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ABS TRACT 

The objectives of this study are: (i) 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: (I) 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 (1) 

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 wltnout control in 1975 and 1980. The Dupree and West forecasts 

inelude 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 fue!~ princiaplly coal. 

(2) ~ne total emissions to be expected from the combustion of 

the projected quantities of fuel were calculated. The results show that, 

~Tith the preliminary technology projection, about 29 million tons of SO 2 

will be emitted in 1975, 18 million tons or 37 percent less in 1980, and 

20 million tons in 2000. The reduction obse~¢ed 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 SO 2 was estimated by repeating the calculation assuming no 

aFt!led control technology. The observed reduction in SO 2 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 NO emissions were shown to rise 
x 

steadily throughout the period--18 million tons in 1975 to 27 million tons 

in 2000--reflectin~ the increase in fuel consumption and the lack of 

available NO ¢ontro! technology. The total particulate emissions are 
x 

s~aii--2.3 to 4.7 million tons from 1975 to 2000--compared with SO 2 and NOx. 

T~is 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. 

1 



(3) The potential impact of the total SO 2 emissions on ambient 

air quality was estimated by means of a model study of the Indianapolis 

Air Quality Control Region. The results indicate that, for Scenario 1 

(allocation of clean fuel to small-source sectors), the maximum contribution 

to SO 2 concentrations from fuel combustion sources decreases from 1975 

to 1980 because of the projected increase in the application of stack gas 

cleaning, then rises to slightly above the secondary standard by the 

year 2000 because of the projected increase in overall fuel use. For 

Scenario 3 (some dirty fuel burned in small-source sectors), the same 

trend occurs but the values are more than twice the Scenario 1 values 

in each year. This result reflects the disproportionate influence of 

small sources on ambient air quality. It should be noted that the result 

is merely an estimation of the impact to be expected for that AQCR given 

the projected growth in fuel consumption and available control technology. 

(4) An assessment was made of the potential of energy 

technologies to contribute to the solution of the energy/environment 

problems. Each of ten technologies was evaluated with respect to six 

assessment criteria: residual emissions, availability, applicability, 

cost, energy efficiency, and probability of successful development. The 

final assessment yielded the following ranked order of technologies: 

Highest rated group 

Stack gas cleaning, throwaway 

Physical coal cleaning 

Stack gas cleaning, by-product 

Second group 

Residual oil desulfurization 

High-pressure fluidized-bed combustion of coal 

Chemically-active fluidized-bed combustion of oil 

Third group 

Chemical coal cleaning 

Fourth group 

Coal gasification, low Btu 

Coal refining (liquefaction) 

Coal gasification, high Btu 



(5) Eeco~--~-endations of techno!o~y research and development 

w~re made based on the needs identified in this study and the technoioEy 

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 : 

(i) ~:imize the allocation of clean fuels to small 

sources. This solution is addressed in Recommenda- 

tions i~ 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. 

(!) Detailed analysis of current and projected clean fuels distribution 

and constraints on fuel switching flexibility to identify ways to 

m~,imize the allocation as clean fuels to small sources 

(a) Identify important misplaced blocks of clean fuel 

(b) identify barriers to fuel s~,ritching such as long- 

ter~ fuel supply contracts, outright o~,rnership of 

fuels ~ availability of replacement fuels ~ and 

availability of clean fuel supply netE,zork. 

(2) Stack gas cleaning for utilities and industrial sources of SO x 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 

(demons tration des irable) 

(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) F!uidized-bed combustion 

(a) DeveiopmenT.al studies on presently identified critical 

prob!e~s in f!uidized combustion of coa!~ including 

solids handling, minimization of attrition and elutriation 

of bed meteria!s~ maximizing combustion efficiency and 

sorbent utilization~ and cleaning of hot gases to minimize 

£~bine damage in combined cycle application. 
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(4) 

(5) 

(b) 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 SO 2. This 

approach would reclaim the fuel value of the residues 

while eliminating the residue disposal problems. 

(c) 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. 

(d) 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. 

Control technology for NO . Adequate means for controlling emissions 
x 

of NO are not available. This important area must be emphasized. 
x 

(a) Development of coal firing techniques and combustion 

modifications to minimize NO emissions 
X 

(b) Development of techniques for minimizing the conversion 

of fuel nitrogen 

Combined firing of prepared municipal refuse and pulverized coal. 

Although this approach was not considered in the current study, 

it has potential for providing an additional supply of energy 

with reduced emissions at relatively low cost while eliminating 

the solid waste disposal problem. The application of this practice 

should be accelerated as rapidly as possible. 

(a) Engineering study of means of adapting various types of 

existing boilers to combined firing 

(b) Supplement St. Louis study to develop optimum refuse 

preparation techniques 

(c) Studies of high-temperature corrosion by gases from 

refuse/coal firing 

6 



(6) Chemical cleaning of coal 

(a) Development of chemical processes capable of removing 

all or part 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) ~igh Btu (pipeline) gas from coal 

(a) Development of systems for feeding coal into 

pressurized systems 

(b) Development of environmentally acceptable methods of 

char combustion (see f!uidized-bed topics) 

(8) Lo~ 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 residentia!/commercia! 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 government agencies, 

and certain industries have a number of research and development efforts 

in progress which are directed toward minimizing the pollutant emissions 

associated with the conversion of fossil fuels to useful energy. These 

efforts fall into three categories: fuel cleaning processes, fuel 

conversion processes, and emission control techniques. The objectives 

of this study are: (I) 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 recormnend 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 

(i) Physical coal cleaning 

(2) Chemical coal cleaning 

(3) Resid desulfurization 



Fuel convers ion 

(4) Coal refining 

(5) Coal gasification, low Btu 

(6) Coal and oil gasification, high Btu 

E~ission control technologies 

(7) Stack gas cleaning, throwaway 

(8) Stack gas cleaning, by-product 

(9) Fiuidized-bed combustion of coal 

(!0) Chemically- active fluidized-bed combutsion 

of oil. 

•nese 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, industria!~ utility) were 

analyzed to dete_~-_ine ~nat emissions and effluents fuel burning systems 

would produce, with and without control techno!goies applied, to the year 

2000. ~nree scenarios were considered in this step. In the first all 

available supplies of low-sulfur fuel were assumed to be burned in the 

domestic~ cor_~_ercia!~ and industrial sectors and available control 

technologies assu~ed to be applied to control of utilities. Estimates for 

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

tec~m_o_oc_e~ 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 ! except that part of the high-sulfur fuel 

~ich was assu~_ed burned in utilities, because clean fuels and control 

system, s ~Tere not availabie~ was assumed to be burned in nonutility systems. 

Becaus~e 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 ~zere 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 ii utility boilers, 19 industrial 

boilers burninE 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 

which would make it possible to use all dirty fuel in utilities where it 

would do least harm. 

The third step involved development of an overall index for 

comparison of the potential usefulness of the control technologies under 

consideration. Six criteria were used for a broad comparison of the 

technologies. They were (i) date of availability, (2) extent of the 

applicability, (3) the magnitude of uncontrollable residual emissions 

and effluents, (4) energy efficiency for the system, (5) cost to develop 

and apply the technology, and (6) probability of success in development 

of the new technologies. The ratings were based on expert opinion and 

were derived using methods intended to make them as objective as possible. 

They are not based on detailed investigations, e.g., probability of 

success ratings were based on the assumption that processes under develop- 

ment have come to their present stage by logical means involving rational 

judgments by the developers so that probability of success is mainly 

a function of how much additional development work is necessary. Judgments 

were made more on the amount of data believed available than on quality of 

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

intent was to consider dominant characteristics for each technology 

and make quantitative comparisons of those most important to definition 

of R&D needs. 
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The fourth step involved development of R&D recommendations° 

These were based on the estimated importance of the technologies in control 

of enviro~_~sntal pollution from energy production without excessive 

dependence on foreign sources of fuel. 

I! 



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. (I)* 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 

en£r~f 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, calculations, 

and results pertainin~ to each scenario are detailed in the following 

sections~ 

Scenario !. Assumed Application of Energy 
Technpio$ies~ Pre!iminarypro~ection 

Fuel ~l!ocation Assumptions 

~e mannmr in which various fuels are allocated has a bearing 

on t~_ total emissions in view of the fact that, in general, different 

e~ssion faators are associated with different classes of combustion 

sources, ~ optimum fuel application strategy wou!d assign clean fuels 

to s=_~!!er sources, which are unable to apply advanced emission control, 

and provide energy technologies for large sources. The fuel allocation 

for Scenario i was based on this premise. The supply of clean fuel was 

arbitrarily allocated to the residential/commercial sector first, to the 

industriei s~ctor next, and any residual clean fuel was assigned to the 

e!eetrica! sector, i~ may be noted that the projected clean-fuel supply, 

presented in the fo!!o~n~ section, is sufficient to satisfy the 

rasidentia!/commmrcia! and industrial sectors through the year 2000. 

Thus, in Stenerio !, dirty fuels were employed, with and without applied 

energy te~hnoio=~y, only in the electrical sector. In this context, 

cleaned coe! and ~o ._=h Btu gas from coal or Oil were included in the clean 

fuel supply e=~ 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 oil 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, ~I)~ and the result is shown in Table i. 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 I. PROJECTION OF CLEAN GASEOUS 
FUEL SUPPLY(a) (Unit; 1012 Btu) 

Year 

Fuel 1975 1980 1985 2000 

Domestic Natural 22,600 23,000 22,500 22,900 
Gas 

Domestic S~nthetic 700 2,000 5,500 
Gas 

Total Domestic 22,600 2~,700 24,500 28,400 
Supply 

Pipeline 2,100 3,100 4,200 7,600 
imports 

LNG imports 500 900 1,700 37500 

Total imports 2,600 4,000 5,900 II,I00 

Total Supply 25,200 27,700 30,400 39,500 

Nonfue! 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 I 
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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 (I) 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 I percent sulfur by weight. 

The limit of i 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) 

According to the study by Hittman Associates, Inc., the 

domestic supply of low sulfur residual fuel oil was 0.17 x 106 bbl/day 

in 1970 and the foreign supply was 0.9 x 106 bbl/day. The corresponding 

supplies of low sulfur residual fuel oil containing sulfur less than 0.5 

percent were 0.04 x 106 bbl/day and 0.39 x 106 bbl/day for domestic and 

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

American refineries. An annual growth rate of I0 percent was estimated 

for the supply until 1980 and then the rate was assumed to decrease to 

5 percent through 2000. Based on this information, the supply projection 

was made as shown in Table 2. The initial rapid increase in supply is 

attributed to the facts that the U. S. fuel demand for the industrial and 

electrical sectors will depend heavily on low sulfur resid until other 

fuel-cleaning or conversion technologies become commercialized; and that 

South American refineries are apparently willing to invest in, construct, 

and operate desulfurization plants. Such facilities are projected by 

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

Coal. Low sulfur coal is defined as coal containing less than 

I 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. (5) 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 Oil, 

in 106 bbl 

in 1012 Btu 

Lo~ Su!fur Residual 
Fuel Oil ~ 1.0% S), 

in 106 bbl 

in 10 i2 Btu 

Low Sulfur Residual 
Fuel Oil ~ 0.5% S), 

in 10 6 bb! 

in 1012 Bnu 

1,070 1,280 1,540 2,190 

6,200 (a) 7,500 9,000 12,800 

630 1,0!0 1,290 

3,800 (b) 6,100 7,700 

• 925 

5,500 

Total Clean Petroleum 
Fuel Supp!y~ 

in 1012 Btu I0,000 13,600 16,700 18,300 

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

(b) Heating value of Io~ sulfur residual fuel oil is 6,000,000 
Btu/bb!.(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. (5) 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 (I) 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 i and 1.5 percent (or 0.5 and 0.75 percent for 

the year 2000) was estimated. Such coal would yield <i 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 i000-~# power plant burns about 

60 x lol2Btu/yr or, conversely, i000 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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T~BLE 3. PROJECTION OF CLEAN COAL FUEL 
SUPPLY (Unit; 1012Btu) 

Year 

Fuel 1975 1980 1985 2000 

Lo~ Sulfur Coal 
1% S, dry basis) 

Low Sulfur Coal 
(! 0.5% S, dry basis) 

Cleanable Coal 
1% S, dry basis) 

C!eanable Coal 
0.5% S, dry basis) 

5,400 6,200 8,200 

1,800 2,100 2,800 

6, i00 

2,900 

~fote! Lo~7 Sulfur Coal 7,200 8,300 Ii,000 9,000 
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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 fiue 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) (8) 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 lOl2Btu Capacity~ MW in 1012Btu 

SOCTAP i0,000 600 161,000 9,700 

Mitre Corp. 15,000 900 116,000 7,000 

OP and E 25,000 1,500 45,000 2,700 

The mean between the SOCTAP and the Mitre projections for 1975 and the 

Mitre value for 1980 (near the mean of the other two) were chosen for the 

projection in Table 4. The references cited above did not include 

projections beyond 1980. For this projection it was assumed that the 

growth rate would decline between 1980 and 1985 and that the total installed 

capacity would be less in the year 2000 than in 1985. The rationale for 

this assumed growth pattern is that, in the absence of sufficient alterna- 

tive energy technology, flue-gas cleaning should grow as rapidly as 

possible through 1980; then the growth rate may be expected to reverse 

with the advent of fuel conversion and alternative combustion modes. This 

projection is optimistic in two respects. It assumes that improved 

technology will be developed and introduced very rapidly. Also, it assumes 

that large quantities of foreign oil will be available to meet clean fuel 
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TABLE 4. PRELDIINARY TECHNOLOGY AVAILABILITY PROJECTIONS 

Technology 
• Year of Ist 

Con~-Size Plant 
Year o f  Comm 
A v a  ilab i l  ity 

PxojectcdADP!ication , I0 |2 Btu 
1975 1980 1985 2000 

bO 

Coal Gasification, 
low Btu-Conv. Boiler 

Coal Gasification-High Btu 

Coal Liquefaction 

Fluidized-Bed Combustion 
of Coal 

Flue-Gas Cleaning 

Throwaway 

By-Product 

Chemically Active 
Fluidized-Bed (Oil) 

Nuclear 

1978 

1977 

1980 

1977 

1968 

1977 

1983 

1979 

1984 

1983 

1975 

1 9 7 9  

-- 480 3900 

300 (a) 1400 (a) 5000 (a) 

300 2500 

. . . .  400 3000 

750 7000 9000 5500 

610 5000 6230 2800 

140 2000 2760 2700 

- -  200 i 0 0 0  3000 

2560 (a) 6720 (a) II,750 (a) 49,230 (a) 

(a) Dupree a~d West, Reference I. 



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

schedule flue-gas cleaning could continue to grow until nuclear plants 

start to dominate in production of electrical energy. Further, even if 

new coal conversion technologies are developed at a very rapid rate 

their contribution will be small compared to projected deficits of 

domestic liquid fuels. Thus, the pressure to avoid over-dependence on 

foreign energy supplies could result in expansion of flue-gas cleaning 

beyond the estimated levels. The breakdown between the availability of 

throwaway and by-product processes for flue gas cleaning for 1975 is based 

on the approximate ratio (80/20) found to exist for those installations 

under construction or planned. For the later years the proportionate 

availability of by-product processes was assumed to increase, and the 

ratios, 70/30, 60/40, and 40/60, were chosen for 1980, 1985, and 2000, 

respectively. 

Coal cleaning was not included in this projection. Quantities 

of coal cleanable to I percent sulfur or less were included in the clean 

fuels projection. Physical cleaning methods are available now for treating 

such quantities of coal. Similarly, desulfurized residual oil was in- 

cluded in the clean fuels projections. 

~uel 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 I, 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. 
t ~ 

FUEL UTILIZATION PROJECTIOF~. FOP, I]ESIDENTIAL AND CO}[~RCIAL SECTOR ~aj 

~ce~a].- io I 

Fuel/Technology 
Fuel Ut:LlizaLion Projection, 1012 Btu 

1975 1980 1985 2000 

LO 

Natural Gas (Clean Fuel) 

Petroleum 
Distillate Fuel Oil (Clean Fuel) 
Gasification, High Btu Gas 

Subtotal 

8,660 9,480 I0,060 I0,800 

5,750 6,440 7,4.80 9,520 
0 183 282 240 

5,750 6,623 7,762 9,760 

Coal 
Low Sulfur Coal (Clean Fuel) 
Gasification, High Btu Gas 

Subtotal 

Total 

325 300 i00 0 
0 137 658 2,400 

325 437 758 2,400 

14,735 16,540 18,580 22,960 

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



TABLE 6. FUEL UTILIZATION PROJECTION FOR INDUSTRIAL SECTOR "a~# ~ 

Scenario I 

Fuel/Technology 

Fuel Utilization Proiection~ 1012 Btu 
1975 1980 1985 2000 

bo 

Natural Gas (Clean Fuel) 

Petroleum 
Distillate Fuel Oil (Clean Fuel) 
Low Sulfur Resid (Clean Fuel) - Domestic 
Low Sulfur Resid (Clean Fuel) - Imported 
Gasification, High Btu Gas 

Subtotal 

Coal 
Low Sulfur Coal (Clean Fuel) 
Cleanable Coal (Clean Fuel) 
Gasification, High Btu Gas 

Subtotal 

Total 

11,040 11,750 12,440 17,040 

450 1,060 1,520 3,280 
560 530 650 740 

2,900 2,820 3,430 3,800 
0 217 318 260 

3,910 4,627 5,918 8,080 

3,340 3,410 3,610 3,970 
I,Ii0 1,140 1,210 1,330 

0 163 742 2,600 

4,450 4,713 5,562 7,900 

19,400 21,090 23,920 33,020 

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



TAg LFJ 7. FUEL UTILIZATION PROJECTION FOR ELECTRICAL SECTOR 

Scenar Lo I 

Fue l /Technology 
Fuel Ut.ilizatio n Projection , 101.2 Btu 

1975 1980 1_985 2000 

bo 

Natural Gss (Clesn Fuel) 

Petroleum 

Low Sulfur Resid (Clean Fuel) - Domestic 
Low Sulfur Resid (Clean Fuel) - Imported 
Chemically Active Fluidized Bed 
High Sulfur Resid with Stack Gas Cleaning 
High Sulfur Resid without Control 

Subtotal 

Coal 

Low Sulfur Coal (Clean Fuel) 
Cleanable Coal (Clean Fuel) 
Fluidized-Bed Combustion 
Gasification, Low Btu Gas 
Liquefaction 
High Sulfur Coal with Stack Gas Cleaning 

Limestone Scrubber 
MgO Scrubber 

High Sulfur Coal without Control 

Subtotal 

Total 

3,800 3,600 3,450 2,6~0 

40 4.50 580 160 
300 2,300 3,040 800 

0 200 1,000 3,080 
50 350 2,030 1,000 

3,190 1,700 0 0 

3,580 5,000 6,650 5,040 

1,735 2,490 4,490 2,130 
690 960 1,590 1,570 

0 0 400 3,000 
0 0 480 3,820 
0 0 300 2,500 

560 4,650 4,200 1,800 
140 2,000 2,760 2,700 

5,775 560 0 0 

8,900 10,660 14,220 17,520 

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,(2) 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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TABLI.; ~ .  H~}DIIL]~ C:?::I:RISrXC FI:EL/TECH:;CI,~ITf 5YgTEb'~ 

5,2 ,~:F~ ~ I" I.C, } 

Hodu len  
T,tel / Te~hn~] ca';; 5y,~tem l:~trac t I on Trnn~ ,po r t  Process I ng/Coi:ver~ ton Trnn~poct V~l l  t z a :  [<m 

"-4 

RESID~NI'It\L At~O CO*~,~VCIAL SECTOR 

Natural% C:~ (Glenn F!tel) 

Pe t re ] e u~l  

O l n i : l ] l a t e  'Fuel Ol.I (Clean "IV, re't) 
C:_ql ?:[cation, II~_gh ~t~.~ C~n 

Co=__l 
Lo~ S u l f u r  C o a l  (Clean Fuel)  
Ga~Lflcat:[nn, lligh Btu Can 

ID~USTRKAL SECTOR 

NaturAl Gas (Clean Fuel) 

Petroleum 
Die--ate Fnel Oil (Glean Fuel) 
Low Sulfur Resld (Clean ~uel) 
Low Sulfur Resid (Clean Fuel) 
Gasification, l l i g h  Btn ~as 

coa_._! 
L~ Sulfur Coal (Clean Fuel) 
Clennable Coal (Clean Fuel) 
Gasiflca~ion, N i g h  Btu Gas 

ELECTRICDJ. SECTOR 

Naturil Gas (Clean Fuel) 

Petroleum 
Low Sulfur Resid (Clean Fuel) 
Low Sulfur Resld (Clean Fuel) 
Che~. Act. Fluidlzed Bed 

t l [ g h  Sulfur Resld w i t h  Stack 
Gas Cleaning 

High Sulfur Resid without Control 

Coal 
Low Sulfur Coal (Clean Fuel) 
Gleanable Coal (Clean Fuel) 
Fluidized Bed Combustion 

Oaslfieat.~on, Low Btu Gas 
Liqde faetlou 
l|igh Sulfur Coal with Stack 
C, aa Gleaning 

H i g h  Sulfur Coal w~th Stack 
Gas Cleaning 

High Sulfur Coal w±thout Control 

Caa ~,~el I H~ne ~esulfurlzati~t% 

Oil UelJ  O i l  ~[pe]ine U,S, ~ef:[nery 
Oil ~ell Oil Pipe] [no Gnnif:tcatlon 

Coal Mine ~a~ N~e 
Coal }Line Rail H y g a a  

Gas Well None Desulfur izatio~ 

Oil Well Oil Pipeline U.S. Refinery 
Oil Well Oil Pipeline U.S. Refinery 
Import l~pert Import 
Oil Well Oil Pipeline Gasification 

Coal ~ne Rail None 
Coal }Line" None Physical Cleaning 
Coal Hine Rail Hygas 

Oas Well }lone Desulfurizatlon 

Oil Well Oil Pipeline U,S. Refinery 
Import Import Import 
Import Import Import 

Import Import Import 

Import Import Import 

Coal D~ne Rall None 
Coal Mine None Physical Cleaning 
Coal Mine Rail None 

Coal Mine Rall Lurgl Gas 
C o a l  }~ne Rall Liquefaction 

Coal Mine Rall None 

Coal Mine Rall None 

Coal Nine Rall None 

~T~ne Sp:ae He:tin~ 
Gas Plpetlne Space Heatin~ 

~[ono Spaae Heatlng 
CaS Pipetinn :p,:ce Hn~tin~ 

Gas Pipeline Cony. Boiler 

None Cony. Boiler 
Berg' -~ Cony.  Be liar 

Tanke~ Cony. B o l l e r  
Gas Pipeline Cony. Boiler 

None Cony. Beller 
Rail Cony. Boiler 

Gas Pipeline Cony. Bo~ler 

Gas Pipeilne Cony. Boiler 

Barg~ Cony. Boiler 
Tanker Cmw, Boiler 
Tanke~ Fluldlzcd Bed 

Co~ustlon 

Tankec Cony. Belier, 
Lime Scrub. 

Tanker Cony. Boiler 

None Cony. Boiler 
Rnll Cony. Boiler 
None Fluldizel Bed 

Cemhustion 
None Conv, Boiler 
None Cony. Boller 

None Cony. Boiler, 
Lime Scrub. 

None Cony. Boiler, 
MaC Scrub. 

None Cony. 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 I0 pollutants as follows. 

Air Emissions 

Nitrogen oxides, NO 
x 

Sulfur dioxide, SO 2 

Carbon monoxide, CO 

Particulate, part 

Total organic material, TOMA 

Water Emissions 

Suspended solids 

Dissolved solids 

Total organic material, TOMW 

Solid Waste 

Ash 

Sludge 

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

work 12)j " and the remainder were generated as required. A summary of these 

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

data are given in a more detailed format in Appendix A with footnotes 

detailing the derivation and the control technology assumptions involved 

in each case. Of note in the latter context are the following points: 

(I) Stack gas cleaning modules assume 90 percent 

reduction in SO 2 and 20 percent reduction in NO x 

(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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( d )  Toknl  o r g a n i c  m a t e r i a l  - waker .  



(say physical coal cleaning) has an efficiency less than i00 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 I are compiled in Tables i0, ii, 

12 and 13 

The results show that, with the preliminary technology availability 

projection, ~bout 29 million tons of SO 2 will be produced in 1975 but that 

this would be reduced about 37 percent to 18 million tons by 1980, 

princip&lly through the application of stack gas cleaning technology. In 

spite of the large increase in fuel consumption between 1980 and 2000, the 

SO 2 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 all of the coal is burned in 

boilers, the total SO 2 emissions would be about one million tons per year 

less than is shown in Tables ii and 13. This estimate is based on a 

1012 projection of 2400 x 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 SO 2 with the coke oven gases. 

The total NO emissions rise steadily through the 1975-2000 
x 

period reflecting the increased fuel use and the lack of any significant 

NO control availability. The total particulate emissions are small 
x 

compared with those of SO 2 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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TOTAL ~ IF), TOT,~T, EHT~TOH~ FnR GY~TIT~Iq IhT TIIE RESIDENTIAL/COH~IEI~CIAL ~['CTOII, ~CTIHAR]O I 

SY~TFHS 
"-'41':%T]~':'], IIIC!IS,~'IF~'] OF TD'I ~ c 

H~TUn~IL 

~]~1~ "qO? CO PAINT TO~'~ SS ~]] TO~N ISwI SLUO C,~ , 

1975 ,, 

LOH S C, OALICLE,~_ FIIEL) ,~.,,~'~ '~F~ ,_~.79,1n 5F-,9,~,5_ l. XT,r~G tP  r , q 4  45,50 0 . 9 0  11,130 i. 1 7 ~ . ~ 8  o . q ~  , 
GASIFTCATTOH-C,r}AL:,~tTGH RTII O.,[II] o.,.on ~,O~ . 0,F~I] Q,~Q 0,FIC) Lq,C]0 ~],G(] ~,q~ (% r/~ 

1980 

NATURAL GAS(CLEAN FUEL) 2961.71 ~28.31 71.10 23.70 513.?? ~.Ofl ~.~0 ~.o0 O.O0 O.QO 
DISI~FUEC OI[|~CEALi F'b~[) 5t)O.q6 129D,~7 i~6,'26 68..$4 94,45 ' 12,~'~' 22673.~B ........ 37,I'0 ~,Dq 22,5~ 
GASIFICATIOH-OIL~ HIGH Bi l l  ~3 .98  5 .90  1 . 3 7  .qO °7~  q .09  7 7 7 . 1 ~  1°90 7.G3 7 . 6 3  
LOg S COAL(CLEAt! FUEL) 
GASIFICATIOH-COAL~ HIGH BTU 

20.E5 22D.7t 525.75 t~6.q7 CIF..25 42.00 q.~O °.DO tQXS.0fl O°OOt 
t~6* t~  x q ° s t  2 . 6 5  Z4 .23  .37 G9.52 19°~8 ~ .08  &78.57  1868 .83  

L~ 
p.4 

TOTAL 189go00 ~ 

1985 

NATUPAL GASICLEAH FUEL) 31~? .91  136 .16  75.&5 25 .15  544 .6~  O.gO ~.~O 0 .00  O.O0 0 .00  
OIST FUEL OIL(CLEANFUEL) ~2fl.32 t499.3X ~23.~2 7g.37 $Oq.7t I~.96 263~5.03 37.29 Q.OO 26.tO 9 
GA~IFICATION-O~L t HIGH ~TU 67.77 9.tO 2.1t  1.38 t . ~ l  O.O0 1]q7.56 J.54 11.76 I~.76 
LOH S COAL(CLEAN FUEL) 6485 73 .57  175°25 42 ,32  3R.75  t 4 . ~ Q  ~,O0 O°O0 3 ~ 5 . ~  0 . 8 0  ~ 
GASIF~CAT~ON-CO~L, HIGH 8,Til 2 2 ~ . q 3  ~Rq.7t ,  12 .73  ~ t ~ . 3 6  ~ .~ f l  ? ~ 5 . ~ 9  93 .56  q .00  2 ? 9 8 . 5 ~  8975.~5  

TOTAL 4068 .78  t 9 0 7 . 8 9  388 .97  2 6 4 . 5 9  ~96 .89  3~4,8~ 2 7 ~ 6 . ¢ 5  38 .63  ~6R5°30 3 Q t 3 . 7 9  s 
I 

o 2000 

~ATUPAL GAS(CLEAN FUEL) 3374.10 ~t~6.17 81.On 27.00 58~.69 O.OQ q.qO 0.0~ O.On g.O0 
DIST FUEL OIL(GLEAN FUELI 799.68 19QB.2~  £57.08 t01,82 ~39.6~ ~9.0~ 3351(.31 47.46 Q.C8 " 3 X . 3 ~  
GASIFICATION-OIL~ HIGH BTU 5 7 , 6 7  7 , 7 t ;  1 , ~ 8  t.t~ ~ , 8 3  0 . 0 0  1 0 t 9 ° 2 0  t , R I  l f l .  Ot  1 0 , 0 1  

O,OO 8 , 0 0  0 , 0 8  0 , 0 0  8 , 0 q  'O ,OO 0 , 0 0  'O,OG' ' 8 . 0 0  O",Q~t LOH S COAL(CLEAN FUEL) 
GASIFICATION-COAL, HIGH BTO 813 .12  692 .07  46.4t~ 424°t~3 6 . 5 5  104?o75 3 4 i . 2 6  O.O0 8383°73 3273q°65 

YOTAL ............. 504t~.5~ ~75t~.2?. .... 286 .32  553 .62  7 3 t o ~ 9  " 1061o79 34877o77 ..... 4 6 . 7 7  8393 .74  3 2 7 8 i . 9 ~  ( 
I 



I 

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

EMISSIONS, THOUSANnS OF TONS 

SYSTEMS ~IOX S ~  CO PA~T TO~IA SS qS TO'~N A ~  SLUOGE 
1975 

~IATUPAL GAS(CLEAN FUEL) 5154.76 I~7.71 ?.71 ~?.]0 79~ .~  ~ . ] P  O.nO 9.00 O.OO O.qO 
O I S T  FUEL O I L I C L E A N  FUEL)  176.17 1 0 6 . 6 3  . 7 ~  1 ~ . 7 7  ~ , ~ 5  , 9 0  I S R ~ . O 3  Z . ~  O.pQ 1 . 5 / ,  
LOW S RESIO-OOMESTIC ?05.64 310.36 1.15 15.69 19.15 1.1~ 1q79.57 7.00 O.nO 1 . 9 ~  
LOW S PESIO-IH~ORTED 1 0 1 7 . 1 7  1 5 1 ~ . 3 2  I . , 8  75.5~ 1 ~ . 6 4  O.OC O.CO 7 1 , 7 5  0.00 ~ . ~ 0 ~  
GASIFICATION-OIL~ HIGH ~TU O.OO O.O0 O.OO O.OO O.Oq O.O0 O.Oq 9.OO O.OO O.OO 
LOW S COAL(CLEAN FUEL) 1670.00 7757.8~ I%5.7] 236.]0 ?6.7? ~09.3~ 3.C0 1~.17 15~33.00 0.30 ~ 
GLEANABLE COAL(CLEAN FUEL) 391.96 802.20 79.41 119.10 R.tq 360.79 113.~3 6.10 ~007.~5 317.R6 
GASIFICATION-COAL~ HIGH RTU 0.00 0.00 O.O0 O.O0 O.lq O.O0 O.G~ O.OG 0.33 O.O,;e 

TOTAL 
8 6 1 5 , 7 t  5&54.SK 1 5 0 . 6 3  5 4 3 . 2 1  8 6 7 . 8 7  9 6 0 . ~ h  3 & l l , Z 7  5 5 . ~ 7  1 ~ 0 3 7 , 5 5  3 7 1 . ~ 1  

H 

1980 

NATUPAL GAS(CLEAN FUEL) 5~8&.~7 15~.68 2.35 ~ q . i ]  ~7 .~2  9~.00 0.00 O . n q  O.CO 0.00 
OIST FUEL O I L ( C L E A N  FUEL)  ~ 1 ~ . 9 9  2 ~ 1 , 1 6  1 . 7 5  ] ? . ~ 5  2 0 . $ 5  7 . 1  ~ X 7 3 1 . 9 7  ~ , 7 8  ~ . 9 1  3 . 7 1  
LOW S PFSI~-OOHFSTIC 194.62 312.66 1.09 1~.85 9.60 ] .05 1873.~S G.G3 G.Cq I t 5 6  
LOW S oESIO-IH~ORTFO 989.11 1~68.66 1.~I  73.46 1~.74 0.00 O.OO 71.15 O.OO O.O0 : 
GAS IF~T  0 ~ _ ~ ! ~  HIGH nTU ~5.E7 6 . 9 6  .O& 7.15 4 ~ 4  1.7~ 921.52 ] . 1 9  9.45 9.05 
LOW S COAL(CL~AN FUEL) 1 7 0 ~ . C 0  7 8 1 9 . 6 4  1 1 7 . ~  7 4 1 . 2 6  7 7 . ~  5 7 0 . 0 ~  o . r o  1 ~ . 7 ~  1 5 x ~ 5 , 0 0  O,O0 
CL~ANABLE COAL(CLEAN FUTL)  &O~.55 ~73.8R 30.21 172.32 6 . ? ?  370.90 11b.59 8.77 3C~X.78  ]7E.45 
GASIFICATION-COAL, HIGH BTU 80.~1 W 6 . 9 /  1 . 9 6  29.64 3.3~ 72.12 ?~ . I~  3.qO ~69.~0 7773.50~ 

TOTAL 
9 ~ 5 S . 6 3  5 8 8 ~ . G 0  1 5 6 . , ~  5 0 4 . ~ 5  q ~ . 3 7  1 0 F 1 . 5 7  6 6 6 6 . 7 ' *  

1985 
5q.27 139n7.I~ 25~.~S 

H 

NATUPAL GAS(CLEAN FUEL) 
OIST FU~L OIL(CLEAN FUEL) 
LOW S ~ESTO-OOM:STTC 

_ _ LOW ~ ~ESI~.IMOO~TE O 
GASIFICATION-OIL, HIGH BTU 
LOW S COAL(CLEAN fUEL) 

595.08 360.16 ~ . b i  wE.53 73.~q 3.0~ 5XS].~G 
? ~ 8 . ~ q  X ~ 3 . 4 5  t . 3 4  1 8 . 2 1  1 1 . 7 ~  1 . 3 1  ~ 2 9 7 . ~ G  _ _ _  

1 P 0 3 . 0 7  1 7 ~ . 3 4  ? . 7 3  8 9 . 3 5  1 7 . 3 7  0 . 0 ~  O.O0 
I~5.~5 1 0 . 1 9  . 0 6  ~. I5  7 . 0 9  2.54 t~SO.~  

1 ~ 0 5 . 0 0  7 9 8 0 . 7 8  1 2 4 . 5 4  7 5 5 , ~ 1  7 8 . 4 8  5 5 0 . 5 ~  O.3G 
1~3.75 
105.51 

C.00 O.9O 3.00 

~.1] 3. ~O ~.7~ 
~ j 7 ~  o.co - - o , o @  
1.7. ] ~.?~ I~.~6 

GLEANABLE COAL(CLEAN FUEL) kZT.27 ~74.47 37.06 179.83 6.56 xq3.25 
GASIFICATION-COAC~ HIGH ~TU 366.03 213.8~ 8.94 I3W.q3 15.3~ 378.32 

TOTAL 1 0 5 6 9 . 1 3  6 7 7 5 . 0 8  1 7 4 . 1 8  7 7 0 . 7 0  t O t ~ . ~ q  1 3 7 R . 5 0  ~ ? ? q . q 6  

O.OO 7591.97 101 ;~1 .70  e, 

69.6~ ~?173.7~ 10~89.07 

2000 

NATUPAL GAS(CLEAN FUEL) 
OIST FUEL OIL(CLEAN FUEL) 

O.OP O.n? 0.0~, 

LOW S P E S ! q _ - ~ P T ~ T j ~  
LOW S ~ESIO-I~PORTEO 

7 a ~ 6 . 7 6  2 2 7 . 2 2  ] . ~ 1  1 7 7 . f i 0  1 2 R 9 . 2 3  1 3 6 . X ?  0.00 
I ~ 4 . 1 2  777 .18  5 . 4 1  1 0 0 . 4 0  6 4 . 5 1  6 . 5 ~  1 1 5 ~ 7 . q ~  

771.74  ~ 3 6 . 5 ~  1 ~ 2  ~ 0 . 7 ~  1 3 . ~ t  1 . 4 q  ~ t ~ . ~ O  
1 3 3 7 . 8 5  1 9 7 9 . 0 ~  2 . ~ 7  9 8 . 9 9  1 9 . I 9  0 . 0 0  3 . 0 0  

1 Q ~ 6 P  ~ . 3 3  .~5 ~ 5 7  5 . 8 0  ? . O q  1 1 0 4 . 1 3  
1 9 8 5 . 0 9  ~ 2 7 8 . 0 3  1 3 5 . 9 6  ~ 0 . 8 8  3 1 . 7 6  605.42 0.00 

4 6 9 . ~  9 6 t . 1 9  3 5 . ~  t ~ 2 . 7 0  7 . ] 1  4 3 7 . 3 5  I ~ b . ~  
1 7 8 ~ . 5 8  7 ~ 9 . 2 2  3 1 . 3 3  ~ 7 ~ . 8 0  5 3 . 9 0  1 1 9 0 . 4 9  3 6 ~ . 7 0  

q . ~ 5  0 , 8 9  P.6O 
?~.50 9 . q 0  O.OO ~ 

G A S I F I C A T I O N - O ~ L t  HIGH nTU 
LOW S COALICLEAN FUEL) 
GLEANABLE COAL(C~EAN FUELt 
GASIF ICATION-COAL,  HIGH BTU 

21,~ 17~5,00 0,00 B 

0 . 0 0  9082 .  ~8 35~66°  8, 6 



'I.',A~L£ 12. "I"C~TAL ~HTS~TO~;S FOP, ~y,~T]Z~21S T}l Tt~ RT,~CT~ICAL SECTOR, 5CE~IARIO I 

-HISS[~h'IS, rHfltlSA'H,'lq nF TOHq 
SV STE~~ 

1975 

LOt| S FEsr~-FICJ'~ZST]~C lh,Er~ ~R,t,t+ ,2/I ~.,~5 ,gP °2"I 11*i,Gt] °7~ ,?Q .Xt, 
LO~I :q r~ESTO-TqF'n'~ICF~ IF|S,?;? i~r , ,~4 ,?q 7. n l  I , ~ 1  0.0~ 3,OF| ? .75 Q°q~] r),O0 
CIIZ|4 ~CTIVE FLHI]FII~ZEi3 RCI3 n,~FI ~.~o El,Q0 O.D~ n , q 9  (l°O(1 (~,~o O.~Cl o , ~ 0  rj-,-~-~- 
HTGH S PESID-LtT4ESTONE SCDIJB 1 7 , ~ 4  9 , t 9  mO~J .DO ,2~  O.QO ~°.n~ °]r~ ~ .q~ 3 ~ , 5 , ~  
III'GH ~ PI-SIO-Hrl CQ~ITRtIL 
LOH S C(IAL~CLCtIN FUEL} 

GASIFICATION-COAL, LOU r~TU 
LIOUEFACTION-COAL 

O,O0 O°O0 0.00 0o00 0,0~ ~,O0 ~.5~ ~,GO o,~q Oo~d~,I 
0°~9 O,O0 0_~08 O,OO O,Oq O,OO O,O0 O.OO O°PO 0°@0 

HIGH S COAL-LIH~.STONE SCRUR t 7 ~ , 6 6  1 4 0 , 3 q  1 5 , 9 6  57.,62 3 , 6 ~  1 ~ 1 , 0 0  5O,&~ 3o0~; ~ 7 7 , n ~  771~',-~'0-H 
H~GH S COAL-MOO S.C..qU.B 43.,.~,1 3.5.,.t0 3.,_q.q t 6 , 9 0  o91 . ~ l ] ,2G 12,E,O °77 :I~=%.rlO 1 6 , ~ 0  
HI~GII S CrlAL-NO CONTROL 2;~2+<,95 1.~71q,67 16+~,59 6 9 7 ° 3 3  3 7 , 5 4  166E1o3l 51r~,75 3 ~ , 7 6  " ~ s q , Q o  69~o0'(1z~ 

TOTAL 6 5 8 ? , 8 0  22361. ,89 7 2 1 , 7 1  1555, .08 6t0o2@ 2 8 3 5 ° 7 6  t 250.,..6.0 531°B8  4 E 6 1 q , q 3  9419o62  --Lo 
I...o 

~:980 

NATURAL GAS(CLEAN FIJEL} 1 6 8 0 , 9 0  4 7 9 , 7 0  4 3 2 , 4 2  4 5 8 , 7 0  5~3 ,7n  4 6 0 , 5 0  4 1 1 , 7 n  ~ 3 1 , 7 0  4 ~ 1 , 7 q  4~1 ,70  
LOH S ~ESID-DO'4ESTIC J 6 5 , Z ~  ~63o71 ~ , ~ 8  '" 1 ~ , 3 7  1 f l , 3 4  3 . 1 6  1 5 q ~ . q 5 '  7,P9 2 , 2 6  ~ , q 4 ~  
LQI~ S PESID-IHPORTED 8 0 6 , 7 ~  1 1 9 7 , 8 4  1 , ~ 9  5 9 , 9 1  1 1 , 6 1  O,O0 0 ,00  1 7 , 2 5  O.nO O.OO 
GFIEH ACTIVE FLUIOTZED BEQ 1 6 . ~ 5  t ,5*16 ,13  1 . 2 1  h . 0 1  O,QQ O,OO 1.5Q 3OQ°O0 Q,QO= 
HTGH S PESID-LIHESTOHE SC~I]~ ~ 2 2 , 7 6  6 4 ° 3 3  ,23  , 4 6  1 . 7 7  O,O0 O,flO ~ .R3 O.Oq ~ 4 1 6 . q 0  
HIGH S ~ESID-F|O CONTROL 5 9 6 , 2 7  ~ 1 1 2 . 3 6  ' ' 1 , 1 0  4 4 . 2 8  8 ,5R O,O0 q,OO 17 ,75  O,O0 O,ODs 
LOW S COAL(CLEAN FUEL) 1 2 4 5 , 0 0  2 0 5 5 , q 9  8 5 , 9 0  1 7 6 , 1 7  1 9 . 9 2  3 7 9 , 7 2  O,OO 1 3 , 6 9  1 1 ~ 0 ~ . 0 0  0 , 0 0  
CLEAFIA~LE COAL(CLEAN FUEL} 3 3 8 , 9 9  5 9 3 , 7 9  2 5 ° 4 4  103,"0'0 ~°28  31'~°0~ 99 ,1R 5,~M ~5q6°~0  2 7 4 , 9 1 s  
FLUIOITEO BED COMBUSTION-COAL O,OO O,OO 0 .00  0o00 0 , 0 0  0 . 0 0  0 . 0 0  OoO0 o ,oq  O,@O 
GASI~ICAT'IONL-C'-COAL~ LO|'! 870 O.OO 0 . 0 0  0 ,00  OoOO O,OO O°Oq 0 , ~ 0  O,OO O,qO 0'-~-0~o~ 
LIOU£FACTION-COAL 0 , 0 0  9 , 0 0  8,OO 0 , 0 0  O.OO Q°OQ O,OO OoO0 0 , 0 0  O.OO 
HIGH S COAL'-LIHESTONE SCRUB 
HIGH S COAL-HGO SCRUB 
HIGH S C - O - ~ O ~ . O L  

l h 4 1 o 9 6  1 1 6 5 , 7 5  1 3 2 , 5 2  5 6 1 o 4 9  3 0 , 2 3  1 ~ 3 6 , 8 7  41~ ,50  R~,57  5 6 ~ 0 , 0 0  ~ 0 ~ 0 , 5 ~ 1 1  
6 2 0 , ~ 0  6 0 1 ° 4 0  5 7 , 0 0  7 4 1 , 5 0  I 3 , 0 Q  5 7 5 ° 0 0  180°00 11o00 24QO,GO 2 4 0 , q 0  
215o66  ~330~39 1 5 , 9 6  6 7 , 6 2  ~,61+" 1 ~ 1 , 0 0  50=#0 -3.Of* ] i~ 'O,OO 6 7 , 2 0 z i  

TOTAL 7 9 4 9 , 8 7  1 0 9 1 0 , 4 3  7 5 5 , 3 9  1 7 2 0 , 7 1  6 1 2 , 0 8  3 2 2 8 , 2 6  2 7 7 1 , 7 3  5 3 2 , 3 4  25@75,76  6 7 4 6 3 o 1 5  



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

EMISSIONS. THOUSANDS OF TONS 

S Y S T E M S  .................................................................................................... 
NOX SO? G0 PAPT TOgA SS OS Tq'~W ASH SLU'J~ , 

1985 

NATUOAL GAS(CLeAN FUEL) 1&I0.86 4 5 a . 7 7  ~ 1 4 . 4 0  4 1 9 . 5 9  ~ ? , 7 1  ~ 4 t , X l  ~1~ ,71  ~ 1 x . 7 1  ~1X ,71  ~ 1 t , 7 1  
LOW S qESIO-O~MESIIC 212.90 3xq.~q W.IO 18.52 i 3 . I ?  4.0~ ~ 5 3 . 1 3  1 0 , 1 ~  ?.01 4.95 
LOW S PESIO-IMnOOTED 1 0 5 ~ , 2 8  1 5 8 3 . 2 3  1 , 9 8  7 9 . 1 9  1 ~ . ~  ~ O,gO q,O0 ??,qO O,PO q , 9 0  
CHEH ACTIVE FLUIOIZEO nED 80.75 225.80 .E.5 6.95 ~0.05 0.00 O.OO 7.~0 lqO,].Og 0.00 ~ 

7 1 2 , ~  3 7 3 . 1 1  1 . ~  ~ , & 4  1 ~ . 7 5  O,OO O P~ 1 5 , ~ ?  O.O0 14007,0@ HIgH S QESI~-LIHESIONE SCRUB 
HIgH S PESID-NO CONTROL 0.00 q.O0 O.CO 0.00 O.O0 0.00 0 
LOw S COAL(IL~AN FUEL) 22~5.00 ~707.39 15w.qo ~17.~7 3~.9~ ~ . 7 7  n 
CLFANA~LE COAL(CLEAN FUEL) 5 6 1 . ~ 5  l t w q . e q  W?.13 1 7 0 . 6 0  8 . 7 5  5 1 6 , 7 5  16? 
FLUIDIZEO RED COmbUSTION-COAL 32.0~ 140.28 3.00 32.30 0.30 1]0.00 ~ 
GASIFICATION-CqAL, LOW RTU 
LIOU~ACT!ON--C�AL 
HIGH S COAL-LIMESTONE Scnuq 
HIGH S COAL-MGO SCRUB 

30 O.CO 9.00 O.O0 . 
gO 2~.60 ?gPo5.ro o.go 
61 5.75 ~3n0.95 456.]2 ~ 
qO O.NO 3&G�.0] ~ . 0 0  

100.85 223.54 ] . 60  ~7.56 26.40 135.~4 ~3 ~0 . ~  2355.A0 57.60 o~ 
1 1 q , 5 4  1 0 7 , 2 3  1 0 . 3 5  6 8 , ~ 4  2 . 0 ~  1 1 3 . 7 5  ~A 00 ! . ~ 5  ? ~ 0 4 . ~ 5  4 8 , 0 0  

1 3 0 ~ . h ?  1 0 5 2 . 9 ~  1 1 9 , 7 0  5 0 7 , L 5  ~ 7 , 3 0  t 2 0 7 . 5 0  378 O0 2 3 , 1 0  5 0 ~ . q 0  5783~ .~0  H 
855.~8 691.q]  7R.66 313.27 17.q~ 79~.50 24~.~0 15. I~  ~ ? . O 0  3~I.~0 

0.00 0.00 0.00 0.00 O.O0 0.00 0.~0 0.00 ].nO 9.03 ~[ HIGH S COAL-NO CONTROL 

TOTAL R900,07 ~0054.16 834.80 201].38 ~60.OX 4[07.45 xx7 t .£6  5~x.75 ~?QqG.n2 71109.78 

ho 

2000 

NATII~AL GAS(CLEAN fUEL) 
LOW S qESIO-DO~ESTIC 
LOW S PFSIO-IHPOOTED 
CHEM ACTIVE FLUTDIZED q;D 
HIG~ s QESIO-LI'~ESIONE SCeUR 
HIGH S PESID-~IO CONTQOL 
LOW S CnALICLEAN CU;L) 
GLEANABLE COALICLEAN FUEL) 

1 2 X 2 , 6 8  3 5 1 . 7 8  ~ 1 7 . 1 1  3 X 6 , 3 ~  36q.  X~ 337 .70  3 1 r . 5 8  3 1 E . 5 ~  ~ , ~ B  ] 1 5 . 5 ~  

?~D.~fl 416.6~ .52 ~O.~q ~.D~ 0.00 O.~O 6 . ] c  0.30 O.OO 
. . . . .  ?G~.71  6 0 5 . G 6  2 . 0 0  1~.G3 6 1 . 7 5  0 . 0 ~  3.OO 2 3 . 1 0  4 ~ ) . Q O  q , 3 0  

~50.75 t~3.~D .65 I . ] 0  5 . ] 5  O.OD G.qO 7.~0 q.qO 6qon.90 
0.00 O.OO O.gO O.nO O.~q O.OO O.oo u.O0 0.~0 ~,Oo ~ 

1 0 ~ , 0 0  175~.7~ 7 3 . ~  t 5 0 . 7 0  1 7 , 0 ~  3 7 ~ . ~  O.OO 11 .71  q q ~ , ~ O  g. O0 
55~.79 11~4.6~ ~1.qO I ~ . ~ 5  8.q~ 510.~5 L~0.57 ~,~3 ~2~ .~5  44~.90~ 
?40.X@ 1057.10 22.50 742.75 0.00 ~75.00 ~7].nO O.O~ 75~09.00 ~63.00 
8 0 2 . 5 8  1 7 7 8 , 9 7  ? 8 . 6 5  ~ 9 ~ . 9 1  2 1 0 . 1 ~  1 0 8 1 . 0 6  R ~ l , ~ O  3 . 5 ?  I ~ F ~ . ~ O  ~5~ .~0~ :  
q q 6 . 1 Z  R 9 3 , 5 8  ~ 6 . 2 5  5 7 3 . 7 1  1 7 . 0 9  9 ~ 7 . 9 ~  30O.O0 1 3 . 7 5  ? ] P I R , 7 5  ~ q ~ . 0 0  
55B.18 45 ] .76  51.30 217.35 11.7~ G1/.50 167.C0 q. �C ?!~O.OO ?~7~5;30~= 
817.77 676.89 76.05 3~6.02 17.55 776.25 ?W~.~O 1~.~5 X240.00 3?~.f lO 

O.O@ ~.O0 0 . 0 0  D . O O  O.3~ O.OO ~ . 9 0  0 , 7 0  q.~O D.~U:~ 

FLUIqIZED BED COMbUSTION-COAL 
- - ~ A S i ~ I C a T t o N - C o A ~ ;  t~VeTU 

LIQUEFACTION-COAL 
HIGH S COAL-LIMESTONE SCPUq 
HIGH S COAL-MGO SCQUq 
HIGH S COAL-NO CONIROL 

TOTAL 72~5.36 9wfi7.64 707.15 2359.66 7?5.92 5321.6X 7362.33 41~.65 ~ 1 4 . 1 ~  33995.qw 



~CCT~O~ 

I q 7 5 

C~[.r,C~:'JP, Z, Ft+[)IIgAI'Ir~'~ AF TO'IS 

tlOY ~0, ~ C¢) P~PT TQHA 'L5 03 I O'~l,l t,C;1 3LHDg~ , 

1 9 ~ 0 

~ E ~ E f I T ~ A L  A~|~ COHHE~CIAL X ? l D . 7 9  150~.~7 7 ~ . 3 9  ~ 0 . 2 ~  ~.79.10 57.~10 202~4 .17  ?k.EG 11~1.?~ 2 0 . t ~  

r O I A L  1840q .29  ~95E~.3~I tF .01 .73  7 3 l ~ . 5 ~  ~ I 5 7 , ? 1  7( ~15~. 21 25172 .15  ~. t E~. 02 ~ , 7 7 3 . ~ 3  97~1.15  .: 

ii 

TAI~I,E 13, ~I~PlAR¥ OF TOTAl, EI~IT~T_DN~ FOR EACII ,qECT011 A"llh TO'rAT, EI,;T,q~I{'3NS FOR AT.'L ~EC1GR~. ?,C2,',IARIC) ! 

RESI8 rHTIAL  Ai'19 COtIHEROIA,L 3 6 t 3 . E 1  1~8~,2g  707 ,13  2 4 4 . 1 X  7 2 ~ , q q ,  | ! q . 4 0  7 3 ~ 7 3 . Q 9  ~3.10  1 ~ 1 . ? ~  1~9q,00 
IHOUSTPIAL 9 3 5 8 . 6 3  5~B?°~O 1~6.9~ 5 0 ~ . ~  g ] q . q 7  1~61 .57  G55G.T4 5 9 . ? 7  1qQ37.15 ~56~.55:~ 
ELeCTrICAL 7?49 .87  tOqtO.f~3 7~5 .39  172q .71  ~1~.q8  322~ .26  7771 .73  ~ 3 7 . 3 4  Z5~75 .76  671~63.15 

Lo TOTAL ?'027'?'.11 1 P,L~ 7 q,  ,"$ ;t 1619,t~:t 2577,  09 ?.?'71,2~ 4bOll°24 3290B.56  62~÷,72 46t~Oh.~ 1 71926 .73  
.t.rl 

I 9 ~ 5 

RESIDENTIAL ANB COHMERGIAL t~06~,7B 1907.89 36.~.97 ?-64.59 696.09 314.85 27F~26.15 38.~3 _~655.~0 qot.X.79 
IrqOUS-TPI AL 10569 ,13  6775 ,08  174 ,18  7 7 0 , 7 0  1014 ,39  137B.50 97.2~. ~6 69 ,68  7217,3,Z~ 10489 ,07  
ELECTRICAL 8900 ,97  1 0 0 5 4 , t 6  834,.~0 ~013 ,38  6 6 0 . 0 3  ~007 .45  3371 ,06  G~3.?,5 ~?99~,07, 7~199,7B 

TOTAL 23537.9B 1B737.13 1397 .95  3 0 4 8 . 6 7  ?,370.51 5700.  R1 4022.6.07 6 5 1 . 7 6  67774 .61  97,707,. 6~ 

2 0 0 0  

RESIDENTIAL AND OOHHERCIAL 5D41,,56 275~,?,2 ?-86,3?- 5 5 3 . 6 2  731.R9 t O & 1 , 7 9  34~77 ,77  48 .77  8~q3.7~ 32781,QB 
INOUSTPIAL 14681~.81~ 841E.76 2 1 6 , t + 0  17,46.88 1425 .10  2 3 3 4 . 5 7  1 5 7 7 3 . 6 h  B ~ . 6 7  30555.R7 3587~.66  
ELECTRICAL 7 2 2 5 , 3 6  9487,6t~ 7 0 2 , t 5  2 3 5 9 , 6 6  725°9? 5 3 o 1 , 6 3  2362 ,33  4 t 8 . 6 5  BRqt4.1B 33995 ,9~  

TOTAL 2 6 9 5 4 o 7 8 "  20658 ,62  t~Bt~,87 t~ t60 ,~6  ~08~ ,92  8 7 1 7 , 9 9  5 ] 0 1 3 . 7 4  557o10 1~?06~,80 1 0 ~  



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 I 

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 i 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 1012Btu of coal were assumed to be burned without control using the 

conventional boiler, 3 percent sulfur module and the resulting total 

emissions for 1975 entered for the coal/limestone scrubber system (now 

uncontrolled) in the computer printout. All other systems involving either 

fuel conversion or emissions control technology were treated similarly. 

Those systems which utilize clean fuel or cleaned fuel were unchanged in 

the Scenario 2 calculation. 

Projected Total Emissions - Scenario 2 

The projected total emissions for Scenario 2 are given for each 

system, each sector, and for all sectors in Tables 14, 15, 16, and 17. 

Comparison of the results of the calculations for Scenario I 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 SO 2 emissions in 1975, as shown in Table 18. 

This factor increases to nearly 70 percent by the year 2000. The slight 

reduction in NO× emissions shown in Scenario i as compared with Scenario 2 

is due to the fact that somewhat reduced NO emissions are expected from 
x 

stack gas cleaning and from fluidized bed combustion of coal and oil. 
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I 
TA~I.E 1/~, TOTAL FHI~STOH~ FOR RE~I~NTTALICOH~,RCTAL ~ECTOR, SCE~IART~ 

.S_MSTEP~q 
EHISSIONS~ THOUSANDS OF TONS + 

I I ~ I  I I I I I  l i M l  I ~  I ~ I i l l i i ~  I ~ I  I I I ~  I i l I I ~  I l l  f i l l  I i  I I I  I i I i I i I ~ I l l i l l  I I i  I I I l l  l ~ I ~  I I I i l i I  I ~ I i I ~  I 

DIS]' FiJEL O~{L(CLEAt'I FIIEL) 
_ _  GASI F I CA T.I 0N--~ I LJ_HIGH_ULIU 

LOH S CO~,LICLEAN FUEL) 
__ GA,~I F ICAT I ON_-COALL H]E~H_B.T 0 

NO~ SO~ CO PARY TOMA SS OS TOHW ASH SLUUGE ' 

1975 

~ 117.21 64.05 . . . . .  2 | t 6 ~  46n,8~ 0,00 Oj~O 0~00 0,00 n, ~O_~__ 
4~3.00 1152.56 04.~7 61 ,0 I  f16.3H 11.50 20264,17 2aj.66 0.00 20.12 ~ 

E~O+O____~,O_~ O~O0 0.0_0 __~,_OO__~,O~__~,O0 o,.0~__0-00 o..0o 
22.26 23U,10 569.56 137,56 125.94 45.50 0.00 0.00 1121.25 0.00 : • 
~+O0~LOOO__Q,.OO__O_,_~O__oJ.oO__O~_O~__O,+OO__~,O_O b_O_O__-___~=~L 

TOTAL 3210,79 1 5 ~ . 8 7  720.30 2~0.22 679.10 57.00 20264el 7 28.66 11~1.25 20.12 

__N4 T U fl+ L EES_S tCL~+L.ELIEL) 
DIST FUEL OIL(CLEAN FUEL) 

_:_ GAS I F I CA T.LON~flI L~_HI~H_EIH 
LO~t S COAL(CLEAN FUEL) 
OAS I E I C A~ .T..[ 0 N .-.C_O_~ L~,_ H £ELH_B T U 

L.O 

1980 

540.96 1290.87 106.26 68.34 94 .45  12.88 22673.48 32.10 0.00 22.54 o 
1 5 . 3 . ~ 6 . . 6 ~ _ . ~ _ _ _ 3 . 0 2  ~ 9 ~ _ _ 2 . 6 2  .3-7-~-.~b-t~_~9 .91 PLLO.O , 6 L  
20.55 220.71 525.75 126.97 116.25 42.00 0~00 0,00 1035.00 0,00 

~.38-------I.OEL~O--------2-40J-O.9---------~7-LO~O0 1 9 . . . 1 ~ _ _ ~ 0 . _ _ 0 ~ 0 ~ 1 6 ~  n . f l L  
B 

TOTAL 3547.98 1777.35 946.22 278.94 779.70 74.43 23317.77 33.01 .... i 507 .65  23.18 

1985 

NATURAL ~^5(CI.EAH FUEl.) 
DIST FUEL OIL(CLEAN FUEL) 

. . . .  GASIFICAT_ION-OIL~ HIGH 8TU 
LO~ S CO~LICLEAN FUEL) 

...... GASIFICATION-COALt HIGH BTU 

3142.91 130,16 75.45 22.15 544°62 OtO0 0.00 0~00 0.00 OeO0 
628.32 I499 .33  123.42 79.37 109.71 14.96 26335.03 37.20 0.00 26.18 9 

23.60 56°53 4.65 ~.99 4,14 .56 992,84 1,41 0.00 .99 
6 ,85  7-3,5-7" 175.25 42,32 38 ,75  14.00 0.00 0.00 345.00 0.00 : 

45.07 684.00 1153.14 278°50 254.97 92.1~ 0;00 0,00 2270.10 0.00 

t 

3846.84 2249.67 1531.92 t+~8.34 952.19 121.64 27327!88 38.69 2615.10 27.17 6 TOTAL 
I 

I 
2000 

OIST FUEL OIL(CLEAN FUEL) 
__GASIFIC~IO~QILL_H3..6H~.~TU 

LO~ S COAL(CLEAN FUEL) 
__BASIFICETIO~C~LJ_HYJ3H RTU 

~374.1n 146.17 R1.nn R~,.I]O ~R4.6q n.oO n.O0 . n.no n.o6 o.on 
799.68 19"8.24 157.08 101o02 139.63 19.04 33517.31 47.46 0.00 33.32 o 

RO.16  4 8 . 1 1  . 3,96 2,55 3 L 5 2  . 4 8  8 + ~ g 7  1 . ~ 0  O~).O , 8 4  . 
0.00 0.00 0.00 0.00 0.00 0.00 0~00 0.00 0.00 0,00 = 

16~.4_O_.__l~.65J~.___4?~16Lon tnl~o~~O.,.OO._~_336.,,.O.O_~O.,fl.L__.O,O.O__---~2E~,OO--O-~lL 
Q 

TOTAL 4358.3# 3868.19 4 4 4 8 , 0 ~  1146.36 . . . . . . . .  1657.83 355.52 34362s27 48.65 8280.00 34.16 6 



i 

TABLE 15. TOTAL EMISSIONS FOR INDUSTRIAL SECTOR, SCENARIO 2 

5Y~TEMF 

__NATURAL ~+~SI~:.LEAN FUFI) 
DIST FUEL UILICLEAN FUEL) 
LOw S RESIU-DOHESIIC 
LOW S RESID.IMPORTED 

_ GAS|FIC~TION-OIL= H I G ~ T ~  
LOW 5 COAL(CLEAN FUEL) 

___CLEANASLE__CQAL(CLEAN FUEL~ 
GASIFICATION-COAL, HIGH BTU 

EMISSIONS, THOUSANr)5 OF TON5 

NOX 5f12 CO PART TOMA 55 DS TOHW ASH SLUDGE ' 

1975 ~, 

515~.76 t47.21 2,~1 82.80 796,4n 88.3~ 0,00 0~00 0,00 0.00 
176.17 1~6.63 .74 13.77 8.85 .90 1584.33 2.24 0.00 1.57 + 
Z0516~ 33Q. 3 6 - - 1 . 1 5 - - 1 5 . 6 9 - - - - l O t 1 5 - -  1.1 2 L 9 7 9 " 5 2 ~ - 7 , 0 0 - 0 ' 0 0  1.9Z 

l O l r . 1 7  1510.32 1.88 75.5~ 14.64 0.00 0.00 21.75 0.00 0.00 ' 
0.00___0.00_____0.0~___0.00--0.00-- 0 . 0 0 _ _ 0 . 0 Q _ _ 0 o 0 0 _ _  0.00 . . . . .  0.00 

1670.00 2757.84 115.23 236.30 26.72 509.35 0,00 16.37 15030.00 0.00 ' 
~17.46 2A~7.03 31.63 13~.03 7.~? ~19. t2  99~90 b . l n  666n.nn 133.~n 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 + 

_ .TOTAL 

01 

8 6 5 h Z l  . . . .  7k~9,38 151..8=s 5 5 8 ~ J ~  _ 8 ~ 3 ~ 9 8  ~ 8  82 3663,7_5 55.47 ~j._690. o0 136~774 
i i  

1980 

__NATURAL OAS~L[AN FUEL) 
oIST FUEL OIL(CLEAN FUEL) 

L O ~  S RESID-OOHE~TI£ 
LO~ 5 RESIO-IMPORTED 

_ GASIFICATION-OIL,.M|~H ~TU 
LO# S COAL(CLEAN FUEL) 
~LEANAB~E COAL(GLEAN FUEL) 
GAS|FICATION-COAL, HIGH 8TU 

r ~ 

5486.~7 156,68 2.~5 88.13 
41~.99 ~51.16 1.75 32.45 
194~6~1Z.~66 _1,09 . _ _ 1 4 - 8 ~ _ _ _ _  
9~9,11 1468.66 1.83 73.46 
7 6 . 9 3 _ _ 3 9 8 . 8 6  _ _ 0 . 0 0  5.69____ 

1705.00 2815.64 117.64 241.26 
439,01 27n8.30 32,49 137.6~ 

62.77 387.24 4.65 19,68 

847.6a 94.n0 0.00 0.oo 0.06 0.00 
20.85 2.12 3731.97 5.28 0.00 3.71 
9.60__._I,06___1873~8 6 . 6 3 ~ 0 0  __ L,86 

14,24 0,00 0,00 21,15 0.00 0,00 
1 ~ 1 2 _ _ _  0.00 .... 678~8] . . . .  . 8 8  0.00 ..... 0 . 0 0  

27.28 520.02 0.00 18.75 153~5.00 0.00 ' 
7,~ ~27.75 In~.60 6.27 6 8 ~ o , n n  136.8o 
1.06 ~6.86 14.67 .90 978,00 19,56 + 

CO 

TOTal ~.~I_~._~7____~9_~,.82_._.._6.~_0Jj5~3~___ 59.86 

1985 

~,4~ .... 9~.30 897.39 99.52 0,00 0.00 
2,51 46.53 29.89 3 , 0  4 5351,50 7.58 

_ NATURAL .GA~_~LEAN FUEL) 
OIST FUEL OILICLEAN FUEL) 
LOw S ~ESIU-DO~ESTIC . . . . .  
LO~ 5 RESI[)-IMPO~TED 
GASIFICATION-OIL, HIOH__ET3J 
LO~ S COAL(CLEAN FUEL) 

_ _ C L E A N A B ~ A I  (CIFAN FUFLI 
GASIFICATION-COAL, HIG H 8TU 

58.8,44 16~t~8 
595.08 360,16 

ot 

23163,00 161.93_ 
tl 

_ 2 3 8 . 6 9 _ _ _ 3 8 3 . # 5 _ _ 1 . 3 ~  _ . ~ 8 . 2 1 _ _  
12~3.07 17~6.3~ 2.23 89.35 
112.73 58~.b0 _. 0.00 _ _ 8 . 2 2  __ 

1805.00 2980.78 124.5~ 255.~1 
4A~.q7 ~R7~-6n ~ - ~ 8  l~A-!l 
285.74 1762.77 21.15 89.60 

11 ,78____  
17.32 

~ , 6 4  _ 
28.88 

7.8A 
4=82 

0,0~ 0 LQQ_. 
0,00 5..32 

1o31.__2~97, ~6 . . . . .  8 , 1 3 - - - - - 0 , 0 0 - - Z , 2 ~ - -  
0.00 0,00 25,73 0,00 0.00 

0 . 0 0  994,75_ _ 1 . 2 8 _ _  0 , 0 0 - - - -  0.00 
550.52 0.00 19.85 162~5,00 0.00 
3~,7; 87 ] n~ .9o  6_.AA 77~0.00 145:~n 
213.32 66.78 4.08 ~452.00 89.0~ 

TOTAL ~ L O S I 6 . ~ Q B g B t ~ 7 _ _  1 6 6 . L T ~ _ ~ 4 6 , 7 L _ _  9_9_9 ,.59 IZll 5, 5_9_~ 8819, 60__..~ ~_,30__~Z957 • O0 .... Z~| ,84_ 
+: 

2000 

NATURAL_~S/.CLE~N FUFI) 
DIST FUEL OIL(CLEAN FUEL) 
LOW S RESIU-00HEST~C 
LOW 5 RESIU.INPORTED 
GASIFICATION-OILLHI~H._BTQ 

- LO# S COAL(CLEAN FUEL) 
__GLEANABLE COAL(CLEAN FUEL) 

6AS|FICATION-COAL, HIGH BTU 

7956j2~ 2~7.22 3.41 127.80 1229.23 
1284.12 77r .18  5.41 100.40 64.51 
271,7~___.___~36j54 _ _ ~ 1 , 5 ~ _ _ _ 2 0 ~ 2 3 _ _ _ _ _ ! 3 , ~ 1 _ _ _  

1332.85 1979.04 2.47 98.99 19.19 
+ 9 2 . 1 7 ~ 4 7 7 . 8 9  . . . .  O , O L _ _ 6 . 7 ~ _ _ L . 3 4  

1985.00 3278.03 136.96 280.88 31.76 
51Z,IR 31~9.68 37.90 160.60 8.64 

1001.26 6176.82 74.10 313.95 16.90 

t3A,32 Oj_.O0 O,QO O,OQ OLO_~_ 
6.56 115~7o98 15.35 0.00 11 . ;8  
1.49 2515a80 9 . 2 5  0 . 0 ~  __ 2 . 6 0  
0.00 0,00 28.50 0,00 0.00 + 

. . . .  0 t0 .0~__~13.32  1,05 . . . . .  0o00 . . . . .  O,QO_ 
605.42 0.00 21.83 17865+00 0.00 
38~.37 119.70 7.31 7980.00 159.f~0__ 
747.50 234~00 14.30 15600800 312.00 + 

c: 

TOTAL ]4435 .58  16512,40  261 ,78  111Q.11 1384.97 1~79.67 15330280 9 8 , 6 0  41445,00  485.68_8 + 



T,;BL-L 16. TOTAL Et'fISSI(}f:~ T,:.7 ETJCTPIC/,T~ S[F:TC,'R., RC;-,UAR~[O 2 

~IISSIONS~ TF~OUSANnS OF TONS r 

HATURAL_~ASJ~LEA~.} FU~L). . 
1.0~ S PESIU-DO'~ERTIC 

__L~W 5 RESI~-Ir~PO~TED 
CHEH ACTIVE FLUIDIZED BED 

__.HI@H 5 RESID-LI!.!E~TNHE_~.CRUR 
HIGH S RESID.ND CO~TROL 

__LO~S..CO~L!CLEArt FUEL} 
CLEANA~LE C~AL(CI_EA~ FUEL)o 

__ FLUID I Z E D_.B E D CO{-]BU$_tIQ~ -C_~I, 
GASIFICATION-COAL~ LOW BTU 

~OX t;O~ CO PAFIT TOHA SS DS ~OH~ ASH SLUDGE. ' 
107.~ ( 

1 '~., 6~ 23 ,~4 ,2F~ 1 , 2 6  , 92  ,~A 141,60 ,70 , 20  .3~ '~ 
I_0~- 2P.___t'~ ~. 24 -2(}. 7- al__ .I. 51__f}. O0 0.00 2.75 0 ,_0 ~ )~  n.nO~ 

0.00 0.00 O.OO 8.00 0.00 0.00 0._00 O.OO 0,00 0.(]0 -' 
17.54 91,54 ,r)3 1,30 ,25 (~,00 0.00 .38 0,00 O,O0_ 

II18,~9 5~40,25 2 .~ t  83,10 16,11 0,00 0,00 23,02 D,O0 O,nO 

265,7p 16~9,23 19,66 03,32 4,48 108,37 62,10 3,~0 4100,0.0 82.B~ ~' 
0.*_0t1_~_0~.00 (I~EO______ f~_O n _ _ _ _ ( 1  ,~ O 0 ~ 0 _ , _ 0 _ 0  0 ~ 0 0 _ _ _ ~ ,  0 0 _ _  O. 0 0 _ _ _ _ _ 0 , 0 0 _  
0 . 0 0  0 ,00  O,O0 0 . 0 0  0 , 0 0  0 ,00  0 , 0 0  0 .00  0 ,00  0 , 0 0  ~ 
0 _ . ~ 1 0 _ _ ~  0_,00 0 • 0 O _ _  0.~0 n O_LQO 0 . 0 0 . _ _ _ 0 , _ 0 0 _ _ 0 ~ 0 0 . _ _ _ _ _ _ 0 , 0 0  n .  O0_ 

215,66 1330,39 15,96 67,62 3 , 6 4  161,00 50,40 3,08 3360*00 67,20 ~= 
II . 53,¢)1 3~2,~60 , , 3,..q9 IA,QO ,O1 4 0 . 2 5  1~.~60 ,2_~L.____B~O,O0 16.1~0 

2223,95 13719,87 164,59 607.33 37.54 1660,31 519,75 31,76 34650,00 693,00 ~l 

.... LIQUEFACTION-COA( 
HIGH S COAL-LIHESTONE SCRUB 

__HIO~Ab-~GOACRUB 
HIOH 5 COAL=NO CONTROL 

| 

_LO 
~D 

TOTAL 6657,37 25~72,31 723,09 1565,60 610,03 2810,89 1~42~13 531,88 51253*35 1315,82 

1980 

___NATURAL_A~5_~CLE.AN FUEL) 
LO~ S RESID.DOMESTIC 

._ LO~I S RESI~-IN~DFLTE~ 
CHEM ACTIVE FLUIOIZED BED 

__HIGH S RESID-LIHESTONE_~CRUB 
HIGH S RESID-NO CONTROL 

__.LO~ S, COAL(CLF_._~[,L..EUEI.,) 
CLEANABLE COAL(CLEAN FUEL) 

_FLUIDIZED.BED_CO~BLI.S_T_3.0.N_~OC.Q.AI 
GASIFICATION-COAL! LO~ BTU 

__LI9UEFACTIO~-COAL 
HIGH S COAL=LIMESTONE SCRUB 

__H~OU_$ COAL-MGO ~cR1m 
HIOH S COAL-NO CONTROL 

16GO.ON &79,70 43~.4P 45fl,.70 AO~,70 
165,25 263,71 3,18 14.37 10,34 
8~6.L7 P____.llgZ,~ 4 ] ,.~_9______.59_L91_..__L___LI~ 61 

70,15 366,16 ,13 5,21 1.01  
12~76-....__64.0,~8------,23.__9-*~ 1 , ~ 7 _ _  
596.27 3112,36 1,10 44,28 8~58 

]2~5.q.. 0 ~GSe99 R~.qn 17A.17 IQ.OP 
369,70 2280,67 27,36 115.92 6 . 2 ~  

. O . L O 0 . _ _  
0 . 0 0  
0 . 0 0 _ _  

1790,,71 
77n .~.j~ 
215,66 

&GN.~O 431,70 431.70 4~1,70 431.70 
3,16 1592,95 7.89 2,26 3.84 
n.OP__ ___O~ 0 0 ~ L 7 . ~ 5  o ~On o. ~ L  
0,00 0,00 1.50 0,00 0,00 l 
0.00__0,00__2.63__0.00____0o00- 
0.00 0~00 12,75 0,00 0.00 

~70=7~ nxoP 13:A9 11~n~..CLO ,, O:nN 
2 7 6 , 0 0  86,40 5,28 5760,00 115,20 6 

~,ON O_,~O_.__~O.O..~O.,.O.O________O~OO__O,.O0.____-O,O~__O,O0----O, O0_ 
0 , 0 0  0 ,00  0 , 0 0  0 , 0 0  0 , 0 0  0 , 0 0  0 ,00  0 ,00  0 , 0 0  oz 
. ~ , , . . O . L ~ L O 0 _ _ O . ~ O O  n * q O _ _ _ _ O . O L O J O 0  O . O L O * O O _ _ O . O L  

11047,00 132,52 561,49 30.23 1336,87 41G,50 25,57 27900,00 558,00 zl 
47A1.40 57,NO 2 4 1 m S n  13LO.E_...__~.nO ]nn,nO 11.nn 1200.E~nn 2 ~ n . n L  
1330,39 15,96 67,62 3,64 lb1,00 50~40 3,0B 3360,00 67,20 zl 

_TOTAL, 

i t 

7 8 3 3 . ~  ~7A~6,0~ 757 .~1  1 7 5 4 ~ 9  61A.04  310~oR6 ~759E95 5 3 ~ . ~ 4  6 0 6 5 8 . 9 6  1~ j5~94  



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

_ NATURAL GAS(CLEAN FUEl) 
LOw S RESIU-DOME~TIC 

__ LOW S RESI0.1HPO~TE D 
CHEM ACTIVE FLUIOIZEO BED 
H~GH S RESID-LIMESTON~_S~B 
HIGH 5 RESIO.NO cONTROL 

__LOw S CO~.~(~AN FUEL) 
CLEANABLE COAL(CLEAN FUEL) 

__ FLUIDIzEo~ED ~0MBUSTION-CUA~ 
GASIFICATION-COAL. LOw 8TU 

__ LIQUEFA~TIUN-~,OAL 
HIGH S COAL-LIMESTONE SCRUU 
HIGH ~ ¢o~L.MGO ~CRUB 
HIGH $ COA~-NO CONTROL 

1985 

1610.86 ~59,72 ~ | 4 . 4 0  ~,39.59 ~84~,71 *~41.31 4|~1.71 
212.99 339.89 4 .10  18.52 13,32 4 .08 2053,13 

10~6~ ~Z~__1583.23 1.98 79,19 15~35 0 , , 0 0 ~  0 4 0 ~  
350.75 1830.~J0 .65  26.05 5.05 0.00 0 .00  
712_. 0 ~ 3 7  ~ ~.52 1 ,3  2 _ _ _ _ 5 ~ .  B ~_~___J q. 2 5 _ _ ~ 0 , 0 ~ _ _  Q- 00 

0000 0.00 0 .00 0.00 0.00 0.00 0 .00 
~245.00 37~7.39 154.90 317,b7 35.94~ 684,72 0,00 

612,31 3777,36 45.31 191.99 10.33 457.12 143.10 
154,0£_____9__50. ~8 11.40 48.30 ~,60 
184085 1140,34 13.68 57.96 3o12 
11~.54 712.71 8 .55  36.22 1.95 

1617.42 9977,96 119.70 507.15 27.30 
1062.88 6 ~ 6 . 9 3  78.66 333.27 17,94 

0.00 O,O0 0 ,00  0,00 0,00 

413,71 413,71 4 1 3 , 7 1  
10018 2,91 4,95 

2 2 , 8 0 ~ 0 , 0 0  O , O L  
7.50  0.00 0,00 

15,22 __ 0 0 0 0 _ _ _ 0 0 0 0 _ _  
0000 0,00 0,00 

24.69 20205.00 0.00 
8 .75  95~0,00 190.80 

138000 43.20 2064 2880.00 57.60 m 
86.~5 2 7 _ ~ O 0 _ L ,  65_____lS~OJ~O_~30~O0__ 

1207.50 378~00 23010 25200,00 504.00 ~ 
793.50 248,40 15.18 16560,00 331.20 

0,00 0 ,00 0,00 0.00 0000 ~ 

TOTAL 9944,9~ 34753 ,12  8 5 4 . 6 6  2108 .79  625 .85  3927+49 3342 .55  547+61 79001 ,62  1586~26 

2000 

O 

NATURAL__QAS_L~I._EF~ FUEl1 
LOW S RESIO-DO~ESTIC 

_.LOW S RESIO~MRUn~EO 
CHEM ACTIVE FLUIDIZEO BED 
HIBH SlRESID-LIMESTONE-~RUB 
HIGH S RESIO-NO cONTROL 

__.LOW S COAL(CLEAN rtJELt 
CLEANABLE COAL(CLEAN FUEL) 
FLUIOIZEU ~EO CO~BUSIIO -J~l~¢~@l 
GASIFICATION-COAL+ LOw 8Tu 

_ LIQUEFACTION-COAL_~ 
HIGH S COAL-LIMESTONE 5CRU~ 
HIGH S COAL-MGO 5~RU8 
HIGH S COAL-NO CONTROL 

1232,h~ 
58.75 

2 8 0 . 6 0 _ _  
1080031 

_ 3 5 0 , 7 5 _ _  
0.00 

IN6~.f l f l  
6 r4 .61  

1 1 5 5 , 3 0  
1471,08 
962L75~_~9_39.25 
693.18 4276.26 

1039,77 6414,39 
0000 0,00 

] ; 1 . 7 8  317.11 33~03~ 3k9038 ] 3 7 . 7 0  318,58 316.58 31~,A8 316.58 
93.76 1 .13 5.11 3.68 1.12 566.38  2080 ,80 1.37 

56~8,B6 2 .00  80.23 15055 0000 0.00 23.10 0000 0.00 + 
J ~ 8 3 0 , 8 0 _ _ , ~ _ _ _ _ 2 6 . 0 5 _ _ _ 5 . 0 5 - -  0 0 0 0 _ _  0 ,00 . . . .  7 . 5 0 _  _ _ 0 , 0 0 _ _ _ _ 0 . 0 0  .... 

0 .00 0 ,00  0.00 0.00 0000 0,00 0,00 0o00 0,00 
17~R.74 73.AR ISn.TN 17.flA ~2~.~2 n. NO l l . ? l  9 ~ . ~ n  O.N(~  
3729.85 
7 ~ p T , l O _ _  
9075017 

44074 189.58 10,20 451.37 141.30 8 .63 942o,00 188.40 + 
B S . . S O ~ _ ~ 2 ~ Z S _ _ ~ 5 0 - - ~ 2 - S Q - - - +  270 ' 0 0 ~ - 1 6 " 5 0 - 1 8 0 0 0 ' 0 0  3 b o . o 0 _  

108.87 461.26 24083 1098.25 343.80 21.01 22920.00 458040 ~' 
71 ,p5  3 0 1 . B T _ _ _ _ _ ~ L 6 , Z S _ _ ~ 8 ~ -  2 Z 5 , 0 0 _ _ _ L ~ 7 5 ~ 5 0 0 0 t O O - ~ O ~ O L  
51030 217.35 11070 517050 162,00 9 .90  10800000 216,00 u 
78.95  326.02 17.55 776.95 243.00 14.85 162nn.nn 3~4.on 

O,OO 0000 0 .00  0 ,00  0~00 0 .00  0000 0.00 +L 

TOTAL 9994+76 46652,61  8 3 3 . 5 1  _ _ ~ . ~ 7 t 6 5  514 ,77  5n88,27 2268 ,06  4 5 ~ . ~ 3 ~ 2 ~ 2 ~ 3 8  2164,75 



TAII[,E 17,  SL~fHARY OF 'IOTAL EHISSIONS FOR EACH ~ECTOR AHD TOTAL EHISSTON,q FOR ALL SECTORS, SCE.~:ARIO 

_SE rJr~l~.S 
EI-IISS IDNS~ Ti~lOU S~JD S OF TO~I S ...... I r~ 

NO~ S02 CO PART TOHA 5~ DS TOHW AsH SLUDGE 

__ n~SID~NTIAL AND COH)~EnCI~L 
TNOUSThIAL 

__~LECTnlC^L 

TOTAL 

1 o ? . 5  

321~.70 15~°87 72~,~0 220.22 6?~.10 57.00 P.02~4.17 ~].66 11~l.25 2o.12 
~651 o21 T4~]9~31t 152°~]5 55~3° 15 8 6 3 , g B  91~,~2 3663*_75 55,47 216~*00 136,74 

1A519°37 34f)70,55 1605.33 2343,97 2i54"01 37Q6°71 25150°05 616°02 74064°63 1472.69 ~ 

INDUSTRIAL 

TOTAL 

) o n o  

9368°71 8499=17 1 6 1 , 0 0  613,12 g 2 9 * 1 7  091,82 
783.3.33 R7~6.Ol 757 ,31  1754,20 610o04 310~_~26 

II 
23317°77 33101 1.507,65 23.11) 
6401~53 59.86 23163,00 161.93 zl 
27.59,g5 532 t 36,___606 A~5..~,.96_....__Lt~__5.L~. 

20750,01 378~2,55 1865,34 2646.35 2318.91 4258¢51 32~79.24 ~25.21  85329,61 1601,05 

l g B 5  
RESIDENTIAL AND COHMERCIAL 

-INDUSTRIAL 
3846,fi4 2249,67 1531,92 428.34 952,19 121,64 27327,88 38.69 2615,10 27,17 

1~514.73 10898,47 1 9 8 . 7 4  746.77 999,59 12i5,59 8819~60 73°30 27957,00 241,84 
0~46.92~34753,~2 85~,66 2i0~.°79 625*85  3927.~9 33¢2,55 567.61 79001.62 1586.2& 

243Qb,50 479~1,2b 2575.32 3283.90 2577,54 52~4,72 39--~90~02 ~5~,61 109573---~= 2 lgb5,27 

__EL__ECTRICA L 

YO~L 

RESIDENTIAL AND COMMERCIAL 
-'I~DUSTgIAL 

20_00  
4358,34 3868,19 4448°04 1146.36 1657o83 355.52 34362,20 48°65' 82Q0,00 34,16 

14435°58 16512,40 261o78 1110,11 1384.97 1879,67 15330~80 ~8°60 41445,00 48-K~,68 
9994.76 46652,61 833,51 2477,65 514,77 5088.27 2268,06 452.34.102242,38 2164,75 __EL~rBJCAL 

~O~IA~ 2878u';~8 6(633,2i 5543,33 4(34.13 3557,58 7323,46 51u61~15 b99,60 151967,38 26U4,59 



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

Total Emissions~ 

NOx SO 2 CO PART. 

Thousands of Tons 

TOMA (a) SS (b) DS (c) TOMW (d) ASH S LUDGE 

NO 

1975 

Scenario 1 18,409 29,525 1,601 2,318 2,152 3,854 25,172 616 64,773 
Scenario 2 18,519 34,070 1,605 2,343 2,154 3,786 25,150 616 74,064 
Difference, ii0 4,545 4 25 2 -68 -22 0 9,291 
2-1 

1980 

Scenario 1 20,222 18,478 1,619 2,577 2,271 4,404 32,908 624 46,405 
Scenario 2 20,750 37,802 1,865 2,646 2,318 4,258 32,479 625 85,329 
Difference, 528 19,324 246 69 47 -146 -429 i 38,924 

2-1 

1985 

Scenario 1 23,537 18,737 1,397 3,048 2,370 5,700 40,226 651 67,774 
Scenario 2 24,306 47,901 2,575 3,283 2,577 5,264 39,490 659 109,573 
Difference, 769 29,164 1,178 235 207 -436 -736 8 41,799 

2-1 

2000 

Scenario 1 26,954 20,658 1,204 4,160 2,882 8,717 53,013 552 127,863 
Scenario 2 28,788 67,033 5,543 4,734 3,557 7,323 51,961 599 151,967 
Difference, 1,834 46,375 4,339 574 675 -1,394 -1,052 47 24,104 

2-I 

9,761 
1,472 

-8,289 

71,926 
1,601 

-70,325 

92,702 
1,855 

-90,847 

102,650 
2,684 

-99,966 

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



Scenario 3. Modified Fuel Allocation Ass,~mption 

Scenario ! was based on the allocation of clean fuels to the 

smm!ier sources found within the residential/commercial and industrial 

~ecters. Since s om~ 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- 

tein the correct subtotals. 

Modified Fuel Utilization 

The projection was made by modifying that for Scenario i in the 

fo!!o~in$ 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 ! for 1975 by the fractions of the total residual oil currently 

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

end 0.54 foe- the residentail/commercia!, industrial, and electrical sectors, 

respectively, for the year 1971 from data contained in Mineral industry 
(9,!0) 

Surveys and were assumed to hold for 1975. A constant continuing 

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

s~ctors ~.~as assumed for the remaining periods because of the existence 

of iong-ter~, contracts or other constraints on fuel switching. The 

uti]ization of distillate fuel oil and low sulfur resid (imported) were 

adjusted to reba!ance the petroleum fuel subtotals in the three sectors. 

High su!f~ coal utilizations in the residential/commercial 

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

V_ab!es ~iving ahip~ients of bituminous coal and lignite by average 

sufi~- content by consumer use are presented for 1971 in Reference 3, 

and for 1971 in Reference !!. The data cover shipments by producers 

43 



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

production and 61 percent of the 1970 total production. On the basis of 

this incomplete data, 84 percent of the coal shipped to industrial and 

retail consumers in 1970 (excluding coke plants) was high sulfur coal, 

i.e., coal containing more than i percent sulfur. The corresponding 

figure for 1971 was 77 percent high sulfur coal. Data for coal shipments 

by sulfur content were not given in earlier editions of Minerals Yearbook. 

Since the data do not include the total U.S. production and are available 

for only 2 years, it is not possible to determine whether the indicated 

decrease in the percentage of high sulfur coal consumed in the residential/ 

commercial and industrial sectors (84 percent in 1970 versus 77 percent 

in 1971) reflects a continuing trend. For this reason the approximate 

ratio, 75 percent high sulfur coal and 25 percent low sulfur coal was 

chosen and this ratio was assumed to be constant for each time period. 

Thus, the coal use projections for Scenario 3 were obtained by shifting 

75 percent of the Scenario i low sulfur coal quantities in the residential/ 

commercial and industrial sectors to high sulfur coal. The projections 

for low sulfur and high sulfur coal utilizations in the electrical sector 

were adjusted to rebalance the coal subtotals. 

The resulting fuel utilization projections for Scenario 3 are 

given in Tables 19, 20, and 21. It is clear that these projections 

are only approximate with respect to the distribution of high sulfur fuel 

among the consuming sectors. A more definitive analysis would require 

a 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 i. 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 CO>~[ERCIAL SECTOR "a'( ~ 

Scenario 3 

Fue I/Technology 
Fue,! Uti, l i ,  zat ion Proi,eetion, 1012..Btu 

1975 1980 1985 2000 

hn 

Natural Gas (Clean Fuel) 

Petroleum 

Distiliate Fuel Oil (Clean Fuel) 
Gasification, High Btu Gas 
High Sulfur Resid Without Control 

Subtotal 

Coa__! 

Low Sulfur Coal (Clean Fuel) 
Gasification, High Btu Gas 
High Sulfur Coal Without Control 

Subtotal 

Total 

8,660 9,480 10,060 10,800 

4.,914 5,640 6,680 8,720 
0 183 282 24.0 

836 800 800 800 

5,750 6,623 7,762 9,760 

80 75 25 0 
0 137 658 2,400 

245 225 75 0 

• 325 437 758 2,400 

14,735 16,540 18~580 22,960 

(a) Excludes eleetricity purchased and non-fuel uses. 



TABLE 20. FUEL UTILIZATION PROJECTION FOR INDUSTRIAL SECTOR,a ~t ~ 

Scenario 3 

Fuel/Technology 
Fuel Utilization Projection, 1012 Btu 

1975 1980 1985 2000 

o~ 

Natural Gas (Clean Fuel) 

Petroleum 

Distillate Fuel Oil (Clean Fuel) 
Low Sulfur Resid (Clean Fuel) - Domestic 
Low Sulfur Resid (Clean Fuel) - Imported 
Gasification, High Btu Gas 
High Sulfur Resid without Control 

Subtotal 

Coal 

11,040 11,750 12,440 17,040 

1,286 1,860 2,320 4,080 
560 530 650 740 

1,423 1,420 2,030 2,400 
0 217 318 260 

641 600 600 600 

3,910 4,627 5,918 8,080 

Low Sulfur Coal (Clean Fuel) 
Cleanable Coal (Clean Fuel) 
Gasification, High Btu Gas 
High Sulfur Coal Without Control 

Subtotal 

Total 

835 853 903 993 
l,llO 1,140 1,210 1,330 

0 163 742 2,600 
2,505 2,557 2,707 2,977 

4,450 4,713 5,562 7,900 

19,400 21,090 23,920 33,020 

(a) Excludes electricity purchased snd non-fuel uses. 



TABLE 91 FUEL UTILIZATION P .... RO.IECTIOf~ FOR ELECTRICAL SECTOR 

Scenario 3 

Fue 1/Technology 
Fuel Utilization Proj.ect.ion, 1012 Btu 

1975 1980 1985 2000 

"4 

N~tural Gas (Clean -rt~e]_) 

Pet ro leurJl 

Low Sulfur Resid (Clean Fuel) - Domestic 
Low Sulfur Resid (Clean Fuel) - Imported 
Chemically Active Fluidized Bed 
High Sulfur Resid with Stack Gas Cleaning 
High Sulfur Resid without Control 

Subtotal 

Coa___! 

Low Sulfur Coal (Clean Fuel) 
Cleanable Coal (Clean Fuel) 
Fluidized-Bed Combustion 
Gasification, Low Btu Gas 
Liquefaction 
High Sulfur Coal with Stack Gas Cleaning 

Limestone Scrubber 
Mg0 Scrubber 

High Sulfur Coal without Control 

Subtotal 

3,800 3,600 3,450 2,640 

40 450 580 160 
1,777 3,700 4,440 2,200 

0 200 1,000 2,180 
50 350 630 500 

1,713 300 0" 0 

3,580 5,000 6,650 5,040 

4.,485 5,272 7,272 5,107 

690 960 1,590 1,570 
0 0 400 3,000 
0 0 480 3,820 
0 0 300 2,500 

560 3,115 2,700 600 
140 1,313 1,478 923 

3,025 0 0 0 

8,900 10,660 14,220 17,520 

Total 16,280 19,260 24.,320 25,200 



Fuel/Technology System 

TABLE 22. MODULES COMPRISING FUEL/TECHNOLOGY SYSTEMS 

Scenario 3 

Extraction 
Modules 

Transport Processlng/Converslon Transport Utilization 

RESIDENTIAL AND COL~[ERCIAL SECTOR 

Natural Gas (Clean Fuel) 

Petroleum 
Distillate Fuel Oil (Clean Fuel) 
Gasification, High gtu Gas. 
High Sulfur Resld without Control 

coa_.._~l 
Low Sulfur Coal (Clean Fu~l) 
Gaelflcatlon, High Btu Gas 
Nigh Sulfur Coal without Control 

INDUSTRIAL SECT0~ 

Natural Gas (Clean Fuel) 

Petroleum 
Distillate Fuel Oil (Clean Fuel) 
Low Sulfur Resld (Clean Fuel) 
Low Sulfur Eesid (Clean ~uel) 
Gasification, High Btu Gas 
High Sulfur Kesid %~thout Control 

Coal 
Low Sulfur Coal (Clean Fuel) 
Cleanable Coal (Clean Fuel) 
Gasification, High Btu Gas 
High Sulfur Coal ~thout Control 

ELECTRICAL SECTOR 

Natural Gas (Clean Fuel) 

Petroleum 
Low Sulfur Resld (Clean Fuel) 
Low Sulfur Resid (Clean Fuel) 
Chem. Act. Fluldized Bed 

High Sulfur Resid with Stack 
Gas Cleaning 

High Sulfur Resld wiLhout Control 

Coa.__! 
Low Sulfur C~al (Cle~n Fuel) 
Gleanable Coal (Clean Fuel) 
rh,!~i~d r~a f'o~h,lc~inn 

Gasification, Low Btu Gas 
iiqucf~ct~om 
High Sulfur Coal wi~h Stack 
Gas Cleanln~ 

High Sulfur Coal with Stack 
Gas ClcanieE 

High Sulfur Coal without Control 

Gas Well None Desulfurization Gas Pipeline 

Oil Well Oil Pipeline U.S. Refinery None 
Oil Well Oil Pipeline Gasification Gas Pipeline 
Import Import Import Tanker 

Coal Mine Rall None None 
Coal Mine Rall Hygas Gas Pipeline 
Coal Mine Rail None None 

Gas Well None Desulfurization Gas Pipeline 

Oil Well Oil Pipeline U.S. Refinery None 
Oil Well Oil Pipeline U.S. Refinery Barge 
Import Import Import Tanker 

Oil Well Oil Pipeline Gasification Gas Pipeline 
Import lmport Import Tanker 

Coal Mine Rail None None 
Coal Mine None Physical Cleaning Rail 
Coal Mine Rail Hygas Gas Pipeline 
Coal Mine Rail None None 

Gas Well None Desulfurization Gas Pipeline 

Space Heating 

Space Heating 
Space Heating 
Space Heating 

Space Heating 
Space Heating 
Space Heatlng 

Cony. Boi ler  

Cony. Boi ler  
Cony. Boiler 
Cony. Boiler 
Conv. Boiler 
Conv. Boiler 

Conv. Boi ler  
Cony. Boi ler  
ConY. Boiler  
Cony. Boi ler  

Cony. Boiler  

Oil Well Oil Pipeline U,S. Refinery Barge Cony. Boiler 
Import Import Import Tanker Conv. Boiler 
Import Import Import Tanker Fluidized Bed 

Combustion 

Import Import Import Tanker 

Import Import Import Tanker 

Coal Mine Rall None None 
Coal Mine None Physical Cleaning Rail 
Coal Mine Rall None None 

Coal Mine Rall Lurgi Gas None 
Coal Mine Rall Liquefaction None 

Coal Mine Rall None None 

Coal Mlno Rall None None 

Coal Mine Rail None None 

Cony. Boiler, 
Lime Scrub. 

Cony. Boiler 

Cony. Boiler 
Cony. Boiler 
Fluldlzed Bed 
Co,~bu~i~.: 

Cony. Boiler 
Conv. Boiler 

Cony, Boiler, 
Lime Scrub. 

Cony. Boi ler j  
HgO Scrub. 

Conv. Boi ler  
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Total emissions were calculated by the same procedure used for 

Scenario ! us in~ the u_uit-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 I 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 S02 emissions from Scenario 1 to Scenario 3 in !980, 1985, and 

2000 is the result of substituting low sulfur coal for some stack gas 

c!eanin~ capacity. This was necessary to maintain the balance of total 

tea! 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 compared with 

Scenario !~ 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 

fo~ both scenarios. This question is addressed in the fo!lo~ng section. 
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£YSTr~S 

TABLE 23, TOTAL EMISSIONS FOR SYSTEMS IN THE EESIDENTIAL/COMMERCIAL SECTOR, SCENARIO 3 

.................................................................. -" "" -3 ...... ' - "  "-_-~ ..... -~- ........ 
~C)Y . . . . . . . . . . . . . . .  tiC}2 CO o(~CT . . . . . .  TO#~ SS OS TOHW ASH qL IqGF 

. . . . . . . . . . . . . . . .  1975 . . . .  

?Tlq,r-'~ 1 1 7 . ~  6~..og "~ .65 ~.6~,~] 5,00 o . ro  O,OO n,O0 ~ , n 9  

mITT ~llrt OIL(rAL. - -h : ;  Cll~L) 
~,Sq[PTC~TTO'I-CIL, W*qH nTtl 

~+[q~ R ~ESIc)-Nq CONTROL 
L O W  S CF~LICL-+AU FII{LI 

C~SIFIC4TTq~I-Cq.~L, +4TC+H t~Tll 
HTGN q CO~L-NQ qOHTCQL 

~ 1 3 , 7 ~  qRq,qq ~ 1 , 0 6  5 P , 1 ~  F ? , ' ] 7  q . R ]  1 7 ] O O , R B  2 4 , 5 0  O,OO ~7.?0 
O,nO ~,00 n,co O,OO g , 3 0  0,00 O.OO O,OO ~,£0 ~,g3 

57,C5 I ~ 7 , 0 q  1 3 , ~  7,OR 1,71 0,00 O,OO 6,27 0,~0 0,00 
~.~l~ 5RI~G 1%0.20 33,B6 31,30 11,20 O,OO 9,90 27~,~0 +.. ) ,30 
O.O0 C , ~ O + - -  O . O ]  - - -  O.nO 0 . 3 0  q . 0 0  O,O0 0 , 0 0  O,CO 1 . ~ 0  

I ~ . ~ t  q40,~O ~2q.36 11Z,?7 q&,q4 67.~ ? 22.05 O,O0 ~m.?5  ? q . u ~ _  

TOTAL 3 l g 7 , P q  

__~H~_I~+I_~A_L_G6qIC_ I ? A H  rlJr-t) P q r ~ t . 7 1  

+- 1980 

12° . ,R1 7 1 . 1 0  ? 3 . 7 0  5 1 3 . ? ?  O.OO O,O~ O,OC 0.~0 3.00 

01qT cU[t  ~[LICL[AH CIIrL) u 7 ~ . 7 ~  
CARIPTC&TIeN-Q[L, HT~U mT~l 4~.ofl 
~Tq~ S OF~TU-',~ 3~4TOOL 5 ~ . 6 0  

__ Ln'¢ S CnALf;]LC&P; PIIFL) _ _5,1~__ 
G~c[F[m~T[P'i-CqSL, HI,%H #TI I  56,&~ 

__[:~+"+++ .C~FF~L+~td  +":!-)  ] ~  ] + 2 + 3  
O IST  r H : L  ~[LfCLiSN c ! , F t '  I ~ 1  ~ "  
G A S I F t C A T + C ' I - 3 T L .  H T ~ H  "TU . . . . . . .  I~--Zl--- . . . .  " ' ?  

TnT&L 

1 1 3 C . S I  q3,06 sq. B5 q2. ?~ 1 1 . ? ~  lqqq6,~q 2 R , t l  C,O0 1 9 .  ~ 
= . 9 2  1 . ~ 7  . q o  . 7 8  O .Oq  7 7 7 . 1 4  ~ .OO + 7 . E ]  . . . . . . .  ~ . 5 3  

1?27 .P% 1 2 . ~ 2  ? . 6 ~  ~ . 6 4  O.OO O.O0 6 , 0 0  0 . C 3  0 , ~ 3  
5 5 , 1 ~ _ 1 3 1 . & 4 _ _  X 1 . 7 4  " 2 q . 0 6  . . . .  tO,~O 0,00 O.O0 + 2 5 8 , 7 5  3,0~ 
X o . ~ t  2 . 6 ~  2 4 . 2 3  . 3 ~  5 q , 5 ~  I q , ~  O,OO ~ 7 8 , 5 7  1 8 6 R , ~  

~L9~ .2~  X q q , ~ t  t 0 3 . t l  8 7 , 1 q  6]j_9~5______?-_9,~5 &,_O0 7 7 & . ~ 5  ? 7 . n ,  

3 0 ~ 7 . 5 2  7 3 6 . 4 5  2 5 1 . 1 G  7 1 4 . q q  l U 3 . t R  2 0 6 7 3 . 7 6  X 5 . 1 1  ! 5 ~ 1 . 2 , ' )  ~ .92~.  ~'~" 

. . . . . . . . . . . . . . . . . .  1985 . . . . . . . . . . . . . .  

~ . 1 U " . 9 1  ~ X E . l ~  7 5 . 4 5  ~ 5 o 1 5  5 h ~ . % 2  o . q n  O.OO ~_.~o G.G9 n . O ?  
< 6 1 , f  ~ 1 3 3 ~ . 0 7  1 1 0 . 9 2  7 ~ . 8 ~  0 7 . q 7  ~ 3 . 3 ~  2 3 5 1 R . ~ 5  3 3 . 3 0  ~ . ~ C  ~ . I R  
A7,77 Q.1O ~.!1 l,l~ ~.2~ C,0 o 1197,56 1,54 . II,76 . ~1,7~ 

- - ~ , + , ~ o  t ? + + 7 . ~  (+ + i z . + - ~  + - - 7 . ~ ( +  . . . . . . .  ~ . r , t +  . . . .  0.0~ - O J0b 6 . c 0  o . to  ] . ~ 3  

! . V l  1 ~ . 3 9  + 3 . R 1  10. r>'~ q. Bq 3 . 5 ]  C.OO 3..nO " 6 . 2 5  0.0'] 
72~,q.~ " tRQ,74 .... l?,TX 116,36 l,q0 2A~5, ~q qX,G6 0*3G 2-P~,SW 897~, ~5 

1¢+5.&~ 13~,L+4 X~+. ~7 zq. "JG 20.67 F~,7 c; O.OC _ ?~£m.Tq q.o~ _ 

2 ~ B 1 6 . 3 7  40.~4 _7~55,70 q o t ~ . g q  &Pq&.19 3 0 ~ 5 . 6 3  X ~ , 2 9  266,X7 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~TST Fq+Ct n[LICL~5"~ FIg£L} 7 X p . ~ R  17+7,fl~ 143,P a 92,53 
n n R I C T C n ~ I q N - J ~ L ,  ~T ~ _ ~ T r [  . . . . . . . . . . .  57  z~_7 _+ [ .7U . . . .  t . m O  . . . .  t . 1 8  
H~G~ q CFsTq-']~ CO~t~qt 5~,~0 1227.~4 1 2 , 5 Z  7.~ 

Ln'~ ~ nr~L(CL~Aq FUTL) ~.rO 
GA~IFICaTIOM-CO~L, ~I~H nTU ~13.~2 
HIqH S COAL-ND ~O'~T°OL ~,~O 

~Mq.qO 323,37 

. . . .  2000 

1 ? 7 . ~ 9  17.4.(+ 3 0 7 0 3 . 7 3  ~ 1 . 4 7  0 . ? 0  ~ : . ~ ?  
1.03 0.00 1 ~19.'~0 1.31 tr..o 1 10.01 

1 . G ~  0.0 r O.OC 6.00 0.09 9.00 

o.nc __ 0.00 . . . . .  O.O0 . . . . . .  C+OO . . . .  0.00 0.00 ++0.00 O.CO O.nn 
6 q 2 . 0 7  4 6 . " ~  4 2 4 . 4 3  6 . ~ 6  1 0 & 2 . 7 ~  3 ~ 1 . 2 6  0 . 0 0  8 3 ~ 3 . 7 )  3 ? 7 3 9 . 6 5  

3 ,~0 o. CO O.3g n, .I0 O,QQ O .~0 0.00 ~.00 n.~. 

TOTAL ~ 0 3 1 , q 8  ~ ? 1 , 7 0  ~ , 6 ~  5 5 ? ° 7 7 .  7 ~ 1 , ~ 0  1 ~ 6 3 , 1 9  3 2 0 6 1 , 1 9  5 0 , 7 8  8 3 9 3 , 7 h  3 2 7 7 9 , 1 ~  



I , 'CT j -  2~',. ZOT,',L T" T Z E I q ' S  F'q SYI~TCNS IN 7lTq' It,:DU?TT[I,\L £riC:'c>',l SL_'AP.IO .% 

OT'~T FL'TL OIL('~L-AU F I I ~ L )  

t l q v  SO? CO PA~T TO'" ~ SS F~S TOHH ~SH SLLIqGc 

....... 197~ . . . . . . . .  

51~4.7q 147.?I  ~ . ~  R 7 .~_~, ~ 79~.r+~ £;~. X? 0.~(~ .",00 (].Or] ~,gO 

~ , 9 9 , 1 2  7 z * ~ . I 0  , q 2  X 7 . C 7  
0.00. . . . .  £L. C, ~. . . . .  C).OO .... ~.C]O 

29V,F~X ~.17~,5h . 4 7  "1_ ~,. 7 F~ 
~+I 7.ql] F,~ q .  h,~, ,-~ Fi . p, 1. 5Q, ~ ~! n _nn 

tOI4 T OFTTn-~qq r~ ,TTq  
Lql)  ~ ~ T F I - T ' I D n O T r F ~  

__C,~SIFTCZ~TIO~I-C~I!.~ IITG~I DT!J 
I-IIF, I-I ~ PC~,Tq-'IO COHT~qL  

_L%-' e £~.,'LLj!:L_-~',~ ~":~-L__ 

0,I~ . . . . . .  ~,BO ...... G.UO 

F.~9 I77.34 0.~0 

G~'~IF][CATT,3'!-]n~L, ~TCH r ~ l l l  
__H_T. 6 . ~ _  qO A L-~ n G o ~=3"£9o L qq4.68 5951.13 71.39 30P.4R i6.2q 7?B.tg ~25.45 

0.9~ 9.0~ 3.07 
13.[8_ 15Q30,.~ .... __3~,&O. 

TOTAL ~361.q5 I013q.71 I~6.44 67?.ZS 871.~3 1300,~g E~45.15 53,37 21790.EG 6?U,Q~ 

1980 

___H h T H .~.A.L. n___A, ~. ~ ~.LZ..A_N___FJ I E L ,) ~hq6.?7 ~5~.68 2.3~ ~R. I.~ 847.~? q4.00 0.00 0.(]0 O.OO q.gO 
qIST ?H-'L OIL(CL~_AN FtlTL) 7?B.19 440,72 3.E7 56.q----4" " 3&.Sq X.7_~ 6q48.~B q.27 0.00 &.51"-- 
LhN ~ ~.rETn-qo'4~TTC. lq4°F-2 312.66 :t,og 14,q~ q.6o I, ,36 IB73.4~ 6.63 0.00 t . ~ 6  

'-LOW S ~FSIl~-I'lPq~Tr.d 4qC.(}6 --739-.-R.~ .-()2 36.99 7 ; ~ 7 - ~ 0 ; 0 0  . . . .  0 ; 0 ( ] - - - - f 0 . 6 5  . . . .  0.00 . . . . . . .  .n. O0 
GASIFICATTON-OTL, HTGH BTU qS,F7 6,96 ,04 2,15 4,R4 1,74 921,~? ~,lq q,o.~ q,05 

--hIGH S oESIr}JHO C~HTqf)L ?.10.45- IOQB.GP .3q ~ 5 ; 6 3 - - ~ 3 - 0 3  0.00 O,OO 4.60 ...... 0.00 ' O.r]O 
LOW S CO~L{CL--_AN FIIqL% &~R,50 , 7~,3~' 2g.43 6~,3~ G.~P I."(0.08 0.~0 ~,~9 3R3q.~O 9.00 

H~GH S COAL-NO C~NTPOL n o . 4 t  ~ 6 . q 7  1 . 9 6  2 q . 6 4  3 . ~ n  7 2 . 1 2  2 3 . 1 n - - - - O . Q O  . . . . . .  ~ 6 9 . 4 0  ..... 2 2 2 3 . 5 0  
q~4.70 6074,66 72,87 ]08 .76  16.62 735°14 238.13 14,06 153~2,00 306.B4 

TOTAL q 0 9 7 o 4 3  f 0 " ~ - 0 4 . 8 6  i ~ 2 o ; ( ~ ' 5 . 7 5  g 4 1 , q ~  1408.a6 g 7 ~ ~ .  E~---~-~_T4r. _6-5~---2 B-~ 472" 2 - 



TABLE 26. (Cont:tnued) 

E~ISSIONS, THOUSANOS OF TONS 
........................................................................... 7 ~ ' ~  . . . .  7 - T ~  . . . . . . . . .  ' 

h'OY ~07 CO PART TOH~ SS 0~ TO~W ~$H SLUnC ~ 
L 

1985 

OTST ~UEL O I L I C L f f ~ N  FIIEL) q 9 9 , P R  5 ~ e . 7 1  3 . ~  7 1 , 0 2  4 c . ~ 3  ~ , 6 4  8 1 6 R , 0 8  1 1 , 5 6  9,go ~ , t ?  
LOW S ~ [ S T n - O a U S ~ T I C  2 ~ a .  Gq 3 ~ , 4 ~  1 , 7 ~  1 ~ , 2 1  1 1 . 7 8  1 , 3 1  2 ? 9 7 , 6 6  8 , 1 3  0 , 0 0  2 , # ~  
Lnw S mESTO-I~°OqTEO 7 1 2 , ~ 2  1 0 5 7 , 2 7  1 , 7 2  5 ~ , ~  1 0 , ~ 5  0 . 0 3  O.O0 1 5 , ~ 2  0 .80  ~ , ~  

C ~ T I F I r S T I C , I - n ~ L ~  ~ I ~ H  q T ~  ~ 5 , 5 ~  . . . .  l o ~ l q  ~ 0 6  3~15 7 , 3 q  ~ . 6 6 . _ _ _ [ 3 5 0 , h 3  1 , 7 4  13 ,2E  1 3 , 7 6  
HIGH ~ =ESIQ-Nq CGNT°RL 710.a5 1OQe.GR .X9 ~ . 6 3 - ~ X . 0 3 - - - - £ . 0 0  0.O0--- ~.50 0.00 0.0~ 

__L_OZ' £ ~ A L ( C L ~  h'~ F U ~ )  ~ 5 1 . F ~  7 ~ 5 , 6 1  3 1 , 1 5  6 x , ~ q  7 , ~ 2  1 3 7 , 7 1  0 , 0 3  , ~ , q 7  ~ P 6 3 , ~ 0  0 , 9 0  
rLEA~AqLE COAL(CLr~N FIICL) 4 7 7 , 7 7  ~ 7 & . 4 7  3Z ,D6  1 7 q . ~ 3  6 , 6 6  3 q 3 , 2 5  1 Z ] , 7 5  6 , 6 6  3 2 7 3 , 6 5  3 4 ~ , ~ ?  

- - G ~ £ I F I c ~ T I o N - C ~ A L ,  HIGH BTU 3 6 6 , 0 3  Z13 ,RZ  8.q~ 1 t ~ , 9 3  1 = , 1 8  3 2 8 , 3 2  1 0 5 , 5 1  O,OO 2 5 9 1 , 9 1  1 0 1 2 1 , 7 0  
HICH S COAL-NO CONTROL 1 0 ~ , ~ 7  6 ~ 3 1 , 0 2  7 7 , 1 5  3 2 6 , 8 7  1 7 . 6 0  7 7 8 , ~ 6  2 ~ 3 , 6 3  1 4 , 8 9  1 6 ~ , 0 0  _ _ 3 ? ~ , ~  

TOTAL 1 0 9 q 0 . 7 0  1 1 5 2 9 , 8 5  1 5 8 , 1 3  9 0 9 . 7 0  1 0 2 2 . 0 2  1 7 4 5 . 5 5  1 ~ 2 8 9 , 0 7  6 7 , 6 7  ~ 5 1 ~ 3 , 7 8  1Q816 ,71  

W1 
t~3 

2000 

" a . 1 6  1 ~ . ~ 6  ? S . 3 ~  O . O 0  1 ~ ,  2 ~  
nTST ¢~:{L O T L ( ' L T '  ' FtJ£L) 1 5 9 7 . ~  q F ~ , 7 ~  6 , 7 3  1 7 4 , 8 9  ~ 0 . ? ~  
lqW S ~C~Tn_qC.* ~TT~ ? 7 1 . 7 ~  ~ 3 6 . 5 ~  1 . ~ ?  2 1 . 7 X  1~ .~1  1 . 4 q  7 6 1 5 . ~ 0  q . 2 5  O.OO - 
LOW S ? 5 9 ! q - 1  " 3 m T E ?  - ~ 1 , ~ 0 - -  1 2 ~ 9 ' ~  ~ 1 , c 5  6 7 . 5 2  1 2 . 1 7  . . . .  O.OO - - -  Q,O0 - -  - - t £ , O C  . . . .  0 .#~  9 . ~ 0  
¢ ~ S I C r C ~ T [ O . I - m [ L ,  HIGH mTU 1 £ ~ , ¢ 5  " , 3 3  , 05  2 . 5 7  ~,~C ~,OR 1 1 0 ~ , 1 ]  1 , 4 2  1 0 , ~ 4  I G . B ~  

- H Ie#  S ~ £ ~ T 3 - N J  COHT~OL 2 1 0 , ~ 5  1 3 q ~ . 4 a  , 3 q  1 5 , 6 3  . . . . .  3,OX . . . . . . .  O,OO 9 , 0 0 -  ~ , 5 0  0 ,£9  =~,OO 
L~w F C O A L ( C L ~ N  VtJFL) a 9 6 , 5 0  R19 ,q~  3 ~ . 2 6  7 ~ , 7 6  7 , 9 ~  1 5 1 , ~ 3  g,O0 5 , 4 6  ~ 4 6 8 , 5 9  0 , 0 ~ _ _  

CL~AH&qLE COAL(CLEAN FU~L) & 6 a , A ~  q 6 1 , 1 q  .... 3 ~ , ~  1 & ? , 7 0  . . . .  7 . ~ 1  a ~ . 2 ~  1 3 6 . 0 2 -  7 . 3 1  ~ 6 9 7 . 6 5  ~ 9 . ~  & 
--~IFtC~T~ff-C~U~iG~ PTU I~?.=~ 7 ~ 9 , z 2  ]1.3~-- 4 7 ~  5%~-- 11~o~ ~ ~6~o7e . . . .  o.0o-- 9on?.~ 3 ~ 6 . ~ z  

~IGH S CCAL-NO C~LJTCOL 11G$ ,k4  7 0 7 Z . 4 6  8 ~ , ~  3 5 q . 4 7  19 .R6  # q 5 , 8 9  2 6 7 , q 3  1 6 , 3 7  ._17~6~o00 . .  3 5 7 , ? ~  

TOTAL 1 ~ 3 7 ~ . 3 9  1 3 5 9 0 , 0 ~  1 9 9 . 3 4  1399o38  143~o37  2 7 3 8 , 0 6  1 8 ~ 5 8 o 1 5  e 2 , 6 6  3 5 0 ~ 1 . 3 7  3 6 7 3 7 , 7 ~  

1 . . . . .  



TAI';+',E 25= T,qT.-'~(+ -~ITR~TC+~;:I FOR g':'qTE~C~ TN T ; ~  RLECTRT~AL SECTOR, 33CEH/RIO 3 

~YCT~'IC 

Lfl[J S :'Tf"TO-33'ICqTYC 

Hn? ~n? co P~T - - - - - f O H ~  . . . . . . . . . .  fTC . . . .  O~ - - - ~ T n ~  AS++ SLUOG~ 

. . . . . . . . . .  1975  . . . . . . . .  

LnU S P_cqTn-~'!OnOT~.q 

CHF'! ~rT~VF P C ~ ] [ - q t T C F ) ~ q  
HIr+)~ S ~F~ID-)_TH3STQHE SCmUn 

LqH G fhr,'~L(.]L;'~'I FIF:L) 
CLE~H~PLF CnsLfCL?~ ~ FU£L) 

~ 3 , ~  q ? ~ , 4 6  1 , 1 5  4 6 . 2 9  ~ , q 7  O,O+ O,OO ~3,XX O,O0 ~,00 

1 7 . 5 6 6  9 . t 9  .0~ ,O+ .~G O,~O +.~+ ,X+ +.+~ 3 '~++,60 

+ ~ o . + ~  x t ~ + , t 6  1 , 1 1  4 4 , 6 2  ~ . 6 6  + , + n  - - o , O + - - - - t + . ~ 5  " O , o o  + . o 0  

0,C~ __~LH~_nT7-"q qCD C3'-~3U~TTOH-CO~L 
G:,SIFICATTDPI-Cr)AL, LON qTtJ 
L I ~ U E F A C T T O H - C q ~ L  

" - ~ T G H - S  COAL'-CI+;~ESTn~.~E SCF-.'UR 
HT.GH G COAL-HGO ~;Collq 
HI[GH S COAL-NO COqTC, OL . 

I ? ? . 6 6  
43,41 

1 4 0 , X q  1 5 , g 6  6 7 ,  E2 

~ , ~ _ _ q . ~ _ _ _ o . E o  . . . .  0 . ~  _ _ ~ . e o  . . . . .  ~ . ~  

0 . ~  . . . . . . .  O,~O ~.00 0 , 0 0  0,00 0,00 
3,616 1 6 1 , 0 3  5 0 , + + 0  3 , 0 R  ..... 6 7 2 , 9 0  . . . . .  7 7 1 1 , ~ 0  

• g l  ~ 0 ° ~  I~,60 , 7 7  16~,08 I G , ~  

TrTAL 6~9~°77 16164,52 7 3 8 ° 2 1  1417,58 614,X7 2h~5,51 1003,1fl ~31,88 4 ~ 9 ~ , 8 ~  . . . .  9089.o6~ 

1980 

FI A~II ~.__. A L..__GG A ~ ( C L ~ A ~i ~I I+L1 1 6 q f l , a o  4 7 q , 7 D  4 3 2 , A ?  4 5 q , 7 0  ~OX°TO 4 6 0 , B 0  4 X 1 ° 7 0  ~ 3 t  o70 4 3 ~ , 7 0  4 3 t ,  70 
LOW S REsTq-DoHRSTTC 16E,25 2 6 3 , 7 1  3 , 1 8  t 4 , 3 7  1 0 , ~  3 , 1 6  1 5 9 2 , 9 5  7 , 8 9  ?',-~+6 + 3 , ~ ' - -  

_LQI4 S R E S I q r I H O O P T ~  1 2 9 7 . 7 7  1 9 2 6 . 9 6  Z , ~ l  9 6 , 3 8  1 8 . 6 q  O.OO O,OO 2 7 . 7 5  O,OO O,0O 
CH£~' ACT IVE  FLUIDTZFN n r ~  1 6 , 1 B  4 5 . 1 6  , ~ 3  ~ , ~ 1  4 , O r - -  O , O Q ' - - - - - - O , O O ' . - ~ ' l , 5 0  . . . . . .  3 0 0 , 0 0  . . . . . .  0 , 0 0  

_.HT~H S O~SID-LI~%~Tn~IE ~qOljm 122.76 64,x3 ,23 ,46 1,77 0,00 0,80 2°63 0,00 241R,OC 
HIqH ~ ~ $ O - H ~  CONTPOL I~3,22 640,24 °20 7 , R 1  1 . ~ 1  0,00 0,00 2 , ~ 5  ....... 8 , 8 0 "  " 0,00 
°.OH S CnALICLTAH FIJ=L) ~636o00__ _ ~3~3.09. 181,88 372,9q 42,1q. 803°9~ 0,00 2q,OO ~37?4,00 O,OO 
CLFANAnLE CNAL(CLEAN FUr-L} 

__.ELU.TDIZED - ~ "" D_G .9 :~ qJ.LS_I!QZL".C~O.A L 
~A~IFICATION-OqAL, LOU RTU 

__t I f1{J ~" A C_T I~tJ-_C.O_~ L____ 
HIGH S COAL-LTH'_.-ST(INE SP. 6Uq 

~ ~ 1  - M R q  <~ P, ot,I q 
HIGH S CC, AL-NO CONTROL 

X3q°99  6 9 3 , 7 9  25.44 1 0 3 , 0 0  5 ° 2 8  3 1 2 . 0 ~  9 8 . 1 q  
0=00 n=00 OJ.&O OLO~__OJ.OO_____~,.~O___O.,+g+O__ 
0 . 0 0  O.OO 0 . 0 0  0 , 0 0  O.On 0 . 0 0  O.QO 
&~O0 0.00 0.00 0,00 0.00 0.00 0.00 . . . . . .  

q6~,O& 7 ~ , q 3  8 8 . 7 8  3 7 6 , 1 ~  20.25 8 9 5 ° 5 6  ? 8 0 , X 5  
E ~ 7 . 1 6  x P q , 1 7  3 7 , h ~  1.B~,64 B ,Sx  3 7 7 , ~ q  11.A,~.7 

O.O0 0.00 0.00 O, qO 0,00 0,00 0.00 

6.2~1 2 5 q 6 . A O  274.qi 

B,rJO ......... 0,00 .... o,n.o._. 
0 , 0 0  t l , 0O  O,OQ 
O,OO . . . . . . . . .  0,00 . . . . . .  0,00 

1 7 , 1 3  37 ,30 ,  nO 47.893,5~ ' 

7 . 7 2 . _ _ ~ . , _ 6  E.._...._LS.Z • .~ 6 __ 
OoO0 0,00 O,OO 

532.34 ~'368,36 46176.56 ]~ 

- .. 7' 

0"0%" 

!OT_T_AI, 77~B~ 17 ? ~ .  6 q  P % ? l .  3 B_ 



TABLE 25. (Continued) 

SYST{'4S 

~ATHCAL C ARICL-A'I =ll~L) 

LO~,' S R;RTD-n]'IISTTC 

E H I S S I O N S ,  TNffUSA~'3S OF TON~ 

" q Y  ~07 CO ~ A ~ # - - - - T O  ~A SS DE TO~W ~SH SLUg~E 

..... 1985 

2 1 o , q 9  339.~,9 ~,IO IP,.q? 1 7 , ~ 2  4.Oa 205~.13 10, !6 2 , ° 1  N,qq 
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TABLE 27. COMPARISON OF TOTAL EMISSIONS FOR SCENARIO i AND SCENARIO 3 

Total Emissions~ 

NO SO 2 CO Part 
x 

Thous--ds of Tons 

TOMA (a) SS (b) DS (c) TOMw(d) Ash Sludge 

Ln 
0% 

Scenario i 18,409 29,525 

Scenario 3 18,458 29,288 

Difference, 3-1 49 -237 

Scenario i 20,222 18,478 

Scenario 3 20,434 22,974 

Difference, 3-I 212 4496 

Scenario i 23,537 18,737 

Scenario 3 23,775 26,741 

Difference, 3-1 238 8004 

Scenario i 26,954 20,658 

Scenario 3 27,441 29,045 

Difference, 3-1 487 8387 

1975 

1601 2318 2152 3854 25,172 616 

1603 2318 2154 3854 25,172 616 

2 0 2 0 0 0 

1980 

1619 2577 2271 4404 32,908 624 

1621 2577 2273 4404 32,908 624 

2 0 2 0 0 0 

1985 

1397 3048 2370 5700 40,226 651 

1398 3085 2372 5700 40,226 651 

1 37 2 0 0 0 

2000 

1204 4160 2882 8717 53,013 552 

1204 4193 2871 8717 53,013 552 

0 33 -12 0 0 0 

64,773 

64,406 

-367 

46,405 

56,732 

10,327 

67,774 

81,016 

13,242 

127,863 

140,803 

12,940 

9761 

9761 

0 

71,926 

50,974 

-20,952 

92,702 

62,567 

-30,135 

102,650 

82,820 

-19,830 

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



ESTI~IATiON OF THE I~IPACT 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 

usin~ the greater Indianapolis Air Quality Control Region (AQCR) as an 

exanple 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 SO 2 and particulate standards. 

~ne Indianapolis AQCR was chosen for study because of the 

extensive data base already available. The point sources in this AQCR 

ere smeller 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 

(AQD>;)~ 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 AQD~ 

so chat 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. 

Charecter,,istics 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 

(1) 
47.3 percent natural gas. 

There are 434 sources inventoried in the Indianapolis AQCR; 

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

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

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

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

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

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

figures. 

A breakdown of the sources within the Indianapolis AQCR was derived 

from the source listing. The number of sources in each of seven arbitrary 

source categories is given in Table 28. For each source category the total 

emissions of SO 2 in tons per day are given together with the total 

contribution to the SO 2 concentration in ~g/m 3 at Receptor 33, the receptor 

having the highest SO 2 concentration. These total emissions and ambient 

air quality contributions were obtained in a "base case" computer run in 

which all sources were assumed to burn clean fuels, i.e., low sulfur coal, 

low sulfur residual oil, distillate oil, or natural gas. This base-case 

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

Relative Ambient Air quality Contributions 
From Small Sources and Large Sources 

Previous studies have shown that, in general, small sources have 

a greater impact on ambient air quality in porportion to their emissions 

(12 13) than do large sources. ' The sources in the Indianapolis AQCR exhibit 

the same trend. Table 28 shows that the utility combustion group (20 to 

440 MW) produced 156.9 tons SO 2 per day, or 78.1 percent of the total 

emissions, while contributing only 7.35 ~g/m 3, or 15.8 percent, to the SO 2 
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TABLE 28. SIDD[AR¥ OF SOURCES I~ INDIANAPOLIS AQCR-"CLEAN FUELS" RUN, 1971 

Source Category 
Number of Emissions AAQnR33 ..... 
Sources 802, T/D E = % of Total ~,g/m 3 A = % A/E 

Mean 
Stack Hr. 

~n 
ko 

Utiligy Combustion 

20-44.0 l~ 

Industrial Combustion 
10-40 ~9 equiv. 

Industrial Combustion 

5-10 ~.J equiv. 

Industrial Combustion 

1-5 ~ equiv. 

Industrial Processes 

Other Point Sources 

Area Sources 

ii 156.9 78.1 7.35 15.8 .202 

8 12.4 6.2 10.54 22.7 3.66 

Ii 8.5 4.2 3.70 8.0 1.91 

25 7.7 3.8 4.03 8.7 2.29 

7 3.3 1.6 14.78 31.8 19.9 

165 3.1 1.5 1.96 4.2 2.80 

207 9.1 4.5 4.15 8.9 1.98 

81 m 

38 m 

44 m 

33 m 

Totals 434 201 46.52 



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

the 10-20 MW equivalent range produced 12.4 tons of SO 2 per day, or 6.2 

percent of the total emissions, while contributing 10.54 p,g/m 3, or 22.7 

percent, to the total SO 2 concentration at Receptor 33. 

The ratio, A/E, where A = the percent contribution to ambient 

air quality, and E = the percent of total emissions, was used in the 

previous studies (12'13) to show the relative effects of emissions from 

different sources. A large 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 SO 2 data where the A/E values are the mean values obtained for all 

receptors in the AQCR grid. 

Source Category 

Utility Power 

Industrial Combustion 

Area Sources 

Range of A/E Mean A/E 

0.13-1.56 0.49 

0.69-2.17 1.06 

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 2 emissions in the AQCR 

but contributes more than 29 percent to the SO 2 concentration of Receptor 33. 
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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 ~ Receptor 33 
Source Category A/E A/E 

! 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 i. 98 

The AI£ values for different receptors are different as expected; however, 

the conclusions regarding the relative impact of different source categories 

remain the same. 

_he disproportionate impact of small sources indicated by this 

analysis is related to the stack height and stems directly from the AQDM 

~edei. 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 

ce!cuiated concentration of pollutant for emissions from a tall stack as 

cor pered ~,~ith the same emissions from a short stack. To demonstrate this 

relationship in the Indianapolis AQCR, the mean stack height is given in 

labia 28 for the first four source categories. The general trend, low A/E 

for call stacks and hi,oh A/E for shorter stacks, is apparent. A plot of 

log (A/E) versus the square of the stack height sh~s 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 Scenario i projections, 

allocation of clean fuels to the residential/commercial and industrial 

sectors, and for the Scenario 3 projections, some dirty fuel burned in small 

sources because of restrictions on clean fuel allocation. 

Basis for Ambient Air Quality Calculations 

The Air Quality Display Model was used to calculate ambient air 

quality for the Indianapolis base case (1971 clean-fuels run). The results 

of this run were used to calculate the effects of increased fuel use, 

applied energy technology, and fuel switching as projected by Scenario I 

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 SO 2 per day and contributing 

30 ~g/m 3 of SO 2 at a given receptor, and a group of area sources with 

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

of 30 ~g/m 3. The A/E values in this case would be 0.7 and 1.7, respectively. 
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TABLE 29. CO!~iSON OF POINT SOURCE AND AREA SOURCE 
CONTRIBUTION TO AMBIENT AIR QUALITY (AAQ) 

Hypothetical Case 

AAQ of 
Emissions of Receptor, 
S02~ T/D ~g/m 

HvDothetica! Case 

Point Sources 
Area Sources 

Totals 

.Shift 40 T/d.ay of emissions 
from point sources to 
a~6 sources 

Point Sources 
Area Sources 

lota!s 

Shift 40"T/day of emissions 
from area s2urces to Doint 
sources 

Point Sources 
Area Sources 

Tota!~ 

180 30 
80 30 

260 60 

140 23.3 
120 45 

260 68.3 

220 36.7 
40 15 

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 ~g/m 3 (140/180 x 30) and the area source AAQ would increase 

to 45 ~g/m 3 (120/80 x 30) to give a total AAQ of 68.3 ~g/m 3. If the switch 

were made in the opposite direction, the same type of calculation gives 

a new total AAQ of 51.7 ~g/m 3 as shown in Table 29. Thus, with the same 

total emissions, the AAQ varies from 51.7 to 68.3 ~g/m 3 depending on the 

distribution of the emissions between the source types. 

Modifications to Indianapolis AQCR 

This approach was applied to projections for the Indianapolis 

AQCR corresponding to Scenario 1 and Scenario 3. Three modifications were 

made to simplify the calculations as follows: 

(1) Only coal combustion was considered 

(2) The sources were divided into two groups, 

utility sources and other sources 

(3) Process sources were excluded. 

As noted previously, the Indianapolis AQCR fuel mix includes nearly 88 percent 

coal and only 5 percent petroleum. Since natural gas combustion produces 

negligible SO 2 emissions, coal represents nearly 95 percent of the SO 2- 

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

emissions were attributed to coal burning and oil burning was neglected. 

The division of sources into two groups is based on the fact that the 

combustion sources other than the utility group have A/E ratios between 

1.9 and 3.7. Thus, the impact of sources in this group on ambient air 

quality would be similar. Furthermore, allocation of fuels to categories 

within this group would be purely arbitrary, hence, not meaningful. The 

characteristics of the individual plants in the utility group are given 

in Table 30 for reference. The industrial process sources are 

noncombustion in nature. In the Indianapolis AQCR this group includes a 

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

lead blast furnace, and a creosote plant. The SO 2 emissions from such 
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7ABLE 30. CI-]ATO\CTERISTICS OF UT_ILI%Y PLA~][S [V I~]DIA}]APOLIS AQCK 

~o~ce 
Number 

S tack SO 2 
Size, l[eight, Emission, 

Name ~,! Type ft ton/day 

Contribution to 
Receptor 33, 

~g/m 3 

I 

2 

3 

4 

5 

6 

7 

8 

9 

I0 

12 

H.T. Pritchard Station 

H.T. Pritehard Station 

H.T. Pritehard Station 

E.W. Stout Station 

E.W. Stout Station 

E.W. Stout Station 

E.W. Stout Station 

Pe~ry K Plant 

Pe~ry K Plant 

Pe~ry K Plant 

Noblesville 
Generation Station 

105 Pulverized Coal 250 10.30 

125 Pulverized Coal 250 12.39 

175 Pulverized Coal 250 17.08 

20 Underfed Stokers 134 2.41 

55 Pulverized Coal 209 5.13 

205 Pulverized Coal 250 30.38 

450 565 57.77 

65 Spreader Stokers 272 4.69 

70 Pulverized Coal 272 5.22 

80 Pulverized Coal 272 5.65 

230 217 5.92 

0. 143 

0.163 

0. 186 

0. 849 

1.076 

3.339 

0.519 

0.299 

0.306 

0.414 

0.057 



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 SO 2 emission rate, and total contribution 

to the SO 2 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: 

(i) The base-case values (coal use, SO 2 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 

the Dupree and West data. (I) 

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

broken down into high-sulfur coal, low-sulfur coal, 

and applied energy technology in proportion to the 

quantities projected for each in Tables 6, 7, and 8 

for Scenario i, and in Tables 19, 20, and 21 for 

Scenario 3. 

(3) The SO 2 emissions rate for each coal type or 

combustion mode was calculated using the appropriate 

emission factors from Table 9. 

(4) The new SO 2 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 ne~ 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 ! and Scenario 3 is large. The values for Scenario 3 are more 

then ~ice the values for Scenario 1 in each year. Since Scenario 3 

includes some quantities of high sulfur coal in the nonelectrica! 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. e 

For each Scenario the predicted AAQ decreases from 1975 to 1980, reflecting 

the projected increase in the application of stack gas cleaning. The A_~Q 

ve!ues rise a~ain in 1985 and 2000 as a result of the projected increase 

in coal use. 

One additional factor should be noted in compaction with the 

reiative seriousness of emissions from small sources versus large sources. 

Tncre are some indications that sulfate may be a more critical air pollutant 

than SO 2. (14) if airborne residence time is a significant factor in the 

conversion of SO 2 to sulfate, then emissions from short stacks might 

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

questions must be resolved before a final conclusion regarding the overall 

~portance of emissions from short versus tall stacks can be reached. 

Discussion of Results 

The predicted ambient air quality results for Scenario i and 

Scc~ario 3 emphasize the importance of small sources in any emission 

control strategy. A successful strategy should include not only allocation 

of clean ~ue_ to small sources but also provision of energy technology for 

s~al! sources, it is necessary to implement both approaches because each 

he~ !imitations. Allocation of clean fuels to small sources (as in 

Scenario !) has only a minor effect on total SO 2 emissions but a dramatic 

*See Appendix B for a discussion of the impact of ~eater 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) 

Year Sector 

AAQ-Receptor 33, ~S92/m3(a) 

Scenario I 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 ~bient air quality. Even so, in the sample case, the Indianapolis 

AQCR, the a~bient air quality contribution from nonutility sources comprised 

60 to 85 percent of the combustion-related ground-level concentration of 

SO o in Scenario !. Thus, even if clean fuels could be allocated freely to 

s~a~I sources, it would be desirable to further limit emissions from small 

sources through app!icetion of some energy technology. 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 

~Tithin the current program. ~owever, some large blocks of "misplaced" 

clean fuel can be identified which include: 

(!) Natural gas burned under large, electrical-generation 

steam boilers operated by industry as well as by 

utilities. Such use involves long-term gas contracts 

or even outright o~nership of the gas field by the 

company. 

(2) Lo~-su!fur coal burned under utility boilers. Again 

such use may involve long-term binding contracts, or 

utility company o~,mership of mines producing low 

sulfur coal. 

Tnc actual e~:tent and nature of such constraints to clean-fuels allocation 

sheuid be dete_~mined in order to develop methods for improving the 

flexibility and to accurately assess the magnitude of the emissions control 

preb!en remeining for small sources. 

~ne 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. T~,~o conclusions may be 

dream fro~ these considerations. 
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(I) 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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TEC~OLOGY ASSESSMENT 

A~proach 

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 tha following steps: 

(!) The development of assessment criteria 

(2) The evaluation of each technology ~ith 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 

==_e==te ratings 

Tb~ mechanics of the assessment involve methodology developed at Battelle 

for environ~enta! impact assessment modified somewhat for application to 

technology assessment. 

Assessment Criteria 

A set of six criteria were employed in the assessment of the 

energy teehno!ogies as fo!!o~s. 

(i) 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 environmental 

problems, the projected availability of a given technology is an 

important criterion in the assessment of its potential role. The factors 

of date of commercialization and the subsequent rate of implementation of 

the technology are components of the availability consideration. These 

questions involve the current stage of development and commercialization 

and the complexity of the process. 

The applicability of the technology was evaluated with respect 

to the types and availability of fuels appropriate to the technology, 

and to the various markets which could be served by the technology. 

The cost factor is complex and involves the capital require- 

ments, the operating cost of the technology, i.e., the incremental cost 

of energy due to the application of the technology, comparative costs 

of competitive technologies, and development costs. Another considera- 

tion is the question of utilization of capital within the United States 

rather than investment in foreign-based operations. 

The criterion of energy efficiency includes losses in fuel 

processing, energy requirements in the application of the technology, and 

the potential of some technologies to be coupled with advanced power 

cycles thus increasing overall efficiency. 

The probability of success was evaluated on the basis of the 

amount of existing data, the complexity of the technology, and the degree 

of departure from existing technology. 

The question of system reliability is an important factor which 

was considered in the assessment process. It was not established as a 

separate criterion, however, because reliability is very closely associated 

with the categories of availability and probability of successful develop- 

ment. It was assumed that reliability must be established before a 
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technology is considered commercially available. Similarly, reliability 

is inherent in evaluating the probability of successful development. 

There are, of course, interrelationships be~,Teen 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 ~ii! be done to complete the development. 

Teqhnology Evaluation 

~ne 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 sum~nary 

includes ten categories of energy techno!ogies= and the basic assessment 

~Tas ~ade 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 

fo!!o~ing sections. 

Residue! Emissions 

~ne data in Table 32 which characterize the residual emissions 

for each technology were derived from the total emissions given in Tables 

!0~ 117 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 

Te~ie 32 are expressed in units of thousands of tons per trillion Btu. 

(This unit is equal to ~,7o pounds per million Btu.) A sample calculation 

will serve to illustrate the derivation of the data. The quantity of 

c!eanab!e coal projected for 1975 is given in Table 6 as I,ii0 x 1012 Btu. 

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

Energy Technology 

i 

T o t a l  System 
R e s i d u a l  E m i s s i o n s ,  
103 t o n / l O  12 Btu 

i 

Appllcablllty 
A v a i l a b i l i t y  Secto r . 
Year Rate  Fuels Markets ~a) 

Cost 
Capital, 

$/kw 
Operating, 
¢/10 6 Btu 

Energy 
Efficiency 

Probabillty of 
Successful 

Development(J ) 

¢-. 

Physical Coal Cleaning 

Chemical Coal Cleaning 

Resid Desulfurlzatlon 

Coal Ref in ing  ( l i q u e f a c t i o n )  

Coal G a s i f i c a t i o n ,  low Btu 

Coal Gasification, high Btu 

Stack Gas Cleaning, 
throwaway 

Stack Gas Cleaning, 
by-product 

Hlgh-Pressure Fluldlzed- 
Bed Combustion of Coal 

Arm. Pressure Chemically 
Active Fluldlzed-Bed 
Combustion of Oil 

1.214 Now 1 Coal A l l  2.3 (b) 6.6 (b) 

1.359 1978 2 Coal A l l  16-22 (c) 26 (c) 

1.015 Now 1 Oil All 17 (d) 45 (d) 

1.026 1980 3 Coal E+I 80 (e) 60 (e) 

0.817 1978 3 Coal E+I 90 (f) 50 (f) 

0.996 1977 3 Coal R/C 117-197 (g) 60 (8) 

0.718 

0.718 

0.520 

0.334 

Now 1 Both E+I 

1974 1 Both E+I 

1977 2 Coal E+I 

1977 2 Oil E+I 

25_75 (h) 

25_75 (h) 

5_25 (1) 

5_25 ( i )  

25(h) 

25 (h) 

20 ( i )  

20 ( 0  

.88 

.95 

.90 

.75 

.70 

.65 

.95 

.95 

1.00 

1.00 

E 

A-3 

E 

B-2 

B-2 

B-I 

A-I 

A-I 

A-3 

A-3 



Footnotes to Table 32 

(--) 

(b) 

E = Electrical Sector, ! = Industrial Sector, R/C = Residential 
and Co~ercia! 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 !000 T/hour plant. These 
the !9~6 costs escalated to 
Stevens index. The average 
was taken. The value given 
Reference 2, page 333. 

estimates were converted to $/kw and 
1972 costs by means of the Marshall 
of the values, $2.!7/~ and 92.44/~x~, 
for operating cost was taken from 

(c) Capital and operating costs given are Battelle estimates for 
hydrothe~a! chemical coal cleaning. 

(d) T-_ha capital cost of hydrodesu!furization of residual oil was 
reported in Table 15, page 97 of Reference 16. Operating cost 
is 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. 

(e) 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. 

(f) Capital costs of 982/kw were estimated for the We!!man-Ga!usha 
io~z Btu process in Reference 16, page 91. Other estimates of 
capital costs for other low Btu systems range from $70 to 9135 
per installed bz. A value of 990/~ was taken. Operating cost 
esti~ate~ = rar:=~e from 45 to 70 cents per million Btu. A 
conservative value of 50 cents per million Btu was chosen. 

(g> Capital costs ~are taken from Reference 2~ page 381. The capital 
cost for a Lurgi high Btu plant was estimated in Reference 17 as 
9!34/hq which is %~ithin the range given. The cost of high Btu 
gas at a Lurgi plant was estimated in Reference 17 to range from 
$i to $1.20 per million Btu for coal costing 97 per ton. Sub- 
tractin= ~ this coal cost gives a range of 50 to 70 cents per million 
Btu. The mr_an of this range was chosen. 

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

(i) Capital and operating costs for f!uidized-bed comSustion of coal 
and oil were taken from Reference 2~ pages 416 and 423. 

(j) Sam text for definition of categories. 
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transportation, and combustion of that quantity of coal are given in 

Table ii as follows: NOx - 391.96, SO 2 - 802.2, CO _ 29.4, particulate - 

119.1, and total organic material - 6.1 thousand tons. Each of these 

quantities was divided by I,Ii0 trillion Btu to give the following system 

emissions: NO - 0.353, SO 2 0.723, CO - 0.026, particulate - 0.107 
X 

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 I percent sulfur in the chemically cleaned coal. The 

other residual emissions data in Table 32 were calculated as illustrated 

for physical coal cleaning. In addition the residual emissions for a 

reference system, eastern high-sulfur coal burned without sulfur dioxide 

control, were calculated in the same manner to be 2.908 thousand tons 

per trillion Btu. 

Availability 

Technology availability was evaluated first in terms of the 

estimated year of commercial availability, defined as the year during 

which I year of successful operation on a 100-MN plant is achieved. 

The years entered in Table 32, under Availability - Year, represent a 

concensus of opinion regarding the achievement of such a successful 

demonstration. A second factor to be considered with respect to avail- 

ability is the rate at which the technology will be implemented after 

commercialization. A major factor affecting the rate of implementation 

is the complexity of the process. A highly complex process, requiring a 

longer lead time for fabrication of components and construction, and 

being more highly capital intensive will lead to a lower implementation 

rate. These considerations were combined and the technologies evaluated 

with respect to three categories defined as follows: Rate Category I, 

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 technology 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. 

Ao~!icabi%itY 

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, 

nhe 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 = i kw of 

installed capacity. This conversion ratio assumes a heat rate of I0,000 

Bnu/k~Thr 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 

net include the cost of the fuel processed or burned. Thus these costs 

represent the incremental energy cost added through the application of 

nhe teehno!ogy. The bases for the cost estimates given in Table 32 are 

~arized in footnotes to the table° 

third factor in the cost criterion is the cost of research 

end development. ~ecause this is a less significant factor over the 

long n~ than the other ~o and because estimmtes of developments costs 

~re quite uncertain~ no attempt was made to formally include development 

c o s t s  in t~e ~ _ =ssess~enL. 
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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-I = modest extension of existing technology 

A-2 = moderate extension of existing technology 

A-3 = significant extension of existing technology 

B-I = 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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Technolosy Ratin~ 

The evaluations of each technology within each assessment 

criterion compiled in Table 32 represent diverse kinds of information. 

SoEe evaluations are quantitative, with different units for different 

criteria; others are qualitative or categorical. To provide a means for 

ccmbinin~ these evaluations into an overall assessment, the evaluations 

were converted to a rating scale. _The methodo!ogywas adapted from an 

approach developed at Battelle for environmental impact assessment. (18~i9) 

%he evaluations were converted to ratings through the Technology 

Rating ~unction illustrated in Figure i. The Technology Rating Factor, 

4 -  

2 -  

Jl,~30~.~n~ Pa=ameter Scale 

FiCtT_RE !. G~-NERAL!ZED TECI~NOLOGY RATING FUNCTION 

~itb values from 0-i0, is read from the ordinate for various values of the 

e~sessment parameter given on the abscissa. The use of the Technology 

Rating Function results in a normalization of the quantitative evaluations 

~hich resolves the problem caused by the use of different units in different 
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evaluations. In 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 

10 

4 

i | ] ! 
0 1.0 2.0 3.0 

Total Retidua| ~,'lssion$, 103toa/lO123tu 

FIGURE 2. TECHNOLOGY RATING FUNCTION FOR AIR EMISSIONS 

emissions expressed as thousands of tons per trillion Btu. The residual 

emissions of the system, strip mining of Eastern coal-rail transport- 

conventional boiler without sulfur dioxide control (2.908 thousand tons 

per trillion Btu), were selected as the reference point for zero Rating Factor 

Conversely, zero emissions were set equal to ~ 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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tri!lion 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 f!uidized bed, oil 8.9 

High pressure f!uidized bed, coal 8.2 

Stack gas cleaning, by-product 7.5 

Steck gas cleaning, throwaway 7.5 

Coal gasification, low Btu 7.2 

Coal gasification, high Btu 6.6 

Resid desuifurization 6.5 

Coe! refining (liquefaction) 6.5 

Physical coal cleaning 5.8 

Chemical coal cleaning - 5.3 

AvaJ lability Rating 

~e TechnologyRating Function for availability based on year 

ef first ccmmercia!ization is shown in Figure 3. A zero Rating Factor was 

assigned to the year 1985 and a Rating Factor of i0 was assigned to the 

present year. ~e second evaluation in the availability criterion, i.e., 

rate of avai!ability~ was introduced by applying the following corrections 

co the Retin~ Factors obtained from Figure 3: Rate Category i - no 

correction~ Rate Category 2 - 0.3 correction; and Rate Category 3 - 0.6 

correction. 
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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 
for Year of 
Availability 

for Rate of 
Availability 

Net 
Rating 
Factor 

I0 None i0 

I0 None i0 

i0 None i0 

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 Ratin$ 

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 

IQ 
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TECH~NOLOGY RATING FUNCTION FOR FUEL AVAILABILITY 

enersy technologies applicable to both coal and oil utilization should be 

rated hi~her 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 do~,mgraded with respectto those 

apD!icable 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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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 applicability criterion. The results are as follows: 

Energy Technology 

Physical coal cleaning 8 

Chemical coal cleaning 8 

Stack gas cleaning, throwaway i0 

Stack gas cleaning, by-product I0 

Coal refining (liquefaction) 8 

Coal gasification, low Btu 8 

High pressure fluidized bed, coal 8 

Resid desulfurization 4 

Coal gasification, high Btu 8 

Chemically active fluidized bed, 4 
oil 

Rating Factor Rating Factor 
for Fuel for Market 

Applicability Applicability 

i0 

i0 

8 

8 

8 

8 

8 

i0 

6 

8 

Mean 
Rating 
Factor 

9 

9 

9 

9 

8 

8 

8 

7 

7 

6 
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Cost Ratin$ 

The Technology Rating Function for capital cost is shown in 

Figure 6 and that for operating cost is sho~.~n in Figure 7. A capita! cost 

of $300/k~7 was assigned a zero Rating Factor in Figure 6, and an operating 

cost of $! per million Btu was assigned a zero Rating Factor in Figure 7. 

_~e Ratin~ Factors were determined separately for capital and operating 

cost and the resultin~ values averaged to give the overall Rating Factor. 

~ere 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 
Factor~ 

Energy Technology Capital _ Cost 

Physical coal cleaning 9.9 9.3 9.6 

Kith pressure fiuidized bed, coal 9.5 8.0 8.8 

Chen~ica!!y active fluidized bed, oil 9.5 8.0 8.8 

Chalice! coal cleaning 9.4 7.4 8.4 

Stack gas c!eanin~ throwaway 8.3 7.5 7.9 

Stack gas eleening~ 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 

Coe! gasification, high Btu 4.8 4.0 4.4 

Rating liean 
Factor, Cost 

Operating Rating 
Cost Factor 

Ener$]r Efficiency Ratin$ 

The Technology Rating Function for energy efficiency is sh~n 

in figure 8 ~here 50 percent efficiency was assigned a zero Rating Factor. 

Th~ resulting values are as follows. 
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TECi~NOLOGY RATING FUNCTION FOR EFFICIENCY 

Energy Efficiency 
Energy Techno!ogy Rating Factor 

High oressure fiuidized bed, coal i0 

Chemically active fluidized bed, oil i0 

Chemical coal cleaning 9 

Stack gas cleaning, throwaway 9 

Stack gas cleaning, by-product 9 

~esid desu!furi~ation 8 

Physical coal cleaning 7.6 

Coal refining (liquefaction) 5 

Coal gasification, low Btu 4 

Coal gasification, high Btu 3 

Probability of Successful Development Rating 

Tt~e Technology Rating Function for probability of successful 

dev~!opment is sho~n in Figure 9. The evaluation categories are located 

along the ~is on the basis of the relative probability of success judged 

for each category. The resulting Rating Factors are as follows. 
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FIGURE 9. TECHNOLOGY RATING FUNCTION FOR 
PROBABILITY OF SUCCESSFUL DEVELOPMENT 

Probability of Success 
Energy Technology Rating Factor 

Physical coal cleaning i0 

Resid desulfurization i0 

Stack gas cleaning, throwaway 9 

Stack gas cleaning, by-product 9 

Chemical coal cleaning 7 

High pressure fluidized bed, coal 7 

Chemically active fluidized bed, oil 7 

Coal gasification, high Btu 6 

Coal refining (liquefaction) 5 

Coal gasification, low Btu 5 
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AgE regation of Technology Ratings 

Un~eishted Summation 

~ne overall technology assessment including all criteria was 

first made by s~ming the individual criteria ratings for each techno!og~y. 

~oe su~s 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 ra~ked order according to their aggregate ratings. 

Weighted Su~mations 

To incorporate the relative importance of the assessment criteria 

in judging the potential role of energy technologies, a second aggregation 

~Tas carried out. Each rating was first multiplied by a weighting factor 

chosen to reflect the relative importance of the criteria; then the products 

~ere summed to obtain the weighted aggregate rating. 

~e ~eighting 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 minim~±~ air pollution. Each member then made successive pairwise 

co~rarisons be~een contiguous elements to determine for each element pair 

~ha ratio of importance. For example, the criterion ranked second was 

cow, eared to the first to determine how much less important the second is to 

~e first. ~nis 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 

thi~ procedure was a ~eighted list of the criteria for each member of the 

penal. The weighting factors thus developed were averaged to yield the 

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

Weighted 
Criteria Ratingr R Unwelghted Aggregate Normalized 

Residual  Energy P r o b a b i l i t y  Aggregate  Rat ing ,  Weighted 
Energy Technology Emissions Availability Applicability Cost Efficiency of Success Rating, ER EWfR Rating 

k_o 
o 

Stack Gas Cleaning, 
throwaway 7.5 I0 9 7.9 9 9 52.4 405.5 52.2 

Physical Coal Cle~nln g 5.8 I0 9 9.6 7.6 i0 52.0 403.2 51.9 

StaCk Gas Cleanlng, 
by-vroduct 7.5 9.2 9 7.9  9 9 51.6 398.7 51.3 

Resld Desulfurlzatlon 6.5 I0 7 7.5 8 I0 49.0 384.0 49.4 

High Pressure Fluldized-Bed, 
coal 8.2 6.4 8 8.8 10 7 48.4 378.9 48.8 

Chemically Active Fluldlzed 
Bed, o i l  8.9 6.4 6 8.8 10 7 47.1 377.9 48.7 

Chemical Coal Cleaning 5.3 5.5 9 8.4 9 7 44.2 335.3 43.2 

Coal Gasification, low Btu 7.2 5.2 8 6.0 4 5 35.4 273.7 35.2 

Coal Refining (liquefaction) 6.5 3.6 8 5.7 5 5 33.8 257.1 33.1 

Coal G a s i f i c a t i o n ,  high B~u 6.6 6.1 7 4 .4  3 6 33.1 255.9 33.0 



Assessment Criterion 

~ean 

Weighting Standard 
Factor Deviation 

Residual Emissions 19.0 12.7 

Availability 13.4 10.7 

Cost 12.9 5.4 

Applicability 12.4 7.2 

Probability of Success 12.2 10.3 

Efficiency 11.4 9.8 

~nese results show that the members of the group differed 

widely in their evaluation of the relative importance of the criteria. 

Tae 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. ~ne 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 th~ s~e fashion said that he felt that they were all of equal importance, 

thus tendin~ to support the first group consensus. A second iteration was 

perfo_~ed in ~hich 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 

Assessment Criterion 

Mean 
Weighting Standard 
Factor Deviation 

Cost 16.8 3.2 

v~missions 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 iteration, 

are still large sho~ling that considerable difference of opinion still 

remained among the panel regarding the relative importance of the criteria. 
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The mean weighting factors from the second iteration were normalized to 

a scale of i-i0 and rounded to the nearest 0.5. The final weights were 

as follows. 
Final Weighting 

Assessment Criterion Factor~ Wf 

Residual Emissions i0 

Cost i0 

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 mnd third groups. 
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~ne stack gas cleaning processes combine good emission 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 Io~7 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 ~.Thich 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 bottc~ 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 be~,zeen 7 and i0. However, 

given the generally high criteria ratings of the top group and the generally 

!o~ ratings of the bottom group, the rank order of technologies could be 

ex~ecned to remain unaffected unless highly disproportionate, and thus 

unr~a!istic~ ~eighting factors were used. 

~-~e technology assessment was designed to incorporate a number of 

factors into en unbiased evaluation of the various techno!ogies with respect 

to their overall potential, it was not possible to accurately reflect all 

the factors into!red, and in some cases there will be special considerations 

which ma~ 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 SO 2 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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OPT~HT~ TECHNOLOGY_ UTILIZATION 

~ne fuel utilization matrix constructed for Scenario i, 

Tables 5, 6, and 7, sh~q 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 wiil 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, (I) 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 

th~ total gaseous fuel supply in 1975 and 2000, respectively). It should 

be e national goal to minimize dependence on these foreign supplies to 

the greatest e:~tent possible. Therefore, it is necessary to continue to 

accelerate the development and use of appropriate energy technologies not 

only co eiiminete the need for uncontrolled combustion of dirty fuel but 

also to m~imiza the use of domestic fuel, principally coal. it is clear 

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

reGu~red 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-ges cleaning is the most advanced technology 

~hich will permit extensive use of domestic high sulfur 

coal over the near term with adequate emission control. 

Relative cost comparisons with alternate options 

=N~e that on!v f!uidized-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 

95 



that stack gas cleaning will be displaced prior 

to 2000. Therefore, the remaining engineering 

problems associated with these technologies should 

be resolved as rapidly as possible, and implementation 

of the technology should be promoted to the fullest. 

• Physical coal cleaning technology is available now, 

it is relatively inexpensive, and it can achieve on 

the average a 30 percent reduction in the sulfur 

dioxide emissions from combustion of the coal. 

Implementation of this technology should be extended 

fully. 

• High-pressure fluidized-bed combustion of coal,with 

advanced-cycle power generation has good potential 

for the extensive utilization of domestic coal. The 

development and implementation of this technology also 

should be stressed. 

• The chemically active fluidized-bed combustion of oil 

exhibits the minimum residual emissions of those 

considered. The potential of this technology over 

the near term could be greater than indicated in 

the technology assessment if a major national program 

were undertaken. The low cost and high efficiency 

of the process in addition to the low emissions 

warrant such an emphasis. 

• Chemical coal cleaning has potential for more 

efficient sulfur removal than does physical cleaning. 

The development of this technology will thus increase 

the quantity of coal which can be cleaned to I 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 e:~rpand the nation's ability to utilize 

domestic coal. 

Continued development of the coal conversion technologies 

is warranted on the basis of special considerations as 

iu the case of high Btu gasification as discussed 

previous !y. 
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