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A.1 HISTORIC EMISSIONS OF SULFUR
AND NITROGEN OXIDES

During 1980, about 25 million to 27 million tons of
sulfur dioxide (S02) and about 21 million to 23 million
tons of nitrogen oxides (NOX) were emitted nationwide
by electric utilities, industry, highway vehicles, and
other sources. S02 emissions peaked around 1970 at
about 29 million to 31 million tons per year; NOX

emissions peaked during the late 1970’s at about 21 mil-
lion to 24 million tons per year.

Estimates such as these are calculated from data col-
lected by the Environmental Protection Agency (EPA)
and the Department of Energy (DOE) on a large vari-
ety of emitting sources. Pertinent information includes,
for example, fossil fuel consumption, sulfur content of
fuels burned, and average NOX emissions rates from
various types of boilers and highway vehicles. Due to
the extensive data collection and monitoring activities
of both agencies, current emissions estimates are accu-
rate to within 5 to 10 percent nationwide. However, the
uncertainty around emissions estimates is larger for
prior years. Reasonably complete data exist for the last
three decades; emissions between 1900 and 1950 must
be inferred using whatever historical records exist.
Assumed values are necessary to fill in missing data to
complete the calculations.

Tables A-1 and A-2 present estimates of 1980 SO2

and NOX emissions by State and sector. These esti-
mates were calculated by EPA for the U.S.-Canada
Memorandum of Intent on Transboundary Air Pollu-

tion. 1 Nonutility combustion (table A-1, co1. 3, table
A-2, co1. 4) includes emissions from industrial, commer-
cial, and residential combustion sources. Industrial
process emissions of SO2 (table A-1, co1. 4) include emis-
sions from nonferrous smelters, petroleum refineries,
cement plants, natural gas plants, iron and steel mills,
and sulfuric acid plants. Transportation emissions of
NOX (table A-2, col. 2) include highway vehicles and
such off-highway mobile sources as aircraft, railroads,
vessels, and construction equipment.

Estimated historic emissions of SO2 and NOX from
1900 to 1980 are presented graphically below.2 These
estimates are from ongoing work by an EPA contrac-
tor, and are subject to further review and revision. (The
estimates for 1980 agree to within about 5 percent with
the emissions estimates presented in tables A-1 and A-2. )

Figure A-1 presents State-level S 02 and NOX

emissions estimates for the period 1950 to 1980. Most
of the data needed to calculate these estimates were
available by State from various government reports;

]‘ Emlswms,  Cnsts and Enq-meerln~  .%scssment,  \$’ork Group 3B,  Lrnlted
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1982.
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Table A-1 .—Estimated 1980 S02 Emissions (thousands of tons)

Total 1980 Utility Nonutility Process Other
State SO2 emissions combustion combustion emissions SO2 emissions

– L

Alabama. . . . . . . . . . . . . . . . .
Alaska . . . . . . . . . . . . . . . . . .
Arizona. . . . . . . . . . . . . . . . . .
Arkansas . . . . . . . . . . . . . . . .
California . . . . . . . . . . . . . . . .
Colorado . . . . . . . . . . . . . . . .
Connecticut. . . . . . . . . . . . . .
Delaware . . . . . . . . . . . . . . . .
District of Columbia . . . . . .
Florida . . . . . . . . . . . . . . . . . .
Georgia . . . . . . . . . . . . . . . . .
Hawaii . . . . . . . . . . . . . . . . . .
Idaho . . . . . . . . . . . . . . . . . . .
Illinois . . . . . . . . . . . . . . . . . .
Indiana . . . . . . . . . . . . . . . . . .
Iowa . . . . . . . . . . . . . . . . . . . .
Kansas . . . . . . . . . . . . . . . . . .
Kentucky . . . . . . . . . . . . . . . .
Louisiana . . . . . . . . . . . . . . . .
Maine . . . . . . . . . . . . . . . . . . .
Maryland . . . . . . . . . . . . . . . .
Massachusetts . . . . . . . . . . .
Michigan . . . . . . . . . . . . . . . .
Minnesota . . . . . . . . . . . . . . .
Mississippi . . . . . . . . . . . . . .
Missouri . . . . . . . . . . . . . . . . .
Montana . . . . . . . . . . . . . . . . .
Nebraska . . . . . . . . . . . . . . . .
Nevada . . . . . . . . . . . . . . . . . .
New Hampshire . . . . . . . . . .
New Jersey . . . . . . . . . . . . . .
New Mexico . . . . . . . . . . . . .
New York..... . . . . . . . . . . .
North Carolina . . . . . . . . . . .
North Dakota . . . . . . . . . . . . .
Ohio . . . . . . . . . . . . . . . . . . . .
Oklahoma . . . . . . . . . . . . . . .
Oregon . . . . . . . . . . . . . . . . . .
Pennsylvania . . . . . . . . . . . . .
Rhode Island . . . . . . . . . . . . .
South Carolina . . . . . . . . . . .
South Dakota . . . . . . . . . . . .
Tennessee . . . . . . . . . . . . . . .
Texas . . . . . . . . . . . . . . . . . . .
Utah . . . . . . . . . . . . . . . . . . . .
Vermont . . . . . . . . . . . . . . . . .
Virginia . . . . . . . . . . . . . . . . . .
Washington . . . . . . . . . . . . . .
West Virginia . . . . . . . . . . . .
Wisconsin . . . . . . . . . . . . . . .
Wyoming . . . . . . . . . . . . . . . .

U.S. total . . . . . . . . . . . . . .
Percent of U.S. total . . . . . . 16 5
SOURCE: Emissions, Costs and Engineering Assessment, Work Group 3B, United States-Canada Memorandum of lntent on Transboundary Air Pollution, June 1982.
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Table A-2.—Estimated 1980 NOX Emissions (thousands of tons)

Total 1980 Utility Non utility Other
State N OX emissions Transportation combustion combustion NOx emissions

Alabama. . . . . . . . . . . . . . . . .
Alaska . . . . . . . . . . . . . . . . . .
Arizona. . . . . . . . . . . . . . . . . .
Arkansas . . . . . . . . . . . . . . . .
California. . . . . . . . . . . . . . . .
Colorado . . . . . . . . . . . . . . . .
Connecticut . . . . . . . . . . . . .
Delaware . . . . . . . . . . . . . . . .
District of Columbia . . . . . .
Florida . . . . . . . . . . . . . . . . . .
Georgia . . . . . . . . . . . . . . . . .
Hawaii . . . . . . . . . . . . . . . . . .
Idaho . . . . . . . . . . . . . . . . . . .
Illinois . . . . . . . . . . . . . . . . . .
Indiana . . . . . . . . . . . . . . . . . .
lowa . . . . . . . . . . . . . . . . . . . .
Kansas . . . . . . . . . . . . . . . . . .
Kentucky . . . . . . . . . . . . . . . .
Louisiana . . . . . . . . . . . . . . . .
Maine . . . . . . . . . . . . . . . . . . .
Maryland . . . . . . . . . . . . . . . .
Massachusetts . . . . . . . . . . .
Michigan . . . . . . . . . . . . . . . .
Minnesota . . . . . . . . . . . . . . .
Mississippi . . . . . . . . . . . . . .
Missouri. . . . . . . . . . . . . . . . .
Montana . . . . . . . . . . . . . . . . .
Nebraska . . . . . . . . . . . . . . . .
Nevada . . . . . . . . . . . . . . . . . .
New Hampshire . . . . . . . . . .
New Jersey . . . . . . . . . . . . . .
New Mexico . . . . . . . . . . . . .
New York . . . . . . . . . . . . . . . .
North Carolina . . . . . . . . . . .
North Dakota . . . . . . . . . . . .
Ohio . . . . . . . . . . . . . . . . . . . .
Oklahoma . . . . . . . . . . . . . . .
Oregon . . . . . . . . . . . . . . . . . .
Pennsylvania. . . . . . . . . . . . .
Rhode Island . . . . . . . . . . . . .
South Carolina . . . . . . . . . . .
South Dakota . . . . . . . . . . . .
Tennessee. . . . . . . . . . . . . . .
Texas . . . . . . . . . . . . . . . . . . .
Utah . . . . . . . . . . . . . . . . . . . .
Vermont . . . . . . . . . . . . . . . . .
Virginia . . . . . . . . . . . . . . . . .
Washington . . . . . . . . . . . . . .
West Virginia . . . . . . . . . . . .
Wisconsin . . . . . . . . . . . . . . .
Wyoming . . . . . . . . . . . . . . . .

U.S. total . . . . . . . . . . . . . .
Percent of U.S. total . . . . . .

450
58

258
217

1,225
276
134

52
22

648
494

45
81

1,005
773
321
437
531
928

59
248
254
690
373
285
568
126
195
83
56

406
290
680
536
125

1,145
526
192

1,037
36

260
89

517
2,544

144
25

405
289
452
420
255

21,267
100

164
27

119
131
820
115
90
22
14

347
236

26
52

425
280
165
176
183
190
42

143
158
302
200
125
254

63
124
35
27

246
97

385
253

60
438
181
144
434

28
127
58

224
745

65
22

250
193

87
208
69

9,367
44

172
0

91
26

115
86
20
19

2
214
189

13
0

416
361

98
86

272
98

1
61
57

237
112

50
237

23
40
43
25
66
80

130
214

53
516
105

3
390

3
84

200
522

39
1

62
25

302
145
103

83
27
40
45

205
67
23

9
6

52
39

3
15

129
99
47

151
67

552
13
37
37

121
53
79
49
22
22

4
4

68
109
139
50
11

162
216

25
164

5
39

4
69

1,113
33

2
65
32
55
57
78

31
4
9

15
85

9
1
2
1

35
31

3
15
35
33

9
24

9
89

3
7
2

29
8

31
27
18

8
1
1

25
4

26
19

1
29
24
20
49

0
10

7
25

163
7
0

28
39

9
11
6

6,225
29

4,595
22

1,080
5

SOURCE. Emissions, Costs and Engineering Assessment, Work Group 3B, United States-Canada Memorandum of lntent on Transboundary Air Pollution, June 1982.
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Figure A.1.—SO2 and NOX Emissions From 1950 to 1980, By State

1950
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when data were missing, information from the nearest
year of record was used.

During 1950, between 18 million and 21 million tons
of SO2 were emitted nationwide. By 1970, annual SO2

emissions had increased by about 10 million tons over
1950 levels; between 1970 and 1980, emissions declined
by about 4 million tons per year.

Figure A-1 also illustrates the geographic pattern of
N OX emissions. During the 1950’s, nationwide NOX

emissions were about 8 million to 10 million tons per
year. By 1980, nationwide NOX emissions were over
twice 1950 levels.

Figure A-2 graphically illustrates SO2 and NOX

emissions from 1900 to 1980 by sector and geographic
(multi-State) region. For SO2, the sectors include: elec-
tric utilities; industry (including industrial boilers
and—for 1950 and later—copper smelters and cement
plants); commercial and residential boilers; and other
sources, including railroads, vessels, and off-highway
vehicles. The sectors for which NOX emissions are esti-
mated include those listed above, plus highway vehic-
les and natural gas pipelines. The regions are single or

grouped EPA Federal regions, as shown on the accom-
panying map.

Emission trends for SO2 show a consistent pattern in
each of the regions. While pre-1950 trends are uncer-
tain, SO2 emissions appear to have increased until about
1925, decreased during the Depression, increased once
again during World War II, and then declined until the
1950’s. After 1950, annual emissions increased through
about 1970, and then declined. In some regions, for ex-
ample, New York and New England (regions 1 and 2),
this historic pattern of emissions increases and decreases
appears as variations around a fairly constant long-term
average. In other regions, for example, the Mid-Atlantic
and Southeastern regions (regions 3 and 4), short-term
variations accompany a longer term trend of increas-
ing annual SO2 emissions.

Annual NOX emissions have increased throughout
the century in ail regions. New York and New England
(regions 1 and 2) show the lowest rates of increase, while
the Southeast and South Central regions (regions 4 and
6) show the most rapid increases.

A.2 CONTROL TECHNOLOGIES FOR REDUCING
SULFUR AND NITROGEN OXIDE EMISSIONS

Acid deposition and ozone result primarily from the
chemical transformation of three pollutants: oxides of
sulfur, oxides of nitrogen, and hydrocarbons. This sec-
tion discusses the techniques available for controlling
emissions of oxides of sulfur and nitrogen. Where possi-
ble, for each emission control approach, the following
information will be presented:

● the processes involved in the technique;
. its stage of development, i.e. , whether the technol-

ogy is currently commercially available or requires
further research and development (R&D);

● the effectiveness of the technique, i.e. , the degree
of reduction it can reliably achieve;

c costs; and
● secondary effects.
The major source of nitrogen oxides and sulfur diox-

ide is the combustion of fossil fuels. During the com-
bustion process, sulfur contained in the fuel reacts with
oxygen to form sulfur oxides, primarily sulfur dioxide
gas (SO2) and, after sulfate. Nitrogen—contained in
both the air used for combustion as well as in the fuel—
reacts with oxygen to form gaseous nitrogen oxides
(NOX). There are three general approaches to control-
ling these emissions:

●

●

●

precombustion: the amount of sulfur or nitrogen
in the fuel being burned can be reduced, either by
using fuels naturally lower in sulfur or nitrogen
content, or by subjecting the fuels to some kind of
physical or chemical process to remove sulfur and
nitrogen;
during combustion: the combustion process can
be altered to reduce the amount of sulfur and ni-
trogen compounds released in the gas stream; and
postcombustion: the products of combustion can
be treated to remove pollutants before they are re-
leased into the atmosphere.

All three of these approaches have been successfully
used to reduce emissions from existing sources.

In addition to these differences among approaches to
control, the stage of development of the emissions con-
trol techniques discussed in this appendix varies con-
siderably. Technologies may be characterized as:

In-use technologies. —Those with demonstrated
control capabilities currently sold on a commercial
scale in the United States.
Available technologies.—Those that have been
tested and proven but are not currently operational
in the United States on any significant scale.
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● Emerging technologies.--Those still primarily in
the R&D phase, but have undergone testing on at
least a pilot scale. *

Control approaches also differ widely in the amount
of emissions reductions they are capable of achieving
and in their cost effectiveness. Each technology is most
cost effective in a particular range of emissions reduc-
tions. For instance, the precombustion approach of
physical coal cleaning is technically feasible only for SO2
reductions of less than 40 percent. On the other hand,
the postcombustion approach of flue-gas desulfurization
is cost effective in the 50- to 95-percent SO2 removal
range. The control technique appropriate for a given
facility thus depends a great deal on the level of reduc-
tion desired.

Table A-3 presents summary information on the con-
trol technologies described in this appendix. Due to site-
specific conditions, the removal efficiency levels given
are intended for approximation only.

“’1’hl~ typolo$y  IS used [u charactrrlm technnlw+cs  In EmJ.ssIons,  ~~osfs  and
EnK,necr,rrg  .4sscwnent,  W’ork Group ‘}B, J ( (Jn,[cd st~[~s.(;ana(la  hiernoran-

dum of Intent on Trandmundarv  .Alr Pollutmn,  1982 ‘‘

Table A-3.—Overview

Controlling Sulfur Dioxide Emissions

Precombustion Approaches

FUEL-SWITCHING

Sulfur dioxide is formed when sulfur, an element nat-
urally present in coal and oil, is oxidized during the
combustion process. The greater the concentration of
sulfur in the fuel being burned, the greater the pro-
duction of SO2 gas. One way to reduce SO2 emissions
is, therefore, to use fuels with lower concentrations of
sulfur.

The amount of emissions reductions attainable by
fuel-switching at a given plant depends on: 1) the
amount of sulfur in the fuel currently being used, and
2) the amount of sulfur in the fuel available for replace-
ment. The sulfur content of coal currently being used
for electricity generation varies considerably, from about
0.2 to 5.5 percent sulfur by weight (from about 0.4 to
10 lb SO2 per million

of

3.5team Electric Plan? Factors
tmn,  1978)

Control Technologies

Btu of coal).3

(W’ashinyton,  [) (: National  ( :(MI ASSIX Ia-

Reduction Revenue
efficiencies Requirements Stage of

Control technology (percent) (mills/kWh) development

Sulfur dioxide
Fuel-switching. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30-90 ”/0 o-7 In use
Physical coal cleaning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-40 1-5 In use
Chemical coal cleaning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60-85 NA Emerging
Wet flue gas desulfurization. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70-95 10-17 In use
Dry flue gas desulfurization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40-90 9-15 In use
Regenerable flue gas desulfurization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70-90 12-25 Available
Oil desulfurization:

Indirect . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30-40 4-6 In use
Direct . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70-90 NA In use

Nitrogen oxides:
Low-NO X burner—commercial . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30-50 0-3 In use
Low-NO X burner—developmental . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50-80 0-3 Emerging
Thermal DeNox . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50-65 NA In use
Flue gas treatment without catalyst . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35-40 NA Available
Flue gas treatment with catalyst . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80-90 NA Available

Combined sulfur dioxide/nitrogen oxides:
Limestone injection multistage burner:

Sulfur dioxide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50-90 3-5 Emerging
Nitrogen oxides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50-70 3-5 Emerging

Fluidized bed combustion:
Sulfur dioxide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . <90 NA Emerging
Nitrogen oxides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20-30 NA Emerging

SOURCE’ Office of Technology Assessment, primarily from EPA estimates.
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The two principal components of the costs of fuel-
switching are: 1 ) the “fuel-price differential, ” i.e., the
difference in price between the high- and low-sulfur fuel;
and 2) the type of fuel-handling facilities, boilers, and
emissions control devices at the plant. Low-sulfur coal
is typically more expensive than high-sulfur coal, espe-
cially in the East and Midwest.

Figures A-3 and A-4 illustrate the cost differences be-
tween high- and low-sulfur coal. Figure A-3 shows the
costs of a high-sulfur, Illinois coal at various distances
away from the mine. Similar costs are presented for an
Appalachian low-sulfur coal in figure A-4. The costs of
the low-sulfur coal are shown to be 50 percent higher
than the high-sulfur coal even in the areas closest to the
mines. The cost differential confronting specific utility
plants will vary considerably, depending on site-specific
factors and market arrangements.4

Many Western low-sulfur coals contain more ash than
Eastern high-sulfur coals and can potentially emit
greater amounts of particulate. Therefore, particulate
emissions control devices (electrostatic precipitators or
baghouses) generally have to be upgraded if low-sulfur
fuels are used at existing plants. Fuel-handling facilities
may also have to be altered because Western coals are
often more difficult to pulverize than Eastern coals. In
addition, certain kinds of boilers are designed to burn
coal with very specific characteristics (e. g., energy yield,
ash, and moisture content). These boilers would have
to be modified to burn low-sulfur coal efficiently or
derated (i.e., produce less electricity). The capital costs
of upgrading particulate controls, fuel-handling facil-
ities, and boilers are relatively minor compared to the
increased fuel costs involved in fuel-switching. One esti-
mate of the cost of achieving a 6-million-ton SO2 emis-
sions reduction by fuel-switching at the 50 largest
emitters is $1.4 billion per year (1982 dollars), or about
$250 per ton of SO2 removed. ’

There are 217 billion tons of ‘compliance” coal (i. e.,
capable of meeting an SO2 emissions rate limitation of
1.2 pounds per million Btu (lb/MMBtu) without the ap-
plication of control technologies) in the demonstrated
reserve base. G This quantity of coal could support U.S.
production for a period of about 50 years (assuming 50
percent recoverability and 3 percent annual growth in
consumption). Therefore, achieving substantial emis-
sions reductions through fuel-switching would not be
constrained by the resource base over the near future.

However, 85 percent of the Nation’s ‘‘compliance’
reserves are located West of the Mississippi, while 63
percent of coal consumption and 72 percent of coal pro-

‘E H, Pechan  & Associates, information supplied to OTA, October 1981
5PEDC0  Environmental Inc , Acid Rain: Control Strategies for Coal-Fired

Utility Boilers—L’olume  I, Summary Report, prepared for the Department of
Energy, May 1981, tables 3-1 and 3-2.

CE. H Pechan  & Associates, information supplied to OTA, April 1982.

duction occurs East of the Mississippi.7 In order to be
viable, a large-scale emissions reduction program relying
primarily on fuel-switching would have to significantly
expand Western coal production and transportation
capacity. *

COAL CLEANING: PHYSICAL OR CHEMICAL

The second precombustion approach involves physi-
cally or chemically treating coal to remove some of the
sulfur it contains. Sulfur in coal exists in two major
forms: inorganic and organic. Inorganic or “pyritic”
sulfur can be removed relatively inexpensively by ex-
ploiting differences in the physical properties of pyrite
and coal particles. Organic sulfur is chemically bound
to the carbon molecules of coal, and can be removed
only by breaking the bonds through some chemical proc-
ess. These chemical processes are less developed and
more expensive than the physical processes that remove
pyritic sulfur, but their sulfur removal potential is
higher. * *

Physical Coal Cleaning.—Physical coal cleaning
(often called coal washing) takes advantage of differences
in the sizes, densities, and surface properties of pyrite
and coal particles. The first step of the cleaning process
is to separate raw coal into different size ranges. Break-
ers and crushers are used to separate the softer coal from
the harder rock and other debris contained in the coal
entering the treatment plant. After breaking and crush-
ing, the coal is typically filtered through screens to divide
it into coarse, intermediate, and fine size ranges.

The method used to extract the pyritic sulfur from
the coal depends on the size of particles. Coarse and in-
termediate size particles allow differences in the specific
gravity of pyritic sulfur and coal particles to be used (py-
rite has a specific gravity of 5—i. e., is five times heavier
than water; coal is approximately 1.4). The coal mixture
is immersed in a fluid, where the heavier pyritic particles
sink and the lighter particles float. The coal product and
refuse material can then be removed separately.

Fine mineral particles cannot be effectively separated
by the specific gravity techniques. Physical coal cleaning

‘U.S. Department of Energy, Energy Information Administration, Coal t%-
cfucrion-1979, DOE/EIA-01 18(79), Apr. 30, 1981

*See Ollice of Technology Assessment, Direct  Use of Coal, OTA-E-86, April
1979, O’I-A, An Assessment of Development and Production Potential of Fed-
eral Coal  Leases, OTA-M- 150, December 1981, especially ch. 12. For an ac -
cuunt of the socioeconomic’ effects of the decline of coal production, see T. R
Ford (cd,), The Southern Appalacluan  Region, A Sur\,ey  (1.exmgton,  Ky.
University of Kentucky Press, 1960)

● “FoI a survey of coal-cleaning techmques,  see James D. Kilgroe,  “Coal
Cleaning for Sulfur Cioxide Emission Control, ” paper submitted to the Acid
Rain Conference, Springfield, Va , Apr 8-9, 1980 The description of physi-
cal coal cleanutg  in this section relles heawly  on Kdgroe’s  paper Otber  surveys
of coal-cleaning techniques can be found m EPA-450/3-81 -004, Control Tech-
niques fix Sulfur Oxicfe Emissions Fmm Stationary Sources, 2d ed , Aprd 1981,
and F, PA-600/7-78-002, Engineering/Economic Analyses of Cod Prepara[iun
With S02  Cleanup Processes, January 1978,
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of fine particles relies on a process in which the raw coal
particles are treated with a chemical that, because of
differences in surface properties, adsorbs differently on
the surface of coal particles than other substances in the
mixture. Air bubbles introduced into the chamber attach
to the coal particles and carry the coal to the surface,
where they can be skimmed off. The pyrite and other
particles sink, and are removed separately.

Table A-4 shows the extent to which coal produced
for the utility market by eight Eastern and Midwestern
coal-producing States is physically cleaned. One-third
of the coal produced by these States for utility was
washed in 1979, resulting in an estimated 1.8-million-
ton reduction in the potential SO2 emissions (approx-
imately equivalent to a 10-percent reduction in the po-
tential SO2 emissions). 8

The emissions reduction potential of physical coal
cleaning depends primarily on: 1 ) the initial sulfur level
in the raw coal, 2) the ratio of pyritic to organic sulfur,
and 3) the coal-cleaning technique used. Pyritic sulfur
accounts for between 30 and 70 percent of the total sulfur
content of Coal. g Higher sulfur coals tend to have a larger
proportion of pyritic sulfur than lower sulfur coals. Con-
sequently, the higher the sulfur content of coal, the
greater the percentage removal possible through this
process. Table A-5 shows the results of an analysis pre-
pared for the Environmental Protection Agency (EPA)
on the potential for sulfur removal by coal cleaning in
eight Eastern and Midwestern States. 10 As the first

‘\’ersar,  Inc , Coal  Rrwources and Sulfir  Err]l.won  Rt-gularlorrs  .4 Sur\c~
of El,qht Eastern and .\ fdwestern  Srares, prepared for EP.4,  PM 1-240319, May
1981

‘Jamm D Kllgroe,  ‘ ‘Coal  (;leaning  for Sulfur Dloxlcic Emission  Control,
pap-r  suhmltted to the Acid Ram Conference, Sprm#ielci,  \’a , Apr 8-9, 1980

1“\rersdr, op c It

column of the table shows, reductions of between 8 and
33 percent are attainable. The second column lists the
SO2 emissions rate (in lb/MMBtu) achievable after coal
washing.

Table A-6 shows the costs and emissions reduction
potential of requiring all coal to be cleaned before its
use. An additional reduction in SO2 emissions of about
2.5 million tons could be achieved from the coals pro-
duced by these eight States (equivalent to a 17-percent
reduction of emissions from coal produced by these
States). As the table shows, coal cleaning is associated
with a wide range of costs—from a low of $224/ton of
SO2 removed in Indiana to a high of over $3,000/ton
removed in southern West Virginia (in 1982 dollars).
Cleaning high-sulfur coals-those with the largest emis-
sions reduction potential—is in general more cost ef-
fective than cleaning lower sulfur coals. The regionwide
average cost (not including southern West Virginia and
Virginia) is about $505/ton of SO2 removed. Coal clean-
ing adds between $4 and $9/ton to the price of coal, and
between 2 and 4 mills/kWh in annual revenue require-
ments. 11 This compares with an average price of resi-
dential electricity of about 50 to 60 mills/kWh. 12

A Department of Energy contractor has assessed the
costs and emissions reduction potential of washing the
coal delivered to the 50 largest emitters in the United
States. SO2 removal efficiencies range from 3 to 34 per-
cent. Costs range from $4 to $7/ton of coal cleaned, $170
to $4,900/ton of SO2 removed, and from 0.8 to 4.4 mills/
kWh (1980 dollars). Cleaning the coal used by these 50

11 Ibid
“U. S Department of Energy, Energy Information Admmlstratmn,  1980 An-

nual Report to Con,gre.ss, i’olume 11, DOE/EIA-01 73-80/2.

Table A-4.—Reductions in 1979 SO2 Emissions Achieved by Cleaning Utility Coal From Eight States

Sulfur content of coal Average SO2

Coal delivered Utility coal (expressed as 101 tons SO2) reduction by
to utilities cleaned in delivered coal cleaning

in 1979 1979 As mined in 1979
Region and State in which coal was mined (103 tons) (percent) (10s tons) (10 s tons) (percent)

Northern Appalachia:
Pennsylvania. . . . . . . . . . . . . . . . . . . . . . . 47,400 30 2,100 1,860 12
Ohio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38,300 11 2,750 2,670 3
Northern West Virginia . . . . . . . . . . . . . . 31,300 23 1,760 1,690 4

Southern Appalachia:
Southern West Virginia. . . . . . . . . . . . . . 17,500 9 300 290 1
Virginia . . . . . . . . . . . . . . . . . . . . . . . . . . . 13,400 7 280 270 1
Eastern Kentucky. . . . . . . . . . . . . . . . . . . 68,600 22 1,630 1,570 4

Eastern Midwest:
Western Kentucky . . . . . . . . . . . . . . . . . . 38,100 34 2,880 2,600 13
Indiana. , . . . ... , , ... , ... , ., . . . . . . ., 25,300 52 1,620 1,410 13
Illinois . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49,500 72 3,570 2,780 22

Alabama:
Alabama. . . . . . . . . . . . . . . . . . . . . . . . . . . 14,600 32 460 440 5

Eight-State total/average. . . . . . . . . . . 344,000 33 17,350 15,580 10
SOURCE: Versar, Inc., Coal Resources and Sulfur Emission Regulations: A Survey of Eight Eastern and Midwestern States, prepared for EPA, PB 81-240319, May 1981.
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Table A-5.—Average SO2 Emission Reductions and Emission Rate Potentials for
Coal From Eight States (1979 data)

Average emission
reduction using Average Number of

physically cleaned coala emission potential washability
Region and State (percent) (lb SO,/MMBtu) samples -

Northern Appalachia
Pennsylvania . . . . . . . . . . . . . . 33.2 4.0 170
Ohio . . . . . . . . . . . . . . . . . . . . . . 25.9 5.8 90
Northern West Virginia. . . . . . 28.9 4.9 30

Southern Appalachia:
Southern West Virginia . . . . . 10.1 1.4 16
Virginia . . . . . . . . . . . . . . . . . . . 7.6 1.1 8
Eastern Kentucky . . . . . . . . . . 15.9 2.3 13

Eastern Midwest:
Western Kentucky . . . . . . . . . . 31.5 6.6 37
Indiana. . . . . . . . . . . . . . . . . . . . 26.4 5.9 21
Illinois . . . . . . . . . . . . . . . . . . . . 29.3 6.6 40

Alabama . . . . . . . . . . . . . . . . . . . . 10.8 2.0 10
%Coal crushed to 1/12 inch top size and separated at 1.6 specific gravity.
SOURCE: Versar, Inc., Coal Resources and Sulfur Regulations: A Survey of Eight Eastern and Midwestern States, prepared

for EPA, PB 81-240319, May 1981.

Table A.6.—Typical Cost Effectiveness of Additional Coal Cleaning for Eight Eastern and Midwestern States

Additional annual Levelized cost Cost effectiveness
SO2 reduction of cleaning (1982 $/ton SO2 removed)

Region and State 1 03 ton Percent (1982 $/clean ton) Without benefits With benefits

Northern Appalachia:
Pennsylvania . . . . . . . . . . . . . . . . . . . . . 450 24 $6.90 $476 $301
Ohio . . . . . . . . . . . . . . . . . . . . . . . . . . . . 720 27 8.36 369 233
Northern West Virginia . . . . . . . . . . . . 250 15 6.70 564 398

Eastern Midwest:
Western Kentucky . . . . . . . . . . . . . . . . 530 20 5.44 243 101
Indiana . . . . . . . . . . . . . . . . . . . . . . . . . . 170 12 3.79 224 49
Illinois . . . . . . . . . . . . . . . . . . . . . . . . . . 210 5 5.64 330 155

Southern Appalachia:
Southern West Virginia . . . . . . . . . . . . — O 6.70
Virginia. . . . . . . . . . . . . . . . . . . . . . , . . . — O

c c
7,09

Eastern Kentucky . . . . . . . . . . . . . . . . . 150 8.45 991 680
Alabama . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 5  1 5 6.51 845 437

Eight-State total/averaged . . . . . . . . . . 2,545 16 6.56 505 294

aOver current practice.
bOf raw coal.
cThese coals typically have a cost effectiveness exceeding $3,000/ton
dAverages do not include States where insufficient data are given.

SOURCE: U.S. Environmental Protection Agency, draft memorandum, Coal Cleaning Background Paper, May 19, 1963. (Note: this memo has not been formally released
by the U.S. Environmental Protection Agency and should not be construed to represent Agency policy.)

plants is estimated to yield a 1.5-million-ton reduction
in S02 emissions (about 7 percent of total SO2 emissions
in the Eastern United States) at an average annual cost
of $870 million, or $580/ton of SO2 removed. 13 This
study does not account for the emissions reductions or
costs of coal used by these utilities that is currently being
cleaned.

Coal cleaning has several benefits in addition to re-
duced SO2 emissions. First, cleaning reduces the ash
content of coal, reducing ash disposal requirements at

I JpE~~O,  Op cit. , May 1981

the power facility. Second, the removal of impurities
(sulfur, ash, and others) increases the “heating value”
(energy per unit of weight) of coal, Increased heating
value reduces coal transportation costs and pulverization
requirements at the plant. Finally, because cleaning
creates a fuel with more uniform characteristics (e. g.;
ash, moisture, sulfur, and energy content), increased
efficiency of boiler operation is possible. 14 These benefits

1~Eng,~eeri~g/&Ono~iC  An~yS~ of Coal Preparation with  SOZ cleanup

Processes, U S. Environmental Protection Agency, EPA-600/7 -78-O02, January
1978; see also, Cost Benefits Associated With the Use of Physically Cleaned
CoaJ, prepared by PEDCO,  EPA-600/7-80-105, May 1981,
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can in many instances offset a large portion of the costs
of coal cleaning.

Physical coal cleaning may produce a substantial
amount of solid waste. The cleaning process causes ap-
proximately one-fourth of the mined material to be
discarded as waste. 15 Moreover, some coal (approxi-

mately 5 to 10 percent of the energy value) is lost in
the process of removing impurities. 16

Chemical Coal Cleaning.—Chemical coal cleaning
can remove higher percentages of sulfur contained in
coal because it can in some cases remove organic as well
as pyritic sulfur. These processes, however, have only
been successfully operated at the laboratory scale, and
are estimated to be 5 to 10 years away from commercial
viability. Chemical coal-cleaning processes vary widely
from relatively simple methods that use chemical solu-
tions to leach sulfur and other impurities out of coal,
to processes such as solvent-refined coal, which alters
the characteristics of coal so much that it is usually con-
sidered a coal-conversion process. 17

Two of the chemical coal-cleaning processes receiving
the greatest amounts of current research attention are
the Meyers process and microwave desuIfurization. The
Meyers process, developed by TRW, Inc., is a chemi-
cal leaching process that combines coal with a ferric
sulfate or sulfuric acid solution to remove sulfur. This
process can remove 80 to 99 percent of the pyritic sulfur
in coal (larger removal efficiencies than physical coal
cleaning), but cannot remove organic sulfur. 18

One of the several coal-cleaning processes that remove
organic as well as pyritic sulfur is microwave desulfur-
ization. Developed by General Electric, this process
begins by wetting crushed coal with a sodium hydroxide
solution; the mixture is then briefly irradiated with
microwave energy. During irradiation, the sodium hy-
droxide reacts with pyritic and organic sulfur to form
sodium sulfide. The coal is immersed in water to remove
the sulfur-laden sodium sulfide, and the process is re-
peated again. Laboratory tests have achieved total sulfur
removals in excess of 90 percent. 19

Because chemical coal-cleaning techniques are in the
early stages of development, costs are difficult to esti-
mate. It is not yet clear whether chemical coal cleaning
will be economically competitive with flue-gas desulfur-
ization (described under “Postcombustion Ap-
proaches’ in the future. Chemical coal cleaning can
be expected to produce the same side effects-waste dis-

posal requirements, removal of ash and other impurities,
increased heating value, and improved boiler effi-
ciency— as physical coal cleaning.

OIL DESULFURIZATION

Oil desulfurization is a widely applied method for re-
ducing SO2 emissions. The primary method is called
hydrodesulfurization; oil is treated with hydrogen, which
partially removes the sulfur by combining with it to form
hydrogen sulfide gas. Oil is first distilled to separate the
crude into various petroleum products. Most of the sul-
fur concentrates in the heavier residues. The lighter frac-
tions, or distillate, are redistilled under a vacuum. In
one variant of hydrodesulfurization, referred to as the
indirect method, the second distillate is hydrotreated
(i.e., reacted with hydrogen) to remove the sulfur as hy-
drogen sulfide gas. The product is reblended with the
vacuum residue to yield low-sulfur fuel oil. This method
can reduce the sulfur content by 30 to 42 percent. 20

In another variation of hydrodesulfurization, referred
to as the direct method, the residue from distillation is
hydrotreated, and then reblended with the distillate to
form a lower sulfur fuel, or both the residue and distillate
from vacuum distillation are separately hydrotreated be-
fore relending. This technique can achieve a degree
of desulfurization as high as 70 to 90 percent, but is not
yet commercially available. Indirect hydrodesulfuriza-
tion is presently the predominant method for produc-
ing low-sulfur (less than 1 percent sulfur) fuel oil from
high-sulfur crudes. Both the indirect and direct meth-
ods are similar to coal cleaning in that the higher the
degree of desulfurization, the higher the costs. Estimated
costs for desulfurizing oil containing 3-percent sulfur
content to 1 -percent sulfur content, range from $17 to
$40/ton in 1980 prices, depending on the choice of proc-
ess.21

Disadvantages of hydrodesulfurization are the high
investment and operating costs, and the high energy re-
quirements. Since fuel oil combustion is not expected
to increase significantly in the United States, the pres-
ent desulfurization capacity is expected to remain at
current levels for the near future.

Combustion Alteration Approaches

LIMESTONE INJECTION
MULTISTAGE BURNER (LIMB)

Many in the United States consider the LIMB to be
one of the most promising control technologies under
development today. The technique controls both SO2

‘{’N Elarn dnd “1’ri{ hcn C:{)n$ultan[s,  I.td , Prt,*t,n( <iIl[i  fi’ull)re I.(,\  (,1$ ()!

.Su//ur I)IuYIdr  Enussions In N“or[bern  Europe. Swedish  Nfintstr),  ,Junc 1‘)70
~ I Ron ]ont.~, ~mr( Ior, ~;nilronmt,r]l~  Aff’airs, knt.n( an ~~trol~’~~m  1r]st 1t[ltc’,

11’,ishln~t[)n,  D C , personal  t (~rnmunlc  atlon
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and NOX emissions. The LIMB is based on the use of
staged burner techniques for NOX control, in combina-
tion with sorbent (normally limestone) which is injected
through the burners for SO2 control. SO2 reacts with
the limestone to form solid calcium sulfate.

This technology is still under development; its remov-
al efficiencies and costs are very uncertain at this time.
Planning goals established by EPA set objectives of 50
to 70 percent removal of SO2 and NOX, at a capital
cost of $30 to $40/kW.22 If these goals are achieved, the
LIMB would offer substantial cost improvements over
existing technologies. It is very possible that the LIMB,
because it may be retrofitted into existing plants at a
competitive cost, may emerge as a particularly attrac-
tive control technology option. However, EPA plans to
limit the LIMB research program to basic bench- and
large pilot-scale R&D through 1985, since funding is
unavailable for Government sponsorship of a full-scale
demonstration at this time.23

FLUIDIZED BED COMBUSTION

Another technique that removes SO2 during the com-
bustion process is fluidized bed combustion. For this
process, crushed coal is fed into a bed of inert ash mixed
with limestone or dolomite. The bed is held in suspen-
sion (’ ‘fluidized’ by the injection of air from the bot-
tom of the bed. SO2, formed during combustion, reacts
with the limestone or dolomite to form solid calcium sul-
fate, which can be removed from the boiler without in-
terrupting the combustion process.

Fluidized bed combustion can remove up to 90 per-
cent of the SO2. Available estimates, though pre-
liminary, show the cost effectiveness of fluidized bed
combustion to be about equal to conventional boilers
using flue-gas desulfurization. 24 Further research is still
needed before large-scale use could be justified; how-
ever, for small facilities (up to 250 MW), fluidized bed
combustion is a feasible method today. Oil may also be
burned in a fluidized bed, but no such plant is yet in
operation.

Aside from lower emissions, fluidized bed boilers have
the advantages of greater energy efficiency, lower com-
bustion temperatures keeping the formation of nitrogen
oxides down, and smaller boiler size. Fluidized bed boil-
ers can burn both high- and low-sulfur coals.

“James Abbott and Blalr  Martin, U S Fmwronmtmtd  Prott-[twn  Agenc},
Research Triangle Park, N C , personal communwatmn

“Julian Jones, U S En\ironmtmtal  Protectwn  Agency, Research “1’rianglc
Park, persona] c ommunic  atmn

~~~~[)rk  C,rc]up ~B. ~P. c ‘t

Postcombustion Approaches

FLUE-GAS DESULFURIZATION

Flue-gas desulfurization (FGD) technology removes
the SO2 produced during combustion by spraying the
exhaust gases in the stack with a chemical absorbent,
typically lime or limestone. This process is popularly
referred to as ‘‘scrubbing. Of the three types of FGD
systems—wet, dry, and regenerable—wet processes are
most widely used. Presently there are over 100 scrub-
bers using all three methods in operation in the United
States.

WET SCRUBBERS

The most common absorbents used for wet scrubbing
are lime and limestone. The absorbent is dissolved or
suspended in water to form a slurry that can then be
sprayed or forced into contact with escaping gases. The
slurry converts SO2 into calcium sulfite and calcium sul-
fate (gypsum) solids. Limestone scrubbing is the sim-
plest, cheapest, and most developed SO2 wet-removal
process available.

Technology to wet-scrub the flue gas with a lime or
limestone slurry has been commercially available for
about 10 years. As of March 1981, 5.1 percent of in-
stalled generating capacity (and 14 percent of coal-fired
capacity) was controlled by wet scrubbers. By 1990, the
figure is projected to increase to 9.4 percent of installed
capacity .25

Wet lime or limestone scrubbers can remove between
70 to 90 percent of the SO2 formed during combustion.
With the addition of another chemical--adipic acid—re-
moval efficiencies can be increased to 95 percent, while
limestone requirements can be reduced by up to 15 per-
cent. 26 However, adipic acid additives may present ad-
ditional sludge disposal problems.

A Tennessee Valley Authority (TVA) study con-
ducted in 1980 estimated the capital costs of a wet lime-
stone system using low-sulfur Western coal (O. 7 percent
sulfur, 9,700 Btu/lb) to be $168 to $176/kW. For high-
sulfur Eastern coal (3. 5 percent sulfur, 11,700 Btu/lb)
capital costs range from $236 to $244/kW. These esti-
mates are based on costs for a new 500-MW plant, oper-
ating at a 63-percent lifetime capacity. The range in cost
estimates is due to variations in bids from different con-

)s~l s F.n,.lronrrlenta]  Protrx  tmn Agcncv. ‘‘ EPA Ullllty  F(; D Survt.)  (1 -
tokJcr-December 1980, EPA-600/7-81 -O12b, ,January  1981,

~f’~1 S En%lrc)nmcnta] prote(  tlon A g e n c y ,  Researx h .$urnrrldr)’  (:on(rO//lnLq

SO~, oflic  c of Rewarch  and Development, Augu\t  1980
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tractors and the specific considerations for each site.
Annual revenue requirements from the TVA study
range from 10.5 to 10.9 mills/kWh for low-sulfur coal
and 16.4 to 16.7 mills/kWh for high-sulfur coal. 27

The annual revenue requirements for FGD units
depend on several factors, including coal sulfur content,
size of the unit, age of the plant, and desired percent-
age reduction. The costs per ton of sulfur dioxide re-
moved by scrubbers rise steeply as the uncontrolled
emission rate drops. For example, removing 90 percent
of the sulfur from a coal emitting 2 lb of sulfur dioxide
per million Btu is about 75 percent more expensive (on
a dollar/ton basis) than scrubbing a 4 lb/million Btu coal
for the same size unit. Likewise, scrubbing a 1 lb/mil-
lion Btu coal is about 75 percent (or more) costlier than
scrubbing a 2 lb/million Btu coal in a similar unit.

Costs for retrofitting a scrubber onto an existing plant
depend on the lifespan of the plant; the shorter the re-
maining lifetime of the plant, the higher the annual rev-
enue requirements to recover the capital costs of the
FGD. Also, because of economies of scale in construc-
tion, retrofitting a scrubber onto a larger unit is less ex-
pensive than onto smaller ones. Units smaller than about
100 MW are typically quite expensive to retrofit with
scrubbers.

Operating problems associated with wet systems are
corrosion/erosion of metal surfaces, scaling (where hard
sulfate and sulfite deposits form on equipment), and
plugging (where soft deposits form). Ways of minimiz-
ing these problems are currently being researched. In
addition, operation of wet scrubbers requires approxi-
mately 3 to 5 percent of a plant’s energy output. 28

The major environmental disadvantage of wet FGD
systems is that they produce large amounts of sludge.
Limestone scrubbing produces a compound (mainly cal-
cium sulfite and sulfate) that has the consistency of
toothpaste, making it difficult to dewater, store, and
handle. The total amount of FGD waste produced in
a typical 1,000-MW plant burning 3.5 percent sulfur
coal is about 225,000 tons annually. A recent report con-
cluded that in the future the United States will produce
more sludge from FGD scrubbing than from treating
municipal sewage. 29

Sludge may, however, be chemically treated to re-
duce its water content and improve its compressive
strength. Forced oxidation converts the waste calcium
sulfite to calcium sulfate, which precipitates as large
crystals with better settling characteristics. Other means

27”1’ A Burnett, et al , ‘ ‘Spray  D~er FGD Technical Rewew and Economic
Asscssmen(, ‘ ‘  “1’ennessee i’alley  Authorl[},  presen(ecf a( U S  Envwunmental
Pmtertlon  Agency Sixth FGD  Symposlurn,  Houston, ‘1’ex , [)ct 28-31, 1980

‘%’ Ne+lt, ‘‘Scrubhers The Technolog)  Nobody  W’anted, ” EPR[]o[lr-
nal,  ~ol 7, No 8 ,  October  1982

z9~T s ~nk,lromenta]  ~ro[ect  Ion Agenc), S’u]ft]r  fhf SSIOfl S” ~On~HJl ~’~~ h-

nolo, q}, and  W’astc ~Mana,gemen(,  office  of Research and Development, Nlav
1982

of improving the sludge’s properties, such as fixation
with lime and fly ash, are still being developed.

Another problem associated with sludge disposal is
the leaching of toxic metals from the residual fly ash into
nearby ecosystems. EPA is currently conducting re-
search on the characteristics of leaching of metal com-
pounds from sludge disposal sites to evaluate the seri-
ousness of the problem .30

DRY PROCESSES OF FGD

Dry scrubbers are a new and fast growing segment
of the FGD market. The process involves injection of
a lime slurry or soda ash solution into a spray dryer con-
currently with the flue gas. The lime or sodium carbo-
nate reacts with the SO2 to form a dry, solid product
which is subsequently collected along with the fly ash
in an electrostatic precipitator or fabric falter (baghouse).

Dry scrubbers offer several advantages over wet
scrubbing. Although they generate more waste than wet
systems, they produce a dry waste product that is easier
to handle and recycle than wet sludge, and involve sim-
pler equipment, less maintenance, lower capital costs,
and lower energy requirements. In addition, dry sys-
tems require less water than wet systems, and thus are
especially desirable in Western areas of the United States
where water supplies are limited. 31

There are, however, some disadvantages to using a
dry scrubber over a wet system. First, dry systems re-
quire lime, which is more expensive than limestone. Sec-
ond, dry scrubbers are in the early stages of commer-
cialization and have not demonstrated as high a degree
of removal as wet scrubbers. Their use has generally
been limited to medium- and low-sulfur coals. However,
pilot demonstration and commercial plant tests have
shown sulfur removal efficiencies exceeding 90 percent
for high-sulfur coal.

As of October 1983, six dry scrubber systems were
in operation, five at industrial plants, and one at a util-
ity plant generating 430 MW of electricity. Four more
units will be installed on utility boilers in 1984, and ap-
proximately 16 units have been ordered for industrial
use.32 A TVA study estimates that capital costs for dry
FGD systems range from $144 to $ 160/kW for low-sul-
fur Western coal, and from $180 to $188/kW for high-
sulfur Eastern coals. Annual revenue requirements are
estimated to range from 8.7 to 9.8 mills/kWh for West-
ern low-sulfur coal, and 14.5 to 14.9 mills/kWh for high-
sulfur coal. These annual costs are between 10 and 25
percent lower than wet systems, as reported by the same
TVA study. An EPA survey of dry systems sold to util-
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ities, however, suggests that actual capital costs might
be lower. Reported capital costs for these systems range
from $80 to $130/kW.33

EPA is currently conducting research on the use of
other dry injected minerals to be used in place of lime.
If the research results are successful, dry scrubbing costs
could be considerably lower than wet systems.

REGENERABLE PROCESSES

Major research efforts by various Government agen-
cies have gone into regenerable FGD processes, which
reclaim the SO2 in powerplant flue gases using chemi-
cals to produce a marketable product. The major ben-
efit of regenerable control systems is that the captured
sulfur can be sold, avoiding waste-disposal problems
associated with wet and dry processes. Eight regenerable
FGD systems are currently operating in the United
States, accounting for about 8 percent of the total FGD-
controlled electricity generation. The most prominent
regenerable FGD process in use in the United States
is the Wellman-Lord process. It involves scrubbing the
exhaust gas with sodium sulfite solution, resulting in
sodium sulfite-bisulfite, which is then heated to give off
concentrated SO2 gas that can be used to produce either
sulfuric acid or elemental sulfur. This process is already
in use by the New Mexico Public Service Co. One disad-
vantage of this process is its high ’energy requirements,
which are approximately 8 to 12 percent of boiler energy
input. 34

Other regenerable systems under development are the
Magnesia scrubbing process, which produces sulfuric
acid, and the Rockwell process, which produces sulfur.
Unfortunately regenerable processes cost approximately
30 to 50 percent more than nonrecoverable processes.

Controlling Nitrogen
Oxides Emissions

Oxides of nitrogen are formed during combustion by
two processes. Like sulfur dioxide, NOX are formed as
a result of the oxidation of nitrogen present in the fuel
(“fuel NO,”). NOX are also formed by the oxidation
of nitrogen in the surrounding air (’‘thermal NOX’ ‘).
Both processes are controlled by the amount of oxygen
present; additionally, the thermal NOX formation is
controlled by temperature. The proportion of thermal
to fuel NO, produced during combustion varies from
fuel to fuel. For coal, the Electric Power Research In-
stitute estimates that 20 to 40 percent of NOX emissions
are ‘ ‘thermal’ and 60 to 80 percent are ‘ ‘fuel. ’35

‘lU  .S Environmental Prott’( tmn Agency, ‘ ‘Survey of Dry S0, Control S)s-
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‘~Ralph W’hltaker, ‘ ‘Trade-offs In NOx Control, EPR1 Journal, to] 7,
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NOX emissions, being dependent on the amount of
oxygen present and the temperature of the combustion
process, can be most directly controlled by modifying
combustion conditions. The majority of NOX control
techniques focus on the combustion process. Postcom-
bustion techniques (flue-gas treatment) are also being
developed to achieve even lower emission rates. Today
the two most promising combustion technologies for re-
ducing NOX emissions are certain types of fluidized bed
combustion units, for plants up to 250 MW, and the
low-NO X burner. One precombustion technique, the
denitrogenation of fuel oil, is being researched, but will
not be discussed because of its early stage of develop-
ment and limited potential.

Combustion Modifications
Thermal NOX formation can be minimized by reg-

ulating the combustion temperature through delayed
mixing of fuel and air in the combustion chamber. Lim-
iting fuel NOx, is somewhat different, requiring control
of the fuel-air ratio throughout the entire combustion
process. Two of the major techniques used in combus-
tion modification, low excess air (LEA) and low-NOX

burners, are presented below. Other combustion mod-
ification techniques include: staged combustion (off-
stoichiometric firing), overfire air, flue-gas recirculation,
low air preheat, and water injection.36

LEA involves reducing the combustion air to the min-
imum amount required for total combustion. Thus, less
oxygen is available for the formation of both thermal
and fuel NOX. LEA requires no new hardware and can
achieve emissions reductions merely through changes
in operating practices. Also, the reduced airflow can
improve boiler efficiency.

The second-generation, low-NOX burners under de-
velopment, which employ a staged combustion process,
have been shown to significantly reduce the formation
of both fuel and thermal NOX in experimental systems
and limited boiler applications. During the first stage
of combustion, less air is supplied to the burner than
is required to completely burn the fuel. Fuel-bound ni-
trogen is then released— but as nitrogen gas, because
it cannot be oxidized. The subsequent addition of air
causes the remaining fuel to be burned.

The amount by which NOX emissions can be re-
duced depends on very site-specific factors, including
the type of fuel burned, the type of boiler in use, and
the age of the plant. Installed on an existing coal-fired
plant which does not control NOx emissions, the low-
NOX burner can reduce NOx emissions by as much as
50 percent. Potential NOx emissions reductions from
retrofitting an oil-fired burner range from 60 to 80 per-
cent. 37
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The low-NOX burner can achieve emissions reduc-
tion at relatively low cost. Capital costs for coal-fired
plants are approximately $1 to $5/kW if integrated into
new boilers, and $2 to $10/kW if retrofitted onto existing
plants .38

Potential problems such as corrosion and high main-
tenance requirements could delay large-scale use of the
low-NOX burner. Retrofitting old boilers can be diffi-
cult, but NOX controls on new boilers can be made an
integral part of boiler design without adding substan-
tially to cost.

Another combustion modification approach for the
control of NOX is the LIMB, which is discussed in
further detail in the section on combustion alteration
approaches for SO2. EPA research goals for the LIMB
are to achieve a 50- to 70-percent removal of SO2 and
NOx, at a cost of $30 to $40/kW; however, the LIMB
is not expected to be commercially available for about
3 to 5 years.39

Postcombustion Approaches

FLUE-GAS TREATMENT

Flue-gas treatment (FGT) is an emerging postcom-
bustion process for high levels of NOX removal. FGT

‘S II)I(l
“,]amu Abbott  and Blalr  \lartln, L“ S En\lronmen[al  Prote(  tlon Agency,

Rrw~r(  h ‘1’rlanqlc  Park, N (; , person<~] cornrnunicatlon

has been developed and applied extensively in Japan
for use on oil-fired boilers. But due to its operational
complexities and high costs for use on coal-fired boilers,
FGT has not become as popular as the low-NOX

burner in the United States.
At least 50 different types of FGT technologies are

available today. Of these, selective catalytic reduction
(SCR) achieves the highest reductions. SCR is a dry
process, produces no solid waste, and in most cases can
be retrofitted to existing burners. In SCR, flue gases
are mixed with ammonia and then passed over a cata-
lyst. The catalyst assists in the reaction of ammonia and
NOx to form nitrogen gas and water vapor. While 90-
percent NOX removal during combustion is possible,
80-percent removal is preferable in order to minimize
capital and operating costs and maximize the burners’
reliability and lifespan. One estimate places the costs
of FGT at between $75 and $100/kW for a 60- to 80-per-
cent reduction in NOX emissions .40

Two problems associated with SCR are the disposal
of spent catalysts, such as vanadium and titanium, and
the condensation of bisulfate and bisulfite residuals onto
equipment .41
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A.3 ALLOCATION OF SULFUR DIOXIDE EMISSIONS
REDUCTIONS AND THE COSTS OF CONTROL

Introduction

The costs and distributional consequences of various
control strategies are important factors in decisions
about controlling transported air pollutants. Costs are
affected both by the amount of emissions to be elimi-
nated, and by the manner in which emissions reduc-
tions are to be achieved. For a given emissions reduc-
tion strategy, the greater the reduction, the greater the
cost. For a given emissions reduction target, alternative
implementation strategies may entail different costs, i.e. ,
one strategy may be more cost effective than another.

Alternative control strategies may also have different
distributional consequences. Certain approaches assign
a greater share of the emissions reduction burden to one
region or State or economic sector than to others. This
section examines the costs and distributional conse-

quences of various emissions reduction strategies, con-
centrating on emissions reductions in the Eastern 31-
State region. Due to analytical limitations, only the
costs of reducing sulfur dioxide (SO2) emissions from
utilities are presented.

SO2 emissions for 1980 are estimated to be about 26
million tons nationwide and about 22 million tons in
the Eastern 31 States. Fossil fuel combustion by elec-
tric utilities accounts for about 17 million tons or 65 per-
cent of the national total. In the Eastern 31 States, util-
ities produce 70 percent of the regional SO2 emissions,
or about 16 million tons. Under current regulations,
EPA-approved State implementation plans (SIPS) re-
quire utilities to reduce these emissions by approx-
imately 1 million tons.

OTA has estimated the cost of further reducing util-
ity SO2 emissions in the 31 -State region below the SIP-

99-413 0 - 84 - 12 : QL . 3
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Figure A-5.—Comparison of Utility SO2 Control Costs

SO2 reductions (million tons/year, after SIP compliance)

SOURCE: Office of Technology Assessment from references listed in text.

compliance level under several different control strate-
gies. The model used in generating these estimates is
described briefly at the end of this section. *

The Costs of Various Levels
of Emissions Reductions

To illustrate how the extent of emissions reductions
affects the costs of controlling emissions, figure A-5
displays estimates of 31-State aggregate control costs

● This analysis uses the AIRC;OSrI” model, run by E. H. Pechan  & Assrxiates,
Inc AI RCOST was modified from a larger model used in several earlier major
assessments, including the New Source Performance Standards (NSPS)  review,
the Obio River Basin Fmergy Study (OR BES),  and tbe Acid Rain  M ltigatlon
Study (ARMS)

made by OTA and several other groups. * * Costs are
presented for reducing SO2 emissions from utilities only,
and are in 1982 dollars. To reduce emissions by approx-
imately 5 million tons beyond SIP compliance, the vari-

“ “Most uf tbese cost estimates are cited in ‘ ‘Costs TO Redu( e Sulfur D]-
oxide Emwons,” Department of Energy, DOE/PE-0042, 1!%2. DOE adjusted
each estimate using consistent economic  assumptions, Cost  esttmates  are also

included from: “Summary of Acid Rain Analyses LTndertaken  by ICF for the
E[fison Electric Insltute,  Nation~  W’i]d]lfe  Federation, and Envir(Jnment~  pro.
tectlon Agency, prepared by ICF, In{,, for the Edison Electric Institute, 1982;
and Chris Farrand, Peabody Coal Co , test imony before the Senate Environ-
ment and Public Works Committee, October 1981. O’I’A  estimates are bdsr’cf
on analyses prepared by E H Pec han & Associates, Inc. , 1983. The PEDCO
study was preparmf for DOE, the Teknekron anal)sls  was prepared for EPA
and DOF., and the ICF analyses were performed for EPA, DO F., the E{ilsors
Electric Institute, and the National Wildlife Federation C)”I’A’s estimates are
preseoteci as the costs of’ reductions beyond SIP compliance. “1’he Peabody,
PIIDC(j,  and DOE estimates are reductions below actual  1980  cmlssinns,  amf
tbe ICF and Teknekron model est irnates are displayed as emissions redu( t Ions
below proie[  ted 1990  crmssions levels
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ous estimated annual costs range from about $1 to $2
billion per year. For reductions of 8 million tons beyond
SIP compliance (about 55 to 60 percent below current
utility emissions), the range increases to $2 to $3.5 bil-
lion annually. The largest emissions reduction calcu-
lated—a 13-million-ton reduction below projected 1990
levels— is estimated to cost approximately $7 billion per
year.

Table A-7 displays OTA’s control cost estimates for
a series of emission rate limitations ranging from 0.8
to 2.5 lb of SO2 emitted per million Btu (MMBtu) of
fuel burned. Eastern 31 -State emissions reductions
range from 4.6 million to 11.4 million tons per year,
including reductions already required under current
law. However, the costs presented consider only those
reductions that would be required beyond SIP com-
pliance.

For each emission rate limitation, two sets of cost es-
timates are presented. The cost estimates in the top half
of the table assume that each utility chooses the least
expensive control method among those applicable to
plant conditions. This typically results in a statewide
mix of coal washing, switching to (or blending with) low-
er sulfur fuels, and wet and dry scrubbers. Cost esti-
mates presented in the bottom half of table A-7 assume
that the legislation mandates the use of pollution con-
trol technologies such as wet scrubbers. Several recent
bills have included such a control technology restriction
to minimize job dislocations among high-sulfur coal

miners. (Section A.5 of app. A discusses the magnitude
of potential coal production and related employment
changes due to acid rain control legislation. )

As expected, costs increase as emissions reduction re-
quirements increase. As shown in the top-half of table
A-7, the ‘ ‘least-cost’ method of control ranges from less
than $1 billion annually to eliminate less than about 5
million tons per year, to between $4 and $5 billion to
eliminate 11.4 million tons. * Moreover, the marginal
costs of control increase when larger emissions rollbacks
are required. That is, the cost of eliminating an addi-
tional 1 million tons of SO2 per year is greater for an
increase from 8 million to 9 million tons (approximate-
ly $700 million per year) than for an equal increase from
7 million to 8 million tons (approximately $450 million
per year).

As shown in the bottom half of table A-7, mandating
the use of control technology to achieve all required
emissions reductions increases the cost of control. For
emissions reductions in the range of 5 million tons per
year, such a requirement about doubles control costs.
For greater levels of emissions reductions (9 million to

“All { ost cstlmatcs  are first -)eari annualized costs In 1982 {io]ldr~ ( :<ipItal
costs and Interest payments are  spread cvenlv o\ cr each ~,t.w of the Ille (If t Ilt,
In\cstmcnt  Bec ausc fuel and operation  dnd nlaln[enan(  t. ( c~it \ ( ~n \ ar)  fl on)
vcar  to year  ( i e . real energy  and labor { f)sts might either II]( reaw  or [!e( reaw.
over  the next two decades), current Iuel anci operation” an(i maln[enancc  [ osts
( rather than an atvragc based on assume(i [ren(ii)  art, ,i(i(ieri t,] [ aplt,d ( (JSIS
t<) { alc uiatc yearl) total cr)nl r(]i costs

Table A-7.—Costs of Reducing SO2 Emissions in the Eastern 31 States (excludes costs to meet current SIPS or to
offset future emissions growth; all costs in 1982 dollars)

A. Assuming each utility chooses the most cost-effective control method:

Emission rate Emissions Average cost Marginal cost
limitation reduction Total cost of reductions of reductions

(lb SO,/MMBtu) (million tons S0,) (billions of dollars/yr) % ($/ton) ($/ton)

2.5 4.6 $0.6-0.9 $170-240 $320
2.0 6.2 1.1-1.5 200-280 440
1.5 8.0 1.8-2.3 260-330 700
1.2 9.3 2.6-3.4 310-400 740
1.0 10.3 3.2.4.1 350-440 830
0.8 11.4 4.2-5.0 400-480 1,320

B. Assuming utilities are required to install control technology (wet scrubbers):
Emission rate Emissions Average Cost Increased costs due to control

Iimitation reduction Total costb of reductions technology requirement
(lb SO2/MMBtu) (million tons SO2) (billions of dollars/yr) ($/tons) (billions of dollars/yr) (percent increase)

2.5 4.6 1.4 360 0.7 110
2.0 6.2 2.0 380 1.0 90
1.5 8.0 3.1 430 1.2 70
1.2 9.3 4.0 480 1.4 55
1.0 10.3 4.8 510 1.6 50
0.8 11.4 5.9 570 1.8 40

aCost (in dollars per ton) to achieve the next increment of reductions.
bAssumes statewide emissions reductions are from those utility plants that can install scrubbers most cost effectively. Old and Small Units are exempt from the require-

ment to install scrubbers, but equivalent emissions reductions are obtained from other plants within each State,
cCompared to "least cost’ estimate in part A of this table

SOURCE Office of Technology Assessment, based on analyses by E H. Pechan & Associates, Inc.
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11 million tons per year), mandating the use of scrub-
bers increases total control costs by about 50 percent.

State-by-State Emissions Reductions
and Costs of Control Strategies

Thus far, only aggregate, regional control cost esti-
mates have been presented. Costs of control would vary
considerably from State to State, depending on each
State’s emissions reduction requirements, and the costs
of available emissions reductions in each State. The spe-
cific control strategy chosen affects both regional costs
and their State-by-State distribution.

Actual State-level costs are determined by: 1) the
amount of reductions allocated to each State, which de-
pends on the chosen control strategy; and 2) the costs
of available emissions reduction opportunities in each
State, which depend on the type and number of electric-
generating plants in service, and their levels of current
emissions. States which already have relatively low util-
ity emissions rates may not have as many opportunities
to use less expensive control options as States with higher
emissions rates. The latter States may be able to achieve
relatively large reductions at lower costs per ton.

Table A-8 presents data on utility SO2 emissions and
electricity generation. The first column displays 1980
utility SO2 emissions by State; the second column ranks
the 30 highest emitting States according to these emis-
sions. States that generate more electricity from fossil-
fuel-fired utilities would be expected to emit more SO2

(all other factors being equal); thus, columns 3 and 4
present 1980 fossil-fuel-generated electricity and corre-
sponding rank for the top 30 States. The last two col-
umns present average SO2 emissions rates—the quan-
tity of SO2 emitted per million Btu of fuel burned, and
the corresponding rank of States with average utility
emissions rates greater than or equal to 1.2 lb/MMBtu.
In general, the higher the emissions rate, the greater
the opportunity for reducing emissions and the lower
the cost per ton of SO2 removed.

However, statewide average emissions rates mask the
variation among plants within a given State. Table A-
9 examines the potential for reducing utility SO2 emis-
sions in each State in greater detail. The table displays
the percentage of utility emissions that could be elimi-
nated by mandating various emissions rate limitations,
ranging from 1.0 to 4.0 lb of SO2 per million Btu of
fuel burned. These estimates are calculated by assum-
ing no facility may exceed the specified emissions rate.

Table A-10 displays the average cost, in dollars per
tons of SO2 removed, for reducing utility SO2 emissions
by 50 percent in each of the Eastern 31 States. While
much of the State-level variation is due to differences

in emissions rates, considerable variation results from
such other factors as distance from low-sulfur coal sup-
plies, dependence on oil, and size and age of the utility
plants.

Comparison of Alternative Approaches
to Emissions Reductions

OTA has analyzed a number of approaches to allo-
cating an 8-million-ton reduction of utility SO2 emis-
sions among the Eastern 31 States. The regional costs
and distributional consequences of eight different alloca-
tion formulae —in terms of the reductions allocated to
each State and the cost of achieving those allocated re-
ductions —are discussed below.

Table A-11 presents the overall cost of these eight al-
ternative allocation approaches for the 31 -State region.
The costs are shown to range from a low of $1.8 billion
to $2.3 billion per year for reductions based on a maxi-
mum emissions rate (1. 5 lb of SO2 per MMBtu) to a
high of $3.7 billion to $3.9 billion per year for an alloca-
tion formula based on total SO2 emissions per land area.
Each approach eliminates about 8 million tons of SO2

per year; future emissions growth—estimated to be
about 1 million to 2.5 million tons per year by 1995—
is not offset. Cost to achieve emissions reductions
already required under current regulations (SIPS) are
not included.

Table A-12 shows the State-by-State emissions reduc-
tions required under each allocation approach; table
A-13 estimates State-average control costs, expressed as
a percentage of residential electricity costs. Some States
are consistently allocated relatively large costs— in par-
ticular, Georgia, Indiana, Kentucky, Missouri, New
Hampshire, Ohio, Pennsylvania, and West Virginia.
For other States—e. g., Delaware, New Jersey, and
Rhode Island—control costs are strongly influenced by
the allocation approach used. The approaches that al-
locate the widest State-by-State variations in required
emissions reductions—e. g., those based on emissions
per person or land area—cause State-level costs to vary
a great deal. In these cases, some States are allocated
very large costs and others incur no costs at all.

These estimates illustrate that both the regional and
State-by-State costs of control depend on the way in
which emissions reductions are allocated to States.
Therefore, the choice of allocation policy involves both
the political issue of who should bear the burden of re-
ducing emissions as well as the national economic issue
of total cost.

A later section of’ this appendix (A.4) discusses an al-
ternative method of allocating control costs. A trust fund
based on a tax on emissions or electricity generation
could be established to help pay for part of the costs of
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Table A-8.—Fossil-Fuel-Fired Electric Utilities: S02 Emissions, Electricity Generated,
Average S02 Emission Rate, 1980

Electricity generation
Utility S02 emissions (fossil-fuel-fired) S 02 emission rate

State 103 tons/yr Rank (top 30) 10 9 kWh/yr Rank (top 30) lb/MMBtu Rank (top 30)
Alabama . . . . . . . . . . . . . . . . 543.1
Alaska. . . . . . . . . . . . . . . . . . 11.7
Arizona . . . . . . . . . . . . . . . . . 87.5
Arkansas . . . . . . . . . . . . . . . 26.6
California . . . . . . . . . . . . . . . 77.9
Colorado. . . . . . . . . . . . . . . . 77.5
Connecticut . . . . . . . . . . . . . 32.1
Delaware . . . . . . . . . . . . . . . 52.5
District of Columbia. . . . . . 4.6
Florida . . . . . . . . . . . . . . . . . 725.9
Georgia. . . . . . . . . . . . . . . . . 736.7
Hawaii . . . . . . . . . . . . . . . . . . 41.6
Idaho. . . . . . . . . . . . . . . . . . . 0,0
Illinois. . . . . . . . . . . . . . . . . . 1,125.6
Indiana , . . . . . . . . . . . . . . . . 1,539.6
lowa . . . . . . . . . . . . . . . . . . . 231.3
Kansas . . . . . . . . . . . . . . . . . 150.1
Kentucky . . . . . . . . . . . . . . . 1,007.5
Louisiana . . . . . . . . . . . . . . . 24.8
Maine . . . . . . . . . . . . . . . . . . 16.3
Maryland . . . . . . . . . . . . . . . . 223.2
Massachusetts . . . . . . . . . . 275.5
Michigan . . . . . . . . . . . . . . . 565.4
Minnesota . . . . . . . . . . . . . . 177.4
Mississippi, . . . . . . . . . . . . . 129.2
Missouri . . . . . . . . . . . . . . . . 1,140,5
Montana . . . . . . . . . . . . . . . . 23.4
Nebraska . . . . . . . . . . . . . . . 49.5
Nevada . . . . . . . . . . . . . . . . . 39.5
New Hampshire . . . . . . . . . 80.5
New Jersey . . . . . . . . . . . . . 110.2
New Mexico . . . . . . . . . . . . . 84.6
New York . . . . . . . . . . . . . . . 480.3
North Carolina . . . . . . . . . . . 435.4
North Dakota . . . . . . . . . . . . 82.5
Ohio . . . . . . . . . . . . . . . . . . . 2,171.6
Oklahoma . . . . . . . . . . . . . . . 37.7
Oregon . . . . . . . . . . . . . . . . . 3.3
Pennsylvania . . . . . . . . . . . . 1,466.1
Rhode Island . . . . . . . . . . . . 5.2
South Carolina . . . . . . . . . . 213.1
South Dakota . . . . . . . . . . . . 28.6
Tennessee . . . . . . . . . . . . . . 933.7
Texas . . . . . . . . . . . . . . . . . . 302.8
Utah . . . . . . . . . . . . . . . . . . . 22.1
Vermont . . . . . . . . . . . . . . . . 0.5
Virginia . . . . . . . . . . . . . . . . . 163.7
Washington . . . . . . . . . . . . . 69.4
West Virginia. . . . . . . . . . . . 944,2
Wisconsin . . . . . . . . . . . . . . 485.7
Wyoming . . . . . . . . . . . . . . . 120.9

National totals . . . . . . . . . 17.378.5
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0.6
0.6
0.5
0.2
0.7
0.5
1.5
1.0
1.7
2.9
1.2
0.0
2.7
4.2
2.2
1.0
3.6
0.1
1.4
2.1
1.8
1.8
1.5
1.3
4.5
0.7
1.0
0.6
2.9
0.9
0.6
1.4
1.5
1.2
3.8
0.2
0.7
2.5
1.0
1.9
1.7
3.7
0.3
0.4
1.2
1.4
1.7
2.7
3.4
1.0

1.9

12

21

18
7

28

9
2

13

5

24
14
16
16
21
27

7

24
21
28

3

11

15
18

4

28
24
18
9
6

SOURCE: E. H. Pechan &. Associates, inc., ’’Estimates of Sulfur Oxide Emissions From the Electric Utility Industry;’ prepared for the Environmental Protection Agency, 1982,



172 ● Acid Rain and Transported Air Pollutants: Implications for Public Policy

Table A-9.-SO2 Emission Reductions Achieved by Emission Rate Limitations
(percent reduction in 1980 utility SO2 emissions)

SO2 emissions Percent reduction with emission limit (lb SO2/MMBtu)

State (103 tons) 1.0 1.2 1.5 2.0 2.5 3.0 4.0

Alabama. . . . . . . . . . . . . . . . . . . . . . . . . . .
Alaska . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Arizona. . . . . . . . . . . . . . . . . . . . . . . . . . . .
Arkansas . . . . . . . . . . . . . . . . . . . . . . . . . .
California. . . . . . . . . . . . . . . . . . . . . . . . . .
Colorado . . . . . . . . . . . . . . . . . . . . . . . . . .
Connecticut . . . . . . . . . . . . . . . . . . . . . . .
Delaware . . . . . . . . . . . . . . . . . . . . . . . . . .
District of Columbia . . . . . . . . . . . . . . . .
Florida . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Georgia . . . . . . . . . . . . . . . . . . . . . . . . . . .
Hawaii . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Idaho . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Illinois . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Indiana . . . . . . . . . . . . . . . . . . . . . . . . . . . .
lowa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Kansas . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Kentucky . . . . . . . . . . . . . . . . . . . . . . . . . .
Louisiana . . . . . . . . . . . . . . . . . . . . . . . . . .
Maine ............,.. . . . . . . . . . . . . . .
Maryland . . . . . . . . . . . . . . . . . . . . . . . . . .
Massachusetts . . . . . . . . . . . . . . . . . . . . .
Michigan . . . . . . . . . . . . . . . . . . . . . . . . . .
Minnesota . . . . . . . . . . . . . . . . . . . . . . . . .
Mississippi . . . . . . . . . . . . . . . . . . . . . . . .
Missouri . . . . . . . . . . . . . . . . . . . . . . . . . . .
Montana . . . . . . . . . . . . . . . . . . . . . . . . . . .
Nebraska . . . . . . . . . . . . . . . . . . . . . . . . . .
Nevada . . . . . . . . . . . . . . . . . . . . . . . . . . . .
New Hampshire . . . . . . . . . . . . . . . . . . . .
New Jersey . . . . . . . . . . . . . . . . . . . . . . . .
New Mexico . . . . . . . . . . . . . . . . . . . . . . .
New York . . . . . . . . . . . . . . . . . . . . . . . . . .
North Carolina . . . . . . . . . . . . . . . . . . . . .
North Dakota . . . . . . . . . . . . . . . . . . . . . .
Ohio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Oklahoma . . . . . . . . . . . . . . . . . . . . . . . . .
Oregon . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Pennsylvania . . . . . . . . . . . . . . . . . . . . . . .
Rhode island . . . . . . . . . . . . . . . . . . . . . . .
South Carolina . . . . . . . . . . . . . . . . . . . . .
South Dakota . . . . . . . . . . . . . . . . . . . . . .
Tennessee . . . . . . . . . . . . . . . . . . . . . . . . .
Texas . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Utah . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Vermont . . . . . . . . . . . . . . . . . . . . . . . . . . .
Virginia . . . . . . . . . . . . . . . . . . . . . . . . . . .
Washington . . . . . . . . . . . . . . . . . . . . . . . .
West Virginia . . . . . . . . . . . . . . . . . . . . . .
Wisconsin . . . . . . . . . . . . . . . . . . . . . . . . .
Wyoming . . . . . . . . . . . . . . . . . . . . . . . . . .

United States . . . . . . . . . . . . . . . . . . . .

543
12
88
27
78
77
32
52

5
726
737

42
0

1,126
1,540

231
150

1,008
25
16

223
276
565
177
129

1,141
23
49
39
80

110
85

480
435

82
2,172

38
3

1,466
5

213
29

934
303

22
1

164
69

944
486
121

17,379

57
51

0
5
0
1
0

37
0

50
65
31

3
67
76
58
53
72

0
29
54
44
48
42
58
78
11
21

0
65
37
13
51
32
24
74

0
0

62
0

50
40
73
10

0
17
27
41
64
72
11
61

49
44

0
2
0
0
0

30
0

44
58
22

0
63
72
51
47
66

0
15
46
36
39
34
53
74

6
14

58
32
0

44
19
13
69

0
0

55
0

42
29
67

4
0
5

15
29
57
67

6

55

38
37

0
0
0
0
0

20
0

34
48

9
0

58
66
47
38
58

0
9

35
24
31
25
45
68

0
5
0

48
24

0
34

4
3

62
0
0

45

30
13
59

0
0
0
4

12
50
60

1

47

24
25

0
0
0
0
0
7
0

23
32

0
0

50
55
39
23
45

0
4

18
6

20

32
59

0
0
0

30
17
0

18
0
0

51
0
0

30
0

12
0

49
0
0
0
0
0

39
50

0
36

11
12

0
0
0
0
0
0
0

16
17
0
0

42
45
31

8
36

0
0
4
0

10
5

19
51

0
0
0

20
11
0
8
0
0

41
0
0

17
0
2
0

40
0
0
0
0
0

29
40

0

27

0
o
0
0
0
0
0
0

10
6
0
0

34
35
24

28
o
0
0
0
1
0
9

43
0
0
0

11
6
0
3
0
0

32
0
0
8
0
0
0

30
0
0
0
0
0

19
31

0
19

o
0
0
0
0
0
0
0
0
3
0
0
0

20
19
12
0

15
0
0
0
0
0
0
0

28
0
0
0
0
0
0
0
0
0

19
0
0
0
0
0
0

16
0
0
0
0
0
7

13
0

10
SOURCE: E. H. Pechan &Associates, inc., ’’Estimates of Sulfur Oxide Emissions From the Electric Utility lndustry;’ prepared for the Environmental Protection Agency, 1982.
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Table A-10.—Statewide Average Cost of
Reducing Utility S02 Emissions by 50 Percent

(dollars/ton SO2 removed, 1982 dollars)

Alabama . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 300-500
Arkansas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . >1,500
Connecticut . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . >1,500
Delaware . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 750-1,000
District of Columbia . . . . . . . . . . . . . . . . . . . . . . . >1,500
Florida . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 350-450
Georgia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 400-550
Illinois . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 250-350
Indiana . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150-200
Iowa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100-250
Kentucky . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 300-450
Louisiana . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,000-1,500
Maine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,000-1,500
Maryland . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ‘550-600
Massachusetts. . . . . . . . . . . . . . . . . . . . . . . . . . . .
Michigan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Minnesota. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Mississippi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Missouri . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
New Hampshire . . . . . . . . . . . . . . . . . . . . . . . . . . .
New Jersey. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
New York . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
North Carolina . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Ohio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Pennsylvania . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Rhode Island . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
South Carolina . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Tennessee . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Vermont . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Virginia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
West Virginia.. . . . . . . . . . . . . . . . . . . . . . . . . . . .
Wisconsin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

31-State reason . . . . . . . . . . . . . . . . . . . . . . . . . .

950-1,000
300-450
500-700
250-300

<150
500-600
700-800
700-800
750-900
200-300
450-500
>1,500
450-800

<150
—a

900-1,100
450-500

<150
320-410

a$ton costs not estimated

SOURCE: Office of Technology Assessment, based on analyses by E. H. Pechan
&Associates, Inc.

Table A-11 .—Regional Costs of Alternative Approaches to Allocating an 8-Million.Ton Reduction
in S02 Emissions (Eastern 31-State control region, ali costs in 1982 dollars)

SO2 reduction Regional costsa

Allocation approachb (milliontons/yr) (billions of dollars/yr) ($/ton)

I. Allocation based on utility SO2 emissions:
1. 50% reduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 2.3-2.9 320-410
2.1.5 lb/MMBtu rate limitation . . . . . . . . . . . . . . . . . . . . . . . . . 8 1.8-2.3 255-325
3. Lower of:

1.2 lb/million Btu rate limitation or 50% reduction . . . . . . 7.5 1.8-2.4 275-370
4. 1.3 lb/million Btu average . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 1.8-2.4 260-340
5.11 lb/MWhr (total) average . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 1.9-2.5 270-350

Il. Allocation based on total SO2 emissions:
1. 35% reduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.6 2.6-3.1 385-465
2. 16 tons/square mile . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 3.7-3.9 560-585
3. 200 lb/person . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 2.6-3.0 370-415

aCosts precalculated on the basis of emissions reductions below SIP compliance levels.
bAlternative approaches explained in text.

SOURCE Office of Technology Assessment, based on analyses by E. H. Pechan &Associates, Inc



Table A.12.—Emissions Reductions Required by Alternative Allocation Approaches
—.

1: Formulae based on utility S02 emissions

(percent below 1980 emissions)

Lower of:
1.2 lb/MMBtu cap,

500/0 reduction 1.5 lb/MMBtu cap 50°/0 reduction 1.3 lb/MMBtu avg. 11 lb/MWhr avg.

Percent below: Percent below: Percent below: Percent below: Percent below:
State Utility Total Utility
Alabama . . . . . . . . . . . .
Arkansas . . . . . . . . . . . .
Connecticut . . . . . . . . .
Delaware . . . . . . . . . . . .
District of Columbia. . .
Florida . . . . . . . . . . . . . .
Georgia . . . . . . . . . . . . .
Illinois . . . . . . . . . . . . . .
Indiana . . . . . . . . . . . . .
lowa . . . . . . . . . . . . . . . .
Kentucky. . . . . . . . . . . .
Louisiana . . . . . . . . . . .
Maine. . . . . . . . . . . . . . .
Maryland . . . . . . . . . . . .
Massachusetts. . . . . . .
Michigan . . . . . . . . . . . .
Minnesota. . . . . . . . . . .
Mississippi . . . . . . . . . .
Missouri . . . . . . . . . . . .
New Hampshire . . . . . .
New Jersey . . . . . . . . . .
New York. . . . . . . . . . . .
North Carolina . . . . . . .
Ohio . . . . . . . . . . . . . . . .
Pennsylvania . . . . . . . .
Rhode Island. . . . . . . . .
South Carolina . . . . . . .
Tennessee. . . . . . . . . . .
Vermont. . . . . . . . . . . . .
Virginia . . . . . . . . . . . . .
West Virginia . . . . . . . .
Wisconsin . . . . . . . . . .
E a s t e r n  3 1 - S t a t e s . .

50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50

35 38
13 35
22 0
24 44
15 0
33 34
43 47
38 58
38 65
35 46
44 58

4 0
8 8

33 34
40 24
31 31
34 24
22 44
43 67
43 47
19 24
25 33
36 4
41 62
36 44
17 0
32 29
43 59

3 0
22 3
43 49
38 60
37 50

Total Ut i l i ty  Tota l Ut i l i ty  Tota l Utility Total. .
27 48

9 35
0 0

21 44
0 0

22 43
41 50
44 50
50 50
32 50
52 50

0 0
1 15

22 45
19 35
19 39
16 33
20 50
59 50
41 50

9 32
17 43

2 18
50 50
32 50

0 0
19 41
51 50

0 4
1 15

43 50
45 50
37 47

35 42
9 35
0 0

21 44
0 0

28 24
43 53
38 51
38 67
35 40
44 62

0 0
2 8

30 38
28 25
24 28
23 13
22 0
43 69
43 53
12 0
22 7
13 11
41 65
36 48

0 0
27 32
43 63

0 0
6 5

43 51
38 60
35 50

SOURCE. Office of Technology Assessment, based on analyses by E. H Pechan & Assoclates, Inc

30 20
9 35
0 0

21 44
0 15

16 26
47 51
39 47
52 72
28 46
56 66

0 0
1 0

25 20
20 27
17 25

9 2
0 20

61 73
46 57

0 0
3 1
8 8

53 69
34 51

0 0
21 0
55 61

0 0
2 2

44 56
46 55
37 50

14
9
0

21
4

17
44
36
55
32
59

0
0

13
22
15

:
64
49

0
0
6

57
37

0
0

53
0
1

49
42
37

II: Formulae based on total S02 emissions
(percent below 1980 emissions)

35% reduction 16 tons/mi2

——— 200 lb/person

Percent below: Percent below: Percent below:,        
ut i l i ty  tota l UtiIity

4 8
> 1 0 0

78
73

>100
52
3 9
4 5
4 5
49
3 8

> 1 0 0
>100

53
4 3
56
51
77
3 9
40
88
68
48
42
48

>100
53
40

>100
77
40
45
48

3 5 4
3 5 3 5
3 5 0
3 5 > 1 0 0
3 5 > 1 0 0
3 5 21
3 5 0
3 5 50
35 93
35 0
35 47
35 0
35 0
35 75
35 77
35 0
35 0
35 0
35 16
35 3
35 >100
35 31
35 0
35 91
35 88
35 0
35 0
35 43
35 0
35 2
35 74
35 0
35 50

Total UtiIity
3 6 5
9 3 5
0 0

70 90
93 0
14 16

0 38
38 27
71 90
0 15

42 71
0 0
0 0

50
61 20

o 0
0 0
0 24

14 67
3 3

55 0
16 1

0 3
75 69
64 54

0 0
0 6

37 63
0 0
1 2

64 90
0 32

37 50

Total

4 6
9
0

4 3
0

10
33
21
6 9
10
6 4

0
0
2

16
0
0

11
5 9

3
0
0
2

5 6
3 9

0
4

5 4
0
1

7 8
2 5
3 7
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Table A-13.—Costs of Alternative Allocation Approaches
(estimated percentage increase in residential electricity rates, assuming all emissions reductions from utilities)

500/0 1.2 lb/MMBtu 35 ”/0
reduction 1.5 lb/M MBtu cap or 50°/0 1.3 lb/MMBtu 11 lb/MWhr reduction 16 tons/ 200 Ib/

(utility) cap reduction average average (total) Mi2 person
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—
●

● ☛

●

●

● ☛☛

●

—
●

—
●

●  ☛ ☛ ☛ ☛

●

●  ☛ ☛ ☛ ☛
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●
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—
●  ☛ ☛ ☛ ☛

●

2.0-2 .6°\o

●

2.4-3.10/0

●

1.9-2.6%

●

2.0-2.6°\o 4.0-4 .20/o 2.8-3.20/o
— = No reduction required
. – 0-2 ”/0—
. . – 1-3%—
. . . = 2-4%
. . . . = 3-60/0
. . . . . = 5- 10 ”/0
. . . . . . – > 10 ”/0.

SOURCE Off Ice of Technology Assessment, based on analyses by E.H. Pechan and Associates, Inc

control. Costs could then be distributed to a larger group
than those required to reduce emissions under each of
the scenarios discussed below.

Key aspects of each allocation approach—including
its rationale, costs, and distributional consequences—
are outlined below.

1. Equal percentage reduction in each State—
utility emissions only.
Description: Each State is required to reduce its
utility S02 emissions by an equal percentage.
Rationale: Requiring an equal percentage reduc-
tion in utility S02 emissions distributes relative
emissions reductions fairly uniformly among
States.

Formula for achieving an 8-million-ton reduction:
Eliminating 50 percent of 1980 utility emissions
in each of the Eastern 31 States.
Cost: Reducing utility S02 emissions by 50 per-
cent in each State is estimated to cost $2.3 to $2.9
billion annually, at an average cost of $320 to $410
per ton of S02 removed (1982 dollars).
Distributional consequences: This formula re-
quires an equal percentage reduction from each
State regardless of: 1) the relative costs of emis-

sions control, or 2) the stringency of the State’s
existing emissions regulations. Five States—
Arkansas, Connecticut, Louisiana, Maine, and
Rhode Island—would not be able to reduce util-
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2.

3.

ity emissions by the necessary 50 percent with-
out setting extremely stringent emission rate lim-
itations (less than 0.4 lb/MMBtu of SO2).

Utility emission rate limitation (limiting emis-
sions per fuel burned).
Description: This approach sets some maximum
emissions limits (an emissions ‘‘cap’ for each fos-
sil-fuel electric-generating plant. In this case, the
limit is an emissions rate specifying the amount
of allowable emissions per quantity of fuel burned.
Rationale: Setting an emissions cap would require
emissions reductions in States with powerplants
emitting over a certain rate. It would thus target
States with plants emitting large quantities of S02

per quantity of fuel burned, but not penalize
States simply for generating large quantities of
electricity.
Formula for achieving an 8-million-ton reduction:
Limiting emissions rates for all plants in the East-
ern United States to 1.5 lb of S02 per MMBtu
of fuel burned.
Cost: Estimated annual costs under this approach
are $1.8 to $2.3 billion, at an average cost of $255
to $325/ton.
Distributional consequences: The largest costs and
percentage reductions are distributed to States
whose plants emit relatively large amounts of pol-
lutants per unit of energy consumed—e. g., Mis-
souri, Indiana, Ohio, and Tennessee. States with
plants emitting at low rates (usually through the
use of less polluting fuels, e.g., oil and natural
gas) —e. g., Louisiana, Arkansas, and Connecticut
—are allocated the smallest reductions.

Utility emission rate limitation, with a max-
imum reduction of 50 percent below current
utility emissions.
Description: This approach modifies the cap ap-
proach by limiting any State’s required reductions
to 50 percent of 1980 utility emissions.
Rationale: By placing a ceiling on reductions, this
approach reduces the impact on those States most
heavily targeted under a cap approach. It reduces
regional variations in cost by setting a maximum
relative reduction requirement for all States.
Formula for achieving a 7.5-million-ton reduc-
tion: A cap of 1.2 lb of S02 per MMBtu, with
a maximum reduction of 50 percent below 1980
emissions for each State. An alternative method
of stating the formula is a 50-percent reduction
in a State’s 1980 utility emissions, but requiring
no existing source to reduce emissions below 1.2
lb of S02 per MMBtu. Thus, the formula achieves
less than the 8-million-ton reduction of the first
allocation approach.

4.

5.

Cost: This approach is estimated to cost between
$1.8 and $2.4 billion per year, at an average cost
of $275 to $370/ton.
Distributional consequences: By placing a limit
on percentage reductions, this approach lessens
the impact on States required to reduce the most
under a cap approach. The States that benefit by
this approach as compared to a simple emissions
cap are Indiana, Kentucky, Missouri, and Ohio.
Average utility emissions per fuel burned.
Description: Each State is required to achieve a
specified average utility emissions rate. Under
this averaging approach, some plants within a
State are allowed to exceed the specified emissions
rate (unlike the cap case) as long as the State has
compensating plants emitting below the rate.
Rationale: Unlike the cap, the average emission
rate approach gives credit to States with plants
emitting below the specified emissions rate.
F o r m u l a  f o r  a c h i e v i n g  a n  8 - m i l l i o n - t o n  r e d u c t i o n :

Each State is required to eliminate sufficient emis-
sions to achieve a statewide utility emissions aver-
age of 1.3 lb of S02 per M MBtu of fuel burned
(based on 1980 emissions).
Cost: This strategy is estimated to cost $1.8 to
$2.4 billion per year at an average cost of $260
to $340/ton.
Distributional consequences: Emissions reduc-
tions are allocated in a manner similar to the cap
case. States in which a substantial number of
plants emit at rates below the specified average
(e. g., New York, Minnesota, and Mississippi)
would tend to prefer the average rate approach
over the cap; States in which most plants emit at
rates well above the average used for allocation
(e.g., Missouri and Kentucky) would tend to favor
the cap over the average (assuming that identical
regional reductions are required).
Average utility emissions per total electricity
ouput.
Description: This approach allocates emissions re-
ductions on the basis of the amount of S02 emit-
ted per unit of electricity generated by all plants,
including hydroelectric and nuclear powerplants,
Rationale: Allocating emissions reductions on the
basis of total electricity generation gives credit to
those States that generate electricity with fuels that
do not produce S02 emissions.
Formula for achieving an 8-million-ton reduction:
States are required to reduce utility emissions to
meet an average rate of 11 lb of S02 per mega-
watt-hour of total electricity output.
Cost: This approach is estimated to range in cost
from $1.9 to $2.5 billion annually, at an average
cost of $270 to $350/ton of S02 reduced.
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6.

7.

Distributional consequences: This approach
favors States in which relatively high proportions
of electricity produced by hydroelectricity or nu-
clear power—e. g., Alabama, Maine, Maryland,
Minnesota, and New York.
Equal percentage reductions in each State—
total SO2 emissions.
Description: Each State is required to reduce total
S02 emissions (i. e., emissions from all sectors,
not just utility emissions) by an equal percent-
age from some baseline level.
Rationale: Each State participates equally in re-
ducing aggregate emissions.
Formula for achieving a 7.6-million-ton reduc-
tion: Each State reduces total 1980 S02 emissions
by 35 percent.
Cost: This approach is estimated to cost $2.6 to
$3.1 billion annually, at an average cost of $385
to $465/ton of S02 removed.
Distributional consequences: This allocation for-
mula requires an equal percentage reduction in
each State regardless of relative costs of emissions
control or stringency of the State’s existing emis-
sions regulations. Those States: 1) with the high-
est proportion of emissions from sources that are
difficult to control (e. g., certain industrial proc-
esses and small residential, commercial, or indus-
trial boilers), and 2) that have relatively low S02

emission rates, would incur the highest per-ton
costs. This includes such States as Louisiana,
Maine, Rhode Island, and Virginia.
Total emissions per land area.
Description: This approach is based on emissions
densities, i.e., the amount of SO2 emitted per unit
of land area. Emissions densities are calculated
from an area’s total emissions, rather than just
its utility emissions.
Rationale: To the extent that acid deposition is
produced by local sources, limiting the density
of SO2 emissions would help to limit the amount
of sulfur deposited in the surrounding area.
Formula for achieving an 8-million-ton reduction:
Reductions are allocated by setting a maximum
average emissions density of 16 tons of S02 per
square mile.
Cost: This approach would cost $3.7 to $3.9 bil-
lion per year, at an average cost of $560 to $585/
ton of S02 removed.
Distributional consequences: The States with the
highest emissions densities, and thus the largest
proportional reductions and costs under this ap-
proach, are Delaware, D. C., Indiana, Massachu-
setts, Ohio, Pennsylvania, and West Virginia.

8. Total emissions per person.
Description: Emissions reductions are calculated
on the basis of the amount of pollution emitted
per person residing in the State. Reductions are
based on the region’s total emissions, not just
utility emissions.
Rationale: Giving credit to States with lower
emissions-to-population ratios takes into account
a wide range of factors, including reliance on
clean fossil fuel combustion, non-SO2-emitting
electricity generation, higher energy efficiency,
and presence of fewer SO2-producing industrial
activities.
Formula for achieving an 8-million-ton reduction:
Reductions are allocated according to an aver-
age rate of 200 lb of S02 per capita.
Cost: The costs of this approach are estimated to
range from $2.6 to $3.0 billion annually, with an
average cost of $370 to $415/ton of S02 reduced.
Distributional consequences: Those States with
a relatively high proportion of total S02 emissions
to the population supported by emissions-gener-
ating activities (both industrial and electricity
generation) are allocated the largest reductions.
These States include Indiana, Kentucky, Missou-
ri, Ohio, Tennessee, and West Virginia.

Comparison of Utility Estimates of Emissions
Reductions Costs to Various Regional-Model
Estimates

The Edison Electric Institute (EEI) requested its
member utilities to estimate the cost of implementing
a control proposal reported by the Senate Committee
on Environment and Public Works during the 97th
Congress (S.3041, reintroduced as S.768 during the 98th
Congress). The acid rain control sections of this bill
would require eliminating about 9 million to 10.5 mil-
lion tons of S02 per year in the Eastern 3 l-State re-
gion—8 million tons per year allocated to States based
on utility S 02 emission rates and an additional 1 mil-
lion to 2.5 million tons per year to offset expected emis-
sions growth by 1995. * (S. 768 was subsequently
amended to require an additional 2-million-ton emis-
sions reduction. )

● The amount by which a State rnust reduce its SO2 emission was deter-
mined by the following formula Calculate the difference between a State’s 1980
utility emissions and the emissions that would result if no electric-generating
plant m that State emitted SO2 at a rate greater than 1.5 lb/MMBtu. Repeat
this calculation for the Eastern 31 -State region as a whole. The State propor-
tion of the total regional difference, multiplied by 8 million tons, is the amount
of SO2 emissions that must be eliminated m that particular State Any addi-
tonal growth in emissions due to new facilities or increased use of existing ones
by 1995 must also be offset
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Twenty-four utilities responded, accounting for about
3.5 million tons (about 45 percent) of the 8-million-ton
reduction specified by the bill.42 Table A-14 compares
these cost estimates to regional model-based estimates
prepared for EPA43 and OTA. * In general, the utilities
projected higher costs than the model-based statewide
averages. The OTA estimates are typically higher than
the EPA estimates. There are several reasons for these
differences. First, some of the utilities surveyed have
higher S02 emissions rates than the statewide average.
As a result, these utilities will have higher emissions re-
duction costs than the statewide averages estimated by
the models.

Second, EEI, EPA, and OTA used different account-
ing procedures. One major difference is the number of
years over which capital costs are averaged. The EEI
estimates reported in table A-14 are averaged (’‘lev-
elized’ over 5 years;* both EPA and OTA average cap-
ital costs over time periods equivalent to the life of the
facility (about 20 years). The shorter averaging time
makes the utility estimates of annual costs somewhat
higher.

The estimates also make different assumptions about
scrubber costs, low-sulfur coal prices, and the choice of
control method. Some utilities project scrubber capital
costs about equal to the average costs assumed by the
models (about $150 to $250 per kilowatt of generating
capacity); however, several estimate costs almost twice
as high. EEI assumes that most of the emissions reduc-
tion would occur through scrubbing, whereas the model
used by EPA projects that most emissions reductions
would be achieved by fuel-switching at a considerable
cost savings over scrubbing. The OTA model calculates
a fairly even mix of scrubbing and fuel-switching to
achieve the required emissions reductions, with costs
typically between the EPA and utility estimates.

Overview of Model Used
in Cost Analyses

OTA’s cost estimates are based on a computer model
that calculates the cost of reducing emissions at each
major utility generating unit in the 31 -State region

+ZNat iona] F;( ononl ic Research Assoclatcs,  Inc , L‘.4 Report on the Results

From the Edison Electric Institute Study of the Impacts of the Senate Com-
mittee on En\,ironment  and Public Works Bill on A( Id Rain I,egislatlon
(S.768), 1983.

‘lICF, Inc , “Analysls  of a Senate Emission Re[iuctinn  Bill” (S 3041) Pre-
pared for EPA, 1983

● OTA’S cost estimates are from the AIRCOST model, E. H Pechan  & As-
soc iates, These estimates include the costs of emissions reductions required to
offset future cmlssrons growth, based on projections prepared for the Unite(i
States-Canada Memorandum of Intent, the Edison Electric Institute, and EPA

● EEI  alsu reports utdity estimates of rate Increases based on first-year revt, -
nue requirements; though typic all) about 25 percent higher than the 5-year
averages, these are not representative of average costs for the Irfe of the program

(about 2,000 units in about 900 powerplants). For each
unit, the model determines the combination of emissions
reduction measures that minimizes the costs of comply-
ing with a series of alternative emissions rate limitations,
ranging from SIP compliance to a 0.4 lb SO2/MMBtu
limit. Emissions reduction opportunities are then ranked
on the basis of costs per ton of S02 removed. For each
alternative rate limitation, the model considers the costs
of the following control options for each unit:

For coal-fired powerplant emissions:
●

●

●

●

●

blending presently used coals with low-sulfur coals,
switching to low-sulfur coals,
physical coal cleaning to reduce the sulfur contents
of presently used coals,
installing dry scrubbers in conjunction with either
current or alternative coal types, and
installing wet scrubbers in conjunction with either
current or alternative coal types.

For plants burning residual oil:
. switching to a lower sulfur oil.
These results are in turn used to generate State and

regional cost estimates of various emissions reduction
measures. These costs can be calculated in two ways:

1. State Least Cost: Reduction opportunities are se-

9

lected in ascending order of per-ton costs within
each State until the reduction target is achieved.
Trading of emissions reductions among sources is
allowed within States, but not among States. This
approach assumes a ‘‘perfect market for the
exchange of emissions reductions obligations
throughout the State and provides a lower bound
model estimate.
Plant Cap: Each plant is required to comply with
a specified emissions limit. This approach to esti-
mating costs chooses the least-cost approach at
each plant, but assumes no trading of reduction
obligations among plants or States.

The cost model considers only S02 emissions from
utilities. No estimates of the cost of reducing emissions
of NOX, nor estimates for controlling S02 or NOx from
the industrial sector, are calculated. Furthermore, ex-
isting utilities are the only sources considered, and are
assumed to be operating at their current level of capacity
utilization. The OTA analysis assumes that all reduc-
tions occur immediately, without accounting for new
plants being built, or old plants being retired. Finally,
the model does not include the following possible con-
trol alternatives:

1. early retirement of major sources,
2. energy conservation,
3. selective use of lower emitting plants, and
4. advanced control technologies.
In calculating cost increases, OTA’s model assumes

that each plant chooses the most cost-effective method
of reducing emissions. However, State regulatory poli-



,

App. A—Emissions and the Costs of Control ● 179

Table A-14.—Comparison of Estimates of Residential Electricity Rate Increases
(8-million-ton SO2 reduction program, plus offsets for future growth)

1. Utilities located in single States
Florida: . . . . . . . . . . . .

Illinois: . . . . . . . . . . . .

Indiana: . . . . . . . . . . .

Massachusetts:. . . . .

Michigan: . . . . . . . . . .

Missouri: . . . . . . . . . .

North Carolina: . . . . .

Ohio: . . . . . . . . . . . . . .

Pennsylvania: . . . . . .

Wisconsin: . . . . . . . . .

Florida Power & Light Co.
Tampa Electric Co.
Statewide averages
Illinois Power Co.
Central Illinois P.S.
Statewide averages
Public Service Indiana
Indianapolis P. & L.
Statewide averages
New England Power Co.
Statewide averages
Detroit Edison
Statewide averages
Union Electric Co.
Statewide averages
Duke Power Co.
Statewide averages
Cincinnati G. & E.
Statewide averages
Pennsylvania Electric
Pennsylvania P. & L.
Statewide averages
Wisconsin Power & Light
Wisconsin Electric Power
Statewide averages

Il. Multi-State utilities:
Florida, Georgia, Mississippi:

The Southern Company
Statewide averages:

FL
GA
MS

Virginia, West Virginia
VEPCO
Statewide averages:

VA
WV

Indiana, Kentucky, Michigan, Ohio
American Electric Power (AEP)
Statewide averages:

IN
KY
Ml
OH

EPA: 2-30/o, OTA:

EPA: 1-2°/0, OTA:

EPA: 7-80/o, OTA:

EPA: 1% OTA:

EPA: 2-40/o, OTA:

EPA: 5-7°/0, OTA:

EPA: 1-2°/0, OTA:

EPA: 6-70/o, OTA:

EPA: 3-5°/0, OTA:

EPA: 5-60/o, OTA:

12 ”/0
EPA

2-30/o
4-5 ”/0

3%

60/0
EPA

1-20/0
5-60/o

180/0 (6-38 °/o)b

EPA
7-80/o
4-60/o
2-40/o
6 - 7 %

5%
230/o

3-7 ”/0
18°/ob

21 “/0
2-11 “/0

250/o
26°/ob

8-130/o
4%

0-50/0
12 ”/0

2-60/o
180/0

8-21 0/0

4%
2-50/o

14 ”/0
8-120/o

200/0
100/0

30/0
11 .30/0
12.30/o

1 1-120/0

OTA
3-70/0

9-120/o
5-200/o

OTA
2-70/o

10-13 ”/0

OTA
8-130/o

5-90/0
2-60/o

8-120/o,. —
aEstimates are for a control program requiring SO2 emissions reductions in the Eastern 31-State region such that 1995 emis-
sions are 8 million tons below 1980 levels. Emission limits for each State are allocated by a 1.5 lb SO2/MMBtu emission rate
Iimitation for utilities. Including reductions to offset future growth, about 9 to 10.5 million tons of SO2 per year must be eliminated
from existing sources

bFor these utilities, about one.third to one-half of capital costs are for new utility construction to replace Prematurely retired
plants, or to compensate for electricity losses due to scrubbers

SOURCE Compiled by Off Ice of Technology Assessment See text for references.
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cies can affect this choice— and hence the costs—in ways
not treated by the model. For example, in most States,
‘‘automatic fuel adjustment clauses’ allow utilities to
pass on increased fuel costs due to fuel-switching to con-
sumers within a few months. However, for emissions
controls requiring capital investment, such as scrubbers,
most States require utilities to wait until the equipment
becomes operational before charging ratepayers. This
practice may create a bias against capital investment in

pollution control equipment in utility management deci-
sionmaking, and increase a plant’s lifetime control costs.

The model used by OTA also assigns all control costs
to the State whose utility owns the facilities required to
reduce emissions. The accuracy of this assumption de-
pends on the policy chosen for allocating costs. To re-
lieve utilities or States that are allocated particularly
large emissions reductions, costs could be shared by elec-
tricity consumers in other areas.

A.4 ALTERNATIVE TAX STRATEGIES TO HELP
FUND ACID RAIN CONTROL

Several acid rain control bills introduced during the
98th Congress proposed establishing a trust fund to help
finance the costs of emissions reductions for controlling
acid deposition. The proposals were based on one of two
alternative approaches for raising revenues: a tax on pol-
lutant emissions, or a tax on electricity generation. Each
of these approaches could be implemented in several
ways.

This section considers two alternative pollution taxes:
1) a tax on both sulfur dioxide (S02) and nitrogen ox-
ides (NOX), and 2) a tax on S02 emissions only. Both
apply to nationwide pollutant emissions. The section
analyzes the distribution of the two taxes by emissions
source, and the electricity portion of the tax by State,
and compares them to two electricity-based ap-
proaches: 1) a tax on total electricity generation, and
2) a tax on nonnuclear electricity generation.

All four tax schemes are possible alternatives to re-
quiring those sources that must reduce emissions to pay
the entire costs of control. Funds raised by a tax can
be used to pay part or all control costs. A pollution tax
would apportion control costs to a larger group of emit-
ters, not just those required to reduce emissions. How-
ever, because so few sources are actually monitored,
such an approach would be administratively complex.
An electricity tax would also distribute control costs to
a larger group of emitters, but is not directly related to
actual emissions. However, because electricity genera-
tion is carefully monitored, this approach would be
much easier to implement.

The analyses presented below are approximate, in-
tended to illustrate the relative distribution of costs for
raising an arbitrary $5 billion per year under each ap-
proach. The actual amount of the tax, and to some ex-
tent the distribution of the tax, varies with each spe-
cific control plan and trust-fund design.

Distribution of Emissions, Tax Rates,
and Tax Revenues by Source

About 90 to 95 percent of the Nation’s manmade S02

emissions originate from utility and industrial sources.
About 95 percent of the Nation’s manmade NO, emis-
sions originate from utility, industrial, and transporta-
tion sources. Emissions from these sectors can be con-
sidered the potentially ‘ ‘taxable’ pollutant inventory

(though in practice assessing emissions from all sources
in each category with sufficient accuracy for tax pur-
poses would be difficult). Emissions from residential,
commercial, and other small dispersed sources are not
considered taxable for this analysis.

For example, to raise $5 billion per year, by deriv-
ing two-thirds of the revenues from S02 and one-third
from NOX emissions, * the tax must be set at about
$135/ton of S02 and $85/ton of NOX emitted. A tax on
S 02 emissions alone must be set at about $200/ton.
These rates are based on 1980 taxable emissions; rev-
enues from a fixed tax rate would increase as emissions
increase, and would decrease if acid rain control legis-
lation were enacted. To raise $5 billion per year through
taxes on electricity generation, the following rates must
be set: 2.2 mills/kWh for all electricity generated and
2.5 mills/kWh for nonnuclear electricity only. Total rev-
enues in future years would follow changes in electri-
city demand.

Table A-15 displays each sector’s contribution to an
acid rain control trust fund based on the above rates.
The two-pollutants tax (i. e., on both SO2 and NOx)
would raise about $2.8 billion (55 percent) from utili-
ties, about $1.4 billion (30 percent) from industry, and

● About twice as much precipitation acidity currently originates from sulfur
compounds as from nitrogen compounds in the Eastern United States.
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Table A-15.—Annual Contribution to Acid Rain Control Trust Fund From Alternative
Tax Approaches (billions of dollars/yr, see text for explanation of alternative taxes)

Emissions tax Emissions tax
(before control- (after control-
1980 emissions) 1995 emissions) Electricity tax

SO2 & SO2 SO2 & s o * Total Nonnuclear
NOx only NOX only electricity electricity

Electric utilities. . . . . . . . . . . 2.8 3.5 1.8 1.6 5.0 5.0
Industry . . . . . . . . . . . . . . . . . 1.4 1.5 1.6 1.8 0.0 0.0
Transportation . . . . . . . . . . . 0.8 0.9 0.9 0.0 0.0 0.0

Total United States. . . . . . 5.O 5.0 4.3 3.4 5.0 5.0

SOURCE: Office of Technology Assessment, based on data from Emissions, Costs and Engineering, Work Group 3B, United
States-Canada Memorandum of Intent on Transboundary Air Pollution, June, 1982 and the Statistical Year Book of
the Electric Utility Industry, Edison Electric Institute, 1980

$0.8 billion (15 percent) from transportation sources.
If only SO 2 were taxed, about 70 percent of the fund
would come from utilities and about 30 percent from
industry.

The third and fourth columns in table A-15 estimate
tax revenues in 1995 after a hypothetical acid rain con-
trol program, assuming that the tax rates remain un-
changed. Utility S02 emissions in the Eastern 31 States
are assumed to be 10 million tons below 1980 levels.
All other emissions are assumed to grow at rates calcu-
lated from emissions projections developed under the
United States-Canada Memorandum of Intent on
Transboundary Air Pollution. The share of annual trust
fund revenues derived from utilities would decline to
about 40 percent of the total for the two-pollutants tax,
and to about 45 percent of the total for the SO2 tax. Be-
cause total nationwide pollutant emissions decline, the
total tax collected drops by 15 and 30 percent, respec-
tively.

A tax on electricity generation (either total or non-
nuclear) is assumed to come entirely from the utility sec-
tor (i. e., industrial generation of electricity for internal
use is not taxed).

Geographic Distribution of
Electricity Rate Increases

Table A-16 presents State-by-State costs of the alter-
nate tax approaches for the electric utility sector only.
Costs to industry are often borne by consumers from
a much larger area than the State in which the industry
is located, since many manufactured goods are distrib-
uted nationwide. A tax on mobile source emissions (e. g.,
a sales or registration tax) would be distributed on a
roughly per-capita basis.

The large variation in current pollution emission rates
among utility plants would cause a pollution tax to dis-
tribute costs unevenly both within a State and from State

to State. As shown in table A-16, though a pollution
tax to raise $5 billion per year would increase average
residential electricity rates by about 2 percent, State-
average increases would range from virtually no increase
to about 9 percent. Because utilities emit a larger share
of nationwide S02 than NOx emissions, electricity rate
increases are typically somewhat lower for a tax on both
S02 and NOX emissions (co1. 1) than on S02 emissions
only (co1. 2).

Assuming that emissions reductions are achieved, *
Eastern States would experience smaller rate increases
due to the pollution tax in 1995 (COlS. 3 and 4) than in
1980. Western-State rate increases would be higher in
1995 than in 1980 due to projected increased emissions.
The tax rate is assumed to be indexed to inflation,
so that rate changes shown in 1995 are due solely to
emissions changes and not to changes in the price of elec-
tricity.

The last two columns of table A-16 estimate residen-
tial rate increases from a fixed kilowatt-hour tax on
all electricity, and on nonnuclear electricity, generated
in each State. State-to-State variations are due solely
to differences in the average electricity rate currently
paid by consumers in each State. Large percentage in-
creases imply low current rates for electricity. Nation-
wide, the rate increases from a tax on electricity genera-
tion are greater than for a pollution tax under which
a significant share of the total $5 billion per year tax
comes from other sectors. However, in several Midwest-
ern States (e. g., Indiana, Kentucky, Missouri, and
Ohio) with high rates of pollutant emissions, an electri-
city tax would be less costly than an emissions tax dur-
ing the years before emissions reductions are achieved.
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Table A-16.—5O.State Taxes Raising $5 Billion per Year During the Early 1980’s

Average residential electricity rate increase (percent) from alternative tax approaches

Emissions tax Emissions tax
(before control- (after control-
1980 emissions) 1995 emissions) Electricity tax

S 02 & s o * so* & SO2 Total Nonnuclear

2.0
0.9
0.7
0.6
0.2
1.3
0.3
1.4
2.2
1.7
3.5
0.8
0.0
2.9
5.9
3.0
1.8
5.7
0.5
0.4
1.8
1.6
2.5
1.8
2.1
6.6
0.9
1.3
1.0
2.9
0.8

0.7
1.8
1.9
4.5
0.6
0.1
2.7
1.3
1.4
1.1
5.3
0.7
0.8
0.1
1.2
0.5
4.1
4.1

NOx only NOX ony~ electricity electricity

Alabama . . . . . . . . . . . . . . .
Alaska . . . . . . . . . . . . . . . . .
Arizona . . . . . . . . . . . . . . . .
Arkansas. . . . . . . . . . . . . . .
California . . . . . . . . . . . . . .
Colorado . . . . . . . . . . . . . . .
Connecticut . . . . . . . . . . . .
Delaware . . . . . . . . . . . . . . .
District of Columbia. . . . . .
Florida. . . . . . . . . . . . . . . . .
Georgia . . . . . . . . . . . . . . . .
Hawaii . . . . . . . . . . . . . . . . .
Idaho . . . . . . . . . . . . . . . . . .
Illinois . . . . . . . . . . . . . . . . .
Indiana . . . . . . . . . . . . . . . .
lowa . . . . . . . . . . . . . . . . . . .
Kansas . . . . . . . . . . . . . . . .
Kentucky. . . . . . . . . . . . . . .
Louisiana . . . . . . . . . . . . . .
Maine. . . . . . . . . . . . . . . . . .
Maryland . . . . . . . . . . . . . . .
Massachusetts. . . . . . . . . .
Michigan . . . . . . . . . . . . . . .
Minnesota. . . . . . . . . . . . . .
Mississippi . . . . . . . . . . . . .
Missouri . . . . . . . . . . . . . . .
Montana . . . . . . . . . . . . . . .
Nebraska . . . . . . . . . . . . . . .
Nevada . . . . . . . . . . . . . . . .
New Hampshire . . . . . . . . .
NewJersey . . . . . . . . . . . . .
New Mexico . . . . . . . . . . . .
NewYork . . . . . . . . . . . . . . .
North Carolina . . . . . . . . . .
North Dakota . . . . . . . . . . .
Ohio . . . . . . . . . . . . . . . . . . .
Oklahoma . . . . . . . . . . . . . .
Oregon . . . . . . . . . . . . . . . .
Pennsylvania . . . . . . . . . . .
Rhode Island . . . . . . . . . . .
South Carolina . . . . . . . . . .
South Dakota . . . . . . . . . . .
Tennessee . . . . . . . . . . . . .
Texas . . . . . . . . . . . . . . . . . .
Utah . . . . . . . . . . . . . . . . . . .
Vermont . . . . . . . . . . . . . . .
Virginia . . . . . . . . . . . . . . . .
Washington . . . . . . . . . . . .
West Virginia . . . . . . . . . . .
Wisconsin . . . . . . . . . . . . . .

SOURCE: Based on data from Emissions, Costs and Engineering, Work Group 3B, United States-Canada Memorandum of lntent,
June 1982; and the Statistical Year Book of the Electric Utility Industry, Edison Electric Institute, 1980,

2.5
1.4
0.7
0.5
0.2
1.2
0.3
1.8
2.7
2.2
4.5
1.1
0.0
3.6

3.5
2.0
7.3
0.2
0.6
2.3
2.1
3.0
2.0

8.8
0.9
1.3
0.9
3.6
0.9
0.9
0.9
2.1
2.0
5.9
0.3
0.1
3.5
1.5
1.7
1.1
7.0
0.5
0.6
0.0
1.4
0.7
5.1
5.2

1.3
1.2

0.5
0.3
1.7
0.3
1.0
2.3
1.2
1.8
1.1
0.0
1.5
2.3
1.9
2.4
2.6
0.6
0.4
1.1
1.1
1.9
1.6

2.3
1.3
1.7
1.4
1.6
0.7

0.4
1.7
2.5
1.9
0.9
0.1
1.5
1.5
1.0
1.4

0.9
1.1
0.1
1.1
0.7
2.3
1.9

1.2
1.8
0.9
0.3
0.2
1.5
0.3
1.0
2.7
1.2
1.7
1.4
0.0
1.2
1.8
1.6
2.6
2.2
0.2
0.6
1.2
1.3
1.7
1.3
1.1
1.9
1.1
1.7
1.1
1.4
0.6

0.5
1.7
2.6
1.6
0.5
0.1
1.5
1.5
0.9
1.4
2.0
0.7
0.8
0.0
1.2
0.9
2.0
1.5

4.0
4.0
3.1
4.4
3.0
3.7
2.5
2.4
4.5
3.1
4.2
1.8
8.2
3.6
3.8
3.6
3.7
4.5

3.3
3.6
2.9
4.3
3.8
4.0
4.1
6.4
4.7
3.9
2.9
2.6
2.9
2.1
3.7
4.1
3.3
4.5

3.1
3.0
3.6
3.6
4.9
3.7
3.6
3.5
3.3
9.5
4.2
4.4

3.1
4.4
3.5
3.0
3.3
4.0
1.5
2.7
5.0
2.9
4.1
2.0
9.2
2.9

3.6
4.1
5.0
4.7
1.6
2.6
2.9
3.8
2.9
4.5
4.6
7.2
3.4
4.4
3.3
2.1

2.0
3.9
4.6
3.6
5.0
6.9
3.2
3.3
2.4
4.1
5.5
4.1

0.9
2.5

10.5

3.6
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A.5 OTHER EMISSION SECTORS

This section addresses major nonutility sources of S02

and NOX emissions. It presents estimates of current
emissions, potential emissions reductions, and control
costs, where possible, for: 1 ) industrial and large com-
mercial boilers, 2) industrial process emitters (e, g.,
smelters and petroleum refineries), and 3) mobile
sources. Together, these source categories account for
approximately 30 to 35 percent of S02 and 65 to 70 per-
cent of NOx. emissions in the continental United States.

In general, data needed to estimate emissions from
these sources are scanty and of questionable accuracy.
In addition, emissions control methods, particularly for
industrial processes, are in earlier stages of development
than for utilities. Consequently, the estimates of emis-
sions, potential emissions reductions, and estimated con-
trol costs presented in this section are subject to greater
uncertainty than those presented earlier for the utility
sector.

Industrial and Commercial Boilers

Industrial and large-commercial boilers emitted about
3.5 million tons of SO2 in 1980; table A-17 provrides
State-by-State emissions estimates for these sources.
Two estimates are presented; one is calculated from
State-levcl fuel deliveries, the other from data reported
to EPA .44 Though the national totals are quite close,
the difference at the State-levrel is often quite large.
Largest emitting States were New York (about 350,000
to 450,000 tons), Ohio (about 300,000 to 400,000 tons),
and Pennsylvania (about 250,000 to 300,000 tons); nine
additional States had nonutility boiler emissions greater
than about 100,000 tons of S02 per year.

Table A-17 also indicates the percentage of this sec-
tor’s 1980 emissions that would have to be eliminatcd
under various emission rate limitations. In comparison
to the utility sector, S02 emission rates from industrial
and commercial boilers are relatively low. Thus, con-
trol strategies based on emission rate limitations would
reduce emissions from this sector by a smaller propor-
tion than comparable controls on the utility sector. For
example, an emission rate limitation of 1.5 lb of S02

per million Btu would eliminate slightly over a quarter
of this sector’s 1980 emissions (slightly under 1 million
tons of’ S02 annually); an identical cap on utility emis-
sions would eliminate slightly less than half of that sec-
tor’s SO2 emissions (about 8 million tons of SO2 an-
nually).

The lower S02 emission rates from nonutility boilers
are due to the lower sulfur content of the fuels burned.
A 1979 Department of Energy (DOE) survey45 found
that natural gas (which emits almost no S02) supplied
about 32 percent of the energy requirements of indus-
trial boilers. Coal and oil each accounted for about 17
percent of boiler fuels (as compared to 58 and 12 per-
cent, respectively, of fuels used by utilities). The re-
mainder came from such fuels as wood, bark, coke oven
gas, and paper-pulping liquor.

Many nonutility boilers are capable of burning a wide
variety of fuel types. Thus, if emissions controls were
required for nonutility boilers, reductions in S02 emis-
sions could be met by substituting lower sulfur fuels or
even changing fuel types. Boilers currently burning
high-sulfur oil might switch to low-sulfur oil. Natural
gas, which accounted for over 30 percent of commer-
cial and industrial boiler fuel use in 1979, might also
be substituted, Federal and State regulations permitting.

For boilers equipped to burn coal, available strategies
for reducing emissions include switching to lower sulfur
coal, and cleaning exhaust gases with scrubbers. Switch-
ing to low-sulfur oil or gas may be possible in many
cases, but would probably not be as cost effective as low-
sulfur coal. Table A-18 estimates per-ton costs associated
with three fuel-switching and two scrubber-installation
scenarios.

Industrial Processes *

Industrial processes are estimated to account for ap-
proximately 15 to 20 percent of the SO2 emitted nation-
wide and about 7 to 12 percent of those emitted in the
Eastern 31 -State region of the United States. Less than
5 percent of U.S. NOX emissions came from industrial
processes. Data on emission rates for individual sources
are scanty. Moreover, relatively little literature is avail-
able on the technical feasibility and costs of controlling
emissions from these sources. Consequently, emissions
and control cost estimates are subject to greater uncer-
tainty than those associated with utility, industrial, and
commercial boiler operations. A study produced for
OTA by Energy & Resource Consultants, Inc., provides
preliminary estimates of S02 emissions and control costs
for five major industrial sectors: 1) pulp and paper,

99 - 413 0 - 84 - I 3 ; g . ~
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Table A-17.-Potential SO2 Reductions From Nonutility Boilers

Non utility boiler SO2 emissions Percent reduction in emissions with
(thousand tons/yr) emission limit (lb/MMBtu)

State U.S./Canada a NEDSb 1.0 1.2 1.5 2.0 2.5
Alabama. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Arizona. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Arkansas . . . . . . . . . . . . . . . . . . . . . . . . . . . .
California. . . . . . . . . . . . . . . . . . . . . . . . . . . .
Colorado . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Connecticut . . . . . . . . . . . . . . . . . . . . . . . . .
Delaware . . . . . . . . . . . . . . . . . . . . . . . . . . . .
District of Columbia . . . . . . . . . . . . . . . . . .
Florida . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Georgia . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Idaho . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Illinois . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Indiana . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
lowa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Kansas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Kentucky . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Louisiana . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Maine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Maryland . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Massachusetts . . . . . . . . . . . . . . . . . . . . . . .
Michigan . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Minnesota . . . . . . . . . . . . . . . . . . . . . . . . . . .
Mississippi . . . . . . . . . . . . . . . . . . . . . . . . . .
Missouri . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Montana . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Nebraska . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Nevada . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
New Hampshire . . . . . . . . . . . . . . . . . . . . . .
New Jersey . . . . . . . . . . . . . . . . . . . . . . . . . .
New Mexico . . . . . . . . . . . . . . . . . . . . . . . . .
New York. . . . . . . . . . . . . . . . . . . . . . . . . . . .
North Carolina . . . . . . . . . . . . . . . . . . . . . . .
North Dakota . . . . . . . . . . . . . . . . . . . . . . . .
Ohio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Oklahoma . . . . . . . . . . . . . . . . . . . . . . . . . . .
Oregon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Pennsylvania, . . . . . . . . . . . . . . . . . . . . . . . .
Rhode Island . . . . . . . . . . . . . . . . . . . . . . . . .
South Carolina . . . . . . . . . . . . . . . . . . . . . . .
South Dakota . . . . . . . . . . . . . . . . . . . . . . . .
Tennessee . . . . . . . . . . . . . . . . . . . . . . . . . . .
Texas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Utah . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Vermont . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Virginia . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Washington . . . . . . . . . . . . . . . . . . . . . . . . . .
West Virginia . . . . . . . . . . . . . . . . . . . . . . . .
Wisconsin . . . . . . . . . . . . . . . . . . . . . . . . . . .
Wyoming . . . . . . . . . . . . . . . . . . . . . . . . . . . .

National totals . . . . . . . . . . . . . . . . . . . . .

86
9

32
56
24
34
26

97
44
11

188
290

57
11
66
76
65
56
58

154
44
48
55
25

4
2

10
74

2
334
116

13
310

15

254
8

84
3

83
106

16
5

142
41
84

107
30

3,491

119
4
7

153
19
14
20
14
97
66

5
111
129

56
0

32
78
93
23
33

122
49
46
17
9
4
2

20
78

9
455
130

5
403

13
14

314
4

76
2

97
121

16
2

129
28
94

150
32

3,514

51
32

0
15
16

1
3

11
48
56
22
45
59
72

0
52
13
59

0
0

50
47

0
40
80
34
15
51

0
58
14
47
32
70
32

0
12

7
45
19
50

5
27
39
49
24
57
60
45
37

44
29

0
6

13
1
2
4

41
48
16
40
53
67

0
46
11
51

0
0

43
38

0
35
77
29
10
43

0
53

7
37

66
27

0
11

0
35
13
44

3
18
30
40
18
50
55
36
32

35
27

0
3

10
1
1
2

31
38

8
34
45
59

0
41

38
o
0

35
26

0
28
71
20

5
29

0
48

5
24

9
61
20

0
10
0

22
6

37
1
7

17
27
13
41
49
24
26

23
22

0
2
6
1
0
1

17
22

0
26
35
47

0
33

7
19
0
0

26
14
0

20
65
11
0
7
0

40
3
7
4

53
8
0
7
0
8
0

27
0
1
0

10
9

31
38

7
18

15
15
0
1
5
1
0
0
9

10
0

19
28
35

0
27

6
2
0
0

21

0
15
60

6
0
0
0

33
2
1
4

46
5
0
6
0
1
0

21
0
0
0
1
7

22
30

2
13

SOURCES: Office of Technology Assessment, based on: admissions, Costs and Engineering Assessment, Work Group 3B, United States-Canada Memorandum of intent
on Transboundary Air Pollution, June 1982; and bEPA’s National Emissions Data System.
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Table A-18.— Representative Costs for Reducing
S02 Emissions From Coal-Fired Industrial Boilers

$/ton S02 removed
Industrial strategies (1982 dollars)

Shift from higha- to Iowb-sulfur coal . . $ 250-$550
Shift from high- to mediumc-sulfur

coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . 300-500
Shift from medium- to low-sulfur

coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . 400-1,000
Shift from unscrubbed high to

scrubbed high sulfur . . . . . . . . . . . . 800-1,000
Shift from unscrubbed medium to

scrubbed medium sulfurd . . . . . . . . . 1,200-2,000
aAbout 3 to 5 lb SO2/MMBtu
bAbout 1.5 to 25 lb SO2/MMBtu
CAbout 0.8 to 1.3 lb SO2/MMBtu
dBased on the costs of retrofitting a scrubber on a 170 MMBtu/hr coal-fired in-

dustrial boiler
SOURCE Analysis of Senate Emission Reduction Bill (S 3041) Report pre-

pared for EPA by ICF, Inc , 1983

2) cement, 3) sulfuric acid production, 4) iron and steel,
and 5) nonferrous metal smelting. Emissions estimates
(but not control costs) are also presented for petroleum
refining.

Table A-19 presents estimates of SO2 emissions from
these six industries: 1 ) by EPA region for the 31 East-
ern States, 2) for the remainder of the United States,
and 3) for the Nation overall. In nearly all cases, S02
emissions have been estimated indirectly, by applying
an emissions factor to estimated plant production or
production capacities derived from industry surveys. For
the cement and pulp and paper industries, in particu-
lar, the wide variability in potential emissions per unit
of production capacity leads to a range of emissions esti-
mates. Estimates for the iron and steel industry are
derived from actual output levels, and are presented for
years of differing iron and steel production, to illustrate
the effects of production levels on emissions. Where
available, estimates of emissions calculated for other
studies are also included to further demonstrate the sig-
nificant uncertainties in these estimates.

Production processes for five of these industries were
examined in some detail to determine how much S02

could feasibly be eliminated from their emissions, and
at what cost. As presented in table A-20, rough estimates
show that about 1 million tons of S02 could be elimi-
nated from process emissions in the Eastern 31-State
region, at widely differing cost levels. Slightly more than
half these emissions—primarily from sulfuric acid plants
and coke ovens—could be eliminated at average costs
of $500/ton or less; an additional 300,000 tons might
be eliminated from cement plant emissions at an aver-
age cost of approximately $ 1,000/ton. However, esti-
mates of potential emissions reductions, and associated
costs, for several of these industries are based on tech-

nologies that are theoretically feasible but not commer-
cially proven. The computation methods used to derive
cost estimates mask significant variations from plant to
plant within each industry; only in the pulp and paper
industry was sufficient information available to present
a range of per-ton cost estimates, based on differences
in plant sizes, economies of scale, and differing produc-
tion processes in use—the average per-ton cost of con-
trol is estimated to be $2,600, ranging from $450 to
$14,800/ton of S02 removed.

Only the cement industry, of the five surveyed, was
found to emit substantial quantities of NOX—
approximately 120,000 tons in the Eastern 31 -State re-
gion, and 80,000 tons in the Western portion of the
United States.

Mobile Sources *

Automobiles and other mobile sources produce sub-
stantial amounts of two pollutants, NO, and hydrocar-
bons (HC). NOx and HC are the primary pollutants
that react in the atmosphere to form ozone and other
oxidants. NOx can also be converted to nitrates, a
component of acid deposition.

Many recent studies suggest that ozone and ozone
precursors (NOX and HC) are transported long dis-
tances. The highest concentrations of ozone do not nec-
essarily occur where emissions densities are greatest
(i.e., in cities), but, because of chemical transformations
over time, at locations that are several hours downwind.

The extent to which mobile sources contribute to acid
deposition is uncertain. Tailpipe emissions may not dis-
perse sufficiently to reach the mixing layer of the atmos-
phere, where they are readily transported and trans-
formed into acid compounds. However, mobile sources
have been linked to increases in acid deposition in urban
areas, e.g. , the Los Angeles Basin.46

Current Emissions: Mobile sources account for
major portions of both NOx and HC emissions nation-
wide, and a very small portion of S02 emissions. As of
1978, mobile sources contributed 40 percent of nation-
al NOx emissions (10.3 million tons), approximately 38
percent of total HC emissions (1 1.8 million tons), and
3 percent of national S02 emissions (0.9 million tons) .47

Of NOX emissions from mobile sources, approxi-
mately 40 percent came from automobiles, 10 percent

● This subsection is based on M P Walsh, “Motor Vehicle Emissions of

Nitrogen Oxides, ” contractor report submitted to the Office of Technologv
Assessment, 1981

46PEDCo Environmental, Inc., , and Paul W. Spaite Co., Perspective on the

Issue of Acid Rain, DOE contract No DE-AC21-81 MC16361, June 1981
+T,Narlon~  Air  ~o)]u[anr Emission Estmafes,  /970-J 978, offke of Alr @AltY’

Planning and Standards, U S Envmonrncntal  Protec tmn Agwrcy,  EPA-4.50/4-
80-002, ,January  1980



Table A-19.—SO2 Emissions From Industrial Processes  (estimates for 1980 in thousand tons/yr)

Iron and steel

Sul fur ic a b Cokea Petroleum b Copper a

EPA region Pulp and paperac Cementa acid ovens only T o t a la b refineries smelting

1 . . . . . . . . . . . . . . . . . . 7 (3-15) 3 (2-4) 1 4 — o 0
II . . . . . . . . . . . . . . . . . 7 (3-17) 36 (24-52) 8-22 7 20 42 0
Ill . . . . . . . . . . . . . . . . . 10 (4-22) 84 (57-130) 12-22 66 165 79 0
Iv. . . . . . . . . . . . . . . . . 63 (23-140) 96 (58-120) 130-270 15 36 29 7
v . . . . . . . . . . . . . . . . . 6 (3-15) 110 (75-160) 16-37 68 180 170 72
VI (partial). . . . . . . . . . 18 (7-40) 13 (8-18) 39-83 0 0 105 0
Vll (partial) . . . . . . . . . 1 (l-4) 63 (43-95) 5-11 1 1 8 0
Eastern 31-States . . . 110 (43-250) 410 (270-580) 210-450 160 250-400 430 79
West . . . . . . . . . . . . . . 26 (1 7-57) 240 (150-310)
United States total . .

53-160 16 23-26 565 1,380
150 (66-340) 650 (410-890) 263-610 180 280-400 1,000 1,460

NOTE Summed estimates have slight discrepancies from combining several sources of data.

SOURCES
aEnergy and Resource Consultants, Inc., “Background Documentation SOX and NOX Emissions From Five Industrial Process Categories, ” OTA contractor report, 1982
bWork Group 3B, “Emissions, costs and Engineering Assessment “ Report prepared under the Memorandum of Intent on Transboundary Air Pollution signed by the

United States and Canada, 1982.
CMitre Corp. estimates published in  "Background Document on Sox and Nox Emissions From Five Industrial Process  categories. ”

States within EPA regions: l—Maine, Vermont, Massachusetts, New Hampshire, Connecticut, Rhode Island; n-New York, New Jersey; 111—Pennsylvania, Maryland, Dela-
ware, West Virginia; IV—Florida, Kentucky, Tennessee, North Carolina, South Carolina, Mississippi, Alabama, Georgia; V—Minnesota, Wisconsin, Indiana, Ohio, Michigan;
Vi—Arkansas, Louisiana, VIl —lowa, Missouri.
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Table A-20.—Potential S02 Emissions Reductions and
for Industrial Processes

——
Pulp

a n d S u l f u r i c  C o k ea

p a p e r  C e m e n t ac id o v e n s

Control Costs

Other irona C o p p e rb

and steel smelting

Total United States
C u r r e n t  e m i s s i o n s

(10 3 tons) ... . . . . . . . . . . . . . . 1 5 0 6 5 0 6 1 0 2 3 0 120 1,460
P o t e n t i a l  e m i s s i o n s  r e d u c t i o n s

(10 3 tons) . . . . . . . . . . . . . . . . 1 3 0 ’ 5 2 0d 5 1 0 ’ 185’ 2 7g

3 5 0h

Eastern 31 States
Potential emissions reductions

(10 3 tons) . . . . . . . . . . . . . . . . . . 110 330 360 170 24 0

$/ton . . . . . . . . . . . . . . . . . . . . . . . . 2,600I 1,000 550 300 >3,000 —

West
Potential emissions reductions

(10 3tons) . . . . . . . . . . . . . . . . . . . 20 190 150 15 3 350
$/ton . . . . . . . . . . . . . . . . . . . . . . . . 2,600i 1,000 500 300 >3,000 200

aEmissions estimates for the Iron and steel industry are based on 1976 production levels rather than 1980 levels due to I he
depressed production rates in 1980
bEmmissions estimates for copper smelting assume that all smelters still operational are producing at near-full capacity
‘Assumes that exhaust gases from recovery boilers are scrubbed with a removal efficiency of 85 percent
dAssumes that wet scrubbers are installed on cement kilns, with an 80. percent removal efficiency This is not a Commercially
proven technology.
eAssumes sodium sulfite scrubbing to achieve a 3 lb/ton of acid emissions limit.
fAssumes coke oven gas desulfurization with 90 -percent removal efficiency
gAssumes that wet scrubbers are installed on sinter plants with a 90-percent removal efficiency
hBased on the use of double contact acid plants at the Phelps-Dodge Ajo and Douglas smelters in Arizona
I Estimates range from $450 to $14 800/ton

SOURCE Energy and Resource Consultants, Inc , OTA contractor report, 1982.)

from light-duty trucks, 25 percent from heavy-duty
trucks, and 25 percent from other mobile sources such
as trains and off-highway vehicles. Of HC emissions,
60 percent came from automobiles, somewhat greater
than 10 percent each for light- and heavy-duty trucks,
and 15 percent from other mobile sources. State-level
estimates of NOX emissions from mobile sources are
shown in table A-2; NOX emissions from highway ve-
hicles alone—about 7.5 percent of total mobile source
emissions—are presented in table A-21.

Trends in Highway Vehicle
Emissions

Since 1940, nationwide NOX emissions have approx-
imately tripled; a fourfold increase in the number of
motor vehicles since 1945 contributed significantly to
this dramatic growth rate .48 In addition, NOX emis-
sions per mile driven increased during the late 1960’s
and early 1970’s, due to the technologies used to im-
plement the first generation of HC and carbon monox-
ide (CO) emissions control standards. Between 1970 and
1978, HC emissions from highway vehicles decreased

by about 10 percent, from 11.3 million to 10.2 million
tons, while NOX emissions increased by 25 percent,
from 5.8 million to 7.4 million tons.49

During the same period, vehicle miles traveled in the
United States increased by about 37 percent, showing
some decline in NOX emission rates due to controls
mandated by the Clean Air Act. Since the late 1970 ‘s,
overall amounts of NOX emissions from motor vehiclcs
have also begun to decrease slight]?’ as the proportion
of NOX-controlled vehicles in the United States in-
creases.

To estimate future NOX emissions levels for highway
vehicles, OTA has projected three alternative travel sce-
narios for 1995: a no-growth, a low-growth, and a me-
dium-growth case. Estimates of \’chicle-miles traveled
under the three scenarios were then used to project na-
tionwide 1995 NOX emissions from highway vehiclcs
under a variety of control standards. Table A-22 sum-
marizes the effects of the various growth cases and emis-
sions standards on 1995 NOX emissions projections.

Two cases have been selected from among the 18 pro-
jected emissions levels to represent a likely lower and

upper bound for emissions estimates. The lower-bound



188 ● Acid Rain and Transported Air Pollutants: Implications for Public Policy

Table A-21 .—1980 U.S. NOX Emissions
From Highway Vehicles (103 tons)

Eastern region Western region

State NOX State NOx

Alabama . . . . . . . . 127 Alaska. . . . . . . . . . 13
Arkansas. . . . . . . . 74 Arizona . . . . . . . . . 87
Connecticut . . . . . 87 California . . . . . . . 696
Delaware. . . . . . . . 20 Colorado. . . . . . . . 87
District of Hawaii . . . . . . . . . . 20

Columbia . . . . . 13 Idaho . . . . . . . . . . . 33
Florida . . . . . . . . . 328 Kansas . . . . . . . . . 74
Georgia. . . . . . . . . 194 Montana . . . . . . . . 27
Illinois . . . . . . . . . . 281 Nebraska . . . . . . . 54
Indiana . . . . . . . . . 174 Nevada . . . . . . . . . 27
lowa . . . . . . . . . . . 80 New Mexico. . . . . 47
Kentucky . . . . . . . 120 Oklahoma . . . . . . . 120
Louisiana . . . . . . . 100 Oregon . . . . . . . . . 80
Maine . . . . . . . . . . 33 South Dakota. . . . 27
Maryland. . . . . . . . 13 Texas . . . . . . . . . . 482
Massachusetts . . 154 Utah. . . . . . . . . . . . 40
Michigan. . . . . . . . 281 Wyoming . . . . . . . 20
Minnesota . . . . . . 120
Mississippi . . . . . . 74
Missouri . . . . . . . . 154
New Hampshire . 27
New Jersey . . . . . 221
New York . . . . . . . 341
North Carolina. . . 187
Ohio . . . . . . . . . . . 321
Pennsylvania . . . . 308
Rhode Island . . . . 27
South Carolina . . 107
Tennessee . . . . . . 147
Vermont . . . . . . . . 13
Virginia . . . . . . . . . 127
West Virginia. . . . 54
Wisconsin . . . . . . 147

31 + D.C. total . . 4,454 West total . . . . . .1,934 0
U.S. total . ......6,388

SOURCE: Michael P Walsh, “Motor Vehicle Emissions of Nitrogen Oxides,” OTA
contractor report, Nov. 30, 1981.

Table A-22.—1995 Highway Vehicle NOX Emission Projections

Emissions standards 1995 nationwide emissions (1,000 tons)
Auto a Light trucka Heavy truckb No growth L O W  g o w t h c Medium growthd

1.0 1.2 1.7 3,067 3,759 4,767
1.0 1.2 4.0 3,633 4,608 5,725
1.0 1.2 6.0 4,104 5,287a 6,487
1.5 1.7 6.0 4,764 6,052 7,514
2.0 2.3 10.7 5,868 7,469 9,193b

None None None 7,950 9,880 12,438
%Grams/mile.
bGrams/brake horsepower-hour.
CLOW growth:

Autos and light trucks grow 1% per year.
Heavy gasoline trucks decline 2% per year,
Heavy diesel trucks grow 4% per year.

‘Medium growth:
Autos and Iight trucks grow 3% per year.
Heavy gasoline trucks decline 2% per year.
Heavy diesel trucks grow 5% per year.

SOURCE: Michael P. Walsh, “Motor Vehicle Emissions of Nitrogen Oxides,” OTA contractor report, Nov. 30, 1981.
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scenario assumes low growth, retention of the 1.0 gram
per mile (gpm) automobile standard currently in effect
for 1981 and later model cars, and a tightening of light-
and heavy-duty truck standards to 1.2 gpm and 6.0
grams per brake horsepower-hour respectively, as the
1977 Clean Air Act Amendments require. By 1995, this
would result in a 21 -percent reduction from current
NOX mobile-source emissions.

The upper-bound scenario assumes medium growth,
retention of the current light- and heavy-truck stand-
ards rather than any tightening, and a rollback of the
automobile standard to 2.0 gpm. This would result in
a 37-percent increase in NOX mobile-source emissions
over 1980. Assuming a low-growth scenario with these
same emissions standards would result in only a 12-per-
cent NOX increase over 1980 levels.

costs

Estimates
of emissions

of Automobile Emissions
Controls

of the costs and fuel-economy implications
controls are highly controversial. The Bu-

reau of Labor Statistics has estimated that between 1975
and 1979, pollution control devices have increased the
cost of new automobiles by about $ 165—approximately
10 percent of the total cost increase for new cars during
the same 5 years. EPA and manufacturers’ estimates
of the costs50 of meeting statutory automobile emission
standards of 0.4 gpm HC, 3.4 gpm CO, and 1.0 gpm

‘“( “I’he (;OSI of ~;(jn[rnlllng  F.mlsslorss n f  1981 Model Year Autnmobilm,
u S F,nt.lrorlrIlen~a] Pr~)tt.{  IIon A~nc y, .Junc 1981,  t es t imony bv M i c h a e l

k$’alsh before the iiea]tb  and Errvlronrnent  Subcomml(tee,  U S House of Rcp-
rcsen[atl\e\,  Sept. 21, 1 981, an[i letter from Betsy Ancker-Johnson,  General
Nlotori  t{) I) OUql<L\  (jostle, u s 1jn\  ,ronment.il  Prntectinn  Aqenc  y, Sept 2 ,? ,
]980

N OX are presented in table A-23. Control cost esti-
mates vary widely; the General Motors’ (GM) estimate
of $720/car is about double that of EPA, and is 50 per-
cent higher than Ford’s. Differences in technology
among manufacturers, and the difficulty of allocating
the costs of multipurpose components to particular ob-
jectives (e. g., emissions reductions, as opposed to the
resulting improvements in fuel economy or vehicle per-
formance), probably account for a substantial amount
of the variation. The differences narrow when NOx

controls are looked at alone: Ford, EPA, and Chrysler
show only a $27/vehicle spread in estimates of savings
associated with a change in standards from 1 to 2 gpm
NOX—ranging from $48 to $75/vehicle. GM’s estimate
is still substantially higher, at $188/vehicle.

Inspection and maintenance (1/M) programs offer an
alternative approach to reducing NOX emissions from
mobile sources. A recent study concluded that adding
NO, testing to an existing I/M program for HC and
CO would add about $4/inspected vehicle, and that hav-
ing 20 percent of the vehicles repaired (at an average
cost of $50 each) could result in about a 10-percent re-
duction in NOx emissions. 51 An EPA analysis con-
cluded that the cost-effectiveness of an I/M program for
NOX control would range from $400 to $500/ton of
NOX eliminated if added to an existing HC/CO pro-
gram, or $1,700 to $2, 700/ton if started up exclusively
for NOX control .52

5“(A  Study of the Relationship Between Motor \rehicle Emiswms  and At-
tainment of National Ambient Air Qua] itv Standards, Part 1 Nitrogen Di-
oxide, SRI International, Februar>.  1981.

~ ?  Interna]  EpA  memo,  Tom  Cackette  to M icbael P W’alsh, ,Jan 9 ,  1981.

Table A-23.—Costs of Emissions Controls for Automobiles

Cost differential per vehicle: NOx costs per vehicle: NOX costs per vehicle:
Autos 1983 cars v. uncontrolled 1 gpm v. uncontrolled 1 v. 2 gpm
EPA . . . . . . . . . . . . . . . . . . . . . . 370C $123 50
Ford . . . . . . . . . . . . . . . . . . . . . 500 167 48*
GM . . . . . . . . . . . . . . . . . . . . . . 725 242 188
Chrysler . . . . . . . . . . . . . . . . . . — — 75
a1983 car costs are based on emissions standards of 0,41 HC/3.4 CO/1.0 NOX grams per mile.
bAssumes that emission control costs of 1963 cars are equally divided between HC, CO, and Nox.
CEPA estimates that this would drop to $330 by 1966 as systems are refined.
dAssumes that 613 percent of cost estimated by Ford for CO, high altitude and NoX control— $80 per car—is attributable to NOx control, This is a high estimate, based

on Chrysler’s estimate that 60 percent of its costs for CO and NOX control Is due to NOx alone.

SOURCE: Michael P Walsh, “Motor Vehicle Emissions of Nitrogen Oxides,” OTA contractor report, Nov. 30, 1961.
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A.6 POTENTIAL SECONDARY ECONOMIC EFFECTS
OF EMISSIONS CONTROL PROGRAMS

Emissions controls and the associated costs are likely
to have the greatest effects on three sectors of the
economy: high-sulfur coal mining, industries that de-
pend heavily on electricity consumption, and the elec-
tric utility industry. This section discusses ways in which
these industries might be affected by a major program
to reduce sulfur dioxide (S02) emissions in the Eastern
United States.

Potential effects on the coal industry are quantified
on the basis of several hypothetical S02 emissions re-
duction scenarios; qualitative estimates of the degree of
vulnerability are provided for electricity-intensive indus-
tries and the electric utility industry. However, it should
be noted that both the degree and nature of the poten-
tial impact on these sectors would depend on the type
and magnitude of the chosen control program, the way
in which reductions are allocated, and the way in which
control costs are allocated. Thus, the discussions pro-
vided below are intended to give only a general indica-
tion of these sectors’ relative vulnerability to the effects
of emissions controls.

Coal Production and Related
Employment

Coal Reserves and Current Production

Many legislative proposals for controlling acid rain
have focused on reducing S02 emissions in the Eastern
United States. Emissions reductions designed to con-
trol acid rain might cause significant shifts in the coal
market by increasing the value of low-sulfur coals as
compared to high-sulfur coals. Because the sulfur con-
tent of coal varies from region to region throughout the
United States, any emission reduction strategy that re-
lies even in part on “switching’ to lower sulfur coals
can potentially affect the regional distribution of coal
production and employment. Social dislocations could
accompany these changes in the coal market, as some
areas experience rapid economic growth while others
decline.

Figure A-6 shows the location of the Nation’s coal
deposits. Three factors influence regional coal produc-
tion from these reserves: 1 ) mine-mouth prices (the cost
of production), 2) transportation costs (the distance be-
tween the mine and the consumer), and 3) fuel charac-
teristics (primarily a coal’s energy value and sulfur con-

tent). 53 Acid rain control measures would affect the
existing production patterns by increasing the value of
low-sulfur coal relative to high-sulfur coal, all other fac-
tors remaining equal.

Table A-24 displays the distribution of each State’s
coal reserves by sulfur content category. Figure A-7
shows a distinctive difference in the sulfur content of
coal reserves between the Eastern and Western United
States. A large majority (74 percent) of coal reserves in
the Eastern United States are high in sulfur (greater than
2.0 pounds per million Btu (lb/MMBtu) of S02). By
contrast, the majority (72 percent) of Western reserves
are low in sulfur (less than 1.2 lb/MMBtu). The two
significant Eastern exceptions to this pattern are Ken-
tucky and West Virginia, both of which have signifi-
cant quantities of reserves above and below 1.2 lb/
MMBtu.

Table A-25 displays each State’s coal production for
the utility market. The first column presents each State’s
coal production, in millions of tons, for the utility mar-
ket in 1980. The second column shows what propor-
tion of that production would not allow utilities to com-
ply with a 1.2 lb/MMBtu S02 emission limit without
applying control technologies. The third column pre-
sents the percentage of this ‘‘noncompliance’ coal sold
on the spot market, i.e. , sales not covered by a long-
term contract between a utility and a mining company.
Noncompliance coal sold on the spot market is likely
to be most vulnerable to more stringent S02 regulations.
The final column shows the portion of noncompliance
coal exported to other States—an indicator of the po-
tential efficacy of State-level policies designed to mini-
mize coal market disruptions.

~IFIor  ~ d,$(  “ss,  O1)  ~~f  the factors  aflectrng  t h e  t hotce of ((MI i wc ~;cjngr~’s-

smnal Budget of fic e, 7?re Lrtillty, Industry, thr Coal  .tlarkrt,  and (he CleM
Air A( t, April 1 !)82,  and Martin Zlmrnerman,  The L’ S Gal Industr}  “1’hc
El onomlcs  of Public Choice  (Cambridge, Mass MI’1’ Press, 1981)

● ’l’he degree  to wh)~h cuntracts  usnstrain  fuel-switching is a major uncer-
tainty  m this msalysls In 1980, 88 5 percent uf coal pure hased was purchased
on L ontrm t It is not t tear whether changes nr en\.lrunnlental  re<qulatwns  would
abscsl\c  pure hasem uf their contractual obllgatmrrs A contract t an t ont~ln prw
vmwnf (c ~., ‘‘f[)~ e majeure’ clauses) whl( h d irtx tly a(idrms  the (M]r+tlons
of pdrt ies [n the event uf [ hanges  rn envlronmenta]  regulatmns  13uver or seller
( ouki be re]m ed of a]] or part of the contra(  tua] ob]l~dtbns  See  S( (It t, ‘ ‘(~odl
SupplY .Agreements, “ 23 Rock} Afountain i,aw  [n~tlrure  1 0 7  (  1979)
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Table A-24.—Demonstrated Reserve Base by Sulfur Category
(quantities in millions of tons, sulfur categories in lb SO2/MMBtu)

State <0.9 0.9-1.2 1.3-1.5 1.6-2.0 2.1-3.0 3.1-4.0 4.1-5.0 5.1-6.0 >6.0 Total
Alabama . . . . . . . . . . . . . . . . . . . 5 1,775 - - - ‘ - “ ‘-- ‘ -

Georgia. . . . . . . . . . . . . . . . . . . . 0 0
Illinois. . . . . . . . . . . . . . . . . . . . . 0 0
Indiana . . . . . . . . . . . . . . . . . . . . o 212
Kentucky . . . . . . . . . . . . . . . . . . 0 10,210
Maryland . . . . . . . . . . . . . . . . . . 0 1
Michigan . . . . . . . . . . . . . . . . . . 0 0
North Carolina . . . . . . . . . . . . . . 0 0
Ohio . . . . . . . . . . . . . . . . . . . . . . 0 0
Pennsylvania . . . . . . . . . . . . . . . 16 568
Tennessee . . . . . . . . . . . . . . . . . 0 189
Virginia . . . . . . . . . . . . . . . . . . . . 784 1,469
West Virginia . . . . . . . . . . . . . . . 3,407 13,724

Eastern U. S. total . . . . . . . . . 4,212 28,149
Alaska. . . . . . . . . . . . . . . . . . . . . 5,805 18
Arizona . . . . . . . . . . . . . . . . . . . . o 0
Arkansas . . . . . . . . . . . . . . . . . . 0 11
Colorado . . . . . . . . . . . . . . . . . . . 7,800 2,212
Idaho . . . . . . . . . . . . . . . . . . . . . . 0 0
lowa . . . . . . . . . . . . . . . . . . . . . . o 0
Kansas . . . . . . . . . . . . . . . . . . . . o 0
Missouri . . . . . . . . . . . . . . . . . . . 0 0
Montana . . . . . . . . . . . . . . . . . . . 84,247 32,786
New Mexico . . . . . . . . . . . . . . . . 1,277 508
North Dakota . . . . . . . . . . . . . . . 564 165
Oklahoma . . . . . . . . . . . . . . . . . . 8 750
Oregon . . . . . . . . . . . . . . . . . . . . 12 0
South Dakota . . . . . . . . . . . . . . . 0 0
Texas . . . . . . . . . . . . . . . . . . . . . o 0
Utah . . . . . . . . . . . . . . . . . . . . . . 399 4,733
Washington . . . . . . . . . . . . . . . . 843 16
Wyoming . . . . . . . . . . . . . . . . . . 33,527 8,560

Western U.S. total . . . . . . . . . 134,482 49,761
United States . . . . . . . . . . . 138,694 77,909

SOURCE: Adapted for Office of Technology Assessment by E. H. Pechan & Associates from U.S. Department of Energy, Demonstrated Reserve Base of Coal in the
United States on Jan l, 1979, DOE/ElA-0280(79) May, 1981.
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Changes in Regional Coal Production,
Employment, and Economic Activity

METHODS OF PROJECTING REGIONAL
COAL PRODUCTION

This appendix projects regulation-induced changes
in regional coal production using results from a com-
puter model modified by ICF, Inc., from the DOE Na-
tional Coal Model. ICF’s Coal and Electric Utilities
Model (CEUM) makes it possible to compare: l) pro-
jected regional coal production in 1990 (and 2000)
assuming that current S02 emissions standards are
maintained, to 2) projected regional coal production in
1990 (and 2000) insignificant S02 emissions reductions,
designed to control acid rain, are required. The ICF
model has been used to project the effects of acid rain
control proposals by: the Environmental Protection
Agency, the Department of Energy, the Edison Elec-
tric Institute, and the National Wildlife Federation, and

National Clean Air Coalition. ICF did not perform the
model analyses discussed here for OTA, but for the
other groups mentioned above.

CEUM is a “least-cost optimization model” that
chooses the combination of scrubbers, coal washing, and
low-sulfur coal substitution or blending that minimizes
the utility industry’s emissions reduction costs. 54
Changes in utility coal consumption patterns alter re-
gional patterns of coal production. These projected pro-
duction shifts form the basis for OTA’s estimates.

This report uses four ICF S02 emissions reduction
scenarios, and their attendant regional coal production
scenarios, to analyze the potential magnitude of coal
market impacts:

1. Scenario I: a 5-million-ton decrease in utility S02

\~hIcJr  ;l de~criptlon  ~)f IC F’~ Coa]  and E]ectnc  Ut ill[ ies hf{)d~[ see the t’x~~  u-

ti\’e summary m ICF, inc , Capabdltws  and Experknre In the Cod]  and E/et
(m  Lrtillo  lndustrws,  May 1 9 8 1 .
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Figure A-7.—Demonstrated Reserve Base by
Sulfur Content

Pounds of sulfur dioxide per million Btu

● SOURCES: Off Ice of Technology Assessment, and E. H.   Pechan Associates,

2.

3.

4.

1982.

emissions by 1990, allocated according to a ‘‘ re-
gional (31-State) least cost” approach;
Scenario II: a 10-million-ton reduction of S02

emissions by 1990, allocated according to utility
emissions in excess of an emissions rate of 1.2 lb/
MMBtu;
Scenario III: a 13-million-ton reduction by 1990,
allocated according to a formula similar to (2)
above; and
Scenario IV: a 10-million-ton reduction, allocated
according to a ‘‘regional least cost’ approach,
showing regional coal production shifts out to
2000. 55

‘5S( cnarlf~ I wd\  perlorrrrcd  by  1(:F for  IX)E a n d  E P A  See itlterrra(l~re
S(rd(r,y](.s  f o r  Redu(  {ny L“(dlr} .SC)~ and NO, Em~ssmns,  d r a f t  repurt,
%.plembcr  1981 S( cnarios 11 and 111 were performed  b, ICF for the Edison
F:le[ trlt Instlto[t  SctI the EE1 rntmo  {latecf Fell 8, 1 9 8 2 ,  o n  ICF anal,  \Is of”
the hl II( hell BIII ( S 1706)  SC eoant)  11’ way performed b} IC F for the Natlorral
k$’ii(]]ile  }Jedcra[l(m  a n d  Na[r(jnal (Ilean  A!r Coa]ltlon  Sce Cos[  dncf CIMI Pro-
(III[ [J(JO  F;ffe(  rs (J/ R(YIu(  Iny E/et trx L’ri/Ir}  Sulfhr DmYIcfc Em Is,sI(Ins,  Nm
14, 1981

The model cannot predict how various acid rain pro-
posals would, in practice, be implemented. These sce-
narios merely illustrate the potential magnitude and
direction of coal market shifts associated with various
reductions in S02 emissions, when costs to the utility
industry are minimized. Some analysts assert that the
ICF model seriously underestimates the probable ex-
tent of fuel-switching, while others suggest that its fuel-
switching estimates are overstated. *

In addition, changes in model assumptions cause
future coal production estimates to vary considerably.
OTA considers that the chosen scenarios reasonably rep-
resent the relative magnitude of fuel-switching and
scrubber use.

Several important factors that might influence the ac-
curacy of ICF’s projections are:

Innovation in pollution control technology: The
likely extent of fuel-switching depends on the cost
of that approach as compared to other emission re-
duction options. The ICF model reflects the best
available estimates of current costs for various con-
trol options. If innovations were to significantly re-
duce the costs of control technology relative to fuel-
switching, smaller changes in regional coal produc-
tion would accompany any given level of emissions
reductions.
Utility regulatory policy: State regulatory policies
may make certain emissions reduction options
more attractive to utilities. For instance, provisions
that allow utilities to pass increased fuel costs
through to consumers without undergoing a rate
hearing may make fuel-switching more attractive
to utility managers than the ICF model would sug-
gest. ” * The final section of this appendix addresses
potential effects of State regulatory policies in
greater detail.
Transportation costs: Railroad rates govern the
penetration of low-sulfur Western coal-into East-
ern and Midwestern utility markets. A rapid escala-

“Ft)r anal)rscs asserting  that ICf-- urrcferesttmate\ fuel -swltc hlng,  see the tes-
(Imony  of Chrrs  Farrancf  of Peabndy  C n a ]  C() on S 1706  to the (;ornmlttee
on F.nvlronmcnt  and Public }$’orks.  LT S !$enate,  ()( t 29, 1981 If thrs rj t h e
case, the pr~~yx tt{ms prc-sentccf here hate  urrdermt  trnatecf the m,i~nltude  of r<, -
gional redistribution of produc(lon

On the other band, utilit) analyses of how this bdl would he implemented
for their systems show little e~idence  of potential coal market  disruptions An
analysis by American F~ectrlc Power (the Natmn largest utd ity and coal cxJn-
sumer)  states that cm]) 4 of their 27 units would switch to lower sulfur furls,
while the others would retrofit scrubbers or be retired See AEP, ‘‘ Eccsnom  ic
Impact Summary of Mitchell Bd] (S 1706) on Customers of the AEP SY,stem,
Feb. 23, 1982,

● ● Many public utility commissions do not allow utilities [o earn a return
on capitaf  investment (e. g., a scrubber) untd it becomes operational. Thus,
he{ auw  ch:inges  in fuel prices can be passed on immediately to cunsurners,
ut dlt ws mrght prefer fuel -swltchlrrg  This could be counteracted somewhat b)
prn\lslons  allow Ing ut Illtles I() earn cash returns on ‘‘construction work in prcr~-
rew’ before  the mquipment be( nmcs operational The final sectmn  of this ap-
pendm surve)s  and discusses Sta(e  rwg-ulatory pollcles for publi( utdltles m the
Eastern United States
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Table A-25.—Coal Production for the Domestic Utility Market

Percentage Percentage
1980 production for noncompliance noncompliance

utility market Percentage sold on exported to
State (millions of tons) noncompliance spot market other States

Alabama . . . . . . . .
Arizona . . . . . . . . .
Colorado . . . . . . .
Illinois , . . . . . . . .
Indiana . . . . . . . . .
Iowa . . . . . . . . . . .
Kansas . . . . . . . . .
Kentucky . . . . . . .

East. . . . . . . . . .
West . . . . . . . . .

Maryland . . . . . . .
Missouri . . . . . . . .
Montana . . . . . . . .
New Mexico . . . .
North Dakota. . . .
Ohio . . . . . . . . . . .
Oklahoma. . . . . . .
Pennsylvania . . . .
Tennessee . . . . . .
Texas . . . . . . . . . .
Utah . . . . . . . . . . .
Virginia. . . . . . . . .
West Virginia. . . .

North . . . . . . . .
South . . . . . . . .

Wyoming . . . . . . .

15.8
10.5
13.6
53,4
27.3

0.4
0.7

112.4
73.9
38.5

1.2
5.0

27.9
17.0
15.3
34.3

2.7
50.9

7.6
27.0

8.5
13.8
53.1
30.8
22.3
89.7

82.50/o
0.0
7.1

99.9
99.9
95.9

100.0
89.9
83.2

100.0
100.0
100.0
63.6
69.8
99.2

100.0
98.6
99.1
86.7

100.0
20.0
87.5
81.3
97.8
58.5
16.6

17.3 ”/0
0.0
0.4
6.6
8.3

14.5
29.3
16.5
19.0
11.8
22.8

6.9
0.0
0.3

13.6
18.9
17.3
29.9
17.6
0.0
1.1

10.6
8.1
7.5
8.8
0.9

10.1%
0.0
2.8

66.0
22.1

0.0
81.7
72.9
75.1
68.7
24.7
33.5
51.9

1.2
20.8
26.5
98.6
30,1
34.6

0.0
7.1

71.0
39.4
46.1
30.1

9.9
a"Noncompliance" coal is defined as coal that would not permit utilities to comply with an emissions limit of 1.2 lb of SO2/MMBtu

without applying control technologies.

SOURCE: From DOE/EIA Form 423 data, supplied to OTA by E. H. Pechan & Associates.

tion in Western rail rates could raise the delivered
price of Western coal, thereby reducing the mag-
nitude of regional shifts.
Electricity growth rates: While the rate of growth
in electricity demand should not significantly af-
fect the extent of fuel-switching as opposed to other
control options, projected increases in the amount
of coal produced by 1990 are highly dependent on
assumptions about the rate of growth in electricity
demand.

FORECASTING COAL MINE EMPLOYMENT
AND ECONOMIC CHANGES

OTA combined production estimates from the ICF
model with coal-miner productivity and income data to
project the effects of acid rain control scenarios on re-
gional employment and economic activity. Employment
in the coal-mining industry is determined by two fac-
tors: the level of coal production (tons of coal) and the
rate of worker productivity (tons of coal produced per
miner). Historically, employment levels have been af-
fected more by changes in productivity than by changes

in production. * * * Therefore, employment forecasts .
must provide for uncertainties about future productivity y
levels. This analysis presents projected coal-mine
employment changes as ranges reflecting different
assumptions about future productivity levels: a lower
bound of a 10-percent decline from 1979 productivity
levels and an upper bound of a 30-percent increase. *

‘ ● ● Over the period 1960 to 1970, coaf-rnine  employment declined from
190,(KN to 144,000, a 3-percent average annual decrease. over the same permd,
coal product lcsn increased from 434 million to 613 mdllon  tons, an a\erage
annuaf int. rease of 4 pement The dtsc repancy  between employment and pr{J-
duction trends is accounted for by im reases in average coal-miner productivity
during this period ‘1’he average coal produc tmn per miner increased from about
12 to about  18.5 tons per day-an average annual increase of nearly 4 percent
The im reining proportion of surface minmg-from 32 per(tnt  of annual pro-
duction (or 139 million tons) In 1960 to 44 percent (or 270 million tons) in 1970
—accounts for some of the gains, since the average surface mmer produces about
three  times as much coal per day as the average underground miner

“l”hese productivity ranges ha\e been chosen somewhat arbltraril},  The 30-
percent Inc rcase  m producti\,ity was chosen as one bound because  It reflects
the historic al maxrmum  The 10-percent decrease was chosen to acc t)unt for
factors that may mntribute  to decreased product l\ltY,,  such  as more stnntynt
mine health and safety or surface redamat  ion regulations, or a shlf[ fr(}nl sur-
face to underground mrning After a steady decline over the past 12 years, pro-
ductivity  is finally begiming  to rise again, but future trends are uncertain For
a discussion of factors affecting worker  prvductivlt),  In coal mining see oflce
of Technology Assessment, Direct Use of’ Coaf,  (MA-E-86, Aprd 1979,  ( h
IYr See also Electric Pnwer Research Institute, 7’he Labor Outlook fi)r the
Blrumlnous Coal  .\ fjning  Indusrr?, EPR1  EA- 1477, final relx)rt,  August 1980
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These employment projections are combined with miner
income data to estimate the ‘ ‘direct’ income effects of
acid rain controls.

However, direct income effects do not reflect the full
impact of changes in coal-mine employment. Economic
activities dependent on the coal-mining industry, such
as rail transport and retail services to coal-mine indus-
try employees, are also affected. These indirect eco-
nomic effects are likely to be quite significant, but are
extremely difficult to estimate. Indirect effects include
reduced employment, reduced income to the employed,
or some combination of both. In this analysis, direct in-
come effects are combined with an income ‘‘multiplier’
—a very rough approximation of the regional economic
activity that depends indirectly on coal mining—to de-
rive ‘‘total income effects of acid rain control sce-
narios. * *

PROJECTED PATTERNS OF CHANGE

Table A-26 summarizes how 5-, 10-, and 13-million-
ton S02 emissions reductions might affect regional coal
production, employment, and economic activity. Sev-
eral generalizations emerge from the analysis. First, the
model projects significant growth in coal production na-
tionwide (about 60 percent) between 1979 and 1990.
Second, regulations designed to control acid rain, even
those calling for the largest emissions reductions, do not
alter the projected increases in national production.
Even with the additional costs of acid rain controls, coal
is projected to retain its competitive advantage over
other fuels.

Third, while acid rain control measures are not pro-
jected to change nationwide production levels, the ICF
model projects a redistribution of coal production
among regions. Regions with low-sulfur reserves are
projected to experience production growth beyond what
would occur under current regulations. On the other
hand, between 1979 and 1990, production in regions
with high-sulfur reserves is projected to decline below
currently projected 1990 levels, and—in the case of the
10-million-ton and greater reductions of S02 emis-
sions—below 1979 production levels as well. The pro-
jected redistributions increase in magnitude as S02

emissions reductions increase, but by less than linear
proportions. * Figure A-8 shows the projected change
in regional coal production from 1979 to: 1 ) 1990 levels,

● ““I’(J .irrl\ft at tnl!Jl(wrllcr]l c,\tlnldtts,  ()’1’A rIl\ Idt.\ prx!]e{ ted productl{)rl
Inc rt,t\t.\ })} St,it(.-l)\-SMtc. pr(du[  t I\  rt} (],ita cie\.t.]npcd  from Doh;  data ‘1’ht.w
t.r]][)lf)~ ]i)cnt ( hanqcs ~rt. thcrr ( ornblncd w i t h  rnlncr sa lary  data  to arrrve  at
dlrc( r )n( orr]t.  rfl(.(1s In(ltrrt  t {,( fmcmu( Impa( ts were rstlmatc{l  uslrrg an ‘ ‘(.( ()-
r)f]rr] I( lj,i\[ ((( I]n](lut. ‘‘ ~:[~r c,t( h St.il(, rnul[lpllcrs wt, re dt. \ t.l(lptxi  h\ t .II( [I-
I.i[ rnq ( h(. r.it ]( ~ ()! ln( t)rrlt cl{.rl\{,cl  ir~jrrl [h(, ‘ ‘ I),tst.  ‘ {Jr ‘ ,}jrlrI1ar\‘‘ \{.{ [{)r [{1 III.
{ {)rf)t, flt,r]~ ({l Ir,)rrt tht  ‘ ‘ wr\ J( t, ‘ or ‘‘ \(.( f)r](l<ir] ~(( tor ‘‘

●  ,4$  [.m)\\ll,n\  ll,(lu{ tlon rt.qulr<nu.nt\  In( reaw  Ix,}on(!  A c crtarn  IL,\{,l, II)t.
prt)p{~rtl(,n (It rt,(lu(  tl~)n\  [h,i[ ,irt, [)rr)lt( t{.(1 (() h{  m{.t })} ‘ ‘  fue-s\\  II( hlrlq’  (lt-
( rt.a\t.s  rrl,i[  I\  t, t f ) t ht. prr~~)ort  ion rr){.[ I)\,  S( rul)lx.rs

assuming no change in S02 standards; and 2) 1990 lev-
els, assuming a 10-million-ton decrease in S02 emis-
sions. * *

The areas most likely to experience significant growth
in production are southern West Virginia, eastern Ken-
tucky, and the regions west of the Mississippi (particu-
larly Colorado). The regions most likely to experience
significant production declines include northern West
Virginia, Ohio, western Kentucky, and Illinois. How-
ever, available model projections for 2000 suggest that
production declines below current levels may be reversed
in the decade following 1990. Production levels are pro-
jected to rebound due to general trends in the energy
market, such as growth in utility demand, and to the
fact that an increasing number of new plants regulated
under New Source Performance Standards will come
online after 1990.

Employment patterns are projected to correspond to
changes in production. However, uncertainties regard-
ing future productivity trends create a larger range of
uncertainty for employment effects than for production
effects. The loss of portions of the market for high-sulfur
coal could reduce employment opportunities in Mid-
western and northern Appalachian regions by about 10
to 40 percent of projected 1990 coal-mining work force
levels under current emissions standards. The areas of
northern West Virginia, Ohio, western Kentucky, and
Illinois are projected to experience actual employment
decreases below 1979 levels for emissions reductions of
10 million tons and greater.

Future employment changes would be accompanied
by proportional changes in direct miner income and
total monetary effects. For each of the high-sulfur coal
regions of northern Appalachia and the Midwest, these
costs range from $250 million to $500 million in direct
annual income losses to miners, and from $600 million
to $1,100 million in total (direct plus indirect) annual
monetary losses. The coal-related benefits in central
Appalachia range from $400 million to $550 million an-
nually in direct income gains, and total annual income
gains of $750 million to $1,100 million. Estimates of
benefits in the West range from $100 million to $150
million in direct income gains and total income gains
of $500 million to $750 million per year. All estimates
are in 1981 dollars. These figures, particularlyin the
case of total monetary impacts, must be considered very
rough estimates.

Changes in coal-related employment and income may
cause some additional community-level social and eco-
nomic repercussions. In areas projected to experience
significant declines in employment, decreases in tax re\~-

‘ “01 the 90 nlrlll(]n tons O! annual  produ[ tlon lo\( h\ [h~. t-;.i~tt,rn  ancl hl 1(1-
w,cstern hlqh  -sulfur ( (MI rnarke[ h} 1 W(), alx)ut 50  rn  dllon tons IS qalncd I)\,
Ila\tcrn low -\ullur pr[xlu( t.rs and  4 0  nldllt)n  torls t)i ;%’cst{.rrl pr(}du(  c,r~



Table A-26.—Summary Table of Regional Coal Market Effects of Acid Rain Control Legislation

5-million-ton sulfur 10-million-ton sulfur 13-million-ton sulfur
dioxide emission reduction dioxide emission reduction dioxide emission reduction

North Appalachia Region (Maryland, northern West
Virginia, Ohio, and Pennsylvania)
Under current environmental regulations, annual coal

production is projected to increase approximately 10
percent between 1979 and 1990; under a 5-million-ton
acid rain control program no change in production is
projected over this period. Employment opportunities
foregone are projected to range from 6,300 to 9,100
jobs (a 10-percent reduction); because there is no pro-
jected production change, employment changes from
1979 levels will be a function of productivity changes
only. Direct income opportunities foregone by the
regional economy are projected to be $160 million to
$230 million; total income opportunities lost could
range from $450 million to $640 million.

Central Appalachia Region (eastern Kentucky, southern
West Virginia, Tennessee, and Virginia)

Under current environmental regulations, annual coal
production is projected in increase by about 50 per-
cent between 1979 and 1990); under a 5-million-ton
acid rain control program, a 62-percent increase is
projected over this period. Employment is projected
to be about 10 percent (8,800 to 12,700 jobs) greater
than it would have been in 1990 under current regu-
lations; projected employment changes from 1979
levels range from 25- to 80-percent (21,800 to 69,900
jobs) increase. Direct annual income opportunities
created in this region range from $230 million to
$330 million; total annual income created ranges
from $450 million to $840 million.

Under a 10-million-ton acid rain control program, pro-
duction is projected to decrease by about 10 percent
between 1979 and 1990. Employment is projected to
be 15 percent (9,800 to 14,100 jobs) less than it would
have been under the 1990 base case; projected
employment changes from 1979 levels range from no
change to a 30-percent (23,000 job) decrease. Direct
income opportunities foregone range from $250
million to $360 million; total income foregone ranges
from $630 million to $910 million. Available projec-
tions for the year 2000 suggest these declines may
only be temporary.

Under a 10-million-ton acid rain control program, pro-
duction is projected to increase 70 percent between
1979 and 1990.1990 employment levels are projected
to be about 15 percent (15,000 to 21,700 jobs) greater
than they would have been in 1990 under current
regulations, and 38 to 99 percent (33,200 to 86,500
jobs) greater than 1979 employment levels. Direct in-
come opportunities created are projected to be $390
million to $560 million; total income generated
ranges from $1,030 million to $1,490 million.

Under a 13-million-ton acid rain control program, pro-
duction is projected to decrease by about 13 percent
between 1979 and 1990.1990 employment levels are
projected to be 20 percent (12,700 to 16,500 jobs) less
than what they would have been in 1990 under cur-
rent regulations, and 14 to 35 percent (10,800 to
26,100 jobs) below 1979 employment. Direct income
opportunities foregone range from $330 million to
$470 million; total income foregone is projected to be
$810 million to $1,170 million.

Under a 13-million-ton emission reduction, production
is projected to increase 75 percent between 1979 and
1990.1990 employment levels are projected to be 16
percent (17,300 to 25,000 jobs) greater than what they
would have been in 1990 under current regulations,
and 40 to 100 percent (35,800 to 90,000 jobs) above
1979 levels. Direct income opportunities created by
the projected increase in coal production range from
$440 million to $640 million; total income generated
ranges from $1,200 million to $1,700 million.



Table A-26.—Summary Table of Regional Coal Market Effects of Acid Rain Control Legislation (continued)
.—

5-million-ton sulfur
dioxide emission reduction

Midwest Region (Illinois, Indiana, and western
Kentucky)

Under current environmental regulations, annual coal
production is projected to increase 31 to 34 percent
between 1979 and 1990; under a 5-million-ton reduc-
tion, production is projected to increase 12 percent
over this period. 1990 employment levels are pro-
jected to be 16 percent (5,400 to 7,700 jobs) less than
what they would have been in 1990 under current
regulations, and between a 13-percent (4,200-job)
decrease and a 25-percent (8,000-job) increase from
1979 levels. Direct income opportunities foregone
range from $140 million to $200 million; total income
foregone ranges from $370 million to $530 million.

The Western United States
Under current environmental regulations, annual coal

production is projected to increase approximately 138
percent between 1979 and 1990; under a 5-million-ton
acid rain control program, production is projected to
increase 145 percent over this period. 1990 employ-
ment levels are projected to be 3 percent (1,200 to
1,700 jobs) higher than what they would have been in
1990 under current regulations, and 80 to 160 percent
(16,600 to 32,900 jobs) above 1979 levels. Direct in-
come opportunities created by acid rain controls are
projected to range from $30 million to $40 million;
total income benefits are projected to be $120 million
to $170 million.

—— —
10-million-ton sulfur
dioxide emission reduction

Under a 10-million-ton acid rain control program, pro-
duction is projected to decrease 10 percent between
1979 and 1990. 1990 employment levels are projected
to be 33 percent (10,500 to 15,200 jobs) below what
they would have been in 1990 under current regula-
tions, and 6 to 35 percent (1,900 to 11,300 jobs) less
than 1979 employment. Direct income opportunities
foregone are projected to range from $270 million to
$390 million; total income foregone ranges from $770
million to $1,100 million. Projections for the year 2000
suggest these declines may be reversed in the period
1990 to 2000.

Under a 10-million-ton acid rain control program, pro-
duction is projected to increase 158 percent between
1979 and 1990.1990 employment is projected to be
13 percent (4,600 to 6,700 jobs) greater than what it
would have been in 1990 in the absence of acid rain
controls, and between 95 and 180 percent (19,100 to
36,300 jobs) greater than 1979 levels. Increases in
direct income opportunities range from $120 million
to $170 million; total income increases are pro-
jected to range from $510 million to $740 million.

SOURCE: Office of Technology Assessment, based on coal production estimates from ICF, Inc.

1 3-million-ton sulfur
dioxide emission reduction

Under a 13-million-ton sulfur dioxide emission reduc-
tion, production is projected to decrease by 17 per-
cent between 1979 and 1990. Employment is pro-
jected to be 38 percent (12,100 to 17,400 jobs) below
what it would have been in 1990 without an acid rain
control program; projected employment decreases
from 1979 levels range from 13 to 40 percent (4,200 to
12,900 jobs). Direct income opportunities foregone
range from $.310 million to $480 million; total in-
come foregone ranges from $870 million to $1,200
million.

Under a 13-million-ton sulfur dioxide emission reduc-
tion, production is projected to increase 165 percent
between 1979 and 1990. Acid rain controls are pro-
jected to increase employment opportunities by 20
percent (6,800 to 9,800 jobs) over what they would
have been in 1990 without any change in environment
regulations. 1990 employment levels are projected to
be 105 to 196 percent (21,000 to 39,300 jobs) greater
than 1979 levels. Direct income opportunities created
in the region are projected to range from $180 mil-
lion to $250 million; total income benefits range
from $750 million to $1,100 million.

.
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Figure A-8.— Regional Coal Production: Effects of a 10. Million. Ton Sulfur Dioxide Emission Reduction

enues could cause the quantity or quality of commu-
nity services to decline. In areas projected to experience
rapid increases in employment, the capacity of commu-
nities to provide adequate health care, housing, educa-
tion, etc. , may be strained.

RESULTS OF OTHER STUDIES

The United Mine Workers (UMW) has also calcu-
lated the potential effects of a 10-million-ton reduction
in S02 emissions, allocated as in OTA’s Scenario II.
The UMW analysis presents three sets of estimates of
effects on mineworker employment and economic ac-
tivity in high-sulfur coal areas only, assuming that fuel-
switching would account for 50, 75, or 100 percent of
the required reductions. However, the UMW analysis
made no calculation of gains in employment and eco-
nomic activity in low-sulfur coal areas, or of the net ef-
fects of the 10-million-ton emissions cutbacks.

Table A-27 shows the UMW projections of job losses,
direct annual economic losses, and total annual econom-
ic losses for the three levels of fuel-switching. Using a
DOE estimate that between 50 and 75 percent of the

SOURCE: Office of Technology Assessment, adapted from ICF, Inc

reductions required under a major acid rain control pro-
gram would be met by fuel-switching, the UMW ‘cal-
culated that between 40,000 and 60,000 coal mining jobs
would be lost in high-sulfur coal areas, producing di-
rect annual income losses of $1.1 billion to $1.6 billion,
and total economic losses ranging between $3.0 billion
and $4.6 billion.56

For comparison, OTA estimates of the net effects of
the 10-million-ton reduction on high-sulfur coal areas
are also presented in table A-27. Two factors must be
considered in comparing these estimates:

1. OTA used projections of increases in coal produc-
tion, including increases due to construction of new
electricity plants, through 1990, and compared
them to projections of how further emissions con-
trols would affect these new production levels.
UMW estimates are calculated from 1981 produc-
tion levels, assuming that no changes in produc-
tion occur up to the time that controls would be
implemented.

~~~r~ltc{l hf lne  L%’orkers, ‘‘ F,mpl(n rnrnt In)pa(  ts of A( id Rain. .Junc  1983
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Table A-27.—Employment and Economic Effects on High-Sulfur Coal. Producing
Areas of a 10-Million-Ton Reduction in S02 Emissions—

Comparison of UMW and OTA Analyses

UMW estimates
percent of emissions OTA estimates
reductions achieved

through fuel switching
Change Change

from 1990 from actual
50 75 100 base casea 1979 levels

Employment Iossesb . . . . . . . . . . . . . 40,000 60,000 80,000 23,000-33,000 9,000-38,000

Direct annual economic losses
(millions 1981 dollars) c . . . . . . . . . . . . $1,100 $1,600 $2,100 $600-$800 $200-$1,100

Total annual economic losses . . . $3,000 $4,600 $6,100 $1,600-$2,300 $600-$2,700

aOTA assumes, based on ICF analyses, that the requisite emissions reductions will be met by a combination of fuel-switching
and scrubbers The base case assumes no change in environmental regulations.

bThese employment losses occur over the period required to implement the pollution reductions. The ranges reflect uncer-
tainty in future productivity levels OTA bounds employment and economic estimates by assuming that productivity might
rise as much as 30 percent or decrease by as much as 10 percent between 1979 and 1990,

cAnnual monetary estimates assume implementation of emissions reductions over 10 years, and that shifts in coal produc-
tion are distributed equally over that period

SOURCE Office of Technology Assessment, based on coal production estimates by ICF, Inc

2. In the OTA estimates, employment losses in high-
sulfur coal areas are partially compensated for by
employment gains. Thus, the OTA estimates are
of the net effects in high-sulfur coal-producing
regions. No projected employment increases are
figured into the UMW analysis.

OTA’s best estimates of potential effects on high-
sulfur coal regions show employment impacts about half
as large as those estimated by UMW, assuming 50 to
7.5 percent fuel-switching. * The most pessimistic of the
OTA estimates—38,000 jobs lost from actual 1979 levels
—approximates the low-end UMW figure of 40,000.

Possible means of’ preventing or decreasing coal miner
unemployment that may ensue from acid rain control
legislation are discussed in chapter 7 under question 8.
They include mandating control technologies to achieve
emissions reductions, thereby prohibiting fuel switch-
ing and employing sect ion 125 of the Clean Air Act to
restrict coal consumption to ‘‘local or regional coals.

The net effect of acid rain legislation on nationwide
coal product ion, employment, and economic activity,
howevrer, also includes the offsetting increases in
employment and economic activity in low-sulfur coal
regions. When these are considered in aggregate, OTA
estimates that no significant changes in employment and
economic activity result from control-induced produc-
t ion changes.

Electricity-Intensive Industries

OTA used 1979 and 1980 data from the LT. S. Census
Bureau’s Annual Survrey of Manufacturers to assess the
electrical energy dependency of approximate}’ 450 types
of industries.57 Specific industries for which electricity

represents 4 percent or more of the total value of
shipments, and/or 10 percent or more of the total ‘‘val-
ue added, * are listed in table A-28. The 17 industries
identified in the table are largely concentrated in the
areas of primary metals; chemicals—particularly indus-
trial inorganic chemicals; and stone, clay, and glass
products. The identified industries account for a dis-
proportionate share of U. S. industrial electricity use—
although they account for only 2 percent of total value
of shipments and 2 percent of total value added by
American manufacturers, they purchase approximately
25 percent of the electricity sold to industry, and account
for about 16 percent of utility revenues from industrial
electricity sales.

Five of these industrial categories—electrometallur-
gical products, primary zinc, primary aluminum, alka-
lies and chlorine, and industrial gases—are especially
electricity intensive; the cost of purchased electricity
equals about 40 percent or more of their total value
added, and about 10 to 25 percent of their total value
of shipments. These industries might be considered most

99-413 0 - 84 - 14 : QL. 3
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Table A.28.—Statistlcs on Electricity-intensive industries

Electricity cost as Electricity Ratio to
Value of Electricity percent of: rate industrial

S IC sh ipments  purchased Va lue Value of ¢/kWh average rate
Industry code (10° 1980$) (10 6 kWh) added shipments (1982$) (3.84¢/kWh)
Cotton seed oil mills. . . . . . . . . . . . . . .
Manufactured ice . . . . . . . . . . . . . . . . .
Particle board . . . . . . . . . . . . . . . . . . . .
Alkalies and chlorine . . . . . . . . . . . . . .
Industrial gases . . . . . . . . . . . . . . . . . .
Other industrial inorganic

chemicals . . . . . . . . . . . . . . . . . . . . .
Carbon black. . . . . . . . . . . . . . . . . . . . .
Reclaimed rubber . . . . . . . . . . . . . . . . .
Cement, hydraulic . . . . . . . . . . . . . . . .
Lime . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Mineral wool . . . . . . . . . . . . . . . . . . . . .
Electrometallurgical products . . . . . .
Malleable iron foundries . . . . . . . . . . .
Primary zinc. . . . . . . . . . . . . . . . . . . . . .
Primary aluminum . . . . . . . . . . . . . . . .
Other primary nonferrous metals . . . .
Carbon and graphite products . . . . . .

2074
2097
2492
2812
2813

2819
2895
3031
3241
3274
3296
3313
3322
3333
3334
3339
3624

1,033.7
169.6
512.4

1,354.1
1,539.6

12,095.9
498.0

38.3
3,962.4

598.8
2,235.4
1,249.3

521.2
413.1

6,979.9
1,906.6
1,183.3

540.7
460.7
825.1

10,679.5
11,958.6

37,092.0
540.4

75.4
9,237.9

813.8
2,703.5
6,814.3
1,015.5
1,487.8

72,279.1
4,279.4
2,171.8

10.7 2.0
15.6 11.0
11.4 4.8
45.5 19.6
42.4 24.5

13.9 7.5
13.3 3.5
12.2 7.8
15.3 8.2
10.8 5.1
7.3 4.0

42.0 13.8
11.9 7.0
51.7 8.3
39.3 15.6
15.6 5.1

7.5 4.2

4.61
4.70
3.44
2.89
3.66

2.86
3.78
4.62
4.08
4.38
3.82
2.94
4.17
2.67
1.75
2.66
2.64

1.20
1.23
0.90
0.75
0.95

0.75
0.99
1.20
1.06
1.14
0.99
0.77
1.09
0.70
0.47
0.69
0.69

SOURCE: US. Census Bureau, 1980 AnnualSurvey of Manufacturers: Fuels and Electric Energy Consumed, August 1982.

sensitive to potential increases in the cost of electrical
power resulting from further control of S02 emissions.
For all five of these industries, a substantial proportion
of production occurs in the 31 Eastern States.

Primary zinc is the most concentrated industrial cat-
egory —only five producers currently operate in the
United States. The three largest manufacturers are
located in Pennsylvania, Illinois, and Tennessee, and
account for approximately three-quarters of the Nation’s
current production. The zinc industry appears to be par-
ticularly vulnerable to increases in the cost of production
—U.S. annual production capacity fell from about 1
million tons to 300,000 tons over the past decade, and
foreign producers have captured a substantial share of
domestic sales.58

Primary aluminum, by far the largest of these indus-
tries, is produced in 13 of the 31 Eastern States.
Although two non-Eastern States—Texas and Washing-
ton—currently have the largest production capacities,
the Eastern United States currently accounts for about
60 percent of national production capabilities. Major pro-
ducers in the region include: Alabama, Arkansas, In-
diana, Kentucky, Louisiana, Missouri, New York,
Ohio, and Tennessee.59

Production of alkalies and chlorine is about equally
divided between the Eastern and Western regions of the
United States. Louisiana accounts for nearly one-quar-
ter of national output; the 17 other Eastern States in

~IJpc~~O~~  ~CJ~~u~lC~tlon,  James Kennedy, Burcdu of Industrial F,(onoml{s,

U S Department of Commerce, October 1983
‘gIbid

which these chemicals are produced together account
for a slightly smaller proportion of production. GO Ala-
bama, New York, Michigan, and West Virginia are the
fifth, sixth, eighth, and ninth largest producing States
in the country, respectively.

Information on the distribution of industrial gas pro-
duction is limited, due in part to confidentiality re-
quirements for protecting individual manufacturers.
Available data indicate that Texas and California were
the highest producing States in the late 1970’s, and show
substantial amounts of production in the following East-
ern States: Alabama, Delaware, Illinois, Louisiana,
New Jersey, New York, Ohio, Pennsylvania, and Ten-
nessee.61

Over 90 percent of U.S. electrometallurgical prod-
ucts (i. e., specialized metal alloys made with such metals
as molybdenum, manganese, and chromium) were pro-
duced in the 31 Eastern States in 1981. Ohio accounted
for about one-third of national production; six additional
States—Alabama, Kentucky, New York, South Caro-
lina, Tennessee, and West Virginia—together ac-
counted for slightly under one-half of national produc-
tion. The industry is highly vulnerable to foreign
competition, as countries with deposits of the necessary
ores are rapidly developing their own production capa-
bilities. 62

CoPerSorla]  ~ommunlcatlon, Frank Maxey,  Bureau of Industrial Et onon]ics,

U.S  Department of Commerce, october 1983
b! Ibid
Ctpersona] ~ommuniatlon,  I’om  Jones, Bureau of Nlmes, U S Department

of the Interior. December 1983 ‘



App. A—Emissions and the Costs of Control ● 201

Uncertainties about how utilities might apportion
control-related increases in electricity rates make it dif-
ficult to assess the likely extent of financial effects on
electricity-intensive industries. As shown in columns 3
and 6 of table A-28, many of these industries are large-
scale electricity consumers, and pay relatively low elec-
tricity rates. If control costs were apportioned to users
primarily on the basis of current rates (i. e., increasing
existing rates by a uniform percentage for all users),
effects on these industries, although potentially signifi-
cant, would not be disproportionate to cost increases
undergone by all electricity consumers. However, if con-
trol costs were apportioned primarily on the basis of elec-
tricity consumption (i. e., increasing existing rates by
a uniform mill/kWh fee for all users), percentage rate
increases would be highest for those industries currently
paying low electricity rates. Effects could be particularly
severe for those industries having both low rates and
high electricity dependency-primary aluminum, alka-
lies and chlorine, electrometallurgial products, and pri-
mary zinc.

Utilities in the Eastern 31 States*

The amount of SO2 that an individual utility must
eliminate from its emissions is, of course, the primary
determinant of the effect of acid rain control legislation
on a given company’s finances. Such factors as each util-
ity’s ability to raise capital to cover construction costs
and regulatory policies in any given State further deter-
mine a utility’s ability to pay for required reductions
without adverse financial effects.

To address the utility sector’s vulnerability to further
emissions reductions, this section will: 1 ) present 1980
State-average S02 emissions rates for coal- and oil-burn-
ing plants to indicate the potential extent of additional
control requirements, 2) use available financial indica-
tors for 1980 to assess the health of each State’s utility
sector, 3) assess the implications of State regulatory pol-
icies in 1980-81 for utility finances, and 4) integrate the
first three types of information in concluding observa-
tions, identifying areas of particular vulnerability, where
possible.

Current Emission Rates
and Generating Capacities

Figures A-9 and A-10 rank States in the Eastern
United States according to their coal- and oil-fueled elec-
trical generating capacities, and by average 1980 emis-

“’1’h]s wc ti[}n hased prlmanly  on Kathleen  (;(,le,  l)u,ine (;hapman,  and
(Illfforci RossI, ‘‘ F’]nan{ Ial dn(l Rcqulat,,r)  Fa( tors .Affc{ tln~ the State a n d
R{glf,nal  Econnml<  Impa(  t ,)1 Sulfur oxide Emlssiuns [:nntrol, p r e p a r e d

for the of  fi{ c of  ‘1’tw  hnc)log} ,~ssc~smcnt.  L’ S  [;(]ngrcss,  August 1982

sion rates for all coal- or oil-fueled plants in the State.
The greater a State’s dependence on either of these fossil
fuels, and the higher its average S02 emission rate, the
greater the likelihood that proposed emissions controls
would require additional utility expenditures to reduce
emissions. States with the greatest probability of exten-
sive expenditures for emissions control appear in the
upper left portion of each table; those with the least,
appear at the bottom right. Overall, emission rates for
coal-fired utilities are substantially higher than for oil-
fired facilities; thus, many more States would be exposed
to significant control expenditures on the basis of cur-
rent utility coal combustion than oil combustion. De-
tailed estimates of S02 emissions reductions required,
by State, under a number of alternative control scenar-
ios, are provided in section A. 3 of this appendix.

Utility Financial Positions

Ultimately, a utility recoups its emission-reduction
expenditures by selling power to customers in its serv-
ice area, or to other utilities. However, a utility must
shoulder the burden of pollution control expenditures
from the time they are made until it is allowed to begin
charging customers for them. Substantial capital invest-
ment is required to retrofit existing powerplants with
emissions control devices, or to build newer, cleaner
powerplants. Capital investment may also be necessary
to modify existing powerplant operations to permit the
burning of low-sulfur fuel. The utility’s capacity to fi-
nance these expenditures depends in large part on its
ability to attract investment capital.

To place the potential capital-raising burden associ-
ated with acid rain control into perspective, estimated
costs of major control programs can be compared to ac-
tual utility construction expenditures. Over 5 years
(1978 through 1982), electric utilities spent approxi-
mately $180 billion (1982 dollars) for construction in
the United States ;63 potential construction costs of major

acid rain control proposals over a similar 5-year period
might range from about 5 to 20 percent of this figure,
depending on the particular proposal. Control costs
would constitute a higher proportion of construction ex-
penditures for particular States and/or utilities from
which large emission reductions would be required.
Such capital-raising burdens may be particularly critical
for those utilities already scheduled to replace or retire
a substantial proportion of plants over the period in
which further emissions controls would be implemented.

A number of indicators are in use to assess utilities’
competitive positions in capital markets, and no single
measure of financial well-being can adequately charac-

“>lrrrdl 1 ,ym h< Pwrx c, I:cnncr  & Smith, [m , ‘‘ UIIIItY  lndustn,,  A St.it iwl(  ,il
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Figure A-9.—Coal-Based Generating Capacities and SO2 Emissions Rates
Coal dependency

(Share of total electric-generating capacity)

a Numbers in parentheses are state-average SO2 emission rates for coal-burning plants, expressed In Ibs. of S02 Per million Btu

SOURCE Off Ice of Technology Assessment, from E H Pechan & Associates, Inc., and K. Cole, et al., “Financial and Regulatory Factors Affecting the State and
Regional Economic Impact of Sulfur Oxide Emissions Control, ” OTA contractor report, August 1982.

Figure A-10. —Oil-Based Generating Capacities and S02 Emissions Rates

Oil dependency
(Share of total electric-generating capacity)

Average SO2 emission
rates from coal-fired
utilities (lb per
million Btu)

aNumbers in parentheses are State. average SO2 emission rates for oil-burning plants, expressed in Ibs. of SO2 Per million Btu.

SOURCE Off Ice of Technology Assessment, from E. H Pechan & Associates, Inc , and K. Cole, et al., “Financial and Regulatory Factors Affecting the State and
Regional Economic Impact of Sulfur Oxide Emissions Control, ” OTA contractor report, August 1982.
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terize a utility’s prospects. However, two major finan-
cial criteria were selected to describe utility financial con-
ditions at the State level: 1 ) return on common equity
(ROCE), and 2) bond ratings. The first represents com-
mon stockholders net earnings during a given year—in-
dicating the utility’s current profitability. The second
represents experts’ judgments about the utility’s long-
term ability to reliably repay debt. The lower a util-
ity’s bond rating, the higher the interest rate it will need
to offer to induce investors to purchase bonds.

Table A-29 categorizes States according to 1980 data
on whether more than 50 percent of their electrical pow-
er was generated by utilities with: 1 ) bond ratings of
A or better, and 2) ROCEs above the 1980 national me-
dian of 11.1 percent per year. Column A lists States
meeting both of these criteria; these States may be con-
sidered to have a relatively healthy investor-owned elec-
tric utility sector. Column D lists States that met nei-
ther of the above criteria. These eight States may be
regarded as particularly’ vulnerable to measures requir-
ing utilities to generate additional capital for pollution-
control purposes. Columns B and C show States fail-
ing to meet either of the two criteria.

Utilities may be at greater risk from capital-raising
needs if control-related expenditures must be added to

significant amounts of non-control-related construc-
tion—either to replace retired plants or to accommodate
increasing electricity demand—during the period in
which further controls would be implemented. While
increasing demand for electricity could, in itself, posi-
tively influence utilities’ positions in capital markets, re-
quirements for replacing retired plants carry high capital
costs without necessarily enhancing utility positions.
States in which more than 20 percent of current gener-
ating capacity is scheduled for replacement by 1995 in-
clude: Arkansas, District of Columbia, Maryland, Mas-
sachusetts, New York, and Rhode Island.

State Regulatory Policies

Public utility commissions (PUCs) in each State make
numerous regulatory decisions that affect a utilitys
ability to pass on costs associated with emissions con-
trol. PUC regulatory policies vary widely from State to
State; 65 they may also change over time in response to

Table A-29.—Summary of 1980 Utility Financial Conditions by Statea

A. High bond, high ROCE B. High bond, low ROCE

States in which more than 50 percent of States in which more than 50 percent of
generated power was from utilities with generated power was from utilities with
bond ratings of Aa or A, and ROCEs of bond ratings of Aa or A, and ROCEs
11.1 percent or lower: (national median): below the national median:

Iowa Delaware
Kentucky Illinois
Maryland b Indiana
Massachusetts b New Yorkb

Minnesota Rhode Islandb

Mississippi South Carolina
New Jersey
Wisconsin

C. Low bond, high ROCE D. Low bond, low ROCE

States in which more than 50 percent of States in which more than 50 percent of
generated power was from utilities with generated power was from utilities with
bond ratings of Baa or lower, and ROCEs bond ratings of Baa or lower, and ROCEs
above the national median: below the national median:

Alabama Arkansas b

Georgia Connecticut
Louisiana Florida
Missouri Maine
New Hampshire Michigan
North Carolina Pennsylvania
Ohio Vermont
West Virginia Virginia

aBased on data from 106 surveyed utilities in the Eastern 31-State region Extremely small utilities, utilities with no generating

capacities (electricity distributors), and utilities with no coal or oil generating capacities have been excluded.
bStates in which more than 21) percent of current generating capacity is scheduled for replacement by 19%,

SOURCE Office of Technology Assessment, adapted from K Cole, et al., ’Financial and Regulatory Factors Affecting the
State and Regional Economic Impact of Sulfur Oxide Emissions Control, ” OTA contractor report, August 1982
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changing economic and political conditions. Imposing
stricter emissions controls at the Federal level might in-
duce considerable changes in affected States’ utility reg-
ulations; thus, current regulations may not reliably in-
dicate how State-level policies would influence utility
finances. However, to demonstrate the range of current
regulatory conditions, survey information on five major
regulatory policies for each of the Eastern 31 States dur-
ing 1980-81 is outlined in table A-30.

Two of the surveyed policies directly concern the de-
lay required before adjustments in utility costs can be
passed on to consumers. Each involves short-term de-
lays—the number of months required, on average, for
State utility commissions to rule on requests for rate in-
creases (co1. 4), and the number of times per year that
utilities are allowed to adjust electricity rates according

to those utilities for which switching to more expensive,
low-sulfur coal or oil is a potential means of meeting
more stringent emissions limits.

Three of the policies assessed in table A-30 affect the
manner in which utility rates are calculated. PUCs must
determine a total amount of utility expenses and costs,
or calculated revenue requirements, allowed to be
passed on to consumers, in order to set a utility’s elec-
tricity rates. One major component of these costs is the
return on capital investments. The first column of table
A-30, “allowed return on common equity” or ROCE,
shows the maximum return to investors allowed by each
State, calculated as a percentage of a utility’s assets, or
rate base. The second column of the table, ‘ ‘amount
of CWIP allowed in rate base, indicates the extent to
which ‘ ‘construction work in progress’ (CWIP) is con-

to changes in fuel costs (co1.
lowable fuel cost adjustments

3). The frequency of al- sidered a part of the utility’s assets for ratemaking
is particularly significant purposes.

Table A-30.—Major State Regulatory Policies

Average number
Allowed Amount of Frequency of of months for

ROCE CWIP allowed adjustment for rate decisions Type of
State (median: 14.25) in rate base fuel price changes (median: 8.5) test year

Alabama , . . . . . . . . . . . . . .
Arkansas . . . . . . . . . . . . . . .
Connecticut . . . . . . . . . . . .
Delaware . . . . . . . . . . . . . . .
Florida . . . . . . . . . . . . . . . . .
Georgia . . . . . . . . . . . . . . . .
Illinois . . . . . . . . . . . . . . . . .
Indiana. . . . . . . . . . . . . . . . .
lowa . . . . . . . . . . . . . . . . . . .
Kentucky . . . . . . . . . . . . . . .
Louisiana . . . . . . . . . . . . . .
Maine . . . . . . . . . . . . . . . . . .
Maryland . . . . . . . . . . . . . . .
Massachusetts. . . . . . . . . .
Michigan . . . . . . . . . . . . . . .
Minnesota . . . . . . . . . . . . . .
Mississippi . . . . . . . . . . . . .
Missouri. . . . . . . . . . . . . . . .
New Hampshire . . . . . . . . .
New Jersey . . . . . . . . . . . . .
New York . . . . . . . . . . . . . . .
North Carolina . . . . . . . . . .
Ohio . . . . . . . . . . . . . . . . . . .
Pennsylvania . . . . . . . . . . .
Rhode Island . . . . . . . . . . . .
South Carolina . . . . . . . . . .
Vermont . . . . . . . . . . . . . . . .
Virginia . . . . . . . . . . . . . . . .
West Virginia . . . . . . . . . . .
Wisconsin . . . . . . . . . . . . . .

12.85
15.0
14.8
15.0
15.5
13.33
16.5
15.83
13.35
14.25
14.33
15.13
14.0
14.31
13.25
14.0
12.85
13.71
14.75
14.0
15.5
13.87
15.86
15.63
14.13
13.88
14.5
15.0
14.0
12.72

100 ”/0
100%a

o
100 ”/0
Varies
Varies
Varies

o
0

100 ”/0
100 ”/0

o
100 ”/0

o
100%
100 ”/0
Varies

o
0

Varies
Small % b

100 ”/0
Varies

Small 0/0
o

100%
Small 0/0

100%
Varies

o

Quarterly
Monthly
Monthly
Monthly
Monthly

Quarterly
Irregular-as needed

Quarterly
Monthly
Monthly
Monthly

Quarterly
Monthly

Quarterly
Monthly
Monthly
Monthly

No clause
Quarterly or monthly
Irregular-as needed

Monthly
3/year

Biannually
Yearly

Quarterly
Biannually
No clause
Biannually
Biannually

Monthly

6
10

5
7
8
6

11
6

12
10
12

9
7
6
9

12
6

11
6
8

11
7
9
9
8

12
21

5
10
8.5

Historical
Historical
Historical
Forecast
Forecast
Forecast
Forecast
Historical
Historical
Historical
Historical
Historical
Forecast
Historical
Forecast
Forecast
Forecast
Historical
Historical
Forecast
Forecast
Historical
Forecast
Forecast
Historical
Historical
Historical
Historical
Historical
Forecast

aCWIP to be in service within 1 year is allowed.
b"Small %” indicates that less than 1O% of CWIP IS allowed.

SOURCE. K. Cole, et al., “Financial and Regulatory Factors Affecting the State and Regional Economic Impact of Sulfur Oxide Emissions Control, ” Off Ice of
Technology Assessment contractor report, August 1982.
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If a State allows construction work in progress
(CWIP) to be included in the rate base, utilities begin
to earn returns on control-related expenditures as soon
as they are made; if not, capital improvements must be
financed by the utility until the scrubber or other plant
modification is actually operating—a period of up to 4
or more years. For utilities in weak financial positions,
the ability to recoup expenditures during a planning and
construction period of 4 years or longer may be a sig-
nificant factor in deciding what means to use to comply
with stricter emissions controls. Consequently, States
allowing little or no CWIP in the rate base may make
capital-intensive approaches to S02 abatement less at-
tractive, especially to financially troubled utilities. Such
utilities could choose to switch to higher priced, lower
sulfur fuels, even when costs for doing so are higher over
the long run. Although State PUCs vary considerably
in their CWIP expenditure policies, decisions on
whether to allow C WI P in the rate base are often made
on a case-by-case basis, except in States where allow-
ing CWIP is prohibited by statute. Some analysts con-
sider that States are considerably more likely to allow
CWIP for pollution control expenditures to enter a util-
ity’s rate base.66

It should be noted, however, that some PUCs choose
to substitute higher allowed rates of return for allowing
CWIP in the rate base as a means of increasing utility
revenues during periods of construction activity. For ex-
ample, table A-30 shows that the States of Indiana,
Maine, New York, and Pennsylvania allowed rates of
return to exceed 15 percent in 1980, while including little
or no CWIP in the rate base. Available data did not
permit OTA to estimate the probable effects of such a
substitution on control choices.

Finally, the kind of “test year’ selected to provide
data on expenses and costs (col. 5) can also influence
calculated revenue requirements. In times of rising
costs, historical test years may tend to understate util-
ity expense estimates, while forecast test years can allow
for the projected effects of inflation.

State regulatory policies for 1980-81 are, of course,
an imperfect indicator of the probable regulatory climate
over the decade or more required to implement further
S02 restrictions. Public utility commissions could re-
spond to control requirements by adopting policies more
favorable to capital construction or fuel-switching, par-
ticularly in States burdened with large S02 reduction
requirements. Such responses are virtually impossible
to predict, however; PUCs are affected by a broad ar-
ray of political and institutional conditions, and must,
in their regulatory decision making, balance consumer
and producer interests. Concurrently, coal-producing
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States could constrain utility options for meeting tougher
emissions standards by requiring continued use of in-
State produced coal. Despite these uncertainties, the in-
formation provided in table A-30 can be used as a
general barometer of the favorableness or unfavorable-
ness of a State’s current regulatory climate.

Combined Indicators

In this section, the three sets of State-level indicators
surveyed above- 1980 utility emission rates from coal-
and oil-burning plants, measures of short- and long-term
utility profitability for 1980, and State regulatory pol-
icies for 1980-8 1—are integrated to provide an overall
picture of current utility-sector vulnerability to stricter
emissions control. It is important to note, however, that
this provides only a surrogate for assessing the finan-
cial effects of controls at the same time they would be
implemented. In addition, changes in such factors as
demand for electricity, financial viability of nonfossil fuel
electricity generation, interest rates, inflation, and the
price of coal, oil, and gas could greatly affect the rela-
tive vulnerability of the region’s utility companies.

Eight States are identified in table A-29 as having fi-
nancially weak utilities—Arkansas, Connecticut, Flor-
ida, Maine, Michigan, Pennsylvania, Vermont, and
Virginia. Three of these States have coal-fired utility
emission rates of at least 2 lb SO2/MMBtu: Florida
(3.5), Pennsylvania (2.8), and Michigan (2.()). How-
ever, less than a third of Florida’s electricity-generating
capacity is coal-fired; more than half depends on oil,
with 1980 S02 emissions averaging 1.6 lb/M MBtu.
When emission rates from all utility fuel sources are con-
sidered, only Pennsylvania is among the upper 15 States
in the region, ranking 11th with an average rate of’ 2.5
lb S02/MMBtu.

Pennsylvania utilities may also be of particular con-
cern due to current State regulations governing fuel cost
increases and calculated revenue requirements. While
Florida and Michigan utilities are allowed monthly fuel
cost adjustments, those in Pennsylvania are allowed only
one per year.

Utilities in Michigan are allowed relatively low
ROCEs, while 100 percent of CWIP is allowed in the
rate base; both Florida and Pennsylvania allow’ above-
average ROCEs, but  Florida allows ‘‘varying’ amounts
of CWIP in the rate base, while Pennsylvania includes
only small portions of CWIP. The remaining five States
in the ‘ ‘highly vulnerable’ category rank so low in cur-
rent emissions as to make the probable effect of addi-
tional control requirements on their utility sectors quite
small.

Utilities in an additional eight States are characterized
in table A-29 as having above-average rates of’ return
and relatively low bond ratings for 1980 (CO1. C), sug-
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gesting potential concerns for long-term profitability. Six States are identified in table A-30 as having rela-
Four of these States combine heavy reliance on coal- tively high bond ratings, but low rates of return, for
fired plants with high average S02 emission rates from 1980. Of these, Indiana combines strong coal depend-
these plants: Georgia (2.9 lb/MMBtu), Missouri (4.6), ency with a very high coal-fired, S02 emissions rate (4.2
Ohio (3.9), and West Virginia (2.7). A fifth State, New lb/MMBtu), while Illinois has both moderate coal de-
Hampshire, relies on oil-fired plants for more than half pendency and a relatively high emissions rate (3.1 lb/
its generating capacity, and has an average oil-fired MMBtu).
emissions rate of 2.1 lb/MMBtu.


