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ABSTRACT

The objectives of this study are: (1) to assess the potential
of fuel cleaning, fuel conversion and emission control technologies, in
conjunction with the use of naturally clean fuels, to reduce air emissions
from fuel/energy processes sufficiently to maintain ambient air quality in
the face of increasing fuel use between now and the year 2000, and (2) to
recommend reséarch and development priorities which will enhance the
probability of successful fulfillment of the dual national goals of an
adequate energy supply and clean air.

The assessment includes three phases: (1) calculation of total
emissions and effluents produced by fuel-burning systems to the year 2000
according to three different scenarios, (2) analysis of the impact of
emissions on ambient air quality, and (3) development of an overall index
for comparison of the potential usefulness of the energy technologies under
consideration.

The results show that energy technologies must be developed and
implemented as rapidly as possible to maximize the use of domestic fuels,
principally coal, and reduce our dependence on imported oil. Research and
development priorities for various energy technologies were developed.

The disproportionate impact of emissions from small sources on ambient air
quality is demonstrated and recommendations pursuant to this problem are

presented.
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CONCL.US TONS

The major rvesults of this study may be summarized as follows.
(1) The basic fuel supply/demand forecasts of Dupree and West(l)
were combined with z clean-fuel supply projection and a preliminary
technology aveilability projection to develop az fuel utilizatiom matrix.
Tnis metrix shows that there is expected to be a shortage of clean fuel

nd available energy technology resulting in the need to burn some dirty

m

fuel without control in 1975 and 1980. The Dupree and West forecasts
include large quantities of imported petroleum and gaseous fuels. Energy
technologies must be developed and implemented as rapidly as possible to
minimize this dependence on foreign fuel supply by maximizing the use of
derestic fuel, princiaplly coal.

(2) The totzl emissions to be expected from the combustion of
the projected quantities of fuel were calculated. The results show that,

with the preliminery techmology projection, about 29 million toms of 802

=

ill be emitted im 1973, 18 million toms or 37 percent legs in 1980, and

20 miliion tons in 2000. The reduction observed by 1980 znd the moderate
increzse to the yvear 2000, in spite of a large increase imn the fuel
consunption projected during the period, are due to the assumed application
of control technology. The effect of the applied technology in reducing

emicsions of S0, was estimated by repeating the calculation assuming no

]

[

w
s

ied comtrol technology. The observed reduction in S0, emissions was
4,5 million tons in 1975, 19 milliom tons in 1980, 29 million toms im 1985,

m}:‘
znd 46 willion toms inm 2000, The total NOX emissions were shown to rise
stezdily throughout the period--18 million toms in 1975 to 27 million toms
in 2000--reflecting the increase in fuel consumption and the lack of
evzilable NO_ control technology. The total particulate emissions are

steli-=2,3 to 4.7 million toms from 1975 to 2000--compared with S0, and NO_ .

2
This results from the assumption of 99 percent collection efficiency for
particulates., The techmology is available for achieving this efficiency
but it is not umiversally practiced at this time., The estimates of

perticulate emissions do not include fine particulates,



(3) The potential impact of the total SO2 emissions on ambient

air quality was estimated by means of a model study of the Indianapolis
Air Quality Control Region. The results indicate that, for Scenario 1l
(allocation of clean fuel to small-source sectors), the maximum contribution
to SO2 concentrations from fuel combustion sources decreases from 1975

to 1980 because of the projected increase in the application of stack gas
cleaning, then rises to slightly above the secondary standard by the
year 2000 because of the projected increase in overall fuel use. For
Scenario 3 (some dirty fuel burned in small-source sectors), the same
trend occurs but the values are more than twice the Scenario 1 values

in each year. This result reflects the disproportionate influence of
small sources on ambient air quality. It should be noted that the result
is merely an estimation of the impact to be expected for that AQCR given

the projected growth in fuel consumption and available control technology.
(4) An assessment was made of the potential of energy

technologies to contribute to the solution of the energy/environment
problems. Each of ten technologies was evaluated with respect to six
assessment criteria: residual emissions, availability, applicability,
cost, energy efficiency, and probability of successful development. The
final assessment yielded the following ranked order of technologies:

Highest rated group

Stack gas cleaning, throwaway

Physical coal cleaning
Stack gas cleaning, by-product

Second group

Residual oil desulfurization

High-pressure fluidized-bed combustion of coal

Chemically-active fluidized-bed combustion of oil
Third group

Chemical coal cleaning

Fourth group

Coal gasification, low Btu
Coal refining (liquefaction)

Coal gasification, high Btu

2



(5) Recommendatione of technology research and development
were made based on the needs identified in this study and the techmology

assessment performed.



RECOMMENDATIONS OF TECHNOLOGY RESEARCH PRIORITIES

The recommendations which follow were developed from the assess-
ment of technologies which are in competition for the market for systems
which are capable of utilizing coal or residual oil with minimum environ-
mental impact. It should be noted that the assessment was based mainly on
factors relating to overall characteristics of the technologies and
detailed assessment of problems to be solved to perfect each technology
was not made. The ratings are based in large part on what the technologies
could contribute if the needed development is successful. Also they did
not take into account other factors, e.g., processes for production of
high Btu gas from coal are the only source of gas to supplement dwindling
supply of domestic gas supplies which are essential for use in homes and
commercial applications. Further, it does not consider that while
optimistic assumptions relative to future availability suggest that most
air pollutants can be kept under control without maximum development of
all technologies, this can be achieved only if we have access to
increasing supplies of imported oil and gas. The undesirability of heavy
dependence on foreign fuel sources suggests that all technology with
promise for utilizing coal with minimum environmental impact should be
developed as rapidly as possible. Finally, it should be noted that
advanced technologies such as fuel cells, use of solar energy and the
like were not considered. Despite these limitations it is felt that the
striking differences in the ranking suggest that certain activities are
of outstanding importance from the standpoint of air pollution control.
The following list defines priorities for further development of the
technologies which have been assessed. The general recommendations
are in order of priority. Specific projects which are suggested under
each recommended area of R&D represent work felt to be of considerable
importance but they cannot be taken to represent highest priority
recommendations in that no comprehensive analysis of the relative merits

of individual projects was made.



The significance of emissions from small sources is demomstrated
in the body of the report by the calculations of predicted ambient air
guelity. This problem must be' attacked in two ways:

(1) Maximize the allocation of clean fuels to small

sources. This solution is addressed in Recommenda-
tions 1, 2 and 8, ‘

(2) Accelerzte the development of energy téchnologies

applicable to small- and intermediate-size sources.
This solution is addressed in Recommendations 3, 6,
7 and 8.

(1) Detailed analysis of current and projected clean fuels distribution
and constrzints on fuel switching flexibility to identify ways to
mewimize the allocation as clean fuels to small sources

(2) Identify important misplaced blocks of clean fuel

{(v) Identify barriers to fuel switching such as long-

term fuel supply comtracts, outright ownership of
fuels, azvailability of replacement fuels, and
aveilability of clean fuel supply network.

(2) Stack gas cleaning for utilities and industrial sources of S0y to
meximize the use of domestic high sulfur fuel and free clean fuel
for use im smell sources

(&) Engineering evaluation of sludge disposal methods

(demonstration desirzble)

(b) Enginecering evaluation of the reliability of the

eleven lime/limestone systems on-stream Or coming
on~stream prior to July, 1974

(c¢) Demonstrations on industrial sources
(3) Fluidized~bed combustion

{(2) Developmental studies on presently identified critical

probliems in fluidized combustion of coal, including

solide handling, minimization of attrition and elutriation
of bad meterials, maximizing combustion efficiency and
gorbent utilization, and cleaning of hot gases to minimize

turbine demage in combined cycle application.

5



(b)

(c)

(d)

Demonstration of fluidized-bed combustion of high-sulfur
residues. Coal cleaning and coal gasification/liquefaction
processes result in combustible, high-sulfur residues

which could be burned in a fluidized-bed combustor. A
number of stack gas cleaning methods may be applied

because of relatively high concentration of SOZ' This
approach would reclaim the fuel value of the residues
while eliminating the residue disposal problems.
Chemically-active fluidized bed - refinery demonstration.
A refinery generates significant quantities of "dirty"
fuel which could be burned on-site in a chemicall-active
fluidized bed to provide needed energy to the refinery.
Chemically-active fluidized bed - lime kiln (once through)
demonstration. Energy for lime kiln operation could be
derived from residual oil burned in a chemically-active
fluidized bed. The lime bed would not be recycled but

would be simply included in the product mix.

(4) Control technology for NOX. Adequate means for controlling emissions

(3)

of NOX are not available. This important area must be emphasized.

(a)

(b)

Development of coal firing techniques and combustion
modifications to minimize NOx emissions
Development of techniques for minimizing the conversion

of fuel nitrogen

Combined firing of prepared municipal refuse and pulverized coal.

Although this approach was not considered in the current study,

it has potential for providing an additional supply of energy

with reduced emissions at relatively low cost while eliminating

the solid waste disposal problem. The application of this practice

should be accelerated as rapidly as possible.

(a)

(b)

()

Engineering study of means of adapting various types of
existing boilers to combined firing

Supplement St. Louis study to develop optimum refuse
preparation techniques

Studies of high-temperature corrosion by gases from

refuse/coal firing



(6) Chemicel clezning of coal
(2) Development of chemical processes capable of removing

2ll or part of the organic sulfur contained in the coal

ih

(b) Development of chemical processes capable of removing
all or part of the coal-bound nitrogen .
(7) High Btu (pipeline) gas from coal
(2) Development of systems for feedinmg coal into
pressurized systems
(b) Development of envirommentally acceptable methods of
char combustion (see fluidized-bed topics)
(8) Low Btu gas from cosl
(2) Denmonstration of low Btu gasifiers om industrial plants
now using low sulfur fuel. This application would free
large zmounts of natural gas and fuel oil for use in
the residential/commercial sector.
(b) Development of low Btu gas cleaning systems suitable

for industrisl applications



INTRODUCTION

The United States is faced with the need to satisfy a rapidly
rising demand for energy. This demand must be met through the year 2000
by increased use of fossil fuels supplemented by the anticipated growth
in electric power production by nuclear-fission generating facilities.
Advanced energy sources such as solar energy conversion, nuclear fusionm,
geothermal, magnetohydrohynamics, and fuel cells are not expected to
contribute a significant fraction of the total energy supply through the
year 2000.

Consideration must be given also to the potential for added
environmental damage inherent in the increased use of fossil fuels to
satisfy our energy requirements. Methods to maximize the use of coal in
environmentally sound ways must be developed to prevent excessive depen-
dence on foreign sources of clean-burning, petroleum-based fuels. The
United States Environmental Protection Agency, other government agencies,
and certain industries have a number of research and development efforts
in progress which are directed toward minimizing the pollutant emissions
associated with the conversion of fossil fuels to useful energy. These
efforts fall into three categories: fuel cleaning processes, fuel
conversion processes, and emission control techniques. The objectives
of this study are: (1) to assess the potential of these developmental
technologies, in conjunction with the use of naturally clean fuels, to
reduce air emissions from fuel/energy processes sufficiently to maintain
ambient air quality in the face of increasing fuel use between now and
the year 2000, and (2) to recommend research and development priorities
which will enhance the probability of successful fulfillment of the dual
national goals of an adequate energy supply and clean air.

The technologies specifically considered in this study are:

Fuel cleaning

(1) Physical coal cleaning
(2) Chemical coal cleaning

(3) Resid desulfurization



Fuel conversion
(4) Cozl refining
(5) Coal gasification, low Btu
(6) Coal and oil gasification, high Btu
Emission control technologies
(7) Stack gas cleaning, throwaway
(8) Stack gas cleaning, by-product
(9) Fluidized-bed combustion of coal
(10) Chemically active fluidized-bed combutsion
of oil.
Tnese technologies, 21l directed toward the production of energy with
recduced air emissions, are referred to collectively as energy techmolo-
gies throughout this report.
The comparison of technologies from the standpoint of their con-

tribution to improved air quality involved three steps. First, Department

Q

f Interior estimztes of future usage for fossil fuels (coal, oil, and gas)
by constming sector (vesidential/commercial, industrial, utility) were
anzlyzed to determine what emissions and effluents fuel burning systems
would produce. with and without control technolgoies applied, to the year

2000, Three scenarios were considered in this step. In the first all

m
NS

v

fi1

leble supplies of low-sulfur fuel were assumed to be burmed in the

(a8

£l

omestic, commercial, and industrial sectors and available coantrol

technologies assumed to be afplied to control of utilities. Estimates for

the date of availsbility and extent of the applicability for the control

technologies were based on expert opinion. For Scenario 2 mass emissions
1 effluents which would result if no comntrols were applied were

calculated for comperison purposes. In Scenario 3 the assumptions were

He
[a¥
o

itical to those of Scemario 1 except that part of the high-sulfur fuel
which was assumed burned in utilities, because clean fuels and comtrol

syetems were not zvailable, was assumed to be burned in nonutility systems.



The second step involved analysis of impacts on ambient air
quality under conditions that would show the different impact which would
result when a balance of "dirty" fuel, burned without control, was burned
partly in small sources with short stacks as opposed to burning the
entire balance in utility boilers with tall stacks. The source inventory
for the Indianapolis air quality control region was used for this comparison.
The population of processes included 11 utility boilers, 19 industrial
boilers burning 12,500 to 50,000 tons of coal per year, 25 industrial
boillers burning less than 12,500 tons of coal per year, 7 noncombustion
sources of sulfur oxides, 165 other point sources and 207 area sources.
Model studies were conducted to show the impact of each class of process
on selected receptors. Conditions were chosen to permit a direct com-
parison of alr quality impact with and without fuel distribution control
which would make it possible to use all dirty fuel in utilities where it
would do least harm.

The third step involved development of an overall index for
comparison of the potential usefulness of the control technologies under
consideration. Six criteria were used for a broad comparison of the
technologies. They were (1) date of availability, (2) extent of the
applicability, (3) the magnitude of uncontrollable residual emissions
and effluents, (4) energy efficiency for the system, (5) cost to develop
and apply the technology, and (6) probability of success in development
of the new technologies. The ratings were based on expert opinion and
were derived using methods intended to make them as objective as possible.
They are not based on detailed investigations, e.g., probability of
success ratings were based on the assumption that processes under develop-
ment have come to their present stage by logical means involving rational
judgments by the developers so that probability of success is mainly
a function of how much additional development work is necessary. Judgments
were made more on the amount of data believed available than on quality of

the data and investigation of specific problems yet to be solved. The

intent was to consider dominant characteristics for each technology

and make quantitative comparisons of those most important to definition

of R&D needs.
10




The fourth step involved development of R&D recommendations.
These were based on the estimated importance of the technologies in control
of environmentzl pollution from energy production without excessive

derendence on foreign sources of fuel.



PROJECTED TOTAL EMISSIONS FROM FUEL

COMBUSTION IN STATIONARY SOURCES

The calculation of total emissions from fuel combustion requires
a projection of fuel use, a fuel allocation assumption, a set of energy
technology availability projections, and unit emission factors for each
combustion process. All of the calculations in this study employ the
fuel-use projections contained in the energy supply/demand forecast of
the Department of the Interior by Dupree and West.(l)* This energy fore-
cast gives the projected consumption of energy resources by major sources
and by consuming sectors for the years 1975, 1980, 1985, and 2000. The
energy sources include: coal, petroleum, natural gas, nuclear power,
and hydropower. The consuming sectors include: residential/commercial,
industrial, transportation, electrical generation, and synthetic gas.

For the purposes of this study the transportation sector was excluded
since only stationary sources were considered. The inputs to the syn~
thetic gas sector were combined with the inputs to the residential/
commercial and industrial sectors, as indicated in the Dupree and West
forecast. Finally, nonfuel uses of coal, petroleum, and natural gas were
excluded. The total energy forecasts used in this study thus include the
fossil-fuel inputs to the residential/commercial, industrial, and electri-
cal sectors less the nonfuel uses as denoted by Dupree and West.

The total emissions resulting from the combustion of the
quantities of fuels projected depend upon the nature of the fuel consumed,
the manner in which the combustion takes place, and the degree of
emission control applied. A portion of the projected fuel supply can
be classified as clean fuel, i.e., fuel which can be burned without need
for advanced emission control. Clean fuel supplies include natural gas,
low sulfur coal, and low sulfur residual oil. The remainder of the fuel
to be used is referred to as dirty fuel, i.e., that which requires the
application of some energy technology if ambient air quality is to be

maintained.

*References are listed on page 98.
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Totzl emissions were calculated for three diffevent scenarios
which incorporzte variations in the allocation of clean fuels and in the
encrgy technology applied. The quantities of coal, petroleum, and
naturel gas consumed in each sector and, therefore, the total quantities
of each fucl zre identical in each scenario. The assumptioms, calculations,
end results pertaining to each scenario are detailed in the following

ections.,

tnh

Scenaric 1. Assumed Application of Energy
Technologies, Preliminary Projection

Fusel Allocation Assumptions

The manner in which various fuels are allocated has a bearing
T the totel emissions in view of the fact that, in general, different
emission fzotors are associated with different classes of combustion
sourcss. An optimum fuel application strategy would assign clean fuels
to smzller sources, which are unable to épply advanced emission control,
and provide energy techmologies for large sources. The fuel allocation
for Scenario 1 was bazsed on this premise. The supply of clean fuel was
erbifrerily ellocated to the residential/commercial sector first, to the
industrial sector mext, and any residual clean fuel was assigned to the
electrical sector. It may be noted that the projected clean—fuel supply,
presentec iz the following section, is sufficient to satisfy the
residentisl/commercizl and industrial sectors through the year 2000.
Scenzric 1, dirty fuels were employed, with and without applied
energy techmologzy, only in the electrical sector. In this context,

nzd cezl end high Btu gas from cozl or 6il were inciuded in the clean

n
'—.l
I\
N
W

fuel supnly znd both are zllocated to the residential/commercial and

industrisl ssctors.

13



Clean Fuel Supply Projection

The supply of clean fuel was estimated for 1975, 1980, 1985,
and 2000 based on information available to date. The clean fuel supply
projected in this section includes the naturally clean fuels such as
natural gas, low sulfur coal, and products of normal refinery processes
(distillate fuel o0il and low sulfur resid) and cleaned fuels such as
cleaned coal and desulfurized resid. Synthetic gas was also included
since it can be substituted for natural gas and does not require on-site
utilization. Only the quantities available for fuel uses in three
sectors were projected: the residential and commercial sector, the

industrial sector, and the utility sector.

Gaseous Fuel. A gaseous fuel supply was projected according to

(1)

Dupree and West, and the result is shown in Table 1. The domestic

supply accounted for 96 percent of the total supply in 1971. The fore-
cast, however, indicates that by 2000 the supply will rely considerably

on imports (approximately 28 percent of the total supply). Synthesis of
high Btu gas from coal and oil is projected to be developed and commercial-

ized by 1980,

Petroleum. Among various petroleum products, distillate and
residuals fuel oils were allocated to fuel utilization in the three
sectors under consideration. Lighter fractions such as gasoline and
jet fuels would be used for transportation, and other fractions would
be used for petrochemical feedstocks, asphalt, or other nonfuel purposes.

Distillate fuel oil is a clean fuel which contains less than
one percent sulfur by weight. Minerals Yearbook 1973(3) indicated that
distillate fuel o0il accounted for 17.5 percent of the total consumption

of petroleum product in 1971. 1In this projection, the ratio was assumed
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TABLE 1. PROJECTION OF CLEAN GASEQUS
FUET, SUPPLY(®) (Unit; 1012 Btu)

Year

Fuel 1975 1980 1985 2000
Domestic Natursal 22,600 . 23,000 22,500 22,900
Gasg
Domestic Syathetic 700 2,000 5,500
Gas
Totzl Domestic 22,600 23,700 24,500 28,400
Supply
FPipeline 2,100 3,100 4,200 7,600
Tmports
LNG Tmports 500 900 1,700 3,500
Total Importe 2,600 4,000 5,900 11,100
Total Supply 25,200 27,700 30,400 39,500
Nonfuel and 1,700 2,200 2,400 3,500
Trensvortation Uses
Total Gaseous Fuel 23,500 25,500 28,000 36,000

Supply

(2) Source: Reference 1
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to hold for the forthcoming years to 2000. The distillate fuel oil
(1)

supply was then estimated by using Dupree and West's projection of
total petroleum supply. The results are given in Table 2.

The low sulfur residual fuel o0il (low sulfur resid) is defined
as residual fuel oil containing less than 1 percent sulfur by weight.
The limit of 1 percent sulfur content was restated as 0.5 percent for the
2000 projection because the projected increase in total fuel utilization
will require a lower limit to maintain acceptable ambinet air quality.
Such residual fuel oil is obtained either as a product of petroleum
refining or by desulfurizing high sulfur residual fuel oil.

(%) the

According to the study by Hittman Associates, Inc.,
domestic supply of low sulfur residual fuel oil was 0.17 x 106 bbl/day
in 1970 and the foreign supply was 0.9 x 106 bbl/day. The corresponding
supplies of low sulfur residual fuel o0il containing sulfur less than 0.5
percent were 0.04 x 106 bbl/day and 0.39 x 106 bbl/day for domestic and
foreign sources, respectively. The foreign supply was mainly from South
American refineries. An annual growth rate of 10 percent was estimated
for the supply until 1980 and then the rate was assumed to decrease to
5 percent through 2000. Based on this information, the supply projection
was made as shown in Table 2. The initial rapid increase in supply is
attributed to the facts that the U. S. fuel demand for the industrial and
electrical sectors will depend heavily on low sulfur resid until other
fuel-cleaning or conversion technologies become commercialized; and that
South American refineries are apparently willing to invest in, construct,
and operate desulfurization plants. Such facilities are projected by

Hittman to grow at the annual rate of 15 percent until 1980.

Coal. Low sulfur coal is defined as coal containing less than
1 percent sulfur by weight on dry basis. As in the case of residual oil,
this definition was restated as 0.5 percent sulfur for the 2000 projection.
Generally, the sulfur content of coal varies depending on the location of
the coal basin and the type of coal. Hoffman, et. al.(s) conducted a

survey of coal availability by sulfur content.
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TABLE 2. PROJECTION OF CLEAN PETROLEUM FUEL SUPPLY

Year

1975 1980 1985 2600
Distillate Fuel 0il,
in 106 bbl 1,070 1,280 1,540 2,190
i
in 10 Beu 6,200 7,500 9,000 12,800
Low Sulfur Residual
Fuel 0il (< 1,0% 8),
in 106 bbl 630 1,010 1,290
3
in 10%7 Btu 3,800 6,100 7,700
Low Sulfur Residual
Fuel 0il (< 0.5% 8),
in 10° bbI 925
12
in 1077 Bru : 5,500
Toetel Clezn Petroleum
Fuel Supply.,
7
in 101” Btu 10,000 13,600 16,700 18,300

(&) Heating velue of

distillate fuel oil is 5,825,000 Btu/bbl.(z)
(b) Hezting value of low sulfur residual fuel oil is 6,000,000
Bru/bhl,(2) .



The domestic production of coal in 1971 by states is summarized
in Minerals Yearbook 1971(3). To obtain the production of low-sulfur
coal for the year, the coal production of each state was reclassified
into several groups based on the sulfur content according to the informa-

(5)

tion obtained by Hoffman, et al. From this data the ratio of low
sulfur coal to total coal production was obtained to be about 0.33 in
terms of heating value. The corresponding ratio for low sulfur coal
containing sulfur less than 0.5 percent was about 0.17. A low sulfur
coal supply was projected according to Dupree and West's(l) projection
of the total coal supply by assuming that the ratios hold for the forth-
coming years. The results are shown in Table 3.

A supply projection for cleanable coal was made by a similar
approach. However, in this projection, the supply of coal with sulfur
contents ranging between 1 and 1.5 percent (or 0.5 and 0.75 percent for
the year 2000) was estimated. Such coal would yield <l percent sulfur
(or <0.5 percent sulfur) if coal cleaning methods are assumed to remove

about 35 percent of sulfur in coal, a nominal effectiveness for coal

cleaning. Actual sulfur removal varies greatly with coal type and with

the form of sulfur present.

Preliminary Energy Technology Availability Projection

In calculating the total emissions to be anticipated from the
projected use of fuels, it is necessary to specify how the fuels are to
be utilized. For this purpose a preliminary projection was made of the
availability of the various energy technologies. This preliminary pro-
jection is shown in Table 4. The projected application of each technology
is given in units of lO12 Btu. These units can be converted to equivalent
electrical-generation capacity as follows: assuming a heat rate of 104
Btu/kwhr and a load factor of 68 percent, a 1000-MW power plant burns about
60 x lOlthu/yr or, conversely, 1000 x lOlthu/yr is equivalent to about

16,800 MW of electrical generation capacity. For some technologies the

projections are based on published information. For others the projections
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TABLE 3. PROJECTION OF CLEAN COAL FUEL
SUPPLY (Unit; 10%2Beuw)

Year

1975 1580 1985

Fuel

2000

Low Sulfur Coal 5,400 6,200 8,200
K 1% 8, dry basis)

Low Sulfur Coal

6,100
(< 0.5% S, dry basis)

Cleznable Coal 1,800 2,100 2,800
(< 1% §, dry basis)

Cleanahle Coal

2,900
(< 0.5% S, dry basis)

e
{

s}

tal Low Sulfur Coal 7,200 8,300 11,000 9,000

i9




were obtained by estimating the year of first commercial availability, the

capacity which might be available in the following reference year, and
finally the growth rate which might be achieved during subsequent periods
of time,

The application values entered in Table 4 for gasification of
coal (high Btu) were taken directiy from Dupree and West after converting
their energy input values to outputs by the assumed conversion efficiency

of 70 percent.

Projections of the availability of flue gas scrubbing technology
vary widely from source to source. The Sulfur Oxide Control Technology
Assessment Panel (SOCTAP),(6) the Mitre Corporation,(7) and EPA's Office
of Planning and Evaluation (OP and E)(S) have made such projections which

are summarized in the following tabulations:

1975 1980
Cumulative Approximate Cumulative Approximate
Installed Equivalent Installed Equivalent
Source Capacity, MW in 1012Btu Capacity, MW in 1012Btu
SOCTAP 10,000 600 161,000 9,700
Mitre Corp. 15,000 900 116,000 7,000
OP and E 25,000 1,500 45,000 2,700

The mean between the SOCTAP and the Mitre projections for 1975 and the
Mitre value for 1980 (near the mean of the other two) were chosen for the
projection in Table 4. The references cited above did not include
projections beyond 1980. For this projection it was assumed that the
growth rate would decline between 1980 and 1985 and that the total installed
capacity would be less in the year 2000 than in 1985. The rationale for
this assumed growth pattern is that, in the absence of sufficient alterna-
tive energy technology, flue-gas cleaning should grow as rapidly as
possible through 1980; then the growth rate may be expected to reverse
with the advent of fuel conversion and alternative combustion modes. This
projection is optimistic in two respects. It assumes that improved
technology will be developed and introduced very rapidly. Also, it assumes

that large quantities of foreign oil will be available to meet clean fuel
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TABLE 4, DPRELTMINARY TECHMOLOGY AVAILARLLITY PROJECTIONS

' ) .2
Year of 1lsat Year of Coum Proiected Application, 101 Btu
Techaology Comm-Size Plant:  Avallability 1975 1980 1985 2000
Coal Gasification,
low Btu~Conv. Boiler 1978 1983 -- -~ 480 3900
Coal Gasification-High Btu 1977 1979 - 300 (™ 1400®) 5000 (*)
Coal Liquefaction 1980 1984 .- - . 300 2500
Fluidized-~Bed Combustion
of Coal 1977 1983 -- - 400 3000
Flue-Gas Cleaning 1968 1975 . 750 7006 9000 5500
Throwawvay 610 5000 6230 2800
By-Product 140 2000 2760 2700
Chemically Active '
Fluidized-Bed (0il) 1977 1979 -— 200 1000 3000
Nuclear | 2560(®) 6720 11,750 49,230

(a) Dupree and West, Reference 1,



needs. If new coal-based technologies are not developed on the assumed

schedule flue-gas cleaning could continue to grow until nuclear plants
start to dominate in production of electrical energy. Further, even if
new coal conversion technologies are developed at a very rapid rate
their contribution will be small compared to projected deficits of
domestic liquid fuels. Thus, the pressure to avoid over-dependence on
foreign energy supplies could result in expansion of flue-gas cleaning
beyond the estimated levels. The breakdown between the availability of
throwaway and by-product processes for flue gas cleaning for 1975 is based
on the approximate ratio (80/20) found to exist for those installations
under construction or planned. For the later years the proportionate
availability of by-product processes was assumed to increase, and the
ratios, 70/30, 60/40, and 40/60, were chosen for 1980, 1985, and 2000,
respectively.

Coal cleaning was not included in this projection. Quantities
of coal cleanable to 1 percent sulfur or less were included in the clean
fuels projection. Physical cleaning methods are available now for treating
such quantities of coal. Similarly, desulfurized residual oil was in-

cluded in the clean fuels projections.

Fuel Utilization Projections

The overall fuel use projected by Dupree and West(l> was combined
with the fuel allocation and technology availability assumptions discussed
previously to provide a matrix of projected fuel utilization. The results
are presented in Tables 5, 6, and 7 for the residential/commercial,
industrial, and electrical sectors, respectively. For each sector the fuel
utilization is shown for type of fuel and energy technology applied (if any).
The subtotals for each fuel type equal the projected fuel use for each sector
as given by Dupree and West. The totals of clean fuels are equal to the
totals projected in Tables 1, 2, and 3, and the extent of each applied
energy technology is equal to that projected in Table 4. It should be

noted that the supply of clean fuel is sufficient to meet the residential/

commercial and industrial sector demand in each time period.
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TABLE 5, PUEL DTTLYZATION PROJLCTTON TOR RESTIDENTIAL AND COMMERCTIAT, SECTOR(a)

Scenario 1

Fuel Utilization Projection, 1012 Btu

Tuel/Technology 1975 1980 1985 2000
Natural Gas (Clean Tuel) 8,660 9,480 10,060 10,800

Petroleum
Distillate Fuel 0il (Clean Fuel) 5,750 6,440 7,480 9,520
Gasification, High Btu Gas 0 183 282 240
Subtotal 5,750 6,623 7,762 9,760

Coal

Low Sulfur Coal (Clean Fuel) 325 300 100 0
Gasification, High Btu Gas 0 137 658 2,400
Subtotal 325 437 758 2,400
Total 14,735 16,540 18,580 22,960

(a) Excludes electricity purchased and non-fuel uses,




7¢

(a)

TABLE 6. FUEL UTILIZATION PROJECTION FOR INDUSTRIAL SECTOR
Scenario 1
Fuel Utilization Projection, 1012 Bty
Fuel/Technology 1975 1980 1985 2000
Natural Gas (Clean Fuel) 11,040 11,750 12,440 17,040
Petroleum
Distillate Fuel 0il (Clean Fuel) 450 1,060 1,520 3,280
Low Sulfur Resid (Clean Fuel) - Domestic 560 530 650 740
Low Sulfur Resid (Clean Fuel) - Imported 2,900 2,820 3,430 3,800
Gasification, High Btu Gas 0 217 318 260
Subtotal 3,910 4,627 5,918 8,080
Coal
Low Sulfur Coal (Clean Fuel) 3,340 3,410 3,610 3,970
Cleanable Coal (Clean Fuel) 1,110 1,140 1,210 1,330
Gasification, High Btu Gas 0 _ 163 742 2,600
Subtotal 4,450 4,713 5,562 7,900
Total 19,400 21,090 23,920 33,020

(a) Excludes electricity purchased and non-fuel uses.
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TABLE 7, TULL UTTTLTZATTON PROJEGTLON TOR ELECTRICATL SECTOR

Scenario 1

Tuel Utilization Projection, 10'2 Bru

Miel/Technology 1975 1980 1985 2000
Matural Gas (Clean Tuel) 3,800 3,600 3,450 2,640
Petroleum
Low Sulfur Resid (Clean Fuel) -~ Domestic 40 450 580 160
Low Sulfur Resid (Clean Fuel) - Tmported 300 2,300 3,040 800
Chemically Active Fluidized Bed 0 200 1,000 3,080
High Sulfur Resid with Stack Gas Cleaning 50 350 2,030 1,000
High Sulfur Resid without Control 3,190 1,700 0 0
Subtotal ‘ 3,580 5,000 6,650 5,040
Coal
Low Sulfur Coal (Clean Fuel) 1,735 2,490 4,490 2,130
Cleanable Coal (Clean Fuel) 690 960 1,590 1,570
Fluidized-Bed Combustion 0 0 400 3,000
Gasification, Low Btu Gas 0 0 480 3,820
Liquefaction 0 0 300 2,500
High Sulfur Coal with Stack Gas Cleaning
Limestone Serubber 560 4,650 4,200 1,800
MgO Scrubber 140 2,000 2,760 2,700
High Sulfur Coal without Control 5,775 560 0 0
Subtotal 8,900 10,660 14,220 17,520
Total 16,280 19,260 24,320 '25,200




The combined clean fuel supply and energy technology is insuf-
ficient to meet the total energy demand in 1975, so that a quantity of
dirty fuel is assumed to be burned without control in that year. Similarly,
in 1980, a small deficit remains. However, with the assumed projectionms,
the clean fuel supply plus the energy technology availability is sufficient
to meet the demand for both 1985 and 2000 so that no dirty fuels are assumed

to be consumed without control in those time periods.

Projected Total Emissions - Scenario 1

In calculating total emissions to be anticipated from the
projected use of fuels for energy, the emissions arising from the entire
fuel/energy cycle were included. Following the methodology of an earlier
study carried out for the Office of Research and Development of EPA,(Z) a
modular approach was employed in which individual modules, consisting of
extraction, transportation, conversion, or utilization phases of the

fuel/energy cycle, were appropriately combined into systems characteristic
of each mode of fuel utilization. The modules chosen for each system are

listed in Table 8. Each fuel/technology combination included in the fuel
utilization projections (Tables 5, 6, and 7) is included in Table 8 together
with the corresponding chosen modules.

Some simplifying assumptions were made in order to keep the
number of different systems to a manageable size. All residential/commercial
sector fuels were assumed to be used for space heating. All industrial
sector fuels were assumed to be used for on-site electrical generation or
for steam raising. It was further assumed that the emission factors for
fuels used to fire a steam raising boiler are equivalent to those associated
with a steam-electric boiler. The principal exception to the fuel use
assumption is the significant fraction of coal used in the industrial sector
for the production of coke. There are a number of coal gasification
processes under development. Only the Hygas process was included for
high Btu gasification of coal and the Lurgi process was used for low
Btu. Limestone scrubbing was selected for the throwaway type of stack-

gas-cleaning technology and the MgO process was used to represent the

by-product type.
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TADLE & . MODULYS COIPRTSING TUTLL/TRCHNOLOGY SYSTEM]
Saznario
N e P e =
Modules
Tuel/Technalogy Gyatem 'itraction Transporr Processing/Conversion Transpo-r Uriltza: ton
RESIDEHTTAL AND COYMTPCTIAL SHOTOR
Hatural fas (Clean Fael) Gan Well None Desulfurization Gas Pdpoline Space Heating
Tatrnlaun
Dlarillate Touel 0LL (Clean Tnal)  OL1 Well 0il Tipeline M.5. Refinery None Space Heating
Cast floatlon, Wigh Rta Gan 0Ll Well 011 Pipeline Gasification Gas Plpeline Space Heatlng

Coal
Low Sulfur Cnal (Glean Fuel)
Gasdficatlan, IHph Bru Gas

INDUSTRLAL SECTOR

Natural Gas (Clean Fuel)

Patroleumn
Dist{llate Tuel 011 (Clean Fuel)
Low Sulfur Resid (Clean Fuel)
Low Sulfur Resid (Cleam Fuel)
Gasificutian, High Btu Gas

Loal
Low Sulfur Coal (Clean Tuel)
Cleanable Coal (Clean Fuel)
Gasificaltion, High Btu Gas

ELECTRICAL SECTOR

Natural Gas (Clean Fuel)

Patroleum
Low Sulfur Resid (Cleen Fuel)
Low Sulfur Resid (Clean Fuel)
Chem. Act. Fluldized Red

High Sulfur Resid with Stack
Cas Cleaning ’

High Sulfur Resid without Control

Coal
Low Sulfur Coal (Clean Fuel)
Cleanahle Coal (Clean Tuel)
Fluidized Bed Combustion

Gasification, Low Btu Gas

Liquefaction

High Sulfur Coal with Stack
Gas Cleanling

High Sulfur Coal with Stacl
Gas Cleaning

High Sulfur Coal without Control

Coal Mina
Coal Mina

Gag Well

011 Well
011 Well
Import

01l Well

Coal Mine
Coal Mine -
Coal Mine

Gag Well

011 tell
Import
Import

Import

Import

Coal Mine
Coal Mine
Coal Mine

Coal Mine
Coal Mine

Coal Mine

Coal Mine

Coal Mine

Ratl
Rail

Hane

011 Pipoline
011 Pipcline
Inport
041 Pipeline

Nail
Hone
Rail

Hone

011 Pipelire
Import
Import
Import

Import:

Ratl
None
Rall

Rail
Rail

Rail

Rail

Rail

Neme
Hygas

Desulfurization

1.5, Refinery
".5, Refinery
Import
Gagilfication

None
Physical Cleaning
Hygas

Desulfurization

U.S. Refinery
Import
Import

, Import

Import

Hone
Physical Cleaning
None

Lurgi Gas
Liquefaction

None

None

Hone

Mo
Gas Pipeline

Gag Plpeline

None

Barg:2

Tanker
Gag Pipeline

None
Rail
Gas Pipeline

Gaa Pipeline

Baxg:
Tankes
Tanke z

Tanlker

Tanker

None
Rail
None

None
None

None

None

Jone

Spaes Hearing
Space Heating

Conv, Roller

Conv. Bolley
Conv. Bollexr
Conv. Boller
Conv, Boiler

Conv., Beiler
Cornv, Beiler
Conv, Boiler

Conv, Boiler

Conv, Boiler

Couv, Boiler

Fluidizced ded
Combhustlon

Conv, Boiler,
Lime Scrub,
Conv, Bciler

Conv, Boiler
Conv. Bociler
Fluidized Bed
Combusticn
Conv, Beiler
Conv. Boilex

Conv. Boller,
Lime Scrub.

Conv. Boiler,
¥a0 Scrub.,
Canv, Doiler




The emissions associated with each module were quantified

first on a unit basis, i.e., in pounds per million Btu. Emissions were

identified for 10 pollutants as follows.

Air Emissions

Nitrogen oxides, NOx
Sulfur dioxide, SO2
Carbon monoxide, CO
Particulate, part

Total organic material, TOMA

Water Emissions

Suspended solids

Dissolved solids

Total organic material, TOMW
Solid Waste

Ash

Sludge

Some of the unit emissions data were taken from the previously cited earlier

work(z) and the remainder were generated as required. A summary of these

data as used in the calculations is given in Table 9. The unit emissions
data are given in a more detailed format in Appendix A with footnotes
detailing the derivation and the control technology assumptions involved
in each case. Of note in the latter context are the following points:
(1) Stack gas cleaning modules assume 90 percent
reduction in SO2 and 20 percent reduction in NOx

(2) Boiler modules assume 99 percent efficiency for

particulate removal.

The total emissions for each fuel/technology system were obtained
by summing the emissions of each pollutant from each module (Table 9) in
the system to obtain the total pounds of each pollutant per million Btu
input to the utilization module of the system. No weighting factors were
used in this summation to reflect possible variations in the importance of
emissions from one module to another. It was necessary, however, to include
an efficiency correction in the calculation to properly account for the
fact that, for example, more than a million Btu of coal must be produced in
the coal mining module, with an attendant increase in pollutant emissions,

to provide a million Btu input to a power plant, if an intermediate module
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TADLE 9, UNIT FMISSIONS OF INDIVIDUAL MODULES
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(say physical coal cleaning) has an efficiency less than 100 percent. The
module efficiency factors used in this calculation are also given in Table 9.

The total unit basis emissions for a given system were than
multiplied by the fuel quantity projected for that system (Tables 5, 6, and 7)
to obtain the total quantities of pollutants produced in the extraction,
transportation, processing, and utilization of the projected quantity of
fuel. The resulting total pollutant quantities were than summed over all
of the systems in each sector, for each year, and finally for all sectors.
A computer program was written to carry out the required calculations. The
results of the calculations for Scenario l are compiled in Tables 10, 11,
12, and 13,

The results show that, with the preliminary technology availability
projection, about 29 million tons of SO2 will be produced in 1975 but that
this would be reduced about 37 percent to 18 million tons by 1980,
principally through the application of stack gas cleaning technology. 1In
spite of the large increase in fuel consumption between 1980 and 2000, the
SO2 emissions would rise only moderately to 20 million tons due principally
to the increased availability projected for fluidized bed combustion of
coal and o0il, low Btu gasification of coal and coal refining (liquefaction).
It should be noted that if coal used for coking had been considered in the
industrial sector, rather than assuming that all of the coal is burned in
boilers, the total SO2 emissions would be about one million tons per year
less than is shown in Tables 11 and 13. This estimate is based on a
projection of 2400 x 1012 Btu of coal used to make coke with 50 percent of
the contained sulfur retained in the coke, and ultimately in the steel
mill slag, and 50 percent emitted as SO2 with the coke oven gases.

The total NOX emissions rise steadily through the 1975-2000
period reflecting the increased fuel use and the lack of any significant
NOx control availability. The total particulate emissions are small
compared with those of 802 because of the high particulate collection
efficiency assumed for boilers. The technology for achieving such
efficiency is currently available but it is not universally practiced.

The stated particulate emissions do not specifically include fine parti-

culates. Technology for fine particle control is not currently available.
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TARLT 10, TOTAL LMISSLONS FOR GYSTCMS IN THE RESIDENTIAL/COMMERCTAL STCTOR, SCENARTO 1
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TERTEMS e il bttt bt ettt bededediltetubdetedabehalabetedetatetodiedatutdut ittt mm———
NNy E: ) PAPT TOMA 55 oo T0- XY SLUOGE
1975 .
MATUPAL GASIGLEAN FUELY 27N5.5% 117.21 il AT 21,66 166,43 0.00 n.0a n.00 050 D00
OTST FUEL OTLAGLEAN FUZIL) tA3e01] 115250 QL A7 6171 A s 33 11.50 202404417 20 4 F R N.00 20e17 2
GASYFYGATIOM=NTL, HIGH 3TU .00 NaNn Nalln .00 .11 0,00 R.00 Gl 1,00 0,00
LOY S GOALECLEAN FURLY 22470 2X9.10 LAQLEH 137006 1259 45,510 0.70 Nafifl 1171.25 Dafifl ¢
GASIFTGATIDN=CNAL, HIGH NTH 001 000 .00 eND NN n.1n0 1400 1400 1,00 000
¥
TOTAL IP1N.79  L5NALRT 729439 EERNEE A7A.1N R7e00 2074be17 20 FR6  117LaP5 IR ER
ut
1980
. b
NATURAL GASICLEAN FUEL) 2961471 126431 71.10 23,70 513,27 0.00 1.00 n.00 N.0Q 000
BTST FUEL OILIGLEAN FUELD Ghiedh 1290 sB7 106.26 6.3k G4 ,45 1200 27b7d.40 37,18 Te0h 2745k o
GASIFICATION-0IL, HIGH ATU 3,99 5.90 137 . 90 o748 N.0N 7771k 1.00 7.63 7.863
LOW S CORLICUEAN FUELY 20.%5 2ehe71 525,75 126.97 Tif.25 G2, 00 Terd fle00  1035.00 g.0m0,
GASIFICATION=COAL, HIGH BTH 4642 29,51 2.65 264,23 37 59,57 19,48 n.nn 478,57 1864.A3
8
(%]
L TOTAL 3613461 168529 78713 Thhel3 VEETRE] T1he &l 23470.09 3390 1521.70  1AG09,.,00¢
1985
NATURAL GAS(CLEAN FUEL) 3142.91 136.16 75245 25,15 544 , /2 D.00 n.00 n.00 0,60 N.00
DIST FUEL OIL(CLEAN-FUEL) 628+32  14949.33 123462 73437 108,71 14,96 26335.03 37.29 0.00 26.10 o
GASIFICATION-0TL, HIGH ATU 6777 9,10 2,11 1.38 1.21 0.00  1197.56 1.54 11,76 11.76
LOW S COALICLEAN FUEL) K 6485 7367 175.25 47,32 38,75 14,80 §.00 0,00 355.00 .00,
GASIFICATION-COAL, HIGH BTYH 222.93 189,74 12,73 116.36 1.40 285,49 93.56 .00 ?P98,54 _ 8975.85
]
ToTAL L06B.7N  1907.09 388.97 264459 796.03 31G.85 27626415 8.3  2665.30  B013.79 5
[} 2000
NATURAL GASICLEAN FUEL) 3374410 146,17 81,00 27.00 584,69 0,00 .00 g.00 D.00 n.og
DIST FUEL OLL(GCLEAN FUEL} 799,68  1008+2& 157.08 10L. 02 T30.6% 19.04 33517.31 L7.4E T.7d eSS
GASIFICATION-0IL, HIGH BTU 5747 7e7h 1.80 1.18 1,03 0.00 1019.20 1.31 10.01 10,01
.OW S COAL(CLEAN FUEL) ge0n 000 0.00 0,00 g.nn .00 0.00 0.06 n.00 0.00,
GASIFICATION~COAL, HIGH BTU 813.12 692.07 H6 bl 424443 e85  104P.75 341,26 N.00 B8383.73 3I2731.65
. :
YOTAL S0hhe5h 2750422 206.30 553462 73189  1061.79 Q4BT777 §R.77  B393. 7%

32781498 ¢




TABLE 11, TOTAL EMISSIONS FOR SYSTEMS IN THE INDUSTRIAL SECTOR, SCENARIO 1

EMISSIONS, THOUSANAS OF TOWS .
SYSTEMS Bt e it babub bttt cemammmem e mamm——a Amem e w e m— e e mmm——— e cm e mm——————
MOX sn> cOo PAST TGMA SS NS TOH Agn SLUDGE »
1975
%
MATURAL GAS(CLSAN FUEL) 5154.76 147.21 2.21 82,30 79F .41 RS .37 .00 7.00 .08 0,10
TIST FUEL OIL(GLEAN FUEL) 176.17 106.63 T 13.77 EE] 290 1TS8L.3% Z.°4 7.700 1.57 .
LOW S RESID-DOMESTIC 205.64 330.36 1.15 15.69 17,15 1.1? 1973.5? 7.60 7.00 1.97
LOW S RESIO~IHPORTED 1017.17 1510.32 1.78 75.5h 14.64 g.0r .00 ?1.75 .00 .00,
GASIFICATION=OTL, HIGH RBTU 0.00 0.00 0,010 0.090 0.00 0.00 0.010 1.60 g.00 7.n0
LOW S COAL(CLEAN FUEL) 1670.00 2757806 115.23 2364 30 2672 £09.36 T.00 T4.37 15733.00 T.30 s
CLEANARLE COAL(CLEAN FUEL) 391,95 B02.20 29,41 119.10 A1 360.75 113.52 h.10 3092.55 317.85
GASTFYCATYON-COAL, HIGH RTU 0.00 .00 .00 5.0 0.0 0.00 .60 3+00 i G200
T bl
TOTAL 8615.71 5R54,5% 150.63 543,21 R6? .37 960. b4 3677.37 55.47 18032.55 321.061
i
1980
N
MATUPAL GASI{CLSAN FUEL) 548A,27 156,68 2.35 858,13 R4 7452 94,00 n, 03 .00 9.C0 1.00
DIST FUEL OIL(CLEAN FUEL) 414,99 251415 1.75 32.L5 20 .85 2.17 3731.97 S,24 .17 3.71
LOW S RESIN-DOMFSTIC 194,62 312.66 1.09 1L.,A5 9,h0 1.06 1873.48 £.63 G0N 1,96
LOW S RPESID-IMPORTFD 989,11 145%.R6 1,83 73.46 1420 0.00 .00 21.15 0.10 0.00 .
_ GASIFICATION-OIL, HIGH RTU 35,67 .96 0k 2.15 bedl 1,74 921.52 1,19 3.55 3,15
W LOW S COAL(CLSAN FUEL) 1705.00 2A15.64 117.64 241.26 27,78 £20.02 n.r0 18,75 15345,00 0490 s
™ o EANABLE COALICLEAN FUZL) 402,55 723,88 370.21 122.32 6.27 370.50 115.59 5.27 3683.70 326,45
GASIFICATION-C2AL, HIGH BTU 80,01 46.97 1.9h 29,64 3.38% 72.12 ?3.1R 9.09 69,40 2223.50 ¢
!
TOTAL 9158,63 SBR?.AD 156,89 504.75 934,17 10F1.57 HERD 74 59.27  199107,13 2564439
1985 "
NATUPAL GAS(CLEAN FUSL) SROR, LY 1h5.48 2,49 93,30 837,39 99,52 31.70 .00 7.20 71.00
BYESYT FUtL OTL(CLEAN FUELD 95,08 360.16 2.51 “5.53 79.49 3.04 5351.50 7Teon O] .32 o
LOW S RESTD-D0MISTTIC ?38,6R9 AT .45 1.34 18,21 11.79 1.31 297,56 3,13 9.70 ?2.78
TUULow 8 RESIO-THBORTED 1703.07 17AF.36 2.23 813,365 17.37 0,017 D.C0 25473 .00 3.90 .,
GASIFICATION-OIL, HIGH BTU 125.55 10.19 .06 3.15 7409 2.54 1350.43 1.7+ 13.25 13.25
LOW S COAL (CLEAN FUFL) 1805.00 ?3680.78 124.56 255,41 728,98 50450 .00 {6,785 1h245,00 .40 s
CLEANABLE COAL(CLEAN FUEL) 427,27 R74.47T 32.06 129.83 6.56 303,25 123,75 £ RB 273,06 365,50
GASIFICATION-COAL, HIGH BTU 366,03 213.6°2 B.04 134,93 15,34 328.32 105.51 0.00 3581.97 10121.705
-—- Id
_ToTAL o 10569.13 6775.08 174,18 770.70 1014.39 137R.50 3278.86 63,68 22123.78 10489.07
2000
NATURAL GAS(CLEAN FHEL) 7956,26 227.22 3.6t 127.80 1229,23 136,32 1.00 0,00 .00 0.0C
DIST FUFL OIL(CLEAN FUEL) 1284412 777.18 Sebl 100,40 Hl .51 he55 11547 .98 15,35 7.00 11 .68 9
LOW_S PESIN-NOMISTIC 271.7% 436,54 1.52 20.73 13,51 1.49 ?F15.80 9,75 0,09 ?.A0
LOW S RESID=-IMPNRTED 1332.85 1979.04 27 98.99 19,19 0.00 7.00 28.50 7.%0 0.00 .
GASIFICATION=-0IL, HIGH BRTU 102,65 .33 + N5 2,57 5.9 2.08 1106,13 1,92 10,74 11.96
LOW S COAL(CLEAN FUEL)} 1985,.09 3278403 136.9% ?R0,88 31.76 615,42 0.00 21.%3 17R55,00 0.00 ¢
CLEANABLE COAL{(CLEAN FUFL)Y 469,hh 361.19 35.264 1L2.70 7.31 432.25 135,52 7.31 3597.%5 3R0.A46

GASIFICATION-COAL, HIGH BTU 1282.58 749,22 31.33 472.880 53.30 1150.45 38%.70 0.00 9082.38 3I5L66.87 ¢




TARLE 12, TOTAY DHTSSTOUS TOR GYATEM3 TY THE ELTOTRICAL SECTOR, SCFNARIO 1

TMISSTONS,y THOUSAHDS O TOMNS ¢

SYSTREHS e ot i e i ottt e T 4 P o e o e et 2 e e memmmammamme - R
no« 50z G0 PART TOMA 55 ns TOM P SLUNGRE &
1975 .
HATURAL GASICLEAN FUEL) 1775.78 GNGW35 NGhahN RUTEE: 53164 LBE.OR 155,69 155 JhB (55,58 455458
LOW S FEETO-ONMESTIC [T 23ully .20 1,28 K EY 1414610 .70 RET) EETAS
LOW_ T "mESTO=THPARTECN 10577 1574 £ 21 7.01 1451 0.00 3.00 2.35 0.11 n.0n
CHIM AGTYYE FLULNDTZED RED Ne O NeN0 T M. 0N Ns0 Te00 1«00 000 0.00 1,00
HIGH S FPESIN=-LYMESTONE SCRUR L1754 D419 «03 05 25 n.00 Dol W35 7,01 345400
HIGH S RESTN-NO COMTROL 1118, 89 GAKD,.2E 207 RPN 16.11 G.00 DI 23.97 7,00 Nelfl g
LOY 5 COAL(CLEAM FUEL) AB7.50 143259 59,06 122,756 13.4% 2Rhe5Y n.ra .50 7ROE7.EN 0.00
CLEAMATILE COAL{CLEAN FUFL) ) PhA.E5 PETNY) 15.28 Tha03 3490 YL 70457 350 1766,45 197 .59 ;
FLIIDTIZEN NED GOMDIUST INN=COAL Na00 na0n n.on n.0n n.00 d.00 N.00 n.0p 0.00 n.00
GASIFICATION=-CNAL, LOW RTU .00 .00 N.00 B.00 n.07 Maill d.00 AT .01 Tell 1
LINUEFACTION=COAL .00 A.00 0,00 n.00 nenn 0.00 0,00 N.00 0.00 n.190
HIGH S COAL~LIHESTONE SCRUA 173466 140,39 15,96 67eh2 Rehh 1R1.00 50,40 3.08 R77.00 7711.20 0
HIGH 5 COAL=-MGN SCRUB 4341 36,10 3.99 16490 91 40,26 1260 W77 159,00 16,80
HIGIt § CNAL-NO CONTROL 2223%.95 13717%.67 154,59 £97.33 37.54 166831 517.75 31Le7h 3ILAGALDA 693.80 2
- TOTAL 6582.80  22361.89 721.71 __1555.08 610424  2A836.76  1250.60 531,88 45619.83 9419,.62
&
1980
NATURAL GAS{CLEAN FUEL) 1680.90 479,70 432,42 458.710 503,70 460,50 431,70 431.710 431,71 43170
LOW S PESLN-DOM=STIC 165.25 7263.71 3.18 The37 ifle 34 3.1/ 1592,.45 K] 2.2 6 TeAk o
LOW S PESIP-IMPORTED 806,72 1197 .84 1.49 59.91 11.51 0.00 0.0 17.25 0.n0 .00
GHEM ACTIVE FLUTOYZED BEN 16.15 h5.16 W13 1.21 4,01 fi.o00 B.00 1.50 304,00 1.180,
HIGH S PESID~LIMESTONE SCRUR 122.76 64.33 «23 W ib 1.77 0.00 n.00 2.63 .00 2415,490
HIGH S RESID-NA GCONTROL 596.27 3112.36 110 4,2 R ReaR 0.00 .00 17.75 .00 G005
LOW S COAL(CLEAM FUEL) 1245.00 2055.,99 85,90 176417 19.92 379.72 0.00 13.69 11205.00 0,00
CLEANAALE COAL(GLEAN FUEL) 3%8.99 693479 25.4 4 103,00 5e28 3i2.00 99,18 G.2H 7EaR A0 2791 s
FLUIDIZED PEN COMBUSTION-COAL p.00 0.00 0.00 0.00 0.00 0.00 0.00 6.00 0,00 0,00
— GASTFICATTON=GOAL, LOW BTU 0.00 .00 G.00 0.00 g.00 .00 0.60 g.00 0,00 J.00n
LIQUEFACTION=COAL n.00 n.00 0.00 0,00 0.00 N.00 .00 0.00 0.00 g.n0
HIGH S COAL-LINESTONE SCRURB 1441,96 1165.75 132,52 GhishD 30,23 133687 E15.50 25457 SGAR0,00 6H030.50 1t
HIGH S COAL-HGO SCRUR 620620 50140 57.00 241,50 13,00 575.010 100.00 11.00 2400,00 240,00
HIGH 5 COAL=NO TONTROT 215.66 1330.39 15,96 G762 PEL TFL.00 T T.0A TXB0. 01 67.20 2
TOTAL 72049.87 10910443 755.39 172R.71% 612.08  3I22B.26 2771.73 532.34 25875.76 67463.15




TABLE 12,

TOTAL EMISSIONS FOR SYSTEMS IN THE ELECTRICAL SECTOR, SCENARIO 1 (Continued)

EMISSIONS, THOUSANDS OF TONS c
SYSTEMS ——————— cee—eemcemasmcamam———~ ———————— memcmmmmamae oo -—————— -~ e ebtakehebatataiaoted -
NOYX 502 co 2ART TOMA SS ns TN ASH SLUNGE
1985 —.
NATURAL GAS(CLIAN FUEL) 110.86 459,72 Gib.ul 439.59 4R, 71 Ltfa3] 413,71 613,71 L13.71 413.71
LOW S RESID-DNMZISTIC 212.99 319,89 4.10 18.52 13.32 4.0AR 2153413 17.15 7.91 4,95 3
LOHW S _PESIN-IMPNOTED 1055.,28 ' 1583.73 1.98 79.19 17,35 0.00 0,0 27,40 0.7Q .70
CHEM ACTIVE FLUINIZED RED 80475 225.80 BB 6.05 20.05 0.00 a.00 7.50 1500.61 n.00 .
HIrH § RESIN-LIMESTONE SCRUB 712.02 373.11 1.32 2,64 10,75 n.00 n.00n 15,27 N.50 14007,00
HIGH S RESIN=NN CONTR0L 0.00 n.00 0.C0 0.00 0.00 0.00 .30 Nend 7.50 0.00 s
LNOW S COAL(CLZIAN FYZL) 2265,00 3707.39 154,90 317,67 3t.92 FRL.T72 n,90 2e.h9  20206,00 7.98
CLFANARLE COAL(CLZAN FUSL) 561.45 1149.09 42.13 170,60 8.75 516475 157 .61 8.75 4w3np,a5 L55,32 ¢
FLUIDIZ2ED 95D £OMAUSTION-GOAL 32.04 140.28 3.00 32,30 0.0 119.00 15,10 7.00 3L59,M) 4%.N0
GASIFICATION-CNAL, LOW RTU 100.85 223.54 3.60 37.56 2ha40 135.94 43.20 e 2355,40 57450 0
LIOUEFACTION=-CNAL 119.54 197.23 10.35 58,84 2.04 113.76 36,00 1.A5 2L04.F5 48,00
HIGH S COAL~LIMESTONE SCRUR 1302.47 1052 .94 119.70 597.15 27,30 1297.50 378.00 23.10 5047.00 57834%,90 0
HIGH S COAL-MGO SCRUR 855,138 6591.93 78.66 333,27 1734 793.50 249 .60 15.19 3212,10 331,70
HIGH S COAL-NO CONTROL 0.00 0.00 0.00 0.00 9.00 0.00 0.00 nN.00 3.0 3.00 ¢
<_ TOTAL 900,07 10054.16 B34.80 2013.38 f60.03 LLD7445 1371.C6 543,75 4L2994,N2 73199.7%
w
__J-\
2000
NATURAL GAS(CLEAN FUEL) 1232.656 351,78 317.11 336,38 369,18 337,70 31£.58 31F .58 31R.5 316,58
UOW 3 RESID-DAMCSTIC SR.76 33.76 1.13 511 T.54 1.17 Ghhe 3B 3,80 D! 1.37 »
LOW S RESIN-IMPOOTED 2R0.F0 416.60 €2 20,84 L NG 0.00 7.00 A.9C n.70 .00
TTTUGHEN ACTIVE FLUTDIZED BFD T PuALTy 795,46 2.00 19,53 61.75 i.6% 7.CG 23.1¢C LEIY A n.90 .
HIGH S RESID-LIMESTONE SCRUR 350,75 1RILRD WE5 1.30 5,15 .00 5.n0 7.50 1.79 /901 .90
RIGH S RESID-NN CONTROL T 0.00 0.00 0,00 2.00 D.10 3.00 7.950 0.00 4.1 EFLE
LOW S COALICLEAN FUFL) 105,00 1759.74 73,48 150.70 17.74 324.87 7.3 11.71 585,179 2,90
CLZANAALE CNOALICLZAN FUELD 556,19 T136.606 YY) 158,645 8,53 TIC.25 Tho. 57 K T 43,53
FLYINIZED BED COMAUSTION-COAL 240,70 1052 .10 22.50 242.25 0.00 #£25.00 277.00 .00 25%87,090 353,00
T GASIFiIcATiON-CHalL, (OW ATU 02,58 1778.97 7B.65 39A”.91 Z2i0.1n 10A1.05 47,80 IR 19755020 0 LSRRG
LIQUEFACTTION-COAL 996,17 R93.58 86425 573.71 17.99 9L7.92 300.00 13,75 2I038.75 419,00
TTTHIGH S COAL-LIMISTONE SCPUND 55R.18 457,26 51,30 ?17.35 11.71 517.50 152400 3.3¢C 71AN.00 74785,00n
HIGH S COAL-MGO SCPUR 837.77 676.89 76.95 326,02 17.55 776,25 243,00 16,95 3249.00 324,00
AIGHS COALC=NU CONTROT 0,00 T.00 0. 00 T.00 UL U.G0 7770 T.70 .77 LR
TOTAL 7225,36 JUAT7 .64 702.15 2359,k6 775.92 5321.63 ?362.33 413.65 9A914.13 33995.94




TARLE 13, SIMMARY OF TOTAL EMISSTONG TOR EACH

SECTOR AND TOTAT, FMTSSTONS TOR ALL

SECTORS, SCENARTO 1

EHISSTONS, THOUSAMNDS 0AF TOMS
SenyYnen eaccaaa- T T e B e P Rt ettt et e L T T R
Moy 502 [} PROT TAMA =S 05 TOMw LS SLUNGI
1 4768
RESTNENYTIAL AND ROMMERGIAL AP1N79 1500 .87 727439 2720427 679410 CTe0D P07 4L L7 PRAAG 112175 f0.12
INDUSTRIAL ARLIE .71 3054450 1504R3 Sh3e21 RAEZ2 407 RPN IRT7 637 RCan7  19037,55 KESIPR'S ]
ELECTRIGAL BAHRZHN 22301149 771.71 1555 .04 AN . 2L PH3be T h 1250.AN Rt a0 LEF1 3,07 94194/2
TOTAL 18609.79  29576,.30 LtR1L.73 23184518 715771 3454,21  25172.1% Gthe02 R4T73.63 A761 .15
1921 —
RESINFNTIAL AND COMMERCIAL 361 3. 61 16A85.79 7074143 2ht,13 7254719 114,00 234L73,.,09 33,10 1521,27 ‘ 1487,84
(HNOUSTRIAL 35063 GABZ.AN 15648 B04.25 934,97 1061457 LBEBARTL B9.77 1ARN7.15 2864 .58 !
ELFCYRICAL 7249.07  10910,463 755.39 1720.71 12,18 322R.26 2771.73 63234 25875.78 A7L4A3.15
'ua TOTAL v 20222411 1847R.32 1619.41 2577.09 271,24 G404 2% 32908456 624472 46L0OLIL 71926473
w
19935
RESINENTIAL AND COMMERCTIAL 4068.78 1907 .89 338.97 264459 696.99 31L4.85 P7626.15 38493 2655. 30 A013.79
INDUSTRIAL , 105690,13 a775.08 174%.18 7T70.70 1014.39 1378.51 3224 446 R9.68 22123.2°8 10489.07
ELECTRICAL ) 8900.07 10054.16 834400 2013.348 660.33 LO07.465 33714086 B43.25 42996.02 73199,78
TdTAL 2353799 1R8737.13 1397.95 J04B.07 2378.51 5700. A1 40226.07 65176 AR7774.H1 Q2702464
2000
RESIDENTIAL AND GOMMERCIAL S50L46.%9 2754422 286432 553.62 731.89 1061479 34877.77 4R.77 A393.74 32781.98
INOUSYPTAL L4HBh. 8, A4iR.76 216440 1246.88 14256,10 2334457 15773 nb R4.67 3055%65.87 J35R77,6A
ELECTRICAL 7225.36 94B7 .64 702415 2359.h6 725.92 5371.63 2362433 418.65 BAA1L4,18 33995,94
TOTAL 26954.78  2N6508,562 1204k 87 160.16 2292 8717.99 S30I3.7% 557.10 127667380 LU2650.57




Scenario 2. Assumed No Application of Energy Technology

To illustrate the degree of effectiveness of the various fuel
conversion and emission control technologies incorporated in the Scenario 1
projections, a second series of calculations was performed in which no energy
technology was applied. These calculations were carried out by substituting
modules and systems without control for any system in Scenario 1 using
either a fuel conversion or emission control technology. The fuel utiliza-
tion matrix was unchanged. For example, the fuel utilization projection
for the electrical sector called for 560 x 1012 Btu of coal to be burned
with limestone scrubbing in 1975. For the Scenario 2 calculation,

560 x lOlthu of coal were assumed to be burned without control using the
conventional boiler, 3 percent sulfur module and the resulting total
emissions for 1975 entered for the coal/limestone scrubber system (now
uncontrolled) in the computer printout., All other systems involving either
fuel conversion or emissions control technology were treated similarly.
Those systems which utilize clean fuel or cleaned fuel were unchanged in

the Scenario 2 calculation.

Projected Total Emissions - Scenario 2

The projected total emissions for Scenario 2 are given for each
system, each sector, and for all sectors in Tables 14, 15, 16, and 17,
Comparison of the results of the calculations for Scenario 1 and Scenario 2
is provided in Table 18, which is a summary of the total emissions from
all sectors for both scenarios. The energy technologies applied account
for a 13 percent reduction in SO2 emissions in 1975, as shown in Table 18,
This factor increases to nearly 70 percent by the year 2000, The slight
reduction in NOX emissions shown in Scenario 1 as compared with Scenario 2
is due to the fact that somewhat reduced NOX emissions are expected from

stack gas cleaning and from fluidized bed combustion of coal and oil,
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TABEY 14, TOTAL TMISSTONG FOR MESINDENTTAYL/COMMERCTAT, ALCTOR, SCENARIO 2
) - '
EMISS10MSe THOUSANDS OF TONS J
_ SYSYEMS 5 e 30 00 B N0 0 0 D i T O 0t M s o 0 00 B DD B R d 8 3 66 10 O e 8 A e 5 v 0 R 0t P 00 G U . N 12 s O O O i o O 0 T e O 0 O O o s s B g O B 0 g 0 6
NOX 502 co PART TOMA 55 ns TOMY ASH SLUUGE !
—_— 1975 .
___NATURAL_GAS (CLEAN_FULL)Y 27105,53 117,21 64,95 2165 460,83 0e00 0en0 0,00 Na04 NN
DIST FUEL UYL {CLEAM FLEL} 48300 115256 0% eB7 6101 R4433 11,50 20244017 20,466 0e00 20,12
—__GASIFICATION=0ILe_ HIGH ATU 000 0100 0400 0400 Nelin 000 Qe 00 6,00 000 0,00 _
LOW S COAL (GLEAN FUEL) 2226 23%.10 560 .56 137.56 125494 45,50 0en0 0.00 1121.25 0,00 -
 GASIFICAYION=rOAL s _HYIAH_ATU 0400 Ne00 000 0400 fe 00 fa00 000 0..00 0000 0..00_
E]
TOTAL A210«79 1548487 720039 22022 67% 10 57.00 2024417 28,66 112125 20412 °
1980 "
e "
—_MATURAL_GAS(CLEAN_FUFL) 2961.71 12R,.31 ‘Ti.10 2370 51322 0200 Ne00 000 Nelln 0.00
DISY FUEL OIL (CLEAN puEl) 560,96  1290,87 106,26 68,234 944,45 12,88 22673.48 32, 22,54 °
_;,sASIFICAtIDN:QkL;_BIGH aTU 15237 16468 3a02 1294 2268 201 “Petaczn e R N
L.OW S _COAL (CLEAM FUEL) 20455 220471 525.75 126,97 116.25 42400 0400 0.00 1035400 0.00 !
GASIFICATION=CDAL, HIGH_BTU 0.38 10019 240409 57499 53400 19.18 n:nn 0.00 472465 0,00
S [
TOTAL 3547498 1777435 046422 278494 71970 T4443 2331777 33,01 1507465 23,18 ¢
1985
___NATURAL._GAS (CLEAN FUEL) 3142,91 136s16 1545 26415 54462 0,00 0400 0,00 000 0,00
DIST FUEL OXL (CLEAN FUEL) 628,32  1499.33 123.42 79437 10971 14.96 2633503 37,29 000 26418 °
__GASIFICATION=OIl, HIGH BTU 23.69 5653 4465 2499 Gell 56 992484 1e41 000 «99
L.OW § GOAL (CLEAN FUEL) 6,85 73,57 175425 42,32 38,75 14,00 0400 0.00 345,00 6,00
... GASIFICATION=COAL, HIGH BTU 45407 486409 1153414 278450 254497 92,412 0600 0.00 227010 0.00 _
1
TOTAL 3B46,84 224967 153192 428434 952419 121.6% 2732788 38,69 2615410 27.17 ¢
o 2000
_NATURAL_GAS(CLEAN FUEL) A3T4.10 146,17 81.00 27.00 584,69 N0 0200 0.00 Ne00 0,00
DIST FUEL OIL(CLEAN FUEL) 799,68 1978424 157.08 101.02 139.63 19,04 33517.3] 47,46 0400 33.32 °?
—GASIFICATION=OIL, HIGH_BTL 2016 48,11 3.96 2,585 Je52 48 844497 1.20 Ne0D 84
LOU S COALICLEAN FUEL) 0.00 0400 000 0400 000 0.00 0400 0.00 000 0.00
— GASIFICATIONCOALs_HIGH BTU 164240 176568 4206.00 1015.80 930400 336..00 000 .00 B280.00 MLn
YOTAL 4358,34 3860,19  4448,04 1146,36 1657.83 355,52 34362429 48,65 B280.00 34,16 °¢

‘.



TABLE 15, TOTAL_EMISSIONS_FQR_}NPU?TFI&E.S?CTORJ>§C§FA§£O 2

EMISSIONS, THOUSANNS OF TONS

t

SYSTEMS - e 2t e N O 0 e Y D o O B O 0 e O T 0 g O s 0 T e e
NOX sna2 co PART TOMA Ss DS TOMW ASH SLUDGge '’
s 1975 — - o
___NATURAL GASI(CLEAN FUF}L) 5154,76 147421 2221 82.80 796.40 8,32 0200 0.00 000 0,00
DIST FUEL OIL (CLEAN FUEL) 176417 17663 76 13,77 8.85 «90 1584433 2.26 000 1.57 °
_ .. LOW S RESIU~DOMESTIC 205¢64_ 330436 1.15 15.69 10415 lel2 197952 T.00 0e00 1.97
LOW S RESID-IMPORTED 1017.17 1510432 1.88 75.54 146464 0.00 000 21.75 0e00 0.00 '
_ . GASIFICATION=-OIL. HIGH BYU __D.00 0a00 0.00 0.00 0.00 0.00 000 0.00. 000 _0,00
LOW § COAL(CLEAN FUEL) 16T0.00 2757.84 115,23 236,30 26,72 509,35 000 18,37 15030400 0.00 *
__ _CLEANABLE COAL(CLEAN FUEL) 427445 26137:03 31463 134,03 Te22 319,12 99490 6,10 66A40900 133.20
GASIFICATION-COALy HIGH BTU 0,00 0600 0400 0.00 0600 0,00 000 0,00 0«00 0,00 ¢
— e T - 3
__ S TOTAL _B65],21 7489,38 152.85 558,15 863,98 918,82  3663,75 55,47 21690.00 136,74
"
1980
- 21
__ NATURAL_GAS (CLEAN FUEL) 5486427 156268 2235 88.13 847+62 94,00 000 0200 ns0Q 0.00
DIST FUEL OIL(CLEAN FUEL) 414,99 251.16 1,75 32,45 20.85 2,12 3731.97 5.28 0400 3.71 ¢
___LOW 5 RESIL=-DOMESTIC 194462 31266 109 1485 960 ____ 1406 1873:48 6,63 000 1.86_
LOW S RESIO-IMPORTED 989,11 1468466 1.83 73,46 14.24 0,00 0+00 21,15 0400 0,00
_ GASIFICATION-OIL, WIGH BTU 7693 ___ _398+86____ 0e00_ Se64 1s12 0:00 67881 +88 0e00 _0.00_
LOW S coaL (CLEAN FUEL) 1705.00 2815,64 117.64 241,26 27.28 520.02 0.00 18,75 15345.00 0,00 °
CLEANABLE COAL (CLEAN FUEL) 439,01 2108430 32449 137.65 Te4) 327,15 10260 6,27 6840000 136,80
GASIFICATION=COALy HIGH BTV 62,77 387.24 4465 19.68 1.06 46,86 14067 .90 978400 19,56 °¢
88 L . ot
e TaraL 9368,71  8499.19  161.80 613,12 _ 929,17 991,82 6401,53 59,86 23163.nn4___1§1.93_‘
. ]
1985 o a
_ NATURAL GAS(CLEAN FUF| ) 58 8444 165,88 2149 93.30 897439 99,52 0e00 0.00 000 0.00
NDIST FUEL OIL(CLEAN FUEL) 595,08 350,16 2.51 46,53 29.89 3.0 5351.50 7.58 0400 5,32 °
_.LOW S RESIL.DOMESTIC 238,69 __ _383.45__ 1,34 __ . }8.21  11.T78_1.31__.2297.66___ 8,13 0«00 2.28_
LOW S RESID-IMPORTED 1273.07 17R6.34 2.23 89,35 17.32 0.00 0.00 25,73 0400 0,00 ¢
GASIFICATION=OIL. HIGH.BTU __ 11273 _SB%e50____ _ 0e00_____8e2T7  __1e64_____ 0.00_____994e¢75_ 1,28 _ _0e00_ 0,00 .
LOW S COAL {CLEAN FUEL) 1805.00 2980478 12454 255,41 28.88 550.52 0+00 19.85 16245400 0,00
__CLEANABLE _COAl (C) FAN FUFL) 465497 2A74.640 34448 146411 _1.858 367,87 108,90 b .66 1260400 145,20
GASIFICATION-COAL,s HIGH BTV 285.74 1762,77 21.15 89,60 4.82 213,32 66478 4,08 6452400 89,04 °
_ToTAL 1051473 10898,47 188474 746417 999,59  1215.59  8819.60__ 73,30 27957.00 _241.84
2000 ‘
___NATURAL_GAS(CLEAN FUF]) 1956426 221.22 3,4] 127,80 1229.23 136432 0.00 0,00 0400 0,00
DIST FUEL OIL(CLEAN FUEL) 1284412 777.18 541 100.40 6645] 6.56 1154798 16.35 0400 11,48
_ LOW S RESIL-DOMESTIC 271,14 436,54 1,52 20.73 1344) 1449 2615080 9,25 _De00 2,60
LOW § RESIU-IMPORTED 1332.85  1979,.04 2,47 98,99 19.19 0.00 0+00 28,50 0400 0,00 ¢
GASIFICATION=OIL, HIGH_RTY _92.11 417.89 0000 6476 136 0400 81332 1,05 000 _0,00_
LOW S COAL (CLEAN FUEL) 1985,00 3278,03 136,96 28¢9.88 31.76 605,42 0.00 21,83 17865,00 0,00 °
__CLEANABLE COAL(CLEAN FUEL) 512,18 159,68 3790 160.60 B.64 382,37 11970 7,31 7980.00 159,60
GASIFICATION=COALy HIGH BTU 1001.26 6176.82 T4.10 313,95 16490 747,50 234400 14,30 1560000 312,00 °*
cl
B TOTAL 14435.58  16512.40 26178 1110411 1384.97 _1879.67 15330.80 98.60 41445,00 485,68



TARIT, 16, TOTAL TMISSINYS ToOR TLICTNICAL STCTOR, SCLENARIO 2
—_— [
EMTSSIONS, YHOUSANNS OF TONS ¢
e SYSYEMS 02 (o W 0 0 0 0 o 0 A 0 O S e T 8 A A 0 0 5 o B 0t 5t S o 80 0wt 8 0 G O O a8 Bt S kg o Y T e 00 i s 0 0t
MDA 02 co PARY TOMA 59 ns T0Mu AS5H sLUpGE v
1975 .
___MATURAL_GASICLEAN FUEL) 111428 50he 15 45ha 44 484,18 511.68 486408 455068 455,68 455e6R 455,48
L0 5 PES{U=DOMESTIC 14469 Pkl 20 1.28 02 28 141460 N » 20 R
__ LM 5 RESTU-TNPORTED 10822 15624 20 T.81 1e5) N0 0200 2.25 0e03 Ne0 _
CHEM ACTIVE FLUIDIZED BED 0400 000 De00 00 ) 000 000 0,00 Ne00 0,00 ¢
_ _HIGH & RESID"L!HEGTONE_,SCRUR 1754 9)+54 203 130 025 fe00 0«00 __»38 0elin) 0,00
HIGH S RESID.LND CONTROL 1118483 5a40025 2en? Ba.10 16011 0anD 000 23,02 DeND Nefit *
10U 5 COALLCLEAN FUEL) 067450 1432.59 59.06 127,15 1388 264,59 000 9,56  T807.50 0,00
CLEANARLE COAL (CLEAM FUEL) 265,72 16739,23 19,66 B3,32 s 198,37 62410 3,80 4140400 B8z.8n °
__ FLUIDIZED_HED_COHMBUSTION=GUAL Ne0l) Ne0 Q00 fe00 el Ne 00 0s 00 0400 el 0200
GASIFICATION=COALs LOW BTU 0.00 Ne00 0.00 0.00 De0D 000 0e00 0.00 Ge 00 0,00
.. LINUEFACTIONSCOAL 000 0,00 000 0..00 0400 0.00 000 0.00 1400 0,00
HIGH S COAL«LIMESTONE 5CRuB 215466 133039 15496 6762 J.64 161,00 5040 3408 3360400 67,20 U
HIGH 5 6nal=Ma0_ScRUR 53,01 322,60 3.99 16,90 291 40,75 1260 X 840200 16,80
HIGH 5 COAL«ND COMTROL 2223495 1371967 164452 697.33 37.54 1664431 510475 31.76 34650400 693,00 ¢
_w T0TAL 6657.37 2507231 723.09 1565.60 61093 281p.89 1242413 531,88 5125338 1315,82
(Xe}
1980
. NATURAL _GAS(CLEAN_FUEL) 1680490 479,70 432,42 458,70 50370 460,50 43170 431,70 431470 431,70
LOY S RESID.DOMESTIC 165,25 263,71 3.18 14,37 10434 3,16 1592.95 7.89 2426 3.84 °
— 1.0Y 5§ RES10=IMPORTED B06072. 1107484 1469 59,91 11461 0..00 000 17,25 (e00 0,00
CHEM AcYIVE FLUIDIZED BED 70415 366,16 e13 5,21 le01 0.00 000 1,50 Ge00 0,00 ¢
__HIGH S RESID-LIMESTONE _SCRUB 12216 64018 «23 0,12 111 0400 000 2263 Ge00 —0.00_
HIGH S RESID=NO CONTROL 596,27 3112.36 1.10 44,28 8458 0.00 000 12,78 0e00 0,00 °¢
_LOW S COALLCLEAN FUEL) 1245.00 205599 A%5.90 11611 12,92 379,72 0200 13,69 __11205.00 0,00
CLEANABLE COAL (CLEAN FUEL) 369470  2280.67 27436 115.92 6024 276400 B6e40 5,28 5760400 115,20 °©
__ FLUIDIZED. BED_COMBUSTYON=COA| 000 1200 (1Le.00 000 0000 0..00 04.00 0.00 0040 0.00_
GASIFICATION=COAL, LOW ATU 0400 000 0400 0400 0400 0400 0400 0,00 0400 0.00 "
—LIQUEFACTION=COA| a0 Ne 0D (a0 000 0+00 000 0200 0.00 0200 0,00
HIBH S COAL.LIMESTONE SCRUB 1790471 11047.00 132,52 561,49 30.23 1336,87 418450 25,57 27900400 558,00 "
HIGH S_CO0AL=MGO SCRUA - 110.20 4758) 440 5100 241250 13000 575,00 18000 11.00_ 12000400 260,00
HIGH S COAL«NO CONTROL 215466 1330.39 15.96 67.62 3664 161,00 5040 3.08 3360400 67,20 %
TOTAL 7833,33  27526,0} 1657041 1754,29 61004 192,26 2759,95 832,34 60658,96 _1415,94




TABLE 16. TOTAL EMISSIONS FOR ELECTRICAL SECTOR, SCENAR1O 2 (Continued)

) 1985
___NATURAL_GAS(CLEAN FUEL) 1610486 459,72 414040 439.59 482.71 441.31 413071 413,71 413.7) 413,7]
tg: g 252%3-?3:gglég 215.99 339.89 4.10 18.52 13.32 4,08 2053.13 10,16 2491 4,95 °
o SIVLIMFORTE 1066,28  1583,23 1,98 79,19 15,35 0«00 Q 22,8 [\
CHEM ACTIVE FLUIDIZED BED 350.75  1830.80 .65 26.05 5.05 0400 080 ERY; WL N
__ HIGH S RESIp=-LIMESTONE_SCRUB 712.02 3716452 1,32 52.88 10425 0.00 0«00 15,22 000 0,09
HéGH S RESID.NO CONTROL 0.00 0400 De00 0+00 0400 0400 ps00 D.00 0200 0,00 °
_— 1L.OW S COAL(CLEAN_FUEL) _2245.00 371739 15490 31767 35.92 684,72 000 24,63 20205
gtﬁ;g?gkg ggsLéngng;gELéUA 612,31 3777.36 45,31 191.99 10,33 457,12 143,10 8,75 9540400 190,80 °*
_ U_BED_COM N=CUA| 154404 950.28 1140 48.30 2460 115.00 36400 2 26 48
E:gz;;ie;}gz-gg:L- LOw BTU 184.85 1140,34 13,68 57.96 3.12 138.00 tifgo "2f§2"—zsggfgg‘““‘§7fg%_u
. TION=COAL 115, 7 8 6222 1295 86,25 27.00 1.6 8 3
H}G" S COAL-LIMESTONE SCRuH 161742  9977.94 119.70 507.15 2730 1207.50 379;00 23.13""Eé2%gf%g'"“_§62fg%"”
___:igg_g gont-ngo SCRYUA 1062,88  6556,93 18,66 333,21 17,94 793,50 268,40 15,18 165£0,00 331.20
QAL=NO CONTROL 0.00 0,00 0.00 0.00 0.00 0,00 0.00 0.00 0400 0,60 “
—._..YOTAL 9944,92 34753,12 854,66  2108,79 625,85  3927,49  3342.55 547,61 79001.62  1586,26
- 2000
o -
NATURAL GAS(CLEAN FUF) ) 1232466 151,178 317.11 335,38 369038 337,70 316458 316.58 316958 316,58
LOW S RESID=-DOMESTIC 58475 93.76 113 Se1l 3.68 1»12 566438 2.80 +80 1,37 °
_ LOW S RESID=IMPQRTED 280460 416464 52 20,84 404 000 000 _6.00 000 0,00_
CHEM ACTIVE FLUIDIZED BED 1080,31 568,86 2.00 890,23 15.55 0,00 0.00 23,10 0000 0.00 °
_ HWIGH S RESID-LIMESTONE SCRUR 350.75  18130.80 65 26405 5.05 0.00 000 7,50 0.00__  0.00
HIGH S RESID-NO CONTROL 0400 0.00 0.00 0.00 0400 0.00 0.00 0.00 0400 0,00 °
— . LO¥W S COALSCLEAN FUEL} 1065.00 175R8.174 23.48 150,70 12404 324 .82 D200 11,71 Q585,00 0,00
CLEANABLE COAL (CLEAN FUEL) 604,61 3729,85 44,74 189,58 10.20 451,37 141.30 8,63 3420400 188,80
FLUIDIZEVU BED_COMBUSTION=CUAL 115530 1127410 4455,5n__ﬂka62425____v1945om_44eéa.sa_~m“27o.on,AAd_lb.so._18000-ooﬁ"v,360.0uf
GASIFICATION=COALs LOW BTU 1471.08 9075.17 108.87 461,26 24.83 1098.25 343.80 21,01 22920.+00 45g,40
_ LIQUEFACTION-COAL 962,75 5939.25 1125 301.87 16,25 _7T18.75 _ 225,00 13.75 1500000 300.00
HIGH S COAL=-LIMESTONE SCRUD 693.18  4276.26 51.30 217.35 11.70 517,50 162400 9.90 10800400 216,00 "
___HIGH S CQAL-MGO SCRUB 1039,77 6414439 76,95 326,02 17.5% 776425 243200 14.85 16200.00 324,00
HIGH S COAL=NO CONTROL 0.00 0400 0400 0.00 0600 0400 0000 0.00 0400 0.00
) YOTAL 9994,76 4665261 833,51  2477.65 51477  5088,27 2268406 452,34 10224238  2164,75
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TARLE 17, SUMMARY OT TOTAL LIMISSIONS FOR EACIH SECTOR AND TOTAL EMISSTONY FOR ALL SECTORS, SCINARTO 2
EMISSTONSy THOUSANDS OF YONS
SEEYNNg - e e n " 1m0 i o e - o e - o o e 0 w22 20 e gt 2 e
NOX s02 co PARY TOMA §5 ns TOMY ASH SLUNGE

1915
___DNESIDENTIAL AND €OMMERCIAL A210.7%  15n8.87 729,39 220.22 679.10 57.00 20284417 28,66 1121.25 20,12
INDUSTRIAL B651ep21 7489438 15285 558415 86398 918482 3663475 55447 21697e0p 136474

__FLECTRICAL,. (657437 _26p72431 723,09  156G,A0 610293 210,09 1242413 531,86 51253.38 _ 1315,82

TOT AL 1881937 24970455 160533 2343.97 2154401 37B6.71 25150e05 616402 740664063  1472.60

——— 1980
__RESIDENTIAL AND COMMERCIAL 3547,98  1777,.35 946,22 278,94 77970 74,43 23317.77 33,01 1507.65 23,18
INDUSTRIAL 936871  8499,19 161480 613.12 92%17 091482 6401453 59,86 23163+00 161,93
—.ELECTRICAL, 7833433 271526401 75731 1754429 610064 3192,26 2759495 632,34 6065896 _ 1415,94
B FOTAL 20750401 3Tpp2.55  1865,3% 2686.35 231801  4#208,51 d2470.2% 625,21 85329.61 1601,05

— e i 1985
_ _RESIDENTIAL AND COMMERGIAL, 3646484  2249,67  1531,92 428434 052419 121,64 27327.88 38,69  2615.10 27,17
INDUSTRIAL 10514473 10898447 188.74 T46a 77 999459 1215,59 B810.60 73,30 27957«00 241,84
__ELECYRICAL 9944492 34753012 B54.66 210079 625386  3987.49 3342455 547.61 79001462  1586,26
T A OTAL 2830650 479011e26 257532 9283490 257764 B5ob4e72 3040002 959,61 10957372  1855,27

2000
__RESIDENTIAL AND COMMERCIAL 4358,34 3868419  4448.04 1166436 1657.83 355,52 34362429 48,65' 8289400 34,16
INDUSTRIAL 14435458 1651240 26178 111pell 138497 1879.67 15330480 98,60 41445s00 485,68
_._ELECTRICAL 0994476 46652461 833,51 2477465 51477 5088427 2268406 452,34 102242438 2164475
TOYAL 20788468 67533¢21  5543e33  4134s13  35B7T+88 7132346 BiV61s1D 99U 60 151967438  p0Ba,.5Y
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TABLE 18. COMPARISON OF TOTAL EMISSIONS FOR SCENARIO 1 AND SCENARIO 2

Total Emissions,

Thousands of Tons

NOx 802 co PART. TOMA(a) SS(b) DS(C) TOMW(d) ASH SLUDGE
1975
Scenario 1 18,409 29,525 1,601 2,318 2,152 3,854 25,172 616 64,773 9,761
Scenario 2 18,519 34,070 1,605 2,343 2,154 3,786 25,150 616 74,064 1,472
Difference, 110 4,545 4 25 2 -68 =22 0 9,291 -8,289
2-1
1980
Scenario 1 20,222 18,478 1,619 2,577 2,271 4,404 32,908 624 46,405 71,926
Scenario 2 20,750 37,802 1,865 2,646 2,318 4,258 32,479 625 85,329 1,601
Difference, 528 19,324 246 69 47 -146 -429 1 38,924 -70,325
2-1
1985
Scenario 1 23,537 18,737 1,397 3,048 2,370 5,700 40,226 651 67,774 92,702
Scenario 2 24,306 47,901 2,575 3,283 2,577 5,264 39,490 659 109,573 1,855
Difference, 769 29,164 1,178 235 207 -436 -736 8 41,799 -90,847
2-1 .
2000
Scenario 1 26,954 20,658 1,204 4,160 2,882 8,717 53,013 552 127,863 102,650
Scenario 2 28,788 67,033 5,543 4,734 3,557 7,323 51,961 599 151,967 2,684
Difference, 1,834 46,375 4,339 574 675 -1,39% -1,052 47 24,104 -99,966
2-1
(a) Total organic material - air

(b)
(c)
(d)

Suspended solids
Dissolved solids
Total organic material - wat

er
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Scenario 3. Modified Fuel Allocation Assumption

Scenario 1 was based on the allocation of clean fuels to the
smzller sources found within the residential/commercial and industrial
gecteors. Since some dirty fuel currently is consumed within these sectors,
Scenzrio 3 was comstructed in which a portion of the dirty fuel was

assigned to the residential/commercial and industrial sectors in an attempt
te reflect whet would happen if long-term fuel supply contracts or other
factors prevent the elimination of dirty fuels in small sources. Equive-
lent amounts of clean fuel were shifted to the electrical sector to main-

tair the correct subtotals.

The projection was made by modifying that for Scenario 1 in the
following mzaner. Natural gas utilizations remained unchanged. tiliza=~

ticns of high sulfur residual oil without control were newly projected by

io 1 for 1975 by the fractionms of the total residual oil currently

consumed in each sector. These fractions were estimated to be 0.26, 0.2,

end 0.54 for the residentail/commercial, industrial, and electrical sectozrs,

respectively, for the year 1971 from data contained in Minersl Indusixy
9,10 ..

Surveys 7 ) and were assumed to hold for 1975. A comstant continuing

use of high sulfur residual oil in the residential/commercial and industrial
sectore was assumed for the remzining periods because of the existence

of long-term contracis or other constraints on fuel switching. The
d

g shipments of bituminous coal and lignite by average
suflur content by consumer use are presented for 1971 in Reference 3,

eng i

[
Q

v 1971 in Reference 11. The data cover shipments by producers

43



reporting sulfur content which included only 57 percent of the 1971 total

production and 61 percent of the 1970 total production. On the basis of
this incomplete data, 84 percent of the coal shipped to industrial and
retail consumers in 1970 (excluding coke plants) was high sulfur coal,
i.e., coal containing more than 1 percent sulfur. The corresponding
figure for 1971 was 77 percent high sulfur coal. Data for coal shipments
by sulfur content were not given in earlier editions of Minerals Yearbook.
Since the data do not include the total U.S. production and are available
for only 2 years, it is not possible to determine whether the indicated
decrease in the percentage of high sulfur coal consumed in the residential/
commercial and industrial sectors (84 percent in 1970 versus 77 percent
in 1971) reflects a continuing trend. For this reason the approximate
ratio, 75 percent high sulfur coal and 25 percent low sulfur coal was
chosen and this ratio was assumed to be constant for each time period.
Thus, the coal use projections for Scenario 3 were obtained by shifting
75 percent of the Scenario 1 low sulfur coal quantities in the residential/
commercial and industrial sectors to high sulfur coal. The projections
for low sulfur and high sulfur coal utilizations in the electrical sector
were adjusted to rebalance the coal subtotals.

The resulting fuel utilization projections for Scenario 3 are
given in Tables 19, 20, and 21. It is clear that these projections
are only approximate with respect to the distribution of high sulfur fuel
among the consuming sectors. A more definitive analysis would require
a detalled examination of the current end use of such fuels and the
factors limiting the flexibility for fuel switching. Such analysis is
beyond the scope of this study, however, the subject is of such impor-

tance that it warrants further study.

Projected Total Emissions - Scenario 3

The modifications to the fuel utilization projections required
the addition of systems not used in Scenario 1. The revised list of

modules used in the Scenario 3 systems is given in Table 22.
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TABLE 19. FURL UTTLIZATION TROJECTION TOR RESTNENTTAL AND COMMERCTAL SECTOR

Secenario 3

(a)

Fuel Utilization Proiection, 1012 Bty

Fuei/chhnology 1975 1980 1985 2000
Matural Gas (Clean Fuel) 8,660 9,480 10,060 10,800
Petroleum
Distillate Fuel 0il (Clean Fuel) by 914 5,640 6,680 8,720
Gasification, High Btu Gas 0 183 282 240
High Sulfur Resid Without Control 836 800 800 800
Subtotal 5,750 6,623 7,762 9,760
Coal
Tow Sulfur Coal (Clean Fuel) 80 75 25 0
Gasification, High Btu Gas 0 137 658 2,400
High Sulfur Coal Without Control 245 225 75 0
Subtotal " 325 " 437 " 758 2,400
Total 14,735 16,540 18,580 22,960

(a) ILxcludes electricity purchased and non-fuel uses.
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TABLE 20, FUEL UTILIZATION PROJECTION FOR INDUSTRIAL SECTOR(a)

Scenario 3

Fuel Utilization Projection, 1012 Bty

Fuel/Technology 1975 1980 1985 2000
Natural Gas (Clean Fuel) 11,040 11,750 12,440 17,040
Petroleum
Distillate Fuel 0il (Clean Fuel) 1,286 1,860 2,320 4,080
Low Sulfur Resid (Clean Fuel) - Domestic 560 530 650 740
Low Sulfur Resid (Clean Fuel) - Imported 1,423 1,420 2,030 2,400
Gasification, High Btu Gas 0 217 318 260
High Sulfur Resid without Control 641 600 600 600
Subtotal 3,910 4,627 5,918 8,080
Coal
Low Sulfur Coal (Clean Fuel) 835 853 903 993
Cleanable Coal (Clean Fuel) 1,110 1,140 1,210 1,330
Gasification, High Btu Gas 0 163 742 2,600
High Sulfur Coal Without Control 2,505 2,557 2,707 2,977
Subtotal 4,450 4,713 5,562 7,900
Total 19,400 21,090 23,920 33,020

(a)

Excludes electricity purchased and non-f

uel uses.
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TABLL 21, TURL UTILLZATTON PROJECTION TOR ELECTRICAL SECTOT

Scenario 3

Fuel Utilizaktion Projection, 1012 Biy

Tuel/Technology 1975 1980 1985 2000
Vatural Gas (Clean Fuel) 3,800 3,600 3,450 2,640
Petroleum
Low Sulfur Resid (Clean Fuel) -~ Domestic 40 450 580 160
Low Sulfur Resid (Clean Fuel) - Impotrted 1,777 3,700 4,440 2,200
Chemically Active Fluidized Bed 0 200 1,000 2,180
High Sulfur Resid with Stack Gas Cleaning 50 350 630 500
High Sulfur Resid without Control 1,713 300 1) 0
Subtotal 3,580 5,000 6,650 5,040
Coal
Low Sulfur Coal (Clean Fuel) 4,485 5,272 7,272 5,107
Cleanable Coal (Clean Fuel) 690 960 1,590 1,570
Fluidized~Bed Combustion 0 0 400 3,000
Gasification, Low Btu Gas 0 0 480 3,820
Liquefaction 0 0 300 2,500
High Sulfur Coal with Stack Gas Cleaning
Limestone Scrubber 560 3,115 2,700 600
Mg0 Scrubber 140 1,313 1,478 923
High Sulfur Coal without Control 3,025 0 0 0
Subtotal 8,900 10,660 14,220 17,520
Total 16,280 19,260 24,320 25,200




TABLE 22,

Scenario 3

MODULES COMPRISING FUEL/TECHNOLOGY SYSTEMS

Modules :
Fuel/Technology System Extraction Tranopert Processing/Conversion Transport Uzilization
RESIDENTIAL AND COMMERCIAL SECTOR
Natural Gas (Clean Fuel) Gas Well None Desulfurization Gas Pipeline Space Heating
Petroleum
Distillate Fuel 011 (Clean Fuel) 011 Well 011 Pipeline U.S. Refinery None Space Heating
Gasification, High Btu Gas 011 Well 0il Pipeline Gasification Gas Pipeline Space Heating
High Sulfur Resid without Control Import Import Import Tanker Space Heating
Coal
Low Sulfur Coal (Cleaun Fuel) Cozl Mine Rail None None Space Heating
Gasification, High Btu Gas Coal Mine Rail Hygas Gas Pipeline Space Heating
High Sulfur Coal without Comtrol Coal Mine Rail None None Space Heating
INDUSTRIAL SECTOR
Natural Gas (Clean Fuel) Gas Well None Desulfurization Gas Pipeline Conv. Boiler
Petroleum
Distillate Fuel 011 (Clean Fuel) 041 Well 0il Pipeline U.S. Refinery None Conv. Boiler
Low Sulfur Resid (Clean Fuel) 011 Well 011 Pipeline U.S. Refinery Barge Conv. Boiler
Low Sulfur Resic (Clean Fuel) Import Import Import Tanker Conv. Boiler
Gasification, High Btu Gas 011 Well 011 Pipeline Gasification Gas Pipeline Conv. Boiler
High Sulfur Kesid without Control Import Import Iuport Tanker Conv. Boiler
Coal
Low Sulfur Cozl (Clean Fuel) Coal Mine Rail None None Conv. Boiler
Cleanable Cozl (Clean Fuel) Coal Mine None Physical Cleaning Rail Conv. Boiler
Gasification, High Btu Gas Coal Mine Rail Hygas Gas Pipeline Conv., Boiler
High Sulfur Coal without Control Coal Mine Rail None None Conv. Boiler
ELECTRICAL SECTOR
Natural Gas (Clean Fuel) Gas Well None Desulfurization Gas Pipeline Conv. Boiler
Petroleum
Low Sulfur Resid (Clean Fuel) 011 Well 011 Pipeline U.S. Refinery Barge Conv. Boiler
Low Sulfur Pesid (Clecan Tuel) Import Taport Import Tanker Conv, Boiler
Chem. Act, Fluidized Bed Import Import Import Tanker Fluidized Bed
Combustion
High Sulfur Resid with Stack
Gas Cleaning Import Import Import Tanker Conv. Boiler,
Lime Scrub.
High Sulfur Resid without Control Import Import Import Tanker Conv. Boiler
Coal
Low Sulfur Ceal (Clean Fuel) Coal Mine Rail None None Conv. Boiler
Cleanable Coal (Clean Fuel) Coal Mine None Physical Cleaning Rail Conv. Boller
TlutA1=~d Ted Comhnetdon foal Mine Rail None None Fluidized Bed
Cowbusiiva
Gasification, Low Btu Gas Coal Mine Rail Lurgi Gas None Conv., Boiler
Linucfaction ‘Coal Mine Rail Liquefaction None Conv. Boiler
High Sulfur Coal with Stack
Gas Cleaning Coal Mine Rail None None Conv. Boiler,
Lime Scrub.
High Sulfur Ccal with Stack
Gas Clcaning Coal Mine Rail None None Conv. Boiler,
M0 Scrub.
High Sulfur Coal without Control Coal Mine Rail None None Conv. Boiler
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Total emissions were calculated by the same procedure used for
Scenario 1 using the unit-basis module emission data from Table 9, the
modified fuel utilization projections of Tables 19, 20, 21, and the
mocdule/systems as defined in Table 22. The results of the calculations
are presented in Tebles 23, 24, 25, and 26.

Comparison of the results for Scemario 1 and Scenario 3 is
provided in Table 27, which is a summary of the total emissions for both
scenarios.

The results for 1975 show that shifting dirty fuels from
sector to sector does mot affect the total emissions significantly as
the emission factors for the modules involved are similar. The increase
in total 802 emissions from Scenario 1 to Scenario 3 inm 1980, 1985, and
2000 is the result of substituting low sulfur coal for some stack gas
cleaning capacity. This was necessary to maintain the balance of total
ccal burned and the ratio of high sulfur coal to low sulfur cozl. These
increases for the utility sector have little effect on calculated air
guelity in Scenerio 3 as is demonstrated in Appendix B.

Lt should be noted that, although the allocation of some dirty
fusl to the residential/commercial and industrial sectors inm Scenario 3
did mot result in a large change in total emissions as compated with
Scenario 1, in which only clean fuels were allocated to those sectors,
this is not to say that the impact on ambient air quality would be similar

for both scenzrics. This question is addressed in the following section.
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TABLE 23, TOTAL EMISSIONS FOR SYSTEMS IN THE RESIDENTIAL/COMMERCIAL SECTOR, SCENARIO 3

TETSSTANS, THOUSENOS OF TONS
e 8YSTTMS . el ettatadndeintutiduduiebetnietuftinieivbviniatatiindnintaieiuiainiybuieiiubaioiiie halaswioaindiutietionhedinduni hdakahiiatiiedbatedaisdhateindadeiabeinindusiadiatodniedadeted -
NOoY <Nz cn oa°T TOoMA SSs ns TOMW ASH SLUNGFE

— e e C e 1975 - -

_MATHRAL GAS(CLTAN FUILY ?715,°1 117.°1 AL .05 71.65 4h8,93 5.00 £.00 0,00 0,00 9.7
ATCT SuTL DIL(ALIAN THEL) 417,73 99,99 R81.04 57,14 72,37 9,93 17300.R5 24450 Ca04 17.20
 GASIFICATION-CIL, HTAH NTU 0.0 2400 n.cg 0,06 9,10 0.0¢ 0.00 0400 .00 f403
HINH § PESTD-MN CONT20L 57.06  12R1,09 13.09 7.08 1,71 0,00 0.0 6.27 0.70 0.09

CLOW S COALIMLZAN FHSLY BB S5RAK_ 140.20 _ 33.8A 31.10 11,20 .00 9.00 278,00 3490
CASIFICATTINN=ANAL, HIGH BTN 7.00 Calt) n.01 0. 10 n.10 7.00 9.00 0.00 0.00 1.60
HIGH § GNAL-NA roNTeNnL 16,91 540,40 423,36 112,27 at .4 67437 22.C5 G.06 845,75 29,48

- TOTAL 3197.F8 298454 72R.63  277.91 668,56 R8.40 17322.90  30.77  1121.25 45,51

—_ S —— S — 1980 _—

NATHRAL GAS(CLIAM SUTL) 2061,71 120.31 71.10 23,73 513,22 0.00 n.op 5.0€ Car0 .00
DTST UL ATL(SLTAN FIFL) L77,76  1130.5¢ 33.7h $3.85 ap, 7> 11.78 19966,39 2R.1 Lo 19.74

_ CASIFTCATINN-NIL, HTGH 9Ty 42,08 _m,a9n0 1.7 .90 .78 C.00 777414 1,00 7.83 7,53
KTAW S PERTp-Y0 JANTOOL 54L.h0 1227.04 12.52 7,64 1.6k 0.09 0.00 £.C0 .71 7407

_LhW S reALIILTAN FOTLY S.1b ES,IR_ 131,44 31.74 29,105 19.50 _ .00 0.00_ 258475 J.07
CASTFIFATTNG-ANAL, HIAGH ©Ti LR.L72 10,51 2.65 24,73 .37 59,52 19.49 0.00 478,57 186,87

__HIGH S COAL=ND CONT20L 15,43 496,28 394,31 103,11 87,19 61,88 20,25 0.00 776425 pr.00

wn

(@]

S Y T "IFN1.C03  3087.57 736445  251.1A 714,99 142,18 23673.76 5,11 1521.27  1923,72¢
s e - -~ 1985 ———- - —

_MATUPAL CASIALTAN FUT L) 147,91 17,16 75.45 ”5.,15 5LL K2 £.nn 2en0 f.C0 0.07 %N
AIST FUSC NILIALIAN f0F LY €h1.12 1337.97 110.22 7CL.AR 87,97 13.3r 23518,46 33,30 n.88 23.38
GASTFICATION=9TL, HTGH 2Ty AT .77 a.10 2,31 1.8 1.Pt 0 T.00  1197.56  1.54 11.7% 11.76

TLIGH S PLRIN-Un CONTI0L 5L 0 1277 .44 12.57 754 1.64 g.0f 9.0¢ A 0,00 7.2
LOW S FABLIALTAN CryTL) 1.71 14,39 43,21 12.64 a.49 3.52 cen0 s.ne 76,25 7,09

T RACIFICATTON-TOAL, HTAM AT 227,93 rra, 76 7T 12,73 115,38 T1.30  2”r5.39 Q3,56 043 22%a,54  8975,9%5
HIAH S 5nat-H) 0ANTeNy R 185,43 131,454 L, 37 29,15 20.6% ha75 n.0C 25R.75 _9.0% .

TTyevaLr T N W0E/R.19  30A5.63 338,29 266437 AA5.99 323,37 24816432 40,84 2A55.70  9019,99

- [ e o I —— [N [ —— 2000 [ i E

_MeTUSAL GASH(LLIAN _SuIL) 337640 U517 1.0 27.010 58L.59 0107 %90 0.70C 8.n1 T
NIST FOTL NILIALT A FUSLY 732,48 17LT.8® 143.03 92,53 127,39 17.46 30703.73 L3047 0.79 3,52

CGASIETCATIANS=]TL, HIGH ATIH S7.R7 R 1.79 a8 103 0,00 1719,7¢ 1431 10,01 17,01
HIGH S ESTA="11 GONT2AL SuL,A10 1227.8¢4 12.52 7.64 1.5% 0.0n 5.0¢C £.00 0.0 .50

_LOW S PRALICLETAN FUSL) MR 0GMC 9400 0400 . C.O0____ . 0.00 0.00 _____0.00 0.co0 0.0
GASIFICATINN=COAL, HIGKH ATU 313.12 662,07 LB, b L2403 €£.55  104L2.75 361.26 0.58 8383.73 32739.65
HIGH S_COAL=ND COMTOOf WA 0,00 0,00 0,90 n.10 0,00 0.00 0.90 0.08 1.0r

ToTAL £3031.98  3821.70 285,64 552.77. 721.80 1067.19 320K1.19 0.78  B393.74 32779,18




The o TOTAL V”T’”TG”Z Ton SYSTE

SLCTON, SCINADRIO 3

. SXATEINS

i TS =5 IS ¥ T E P Y0 T sLunse
e e . — e 1975 - - e
MATUBAL GAS(CHL A FUSL) 5154,76 147451 2,91 A7 50 TIE BT .37 0.a0 000 0.00 3.00
PTST FLUTL OTLATLIAM FUFL) 5IX 407 k.71 212 13,37 EED) 2.57  4wro7, rf hatil 0erd L.31
_LOW_S PrSYA=nAMeRTTA - B POTMEA TN TR 1,15 _ 15.579 10.15 1.17_ 1370.5% 7400 renn 1.97
LAY S PESTN=TMAa0Ton0 £99,12 741,10 £G2 17407 7.19 fa00 2. on T ta.A7 T T alnnT T
_GASTFICATION=-ATL, WIGH T DN o na0n S B Y 1S SR ' || DN Y R P [ DN .1 DU O 0 B P
HIGH 5 PESTA-4A COIT‘GL Pr4 N3 1173,54 b2 17.78 a2l Deln n.cn 51 n.30 7.00
LM A CARLISE TR F1iTLy _ 7 617a00 FATGLA L] 5.0 Fefn 127,34 L00 4259 ITPG7.50 PNy
CLEFPATLE FOALLCLESY FOTLY) 01495 G07.2D 20441 LR faifl IR0 .75 1t3 52 Ea1__ 30N2,55 17,35
GATTFIFATYO M =30AL, HTAH BT fenl D.00 Mard rLan a.00 0.00 w.n Dend n.00 .00
__HIGH S COAL=ND_GONTROL 96L.63 5951413 71439 302048 16,29 720.19 225,45 13.78__15030.00 300454
TOTAL A351.95 10139.71 13R. 44 5772 R 71433  1300.23  EALG .15 53,37 21780.056 FP6.G3
(9]
| o e et e it - R - J,
1980
__MATURAL RAS(RLTAN FHMIL) B4ARPT 156,41 2.35 AR 1R AL7 .52 a5, 00 0.00 0.00 D.00 N.90__
NIST FUTL CIL(ALZAN FUSL) 728.19 W40 .72 3.07 56,94 3h.GR 2,72  BHLALES 9.27 0,00 Aot
_LDM S RESTR=NIMISTTIN 1042 312.hRh 1.39 14,95 9.A0 1496 187348 6.63  8.00 1.%6
TLoW § RESIN-TUMPARTRA 497,06 739,55k . a2 36,99 7417 0.00 0,58 10,65 n.00 t.a0
__GASTFICATTOM-0TL, HIGH ATU A5.E7 GG D 2.45 L AL 1,74 a?1.52 149 9,05 49,08
HIGH S ©ESTN-MO CANTRAOL 210,45 T 1094.4° .39 15,63 3.03 3,071 0007 74,50 o.00 1.00
LOM S COAL (CLEAN FHTL) L26,.5] 706,32 29,43 67,35 A A2 130.08 0.00 #oF9 333,50 9,00
QL-q[APLE PDAL(FL AS FUFLY 437,55 AP3.88 30.71 122.37 6.27 270.50 116459 €427 _ 3013, 7u ______ 226,45
GASIFICATION=3NAL, HIGH RTU AGeb 1 45,97 1.96 29.64 3.38 72412 23,18 n.00 569,54 27223.50
HIGH S COAL-NO CANTPOL afL, 70 60754466 72,87 308 ?6 16462 735,14 230.13 14, 06__g§jyg_gn_““_306-5h

TOTAL ADY7 &3 10‘004-86. 142434 735475 941 .93 1408.35% 971345 57.26 2Z2842.55 2R3




TABLE 24, (Continued)

FMISSIONS, THOUSANQDS OF TONS
systEMs 0 ome=cocE® hachalonleddaotetiuiiiouladulniodeinguiinlnieiuieinig ehalndudedububuioggleiydlnie ettt bvislutentoluindeinduledainipfoiybelotaheiedidiuieiahsbag
MOY <02 co PART TOMA S< 0s TOMW ASH sLunne
- 1985 - ——
NATUCAL CASIGLZAN FUSL) H580R LY 15,88 2449 93,30 897,139 9,52 .00 0.0 0.00 t.010
DIST FUEL OTL{SLSAN FUZL) 902,789 540,71 3.8% 71.02 45,53 4.h4 B8168,08 11.56 n.00 8,12
__1LOW S RESTN-0Q0MESTIC 233.69 IRTL45 1476 18,21 11.78 1.31 2297.66 Be13_ 0,00 2.?9
LAY S PESTO~T“PORTEN 71202 1057.2? 1.722 52,8A 1075 0.00 n1.00 15,22 0.00 g.ne
_GASIFICATICH=NTL, HIGH RTY 125,55 10,19 LY 3,15 7.19 2.54  _4350.43 1.7  13.7€__  13.75
HIGH § SESIN-N1 CGNT2NL ?10.45 1199, LA .39 15,63 .03 .00 0.00 4,50 0.00 3.00
LAY S CNALICL AN FUsL) £L51.50 765,51 31.15 63,99 7.22 137,71 9,09 4,97  4063,50 PLE
__PLEANACLE COAL(ALTAN FUTL) 427.27 R7L b7 32,06 129,83 6.65 393.25 123.75 he66  3273.05 _  345.5"
GASIFIGCATION-COAL, HIGH BTU 266,03 213.82 8.94 134,93 15,38 328.32 105.51 0.00 2591,97 10121.70
HIGH S COAL-ND CONTROL 104747 FL31.02 77.15 326.87 17.60 778.26 243,53 14,89 16242.00  32t.84
TOTAL 10290.79 11529.85 158473 909.70 1022.02 17u45.55 12289.07 67.67 26183,78 10816,71
___U‘_
N _ - B}
T 12000 - )
MATYPAL RAS(CLTAN FUZL) 7950,24 227,22 3 614 127,810 1229.73 13A.32 2.00 0,00 0.70 2,90
NTST Fr-L OTL(SLTAN FUSL) 1597.32 ARRL T4 He73 124,89 A0 . 2L A.16 143R4.56 20434 n.ng 14,28
LNW S fISYnencuosTYe 271,76 435,54 1.52 23,73 13,41 1.9 2816,AC 9.25 0.05  72.An0
LA® S SICTN-Ita8TER o T Ry, 89 7 T 12L9,4% 77 1495 62.52 12.1°? 0.00 q.00 7 T IR.0C 0.02 L PEL
_ AASTFTCATION=NTL, HIGH PTY 10°.¢5 2,33 .05 2.57 5,80 2,08 1104413 1.42  10.R4 1580
HIRH § 25ST73=N) CONTRNL - - 710.L5 1398, 4R .39 15,63 3,012 0,00 1,00 4450 .09 ".00
LAW S COAL(CLIAN FUTL) 496,590 A19.92 34L.26 710.25 7.94 15143 7.00 S5.46 44ABLSY 0407
CLTAMAALE COAL(CLZAN FUTL) LBA AU 9R1,19 35.24 142.70 7.31 L32,25 136.02 _7.31 3597.55 3R, 06
T GASIFICATION-CRAL, SIGH PTU 1792 .88 769,22 31.33 472,80 53,99 1150, L% 369,70 n.00 9082.38 354KH.R7
HWIGH § CCAL=NO CONTSOL 11LE Lb 7072.46 BL, AL 359,47 19.35 55,89 267.93 16,37  17862.00  357.24
TOTAL 1.375.39 13590.02 199,34 1399.38 1432.32 7738.06 18858,15 A2.66 350721.37 36232,71
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TABLT 25,

TNTATL TMTS!

v
o]
A
._J
=

OR SYSTEMS TN Tifm FELECTRTCAL SECTOR, SCENARTO 3

THICCTAN Sy THAGS 58NS LIGHE
A o e O R o e e e e e e M e m—ma Amemm—eeean e LT
' Moy EGER nn wAST TR s 7 ns Toromy T Ashk SLUNGE
— - - 1975 — - - -
MATHEAL RASIALTAYM FITL)Y) 177L.21 GR35 L5G Y hialhe18 G531 .R% L8R 08 L55 .00 LGS (AR 655.A 8 kG568
LAY 5 2Eerne3ii aTen 1hefa EREIEA 70 1e?% e o 2R in1.60 .70 .27 A
LAY 5 RISYA-yuEnnTER £23.24 25 L6 1416 L5,29 fea7 0s08 0.00 13.33  0.P0 100
TOHER ARYTIVE FLNTAT7LD PEnC ) NanD Na0d f.00 f.00 0.00 f.00n 06 8400 CN.an
HIAH 5 SERID~LTHISTYANF Serun 17454 F.149 W13 WA +25 .00 D.nn A8 p.r0 ING,.00
THIGH % pTSTILAN paMTeAl BN 313016 I LWL 6P A.56 .00 B0 12485 0.60  f.00
LA S RRALILTAN Pt 24T E 702,76 155,73 T17.31 36,0 12,96 N.00 P2haBT7_ 2NN, 50 Tedn
CLEAMADLD CR3LITLIAN FUELY TLYGAE LERGR INER 7ot T.01 PELLG 70,57 384 1ARRLS 197,59
__FLOINTZEA ATN ALMIUSTIOMN-L0AL Q.00 0,00 flafif M0 n.00 0.00 n.00 0400 n.00 4.30
GASIFICATINN=-ZNAL, LOW ATO Ot Nel30 teill 000 a.00 0010 D00 n,00 n.nn n.0n
__LINUEFACTTOMN=-GNAL 0.0 n.nn N 0B 1,00 n.nn D.00 2.00 0.00 .00 9,00
HIGH S COAL-CTHESTANE SORUR 179,66 140,39 15,496 67462 TBh 161,07 50 40 3.08 E72.007 7 7711.20 7 -
HIGH 5 COAL=HGN SCPHA 431 35.10 3.99 1£.90 W11 L1425 12.60 77 169,00 16409
HIGH S CORL-NO CONTeOL TThh. a3 7LlE49 6e21 T65.27 1G.66 869,646 272,25 Th.6h  LA180.00 I6T.a07
L TeTAL GAORT7  1R1AL .52 738,21 1417.58 BL44R7  24FR5.51  1003.10 f31488 41494483 91R9.A?
1980
MATUSA)L GAS(CLTAN FUELY 160n,00 476,70 432.42 458,70 503,70 L6050 431,70 u31.70 631,70 431,79
LOY S RESTA-NOMISTTG 165.75 263.71 3.18 14.37 104386 3.16 1592,95 7.89 ?.26 3eAL -
LW S RESTN-TMRORTEN 1297.77 _ 192h .96 2l 96,38 18,58 0.00 0,00 27.75 _ . 0.00 __  0.00
CHEM ACTIVEI FLUINTZEN aFn 1R 15 L6.16 W13 1.21 hoedt f.00 t.00" 1.50 300,00 0.99
_HTGH S SESIN-LIMISTANE 5noue 122.7h 64433 W23 ohh 1.77 0,00 0,00 2463 .00 _ 2415,8%
HIRH S %EST0=-40 CONTRPOL 103,22 549,24 20 7401 1.51 n.og g.00 2,25 n.00 n.00
_LOM_ S ANALICLTAY FUTL) 2636.00 L353.09 131 .83 372.99 42,14 803,99 0.00 29.00  23724.08 gen0
CLTANADLE CNAL(TLFAN FUFL) 31,99 693,79 25.4k 103,00 5.28 312.00 98,11 5.2R 2506,A0 274.91
—FLUIDIZED_BED_0048USTIOH=GOAL a0 0.00 n.00 000 0400 0,.0.0 0,400 GolO__ ... 0.00_.___ 000
GASIFICATION-SNAL, LOW RTU 0.00 6.00 0.00 0.00 D.0n 0.00 7.0 g.00 n.00 g.00 :
_LINUEFACTION-GNAIL 0.00 0.00 000 D. 00 0.00 N0 Q.00 D400 0.00__ 0.00
HIGH S COAL-LTHISTONS SCRUR 965,05 760,93 88,738 376414 20,25 895.56 280435 17.13  3738.N0 67893.55
HIGH S_C0AY=MRA_SODUR L07.16 329,17 37,42 158,51 Re53 377,49 118,17 722 _ _1575.60 167.56.__.
HIGH S CCAL-MNO CONTROL g.oe o.00 0.00 0. 10 0.00 0.00 0.00 0.00 n.00 0.00 -
10TA) 7736,17 94 86.08 772,08 1589.61 616,25 __2852.69 _ 2521,35 532434 32360.36__ 46176.56




TABLE 25. (Continued)

THISSIONS, THNUSANMDS OF TONS
- SYSTEMS mmmmemem—o-o-- et ettt buiatelel ettt dstaunietedon ——m————— et
rny 502 ) LY ER TOMA 3 ns TOYH ASH sLunGs
s - - —- - 1985 - e e e - ‘
__ MATUEAL FASICLIAN fHTLY 1F10.75 459,72 415460 439,59 LAZ T LLq. 31 613,71 617,71 L1371 L13.71
LW S RFESTN-NIM-STIC 217,03 339,99 4a10 1R.57 17,22 4.NA 205%.17% 10416 2.01 4,95
_Lnw S pE3IN-1NTAPTEN 1557,33 2312.35 2.89 115,66 22,47 T.07 0.00 37,33 1.00 7.1
Tgeze AnTTYE FLOTHTITSA REAT 37,75 205,80 A5 5,05 20,35 0.00 3.¢d 7.50  1570.00 0,09
HIAH 5 OFS[V=LTYI3TNNE sCPUN 223.97 115,79 W41 .A2 3.18 0.C3 0.00 4.72 N.G3  WTL7.30
HIGH S 22ST1n=19 2nMToAL T~ a.co T 3.00 e o0 B.30 T @.30 O gd.02 8.00  0.00 c.nn 7.77
_ LW S CABL(NLEAM FUrL) 336,00 600k 4G 257,A4 514,49 58,18 1108,38 0,08 40,00 327264,00_ _ 1.7C__
CLERMARLE COAL(CLTAN FUTLY 561.46 169,79 42,13 175.60 2.75 £16.75 162 .61 3,75 43n00,95 L55,12
_ FLUTDIZEN 35N COMRUSTION-COAL 37,24 {u4n.?78 3.39 312,38 n.30 110,00 38.0C _ _0.0C _ 34620 48,15
GASTFTCATION=COtL, LW nTH 130 .R5 223.54 .83 37.56 26,00 135,84 43,20 W48 2356,R0 £7,49
CLINUFEACTION=-COAL o 116,54 107.23 10,35 EA.AL 2434 113,75 35,00 1.65 2L0L.K5 48,00
QTAN S OAALSLT#ESTAND SCoUT ™ H37.27 67A .9 7H.95 326,737 i7.55 775.257 263,007 164857 240,00 37179.70
HIAH S FOAL-YGO S3oUR 458,33 370.573 42,12 178,47 a,51 424,92 133.02 .13 1773.F0 177,3¢
TTHYGH ST OALERY SANTY ST ) oV 70U V] T ] .00 LG 5060 TL.n0 T
TOTAL gL28,3% 12125.61 A51,49 1908,a3 664,71  3671.88 3120.64 543.25 52176.52 42730,94
gz
2000
CMATUTAL GASIALTAN ENC) 1232,Fh 351,78 117,11 T, 28 269,309 237,71 216,58 15,58 31A.5A 31R, 59
{nu € FrTrran~tIsTIn 52,76 33.75 1.13 .11 .58 1.12 566,28 2,20 T I ¥
Lry © eEcTRaTencaTor TU4.65  114S.7A 4. 57,31 tt.1t . 0.00 0 G.00 15.50 2.09 7.9"
RUTR ARTISS FLUTATZTY RTN 177,03 4a2,2 4 1.60 13,19 43,71 7.99 3,00 15.35 3270403 Tune
CMTAR S ETSINSLINTSTANT SOyt 7e,r7 91,91 _ .22 LRSS 2,.8% Q.00 0.00 __ 3.75 5.07 LS. I3
HMTAH S BESTI-NA GOMTRIL 1.01 T30 0.78 5.0 090 0.00 0.0 6.0 3.00 T.a7
LN g enaLIr TAN fUTL)Y 253,560 4214485 17A.11 161,12 43.35 77%.82 n.g.ao 28,00 227°81,50_ 5.7
CLTAVACLE FAALIALTAN FUTL) £5L,29 1136.564 41469 162,45 R,57 £15.75 160,57 g.62 L2456 ,85 uwun,sa
ELHTIRTT0 =70 “3MSUSTIAN=CABL L0, 1952.19 22,50 262,75 £, £9€,12 27040 0.2 25053,01 37,70
TeactrIeATTANTaaL, LW oYU 892,59 177%.97 28,65 T 77298,91  21t.10 1081.06  363.80 3,827 49756,27  u5e,u%
LInUESarTTAR-~aL €96.17 893,54 36423 573,71 17.30 947,92 300.90 13.75 20038.75_ _ 400,23
T RISH S COAL-LIMISTONI SCRUR 195,04 15C . 4?2 17.132 72,65 3.93 172.58 54,00 3.30 722,00 B2R,GN
HIGH S GCAL=Y4G) SCCU3 286,22 231,49 26, 11146% 699 265,36 R3,07 5,38 1107.59 110,76 __
HIRH S CNAL-NO TOMTSAL 0.00 G.00 9.6 G.00 0.3° 0.01 0.00 0.00 9.01 7.07
ToTAL BL33.69 11533461 720.01__ 2741.19  716.89 _ 4919.73  2094.40 ___ 418.55 97388.23 13R08.77
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SECYARS mmmmemenes inhuiiatulelodininie paiabelstteieldduinuindoiuioinininielolelelutoluiniulnisieiniolebuintntelus Sinteloletetelntoiniiolobeininieini it -
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COMPARISON OF TOTAL EMISSIONS FOR SCENARIO 1 AND SCENARIO 3

TABLE 27.
Total Emissions, Thousands of Tons
NO 50, co part  Toma®  ss®)  ps(®) romw (D Ash Sludge
X
1975
Scenario 1 18,409 29,525 1601 2318 2152 3854 25,172 616 64,773 9761
Scenario 3 18,458 29,288 1603 2318 2154 3854 25,172 616 64,406 9761
Difference, 3-1 49 -237 2 0 2 0 0 0 -367 0
1980
Scenario 1 20,222 18,478 1619 2577 2271 4404 32,908 624 46,405 71,926
Scenario 3 20,434 22,974 1621 2577 2273 4404 32,908 624 56,732 50,974
Difference, 3-1 212 4496 2 0 2 0 0 0 10,327 ~20,952
1985
Scenario 1 23,537 18,737 1397 3048 2370 5700 40,226 651 67,774 92,702
Scenario 3 23,775 26,741 1398 3085 2372 5700 40,226 651 81,016 62,567
Difference, 3-1 238 8004 1 37 2 0 0 0 13,242 -30,135
2000
Scenario 1 26,954 20,658 1204 4160 2882 8717 53,013 552 127,863 102,650
Scenario 3 27,441 29,045 1204 4193 2871 8717 53,013 552 140,803 82,820
Difference, 3-1 487 8387 0 33 -12 0 0 0 12,940 -19,830

(a) Total organic material - air
(b) Suspended solids
(c) Dissolved solids

(d) Total organic material - water



ESTIMATION OF THE IMPACT OF PROJECTED
EMISSTONS ON AMBTENT ATIR QUALITY

Approach

To put into perspective the effect that projected energy
requirerents will have on ambient air quality, an analysis was made
using the greater Indianapolis Air Quality Control Regiom (AQCR) as an
cxaople region. Battelle has spent close to two years developing an
emission inventory for the Imdiamapolis AQCR. A recently completed study
vtilized this emission inventory to develop control strategies for meeting
secondary S0, and particulate standards.

Th; Indiznapolis AQCR was chosen for study because of the
extensive data base already available. The point sources in this AQCR
cre smeller than might be considered typical; however, it was concluded
thet the analysis of an actuzl AQCR would be more meaningful than the
anzlysis of a hypothetical "typical AQCR.

Air quality is predicted using the Air Quality Display Model
(2QDM), & multiple~source dispersion model., The AQDM uses as input data
an emissions inventory and various meteorological parameters. Air quality
is then predicted for a receptor grid and the predicted comcentrations are
printed in tabular form. Battelle has coupled several programs with AQDM
so that BCL hes the cepability to predict emissions resulting from applying
¢ir pollution control laws, calculate the resulting air quality, and

ol
phicelly display the receptor grid concentratioms. Future growth of

T

)]

aa

ollutant sources canm also be accounted for by using growth factors with

jasi

the emission inventory.

Characteristics of the Indianapolis AQCR

In corder to amelyze air quality prediction results, the greater
Indianapolis Air Quality Control Region should be characterized with

respect to types of sources.
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The fuel-use mix in the Indianapolis AQCR is not typical in that
coal is the predominant fuel. The 1971 inventory consisted of about 87.6
percent coal, 5.3 percent petroleum products, and 7.1 percent natural gas.
This mix may be compared with the national combustion-fuel figures for
1971 which were: 27.7 percent coal, 25.0 percent petroleum products, and

¢y

47.3 percent natural gas.
There are 434 sources inventoried in the Indianapolis AQCR;

227 sources are sources with emissions of more than 25 tons of any one

pollutant per year, and the remaining 207 sources are referred to as area

sources (emissions described in terms of tons per year for a given area of

land). The data base was originally collected for 1970 and updated to

include significant changes which occurred through 1972. For this study the

inventory will be assumed to apply in 1971 for comparison with 1971 national

figures,

A breakdown of the sources within the Indianapolis AQCR was derived

from the source listing. The number of sources in each of seven arbitrary
source categories is given in Table 28. TFor each source category the total
emissions of 502 in tons per day are given together with the total
contribution to the 802 concentration in ug/m3 at Receptor 33, the receptor
having the highest 802 concentration. These total emissions and ambient
air quality contributions were obtained in a "base case' computer run in
which all sources were assumed to burn clean fuels, i.e., low sulfur coal,
low sulfur residual oil, distillate oil, or natural gas. This base-case

run is referred to as the 1971 clean-fuels run.

Relative Ambient Air Quality Contributions
From Small Sources and Large Sources

Previous studies have shown that, in general, small sources have
a greater impact on ambient air quality in porportion to their emissions
(12,13)

than do large sources, The sources in the Indianapolis AQCR exhibit

the same trend. Table 28 shows that the utility combustion group (20 to
440 MW) produced 156.9 tons SO2 per day, or 78.1 percent of the total

emissions, while contributing only 7.35 ug/m3, or 15.8 percent, to the SO2
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TABLE 28. SUMMARY OF SOURCLES TN INDTANAPOLIS AQCR-"CLEAN TFUELSY RUN, 1971

Mumber of Emissions AAQ-R33 Mean
Source Category Sotrees 80, , T/D E =% of Total u,g/m3 A=7% A/E Stack Ht.
Utility Combustion 11 156.9 78,1 7.35 15.8 .202 81 m
20-440 MW
Industrial Combustion 8 12.4 6.2 10.54 22,7 3.66 38 m
10-40 M{ equiv.
Industrial Combustion 11 8.5 4e2 3.70 8.0 1.91 44 m
5-10 MW equiv,
Industrial Combustion 25 7.7 3.8 4.03 8.7 2.29 33 m
e 1-5 MW equiv.
Industrial Processes 7 3.3 1.6 14.78 31.8 19.9
Other Point Sources 165 3.1 1.5 1,96 4,2 2.80

Area Sources 207 9.1 4.5 4.15 8.9 1.98

Totals ‘ 434 201 46.52




concentration at Receptor 33. On the other hand, industrial boilers in

the 10-20 MW equivalent range produced 12.4 tons of SO, per day, or 6.2

, or 22.7

2
percent of the total emissions, while contributing 10.54 ug/m3

percent, to the total 502 concentration at Receptor 33.

The ratio, A/E, where A = the percent contribution to ambient
air quality, and E = the percent of total emissions, was used in the

previous studies(12’13)

to show the relative effects of emissions from
different sources. A large bedy of A/E data calculated from AQDM analysis
of the New York, Philadelphia, and Buffalo AQCR's is presented in Reference 12,
These data show that there is wide variation in individual A/E values but
that average values for different types of sources are significantly
different. For example, Reference 12 gives the following summary of New York
AQCR 802 data where the A/E values are the mean values obtained for all
receptors in the AQCR grid.

Source Category Range of A/E Mean A/E
Utility Power 0.13-1.56 0.49
Industrial Combustion 0.69-2.17 1.06
Area Sources 0.53-1.69 1.38

The A/E value less than unity for utility power sources shows that these
sources contribute proportionally less to ambient air quality than to
total emissions, while the A/E value greater than unity for area sources
shows a relatively greater impact on ambient air quality from these
smaller sources.

Values of A/E were calculated for each source category in the
Indianapolis AQCR and are given in Table 28. The A/E for utility
combustion is 0.2 and 5 of the 6 remaining categories have A/E values
in the range of 1.9 to 3.7 in general agreement with the New York data,
The very high value, A/E = 19.9, for industrial processing, is due to the
presence of a sulfuric acid plant in close proximity to Receptor 33. This

plant produces only 0.36 percent of the total SO, emissions in the AQCR

2
but contributes more than 29 percent to the 802 concentration of Receptor 33.
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It is obvious that A/E values calculated for a single receptor will be
quite semsitive to the location of each source with respect to that
receptor. A second czlculation was carried out for Receptor 44, the fifth
largest receptor. The resulting A/E values for each source category are
presented in the following tabulation together with those for Receptor 33
£

or comparison,

Receptor 44 Receptor 33
Source Category A/E A/E
i 0.17 0.20
2 4,89 3.66
3 2.26 1.21
& 3.53 2.29
5 4,50 19.9
6 4,74 2.80
7 2.67 1.98

The A/E values for different receptors are different as expected; however,

o . . . . . .
the conclusions regarding the relative impact of different source categories
remzin the same.

Tne disproportionate impact of small sources indicated by this

s
]
)
(=
<

lyeis ie related to the stack height and stems directly from the AQDM
The basic equation states that the concentration of pollutant at a
ected point is inversely proportionzl to an exponmential function which
includes the square of the stack height. This results in a much lower
celerlzted concentration of pollutant for emissions from a tall stack as
corpered with the sawe emissions from a short stack. To demonstrate this
relationghip in the Indianapolis AQCR, the mean stack height is given in
for the first four source categories, The gemeral trend, low A/E
A plot of

ersus the square of the stack height shows the expected scatter

for tall stacks and high A/E for shorter stacks, is apparent.

h
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but the correlation is clezr.



Effects of Fuel Switching on Ambient Air Quality

In view of the conclusions reached in the foregoing analysis,
the evaluation of the effect of projected energy requirements on ambient
air quality must include consideration of source size., Therefore, ambient
air quality calculations were carried out for the Scenario 1 projections,
allocation of clean fuels to the residential/commercial and industrial
sectors, and for the Scenario 3 projections, some dirty fuel burned in small

sources because of restrictions on clean fuel allocation,

Basis for Ambient Air Quality Calculations

The Air Quality Display Model was used to calculate ambient air
quality for the Indianapolis base case (1971 clean-fuels run). The results
of this run were used to calculate the effects of increased fuel use,
applied energy technology, and fuel switching as projected by Scenario 1
and Scenario 3. These calculations are based on the fact that the AQDM
equation states that the concentration of pollutant at a selected point is
directly proportional to the emission rate of the source. Thus, if the
emission rate is increased by 20 percent, the pollutant concentration at
any point, and therefore at all points, is increased by 20 percent.
Similarly, if the emission rate of a number of sources is increased by
20 percent, the total pollutant concentration due to those combined sources

is increased by 20 percent.

Hypothetical Case

To illustrate this approach and to demonstrate the effect of
fuel switching, a hypothetical case is presented in Table 29. Consider a
group of point sources producing 180 tons SO2 per day and contributing

30 ug/m3 of SO, at a given receptor, and a group of area sources with

2
emissions of 80 tons SO2 per day and an ambient air quality contribution

of 30 LLg/m3. The A/E values in this case would be 0.7 and 1.7, respectively.
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TABLE 29,

COMPARTISON OF POINT SOURCE AND AREA SOURCE
CONTRIBUTION TO AMBIENT ATR QUALITY (AAQ)

Hypothetical Case

AAQ of
Emissions of Recepgor,
80,5 T/D pe/m
Hypotheticzl Case
Point Sources 180 30
Aresz Sources 80 30
Totals 260 60
Shifr 40 T/day of emissions
from point sources to
ares Sources
Foint Sources 140 23.3
Arez Sources 120 45
Totals 260 68.3
Shift 40 T/dav of emissions
from zrez sources to point
sources
Point Sources 220 36.7
Area Sources 40 i5
Totzls 260 51.7

63




If clean fuel and dirty fuel were switched so that the point source emissions

decreased by 40 tons per day to 140 tons per day and area source emissions
increased by the same amount to 120 tons per day, the point source AAQ would
decrease to 23,3 ug/m3 (140/180 x 30) and the area source AAQ would increase
to 45 ug/m3 (120/80 x 30) to give a total AAQ of 68.3 ug/m3. If the switch
were made in the opposite direction, the same type of calculation gives

a new total AAQ of 51,7 ug/m3 as shown in Table 29. Thus, with the same
total emissions, the AAQ varies from 51.7 to 68.3 ug/m3 depending on the

distribution of the emissions between the source types.

Modifications to Indianapolis AQCR

This approach was applied to projections for the Indianapolis
AQCR corresponding to Scenario 1 and Scenario 3. Three modifications were
made to simplify the calculations as follows:

(1) Only coal combustion was considered

(2) The sources were divided into two groups,

utility sources and other sources

(3) Process sources were excluded.
As noted previously, the Indianapolis AQCR fuel mix includes nearly 88 percent
coal and only 5 percent petroleum., Since natural gas combustion produces
negligible 802 emissions, coal represents nearly 95 percent of the SO.-

2
producing fuel in the Indianaplis AQCR. For this reason, the total SO

2
emissions were attributed to coal burning and oil burning was neglected,
The division of sources into two groups is based on the fact that the
combustion sources other than the utility group have A/E ratios between
1.9 and 3.7. Thus, the impact of sources in this group on ambient air
quality would be similar. Furthermore, allocation of fuels to categories
within this group would be purely arbitrary, hence, not meaningful. The
characteristics of the individual plants in the utility group are given
in Table 30 for reference. The industrial process sources are
noncombustion in nature. In the Indianapolis AQCR this group includes a

sulfuric acid plant, three coke ovens, a catalytic petroleum cracker, a

lead blast furnace, and a creosote plant. The SO2 emissions from such
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TARLE 30, CHARACTERISTICS O DTILLIN PLATLS

LY TUDTIANAPOLIS AQCR

Stack 50y Contribution to
Source Bize, Height, Emission, Receptor 33,
Number Mame M Type Lt ton/day wg/m
1 H.T. Pritchard Station 105 Pulverized Coal 250 10.30 0.143
2 M.T. Pritchard Station 125 Pulverized Coal 250 12.39 0.163
3 H.T. Pritchard Station 175 Pulverized Coal 250 17.08 0.186
4 E.W. Stout Station 20 Underfed Stokers 134 2.41 0.849
5 E.W. Stout Station 55 Pulverized Coal 209 5.13 1.076
6 E.W. Stout Station 205 Pulverized Coal 250 30.38 3.339
7 E.W. Stout Statiom 450 565 57.77 0.519
8 Perry K Plant 65 Spreader Stokers 272 4.69 0.299
9 Perry K Plant 70 Pulverized Coal 272 5.22 0.306
10 Perry K Plant 80 Pulverized Coal 272 5.65 0.414
12 Noblesville 230 217 5.92 0.057

Generation Station




sources would be constant as fuel use and energy technology are varied.
Since these sources contribute over 30 percent to the AAQ of Receptor 33,
their inclusion as a constant would tend to make the effects of fuel

switching less distinct.

Projected Ambient Air Quality

2

scenario were

(1)

(2)

3

(%)
)

1971 was modified on the basis of the foregoing considerations.

gives the total coal use, total SO

for the other sectors combined.

The Indianapolis AQCR base-case, clean-fuels computer run for

2

to the SO, concentration at Receptor 33 for the electrical sector and

calculated by the following steps:

The base-case values (coal use, SO, emission rate,

and AAQ contribution) were increasid by the coal-use
growth factor obtained by dividing the projected
national consumption of coal as fuel for the given
year by the actual national coal use for 1971 using
the Dupree and West data.(l)
The newly projected coal use in each sector was
broken down into high~sulfur coal, low-sulfur coal,
and applied energy technology in proportion to the
quantities projected for each in Tables 6, 7, and 8
for Scenario 1, and in Tables 19, 20, and 21 for
Scenario 3,

The SO2 emissions rate for each coal type or
combustion mode was calculated using the appropriate
emission factors from Table 9.

The new SO2 emissions were summed for each sector.
The new AAQ contribution from each sector was
calculated on a proportional basis as illustrated

in the hypothetical case,
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emission rate, and total contribution

The projected AAQ for each year and each



(6) The new total AAQ was obtained by summing the new
AAQ from each sector. '

The details of each calculation are given in Appendix B and
the results are given in Table 31. The difference in the predicted AAQ
for Scepmario 1 and Scemario 3 is large. The values for Scenario 3 are more
than twice the values for Scenario 1 in each year. Since Scemario 3
incluces some quantities of high sulfur cozl in the nonelectrical sectors,
this result is expected from the large difference in the A/E values
for the electrical sector, 0.20, and for the other sectors, 1.9 to 3.7.%
For each Scemerio the predicted AAQ decreases from 1975 to 1980, reflecting
the projected inmcrease in the application of stack gas cleaning. The AAQ
values rise agein in 1985 and 2000 as a result of the projected increase
in cozl use.

One additional factor should be noted in commection with the
relative seriousness of emissions from small sources versus large sources.
There are some indications that sulfate may be a more critical air pollutant
than SOZ. (14) If zirborne residence time is a significant factor in the
conversion of 502 to sulfate, then emissions from short stacks might
contribute less sulfate as an air pollutant than tall stacks. These
questions must be resolved before a final conclusion regarding the overall

importance of emissions from short versus tall stacks can be reached.

Discussion of Results

The predicted ambient air quality results for Scenario 1 and
Scenario 3 emphasize the importance of small sources in any emission
control strategy. A successful strategy should include not only allocationm
of clean fuel to small sources but also provision of emergy technology for
smzll sources, It is mecessary to implement both approaches because each
s limitetions. Allocation of clean fuels to small sources (as in

Scenario 1) has only a minor effect on total 802 emissions but a dramatic

*See Appencdix B for & discussion of the impact of greater total emissions
in Scenario 3 for the years 1980, 1985, and 2000.
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TABLE 31.

SUMMARY OF PREDICTED AMBIENT AIR QUALITY
(INDIANAPOLIS AQCR)

AAQ-Receptor 33, uS02/m

3(8)

Year Sector Scenario 1 Scenario 3
1975 Electrical 16.3 12.0

Other 26.9 93.2

Total 43.2 105.2
1980 Electrical 6.4 6.6

Other 31.1 90.1

Total 37.5 96.7
1985 Electrical 7.4 9.3

Other 40.3 102.0

Total 47.7 111.3
2000 Electrical 9.0 10.7

Other 54.6 130.6

Total 63.6 141.3
(a) Process sources omitted.
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vffect on ambient air quality. Even so, in the sample case, the Indianapolis
AQCR, the axcbient air quality comtribution from nonutility sources comprised
60 to 85 percent of the combustion-related ground-level comncentration of
S0, in Scemnario 1, Thus, even if clean fuels could be allocated freely to
11 sources, it would be desirable to further limit emissions from small
gsources through applicztion of some energy techunology. A further limitation
¢ that there exist some constvaints on the allocation of clean fuels,
The eveilable datz on the consumption of high- and low-sulfur fuels are not
sufficiently detailed to permit the identification of all such comstraints
vithin the current program. However, some large blocks of "misplaced”
clean fuel can be identified which include:
(1) Natural gas burned under large, electrical-generation

steam boilers operated by industry as well as by

utilities. Such use involves long-term gas contracts

or even outright ownership of the gas field by the

company.

(2) Low-sulfur coal burned under utility boilers. Again

such use wmay involve long-term binding contracts, or

utility company ownership of mines producing low

sulfur coal.
The zctual extent and nature of such comstraints to clean-fuels allocation
should be determined in order to develop methods for improving the
flexibility and to accurately assess the magnitude of the emissions control

preblem remzining for small sources.
The limitation of energy technmology in this context lies in the
fact that most of the technologies under development are applicable

primerily to large sources, The question of applicability is discussed

=
i
rt
)

ner in the techunolozy assessment section. Two conclusions may be

drawn from these considerations.
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(1)

(2)

The technologies for control of emissions from large

sources should be perfected and applied as rapidly as
possible to free clean fuels for use in small sources.
Energy technology applicable to small sources must be

developed as rapidly as possible.
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TECENOTOGY ASSESSMENT

Approach

The assesement of the potential role of the enmergy technologies
in the achievement of the national goals of meeting energy demand and
meinteining ambient air quelity is difficult because it requires considera-
tion of & number of diverse factors which then must be related and
compsred in a meaningful way. The approach taken to this assessment
involved the following steps:

(L) The development of assessment criteria

(2) The evalustion of each technology with respect to

each zssessment criteriom
(3) The conversion of the evaluation to a rating scale
(4) The compilation of aggregate ratings for each
technology, both with and without weighting of
the criteria
(5) The ranking of the technologies bzsed on the
aggregsate ratings.
The mechanics of the sssessment involve methodology developed at Battelle
for envirvonmental impact assessment modified somewhat for application to

technology ascessment.

Assegsgment Criteria

A set of six criteria were employed in the assessment of the
energy technologies ag follows.

(1) Residusl emissions

(2) Projected availability of the technology

(3) Applicability of the technology to various fuels

and to various markets
(4) Cost of the applied technology
(5) Emergy efficiency of the technology

(6) Probzbility of successful development,
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The energy technologies under consideration have differing
potential for minimizing air pollutant emissions, This variability was
expressed in terms of the residual air emission which are expected to
result from the application of the technology. In each case, the air
emissions resulting from the entire fuel/energy cycle, including extrac-
tion, transportation, processing, and utilization were considered,

In view of the urgency of the related energy and environmental
problems, the projected availability of a given technology is an
important criterion in the assessment of its potential role. The factors
of date of commercialization and the subsequent rate of implementation of
the technology are components of the availability consideration. These
questions involve the current stage of development and commercialization
and the complexity of the process.

The applicability of the technology was evaluated with respect
to the types and availability of fuels appropriate to the technology,
and to the various markets which could be served by the technology.

The cost factor is complex and involves the capital require-
ments, the operating cost of the technology, i.e., the incremental cost
of energy due to the application of the technology, comparative costs
of competitive technologies, and development costs. Another considera-
tion is the question of utilization of capital within the United States
rather than investment in foreign-based operations.

The criterion of energy efficiency includes losses in fuel
processing, energy requirements in the application of the technology, and
the potential of some technologies to be coupled with advanced power
cycles thus increasing overall efficiency.

The probability of success was evaluated on the basis of the
amount of existing data, the complexity of the technology, and the degree
of departure from existing technology.

The question of system reliability is an important factor which
was considered in the assessment process., It was not established as a
separate criterion, however, because reliability is very closely associated
with the categories of availability and probability of successful develop-

ment, It was assumed that reliability must be established before a
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techrnology is considered commercially available., Similarly, reliaEility
is inherent in evaluating the probability of successful development.
There are, of course, interrelationships between other assess-
went criteria. For exazmple, the complexity of the proposed technology
is congidered in probability of successful development as well as in
aveilability through the cost and risk factors which affect the probability

that needed work will bDe done to complete the development.

Technology Evaluation

The second step in the assessment procedure was to develop an
evaluation of each technology with respect to each of the six assessment
criteria. A quantitative evaluation was employed wherever possible,

otherwise quazlitative categories for evaluation were developed. The
results of this evaluation are summarized in Table 32, This summary

includes ten categories of energy technologies, and the basic assessment
ves wade for these ten. Some of these categories include more than one
gpprozach. Comparisons of different processes within an energy technology

zrc poimted out in the various evaluations., The derivation and signifi-

n
iy

nce of the evaluations in each assessment category are discussed in the

[

o

th

lowing sections,

Residuzl Emissions

The dztz in Table 32 which characterize the residual emissions

=h

=t
oD

~

ezch technology were derived from the total emissions given in Tables

11, end 12, which, as discussed previously, indicate total emissions

-h

or the entire fuel/energy system. Thus the data in Table 32 tzke into

o

hz ai

rt

zccount ent

La}

sgions from each module represented in each fuel/

technology syste

H

ac defined in Table 8. The residual emissions in

Tetle 32 are emprecssed in units of thousands of toms per trillion Btu,
(IThis unit is equal to two pounds per million Btu.) A sample calculation
will serve to illustrate the derivation of the data. The quantity of
clezanzble coal projected for 1975 is given in Table 6 as 1,110 x 1012 Btu.

Tne total air polluteant emissions from the extraction, physical cleaning,
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TABLE 32, ENERGY TECHNOLOGY EVALUATION MATRIX
Total System Applicability Cost Probability of
Residual Emissions, Availability Secto Capital, Operating, Energy Successfu%
Energy Technology 103 ton/1012 Year Rate Fuels Markets $/kw ¢/106 Btu Efficiency Developument 5
Physical Coal Cleaning 1.214 Now 1 Coal All 2.3(b) 6.6(b) .88 E
Chemical Coal Cleaning 1.359 1978 2 Coal All 16—22(c) 26(c) .95 A-3
Resid Desulfurization 1.015 Now 1 011 All 17(d) 45(d) .90 E
Coal Refining (liquefaction) 1.026 1980 3 Coal E+1 80(e) 60(8) .75 B-2
Coal Gasification, low Btu 0.817 1978 3 Coal E+I 90(f) s0() .70 B-2
Coal Gasification, high Btu 0.996 1977 3 Coal R/C 117-197%8) 608 .65 B-1
Stack Gas Cleaning, (h) (h)
throwaway 0.718 Now 1 Both E+1 25-75 25 .95 A-1
Stack Gas Cleaning, (h) (h)
by-product 0.718 1974 1 Both E+1 25-75 25 .95 A-1
High-Pressure Fluidized- (1) (1)
Bed Combustion of Coal 0.520 1977 2 Coal E+1 5-25 20 1.00 A-3
Atm, Pressure Chemically
Active Fluidized-Bed (1) )
Combustion of 01l 0.334 1977 2 o1l E+1 5-25 20 1.00 A-3




Footnotes to Table 32

(&)

(b)

(c)

(d)

(£

()

(®)

(i)

(i)

E = Electriczl Sector, I = Industrial Sector, R/C = Residential
and Commercial Sectox,

Czpital costs for physical coal cleaning plants were estimated in
Reference 15 to be $5.6 and $6.3 million for two modifications of
2 1000 T/hour plznt. These estimates were converted to $/kw and
thz 1956 coste escalated to 1972 costs by means of the Mershall
Stevens index. The average of the values, $2.17/kw and $2.44&/kw,
was teken. The value given for operating cost was tzken from
Reference 2, page 333.

Capitzl and opersting costs given are Battelle estimates fox
hydrothermzl chemiczl coal cleaning.

The capitazl cost of hydrodesulfurization of residuzl 0il was
reported in Table 15, page 97 of Reference 16. Operating cost

is estimzted at 43.6 cents per million Btu on page 23 of Reference
16. Pzge 99 of the same reference shows costs for other modifi-
cations up to 48.4 cents/million Btu. A value of 45 cents/million
Etu wss selected.

Caritzl znd operating costs were taken from Reference 2, page 364,
The estimate for operating cost includes the value of the coal
lost in processing but not the cost of the coal converted to
product.

Czvital costs of $82/kw were estimated for the Wellman-Galusha
low Btu process in Reference 16, page 91. Other estimates of
capital costs for other low Btu systems range from $70 to $135
per instzlled kw. A value of $90/kw was taken. Operating cost
estimster rangs from 45 to 70 cents per million Btu. A
congsrvetive velue of 50 cents per million Btu was chosen.

Cavitel costs were tzken from Reference 2, page 381, The capital
cost for a Lurgi high Btu plant was estimated in Reference 17 as
$134/%kw which is within the range given. The cost of high Btu

zs at & Lurgi plant was estimated in Reference 17 to range from

$1 to 81.20 per milliom Btu for coal costing $7 per ton. Sub-
tracting this coal cost gives a range of 50 to 70 cents per miilion
Btu. The mszn of this range was chosen.

Czpitel znd operating costs for stack gas cleaning were taken
ron Reference 2, pages 409 and 394. The operating cost entered
in the teble is z mean value.

1 znd operating costs for fluldized-bed combustion of cozl
and o0il were taken from Reference 2, pages 416 and 423.
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]
[
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st for definition of categories.
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transportation, and combustion of that quantity of coal are given in

Table 11 as follows: NOx - 391.96, 802 - 802.2, CO _ 29.4, particulate -
119.1, and total organic material - 6.1 thousand tons. Each of these
quantities was divided by 1,110 trillion Btu to give the following system
emissions: NOx - 0.353, 802 - 0.723, CO - 0.026, particulate - 0,107,
and total organic material - 0.005 thousand tons per trillion Btu, The
total of these air emissions, 1l.214 thousand tons per trillion Btu, was
entered in the residual emissions column of Table 28 for the physical
coal cleaning technology.

The chemical coal cleaning system was not included in the
projected total emissions calculations. The residual emissions value
in Table 32 was therefore derived from data given in Reference 2 with
correction to 1 percent sulfur in the chemically cleaned coal. The
other residual emissions data in Table 32 were calculated as illustrated
for physical coal cleaning. In addition the residual emissions for a
reference system, eastern high-sulfur coal burned without sulfur dioxide
control, were calculated in the same manner to be 2,908 thousand tons

per trillion Btu,

Availability

Technology availability was evaluated first in terms of the
estimated year of commercial availability, defined as the year during
which 1 year of successful operatioh on a 100-MW plant is achieved.

The years entered in Table 32, under Availability - Year, represent a
concensus of opinion regarding the achievement of such a successful
demonstration., A second factor to be considered with respect to avail-
ability is the rate at which the technology will be implemented after
commercialization. A major factor affecting the rate of implementation
is the complexity of the process. A highly complex process, requiring a
longer lead time for fabrication of components and construction, and
being more highly capital intensive will lead to a lower implementation
rate, These considerations were combined and the technologies evaluated
with respect to three categories defined as follows: Rate Category 1,

those technologies now in commercial use and those which represent a
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relatively low degree of complexity; Rate Category 2, those techmologies
bzsed on existing technology but requiring unusual process conditions
thus representing en intermediate degree of complexity; Rate Category 3,

hichly complex processes, The technology evaluations based on these

three categories are given in Table 32 under Availability - Rate.

Loplicability

Applicebility was evaluated qualitatively with respect to the

type of fuel used and to the sector markets served, The entries under

2y
s
is]
j—t
=
[¢]
m

bility in Table 32 reflect the applicability of each techmology to
cozl, to oil or to both fuels and the consuming sectors expected to be

me

-

kets for each technology.

The epergy technologies were evaluated with respect to two
cost categories: capital requirements and operating costs. The capital
Tzble 32 are expressed in dollars per kilowatt of electrical
cenerzting capacity. For fuel cleaning and fuel conversion technologies,
the plant outout in Btu was converted to the equivalent power plant output
from thet quzntity of fuel by the ratio 60 x 106 Btu/year = 1 kw of
instzlled cezpacity. This conversion ratio assumes a heat rate of 10,000
Bru/kwhr and a load factor of 68 percent.

Tne operating costs given in Table 32 are expressed in cents
per million Btu. The operating costs refer only to process costs and do
not include the cost of the fuel processed or burned. Thus these costs
represent the incremental energy cost added through the application of

oiozy. The bases for the cost estimates given in Table 32 are
suzmzrized in footnotes to the table,
A third fector in the cost criterion is the cost of research
and development. Because this is a less significant factor over the
icnz term than the other two and because estimates of developments costs
sre quite uncertain, no attempt was made to formally include development

costs in the zssessment.
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Energy Efficiency

The energy efficiencies given in Table 32 reflect energy loss
as compared with a conventional system and thus represent energy penalties
attending the application of each technology. For fuel cleaning and fuel
conversion processes, the inefficiency consists largely of fuel loss,
either through material losses in the processing, or through fuel burned
for process heat or both. For the stack gas cleaning technologies, the
inefficiency represents the parasitic energy required to operate the
cleaning process. The efficiency value of unity entered for the fluidized-
bed technologies reflects the potential for achieving a thermal efficiency
from fluidized bed/generator coupling equal to or greater than that from
conventional steam boilers.

The energy efficiency data given in Table 32 were taken from
Reference 2, with the exception of the value for residual oil desulfuri-
zation which was calculated from data given in Table 13, page 94 of

Reference 16,

Probability of Successful Development

The probability of successful development was evaluated
categorically, Five categories were established to reflect the current
status of the development and the degree of departure from conventional
technology. These categories are defined as follows:

E = existing technology

A-1 = modest extension of existing technology

A-2 = moderate extension of existing technology

A-3 = gsignificant extension of existing technology

B-1 = requires moderate amount of technology

B~2 = requires significant new technology.

Each technology was evaluated with respect to these five categories as
indicated in Table 32.
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Technology Rating

The evaluations of each technology within each assessment
criterion compiled in Table 32 represent diverse kinds of information.
Sore eveluations ave quantitative, with differemt units for different
critcria; others are gualitative or categorical. To provide a means for
combining these evaluations into an overall assessment, the evaluations
were converted to & rating scale, The methodology was adapted from an
approach developed at Battelle for emvirommental impact assessment.(ls’lg)

The evaluations were comverted to ratings through the Technology

|

unction illustrated in Figure 1., The Technology Rating Factor,

i

Reting

Nating Factor

As3ossxent Parameter Scale

(izs/ ®Btu, yrs, dollars, etc)

FIGURE 1, GENERALIZED TECHNOLOGY RATING FUNCTION
with veluce from 0-10, is read from the ordinate for various values of the
esscesment parameter given on the zbscissa, The use of the Technology
Retimz Functionm resulis in a2 normalizatiom of the quantitative evaluations

which resolves the problem caused by the use of different units in different
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evaluations. 1In addition, the Technology Rating Function approach provides

a means for quantifying the qualitative or categorical evaluations.

Residual Emissions Rating

The Technology Rating Function for the residual-emissions

criterion is shown in Figure 2. The abscissa represents the residual

Rating Factor

] T 1
o] 1.0 2.0 3,0

3
Total Residual Emissions, 10 ton/lolzbtu

FIGURE 2. TECHNOLOGY RATING FUNCTION FOR AIR EMISSIONS

emissions expressed as thousands of tons per trillion Btu. The residual
emissions of the system, strip mining of Eastern coal-rail transport-
conventional boiler without sulfur dioxide control (2.908 thousand tons

per trillion Btu), were selected as the reference point for zero Rating Factor
Conversely, zero emissions were set equal to a Rating Factor of ten. The
residual emission Rating Factor for each technology is the ordinate value
corresponding to the residual emission value for each technology obtained
from Table 32. For example, the total residual emissions given in Table [%

for the physical coal cleaning technology are 1.214 thousand tons per
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trillion Btu., As shown by the dotted lines in Figure 2, the corresponding
Rating Factor is 5.8. In this manner, the residual emissions Rating Factors
were determined for each techmology. The resulting factors are given in

descending order in the following tabulation.

Residual Emissions

Energy Technology Rating Factor
Coemically active fluidized bed, oil 8.9
High pressure fluidized bed, coal 8.2
Stack gas cleaning, by-product 7.5
Stack gas cleaning, throwaway 7.5
Cozl gasification, low Btu 7.2
Coal gasification, high Btu 6.6
Resid desulfurization - 6.5
Cozl refining (liquefaction) 6.5
Physical cozl cleaning 5.8
Chemical coal cleaning - 5.3

Aveilebility Ratine

The Technology Rating Function for availability based on year
cf first commercialization is shown in Figure 3. A zero Rating Factor was
assigned to the yesr 1985 and a Rating Factor of 10 was assigned to tﬁe
present yeer, The second evaluation in the availability criterion, i.e.,
availebility, was introduced by applying the following corrections
co the Rating Factors obtained from Figure 3: Rate Category 1 - no
correction: Rete Category 2 - 0.3 correction; and Rate Category 3 - 0.6

correction.



Rating Factor

FIGURE 3, TECHNOLOGY RATING FUNCTION FOR TECHNOLOGY AVAILABILITY

The availability Rating Factors are:

Energy Technology

Physical coal cleaning

Resid desulfurization

Stack gas cleaning, throwaway

Stack gas cleaning, by-product
Chemically active fluidized bed, oil
High pressure fluidized bed, coal
Coal gasification, high Btu

Chemical coal cleaning

Coal gasification, low Btu

Coal refining (liquefaction)

Rating Factor Correction Net

for Year of for Rate of Rating

Availability Availability Factor
10 None 10
10 None 10
10 None 10
9.2 None 9.2
6.7 -0.3 6.4
6.7 -0.3 6.4
6.7 -0.6 6.1
5.8 -0.3 5.5
5.8 -0.6 5.2
4,2 -0.6 3.6
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Applicabilitvy Rating

Both compomnents of the evaluation of the applicability of emergy
technclogies are categorical in nature. The Technology Ratimg Function

shown in Figure & for fuel applicability is based om the ratiomale that

1o

Rating Factor

[+} ] 1 !
eccal ccal oil
& enly only
el
Fuals

FIGURE 4, TECHNQLOGY RATING FUNCTION FOR FUEL AVATLABILITY

cnergy techmologies applicable to both coal and oil utilization should be

rated higher then those applicable to either fuel alome. Further, in view
of the nation's relative abundance of coal and scarcity of oil, the
techrnolozies appliceble only to oil were downgraded with respect to those
appliceble only to cozl., The location of these categories along the
szbscissz of Figure & is arbitrary but based on the above considerations,

Toe Techrmology Rating Function shown in Figure 5 for market

iy

pplicability was constructed in & similar fashion. The location of the

T
jin

iTee catezo

0
[

ies along the abscissa was based on the greater weight given
to the electricel and industrial sectors which make up 7G-72 percent of the

totzl demand throughout the period to 2000.

83



Rating Factar

] T T
All Electrical Residential
[3

1 3
Industrial Coamercial

Markets

FIGURE 5. TECHNOLOGY RATING FUNCTION FOR MARKET APPLICABILITY

The Rating Factors for each technology were determined from
Figures 4 and 5 and the mean of the two values taken as the composite

Rating Factor for the appiicability criterion. The results are as follows:

Rating Factor Rating Factor Mean

for Fuel for Market Rating

Energy Technology Applicability Applicability Factor
Physical coal cleaning 8 10 9
Chemical coal cleaning 8 10 9
Stack gas cleaning, throwaway 10 8 9
Stack gas cleaning, by-product 10 8 9
Coal refining (liquefaction) 8 8 8
Coal gasification, low Btu 8 8 8
High pressure fluidized bed, coal 8 8 8
Resid desulfurization 4 10 7
Coal gasification, high Btu 8 6 7
Chemically active fluidized bed, 4 8 6

oil
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Cost Rating

The Technology Rating Function for capital cost is shown in
rigure 6 and thet for operating cost is shown in Figure 7. A capital cost
of $300/kw was assigned a zero Rating Factor in Figure 6, and an operating

C

(=}

st of 81 per million Bitu was assigned a zero Rating Factor in Figure 7.
The Rating Factors were determined separately for capital and operating
cost and the resulting values averaged to give the overall Rating Factor.
Where ranges ave given im Table 32 for capital cost, the mean of the range

was used to determine the Rating Factor. The resulits are as follows.

Rating Mean
Rating Factor, Cost
Factor, Operating Rating
Energy Technology Capital Cost Cost Factor
Physical coal cleaning 2.9 5.3 9.6
HEigh pressure fluidized bed, coal 8.5 8.0 8.8
Chemically active fluidized bed, oil 9.5 8.0 8.8
Chericzl coal cleening 9.4 7.4 8.4
Stack gas cleaning, throwaway 8.3 7.5 7.9
Stack gas clezning, by-product 8.3 7.5 7.9
Rerid desulfurization 9.4 5.5 7.5
Cozl gasification, low Btu 7.0 5.0 6.0
Cozl refining (liquefaction) 7.3 4.0 5.7

Cozl gasification, high Btu 4,8 4.0 L4

Energy Efficiency Rating

The Technology Rating Function for energy efficiency is shown
in rfigure 8 where 50 percent efficiency was assigned a zero Rating Factor.

The resulting values are as follows.
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Rating Factor

FIGURE 6.
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TECHNOLOGY RATING FUNCTION FOR CAPITAL COSTS
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TECHNOLOGY RATING FUNCTION FOR OPERATING COSTS



Rating Factor

Efficlency, %

FIGURE 8. TECHNOLOGY RATING FUNCTION FOR EFFICIENCY

Energy Efficiency

Energy Technology Rating Factor
High pressure fluidized bed, coal 10
Chemically ective fluidized bed, oil 10

9
Stack gas cleaning, throwvaway 9
9
8

Phvesical ceozl cleanine 7.6

oal refining (liquefaction) 5

The Technology Rating Fumction for probebility of successful

development is shown in Figure 9. The evaluation categories are located

fs

1long the axis on the basis of the relative probability of success judged

-
]
~
]

ech cztegory. The resulting Rating Factors are as follows.
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Rating Factor

2—1
o T T —T T 1
Existing A1 A=2 A3 B-1 B2
N ——— ———
Extension of Existing New Technology
Technology Required

FIGURE 9. TECHNOLOGY RATING FUNCTION FOR
PROBABILITY OF SUCCESSFUL DEVELOPMENT

Energy Technology

Physical coal cleaning

Resid desulfurization

Stack gas cleaning, throwaway

Stack gas cleaning, by-product
Chemical coal cleaning

High pressure fluidized bed, coal
Chemically active fluidized bed, oil
Coal gasification, high Btu

Coal refining (liquefaction)

Coal gasification, low Btu
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Ageregation of Technology Ratings

Unweighted Summation

The overall techmology assessment including all criteria was

h

irst made by summing the individual criteria ratings for each technology.

|

=]

ne

w0

urs thus obtained reflect the relative potential of the various
technologies assuming that all of the criteria are equally important., AIll
of the ratings are compiled in Table 33 in which the techmologies are listed

in reoked order according to their aggregate ratings.

Weicghted Summations

To incorporzte the relative importance of the assessment criteria

in jud

gle]

ing the potentizl role of energy technologies, a second aggregation
was carried out. Each rating was first multiplied by a weighting factor
chiosen to reflect the relative importance of the criteria; then the products
vere summed to obtzim the weighted aggregate rating.

The weighting factors were obtained by quantifying the subjective

velue judzments of & panel of six Battelle scientists active in the air

—

ollution control field., An iterative procedure was used with controlled

o

i

ecdback of intermedizte results to arrive at a group comsensus. Each
member was ssked to list the six criteria in order of importance as measures
of the potentizl role of energy techmology in satisfying our energy demands
with minimum air pollution. Each member then made successive pairwise
comrorisonsg between contiguous elements to determine for each element pair
the ratlo of importance. For example, the criterion ranked second was
cornared to the first to determine how much less important the second is to
the rfirst, This reletive importance was expressed as a ratio greater than
zerc, and less then or equzl to ome. The process was continued between

the third end the second, the fourth and the third, etc., The output from

nis procedure was a weighted list of the criteria for each member of the
. Th

first set of weights. The results were as follows.

(3
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weighting factors thus developed were averaged to yield the

H
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TABLE 33. ENERGY TECHNOLOGY RATING MATRIX

Weighted
Criteria Rating, R Unweighted Aggregate Normalized
Residual Energy Probability Aggregate Rating, Weighted
Energy Technology Emissions Availability Applicability Cost Efficiency of Success Rating, IR IWeR Rating
Stack Gas Cleaning,
throwaway 7.5 10 7.9 9 9 52.4 405.5 52.2
Physical Coal Cleaning 5.8 10 9 9.6 7.6 10 52.0 403.2 51.9
Stack Gas Cleaning,
by~product 7.5 9.2 9 7.9 9 9 51.6 398.7 51.3
Resid Desulfurization 6.5 10 7 7.5 8 10 49.0 384.0 49.4
High Pressure Fluidized-Bed,
coal 8.2 6.4 8 8.8 10 7 48.4 378.9 48.8
Chemically Active Fluidized
Bed, oil 8.9 6.4 6 8.8 10 7 47.1 377.9 48.7
Chemical Coal Cleaning 5.3 5.5 9 8.4 9 7 44,2 335.3 43.2
Coal Gasification, low Btu 7.2 5.2 8 6.0 4 5 35.4 273.7 35.2
Coal Refining (liquefaction) 6.5 3.6 8 5.7 5 5 33.8 257.1 33.1
Coal Gasification, high Btu 6.6 6.1 7 4.4 3 6 33.1 255.9 33.0




Mean
Weighting  Standard

Assessment Criteriom Factor Deviation
Residual Emissions 19.0 12,7
Availability 13.4 10.7
Cost 12.9 5.4
Applicability 12.4 7.2
Probability of Success 12.2 10.3
Efficiency 11.4 9.8

These results show that the members of the group differed
widely in their evaluztion of the relative importance of the criteria.
Tne large standazrd deviation for most of the criteria shows that some
members gave 2 given criterion a large weight while others gave the same
criterion 2 smell weight. The averaging process smoothed these out to
leave the weights nearly the same from the second criterion to the last,
i.e., the group consensus &fter the first weighting was that the criteria
are of nearly equal importance. A consultant asked to rank the criteria
in the same fashilon szid that he felt that they were all of equal importance,
thue tending to support the first group consensus. A second iteration was
performed inm which the panel was given the group weights and the standaxd
devietions. Each member repeated the scaling procedure and the resulting

weights again averaged with the following results

Mean
Weighting Standaxrd
Assessment Criterion Factor Deviation
Cost 16.8 3.2
Emigsions 16.3 7.8
Avezilability 14,3 9.0
Probability of Success 12,5 10.5
Efficiency 12.0 5.0
Applicability 6.7 6.1

The standerd deviztion, although smaller than those of the first iteratiomn,
are still large showing that considerzble diffevence of opinioun still

remeined among the panel regarding the relative importance of the criteria,

91




The mean weighting factors from the second iteration were normalized to

a scale of 1-10 and rounded to the nearest 0.5. The final weights were

as follows.
Final Weighting

Assessment Criterion Factor, Wf
Residual Emissions 10
Cost 10
Availability 8.5
Probability of Success 7.5
Efficiency 7
Applicability 4

1t should be stressed that the weights obtained represent an average of
the rather diverse opinion of one panel. The results were used only to
examine the effects of weighting the ratings and they are not presented
as an absolute scale of relative importance. These weights were employed
to compute the weighted aggregate rating values entered in Table 33, For
easier comparison with the unweighted sums, the weighted totals were
normalized as shown in the last coiumn of Table 33,

Comparison of the weighted and unweighted ratings shows that the
rank order of the technologies did not change and the differences in the

aggregate ratings by the two methods are small.

Discussion of the Technology Assessment

Examination of the total weighted technology ratings given in
Table 33 shows that there are three rather distinct groupings of technologies.
The technologies in the highest ranked group, including both stack gas
cleaning technologies and physical coal cleaning, have essentially
equivalent ratings. The technologies in the second group, consisting of
residual oil desulfurization and the two fluidized-bed technologies, are
nearly equivalent but are 3 to 5 points lower in rating than the first
group. The third group includes the three coal conversion processes. The
ratings for this group are 12-14 points below those for the second group.

Chemical coal cleaning is rated between the second and third groups.
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The stack gas cleaning processes combine good emission control,

early projected availability, and intermediate cost to achieve their high
ratings, Physical cozl cleaning and residual oil desulfurization are less
effective in emission control but the fact that they are both existing

technologies is an offsetting consideration. The relatively low cost of
physical cozl cleaning raises that technology into the highest rated group..
The cozl conversion processes, on the other hand, exhibit less effective
cir emission control, when the entire system is comsidered, later
ovailability, higher cost, and lower energy efficiency than the rest of
the technologies which accounts for their comparatively low ratings.

The comparison of the weighted and unweighted aggregate
technology ratings in Table 33 is interesting. As noted previously, the
rank order of the technologies remained the same when the techmnology ratings
were weighted according to a scale of relative importance of the assessment
criteria. This result emphasizes the fact that the technologies near the
top of the list are highly rated in most of the criteria while those near
the bottecm of the list arée less highly rated in most of the criteria.

s =

tnother contributing factor is that the weighting factors used did not

[=1
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cirffer greatly, the first five varying only between 7 and 10. However,
given the gemerzlly high criteria ratings of the top group and the generally
low ratings of the bottom group, the rank oxrdér of techmologies could be
cxpected to remain unzffected unless highly disproportionate, and thus
unreslistic, weighting factors were used.

The technology assessment was designed to incorporate a number of
actors info en umblased evaluation of the various technologies with respect
to their overall potential. It was not possible to accurately reflect all
the factors involved, and in some cases there will be special considerations
which may override the factors which were specifically included in the
escessment, As one example, the widespread use of natural gas for home
heating and the abundance of coal combine to make the conversion of coal into
& substitute natural gas a highly desirable, if not mandatory, techmology

for the future. Thus, although the high Btu gasification techmology is
ranked last in this assessment, the special needs for substitute matural

gas will require pursuit of the development of this techmology.
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The results of the predicted ambient air quality calculations

demonstrate the importance of small sources. Those energy technologies
which are applicable to small and intermediate-size sources include: coal
cleaning, resid desulfurization, coal refining, coal gasification, and
fluidized-bed combustion of coal. The widespread application of coal
cleaning, while not a total solution, could provide a significant reduction
in 502 emissions particularly if chemical cleaning processes capable of
removing all or part of the organic sulfur can be developed. It appears
that smaller boilers can be modified to burn refined coal products.
Development of coal refining technology will therefore make a clean fuel
available for the small source sectors. Low Btu coal gasification

systems are being developed for utility plant application. However,
smaller scale systems, such as the Lurgi which is inherently a small unit,
may be usefully applied for on-site generation of low Btu gas for certain
industrial applications. High Btu gas from coal could serve as a clean
fuel for small industrial sources if they can accommodate the expected
higher cost. Development of designs for the fluidized-bed combustion of
coal in boilers of intermediate size will provide some of the required

emission control.

94



OPTTMUM TECHNOLOGY UTILIZATION

The fuel utilization matrix comstructed for Scenario 1,
Tables 5, 6, and 7, show that in 1975 and 1980 there will be a deficit
in clean fuels and energy technology so that, according to this forecast,
gome dirty fuels will have to be burmed in those years. On the surface,

the outlook appesrs brighter for the years 1985 and 2000, since mno uncon-

rr

rolled cembustion is forecast for those years, This results, however,
from the optimistic prelimimary projections of the availability of energy
technology given in Table 4. It must also be emphasized that the basic
fuel supply forecasts of Dupree and West,(l) which form the bases for
Tables 5, 6, and 7, include substantial amounts of imported petroleum
(36.9 percent and 70.3 percent of the total petroleum supply in 1975 and
2000, respectively) and gaseous fuel (10.2 percent and 28.2 percent of
the torzl gaseous fuel supply im 1975 amd 2000, respectively). It should
be & nztional gozl to minimize dependence on these foreign supplies to
the greatest extent possible. Therefore, it is necessary to continue to
tccelerate the development and use of appropriate emergy technologies not
only to eliminzte the need for uncontrolled combustion of dirty fuel but

zl

r
m

' to mewimize the use of domestic fuel, principally coal. It is clear

O
that to achieve both of these goals, it will be necessary to provide the

F'S

required energy technologies at an even greater rate than is optimistically
projected in Tzble 4,

fie results of the technology assessment indicate that the following

=]

zcticas chovld be incorporated into the strategy for techmology development
end utilization:
® Stack-gas cleaning is the most advanced techmology

wiich will permit extenmsive use of domestic high sulfur

coel over the near term with adequate emission control.

Relative cost comparisons with alternate optious

suggest that only fluidized-bed combustion and

chemical coal cleaning are competitive on a cost

bzsis. The curvent low level of research and

development in the latter areas makes it unlikely
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that stack gas cleaning will be displaced prior

to 2000. Therefore, the remaining engineering
problems associated with these technologies should

be resolved as rapidly as possible, and implementation
of the technology should be promoted to the fullest.
Physical coal cleaning technology is available now,

it is relatively inexpensive, and it can achieve on
the average a 30 percent reduction in the sulfur
dioxide emissions from combustion of the coal.
Implementation of this technology should be extended
fully.,

High-pressure fluidized-bed combustion of coal'with
advanced-cycle power generation has good potential

for the extensive utilization of domestic coal. The
development and implementation of this technology also
should be stressed,

The chemically active fluidized-bed combustion of oil
exhibits the minimum residual emissions of those
considered. The potential of this technology over

the near term could be greater than indicated in

the technology assessment if a major national program
were undertaken. The low cost and high efficiency

of the process in addition to the low emissions
warrant such an emphasis.

Chemical coal cleaning has potential for more
efficient sulfur removal than does physical cleaning.
The development of this technology will thus increase
the quantity of coal which can be cleaned to 1 percent
sulfur or less. 1In this regard, the two coal cleaning
processes are not a duplication of effort. The less
expensive physical process can be usefully applied

to coals having sulfur contents in the range amenable
to physical cleaning and chemical cleaning applied to

coals with higher sulfur content. Accelerated development
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and early implementation of this techunology will

further expand the nation's ability to utilize

domestic coal.

Continued development of the coal conversion techmnologies
is warranted on the basis of special comsiderations as

in the czse of high Btu gasification as discussed

previously,
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