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COAL AND OTL-SHALE PROCESSING AND COMBUSTION

Introduction: Preseantly fluid hydrocarbon fuels are obtzined in quantity
only from petroleum and natural gas. Domestic sources, until recently,
have provided the energy for the in&us?rial growth of the country. Pro-
jections of consumptién of fluid hydrocarbons indicate that substantial
quantities will have to be imported, while at the same time domestic
production may hold level or decresase. The only practical alternative
sources of significant quantities of fluid hydrocarbors in the United
States are c¢oal and oil shale.

A large fraciion of the wo€1d‘s resources of coal and oil shale is
located in the United States. It is estimated that sufficient amounts
are available to suppor£ our domestic needs for oil and gas for at least
the next soeveral hundred years, thus providing mational self-sufficiency
as soon as a suitable domestic processing and conversion industry for
these energy sources can be established. As an alternmative to the
importztion of large energy.supplies, the United States then would be very
favorably situated from a energy standpoint. However, to establish such
an industry and to develop the technology necessary, a vigorous national
effort is required.

Optimistic projections indicate that by i985 an industrially supported

oil-shale industry of about 1,000,000 bbi/day can be developgd. From coal,

- about 1,000,00C¢ bbl/day production of oil and 1.5 trillion cf/year of

éggpeline quality gas might be available by 1285, if the Federal government

has a strong coomitment to achieve that goal. Achievement of this goal

would crovide for rapid industrial expansion after 1985, but first the

threshold nust be overcome.
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During the near~term period, the development of reliable §tack gas
¢leanup systems must be accomplished in order to insure that cozl can be
burned in central power plants in zn envirommentally satisfactory manmer.
Simultaneously new coal combustion techniques must be developed which have
greater efficiency than conventional systems. Stack gas cleanup consumes
from 3 to 7 percent of the power output of 2 plant. Pressurized fluidized
bed combustion systems will be developed under this program which have the
capability of higher thermodynamic efficiencies than conventional systems
and also avoid the power losses in stack gas cleanup.

The proposed supporting research is an effort parallel with the coal
gasification and liquefaction research and focuses sharply upon the equip~

~ ment and material problems that are encountered in the hostile conditions

used in these p-ocesses. Commercial devaiopment can only follow when there
is reasonzble assurance of reliable continuous plant operation. Tbe
solution to problem areas is usually less costly in the laboratory tham in

a pilot plant operation.

Proposed funding levels for the five subprograms included irp this

review are as follows:

BUDGET (Millions) PY 75 FY 76 FY 77 FY 78 FY 79 TGTAL
Pipeline Quality Gas from Coal 35 161 32 21 16 265
Clean Liquid Fuels from Coal 75 100 75 75 50 375
Iaproved Combustion Processes 2C 20 50 55 55 200
Improved Envirommental Control 70 77 42 38 33 260
Suppor: Research for Coal and Oil Shale _20 28 27 24 21 _120

220 385 226 213 175 1,220




PIPELINE QUALITY GAS FROM COAL

Coals and Objectives: The goals and objectives of this research
and development program are to reduce to commercial practicality one
or more environmentally acceptable methods of converting coal to pipe-
1?ne quality gas and to develop the technology necessary for the
establishment of a commercial coal-to-pipeline quality gas industry
with due regard to envirommental considerations by pilot plant testing
and by constructing and operatiﬁg a2 coal-to-pipeline quality gas
demonstration plant. '

Tmpact of Successful R&D on Energy Situation: Present estimates

. indicate that successful research and development will result in the
operation of cemmereial (250-million cf£/day) plants by 1981. It is
estimated that pipeline gas from coal will contribute 1.5 trillion
cffyear (1.5 quadrillion Btu) by 1985, accounting for 47 of the supply.
This is expected to rise sharply to 7.5 trillion cf/year (7.5 quadrillion
Btu) by the year 2000, accounting for 13% of the supply.

Specific Achievements Expected f£rom Proeram: It is expected that

thir program will lead to pilot plant testing of the four advanced

gasification processes (Hygas, CO,-Acceptor, Synthane and Bi-Gas) and

2
construction and operation of a demomstration plant which will test 2
selected process or a system combining the best features from ‘several

processes. After operation of the demonstration plant, sufficient data

will be available for design and construction of commercial piants.




Budget (Millions): FY 75 FY 76 FY 77 FY 78 FY 79 Total
Pilot Flant 27 20 10 57
Advanced R&D 4 8 2 1 1 16
Demonstration _ 4 133 20 20 15 192

Plant — - — - — —
35 161 32 21 16 265

Pilot plant funding includes support for Hygas, CO_-Acceptor, Synthane

2
and Bi-Gas. Advanced R&D consists of engineering evaiuation as well as
development of the Hydrane process, Liquid Phase Methanation, the Stirred-
Fixed Bed and the Self-Agglomeration process. In addition to the funding
shown for FY 75, $10 millica is expected from industry for the Office of
Cozl Research - American Gas Association procgram. The demonstration
plant program is projected to include addiricnal funding from industry.
Alse inzluded in the above funds is continued back-up research to
support the planned operations.

A breakdown of funds in terms of operating expenses and construction

is 2s follows:

Millions) FY 75 FY 76 FY 77 FY 78 FY 79 Total
Operating Expense 16 25 32 21 16 110
Construction/ 19 126 —_ — -— 155

Equipment — _ —_— — —_ —_—
35 161 32 21 16 265

Program Plan and Content: The pipeline quality gas from ¢oal program

consists of the continued operation of the Hygas and C0O_,—Acceptor pilot

2

plants, the completed construction and subsequent operation of the Synthane




and Bi~Gas pilot plants aad construction and operation of a demonstration

plant producing 50-150 million c¢f/day. The present schedule calls for

operation of the Synthane pilot plant in 1974 and Bi-Gas by 1975.

Constructicn of the demonstration plant (produciang 50~150 million cf/day)

is expected to start in 1976 and be completad in 1979. It is anticipated

that commercial plant construction could be initiated soon thereafter

by industry.

Present industry funding participation consists eof 1/3 support of

the OCR — AGA gasification program (Hygas, COz—Acceptor, Bi~Gas and

Others). It is expected that industry will participate at least to this
. same extent in the constructi:on and operation of the demonstration plant.

Technical Handicaps and Actions Suggested to Assist Prosram: The

basic processes involved in coal gasification are not expected to present
unsolvable engineering problems which has been a deterent factecr in
obtaining substantial funding commitments from industry in support of

. the program.

An environmentai impact statement will be required for the demonstra-
tion plant, ‘The plant will have a significant environmental impact since
it will utilize large amounts of cozl (1.5 million tons/year) and water

(10,000 acre ft/year). This will have to be considered in site selection.
Capital and manpower availability, material requirements znd social
impact are not expegted to be substantial problems.

Other government action which would aid the R&D program would be
favorable and definitive action by FPC in regulating price of SNG from
coal (when mixed with natural gas) to remove present uncertainties con=~

. cerning government policy in this area.




CLEAN LIQUID FUELS FROM COAL

Goals and Cbjectives: The goals and objectives of the clean-burning

liquid fuels from c2al program is the development of one or more processes
for converting coal to a high-quality clean-turning boiler fuel. Such &
fuel should be capable.of further refiring to produce z high-quality
§ynthetic oil or a satisfactory motor fuel. The program will achieve

this objective by careful operation, over a period of years, of a number
of pilot plants that will include the direct‘hydrogenation of coal,
extraction of coal, and the carbonizaticn of coal.

By converting coal to a clean-burning liquid, the use of oil iu power-

plants can be eased. Natural gas, too, can be conservad for higher priority
uses. With successful development, additiocnal process units can be added

to the pilot plants to further refine the coal liquids to produce diesel
fuel, gasoline, and jet fuel.

Data will be collected and analyzed to provide engineefing design
information such that a demomstration plant can be designed and ready for
construction by the fifth year of the program. The demonstraticn plant
will seek to test a number of processes and process alternates at a
single operational location. This test facility will have a carcacity
expected to be about 10 percemt of a commercial-scale plant, i.e.,

2,500--10,000 tons of coal per day. Plant products will include a

nigh-quality synthetic o0il, a low-sulfur boiler fuei, pipeline-quaiity

gas, fuel gas, and byproducts related to the mining/processing operation.




Impact of Successful R&D on Epergy Situation: Based upon this program,

it is expected that plants‘with a total capacity of about 1.5 million
barrels of liquid per day would be constructed over a periocd of about
10 years. On an annual basis these plants-'would provide 6.0 x 1015
Btu's with input inte power gemeration, residential heating, commercial
use, and industrial fuel.

As commercial development proceeds, about 1 trillionm cu, ft. (1.0 x
1013 Bru's), 1/3 biiiion barrels of oil (2.0 x 10'° Btu's), and 68.6
million tons of reformed coal (2.2 x 10%® Btu's) would be added to the
synthetic fuel capability of the Nation. Iﬁ 1970 dollars, this would
rzquire an annual investment of $8--$10 billion per year in'mine,

physical plant, and supporting systems.

Specific Achievements Expécted from Program: This program will clearly

establish the feasibility of converting high-sulfur coal to a clean-burning
liquid with a thermal efficiency of approximately 70 percent.

A ceiling price will be established on imported crude oil. If the
reduction in imported crude price, as a result of this program, is only
50 cents pexr barrel, a projected 1985 use of 10-billion barrels/year,
with 55 percent of the use met by imports would show an annwal savings
to the Nation of $2.75-billion, Further benefits will accrue in the

form of gas production and a clean solid fuel for power purposes.

Budget (Millions) FY 75 TY 76 Fy 77 FY 78 FY 79 Total
Government 75.0  100.0 75.0 75.0 50.0 375.0
Industry 5.0 10.0 10.0 25.0 25.0 75.0

Total 80.0 110.0 85.0 100.0 75.0 450.0




Projects included are: Solvent Refined Coal; C.0.E.D.; Direct.Hydrogenation
(Synthoil and Other Catalytic processes); Fisclher-Tropsch Synthesis; Clean
Coke and Liquids; Cresap Testing, Research and Engineering Facility;

Bench Scale PXD and Demonstration Plants. Demonstration plants represent

the major fuanding outfay in the FY 77-73 period.

Program Plan and Content: To obtain data for the design of commercial-scale

plants, a series of pilot plants will be designed, constructed, and operated,
The pilot plants are expected to have capacities ranging from 1-10 tons/hour
of coal, with most of the plants falling within the 5-10 tons range. The
direct hydrogenation of cocal will be studied in an ebullated bed plant (a
liquid fluid bed system) and in several fixed catalyst systems. Low
temperature carbonization of coal at atmospheric and elevated pressure

will be investigated. The extraction of coal in a hydrogenation;donor
process derived solvent as well as in the presence of hydrogen will be
studied at the pilot-plant scale. Liquids produced by the various

processes will be catalytically hydrogenated over a broad range of
conditions to determine the best system.

To provide balance for the total system a concurrent supporting
research pregram will be undertaken seeking better materials <f construction
and development of special items of equipment. Engineering and systems
studies will proceed with the experimental program to insure-early commer-
cialization of the concepts investigated at the pilot plant level. One or

more pilot plants combining processes with a synergistic effect will be




desigred, constructed, and opera;ed. Typically, a plant might produce
chemicals, fuel éas, a synthetic oil, a low-sulfur solid fuel (coke or
coal), and perhaps include a power system as well.

As pilot plant data are available, they will be assembled and
analyzed. During the second vear of the program a commercial-scale-
demonstration plant design will begin. The purpose of the design is
to insure that the pilet plants produce the data needed for design of
commercial-scale facilities, Individual processes will be related, one
to the other, so that complementary process schemes can be incorporated
into the final demonstrati&n plaﬁt desigh.' During this period the
detailed ewvironmental impact statement of the demonstration plant

will be prepared.

Technical Handicaps and Actions Sugsested to Assist Procram: The conversion

of coal to 2 liquid is not new. No technical obstacles are foreseen. The
primary program need is the demonstration of process economics of the
various methods to determine an ecomomic, practical commercial optimum.
The preliminary research work and the continuing supporting research
should be funded by the Government. As projects proceed to the pilot
plant stage, private funding should be sought to augment the funds shown.
This will be difficult to obtain, but it is believed that $75 million can
be obtained over the life of the program. As the projects move toward
commercialization, it will be vital to have available modern mining
systems capable of supporting coal synthetic fuel plants that require

2bout 100,000 tons/day of coal. Funding for this research and development




is not included in this budget. In addition, policy decisions may be
necessary to encourage industry to undertake the heavy capital invest-

ments demanded by commercialization.




IMPROVED COMBUSTION PROCESSES

Goals and Objecrives: The goalsand objectives of this program are to

develop technology for utilizing the Nation's substantial coal reserves
for electric power production and other industrial applications in an
envirommentally satisfactory manner and to achieve increased therm:!
efficiency and lower costs by use of fluidized-bed combustion ané modifi-
cetion of conventicnal boilevs.

Jmpact of Suczessful RED on Energy Situation: It is estimated that, once

fluidized-bed combustion is developed succeésfully, it will be applied to
0.2 x 1015 Btu (input) capacity by 1985, and 2.2 x 1013 Btu by 2000. This
degree of implementation would result in a savingsof $0,2 billicn in plant
capital costs by 1985, and $2.9 billion (cumulative) by 2000, compared to
conventional boilers equipped with stack gas cleaning. The reduction in S0,
emissions would be 0.7 million tors in 1985, and 7.2 million toms in 2000,
compared to the discharge from uncontrolled conventional boilers, The
elevated-pressure systems should achieve a level of 41 percent in plant ther-
mal efficiency resulting in a savings in coal utilization of as much as 5
million tons/yr by 2000 when compared to the present combustion system

with an efficiency of about 38 percent. Application of combustor
modification technology would improve fuel utilization efficiency

by one percemt or more, thus reducing energy requirements accordingly. More
importantly, however, combustoxr modifications will provide tﬂe best tech-
nology for establiéhing and meeting standards for area sources. NO,.

emissions, for example, may be reduced by up to 60 percent, Emission of




hydrocarbons and polycyclié organic materials will also be significantly

reduced from some processes.

Specific Achieverents Expected from Program: This program plan will lead

to the development and commercial scale demonstration of new and more
efficient combustion systems, including development of an advanced boiler
concept and modification of conventional boilers ard industrial furnaces.
The advanced boilers to be developed include two variations of the fluidized.
bed combustion process (atmosphere and high pressure). Modificatioms to
conventional coal and o0il burning boilers and furnaces are included in the
program plamning and will result in optimization of rate and completion of
combustion, reduction of criticai flame femperatures, and dry (catalytic)

methods fcr control of NO, from stationary gas turbines.

PUDGET (Millions): FY 75 EY 76 EY 77 FY 78 FY 79  Total
Pressurized Fluid-Bed 2 1 7 12 12 34
Atmospheric Fluid-Bed 8 4 37 37 37 123
Support R&D 6 6 2 2 1 17
Combustion Modifications 4 9 4 4 5 26

20 20 50 55 55 200

Program Plan and Content: The program provides that a pressurized version
of the fluidized-bed boiler will be tested at an existing 0.6 Mw pilot

plant (§2 million iest project, all Government-funded), followed by 30 Mw
demonstration plant tests ($12 million Government, plus $12 million industry
funds), and £inally, full-scale testing of a 150 Mw module plant ($41 millior
Goverrment, plus $36 million industry). The funding stipulation assimes

that industry will support 50 percent of the cost of design and coastruction




of the demonstration and full-scale module plant. The project is
expected to be completed by the end of FY 8@.

Based upon the more advanced stage of development and reduced
technological difficulty, the atmospheric pressure fluid-bed boiler pro-
Jeet will begin with comstruction and testirg of a 30 Mv-level pilot plant
($18 million, 2ll Govérmment). This will be followed by construction and
testing of a 400 Mw demonstration plant £$105 million Govermment, plus
$105 million industry). The project will be completed by the end of FY 80.

The combustor modification program includes testing of candidate
burner and combustor designs for utility and industrial boilers, industrial
process furnaces, aud utility gas turbines ($27 million Govermment plus 42
percent of total by industry)., The majgr portion of this program is expected
to be completed by FY 79. Gas turbine tests, including testing of a 50-75 Mw
combined cycle demonstration plant will \bg undertaken and completed by the
end of FY 82.

Government expenditure to completion for the total fluid-bed boiler
combustor modification prog-ram is estimated to be 5230 milliqn, with post

FY 79 costs at the $30 million level.

Technical Handicaps and Actions Suggested to Assist Prozram: Restraints on

the success of fluidized~bed combustion systems include: (1) demonstration
of sorbent regemeration and sulfur recovery, for those variations of the
system involving regeneration; (2) demonstration of high~temperature, high-
pressure particulate removal technolgy, for pressurized systems; and (3)
demonstrating the operability of the integrated boiler systems on a large
scale. Reluctance of boiler manufacturers and operators to build and install

boilers radically different from what is currently commercial may be a




barrier to commercializatién. Major restraints in combustion modifications
will be eased by the demonstrations of efficiency and pollution reduction
with satisfactory operating characteristics and equipment durability. It

is expected that commercislization of fluid-bed boilers will introduce no
mere significant demand on manpower, money, social dislocation, and materials

requirements than the use of conventional boilers.




IMPROVED ENVIRONMENTAL CONTROL

Goals 2ni Objectives: The goals and objectives of this program are:

(1) Te improve the utilization of coal in direct combustion processes by
reduction/control of pollutant and impurity emissions, (2) to provide
environmentally acceptable control methods when coaverting coal and shale

0oil te pipeiine quality gas, liquids, and clean fuels, (3) to reduce cost

and environmental impact and increase availability of energy through
byproducts/vastes recovery and utilization from ccal and oil shale processing,
(4) to develop and demonstrate improved and new methods for reduction of SO,
particulates and hazardous pollutant ewissions from the utility, industrial

and commercial combustion of.coal, (5) to improve chysical coal cleaning
techniques and to develop new chemical coal treatment methods that would

result in maxiour reduction of impurities, (6) to quantify the environmental
problems associated with coal and 0il shale processing to produce gaseous and
liquid product. and develop necessary control technology to assure establishment
of an environmentally acceptable commercial industry, {7) to reclaim energy
values contaived in coal refuse and refinery residues of high-sulfur content,

(8) to optimize reclamation of land surfaces disturbed by mining of energy fuels,
and (9) to reduce coal and oil shale processing costs by recovery and utilization
of mining ~efuse, process wastes and byproducts.

Impact of Successful R&D on Energv Situation: The attainment of the program

goals will: (a) enable the continued use of the Natioﬁ's high sulfur coals
for combustion purposes in an environmentally acceptable manmer, ‘(b) provide
a basis for accelerating the coal base utility capacity to generate clean
electrical energy, (c) develop needed envirommental coantrol that will assure
the accelerate development and commercialization of the coal and oil shale
processing conversion industry; and (d) increase utilization and recovery of

byproduct values from waste and secondary materials.



Specific Achievements txpected frow Program: Specific achievewents that

should be obtained in this program are:

Complete iIdencification and quantification of pollutant occurrence, levels

and rates in existing coai conversion pilot plants by the end of FY 1975,
Complete demonstration and long term reliability testing of two additional
flue gas desulfurization (FGD) systems, complete evaluatiorn and development

of f;rm edgineering data for specific process control techniques for reduction
of pollutant emission from coal conversicn systems, complete development
investigatrions of processes for environmentally acceptable disposal of waste
products and methods for reclaiming salable btyproduct values from coal
conversion processes, obtaining.suff@cient pilot plant data on chemical coal
cleaning (desulfurization) to provide required engineering information for
ccaleup to demonstration size during FY 1976 and 1977.

Complete demonstration and reliability testing of four additional advanced
FGD systems by 1978.

Complete the major FGD demonstration programs, complete development and
demonstration of fast gemeration finme particulate control techmiques for
stationary combustion sources, and complete construction and initial operation
of a demonstration plant that utilizes high sulfur coal cleaning refuse to
generate electrical energy in an envirommental acceptable manner by the end

of FY 1979.

During the program period (1975-1979) continue improvement in physical cleaning

of coal and reclamation of lands disturbed by wining of energy fuels.




Budget (willionms): FY 75 FY 66 FY 77 FY 78 FT 79 Total

Flue Cas Desulfurization 29 27 7 5 - 68

Particulate & Hazardous
Emiesion Control 8 11 8 8 8 43
Fuel Cleaning 4 6 5 3 3 21
Fuel Conversion Control 15 19 13 13 13 73
Waste Disposal 14 14 9 9 2 55
70 77 42 38 33 260

Program Plan and Content: This program is based on Federal support of the

research and development program and industrial/?ederal support of demonstra-
tion plants. The input of industrial/private expertise is maximized by
contractual studies. This approach makes for effective transfer of information
and develiopment of industrial competence to carry out commercialization. The
expected contribution from industry sources over the program period is as
follows: flue gas desulfurization, $50 million; particulate and hazardous
emission control, $20 million; fuel cleaning, $11 million; emission control
from fuel conversion, $30 milliom; ;nd waste disposal research, $39 million.

Technical Handicaps and Actions Suveesested to Assist Proeram: The stated

objective can only be achieved if waximum utilization of Federal and
industrialfprivaée expertise and capabilities are had. Additiomally, industrial
acceptance of these goals must be obtained and reinforced. Major restraints

on the program are: availability of capital, maintaining a national desire to
protect the environment, acceptance that recovery of fossil fuel energy and
industrial expansion will cause major impact in “virgin" land zreas even when

a8 sincere effort is made to minimize these disturbances, maintaining continuity
of existing efforts and organization since major changes in responsibilities
could re-.lt in serious time delays and Federal policies that will provide

positive influence and directions to achieve the stated goals.



SUPPORT RESEARCH FOR COAL AND OIL SHALE

Goals and Objectives: The goals and objectives of this program

are:

1. Equipment deveicpment: 7¥n develcp, independent of pilot

plants, reliable coal injection systems and components for coal
gasification and liquefaction.

2. Materials: To develop methods for service life prediction of
materials under the highly erosive and corrosive conditions (temperatures
to 3000° F and pressures to 1500 psi) found in coal processing systems
and to develop superior materials and test methods for this purpose.

3. To develop lsw-cost, on-site processés for producing the hydrogen-

rich gases essential for several coal processing schemes. .

4. To develop a coherent technical, design and economic information
base for coal processing,

5. To advance unit cperations of coal processing atd to develop
new processes for producing fluid hydrocarbons from coal.

6. To develop improved catalysts for coal methamation, gasifi;ation
and liquefaction reactions.

Reliability is not inherently built into the design of present coal
gasification acd liquefaction pilot plants. Rather, the processing
concepts are being investigated and proven. Before commercial plants
are built, there must be reasonable assurance of continuous operation in
a reliable manner. To develop a coal processing industry and obtain

national self-sufficiency in a minimum time, the problems of reliability




of materials and equipment must be solved. It is usszally less costly
to solve these raliability probiems in the laboratory than in pilot plant
operations,

Tmpact of Successful R & D on Energy Situation: Additional

informatior on the contribution of coal processing to the energy system

is to be found in the other sections of the Coal and 0il Shale Processing
and Combustion report. Pilot plant operations must be designed to
demonstrate the concepts and process in question, This objective,
although necessary, is not compatible with systematic improvement of
equipment components, investigarion of erosion and corrosion of the
equipment, or the development of innovative processes, Pilet plant
operations cannot be shut down for months while a new valve is designed.
Rather, it is replaced, Thus, it becomes mandatory that parallel research
be carried out seeking solutions to the pfoblems that arise. The investment
inp supporting research shcuid shorten the time and reduce the cost for
comuercial development,

Specific Achievements Expected from Program: The limited funds

allocated ($20 million) do not permit optimal pursuit of all goals. At
this level, only the most urgent problems can be attacked. The major
emphasis on this funding level will be toyachieve the goals and objectives
aumbered 1, 2, 3, and 4 with the uncertain assumptiorn that industry will
assume some frnding responsibility for effort in achieving goals 5 and 6.
The major thrust will be on those projects designed to increase reiisbility

and enhance the probability of success of coal processing plants.



BUDGET (Millions): FY75 FY76 FY77 FY78 FY79 Total

Equipment Development 5 8 8 7 7 35
Materials 5 8 8 7 7 35
Technical Data Base & Analyses 2 4 4 4 3 17
Hydrogen Production 2 3 5 4 4 19
Catalysis & Kinetics 3 2 1 1 0 7
Process Development 3 2 i 1 0 7

TOTAL 20 28 27 24 21 120

Larger expenditures are expected during its second and third years
when laboratory equipment expenditures are expected to be higher. It is
hoped that industry will put increasing emphasis upon catalyst and process
development after FY 1975.

No significant constrﬁction costs are amnticipated. Laborato;y scale

equipment will be required as follows:

(Millions) ' . FY75 __FY76 _FY77 _ FY78 _FY79 Total

Equipment Costs (estimated) 3 8 6 3 0 20

Operating 17 20 21 21 21 100
TOTAL 20 28 27 24 21 126

Program Plan and Content
The plan is to start 2 number of parallel programs at laboratcries
where competer-e exists. Frograms on equipment development will imvolve:
coal injection systems for high pressure (lock hoppers, sealing devices,
slurry pumps, etc.); improved filtration for coal liquefaction; and char

and ash withdrawal systems. Programs on material development will involve:




development of short-time test methods for predicting long-time mechanical
durability and reliability of materials in highly erosive and corrosive
exvironments; development of better techniques for measuring critical
properties; and selecting materials for coal processing equipment. BResearch
on hydrogen production for use in coal conversion processes will involve
laboratory scale investigatioms of: steam-oxygen process for hydrogen
production from coal and residue chars; thermochemical cycles; electrothermal
generation; and the steam-ircn process. The purpose of this activity is to
provide the information for selection of the best process for development.
The technical, design and economic information base to be developed
includes: properties of coal; kinetic and thermodynamic data on process
chemistry of coal comversion ircluding pollutant control; engineering

data books on coal conversion; computer modeling; standard ?eference
materials for trace pollutants; cenfral inéormation center; and analyses

of economir and manp&wer implications of coal conversion programs.

Technical Handicaps and Actions Susgested to Assist Program: No

' major obstacles of a technmical or policy nature are known which prevent
implementation of this program other then the usual uncertainties involved

~in any R & D program.




UNITED STATES
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SECTION I

Overview




SECTION 11

Pipeline Quality Gas from Coal




II.

PIPELINE QUALITY GAS FROM COAL

Status of the Technolosy

A. Present Status of Technolaoy

Hb commercial high Ptu gas from coal process axists teday. The
Turgi fixed-hed sasifier is the only pressurizéd coal gasification
systiem to reach comrercial application to date. It does not pro-—
duce high Btu gas, has low throughput is handicapped with relatively
hizh Investment costs and cannot handle fines or caking coals. For
these reasons, a number of other processes are heingz developed.
These arc surnarized in Table I.

Hyzas, Bi-ras, C02 Acceptor, Relf-Agplomerating Ash, and certain
tests for utilizing the Lurgi process to produce a high Btu gas
froa U.S. conals are being funded on a 2/3 povernment (Office of
Coal Reéearch) and 1/3 industry (American Gas Assoication) basis.
Synthane and Vvdrane processes ara totally governwent funded
(Bureau of “finas).

Although the basic coal ‘gasification chemical reactions are the
same for each process, there are important differences -in: method
of feeding coal to the reactor, pretreatment of coal, reactor con—
figurétion, niethod of supplving heat for gasification rea;tion,

and methanation schenme, ) - -
Severai U.S. companies are presently planning the construétion

and operatlion of a number of commercial-sized (250 mililon cf/day)
plants based on Lurgi technolééy, sore of which may be in operation
by 1976. A methanation step is presently being developed to up~

srada the medium Btu pas (500-600 Ptu/ef) to a high Btu product.



Table L. Procecoses for converting coal to high-Btu gas

Process

Agent

Status

Commenta

Hygns

Consol Synthetic Gas
(CSG) or CO, Acceptor

Synthane
Bi-gas

Hydrane

Self-Agglomerating
Gasification Process
Lurgi

Institute of Gas Tachaclogy
(zgr)

Consolidation Coal Company
|

Bureau of Mines

Bituminous Coal Research,
Inc. (BCR)

Pureau of Mines

Battelle Memoriel Institute
© (BMI)
Lurgl

80 TPD pilot plant in
operation

k0o TPD pilot plent in
operation

70 TPD pilot plant under
construction, expected
completion Aug. 19Th.

120 1PD pilot plant under
construction, expected
completion ecarly 1975.

Laboratory pilot plant
development

Laboratory pilot plant

being designed

Lurgi gasification is already
commercial. Methenation step
now heing developed on pilot
plant stage to upgrade gas to
ni~Btu value.

Fluidized-bed grsifier.
Fretreetment nccessary.
Handles ell cools. Char
burned for pover.
Fluidized-bed grsifier.

Lovw Presure (150-300 psi)
process, design for western
coals. Oxygen plant not
required.

Fluidized-bed gasifier.
Char burnecd for power.
Integral pre-treatment.
llandles all cozls.
Entrained/Slagging Gasifier.
No pretreatrment required.

No by=-product char. Handles
gll typcs of coel,

Direct hydrogenation. No
pretreatment necessary.

Fixed-bed gasifier. Cannot
handle caking coals or coal
fines. Low throughpnt.
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The four mejor processes (Hyges, Synthan, CO0p Acceptor, and
Bi-gas) are scheduled for pilot plent testing until 1976 at
vhich time 2 demomstraticn plent (50-150 million ef/day) will

be buils.

B. Berriers to Irrlementaticn of the Technolozy

1. Research

The folleowing pi'oblem areas need attention:

a. Levelorment of long lived, high throughput, sulfur
ressistant methantion cetalyst.

b. A better utderstanding of the kinetics of methanation
reactions.

c. The dévelopmert of a chezp sckeme of produeing hydrogen
from coal or coal products (ﬁeeded for direet hydrogen-
ation processes, e.g., Hyzes, Hydrene),.

d. Metallurgical development of reactor materails capsble
of withstarnding high presures, high temperatures, and
corrosive and abrasive environments.

2. Development Barriers

The following prcblen areas need attention:

2. Developrent of pressurized (1,000 psi) coal feéding
techniques. ‘

b. Removal of char under high pressure, high tempsrature,
corrosive and abrasive conditions.

¢« The removal of tar to prevent p;.ugsing of the reactor.

d. The removal of large amounts of hezt from the methanation

catalyst bed.



e. Devcloprent of acceptable methods of burning char.
f. Handling of coal fines in the gasifier.
g« Disposal of large anounts of by-prcduct elemental sulfur.

h. Fileld fabrication of large-scale reactor vessels.

i. Development of efficient large-scale mining operations
along with effective mine reclamatioa.

J« Treatrment of water pollutants, especially removal of
phenols.

k. Crinding of coal to the correct size while minimizing
producticn of fines.

Many of the R&D barriers will be given attentiom through a

separately submitted subprogram of panel 5 entitled Supporting

Research. This subprogran is designed to institute & research

program specifically aimed at solving these problems relating to
equipment, wmaterials, and gasificatioa chemistry.

Implerentation Barriers

8. Water Resources - Commercial sized gasification plants require

large zmounts (10,000 acre ft-year) of water. Lack of
adequate water resources could be a2 rmajor impediment.

b. Social problems of large-scale gasification plants could
be serious. Many areas are sparsely populated and plants
will bring in many people for whom housing, schools,
etc., would have to be found. Problems with Indian
tribes could develop when the raw materials resources

are on Indian land.
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Pinancing of plants could be an impediment. Capitel
estizestes start at $1,000/1,000 ef of daily'capaéi't;
end this estimate is probably low. For the large m;lmber
of gasification plants require, the total estimated
capital will be very high.

Manpower problems - Large nurbers of trained personnel

‘(gbout 1,000 people/ceommercial plant; 500 for the plant

end 500 for the mine), will be needed to run the plents.
Strip-mining preblams. The amount of coal reguired for
each plent will be very lerge (15,000-20,000 tpd) and
rmuck of i1t will Te strip-mired. This could cause severzal
problems with strip-mine reclemztion ané€ a2cid-mine draia-~
ege. Also, local, state and Federal regulations on strip-
mining could become prohibitively restrictive.
Environmentai Barriers - Air and waj.:er pollutants from
gasificetion processes, elthough controllable to a large
degree, c'ould cause problems in _areas where nany plants
will be located. ) ) .
Uncertain government pelicies corcerning pricing of
natural ges and priecirg of synthetic natural gas. The
gas incdusrty would prefer regulstion at the point of
origin but the present scheme of instituting price
regulations when SIG is mixed with natural gas is con-
fusing and ewkward for the indusizy.

Foreign Fuel Frices ~ If foreign petroleum prices were
10 drop to a price where SiiG would not be a competitive

fuel, the incentive for R&D and ccanstruction of. SNG plants
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would pe elirirnzted.

)

b7

Oncoing FED Effort to Overzome Barriers

)

1. Present lLevels
As shown in Table I, R&D is ongoingz to solve the tech-
nical problecs particular to each process. Present
funéirz for all processes in about $L0 miliion/year
and is expected to be mairntained a2t about this level
until 1976 when a dezcnstration plant et the ccst of
about $200 milliecn will te built.

2. Goverrnment/Private mix of funding and ranzgement
Except for Synthane and Fydrare pro:ésses~which are
totelly gevernment surrorted, the processes urder
develcprent are suprorted on a2 2/3 government-1/3
industry'basis.

For Sythane ani Rydrane, R&D is managed by government.
For the other processes, manzgement is jointly shared
by government end industry.

3. Availability of resﬁlts of foreign efforis
Only foreign R&D relsting to advarcing Lurgi technology

is considered important for U.S. =02l gasificetion tech-

nology.

Reticnal for Federal Involvezent

Federal invclvenent is werrzrted beecause the risks and in-
vestrent required in the developrent of such new technology
pronibits action by indusiry alorne.

Deregulation of ratural gos weuld increase income for gas

companies and enable corpznies to spend additicnal funds
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on coal gasificeticn reseaxch.

Providing tax breaks end/or graeranteed loans and facilitating

coel mining and reclzmaeticn on federal lands ﬁould help to

stinulate national investment. Providing aié in obtaining

capital for investment msy be necessary.

Industries attitude is very sensitive to a2 nunber of changes:

1.
2‘
3.

k.,
5.

Strip-nmining legislation

Discoveries of largé natural gas supplies

Regulated price of maeturzl gas and of synthetic nztural
gas

Price of imported petroleunm

Cost of borrowipg capital

Other government zctions reguired to support Ré&D:

"L

Favorable arnd definitive action by FPC in regulating

price of SHG from coal is necessary to remove uncertainties
concerning government policy in this area.

Clerificetion of backsround patents held by industry'policy.
Legislation relaxing pronibitively sirict environmental
regulations.

A governmentzl develeped program for strip-mine reclamation
is necessary so that reclzmwation technigues will be applied
effectively when strip—mining to feed gasification plants

begins orn a large-scale.

Objectives, Criteriz 2rd Priorities

A.

Progrem Objectives

To develop the technology necessary for the establiszhment of
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a commerciel coal to pipeline quzlity gas industry with due
regard to environmental considerations.

To accelerate demonstration at a commercial scale by con-r
structing and cperating one or more coal to pipeline gas
plants.

Triterie for setting priorities amorng progranms.

Process favored are those with: most favorable overell
economics, least detrim;ntal ervironrentsl effects, applic-
eble to the broadest raange of Americen coals.

Raticnal hes teen to formnulate a rrogrzm to develcp a process
appliczble to most U.S. coals in the earliest time possible

with present funéing.

Alternative 3R&D Prosrem

A.

&n Accelereted/Orderly R&D Program

1. Schedule and Milestones
Pilot plaats for Hygas and CO, Acceptor processes are
currently operating. Sythane and Bi-gzs pilot plants
are currently under construction znd will operate by
late 1974 2nd early 1975 respectively. At least two
Syrnthane end Bi-gas end meybe four pilot plants will
operate through 1976. A demonstration plant (50-100
millicn ef/day; a compercizl sized plant is ervisioned
to consist of three 80 millicn cf/day trains), based
on one of the four processes or a combirnation of processes,

will be designed in 1974 end construction is expected

to start in 1975. A second demcnstration plent is .
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scheduled foro design in 1976. With this schedule commercial

plants are estimated te te operaztirg by 1980.

ame

In zddition to these projects, cther promising processes

o,

will be supportzd. These include the Agglcomerated As™
Process, the devel:pment of Lurgi tecknology to produce
high Btu gas and others. The Bureau of lMines Hydrane
rreeocss will be developed. A Hydrane pilot plant de-
sizn to produce 750,000 cf/dézy will be constructed in
197€. A’30, & fluidizeé-bed system for combined shift
and cethsznation reactions will be devalcped. A pilot
rlent for this process, capable of rrodueing 1500 ef/hr.

of SIG will te ccmstructed and coperated. In eddition,

& liguid methanaticn process will be investigated.

The design end construction and operation of a stirred
fixec~ped coal gasificatien unit is prcposed. This can

be epplied in the near-term (bvefore 1981) since the fixed-
bed techuclcsy is commerciazl end the stirring has been
deronstrated cn a pilot plant scale. This progran will
be integrated with the low-3Btu gas program. The chances
of success of each pilot plant operation zre estimated

to be high zs is the likelihood of the successful oper-
aticn of the dexzonstration plent. Other processes mentioned
are estizezted to have a lesser chance of success a2t this
tire because of their earlier technicel stage of develop-~

ment.
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2. Cost and Budget Projections

a. Projected Total Cost

Process Year Anount
Eygas* 1975 $L4.8 million
(includes steem iron)

CO, Acceptor 1975 4.9 rillion
Synthane 1975 7.2 million
Bi-gas* 1975 9.7 million
Hydrane 1975 1.0 million

Self Agzloxerating#*l075 0.4 millien

Liquid Phase

Methanation¥* 1975 1.0 million
Combined Shiit
and Methznetion
Reaction® 1975 0.2 millien
Engipeering 1975 0.9 milliion
Evolutien
Stirred Fixed
Bed*¥* 1875 1.0 million
Demonstraticn
Plants (2)

Year

76-76
75-76
75-17
75-76
75-T9
15-79

T5-T9

75-719
75-19

75-19
75-19

_A:ount

$7.1 wmillion
.9 million

17.2 million

16.7 millien

26.0 millien

.600 million
5.0 rillion

1.1 xillien
1.35 million

5.0 million

LOO millien

b. For &ll processes except Syntkane ard Hydrene which

are both totally Federally supported through tke U.S.

Burezu of Mines, the program supsorted 2/3 by the

Federal Governzent and 1/3 by incustry through tke

American Gas Association.

c. See Energy R&D Tact Sheets

A. The cost of constructing demonstraticrn plants is difficult

to predict since the exact proecess which will be de-on-

¥Plus 50 percent more from AGA. **To be integrated with low-Btu ges
fixed bed program.
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strated is not yet known. The cost of newer programs

(e.g;., Eydrane, Self-Agglomerzting Ash and others) are

pmore difficult to predict than the costs of the more

established programs. It is difficunlt to estimate whether

future industry partiecipation will increase beycnd the

present one-third level.

L,

Manarement Plan

Syxnthan and #dydrane will be in-house efforts except

for pilot plant construction end cperation. All other
processes will b; by contract to industry, university,
or nrivate research institute groups. Menagement in '

each case will be Joint goverrment-industry.

28, Mirimum Prozran

l.

The Minimum Program comsishts of the ongoing high Btu
gaes progren being carried oubt withirn the Depaertment
of the Interior. It lags the accelersted/orderly
prograem by zboubt one yesr. This consists of all
portions of the Accelerated/Crierly procram except:
aecelerated pilot plant schedule, Eydrame pilot piant,
corbined shift end methanation reactions, and the
second deménstration plant. '

Cost and Budget Projections

‘See Accelerzted/Ordsrly Program: delete funding for

Bydrane pilot plant, and combinec shift and methanation

reaction, and the second demoustration rlant.
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‘3A. Maximum Program

1.

A maximum progran would consist or the Accelerated/
Orderly Program with the change that the demonstration
program would be replaced ﬁith tﬁe construction of three
comuercial (250 million cf/day) size facilities.
Construction would begin July 1, 1975.

Cost and Budget Projections

Add to the cost of the Accelerzted/Orderly Program,

$1.2 billion for ;he construction of three commercial
plants and delete $800 milliom which was allocated

for the demonstration program.

Criteriz Exploved Bv Subvenel in Counstructing Proposed

1.

R&D Program

Other possiblé programs considered

a. Kellogg Company Molten Salt Gasification Process

b. Applied Technology Corporation's Atgas Process

Criteria Used in Selecting Proposed Plan

The proposed plan supports gasification processes which
have the most promise of utlimately ccatributing to the
developmeat of a co:mer;ial high Btu gas frem coal industry.
The proposed plan has both short-term objectives for the
developrent of coxmercial technology and long-term objectives
for the demonstration of processes on a commercial scale.
The approach of supporting four (or more) processes on a
large (80 tpd) pilot plant scale should result in a

process with the lovest cost and least detrimental effect
on the environzent. Other processes considered were

judged too costly or too complicated to prove successful.
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3. Projects of Special Merit
Projects for which pilot plants are operating or under
construction.

C. Relationship of Other RED to Frosress in this Technology

1. Suecessful implementation is not dependent on other
technolegy.

2. Certain liquefaction processes that require preccess
Hp deperd on the developzment of an econocmic Hz frem
coal process. Delays in the develcpment of a cheap

hydrogen process ray deley certain liquefaction pro-

éesses.

D. Acceptzbility of R&D Prozranm

l. Znvironmental impect statezents have been filed for
for pilot plants. Other statements will be needed for
additionel pilot piants end for demonstration plants.

E. Other Costs and Benefits of the 22D Program
=

1. Potential spin-offs to other sectors
Processes develcped in cozl handling a2nd conversion may
be s.pélicable to other syrthetie fuel prozrams, e.g.,
liguid fuels fror cczl. -

2. Potential uses of facilities and capital equipment
Facilities and capi.fal eguipment could be used in further
coal conversion develcprent.

3. Regret cost if prograr failed
Abcut $600 million '

4. Significent termination ccsss
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Vi. Irolormentation Plon to Follow Completion to Successful R&D

Phases

A.

Direct Benefits of Irvlementation

1‘

2.

Natural gzs coxpaznies would supply and market sSyn=-
thetic gas. Consuming sectors would be home. heating
and industry.

It is presently estimated thet there will be &
merket for all synthetic natural ges produced in
the near znd mid-term future due to shortages 6f
natural gas.

Impiermentation of R&D will decrease dependence on
imported natural gas, LNG and prcpane.

A domestic SNG from ccal industry will mzke the
U.S. more indepencent of foreign energy sources.
Gesification actually is less efficient on & Btu
basis compared with burning the coazl. Gasificetion

processes are about 60-T0 percent efficient.

Proposed Scheéule for Imnlementstion

1.

Present estirated point to: 1.2 trillion year
cu.ft. by 1985 3.0 trillion year cu.ft. by 1990.
Constraints are: R&D progress, firaneing problems
in obtaining capital, water resource problems in
strip-mining and strip-mine reclemztion. It is
estimated that some of these censtraints can be
alleviated; whethér they all cen be alleviated is
not yet krown.

Successful implementation in the lcng term would de-

crease derendence on [oreign energy for this country.
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Gasification plants would be located in areas
containing large coal reserves end sufficient
water rescurces. Locations would probzbly elso
be near existing natural gas pipeline. In 1970
the American Gas Assoclation identified 176 sites
which satisfied the necessary reguirement of

coal and wabter. OF these sites, 59 were east

~

of the Mississippi and 07 were west. MWater
resources and strip-mining restrietions would
be the nost serious limitations.

A large scale coal mining industry will be necessary:

Econonmics of Tmplementation

1.

Estimated delivery price is $1 to $1.10/million
Btu for vwestern coal and $1.30 to $1.40 for eastern
bituminous coal. {Assume utility-type financing
and 10 percent return on rate base).

If SNG were used to produce electricity, the price

of electricity would ircrease sharply. It is gen-~

.era2lly assumed thet SNG from coal will be too

expensive to use for electrical power generation.
Capital investment will be approximately $400
million for a plant producing 250 million cfd.
Projected impact on labor markets = It is estimated
that a labor force of about 1,000 will be needed
for each commercizl sized plant.

Synthetic natural ges will alleviate imports and

eid in the balance of peyment significantly. 1In
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1985, the savings in terﬁs of belance of pa&ment

deficit will be 2% least $1 billion, end in 1990

at least $3 billion.

Assumpticns underlying the above projections

a. ture avallezbility and price of natural rescurce
inputs - Coal is generally assured to be avail-
gble but could be severely restricted depernding
upon loczl, state, and Federel strip mining
regulations. Water resources zre available
at many sites but coulid be a problem in certain
ereas. Cczl will cost $0.35/miliion Btu for deep
nined bituminous and $0.17/million Btu for sur-
fece mined western coal. Cost of water resources
is difficuly ta.predict at this time end will
vary coasideradly with location.

b. Future price of energy -~ see VI C.

¢. Amortizetion of RID added to price? XNo.

d. Labor costs - Difficult to estimate at this time.

e. Costs ol capital ~ Each 250 million cf/dey
plent will cost about $:00 million.

f. Date of comzercial aveilability - About 1580

g€- Useful lifetire and meintenance - 20 years'

h. Demand for output and capebility for meeting
dezznd - Present estimates show that demand will
Dot be met until at least the year 2000.

i. Potential Foreign Markets - Domestic demand is

expected to consume all SNG produced.
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D. Institutional Arraneements Recuired for Implementoticn

1.

2.

Optimunm Government/Private Mix - 2/3 Goverrment-1/3

Industry

Tax incentive‘s and subsidies -

When Commercizal plants are constructed, itzx incentives

and/or guaranteed loans, would help increase number of

plants being constructed. Aid in obtaining capitel
reguired would be a significent incentive.

Regulatoqf-:ﬁ?mework -

New regulatbm' structures are currently teing implemented

by the F.P.C.

Availability of manpowszr - estimated to be a prcblem_

because:

a. Meny sites for locations are sparsely porulated.

b. Little trained menpower exists for gasification
Plants. Federzl actions mey be needed to develop
the trazined meanpower needed and 4o sclve the socio-
ecoaonic problexs ai-ising out of rapid development
of sparsely populated areas (housirg, schools, etc.,).

Availa’tili‘l':y of capital

Federal action may be needed to assure the availability

of the large amounts of capital required.

Envrionmentel Fremework |

In e nurber of cazses, the Federzl CGovern—ment will heve

to write the‘ environmental impact statement for the pilot

end deronstration plants. Vhen commercial plents ere
built, the Federal Covernment can provide assistance in

vwriting the statements.



E. Public Attitucdes

l.

Present public attitudes vary greatly. Pzople in the
east who need the gas are ian faver of gesification,

but many vestern gfcups and conservation groups are
oppésed to the massive strip mirirg and vater usage
reguired for coal gasification plants.

Anticipated changes in attitudes. As the energy crisis
vorsens, it is likely that general resction will be less
hostile to gasification plants. If strip mining reclama-~
tion efforis are successful, there will be less opposition.
Public Information. Internsive public edqution will te
needed to co;vince nerny grcups that gasificatien and
associated strip cining can be dore in an enviroamentally

-acceptable menner.

VII. Inmpactis of Implementation

A. DNetural) Recources Reguired

1.

3.

Quentities Required

For e commereizl scale (250 million ef/day plent) Coal -
15,000-20,000 ton/dzy. Vater - 10,000 azcre-ft/year.
Size a2nd type of availzble resources:

kmple coal is availahle_but water resources may be a
problerx. The American Gas Association has found 175
sites for full-scaleplanis where sufiicient coal and
water exists.

Competition for these rescurces from other sectors:

Possible competition for cozl pecwer pients end coal
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- ligquefaction plants are not expected to be a serious
problern.
4. Legal znd regulatory restrictions:
Strip rining resulétions. Wa.‘c:er rights subject to
variocus reguliations, especially on Indian lands.

Enersy Tnputs Recuired

1. ée.pite.l Investuents: $1,000/1,000 cu.ft. of daily
capacity.

2. Operaticn: 15-20,000 ©pd of cozl/year reguired.
Operating cost for a 250 million cf/dzy oplant is
$43.4 million or $0.52/mef.

-

Problerms of Commatability with Existing Nebicnal Enersy

o

Systen

Very ccmpatzbile

Enviropmentel Ixpects of Imoplemsnbation

Epvironmental Steberents will be needed for denonstraiion
plants, and for fullsecale plant gasification plants will
be the source of 2ir, water, and solid waste pollution.

Occurnetionzl ¥Yealth and Sefety Considerziicns

Mining is known teo be a dangerous occupation azlthough
strip mining is significently less dangerous than deep mining.

ther Factors

Meny erees will be changed drametically. Sparsely porulated
areas of the west will be subject to 2 lazrge influx of people
gnd laznd-use patterns will chanrge radicelly. Rarel areas

may become relatively industrialized.
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Clean Burning Liquids from Coal
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CLEAN BURNING LIQUIDS FROM COAL

OVERVIEW

A. INTRODUCTION

This research subprogram is directed toward development of cconomically
attractive processes for the conversion of coal to clear boiler fuel and to
distillate type naterial. Alternate processes wili be evaluated to establish
their suitability for coals specific to various geographical areas of the

country.

The pricary objective of the program is to procuce an environzentally
satisfactory fuel that can be used in the gencration of electric power in
existing plants as well as new plants to be built in the future. The best
process alternate must be extablishked so that coal indigenous to a specific
region can be used in that region with consequent rsduction in demand for

oil and natural gas.

B. R&D PROGRAMS

DescriEtion

L » - - »
The maximun rate prcgram is based on the construction of four commercial-

scale plants as rapidly as completion of detziled encincering will allow.
Feedback from the ongeing pilot plant projects is inciuded. The plonts
would have a minimum daily output of 100,000 barrels/dzy each, and would
test the following aiternate systems: (1) direct hydrogenation, (2)
carbonization with hydrogenation of the resulting tar and complete gasifica-
tior of char, (3) extraction with and without hyérogenation of the extract,
and {4) gasification followed by Fischer Tropsch or relzted type synthesis.

One of the above plants may involve a combination of two of the processes
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with the final deternination to be made as the detziled engineering
prcceeds.
The sccond alterpate, an "accelerafed orderly" program, is based
on immediate zuthorization cf a modular demonstration plant whose purposed
. is to cstablish economic as well as engineering viability of direct

hydrogenation, carbonization, extraction, and gasification/liquefaction.

The minimum vieble program would dclay a first deronstration plant
to the 1578-80 period with compietion of all smaller scale werk

eforc o cozxitnent to engineering is made.

Coapsrison

Presuning succoss in one or nore arcas, the maximum program will produce
12vfu11—scalc nlants by 1985, with each of the 4 original plants expected
to produce 2 sccond gencration plants. Plant construction costs for this
progran axre cf the order of §3 billion with a 50 percent contribution

from industry suggested.

The accelerated zlternate prograr is expected tc produce tvwo commercial-
scale plants by 1985 at a total experimental plant cost of $500 million

with a 10-20 percent contribution from industry expected.

The wminimum viable program will produce sound engineering data and
information so that design of coomercial plants could begin by 1S8S.
C. IMPLEMENTATION

Size

The production of clecan liquid fuel from coal will insure continuting

development of the power industry to meet national nceds. Further prceess
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inprovement can be expected to reduce pollﬁtant content of the fuel to the
barest minirum levels. This will lead to broad acceptance in the power
industry for backfitting to older plants and use in the sophisticateé
advanced power conversion systems that will be available in the time period.

Additicnally, distillate type material will be used to extend supplies of

demestic 2nd irported crude oil tending toward 2 national energy self

sufficiency. These plants will produce byproduct pipeline quality gas so
that the total market penectration by the year 2000 is expected to be onc

third of the total cnergy corsumption of the United States.

Schedule

Subscquent to 1985 we would anticipate the addition of about a trillion
feet of gas and 300-40C million barrels of oil per year added to the
synthetic fuel capacity of the country.

Potential Barriers

The financial recuirements for the development of this industry are
astronomical and funding for the plants is expected to be a problem. In the
near term, engineering construction capability may well limit our national
ability to build the plants. Natural resources are sufficient to meet the
expected demand, but public zcceptznce of the necessary mining ventures will
be necessary hofore general acceptance of synthetic fuel from coal is possible.
Contrary to popular press opinion, water will not prevent or limit growth of.

the industry.

STATUS OF TECILNCLOGY

A. PRESINT
Conversion of coal to liquids and gas has a long history back to the turn

of the contury or thercabouts. Additionally, periodic upscts in the
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availability of o0il and gas both here and abroad led to ups and downs in
domestic and foreign rescarch directed toward altcrnate coal conversion

systems.  As 2 result of this past work, the technological features of all

- processes are vell established and variations in the features to produce

lowest net preduct cost is the only feature that must be determined as a

result of the prozran.

Borricrs N

Alternate processes are available with z broad background of rescarch

and develcpment behind them. Inplementation must await the determination of
which of the processes are the most economic in the various geographic areas of
the nation, with emphasis on the coal locally availabie and the vegional

energy markets to be served.

Current PED

Current funding in coal liquefaction research is approximately $20 millioﬁ

per year. Each major coal liquefaction process is now, and has been, under
investigatiocn by various organizations within the public and private sectors.
?rincipal efforts, in the recent past, have been funded by Interior Department's
Office of Coal Research with rajor coal, oil and independent research
organizations. The funds have been almost exclusively public funds, but

current programs contemplate industrial participation at a minimum one third
for all future projects. .

TICHNALE FOR FEDERAL INVQLUEMENT

The developzent of national resources is clearly in the public's interest,
but commercial companies cannot undertake to produce a liquid fuel from coal
with all the attendant risks until the price cf 0il from the Middle East can

be clcarly established. It is suggested, therefore, that the magitude of
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this Tisk coupled with the ability of producing oil for less than 50¢/barrel
in the Middle East clearly dictates Federal involvement as soon as possible

to assurc availability of an environmentally satisfactory fuel at the earliest

possible date.

Alternatives can be offered to industry by providing Government purchase of
_the plant products at cost plus a normal profit margin. Another variation
might provide low interest loans and/or rapid tax write-offs for synthetic
fuel plants. Similar results might be achieved by imposition of import duty
on foreign oil after some given total annual volume. It is suggested that
industry must have some way of protecting their massive investments in these
plants from cost reductions that are possible to the Middle Eastern oil rich
nations. To insure rapid development of the industry, the Government should
support appropriate state and national legislation t6 establish strip mine
regulations and normally competing industries should be allowed joint ventures
without being subject to antitrust prosecution.

IV. OBJECTIVES, CRITERIA AND PRIORITIES

A. DISCUSSION

Tﬂe objective of this subprogram is to reduce to = commericel practicality ome
or more environnentally acceptable methods for comverting coal to a clean
liquid fuel. The processes or methods employed must be adaptable to a broad
spectrun of coal ranging from lignite tc high volatile, high sulfur coal with

tha primary emphasis on high sulfur bituminous coal.

An ancillary objective to the above goal is the development of 21l technology

necded te establish a coal liquefaction industry subject to a1l environmental



controls and rcgulations. Acccleration of commerical scale development is

sought by constructing onc or more coal liquefaction plants of commercial

or demonstration plant size.

'R. CRITERIA

This subprogram has a high priority since it attacks the core of the energy
dilemma currently facing the nation by converting high sulfur environmentally
unacceptable coal to low sulfur environmentally acceptable liquid or solid.
Pressure for use of natu;al gas and oil will be lessenedf Reduction of sulfur,
in coal, is a less rigorous prqblem than ccnversion, of coal, to distillate and

this is the first element of thc subprogram. Additionally, this subprogram is

an outgrowth and continuation of existing programs and will maximize the

utilization of the existing coal pilot plants. Non-federal funding is currently .
available and additional funds are expected as the program proceeds. Total

non-federal participation will be one third or greater.

ALTERNATIVE RED PRGGRAMS

A. Project Milestones are listed on the budget fact sheets for the three

program levels.

Total cost for maximum program is $3.00 billion for four (4) full scale plants,
each will have a capacity of 100,000 barrels of liquid product per day. $500.0
million will be devoted to thc subproject Pilot Plant Program. Each plant ready
for production will cost $750.0 million. These costs should be 50% government -
50% industry. Thc accelerated orderly program provides for construction of a

nmodular demonstration plant with a total estimation cost of $500.0 million.

Additional Pilot Plant work - totaling $250.0 million is provided.

Costs to te split 80 percent government, 203 industry.



The mininum program delays construction of any large scale plants but in-
cludes all Pilot Plant work deemed necessary. Cost 90% government, 10%

industry.

Industry funding could be provided by offering incentives to industry.
Alternately, punitive peasures could be used, tax on sulfur, a unit change

to be applied by the government to energy research, etc.

.

The primary problem will be raising the industry contribution. If $2.0 to
$3.0 billion is to be spent, the industry share will fall between $650.0
million and $1.5 billion.- TIndustry is not expected to produce the type of

funding without a spur of some sort.

Construction of four major plants required im the maxinmum rate plan will
strain the construction capacity of major engineering firms. New coal
mines are an additional potential problem. In each case manpower needs

may be limiting.

At the three levels of funding the major portion of the work will be con-
ducted in private industry. Government labs and the National labs will

be utilized as well.

As viswed by the panel, the production of clean burning liquids is a wvital
part of a aational program. The nationmal program should include the other

alternatives, such as Lo&KEi Btu gas, stack gas cleaning, etc.

This program is reasonzbly self contained but anticipates input from gasi-~

fication 2nd from resource assessment and miping.



LPLRIENTATION

Industry
Coal

QUTPUT
SRC

Boiler Fuel
Motor Fuel
Pipeline Gas
LPG

Elec. Power
ECONOUYICS

* Capital

Rav Materials
Coal

Products
SRC
Boiler Fuel
Motor Fuel
-Pdpeline Gas
L?G

POWER

1985

(1) Acc/ard
33 x 106 TPY

6.8 x 106 TPY
19.8 x 106 BPY
13.2 x 108 ppy
132 x 109 CFPY
8.0 x 10% ppy

11 x 107 xwirY

{(2) Max
396 x 106 TPY

82 x 10° TPY
238 x 100 ppy
158 x 100 pPY
1584 x 107 cFPY
95 x 10° nBPY

131 x 107 KWHPY

(USING 1970 DOLLARS)

$850 x 106

35¢/mm Btu

75¢ v
80¢ "
100¢ "
95¢ "
90¢ "

8mils/KWH

$10.2 x 107

35¢

75¢
80¢
100¢

95¢

'90¢

8

2000

(3) Ace/ord
33 x 106 TPY

82 x 106 TPY
238 x 106 BPY
158 x 109 BPY
1584 x 10° cFpY
95 x 106 BPY

131 x 10° KwmnpY

$10.2 x 107

35¢

75¢
80¢
100¢
95¢
90¢

8

(4) max
2.31 x 209 TPY

490 x 105 TPY
1386 x 105 TPY
924 x 106 TPY
9240 x 107 CrpY
560 x 106 BPY

770 x 109 KWHPY

$59.5 x 10°

35¢

75¢
80¢
100¢
95¢

‘90¢

8
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Delay in this sub-program could well contribute to a major energy “'Crisis"

in the 1580-85 period.

IMPLEENTATION

B & C: Both the maximum and orderly program will produce measurable re-

sults by 1985. Estimates are: (continued on next page)

" IMPACTS OF DMPLEMENTATION

c.

Resources (see zbove)

Capital (see zbove)

A1l products are compatible with and interchangezble with todays
products.

Mining and plant products nmust be covered in the envirommental impact

statement.



SECTION IV

0i1 Shale Processing and Development




OIL SHALE PROCESSING
I1. STATUS OF THE TECHNOLOGY

Two major options are being considered for oil shalé development s
(1) mining followed by surface processing of the oil shale and shale
0il, and {2) in situ (in~place) processing. Of the two optioms, only
the nining surface processing approach is believed to hawve been advanced
to the poiut where it may be possible to scale-up to commercial produc—
tion in this decade. In situ processing is in the experimental phase;
commercial application of this technique is not expected prior to 1980.
The relative state of knowledge of the various operations required in
0il shale processing is shown in Figure I.;! It is apparent from this
figure that various technical approaches are available for each phase cof
the operztions, and no single system is likely to dominate the initial
developzent of oil shale,

The most critical technical challenge in surface processing is that
of raising oii shale to the pyrolysis temperature of 900°F. Several sys-
tems have been tested zt the pilot level; the organization and level

* tested are given below:
Bureau of Mines - 150 toms/day (3950's)
Union Cil Company - 1,000 toms/day (1950's)

Colony Developnent Operatiom - 1,000 tons/day (late
1960's through 1972)

Petrobras (Brazil) - 2,500 tons/day (1973)

1/ Most of the refining operations shown in Figure I would be per~
formed outside of the oil shale region, at refinery centers near
markets for the products.
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Scale-up to I0,00Q tons/day for each retort is needed ito achieve
comnercial level production. Based on the past oil-shale experience and
large-scaie developiment in similar industries, achievement of commercial
production should not prove an insurmountable p?oblem and is well within
the capability of private industry to undertake.

Barriers to> Implementation of Technologv—-Production, cnce undertaken, is

not expected to increase rapi@ly under normal circumstances. This con~
clusion is based not on techn;logy, but on the risks inherent in pioneer
minerals development where second generation operators are often more
successiul than :the ploneer resource develorment company. The reasons
for thic are many, but relate directly to greater amounts of technical
and operating information, proven mining and procéésing systems, estab-
lished environzmental controls and procedures, availability of specialized
equipnent, and the possible ayailabilit; of trained personnel. It must
be recognized also that initial development of o0il shale is expacted to
be only marginally attractive economically, 10 to 13 percent on a dis-
counted cash flow basis, on investments that would approximate $5,000 for
"each daily berrel of capacity. Thus, the smallest commercial complex,
50,000 btarrels per day, would cost $250 million or more.

Future expactations concerning production costs, oil prices, the
general state of the economy, and the availability and cost of capital
will establish the economic parameters that must be considered by pri-
vate industry. ILf, in combination, these are judged to be favorable,

cil shalie development may be initiated., However, development would

probably be limitec to a few plants by 1985 due to the economic



risks Inherent in pioneering development. Thus, under normal develop-
ment, shale oil production might be limited to 100,006 to 250,000 barrels
per day b 1985.

It is possible to accelerate this development and, considering the
normal coustraints of manpower and construction, production could approxi-
zate 750,000 tc 1,000,000 barrels per day by 1985. Under emergency
development characterized by wartime conditions, this rate may be accel-
erated to 1.3 to 1.5 million barrels per day by 1985. The strategy of
accelerated oil shale development does not lie with technoliogy, but rather
is tied to ways of reducing or removing the economic risk involved in
initial development. Mzans to achieve this accelerated development are
available and ara considered in Section V below under "2lternatives."
Ongeing R&D-——

Public R&D--Current oil shale research by the Federal Coveroment
approximates $2.5 million and is distributed between the Bureau of Mines
and Geological Survey as’'shown in Table 1. The Bureau of Mines program
‘emphasizes in situ processing of o0il shale (a2bout one-half of the total)
and basic-oriented activities while that of the Geological Survey is
focused on the nature of the rescurce and hydrologic investigations.

A series of field experiments has been underway by the Bureau of
Mines for several years near Rock Springs, Wyoming, studying methods of
fracturing and retorting the Tipton Memler of the Green River formation.
The interval of 25 gallon-per-ton material is about 20- to 40-feet thick

and vncer from 530 to 400 feet of overburden at various locations in the

test area.
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Varicus methods of fracturing-~hydrauiic praessure, chemical explo-
sives, and electricity--are beingbtested. Chenical explcsives have been
used both in liquid form, for detonation after being forced into natu-
rally occurring or artificially-created fractures, and in pelletized
solid form for detsnatior in well bores. A combination of techniques
was used to obtain fracturing at a depth 5f about 75 feet in a small
five-spet pattern which was then ignited for a combustion test in which
about 190 barrels of oil were produced. A larger underground recovery
test, ccvering about three acres, and at a depth of sbout 125 feet,
achieved only limited success due to Insufficient exposure of surface
area. Another site is being prepared for in situ processing and cocbus-
tion is to be initiated in FY 1974,

A number of studies are underway in support of this field experi-
mentation. Among these are the cperation of two rather large retorts,
with nonirzl capacities of 10 and 150 tons, in which problems such as
the retorting of random-sized pieces of shale, the minizuxz surface area
required for the cowbustion needed to furnisn the heat for retorting,
and rates of reterting can be studied. More fundamzntal studies are
concerned with effects of oxygen on oil shale at subretorting tempera-
tures, mechanisas of transporting oil out of the shz2le particles, and
the cfiects of pressure on rthe retorting process.

It appecars that hydrotreating of some shale oil fractions will be
required to lower shale oil nitrogen contents to acceptable levels for
processing by certain refirning methods such as catalytic eracking.

Consequently, the Bureau is conducting & small-scale research project




concerned with shale-oil hydrogenation. Reszarch is also being conducted

to determine how compesitions of oils produced by this technique nay com-—
pare with those from aboveground retorting. -

Recegnizing that the production of shale oil will have to be done
without significant environmental degradation, some of the newer projects
of the Burzau of Minecs are concerned with environmental problems, pxin-
cipally relatad to contaminated waters and the composition of low Btu
produced during retorting.

The Bureau's Deaver Mining Research Center currently has a small
cooperative effort with the Coloany Development Operation where research
in rock mechaaics relating to design and stability of mine openings is
being done. This effort is not funded unfer the oil-shale budget but is
a part of 2 research program of a more general nature. The Denver Center
also has contracted for a study of the current state of the art of minimg
oil'shale including a listing of what appears to be problem areas requir~
ing resecarch.

The U.S. Geological Survey is active in geologic studies relating

-to location, grade, geologic setting, hydrology, associated minerals,

and simiiar considerations for oil shzles in the United States. Mapping
and repercing are integral phases of this effort which currently is
costing about $500,000 per year. Other Goverament agencies are studying
possible environmental and other social effects of zn impending oil-shale
industry in Colorado, Utah, and Wyoming. These studies are largely

non-experimental in nature and parts of larger activities, the largest

of vhich is the Colorado Oil Shale Environmental Planning Studies {COSEP).

-



The COSEP studies are aimed at four areas: (1) rovegetation and
surface rehabilitation; (2) enviroamental inventory and impact; (3) water
resource managexzent; and (4) regional development and land use planning.
The estinmated cost and completion date for each is given in Table 1.
Though the studies are being conducted specifically for Colorado's
Piceance Creek Basin, much of the information developed will be applicable
to development in Utah and Wyoning. It is expected that these studies,
in vhich the Departmeat of the Interior is an active participant, will
provide additional information which will assist in efforts to aitigate
environmentzal danage. Each of the four Colorado studies is scheduled for
completion before 1975.

Private R&D—The major current industrial =ffort hac been the research
by Colony Development Operation, a joint venture involving The 0il Shaie
Corporation, Stzndard 0il of Ohio, Cleveland-Cliffs Mining, and, most
recently, Atlantic Richfield. After termirnation of the original research
progran by Colony in the late 1960's, Atlantic Richfield 0il Company pur-
chased a 10 percent interest from each of the three previous Colony mem-
bers and was nzmed project manager.

The Colony mine is a adit (horizontal) entry mine into the Mahogany
Ledge shale beds. Mining c=2pability probably exceeds 1,000 tons per day.
The plant features The 0il Shale Corporations's TOSCOAII retort and is
reported to have a capacity of about 1,000 tcns of shale per day. Both
mine and piant were operated intermittently for a time and then were in
essentially coatinuous operation for several months prior to shutdown of
the piant in late April 1972. Operations are reported to have been pri-

marily concerned with retorting with little effort on mining, althoagh




over 1 millioﬁ tons of oil shale have been mirned since 1965. However,
in recogaition ¢f mining problems ‘encountered during the most recent
period of production, Colony is keeping the mine open to conduct several
phases of mining research. Considerable research also has been done by
Colony on environmental aspects of oil-shale operations, particularly in
regard to stabilizing and vegetating spent shale deposits and in the
socioeconomic aspects of oil shale development,

Public releases state that Colony's research results are being
evaluzted for the purpose of determining a future course of action. The
forthcoming decision, expected in the pear future., presumably will be
vhether or not to exp;nd the present pilot operation to a comrercial
operation of some 50,000 barrels of oil per day.

Colony's RED expenditures since Atlantic Richfield joined the gréup
in 1969 have been stated to approximate $23.5 millicn; including the
earlier experimentation, costs reportedly total about $55 million.

Also of current interest, Development Engineering, Inc., a Denver
consulting firm, recently lezsed the Burecau of Mines sxperimentzl oil-
shale facility near Rifle, Colorado, for research on retorting and
related environmental considerations. This program is scheduled over a
five-year term at a minimum cost of $2.5 million; the retort to be inves—
tigated is a modification of the Bureau's gas-combustion systenm.

Other recent industrizl R&D activity of notable size has been con-
cerned principally with in situ production. A three~year program was
started in 1970 by Shell 0il Company to test a patented process for the
extraction of shale oil by hot miscible fluids coataining solubilizing

agents such as hydrogen sulfide. Results and costs lhiave not been publicized,



A combinz:ion of underground mining and in situ retorting is also
being tested. This concept visualizes developuent of a strata of shale
with suitable :hickﬁess of both in-place shale and overburden. Approxi-
mately 25 percent of tha in-place shale would be mined by the rocm-znd-
piilar method, 2nd transported aboveground for conventional surface
retorting. The rendainder would be fragmented, possibly by inducing falls
using conventional explosives, to f£ill the mined-out voids and thus pre-
pare a bed amenabla to subsequent in situ retorting featuring either
combustica or hot gas circulation heating methcds. The initial test of
this concept is now (1973) underway by Occidental Petroleum Corporation
at a locaticn near Debeque, Colorado. Nc information has been released
on the results, but the :esf is known to involve direct combustion of the
o0il shale following explosive fracturing.

Many other companies comtinue studies and_probably actual research
activities on o0il shale as indicated by an increasing flow of patents
covering various aspects of oil shale technology; however, no informa-
tion as to the scope and cost of these activities is available.

III. RATIORAL FOR FEDZRAL INVOLVEMERNT

Except for in situ arnd minerals processing, which are still in their
infancy, quernnent involvement in oil shale processing techaology is not
believed to be neaded. Rather, the principal role of Govermment is to
provide the support work required to assure that this industry develops
in a wa& that is environzentally acceptable, the elements of such a pro-

gram are considered in the section which follows.
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However, normal evolution of this new industry may require 10 or
more years for the reasons discussed in part II above. Without Govern-
ment Invoivenent, subst iatial quantities of shale il would not be
available until after 1985. Therefore, it is considered necessary to
accelerate oil shale development using the strategy outlined in Section V
below.

IV. OEBJECTIVES, CRITERIA, A¥D PRIORITIES

0il shzle research proposals have been distributed to various greups
for review and recommendation. To place these in perspective, this panel
has compiled a2 list of research needs related to oil shale development.
This list, Table 2, necessarily overlaps the activities that will be
suggested by several cther panels, but is presented here to expedite the

. development of an integrated oil shale research progranm.

In essence, the principal activities reiate those that will support
commercizl scale producticn; the first plant is expected te be on stream
within the next 3 to 5 years. These activities include: (1) Solid
waste management; (2) revegetation; (3) water management; and (4) fish
and wildlife protection. Development of deep mine technology is needed,
but it is not clear if.this should be a Governaent effort. The leasing
of tract C-b in!bAlqrado undar thé'Department of the Interior's proto-
type oil shale leasing program is expected to lezd to the development of
deep mine technology by private industry. In situ processing and min-
erals recovery techneology can and should be zccelerated with Federal funds.

The cost of this program will appear in separate reperts by other

panels, but the total is expected to approximate $25 million per year.
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Table 2

Solid “oste Morezcment

Objective:

Variables:

Obleciive:

Yariables:

Objective:

Variebles:

Objective:

Variables:

Water Mznzzoment

Objective:

VYariables:

Cbjectiva:

Variables:

Contrel erosion/leeching

tent, degree of

5E

Research Needs Related to 0il Shale Development

ompaction,

mical st:ibilization, water
sauvries; heignt of pile,
stics of foundation materizl.

ATOUnRT anag types ci meterials as a function of particle
size, residual cardon and moisture, degree of compaction;

ceaantau.o.on -

Crezte nutrient and
Periiclie size

i c
overburcen acgit

Q.\-t
b
L f)

on

]

Determine optimum species composition

Grzsses
shacdbust

L e

Daevelop regionzl

fguliier cnarceczeris

direction &nd

caezical gquslic:

armount o0i discuz
te

suriace w3

topsoil structure

onr:shi p be
rccna..gc.

Develop water manzgooent systeom

[EpAn

t/ziality of water mocd
reZime Lo grounc WoIor wiida

arawal;

native browsz and cover (mountain mahogany,
, ditter drush); location.

aquiier head;

tween ground and

Son coatent; fertilization; topsorl/

1; moisture control (mulching/irrigation).

connections between aquifers;
movement;
tion acruss region; points/

ied; response of hydrolopic

water or otaer mwelds of -..Cl1u"0.._nt.
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Table 2

Research XNeeds Related te 0il Shale Development (Continued)

Wildliic Proctectien

Objective:

Veriables:

Objective:

Variables:

Increase carrying capiacity of off-site areas

Selective clearing of pinion-juniper, fertilization,
soil structure mixing (topsoil, subsoil, ete.)}, and
plaanting to stimulate browsa species; protectien of
springs, andé manazoment
critical wildlife &reas.

of livestock grazing in

. s =

To ass;s" i= :act o =cvelopmcnt and use results to

Construction and cperation of facilities and ancillary

urban development and the effect of these, including

salinity in on changes in life history patterns,

locaticn, ar lance of key wildliife species such as

the mule deck. Th s will reguire additional ecological
i

research on specific haditat uses and habitat needs.

Deep Nininm Technolopw

Objective:

Variables:

Develop techmology that w
of (1) the lMzhogsay zon
zones in tihe water-bhear

in Colorado

1 permit mazinum extraction
nd (2) the lower oil shale
arzas of the Piceance Creek

c
i

il
22
vl
aZ

Note: This is the objective of leasing Tract C-b under

the Department’'s Prototype Oil Shale Luaclha
Program,

Characteristic of

fracturiag; amouat qa
means of ground co.zrd
disposal oif solid wast

2 deposit, including degree of
ality and wmovement of water;
1 techuigues of underground
e5.

In Situ Processin

Dbjective:

Variables:

Objective:

Variables:

Accelerate the rate of development (for liquid products)
to point of commercial applicaticn by the early 1930's

Cnuract ristic and dopth of deposit; water; meaas of
o combustion and indirect neating
‘racturing, coatrol of process.

Fy 0

Produce gascous products from oil shale and shale oil
Hecat and rate of transfer, c.g., must be higher than

those uscd to produce a liquid product; otherwise,
variables same as those listed above.
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Table 2 Resezrch Needs Related to 0il Shale Develorment (Continued)

Minerzls Procecsing

Cbjective: Develop econonic precess to recover alumina and soda

ash frenm orocessed oil shale

Variables: Concentrat
‘ ment of ol
quality, inc
envircnzanta

f nehcolite and dawsonite; prior treat-
le; leechates; water recuired and




V. ALTERBATIVE R&D PROGRAM

The role of Governzent in oil shale development should be wreassessed
over the next 6 to 12 conths. A clear indication must be given that pri-
vate industry is prepared to move forwerd with cdevelopment. Should this
not be forthcoming, steps should be taken to expedite the development of
this resourca. This wouléd not necessarily take the form of Government RED,
but incentives that would reduce the economic risk inherent in any new
capital~intensive develorsent.

Three levels of activity are possible, depending on the perceived
need for liguids frem ¢il shale as compared to the environmental costs
which have not yet been fully defined. In terms of.thé definitions given
for this analysis, the expected output by 1985 for each level of activity
is given below:

1985 Expected Shale 0il Production,

Progranm Million Barrels FPer Day
Minimum . 0.100 to 0.250
Accelerated/Orderly 0.750 to 1.00C
Maximun 1.300 to 1.500

Subsequent sections of this section discuss each program and possible
strategies.

Minimum Progrem—-This program has been described immediately above. The

research needs relate primarily to ways of mitigating environmental damage,
e.g., research is needed in techniques of solid waste management, revege-
tation, water management, and wildlife protection. Technology must also
be developed to extract oil shale from the deep zones found on public

lands, and work on in situ processing should e accelerated to develop a
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via“e option to surface processing. In addition, supplémental funding
and staff to resolve present mineral title conflicts is neacessary to
assure continued availability of lands for development.
Under the normal evolutionary process of new technology development,

this program would lead to no mere than 100,000 to 250,000 barrels of
- shale oil per day by 1985. This panel believes this rate of progress is
unzceeptable cornsidering the advanced stage of oil shale technology,
the enormous resource base of 600 billion barrels contained in the high-~
grade deposits, ard the Nation's current and future needs for oil.
Accordingly, we have fraamed possible alternative programs that are
designed to accelerate such deveiopment. These are considered below:

Accelerated/Orderly Program——This program is aimed at incentives needed

to stimulate the coastruction of 3 to 5 cormaercial 2il shale plants in
this decade. Based on this experience, application of second generation
technology should enable large scale development to occur after 1980,
reaching 750,000 to 1,000,000 barrels per day by 1985.

Development under this program is e;pected to be ccnstrained orly
by those factors that relate directly to coastruction: (i) plant design,
(2) engineering and construction, ané (3) capability to supply Leavy
mine and plant equipment. From analyses prepared by the National
Petroleum Council and the Department of the Interior, the h-ring and
training of operating personnel, construction ¢f plants and supporting
urban faecilities, and purchase and delivery of equipment from distant

supply centers are iie key ingredients to be considared.
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Econonic Incentives~~Involvemnent by the Federal Government can take many

forms, but support of product prices and/or guaranteed, nonrecourse loans
would significantly enhance the ecconomic viability of the initial oil
shale plants., This involvement ig not recommerded for other than the
ipitial plants since oil shale should be allowed to compete by itself with
othexr supply options. The objective of this program is to provide those
incentives necassary te move rapidly through initial development.

Price Sumrcrit--This proponsal would provide price stability for liguids

produced from oil shale or other energy sources.

To implement such a démonstration program, the Governnent would
announce in the Federal Register its willingness to entertain proposals
whereby clezn-burning solid, liguid, and/or gaseous fuels weuld be pro-
duced domestically in commercial quantities by prscesses not now commer—
cial. The Govermment would indicate its willingness to make long~term
negotiated contracts at least probable ultimate net cost, guaranteeing
to buy the output of specified new domestic plants or modified idle
domestic yplants if such ouvtput could not be otherwisé sold at the supporc

_frice. Such contracts would contain detailed specifications covering the
product to be bought, including appropriate premiums and penalties.
Representativz technologies sought, the range of product specifications,
and the range of product prices to be considered im negotiations would
be macde public in advence of any negotiations. A cutoff date for initial
filing of proposals would be specified. All long-term contracts would
contain provisions whercby the Government could terminate the contract

by paying the undeprecizted (or unamortizad) cost of the facility, thus

17



that will affect the rate of réturn for oil chzle development, the results
of which are displayed in Table 3. As compzared to the base conditions,
changes in bonus payments, royalty rates, and depletion will have only
small effects on che rate of return. Increases in the price of oil and
expensing as 2 means of depreciation would significantly increase the
return to be expected. Howvever, 2 significanc economic stimulus would

be to finance the plant, in pazt, by funds borrowed at an interest rate
below the overall yield of the project. This could be accomplished by
Govermment-guaranteed loans that can also be made more flexible in interest
rate and repayment schedule than those that may be obtained through more
normal channels. It is of interest to note in Table 3 that money at

3 percent only increases the overall rate of return to 23.35 percent as

compared to the 22.0% perceat realized from 6 percent woney. Thus, the

econoric impact is due to the ability to raise capital outside the equity
market and not the rate charged on such borrowed capital. However, lcw

cost lecans will incur large front end investments and, therefore, Con-

gressional appropriations. By contrast, the price stability program

rests on borrowing authority which does not require Congressional
approval. Additicnally, political support of possible undesirable, low
priority projects, would probably 2lso occur. However, this can largely
be offset by requiring large investments by thea private sector; in the
case of oil shale or coal conversion, this would total several hundred
miliion dollars for each plant to be constructed. For these reasons,
the loan course of action is not as desirable as the price stability

approach described above, but is a feasible option.
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Lepislation-~If an oil shale industry is to expand to 1 million or more
barrels per dav, public lands will be required in addition to the six
tracts considered under the Department of the Interior's prototype cil
shale leasing pregran. The present limitation of 5,120 acres total must
be eliminated to assure a scale of operation commensurate with future
needs. Interior’s preposal to Congress has been to increase holdings to
10,240 acres in eny one State. However, this would probably still limit
future operations by any single company. Therefore, to provide future
flexibility, the limit could be based on a recoverable reserve of 1.5
billion tons of 30 gallon per ton 0il shale per lessee. However, a pro-
vision should he added that when a lease is zctually being developed, the
acreage limitation on that lease should be removed. The company would .
then be in a position to plan for future development.

Another desirable legislative action includes provisions for mineral
exchanges o1 an equitable basis. Although this can presenily be accom-

plished under the Taylor Graziag Act, the provisioans of that Act are not

designed to accommodate the special problers involved in the establish-

ment of mineral values for exchanges. The complex mineral ownership
patterns in the 0il shale arca are the basis for this recommendation.
Legislation to assure lessee rights tc adequate land use of offsite
areas for roads, utilities, and disposel sites is presently provided
under Speciazl Land Use Permits. These permits are general in nature
and do not recognize many of the special raquirements that will accompany
0il shale development. Clarifying legislation to assure these rights
will be necessary to accommodate a mature industry if development is to

be accomplished rapidly.
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Maximuwm Propram--This program would require the proposed research, eco-

nomic inecentives, and legislation discussed immediately above plus
Government involvement to insure that adequate materiais, labor, and
auxiliary services are made available to support accelerated development.
In essence, this program will remove the constraints deseribed under the
Accelerated/Orderly Program.

In implementing a maximum program, it should be recognized that this
will require a National commitment to develop oil shale using economic
and administrative governmental support similar to that used under con-—
ditions of a mational enrergency. Implicif in such a decision is that the
need is so great that it far ctweighs the envirormmental costs associated
with develophment across the region. These costs have not yet been ade-~
quately defined, but imitial development on private lands and development
on public lands uynder Interior's prototype oil shale leasing progranm will
- provide data concerning the true envirommentzl costs. A decision to

implement this program should therefore be deferred until such datg are
available and can be incorporated into an environmental statement related
“to large-scale developmenf on public lands.

Personnel and funding for such an effort is required. Although the
primary responsibility for program implementation should be with the
Department of the Interior, nearly every Federal Department would be
called upon to furnish support under emergency conditions. Assistance
from State and local govermaents would also be necessary to meet rapidly
expanding urban developments in relatively rural areas. Thus, to admin-
ister a maximum program of oil shale development will require a profes-—

sional staff and adequate support at 3ll levels of Government.
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VI. IMPLEMENTATION PLAN

The rate of oil shale developmeat will depend upon the Government
policy (or lack thereof) as set forth in Section V of this analysis.

At current value ($3.90 per barrel), shale oil will yield a mar-
ginally attractive rate of rcturn of 10 to 13 percent on a discounted
cash flow tasis. Application of second generatior technology and/or
Ligher product prices will significantly enhance the overall economics.

Tne impact of the change in cost between first and second generation
technology is reflected in figure I in data prepared by the Department of
the Interior. These data reflect the cost to the Nation to develop alter-
native sources of oil (resource cost) and zre ao: o be confused with
selling price which will be higher. As indicated, shale oil is estimated
to inicially cost $3 to $4 per barrel. The "learning curve" impact due ‘
to oil shale development to the 1 million barrel per qay level is pro-
jected to lower ithe resource cost to $2.25 to $3.00 per barrelb(lightly
shaded box). Second generation costs thus compare favorably with other
domestic supply cptions which, by 1985, may increase significantly over
the data presented in this figure which reflect current (1973) costs.;!

Implicit in the estimates that oil shale will increase to the 1 mil-
lion barrel per day level by 1985 are the following key assumptions:

1. Public lends will be made available to support expanded
production after 1380.

2. Several plants are on streaa in this decade which will
enable the application of second generation technology
after 193C,.

l] The cost for oil imports is based on the expected 1975 cost of cil
imports per agreements made betwezen the oil exporting countries.
The current cost is higher than is reflected in fizure 1.
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FIGURE 1, ~ Costs to develop alternative oil supplies
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Failure to realize these assumptions would limit the amount of shale
P

that may be produced by 1985 to a few hundred titousand barrels per day.
Additioral leasing of public lands is expected to reguire another environ-
mental statement. The informa‘ion gained by the support research suggested
in this analysis and the results of initial develcpment is absolutely
essential if that statement is to withstand future court challenges.

The main barriers to oil shale development do not lie with technology.
Rather, these barriers exist within the existing institutional frazework
and the public acceptance of this new industry. Both of these can be
resolved with adequate advance planning using information appropriate for
the ctask.

Vil. IMPACTS OF IMPLIMENTATION

0il shale development would produce both direct and indirect changes
in the environment of the o0il shale region in each of the three States
where commercial quantities of ¢il shale resources exist--Colorado, Utah,
and Wyoming. Many of the environmental changes would be of local sig-
‘nificance, and others would be of an expanding nature and have cuculative
impact. These major regional changes will conflict with uses of.the other
physical rescurces of the areas involved. Impacts would include those
on the land itself, on water resources and air gquaiity, on fish and wild-
life habitat, on grazing and agricultural activities, on recreaticn and
aesthetic values, and on the existing social and economic patterns as
well as others. These impacts are fully considered in the Depa-tment
of the Interior's six-volume Final Environmental Statement for the Pro-~

posed Prototype 0il Shale Leasing Program, September 1973.
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The Final Envircnmental Statement contains evaluations for a

prototype industry of 250,000 b/d and a mature industry of 1,000,000

b/d per day. 1In general, the prototype industry would produce localized
environmental effects, whereas a mature industry would produce regional
envirommental cifects. These regional effects‘could resalt in significant
environmental coaseguences unless prototype development would prove that
the effects on water, air, flora, and fauna could be mitigated within
acceplable standards. Proving the concepts for development with effective
environmental coatrols woulc be a prime objective of the prototype program.

The scale of development for the 250,000 b/4d prototype program is
estirmated to produce 100,000 b/d from a surface mine, 100,000 b/d from
underground mines and a possible 50,000 b/d for in-situ development.

. This development would create about 13,000 new. jobs and bring 34,000 -
people into a region with a preosent population of about 119,000. It
would require en investment of nearly one billion dollars in the next
1C years, wnhick would create local tax revenues of about $33 million per
year, State revenues of $22 million per year, and Federal revenues of
-$135 million arnually.

The social impacts of increased urtanization could create a conflict
of life style because of the present rural character of the region.
Additional scheols, traﬁsportation, health, and sanitation services would
be needed, to cite a few of the major public requirements which would be

imposed on the local and State governments. A mature industry of

1,000,000 b/d could approximately double the present population and
would proportionately increase the other requirements whichk have been

noted.




Inpacts on land would involve 8 to 11 thousand acres for development

and about 2 thousand acres for utility corridors. The sum of 10 - 13,000
acres represents z2bout 0.1 of 1 percent of the know oil shale area in the
region. A mature industry of 1,000,000 b/d would involve 75 — 80,000
acres of land, including the requirements for urban expansion. This
figure represents about 0.5 of 1 percent cf the oil shale lands that have
been evaluated in the three-State area. Developmeat of oil shale would
alter the landscape in some areas and destroy vegetation during actual
operations, thereby reducing the forage for grazing and wildlife habitat.
Although the techniques for revegetation of mine waste disposal sites have
been proven for grasses and similar growth with supplementary water and
fertilizer, the techniques for revegetating the disturbed areas to their .
original ground cover have yet to be proven. The acreages shown above

are the maximvm estimated to be cumulatively disturbed over a 30-year
period. Only a small portion of this would be affected at any one time.

The effect of 0il shale development on water relates to not only the
source of supply but to the quality of the water as well. Sources of water
include beth ground and surface water. The Piceance Creek Basin is known
to contain substantial quantities of fresh and saline ground water that could
be utilized for development. The prototype program has been designed to
fully evaluate the effects of water production, leaching effects from drain-
age water of disposal sites, and the disposal of waste waters. Even
though significant quantities of water would be required for the prototype
development prog:aw, this fact should not significantly affect the quality

of the water in the Colorado River System. A mature one million b/d irdustry

N
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has been estimated to require from 121 to 189 thousand acre feet of

water annually. The magnitude of the difference between these estimates
is due primarily to the inability.at this time to fully evaluate the.
waler requirenents for mine waste disposal or upgrading of products.
Methods of handling these problems can only be fully evaluated with
development. Mature development with all water requirements supplied
from the Coio:ado River System could increase the salinity of the water
at Hoover Dam by 15 mg/liter or 1.5 percent, due to the consumptive use
of better quality water in the upper basin, The effects of accidental
mishaps, flooding and ground water utilization are evaluated in the
report. Municipal waste from sewage'or powerplants could pose a problem
if proper precautions were not enforced for the iﬁcreased urban development.
The effect on air quality from the prototype program would be expected
to be local in character, There would Qe a reduction in aif clarity and
visibility in the area. Potential inversions of about 20 days per year for
the region could create some effects on vegetation and wildlife in the area,
but would »e of short duration, All Federal, State and local air quality
bregulaticns would have to be met. Current technology indicates that these
standards can be satisfigd, except that yet to be determined are the new
non-degradation requirements and whether any major industrial developuent
can be undertaken for stendards that have not been established. Those
requirements could limit the size or prevent development.
During the prototype program, effects on wildlife would be created

primarily by the impact of zn influx of more people into the area, including
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the demands of'the increased population for recreational activities such
as off-road vehicle driving, hunting or fishing., Some losses from
eliminated grazing or forage might occur from prototype development and

in 2 few cases endangered wildlife species may be displaced. A mature
industry would have a significantly greater impact on wildlife resources.
As an example, it has been estimated that it would reduce deer populations

in some areas by as much as 10 percent.
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SECTION V

. Improved Combustion Process



JMPROVFED COXBUSTION PROCESSFES

1I. STATUS OF THE TeCiih. _0GY )

A. Present Status

.
v

The use cf fluidizagd-ta2d combustion for the purpose of electrical peower
and industrial steam gern2raticn has ccme under study, in various forms, in
a nﬁmber of countries during the past twenty or more years. The major
studies in this area have been conducted in the United Xingdom ard the .
United Statss. The British investigation began zbout ten years ago; both
the atmcspheric ahd the pressurized versions of tﬁe preccess were studied
on various exzerimental units, but no commitment was made to scale up. In
this country, the atmespheric {luidized-bed corbustion orccsss has been
tested on severe] experimantal units, including one of 760 1b coal/hr,
“grmder GoR anuEra STUITSTISHIP; UGA 1s now preparing to pilet the process
on a 30 M unit. The presﬁurized system has also been tested, more r;cent]y,
on a numSer of experimantal units; a U.63 M "Miniplant™ has been built by .
EPA, and will be stertec up later this year, operating at furnace pressures
up to 10 atm. An adiatetic fluidized-bed combustien system, burning 100 ton/
day of municipal refuse, is being tested by EPA, and will be converted to

coal (éb0ut 2 1 eguivalent) under OCR sponsorship.

Considerable effort hes been directed tcward rodifying ccmbustor processes
for combustion efficiency imbrovement and pellution contrcl. EPA and contract
research organizations have studied combustion and modifications frocm
fundar=ntal through practical applicaticen levels. These studies haQe
established the feasibility of modifications with considerable success; fuﬁda-
mental studies indicating potential new modifications end field studies

producing significant pollution reductions in utility boiler operations.



B. Barriers to lrnlementation

Barriers in the fiuidized-ted combustion system include: (1) demonstration
.of sorbeat regeneration and ;y]fur recovery, for those variations of the éystem
involving regancration; (2) démonstration of high-terperature, high-pressure
particulate removal technology, for pre ssur1znd systems; and (3) deronsur;tmng
the operability of the integraied boiler systems on a large scale. In
addition, reluctance of boiler manufacturers and onerators to build and install
‘boilers so radicaﬁly differ f;on wnat is currently commercial may bé a

barrier to comvarcialization. .

Major barriers for the cozbustion modifications will be removed by the
demons;ra+1ors of afficiency and polluticn reduction with satisfactory cperating
h)

craracLa tics and eguipment durab1]1gy.

C. On-going R2D Effort o ’ -
A total of abcut S1 willion is currently being =xp=ndnd by the Federal
Government to davelop pressurizzd fluidized boilers. Additional funds are
requirad, frox either the Government or the private sector, if the 0.63 i
Miniplant is to L= opsrated at an efficient pace, providing necessary design
informaticn on ihapressurized system. OCR is conducting a $5.8 million effort
to test the atmossheric fluidized combustion system on the 30 M{ scale; 85%
of the total program cest is being provided by the Sovernment. The
adiabatic coal-burning fluidized-bed ccmbustion concept 1s scheduled for
study under 2 $1.5 millicn Government- snonsored effort. Contacts have been
estéb]ished with researchers in this field in other countries, particilarly
Great Bricain, althouch the amount of British-sponsored work in this area

appeafs currently to be limited.



EPA has budgoted about $2 million for coibustion modification studies

during fiscal 1974. These studies cover a wide rang. of activities from

It

fundarzntal res:

«“t

aren

¢ Tield epplication, but this limited funding retards

the rete of prograss significantly.



1T, RATIGHALE FOR FEJERAL IWVOLVEMENT

Developrant of the fluidized-bed combustion techknology requires-a
substontial R, D&D {irzncial cutlay. The potential for establishrant cf a
probrictary cesition is limited, thus making it difficult for a private
firm to recoup such an R, DD outlay in a reasonable periecd of time.
Thereiore, in ordar ts assure develepment of fluidized-bed boiler tech-

nolog ¢n a timaly basis, it 1s necessery for the Governsent to provide

-most of tha RiD funds, and a reasoneble fraction of the demonstration funds.

Federal invclvermsnt in the combustion rmodification area is necessary
in ordar to ensure a systematic, comprehznsive program in thas area.

Progress, particularly releted to the area scurce app]icag1ons would be

non-existaent without Government funds.

IV.  CBJECTIVES

The genaralized o ive of the proposed researcn program is to
develcp, and accalerats commercial scele demonsiration of, new and
higher&efficiency comZustion systems, including improved procedures for

reducing cischarge of pollutants.




V. ALTERNATIVE RGD PROGRAMS

A. Schedule zrd Costs of flternative Procrams

Milestona charts and enrual budget projections are attached for
each of: (1) an eccelerated/orcerly progren; (2) a maximum pregram; and

(3) a mininum progren.

Acceleratad/crderly progrza., A 00 M prassurized fluidized-bed boiler

plant, zn 300 MW ctzsspharic plent and a EC0 MW ediebatic systes would each
be demonstrated by the end of fiscal 192). A model of the fluidi z=d-bed
combustion process would also bz completed at thet time. The pressurized
system would be tes tad in the $3 million 0.63 M4 Miniplant through FY 75;

if th1s program is succasstul, the system will be tested in a $25 millien,
30 K plant pregram through FY 78, provided that 307 private support can be
obtained; and, if 507 private support can 2gain be obtained, & 300 MW
pressurized plant will te built and operatsd zt a cost of 5125,000,000. The
atmospheric-prassurs system will be tested on the nlarnzd 20 M plant by the
end of FY 75, with subsequent Zzmsnstration on a2 $300,000,000, 8CO M4 plant;
again, 50% private support is assumad. The aCiabatic éystem is projected
for testing cn a 30 ¥ unit by FY 78, and C¢T:nstrated on a $169,C00,0300

500 i plant (essuming 503 privata-support). The totel cost to the Gevernment

of the entire prcposed {luidized-bed corhbustion effort is $368 millicn.

combustion rmedifications weuld be completed on demonstration industrial
boilers in FY 78, end in industrial process furnaces in FY 79, at a total
cost of $18.8 million (with 2bout a one-third of that to ba contributed by

the private sector). tedifications would be demonstrated on a utility boiler



in FY 78, at & cost of $17.0 million in additicn to that already cgmmitted
(with about 407 coming frexm industry).” A 50-75 MW demonstration of
modificaticns to cas turbiné is schaduled for FY 81, with a cost to the
Governiant o7 $4.8 millicn (plus about an egual amount from the private
sector). The reforred fusls technolocy should be tested on a 1 MW system
by the ead of FY 78, with the Tull $3.2 milliod cest being provided by

the Governrant. The toigl cost to the COVwrrﬁent for the coi bust1oq rodi~

fication pregram weuld be $22 million

Maxirmun program. In the fluidized-bad cobustion pregram, the thres

systems would be dem onsbrated about two years 2arlier than in the accelerated/
-~°*"uc..3 “wwsed TR ey i b Lese ™0 “LiTe pr €3507 1284 Ivers 0N, a 1<rgEr CEmon-
straticn plant weuid bz bu11t in an attermpt to expsdite commercia]jza%ion.
in the “maximum® alternative, it was assumed that dasicn of the demo plant
would begin early in FY 75, and that constructicn cf the demo ﬁou]d begin
as soon as possibie after the design was completed. Due to the larger
pressurizszd dzmo plant, and due tc inetficiencies resulting from the expedited
program, thz total cost of the "maximum" progrem is projectad to be about
XL £ =

85156 million, 309 higher than the acceleratesd/orderly progranm.

~ Mens © e ems s

A “maxinum" program on the conventional mo dificat ions would result in
a demonstration of that technology one to two years earlier than would the
accelerated/crdariy progren, at’a total cost of about $45 miliion. This
55% increase results from increased manpower requxrcments, co-current pi]ot;

demonstiration chases preblems and general insfficisncies encountered in crash
[ ] :

operations.




finimum Preerzm. A mininum progrem would result in delay of the demonstratic
of the prossurized an? atmospharic f]uidized-béd boilers by up to a year, and
weuld reduce the size of the deronstration plants; the adiabatic system program
would be eliminated. Costs for the fluidized-ted program would be cut to
about $202 millien by these reductiorns. Ihe conventional combustion modifi-
cations would Lo slewad in the minimum program so that this part of the efforf
vould require 25% lorger to complets, but funding 2t $29 million would still be

requirad although sprzzd cut over a longer tire frame (v 2 years).

Genarally, initiz]l or smaller scale research would be conducted entirely
at Governmant expense. Intermadiate-scale testing would be conducted with
some reascnadle contribution from the privete sector (15-50% of the total).

Demonstraticns would generally involve about 50% industry participation. .

-The bulk of the £32D effort will be conducted by centractors under

Governmant sponsorship.,
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n Constructinz Praoncsed Prooram

The fluidized-ted cezbustion process oiters cne o7 the major alternatives
for new technology enz>ling "dirty" coals to be burned with improved eccrnomy
and with acceptablie envircnmental impact. Develczmant of thres variations
of the process will provide futuve users with a selection frcm which to choose
the variaticn which is optimum for their spacific zpplication, and will provide
~alternative fluidized->od corbustion techrologios in the event that future
developrant efforts show any cne variation to be technically or economically

undesirable.



The conventicral combustion medification techrolegy will enable
improved fuzls utilization, enadle reduction of carbonaceous emissions,
and will ¢nable HDx control rmore simply and less exzensively then would

be rossibls with en H:x flve ves cleaning process.

€. Relaticmanin of Dt-zp 51D

Perheps thz most {rpeortant comgenion te hnﬁ]c;y which must be develgped
in conjunction with Tluidized tzd beilers is high-pressure,high-temperature
particulata cleanup tschnology. An elevatisd temperature and pressure cy&lone
systen has Lean testsd during the adisbatic fluidizad-bed refuse burning test
mentionzd creviously. Granuiar bed filiers are also under development. EPA

his area.

P

is preposing additicnal werk in

Baveleprent of st22n turbinas cepable of utilizing higher steam conditions
~ -

would improve the thersmal efficiency of fluidized boilers.

§

The combusticn medifications progran doss not depend on the results of

other efforts.

“h

Zi3 Procram

D. fLccootzhilitv o

Few prodlarms are ferasean regarding 2nvircnment, sefety or public
acceptebility zssociatzd with the RED progren per s2. Adequate safety
devices will b2 necasszry in the fluidizad boiler systsms, especially for
the pressurized v1uidizzd beiler plants. Pudblic rsactien to the fluidized

any full-scale
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boiler deranstratice
coal power plant. Envircnrental irpact stziemsnis will be nacessary for the

30 MW end the de-eonstration fluidized boiler plants.



VI, HPLE?:LT&?ICH FLIN

A. Dirsct Corao
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It is prejociad that, when fluidizoed-bed boilsrs are davelcped, they
will cepture at least 255 of t:e marvat for new ceal L w11ers, This implemen-
tatien rete woule rasgls in 2520 MW {or 0.2 x 1015 8tu fuel input) instalied

. b oY al~ : s ]5 -
capecity in 1283, and 40,22C ¥4 (2.2 x 107 Etu) in thes ysar 2000. 1If
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irpizmzntation rate would be greaater,
due to a largar-then-projected utilizzticn of coal for pewsr cenaration, and
to cepturz Sy Tluidizsc boilers of a greatar parcentage of the ccal-fired
market. Fluidized koilers would znadle the U. S. to utilize evan the poorest
and “diviiesi” grades ©ithis cuuntiy's subsiential coal reserves, relieving
U. S. depercence on forzign cil ard gas. IFf future stean turbine develepments
“enable cperzticn of Tluidized boilars zt elevatesd steam conditions, system
therz21 efficiencies of up to 475 ultimataly for the pressurized system, and
407 for the aimosocreric systam, could bz achizved, comparad to 370 efficiency
for ronvantional sysfa:s; thus,'more-efficient utilizaticn of the nation's

coal ressrves would result.

Combustion modification tachnoiosy could ke acplied to most existin
- =

1

-
"

indusirs

™
»

e

utility comSusticn precssses, and to all new units. Appiication
of this technolegy would improve corbusticn efficiency, thus resulting in
rore efficient utilizazticn of Tu2l. Emissions of AOX and of crcanics will

also be raducad. Enission reducticons for area sources will also be accemplisaed.



B..-Ecéncmics

Fluidized
electricity at 11.7-13.1 mills/kwh, in 2
factor, basad upos 1976 dellars and 7.55

A conventicnal boiler costed on th
at 13.4 mills/wan.
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be improved.

Combusticn

by perhaps 1 or more percentags

accordingly.
probably not bz substaniial., ¢
during tha i 2 pariod 1978-71221.
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£00 N« plant with a 70

~bed boilers will, accerdirng to current estimates, produce -.

% load
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tasis would produce electricity
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plant, ¢
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pital cost is

rpared to $337 /kw for

These estimaies are based upon coal at

uctien of 7.54, and fixad chargas of

Commarcial

that this
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gn countiriss, part1uular1y those

of paymants would

modiTications might improve fusl utilization efficiency
points, thus reducing epergy costs

The efiect on tecial cerbustion systism capital cost will

ility is anticipated




VII. IMPACTS OF IMPLEMINTATION

A. HNatural Resources Reouirad

Coal-firad fiuidized-bzd boilers will require 0.2 x 10'° Btu/yr of

15

coal in 1253, and 2.2 x 10~ Btu/yr in 2009. These figures are srall in

comparison with the 39,009 x,lo]s Btu of estimatad recoverable coal reserves

in the U. S. These boilers will &lso require quantities of lirestones/
dolomites or 502 control; these minarals are available in large quantities

througiicut most of the U. S.

B. Compatibilitw with Existina Svsten

Fluidized-bzd boilers, and ccmbustion rodifications, should be readily

compaliblc I~ v zixitny miativual zihzryy system.

€. Envirornrantal Iroacts

Fluidized-bed boilers will meet all of the envirormsntal standards.

Pollutant ‘ Emissicns par 106 Btu
Co . 0
50, | | 0.7 1
RO, 7 . . : 0.14 b
Hydroczarions 4 0
Partigu]ates ' 0.02 1b
Thermzl (water) . 0
Thermal (air) 0.62 x 10% Btu

Ash 17.3 1b




Combusticn modi{icaticons may rsduce HOX enissions by up to 603. Emissions
of hydrocarscns and polycyclic crganic materials will aleco be reducaed significantly

from soo2 processas.  These redificziiens will provide the best technology for

establishing end masting standards for arse sources.
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ENERGY R&D PROGRAM BUDGET SUMMARY

PROGRAM KAME: Improved Combustion Processes

FEDERAL OBLIG~TIONS

PROGRAM ALTERNATIVE: Accelerated/Orderly

PROGRAM ELEMENT $»10°
. 1975 1976 1977 ‘1978 1979 1980-1989 1990~1999
Fluidized-Bad Combustion
~pressurized* 1.8 1.3 12.2 26.4 20.4 20.0
-atmospheric 8.0 4.4 51.5 51.5 51.5 0 (not certain)
-adiabatic* 3.0 6.0 6.1 5.2 3.7 75.0 (not certain),
-support 5.9 5,8 2.0 2.0 1.5 3.0
Corbustion Fodifications
~utility and industrial hoilers’* 3.2 7.0 1.9 1.9 1.9 . - .
~gas Lurbines¥ . 0.8 0.8 . 0.8 1.4 1.0 “
=indusirial process furnaces* 0.3 0.6 1.6 1.3 1.3 -
«reformed fuels® 0.8 1.4 0.5’ 0.5 - -
*Assumes 50% industry support for demo| units,

*fAssumes about 42% support by industry.




FORM B - ENERGY R&D PROGRAM BUDGET SUMMARY

PROGRAM NAME: Improved Combustion Processes ‘ PROGRAM ALTERNATIVE: Naximum

FEDERAL OBLIGATIONS

PROGRAIY ELEVENT § x108
. 1975 1976 1977 1978 1979 1950-1989 1990-1999
Fluidized-Ced Combustion 56,4 L4 “Ho
-pressurized* 8.1 . 1404 39.6 300 )]
~atsiospheric* 13.0 70.9 76.5 76.5 ) Sl
~adiabatic* 9.2 57.5 37.0 37.0 } 5158
=support 6.8 6.8 3.5 3.0 }
Combustion Modifications
-utility and industrial boflers*t 8.6 12.7 4.8 1.7 }
~gas turbinos* 0.8 1.2 1.2 - 2.1 1.5 )
~industrial process furnaces* 0.5 1.0 2.5 2.5 ’ )
-reforied fuels* 0.8 1.4 0.7 0.9 )
.*Assumes 50% industry support for demo units.
**Assunics about 42% support by industiy




FORM B ENERGY R&D PROGRAM BUDGET SUMMARY

PROGRAM NAME: Improved Combustion Processes

FEDERAL OBLIGATIONS

PROGRAM ALTERNATIVE: Minimum

PROGRAM ELEMENT $ 108 v .
1975 1976 1977 1978 1979 1980-1989 1990-1999

Fluidized-Ged Combustion

-pressurized* 1.8 1.3 7.2 11.4 12.4 24.0

-atzospheric* 8.0 4.4 37.0 37.0 37.0 - 201.6

-support 5.8 5.8 2.0 2.0 1.5 3.0
Combustion Modifications

~ulility and industrial bollers++ 2.0 6.3 1.7 1.8 1.8 1.3

-gas turbines* 0.6 0.6 0.5 1.1 0.8 1.1

~industrial process furnaces® 0.3 0.5 1.3 1.0 1,0 Pel

-retormed fuels® 0.6 1.1 0.3 0.4 0.8

*Assumes 50% industry support for demo] units
**Assumes about 42% support by industry




