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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 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 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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CONCLUSIONS

The major results of this study may be summarized as follows.

(1) The basic fuel supply/demand forecasts of Dupree and West(l)
were combined with a clean-fuel supply projection and a preliminary
technology availability projection to develop a fuel utilization matrix.
This matrix shows that there is expected to be a shortage of clean fuel
and available energy technology resulting in the need to burn some dirty
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

demestic fuel, princiaplly coal.

(2) The total emissions to be expected from the combustion of
the projected quantities of fuel were calculated. The results show that,
with the preliminary technology projection, about 29 million tons of SO2
will be emitted in 1975, 18 million toms or 37 percent less in 1980, and
20 million tons in 2000. The reduction observed by 1980 and the moderate
increase to the year 2000, in spite of a large increase in the fuel
consumption projected during the period, are due to the assumed application
of control technology. The effect of the applied technology in reducing
emissions of SO2 was estimated by repeating the calculation assuming no
applied control technology. The observed reduction in 802 emissions was
4.5 million tons in 1975, 19 million tons in 1980, 29 million tons in 1985,
and 46 million tons in 2000. The total NOx emissions were shown to rise
steadily throughout the period--18 million tons in 1975 to 27 million tons
in 2000-~-reflecting the increase in fuel consumption and the lack of
available NOx control technology. The total particulate emissions are
small--2.3 to 4.7 million tons from 1975 to 2000--compared with SO2 and Nox.
This results from the assumption of 99 percent collection efficiency for
particulates., The technology is available for achieving this efficiency
but it is not universally practiced at this time. The estimates of

particulate emissions do not include fine particulates.



(3) The potential impact of the total 802 emigsions on ambient
alr quality was estimated by means of a model study of the Indianapolis
Air Quality Control Region. The results indicate that, for Scenario 1
(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 techmnology.
(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) Recommendations of technology research and development
were made based on the needs identified in this study and the technology

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 demonstrated
in the body of the report by the calculations of predicted ambient air
quality. 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) Accelerate the development of energy technologies
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 constraints on fuel switching flexibility to identify ways to
maximize the allocation as clean fuels to small sources

(a) Identify important misplaced blocks of clean fuel

(b) Identify barriers to fuel switching such as long-

term fuel supply contracts, outright ownership of
fuels, availability of replacement fuels, and
availability of clean fuel supply network.

(2) Stack gas cleaning for utilities and industrial sources of SOy to
maximize the use of domestic high sulfur fuel and free clean fuel
for use in small sources

(a) Engineering evaluation of sludge disposal methods

(demonstration desirable)

(b) Engineering 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

(a) Developmental studies on presently identified critical

problems in fluidized combustion of coal, including

solids handling, minimization of attrition and elutriation
of bed materials, maximizing combustion efficiency and
sorbent utilization, and cleaning of hot gases to minimize

turbine damage 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

(5)

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.

(2)

(b)

(c)

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) Chemical cleaning of coal
(a) Development of chemical processes capable of removing
all or paft of the organic sulfur contained in the coal
(b) Development of chemical processes capable of removing
all or part of the coal-bound nitrogen
(7) High Btu (pipeline) gas from coal e
(a) Development of systems for feeding coal into
pressurized systems
(b) Development of environmentally acceptable methods of
char combustion (see fluidized-bed topics)
(8) Low Btu gas from coal
(a) Demonstration of low Btu gasifiers on industrial plants
now using low sulfur fuel. This application would free
large amounts of natural gas and fuel oil for use in
the residential/commercial sector.
(b) Development of low Btu gas cleaning systems suitable

for industrial 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 fusion,
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 govermment 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) Coal 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.
These technologies, all directed toward the production of energy with
reduced air emissions, are referred to collectively as energy technolo-
gies throughout this report.

The comparison’ of technologies from the standpoint of their con-
tribution to improved air quality involved three steps. First, Department
of Interior estimates of future usage for fossil fuels (coal, oil, and gas)
by consuming sector (residential/commercial, industrial, utility) were
analyzed 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
available supplies of low-sulfur fuel were assumed to be burned in the
domestié, commercial, and industrial sectors and available control
technologies assumed to be applied to control of utilities. Estimates for
the date of availability and extent of the applicability for the control
technologies were based on expert opinion. For Scenario 2 mass emissions
and total effluents which would result if no controls were applied were
calculated for comparison purposes. In Scenario 3 the assumptions were
identical to those of Scenario 1 except that part of the high-sulfur fuel
which was assumed burned in utilities, because clean fuels and control
systems were not available, was assumed to be burned in nonutility systems.
Because the emission factors for all "dirty" fuel burning sources tend
to be similar the total amounts of emissions and effluents calculated

for Scenarios 1 and 3 were not significantly different.



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
boilers 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 air quality impact with and without fuel distribution control
vhich 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. 8ix 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
vere 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 tational
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 4nvestigation 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 RE&D needs.
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The fourth step involved development of R&D recommendatioms.
These were based on the estimated importance of the technologies in control
of environmental pollution from energy production without excessive
dependence on foreign sources of fuel.

11



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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Total emissions were calculated for three different scenarios
which incorporate variations in the allocation of clean fuels and in the
energy technology applied. The quantities of coal, petroleum, and
natural gas consumed in each sector and, therefore, the total quantities
of each fuel are identical in each scenario. The assumptions, calculationms,
and results pertaining to each scenario are detailed in the following

sections.

Scenario 1. Assumed Application of Energy
Technologies, Preliminary Projection

Fuel Allocation Assumptions

The manner in which various fuels are allocated has a bearing
on the total emissions in view of the fact that, in general, different
emission factors are associated with different classes of combustion
sources. An optimum fuel application strategy would assign clean fuels
to smaller sources, which are unable to apply advanced emission control,
and provide energy technologies for large sources. The fuel allocation
for Scenario 1 was based on this premise. The supply of clean fuel was
arbitrarily allocated to the residential/commercial sector first, to the
industrial sector next, and any residual clean fuel was assigned to the
electrical sector. It may be noted that the projected clean-fuel supply,
presented in the following section, is sufficient to satisfy the
residential/commercial and industrial sectors through the year 2000.
Thus, in Scenario 1, dirty fuels were employed, with and without applied
energy technology, only in the electrical sector. In this context,
cleaned coal and high Btu gas from coal or éil were included in the clean
fuel supply and both are allocated to the residential/commercial and

industrial sectors.
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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

Dupree and West,(l) 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
residual- 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 oil accounted for 17.5 percent of the total consumption

of petroleum product in 1971. In this projection, the ratio was assumed

14



TABLE 1., PROJECTION OF CLEAN GASEOQUS
FUEL SUPPLY(8) (Unit; 1012 Btu)

Year
Fuel 1975 1980 1985 2000
Domestic Natural 22,600 23,000 22,500 22,900
Gas
Domestic Synthetic 700 2,000 5,500
Gas
Total Domestic 22,600 23,700 24,500 28,400
Supply
Pipeline 2,100 3,100 4,200 7,600
Imports
LNG Imports 500 900 1,700 3,500
Total Imports 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
Transportation Uses
Total Gaseous Fuel 23,500 25,500 28,000 36,000

Supply

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

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 oil (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.
(4)
the

6

According to the study by Hittman Associates, Inc.,
bbl/day
in 1970 and the foreign supply was 0.9 x 106 bbl/day. The corresponding

domestic supply of low sulfur residual fuel oil was 0.17 x 10

supplies of low sulfur residual fuel oil containing sulfur less than 0.5
6 bbl/day and 0.39 x 106 bbl/day for domestic and

foreign sources, respectively. The foreign supply was mainly from South

percent were 0.04 x 10

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, comstruct,
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 2000
Distillate Fuel 0il,
in 10% bb1 1,070 1,280 1,540 2,190
in 101 Beu 6,200 7,500 9,000 12,800
Low Sulfur Residual
Fuel 0il (< 1.0% S),
in 10% bb1 630 1,010 1,290
in 1012 Btu 3,800®) 6,100 7,700
Low Sulfur Residual
Fuel 0il (< 0.5% S),
in 10° bb1 925
in 10*? Btu 5,500
Total Clean Petroleum
Fuel Supply,
in 1012 Btu 10,000 13,600 16,700 18,300

(a) Heating value of distillate fuel oil is 5,825,000 Btu/bbl.(2)

(b) Heating value of low sulfur residual fuel oil is 6,000,000

Btu/bb1.(2)
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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-
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 <1 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 1012 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 1012Btu/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; 1012Btu)
Year

Fuel 1975 1980 1985 2000
Low Sulfur Coal 5,400 6,200 8,200
(< 1% s, dry basis)
Low Sulfur Coal 6,100
< 0.5% S, dry basis)
Cleanable Coal 1,800 2,100 2,800
< 1% s, dry basis)
Cleanable Coal 2,900
(< 0.5% S, dry basis)
Total Low Sulfur Coal 7,200 8,300 11,000 9,000

—_—

e
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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 directly 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 o0il will be available to meet clean fuel
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TABLE 4., PRELIMINARY TECHNOLOGY AVAILABILITY PROJECTIONS

Year of lst Year of Comm. Projected Appligatiggn_lplz Btu
Technology Comm-Size Plant Availability 1975 1980 1985 2000
Coal Gasification,
low Btu-Conv. Boiler 1978 1983 -- -- 480 3900
Coal Gasification-High Btu 1977 1979 -- 3008’ 14002’ 5000
Coal Liquefaction 1980 1984 -- - 300 2500
Fluidized~Bed Combustion
of Coal 1977 1983 -- - 400 3000
Flue-Gas Cleaning 1968 1975 750 700G 9000 5500
Throwaway 610 5000 6230 2800
By-Product 140 2000 2760 2700
Chemically Active
Fluidized-Bed (0il) 1977 1979 -- 200 1000 3000
Nuclear 2560(2) 67202 11,7508 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 1if
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 projectionms.

Fuel Utilization Projections

(1)

The overall fuel use projected by Dupree and West / 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, FUEL UTILIZATION PROJECTION FOR RESIDENTIAL AND COMMERCIAL SECTOR(a)

Scenario 1

Fuel Utilization Projection, 1012 Btu

Fuel/Technology 1975 1980 1985 2000
Natural Gas (Clean Fuel) 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.
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TABLE 6. FUEL UTILIZATION PROJECTION FOR INDUSTRIAL SECTOR(a)

Scenario 1

b T e e e ——— ]
Fuel Utilization Projection, 1012 Btu

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

e —  — ]
(a) Excludes electricity purchased and non-fuel uses.
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TABLE 7, FUEL UTILIZATION PROJECTION FOR ELECTRICAL SECTOR

Scenario 1

Fuel Utilization Projection, 1012 Btu

Fuel/Technology 1975 1980 1985 2000
Natural 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) - Imported 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 Scrubber 560 4,650 4,200 1,800
Mg0O 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 projections,
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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TABLE 8. MODULES COMPRISING FUEL/TECHNOLOGY SYSTEMS
Scenario 1
Modules
Fuel/Technology System Extraction Transport Processing/Conversion Transport Utilization
RESIDENTIAL AND COMMERCIAL SECTOR
Natural Gas (Clean Fuel) Gas Well None Desulfurization Gas Pipeline Space Heating
Petroleum
Distillate Fuel Oil (Clean Fuel) 01l Well 011 Pipeline U.S. Refinery None Space Heating
Gasification, High Btu Gas 011 Well 041 Pipeline Gasification Gas Pipeline Space Heating
Coal
Low Sulfur Coal (Clean Fuel) Coal Mine Rail None None Space Heating
Gasification, High Btu Gas Coal Mine Rail Hygas Gas Pipeline Space Heating
INDUSTRIAL SECTOR
Natural Gas (Clean Fuel) Gas Well None Desulfurization Gas Pipeline Conv. Boiler
Petroleum
Distillate Fuel 011 (Clean Fuel) 0il Well 011 Pipeline U.S. Refinery None Conv. Boiler
Low Sulfur Resid (Clean Fuel) 011 Well 011 Pipeline U.S. Refinery Barg: Conv. Boiler
Low Sulfur Resid (Clean Fuel) Import Import Import Tankes Conv. Boiler
Gasification, High Btu Gas 0il Well 011 Pipeline Gasification Gas Pipeline Conv. Boiler
Coal
Low Sulfur Coal (Clean Fuel) Coal Mine Rail None None Conv. Boiler
Cleanable Coal (Clean Fuel) Coal Mine * None Physical Cleaning Rail Conv. Beiler
Gasification, High Btu Gas Coal Mine Rail Hygas Gas Pipeline Conv, Boiler
ELECTRICAL SECTOR
Natural Gas (Clean Fuel) Gas Well None Desulfurization Gas Pipeline Conv. Boiler
Betroleun
Low Sulfur Resid (Cleen Fuel) 011 Well 011 Pipeline U.S. Refinery Barg: Conv. Boiler
Low Sulfur Resid (Clean Fuel) Import Import Import Tanke = Conv. Boiler
Chem. Act. Fluidized Bed Import Import Import Tankez Fluidize! Bed
Combustion
High Sulfur Resid with Stack
Cas Cleaning ’ Import Import , Import Tanker Conv. Boiler,
Lime Scrud,
High Sulfur Resid without Control Import Import Import Tanket Conv. Bciler
Coal
Low Sulfur Coal (Clean Fuel) Coal Mine Rail None None Conv. Boiler
Cleanable Coal (Clean Fuel) Coal Mine None Physical Cleaning Rail Conv. Bciler
Fluidized Bed Combustion Coal Mine Rail None None Fluidize: Bed
Combusticn
Gasification, Low Btu Gas Coal Mine Rail Lurgl Gas None Conv. Beiler
Liquefaction Coal Mine Rail Liquefaction None Conv. Boiler
High Sulfur Coal with Stack
Gas Cleaning Coal Mine Rail None None Conv. Boiler,
. Lime Scrubd,
High Sulfur Coal with Stack
Gas Cleaning Coal Mine Rail None None Conv. Beller,
. Mz20 Scrub.
High Sulfur Coal without Control Coal Mine Rail None None Conv. Boiler




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, 802
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

2)

data as used in the calculations is given in Table 9. The unit emissions

work and the remainder were generated as required. A summary of these
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 802 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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TABLE 9, UNIT EMISSIONS OF INDIVIDUAL MODULES

(Pounds Per Million Btu)
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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 1 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. In
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 oil, 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 ail 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 reflectipg the increased fuel use and the lack of any significant
NOx control availability. The total particulate emissions are small
compared with those of SO2 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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TABLE 10, TOTAL EMISSIONS FOR SYSTEMS IN THE RESIDENTIAL/COMMERCIAL SECTOR, SCENARIO 1

EMISSIONS, THOUSANDS OF TONS £
SYSTEMS Scoeceemecococeceomeceocccecomecaccooceccocoanaao- bRttt ettt
NOX S02 co PART TOMrA SS DS TOvW ASH SLUDGE
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1985
NAIUQHL GAS(CLEAN FUEE! J142,91 136,16 75445 §5.15 SLb . AR? 0,00 7.00 0,00 0.60 0.00
DIST FUEL OIL(CLEAN-FUEL) h28.32 1499,33 123.42 7%.37 109.71 14,95 26335.03 37.29 0.00 26.18 9
GASIFICATION-0OIL, HIGH BTU 67.77 9,10 2.11 1.38 1.21 0.00 1197.56 1.54 11.76 11.76
LOW S COAL{CLSAN FUEL) heBS 73.57 175.25 42.32 38.75 14,00 .00 0,30 345.00 0,00,
GASIFICATION-COAL, HIGH BTU 222493 189,74 12.73 116.36 1.31 285.89 93.55 N.00 2299.54 A975.15
9
TOTAL 406B8.78 1907 .89 388,97 264,59 596 .19 J14.85 27h26.15 33.83 2655430 3013.79 ¢
11}
10 2000
NATURAL GAS(CLEAN FUEL) 3374410 1“6.17 51,080 27.00 584 .Hh9 0,00 1,90 0.CC 0.00 0.00
BISY FUFL OIL(CLEAN FUEL) 799,68 1908.2¢4% 157.08 101.02 139,.5% 19.04 335%17.31 L7.4F 0.7 0 33.32 9
GASIFICATION=-0TIL, HIGH BTU 57.67 774 1.80 1.18 1.03 0.00 1019.20 1.31 10.01 10,01
LOW S COAL(CLEAN FUEL) 0.0N 0.00 0.00 0.00 0.0" J.00 0.00 0.00C N.00 0.00,
GASIFICATION-COAL, HIGH RTU 813.12 692.07 LB bk h24e43 he55 1042.75 341.26 J.00 R3IB. 77 3273%.6%5
° 1]
TOTAL 5044458 2754422 296,32 553.62 731.89 1061.79 3uLAT77.77 48,77 8393.746

32781,99




TEELE 11, JIOTAL EMISSIONS FOR SYSTENS IN TEE TEBDSYRIAL SSCT08, CSRARID 1

EWISSIONS. THOUSEW'S TF TONS

SYSTeEwsS - [, ———-—
g ¥ F g [= 3 Py TO™2 53 =3 R (] APE=
1975
WATURAL GAStQLSAw FuEL) S13a.7H 16721 2.21 12,38 T oal aa_3? TeTT T.Il .12 [ Y 4
¥ i76. . Py 73 1%.77 .85 e ] 158..%% o< T.7% 1.57-
LOW S SESTH-SONESTIC 295.6a 338.36 1.15 15.69 1%.15 1.1> 1873 I il t."0 137
1017.17 1510.32 1.73 . 5A L. 5% IS 3 ety s T.YF . Y.,
CASIFICATION-OTL, WICH TV $.98 .89 8.0% 2.3% L.t T.T17 T.TT TLTE ¥.22 1 14
Lo 5 COAL LA fuey 170.80  2757.84 115.23 235,358 3% 4 4 R EN Tess 18.37 ST %% T.30,
CLEAWMANLE COALICLEAX FUsy) 391.9% 282.2¢ 29.41 112,18 S.19 Izr."7% 112,32 3.1 IITP.S3 317,85
. TV .08 [ % ] ] ¥ 58 .8 7% LI T.i7 v Terl Ter e Py |
=
TDYAL WI5. 71 585L.5% 158.63 Su3.21 %> .87 TET.ea  3RTPLX? TT AT LRTXP I3 I21.01
-
gL o
a
|ATUOAL GAStCLEAN FUSL) SARR 2T 156 .68 2.35 a%.3% Mm7.52 Su PP e, T PR S 3.72 .33
BIST FUEL BILICLIAw FuxL) .14.99 €1 .18 1.75 3%.45 28.9% 7.7 X731.97 T BT 3.71
o TIC 19862 3312.55 3.9 1485 9.5 1,25 3873.ae .53 _E.T% 1.9
LOW S SESID-TW ORI 223,11 1588 .56 1.13 73.46 18.% R .17 P1.13 .00 2.99 .
_GASIFICATION-OT1, MIGY *TY 335.¢7 .95 =B& 2,15 Aole 1.7 321.52 1.313 3.%3 5.9%
@ LeW S CBALITLEAN FEEL) 178508 2315.84 117.6A 241.2% 2T, > £2g.22 T.TE 12,73 153a5.01 .58 ¢
R 2 L AR Fys1 ) A82.55 223.88 33.21 122.32 £.27 37:.51 143,33 2.2" 3L93.7T IDEAS
GASIFICATION-COML, WIGN BTU [T Y] 6.97 1.9% 29,54 EPET) T2.12 >3,.ta T.97 €69, 2223.54
| 4
ToTAL 935863 S5882.68 156.88 534.25 A I7 IBEL. 5T SE&E T 3.7 19TET.13 256M.50
1985 L
WATURAL CASICLEAM FUSL) Se08.44 165.18 2.49 3%.38 a37.3%33 9, 3 LTe T T T.TY .08
-3 ) - 5816 2.51 FYL 3% EE K] T i~ 3351.°1 TS+ ) S.3%y
LOW S RESTH-DOSTIC ?38.69 3a3.45 1.3 18.21 11.78 1.7 ?2Q7, 55 a2 1% 3.7% ?.2%
LW § &SI ToaToe 1793, T7 i78c.3% 2.23 5. 35 17.39 Tecs woF TELVY ¥.T¥ Te Y
GASIFICATION-OIL, WIGH BT 125.55 18.19 -9 3.15 7.%9 T.F~ 135D 3 1" 13.25% 11.7%
T Lw S CobLtiLEaY fecLy 1%05.60 79a8.78 12454 75541 ?8. 48 T51.5°2 Tesc 18,55 157e5.59% 2.5
CLEAMANLE OBM tQLEAN FUsL) A27.27 A7 AT .06 129.33 5.5 38T, 2T £23.7% s .2e TPTILES 05,58
. i 3EE. 83 7i3.82  8-9&%  13s.93 it. 3% ITe. 2 133.52 Toit 2591.9% 131%H.7F.
- E S
T™TAL 19569.13 GITS.08 1718 TTE.78  1818.39  13TI.SE 3I2PA.%% €3.80 22723.7%  18499.37
2000
WATO®AL GASICLEAR FuEL) 738,25 227.22 a1 127,88 12?9.23 136.32 .80 .57 3.7° 2.8¢
SIST FUEL QILICLTAW FueL) 1284.32 777.18 EPY 133.48 56,51 6.53 11587.9M 18.%% 3.0Y 1160 »
- 18 (~ 271.76 A3ZE.54 1.52 2e.73 13.0M 1.49 2¢13.92 9.%3 3.3 2.6%
LOW S TSSYO-YWIRTED 1737.85 1979.84 207 98.99 19.19 s.08 3.3 23.5% .73 .00 .
Y 182.65 2.33 +*S 2.57 5.9 2.88 3iB..:3 1.2 10.%8 19.9%%
A S COAL (CLSAW FUEL) 1985.08% ¥273.33 136.9% 28%5.33 .76 583.42 2.23 21.03 172335.18 .00
WASLE COM tCLEAM FUSLY £89.60 961.19 35.2% 182.78 732 a32.25 232,52 7.31 STT.E5 3In3 .05
GASIFICATION-COM ., WIGH 819 1782.58 743.22 31.33 AT2.88 53.30 1153.a5 383.73 .08 SPR2.3W 3ISAEH.37 «




TEKIE 12. WOTAL EMISSHRS MR STYSTENS IS5 TS ELSCYRICAL SECTOR, SCEMARIOC 1

EAISSIONS. THOUSANDS -F oS x
SYSTEWS

»ex sa2 <o D23Y TOwa sS s ToO~ zs% Qs .
1975 )

BATURAL CASICLEAM Fuel)d 177%.28 $06.35 A5S. 84 84,18 38 .50 (7% L) 455,58 255 .58 “33.58 455.68
Lo S FESIN-IGESTIC 1869 2350 «28 1.2% -32 .28 181,58 -7t ) <3 3

208 S ELSID-ICMIER 185.22 156.2% «28 T-83 1.5t 9 1] 3.2 2.25 2.38 3.89
CREF ACTIV: FLY-JTZE® B0 .89 .80 8.0 . £. N t.32 8.0¢ T.0C T ] LS

It S SESID-LIESTONE SCoWl 17.54  9.19 83 _«26 -25 5.32 t P <38 vt 385.92
WIGM S RESTID-w3 CNTREL 1118.89 S58AR.25 2.87 83.18 1€6.11 T.8F .10 23.97 v.re 3.12

40w S COALITLIAR FURLY TS0 18XP.59 5%9.9% 122.75 13.8% 2€+.59 2.73 a.38  Pagr.sy 2.00
CLEAMASLE COAL (CLE A REcL) N 203.65 A%8.66 18.28 7%.83 3.%% 22..25 7:.57 3.9 126545 197,59

FLUIDIZE® =0 COWMEST PA-LRNR 2.88 2.08 s.2e 2.08 3.08 .58 .50 Tt 3.73 1.99
CASIFICATI w0, LOwm Qe .00 9.0% .08 3.88 $.9 t.3t .69 Teit $.: ¢ T3

LYOUEFACY I Dw-DBAL L N, ] 2.08 .88 8.88 2.99 8.80 2.8 3.29 (Y 8.2%
aItn S COAL-LTRSTONE SCRR 173.66 180,30 15.% 67.62 3.6% 161,68 SE.a 3.80 S72.°8 2 THLI.Z0 =

GTGe S COAL-¥GS SCUMNR 4301 35.18 3.99 L 91 AR.2S 12.58 77 1689.88 16.4¢
SIGR S COAML-U9 CowTaeL 2223.95 13719.67 160,59 €97.13 I7.54 1658.31 513.75 .76 Tas5e.?8 593,808 ©
- il 6587.88 22361 .89 721.71  1555.18 61826  2835.76  125i.%% 531.32  ASS28.23  GM19.62

-
1908

RATY®SL CAS(TLEAW FUEL) 1648.98 asra.7e a32.42 58,78 Sex, > a8T I w3077 ~Fe .0 I AT
i 3 T=3TIC 165.25  263.71 3.8 1837 § P 315 - .-% A Toos T o -

LM S PESID-INPORTES WWE. 72 1197 .88 1.49 59.91 1.5 (R 1] 282 17.25 T."t .09
Iv uint 16,15 516 13 1-.21 P T. 90 .Y 158 TFT_TT .9

uIe™ S PESTB-LIESTORE SCowe 122.76 6A .33 «23 -6 1.7~ 2.87 9.r¢ 2.8X I.TY PR1S.90
T MieR § wESI-aS coNten S95.77  T117.36 110 (Y Y% T 8.5% e L 13 17.75 T-71 T.20.

LBW S COALICLEAR SUELY 1265.00  2855.99 5.9 17617 19.32 31972 .28 13.49 117%5,.72 .M
T 1] TR 9 E95.78  25.a4 195. 60 L ] ] R E2% 1] Hu_1e 3-2%  JESE_e¥ ¥e. 5.

FLUISITES =0 COVMISTIRS-CBML §.00 S.90 g.8% | 1) 2.2 £.9% 2.88 $.01 3.°* .77
TYON-COAL, LOW 316 .t 3% 1) . - s | 7%} .5y - . YL,

LIOUEFACTION-COML 2.79 .00 5.80 .80 2.92 .31 Tt 8.0 .28 T.%0
" [« Y= § 1e831. 9%  116%.75 1.9 Sa1.49 38.2%  133c.87 PR S : LT} P, .

wIGH S CBAL-BGS SC™m 628.28 581.08 57.88 .58 13.8% 575.5¢ R I 12.3F 2u93.7% 282,99
I5. &5 1% W. i>.5% - < - T~ IR YTey.fY or.%F:

TOTAL ?245.87 12218.43 ?55.33 172%.7 612.88 3228.2% 27 "1.73 532.38 25875.75 67463.15




TABLE 12, TOTAL EMISSIONS FOR SYSTEMS IN THE ELECTRICAL SECTOR, SCENARIO 1 (Continued)

EMISSTONS, THOUSANDS OF TONS

SYSTENS. === = eesea=s R cemescasmaccan cmmemcmaaen eemeemeemesmmecmma—aea acemmecacae cemccecamen aeeccecenecsesns
NOX s02 co PART TOMA SS ns TANW ASH SLUNGE
1985 .
NATURAL GASICLSAN FUEL) 1610,86 459,72 (ST 439,59 4WA?, 71 L4131 W13, 71 413,71 L13.71 413,74
LOW S RESID=-00MESTIC 212,99 339,89 4el0 18.52 13,32 4,08 2353.13 10.16 ?.94 4,95 ¢
L] =]Hue 10656, 208: . 1%83,23 1.99 29.19 15,38 0,00 01,00 22,90 0.00 0,00
GHiN ACTIVE FLUINTIZED RED 80.7 a0 .65 6.05 20,05 0.00 0.00 7.60 1500.00 0.00 .
- 25 ?
HIGH S RESIN-NA GCONTROL 0.00 0.00 8.00 0.00 0.00 0.00 n.J0 0.C0 0.00 0.00¢
OW S COALICLZAN FUEL) 2265,00 370739 154,90 317,67 38,92 €ALLT2 n,90 2w 69 20205.70 1,90
CLEANARLE COAL(CLEAN FUEL) k 561,45 11469,09 42.13 170.60 8,75 6516475 162 .61 8,75 w3ND.95 455,32«
FLUIDTIZED_AED COMAYST JON=CQAL ___ 32,06 140.29 3.00 12.30 0,00 119.00 15.10 0,00 Jub9.00 48,00
ASIFICATION«COAL, LOW BYU 100,85 223454 3.60 37.56 26,40 135.84 43,20 4B  2355,R0 S7.60 ¢
LIQUEFACTION=COAL 119,54 107.23 10,35 68,84 2.00 113.75 36,00 1.65 2004,F5 L8, 00
MIGH S COAL-LINESTONE SCRUR 13102.42  1052.94 119.70 507.15 27.30 1297.50 378.00 23.10 5040.00 657834,00 "
HIGH S COAL=-NGO SCRUR 855, A8 1.93 78.66 333.27 7,306 3 4R L4 .18 312, ?
HIGH S COAL=NO CONTROL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .00 0.00
_ YO TAL 8900.07 10054416 834,80 2013.38 fB0.03  4CO7.45  71.06 543,75 420Q4,02 73199,74
_&
2000
NATURAL GAS(CLEAN FUEL) 1212.66 351.78 317411 336438 369.14 337.70 316,58 316,58 316.54 315.58
- STYC LT A . . . . . 56h.%8 ¥.80 L] 157
LOW S RESIN=IMPQRTED 28060 416.64 +52 20.84 G0k 0.00 0.00 6.90 0.00 2.00
HEN ATYIVE FLUY D 24871 695 .46 2,00 TR, %Y 81.75 U.00 Y00 —2Y. 10 uhk29.00 LT
HIGH S RESID-LIMESTONE SCRUR 350,75 183,80 W65 1,38 5.08 0.00 6.00 7.50 1.90  690n.90
— AIGH § FESYD- NTROL 0.00 5.00 0. 00 1. 00 .00 7.00 T.00 5.00 B.00 .90,
LOW S CNAL (CLEAN FUZSL) 1066,00 1758.74 73.49 150.70 1740 324,82 0.0 11,71 "585,90 0.00
it T [y, Th. . . B.hY  SIC.3% 160.57 RS WPLH ARG 453,59,
FLUIDIZED B8E0 COMAUSTION=COAL 260,30  1052.10 22.50 242.25 0.00 825,00 27300 0.00F 7269%9,90 ggglag
- 1] . 4. X " . . . R Y kX . ol
LIQUEFACTION=COAL 996.17 893,54 86.25 573,714 17.10 9u7.92 300.00 13,75 23039.75 409.00
J =L N 0 E5A.18 451.26 51.30 ?17.3% .M T17.50 TE2.00 590 /s1iR0.00 2L7AED0
HIGH S COAL-NGO SCRUB 837.27 676.89 76.9% 326.02 17.5% 776,25 243,00 16,85  3240.00 324.00
- ! T T. U0 — 0.00 U.00 .00 U. 70 gLy J«00 U0 T30 T.00a
TOTAL 7225.36  JuA7 .64 702.15 2359,66 725.92 5321.63 2362.33 413,65 8QR914,18 3I3995,94




TABLE 13, SUMMARY OF TOTAL EMISSIONS FOR EACH SECTOR AND TOTAL EMISSIONS FOR ALL SECTORS, SCENARIO 1
1
EMISSIONS, THOUSANNS 0OF TONS ¢
sﬁcfoRs B L R L e R N L T O L Tk T T
NOX So0? co PART TOMA sS 0s TO4N ASH SLUDGE
11
1975
RESINENTIAL AND GOMMERGCIAL X210,79 _ 1508.87 72939 220.22 679.10 57.00 202417 28,65 1121.75 20,17
INOQUSTRIAL R618,74 5554.55 150.63 S43.24 862.47 9608, wt4  3677.37 85,47 1801%2,E6 32141,
—~FELECTRICAL 65082:80 22363.89 721,78 1555,08 610,74 2836.76  1250.60 53.9% UL5F19.,83  9419,.62
]
TOTAL 18609,29 29525.30 1A01.73 2318.51 2157,21 354,21 25172.15 61,12 Fha?73.63 Q761,15 ¢
.1}
1 980 i
i
RESTDENTIAL ANO COMMERCTIAL 361 3,64 168%,29 707.13 2ub4,1% 725.99 116,40 23673.N09 13,10 1521.27  1%99,00
TNOUSTRIAL 9358.63  S887 .60 156458 A04+25 334,17  1Gh1.57  6b6GATH 59,27 19M37,13 256L.58 ¢
ELECTRIGAL 7249.R7  10910.63 755.39 1724,7% £12.78 322R.2h  2771.73 532.36  25875,76 K7LAT,. 15
}» TOTAL 20222.11 1847A.32 1619.41 2577,09 2271.724  &L04.24 32908.56 624,72 GL&LOGL.11 T71926.73
ot
. 1985
RESINENTIAL AND COMMERCIAL 4068,78  1907.89 348,97 264,59 696499 314,85 27626.15 38,93  2A55,%0 Q013,79
INDUSTRT AL 10569, 5.08 bel8 . 1014.39 1378,50 927249,.96 69,8 72123,28 10499,07
ELECTRICAL 2900,07 10056.16 836,80 2013.38 660,03  4007.45  33I71.06 543,25 WPA9A,02 73199,7R
YOYAL 2ISIV.ON IRYIT.IT  1397.85  3IUGA.EY  P3P0.51  G700.A1 L0726.07  AB1.76 FTVTe.FL 45,64
“ 2000
" RESIOENTIAL AND COMMERCIAL 50646,58  2754,22 286,32 55X, 62 731499  1064.79 34877.77 4R T7 A19Y,.74 I2781.94
TEC TRERG. 86 BLIK.75 216,40  124B.BR  1425,10 2X3L.57 1377T.%% RL. b7 SOBBS.4Y 3IBAYS,EY
" ELECTRICAL 7225.36  9uAB7 .64 702,15 2359.66 725,92 S$3%1,63  2342,33 418.65 9AR9t4, 1R 33995,94
$
TOTAL 2 . . L] . . . . . . .




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 1012

conventional boiler, 3 percent sulfur module and the resulting total

Btu of coal were assumed to be burned without control using the

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.

36



TABLE 14. TOTAL EMISSIONS FOR RESIDENTIAL/COMMERCIAL SECTOR, SCENARIO 2

1

L4

EMISSIONSs THOUSANDS OF TONS

SYSTEMS S L Y e T L L I L LTy - LTS I LT Y Y YOy P -we - - Yy P e L ey
NOX s02 co PART TOMA Ss oS TOMW ASH SLUUGE
1975 '
___NATURAL,_GAS (CLEAN FUFL) 2705,53 117,21 64,95 21,65 468,83 0,00 0.00 0,00 0400 0,90
pDIST FUEL OIL (CLEAN FUEL) 483.00 1152456 94.87 61.01 B4«33 11,50 2026417 28,66 000 20,12 °*
—GASIFICATION=0ILs MIGH ATU 0.00 0,00 0.00 0400 0.00 0,00 0400 0,00 0.00 0,00
LOW S COAL (CLEAN FUEL) 22.26 239.10 569,56 137.56 125.94 45,50 0400 0.00 1121.25 0.00 ¢ -
— GASIFICATION=COALs HIGH BTY 0,00 0,00 0,00 0,00 000 0,00 0000 0,00 0,00 0,00
1
TOTAL 3210+79 1538,87 729.39 220.22 67910 57.00 20264417 28,66 112125 20e12 ¢
1980 “
- "y
— NATURAL GASI(CLEAN FUFI) 2961.71 128,31 ___ Ti.10 23,70 513422 0200 000 0.00 000 .00
DIST FUEL OIL (CLEAN ruEL) 540.96 1290,87 106.26 68,34 94,45 12,88 22673,48 32,10 0000 22,54 °
__GASIFICAILON_QP..._HIQH_B 15.37 35_1%_8 3,02 1294 2:68 2237 64429 a 0s00 o
LOW S COAL (CLEAN FUEL) 20.55 220.7) 525,75 126,97 116.25 42,00 00 0,00 5 ¢
GASIFICATION=COAL, HIGH BTU 9:38 100479 240,09 §7.99 HH . i T
3 1
TOTAL 3547.98 177735 946,22 278.94 77970 74.43 23317.77 33,00 1507.65 23,18 °
1985
NlTURAL__A§1;L§Aﬂ_£u£1________________JLL&Z;&l____l!&;_b 1545 25415 G544.62 0,00 0.00 0,00 0400 0,00
T pIST FUEL OIL(CLEAN FyEL) 628,32 1499,33 123.42 79.37 10971 14.96 26335403 37,29 000 26,18
___GASIFICATION=OIL, HIGH BTU 3.69 53;%%: 4465 299 4elb +56 992.84 1.41 000 «99
 GASIFICATION=COAL, HIGH BTU 45.07 484,09  1153.14 278,50 254497 92.12 0000 0.00 2270¢10 0,00
1
TOTAL 846,84 2249.67 1531.92 428,34 952419 121.64 27327,88 38,69 2615410 27417 ¢
- 2000
—_NATURAL_GAS(CLEAN FUFEL) 374,10 146,17 _584,69 0,00 0200 0,00 000 0.00
0IST FUEL OIL(CLEAN FUEL) 799.68 19°8.24 157.08 101.02 139.63 19,04 33517.31 47,46 0400 33,32 °
—_GASIFICATION=OIL, HIGH RTU 20,16 48,11 3,96 2,55 3,52 «48 844,97 1.20 0000 284
LOW S COAL (CLEAN FUEL) 0+00 0400 0.00 0.00 0400 0.00 0400 0,00 000 0.00 ¢
— GASIFICATION-COAL , HIGH BTV 164,40 1768, 336.00 000 0,00 B2R0.00 n‘nn_n
TOTAL 4356,34 3868,19 444B8,04 1146,36 1657.83 355,52 34362,29 48,65 8280.,00 34,16 ¢




TABLE 15, TOTAL EMISSIONS FOR INDUSTRIAL SECTOR, SCENARIO 2
13
EMISSIONS, THOUSANNDS OF TONS r
SYSYEMS .--..-------.-------.-.----o----------------O_-_::_.-.---.-,-.------’._._-:-_2-----.---------------------_'
NOX s02 co PART TOMA Ss DS TOMW ASH SLUDGE
1975 - B
_._NATURAL_GASI(CLEAN FUEL) 5154,76 147,21 2.21 _82.80 796,40 88,32 0400 0,00 0,00 0,00
OIST FUEL OJL (CLEAN FUEL) 176417 176463 oTH 13,77 8.85 90 1584.33 2.26 000 1,57 °
——LOW S RESID=DOMESTIC 205, 3 9 1015 1.12  1979.52 1.00 0,00 1.97
LOW S RESIV.IMPORTED l017.17 1510.32 1.88 75.54 14.64 0.00 000 21,75 0400 0,00 '
—.GASIFICATION=QJL, HIGH BTU ] 200 0.00 0,00 0,00 000 0,00 0400 0,00
LOW S COAL (CLEAN FUEL) 1670.00 2757,.,84 115.23 236,30 26,72 509,35 0400 18,37 15030.00 0,00
—..CLEANABLE COAlL (CLEAN FUEL) 427,46 3 1.22 319.12 99490 6,1 6 .
GASIFICATION=COALs HIGH BTV 0,00 000 000 0.00 0.00 0400 0400 0,00 0400 0,00
- L]
TOTAL_ 8651.21 7489,38 192,685 658,15 863,98 918,82 3663,75 55,47 _21690,00 136,74
1980
2t
___NATURA| _GAS(CLEAN FUEL) 5486427 156,68 2035 88.13 B847+62 94,00 . Ne0O 000
DIST FUEL OIL (CLEAN FUEL) 414,99 251,16 1.75 32,45 20485 2,12  3731.97 5,28 000 3,71 ¢
__LOW S RESIV=-DOMESTIC 19662 31266 1009 14.85 9460 1206 1873+48 6,63 000 186
TTLOW S RESID-IMPORTED 989411  1468,66 1.83 T3.46 14,24 0,00 0+00 21,15 0+00 0,00 ¢
__GASIFICATION=OIL, HIGH BTY 16493 398,86 000 Ge64 112 01200 678281 488 0000 0,00
LOW S COAL (CLEAN FUEL) 1705.00 2815,64 117,64 241,26 27,28 520,02 0400 18,75 15345,00 0,00 °*
QLEANAQLE COAL (CLEAN FUEL) 439,01 2708 9 5 T.41 327,15 102460 68 6 ‘
GASIFICATION=COALs HIGH BTU 62.77 387,24 4465 19.68 1.06 464,86 14467 090 978,00 19,56
- .
TOTAL _9368.71 _ 8499.19 161.80 613,12 929,17 991,82  6401,53 59,86 23163,00 161,93 ’
T 1985
— NATURAL_GAS(CLEAN FUEI) 58 8 9 93,30 897.39 99,52 000 0,00 Y 0.00
DIST FUEL OIL(CLEAN FUEL) 595,08 360,16 2.51 46,53 29.89 3,046 5351450 7.58 0400 5,32 °
--LOW S RESIU.DOMESTIC 238,69 383.45 1a38 18.2 1 2297.66 8.13 0200 2,28
LOW S RESID-IMPORTED 1293.07 1786,34 2.23 89,35 17.32 0.00 000 25,73 0400 0,00 ¢
—-GASIFICATION=0IL, HIGH BTU 112073 586,50 0.00 Ba21 1465 0.00____ 994475 1.28 D+00 0.00_
LOW S COAL (CLEAN FUEL) 1805.00 2980.78 124.56 255441 28.88 550.52 0+00 19.85 16245400 0,00 '
—CLEANABLE _COAIL (CILFAN FUFL) 4
GASIFICATION-COALy HIGH BTV 285.74 1762,77 21.15 89.60 4.82 213,32 66,78 4,08 4452,00 89,04 °
- of
———-TJOTAL 10514,73_ 1089847 188,74 74677 999+59 1215,59 B819.60 73.30 27957.00 391.81,“
2000
. _NATURAL_GAS (CLEAN FUEL) 7956226 221,22 3,4) 127,80 _ 1229.23 136,32 000 0,00 0.00 0,00
DIST FUEL OIL(CLEAN FUEL) 1284412 777.18 Se41 100440 64451 6456 11547.98 16.35 0¢00 11.48 °
__LOW S RESIO=DOMESTIC = 271,74 436454 1,52 20.73 13441 1,49 2615480 9,25 0400 2,60
LOW S RESIU.IMPORTED 1332.85 1979,04 2447 98,99 19,19 0,00 0400 28,50 0400 0,00 !
__ GASIFICATION=OIL, HIGH BTUY 92+17 47789 000 676 le34 000 813.32 1,05 0400 0,00
LOW § coAL(cLEAN FUEL) 1985,00 3278,03 136,96 28p.88 31.76 605,42 0.00 21,83 17865,00 0,00 °*
CLEA 5 9,68 8.64 382,37 11970 7,31  798p.00 159,60
eAsxrxcutxou-cOAL. HIGH BTY 1001.26 6176482 74410 313,95 16490 747.50 234400 14,30 15600400 312,00 ©
o
TOTAL 14435.58 16512.40 261,78 1110.11 1384.97 1979,67 15330.80 98,50 41445.00 = 485.68




TABLE 16, TOTAL EMISSIONS FOR ELECTRICAL SECTOR, SCENARIO 2
4
EMISSIONS, THOUSANDS OF TONS £
s_!er“s [ PP LI Yy P - - - D s T D o T s 0 O D 0 e 0 D D 0 T D P s o S P B D g s B8 o e B D D 0 D
NOX §02 co PART TOMA 3 oS TOMW ASH SLUpDGE
1975 .
___NATURAL_GAS (CLEAN F . 84,18 «68 86,086 068 5,68 +68 55,68
LOW S RESID=DOMESTIC 14,69 23,46 +28 1.28 92 .28 141460 .70 020 36 9
__LOW S RESID=IMPORTED 105.22 156.24 +20 7.81 151 De00 _ 0+00 2,25 0002 0400
CHEM ACTIVE FLUIDIZED BED 0400 0400 0400 0400 000 0.00 000 0,00 000 0,00 ¢
___HIGH S RESID-LIMESTONE SCRUB 17.54 91.54 «03 1.30 «25 0,00 0400 _»38 0000 0,00
HIGH S RESID.NO CONTROL 1118.89 5840.25 2.07 83.10 16011 0400 0400 23.92 0400 0,00 °
LON S _COAL (CLEAN FUEL) 867.50 1432,59 59,86 122,75 13.88 264,59 000 9,54 _ 7807.50 0,00
CLEANABLE COAL (CLEAN FUEL) 265,72  1639,23 19,66 83,32 4,48 198,37 62,10 3,80 4140400 82,80 *
___FLUIDIZED_BED_COMBUSTION=CUAL 000 000 000 000 000 __ 0400 0200 0200 000 0,00
GASIFICATION=COALs LOW BTU 0.00 0.00 0400 0400 0400 0.00 000 0,00 0400 0,00 ¢
HIGH S COAL<LIMESTONE SCRUB 215066 1330439 15.96 67.62 3.64 161,00 50e40 3,08 3360400 67,20 ©
!Vgn S CoalL=MGO SCRUg 53,91 332,60 3,99 1690 291 40,25 12460 2l 840400 16,80
~ MIGH S COAL-NO CONTROL 2223495 13719.67 164,59 697.33 37.54 1650.31 51975 31.76 34650400 693.00
W TOTAL 6657.37  250472.31 723409 1565460 61093 2810.89 1242413 531.88 S51253.38  1315,82
O
1980
—__NATURAL_GAS (CLEAN FUF)) 1680,90 419,70 432,42 458,70 603+70 460,50 43170 431,70 431,70 431,70
LOW S RESID.DOMESTIC 165.25 263,71 3,18 14,37 10034 3,16 1592,95 7.89 2426 3,86 °
__LOW S RESIO-IMPORIED 8né 84 1,49 59,91 11.61 0,00 000 17,25 000 0,00
CHEM ACTIVE FLUIDIZED BED 7015 366,16 e13 5.21 1.01 0.00 000 1,50 0400 0,00
__HIGH S RESID~LIMESTONE SCRUB 122.16 640478 223 9412 117 0400 0000 R.63______0.00 _0,00_
HIGH S RESID=NO CONTROL 596,27 3112.36 1.10 44,28 8.58 0.00 000 12,75 000 0.00 °©
—_LOW S COAL(CLFAN FUFL) 1245, 0 176,17 19,92 379,72
CLEANABLE COAL (CLEAN FUEL) 369.70 2280467 27.36 115.92 624 276,00 86440 5,28 5760400 115,20 °
__ FLUIDIZED. BED_COMHUSTION=COAL 0.00 0.00 0. 0 0.00 0,00 000 0,00
GASIFICATION-COAL, LOW B8TU 0.00 0400 0400 0400 000 0400 0400 0,00 0000 0,00 “
— _LIQUEFACTION=COAL 000 _ 0,00 0.00 000 000 0.00 Os 00 0.0 0,00
HIGH S COAL.LIMESTONE SCRUB 1790.71 11047.00 132,52 561,49 30.23 1336,87 418,50 25,57 27900400 558,00 "
GH_ S COAL= 720,20 4751.%40 57, 675.00 1
HIGH S COAL=NO CONTROL 215,66 1330439 15.96 67.62 3.64 161,00 50440 3,08 3360400 67,20 *©
7833,33 27526401 757,31  1754,29 61004 3192,26  2759,95 532,34 60658,96  1415,94

TOTAL
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TAMLE 16. TODAL BMESSIORS FOR ELECTRICAL SECTOR, SCERARIO ! (Comtimued)

1983
—NATURAL BAS(CLEAN FuR)) 161888 459,72 eje.ep  o39.59  82.7) 491431 &]13.7) 13,7 413.7) a3, 7

t:: g :gig_-lio-ts;tls 11:.» 3:;.:; a.10 ;a.sz 1332 4.08  2053.13 10,18 291 4,9
— 319 JMPORTED 1p66,28  1583,7 1.8 9.1% 15.3% Y | ] 22.82

CYEN ACTIVE FLUIDIZED BED 350.75 1830.80 65 26405 5.05 2.00 %f%%"— .50 3::3 &g‘
— n}: g RESID=LIMESTONE SCRUR 712,02 716,52 1.32 $2.8% 1025 N ) (YY1 1) 15,22 Dol .00

" RESID.ND CcONTROL .08 0. 00 T Y 8.20 0.00 .08 8.00 0.30 te00 0,00
— L0V S _coalgLEaN FuEL) 22e5.2 9 5 L4 25.92 -0t 2e,

CLEANVABLE COML (T LEAN FUEL) 812,31 ITTIT, 3 45,3) 191.99 10.33 457,12 143.10 8,75 De00 190,89
— FLUIDIZED t€D CowsiSTIONSCUAL 154s2¢ 952428 s 48,30 2:6p  115.08 36200 2,20 2¢paed e8,00_

GASIFICATION=CDALY LOW BTV 194,85 1160, 3 13.68 57.9¢6 3.2 138,00 43,20 2,60 2839.00 T.60 ¥
_— "}2‘..‘"‘1‘ 115.5% 2.1 8 : 8 .00

" S CoaLwpL]) 1817¢42  997T7.5% 119. 70 587.15 2T«30  1207.50 378400 23,10 25209.00 S0e.00

: 3 1062.88  6556,93 78.66 2 s 3

" CoALNO CONTRR, .00 0.00 .00 .00 .00 0.00 .00 .00 .00 0,680

-yoraL 9944,92 347SI,12 854,66 2108,T9 625,85 327,49 3342.55  SeT,61  TOegl.62  1586,26

= 2000
°-—
. WATURAL GaStCLEay Fusy) 1 s 3)8.8

LOW S RESID-DOYESTIC S8.71S 93.76 113 S.11 3.68 112 $66.38 2.8» «8 1,37 °
—L0¥ S RESID~INPORIED 208,480 AlB.6e »S2 2p.Be 4.4 200 2200 .00 _faft .00

CHMEN ACTIVE FLUIDIZED BED 1080,31 Sav¥8,86 2.00 8p.2) 15.55 0.00 o.00 23,10 .00 8.00 *
. NIGN S RESIo=LINESTONE _Schlg 252.7S 183,00 LY 26,05 S8 2.00 Bl T.50 _ aed____ f.00

ni6n § RESID=NO CONTROL .00 .00 0.00 Y 900 0.00 9.00 0.00 080 2,00 °
— L0¥ S cOALICLEAN FURL) 1 b ATV 15 324.82 [N 1l.71

CLEANABLE COAL (CLEAN FUEL) 6re, 6] IT29.85 a4, T4 189,58 10:.20 451,37 181430 8,63 42300 188,49 °
.- FLIIDL2€0 ©ED_ 112710 A9aSe 862,58 2Tpedl  16.50 __1Boqexd

GASIFICAYION=COaLs LOW BTV 1471 .08 9975.17 188.87 401 .28 240.8) 1993.285 343.50 21,01 22920.00 4Sg.40
_ LROUEFACTION-C O Y T S

:: S COM.-L I"ESTONE SO 093.18 276,26 S1.30 IV 1178 s%v.so 162400 9.90 108p0.00 218,00 *
) 1 4 ﬁ.ﬁ

WIGH S COAL-ND CONTROL .00 .00 .00 .00 8:.00 .00 800 .00 .00 8.00 °

. TOYAL 6 T O (Y9




TARLE 17. SUENY OF YOTAL EMISSIONRS FOR EACE SEHCTOR AMD TOTAL EMISSIORS FOR ALL SSCYORS, SCERARIO 2

ENISSIONS, TROUSANDS GF TONS :
-_— SFCTORS Seecessesescnee m—— =3 — — ———
wnOX so2 co PART TOWA Ss oS Toww ASH SLWeE
3
1218
: 3
__*sm'“-“wi‘“; 3210.79 1558,87 T29.39 222 6T9.18 ST.00 20244.17 28,68 1121.2% 20,12
IYRUSTRIAL 8851+2] T489.38 15285 $58.15 86390 918.82  3683:TS 55.47 2169g-00 138. % ¢
_ S457237 25e72,3) T23.09 1565,60 618093  2815.89 1242.13 S31.88 S1253.38 135,82
ToTaL 18519.37 347955  1695.33  2303.97  2)156.01 786,71 25150:05  OG18.92 Tagsas6y 1472.80 ¢
&
—_ 19808 .
#ESIOENYIAL M COmERCIAL ISATL98  1TIVLIS  Ses.22  278.9¢  TT9.Te  Te,e3 23NT.VT 33,00 15e7.65 23,18
IMOUSTRIAL 0. 7) 8499.19% 16)+89 61332 929.17 99).82 649153 S04 2318300 163,93
— ELECTRICAL 7833:33 27x24.01 ISTedl 1754429 21008 3192,26 V5995 $32.34  608%8.96 )al5.%
= Total 20758.01  378r2.55  1965.3¢ 066,35  2318.91 4253, 0. LY 3 &1 1881,
- 19858
RESIDENTIAL Al COMmERCIAL I046,84 2249,67 1531,92  428.3¢  952.19 121,66 27327.00 369 2615.10 21,17
T T DS TRIAL 1051673 10233,.¢Y 188.7e TYag. .77 999.59 1215, ®59.%0 TI.39 21957.0¢ 281 .84
99¢4.92 3Ja753,12 854466  2108.79 +8 9 . ' { . 2
T THTAC 263:98.5p o7871.26 257
2000
aESIDENTIAL AND COERCIAL 4358.36 3848,.19 eesf 00  1108,38 1857.0) 355,52 3I62.29 448,65 S200.00 LTHRTY
T IMOUSTRIAL 14035.58 16512.40 261,78 111g+11 138407  1875,67 1533000 W6y 4184500  +B5.68
__ELECTRICAL 9954478  #6652.81 833,51  2eT7.¢8 $14.TT  S5088.27 226800 AS2,3¢ 10224238 2164,7S

YOYAL . 33, 3. 1 . &% S51981aS . ) 200,




(A

TABLE 18, COMPARISON OF TOTAL EMISSIONS FOR SCENARIO 1 AND SCENARIO 2

Total Emissions, Thousands of Tons

NO_ 50, co parr. TomA(®  5s®  ps(®) 1au D sy 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



Scenario 3. Modified Fuel Allocation Assumption

Scenario 1 was based on the allocation of clean fuels to the
smaller sources found within the residential/commercial and industrial
sectors. Since some dirty fuel currently is consumed within these sectors,
Scenario 3 was constructed in which a portion of the dirty fuel was
assigned to the residential/commercial and industrial sectors in an attempt
to reflect what would happen if long-term fuel supply contracts or other
factors prevent the elimination of dirty fuels in small sources. Equiva-
lent amounts of clean fuel were shifted to the electrical sector to main-

tain the correct subtotals.

Modified Fuel Utilization

The projection was made by modifying that for Scenario 1 in the
following manner. Natural gas utilizations remained unchanged. Utiliza-
tions of high sulfur residual oil without control were newly projected by
multiplying the total amount of high sulfur residual oil projected in
Scenario 1 for 1975 by the fractions of the total residual o0il currently
consumed in each sector. These fractions were estimated to be 0.26, 0.2,
and 0.54 for the residentail/commercial, industrial, and electrical sectors,
respectively, for the year 1971 from data contained in Mineral Industry

Surveys(g’lo)

and were assumed to hold for 1975. A constant continuing

use of high sulfur £ésidua1 oil in the residential/commercial and industrial

sectors was assumed for the remaining periods because of the existence

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

utilization of distillate fuel o0il and low sulfur resid ( imported) were

adjusted to rebalance the petroleum fuel subtotals in the three sectors.
High sulfur coal utilizations in the residential/commercial

and industrial sectors were based on data compiled by the Bureua of Mines.

Tables giving shipments of bituminous coal and lignite by average

suflur content by consumer use are presented for 1971 in Reference 3,

and for 1971 in Reference 11. The data cover shipments by producers
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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 editiones of Minerals Yearbook.
Since the data do not include the total U.8., 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
vere adjusted to rebalance the coal subtotals.

The resulting fuel utilization projections for Scenario 3 are
given in Tables 19, 20, and 21. It ie 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 detailed 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, FUEL UTILIZATION PROJECTION FOR RESIDENTIAL AND COMMERCIAL SECTOR(a)

Scenario 3

Fuel Utilization Projection, 10!2 Btu

Fuel/Technology 1975 1980 1985 2000
Natural Gas (Clean Fuel) 8,660 9,480 10,060 10,800
Petroleum
Distillate Fuel 0il (Clean Fuel) 4,914 5,640 6,680 8,720
Gasification, High Btu Gas ¢ 183 282 240
High Sulfur Resid Without Control ) 836 800 800 800
Subtotal 5,750 6,623 7,762 9,760
Coal
Low 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 7158 2,400
Total 14,735 16,540 18,580 22,960

(a) Excludes 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-fuel uses.
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TABLE 21, FUEL UTILIZATION PROJECTION FOR ELECTRICAL SECTOR

Scenario 3

Fuel Utilization ProiectionlglolziBtu

Fuel/Technology 1975 1980 1985 2000
Natural 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) - Imported 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 0 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, MODULES COMPRISING FUEL/TECHNOLOGY SYSTEMS
Scenario 3
Modules .
Fuel/Technology System Extraction Tranusport Processing/Conversion Transport Utilization
RESIDENTIAL AND COMMERCIAL SECTOR
Natural Gas (Clean Fuel) Gas Well None Desulfurization Gas Pipeline Space Heating
Petroleum )
Distillate Fuel 01l (Clean Fuel) 011 Well 011 Pipeline U.S. Refinery None Space Heating
Gasification, High Btu Gas 04l Well 011 Pipeline Gasification Gas Pipeline Space Heating
High Sulfur Resid without Comtrol Import Import Import Tanker Space Heating
Coal
Low Sulfur Coal (Clean Fuel) Cozl Mine Rail None None Space Heating
Gagification, High Btu Gas Cosl 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 Noue Desulfurization Gas Pipeline Conv. Boiler
Petroleum
Distillate Fuel 0il (Clean Fuel) 0il Well 01l Pipeline U.S. Refinery None Conv. Boiler
Low Sulfur Resid (Clean Fuel) 01l Well 011 Pipeline U.S. Refinery Barge Conv. Boiler
Low Sulfur Resid (Clean Fuel) Import Import Import Tanker Conv. Boiler
Gasification, High Btu Gas 011 Well 011 Pipeline Gagification Gas Pipeline Conv. Boiler
High Sulfur Resid without Control Import Import Import Tanker Conv. Boiler
Coal
Low Sulfur Coal (Clean Fuel) Coal Mine Rail None None Conv. Boiler
Cleanable Coal (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 Resid (Clean Puel) Import Import 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 Coal (Clean Fuel) Coal Mine Rail None None Conv. Boiler
Cleanable Coal (Clean Fuel) Coal Mine None Physical Cleaning Rail Conv. Boiler
Tluidized Poad Combustion Coal Mine Rail None None Fluidized Bed
Cuubuscloa
Gasification, Low Btu Gas Coal Mine Rail Luxgi Gas None Conv. Boiler
Liquefaction ‘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 Coal with Stack
Cas Clcaning Coal Mine Rail None None Conv. Boiler,
MgO 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
module/systems as defined in Table 22. The results of the calculations
are presented in Tables 23, 24, 25, and 26.

Comparison of the results for Scenario 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 not 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 in 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
coal burned and the ratio of high sulfur coal to low sulfur coal. These
increases for the utility sector have little effect on calculated air
quality in Scenario 3 as is demonstrated in Appendix B.

It should be noted that, although the allocation of some dirty
fuel to the residential/commercial and industrial sectors in Scenario 3
did not 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 scenarios. 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
ENISSTANS, THOUSAWDS OF TORS ¢

SYSTEMS P — e emmemac—a——- e mmamc e e ——— cem———— c—acee= cemmmcc e e S

NOY s02 co PA2T TOMA SS DS TOMW ASH ~ 7~ T TSLUNGE .
1975 - _— .
__MATUDAL GAS(CLIAN FUZL) 2735.53 117,21 64,95 21,65 46R.33 9,90 0.00 0.90 0.00 .70
NIST FUSL OIL(CLEAN FUSL) 412,71 944,99 81.08 52,14 72.17 9.83 17300.R5 24450 0.69 17.20
__GASIFICATTON=0IL, HTGH RTU 0.00 2.00 0,60 2,00 0,10 0.00 0.00 0.00 0.CO .03
HIGH S RESID-NO CONT=0L 57.66 12B3.00 13.68 7.94 1.71 0.00 0.00 6.27 0.70 0.00
__LOW_S _COALICLZAN FUEL) 5.48 58,86 140.20 33.86 31.90 11.20 0,00 0.00 276,60 _3.990
GASTIFICATINN=-CNAL, HIGH 9Tl 0.00 c.00 0.60 0. 00 0.20 N.00 o.o0C 0.00 0.C0 .00
HIGH S GOAL-NN CONTROL 16,81 640,060 423,35 112.27 aL , a4 67437 22.C5 0.00 865.25 2940
ToTaL 3197.65  2984.54 728.63 227.91 66R.56 88.60 17322.90 30.77  1121.25  45.50
1980 e - -
__NATURAL GAS(CLSAN FUEL) 2961.71 12P,31 71.10 23,79 513,22 0.00 n.00 0.,0C 0.0 7,00 _
DIST FUEL OTL(CLEAN FUFL) L73.76  1130.51 93,06 59.85 82.72 11.2% 19856,.89 ZR.11 £.50 19.74
__FASIFICATION=OIL, HIGM Ty 43,98 5,90 1,37 +90 78 0.09 777414 1,00 7.63  7.63
HIAH S PESTD-NY CONTROL 54,60  1227.84 12.52 7.64 . 1.64 0.00 0.00 6460 0.°80 9.09
_LOW_S_COALECLIAN FIZL) 5,16 SR 131444 .74 29,05 10+50 0.00 0,00 258,75 _ .  3.09
GASIFICATION-CNAL, HIGH °TH LE L2 39,51 24,65 24,23 37 59,52 19,48 0,00 478,57  1868,R3
__HIGH S COAL~N3 CONTONL 15,43 496,218 394,314 103,11 87,19 61,88 20,25 0,00 776425 27400
un
o . .
’ TOTAL 3RN1.C3  3083.52 736445 251,16 716,99 143,18 20673.76 35.11 1521,20 1923.2°
- . . EE— - - 1985 . e e
NATURAL RASILLTAN FHEL) 3162.91 13R.16 75.45 25415 S4l 62 C.N0 0.00 0,00 0.00 5.0
DIST FUZL OILICLZAN FUFL) €61.1? 1338,97 110.22 70.AA 97.97 13.3f 2351R,45 33.30 5,09 23.39
__GASIFICATION=0TL, HTGH 27U 57.77 Q.19 2.11 1.38 1.21 0.00 1197.56 1546 11.76 11476 _
HIGH S RESIN=49 CHONT20L SL.60  1227.84 12.52 7.664 1.64 0.00 0.0C 6.0C 0.00 2.09
__LOW S rOAL(CLTAN SUSL) 1.71 18.39 43,31 10.54 9,69 3.5° 8400  G.00  R6.25 5.00
GASIFICATYION-CNAL, HIGH RTQ 222,93 189,74 12,73 116,36 1,84 285.89 93,56 0.00 77 2298.54  8975.45
HIGH S COAL=NO GNMTPAL 5.1t 165.43 131,64 34437 29.94 20.6% 6.75 0.00 258,75 9,90
TATAL 4056.19 30R5.6h3 388.29 26637 6A5.99 323.37 24816.32 60.84  2655.,30 9019.99
e n b i e e e e —— - 2000 - e e —— e e -
MATUSAl GASCC! -3N EU=)) 370,40 140,17 33,03 27.00 534 .69 0.90 0.00 0.00 0.09 L
RIST FUSL NILICLEAN FUEL) 732,48 1747 .8R 143,88 92.53 127.89 17.46 30700.73 43 .47 0.00 32.52
__GASIFTCATION-JOTL, HIGH RTU S7.f7 7.74 1.R0 1.18 1.03 0.00 1019,20 1.31 18.01 19.01
HIGH S FESTN=NN CONMTRNL SL AN 1227.8% 12.52 7.64 1,64 0.00 2.0¢C 6.00 0.090 2.00
—LOW S _COAL(CLEAN _FUEL). n.0q 0400 9.00 0.00 0.00 0.00 0.00 0.00 __ _ 0.60 . 0.00
GASIFICATION-COAL, HIGH RTU 313,12 692.07 46 Lk 424,43 6.55 1042.75 341.26 0.00  8383.,73 32733.65 -
_HIGH S_Coal-NJ CANTCOL n. G0 . 0,00 0,00 0,00 0490 0,00 0.00 0.00 0.00 0.90

TOTAL 6031.98 3821.70 285,64 552.77- 721.80 106%.19 32061.19 50,78  B8393.74 32779.18




TABLE 24, TOTAL EMISSIONS FOR SYSTEMS IN THE INDUSTRIAL SECTOR, SCENARIO 3

EMISSIONS, THOUSANDS OF TONS

SYST=MS meeccsmssccescesemcnmo sy c e e smemeen== Sersemcceeem—no- L L L L LI L L L e T T L Tt ceesencas
NAY so? co PaoT ToMa SS 0s ToMW ASH SLUNGE
e 1975 - -
NATUPAL GAS(CLIAN FUIL) 5154475 167,21 2.21 82,80 79F .40 AR,32 0,00 g8.00 - 0.00 8.00
OIST FUFL QIL{CLSAN FUFL) 533,47 304,71 2.12 39,37 25.29 2.57 4827.65 6eb1 0.09 4.30
__LOW_S_PBFSIN-NAMTSITIE 205,66 30,36 1.15 15,69 10,15 1.12_ 1979.52 .T.00 0e00 . 1,97
LNH S PFSID-TYPNARTED 499,12 741,10 .92 317.07 719 0.00 "~ 000 10.67 0.00 S 070
—GASIFICATION=9TL, HIGH AIU 0.00 0.00 0.00 N.00 019 0.00 .00 0,080 L 0.00 _ .00
HIGH S PESIN-"I0 CONTRAL 274.R3 1173.54 2 16.70 3.24 0.00 0.C0 4481 0.00 7.00
~LON S £oAL(SLTAN FHTL) _ 417,59 658946 28.R1 59,08 6,59 127.34 0,60 4,59  3757.50 .09 _
__LLEAMAPLE rO8LLNLEASY FUTL) 391.96 902,20 29.41 119,19 610 3AD.75 113.52 €.10 _ 3002.55 __ 317,85
GASTFICATTON-COAL, HIGH RTY 0.n0 0.00 0.C0 c.00 0.09 -~ 0.00 0.00 0.00 9.00 2.00
HIGKH S COAL=-MNO CONTROL 964,68  5954.13 71.39 302,48 16.28 720.19 225445 13.78  15930.00 __ 309.60
TOTAL 8361.95 10132,71 136,44 677.28 B71.33  1300.29 6446.15 53.37 21790.C5 624,93
v
- _— — m—————
1980
__MATUSAL GAS(MLTAM FUIL) 5LAG,27 15F.58 2.35 an,13 847,52 4,00 0.00 0.00 0.00 .90
TTOIST FUTL CIL(ALIAN FUSL) 728.19 440,72 3.07 56.94 3h.GR 2,72  6548,55 9,27 8.00 R84
LOY S RFSTNNIMISTTIO 194 ,R2 312.56 1.59 14,95 q,h0 1,96 1873.48 663 0.90 1.96
TTLOW S RESTNTMPARTER 594,06 739,54 a2 36,99 77 0.00 0.CD 10.65 9.00 ~ 70,40
GASIFTCATTOM=OTL, HIGH ATU 85,67 _ F96 04 2415 4oRh 1.7k 921 .52 1.19  e,r5 9,09
TTHIGH §TOESTN-NT CONTRAL 710,465 1098.uP w39 15,63 3.03 0.00 9.007 %.50 0.00 N.29
LOY S COAL(CLIAN FIITL) L26.58 704,32 29.43 69,35 fe82 130.08 0,00 4,F9  333I8,50 5.00
CL ANAPLE COAL(CLEAN FUFL) 432.55 A23.R8 30.71 122.3? 6.27 370.50 116.59 6427  3093.70 376445
ASIFICATION=-CNAL, HIGH ATU A0.41 46,97 1.95 28.64 3,38 72.12 23.48 0.00 569,40 2223.50
5125 éccoﬁe-né chﬁr95L 984.70 6074466 72.87 308476 16,62 735,14 230.13 14406 15362,00  306.84

TOTAL - a397.4% 10404.80 142434 735475 941,93 14084306 9713.45 B7.26 72R42.,55 2876227

-~ = - - [




TABLE 24, (Continued)

EMISSTONS, THOUSANDS OF TONS

sYsTEHS R T B R R B R e Ao --—-----——------—----------r:::_--'-- ---?-::-_._._—‘---‘--’_.._
NOYX sS02 co PART TOMA SS DS TOMW ASH sLunne ;
1985 -- - -y
NATUSAL GASICLZAN FUSH) GROA. LY 165,88 2,49 93,30 497,39 99,52 £.00 0,00 0.00 0.00__
0IST FUEL OTLUGLEAN FUEL) Q03,24 540,71 3.43 71.02 45.A3 4.64 B8168.08 11.56 0,00 8,12 -
—LOM S RESID-NOMZSTIC 238.69 IRI45 1.3 18,21 11.78 1.3% 2297.66 8,13 0.00 2.29% _
LON S PESTO-IMOORTEQ 712.%2 1657.22 1.32 52.88 10,25 0,00 0.00 15,22 0.00 .00
—GASIFICATICH=NTIL, HIGH_ATU 125,55 10.19 2086 35 739 2454 3350.43 1.74 13.2¢ _____13.26
HIGH S 2ESIN=NJ CONT2NL 210,45 1098 ,4LR + 19 15,63 3.03 c.00 g.00 4,50 0.00 0.0C
LOY S COAL (CLZAYM FUSLY £51.50 745,61 31.15 63.R9 7,22 137.71 0.09 4,97 _ 4063.50 0.09__
CLEANARLE COAL(GLFAN FUFL) 427.27 876,47 32.06 129,83 6.66 393.25 123.75 .66 3273.05 346,59
_GASIFICATION=COALs HIGH BTY 266.03 213.82 8.94 134.93 1%,.38 328.32 105.51 0.00 2591.97 10121.70
HIGH S COAL-NO GONTROL 1042,47 5431.02 77.15 326487 17.60 778.26 243,63 14,89 16242.00 326,84
TOTAL 10790.70 11529.85 158.73 909,70 1022,02 1745.55 12289.07 67.67 261A83.78 10816.71
W
N —_
2000 T
__NATURSL GAS{TLIAN FUSL) 795/,25% 2727.22 3.l 127.80  1229,23 136,37 0.00 8.00 0.00 .00
DIST FUSL OTL(SLIAN FUEL)Y 1597.32 96R.TH 6.73 124.89 A0 .24 Be1h 163AL,56 2C.304 6.00 14,2%
_LOW S PESTN-NgMISTIC 271.74 436,54 1.52 20.73 13,41 1.49 __2615.88 9.25 0.08 2.80
LOW § oz €[-Tue08TEN A%1 A0 12L9,97 1.55 52.52 12717 .o .00 18.0¢ 0.n0 9,00 .
__RASIFTICATION-NIL, HIGH PTY 102.¢5 ”,33 «05 ?.57 5,80 2.08  1104.13 1ob2 10.84 10,86
HIGH S 2ESTI=ND CINTROL 71045 {796 %R + 394 1%.63 3,03 0500 0.0t G450 0.9 0.00
LON S COAL(CLSAN FUFL) L96,50 819.92 34426 70,25 7.94 151,43 0.00 S.46  LU468,59 0.00
__CLEANARLE COAL(CLZAN FUSL) LBA.ARL 961,19 35.%4 142,70 731 132,25 136.02 7.31_ 3597.65 389,46
GASIFICATICON-COAL, HWIGH PTU 1282.58 769,22 31.33 472.A0 53,91 1150. 45 369,70 0,00 9082.38 35466,A7
HIGH S CCAL=-NO CONTSOL 11L 6,44 7072.46 8LeAl 359.47 19,35 855,89 267 .93 16437 17862.00 _357.24 _
TOTAL 14375.39 13590.02 199,34 1399,38  1432,372 2738.06 18R58,15 82.66 35021.37 35232.73




TABLE 25, TOTAL EMISSIONS FOR SYSTEMS IN THE ELECTRICAL SECTOR, SCENARIO 3
= EHISSTONS, THNUSBNDS OF TONS
SYSTEMS eeemeccemceicccccsccmcaceccreo e ccareremsem——ec—m—cceecescseceescemscssse-csmceeeees cemmececcccnacas
= NOX H] co PART ToMA SS 0s TOMW ASH T 7 'stunee’
- 1975 e -
NATUFAL RAS(GLEAN FUZL) 1774,28 50h,.35 L564L4 494,19 531 .A8 486,08 455.%8 455,68 455,08 455,58
LOW S RESTA-IIMZSTTIC 14.69 2344 .28 1.28 .92 .28 141 .60 <70 .20 .30
__Low S RESTN-IveA"TEN 623,28 925,46 1.16 46.29 8.97 0.00 0.00 13.33 0.00 7,00
TCHEW ASTIVE FLUTATZ7E0 PEN g.00 T 0.00 0.00 800 0.00 .00 0.00 0.06 B.00 .00
__HIAGH S RESID=-LTMISTONE SCRUR 17.54 9,19 «93 .06 «25 0.00 0.00 .38 0400 345.09
HIGH S PESIN-NG CANTeOL 600,83  3136.16 1.11 44.62 Re65 0.00 0.00 12.85 0.00 ".00
LAY S COALISLTAN FusL) 2242.50  370R.26 156,73 317.31 35.88 683,94 0.C0 24,7 20182,51 030
CLEAMNAQRLE CNAL(CLEAN FURL) 2LT,65 498,66 18.28 74.C3 3. 80 226,25 70.57 3.80 1866.,45 197,59
_FLUIRI7Z=N B=n COvMBUSTIOM-COAL 2.C0 1.00 0,00 0.00 1,00 0.00 0,00 0,00 0,00 0.2
T GASIFICATION-SNAL, LOW ATU 0.01 n.00 0.60 6.0 0.70 0.00 g.00 0.00 e.rn 7.00
—LIQUEFACTTON=-CNAL 0.C0 0.00 0.00 0.00 0.70 0.00 9.00 0.00 7.00
TTHIGH ST COAL-LTAESTONE SCRUA 177,66 140,30 15.96 67,62 1,64 161.07 L) 3,08 e72.ou“‘7711.9u
urcu S COAL-HGO SceuRl 43,44 35.10 3.99 17.90 .91 49,25 2.60 77 168,00 16.819
v =NO CONToOL 1164, <49 . 27 19.656 559,60 272.2% 16.664 1815040 I63.00
o TCTAL 6AGR,77 1H1hAL,.52 738,21 1417.58 61437  24A5.51  1003.10 £31.88 41494.83  9089.6?
. 1980
MATU2AL GASICLTAN FHEL)Y 16R0,90 479.70 432,42 458.70. 503,71 450,50 431,70 631,70 431.70 531,79
LOW S QESTN-NOMISTTC 65.25 263.71 3.18 14.37 10.36 3.16 1592.95 7.89 ?.26 1,86
_LNW_S RESIN~-IMPIRTEN 1297.77 _ 1926.96 2.b1 9h.38 18,54 0.00 0.00 27.75__ 0.00 0,00
TCcHEW ACTIVEI FLUINTZEN otn 17,156 L5.16 .13 1.21 .01 0.070 0.00 i.50 " 7 '300.00 0.99
_HTRH § PESID-LIYISTANEG _SCoyR 122,76 64,33 .23 W 4h 1.77 8.00 9.00 263 0.00 __?815.0°
THIRH S RESTIO-NN GOMTROL 105.22 549,24 .20 7.81 1.51 9.00 0.00 2,25 0.00 n,.9¢
LN S ArALINLTAN FUTL) 2636.00  4353,009 131,R3 372.99 42,18 803,919 0.00 29.00 23724.00 0400
CLTANARLE CONAL (SLEAN FUTL)Y 234,99 693.79 25.44 103.00 5.28 312,00 98,18 S.2R 2596.A0 276.91
3 cD_COMIUST ION=-COAL .00 0.00 D.00D 0.00 £,30 0,00 0,90 Be00__ . _ 0.00_ . 0400 __
"gkgfg%éigigigEﬁgL. LOW RTU 0.00 t.00 0.00 0.00 0.00 c.00 0.00 0.00 0.00 0.00
__LINUEFAGTION=CNAL 0,00 0,00 0,00 0.0 0.00 0,76 0.00 0.00___ 0.00 9.90
HIGH S CCAL-LTMESTONZ SrPyA 965,96 790,93 88.78 376.16 20,25 895.56 280435 17,13 3738400 62893,55
GH S AL =-MRN _SEOHN0 LO7.16H 329,17 3762 158,54 R,5% 327.49 118,17 T.22 1575,.610 187.56__
HIGH S CCAL=-MO0 CANTROL 0.00 0.00 0.00 0. 10 0,09 0.00 0.00 0.00 B.00 0,00
TOTAL 7736,17  9486,08 772,08  1589.61 616.25 2852,69  2521,35 532,34 32368.36_ 46176.56___




TABLE 25, (Continued)

EMISSIONS, THOUSAMDS OF TONS

SYSTEMS PRSP SIS RPHIRRE P S ettt

roy 502 co DAST TOMA SS DS ToMW ASH SLUDGE
1985 T e
MATUSAL RASICLSAN FUSL) 1F10.856 459,72 LibetD 439,59 4A2 .71 L4443 413,71 413,71 413,71 L13,71
LOW S RFSTIN=NIMISTIC 212.09 339.R9 4,10 18.52 12,32 4,08 2053.,13 10.16 2.91 %.95
~.LO¥W_ T RESIA-IMZORTEN 1557.33  2312.35 2.89 115,66 22,42 0,01 0.00 33430 0.00 2,70
CHE™ ACTTVE FLUTOT7ZD REN AN.75 275.80 65 6.05 20.95 0.00 0.C0 7.50 1500.,00 . 0,00 .
_HIAH § OFSIVT-LTUZSTANE SCPUR 22G.97 115.79 ol . A2 3.18 0.09 0.00 6e72 0.0  WFu7.0C
HIGH S 2FSTIN=ND CONTBAL 0.G0 0.80 p.00 0.00 0.90 0.00 n.00 0.00 8.00 7,02
LNOW S CHALINLEAN FUFL) ' 363hR00 600449 250,88 514,49 58.18 1168,98 D.00 40,00  32724,00 190 __
CLEANARLE COAL(CLEAN FUT() 561.45 1169,09 42,13 170.60 e.75 516.75 162451 3,75  64300.95 455,32
__FLUTDTZEN BEN_COMPUSTION=-COAL 37.04 140.28 3.90 32.30 1.40 11000 36,00 DJOC _ 366000 548,00
GASIFTCATIOM~CNAL, LOW 8TU 10G.85 223.54 3.60 37.56 26440 135.84 43.20 48 2356.R0 57,60
LINUCFACTION=COAL . 119,54 107.23 18.35 68,84 2.4 113,75 36,00 1,65  2L04eHS 48,00
TTHIGH S TCHRLSLTWESYANT SCPUN 837.27  HKI6.R9 7695 326,07 {7.e6  77%.25 243,00 14,85 "3240.L0  '37179.00
HIAH S COAL~-4AN SCoUR 45R,33 370,53 42.12 178.47 =~ 9,51 424.92 133,02 Be13 1773.&0 177,.3¢
 OAT=NY THONTEOL U.00 0.00 .00 .0 .07 T.00 .00 U00 B.00 T.,80 -
_ TOTAL 9428,3% 12125.61 851.49 1908.93 664e?1  3671.88 3120.68 543,25 52176,62 4273%.94
Lbn .
2000
NATUSAL GASICLIAN FuE}) 1232 .h6 361,78 317,11 336,38 269,38 3X7.79 316.58 164,58 31k.58 315,58
LAY S RESIN=DN“ISTTC 58,75 93.756 1.13 5,11 3.68 1.12 566.38 2.30 2 R9 1,37
__LOW S RESIN~I¥PQOTEN_ 771.€5 1145.76 1.63 57431 11,11 0.00 0460 16,50  0.00 __ 0.07
CHEM AFTIVE FLUINTZIN 8D 176.83 492.24 1.u2 13.19 43.71 9.499 9,00 16.35 3270.00 2.n9
_ HIRH S PESIN-LIMISTONS SCeyn 17532 91,90 32 2h5 2452 0,90 0.00 3.75 _ . _0.00 __3451,25
HIGH S RFSID=NQ CONTROL 0.00 c.00 0.00 g.0" 0.00 0.00 0.50 0.30 0.00 1.9°
LOY S CAALLRILTAN FUSL) 2553,50 4216,85 176,19 261,32 40,5 77882 N.00 28,09 229Ri,50 0,07
CLFEAMARLE COAL(GLIAN FU~L) £54.39 1134.64 41.6% 16R.45 R,53 510.25 160.57 8.7 LZ246.RS 449,59
__FLUIDRI7ED 27N _TOMIUSTION-CNAL 20,39 1052.19 22.51 242,25 0.79 825,00 270400 0.90 25950.00 ___3€2.10
GASIFICATTINI=TnaL, LNW °TU 802,58 1778.97 28.€5 298.91 216.19 1081.05 343,80 3.82 14756.20 459,47
__LIQUEFARTINM=rIAL 09617 893.58 26,25 573.71 17.00 947.92 300,00 13,75  20038.75 400,30
HIGH S COAL-LIMESTONZ SCRUR 185,08 150,42 17.10 72.45 3.9 172.50 S4e0D 3.30 720,00 8262,00
HIGH S COAL=-MGO SCPU] _2RA.22 231,60 26,31 111,45 6+00 265,38 83,07 5,98 1107.40 110.76__
HIGH S COAL=-NO SONT®NOL D.CQ G.00 T 0.0 0.00 0.00 0.00 0.c0 0.00 g.09 0.99

TOTAL 8633,Ff9 11633,.41 729,01 2244.19 716.99 6919.73 2094 .40 418,65 97388.28 13808,73
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TABLE 26.

SUMMARY OF TOTAL EMISSIONS FOR EACH SECTOR AND TOTAL EMISSIONS FOR ALL SECTORS-SCENARIO 3

EMISSIONS, THOUSANOS OF TONS
SECTORS - - - A T W W - - - - - - . - - ---—--——c‘———--—---uon---------—roaoco-——f—---o:A
NOYX s02 co PARY TOMA SS GEN TOMW ASH SLUBGE "~
1975
RISTNSNTIAL AND COMMIRCTIAL 3197.65 2984 .54 728.68 227.91 668.56 88,40 17%22.90 39.77 1121.26 45,60
TINNOSTOYAL 8361,95 1J0139.71 136,45 G72.28 Y4 1 . . 3,37 21790,05 624,93
ELECTOICAL 6898,77 16164452 738,21 1417.58 614.37  2465,51 1003.10 531,88 41494,83_ 908%,.62
TOTAL 18L5A,37 29286.76 1603<32 231777 21564.75  3884.21 25172.15 B16.07 €4L0G.13  9761.15
B 0
RESIOSNTIAL AND COMMERCTAL R01.03  30R3,.52 706,45 251,16 714,99 143,18 20€73.76 35.14 1524.20 1923.29
INOUSTRIAL 9097.43 104064.86 142,34 735475 941,93 1L08,36 9713.45 67.26 272842.65 2R,
ELECTRICAL 7735.47 94 86,08 772."8  1589.61 616,25 2R52,62 ?2521.35 E32.3%  32358,36_ 46176.56
& TOTAL 20434,63 2297447 T620.88 257652 2273148 L8042 32908.56  ©62L.72 T56732.21750973.93
1985
PESIDENTIAL ANOD GOMMSRCIAL 4r56,19 I0R5.63 385,29 266437 FB85,99 323,37 24B16.32 0.4  2Rr55,30  9719,99
TTINOUSTOIAL 10290.70 11529.65 158,73 909.707  1d22.02 1748755 12289.07 B7.67 T26183.78 19816,71 "
ELECTOICAL 94 28,38 12125.51 AS1,49 1998.93 664,21 3631.8R  3I170,68 543,25 S52176.62 42770,9%
TYOYALD T Z2377%5.76 26741.08 398,52 INRS,00 ?372.72 G700, 81 G02268.07 ~ 651776 R1015.71 '62567.64
2000
RESINENTIAL ANN COMMERCTIAL 031,98 3821.70 285.64 552,77 721,80 100,19 32061.19 50,78  9393,74 3I2779,18
TTINDUSTRTAL 14375.39 13590.02 199,36 1399.,38°  1432.327  2738.06  19858.15° 82,66 35021.37 36232.70
ELECTRICAL 8033.69 11633.61 720.01 2741.19 716,89  4919.73  2G94.40 418.65 97388.28 1380%.70
TOTAC 77L& {05 2906L5.1 0 1205599 4I93.36 ZB71.072 B717.99 S3C13.7% Co2+10 IGUBOI.G0 - H2R20,57
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TABLE 27. COMPARISON OF TOTAL EMISSIONS FOR SCENARIO 1 AND SCENARIO 3
Total Emissions, Thousands of Toms
NO_ 50, co  Part Ttoma® gs®)  pgle) romw (D Ash Sludge
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 1l 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

M

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

(d) Total organic material - water



ESTIMATION OF THE IMPACT OF PROJECTED
EMISSIONS ON AMBIENT AIR QUALITY

Approach

To put into perspective the effect that projected energy
requirements will have on ambient air quality, an analysis was made
using the greater Indianapolis Air Quality Control Region (AQCR) as an
example region. Battelle has spent close to two years developing an
emission inventory for the Indianapolis AQCR. A recently completed study
utilized this emission inventory to develop control strategies for meeting
secondary SO2 and particulate standards.

The Indianapolis AQCR was chosen for study because of the
extensive data base already available. The point sources in this AQCR
are smaller than might be considered typical; however, it was concluded
that the analysis of an actual AQCR would be more meaningful than the
analysis of a hypothetical "typical' AQCR.

Air quality is predicted using the Air Quality Display Model
(AQDM), a 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 concentrations are
printed in tabular form. Battelle has coupled several programs with AQDM
so that BCL has the capability to predict emissions resulting from applying
air pollution control laws, calculate the resulting air quality, and
graphically display the receptor grid concentrations. Future growth of
pollutant sources can also be accounted for by using growth factors with

the emission inventory.

Characteristics of the Indianapolis AQCR

In order to analyze 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
47.3 percent natural gas.(l)

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. For each source category the total
emissions of SO2 in tons per day are given together with the total
contribution to the 802 concentration in p,g/m3 at Receptor 33, the receptor
having the highest SO2 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
than do large sources.(12’13) 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/m , or 15,8 percent, to the 802
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TABLE 28.

SUMMARY OF SOURCES IN INDIANAPOLIS AQCR-'CLEAN FUELS" RUN, 1971

Number of Emissions _AAQ-R33 Mean
Source Category Sources 50, , T/D E = % of Total ug/m3 A=17 A/E Stack Ht.
Utility Combustion 11 156.9 78.1 7.35 15.8 .202 8l m
20-440 MW
Industrial Combustion 8 12.4 6.2 10.54 22.7 3.66 38 m
10-40 MW equiv.
Industrial Combustion 11 8.5 4,2 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
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

T —
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concentration at Receptor 33. On the other hand, industrial boilers in
the 10-20 MW equivalent range produced 12.4 tons of SO2 per day, or 6.2
percent of the total emissions, while contributing 10.54 ug/ms, or 22.7
percent, to the total 802 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(lz’ls)

to show the relative effects of emissions from
different sources. A large body 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 S0, concentration of Receptor 33.

2
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It is obvious that A/E values calculated for a single receptor will be
quite sensitive to the location of each source with respect to that
receptor. A second calculation 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

for comparison.

Receptor 44 Receptor 33
Source Category A/E A/E
1 0.17 0.20
2 4.89 3.66
3 2.26 1.91
4 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,
the conclusions regarding the relative impact of different source categories
remain the same.

The disproportionate impact of small sources indicated by this
analysis is related to the stack height and stems directly from the AQDM
model. The basic equation states that the concentration of pollutant at a
selected point is inversely proportional to an exponential function which
includes the square of the stack height, This results in a much lower
calculated concentration of pollutant for emissions from a tall stack as
compared with the same emissions from a short stack. To demonstrate this
relationship in the Indianapolis AQCR, the mean stack height is given in
Table 28 for the first four source categories, The general trend, low A/E
for tall stacks and high A/E for shorter stacks, is apparent. A plot of
log (A/E) versus the square of the stack height shows the expected scatter

but the correlation is clear.
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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 Scenmario 1 projectionms,
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 p,g/m3 of SO2 at a given receptor, and a group of area sources with

emissions of 80 toms SO2 per day and an ambient air quality contribution
of 30 ug/m3. The A/E values in this case would be 0.7 and 1.7, respectively.
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TABLE 29.

COMPARISON OF POINT SOURCE AND AREA SOURCE

CONTRIBUTION TO AMBIENT AIR QUALITY (AAQ)

Hypothetical Case

AAQ of
Emissions of Recep59r,
80,, T/D pe/m
Hypothetical Case
Point Sources 180 30
Area Sources 80 30
Totals 260 60
Shift 40 T/day of emissions
from point sources to
area sources
Point Sources 140 23.3
Area Sources 120 45
Totals 260 68.3
Shift 40 T/day of emissions
from area sources to point
sources
Point Sources 220 36.7
Area Sources 40 15
Totals 260 51.7
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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/m; (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 u,g/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) Omnly 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

emissions were attributed to coal burning and oil burning was neglectei.
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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TABLE 30. CHARACTERISTICS OF UTILITY PLANTS IN INDIANAPOLIS AQCR

Stack 509 Contribution to

Source Size, Height, Emission, Receptor 33,
Number Name MW Type ft ton/day u,g/m3

1 H.T. Pritchard Station 105 Pulverized Coal 250 10.30 0.143

2 H.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 Station 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

e e e e ——rr

Generation Station
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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 .

The Indianapolis AQCR base-case, clean-fuels computer run for
1971 was modified on the basis of the foregoing considerations. The result
gives the total coal use, total 802 emission rate, and total contribution
to the SO2 concentration at Receptor 33 for the electrical sector and
for the other sectors combined. The projected AAQ for each year and each
scenario were calculated by the following steps:
(1) The base-case values (coal use, SO2 emission rate,
and AAQ contribution) were increased 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

(1)

(2) The newly projected coal use in each sector was

the Dupree and West data,

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.

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

(4) The new so, emissions were summed for each sector.

’ (5) The new AAQ contribution from each sector was
calculated on a proportional basis as illustrated

in the hypothetical case.
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(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 Scenario 1 and Scenario 3 is large. The values for Scenario 3 are more

than twice the values for Scenario 1 in each year. Since Scenario 3
includes some quantities of high sulfur coal 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 Scenario the predicted AAQ decreases from 1975 to 1980, reflecting
the projected increase in the application of stack gas cleaning. The AAQ
values rise again in 1985 and 2000 as a result of the projected increase

in coal use,

One additional factor should be noted in connection 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 SO, . (14

2

conversion of SO2 to sulfate, then emissions from short stacks might

contribute less sulfate as an air pollutant than tall stacks. These

If airborne residence time is a significant factor in the

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 Scenmario 1 and
Scenario 3 emphasize the importance of small sources in any emission
control strategy. A successful strategy should include not only allocation
of clean fuel to small sources but also provision of energy technology for
small sources. It is necessary to implement both approaches because each
has limitations. Allocation of clean fuels to small sources (as in

Scenario 1) has only a minor effect on total 302 emissions but a dramatic

*See Appendix B for a 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, uSOZ_p3(a)

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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effect on ambient air quality. Even so, in the sample case, the Indianapolis
AQCR, the ambient air quality contribution from nonutility sources comprised
60 to 85 percent of the combustion-related ground-level concentration of
502 in Scenario 1. Thus, even if clean fuels could be allocated freely to
small sources, it would be desirable to further limit emissions from small
sources through application of some energy tecﬁnology. A further limitation
is that there exist some constraints on the allocation of clean fuels.
The available data on the consumption of high- and low-sulfur fuels are not
sufficiently detailed to permit the identification of all such constraints
within the current program. However, some large blocks of "misplaced”
clean fuel can be identified which include:
(1) Natural gas burned under large, electriéal-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 may involve long-term binding contracts, or
utility company ownership of mines producing low

sulfur coal.

The actual extent and nature of such constraints 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
problem remaining for small sources.

The limitation of energy technology in this context lies in the
fact that most of the technologies under development are applicable
primarily to large sources. The question of applicability is discussed
further in the technology assessment section. Two conclusions may be

drawn from these considerations.
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(1) 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.

(2) Energy technology applicable to small sources must be
developed as rapidly as possible.
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TECHNOLOGY ASSESSMENT

Approach
The assessment of the potential role of the energy technologies
in the achievement of the national goals of meeting energy demand and
maintaining ambient air quality is difficult because it requires considera-
tion of a number of diverse factors which then must be related and
compared in a meaningful way. The approach taken to this assessment
involved the following steps:
(1) The development of assessment criteria
(2) The evaluation of each technology with respect to
each assessment criterion
(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 based on the
aggregate ratings. ‘
The mechanics of the assessment involve methodology developed at Battelle
for environmental impact assessment modified somewhat for application to

technology assessment.

Assessment Criteria

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

(1) Residual 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) Energy efficiency of the technology

(6) Probability 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 envirommental

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.
v 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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technology is considered coumercially available. Similarly, reliability
is inherent in evaluating the probability of successful development.

There are, of course, interrelationships between other assess-
ment criteria. For example, the complexity of the proposed technology
is considered in probability of successful development as well as in
availability through the cost and risk factors which affect the probability
that needed work will be 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 qualitative 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
was made for these ten, Some of these categories include more than one
approach. Comparisons of different processes within an energy technology
are pointed out in the various evaluations. The derivation and signifi-
cance of the evaluations in each assessment category are discussed in the

following sections.
Residual Emissions

The data in Table 32 which characterize the residual emissions
for each technology were derived from the total emissions given in Tables
10, 11, and 12, which, as discussed previously, indicate total emissions
for the entire fuel/energy system. Thus the data in Table 32 take into
account the air emissions from each module represented in each fuel/
technology system as defined in Table 8. The residual emissions in
Table 32 are expressed in units of thousands of tons per trillion Btu.
(This unit is equal to two pounds per million Btu.) A sample calculation
will serve to illustrate the derivation of the data., The quantity of
cleanable coal projected for 1975 is given in Table 6 as 1,110 x 1012 Btu.

The total air pollutant emissions from the extraction, physical cleaning,
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TABLE 32, ENERGY TECHNOLOGY EVALUATION MATRIX

— - I ———
Total System Applicability Cost Probability of
Reaidual Emiasiona. Availability Sectox(- Capital, Operat:lng, Energy Successfu{ )
Energy Technology 103 ton/1012 Beu Year  Rate  Fuels  Markets'®) $/kw ¢/106 Btu Efficiency  Development{J
Physical Coal Cleaning 1.214 Now 1 Coal ALl 2.3 6.6 .88 E
Chemical Coal Cleaning 1.359 1978 2 Coal All 16-22¢¢) 26() .95 A-3
Resid Desulfurization 1.015 Now 1 0il ALL 17\ 45 .90 E
Coal Refining (1iquefaction) 1.026 1980 3 Coal E+I go(® 60(® .75 B-2
Coal Gasification, low Btu 0.817 1978 3 Coal B 90(f) so¢®) .70 B-2
Coal Gasification, high Btu 0.996 1977 3 Coal R/C 117-1978 60(8) .65 B-1
Stack Gas Cleaning, . " (h) (h)
throwaway 0.718 . Now 1 Both E+I 25-75 25 .95 A-1
Stack Gas Cleaning, ! : h) (h)
by-product 0.718 1974 1 Both E+I 25-75 25 .95 A-1
High-Pressure Fluidized- (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) 1)
Combuation of 01l 0.334 1977 2 01l E+X 5-25 20 1.00 A-3




Footnotes to Table 32

(a)

(b)

(c)

(d)

(e)

(£)

(8)

(h)

(1)

(&)

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

Capital costs for physical coal cleaning plants were estimated in
Reference 15 to be $5.6 and $6.3 million for two modifications of
a 1000 T/hour plant. These estimates were converted to $/kw and
the 1966 costs escalated to 1972 costs by means of the Marshall
Stevens index. The average of the values, $2.17/kw and $2.44/kw,
was taken. The value given for operating cost was taken from
Reference 2, page 333.

Capital and operating costs given are Battelle estimates for
hydrothermal chemical coal cleaning.

The capital cost of hydrodesulfurization of residual oil was
reported in Table 15, page 97 of Reference 16. Operating cost

18 estimated at 43.6 cents per million Btu on page 23 of Reference
16. Page 99 of the same reference shows costs for other modifi-
cations up to 48.4 cents/million Btu. A value of 45 cents/million
Btu was selected.

Capital and 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.

Capital 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 installed kw. A value of $90/kw was taken. Operating cost
estimates range from 45 to 70 cents per million Btu. A
conservative value of 50 cents per million Btu was chosen.

Capital costs were taken from Reference 2, page 38l1. 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

gas at a Lurgl plant was estimated in Reference 17 to range from

$1 to $1.20 per million Btu for coal costing $7 per ton. Sub-
tracting this coal cost gives a range of 50 to 70 cents per milliomn
Btu. The mean of this range was chosen.

Capital and operating costs for stack gas cleaning were taken
from Reference 2, pages 409 and 394. The operating cost entered
in the table is a mean value.

Capital and operating costs for fluidized-bed combustion of coal
and oil were taken from Reference 2, pages 416 and 423,

See text 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, SO2 - 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, 1.214 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 trilliom 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 conmstruction, 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 technologies
based on existing tqphnology but requiring unusual process conditions
thus representing an intermediate degree of complexity; Rate Category 3,
highly complex processes. The technology evaluations based on these

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

Applicability

Applicability was evaluated qualitatively with respect to the
type of fuel used and to the sector markets served, The entries under
Applicability in Table 32 reflect the applicability of each technology to
coal, to oil or to both fuels and the consuming sectors expected to be

markets for each technology.
Cost

The energy technologies were evaluated with respect to two
cost categories: capital requirements and operating costs. The capital
costs given in Table 32 are expressed in dollars per kilowatt of electrical
generating capacity. For fuel cleaning and fuel conversion technologies,
the plant output in Btu was converted to the equivalent power plant output
from that quantity of fuel by the ratio 60 x 106 Btu/year-= 1 kw of
installed capacity. This conversion ratio assumes a heat rate of 10,000
Btu/kwhr and a load factor of 68 percent.

The 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
the technology. The bases for the cost estimates given in Table 32 are
summarized in footnotes to the table,

A third factor in the cost criterion is the cost of research
and development. Because this is a less significant factor over the
long term than the other two and because estimates of developments costs
are quite uncertain, no attempt was made to formally include development

costs in the assessment,

-
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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 = gignificant 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.
Some evaluations are quantitative, with different units for different
criteria; others are qualitative or categorical. To provide a means for
combining these evaluations into an overall assessment, the evaluations
were converted to a rating scale. The methodology was adapted from an
approach developed at Battelle for envirommental impact asseSSment.(ls’lg)

The evaluations were converted to ratings through the Technology

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

10—

Rating Factor

1

Assessment Parameter Scale

(1bs/ Mu, yrs, dollars, etc)

FIGURE 1., GENERALIZED TECHNOLOGY RATING FUNCTION

with values from 0-10, is read from the ordinate for various values of the
assessment parameter given on the abscissa. The use of the Technology
Rating Function results in a normalization 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

Rsting Factor

T T 1
[+ ] 1.0 2,0 3.0
3 “n
Total Residual Emissions, 10 ton/10 “Btu

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 Faetor
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 £2

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 technology. The resulting factors are given in

descending order in the following tabulation.

Residual Emissions

Energy Technology Rating Factor
Chemically 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
Coal gasification, low Btu 7.2
Coal gasification, high Btu 6.6
Resid desulfurization 6.5
Coal refining (liquefaction) 6.5
Physical coal cleaning 5.8
Chemical coal cleaning 5.3

Availability Rating

The Technology Rating Function for availability based on year
of first commercialization is shown in Figure 3. A zero Rating Factor was
assigned to the year 1985 and a Rating Factor of 10 was assigned to the
present year. The second evaluation in the availability criterion, i.e.,
rate of availability, was introduced by applying the following corrections
to the Rating Factors obtained from Figure 3: Rate Category 1 - mo
correction; Rate Category 2 - 0.3 correction; and Rate Category 3 - 0.6

correction.
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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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Applicability Rating

Both components of the evaluation of the applicability of energy

technologies are categorical in nature. The Technology Rating Function

shown in Figure 4 for fuel applicability is based on the rationale that

fating Factor

Fuels

FIGURE 4., TECHNOLOGY RATING FUNCTION FOR FUEL AVAILABILITY

energy technologies applicable to both coal and o0il utilization should be
rated higher than those applicable to either fuel alone. Further, in view
of the nation's relative abundance of coal and scarcity of oil, the
technologies applicable only to oil were downgraded with respect to those
applicable only to coal. The location of these categories along the
abscissa of Figure 4 is arbitrary but based on the above considerations.

The Technology Rating Function shown in Figure 5 for market
applicability was constructed in a similar fashion. The location of the
three categories along the abscissa was based on the greater weight given
to the electrical and industrial sectors which make up 70-72 percent of the
total demand throughout the period to 2000.
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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 7
Chemically active fluidized bed, 4 6

oil
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Cost Rating

The Technology Rating Function for capital cost is shown in
Figure 6 and that 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
cost of $1 per million Btu 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 are given in Table 32 for capital cost, the mean of the range

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

Rating Mean
Rating Factor, Cost
Factor, Operating Rating’
Energy Technology Capital Cost Cost Factor
Physical coal cleaning 9.9 9.3 9.6
High pressure fluidized bed, coal 9.5 8.0 8.8
Chemically active fluidized bed, oil 9.5 8.0 8.8
Chemical coal cleaning 9.4 7.4 8.4
Stack gas cleaning, throwaway 8.3 7.5 7.9
Stack gas cleaning, by-product 8.3 7.5 7.9
Resid desulfurization 9.4 5.5 7.5
Coal gasification, low Btu 7.0 5.0 6.0
Coal refining (liquefaction) 7.3 4.0 5.7
Coal gasification, high Btu 4.8 4.0 4.4

Energy Efficiency Rating

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

The resulting values are as follows.
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FIGURE 8. TECHNOLOGY RATING FUNCTION FOR EFFICIENCY

Energy Efficiency

Energy Technology Rating Factor

High pressure fluidized bed, coal . 10
Chemically active fluidized bed, oil 10
Chemical coal cleaning 9
Stack gas cleaning, throwaway 9
Stack gas cleaning, by-product 9
Resid desulfurization 8
Physical coal cleaning 7.6
Coal refining (liquefaction) 5
Coal gasification, low Btu

Coal gasification, high Btu 3

Probability of Successful Development Rating

The Technology Rating Function for probability of successful
development is shown in Figure 9. The evaluation categories are located
along the axis on the basis of the relative probability of success judged

for each category. The resulting Rating Factors are as follows.
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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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Aggregation of Technology Ratings

Unweighted Summation

The overall technology assessment including all criteria was
first made by summing the individual criteria ratings for each technology.
The sums thus obtained reflect the relative potential of the various
technologies assuming that all of the criteria are equally important. All

of the ratings are compiled in Table 33 in which the technologies are listed
in ranked order according to their aggregate ratings.

Weighted Summations

To incorporate the relative importance of the assessment criteria
in judging the potential role of energy technologies, a second aggregation
was carried out. Each rating was first multiplied by a weighting factor
chosen to reflect the relative importance of the criteria; then the products
were summed to obtain the weighted aggregate rating.

The weighting factors were obtained by quantifying the subjective
value judgments of a panel of six Battelle scientists active in the air
pollution control field. An iterative procedure was used with controlled
feedback of intermediate results to arrive at a group consensus. Each
member was asked to list the six criteria in order of importance as measures
of the potential role of energy technology in satisfying our energy demands
with minimum air pollution. Each member then made successive pairwise
comparisons between contiguous elements to determine for each element pair
the ratio of importance. For example, the criterion ranked second was
compared to the first to determine how much less important the second is to
the first. This relative importance was expressed as a ratio greater than
zero, and less than or equal to one. The process was continued between
the third and the second, the fourth and the third, etc. The output from
this procedure was a weighted list of the criteria for each member of the
Panel. The weighting factors thus developed were averaged to yield the

first set of weights. The results were as follows.
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TABLE 33. ENERGY TECHNOLOGY RATING MATRIX

—— e

Weighted
Criteria Rating, R — - Unweighted Aggregate Normalized
Residual Energy Probability Aggregate Rating, Weighted
Energy Technology Emissions Availability Applicability Cost Bfficiency of Success Rating, IR LW eR Rating
Stack Gas Cleaning,
throwaway 7.5 10 9 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
Chezically Active Fluidized
Bed, oil 8.9 6.4 6 8.8 10 7 47.1 377.9 48.7
Chemical Coal Cleaning 5.3 3.5 9 8.4 9 7 44.2 335.3 43.2
Coal Gasiffcation, 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 3.l 255.9 33.0




Mean
Weighting Standard

Assessment Criterion 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 £O.3
Efficiency 11.4 9.8

These results show that the members of the group differed
widely in their evaluation of the relative importance of the criteria.
The large standard deviation for most of the criteria shows that some
members gave a given criterion a large weight while others gave the same
criterion a small 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 after the first weighting was that the criteria
are of nearly equal importance. A consultant asked to rank the criteria
in the same fashion said that he felt that they were all of equal importance,
thus tending to support the first group conéénsus. A second iteration was
performed in which the panel was given the group weights and the standard
deviations. Each member repeated the scaling procedure and the resulting

weights again averaged with the following results

Mean
Weighting Standard
Assessment Criterion Factor Deviation
Cost 16.8 3.2
Emissions 16.3 7.8
Availability 14.3 9.0
Probability of Success 12.5 10.5
Efficiency 12.0 5.0
Applicability 6.7 6.1

The standard deviation, although smaller than those of the first iterationm,
are still large showing that considerable difference of opinion still

remained among the panel regarding the relative importance of the criteria.
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The mdan 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, WE
Residual Emissions 10
Cost 10
Availability 8.5
Probability of Success 7.5
Efficiency 7
Applicability 4

It 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 column 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 emissiom control,
early projected availability, and intermediate cost to achieve their high
ratings. Physical coal 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 coal cleaning raises that technology into the highest rated group.
The coal conversion processes, on the other hand, exhibit less effective
air emission control, when the entire system is considered, later
availability, 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 technology 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 bottom of the list are less highly rated in most of the criteria.
Another contributing factor is that the weighting factors used did not
differ greatly, the first five varying only between 7 and 10. However,
given the generally high criteria ratings of the top group and the generally
low ratings of the bottom group, the rank order of technologies could be
expected to remain unaffected unless highly disproportionate, and thus
unrealistic, weighting factors were used.

The technology assessment was designed to incorporate a number of
factors into an unbiased 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
assessment. 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
a substitute natural gas a highly desirable, if not mandatory, technology
for the future. Thus, although the high Btu gasification technology is
ranked last in this assessment, the special needs for substitute natural

gas will require pursuit of the development of this technology.
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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 802 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.
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OPTIMUM TECHNOLOGY UTILIZATION

The fuel utilization matrix constructed 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,
some dirty fuels will have to be burned in those years. On the surface,
the outlook appears brighter for the years 1985 and 2000, since no uncon-
trolled combustion is forecast for those years. This results, however,
from the optimistic preliminary 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 total gaseous fuel supply in 1975 and 2000, respectively). It should
be a national goal to minimize dependence on these foreign supplies to
the greatest extent possible. Therefore, it is necessary to continue to
accelerate the development and use of appropfiate energy technologies not
only to eliminate the need for uncontrolled combustion of dirty fuel but
also to maximize the use of domestic fuel, principally coal. It is clear

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

required energy technologies at an even greater rate than is optimistically

projected in Table 4.

The results of the technology assessment indicate that the following

actions should be incorporated into the strategy for technology development

and utilization:
® Stack-gas cleaning is the most advanced technology

which will permit extensive use of domestic high sulfur
coal over the near term with adequate emission control.
Relative cost comparisons with alternate options
suggest that only fluidized-bed combustion and
chemical coal cleaning are competitive on a cost

basis. The current 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 éulfur
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 techmology 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. In 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 technology will

further expand the nation's ability to utilize

domestic coal.

Continued development of the coal conversion technologies
is warranted on the basis of special considerations as

in the case of high Btu gasification as discussed
previously.
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APPENDIX A

DATA TABLES FOR SELECTED MODULES

The unit emissions data derived for each of the modules are
given in the following tables. The source of original data and the
assumptions made are given in footnotes to each table, so that the
calculations can be repeated. The references cited are listed at the
end of this Appendix.
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Table 34.  ENVIRONMENTAL DATA FOR MODULE

Module - Gas Well
Unit -~ 106 Btu

Environmental Parameters Fuel Input, Natural Gas

Alx

NO,, 1b 23(1)
$0,, 1b

co, 1b

Particulate, 1b

Total organic material, 1b

Heat, 10° Btu

.1(2)

OO0 OO0

Water

Suspended solids, 1b
Dissolved solids, 1b
Total organic material, 1b
Heat, 100 Btu

Acid (H2S04), 1b

O0o00O0CC

Solid

Slag, 1b
Ash, 1b
Sludge, 1b
Tailings, 1b
Hazardous, 1b

0000

By-Products ' 12.6(3)

Occupational Health

x 10'9(4)
x 10-5(6)

Deaths 2
Total Injuries 2.
Man Days Lost 3

v =N

Land Use, acre-hr/lo6 Btu 0.06(7)

Approx. Module Efficiency 96%(8)

e e e T 2 S’
T
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Footnotes for Table 34:

(1) a. Natural gas consumed to maintain pumping power in gas well( -15)
= 0.032 ft /ft:3 recovered.

b. NOy emission factor(A- 1) = 7.3 x 10™3 1b/£t3 consumed.
c. Heating value of natural gas (assumed) = 1000 Btu/ft~.

(2) a. Natural gas loss in gas well operation(A‘ls) = 00,0022 ft3/ft3
recovered,

b. Density of natural gas = 0,045 1b/£e3,

(3) a. Hydrocarbon recovered (liquid phase)(A'ls) = 0.047 ft3 (equi-
valent gas volume)/ft3 recovered.
b. The hydrocarbon is assumed as heptane (Molecular weight = 96).

(4) a. _ Total number of fatal injuries in oil and gas production(A-17’

A-19) = 95,
b. Total energy from oil and gas production(A'17’ A-18) -

43 x 1015 Btu.

(5) a. Total numbe of nonfatal injury in oil and gas production in
1969(A-17, = 9023, .

(6) aA Total man—days6lost in oil and gas production in 1969 (A-17
~19) = 1,49 x 10° man-days.

(7) a. Land requirement for gas well is assumed to be the same as
that for oil well,

b, Land use for oil well (see Table A-5) = 0.06 acre-hour/106
Btu

(8) a, Efficient (assumed) = 9€7%.
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TABLE 35. , ENVIRONMENTAL DATA FOR MODULE

Module -~ Regoval of Sulfur from Natural Gas
Unit - 10” Btu (output)

Fuel Input,

Environmental Paramcters Natural Gas
Alix .
NO,, 1b - i Nil
x? I T
505, 1b . 0.025(V
co, 1b Nil
Particulate, 1b Nil
Total organic material, 1b Nil
Heat, 10 Btu Nil
Water
Suspended solids, 1b Nil
Dissolved solids, 1lb Nil
Total organic material, 1b Nil
Heat, 106 Btu , : ‘ Nil
Acid (HS04), 1b ) 0
Solid
Slag, 1b Nil
Ash, 1b Nil
Sludge, .1b Nil
Tailings, 1b Nil
Hazardous, 1b Nil
By-Products 0.24(2)
Occupational Health Not determined
Deaths Not determined
Total Injuries Not determined
Man Days Lost Not determined
Land Use, acre-hr/100 Btu 0.005(3)
Approx. Module Efficicncy 1001(4)

LS o T T —— — T L
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Footnotes for Table 35:

(1)

(2)

(3)

(4)

a, Table K-2 (in Reference A-26) gives the following 1970 data from
6 states:

S02 in Claus plants tail gas at 90% eff. = 441 T/D

SO, purged from plants not recovering sulfur = 2,335 T/D

Total gas production = 26.76 x 107 £¢3/4.

b. Assume 95% efficiency for Claus plants applied to all sour

gas treatment plants, then:

(441/0.1 + 2335) ton SO5/day x .05 x 2000 lb/ton _ 1b S0,
26.76 x 109 £t3/day x 103 Btu/ft3 0.025 70% Btu

a. at 95% efficiency for the Claus plants, the amount of SO,
converted to sulfur is 19 times the amount of SO, emitted.
Therefore, the amount of by-product sulfur produced is:

32 1b S _
.025 1b SOy emitted x 19 x T7 ¢ 55, ~ 0.24 1b S

a. Land requirement for a 100 million ft3/day plant (assumed)
= 20 acres.

a. Energy requirements for desulfurization process were not
determined. “
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Table 36. ENVIRONMENTAL DATA FOR MODULE

Mo?UIG - - Gaz Pipeline
Unit -~ 10° Btu '
e e e S — . e

Fuel Input,
Environmental Parameters Natural Gas

Aix

NO,, 1b 304V

0

3

505, 1b 0

co, 1b 0

Particulate, 1lb 0

Total organic material, 1b 0
0

Heat, 10° Btu
Water

Suspended solids, 1b
Dissolved solids, 1b
Total organic material, 1b
Heat, 106 Btu

Acid (HS04), 1b

OO0 OO0

Solid

Slag, 1b

Ash, 1b .
Sludge, 1b
Tailings, 1b
Hazardous, 1b

OO0 O0O0

By-Products

Occupational Health

Deaths Not determined
Total Injuries Not determined
Man Days Lost Not determined

Land Use, acre-hr/106 Btu ’ 1.0(2)

Approx. Module Efficiency 95.9%(3)




Footnotes for Table 36:

(1) a. Natura} gag consumed to maintain a compressor at 750 psia(A'ls)
= 0.042 ft7/ft” transmitted.

b. NO, emission factor for running gas engines(A-l) = 7300 1b/106
£t3 burned.

(2) ? L?nd requirement for pipelines to run a 1000 MW Power Plant
A-12) " 213 acres.,

(3) a. Efficiency (assumed) = 95.9%.
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TABLE 37. ENVIRONMENTAL IMPACTS OF MODULE

Module--. Space Heating.‘.l)
Unit--10" Btu (Input)

Environmental Impacts g::'
Air
NOx, 1b 0.081
802, 1b 0.001
co, 1b 0.015
Particulate, lb 0.005
Total organic material, 1b 0.004
Water
Suspended solids, 1b 0
Dissolved solids, 1b 0
Total organic material, 1b 0
Solid
Ash, 1b 0
Sludge, 1b 0
Approx. Module Efficiency 70%
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Footnotes for Table 37:

(1) a. Values taken from Table A-46 in reference (A-26) were corrected
to input basis.
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TABLE 38. ENVIRONMENTAL DATA FOR MODULE

Module ~- O%IIGas Well, Onshore
Unit -= 10° Btu (output)

Fuel Input,

Environmental Parameters Crude 0il
Aix
eh
NO,, 1b 8.x 107
50,, 1b 6 x 10-5¢33
co, 1b 3 x 1078 A
Particulate, 1b 3 x 10-6§5;
Total organic material, 1b 4 x 107
Heat, 10° Btu 0
Water
Suspended solids, 1b 0 (6)
Dissolved solids, 1b 6.2
Total organic material, 1b 0.008(7)
Heat, 10° Btu 0
Acid (H3S04), 1b 0
Solid
Slag, 1b 0
Ash, 1b 0
Sludge, 1b 0
Tailings, 1b 0
Hazardous, 1b 0
By- Products
Occupational Health
Deaths 2.2 x 10 (9)
Total Injuries 2,1 x 10'7(10)
Man Days Lost 3.5 x 1073
Land Use, acre-hr/106 Btu 0.06(11)
Approx. Module Efficiency 100%




Footnotes for Table 38:

1)

(2)

3)
)
(5)
(6)

(7
(8)

9

(10)
(11)

(12)

a.

Amount of oil that becomes air pollutants per barrel of oil

produced (assumed) = 2 x 1072 barrels.

b.
Ce.
d.

a.
b.

a.

a..

a.
b.
c.
d.
e.

Heating value of oil (assumed) g x 100 Btu/bbl.
NOx emission factor(A-1) = 60 1b/10° gal.
0il is assumed to be the same as industrial residual oil.

S0y emission factor® 1) = 1575 1b/10% gal.
Sulfur content of oil, S (assumed) = 2.88%.

CO emission factor™® 1) = 0.2 1b/103 gal.
(A-1)

Particulate emission factor 23 1b/103 gal,

Hydrocarbon emission factor(A-l) =3 1b/103 gal.

Dissolved solid emission comes from saltwater brine.

Total brine production(4-16) = 25 mllllgn bbls/day.

Total on shore oil production rate( = 3,3 x 10° bbls/year.
47 of brine goes to streams (assumed).

There are 100 1b of dissolved solids per barrel of oil (assumed).

The brine is cleaned to remove all but 50 ppm oil (assumed).

%gti} nxm?sf of fatal injury in oil and gas production in
1969

b.

1015

= 95.
Total energy from oil and gas production
Btu.

(A-17,A-18) _ ,.

?Xti} KuTgsr of nonfatal injury in oil and gas production in
1969

a.

a.

Total ﬁén-days lost

= 9C22,

(A-17,A-19) _ § 49 x 10° man-days.

Land requirement for an oil well producing 6200 barrels of oil

per year (assumed) = 1/4 acres.

a.

Efficiency of operation (assumed) = 100%.
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TABLE 39. ENVIRONMENTAL DATA FOR MODULE

Module =-- Oi% Pipeline
Unit -- 10° Btu (output)

|

Fuel Input,

Environmental Paramcters Crude Oil
Aix
(1)
NO,, 1b 0.009 53
co, 1b 2 x 107
Particulate, 1lb 0.002(4)
Total organic material, 1b 0.0003(5)
Heat, 100 Btu 0.009(6)
Water
Suspended solids, 1b 0
Dissolved solids, 1lb 0
Total organic material, 1b 0
Heat, 106 Btu ]
Acid (HS504), 1b 0
Solid
Slag, 1b 0
Ash, 1b 0
Sludge, 1b 0
Tailings, 1b 0
Hazardous, 1b SRR 0
By-Products 0
Occupational Health
Deaths : 9 x10 8(8)
Total Injuries 8 x 10”7 (9)
Man Days Lost 1.5 x 10™3
Land Use, acre-hr/106 Btu 0,3(10)
Approx. Module Efficiency 99.1(11)

r———— e e T s

{
.
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Footnotes for Table 39:

(1) a. Fraction of crude oil transported by pipeline(A-zo) =
77.4%. (A-20) 9
b. Total crude o0il transported in 1970 = 1.58 x 10
barrels. (A-21)
¢. Fraction of crude oil transported by diesel powered pump
= 16.3% of crude oil transported by pipeline. (A-22)

d. Crude o0il consumed to supply power for pumping

1.45 x 108 gal/year, 3

e, NO_ emission factor(8-1) = go 1b/10” gal burned.

f. Heating value of crude oil (assumed) = 6.3 x 106 Btu/bbl.

(2) a. S0, emission factor(A=1) = 142 1b/103 gal burned.

(A-1)

(3) ‘a.. CO emission factor = 0.2 1b/103 gal burned.

(4) a. Particulate emission factor(A-l) = 16 1b/10° gal burned.
(A-1)

(5) a. Hydrocarbon emission factor 3 1b/103 gal burned.

(6) a. Assumed efficiency of oil pipeline = 99.1%. "

(7) a. Death rate in oil transportation by pipeline (assumed) =
0.08 deaths/lo6 man~-hours.
b. Man-hours required to transport the amount of o0il for running
a 1000 MW Power Plant (assumed) = 7 x 10° man-hours.,

(8) a. Injury rate in oil tramsportation by pipeline (assumed) =
7.22 injuries/10%® man-hours.

(9) a. Man-days lost per death (assumed) = 6000 days/death.
b. Man-days lost per injury (assumed) = 125 days/injury.

(10) a. Land usage for pipeline(A-lz) = 65 acres/year,
b. Period of land use (assumed) = 35 years.

(11) a. Efficiency of pipeline operation (assumed) = 99,1%.
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TABLE 40,

Module -
Unit -

ENVIRONMENTAL DATA FOR MODULE

Conventional Refinery, Domestic Crude
106 Btu (output)

e o o e e

Environmental Parameters

Fuel Input,
Domestic Crude(0.76% S)(l)

Aix

Water

Solid

NO,, 1b
50,, 1b
co, 1b
Particulate, 1b

Total organic material, 1b

lleat, 10° Btu

Suspended solids, 1b
Dissolved solids, 1b
Total organic material, 1b
Heat, 100 Btu

Acid (1,504), 1b

Slag, 1b

Ash, 1b

Sludge (dry weight), 1b
Tailings; 1b

Hazardous, 1b

By-Products, lb

Occupational Health

Deaths
Total Injuries
Man Days Lost

Land Use, acre-hr/106 Btu

Approx. Module Efficiency

Negligible

N O

wWwoWw

,0.002§5;

0.023(?

0.12(3)
0.003¢(4)

0.025(6
0.10(?)

0.004(®
0.09(9)
0.001(10)

after ing tower
0.00042?Y}

0

0.
0.007(12)
0
0

0.24(13)

x 10'9(14)
x 10-8(13)
x 10-5(16)

0.008(17)

90%(18)

e e e
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Footnotes for Table 40:

(1) a. Sulfur content of input crude taken as 0.76%

(2) a. Average refinery energy consumption(A-za) = 70,400 Btu/bbl crude

oil processed.

b. Assume all energy supplied by combustion of crude or refinery products
¢. Heating value of crude oil (assumed) = 6.3 x 108 Btu/bbl.

d. NO, emission from combustion operations (A-26) = 130 1b/103 bbl

crude oil processed.

(3) a. Assume 0.75% S residual burned as refinery fuel.
b. S0, emission (A-26) = 695 1b/103 bbl crude oil processed
c. 957% removal, no Claus plant tail gas treatment.

(4) a. CO emission from catalytic cracking catalyst regenerator (A-26) =
15 1b/10” bbl crude oil processed.

(5) a. Particulate emission from catalytic cracking (A-26) = 12 1b/103 bbl
crude oil processed (after controlled by cyclones).

(6) a. Hydrocarbon emission (A-26) = 140 1b/103 bbl crude oil processed.

(7) a. Refinery energy consumption(A'24) = 704,000 Btu/bbl of crude oil

processed, 6
b. Heating value of crude oil (assumed) = 6.3 x 10 Btu/bbl.

(8) a. Suspended solids emission (assumed) = 20 1b/103 bbl processed.

(9) a. Dissolved solids emission (assumed) = 500 1b/103 bbl processed.
(10) a. Total organic material emission (assumed) = 8 1b/103 bbl processed.
(11) a. Phenol emission (assumed) = 2 1b/103 bbl processed.

(12) a. Average sludge production rateCA-zs) =,0.08 yd3/103 bbl processed.
b. Density of sludge (assumed) = 60 1b/ft~.
c. Solid content of sludge (assumed) = 30%.

(13) a. Assume an average of 0.2% sulfur in the products.
b. Density of crude oil (assumed) = 7.29 lb/gal.

(14) a. Deaths attributed to the operation of a refinery supplying fuel to
a 1000 MW power plant(A“lz) = 0,09 deaths.

(15) a. Injuries attributed to the operation of a refinery supplying fuel
to a 1000 MW power plant(A'lz) = 6.4 injuries.

(16) a. Total work days lost attributed to ﬁhe ogeration of a refinery
supplying fuel to a 1000 MW power plant A-12) _ 1,530 man-days.

(17) a. Minimum land requirement for refinery processing units (assumed) =
2 acres/1000 bbl/day.

(18) a. Energy required to operate plant
oil processed,

(4-24) _ 704,000 Btu/bbl crude
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TABLE 41. ENVIRONMENTAL IMPACTS OF MODULE

Module--6Space Heating(l)
Unit--10" Btu (Input)

. Dist.

Environmental Impacts oil
At

No_, 1b ' 0.135

302. 1b 0.263

co, 1b 0.030

Particulate, 1b 0.017

Total organic material, 1b 0.004
Water

Suspended solids, 1b 0

Dissolved solids, 1b 0

Total organic material, 1lb 0
Solid

Ash, 1b 0

Sludge, 1b 0
Approx. Module Efficiency 7107
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Footnotes for Table 41:

(1) a. Values taken from Table A-46 in reference (A-26) were corrected
to input basis.
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TABLE 42. ENVIRONMENTAL DATA FOR MODULE

Module =~ Crude 0il Gasification
Unit - 106 Btu {output)

e ———————— - —— ——————

Fuel Input,

Environmental Parameters Crude 0il
Alx
NO,, 1b 0.08(1)
S0,, 1b 0.03-0.05(2)
co, 1b Negligible
Particulate, 1b 0.002(3)
Total organic material, 1b 0.004(4)
Heat, 100 Btu g 0.3(5)
Water
Suspended solids, 1b R -~ 6
Dissolved solids, 1lb 0.02( )
Total organic material, 1b Negligible
Heat, 106 Btu . Negligible after cooling tower
Acid (HpS04), 1b - y
Solid
Slag, 1b -~ ‘
Ash, 1b 0.06-0.12(7)
Sludge, 1b 0.06-0.12(8)
Tailings, 1b -
Hazardous, 1b --
By-Products 1.3-2.5(%)

Occupational Health

Deaths : Not determined

Total Injuries Not determined

Man Days Lost Not determined
Land Use, acre-hr /106 Btu . 0.03-0.05(10)
Approx. Module Efficiency 772.(11)

W

4
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Footnotes for Table 42:

(1)

(2)

(3)

(4)

(5)
(6)
(7)

(8)
(9)

(10)

(11)

a, Plant efficiency of crude oil SNG plant (assumed) = 77%,

b. 23% of fnput is consumed as liquid fuel for plant operation
(assumed).

c. NOy emission factor(A=1) = 40 1b/103 gal.

d. Heating value of input crude = 6.3 x 10° Btu/barrel (assumed),

a, Sulfur content of crude oil (assumed) = 2 to 4%.

b. Sulfur removal efficiency of Claus plant and tail gas
treatment (assumed) = 997%.

c¢. Density of crude ofl - 7.3 1b/gal,

a, Parf&culate emission factor for fluid catalytic cracking
unit(A-1) = 61 1b/103 bbl fresh feed.

b. Fraction of fresh feed to be cracked in this process (assumed)
= 1/3.

¢. Particulate removal efficiency of cyclone (assumed) = 50%.

a, Losses of crude oil to atmosphere (assumed) = 20 1b/103 bbl
input,

a, 23% of input fuel {8 consumed for plant operation (assumed).
a, 8Salt content of crude oil (assumed) = 100 1b/103 bbl,

a. Solid waste frgm spent catalyst not worth reclaiming (assumed)
= 300 to 600 1b/10° bbL1,

a. Sludges from water treatment (assumed) = 300 to 600 1b/103 bbl,

a, By-product {s sulfur, Quantity derived from assumed sulfur
content of input crude (2 to 4%) and 99% recovery in Claus unit
and tail-gds treatment.

a. Land required for a 100,000 bbl/day plant (assumed) =
600 to 1000 acres,

a, Efffciency of plant (assumed) = 77%.
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TABLE 43. ENVIRONMENTAL DATA FOR MODULE

Module - Strip-mined coal, West
Unit - 106 ptu (output)

Environmental Parameters

Alx

Water

With Land Restoration and
Treatment of Acid Drainage(l)

NO,, 1b ’
80,5, 1b

co, 1b

Particulate, 1b

Total organic material, 1b

Heat, 10° Btu

Suspended solids, 1b
Dissolved solids, 1b

Total organic material, 1b
Heat, 10° Btu

Acid (Hp804), 1b

Slag, 1b

Ash, 1b
8ludge, 1b
Tailings, 1b
Hazardous, 1b

By-Products

Occupational Health

Deaths
Total Injuries
Man Days Lost

Land Use, acre-hr/106 Btu

Approx. Module Efficiency

0.00008 (Bulldozer operationf2)
Negligible
Negligible
0.07(3)
Negligible
Negligible

0.28(4)
Not determined
Negligible
Negligible
Nil
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Footnotes for Table 43:

(¢))

(2)

3)

)

(5)

(6)

)

(8)

9)

a.

Impacts will be negligible after laud restorations. Stated

impacts will occur during the actual operation.

a.
b.
Co
d.
e.

NO, comes from a disel powered bulldozer used for reclamation.
Time requirement for reclamation (assumed = &4 hr/acre.
Bulldozer engine power (assumed) = 150 hp.

Fuel consumption rate(A-1) = 0.5 1b/hp - hr.

NOx emission factor(A=1) = 0,37 1b/gal fuel used.

f. Average thickness of coal seam (assumed =5 ft.

g. Coal bulk density (assumed) = 82 1b/ft3. .

h. Heating value of western coal (assumed) = 9235 Btu/1b.

a. Emission factor (given for suspended particulate from primary
rock crushing and for mining of copper ore) = 0.1 1b/ton of
overburden. ‘

b. Average overburden per ton of coal = 13 tons.

a.
b.
c.
d.

Rate of silt run-off (assumed) = 5000 tons/miz-year.
Average thickness of coal seam (assumed) = 5 ft.

Coal bulk density (assumed) = 82 1b/ft3.

Reclamation period (private communication, EPA) = 3 years.

Death rate for strip coal mining(A-12) = 0.12/106 ton coal.
Heating value of coal (assumed) = 18.47 x 106 Btu/ton of coal.

Injury rate for strip coal mining(A'lz) = 5,65 injuries/lo6
coal.

Man-days lost per death (assumed) = 6000 days/death.
Man-days lost per injury (assumed) = 182.6 days/injury.

Land réquired for 106 tons of coal(#-12) = 112 acres.
Time requirement for reclamation (assumed) = 3 years.

Efficiency of strip mine operation (assumed) = 99.8%.
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TABLE 44, ENVIRONMENTAL DATA FOR MODULE

Module =~
Unit -

Railroad Transportation of Coal
106 Btu (output)

Environmental Parameters

Fuel Input, Coal

Aix
NO,, 1b 0.02(1)
S0,, 1b 0.0014(2)
co, 1b 0.015(3)
Particulate, 1b 0.0015(4)
Total organic material, 1b Negligible
Heat, 100 Btu ~0.0039(5)
Water
Suspended solids, 1b Negligible
Dissolved solids, 1b Negligible.
Total organic material, 1b Negligible
Heat, 10° Btu ok Negligible
Acid (H5504), 1b M Negligible
Solid
Slag, 1b Negligible
Ash, 1b Negligible
Sludge, 1b Negligible
Tailings, 1b 0.083(6)
Hazardous, 1b Negligible
By~-Products Negligible’
Occupational Health
Deaths 3.2 x 10'8(;)
Total Injuries 3.2 x 1°:Z( )
Man Days Lost 2.2x 10 (9)
_Land Use, acre-hr/lO6 Btu 0.29(10)
Approx. Module Efficiency 100%(11)

W
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Footnotes for Table 443

1)

2)
(3)
%)
(5)

(6)

¢))

(8)

(9)

a. Total quantity of coal transported(A-7) = 695 x 100 tons/year.
b. Total shipment from rail and barge(A-8) = 8,13%.

¢c. Total shipment from rail (assumed) = 7.13%.

d. NOy emission per 106 hp-hr(A-9) = 15.43 tons/106 hp-hr.

e. Assume a 3,000 horsepower required for each 2,000 tons of gross
load in a locomotive=-train system.

f. Average horsepower of the locomotive-train system(A'lo) = 74.9%
of the maximum horsepower.

g. Ratio of average gross tonnate to average net tonnage(A‘lo) =
2.3481. .

a. SO emission per 106 hp-hr (A-9) = 1.1 tons/106 hp-hr.

a. CO emission per 106 hp-hr(A~9) = 11.9 tons/106 hp-hr.

a. Particulate emission (assumed) = 107 of CO.

a. Hp-hr required to move the ton-mill of coal transported by rail
per year = 7554.6 x 106 hp-hr/yr.

b. Definition and value of the brake thermal efficiency(A‘11)=

Fuel flow/Brake fuel consumption _ (100/(0.456) = 29.17
[Fuel flow] Fuel heating value (19,156)(3.929 x 107%) "o

c. Energy that the fuel carries into the locomotive = 2,59 x 1010
hp~hr /year.

a. The fraction of intransit storage-handling dust loss = 0.1%
of the total coal transported.

a. Number of death occurred on the railroad system(A'lo) = 2299
death/year.

b. Total ton-miles shipped by rai1(8=8) = 7. 9 x 101! tons/year.
c. Ton-miles shipped for coal by rail®8) ='1.26 x 101l/year.
a. Number of injuries occurred on the railroad systcm(A'lo) =
23356 injuries/year.

a. Man days lost per death (assumed) = 6000 man days.
b. Man days lost per injury (assumed) = 100 man days.

(10) a. Current land rights of the railroad system(A-10) = 3760 sq miles.

(11) a. Module efficiency (assumed) = 100%.
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TABLE 45. ENVIRONMENTAL IMPACTS OF MODULE

Module--_Space Heating(l)

Unit--10" Btu (Input)

H

Environmental Impacts " Coal (1%)
Afr
NO_, 1b 0.117
* (2)
802, 1b 1.47
co, 1b 3.49
Particulate, 1lb 0.775
Total organic material, 1b 0.775
Water

Suspended solids, 1lb -
Dissolved solids, 1b 0
Total organic material, 1b

Solid
Ash, 1b 6.9¢3
Sludge, 1b 0
Approx. Module Efficiency 50%

e R e e ——————
e —
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Footnotea for Table 45!

(1)

(2)
(3

a,
to

Valuas taken from Table A-46 in veference (A~28) were correctad
input basis.

Sulfur content of cosl is assumed to be 1X.

Ash content of coal is asaumed to be 10%.
Heating valus of coal = 13,000 Btu/lb coal.
Ash emission as particulate = 0.78 lbllo6 Btu,
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TABLE 46,

ENVIRONMENTAL DATA FOR MODULR

Moduloe - lygas (Gasification of Coaleliigh Btu)
Btu (output)

Unit = 10

JFuel Input, Coal, Bast

Alx
NO,, 1b
#0,, 1b
005 1b

Particulate, 1lb
Total organio material, lb
Heat, 109 Btu

Suspendad eolids, 1b
Dissolved solids, 1b

Total organic material, 1lb
Heat, 109 Btu

Phenols, 1b

8lag, lb

Ash, 1b
8ludge, 1b
Tailings, 1b
Hasardous, lb

Qecupational laalth
Deaths SRR

Total Injuriea
Man Days Lost

0,25(1)
0.55(2)
0

0.12(3)
0.0014(4)
0,34(5)

0
0

Negligible
Negligible after gooling tewer
¥ u.t x 105089

& ()

25,8(8)
0
0

2.0(9)

5 % 10*9(10
.7 x 10=7(10
,6 x 103(11)




Footnotes for Table 46:

(L

(2)

3)

(4)

(5)
(6)

(7)

(8)

(9)

(10)

(11)

(12)
(13)

a. NO, emission comes from a 110 MV power plant in the Hygas
plant.

b. NO, emission factor (assumed) = 0.72 1b/106 Btu generated by
the power plant.

c. Hygas plant capacity(A‘G) = 80 x 106 scfd.

d. Heating value of gas produced(A‘6) = 950 Btu/ft3.

a. 807 emission comes from two limestone scrubbers.

b. Sulfur from limestone scrubbers{A=6) = 1300 1b/hr.

c. Sulfur content of coal used in this calculation (assumed)=37%.
d. Adjustment factor for sulfur content (A=6) = 0,68.

a. Ash content of coal used in this calculation (assumed) = 14.4%.
b. Adjustment factor for ash content (A=6) = 1,31,

c. 65% of total ash goes to scrubber as particulate (assumed).

d. Limestone scrubber efficiency for removal of particulate
(assumed) = 99%.

a. Hydrocarbon emission comes from a 110 MW power plant.
b. Hydrocarbon emission factor (assumed) = 0.04 1b/10% Btu.

a. Efficiency of Hygas plant(A"6) = 667%.

a. Assumed to be same as for CO, acceptor (see COo Acceptor for
the detail).

a. Ash comes from boiler (bottom ash).

a. Sulfur from limestone scrubbers(A=6) = 7600 1b/hr.

b. Sulfur content of sludge = 12%.

¢c. Adjustment factor for sulfur content in fue1(A-6) = 0,68,

d. Sludge.comes from limestone scrubbers (limestone slurry plus
particulate collected).

a. Elemental sulfur from Claus plant is the sole by-product
(assumed).
b, Adjustment factor for sulfur content in coal = 0.68.

a. Man-hours required for a 1x1010 Btu/hr capacity Hygas plant
(assumed) = 4000 man hours/day.

b. Injury rate (assumed) = 10 injuries/10® man hours.

c. 3% of injury assumed fatal,

a. Man-~days lost per death (assumed) = 6000 days/death.
b. Man-days lost per injury (assumed) = 95 days/injury.

a. Personal communication with EPA.

a. Reported by Processes Research.(A~6)
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TABLE 47. ENVIRONMENTAL DATA FOR MODULE

Module -- Cogventional Boiler
Unit -- 10 Btu (input)

(== e

Fuel Input,

Environmentél Parameters Natural Gas
Alx
(1)
80,5, 1b 0.0006
co, 1b 0.000 23)
Particulate, 1b 0.015(4)
Total organic material, 1b 0.0422;
Heat, 10° Btu ' 0.63
Water
Suspended solids, 1b 0.016¢7
Dissolved solids, 1lb 0
Total organic material, 1b 0
Heat, 100 Btu . Negligible after cooling tower
Acid (HpSO4), 1b 0
Solid
Slag, 1b 0
Ash, 1b 0
Sludge, 1b 0
Tailings, 1b 0
Hazardous, 1b 0

By~-Products 0

Occupational Health

-10®)
Deaths 1.5x 10 (9)
Total Injuries 8.9 x 10'2(10)
Man Days Lost 2.9 x 107
11
Land Use, acre-hr/106 Btu 0.02( )
o (12)
Approx. Module Efficiency 37%

W—W"—
]
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Footnotes for Table 47:

(1)
(2)
(3)
(4)
(5)

(6)
(7)

(8)
(9)
(10)
(11)

(12)

a. NO, emission fz\c:t:or(A ) 39 1b/106 £t3 of natural §as.
b. Heating value of natural gas (assumed) = 1000 Btu/ft”,

a.3 809 emission factor for burning natural gas = 0.6 1b/106
ft-,

a.3 CO emission factor for burning natural gas = 0.4 1b/106

fto, .

a. Particulate emission factor for burning natural gas = 15 1b/
106 £¢3,

a.. Hygrocarbon emission factor for burning natural gas = 40 1b/
107 ft7,

a, Efficiency of gas fired conventional boiler = 37%.

a. Suspended solid emission from a 1000 MW gas fired Power Plant
(A-12) = 548 tonms.

(A-12)

a. Deaths attributed to a 1000 MW gas fired Power Plant
= 0,01 death/year.

a. Injuries attributed to a 1000 MW gas fired Power Plant(A-lz)
= 0.6 injuries/year.
M?X ?3¥s lost attributed to a 1000 MW gas fired Power
Plant 197 man-~days/year.
(A-12)

a., Land requirement for a 1000 MW gas firad Power Plant
= 150 acres,

a. Efficiency of gas fired Power Plant (assumed) = 37%,
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TABLE 48. . ENVIRONMENTAL IMPACTS OF MODULE

Module-~- Conventional Boiler
Unit--106 Btu (Input)

s —
—

I

Environmental Impacts Dist. Fuel 0il (0.3% §)
Alr '
No_, 1b 0.75 (1)
50,, 1b 0.336 (2)
co, 1b 0.0003 (3
Particulate, 1b 0.057 (4
Total organic material, 1b 0.014 ¢5)
Water
Suspended solids, lb 0
Dissolved solids, 1b 0
Total organic material, 1lb 0
Solid
Ash, 1b 0
Sludge, 1b 0
(6)
Approx. Module Efficiency 37%

W
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Footnotes for Table 48:

o))

(2)

(3)
(4)
(5)
(6)

Heating value of distillate fuel oil(Aﬁl) = 140,000 Btu/gal.
No_ emission gactor 1) = 105 1b/1000 gal.

Sulfur content of distillate fuel oil, S (assumed) = 0.3%.

802 emission factor(APl) = 157 S 1b/1000 gal.
CO emission factor(Arl) = 0.04 1b/10C0 gal.
(A-1)

Particulate emission factor = 8 1b/1000 gal.

(a-1)

Hydrocarbon emission factor = 2 1b/1000 gal.

Plant efficiency was assumed to be 37%.
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TABLE 49.  ENVIRONMENTAL DATA FOR MODULE

Module -~ 041 Barge
Unit -- 10° Btu (Output)

BRSSO R e
Fuel Input,

Environmental Parameters Residual 0il
Aix
NO,, 1b ~ 0.0013¢1)
$0,, 1b . 0.0014(2)
co, 1b 0.0011¢3)
Particulate, 1b 0.0018(%)
Total organic material, 1b 0.0008(5)
Heat, 100 Btu 0.004(6)
Watex
Suspended solids, 1b nil
Dissolved solids, 1b n11(7)
Total organic material, 1b 0.015
Heat, 10° Btu . nil
Acid (HgS04), 1b nil
Solid
Slag, 1b nil
Ash, 1b nil
Sludge, 1b nil
Tailings, 1lb nil
Hazardous, 1b S nil
By~-Products ‘17 ‘ nil

Occupational Health

Deaths 9 x 10 129)
Total Injuries 8 x 10-8 (10)
Man Days Lost 1.5 x 10~
Lland Use, acre-hr/108 Btu 0(11)
Approx. Module Efficiency 99.6%(12)




Footnotes for Table 49t

(1)

(2)

3)
(%)
(5)
(6)

(7

(8)

(9)

(10)

(11)
(12)

a, Assume 20,000 tons per shipment. A-1)
b. NO, em1351on factor for motor ship( = 1,4 1b/mi.
c. Trip distance per shipment (assumed) = 325 miles.

a, 50 emission factor for motor ship(A'l) = 1,5 1b/mi for 0.5%
sulfur content for fuel.

a. CO emission factor for motor ship(A-l) = 1.2 1b/mi.

(A-1)

a. Particulate emission factor for motor ship = 21b/mi.

a. Hydrocarbon emission factor for motor ship(A-l) = 0.9 1b/mi.

a., Total heat required per 106 Btu transported (assumed) =
3800 Btu,

a, Total ?il d}scharge in o0il transport and in tank cleaning
operations 0.27% of shipment,

a, Death rate in oil transportation by barge(A-lz) (assume that

bagge operation is similar to tanker operation) = 0.08 deaths/
man-hours.

b. Man-hour required to traniKoIE)the amount of crude o0il to

operate a 1000 MW Power Plant = 7 x 107 man~hours,

a. Injury rate in oil transportation by barge(A-1 ) (assume that
barge operation is similar to tanker operation) = 7.22 injuries/
109 man-hours.

a. Man-days lost per death (assumed) = 6000 days/death.
b. Man-days lost per injury (assumed) = 125 days/injury.

a., Land requirement for port facilities not estimated,

a, Energy consumption rate per 106 Btu of crude oil transported
(assumed) = 3800 Btu.

132



TABLE 50, ENVIRONMENTAL IMPACTS OF MODULE
Module--gonventional Boiler(l)

Unit--10" Btu (Input)

F!

Environmental Impacts

1% S Resid

Air

NOx, 1b .7

802, 1b 1.04

co, 1b 0

Particulate, 1lb 0.05

Total organic material, 1b 0.01
Water

Suspended solids, lb 0

Dissolved solids, 1lb 0

Total organic material, 1b 0
Solid

Ash, 1b 0

Sludge, 1b 0
Approx. Module Efficiency 372
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Footnotes for Table 50:

(1) a. Values were taken from Table A-43 in reference (A~26). SO

emission was corrected to 1% sulfur resid. 2
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TABLE 51. . ENVIRONMENTAL DATA FOR MODULE

3w Module == 0i] Tanker
Unit -~ 10” Btu (Output)

.
R

3

Fuel Input,

Environmental Parameters Crude 0il
Aix
No,, 1b 0.0015¢1)
S0,, 1b 0.0016(2)
2
co, 1b 0.0013¢3)
Particulate, 1b 0.0021(4% 5)
Total organic material, 1b 9 x 1?‘5
Heat, 100 Btu ' 0.005(6)
Water
Suspended solids, 1b 0
Dissolved solids, 1b 0 )
Total organic material, 1b 0.015
Heat, 109 Btu 0
Acid (HpS04), 1b 0
Solid
Slag, 1b 0
Ash, 1b 0
Sludge, 1b 0
Tailings, 1b 0 n
Hazardous, 1b 0 3
By-Products - 0
Occupational Health
-10®
Deaths 9x10 (9)
Total Injuries 8 x 10'8_5(10)
Man Days Lost 1,5 x 10
Land Use, acre-hr/106 Btu : 0(11)
. . (12)
Approx. Module Efficiency 99.5

e e

.
.
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Footnotes for Table 51:

(1) a. NO, emission by oil tanker to transport crude oil for a
1000 Md Power Plant(A-12) = 51 tons/year.

(2) a. S02 emission by ?Xllggnker to transport crude oil for a
1000 MW Power Plant ‘°° = 55 tons/year.

(3) a. CO emission by ¢il tanker to transport crude oil for a
1000 MW Power Plant(A-12) = 44 tons/year,

(4) a. Particulate emission by oil tanker to transport crude oil for
a 1000 MW Power Plant(A-12) = 72 tons/year.

(5) a. Hydrocarbon emiss{xglby oil tanker to transport crude oil for
a 1000 MW Power Plant = 3 tons/yeer.

(6) a. Efficiency of oil tanker operation (assumed) = 99,5%.

(7) a. Total ?il dgscharge in oil transport and in tank cleaning
operations A=12) = 0,027% of shipment.
(8) a. Death6rate in oil transportation by tanker(A-lz) = 0.08
deaths/10" man-hours.
b. Man~hours required to transport the amount of crude oil to
(9) operate a 1000 MW Power Plant(A-12) = 7 x 10° man-hours.
a., Injury rate in oil transportation by tanker(A-lz) =7.22
injuries/10° man-hours.

(10) a. Man-days lost per death (assumed) = 6000 days/death,
b. Man-days lost per injury (assumed) =125 days/injury.

(11) a. Land requirement for port facilities not estimated.

(12) a. Efficiency of oil tanker (assumed) = 99.5%.
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TABLE 52,

ENVIRONMENTAL DATA FOR MODULE

Module - Conventional Boiler (Coal)
Unit - 106 Btu (Input)

Environmental Parameters

Fuel Input, Coal, West

Aix
No,, 1b 0.98(1)
$0, 1b 1.65(2)
co, 1b 0.05 23)
Particulate, 1b 0.07(#)
Total organic material, 1b 0.016(5)
Heat, 10° Btu : 0.63(6)

Water
Suspended solids, 1b 0.025(7)
Dissolved solids, 1b 0 8)
Total organic material, 1b 0.011
Heat, 106 Btu . Negligible after cooling tower
Acid (HpS04), 1b 0

Solid
Slag, 1b 0
Ash,,lb 9.0(9)
Sludge, 1b 0
Tailings, 1b 0
Hazardous, 1b o O

By-Products /t; 0

Occupational Health

Deaths 3.3 x 10‘;0530)

Total Injuries 1.4 x 10:6( )

Man Days Lost 5.1 x 10~6(11)
Land Use, acre-hr/106 Btu 0.1(12)
Approx. Module Efficiency 377(13)

.
e e e e
s —————————
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Footnotes for Table 32:

¢ ),
(2)
3)

(4)

(5)
(6)
)

(8)
(9)
(10)

(1D

(12)

(13)

a.

a.
b.

ae.

a.

b.
c.

a.

a.

NOy emission factor (A=1) = 18 1b/ton coal burned.
Heating value of western coal (assumed) 9200 Btu/1b.

SO, emission factor (A1) = 38 s 1b/ton coal burned.
Sulfur content, S (assumed) = 0.87%.

CO emission factor (A=1) =1 1b/ton coal burned.

Particulate emission factor (A=1) = 16A 1b/ton coal burned.
Ash content, A (assumed) = 8.4%.

Electrostatic precipitator efficiency (assumed ) = 99%.
Hydrocarbons emission factor (A-1) = 0.3 1b/ton coal burned.

Efficiency of conventional boiler (assumed) = 37%.

Total solid to water(A=12) = 0.036 1b/106 Btu.
Fraction of suspended solid (assumed) = 70%.

Fraction of organic material in total solid (assumed) = 30%.
Ash content of coal (assumed) = 8.4%.

Man-hour required per 106 Btu for conventional power plant(A-13)

.4 x 10~3 man hour.

Total injuries ger 10® man-hour(A-13) = 5.7.
Death rate(4-12) = 2.4% of injuries.

Days lost per death (assumed) = 6000 days/death.
Days lost per injury (assumed) = 229 days/death.

Land required for a 1000 MW power plant (assumed) = 800 acres.

Efficiency of conventional boiler (assumed) = 37%.
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TABLE 53. . ENVIRONMENTAL DATA FOR MODULE

Module-- Physical Cleaning of Coal
Unit--10" Btu (output)

- — — — _________—_ _______ _ _____ ____ __ ____—__— _  _ _ —— __ — —_—————____J

With
Environmental

Environmental Parameters ' Control
Air

No_, 1b 0.006:2

soz, 1b 0.004

co, 1b -

Particulate, 1b 0.01¢®

Total organic material, 1b -
Water

Suspended solids, 1lb _Negliéible

Dissolved solids, 1b Negligible

Total organic material, 1b Negligible

Acid (HZSO4), 1b * Negligible
Solid .

Slag, 1b 0

Ash, 1b 0

Sludge, 1b 0.3

Tailings, 1b Negligible

38

Approx. Mcdule Efficiency B 882(5)

M
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Footnotes for Table 53:

(1) a. NO_ from thermal dryer. Operating characteristics for evaporating
vater ¥rom wet coal(A~2) = 550 tons of coal produced per 50 tons of
vater svaporated.

b. Heat required for water evaporation = 1000 Btu/lb water.
c., Heating value of coal = 12,000 Btu/lb of coal.

d. NO_ emission tnctor(A'l) = 18 1b/ton of coal burner.

e. No control equipment.

(2) a. 80, emission fnctor(AFl)

2 = 38 8 1b/ton coal burned.
b. B8ulfur content of coal, 8 (assumed) = 3%.

¢. Lime scrubber control efficiency (assumed) = 90%.

(3) a. Particulate emission factor for thermal drycr(hpl) = 25 1b/ton
coal product.
b, Heating valus of coal product = 13,180 Btu/1lb.
(A-1)

c. Control efficiency of multiple cyclones with wet scrubber
99.0% removal,

(4) a. 8ludge comes from 80, and H,80, control (assumed).
b. Sulfur content of nl&dzc (n‘ouﬁnd) - 12%,

(5) a. The efficiency is assumed to be 88%.

140



TABLE 54.  ENVIRONMENTAL DATA FOR MODULE

Module - CAFB Boiler (Residual 01{1) + Combined Cycle
Unit - 106 Btu (input)

T e S A A TS SO A

Puel Input,

Environmental Parameters Residual 011 (Imported)

Alx
NO,, 1b : 0.16(1)
80,, 1b 0.45(2)
co, 1b 0
Particulate, 1b 0.01(3)
Total organic material, 1b 0.04(4)
Heat, 100 Btu ' 0.62(3)

ate

Suspended solids, 1b
Dissolved solids, 1b
Total organic material, 1b
Heat, 100 Btu ‘ Negligible after cooling tqwer

L=~

Acid (H804), 1b 0
Solid
Slag, 1b R 0
Ash, 1b : 3.0(6)
Tailings, 1lb 0
Hagardous, 1b 0 '
&
By-Products | 1.4¢7)
Occupational Health
Deaths : 2 x 10-9(8)
Total Injuries 7 x 10" (9)
Man Days Lost 1.7 x 10=3(9)
Land Use, ncrc-hr/]O6 Btu ‘ 0.06(10)
Approx. Module Rfficiency 38%(11)

W
J
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Footnotes for Table 54:

(1) a. Experimental data obtained by Westinghouse.(A-23)

(2) a. SO, from boiler(4-23) = 0.35 1b/106 Btu.
b, S0, from Claus unit(A-23) = 0.1 1b/106 Btu.

(3) a. Electrostatic precipitator is employed to control particulate
emission (assumed). 3 6
b. Particulate emission f.actor(A"2 ) = 0.01 1b/10" Btu.

(4) a. Hydrocarbon emission factor for burning CAFB gas (assumed) =
40 1b/106 ft3.

(5) a. Efficiency of the module (assumed) = 38%.

(6) a. Sulfur content of o0il (assumed) = 3%.
b. Limestone requirement per pound of sulfur = 1.75 1lb.
c. Heating value of oil (assumed) = 6.3 x 10® Btu/bbl.

(7) a. Sulfur content of oil (assumed) = 3%.
b. Sulfur emission = 0.225. .

(8) a. Injury rate per man hour (assumed) = 10 injuries/106 man hours.
b. Death rate of injury = 3%.
c. 70 men operate a 1000 MV plant (assumed).

it
(9) a. Man days lost per death (assumed) = 6000 days/death.
b. Man days lost per injury (assumed) = 95 days/injury.

(10) a. Land requirement for a 1000 MW oil-fired power plant (assumed)
= 300 acres.
b. Additional land requirement for CAFB gas unit (assumed) =
150 acres.

(11) a. Assumed efficiency = 38%.
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TABLE 55, ENVIRONMENTAL IMPACTS OF MODULE

Module--_Conv. Boiler with limestone scrubber
Unit--10" Btu (Input)

(1)

Environmental Impacts Resid (3.5% S)
Afr
NO_, 1b 0.7
* (2)
802, 1b 0.366
co, 1b 0
Particulate, 1b 0_0005(3)
Total organic material, 1b 0.01
Water
Suspended solids, lb . 0
Dissolved solids, 1b
Total organic material, 1lb 0
Solid
Ash, 1b 0
Sludge, 1b 13,8(4)
Approx. Module Efficiency 37%

W
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Footnotes for Table 55:

1)

(2)

(3)

(4)

as

a.

b.
in

C.

b.
by

Values were taken from Table A-42 in reference (A-26) except
modified below.
Sulfur content of resid (assumed) = 3,5Z%.

SO, emission was considered twice that given in Table A~42
refgrence (A-26).

SO2 removal efficiency of lime scrubber (assumed) = 90%.

Particulate emission factor(Afl) = 8 1bs/1000 gal.
Particulate removal efficiency (assumed) = 99%.

802 in sludge [from Footnote (2)] = 3.29 1b/106 Btu.

Generally sulfur in lime scrubber sludge is assumed as 12%
weight.
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TABLE 56. ENVIRONMENTAL IMPACTS OF MODULE (1)

Module-- Conventional Boiler - No Control
Unit--10" Btu (Input)

—
—————

Environmental Impacts ‘Resid (3.5% S)
Alr
NO_, 1b 0.7 2
802, 1b 3.66
co, 1b 0
Particulate, 1b 0.05
Total organic material, 1b 0.01
Water
Suspended solids, lb 0.

Dissolved solids, 1lb
Total organic material, 1b

Solid
Asgh, 1b 0
Sludge, 1lb 0
Approx. Module Efficiency 37%

e T T T R R R R R R R R R R EE——m———hhSS
e
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Footnotes from Table 56:
(1) a. Emission values were taken from Table A-42 in reference (A-26)
except as described below.

(2) a. In this module sulfur content of resid was assumed as 3.5%.

b. Thus SO, emission was considered to be twice that given in
Table A-42 %n reference (A-26).
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TABLE 57. ENVIRONMENTAL DATA FOR MODULE

Module - Fluid-Bed Combustion Plus Combined Cycle
Unit - 106 Btu (input to combustion cycle)

Environmental Parameters

Fuel Input, Coal, East

Air

Water

NO,, 1b
$0,, 1b
co, 1b
Particulate, 1b

Total organic material, 1b

Heat, 109 Btu

Suspended solids, 1b
Dissolved solids, 1b

Total organic material, 1b
Heat, 10° Btu

Acid (H2S04), 1b

Slag, 1b

Ash, 1b
Sludge, 1b
Tailings, 1b
Hazardous, 1b

By-Products

Occupational Health

Deaths
Total Injuries
Man Days Lost

Land Use, acre-hr/10% Btu

Approx. Module Efficicency

147

.15 (1)
.7(2)

0
0
0
0.02(3)
0
0.62(4)

0
0
0

Negligible after cooling tower
0

0
17.33)

0
0
0

1.9(6)

0.12(10)
387,(11)



Footnotes for Table 57:

(1) a. Average value of 0.07 and 0.22 16/106 Btu reported in
Westinghouse Report . (A-23)

(2) a. S0, emission factor reported(A'23) =1 1b{106 Btu.

b. Adjustment factor for sulfur content (A-23 3.0

=0.7 (i.e.,m).
(3) a. Particulate emission factor reported(A'23) = 0,02 1b/106 Btu.
(4) a. Efficiency of the module (assumed) = 38%.

(5) Ash content of eastern coal (assumed) = 14.4%.

a.
b. Heating value of coal (assumed) = 24 x 106 Btu/ton.
c. Limestone requirement per pound of sulfur = 1.75 1b.

(6) a. The sole by-product is elemental sulfur.
b. Sulfur content of coal (assumed) = 3%.
c. 90% of sulfur is collected bX limestone (assumed).
d. Sulfur loss from Claus unit(A=23) = 0.35 1b/106 Btu.

(7) a. Injuries calculated from fluid-bed combustion plant and gas-
fired power plant operations. )
b. 40 men operate a 500 ton coal/hr capacity combustion plant
(assumed).
c. Using chemical industry data for gasification plant, injuries
per man hour(A=5) = 8.1 injuries/106 man hours.
d. Death rate (assumed) = 5% of injuries.
e. Death attributed to a 100 M4 gas~-fired power plant
0.01 deaths/year.

(A-12) _

(8) a. Injuries attributed to a 1000 MW gas fired power plant(A'lz) =
0.6 injuries/year.

(9) a. Using chemical ingustry data for gasification plant, man-days
lost per man hour (A=) = 528 days/106 man hours.
b. Man days lost per death (assumed) = 6000 days/death.
c. Man days lost attributed to a 1000 MW gas fired power plant
= 197 man~days/year.

(A-12)

(10) a. Land requirement for a 1000 MW coal fired power plant (assumed)
= 800 acres. _
b. Additional land requirement for fluid-bed combustion unit
(assumed) = 150 acres.

(11) a. Efficiency(8723) = 387,
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TABLE 58.  ENVIRONMENTAL DATA FOR MODULE

Module ~ Lurgl Gasifier and Conventional Boiler
Unit - 106 Btu (input to conventional boiler)

Environmental Parameters Fuel Input, Coal, East
Aix
NO,, 1b 0.40(1)
$0,, 1b . 0.93(2)
Particulate, 1b 0.015(3)
Total organic material, 1b 0.11(4)
Heat, 10° Btu 0.92(5)
Hater
Suspended solids, 1b 0.016(6)
Dissolved solids, 1b 0
Total organic material, 1lb 0.002(7)
Heat, 100 Btu . Negligible after cooling tower
Phenols, 1b 0.0029(8)
Solid |
Slag, 1b 0
Ash, 1b 9.82(9)
Sludge, 1b 0
Tailings, 1b 0
Hazardous, 1b 0
By~Products ©1,9(10)

Occupational Health

.5 x 10-9(11)

Deaths 1.5

Total Injuries 3.6 x 10-8(12)

Man Days Lost 9.4 x 10-6(13)
Land Use, acre-hr/100 Btu 0.12(14)
Approx. Module Efficiency 25.9%(15)

W
'
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Footnotes for Table 58:

1)

(2)

&)

1O
(5)

1)

0))

(8)
9)
(10)
(11)

(12)

(13)

(14)

(15)

a. NOy, comes from gas-fired bofler in gasifier plant and gas-fired power plant.

b. NO, emission factor(A-1) = 0,39 1b/106 Btu for natural gas.

c. The emission factor is value for Lurgi gas combustion on the basis of heating value
(assumed).

a, Basis: 1000 MW nominal cogas power plant.(A'G)

b. Coal input rate(A-6) . 341 tons/hr.

c. SO2 emission comes from gas-fired boiler fn gasifier plant and gas-fired power plant.{A-6)
d. 1% of sulfur lost to atmosphere from gasifier plant by leaking (assumption).

e. Content of H2S in Lurgi gas ptoduced( =6) = 0.105% by volume.

f. Lurgl gas production rate from the plant = 112600 lb-moles/hr. .

a., Particulate emission comes from gas-fired power plant (assumed).

b. Emission factor for natural gas(A-1) = 0.015 1g/106 Btu.

c. Assumed that the emission factor for natural gas combustion is valid to Lurgi gas combus-
tion on the basis of heating value.

a. 1% of total organic matter (COS and CH;) is lost from gasifier by leaking (assumed).

a. 63% of the total input energy to gas-fired power plant is lost to atmosphere (based on the
assumed efficiency of the power plant).

b. Efficiency of Lurgi gasifier plant (assumed) - 70%.

c. Efficiency loss due to material loss in Lurgi gasifier plant (assumed) = 10%.

a. Suspended solid emission comes from gas-fired power plant (assumed).
b. Emission from a 1000 MW plant(A-12) = 548 tons.

a., Total organic waterial comes from gas-fired power plant (assumed).
b. Emission factor(A-12) = 73 tons/year for a 1000 MW plant,

a. From data supplied by T. K. Janes, EPA.

a, Ash content of coal (assumed) = 14,.4%.

a. The by-product of Lurgi gasiffer plant is sulfur from Claus unit,

a. Injuries are combined for Lurgi gasifier plant and gas-fired power plant operationms.
b. 40 men operate a 500-ton coal/hr capacity Lurgi gasifier plant (assumed).

¢, Using chemical industry data, injuries per man-hour A-5) = g.1 injuries/106 man~hours.
d. Death rate (assumed) = 5% of total injuries.

e, Death attributed to a 1000 MW gas-fired power plant(A'lz) = 0.01 death/year.

a. Injuries attributed to a 1000 MW gas-fired power plant(A'lz) = 0.6 injuries/year.

a. Using chemical industry data, days lost per man-hour{A-5) = 528 days/lO6 man-hours.

b. Man-days lost per death (assumed) = 6000 days/death

c. Man-days lost attributed to a 1000 MW gas-fired power plant(A'13) = 197 man days/year.

a. Land requirement for a 1000 MW coal-fired power plant (assumed) = 800 acres.,
b. Additional land requirement for Lurgi gasificr plant (assumed) = 150 acres.

a, Efficiency of Lurgi gasifier plant (assumed) = 70%.
b. Efficiency of gas-fired power plant (assumed) = 37%.
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TABLE 59. ENVIRONMENTAL IMPACTS OF MODULE . 1)
Module-- Conv. Boiler, Phys. Cleaned Coal
Unit--108 Btu (Input)

— —

a—
—

tnvironmental Impacts Phys. Cleaned Coal
Afr
NOx, 1b 0.68
Cco, 1b . 0.038
Particulate, 1b 0.044
Total organic material, 1b 0.011
Water
Suspended solids, lb 0.025
Dissolved solids, 1b 0
Total organic material, 1b 0.011
Solid
Ash, 1b 5.41
Sludge, 1lb 0
Approx. Mcdule Efficiency 37%
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Footnotes for Table 59:

1) a. Data were taken from Table A-10 in reference (A-26) except

that 802 emission were corrected to 1% sulfur in cleaned coal.
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TABLE 60. ENVIRONMENTAL DATA FOR MODULE

Module - Coal Liquefaction (solvent refining)
Unit - 106 Btu (output)

Environmental Parameters Fuel Input, Eastern COal(l)
Aix
NO,, 1b ' 0.21(2)
S0,, 1b o.003(23
co, 1b 0.012¢
Particulate, 1b 0.27(5)
Total organic material, 1b 0.003?(5)
Heat, 106 Btu 0.067(7)
Water
Suspended solids, 1b 0
Dissolved solids, 1b 0
Total organic material, 1b Trace
Heat, 10° Btu . Negligible after cooling tower
Acid (HS04), 1lb 0 |
Solid '
Slag, 1b o -
Ash, 1b 16.0(8)
Sludge, 1b 0
Tailings, 1b 0
Hazardous, 1lb 0
By~-Products - 2.95(9)

Occupational Health

Deaths 1.4 x 10'9(123

Total Injuries 2.7 x 10-8(

Man Days Lost 6.5 x 10-6(11)
Land Use, acre-hr/lO6 Btu 0.08(12)
Approx. Module Efficiency 75%2(13)

W
(1) Impacts were estimated based on the coal containing 14.4% ash, 3.0%
S and a heating value of 12,000 Btu/lb. In addition, the coal

liquefaction plant was assumed to have a capacity of 222x1093tu/day.
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Footnotes for Table60: (Continued)

(2)

3)

)

(5)

(6)

€)
(8)

(9)

(10)

a. Solvent refined coal (SRC) has a heating value of 16,000 Btu/lb,
0.05% ash, and 0.6% sulfur(A-6),

b. Plant efficiency(A-6) = 75%.

¢. Emission factor for NO, = 18 1b/ton of coal burned.

"d. Average heating value of consumed coal = 14,000 Btu/lb.

e. Coal consumption rate = 110 tons/hr.

a. Total sulfur content in the input coal = 30,833 1b/hr.
b. Total sulfur content in the SRC = 3.469 1lb/hr.

c. Sulfur emitted as S0 = 0.1% total sulfur off gas~-liquid
separator.

a. CO emission factor(A-1l) =1 1b/ton of coal burned.
b. No control equipment.

a. Particulate emission factor{(A-1) = 16A 1b/ton of coal burned.
b. Emission control efficiency (assumed) 98%.
c. Average ash content of consumed coal, A = 7.23%.

a. Total organic material emission factor = 0.3 lg/ton of coal
burned.
b. No control equipment.

a. Total heat released = 0.308 x 1010 Btu/hr.

a. Total ash input rate = 148,000 1b/hr.
b. Total ash output rate in SRC = 289 1b/hr.

Elemental sulfur product = 99.9% of total sulfur-off gas, liquid
separator.

a. Assumption: 80 men operate a 1,000 tcu/br capacity solvent
refining plant.

b. Use chemical industry data, injuries per man hour (A=5) = 8.1
injuries/106 man hours.

c. Use chemical industry data, days lost per man hour (A=53) = 528
days lost/106 man hours.

d. Death rate = 5% of total injuries (assumed).

(11) Man days lost per death (assumed) = 6,000 days/death.

(12) Land required for a 222 x 10° Btu/day plant (assumed) = 750. acres.

(13) Plant efficiency(A-6) = 757%.
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TABLE 61.  ENVIRONMENTAL DATA FOR MODULE

Module - Conventional Boiler
Unit - 106 Btu (input)

Fuel Input,

Environmental Parameters Solvent Refined Coal (Eastern)
Aix
NO,, 1b 0.56(1)
S0,, 1b 0.71(2)
co, 1b 0.037(3)
Particulate, 1b 0.0003 (4)
Total organic material, 1b 0.01(5)
Heat, 10° Btu - 0.63(6)
Water
Suspended solids, 1b 0.025(7)
Dissolved solids, 1b 8
Total organic material, 1b 0.011(8)
Heat, 10° Btu . Negligible after cooling tower
Acid (HpS04), 1b 0
Solid
Slag, 1b 0
Ash, 1b 0.031(9) -
Sludge, 1b 0
Tailings, 1b 0
Hazardous, 1b 0

By-Products

Occupational Health

Deaths 3.3 x 10-10(10)

Total Injuries 1.4 x 10-8(10)

Man Days Lost 5.1 x 10~6(11)
Land Use, acre-hr/lO6 Btu * 0.09(12)
Approx. Module Efficiency 37%(13)

o . — ]
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Footnotes for Table +61:

(1) a. NO, emissioms factor (A1) = 18 1b/ton coal burned.
b. Heating value of solvent refined coal (SRC) (assumed) =
16000 Btu/lb.

(2) a. Sulfur content of solvent refined coal, S (assumed) = 0.6%.
b. S02 emission factor(A-1) =38 s 1b/ton coal burned.

(3) a. CO emission factor(A-l) =1 1b/ton coal burned.
(4) a. Ash content of SRC, A (assumedi = 0,05%.
b. Particulate emis51on factor ) = 16 A 1b/ton coal burned.
¢. Electrostatic precipitator efficiency (assumed) = 99%.
(5) a. Hydrocarbon emission factor (A=1) = 0.3 1b/ton coal burned.
(6) a. Efficiency of conventional boiler (assumed) = 37%.

(7) a. Total solid to water(4~12) = 0,036 1b/10% Btu.
b. Fraction of suspended solids (assumed) = 70%.

(8) a. Fraction of organic material in total solid (assumed) = 307%.

(9) a. Ash content of coal (assumed) = 0.05%.

(10) a. Man~hour required per 106 Btu for conventional power plant(A'13)
= 2,4 x 10°3 man hour/106 Btu
b. Total 1n3uries ger 106 man hour(A-13) = 5,7,
c. Death rate(A = 2.47 of injuries.

(11) a. Days lost per death (assumed) = 6000 days/death.
b. Days lost per injuries (assumed) = 229 days/injury.

(12) a. Land requirement for a 1000 MW power plant (assumed) = 700 acres.

(13) a. Efficiency of conventional boiler (assumed) = 37%.
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TABLE 62. ENVIRONMENTAL DATA FOR MODULE

Module - Conventional Boiler and Limestone Scrubbing
Unit - 106 Btu (input)

Environmental Parameters Fuel Input, Coal, East
Aix
NO,, 1b 0.60(1)
$0,, 1b : 0.50(2)
co, 1b 0.042(3)
Particulate, 1b 0.1(4)
Total organic material, 1b 0.013(5)
Heat, 106 Btu 0.65(6)
Hater
il
Suspended solids, 1b 0.025(7)
Dissolved solids, 1b 8)
Total organic material, 1b 0.011(
Heat, 100 Btu . | Negligible after cooling tower
Acid (HpS04), 1b L AN
Solid S
Slag, 1b awnﬂg ‘*\{.3 0
Ash, 1b cEfany 2.4(9)
Sludge, 1b R 27.3(10)
Tailings, 1b i : 0
Hazardous, 1b 0
By=-Products ftgﬁ? 0
Occupational Health
Deaths ~ 3.3 x 10710011
Total Injuries 1.4 x 10-8(11)
Man Days Lost 5.1 x 10-6(12)
Land Use, acre-hr/106 Btu . 0.1(13)
Approx. Module Efficiency 359(14)

e ———————— — e —— ——————————
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Footnotes for Table 62:

(L
(2)

3)
(%)

(5)
(6)
)

(8)
(9)
(10)

(11)

(12)

(13)
(14)

a. No, emission factor(A - . 18 1b/ton coal burned.
b. Heatlng value of eastern coal (assumed) = 12000 Btu/lb.
c. NO, removal efficiency by limestone scrubber (assumed) = 20%.

a. Sulfur content of eastern coal, S (assumed) = 3%.
b. 802 emission factor(A-1) = 38 S 1b/ton coal burned.
c. Limestone scrubber efficiency (assumed) = 90%.

a. ©0 emission factor(A=1) =1 1b/ton coal burned.

a. Ash content of eastern coal, A (assumed) 14.49.
b. Particulate emission factort = 16 A 1b/ton coal burned.
¢c. Scrubber efficiency for particulate removal = 99%,

a. Hydrocarbon emission factor(A-1) = 0.3 1b/ton coal burned.

a. Efficiency of conventional boiler with limestone scrubbing
(assumed) = 35%.

a. Total solid to water(A~12) = 0,036 1b/106 Btu.
b. Fraction of suspended solids (assumed) = 70%.

o
a. Fraction of organic material in total solid (assumed) = 30%.

a. Ash content of eastern coal (assumed) = 14.4%. 207 to bottom ash.

a. Sulfur content of sludge (assumed) = 12%. Add fly ash collected,

a. Man~hour required per 106 Btu for conventional power plant(A“13)
= 2.4 x 10-3 man hour/106 Btu.
b. Total ‘injuries ger 106 Man hour (A-13) = 5.7,

c. Death rate(A=12) = 2.4% of injuries.

a. Days lost per death (assumed) = 6000 days/death.
b. Days lost per injury (assumed) = 229 days/injury.

a. Land requirement for a 1000 MV power plant (assumed) = 800 acres.

a. Efficiency of conventional boiler with limestone scrubbing
(assumed) = 35%.
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TABLE 63.  ENVIRONMENTAL DATA FOR MODULE

Module - Conventional Boiler & MgO-Scrubbing
Unit - 108 Beu (Input)

Environmental Parameters Input: Eastern Coal
Aix
1)
NO,, 1b 0.6022)
S0,, 1b 0.50
co, 1b 0.042(3)
Particulate, 1b 0.1(4)
Total organic material, 1b 0.013(5)
Heat, 106 Btu 0.65(6)
Water
Suspended solids, 1b 0.025(7)
Dissolved solids, 1lb
Total organic material, 1b 0.011(8)
Heat, 106 Btu . Negligible after cooling tower
Acid (HS04), 1b ]
Solid
Slag, 1b 0
Ash, 1b 3.4(9)
Sludge, ‘1b cxee
Tailings, 1b 10.4(10)
Hazardous, 1b 0
6.13(11)

Ey-Products

Occupational Health

Deaths . 3.3 x 10-10(12)

Total Injuries 1.4 x 10-8(12)

Man Days Lost 5.1 x 10-6(13)
Land Use, acre-hr/106 Btu 0.1(14)
Approx. Module Efficiency 35%(15)

e — e ]
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Footnotes for Table 63:

(1)
(2)

(3)
(%)

(5)
(6)
(7)

8)
(9
(10)

(11)

12)

13)

(14)

(15)

NOy emission factor (A1) = 18 1b/ton coal burned.

a.

b. Heating value of eastern coal (assumed) = 12,000 Btu/lb.

c. NO, removal efficiency by MgO-scrubber (assumed) = 207%.

a. Sulfur content of eastern coal, S (assumed) = 3%.

b. SO, emission factor(A-1) = 38 S 1b/ton coal burned.

c. MgO-scrubber efficiency (assumed) = 90%.

a. C0 emission factor(A=1l) =1 1b/ton coal burned.

a. Ash content of eastern coal, A (assumed) 14.4%.

b. Particulate emission factor{A-1) = 16 A 1b/ton coal burned.

c. Scrubber efficiency for particulate removal = 997,

a. Hydrocarbon emission factor(A-l) = 0.3 1b/ton coal burned.

a. Efficiency of conventional boiler with MgO-scrubbing (assumed)
= 35%.

a. Total solid to water(4-12) = 0,036 1b/106 Btu.

b. Fraction of suspended solids (assumed) = 70%.

a. Fraction of organic material in total solid (assumed) = 307%.
a. Ash content of eastern coal (assumed) = 14.4%. 20% to bottom ash.
a. MgO reacts with SOy to product 807 of MgSO3-6H20 and 207 of

MgSO4 THy0 (assumption).

C.

1% blowdown of MgSO3°6Hp0 and MgSO4 7H20 (assumed).
Loss in regeneration (assumed) = 5%. Add fly ash collected.

Sulfur reacted with MgO is regenerated in the form of H,50,.
Regeneration efficiency (assumed) = 100%.

Man-hour required per 106 Btu for conventional power plant(A‘13)

.4 % 10”3 man-hour/106 Btu.

Total injuries ger 106 man hour(A-13) = 5,7,
Death rate(A-12 2.47 of injuries.

Days lost per death (assumed = 6000 days/death.
Days lost per injury (assumed) = 229 days/injury.

Land requirement for a 1000 MW power plant (assumed) = 800 acres.

Efficiency of conventional boiler with MgO-scrubbing

(assumed) = 35%.
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TABLE 64  ENVIRONMENTAL DATA FOR MODULE

Module - Conventional Boiler.
Unit - 106 Btu (Input)

Environmental Parameters Fuel Input, Eastern Coal
Alx
NO,, 1b 0.75(1)
S0,, 1b _ 4.75(2)
co, 1b 0.0?2(3)
Particulate, 1b 0.1(%)
Total organic material, 1b 0.013(5)
Heat, 10° Btu 0.63(6)
Water
Suspended solids, 1b 0.025(7
Dissolved solids, 1b 0
Total organic material, 1b 0.011(8)
Heat, 100 Btu . Negligible after cooling tower
Acid (HpS04), 1b 0
Solid
Slag, 1b 0
Ash, 1b 12.0(9)
Sludge, ‘1b 0
Tailings, 1b 0
Hazardous, 1b 0
By=Products 0

Occupational Health

Deaths 3.3 x 10-10(10)

Total Injuries 1.4 x 10-8(10)

Man Days Lost 5.1 x 10-6(11)
Land Usec, acre-hr/106 Btu 0.1(12)
Approx. Module Efficiency 37%(13)

e e L —————— ]
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Footnotes for Table 64:

NO, emission factor(A'l) = 18 1b/ton of coal burned.

SO, emission factor(A=1l) = 38 S 1b/ton of coal burned.
uffur content, S (assumed) = 3%.

CO emission factor(A=1) =1 1b/ton coal burned.

Particulate emission factor(A'l) = 16A 1b/ton coal burned.
Ash content, A (assumed) = 14.4%.

Electrostatic precipitator efficiency (assumed) = 99%.
Hydrocarbons emission factor (A=1) = 0.3 1b/ton coal burned.

Efficiency of conventional boiler (assumed) = 37%.

Total solid to water(A-IZ) = 0,036 1b/10% Btu.
Fraction of suspended solid (assumed) = 70%.

Fraction of organic material in total solid (assumed) = 30%.
Ash content of coal (assumed) = 14,47 cam

il
Man-hours required per 106 Btu for conventional power plant(A 13)

= 2.4 x 10™3 man-hour/106 Btu.

(1) a.
(2) a.
b.
3) a.
(4) a.
b.
c.
(5) a.
(6) a.
(7) a.
b.
(8) a.
(9) a.
(10) a.
b.
c.
(11) a.
b.
(12) a.
(13) a.

Total 1n3urlei ger 106 man hour (A-13) = 5,7, TS
Death rate = 2.4% of injuries.

Days lost per death (assumed) = 6000 days/death.
Days lost per injury (assumed) 229 days/injury.

Land required for a 1000 MW power plant (assumed) = 800 acres.

Efficiency of conventional boiler (assumed) = 37%.
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TABLE 65. ENVIRONMENTAL DATA FOR MODULE

Module -~ Strip Mined Coal, East
Unit - 106 Btu (output) '

With Land Restoration and

Environmental Parameters Treatment of Acid Drainage(l)
Aix
No,, 1b ' 0.0002(2)
S0,, 1b Negligible
co, 1b Negli%ible
Particulate, 1b 0.14(3)
Total organic material, 1b Negligible
Heat, 100 Btu ' Negligible
Water
Suspended solids, 1b 0.55(4)
Dissolved solids, 1b 0.18
Total organic material, 1lb Negligible
Heat, 106 Btu . Negligible )
Acid (HpS04), 1b Nil
Solid
Slag, 1b 0
Ash, 1b 0
Sludge, 1b 0.24(5)
Tailings, 1b Negligible
Hazardous, 1b 0

By-Products None

Occupational Health

Deaths 5 x 10-9(3;
Total Injuries 2.5 x 10-7¢1)
Man Days Lost 7.4 x 10
Land Use, acre-hr/10® Btu ’ 0.3(9)
Approx. Module Efficiency 99.62(10)

= ——————— ———— == —— T
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Footnotes for Table 65:

(1) 1Impacts will be negligible after land restoration. Stated impacts
will occur during the actual operation.

(2) a. NO_ relcased to atmospherc from reclamation operation was
derived based on the assumption that a diesel powered bulldozer is
used for reclamation.

b. Time requirement for reclamation (assumed) = & hr/acre.
c. Bulldozer engine power (assumed) = 150 hp.

d. Fuel consumption rate A-1) = 0.5 1b/hp-hr,

e. Emission factor(A-1) = 0.37 1b NO,/gal of fuel used.

f. Average thickness of coal seam (assumed) = 2 ft.

g. Coal density (assumed) = 82 1lb/ft3.

h. Heating value of coal (assumed) = 12,000 Btu/lb.

(3) a. Emission factor (same as primary rock crushing and copper
mining) = 0.1 1b/ton of overburden.
b. Average overburden per ton of coal (private communication, EPA)
= 33 tons.

(4) a. Rate of silt run-off (assumed = 5000 tons/Miz-year.
b. Average thickness of coal seam (assumed) = 2 ft.
c. Coal bulk density (assumed) = 82 1b/ft3.
d. Reclamation period (assumed) = 3 years

(5) a. Dissolved solids (CaSO;) and sludge (FeOH3) come from acid
treatment (assumed).
b. Drainage water discharge rate for a strip coal mine with a
capacity of 106 ton coal/year (assumed) = 10°© gal/day.
c. Acidity of drainage water (assumed) = 1000 ppm.

hn

(6) a. Death rate for strip coal mining(A'lz) = 0.12/106 ton coal.
b. Heating value of coal (assumed) = 24 x 106 Btu/ton coal.

{7) a. Injury rate for strip coal mining(A'IZ) = 5.65 injuries/lO6
ton coal. -

(8) a. Man-days lost per death (assumed) = 6000 days/death.
b. Man~days lost per injury (assumed) = 180 days/injury.

(9) a. Land required for 106 tons of coal(A'lz) = 280 acres.
b. Time required for reclamation (assumed) = 3 years.

(10) a. Efficiency of strip mine operation (assumed) = 99.6%.
b. Depletive waste not included.
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TABLE 66. ENVIRONMENTAL IMPACTS OF MODULE

Module-~_Coke Oven(l)
Unit--10% Btu (Input)

Environmental Impacts Coal, West
Air
No_, 1b 0.0017¢2)
$0,, 1b 0.8®
co, 1b 0.053®
Particulate, lb 0.146®
Total organic material, 1b 0.175(2)
Water

Suspended solids, 1b —
Dissolved solids, 1lb _—
Total organic material, 1b —_—

Solid

Ash, 1b

Sludge, 1b 0
Approx. Module Efficiency 702
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Footnotes for Table 66:

¢)) a. Low sulfur coal (0.95% S) was assumed in the coke oven
operation.

b. Heating value of coal (assumed) = 12,000 Btu/lb coal.
(2) a. Emission factors were taken from reference (A-1l).

(3) a. Based on assumption that 50% of sulfur in coal remains in
the coke and 50% ultimately is emitted as 802.
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TABLE 67. ENVIRONMENTAL IMPACTS OF MODULE

Module--_Space Heating(l)

Unit--10" Btu (Input)

I

Environmental Impacts Resid (3.5% S)
Air
S0,, 1b 3.068(%
Cco, 1b 0.030
Particulate, 1b 0.017
Total organic material, 1b 0.004
Water
Suspended solids, 1lb 0

Dissolved solids, lb
Total organic material, 1b

Solid
Ash, 1b 0
Sludge, 1b 0
Approx. Module Efficiency 70%
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Footnotes for Table 67:

(1) a. Values were taken from Table A-46 in reference (A-26) except
as modified below.

(2) a. SO2 emission was modified based on sulfur content of fuel oils.
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TABLE 68. ENVIRONMENTAL IMPACTS OF MODULE

Module--GSpace Heating(l)

Unit--10" Btu (Input)
Environmental Impacts ‘Coal (3% S)
Atr
NO_, 1b 0.177
x - (2)
502’ 1b 4.410
co, 1b - 3.490
Particulate, 1lb 0.775
Total organic material, 1lb 0.775
Water
Suspended solids, 1b 0
Dissolved solids, 1b 0
Total organic material, 1b 0
Solid
Ash, 1b 6.9
Sludge, 1b
Approx. Module Efficiency 50%

in
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Footnotes for Table 68:

(1) a. Values were identical to those in Table A-12 except as modified
below.

(2) a. SO2 emission was modified based on sulfur content of coal,
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A"l.

A"Sc

A"6o

A-8.

A-go

A-10,

A-11,

A-12,

A-13,
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APPENDIX B

CALCULATION OF PREDICTED AMBIENT AIR
QUALITY FOR THE INDIANAPOLIS AQCR

The calculations required for the determination of ambient air
quality to be expected from fuel combustion in the Indianapolis AQCR
according to projections based on Scenario 1 and Scenario 3 are presented
in this appendix. The Indianapolis AQCR inventory was modified as
indicated in the discussion in the body of the report. The resulting
base-case data are given in Table 69. These data refer to 1971 fuel
quantities and the emissions and AAQ are based on the use of all clean fuel,

The approach will be illustrated by describing the calculations
required for 1975. The base-case data (Table 69) were first increased
by a growth factor, 1.101, determined by dividing the Dupree and West
projected coal use as fuel in 1975 (13,675 x 1012 Btu) by the actual 1971
value (12,420 x 1012 Btu). The results of the growth factor multiplica-
tion are given in the first three lines of Table 70. These data represent
the coal use for the Indianapolis AQCR for 1975 and the S0, emissions and
AAQ which would result if all the coal were low sulfur coal.

The total coal use was broken down into high- or low-sulfur coal
use and into various energy technology applications in direct proportion

to the fuel utilization projections developed in the body of the report.
For convenience, the coal allocations for 1975 were summarized from

Tables 6, 7, and 8 for Scenario 1 and from Tables 19, 20, and 21 for
Scenario 3. This summary is given in Table 71. For certain of these
allocations the percentage of the total is also given in Table 71. For
example, in Scenario 1 the high-sulfur coal use in the electrical sector
was projected to be 5,775 x lolthu, or 42,23 percent of the total, These
percentages were then applied to the total coal use projected for the
Indianapolis AQCR in 1975. Thus, in Scenario 1, 42.23 percent of the
projected total coal, or 1,807,146 tons per year, are allocated as high-
sulfur coal to the electrical sector. The results of these calculations
are given in the coal-use column of Table 70. The quantities of low-sulfur

coal were adjusted to balance the subtotals for each sector.
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Each coal-use quantity was multiplied by the emission factor
appropriate to the coal type or applied energy technology to obtain the
equivalent SO2 emissions in tons per day as given in Table Table 70.

The SO2 emissions were summed for each sector and the resulting
AAQ contribution calculated for each sector in proportion to the
corresponding base-case values. The necessary calculations are shown in
Table B-2.

Finally, the sector contributions to AAQ were summed to obtain
the total predicted AAQ from coal combustion according to Scenario 1,
43,15 ug/m3, and according to Scenario 3, 105.16 ug/m3.

These calculations were repeated for the remaining years and the
resulting data are given in Tables 72 and 73 for 1980, in Tables 74
and 75 for 1985, and in Tables 76 and 77 for 2000.

It was pointed out in the body of the report that the total
emissions calculated for Scenario 3 were larger than for Scenario 1l imn
1980, 1985, and 2000 as a result of removing some stack gas cleaning
capacity to balance the coal subtotal in the electrical sector. The same
result is, of course, observed in Tables 72, 74, and 76. However, it
should be noted that it is not the increase in emissions per se which is
responsible for the large increase in AAQ observed for Scenario 3, but
rather, it is the occurrence of increased emissions in the nonelectrical
sectors which is responsible for the increased AAQ. For example, consider
the year 2000, Table 76; assume that the same quantity of high sulfur
coal (1,131,813 tons/year) projected for Scenario 3 is included in the
electrical sector for Scenario 1, and that the low sulfur coal projection
for Scenario 1 is reduced by the same amount to balance the subtotal. Also
assume that the stack gas cleaning capacity projected for Scenario 1 is
retained in Scenario 3 and the low-sulfur coal in Scenario 3 is reduced to
balance the subtotal. Now the only difference between the two scenarios
is the interchange of high- and low-sulfur coal between the electrical and
the nonelectrical sectors. When the AAQ calculations are repeated with

these modified coal-use quantities, the results are as follows:
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SO2 Emissions, AAQ-R33

Tons/Day “,g/m3

Scenario 1
Electrical Sector 313.8 14,7
Other Sectors 91.2 54.6
Totals 405.0 60.3

Scenario 3
Electrical Sector 192.2 9.0
Other Sectors 218.3 130.6
Totals 410.5 139.6

In this case the total emissions are nearly equal, yet the AAQ for

Scenario 3 is still more than twice that for Scenario 1.
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TABLE 69. INDIANAPOLIS BASE CASE-1971(@:P)

Coal use, SO02 Emissions, AAQ—Recegfor 33,

Tons /Year Tons /Day _yg/m
Electrical Sector 3,001,038 156.9 7.35
Other Sectors 885,697 40,7 24,39
Totals, All Sectors 3,886,735 197.6 31.74

(a) Assumed all clean fuels.

(b) Processing plants have been excluded from this table. Seven plants
emitted 3.29 T/D SOp and contributed 14.78 u.g/m3 to Receptor 33,
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TABLE 70.

.

PREDICTED AMBIENT AIR QUALITY - 1975

Coal Use, S0, Emissions, AAQ - necsptor 33
Sector/Combustion Mode Tons/Year Tons/Day ug/m
Indianapolis Base Case
(Growth Factor, 1.101, applied to 1971 Base Case)
Electrical Sector 3,304,143 172.8 8.09
Other Sectors 975,152 -~ 44,8 26.85
Totals, all sectors 4,273,295 217.6 34.95
Scenario 1
Electrical Sector
Stack gas cleaning 219,099 (5.12%) 3.60
High sulfur coal, w/o cont. 1,807,146 (42.23%) 282.20
Low sulfur coal 1,277,898 (Bal.) 62.31
Subtotals 3,304,143 348.11 16.30 (348.11/172.8 x 8.09)
Other Sectors (Unchanged) 975,152 44,8 26.85
Totals, all sectors 4,274,295 392,93 43.15
Scenario 3
Electrical Sector
Stack gas cleaning 219,099 (5.127%) 3.60
High sulfur coal, w/o cont. 946,580 (22.12%) 147,88
Low sulfur coal 2,138,099 (Bal.) 104.25
Subtotals 3,304,143 255.73 11.98 (255.73/172.8 x 8.09)
Other Sectors
High sulfur coal, w/o cont, 860,201 (20.11%) 149,95
Low sulfur coal 114,951 (Bal.) 5.60
Subtotals 975,152 155,58 93.18 (155.55/44.82 x 26.85)
Totals, all sectors 4,279,295 411.28 105.16
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TABLE 71.  YEAR 1975 COAL ALLOCATIONS

Scenario 1 Scenario 3
12 Percent 12 Percent
Sector 107"Btu  of Total 10 "Btu of Total
Residential/Commercial
Low sulfur coal 325 80
High sulfur coal 0 245
Industrial
Low sulfur coal 4,450 1,945
High sulfur coal 0 2,505
Totals, R/C plus Industrial
Low sulfur coal 4775 2025
High sulfur coal 0 2,750 20.11
Electrical
Low sulfur coal 2,425 5,175
Stack gas cleaning 700 5.12 700 5.12
High sulfur coal 5,775 42,23 3,025 22,12
Total, all sectors 13,675 13,675
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TABLE 72. PREDICTED AMBIENT AIR QUALITY - 1980

Coal Use, 80, Emissions, AAQ - RgcspCOr 33
Sector/Combustion Mode Tons/Year Tons/Day . ug/m

Indianapolis Base Case

(Growth Factor, 1.273, applied to 1971 Base Case)

Electrical Sector 3,820,321 199.7 9.36
Other Sectors 1,127,492 51.8 - 31.05
Totals 4,947,813 251.5 40.41
Scenario 1
Electrical Sector - -
Stack gas cleaning 1,121,622 (42.887%) 34.88
High sulfur coal, w/o cont. 178,616 (3.617%) 27.89
Low sulfur coal 1,520,083 (Bal.) 74.11
Subtotals 1,820,321 136.88 6.42 (136.88/197.7 x 9.36)
Other Sectors (Unchanged) 1,127,492 51.8 31.05 §
Totals, all sectors 4,947,813 188.68 37.47
Scenario 3

Electrical Sector

Stack gas cleaning 1,412,600 (28.557%) 23,22

High sulfur coal, w/o cont. 0

Low sulfur coal 2,407,721 (Bal,) 117.39

Subtotals 3,820,321 140,61 6.59 (140.6/199.7 x 9.36)
Other Sectors

High sulfur coal, w/o cont, 887,638 (17.947%) 138.62 '

Low sulfur coal . 239,855 (Bal.) 11.69

Subtotals 1,127,492 150.31 90.1 (150.3/51.8 x 31.05)
Totals, all sectors 4,947,813 290,92 96.69
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TABLE 73. YEAR 1980 COAL ALLOCATIONS

Séenario 1 Scenario 3
12 Percent 12 Percent
Sector 10" "Btu of Total 10 "Btu of Total
Residemtial/Commercial
Low sulfur coal 300 75
High sulfur coal 0 225
Industrial
Low sulfur coal 4,550 1,993
High sulfur coal 0 2,557
Totals, R/C plus Industrial
Los sulfur coal 4,850 2,068
High sulfur coal 0 2,282 17.94
Electrical
Log sulfur coal 3,450 6,232
Stack gas cleaning 6,650 42 .88 4,428 28.55
High sulfur coal 560 3.61 0
w/o control
Total, all sectors 15,510 15,510
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TABLE 74.

PREDICTED AMBIENT AIR QUALITY - 1985

Coal Use, 802 Emissions, AAQ - Receptor 33
Sectotlccmbus tion Mode Tons/Year Tonslnay uglms
Indianapolis Base Case
(Growth Factor, 1.654, applied to 1971 Base Case)
Electrical Sector 4,963,717 259.5 12,16
Other Sectors - 1,464,943 67.4 40.34
)
Totals 6,428,660 326.9 52.50
Scenario 1
Electrical Sector
Fluidized-bed 134,359 (2.09%) 3.1
Low Btu 161,359 (2.51%) 4.9
Liquefaction 100,300 (1.57%) 2.3
Stack gas cleaning 2,337,461 (36.36%) 38.4
Low sulfur coal . 2,230,238 (Bal.) 108.7
High sulfur coal, w/o cont. 0
Subtotals 4,963,717 157.4 7.4 (157.4/259.5 x 12,16)
Other Sectors (Unchanged) 1,464,943 67.4 40.3
Totals 6,428,660 224.8 47.7
Scenario 3
Electrical Sector
Fluidized-bed 134,359 (2.09%) 3.1
Low Btu 161,354 (2.09%) 4.9
Liquefaction 100,300 (1.57%) 2.3
Stack gas cleaning 1,083,579 (21.83%) 17.8
Low sulfur coal 3,484,120 (Bal.) 169.9 N -
~ High sulfur coal, w/o cont, 0
Subtotals 4,963,717 198.0 9.3 (198.0/259.5 x 12.16)
Other Sectors
High sulfur coal, w/o cont, 921,227 (14.33%) 143.9
Low sulfur coal 543,716 (Bal.) 26.5
Subtotals 1,464,943 170.4 102.0 (170.4/67.4 x 40.34)
Totals, all sectors 6,428,660 368.4 111.3
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TABLE 75.

YEAR 1985 COAL ALLOCATIONS

Scenario 1

Scenario 3

12 Percent 12 Percent
Sector 10""Btu  of Total 10 Btu of Total

Residential/Commercial

Low sulfur coal 100 25

High sulfur coal 0 75

w/o control

Industrial

Low sulfur coal 4,820 2,113

High sulfur coal 0 2,707
Totals, R/C plus Industrial

Low sulfur coal 4,920 2,138

High sulfur coal 0 2,782 14.33
Electrical

Fluidized-bed combustion 400 2.09 400 2.09

Gasification, low Btu 480 2,51 480 2.51

Liquefaction 300 1.57 300 1. 57

Stack gas cleaning 6,960 36.36 4,178 21.83

Low sulfur coal 6,080 8,862

High sulfur coal, 0 0

w/o control

Totals, all sectors 19,140 19,140

li
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TABLE 76. PREDICTED AMBIENT AIR QUALITY - 2000

Coal Use, SO2 Emissions, AAQ - Recegtot 33
Sector/Combustion Mode Tons/Year Tons/Day us/m
Indianapolis Base Case
(Growth Factor, 2.24, applied to 1971 Base Case)
Electrical Sector 6,722,325 351.5 16.46
Other Sectors 1,983,961 91.2 54.64
Totals 8,706,286 422.7 71.10
Scenario 1
Electrical Sector
Fluidized-bed combustion 1,140,523 (13.1%) 26.2
Low Btu gasification 1,453,950 (16.7%) 44,5
Liquefaction 957,691 (11.0%) 22.4
Stack gas cleaning 1,715,138 (19.7%) 28.2
Low sulfur coal 1,455,023 (Bal.) 70.9
High sulfur coal, w/o cont. 0
Subtotals 6,722,325 192,.2 9.0 (192,2/351.5 x 16.46)
Other Sectors (Unchanged) 1,983,961 91.2 54,6
Totals, all sectors 8,706,286 283.4 53.6
Scenario 3
Electrical Sector
Fluidized-bed combustion 1,140,523 (13.1%) 26.2
Low Btu gasification 1,453,950 (16.7%) 44,5
Liquefaction 957,691 (11.0%) 22.4
Stack gas cleaning 583,321 (6.7%) 9.6
Low sulfur coal 2,586,840 (Bal.) 126.1
High sulfur coal, w/o cont. 0
Subtotals 6,722,325 228.8 10.7 (228.8/351.5 x 16.46)
Other Sectors
High sulfur coal, w/o cont., 1,131,817 (13.0%) 176.7
Low sulfur coal 852,144 (Bal.) 41.5
Subtotals 1,983,961 218.3 130.6 (218.3/91.2 x 54.64)
Totals, all sectors 8,706,286 447.1 141.3
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TABLE 77. YEAR 2000 COAL ALLOCATIONS, EXCLUDING

COAL FOR HIGH Btu GASIFICATION

Scenario 1

Scenario 3

12 Percent 12 Percent
Sector 10°"Btu of Total 10 "Btu _of Total

Residential/Commercial

Low sulfur coal 0 0

High sulfur coal 0 0
Industrial

Low sulfur coal 5,300 3,323

High sulfur coal, 0 2,977

w/o control

Totals, R/C plus Industrial

Low sulfur coal 5,300 2,323

High sulfur coal 0 2,977 13.0
Electrical

Fluidized-bed combustion 3,000 13.1 3,000 13.1

Low Btu 3,820 16.7 3,820 16.7

Liquefaction 2,500 11.0 2,500 11.0

Stack gas cleaning 4,500 19.7 1,523 6.7

Low sulfur coal 3,700 6,677

High sulfur coal, 0 0

w/o control

Totals, all sectors 22,820 22,820
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