerous
implications for poliution control costs.
presented in detail in a set of graphs that appears in Appendix C. The sensitivity
studies discussed in the following sections address this question for various coals.

The general conclusions are as follows:

For the same annual emission level, an annual average
standard compared with a 24-hour standard permits
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greater FGD gas bypass for a given coal and results in
lower energy penalties. As noted above, all standards
were evaluated assuming a constant SO, removal effi-
ciency, i.e., fixed bypass. (The possibility of a utility
emitting at low levels and then completely bypassing the
FGD system for the rest of the year to meet an annual
average emission limit was precluded by the fixed-bypass
assumption.) Nevertheless, short-term emissions resulting
from coal sulfur variability may be higher than the annual
average. This likelihood and the divrnal nature of adverse
air pollution episodes indicate the need for setting appro-
priate 24-hour standards in conjunction with any longer-
“term standards.

To achieve the same annual emission level for a given
coal, an annual average or 30-day SO, standard compared
with the equivalent 24-hour average gmndard will permit
lower costs per kilowatt-hour of electricity produced.

As indicated earlier, variable bypass on FGD scrubbers ‘is
less cost effective than fixed bypass for emission control.
(See Figure 2-18.) '

For the 24-hour standards, given the specified assump-
tions regarding scrubber design and performance, there is
very little difference in annual emissions between the
"without exemptions" and "with exemptions” cases (the
latter being those cases in which the mandatory 85 per-
cent removal is allowed to drop to 75 percent three days
per month). Since the three-day-per-month exemption
should permit greater flexibility in utility operations, it
appears to be an effective element of a 24-hour standard.

HOW WILL UTILITY COAL CHOICES IN KEY STATES BE AFFECTED BY

DIFFERENT SO, EMISSION STANDARDS AND
UNCERTAINTIES IN KEY FACTORS?

WHAT ESTIMATES CAN BE MADE REGARDING THE TYPICAL UTILITY
COSTS OF BUYING, TRANSPORTING, AND BURNING DIFFERENT COALS,
AND OF REQUIRED POLLUTION CONTROLS, AS A FUNCTION OF THE 50,

STANDARD?

For a series of 24-hour and annual average 502 standards of between 0.2 and '
1.2 b 502/ 108 Btu, the levelized fuel-cycle cost has been calculated for 500 MW
coal-fired power plants coming on line after 1982 (see Appendixes B and C). For
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each state, a power-plant location has been selected near a key city for which a
change in 502 standard may critically influence the chosen source of coal supply
ond therefore the resulting emissions. Swing states — those most sensitive to
changes in fuel and pollution control costs and therefore subjected to the in-
depth analyses reported herein — include Ohio, Indiana, Florida, and Texas.
Results for Ohio are discussed in the text; results for the other states are
included in Appendix C. These analyses show that:

° For power plants located in eastern and midwestern
states, reducing the level of the 24-hour 502 floor in-
creases the fuel-cycle cost of western coals compared
with that of eastern (local) coals. Generally for most
states, .at some level of floor or ceiling below 1.2 Ib
$0,/10”° Btu, an eastern (local) coal becomes the most
ecohomical choice on the basis of levelized cost per
10” Btu of coal burned; this measure of cost is pro-
portional to the cost per kilowatt-hour of electricity
generated. (See Appendix B.) In this study, estimates
were made of "crossover ‘points," that is, of SO, floors
above which partially scrubbed western coals ‘will be
cheaper to use than higher-sulfur eastern coals, which
require a greater degree of scrubbing. For standards in
the "crossover" range, the responses of utilities in each
state are subject to greater uncertainty.

° Levelized fuel-cycle costs per kilowatt-hour for typical
(low-sulfur) western coals may increase by as much as
24 percent over the range of 24-hour SO, floors and over
the range of annual ceilings of betweeri 1.2 and 0.2 Ib
SO,/10” Btu. However, for typical (higher-sulfur) eastern
codls, fuel-cycle costs either remain constant (since
nearly "full scrubbing" will be required for all floors or
ceilings) or increase by not more than approximately
10 percent over the range of standards analyzed.
Figure 3-5 illustrates the levelized cost per million Btu of
scrubbing various coals. Figures 3-6 and 3-7 illustrate
estimated variations in fuel-cycle costs for power plants
near Columbus, Ohio; additional figures for other key
states are presented in Appendix C. The coals illustrated
in Figures 3-6 and 3-7 were selected from a list of over
30 candidate coals on fhe basis of their comparatively low
fuel-cycle costs near Columbus, Ohio.

° Emissions from coal-fired power plants will not exceed a
specified 24-~hour SO, floor (if the floor controls) and may
be less than the floor depending on additional speci-
fications. The additional specifications include coal sul-
fur RSD (relative standard deviation — see Glossary). The
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LEVELIZED FGD COST (¢/10° BTU\ — $1978

Figure 3-6
Comparison of FGD Cost Effectiveness per Btu of Fuel Input
under Annual Average §0, Contro! Alternatives
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Figure 3-6
Sensitivity of Levelized Fuel-Cycle Cost to
24-Hour SO, Floor

(Columbus, Ohio)
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LEVELIZED FUEL-CYCLE COST (¢/10% BTU) — $1978

Figure 3-7
Sensitivity of Levelized Fuel-Cycle Cost to
Annual §0, Ceiling

(Columbus, Ohio)
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hicjher the assumed RSD, the lower the average emissions
will be in order never to exceed the floor.

® Emissions from coal-fired power plants subject to an
annual SO, ceiling with no mandatory percentage removal
are identical for all coals. (For annual standards, the coal

sulfur RSD = 0.)

) An analysis of the levelized fuel-cycle cost of the "least-
cost" western coal compared with the "least-cost" local
(eastern) coal in a number of swing states shows that the
relative differences in costs do not exceed approximately
+15 percent over g range of SO, standards of between 1.2
and 0.2 Ib SO,/ 10” Btu (see figutes in the text and Appen-
dix C). This range of relative differences indicates that
other variable factors leading to cost changes will influ-
ence coal and pollution control choices.

b. WHAT IS THE SENSITIVITY OF FUEL-CYCLE COSTS TO COAL MINE
PRICES?

Sensitivity studies have been perfo_rméd by varying the f.o.b. coal mine price
within a reasonable range for several key states. Levelized fuel-cycle costs have
been estimated for percentage changes in coal mine prlces and for a series of 24-
hour SOZ standards of between 0.2 and 1.2 Ib SOZ/ IO Btu. We conclude that:

° The sensitivity of the fuel-cycle cost per kilowatt-hour to
f.o.b. coal mine price is propor'nonal to the relative
magnitude of the cost of mining compared with the sum
of transportation, coal cleaning, and pollution control
costs. Mine-mouth plants exhibit the greatest degree of
sensitivity; conversely, the fuel-cycle cost for long-dis-
tonce coal shipments is relatively less sensitive to
changes in coal-mining cost.

° A small change in local coal mine price — for exomple,
+10 percent — may dramatically change the economic
advantage of competitive coals subject to the same SO
standard. (See Figure 3-8 for Ohio and Appendix C fo
other key states.)
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Figure 3-8
Sensitivity of Levelized Fuei-Cycle Cost to 24-Hour SO, Floor
and F.0.B. Coal Mine Prices

(Columbus, Ohio)
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® Western coal becomes increasingly competitive as coal
mine prices uniformly increase for any specified SO
stondard. (Thus, inflationary trends in coa! mining tend 18
favor the use of western coal in the Midwest.)

® Since local coals are favored at more stringent standards,
and since increases in coal mine prices have a greater
relative impact on fuel-cycle costs for local coals, overall
costs become more sensitive to coal-mining costs as the
SO, standard becomes more stringent. In the key states
an %yzed, at floors below approximately 0.6 Ib SO,/
10” Btu, changes in coal mine prices of approximately
+10 percent tend to ‘change the least-cost coal, usually
from western to Jocal coals (see Figure 3-8 ond
Appendix C).

c. WHAT IS THE SENSITIVITY OF FUEL-CYCLE COSTS TO COAL TRANS-
PORTATION COSTS?

In order to examine the effects on utility coal choices of changes in transporta-
tion costs in conjunction with the 502 standard, tr'msportaﬂon rates have been
varied within currently experienced limits using applied cost escalation factors
ogreed ubon by the joint EPA/DOE working group. Levelized fuel-cycle costs
have been estimated for key cities for percentage changes in rail and barge rates
over a series of 24-hour SO, floors of between 0.2 and 1.2 Ib SOZ/ 106 Btu." The
generalized results that follow apply to all the states examined, except where
noted.

e Uniformly escalating rail and barge rates tend economi-
cally to favor local coals — at any SO, standard — because
transportation costs represent a relat?vely smaller propor-
tion of the total fuel-cycle cost of local coals. (See
Figure 3-9 for Ohio, and Appendix C for other states.)

° Changes in transportation rates have their greatest im-
pact at higher levels of the 24-hour SO, floors or ceilings.
(We note above that the levelized fuel“cycle cost of local
coals issgenerolly unaffected by a floor below about 0.6 Ib
50o/10° Btu.)* = That is, the least-cost fuel choice is

For a 24-hour standard requiring a ceiling of 1.2 Ib SO,/ I06 Btu and 85 per-
cent removal, The resul#s are also unaffected by val standards with o
uniform ceiling below about 0.5 Ib SO,/10° Btu,
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Figure 3-9
Sensitivity of Levelized Fuel-Cycle Cost to 24-Hour $0, Floor
and Transportation Rate
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relatively insensitive to the transportation rate at levels
of the 24-hour SO2 floor that require nearly full scrub-
bing.

° However, for several states, the location of the power
plant in terms of accessibility to coal delivery by either
rail or water is the determining factor in choosing the
least-cost coal supply. In these cases, the choice of the
most economical coal may be nearly independent of the
SO, emission standard. For example, if a power plant in
Tennessee has direct access only by rail, it will economi-
cally utilize local coals. A power plant near Nashville, on
the other hand, which has direct rail and water access,
may find both Appalachian and western coals competitive,
depending on the standard.

d.  WHAT IS THE SENSITIVITY OF FUEL-CYCLE COSTS TO WESTERN COAL
CHARACTERISTICS?

The sensitivity of levelized fuel-cycle costs to both the sulfur content and
heating value of western coal is significant.

For all western coals, the fuel-cycle cost per million Btu may exceed, equal, or
fall below the cost of "local" eastern coal in swing states. This wide variation as
a function of the level of the 24-hour 502 floor is illustrated in Figure 3-10.

One particularly important western coal is that available from the Powder River
Basin. The sulfur and Btu contenf‘s of Powder River Basin coal are important in
determining the amounts of western coal to be shipped east of the Mississippi.
Powder River coal is the key western supply source that may be able to comply
with current NSPS standards or be partially scrubbed to meet the RNSPS. It is
also usually the most economical choice among other western coals per delivered
Btu. For these two reasons, the sensitivity of levelized fuel-cycle costs to the
sulfur and Btu content of this coal, for various SOé standards, was specifically
analyzed. To the extent that Powder River coal is the economical choice, lower

emissions may result from its use.
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Figure 3-10
Sensitivity of Levelized Fuel-Cycle Cost to 24-Hour $0, Floor
and Powder River Coal Characteristics

(Coluinbus, Ohio)
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In Columbus, Ohio, Powder River coals of lower sulfur and higher Btu content
could be economically preferred over local coals for any level of 24-hour 502
floor. However, Powder River coals of below a certain Btu valve or above a
certain sulfur percentage could cost more than local coals for any level of 24-
hour SO, floor. The most probable Powder River Bosm coa! to be mined between
now and 1990 should be that with about 0.6 Ib S/ 10 Btu. (See Appendix D.) In
Ohio, this coal would be competitive with local coals.

Figure 3-10 illustrates the wide variation in costs possible for different composi-
tions of Powder River coals. In our national projections using the higher
scrubber costs, we show a significant variation in shipments of western coal east
of the Mississippi as the RNSPS become more stringent. However, as shown in
Figure 3-10, Powder River coals with more than 0.7 b S/ l06 Btu will be less

competitive in swing states.

e. WHAT IS THE SENSITIVITY OF COAL AND POLLUTION CONTROL
CHOICES TO DIFFERENT ENGINEERING ESTIMATES OF FGD COSTS?

For a typical coal-fired power plant, examination was made of the sensitivity of
the levelized fuel-cycle cost to the two independent sets of engineering FGD
cost estimates, PEDCo's and TVA's.* These analyses were for various wet
scrubbing technologies. The analysis of the final, promulgated RNSPS also
includes dry scrubbing. Figure 3-11 illustrates the variation as a function of the
RNSPS for a location near Columbus, Ohio. (The higher FGD cost estimates are
Identical to those used for Figure 3-7 and the preceding sensitivity analyses.)

Comparison of the two sets of FGD cost estimates reveals that, for lime FGD
systems, TVA's capital costs are about 30 percent lower than PEDCO's, and
- TVA's operating costs are about 20 percent lower. For limestone systems, TVA's
capital and operating costs are about 40 percent and 27 percent lower, respec-
tively, than PEDCo's.

» Again, the engineering differences between the PEDCo and TVA estimates
are discussed briefly in Appendix A.
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LEVELIZED FUEL-CYCLE COST (¢/10° BTU) — $1978

Figure 3-11 :
Sensitivity of Levelized Fuel-Cycle Cost to FGD Cost

(Columbus, Ohio)
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The TVA costs appear to be less sensitive than PEDCo's to scrubber size, to the
gas flow measured in actual cubic feet per minute, and to SO2 removed per hour.
PEDCo's and TVA's estimates of FGD electricity consumption (and resulting
capacity penalty) are about the same, while TVA's estimate of reheat steam is

only about 20 percent of PEDCo's.

Since the TVA capital and operating costs are less sensitive to FGD size, ond
since TVA's reheat steam is much less than PEDCo's, use of the TVA FGD cost
estimates results in smaller cost differentials between partial scrubbing and full
scrubbing. Use of TVA's. lower estimates enhances the competitive position of
local, higher-sulfur coals and the relative attractiveness of scrubbing these
coals. The substantial effects on national impocf projécﬁons have been

discussed previously.

. ®  As shown in Figure 3-11, the scrubber cost estimates used
can significantly affect a utility's choice of the most
economical coal supply — and hence the resultant SO
emissions. Higher FGD cost estimates render Powd;
River coal competitive with local Ohio coal for ngl
above an annual 502 ceiling of about 0.6 Ib SO,/10” Btv.
However, with lower FGD cost estimates, local northern
Appalachion coal is economically preferred at every ceil-
ing below the current NSPS. The .cost difference, using
the lower estimates, substantially increases the attrac-
tiveness of scrubbing coals of high and intermediate sulfur

content.

° It should be noted from Fi |guge 3-11 that, at an annual
ceiling of about 1.2 Ib SO,/10” Btu, some Powder River
coals can be compliance ¢ ls and not require FGD. Thus,
the fuel-cycle cosfs under the higher and lower esﬂgmtes
are nearly identical. At a ceiling of 0.2 Ib SO,/10” Btu,
however, these coals are fully scrubbed at an dhnual SOZ
removal efﬁcnency of about 90 percent. The cost varia-

~ tion in moving from partial to full scrubbing is substan-
tially less for the lower FGD cost estimates.



As shown in the preceding discussion, this reduced cost variation under the lower
FGD cost estimates would lead to dramatically lower consumption of western
coals east of the Mississippi and to the increased utilization of local coals.

IV. HOW ACCURATE AND RELIABLE ARE MEASURES OF THE
COST EFFECTIVENESS OF VARIOUS STANDARDS?

Cost effectiveness is usually measured as the incremental benefit divided by the
incremental cost. Measures used most frequently in this type of analysis include
the cost required to generate a kilowatt-hour of electricity (also measured in
Btu's of fuel input) and/or the cost required to remove a ton of O, from the
power-plant stack.

Any measure of cost effectiveness reflects the point of view of the decision
maker regarding the objective for which costs are incurred. In selecting
measures of cost effectiveness, it is important to distinguish between the cost
per ton of SO, removed and other measures, such as the cost per Btu of fuel
used. These two measures capture the differences between EPA's primary
objective of reducing air poliution and a utility's primary objective of generating
electricity as cheaply as possible. For purposes of selecting a revised New
Source Performance Standard, it is understood that meeting these two objectives
necessitates a trade-off between SO2 emission reductions and increased costs.
In other words, it is difficult to minimize simultaneously the cost of reducing air
pollution (cost per ton of SO, removed) and the cost of generating electricity
(cost per Btu of fuel). However, in some cases it may be possible to select a fuel
and pollution control option that minimizes the sum of these costs for options
available to a particular power plant.

The cost of FGD affects the cost of removing SO2 from power-plant emissions as
well as the cost of producing a kilowatt-hour of electric power. The cost
effectiveness of FGD using these two distinct measures is illustrated in
Figures 3-5 and 3-12.
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LEVELIZED FGD COST ($/TON SO, REMOVED) — $1978

Figure 3-12
Comparison of FGD Cost Etfectiveness per Ton of
$0, Removed under Annual Average SO,
Control Alternatives
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A comparison of FGD cost effectivenesss per 106 Btu of coal burned (Figure 3-5)
shows that FGD costs can be minimized for a given standard by using the coal
with the lowest sulfur content per I06 Btu. The cost of FGD per I06 Btu can be
reduced to a minimum by allowing the 502 emission standard to increase toward
uncontrolled levels. This is, of course, the measure which is directly related to
the cost of generating each kilowatt-hour of electricity.

In contrast, a comparison of FGD cost effectiveness per ton of 502 removed
(Figure 3-12) shows that FGD costs are lower per ton of SO—, removed for fuels
with the highest suiffur confent per l06 Btu. The cost of FGD per ton of 502
removed can be reduced to a minimum by allowing the 502 emission standard to
be lowered toward the most stringent levels. This measure is indirectly related

to the cost of electricify but may be informative as to the cost effectiveness of
any particular standard.:

It is incumbent to ask, "How well can we determine the cost effectiveness per
ton of 502 removed?" and "Does this measure add any new knowledge or give us
the capability to distinguish between similar RNSPS?" As will be shown,
calculations of the marginal cost per ton of SO2 removed are subject to
considerable uncertainty. Relying on this measure when comparing similar
alternative standards (as has been done by both opponents and proponents of
various standards) is simplistic in that it ignores the difficulties and variations
associated with the calculation, Aggregating the measure caon also wash out
significant regional and local cost differences. We illustrate the difficulties by
referring to Figure 3-13 for an individual power plant subject to an annual 502
standard. The dnfflculhes are increased for 24-hour standards.

As shown, the cost per ton of SOZ emitted increases rapidly as the emission
standard becomes more stringent (that is, as SOZ emissions decrease). The
marginal cost per ton of SO2 removed for a particular standard ideally measures
the slope of the tangent to the curves in Figure 3-13; tons removed are usually
calculated from the differences in emissions projected under two different
standards. In practice, the value claimed for the margina!l cost is actually an
“incremental" cost per ton of 502 removed, calculated from differences in

89



LEVELIZED FUEL-CYCLE COST (¢/LB SO, EMITTED) — $1978

Figure 3-13
Levelized Fuel-Cycle Costs per Pound of $0, Emitted
as a Function of Annual ’so, Limit

(Hlinois)
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emissions and costs using point estimates — which do not provide good measures
of the tangent. For example, consider the calculation of cost per ton removed
by comparing emissions and costs under standards of 1.2, 0.6, and 0.2. Taking
differences in emissions and costs at these discrete points cannot measure the
trve marginal costs accurately. Further, these differences are subject to
considerable uncertainty and geographic variation. Because of the changing
slope of the curve, calculated values can change significantly with small changes
in the estimated locations of points along the curve. Indeed, each curve in
Figure 3-13 is subject to uncertainty (it may be shifted right or left and up or
down), and this would be the case for any particular power plant. Moreover,
utility system operations (for example, whether or not the plant is baseloaded)
will also influence the final shape of the curve. With aggregation of the results
using a number of new power plants in different utility systems, the range of
uncertainty increases and each point becomes a range of valuves. Taking
differences at points for widely different standards does not measure margina!
costs; while taking differences at points for closely similar standards belies the
range of uncertainty surrounding each point.

Because of the wide variation in the cost per ton of 502 emitted for different
power plants, and because of the inherent uncertainties in both cost and emission
" estimates, the usefulness of national calculations of the marginal cost per ton of
SO2 removed as a measure of individual standards is quite limited. For standards
close in value, the uncertainties overwhelm our ability to distinguish a reliable
cost per ton of 502 removed. For standards far apart, we already know that the
costs per ton removed are different, and we know the direction of that
difference. What cannot be measured accurately is the magnitude.

All the above considerations render comparisons of the absolute values of this
measure, calculated using different national utility models (with slightly dif-
ferent assumptions), not at all definitive or even comparablie. It is not surprising -
that similar alternative standards can be ranked differently using this measure.
For example, the national cost effectiveness ranking presented at EPA's Decem-
ber 12, 1978, hearings is not especially useful, for it indicates neither the
regional differences nor the ranges of uncertainty involved for any of the
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numerous standards that were analyzed. Nevertheless, simple cost effectiveness
measures can be instructive so long as their shortcomings are recognized and use
is made of a variety of different measures that are appropriate to the decision at
hand.
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APPENDIX A
PEDCO AND TVA FGD COSTS

Teknekron has developed FGD cost and performance models based on PEDCo
(February 1978) and TVA (December 1978) engineering and cost estimates for
lime and limestone systems and PEDCo cost estimates for magnesium oxide
h5:6 The models can be used to predict new or retrofit FGD costs for
generating plants of between 25 MW and 2,000 MW in size burning coal of any
sulfur content and meeting any emission limit. |

systems.

In this report, which assesses the sensitivity of projections to future FGD costs,
we have referred to the PEDCo estimates as representing "higher FGD costs"
and the TVA estimates as representing "lower FGD costs." The TVA and PEDCo
estimates have been used to represent a reasonable range of FGD costs. The
PEDCo costs are higher than TVA's ond are probably representative of the cost
estimates that may be used by utilities without extensive experience with FGD
systems. The TVA costs, on the other hand, are less conservative and represent
cost estimates that may be used in the future by utilities that have had favorable
FGD experience. When similar assumptions are used, the differences between
these cost estimates are reduced. These two sets of cost estimates may also be
viewed as representing two points on the FGD "learning curve," with the lower
cost estimates indicative of lower, future FGD costs.

The three FGD systems are modular in design, with module sizes of between
50 MW and 130 MW except for plants of less than 50 MW in size. One redundant
module is included for all systems of 100 MW or greater for a design reliability
of 90 percent. The design of the three FGD systems is based on a three-stage
turbulent contact absorber (TCA). In determining the fuel-cycle costs of coal
utilization, FGD electricity and steam costs are included in the annual operating
costs. In the Utility Simulation Model, electricity and steam requirements for
FGD are used to calculate plant capacity penalties. Particulate control costs

are also calculated and included using the Teknekron particulate control cost and
performance models developed for EPA.
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Within the model, plant characteristics, c~al properties, and emission limits are
used to determine the required rate of sulfur dioxide removal in pounds per hour
and the required gas flow rate in actual cubic feet per minute for an FGD system
having an annual average removal efficiency of 90 percent (92 percent for lime
systems) or greater. If a given generating plant needs to remove less than
90 percent of the SO2 produced to meet applicable emission limits, an FGD
system with an efficiency of 90 percent will be used to scrub a portion of the
flue gas. The remaining flue gas will be bypassed and mixed with the scrubbed
gas to yield the required 502 emissions and to reduce or eliminate the fuel
required for reheating the flue gas. 1f 90 percent or more of the SO2 must be
removed, an FGD system having the required efficiency up to the limits of
technology will be used to scrub the entire flue gas stream.

The cost of such equipment as pumps, hold tanks, feed preparation equipment,
and sludge ponds is based on the sulfur dioxide removal rate, while the cost of
such items as fans, absorbers, and soot blowers is based on the gas flow rate.
Likewise, operating costs are based on either the sulfur dioxide removal rate
(e.g., raw material) or the gas flow rate (e.g., electricity, reheat steam or oil).

Outputs from the FGD model include:

° Capital cost

° Fixed operating cost (independent of plant capacity
factor)

° Variable operating cost (dependent on capacity factor)
° Removal efficiency
° Scrubber size

° Capacity penalty (plant capacity used to operate the FGD
system)

° Heat rate penalty (accounts for fuel required to operate
the FGD system)

° Water used and water cost
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° Oil used for magnesium oxide regeneration
° Oil used for reheat

° Annual sludge generation

SO2 emissions are calculated on the basis of the uncontrolled emission rate and
the required removal efficiency.

Input data required for the FGD model include:

° Individual generating-unit characteristics

-~  Size

~  Age (new or retrofit)

~  Heat rate
° Coal properties

- Heating value

—~  Composition (C, H, O, N, S, H,0, ash)

—  Class (bituminous, subbituminous, lignite)
° Environmental foctors

~  Emission limit (specific limits: percentage removal,
ceiling, floor, and averaging time)

° Economic factors

~  Year scrubber was built (escalation, inflation)

TVA's capital and operating cost estimates for lime and limestone FGD systems
are significantly lower thon PEDCo's. (Tables A-1 and A-2 illustrate the
differences for a limestone system.)

The primary differences in capital cost are associated with the costs of the 502

scrubber, sludge pond, and contingencies and fees. The difference between the
S.O2 scrubber cost estimates is due primarily to the estimates for the absorber
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Table A-}
Comparison of TVA and PEDCo Limestone FGD Capital Costs®

Capital Cost Item PEDCo” TVAC
Direct Costs
Limestone preparation 2,471,400 3,133,000
SO2 scrubber 21,686,700 14,800,000
Sludge disposal 1,203,300 2,144,000
Sludge pond 1,108,900 o?
Total direct costs 32,470,300 20,077,000
Indirect costs 12,460,800 10,637,000
Contingency and fee 1,725,000 3,181,000
Working capital 0 975,000

Total capital investment 56,656,100 34,870,000

Basis: Coal sulfur content = 2.76 Ib S/ I06 Btu
Plant size = 500 MW
Five scrubber modules at 125 MW each
90 percent annual average FGD removal efficiency
1975 costs ond dollars

b Adapted from raw PEDCo data for a 3-hour averaging time.
¢ Adapted from raw TVA data for a 365-day averaging time.
d

Sludge pond capitalization included in sludge dlsposal operating cost (see
Table A-2).
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Table A-2
Comparison of TVA and PEDCo Limestone FGD Operating Costs®

TVA Esﬁmote8

PEDCo Est imorcb

Cost ltem Units Required Unit Cost’ Annual Cost Units Required Unit Cost Annual Cost
Limestone 32.4 tons/hr $6.48/1on 5 1,195,50 27.5 tons/hr $6.00/ton S 939,500
[_abor 80 man-hours/day $7.12/MH 207,900 125 mon-hours/day $11.00/MH 501,900
Maintenance 2,850,000 1,266,900
Overhead 1,592,600 1,256,400
Electricity 13,250 kW 25 mills/kWh 1,886,100 7320 kW 25 mills/kWh 1,042,000
Steam 92 x 10® Bu/hr $2.25/108 By 1,178,700 67 x 10° Bru/ir $2.25/106 B1y 858,400
Water 664.1GPM $0.00014/gal 32,300 545.4 GPM $0.00012/gal 22,400
Sludge fix chemical 9.1 tons/lr $14.23/1on 737,300 0
Sludge pumping 520,000 ton-miles/yr $1.42/ton-imile 738,400 0
Sludge disposal 0 198,300 tons/yr $7.50/ton _1,487,300

$ 10,418,800 47,374,800

Total OAM costs

o Basis: Coat sulfur content - 2.76 Ib S/|06 B_fu

Plont size = 500 MW
90 percent annual gverage I Gl removat efficiency
Capacity factor = 0.65
1975 costs and dollars

b Adapted from raw PEDCo and TVA data.




and not to the estimates for the various peripheral items, such as pumps, motors,
fans, and reheaters. As for the sludge pond, PEDCo estimates a capital cost of
about $7.1 million, while TVA includes sludge pond capitalization in the sludge
disposal cost. Finally, with respect to contingency and fee, PEDCo assumes a
20 percent contingency and a 6 percent fee on both direct and indirect capital
costs, while TVA assumes a contingency equal to 10 percent of the direct
investment and a fee of 5 percent of the direct investment.

The primary differences in the PEDCo and TVA operating cost estimates are in
the cost of maintenance and electricity. Both PEDCo and TVA maintenance
costs are based on a percentage of the capital cost. PEDCo's maintenance-cost
estimates are higher than TVA's because of PEDCo's higher capital costs ond
somewhat higher percentage. Electricity costs depend directly on system
configuration and estimated motor sizes and duty cycles. The TVA system is
more efficiently designed in this regard, resulting in significantly lower elec-

tricity requirements.

Overall, the PEDCo cost estimates reflect design conservatism and are typical
of estimates that could be used by utilities that wish to be conservative in their
estimates of FGD system costs. The TVA costs, on the other hand, reflect q
greater confidence in the design basis for FGD systems and are less conservafive
than the current PEDCo estimates.

Capital and operating costs for full limestone scrubbing on a 500 MW plant,
calculated by Teknekron's SOZ control cost model using PEDCo and TVA costs,
are shown in Tables A-3 and A-4. The PEDCo versus TVA-cost differences in
these tables are similar to those in Tables A-| and A-2.

The cost of electricity and steam required to operate the FGD system is not
calculated in the Teknekron 502 model; instead, electricity and steam require-
ments are used to calculate unit capacity penalties and are accounted for in this
manner by the Utility Simulation Model. For the case illustrated in Tables A-3
and A-4, the TVA capacity penalty is 2.96 percent, and the PEDCo capacity
penalty is 4.25 percent.

102



Table A-3

Comparison of Modeled TVA and PEDCo Limestone FGD Capital Costs®

Capital Cost ltem PEDCo? TvAP

Direct costs

Limestone preparation $ 2,423,800 $ 3,322,100
502 scrubber 21,012,600 4,786,800
Sludge disposal /1,201,900 2,248,900

Sludge pond 5,632,800 (1

Raw material inventory I62,600 0

Total direct costs $30,433,700 $20,357,800
indirect costs 9,271,900 7,348,700
Contingency and fee 10,283,000 3,053,700
' Total capital investment $49,988, 600 $30, 760,200

Note:

More recent estimates by TVA include about $7 million for the
sludge pond and a contingency and fee of 25 percent of total direct costs.
Total TVA investment is therefore increased to about $42 million.

Basis: Coal sulfur content = 2.50 Ib 5/10° Btu
Sulfur RSD = 0.15, no exemptions
Design sulfur content = 3.631b S/ IO Btu
Plant size = 500 MW
Five scrubber modules at {25 MW each
85 percent 24-hour average 50, removal
1975 costs and dollars

Costs predicted by Teknekron's Sng control model. Not included are

interest during construction, working capital, and taxes; these are calcu-
lated in the Utility Simulation Model's financial module.

Sludge pond capitalization included in sludge disposal operating cost (see
Table A-4).
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Table A-4

Comparison of Modeled TVA and PEDCo Limestone FGD Operating Costs?

Cost Item PEDCo? TvAP
Limestone $ 804,400 $ 769,900
Labor 406,500 783,400
Maintenance 3,736,600 i,816,800
Water 38,000 21,800
Sludge disposal 996,100 1,219,700
Analysis cost 0 69,400
Total O&M costs $5,981,600 $4,684,000

Note: More recent estimates by TVA include a higher cost for maintenance
(due to higher capital cost) and sludge disposal. Total TVA operating

cost estimates are about the same as the PEDCo estimates.

a Basis: Coal sulfur content = 2.50 Ib 5/105 Btu
Plant size = 500 MW
85 percent 24-hour average SO2 removal
Capacity factor = 0.65
1975 costs and dollars

(a) steam and electricity costs, whi

Costs predicted by Teknekron's SO’:%‘I control model.

Not included are:
are used in the Utility Simulation

Mode! to calculate capacity penalties; and (b) fixed charges, which are
calculated in the Utility Simulation Model's financial module.
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APPENDIX B
LIFE-CYCLE COSTING

When faced with an investment decision, an industrial firm usually cbmpares the
present values of all costs (operating as well as capital costs) associated with
each alternative investment under consideration. [t is common to think of the
cost of alternative systems in terms of annual costs over the economic life of a
facility. Within the present-value framework, this can be done by levelizing
capital and operating expenditures and then comparing between alternatives,
choosing those that have the lowest levelized capital and operoting cost.

In levelizing, one derives a series of equivalent annual costs that gives the same
present value as a series of varying annual operating costs or one-time capital
costs that are expected to occur. By definition, each annual term in the
jevelized series is equivalent; the levelized cost is thus equal to the value of any
one of the terms in the series. Mathematically, present value is represented as:

oy =Cj(|+pj') . Cj(l"'ijl"'Pj+|) +...+Cj(|+pi)'°°(l#ﬂ+N), n
17 144 (1 + d)? (1 +dN -
where
PVj = present value of variable Being evaluated in initial year j,
C. = cost of variable being evaluated in initial yearj (beginning of
' the year),

P = price escalation of that variable in year j,

N = economic lifetime,

d =

average discount rate over time period considered = weighted
average cost of corporate capital. '
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The levelized cost is related to the present value as follows:

N
d(l + d)
LC = ———"—PV,, (2
aaNoy Y | )
where
LC = levelized cost of variable being levelized.

For operating costs, an equivalent way to derive LC is 1o calculate a levelization
factor which, when multiplied by the cost in the initial year j, will yield LC,
This levelization factor is calculated by using the following formula:

N : N
d(l + d) [ | + p] | +
LF = | - T—% @3
a+aNoy |Ld-P + ’ )
where
LF = levelization factor,
p = average price escalation rate for entire time period N.

In practice and in our applications, p is not necessarily constant. The use of
these formulae in —Ievelizihg operating costs is illustrated in Tables B-1 and B-2,

For capital costs, there are additional charges associated with an investment
beyond the initial ones levelized by applying equation (2). The taxes and
insurance required for capital equipment should be accounted for as well. This is
usually done by applying a fixed charge rate to the initial investment amount
rather than using equation (2) to arrive at a total levelized cost associated with
capital expenditures. The fixed charge rate is defined as

"FCR = WACC + DEPRCR + TAX + IRT, (4)
where
FCR = fixed charge rate,
WACC = weighted average cost of capital,
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Table B-1

601

_deloﬁm of Pteou,t Valve
Price
Initial-Year Escalation Escalated Discount Present
Cost : Factor Cost Factor Valuve
Year C x (1o - Cer Cg X (T:_d)n— = PV
| | 1.0700 1.0700 .9091 9727
2 I . 1449 ‘ I.1449 .8264 .9462
3 | 1.2250 1.225 - 7513 .9204
4 | | 1.3108 1.3108 .6830 .8953

Total ] 3.7346°

Note: p = annual price escalation rate; N = number of years; d = discount rate.

% Present value is the same, whether calculated by this long method or by the method of discounting levelized costs shown
in Table B-2.



Table B-2
Calcvulation of Present Value by Discounting Levelized Costs

ol

Initial-Year Levelization Levelized Discount Present
Cost Factor Cost Factor . Value
Year C x LF - LC,LC  x Lo - PV
(1 +d
| l 1.1782 1.1782 9091 : 1.0710
2 | ‘ I.1782 1.1782 .8264 9737
3 | 1.1782 1.1782 .7513 .8852
4 | . 1.1782 1.1782 .6830 .8047
Total 3.7346%
Note: L - [ded® ] [Leo] [) . ep N
— ed -1 d-p +d

a Present value is the same, whether calculated by this method or by the long method in Table B-1.

dti + N
Note also that LC = PV x —(——:)N——— = 3.7346 x .3'55 = |.|782.
I+ -1 :



DEPR

depreciation for capital recovery as a levelized percentage of

CR initial investment,
TAX = taxes as a levelized percentage of initial investment,
IRT = insurance and real estate taxes as a percentage of initial

investment.*

Because of the lower cost of capital associated with pollution control invest-
ments, the fixed charge rate used to evaluate such an investment by a privately
owned utility is usually lower than the rate used for other investments. The
fixed charge rates and levelization factors used in the analyses contained in this
report are presented in Table B-3, and the cost elements of the coal fuel cycle
that are levelized are shown in Table B-4. '

*Someﬁmes equation (4) is written as

FCR = CRF + TAX + IRT,

it

where

CRF

capital recovery factor

and where DEPRCR is calculated by the sinking fund formula as

WACC
DEPR = .
CR ™ awacoN-
Then: |
N
WACC + DEPR.g = WACC + WACC — - WACC (1 + VLACC) .
(I +WACOY -1 (1 +wacoN -

This last expression, when multiplied by the initial investment, is équivalent to
LC calculated in equation (2).



Table B-3

Fixed Charge Rates and Levelization Factors Used to Evuluafs Investments
in Publicly and Privately Owned Electric Utilities

Public Private Poliution Control Investment
Vdriable Ownership Ownership (Private Ownership)
Fixed charge rate 11.3 % 20.1 % 19.4 %
Levelization factor 1.94 1.73 1.73

a Assuming a plant life of 30 years.
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Table B-4
Costs Levelized in the Coal Fuel Cycle

Capital Costs

e Electrostatic precipitator
e Fabric filter
o Flue Gas Desulfurization

e Boiler

Operating Costs

e F.o.b. mine price

e Transportation cost

e Caoal cleaning cost (if applicable)
e Particulate control O&M

e Flue gas desulfurization O&M
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It is also important to examine the sensitivity of levelized costs with respect to
various parameters of the life-cycle costing formulation. A simplifying assump-
tion that can be used to determine operating cost sensitivity, as discussed in this
appendix, is to allow the average discount rate over time to be equal to the
average price escalation rate. This produces the largest sensitivities to be
expected. Numerical sensitivities can be examined, since equation (3) then

reduces to:

_ Nd(+ N
p=d Asd)N -

LF/ (5)

Selected numerical values for price escalation and economic lifetime when
applied to equation (5) are shown in Table B-5. This information shows that
levelized operating costs may vary considerably — in this worst-case analysis —
depending on both the economic lifetime and the average price escalation to be

expected.

The sensitivity of life-cycle cost to capital costs is directly dependent on the
fixed charge rate assumed. Values assumed in this analysis are shown in
Table B-3. The overall life-cycle cost is the sum of capital and operating costs,
so that the sensitivity of key parameters to total cost must be considered on q
specific basis. For example, if 60 percent of the total levelized cost were
capital-related, the variations shown in Table B-5 would apply to only 40 percent

of the cost.
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Table B-5
Sensitivity of Levelization Factors

20

25

30

8%
'08

2.17

2.47

12%
2.39

2.85

3.33
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APPENDIX C
CITY-SPECIFIC SENSITIVITY ANALYSES

In order to demonstrate regional implications of the various sensitivity analyses
conducted in this study, several city-specific cases are presented in this
appendix. The case for Columbus, Ohio, is presented in detail in the text.

This appendix includes graphic presentations of the sensitivity analyses for the
following key factors as o function of the 50, standard (considering both the
standard with a 24-hour floor and that with an annual ceiling):

° F.o.b. coal mine prices
° Coal transportation rates

° Western coal sulfur and Btu chorac‘teristics
The key cities covered here are:

® Indianapolis, Indiana
° Orlando, Florida

° Austin, Texas

Together with Columbus, Ohio, they are representative of a range of geograph-
ical and other differences.

24-Hour SOZ Standard
Sensitivity to Coal Mine Price

The sensitivity of fuel-cycle costs with respect to the 24-hour SO, floor and

f.0.b. coal mine price is shown for Indiana, Florida, and Texas in Figures C-1
through C-3.
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Figure C-1
Sensitivity of Levelized Fuel-Cycle Cost to 24-Hour $0, Floor
and F.0.B. Coal Mine Prices
{indianapolis, Indiana)

400 =

— Powder River coal
0.5% sultur, 6.0% ash, 8,100 Btu/lb

- == Contral Appaiachian coal
1.6% sultur, 8.0% ash, 12,000 Btu/ib

350 =~

LEVELIZED FUEL-CYCLE COST (¢/10° BTU)— $1978

F.O.B. Cosl Prices ($/ton)
$1978  +10% -10%

PR 875 7.43 6.08
250 = CA 25.00 2750 22.50

"o y ) ¥ ! 1
0 0.2 0.4 0.6 0.8 1.0 1.2
24-HOUR AVERAGE $0, FLOOR (LB 80,/10¢ BTU)

Note: Calculations assume a 1.2 Ib $§0,/10¢ Btu celling with 85% removal (24-hour average
with exemptions of three days per month). Transportation rates: rall < 250 miies,
2.25¢/ton-mile; > 250 miles, 1.20¢/ton-mile; water 0.5¢/ton-mile.
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Figure C-2
Sensitivity of Levelized Fuel-Cycle Cost to 24-Hour SO, Fioor
and F.0.B. Coal Mine Prices

(Orlando, Florida)

400-1

350 =

== Powder River coal
0.5 % sultur, 6% ash, 8,000 Btu/tb

-—— Southern Appalachian coal
300~ 2.1% sulfur, 8.2% ash, 12,000 Btu/ib

LEVELIZED FUEL-CYCLE COST (¢/108 8TU) — $1978

F.0.B. Coal Prices ($/ton)
$1978 +10% -10%

PR 675 7.43 6.08
SA 23.00 25.30 20.70

250 =

[ |
o

) | L 1 LI
0.2 04 0.6 0.8 1.0 1.2

24-HOUR AVERAGE $0,; FLOOR (LB 80,/10¢ BTU)

o

Note: Calculations assume s 1.2 Ib 80,/10¢ Btu ceiling with 85% removal (24-hour average
with exemptions of three days per month). Transportation rates: rail < 250 miles,
2.25¢/ton-mile; > 250 miles, 1.20¢/ton-mile; water 0.5¢/ton-mile.
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Figure C-3
Sensitivity of Levelized Fuel-Cycile Cost to 24-Hour SO, Floor
and F.0.B. Coal Mine Prices

(Austin, Texas)

LEVELIZED FUEL-CYCLE COST (¢/10% BTU) — $1978

400 =
=seee Powder River coal
0.5% sulfur, 6% ash, 8,100 Btu/lb
==« Gulf Coast lignite
0.8% sulfur, 10% ash, 6,500 Btu/ib
350 =
300 = ’
F.0.B. Coal Prices (S/ton)
$1978 +10% -10%
PR @875 743 &.08
2504 GC 600 660 540
T
I 1 T 1 ] 1 A B |
0 0.2 0.4 0.6 0.8 1.0 1.2

24-HOUR AVERAGE 80, FLOOR (LB 80,/10¢ BTU)

Note: Calculations assume a 1.2 Ib SO,/10% Btu ceiling with 85% removal (24-hour aver,
with exemptions of three days per month). Transportation rates: rail < 250 miles
2.25¢/ton-mile; > 250 miles, 1.20¢/ton-mile; water 0.5¢/ton-mile. '
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Western coal becomes increasingly competitive at afl floors as coal mine prices
vniformly escalate. That is, the floor above which western coal is economically
preferred decreases as the relative coal price increases, as shown in Table C-1.

Table C-1

24-Hour 50, Floors above Which Western Coal Is Economically

ferred for Various Coal Mine Prices

F.o.b. Mine Price

+10% 1978 Level -10%
Ohio (Columbus) ~0.7 ~0.9 ~1.2
Indiana (indicnapolis) ~0.2 ~0.5 ~0.9
Florida (Orlando) ~0.6 ~0.8 >1.2
Texas (Austin) ~0.2 <0.2 ~0.4

For this analysis, as shown in Figures C-1 through C-3, the following f.o.b. coal

mine prices were assumed:

Powder River (PR)
Northern Appalachian (NA)
Central Appalachiaon (CA)
Southern Appalachian (SA)
Gulf Coast Lignite (GC)

F.o.b. Coal Mine Prices (1978 $/ton)

Base Price +10% -10%
- 6.75 7.43 6.08
23.00 25.30 20.70
25.00 27.50 22.50
23.00 25.30 20.70

6.00 6.60 5.40

Thus, general inflation in coal mining cost tends to favor distant western coals.
This is because the proportion of coal mine price to total cost is much smaller
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for these than for local coals. However, even though escalating coal mine price
favors western coals, whether or not these coals are chosen by a utility depends
on plant location and other site-specific factors as well as on the level of the
applicable 802 standard.

Sensitivity fo Coal Transportation Rate

The sensitivity of fuel-cycle costs with respect to the 24-hour SO2 floor oand coal
transportation rate is shown for Indiana, Florida, and Texas in Figures C-4

through C-6.

Escalating rail and barge rates favor local coals, causing them to become
increasingly competitive at all floors. That is, the emission floor above which
western coal is economically preferred increases as ftransportation rates in-

crease, as shown in Table C-2.

Table C-2

24-Hour SO, Floors above Which Western Coal Is Economically
Pnzeferred for Various Transportation Rates

Lowest Rate (A) Medium Rate (B) Highest Rate (C)

Ohio (Columbus) ~0.6 ~0.9 >1.2
Indiana (Indianapolis) >0.2 ~0.5 ~0.8
Florida (Orlando) ~0.5 ~0.9 >1.2
Texas (Austin) ~0.6 >1.2 >1.2

This is because the proportion of transportation cost to total cost is much
smaller for local than for western coals. The following coal transportation rates
were assumed for the sensitivity analyses:
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Figure C-4 '
Sensitivity of Levelized Fuel-Cycle Cost to 24-Hour S0, Floor
and Transportation Rate

(Indianapolis, indisna)
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Figure C-5
Sensitivity of Levelized Fuei-Cycle Cost to 24-Hour SO, Floor
- and Transportation Rate

(Oriando, Florida)
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Figure C-6
Sensitivity of Levelized Fuel-Cycle Cost to 24-Hour $0, Floor
and Transportation Rate

(Austin, Texas)
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Coal Transportation Rate (1978 ¢/ton-mile)

RAIL (miles) WATER
< 250 >250 (all distances)
A 2.00 1.00 0.4
2.25 .10 0.5
C -2.50 1.20 0.6

It should be noted that, when coal mine prices and transportation rates uniformly
escalate simultaneously, they have opposite effects on the selection of a least-
cost local versus a distant western coal. This can be observed by comparing
Figures C-| through C-6.

Sensitivity to Western Coal Characteristics

The sensitivity of fuel-cycle costs with respect to the 24-hour SOZ floor ond
typical western coal characteristics is shown for Indiona, Florida, and Texas in
Figures C-7 through C-9. The western coal chosen is that from the Powder
River Basin (see Appendix D).

The levelized fuel-cycle cost of lower-sulfur Powder River coal increases by as
much as 30 percent over the range of standards from 1.2 to 0.2 Ib 502/I06 Btu;
the cost of higher-sulfur Powder River coal increases by no more than about
|5 percent. By comparison, high-sulfur eastern coal increases in cost by no more
than 10 percent over the range of 1.2 to 0.2 Ib 502/I06 Btu. Powder River coal
is more competitive as the standard becomes less stringent and as the sulfur
content of the coal decreases.

In the states considered here, Powder River coals of very low sulfur content are

preferred to local coals at every floor within the range of 1.2 to 0.2 Ib 502/ 108
Btu. Conversely, Powder River coals of very high sulfur content are not likely to
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Figure C-7
Sensitivity of Levelized Fuel-Cycle Cost to 24-Hour SO, Floor
and Powder River Coal Characteristics

(Indianapolis, indiana)
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Figure C-8
Sensitivity of Levelized Fuel-Cycle Cost to 24-Hour $0, Floor
and Powder River Coal Characteristics

(Orlando, Florida)
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Figure C-9
Sensitivity of Levelized Fuel-Cycle Cost to 24-Hour S§0, Floor
and Powder River Coal Characteristics

(Austin, Texas)
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be selected as the least-cost coal for any level of floor. Figures C-7 through
C-9 indicate that the following Powder River coals are of "mlmmum competitive
quality": For Indiana, 0.60 Ib S/IO Btu; for Florida, 0.57 Ib S/IO Btu; and for
Texas, 0.62 Ib S/IO6 Btu. It should be noted that the average sulfur content of
the Wodak-Anderson seam is approximately 0.6! Ib $/108 Bty (see Appendix D
for characteristics of Powder River coals likely to be mined between now and
1990). Thus, the particular coal characteristics available to an individual utility
are very important to its selection of coal and poliution controls.

Annual 502 Ceiling

This final section of Appendix C discusses the sensitivity of typical utility cost
estimates for buying, transporting, and burning different coals in several states
as a function of an annual SO, ceiling. For each state represented in
Figures C-10 through C-12, a representative power-plant location has been
selected for which a change in SO, standard may critically influence the choice
of coal and therefore the resulting emissions.

For power plants located in eastern and midwestern states, reductions in the
level of the annual 502 ceiling increase the levelized fuel-cycle cost of western
coal relative to that of eastern (local) coal. For many states, at some leve| of
standard below 1.2 Ib SOZ/ IO6 Btu, an eastern (local) coal becomes the econom-
ical choice on the basis of levelized cost per I06 Btu of coal burned.

The levelized fuel-cycle cost for a typical (low-sulfur) western coal may increase
by as much as 30 percent as the annual SO2 ceiling increases in stringency from
1.21t0.21b SOz/IO Btu. For a typical (higher-sulfur) eastern coal, fuel-cycle
costs increase by not more than approximately 15 percent over this range.

A comparison of the levelized fuel-cycle costs of the "least-cost" western and
“least-cost" eastern (local) coal in the states considered here shows that the

differences do not exceed approximately + 15 percent. These states represent
sufficient geographic diversity to suggest this conclusion on a national basis.
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LEVELIZED FUEL-CYCLE COST (¢/10° BTU) — $1978
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LEVELIZED FUEL-CYCLE COST (¢/10% BTU) — $1978

Figure C-11
Sensitivity of Levelized Fuel-Cycle Cost to
Annual 80, Ceiling

(Oriando, Florida)
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LEVELIZED FUEL-CYCLE COST (¢/108 BTU) — $1978

Figure C-12
Sensitivity of Levelized Fuel-Cycle Cost to
Annual §0, Ceiling

(Austin, Texas)
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For the city-specific data selected for Ohio (see Section3) and F lorida
(Figure C-10), eastern (local) coals are preferred at ceilings below about 0.65
and have the economic advantage of being able to increase in cost by as much as
8 percent and still remain the preferred least-cost coal. In Indiana (Figure C-11)
and Texas (Figure C-12), western coals (Powder River) are preferred at nearly
every ceiling. In Texas, however, mine mouth plants located near lignite fields
are likely to select the local coal. In all states, western coals have the economic
advantage of being able to increase in cost and still remain competitive at higher
ceilings. However, at lower ceilings the converse is true, and local coals will be
selected.
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APPENDIX D
CHARACTERISTICS OF MAJOR POWDER RIVER BASIN COAL SEAMS
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APPENDIX D
CHARACTERISTICS OF MAJOR POWDER RIVER BASIN COAL SEAMS

The sulfur and Btu contents of western, and in particular Powder River Basin,
coals are significant for evaluating the impacts of alternative revised New
Source Performance Standards. The sensitivity to these parameters is analyzed
in the text and in Appendix C of this report.

Table D-| lists the most important seams in the Powder River Basin and, for
each seam, shows the sulfur, ash, and Btu content of the coal. Average sulfur
content varies between approximately 0.4 percent and 0.6 percent, while the
heating value may range from 7,500 to 9,500 Btu/Ib; this is the equivalent of a
range of 0.42 to 0.80 Ib 5/108 Btu. The ash content of Powder River coal varies
from about 4 percent to 7 percent on the average.
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Table D-1|
Characteristics of Major Powder River Basin Coal Seoms

o%|

Sulfur (%) Ash (%) Btultb b 5/10° Bty

Seam Range Average Range Average Range Average Range Average
Anderson 0.47 - 1.3 0.52 3.5 - 12.2 6.5 1,128 - 8,737 17,9719 0.19 - 1.59
Badger 0.4 - 0.5 0.45 6.9 - 9.8 7.9 7,606 - 8,290 7,951 0.48 - 0.66
Canyon 0.14 - 0.92 0.34 3.1 - 7.4 5.1 7,537 - 8,609 8,286 0.16 - .22
Felix 0.32 - 3.2 0.89 4.5 - 14.9 7.8 7,180 - 9,535 8,053 0.34 - 4.54
Healy 0.26 - 3.0 0.6 5.1 - 22.1 1.6 6,480 - 8,270 7,884 0.3} - 4.63
Monarch 0.3 - 0.7 0.4 3.1 - 8.2 4.4 9,000 - 10,410 9,600 0.29 - 0.78
Schoal 0.5 - 0.7 0.6 8.8 - 15.7 1.4 7,830 - 8,870 8,183 0.56 - 0.89
Smith 0.63 4.7 7,991

Sussex 0.49 5.2 9,160

Wodak-Anderson 0.2 - 1.2 0.5 3.9 - 12.2 6.0 7,420 - 9,600 8,224 0.21 - 1.62

Source: Keystone Coal Industry Maresal, 1977, pp. 711-13.
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APPENDIX E
PROJECTED REGIONAL AND NATIONAL UTILITY COAL PRODUCTION

Tables

El — E3 Regional Utility Coal Production: 1985, 1990, 1995 (scrubber cost
estimates by PEDCo)

E4 Summary of Regional Growth Rates in Utility Coal Production,
1985-1995 (scrubber cost estimates by PEDCo)

E5 — E7 Regional Utility Coal Production: 1985, 1990, 1995 (scrubber cost
estimates by TVA)

E8 Summary of Regional Growth Rates in Utility Coal Production,
1985-1995 (scrubber cost estimates by TVA)

Region Definitions

Appalachia = Ohio, Pennsylvonio, West Virginia, Virginig, Kentucky
(east), Tennessee, Alabama
Midwest = inois, Indiana, Kentucky (west), lowa, Missouri, Konsas,

Oklahoma :

Northern Great
Plains = Montana, Wyoming (north), North Dakota, South Dakota

Rocky Mountain

Wyoming (south), Colorado, Utah, Arizona, New Mexico

Gulf Coast Texas, Arkansas, Louisiana

Other = Washington, Oregon, Nevada, California
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Table E-|
Regional Utility Coal Production: 1985+

(105 tons per year)
Current 0.6 Ib 0.2 Ib 0.6 Ib
Region NSPS Floor Floor Ceiling
Appalachia 322.2 321.9 342.7 335.6
Midwest 19.7 82.7 82.6 8l.1
Northern Great Plains 213.4 206. 1 170.0 182.5
Rocky Mountain 102.4 103.6 95.4 103.5
Gulf Coast 17.0 22.7 42.3 27.6
Other 2.8 _2.8 2.8 _2.8
National 737.5 739.8 735.8 733.1
Western coal shipped east
of the Mississippi River 110.7 109.5 79.2 89.8

#Scrubber cost estimates by PEDCo.
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Table E-2
Regional Utility Coal Productions 1990%

(105 tons per year)

Current 0.6 Ib 0.2 b 0.6 b
Region NSPS Floor Floor Ceiling
Appalachia 382.2 379.4 437.1 414.0
Midwest 73.6 81.0 8l.0 78.3
Northern Great Plains 362.2 343.6 214.3 249.7
Rocky Mountain 150.3 160.3 107.4 154.7
Gulf Coast 17.0 23.1 168.2 77.9
Other 2.2 15.0 15.2 _15.0
National 987.5 1002.4 1023.2 989.6

Western coal shipped east
of the Mississippi River 179.0 167.5 79.3 Hi.s

#Scrubber cost estimates by PEDCo.
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Table E-3

Regional Utility Coal Production: 1995%
(lO‘ tons per year)

Current 0.6 Ib 0.2 Ib 0.6 Ib
Region NSPS Floor Floor Ceiling
Appalachia 446.8 459.8 539.7 503.5
Midwest 68.4 79.6 79.6 79.5
Northern Great Plains 52|.8 476.8 273.8 319.6
Rocky Mountain 193.0 206.2 133.1 200.9
Gulf Coast 17.0 24.3 260.4 120.1
Other _ 21 _23.0 2.6  _2.9
National 1249.7 1269.7 1309.2 1246.5
Western coal shipped east
of the Mississippi River 239.5 216.6 92.9 136.2

b*Scrubber cost estimates by PEDCo.
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Table E-4

Summvary of Regional Growth Rates in Utility
Coal Production, 1985-1995%

(% per year)
Current 0.6 Ib 0.2 b 0.6 Ib

Region : NSPS Floor Floor Ceiling
Appalachia 3.3 3.6 4.5 4.1
Midwest -1.5 -0.4 -0.4 -0.2
Northern Great Plains 8.9 8.4 4.8 5.6
Rocky Mountain 6.3 6.9 3.3 6.6
Gulf Coast 0.0 0.7 18.2 4.7

National 5.3 5.4 5.8 5.3

Western coal shipped east

of the Mississippi River 7.7 6.8 1.6 4.2

#Scrubber cost estimates by PEDCo.
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Table E-5
Regional Utility Coal Production: 1985*

(10° tons per year)
Current 0.2 Ib 0.6 Ib

Region NSPS Floor Ceiling
Appalachia 349.8 350.6 350.5
Midwest 79.5 83.3 81.7
Northern Great Plains 143.1 141.4 143.1
Rocky Mountain 62.3 62.4 62.4
Gulf Coast 96.1 92.3 92.3
Other _4.2 _4a _4.3

National 735.0 734.7 734.3
- Western coal shipped east | ,

of the Mississippi River 58.0 56.2 58.0

*Scrubber cost estimates by TVA.
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Table E-6

Regional Utility Coal Production: 1990*

(IO6 tons per year)
Current 0.2 Ib 0.6 Ib

Region NSPS Floor Ceiling
Appalachia 433.1 435.0 434.6
Midwest 72.5 90.3 4.4
Northern Great Plains 188.3 172.2 190.6
Rock/y Mountain 71.2 70.7 70.5
Gulf Coast 209.4 205.6 203.9
Other _15.5 _15.7 _15.7

National | 990.0 989.5 989.7

Wésfern coal shipped east

of the Mississippi River 61.0 40.5 60.1

*Scrubber cost estimates by TVA.
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Table E-7
Regional Utility Coal Production: 1995%

(10 tons per year)

Current 0.2 b 0.6 Ib
Region NSPS Floor Ceiling
Appalachia 528.7 531.9 532.0
Midwest 66.8 - 101.2 713.9
Northern Great Plains 264.4 210.4 241.5
Rocky Mountain 87.2 90. 1 89.3
Gulf Coast 286.5 285.7 286.0
Other _24.1 _23.5 _24.4
National 1257.7 1242.8 1247.1

Western coal shipped east
of the Mississippi River 72.1 32.7 66.1

*Scrubber cost estimates by TVA.
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Coal Production, 1985-1995+

Table E-8
Summary of Regional Growth Rates in Utility

(% per year)
Current 0.2 Ib 0.6 Ib
Region NSPS Floor Ceiling
Appalachia 4.1 4.2 4.2
Midwest -1.7 1.9 -0.1
Northern Great Plains 6.1 4.0 5.2
Rocky Mountain 3.4 3.7 3.6
Gulf Coast 10.9 1.3 it.3
National 5.4 5.3 5.3
Western coal shipped east
of the Mississippi River 2.2 -5.4 1.3

*Scrubber cost estimates by TVA.
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APPENDIX F
SELECTED RESULTS FOR 1990 AND 1995
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F-1—F-4

F-5-F-8

F-9~F-12

APPENDIX F

SELECTED RESULTS FOR 1990 AND (995

Tables

USM Emission Projections, 1990 and 1995 (PEDCo FGD Costs,
TVA FGD Costs)

USM Cost Projections, 1990 and 1995 (PEDCo FGD Cost‘s, TVA
FGD Costs) '

USM Fuel Impact Projections, 1990 and 1995 (PEDCo FGD
Costs, TVA FGD Costs)

Region Definitions

Definitions for Emission Summary Tables

Northeast

Southeast

North Central . .

West South
Central

Mountain

Pacific

"

1]

New England (Maine, Connecticut, Rhode Island, Massa-
chusetts, New Mampshire, Vermont)
Middle Atlantic (New York, New Jersey, Pennsylvania)

South Atlantic (Delaware, Maryland/D.C., Virginia, West
Virginic):, North Caroling, South Carolina, Georgiaq,
Florida

East South Central (Kentucky, Tennessee, Mississippi,
Alabama) '

East )North Central (Wisconsin, Michigan, Illino.is, Indiana,
Ohio

West North Central (North Dokota, South Dakota, Nebras-
ka, Kansas, lowa, Missouri, Minnesota)

Texas, Oklahoma, Arkansas, Louisiana

Idaho, Montana, Wyoming, Nevada, Utah, Colorado, Ari-
zona, New Mexico

Washington, Oregon, California
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Definitions for Fuel Impact Tables

Appalachia

Midwest

Northern Great
Plains

West

Gulif Coast

Ohlo, Pennsylvania, West Virginia, Virginia, Kentucky
(eastern), Tennessee, Alabama

litinois, Indiana, Kentucky (western), lowa, Missouri, Kan-
sas, Oklahoma

Montana, Wyoming (northern), North Dakota, South
Dakota

Wyoming (southern), Colorado, Utah, Arizona, New
Mexico, Washington

Texas, Arkansas, Louisiana
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Table F-|
USM Emission Projections, 1990

(PEDCo FGD Costs)
- Current NSPS b 0.6 Ib
(Baseline)® 0.2 ib Floor Uniform Ceiling® 0.6 Ib Floord
Regional powgr-plant SO
em?ssions (lOg tons) 2
Northeast 1.96 1.75 1.85 1.79
Southeast 7.92 7.09 7.25 7.02
North Central 7.0 6.93 6.89 6.99
West South Central 2.67 1.75 2.08 i.80
Mountain 0.63 0.53 0.57 0.55
Pocific 0.49 0.29 0.40 0.34
Total 20.8 18.3 19.1 18.5
National SO, emissions from
cool-fired pﬁms (log‘tom)
§IP-regulated plants 13.58 13.91 13.65 13.92
NSPS-requlated plants .54 1.53 .53 .54
RNSPS-requiated plonts 3.92 1.10 2.19 1.26
Coal consumption (10'° Bru/yr) 19.5 20.0 19.8 19.9
National cglerage
b 502/ 10° Bty
SiP-regulated plants 2.60 2.72 2.72 2.70
NSPS-regulated plants 1.20 .20 1.20 1.20
RNSPS-reguiated piants 1.20 0.30 0.60 0.35

4 Cuyrrent NSPS: .2 Ib 502/ lO‘ Btu, no mandatory percentage removal, annual average.

b September 1978 proposed standard: 1.2 ib sozllo‘ Btu, 85 percent SO, removal, 24-hour average; 0.2 Ib 502/|06
floor with three-day-per-month exemption.

€ 33 percent removal, 0.6 Ib ceiling, annual average.

d Equivalent to b, but with 0.6 Ib SO:_,/IO6 floor, 24-hour standard.
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Table F-2

USM Emission Projections, 1990
(TVA FGD Costs)

Current NSPS 0.5 Ib Ceili 0.6 Ib
(Baseline)’ 0.2 Ib Fioor 90% Removal Uniform Ceiling?
Regional powgr-plont SO2
emissions (10" tons)
Northeast 1.86 1.76 1.69 1.73
Southeast 7.55 6.87 6.8l 6.97
North Central 7.03 6.67 6.54 6.59
West South Central 2,72 1,87 1.72 2.05
Mountain 0.62 0.53 0.52 0.57
Pacific 0.49 0.32 0.20 0.40
Total 20.3 18.0 17.6 18.3
National SO, emissions from
coal-fired pﬁmf: (lOgntons)
SIP-reguiated plonts 12.83 12.93 13.42 12.84
NSPS-regulated plants .67 1.65 .64 1.56
RNSPS-reguiated plants 4,13 1.68 .10 2.24
Coal consumption (10'3 Btu/ye) 19.4 19.6 19.6 (9.5
National querage
Ib 502/l0 Bty
SiP.reguiated pionts 2.60 2,73 2.74 2.72
NSPS-requlated plants 1.20 1.20 1.20 1.20
RNSPS-requiated plonts 1.20 0.46 0.30 0.60
9 Current NSPS: 1.2 Ib 502/ I06 Btu, no mandatory percentage removal, annual average.
b September 1978 proposed standard: 1.2 {b SOZ/IOS Bty, 85 percent SO2 removal, 24-hour average; 0,2 Ib 502 /|06

floor with three-day-per-month exemption.

90 percent removal, 0.5 Ib ceiling, annual average.

33 percent removal, 0.6 Ib ceiling, annual average.
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Table F-3
USM Emission Projections, 1995

(PEDCo FGD Costs)
Current NSPS b 06 d
(Baseline) 0.2 Ib Floor Uniform Ceiling 0.6 Ib Floor
Regional power-plant SO
¢:|?uicns (10° tons) 2
Nor theast 2.11 {.69 1.82 1.68
Southeast 8.54 7.01 1.46 7.04
North Central 7.51 6.95 7.12 7.19
West South Central 3.19 i.78 2.29 1.85
Mountain 0.76 0.59 0.68 0.63
Pocific 0.66 0.30 0.5l 0.38
Total , 2.8 18.3 19.9 18.8
tional SO, emissiops from
:‘:o;.fired pﬁnfs (I(t)e tons)
§{P-regulated plonts 13.13 13.45 13.06 13.67
NSPS-regulated plonts 1.50 1.51 1.50 .52
RNSPS-reguiated piants 6.74 1.94 3.87 2.15
Coal consumptian (10'5 Bru/yr) 2.3 25.1 2.6 2.9
National gverage
13 SOzllog’an
SiP-reguiated pionts 2.49 2.77. 2.7¢ 2.65
NSPS-reguiated plants 1.20 1.20 1.20 1.20
RNSPS-regulated plants (.20 0.29 0.60 0.35

mmmm—

8 Current NSPS: 1.21b SOzl |0‘ 8tu, no mandatory percentoge removel, onnual overoge.

b geptember 1978 proposed standard: 1.2 1b 502/'0‘ Btu, 85 percent SO, removal, 24-hour average; 0.2 Ib S0,/ 108
floor with three-day-per-month exemption.

33 percent removal, 0.6 ib ceiling, annual average.

d Equivalent to b, but with 0.6 1b SOZI IO‘ floor, 24-hour stondard.
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Table F-4
USM Emission Projections, 1995

(TVA FGD Costs)
Current ngS b 0.5 b Ceahnq: 0.6 ib
(Baseline) G.2 Ib Floor 90% R Uniform Celhng
Regional powsr-plont SO
emissions (10° tons)
Northeast 1,98 .68 1.54 1.65
Southeast 8.0l 6.82 6.59 7.01
North Central 7.35 6.36 6.04 6.63
West South Central 3.25 1.98 1.74 2.19
Mountain 0.7 0.60 0.58 0.58
Pacific - 0.67 0.34 0.30 0.60
Total 22.0 17.8 16.8 18.7
Natiaonal SO emlui s from
coal-fired p&nts (10 tons)
SIP-reguiated plants 11.82 11.66 11.78 11.87
NSPS-reguiated plants .64 .64 {.66 ' {04
RNSPS-requlated plonts 7.13 3.07 2.00 3.98
Coal consumption (10" Btufyr) 2.1 2.4 2.4 2.3
Nationol
1b SO5/ lo?gtu
SIP-regulated plonts 2.50 2.78 2.75 2.75
NSPS-regulated piants 1.20 1.20 1.20 1.20
RNSPS-regulated plants 1.20 0.47 0.31 0.60

9 Current NSPS: 1.2 Ib SOZIIO6 Btu, no mandatory percentcge removal, annual average.

b September 1978 proposed stondards 1.2 1b 502/106 Btu, 85 percent SOz removal, 24-hour average; 0.2 Ib 502/ |06
floor with three-day-per-month exemption.

90 percent removal, 0.5 Ib ceiling, onnual average.

33 percent removal, 0.6 Ib ceiling, annual average.
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Table F-5
USM Cost Projections, 1990

(PEDCo FGD Costs)
Current NSPS® b 0.61b c d
(Baseline) 0.2 ib Floor Uniform Ceiling 0.6 Ib Floor
A.verage monthly residential
bill (§ 1975) $ 46.36 $ 48.24 $ 47.46 $ 47.82
Present valuve of
totgl utility expenditures
(107 1975 9) 683.77 692.34 688.49 690.83
Cost of SO, reduction
- 2,174 1,900 1,824

(1975 $/tor

9 Current NSPS: 1.2 1b SOZI |06 Btu, no mandatory percentage removal, annual average.

b September 1978 proposed standard: 1.2 Ib S0,/10° Btu, 85 percent SO, ‘removal, 2i-hour average; 0.2 Ib SO,/108
floor with three-day-per-month exemption.

€ 33 percent removal, 0.6 Ib ceiling, annual average.

d Equivalent to b, but with 0.6 Ib soz/no6 floor, 24-hour standard.
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Table F-6

USM Cost Projections, 1990
(TVA FGD Costs)

Current NSPS b 0.5 Ib Ceili 0.6 1b d
(Baseline)® 0.2 Ib Floor 90% Removal Uniform Ceiling

Average monthly residential
bill ($ 1975) $ 44.98 $ 45.87 S 46.02 $ 45.69
Present valuve of
totgl utility expenditures
(107 1975 %) 673.88 677.5 678.17 676.63
Cost of SO, reduction
(1975 $/tori - 1,155 1,146 1,031

90 percent removal, 0.5 Ib ceiling, annual average.

33 percent removal, 0.6 Ib ceiling, annual average.

Current NSPS: 1.2 b SOZ/ |06 Btu, no mandatory percentage removal, annual average.

September 1978 proposed standard: 1.2 Ib SO
floor with three-day-per-month exemption.

,/108 Btu, 85 percent SO, removal, 24-hour average; 0.2 Ib 50,/10°
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Table F-7
USM Cost Projections, 1995

(PEDCo FGD Costs)
Current NSPS b 0.6 Ib d
(Baseline)® 0.2 1b Floor Uniform Ceiling® 0.6 Ib Floor?
Average monthly residential
bill (1975 $) $ 54.68 $ 57.37 $ 56.21 $ 57.02
: (4.9%) (2.8%) (4.2%)
Present value of9tofol utility 819.17 832.37 826.21 830.4
expenditures (107 1975 $) (1.6%) (0.8%) (1.4%)
Cost of SO, reduction - 1,591 1,375 1,531
(1975 §/ton
Pollution contro} investment®
(1983-2000) (107 1975 ) 40.1 +41.7 +27.4 +28.9
(104%) (68%) (72%)

Note: Numbers in parentheses indicate percentage change “from baseline.

9 Current NSPS: 1.2 Ib 502/ | 06 Btu, no mandatory percentage removal, annual average.

b September (978 proposed standard: 1.2 Ib SOZ/IO6 Btu, 85 percent SO2 removal, 24-hour average; 0.2 Ib SOZ/ IO6

floor with three-day-per-month exemption.
€ 33 percent removal, 0.6 Ib ceiling, annual average.

4 Equivalent to b, but with 0.6 Ib 50,/106 floor, 24-hour standard.

€ Assumes wet scrubbing technologies.
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Table F-8
USM Cost Projections, 1995

(TVA FGD Costs)
Current NSOPS b 0.51b Ceilin% 0.61b d
(Baseline) 0.2 Ib Floor 90% Removal Uniform Ceiling
Average monthly residential $ 52.67 $ 53.99 $ 54.6l $ 53.75
bill (1975 $/month) (2.5%) (3.6%) (2.1%)
Present value of total 9 805.07 811.0 812.07 809.73
vtility expenditures (107 1975 %) (0.7%) (0.9%) (0.6%)
Cost of SO, reduction - 900 831 900
reduction (1975 $/ton) |
Pollution contro} investment® 33.9 +17.9 +19.9 +13.6
(1983-2000) (107 1975 %) (53%) (59%) (40%)

Note: Numbers in parentheses indicate percentage change from baseline.

qa

b

Current NSPS: 1.2 1b SOZ/ IO6 Btu, no mandatory percentage removal, annual average.

September 1978 proposed standard: 1.2 Ib SOZIIO6 Btu, 85 percent SO2 removal, 24-hour average; 0.2 Ib 502/ l06
floor with three-day-per-month exemption.

90 percent removal, 0.5 Ib ceiling, annual average.
33 percent removal, 0.6 Ib ceiling, annual average.

Assumes wet scrubbing technologies.



Table F-9
USM Fuel Impact Projections, 1990

(PEDCo FGD Costs)
- Current NSPS b 0.6 Ib
(Boseline) 0.2 ib Floor Uniform Ceiling® 0.6 Ib Floor®
Utility coal production e
by region (10° tons/yr)
Appalachia 382 437 414 39
Midwest 74 8i 78 81
Northern Great Plains 362 214 250 344
West and Gulf Coast 167 275 233 183
National 288 1023 990 1003
Western coal shipped
east of the Mississippi River
(10° tons/yr) 167 79 112 168
Utility fossil fuel
consumption _
Cool (10" Btufyr) 19.5 20.0 19.8 19.9
on(lo'65 Btu/yr) 1.95 3.95 3.90 3.90
(10° bbls/day) 1.78 1.7 1.76 1.76
Coqlstronsporfaﬁcn
(10" ? Btu/yr) 0.26 0.185 0.208 0.2¢1
Toffg fossil fuel consumption 23.8 24.2 23.9 24,8
(10°° Btu)
a

Current NSPS: 1,2 1b 502/ |06 Btu, no mandatory percentage removal, annuai average.

b september 1978 proposed stondard: 1.2 Ib 50,/ 108 Btu, 85 percent SO, removal, 24-hour average; 0.2 Ib 502/l06
floor with three-day-per-month exemption,

€ 33 percent removal, 0.6 Ib ceiling, annual average,
d Equivalent to b, but with 0.6 Ib S0,/10° floor, 24-hour standard.

€ Includes only coal produced for electric utility consumption.
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Table F-10
USM Fuel Impact Projections, 1990

(TVA FGD Costs)
Current NSgS b 0.5 b Ceilinq: 0.6 1b d
(Baseline) 0.2 Ib Floor 90% Removal Uniform Ceiling
Utility coal production
by region (10° tons/yr)®
Appaiachia 433 435 435 436
Midwest 73 90 74 91
Northern Great Plains 197 172 191 172
West and Gulf Coast 269 276 274 277
National 987 990 990 991
Western coal shipped
east of the Mississippi River
(10° tons/yr)) 6! 41 60 41
Utility fossil fuel
consumption
Coal (103 Bufyr) 19.4 19.6 19.5 19.6
0il (1013 Bru/yr) 3.84 3.90 3.91 3.90
(10® bbis/day) 1.73 1.76 1.76 1.7
Coqgfransporraﬁon
Btu/yr) 0.163 0.159 0.160 0.160
Totfg fossil fuel consumption
(10~ Btu) 23.4 23.6 23.6 23.6

Current NSPS: 1.2 |b 502/ |06 Btu, no mandatory percentage removal, annual average.

P September 1978 proposed standard: 1.2 Ib 50,/10° Btu, 85 percent SO, removal, 24-hour average; 0.2 Ib 50,/10
floor with three-day-per-month exemption.

90 percent removal, 0.5 ib ceiling, annual average.
33 percent removal, 0.6 Ib ceiling, annual average.

Includes only coal produqed for electric utility consumption,
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Table F-11I
USM Fuel Impact Projections, 1995

(PEDCo FGD Costs)
Current NS(I)’S b 0.6 1b d
{Baseline) 0.2 ib Floor Uniform Ceiling® 0.6 Ib Fleor
Utility coal p ucﬁone
by region (10° tons/yr)
Appalachia 447 540 504 460
Midwest 68 80 80 80
Northem Great Plains S22 274 320 477
West and Gulf Coast 210 394 321 23t
National 1250 1309 1247 1270
Western coal shipped
east of the Mississippi River
(10° tons/yr) 240 93 136 217
Utility fossil fuel
consumption
Coal (10'° Btu/yr) %.3 25.1 .6 2.9
oit (1012 Brujyr) 3.1 3.096 3.1 3.098
(10° bbis/day) .42 1.40 1.41 .39
Cocllstronsportoﬁm ,
(10"~ Btufyr) 0.353 0.22¢ 0.254 0.340
Totfg fossil fuel consumption
(10"~ Btv) 27.8 28.4 28.0 28.3

Current NSPS: 1.2 Ib 502/ l06 Btu, no mandatory percentage removal, annual average.

b September 1978 proposed standard: 1.2 Ib S0,/10% Btu, 85 percent SO, removal, 24-hour averoge; 0.2 Ib SO,/10°
floor with three-day-per-month exemption,

€ 33 percent removal, 0.6 Ib ceiling, annual average.
4 Equivalent 10 b, but with 0.6 tb 50,/10° floor, 24-hour standard.
e

Inciudes only coal produced for electric utility consumption,
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Table F-12
USM Fuel Impact Projections, 1995

(TVA FGD Costs)
Current NSgS b 0.51b Ceilin% 0.6 b d
(Baseline) 0.2 Ib Floor 90% Removal Uniform Ceiling
Utility coal production
by region (10° tons/yr)®
Appalachia 529 532 532 533
Midwest 69 101 4 1ol
Northem Great Plains 255 210 242 211
West and Guif Coast 352 376 375 378
National 1236 1243 1247 1247
Westemn coal shipped
eass of the Mississippi River
(10° tons/yr) 72 33 . 66 33
Utility fossil fuel
consumption
Coal (10'3 Bu/yr) 2%.1 2%.4 2.3 2.4
ait (1013 Btufyn) 3. 3.09 3.07 3.09
(10° bbls/day) 1.39 1.4 1.39 1.40
Coqlstransponoﬁon
(10"~ Btu/yr) 0.197 0.195 0.19% 0.196
27.2 27.5 27.4 21.5

Totﬂj’ fossil fuel consumption

(10" ° Btv)

9 Current NSPS: 1.2 1b S0,/ 106 Btu, no mandatory percentage removel, annual averoge.

b September 1978 proposed standards 1.2 Ib 502/I06 Btu, 85 percent SOz removal, 24-hour average; 0.2 ib 502/I0§
floor with three-day-per-month exemption.

€ 90 percent removal, 0.5 Ib ceiling, annual qverage,

33 percent removal, 0.6 Ib ceiling, annual average.

©  Includes only coal produced for electric utility consumption,
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APPENDIX G

INPUT ASSUMPTIONS FOR THE PHASE 3 ANALYSIS
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APPENDIX G
INPUT ASSUMPTIONS FOR THE PHASE 3 ANALYSIS*

Electricity Peak and Average Growth Rates (%/yr)

1975 - 1985 4.8
1985 - 1995 4.0

Nuclear Capacity (GW)

1985 99
1990 : 165
1995 228

Oil Prices (1975%/bbl)

1985 12.90
1990 16.40
1995 21.00
General Inflation Rate (GIR) (%/yr) 5.5
Coal Transportation Cost Escalation 1.8% + GIR 1975-1985,
GIR 1985-1995
Coal-Mining Labor Cost Escalation 1% + GIR

Specified by the Joint EPA/DOE Working Group.’
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APPENDIX H

PROJECTED NATIONAL ELECTRIC GENERATING CAPABILITY AND
ELECTRICITY GENERATION BY FUEL, 1976-2000
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APPENDIX H

PROJECTED NATIONAL ELECTRIC GENERATING CAPABILITY AND
ELECTRICITY GENERATION BY FUEL, 1976-2000

Figure H-1 Projected National Eleciric Generating Capability
Figure H-2 Projected National Electricity Generation by Fuel
Table H-1 Projected National Generating Capocity
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Figure H-1
Utility Simulation Model
Projected National Electric Generating Capability
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Figure H-2
Utility Simulation Model
Projected National Electricity Generation
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Table H-1
Projected National Generating Capacity

(Net Capability, Gigawatts)
1980 1985 1990 1995 2000

Coal 234.4 283.0 383.3 489.9 629.4
Nuclear 60.3 99.5 164.3 227.8 294.6
Oil/gas 162.5 141.4 114.0 103.4 91.5
Hydro and pumped hydro 78.2 84.9 92.9 101.0 110.4
Combustion turbine and
other 67.5 88.3 93.6 98.6 104.4
Combined cycle 3.0 6.4 7.7 7.7 7.7
Geothermal 1.0 1.9 3.0 4.0 5.1

Total 606.8 705.4 858.8 1,032.4 1,243.1

Current NSPS, higher FGD costs; capocity mixes for other scenarios
are within a few percent of each other.
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APPENDIX |

USM PROJECTIONS FOR 1995 UNDER
THE FINAL PROMULGATED RNSPS
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On May 25, 1979 the EPA Administrator announced the final revised New Source
Performance Standards for electric utilities. This appendix briefly compares the
final standard with two potential RNSPS options investigated in this report. This

APPENDIX |

USM PROJECTIONS FOR 1995 UNDER
THE FINAL PROMULGATED RNSPS

comparison is followed by an EPA description of the final standard.

There are two principal changes between our Phase 3 projections and our

Projected Impacts of the Final RNSPS

projection of the implications of the final RNSPS.

The definition of the final RNSPS. For coal plants "SO
emissions to the atmosphere are limited to 1.201
SO,/million Btu heat input, and a 90 percent reduction in
potzential SO, emissions is required at all times except
when emissi&'\s to the atmosphere are less than 0.60 |b
SO,/million Btu heat input. When 5O, emissions are less
thdan 0.60 Ib SOZ/million Btu heat input, a 70 percent
reduction in poténtial emissions is required. Complionce
is determined on a continuous basis by using continuous
monitors to obtain a 30-day rolling average."*

As can be seen from Table I-1 in the text, the final
RNSPS is less stringent than the September 1978 proposed
full scrubbing option, but is more strirpent than the
potential RNSPS with o 0.6 Ib SO,/10” Bty uniform
ceiling requiring 33 percent removal.

The use of dry scrubbing for FGD. Dry scrubbing technol-
ogies are an important element of the final RNSPS. For
lower-sulfur coals dry scrubbing technologies should be
less expensive than wet scrubbing processes. A new cost
and performance model for dry scrubbing was developed
in order to analyze the final RNSPS and to carry out
comparisons with lime, limestone, and magnesium-oxide
wet scrubbing technologies.

*

EPA Summary of Standards (Fact Sheet), May 25, 1979.
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Table 1-1 presents Utility Simulation Mode! projections for 1995 under the final
promuigated RNSPS.

Because dry scrubbing technologies were not assumed for the Phase 3 analyses,
the projections for the final RNSPS are not strictly comparable to the Phase 3
projections. With this caveat, Tables [-2 and |-3 present a general comparison of
the projected impacts of the final RNSPS and the two RNSPS options contrasted
at the end of Section 2. '

The following observations are pertinent:

° National SO, emissions are higher under the final RNSPS
than under Zhe September 1978 proposed RNSPS, which
required 90 percent annual removal on all coals. This is
principally due to the lower 70 percent removal require-
ment under the final RNSPS, which agplies to low-sulfur
coals with less than about 0.9 Ib §/10” Btu. These coals
will predominantly be used in the western U.S. Emissions
under the final RNSPS wi lk be lower than those projected
under the 0.61!b SO,/I0° Btu uniform ceiling partial
scrubbing option and” will be substantially lower than
under a continuation of the current NSPS.

° Dry scrubbers would also be cheaper in many cases for
meeting SIP standards. The extent to which dry scrubbing
can be used at all on SIP-regulated plants will depend on
SIP compliance schedules, and the availability and accep-
tance of dry scrubbing.

° The lower cost of dry scrubbers is reflected in cumulative
Pollution Control Investment, which is estimated to be
$48 billion (19755) from 1983-2000. The corresponding
investments for Phase 3 results using solely wet scrubbing
are:

\

$40 billion under the current NSPS

$82 billion under the September 1978 proposed RNSPS

$67 billion under the 0.6 uniform ceiling with 33 percent
removal.

These pollution control investment figures include all
pollution controls. PEDCo FGD costs were used for wet
scrubbing; EPA costs for dry scrubbing.
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° The lower cost of dry scrubbers results in lower levels of
projected Eastern and Gulf Coast coal production relative
to the wet scrubbing scenarios.  Correspondingly,
Northern Great Plains production increases. This occurs
because low-sulfur Western coals will comply with the
RNSPS at 70 percent removal using dry FGD technologies,
increasing the attractiveness of these low-sulfur coals.

° The average monthly electricity bill is lower under the
promulgated standard than for any alternative RNSPS
analyzed using only wet scrubbing and PEDCo FGD costs.
For example, under the September 1978 proposed standard
the national average monthly electricity bill in 1995 was
projected to be 557.37; under the final RNSPS it is $55.06.

The remainder of this Appendix quotes the EPA "Summary of Standards" released
upon the announcement of the final revised NSPS, May 25, 1979.

SUMMARY OF STANDARDS
Applicability

The standards apply to electric utility steam generating units capable of firing
more than 250 million Btu/hour heat input of fossil-fuel, for which construction
is commenced after September 18, 1978,

‘SOz Standards
The SOZ standards are as follows:

I.  Solid and solid-derived fuels (except solid solvent refined
coaly: SO, emissions to the atmosphere are limited to
1.20 lb/miﬁion Btu heat input , and a 90 percent reduction
in potential SO., emissions is required at all times except
when emissior?s to the atmosphere are less than
0.60 Ib/million Btu heat input., When SO, emissions are
less than 0.60 Ib/million Btu heat inpuf, a 70 percent
reduction in potential emissions is required. Compliance
is determined on a continuous basis by using continuous
monitors to obtain a 30-day rolling average.
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Table I-1
USM Projections for 1995 under the Final Promulgated RNSPS

National SOZ Emissions ( |06 tons)

Coaal
SIP
NSPS
RNSPS
Oil
Total (including turbines)

Regional SOZ Emissions from All Power Plants ( IO6 tons)

New England

Mid Atlantic

South Atlantic

East North Central
West North Central
East South Central
West South Central
North Mountain
South Mountain
Pacific

Cumulative Total Utility Investment, 1983 onward in
Billions of 1975%

Cumulative Pollution Control Investment, 1983 onward in
Billions of 1975%

Present Value of Total Utility Costs
Billions of 1975%

National Average Household Monthly Electricity Bill
(19759%)

Utility Coal Production (IO6 tons)

Appalachia

Midwest

Gulf Coast

Northem Great Plains
Rocky Mountains
Other

National

Western Coal Shipped East of Mississippi River (106 tons)
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566.5

47.9

815.5

35.06

441.8
87.8
74.0

431.6

164.9
22.7

1,222.8
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" Table I-1 (Continued)

Annual Oil Consumption gIOI5 Btu)
(10° bbl/day)

Scrubber Capacities (GW)

New England

Mid Atlantic

South Atlantic
East North Central
West North Central
East South Central
West South Central
Nor th Mountain
South Mountain
Pacific

Total

Total SIP

Total NSPS

Total RNSPS
Total Coal Capacity (GW)
Total Nuclear Capacity (GW)
Total Qil Steam Capacity (GW)
Total System Size (GW)

Totoi Generation (IO9 k'Nh)
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Definition of Regions for Emission
Summary Tables

East

Midwest

West South
Central

West

New England (ME, CT, Rl, MA, NH, VT),
Middle Atlantic (NY, NJ, PA), and
South Atlantic (DE, MD/DC, VA, WV, NC, SC, GA, FL)

East North Central (Wi, M, IL, IN, OH),
East South Central (KY, TN, MS, AL), and
West North Central (ND, SD, NE, KS, IA, MO, MN)

West South Central (TX, OK, AR, LA)

Mountain (ID, MT, WY, NV, UT, CO, AZ, NM), and
Pacific (WA, OR, CA).
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Table 1-2

Utility Simulation Model Emission Impact Projections, 1995

May 1979

Current NS b ., 0é1b Promulgoaed
(Baseline) 0.2 1b Floor Uniform Ceiling RNSPS
Regional powgr-plont SO2
emissions (10° tons)
Eost 7.17 5.83 6.28 5.79
Midwest 10.99 9.82 10.12 10.68
West South Central 3.i9 1.78 2.29 2.14
West .41 0.89 1.19 . 1.12
Total 22.8 18.3 19.9 19.7
Nt 30, arisigs
SiP-reguiated plonts 13.13 13.45 13.06 14.2
NSPS-regulated plonts .50 1.51 1.50 .31
RMNSPS-reguiated plonts .74 1.94 3.87 2.85
Coal consumption (10'3 Btu/yr) 2.3 25.1 2.6 2.4
National gerage
b SOZ/IO Btu
SIP.regulated plonts 2.49 2.77 2.76 2.80
NSPS-reguiated plants .20 1.20 1.20 .20

RNSPS-regulated piants 1.20 0.29 0.60 0.47

Current NSPS; 1.2 b 502I06/Btu. no mandatory percentage removal, anmual average.

September 978 proposed RNSPS: [.21b SO /IO‘ Bty, 85 percent SOz removal, 24-hour average; 0.2 Ib
502/ 10° floor with three-day-per-month exemption.

33 percent removal, 0.6 Ib ceiling, annual averoge.

The May 1979 promuigated RNSPS projection utilizes dry scrubbing technologies as well as wet. Hence, the
resuits are not strictly comparable to the other RNSPS projections which assumed oniy wet scrubbing processes.
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Table 1-3
Utility Simulation Model Cost Projections, 1995

881

May 1979
Current NSPS b 0.6 b Promulgoéed
(Baseline)? 0.2 Ib Floor Uniform Ceiling® RNSPS
Average monthly residential
bill (1975 $) $ 54.68 $ 57.37 $ 56.21 $ 55.06
(4.9%) (2.8%)
Present valuve of9total utility 819.17 832.37 826.21 815.5
expenditures (107 1975 %) (1.6%) (0.8%)
Cost of SO, reduction
(1975 $/tori - 1,591 1,375 -
Pollution contrql investment
(1983-2000) (10”7 1975 $) 40.1 81.7 67.5 47.9

Note: Numbers in parentheses indicate percentage change from baseline.

9 Current NSPS: 1.2 Ib 502/ |06 Btu, no mandatory percentage removal, annual average.

b Septemper 1978 proposed RNSPS: 1.2 1b 502/ IO6 Btu, 85 percent 502 removal, 24-hour average; 0.2 Ib
502/ 10° floor with three-day-per-month exemption. :

33 percent removal, 0.6 tb ceiling, onnual average.

The May 1979 promulgated RNSPS projection utilizes dry scrubbing technologies as well as wet. Hence, the
results are not strictly comparable to the other RNSPS projections which assumed only wet scrubbing processes.



2. Gaseous and liquid fuels not derived from solid fuels: SO
emissions into the atmosphere are limited t
0.80 Ib/million Btu heat input, and a 90 percent reduction
in potential SO, emissions is required. The percent
reduction requir%ment does not apply if SO, emissions
into the atmosphere are less than 0.20 |b/mi||i%n Btu heat
input. Compliance is determined on a continuous basis by
using continuous monitors to obtain a 30-day rolling
average.

3.  Anthracite coal: electric utility steam generating units
firing anthracite coal alone are exempt from the percent-
age reduction requirement of the SO, standard but are
subject to the 1.20 Ib/million Btu heat {hput emission limit
on a 30-day rolling average, and all other provisions of

the regulations including the pariculate matter and NO_
standards.

4. Noncontinental areas: Electric utility steam generating
vnits located in noncontinental areas (State of Hawaii, the
Virgin Islands, Guam, American Samoa, the Common-
wealth of Puerto Rico, and the Northern Mariana Islands)
are exempt from the percentage reduction requirement of
the SO, standard but are subject to the applicable SO
emissio?\ limitation and all other provisions of the regula=
tions including the particulate matter and NOx standards.

5. Resource recovery facilities: Resource recovery facili-
ties that fire less than 25 percent fossil-fuel on a quar-
terly (90-day) heat input basis are not subject to the

. percentage reduction requirements but are subject to the
1.20 Ib/million Btu heat input emission limit., Compliance
is determined on @ continuous basis using continuous
monitoring to obtain a 30-day rolling average.

Particulate Matter Standards
The particulate matter standard limits emissions to 0.03 Ib/million Btu heat

input. The opacity standard limits the opacity of emissions to 20 percent
(6-minute average).
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NOx Standards

The NOx standards limit emissions according to fuel types as follows:

Continuous compliance with the NOx standards is required, based on a 30-day

P’

0.20 Ib/million Btu heat input from the combustion of any
gaseous fuel, except gaseous fuel derived from coal;

0.30 Ib/million Btu heat input from the combustion of any
liquid fuel, except shale oil and liquid fuel derived from
coal;

0.50 Ib/million Btu heat input from the combustion of
subbituminous coal, shale oil, or any solid, liquid, or
gaseous fuel derived from coal;

0.80 Ib/million Btu heat input from the combustion in a
slag tap furnace of any fuel containing more than 25 per-
cent, by weight, lignite which has been mined in North
Dakota, South Dakota, or Montana;

Combustion of a fuel containing more than 25 percent, by
weight, coal refuse is exempt from the NOX standards and
monitoring requirements; and

0.60 Ib/million Btu heat input from the combustion of any
solid fuel not specified under (3), (4), or (5).

rolling average.

The standards include provisions which allow the Administrator to grant
commercial demonstration permits to allow less stringent requirements for the

initial full-scale demonstration plants of certain technologies. The standards

Emerging Technologies

include the following provisions:

Facilities using SRC | would be subject to an emission
limitation of 1.20 Ib/million Btu heat input, based on a 30-
day rolling average, and an emission reduction require-
ment of 85percent, based on a 24-hour average.
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However, the percentage reduction allowed under a
commercial demonstration permit for the initial full-scale
demonstration plants using SRC | would be 80 percent
(based on a 24-hour average). The plant producing the
SRC | would monitor to insure that the required percent-
age reduction (24-hour average) is achieved and the power
plant using the SRC | would monitor to ensure that the
1.20 Ib/million Btu heat input limit (30-day rolling
average) is achieved.

2, Facilities using fluidized bed combustion (FBC) and coal
liquefaction would be subject to the emission limitation
and percentage reduction requirement of the SO, stan-
dard and to the particulate matter and NO standards.
However, the reduction in potential SO emissions
allowed under a commercial demonstration permit for the
initial full-scale demonstration plants using FBC would be
85 percent (based on a 30-day rolling average). The NO_
emission limitation allowed under a commercial demon:
stration perrmt for the initial full-scale demonstration
plants using coal liquefaction would be 0.70 Ib/million Btu
heat input, based on a 30-day rolling average.

3. No more than 15,000 MW equivalent electrical capacity
would be allotted for the purpose of commerical demon-
stration permns. The capacity will be allocated as

follows:
Equivalent
Electrical
Capacity
Technology Pollutant MW
Solid solvent-refined coal 50, 5,000 -~ 10,000
Fluidized bed combustion
(atmospheric) $0, 400 - 3,000
Fluvidized bed combustion
(pressurized) $O, 200 - 1,200
Coal liquefaction NOx ' 750 - 10,000
SOZ Stondard

° Standard is based on the performance of well designed,
operated, and maintained wet lime/limestone SO2
scrubbing system,
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The minimum requirement of 70 percent removal provides
an opportunity for the full development of dry SO2
removal systems.

Sulfur removed through coal washing or in the fly ash and
bottom ash is also credited toward achievement of the
standard.

Lime/limestone wet scrubbing is capable of 90 percent
SO, reduction on all coals and up to 95 percent SO2
red%cfion on low-sulfur coals. :

Regenerable wet scrubbing, which is capable of higher
percent SO, reductions at added cost, has also been
demonstrated and is applicable where limited land area is
available for sludge disposal.

Several wet scrubbing systems have demonstrated high
percentages of SOZ reduction. These are:

Size Percent
Unit (MW) Type Location Reduction

I. Columbus & So. Ohio

Conesville Station 400 Lime U.S.A. 89.2
2. No. Indiana Publ. Serv.

Mitchell Station 15 Regen. U.S.A. 89.2
3. Tennessee Val. Auth,

Shawnee Station 10 Lime U.S.A. 88.6
4, Kansas Power & Light

Lawrence Station 125 Limestone U.S.A. 96.6
5. Lovisville Gas & Elec.

Cane Run Station 178 Lime U.S.A. 89.8
6. Arizona Publ. Serv.

Cholla Station i15 Limestone U.S.A. 92
7. Southem California Ed.

Mohave Station 170 Limestone U.S.A. 95
8. Pennsylvania Power

Bruce Mansfield Station 800 Limestone U.S.A. 85.3
9, Elec. Power D.evel.

Takasago Station 500 Limestone Japan 93
10, Elec. Power Devel. -

Isogo Station 530 Limestone Japan 93
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Size Percent
Unit (MW) Type Location Reduction
I1. Elec. Power Devel.
Takehara Station 256 Limestone Japan 93
12, Mitsui Aluminum
Miiki Station , 175 Limestone Japan 90
° Water and solid waste proddcts of wet scrubbing can be
managed in an environmentally sound manner.
° Dry scrubbing is considerably less complex than
lime/limestone wet scrubbing systems.
° Dry scrubbing involves contacting SO,-laden flue gas with
an alkaline solution in a spray dryer which simultaneously
drys the liquid and allows absorption of the SO, by the
alkaline reagent. The dry solid reaction produczi, along
with fly ash, is collected in @ conventional baghouse or
electrostatic precipitator.
. Five commercial dry SO, control systems are on order;
three for utility boilers ‘and two for industrial applica-
tions. The utility units will commence operation in the
1981-1982 time frame.
° The utility boilers are:
Size Percent
Unit MW) Reduction
I. Otter Trail Power v
Coyote #1, N.D. 400 50
2. BasinElectric
Laramie River #!, Wyoming 550 85
3. BasinElectric .
Antelope Valley #1, N.D. 455 70
° All utility units are on low-sulfur high-olkaline coal.
. The industrial applications are:s

193



Size Percent
Unit (SCFM) Reduction

Celanese Corporation
Cumberland Plant, Md. 57,700 70

Struthmore Paper Company
Woronoco Plant, Mass. 22,000 N/A

Successful testing of the spray dryer process at the pilot
scale has been performed. The data suggest that at a
70 percent sulfur removal requirement, dry systems offer

. major cost advantages over lime/limestone wet scrubbers
for low-sulfur coal applications.

Annual revenue requirements are estimated at one-third
less than corresponding wet lime scrubbing assuming a
subbituminous (0.7 percent sulfur) coal and a 70 percent
control requirement.

Dry and wet costs are approximately equal for a 2 percent
sulfur coal.

Other benefits:
- Reduction in consumptive water use

~  Potential for higher reliability dve to simpler
process

—~  Substantial reduction in energy losses since reheat
requirement is eliminated

—  Production of a dry solid waste material. Although

larger in quantity, it can be more easily disposed of
than wet scrubber sludge

Particulate Matter Standard
Standard is based on performance of well designed, oper-
ated, and maintained electrostatic precipitator (ESP) or

baghouse control systems.

ESPs were initially installed by the utility industry in the
1920s, with widespread use since the 1950s.

ESPs with sufficient collection area can achieve the
standard on both high- and low-sulfur coal applications.
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On Western, low-sulfur coal applications, however, ESPs
must be much larger due to the electrical resistivity of
the fly ash, making the equipment more expensive.

Baghouses (fabric filters), which are relatively new to

utility applications, offer a lower cost alternative to ESPs
on Western, low-sulfur coals.

‘Baghouses, however, are not new to large industrial and
boiler applications. They have been used in industrial
applications for more than 20 years.

To date, most baghouses have been installed on small
stations, but this is changing rapidly as utilities order
baghouses for larger installations.

Since proposal, a 350-MW unit equipped with a baghouse
has started operation and test results show that it meets
the new standard.

NOx Standards

The NO_ standards can be achieved with the use of
combustion modification. This technique reduces the
formation of nitrogen oxide gases in the furnace where
the fuel is burned. No external control device, such as a
stack-gas scrubber, is required.

In developing the NO_ standards, EPA tested six well-
controlled electric uﬁlfty power plants. Two of the plants
burned Eastern bituminous coal, one burned Western
bituminous coal, and three burned Western subbituminous
coal. All of the plants had NOX emission levels below the
new standards.

In addition to the EPA test data, boiler manufacturer and
electric utility test data have been obtained for a number
of coal-fired power plants, including 30 months of contin-
vously monitored NO_ data. Virtually all of these data
support the NOX standards.

Compliance with the NO_ standards is based on a 30-day
rolling average of emission levels. This averaging period
is intended to give boiler operators the flexibility they
need to handle conditions which occur during the normal
operation of an electric utility boiler. Some of the
conditions, such as slagging, may require elevated NO
emission levels over short periods of time. (Slagging
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reduces boiler efficiency and is caused by the accumula-
tion of coal ash on the boiler tubes.)

The NOX standard for bituminous coal is higher than the
NO_ standard for subbituminous coal dve to concern over
boifér tube corrosion when bituminous coal is burned
during low-NO_ operation. The NOX standard for bitumi-
nous coal représents an emission [ével at which an elec-
tric utility boiler can operate without increasing corrosion
which can shorten the life of boiler tubes and cause
~xpensive repairs.
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GLOSSARY OF 50, STANDARDS TERMINOLOGY

Averaging time

Ceiling
Exemptions

Floor

n——

Required percentage removal

RSD

Period of time over which the emissions are
averaged. Coal sulfur content is variable, and
the maximum 24-hour emission is greater than
the maximum 30-day emission, which makes a
shorter averaging time a more stringent
requirement.

Flue gas that is not freated by the flue gas
desulfurization (FGD) system. The bypass may
be operated such that either a fixed or a
variable percentage of the flue gas is by-
passed. If the bypass is variable, it is assumed
that it will be operated to minimize cost and
maximize emissions.

An emission limit that is not to be exceeded
except as specified.

Number of days per month the ceiling can be
exceeded.

A limit that allows fuels of very low sulfur
content (e.g., natural gas, distillate oil, bio-
mass) to be burned without SO, controls. The
floor also allows partial scr&bbing of low-
sulfur coals and bypassing of unscrubbed flue
gas for reheating.

The percentage of the flue gas SO, that must
be removed unless the ceiling or2 the floor
controls. If the ceiling controls, a larger
portion of the SO, must be removed; if the

floor controls, a” smaller portion may be
removed.

Relative standard deviation. The RSD is equal
to the standard deviation divided by the mean
of a set of samples. For a normally distrib-
uted sample population, 95 percent of the
samples would be within two standard devia-
tions of the mean. With respect to coal sulfur
content, 90 percent of the time (the equiva-

. lent of 27 days per month), it is assumed that

the measured coal sulfur content would be
within roughly + 2 standard deviations of the
mean, It is assumed that essentially all of the
samples fall below three standard deviations
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