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EXECUTIVE SUMMARY

A substantial guantity of high guality research and
development has been found in corverting coal to clean
gaseous and liquid fuels as well as general ccal utiliza-
tiorn in environmentally acceptable ways. A multitude of
organizations in the United States have been working for
many years on these processecg, some up to 25 years. The
variety of programs indicate the complexity of utilizing
coal to meet fuel needs and to provide environmental safe-
guards.

The mix of coal, fuel 0il and natural gas presently
used, the geographic location of coal supplies and other
resource needs relative to plant locations and the variety
of processes potentially capable of meeting environmental
restrictions, indicate that no single process for coal
conversion or use for electric power generation can be
expected to be a panacea. Many processes now under develop-
ment have the potential to reach commercial scale under the
right conditions. Research and development support is
therefore recommended in fluidized bed combustion, chemical
beneficiation, coal gasification and coal liquefaction. Support
is encouraged in pyrolysis and insitu combustion.

It should be recognized that the electric power industry's
neceds for acceptable fuels from coal parallel those of the

natural gas industry for high Btu gas production from coal

and the petroleum industry for crude oil production from




coal. Wz believe that coal gasification and ligquefaction
plants will be commarcialized and serve the three industries.
Fluidized bed boilexrs, pyrolysis, and chemical beneficiation
for certain cozls will have their places. Commercial applica-
tions are not anticipated before 1%980. Research and develop-
mznt which builds upon what is already known and moves in

the direction indicated by changing economic and regulatory

conditions is vitally needed.
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coal conversion or utilization processes which do

o
(8}

t have, at least, short term storage will have potential
coupling problems between the fuel production and the power
generating system utilizing the fuel. Underground storage

of low or intermediate Btu gas;possible in certain geographical

locations, could permit independence between those two coupled

Clesn low or intermediate Btu gases will be less costly
to producs than high Btu substitute natural gas, but because
of transportation costs should be produced close to the
iccation of utilization. These gases should be ideal fuels
for combined cvcle systems.

The overall heat rate from coal to electricity for

0

ombined cycle plants fired with coal derived gases oxr
liguids cannot match conventional power plants with stacl

gag clezn-up at present. Combined cycle turbine developments
vnich permit higher operating temperatures could have lowexr
heat rates than conventional plants. Turbine developments

re therefore to be encouraged.
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Fluidized bed combustion has intriguing possibilities.
The boiler installation, itself, should be smaller and less
expensive 1in first cost than conventional boiler installa-
tions with or without provisions for sulfur removal. A
major problem appears to be the disposal of unused calcined
limestone which accompanies the calcium sulfate when lime-
stone is used on a once-through basis. Chemical regenera-
tion of limestone with production of elemental sulfur is
many years away from commercial development.

In view of the fact that there are coals available with
low organic sulfur and high pyritic sulfur, chemical benefi-
ciaticn has a place in converting such coals to an acceptable
fuel on the basis of sulfur emissions. It would seem worth-
while to develop chemical cleaning systems if they show
promise on the basis of reliability and economics.

Finally our study has indicated that there are a number
of ancillary problems which are common to many of the
systems being proposed for the production of clean cocals
and work on these should be considered. High priority items
are methods of feeding of coal into high pressure systems
as a powder or as a slurry, coal slurry pumps, pressure let-
down valves for liquids containing solids, high temperature
gas particulate cleaning systems, oil-solids separation
systems and the production of hydrogen or a hydrogen rich
gas from coal, char or coal residue. Control systems should

be developed along with the processes to promote safety and

reliability.
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Our recommendations for research and development support

are given in the folldwing table. The recommendations arxe
divided into four categories--fluidized bed combustion,
coal gasification, coal dissolution and liquefaction and
beneficiation. Work should be supported in each category.
The items listed in each category are in the order of
endorsement. Ag in all research and developmeﬁt programé,
procasses must ba regularly evaluated and resezrch manage-
ment must be prepared to terminate support selectively,
where projections are not satisfactory, or where, among
competing processes the success of one eliminates need for

development of others.




RECOMMENDATIONS FOR RESEARCH AND

DEVELOPMENT SUPPORT

Fluidized Bed Combustion

1. Support fluidized bed combustion boiler development
at atmospheric pressure
2. Support work in disposal of wastes (lime, from
fluidized bed combustion)
3. Support research in limestone regeneration
Beneficiation
1. Support the TRW chemical beneficiation process to

extract sulfur from pyrite in coal

Coal Gasification

1.

Support the Combustion Engineering 120 ton/day atmos-
pheric pressure gasifier pilot project

Support the gasification of liguid or solid wastes
from coal dissolution processes at pressure in a
Koppers~-Totzek type gasifier to produce hydrogen
for coal liguefaction

Support Foster-Wheeler's 1200 ton/day low Btu -
combined cycle power generation system

Support a molten salt gasification process at pressure

Coal Dissolution and Liquefaction

1.

2.

Support the Hydrocarbon Research, Inc. H-Coal ebullat-
ing bed, catalytic coal liquefaction process

Support continuation of the Wilsonville Process Develop-
ment unit

Support the development of high temperature slurry

pumps and pressure let-down methods by equipment
manufacturers

vi
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FOREWORD

The Task Force on Coal Utilization of the Electric
Powér Research Institute approached The University in
March 1973 to assess the various processes which convert
coal to clean fuels or utilize coal in environmentally
acceptable ways for electric power generation. A prelim-
inary proposal was submitted to Mr. Larry Simpkin on
March 30, 1973 suggesting a 1l4-month study. After review
and discussion, we were advised that EPRI's need was for
a study to be completed by January 1974. Accordingly,
the final proposal submitted on June 6, 1973, was for one-
half the time and budget originally suggested.

The University of Michigan Team received oral reports
on the stages of approval of the proposal and started
preliminary studies on July 16, 1273. The Board of
Directors of EPRI approved the proposal on August 15, 1973.
The final contract agreement was signed by EPRI on October
24, 1973 and by The University on November 13, 1973. A
news release, approved by EPRI, was issued by the University
on August 24, 1973 and is given on page 58.

The seven-month study was very intensive; members
of the team had teaching responsibilities for a substantial
fraction of their time during the study in addition to the

project work.
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The results of the study of coal conversion processes

were divided into two volumes: Part I and Parts II and III.
In this way, the recommendations for support to the Electric
Power Research Institute (Part I) are separate from the
critical review and assessment of the coal utilization

processes baing developed in the natior

oy
v

Part II).

Part I was préparea specifically to assist the Electric
Power Research Institute management in the preparation 6f
a2 long term research program in coal utilization on behalf

of the electric power industry. Part I contains the choices

o
pt |
(1]
H
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0

mmendations for research support by EPRI. Those
processes which seem to have the best prerequisites for
providing clean fuels from coal at the earliest dates were
delineated. The baseé for and the reasoning behind the
choices are given. -

Part II contains the process descriptions and general
evaluations of some thirty-seven processes whiéh are reviewed.
The team of investigators reviewed and studied reports and
research proposals for the processes° Personal visits were
made to the organizations carryving out the reseaﬁch and
developmant and to the sites where the experiments are being
conducted at bench, process equipment development unit and
pilot plant stages. The organizations were very cooperative
in providing information and generous with their time in

nswaring our guestions. Several organizations provided

joll

Hh

urther supporting information requested by telephone or

letter after our wvisits.




The description of the processes is intended to

give members of the electrical utility industry an overall
understanding of processes and 1is not intended to transfer
detailed technical knowledge in a thorough manner. Refer-
ences are cited for the more complete descriptions avail-
able to the team. It is from those references that the
information given has been extracted. The understanding
developed by the team and documented in Parts II and III
of this report provided the basis for the evaluation
rendered in Part I.

Part IITI contains several topics which are important
to coal utilization although not actually coal conversion
or vtilization processes. These topics were added to give
greater perspective to the general subject of coal use.

The authors for the several process descriptions
or sections are listed. Dr. D.E. Briggs managed and

edited the final report.

Donald L. Katz
February 1973
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EVALUATION OF COAL CONVERSION PROCESSES

The initiation of this project is described in the fore-
word. The goals of the project were to investigate the on-
going ressarch and development programs on coal conversion

to clean fuels and coal utilization in environmentally

to EPRI those processes whose devélopment warrants accelera-
tion through EPRI's support. The conduct of the investigation
is describad with soms general concepts and observations

madz during the seven month study.

We were aware that the study of the many processes in

would often be a matter of judgement. An attempt was made

to gather information on basic thermodynamics, rate processes,
and chemistry associated with the processes under considera-
tion. To develop some understanding of the processes, flow
sheets with process conditions, material and energy

balances; results of experimental programs and plans for the

and personal visits. Generally, processes go through three
or four development stages of increasing size before reach-
ing commerciazl size. In the early development stage, plans
are usually announced for the next larger scale development
in proposals soliciting support. Based on the written

information gathered and interviews, an assessment was made

i-qg”
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of 37 processes or topics and is giver in Parts II and III
of this report, which are bound separately.

The evaluation took into account the nature and require-
ments of the electric power industry. Factors such as
potential ccst, efficient fuel utilization, reliability,
complexity, environmental considerations and stage of develop-
ment were therefore of prime importance.

Finally, the various routes, coal beneficiation, gasifi-
cation, liquefaction and fluidized bed combustion were
compared and evaluated with regard to their potential integra-
tien into the electric power industry.

It is quite clear in the energy picture that what is
done or not done is often more a result of institutional
restraints rather than technological developments. Leader-
ship by government and industry in managing these restraints
is vital if the technological developments are to serve

their intended purposes.



CONDUCT OF THE PROJECT

It was intended that members of the Team would visit
the sites of coal conversion projects and interview the
investigators. From the general literature, the reports
of the Office of Coal Research, and discussions with
representatives of EPRI, the principal projects were
identified. PBefore an interview was made at a research
and development organization, available reports were
reviewed and a check list of needed information prepared.

Table I gives the list of conferences and interviews
neld. In nearly all cases, the visit was at the site of
the development work. Our hosts were very generous with
their time, and were helpful in supplying reports and/or
added information. A project library was established for
making the literature available to the Team for subseguent
review.

Members of the Team attended the meetings listed in
Table II, at which coal conversion was a significant
nortion of the program.

A Letter Report was submitted to Dx. R.E. Balzhiser
on November 5, 1973 as required by the contract. On
Novembexr 8, 1973, a meeting with representatives of EPRI
and the Task Force on Coal Utilization was held to review
progress. On December 14, 1973, the Team met with the

full Task Force on Coal Utilizaticn and three members of



the EPRI staff. The recommendations by the Team from the
study were given orally to representatives of the Task

Force on Janvary 10, 1974 along with preliminary draft

copies of the final report. Dr. Dale Briggs made a presenta-
tion to the Task Force at Atlanta, Georgia on January 16,
1974. Thecse occasions for reporting tc the sponsor are listed
in Table III.

During the course of this study we also visited organiza-
tions and studied processes for which no recommendation is
made in this report. There are processes which are well-
supported financially and no additional assistance is needed

now, and there are processes which have not yet reached the

stage where added outside support will speed the development
significantly. All processes which have been visited are des-
cribed to some extent in Part II. There are also several
projects which we could not visit owing to the limits on our
time. As far as we know, these projects, where publicly

supported, will come to the attention of EPRI in the future.
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TABLE I

SUMMARY OF INTERVIEWS, SITE VISITS,
AND CONFERENCES ON COAL PROCESSING

Conference Project

Organization Dates Representatives
Air Products Aug. 16, 1973 Lady, Powers
Etomics International Oct. 24, 1973 Tek, Williams
Azot Isletmeleri,

Kutahya, Turkey Nov. 1, 1973 Briggs
Beattelle, Columbus Oct. 19, 1973 Briggs, Tek, Williams‘
Bakcock & Wilcox Oct. 29, 1973 Lady, Lobo, Tek
BCURA Leatherhead, England Nov. 5, 1973 Briggs
Bituminous Cocal Research Aug.rl7, 1973 Briggs, Lady, Powers
tlack Mzesa Pipeline Sept. 28, 1973 Katz, Williams
Brzun, C.F. Oct. 25, 1973 Tek, Williams

Brigham Young University Sept. 22, 1973 Williams
Catalytic, Inc. Aug. 16, 1973 Lady, Powers

Sept. 20, 1973 Briggs

Crhzwiron Research Dec. 3,.1973 : Briggs
City College, City Univ-

zreity of M.¥. (Arthur

Sguires) dan. 16-17, 1974 Powers
Combugtion Bnginzering Sept. 25, 1973  Lady, Lobo, Powers
Commonwealth Edison Aug. 30, 1973 Lady, Powers
Consolidation Cozl, Library Aug. 24, 1973 Briggs, Tek, Williams
Consolidation Coal, Aug. 27, 1873 Lobo, Tek, Williams

Rapid City
Continental 0il Company Dec. 2-7, 18973 Powers
Exzon Dec. 17, 1973 Briggs, Xatz
FMC Aug. 7, 1973 Katz, Lady, Powers
Garratt Research Dec. 2, 1973 Briggs
Culf Research & Develop. Oct. 25, 1973 Briégs, Katz

yvdrocarbon Research, Inc. Sept. 19, 1973 Briggs, Katz
Ingt. of Gas Technology Aug. 22, 1973 Briggs, Tek, Williams



TABLE I

Organization

Kellogg, M.W. (Houston)

Koppers

Koppers, Essen, Germany

National Coal Board,
London, England

Northeast Utilities

Qffice of Coal Research
(Neal Cochran)

0il Shale Corporation
Oklahoma State University
Parsons, Ralph M., Co.
Petroleum Technology
Pittsburg & Midway

Shell Development
Southern Services

Stearng-Roger, Inc.

TRW (Redondo Beach)

U.S. Bureau of Mines,
Bruceton

U.S. Bureau of Mines,
Morgantown

U.S. Bureau of Mines
(Sidney Katell)
University Engineers
University of Utah

Westinghouse

West Virginia University

(continued)

Conference
Dates

Oct. 17, 1973
Sept. 28, 1973
Oct. 30, 1973
Nov. 6, 1973

Sept. 25, 1973
Dec. 19, 1973

Oct. 19, 1973
Dec. 2-7, 1973
Dec. 2, 1973
Dec. 2-7, 1973
Aug. 23, 1973
Dec. 2-7, 1973
Aug. 9, 1973
Aug. 27, 1°73

Oct. 26, 1973

Oct. 1, 1973
Oct. 24, 1973

Aug. 1, 1973
Oct. 16, 1973

Nov. 28, 1973

Dec. 2-7, 1973
Oct. 16, 1973
Oct. 2, 1973
Oct. 15, 1973

Project
Representative

Tek

Briggs, Lady, Powers
Briggs

Briggs

Lady, Powers

Team in Ann Arbor

Powers
Powers
Briggs
Powers
Briggs, Lady
Powers
Briggs

Briggs, Lobo, Ték,
Williams

Tek, Williams

Briggs, Lady, Powers
Briggs, Katz

Briggs
Lady, Powers

Team in Ann Arbor

Powers
Katz
Briggs, Lady, Powers

Powers



Sept.

Ooct.

Oct.

NOV.

Jan.

Jari.

JAar .
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o3}
o
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TABLE IX

EPRI Coal Utilization Meeting,
Washington, D.C., (Katz)

IGT, Clean Fuels from Coal Symposium
(Briggs)

Canadian Gas Association - Calgary (Xatgz)

AGA Symposium on Synthetic Pipeline
Gas, Chicago (Ratz, Powers)

AIChE, -Philadelphia (Briggs, Katz, Powers,
Williams)

City College, City University of New York
(Powers)

TABLE IIX

REPORTS AND MEETINGS HELD WITH SPONSOR REPRESENTATIVES

13-14, 1
7-14, 1973
8, 1873
29-30, 1973
12-14, 1
16-17, 1
2, 1973
5, 1973
5, 1973
3, 1973
14, 1873
10, 1874
16, 1974
25, 1974

Meeting of U. of M. EPRI Team with
R.E. Balzhiser .

Meeting with Larry Simpkin

Letter Progress Report to R.E. Balzhiser
(11 pages)

Discussion of Progress Report with
George Hill, Larry Simpkin, Jerry
Lanzolatta and Kurt Brenner in Ann Arbor

Presentation to and discussion with the
Task PFPorce on Coal Utilization and with
Messrs. Hill, Louks, and Alpert of EPRT,
Ann Avrbor (28 present)

Presentation of recommendations to
George Hill and Larry S1mpk1n,
Ann Arbor, Michigan

Presentation of final recommendations
by Dale E. Briggs, M. Rasin Tek and
Brymer Williams, to Task Force on Coal
Utilization, Atlanta, Georgia

Review of preliminary draft with EPRT
staff by Dale E. Briggs, Palo Alto,
California




COAL CONVERSION PROCESSES

Coal conversion processes have been evaluated in the
major areacs shown in Table IV; fluidized bed combustion,
beneficiation, pyrolysis, gasification and liquefaction.
Figure 1 shows the major areas and comparative information
for these areas as they are known to date. An assessment
of the major areas, based on reports and interviews, 1is
given in Part II of this réport with process descriptions of
the processes listed in Table IV. Table V gives a develop-
ment status of some of the more advanced programs.

The development of some processes is supported by
the government directly, for example the Bureau of Mines.
Some are part of the natural gas industry's program for sub-
stitute natural gas from coal, and others are a part of the
general program by petroleum companies to produce liquids
from coal. Certain developers have proposals pending or
are in process of seeking support. EPRI should sponsor and/or
support those processes or programs which offer the greatest
potential to the electric power industry and especially

those programs which might lag for lack of governmental support.
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TABLE IV
CORL COWVERSION PROCESSES REVIEWED FOR EVALUATION

Fluidized Bed Combustion witﬁ Sulfur Removal
Pope, Evans and Robbins
British Coal Utilization Research Assoc.
Esso Research and Engineering
Argonne National Laboratory

Coal Beneficiation for Sulfur Removal
TRW's - Meyers Process
Syracuse University Process
U.S. Bureau of Mines Process

Pyrolysis
FMC - COED
Garrett - Flash Pyrolysis

0il Shale Corporation - TOSCOAL

Koopers-Totzek

Winkler

Bituminous Coal Research--Bi-Gas
Combustion Engineexing
Foster—-Wheelex

Atomics International - Molten Salt
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TABLE V. CLEAN FUEL PROCESS DEVELOPMENT PROGRAMS
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TABLE V.  CLEAN FULL PROCESS DEVELOPMENT PROGRAMS (contd.)
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BASES FOR COMPARISONS OF PROCESSES
FOR CLEAN FUELS

The electric power industry has diverse equipment and
fuel requirements in spite of a common product. Geographic
lccation in relation to raw fuel supplies and waste disposal,
and retrofit, environmental and load factor considerations
suggest that beneficiation, fluidized bed combustion, coal
gagification and coal liquefaction can all serve the utility
industry. Research and development are therefore recommended
in each area.

In assessing the processes in each area, several factors
wecre considered. These include:

Present scale; scale-up and time to commercial operation

Complexity, reliability, and safety

Adaptability to utility use

Turn-down
Tnermodynamic efficiency
Environmental comnsiderations

Economic evaluation

o)

udgement
Comparison to stack gas cleaning
Basad on these factors, recommendations were made for support

in each area. The recommendations in each area are given in

order of priority in the "Evaluation of Various Routes to
Clean Fuels and Recommendations” section of this report.

15
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Scale~up and Time to Commercial Operation

An important consideration in choosing processes for
further development is the time still needed to reach reliable,
commercial operation. Developments usually proceed in the
order; bench scale (~100 lbs/day), process equipment develop-
ment unit (~1000 1lbs/day), pilot unit (25-75 tons/day), demon-
stration plant (500-2000 tons/day), pioneer plant (first of a
kind at near commercial scale) and commercial scale plant
(10,000~25,000 tons/day). With one to three years required
for each step, the time to reach commercial scale can be
lengthy. 1In some cases, it has been suggested that certain
development steps be omitted. The larger scale-up require-
ments are not nearly so risky when based on comparable process-
ing steps in other industrial operations.

Table V summarizes the projected time schedule for the
major processes as obtained from research and development
proposals, and interviews with project developers. The time
schedules are subject to the usual delays. Many of those
processes with success in early or intermediate stages could
have a pioneer or demonstration plant within five to ten years,
given normal economic conditions.

It is clear from this study that few demonstration or
pioneer scale units will be operating within five years under

normal procurement and the R & D conditions prevailing today.
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Complexity, Reliability and Safety

Evaluation of processes from the viewpoint of complexity
is difficult since there are so many factors involved. Items

which add to the complexity are the number of processing steps,

the operating pressure and temperature, the sensitivity to
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cquipmant neaded. When a process contains several pieces of
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eguipmant which have a tendency to fail, the process reliability
would be of concern because of the probability for failure.

The TRW chemical beneficiation process, the molten salt
processes and the COED pyrolysis process have several process
steps. Although many of the steps are related to current

vith coal or mineral matter in coal
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Ralizkility becomes more of a concern at high pressures
and tempereturas especially if there are moving parts. Coal
dissolution processes operate at fairly high pressures. All
need pumcs and pressure let-down systems and a few incorporate
filtration into the process. Although coal gasifiers do not
ced to aperate at particularly high pressures (usually less
than 300 psi), lock hoppers would be required for pressures

in excess of 20-30 psig.



The metal walle of reactor vessels must be protected from

high temperatures and corrosion. This is usually accomplished
by cbvering the inside surface with an insulating material

and a ceramic lining, or by cocling the walls with water. All
the coal gasifiers use one method or the other.

The mineral metter in the coal puis temperature limits on
gasification and pyrolysis. Gasifiers can operate below the
ash fusion temperature, nzar the fusion temperature as in ash-
agglomerating gasifisrs or above the slagging temperature.

The ash-agglomerating gasifiers depend upon operating at
temperatures where the ash is slightly tacky but not fluid.
Such systems are sensitive to temperature variations and the
mineral content of the coal.

Recirculation and movement of solids is common to many of
the gasifier and pyrolysis processes. Control of such move-

ment adds to the complexity.

Auxiliary process plants are needed in many of the processes.

The coal dissolution processes require hydrogen production.
Meny of tbe gasifier processes use oxygen although air can
often be used with a reduction in heating value of the product.
Auxiliary equipment adds to the complexity of the total process.
Safety considerations are of great importance and appear
to have been incorporated into all the processes. However,
problems may be expected with high pressures and temperatures,
gas leakage, flow and combustion instabilities, start-up and

shut-down procedures, controls and instrumentation. Only long
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term, full scale plant operational experience will permit the
sefety aspects to be fully known. Despite the best engineer-
ing judgement in the design of new plants, a certain safety

risk factor must be assessed to all untested processes. This
rick is in proportion to the pressure; temperature, reaction

» and size of the project and inversely proportional to

rate

G}

the amount of actual operational experience of identical or

ve

-

v similar processes.

In gasification the greatest hazard cccurs when a coal
or char supply to the gasifier is interrupted but the air or
coxvgen flow continues. This is most serious in an entrained
flow gasifier when the coal hold-up is small and there is
potential for oxygen to mix with the synthesis gas. In the

Koprers-Totzek gasifier the oxygen supply is automatically

iy

shut off when the coal supply is interrupted and either

nitragen or steam used to purge the system. Similar safety

irtexrlocks would be required for all entrained flow gasifiers.
Waen looked ét from the viewpoint of simplicity, reliability

arnd safety. the fluidized bed boiler and the atmospheric

pressure entrained f£flow gasifier'appear to be the most suitable

for incorporation into electric utility power generation plants.

To a grzat measure, the success ox acceptance of a new
process depends upon the adaptability of the process to the
urnigque reguirements of the particular utility plant, or the

plant site to be sexved.
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In retrofit applications, system derating is an important
consideration. Boilers designed for gas and o0il cannot be
converted to coal without substantial derating. Intermediate
Btu synthesis gas from oxygen blown coal gasifiers and coal
derived liguids can be used in these boilers with little or
no derating althouoh some changes in heat transfer surface
may be required. The use of low Btu synthesis gas from air
blown gasifiers will result in some derating of boilers designed
for o0il and gas. Boiler modifications can minimize the extent
of the derating.

The intended load application of the power operating
system influences the suitability and cost of coal conversion
processes. Those which produce a fuel capable of being
stored economically have an inherent advantage for inter-
mediate and peak shaving load applications and load following.
In certain geographic locations underground storage of inter-
mediate Btu gas makes coal gasification processes attractive.

The location, availability and characteristics of the coal
and raw materials such as limestone bhecome important in the
selection of a coal conversion process. Certain coals can be
used in certain processes and not at all in others. Waste
disposal must also be considered.

Control of a fuel generating system coupled to an electric
power generating system requires special attention. Hopefully,
experience and understanding will result from the Commonwealth

Edison - Lurgi program.
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Turn=-down

The guastion of turn-down capacity of the various clean

fuel processes have been considered as a factor of importance
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widely used for intermediate load applications. All proces-
ses which produce a clean, storable fuel are not tightly
linked to this daily icad cycle and therefore can be run at
d=sign conditions under steady 24-hour per day operation.
Thez2 include: chemical cleaning of coal, coal liguefaction
zand pyrolysis—basaed coal refineries. This becomes important
when considering the effective capital cost for a front-end
clezn fusl system used for intermediate or peak load aéplica—
ticnz. For a 50% eslectrical load capacity factor the cost
cf tha clean fuel process with storage would be nearly one-
21F the cost of a plant for base load application.

Thare will be more problems associated with storing

T
.
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gisz char than coal but it can be stored. Pyrolysis
charz tend to be dusty and pyrophoric. Only in certain
caographic locations will underground storage of low or
intermedizte Btu gas be economically and physically feasible.
intermediate Btu gas would be preferred. |

Two considerations are important: capacity variation from
100% to some lowest limit and start-stop-start capability.

in general fixed-bed gasifiers such as the Lurgi and U.S. Bureau
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irred-bed units are easiest to operate and operate
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well over a wide range. They can be kept in e banked condi-
tion overnight with the natural dreft aspiration of air
creating enough heat to maintain bad itemperatures. Entrained
flow gasifiers can be operated at 50% of design rating in
analogous boiler technology. Start up of these unite is
somevhat complex, vsually requiring cgaseous or liguid fuel
firing and bypascing or venting initial gas prcduction.
Fluidized Lhed processes regquire gas flow for fluidization.
They can be turned down to 50% or less capacity without
problems. As the load decreases, the bed porosity decreases
and approaches a fixed bed gasifier at low gas flow rates.

Most gasification processes require gas clean-up trains
for HZS anc particulate removal. These are based on con-
ventional chemical processing technology and turn-down to
50% should represent no special problem; providing considera-
tion is given to this in the design stage. Start-up and
shut down of these chemical processing trains will not be a
reasonable daily operating procedure. It would be preferable
i1f such processes operated continuously, with maximum turn-
down of 50%. Daily electric load variations must be
accomodated by other means (pumped-storage, intermittent
operation of older plants, partial turn-down of base load
units) rather than daily start-up and shut down of complex

chemical processes.
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Tnermodynanic Efficiency
The customary expression of efficiency used by the utility

industry is the heat rate--that is, the energy input to the
system as grose heating value of the fuel reguired to produce

one kilowatt hour of electrical energy (Btu/kilowatt hour).

When comparing processes and raw materials or plants, it is

vital that the total system be properly defined and all
In comparing oil fired to coal-

energy demands be included.
ired plants,the energy necessary to grind and inject coal
In evaluating

=h

must be included as must oil pumping costs.
gasification processes, the energy needed to supply air oxr

oxygen, cooling water,steam briquetting operations and so
orth must be included in the accounting. .Similarly, material

i}

alances must include all streams in and out.
n this study, it was frequently impossible to determine

ba
cverall thermal efficiencies of processes from reports

b~

because of unreported data on inputs or output streams.
vhere enough information was available thermal efficiencies

and/or heat rates were determined and included in Figure 1

and in the process descriptions.
A refinement possible in the thermodynamic efficiency is

the use of the second law of thermodynamics to compute
Development

This will be especially useful where

entropy production.
r2 ave muliiple products from the process.

the ulitiple
of this type of analysis is a prospect for the future, and

detailed procedures are described in Part III.
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Environmental Considerations

The primary objective of coal conversion processes is to
utilize coal in ways such that the emission of sulfur,
nitrogen and hydrocarbon compounds and particulates are
environmentally acceptable. This includes discharges of
gases, liguids and solids.

It is expected that many processes have the potential to
reduce emiscsions well below EPA reguirements. Where much
lower emissions can be realized at minimal additional costs,
it is reasonable to expect that such additional costs be
paid.

The technology of hydrogen sulfide removal from gases at,
somewhat above, and below ambient temperatures is well
established. Thermodynamic efficiencies would improve if
high temperature hydrogen sulfide removal systems could be
developed for commercial application. It would also be
important that the nitrogen compounds such as ammonia be
removed siﬁce such compounds are commonly converted to the
oxides of nitrogen upon subsequent combustion.

Gas liquors from gasification and liquefaction processes
constitute a water pollution problem. Treatment of such
water waste streams will be required. Gasification processes
which operate at high enough temperatures to crack oils and
tars have a distinct advantage over other processes. Ammonia

could still be a problem.
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In coal liquefaction processes water will appear in the
light gas oil condensate. The water is from the original
coal or f£rom hydrogenation of the oxygen in the original
coal. Water wastes must be treated prior to discharge
into the environment.

Solid wastes become troublesome when they contain leach-
Y

I_-l

able components in measurable amounts. This is especially
true when limestone is used and calcium oxide is formed or
wnere the coal agh has unique qualities.

Front-end clean fuel processes will reduce the amounts

of heavy metals discharged to the atmosphere because of gas

clean-up.

Economic Evaluation

In these days of uncertainties in cost of constructing
piants, cost forecasting is no occupation for the timid.
Economic evaluations were made based on the best information

available to the team. No claim for accuracy is made. It

i

is beslieved, howaver, that the relative costs are sufficient

to give perspective to the various routes of coal utiliza-
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A write-vp is inciuded ir Part III of the report which
discussas ecconomics and the method of evaluating and compar-
ing processes based on the Federal Powar Commission procedure.
The opportunity to carry out full economic comparisong was
not posegible because of the lack of hard informetion and
sufficiert time. Economic infcrmation reported is that
provided to the study Team by process proponents rather than
by independent calculatione.

Tha general routes to the use of coal for electric power
generation ére shown in Figure 1. The costs in $/KW and
thermal efficiences oxr energv penalties in Btu/KW-HR are
given where estimetes can be made at this time. The costs
cannot be considered firm because of the conditions under
which the diverse economic studies were made. Studies have
been made by proponents of the processes at an early stage
of development. Studies have also been made by independent
engineering organizations with limited data in times of
material shortages and inflation. The relative costs of
routes are believed to be representative in comparing cost
differences between alternative routes.

Thermal efficiencies listed in Figure 1 are representa-
tive of values capable of being realized at present.

As a basis “or comparison, the overall investment cost
and the heat rate for a new conventional power plant are
taken as $340/KW and 9000 Btu/KW-HR respectively. This
includes the cost and energy penalty associated with parti-

culates removal and ash handling. The additional cost and
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o)
3

ergy penalty associated with stack gas clean-up are taken

$60/KW and 800 Btu/KW-HR. These values are comnsistent

o8}
mn

with current information. Of the $340/KW, the overall invest-

ment includes $165/KW for construction, site preparation,
interest, contingencies, buildings, cooling towers and
related items.

Based on the many cost values which have been presented
by wvarious sources, the following is a list we believe valid
for the processes in the order of increasing cost of new
installations operated with coal to produce electricity for

bzese load:

Conventional plant with tall stack
Fluidized bed combustiocn

Conventional boiler with stack gas cleaning
Coal gasification with combined cycle
Chemical beneficiation

Coal liguefaction with combined cycle

Coal liguefaction with conventional plants

This is reflected in Figure 1 where costs are given in $/KW.
2s the application shifts from base to intermediate or peak-
shaving load applications, the coal liquefaction and benefi-
ciation processes which produce storable products tend to

become ccmpetitive with the less expensive processes.
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The capital cost impact clearly depends upon application.
For intermediate or peaking load, a combined cycle plant with
clean fuel derived from coal may be competitive with conven-
tional plants because of the lower heat rates of the combined
cycle and the lower electric power generating costs. To take
advantage of this aspect it 1s necessary to operate a small
fuel generating plant at or near maximum capacity and store
the extra fuel production for peak-shaving. Liquid fuels
look attractive for such applications. Low or intermediate
Btu fuels could be attractive where inexpensive underground
storage could be made available.

The thermal efficiencies of the front-end cliean fuel from
coal processes range from 65-85%. As a consequence, the
overall heat rate from coal to electric power which incorporates
a front-end process will be in the range of 11,000-13,000
Btu/KW~HR. In periods of coal shortages and rising costs,
energy ccnservation become extremely important. At heat
rates of 9000-10,000 Btu/KW-HR, stack gas cleaning and
fluidized combustion boilers look attractive.

Combined cycle plants with a somewhat higher efficiency
than a conventional system today, tend to off-set the
penalties associated with front-end clean-up. For a gasifier
efficiency of 75%, the heat rate of the combined cycle
portion of the plant would have to decrease from the present
value of some 8300 Btu/KW-HR to 7350 Btu/KW-HR before the
overall system heat rate could match plants with stack gas
clean-up. Potential improvements of this magnitude are not

likely in the next decade.
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Costes of several processes are available as preliminary
estimates for commercial plants. These specific costs are
included in the sections on gasification, liquefaction,

ard chemical beneficiation and should be used knowing their
On Figure 1, the $/KW are given as judgement values.

Judgemert

After economic considerations, it is judgement or the

conposite assessment of all non-economic criteria which leads

fate

inal evaluation of a process. Judgement calls heavily

or experience when many of the criteria cannot be assessed
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Comparizon to Stack Gas Cleaning

Frocegses for removing sulfur from coal before or during

compustion could well be so costly and lack assurance of

bzing relisble for continuous operation that stack gas clean-

ing in 'spite of its drawbacks and frustrations may well be

In this study, processes were e#aluated keeping iﬁ mind
that they would have to be potentially better than stack gas
cleaning procasses to be considered as a viable alternative.

An svaluation of stack gas clean-up was not in the scope

of this study. However, a brief statement is included to




30

give perspective tc the alternate way of removing sulfur in
coal--after cocmbustion. The reader is referred toc the report
by Falkenberry ard Weir which presents the statusz of stack
gas clean~-up as the method of meetinog emission standards and
to the SOCTEP repcrt sponsored by EPA.

From these ctudies cone would conclude that the cost of new
stack gag cleaning systems will range from $50-80/KW and
retrofit installations will be considerably higher.

Statements couvld be included about the operational aspects
of stack gas cleaning procesces, but the recipients of this
report already have such informatior.

The energy penalty associated with stack gas cleaning ranges
from 2z-8% depending upon the process and reheat requirements.
Front-end coal conversion processes are likely to have a
penalty range from 15 to 35%.

When front-end sulfur removal processes are assessed with
respect to costs, costs are found to be high relative to
stack gas cleaning. The stage of development and the time
needed bafore front-end procecsses are available and reliable,

indicates that stack gas cleaning may have relative merits.



GENERAIL OBSERVATIONS

This study has exposed the Team to many related areas
concerned with energy and the enviromment and to many
people of different viewpoints and opinions. Much of this
exposure was outside the immediate objectives of this study

but is of such importance as to warrant mention.

Institutional Restraints

The development and success of a process to provide clean
fuels from coal and the effort required to attain commercial’
operation depends upon factors outside technology as well
as in. The factors were called institutional restraints in
the Saxton River sessions on Energy Technologies for the
Future. Restraints can help and hinder development. The
electric power industry through the Electric Power Research
Inétitute could well join others in concerted efforts to
speed up rationel action in making coal available and convert-

ing it to an acceptable fuel.

Common Interests with Gas and 0il Industries

The electric power industry has needs parallel to the

natural gas industry and the petroleum industry in providing

-ty

uels from coal. The research and development program sponsored
by the 2American Gas Association and the Office of Coal Research
to produce pipe-line guality gas from coal as a substitute

natural gas was recognized as a significant contribution to

21
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the electric power industry. Many of the coal gasification
processes could be used to produce low or intermediate Btu
gas where high heating values are vunwarranted for utility
fuels. In other cases, new gasifier concepts were developed
based on research and development in the high Btu gas program.

The ultimate need to produce synthetic crude oil from coal
has been a concern of both government and petroleum companies.
When the need arose for clean, low sulfur coal liquids for
utility plants, work was already underway. Fuel oil desulfuri-
zation research and experience in building and operating
desulfurization processec in the petroleum industry lends
assistance to coal liquefaction process development.

It appears that the future plans for coal liquids go more
to coal refineries than to plants built specifically for
utility plants and utility operation. Thus for steam genera-
tion, use of the lower grade by-products of coal refineries
may be best. Both avenues should be kept in mind. In any
event, the impetus to produce crude oil is compatible with
the need for low sulfur utility fuels.

It is expected that the petroleum industry will develop
coal refineries or coal pyrolysis processes with multiple
subprocesses and a series of products including low to high
Btu gas, a series of fuel oils, and char. It is expected
that certain products will be produced for combined cycle
turbine fuels. Residual oils will be used as they are today
for steam generation. The utility may well be expected to

accept the burden of utilizing the char.
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Need for National Priorities and Allocations

£s one looks to the time schedule for building the process

=t

development unite, pilot, and demonstration plants and sees

time consumed in the sequence, one questions

th

& decads o
today's pace as compared to those in the 1940's for the
cecvelopment of aviation gasoline, synthetic rubber, U-235 and
other commcdities. WNo doubt the desire of the public to

ecnieve those goals was most important, but the use of engineer-
ing judgzment and willingness to take risks financed by the
government was another factor. A third factor which is now

seen in the energy crisis and is being felt today is priority

for aelivery of eguipment and supply of services of skilled

EPRT might well join with other groﬁps like the API, AGA,
EJC, Lerkor Unions, and others in sponsoring methods to assure
the availebility of steel, equipment, engineers, scientists,
skilled trades, and enabling legislation for developing coal

conversion processes as well as nuclear facilities.

University and Institute Support

Manpower needs for coal conversion processes regquire in-
creagsed enrollment and graduate study in several branches

of engineering and science. Graduate study can serve the

x.Ju

utility industry in two ways: providing highly trained

technical personnel, and in developing technical knowledge

needed.
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The support of university work should be directed toward
the objectives of increasing the available pool of engineers
and scientists who are competent and interested in the prob-
lems of the utility industry, and of increasing knowledge
and understanding of coal and coal processing. The nature of
university research is that it is well-suited to the formula-
tion of information and novel ideas which can improve the next
generation of processing and design, and in certain areas to
the solution of immediate problems.

Some subjects which are adaptable to the pace and scope of
university work are:fundamental work on all properties of
coal, mechanisms and kinetics of coal processing, studies in
peripheral subjects such as disposal or recovery of waste
materials like calcium sulfate, underground storage of low
Btu gas for intermediate and peak-shaving loads, catalyst
development, process design and feasibility studies of new
and novel ideas, meteorological studies of air gquality impact,
plant and wild-life problems associated with mining facilities.

Major non-profit research institutes have and will con-
tinue to make important contributions, and also represent a
pool of experienced engineers and scientists. In general,
their work seems to fall in the area between university-type
research and full-scale industrial work, but often overlapp-
ing both. Support of work at such institutes and cooperation

with them should enhance the use of EPRI resources.



Attention to Coal Mining

Iincreased usage of coals for utility boiler plants as
well as for providing replacements for natural gas and
crude 0il will require substantial increases in coal mining.
Eutomated mine development was recommended in the Saxton
River Conference to reduce the need for underground workmen.
The zdoption of higher standards for mine safety has
decreased output per man-day for underground mines. ttention
to mining technology comparable to that required to put a
mzn in space seems reasonable and advocacy of such support
by customers for coal, like the utility industry, seems justi-
fied.

Another problem in public view is resistance to strip -
mining of cozl, based in good part on past practices in
wnich damage to the environment is evident today. Management

of acceptable methods of strip mining and education of the

}__‘

public on what can be done could remove a severe road block

)

to increased coal production by strip mining in the years

Conzideration of Tall Stacks

If acceptable commercial clean fuel from coal processes

and reliable stack gas cleaning systems do not come into

o
1

cing in the short term, it may be necessary to resort to
tall stacks under certain conditions to protect our natural

gas and oill supplies. One way to operate on high sulfur
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coals with reduced environmental effects, is to use smoke
stacks which are 1000-1200 feet tall and rely on dispersion.
This approach has been used in England and the ground level
air quality has been improved significantly over the past
two decades. Granted, this is not an ideal solution but
would provide time for a more rational development of coal

conversion technology.



EVALUATION OF VARIQOUS ROUTES TO
CLEAN FUELS AND RECOMMENDATIONS

The concept of fluidized bed combustion boilers has been
advanced recently by research in England, France and the
United Statss. Pluidized beds which utilize limestone
(atmospheric pressure) or dolomite (pressurized) provide

4
for sulfur removal within the combustion chamber. As

Gcovalopad by Pope, Evans and Robbins and Foster Wheeler,
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d bed boiler has the merit of modular construc-

combustion chamber. The possibility of economical steam

tion at lower investment costs than by conventional

Ko}
It
[0}
i~
W

siants seems real.
The handling of the solid waste, containing sulfur as

CaS0, has been studied by Esso and Argonne, both looking to

i

ecovaring elemental sulfur and recycling the calcium to
reduce raw material requirements. Regeneration processes
rcr a deronstration or commercial size plant are about a
dzcade awvay.

Ogeration with 1wmestone on a once—through basis creates
solid waste problems. Even though CaSO4 supposedly encapsu-
lates the Ca0 , judgement would indicate that the solid
would be subject to dissolution by groﬁnd water in land £ill

arecas. Thoe Ca(OH)2 produced by hydration of unreacted Cal

37
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has a solubility limit of 0.18% by weight in cold water and
fresh CaSO4 has & solubility of 0.2%. Carbon dioxide from the
air would eventually convert the hydroxide to carbonate.
Flue gas could be used to facilitate this conversion.
Therefore, an air pollution problem has been converted to
a potential water pollution problemn. Accordingly the
recommendations include research on handling the lime in
the waste as well as sulfur recovery as a priority item
The fluidized bed boiler has sufficient merit as a steam
generator to warrant support even though solution to the
chemical problems are in the early stages of development.
Recommendations for research and development support in
fluidized bed combustion are:

The Fluidized Bed Boiler is recommended for support

because of the dual role it can play of giving economical
compact units for steam generation at atmospheric or pressuri-
zed conditions. It also can remove sulfur during the
combustion process by using limestone or dolomite as the
fluidized bed.

A Process for Handling the Lime Waste should be developed

for a once-through process. Laboratory work, process develop-
ment and environmantal studies should be made to handle the
disposal of this waste until economical regeneration processes

are developed.
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Coal Beneficiation

The physical cleaning of coal involves crushing, grinding,
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zing, solid separation, washing and flotation in various com-
binations designed to reduce inorganic'matter. A new process
for removing pyritic sulfur by stage-wise froth flotation

was recently announced. Recently,chemically induced breakage
(comminution) using methanol and ammonia gained some interest
through research conducted. in Syracuse Research Laboratories.
The coals which have been processed by physical beneficiation
must satisfyv the usual pulverized boiler feed and environ-
mental sulfur emission requirements.

As compared to physical treatment described above, chemical
beneficiation goes a step further in that chemicals are used
to remove the pyritic sulfur from the coal. For coalszwith
low enough organic sulfur, this beneficiation is designed to
make thoss coals suitable fér meeting environmental regula-
tions. Chemical beneficiation is purported to remove up to

80-95% of

I

cyritic sulfur and lose not more than 5% of the
cozl while current physical cleaning processes remove about
50% of pyritic sulfur and to lose not more than 5% of the
Meyers Process developed by TRW has had bench scale (5 liter)
extraction tests with ferric sulfate [Fe2 (804)3] as a
solvent on four typical Appalachian coals. Based on bench-
scale and pre-pilot test data, engineering design and cost
estimate studies have been under way for a process plant

to treat 10,000 tons of coal per day.



40

Disposal of solid and liquid wastes from this process
represents serious environmental problems. This aspect must
receive at least as much attention as the disposal of CaO
from fluidized bed combustion with limestone.

Recommendation for research and development support in
beneficiation is:

Support the TRW - Meyers Small Scale Pilot Plant to convert

some high sulfur coals into coals which meet environmental
regulations for sulfur. TIf further data reinforce present
views, demonstration plant support would be appropriate. It

is noted that the proccess uses processing steps based on

current technology and may be more predictable in scale-up
than processes with much new technology. Attention to waste

streams 1s essential.
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and Gaxrrett flash pyrolysis processes. These processes
vield low to hich Btu gases, liquids and char. The gas can
bc treated to remove sulfur and the oil hydrogenated to
lover the sulfur content and the o0il viscosity. -Chars from
the pyrolysis of high sulfur coal will contain too much
sulfur for burning in conventional boilers and must be
viilized in fluidized boilers or as feed for gasification.
it appezrs that pyrolysis is more adapted to the concept
of a coal refinery than to a captive fuel plant for electric

0y

cowa2r gensration. A refinery could contain several coal

ryrolysis units and the light desulfurized liquids or gases
ould bz suitable for combined cycle operation. Also, some

beciler fuesls. Char containing sulfur would be available

for utility use but would have the same problems as high

It should be recognized that the COED process has consider-
eé2le oparating experience at 36 tons/day and is a near atmos-
cheric pressure process for clean gas and 0il production.
Advantages are claimed for char as feed to gasifiers. It

is non-caking, gives off no tars, and is claimed to have a
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high reactivity with oxvgen and steam especially when hot.
When these benefits and/or the desulfurizetion of char

has heen demonstrated, the COED pyrolysis process has the
ability to produce fuels for gas turbines in the combined
cycle as well as boiler frvel with both the liguid and char
in form for ctorage.

The TOSCOAL process is based on the oil shale retorting
procedures developed by the Shale 0il Corporation in their
TOSCO process. Cecal has been retorted zt a rate of 24 tons/day.
In a demonstration unit, ©il shale has been retorted at a
rate of 1000 tons/day and coal could be retorted.

It is recommended that when utility plants desire both
combined cycle and boiler firing fuels, the pyrolysis processes
merit consideration. The gasification of char with desulfuri-
zation of the fuel gas is the next step in the COED development,
and should be given consideration because of the advanced state

of the pyrolysis technology.

Coal Gasification

Commarcial low-to-intermediate Btu coal gasification
processes are currently available today through Lurgi and
Koppers. They represent two diverse methods of gasification
being fixed-bed and slagging entrained-flow gasifiers, res-
pectively. The Lurgi gasifier is limited to non-caking coals

at this time. The Winkler fluidized bed gasifier is also



43 -
To date there

g limited to non-caking coals.

e

available. It
has been no experience in coupling a gasifier system to a
Control

conventional power plant or a combined cycle plant.
Capital cost of the

experience for such systems is needed.
available intermediate Btu gasifier systems is believed to be

about $170-$180/KW and the thermal efficiency is about 70%.

Coal gasification processes find their greatest opportuni-
The higher

ties in conjunction with combined cycle plants.

thermodynamic efficiency of such combined plants tend to
It will be several

fZset the energy lost in gasification.
before the overall thermal efficiency matches that of

nventional plant.
Developments through the pilot plant scale in this countxy

have evolved from the Lurgi and Koppers-Totzek gasifiers.

iciency improvements which are theoretically

Tz work
the thermel eff
possible. It does not appear likely that commercial-size
plants will be operating however before the 1980's based on
these developments.
Low and intermediate Btu gasification processes must be
or near the electric power plant because of the
It is expected

located at
transporting lower Bitu gases.
Storage costs

expense in
ers will have to follow load.

that coal gasgifi
would be excessive except perhaps where underground storage

From an economic standpoint, base~load

is available,
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operations would be preferred since the gacsification plant
capacity must match the electric power generating capacity.

Coal gasification systems vary in complexity, start-up
and shut down capability and turn-down. Unless the process
is simple, reliable and amenable to control, it will be
difficult to couple to an electric power generation system.
Turn-down of 50% for individual gasifiers seems likely for
most systems. Environmental problems should be minimal.

The Combustion Engineering atmospheric two-stage slagging
entrained flow gasifier concept is reasonable, simple, offers
minimum development problems and is directed toward reducing
or eliminating the oxygen reguirements of a Koppers—Totzék
gasifier. Support for this program 1is therefore recommended.

Foster Wheeler has proposed a demonstration size plant.
Although proven equipment is employed where possible, it
represents a bold effort. The gasifier would be conceptually
similar to the BRi-Gas and Combustion Engineering gasifier
and would operate at 500 psi.

The process analysis based on laboratory data shows that
molten salt gasification and desulfurization has a possibi-
lity of low cost and simple construction. Salt regeneration
is based on known technology although the ash is a definite
complication. The process is worth support through the next

step of development to evaluate its feasibility.
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Recommandations for research and development support for
coal gasification are:

Tae Combustion Engineering low pressure proposal should be

supported. We believe the entrained flow slagging gasifier,
blown with &ir, has the potential to reach commercial scale
in conjunction with combined cycle plants. The operation

draws upon the experience of reputable boiler manufacturers.
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O the critical development steps while eliminating
the complexity of operating at high pressures in the early
development stage. The concept includes sub-processing steps

which are available commercially.

Eyctrogen production by a Single Stage Slagging Gasifier for

hydrogern production is needed. A process which is economical

i=h

and utilizes debris of liquefaction processes should be develop-
ed for the coal dissolution processes. A hydrogen generation
u:it should be incorporated into a dissolution process, with

candidates recommended: Koppers-Totzek, Texaco or Shell

ta}

asifier procasses.

The Foster Wheeler High Pressure Coal Gasification approach

s comparable to that of Combustion Engineering except that

l-l;

directed toward high pressure operation from the begin-
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1ing. High pressure (100-300 psi) gasification is preferablé

-

or combined cycle application. The Foster Wheeler approach
is bold to the extent of size and pressure but if successful
could cut out many years of development in reaching commercial

scale, and should be supported.
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Molten Jelt Gasificatior i1g a novel method of gasification

L

and deserves support. This process is attractive since it
incorporetes desulfurization with gasification and lends it-
self to potential thermal efficiency improvements. Salt
regeneration is complicated but based on established

commercial *tezhnolcgy in the paper industry.

Coal Dissolution and Liquefaction

Coal liguefaction processes have been under development
cince the iate 1950's and have progressed thrcugh the process
develcpment vnit size of 1-3 tons coal/day. The work draws
upon the techneclogy of fuel oil desulfurization and except
for the ccal solution and solids-separation steps lends it-
self to the scale-up proéedures practiced by the petroleum
industry. From our study we conclude that the Hydrocarbon
Recearch, Inc. single step catalytic coal dissolution and
desulfurization {and denitrogenization) process offers the
best potential to reach commercial scale by 1980.

The capital cost estimates for commercial size coal
dissolution plants directed to producing fuel oil for utility
use range from $£150-$435/KW and the thermal efficiencies for
fuel precduction from 63-74%. The cost values cannot be con-
sidered firm but indicate that the cost will be in excess
of lcw Btu gas generation plants.

Liguid fuels offer a distinct advantage from a storage

standpoint. The fuel processing plant can be operated
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continuously at or near maximum capacity independent of the
electric power generating plant. The load-factor turnfdown
and load following problems associated with low Btu gas
plants are nominally eliminated. All potential environmental
problems can be handled. |
Coal dissolution plants require several processing steps
and would be considered complex. Control and operation
should not be a problem because 6f the years of experience
in petroleum processing. It is natural to expect that these
plants will be operated by petroleum companies and the fuels
sold for electric power generation. .
As crude oil shortages persist, it is guite likely that
coal liguefaction and coal pyrolysis plants will be built
for gasoline, fuel o0il and chemical feed stocks when scale-up
data become available. Heavy residual oils from such plants
snould £ill utility plant needs as they do today.
Recommendations for research development suppoxrt in coal
digzolution and liguefaction are:

Cetalytic Coal Liquefaction is worthy of support. Coal

liguefaction plants will be operated and the fuel oil products
sold to utility plants. Although there are a number of
processes being proposed for coal liquefaction, we believe
that the H-coal process with ebullated bed reactor is most
advanced and thus more likely to reach commercial scale
quickly. It is an extension of the H-oil process ané the

knowledge of that process will facilitate scale-up. Fixed
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bed catalytic coal liquefaction has some inherent advantages
and should be encouraged.

The Southern Services Wilsorville Pilot Plant operation

should be continued and expanded. Support should be forth-
coming to carry on such work as:
a) ©Evaluate congealed liguid product
b) Modify system to operate on synthesis gas to evaluate
potential for liguid products (coordinate operations with
Tacoma plant to evaluate greater number of coals and operating
conditions)
c) Evaluate other solids - extract separation schemes
and combinations of schemes
1) Hydroclones
2) Totally submerged filter

A slurry Pump Loop is needed. Processes which use coal

slurries, including liquefaction, have a common need for
equipment development. The successful continuous operation
of the pumps serving the Black Mesa coal slurry pipeline
should be noted. Transfer of the technology to higher
temperature coal slurry feed pumps should be almost direct.
Pumping oil-coal slurries cold and hot, pressure let-down
systems, and possible heat exchange with practical size
equipment should be conducted with "liVe" slurries. There-
fore, support is recommended for the development of high
temperature slurry pumps and pressure let down methods by

equipment manufacturers.
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a) Build and operate a test loop to evaluate commercial
size pumps, pressure let down egquipment and valves. Evaluate

ure corrosion and erosion. This might be

(0]

performance, maa
done at Cresap, West Virginia.
b) Incoxporate new developments into the loop for evalua-=

tion as they become available.

Insitu Combustion of Coal

The insitu combustion of coal could produce low Btu gas
which could be desulfurized for utility power generation.
fuccess to date; both physically and economically has been
cf such lcw grads that one cannot foresee successful develop-
mente near enoudh at hand to warrant any large scale projects
until the technology is more advanced. Small projects which

derstanding of the process would seem reason-
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asle. The use of fracturing and explosives to break up the
coal bed to permit £luid transmission and uniform combustion
may be worthwhile experiments to consider. Study of the
nature of the flow channels in coal deposits, and of the gas

retention qualities of caprocks both cold and hot are inter-

Present work is supported by the
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THE UNIVERSITY OF MICHIGAN NEWS RELEASE

CONTACT: JIM ALLYN

ANN ARBOR---A team of University of Michigan engineers has undertaken
an intensive, ceven-month study to determine which of the existing methods
for converting coal to clean fuels are the most likely to prove commercially
feasible in the near future.

"The Board of Directors of the Flectric Power Research Institute (EPRT)
has approved a budget of $150,000 and contract negotiations are in progress,
said project coordinator Donald L. Katz, the Alfred Hclmes White University
Professor of Chemical Engineering at U-M.

"Our goal is to recommend to EPRI those processes whose development
warrants acceleration through the Institute's support," Prof. Katz geaid.
EPRI 1s a national effort by the electric power industry, both public and
private, to sponsor energy research of common interest and importance.

Joining Katz in the project are Dale F. Briggs, John E. Powers and
M. Rasin Ték, professors of chemical engineering; Brymer Williams,
professor of chemical and metallurgical engineering; Edward R. lady,
professor of mechanical engineering, all at U-M. Walter E. ILobo,
independent consulting engineer, will be project consultant.

"Over the next few decades, clean fuels derived from coal will play a
key role in helping electric utility companies handle the ever increasing
demand for energy," Katz explained, adding that "clean" coal is that which
has had most of the sulfur, a cerious pollutant, removed.

"However, coal can be converted to clean fuels by either gasification,
liquefication, or solvent extractlon," he continued, "and there are currently

ten major cozal gasification proceseses and several for liquefication and

solvent extraction."
(more)
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% Ig view of the steadily mounting energy crigis, the U-M chemical
%gineef pointed out,-EPRI cannot afford éither the time or the money
éaquiréd to see that every coal conversion process be fully explored.
i "By analyzing éng ccmbaring the different processgs, we hope to assist
EPRI in focusing and intensifying its ;esearch g0 that the best p:oceéses
En be'realized'in-time to help alleviate the energy dilemma,"” Katz
imphasized, - |

He =2id that all conversion processes which éatisfy the environmental

tandards established by the Environmental Protection Agency will be

ongiderad. He e2id a cbmprehensive method for evaluating the different
rocesses will be developed by the U-M team. |

'ﬁ . "We will be interested in such things as the peicentage'oflenergy

Emaining after cleéning? the difficulty in the physical handling of the .

éuel,.the:simpliéity of the equipment required, the type of waste left after

iieaning and problems assoclated with its disposal, the overall economics,

Ed other factors,” he observed.

- Initially, the group will examine reports describing the processes and

svigw papers on the'subject.prepared by the EPRI Task Force of Utilization

[

Cozl. But it also plans to conduct extensive interviews with engineers
nd those managing the organizations sponsoring or offering coal conversion
rocesses to the industry.

"The engineers on the project have considerable experience in indusiry,”
ztz noted, "and when it comes to handling thermodynemice, rate processes, '
v other technical aspects of these various processes, they will be fully
iapable of putting the informetion gatnered into proper perspective.” The
inaX report prepared by the group for EPRI will be presented in January 1974

Lommenting on the project, David V. Raegone, dean of the U-M College of
ngineering, said, "Nuclear power is not yet ready to aseume the major
_jortion of power production. And shortages of natural gas and limited
omestic crude oil supply have put a new emphasis on coal. Therefore, I

m highly pleased that our engineers are participating in aproject that
Ltimately could help our country meet its energy needs through the
nvironmentally sound consumption of coal,” ' -

| | | EEEFHE .
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