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PREFACE

. This is volume five of a six-volume "Low-Rank Coal Study." Over-
all, the report presents a comprehensive analysis of the technical, en-
vironmental, and economic constraints to expanded development of U.S.
lignite, subbituminous coal, and peat resources. The primary objective of
the study was to propose a comprehensive national research, development,
and demonstration (RD&D) program focusing on technology development for
enhanced utilization of these resources. The report is organized as .
follows:2a

Volume 1 - Executive Summary

Volume 2 - Resource Characterization
Volume 3 - Techriology Evaluation
Volume 4 - Regqulatory, Environmental,
o .+ and Market Analyses

Volume 5 - RD&D Program Evaluation
Volume 6 - Peat

' This study was directed by the Grand Forks Energy Technology Center
(GFETC), which has the lead mission within the Department of Energy for
technology "applications for low-rank coals." G. H. Gronhovd (Director)
and E.A. Sondreal (Deputy Director) of GFETC provided technical direction
and review of all aspects of the study. The work was performed by Energy
Resources Company, Inc. (ERCO) under a contract initiated on May 16, 1979,
and completed on September 30, 1980. The study approach is summarized in
Table P-1, which shows the eight major contract tasks and the approximate

- percentage allocation of funds to each. The study schedule is summarized

on Figure P-1.

Because of the scope and complexity of the effort, GFETC enlisted a
task force of recognized experts on the technical and regional issues
germane to the study. These individuals are listed in Table P-2:; their
contributions to the quality and direction of the study were highly sig-
nificant. The task force met with the study team at four critical points to
review interim results and to lead working groups which established the
emphasis, priorities, and methodologies for the analysis. Primarily
through the efforts of the task force members, useful data inputs and
critiques of working draft materials were received from a number of organi-
zations as the study progressed.

Individual contacts and contributions made during the course of
the study are too numerous to list. The following (1n addition to the task
force members) contributed significantly to the review of part or all of
the document: G.H. Gronhovd, E.A. Sondreal, W.G. Willson, and H.H. Schobert
of GFETC; W.R. Kube of the University of North Dakota and GFETC; S. Alpert,
K. Clifford, S. Ehrlich, T. Lund, C. Aulisio, D. Giovanni, and R. Wolk of
the Electric Power Research Institute; W. McCurdy, S. Freedman, L. Miller,
M. Kopstein, L. Ludwig, E. Burwell, W. Schmidt, M.N. Rosenthal,
J. Nardella, and J. Turner of DOE; W.R. Kaiser of the University of Texas
at Austin; and P. Averitt (retired) of the U.S. Geological Survey.

d Volumes 2 through 5 address lignite and subbituminous coal;

Volume 6 addresses peat; and Volume 1 summarizes the conclusions and
recommendations of the total study.

vi



Figure P-1

Low-Rank Coal Study Schedule

Task wlofolals

1979

~ Development Scenarios
Resource Characterization
Technology Evaluation

Regulatory, Environmental
and Market- Analyses

" RD&D Program Evaluation

Task Force Meetings

Final Report

].

2.

3.

Table P-1

Major Tasks in the Low-Rank Coal Study

Low-Rank Coal Development

Scenarios (6%)

1.1 Literature Review .

1.2 Technology Definitions

1.3 Regulatory/Environmentat/
Market Definitions

1.4 Low-Rank Coal Data Base

Resource Characterization (8%)
2.1 Occurrence

2.2 Properties/Characteristics
2.3 Classification

Technology Evaluation (42%)

3.1 Extraction

3.2 Transportation Systems
Preparation, Handling,

. and Storage
Processing and Utilization
Environmental Control
Technology

[RY R RY
e W

Regulatory Requirements/
Constraints (4%)

4.1 Definition

4.2 Roadmap

4.3 Effects on Development

5&

8‘

Environmental- Impact Analysis (3%)
5.1 Land Use/Reclamation

5.2 Aifr Quality

5.3 Water Quality

5.4 Ecological Effects

5.5 Socio-Economic Effects

Market Analysis (6%)

6.1 Existing Markets and
Penetrations

6.2 Potentfal Markets

RD&D Program Evaluation (11%)
7.1 Definition and Priorities .
7.2 Review of Current RD&D
Programs
7.3 Cost and Impact Analysis

Task Force Utilization (20%)

8.1 Development Scenarios
Evaluation

8.2 Technical Analysis
Evaluation

8.3 RD&D Program Definition

8.4 RD&D Program Impacts and
Recomnendations



Table P-2

Low-Rank Coal Study
Task Force Participants

N\
Participant Affi]fation '
1. Dr. Martin A. Elliott Consultant, Texas
Houston, Texas Eastern Gas Transmission Co.
2. Professor George R. Hill University of Utah '
Salt Lake Gity. Utah ‘ Department of Chemical Enginecering
3. Mr. James Jonakin | ~ Consulting Engineer | . .
Birmingham, Alahama (Retired from Combustion aniqeering,‘lnc.)
4. Mr. Paul W. Crutchfield U.S. Department of Energy
and Mr. David J. Beecy Office of Policy and Planning
Washington, D.C. .
5. Professor Donald E. Severson University of North Dakota
Grand Forks, North Dakota ~ Department of Chemical Engineering
6. Mr. David M. White Texas Energy and Natural
Austin, Texas Resources Advisory Council
7. Mr. Kurt Yeager Electric Power Research
and Dr. Charles R. McGowin Institute '

Palo Alto, GCalifornia

The ERCO Program Manager on this effort was Dr. John Kotowski.
Mr. George Wiltsee was the Assistant Program Manager and Technical
Director. Uther ERCU personnel who provided major contributions to the
effort include Paul Goodson, Randall Smith, Wayne Simmons, Barbara Acker,
Jeffrey Feerer, Timothy Buscheck, and Myron Burr. In addition, special
thanks should be extended to Lydia Felix and Jennifer Spinello of the
administrative staff for their support and assistance in the preparation of
~this report.
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ABSTRACT

A national program is recommended for research, development, and
demonstration (RD&D) of improved technologies for the environmentally
acceptable use of 1low-rank coals. RD&D project recommendations are out-
lined in all applicable technology areas, including extraction, trans-
portation, preparation, handling and storage, conventional combustion and
environmental control technology, fluidized bed combustion, gasification,
lTiquefaction, and pyrolysis. Basic research topics are identified sepa-
rately, as well as a series of crosscutting research activities addressing
environmental, economic, and regqulatory issues.

The recommended RD&D activities are classified into Priority I and
Priority II categories, reflecting their relative urgency and potential
impact on the advancement of Tlow-rank coal development.  Summaries of
ongoing research projects on low-rank coals in the U.S. are presented in an
Appendix, and the relationships of these ongoing efforts to the recommended
RD&D program are discussed.
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5.- RD&D PROGRAM EVALUATION

5.1 INTRODUCTION AND SUMMARY

The major emphasis in the Low-Rank Coal Study was on evaluation
of individual technologies, resulting in listings of key issues relating to-
the use of low-rank coals with each technology. From analyses of these key
issues (presented in the introduction to each technology section in Volume
3) and from Task Force recommendations, research needs were defined.

These research needs were then further evaluated to select only
those of the greatest urgency in low-rank coal development. These re-
maining tasks were then classified into Priority I topics representing a
zero-base program of essential RD&D, and Priority II topics representing
additional highly relevant RD&D. Taken together, both priority areas
compose a well rounded yet conservative program of research, development
and demonstration which will support the greatly expanded use of low-rank
coals.

The recommended research areas in extraction technology (including
surface mining, underground mining, and underground coal gasification) are
aimed at improving existing mining and' reclamation techniques, reducing
environmental impacts, and developing advanced extraction technologies for
future, more d1ff1cu1t geologic conditions.

Key issues in transportat1on technology deal with rail, barge,
truck, conveyor ‘and slurry pipeline transportation, but recommended re-
search topics in transportation address only slurry pipeline needs. Coal
transportation problems in the other areas are better addressed by studies:
in Preparation, Handling and Storage. Research topics in slurry pipeline
transportation are primarily oriented at resolving techn1cal problems
relating to water separation and treatment..

Recommended research in Preparation, Handling and Storage includes.

coal drying, cleaning, beneficiation, briquetting, and several other areas

which have application in conventional transportation. Most of the re-
search topics in this technology area are concerned with the development of
basic data on coal properties, followed by the adaptation of conventional

- coal preparation systems to low-rank coals.

The area of coal utilization and conversion encompasses a broad
variety of technologies including conventional combustion, fluidized bed

_combustion, gasification, liquefaction and pyrolysis. In addition, en-
vironmental control technologies have been considered for each area..



Several of the research topics in conventional combustion are
aimed at predicting or reducinq ash fouling problems. Direct ignition of
pulverized coal (without oil) is also 1nc1uded because of its high poten-
tial for reducing oil consumption. ;

The recommended RD&D projects in environmental control tech-
nology for low-rank coal combustion are crucially important to the con-
tinued expansion of electric utility use of these fuels. To meet tight-
ening standards, research is required in each type of individual control
‘technology (e.g. electrostatic precipitators, fabric filters, wet and dry
SO02 scrubbers, NOy control systems, etc.) for part1cu1ate, NOy, SOx,
trace elements and solid waste. v

In fluidized bed combustion of low-rank coals, research is recom-
mended to determine optimal design configurations, evaluate in-bed control
of SOx, NOx and particulate emissions, and resolve difficulties noted
with low-rank coals in preliminary tests, such as bed agglomeration.

Low-rank coal gasification is an area with considerable poten-
tial, in which a vigorous research effort is justified. Recommendations in
this area include adaptation of advanced processes to low-rank coals,
effects of mineral matter and slag, health and environmental control
technology, and mechanical design of solids feeding equipment.

As in fluidized bed combustion and advanced gasification tech-
nologies, optimal process adaptation is an issue of critical importance in
liquefaction of low-rank coals. Other recommendations are to investigate
the unique effects of low-rank coal mineral matter, moisture content and
process generated recycle solvents. Special problems such as deposit
format1on, bottoms viscosity, catalyst deact1vat1on, and corrosion are a]so
un1que to low-rank coals.

Due to the difficulty with y1e1ds and product qua11ty in 1ow-rank
coal pyrolysis, evaluation of the feasibility of using Western coals
as- pyrolysis feedstocks is recommended. Health effects studies and im-
provement of analytical methods for pyrolysis products are also needed.

Topics in Basic Research are essential to developing a fundamental
understanding of low-rank coal properties and performance in the various
extraction, transportation, preparation and utilization technologies. A
wide variety of basic research studies is recommended, including geologic
and petrographic characterization of the coal, theoretical and laboratory
investigations of reaction chemistry and catalysis, and detailed analysis
.of the properties and behavior of conversion products and by-products.



In developing the RD&D program, several topics of high priority
were suggested which did not fit into any of the technology areas. These
were studies of a regional nature, and address environmental, market/
economic, and regulatory/policy implications of low-rank coal development.
Resolution of social, economic, and political issues will strongly in-
fluence Western coal development, and will require research into topics
that transcend technology. .



5.2 OVERALL PROGRAM PLAN

5.2.1  Approach to Delineating the Recommended RD&D Program ~_

The definition of the recommended RD&D program for low-rank coals
involved a multi-step process. The overall approach was first to use Task
Force input to identify major research topics, state their objectives and
review their requirements. Supporting data and ongoing related research
was then identified, and consideration was given as to how recommended
research would be integrated with other work. Finally an overall RD&D
‘program plan to advance low-rank coal development was delineated. This
process, summarized in Table 5.2.1, was begun with the definition by the
Task Force of a comprehensive category listing of technology areas to be
considered in the overall analysis.

Table 5.2.1

Steps in the'RD&D Program‘Dgfjnitipn

1. Technology Category Listing; Priorities

2. Technical Evaluation; Trade-off Analysis

3. Definition of “Key Issues"

4. Definition of RD&D Project Areas

5. Review of Current Low-Rank Coal RD&D

6. Delineation of Recommended RD&D Projects; Priorities

7. Integration of Recommended RD&D.Program

Based on this category listing and initial judgments as to prior-
ities, a. detailed technical evaluation was conductezi to determine which
areas provided the greatest potential for application to or advancement of
low-rank coal technology. This evaluation culminated in a trade-off
analysis of low-rank coal properties and characteristics versus specific
technology requirements and advantages or disadvantages. The results of
this trade-off analysis were developed into a set of low-rank coal key
issues; i.e., areas where additional research, development or demonstration
data critical to the assessment and/or development of low-rank coals was
required. These key issues were used as the basis to delineate low-rank



coal research areas. The research areas were then developed into a set of
specific research topics. Each research topic was further defined in terms
of its .objectives, overall approach, presently available supporting data,
and related current research. Although hundreds of research activities:
were -reviewed as part..of this definition, details of specific -current
research efforts ‘are included in this volume only for those efforts pre-
sently ongoing or recently comp]eted A genera] overview of the state-of—
the-art in each techno]ogy area is presented in Volume 3.

To indicate the general level of importance?or urgency associated
with each recommended project, a priority designation was assigned. This
priority designation was based on a subjective evaluation of each project
by the Task Force in terms of the criteria delineated in Table 5.2.2.
The Priority I projects are are considered essential to the advancement of
low-rank coal development. They are in essence the projects that form the

~zero-base budget. program recommendation. Priority II projects are con-

sidered very important, and could greatly enhance the devclopment of
low-rank coals. Both Priority. I and Priority II projects fall into the
highest pr1or1ty category designated for DOE's Fossil Energy program
strategy; i.e. "Act1v1t1es which.will. support -greater direct use of coal in
the near term.'

Table 5.2.2

Criteria for Establishing RD&D Priorities

o Market Potential/Chance of Success

- Is the potential market impact and the 11ke]1hood of success
" of the pro1ect ‘high?

o C(Cost
- Is the cost of the project within reasonab]é boﬁndé
- Does the risk/reward re]ationshfp'appear favorable?
¢ Pcriod of Performance

Will the project pfoduce results within a short period
of time?

e Need

- Is there a need ‘in the private sector for developments in
this area?

- Are other important RD&D efforts dependent upon the results
of this work?



5.2.2" - Program Objective and Justification -

The RD&D program recommended as part of this study forms the basis
for initiation of a comprehensive national effort to accelerate the de-
velopment of low-rank coals.  The-basic objective. of this RD&D program is
to. provide an :improved technology base for low-rank coal .development.
The major -justifications for 1n1t1at1on of .this type-of program now are as
follows: ,

1. Large quantities of .economically recoverable re-
- serves make coal one of the few indigenous energy
sources capable of relieving our overdependence

on imported 0il during the next 20 years.

- 2. Expanding coal use rapidly enough to make a dif-
ference (e.g., tripling by the year 2000) will
-necessarily require Western low-rank coals to
provide most of the new production.

3. Accomplishing this kind of explosive growth  in
coal production and use without damaging the en-
vironment will severely challenge the technical
and financial capabilities of the industries
(and governments) involved.

4. Very little attention has been paid to the special
problems of Tlow-rank coals in previous and ex-
isting national coal RD&D programs.

The accelerated development and commercialization of Western low-rank coal
technologies has been identified as one of the highest priority items for
DOE/Fossil Energy. Thus, implementation of an RD&D program in low-rank
coals at this time 1is economically, environmentally and strategically
essential.

5.2.3 Program Description

Brief descriptions of the recommended research, development and
demonstration projects are presented in Section 5.3. -All technology areas
associated with low-rank coals are considered, including Extraction,
Transportation, Preparation, Handling and Storage, Utilization, and Basic
Research. In addition, other research activities are presented which
address regional environmental, economic and regulatory issues. These
topics are broad in ‘scope and cannot be categorized by individual tech-
nology areas.



Although there are important issues in the areas of Extraction,
Transportation and Preparation, the topics presented under Utilization
are the most significant technology barriers to enhanced low-rank coal
utilization. At the foundation of .much of this work are the results of
topics considered under Basic Research.

In Figures 5.2.3.1 and 5.2.3.2, the Priority I and Priority II
research projects are categorized into the seven phases of research,
development and demonstration evolution. Descriptions of these phases are
given in Appendix A. The tables show that the great majority of projects
fall into the three central categories (Exploratory Development, Technology
Development and Engineering Development), indicating the predominantly
developmental nature of the overall program.

Major elements of the program in each technology area are sum-
marized in Figures 5.2.3.3 and 5.2.3.4, the overall program Work Breakdown
Structures.



Matrix of RD&D Phases by Techno1ogy Area - Priority I

Figure 5.2.3.1

EXTRACTION
Surface Mined Land Reclamation
Surface Mining
Techniques for multiple thin seams, thick
seams and deeper overburden
Optimization of equipment specifications
Cost reduction through operations research
and systems engineering
Underground Coal Gasification

Aquifer disruption and groundwater contamination

Subsidence and gas leakage

Linking techniques

Coal seam characterfzation and process
monitoring ’

TRANSPORTATIOH
Slurry Dewatering
Separation of coal fines
Treatment of separated water -
Utilization of treated slurry water
Slurry Pipeline Water Requirements

PREPARATION, HANDLING, AND STOFAGE
iCoal Drying for Conversion Processes
Chemical Cleaning Processes for Low-Rank Coals
Physical Cleaning Processes for Low-Rank Coals
Coal Drying to Improve “ransport Economics
Optimized Crushing and Handling Equipment to
Minimize Fines Generation

DIRECT UTILIZATION AND CONVERSION
Conventional Combustion
"~ Ash Fouling and Slagging Mechanisms
Control of Fouling and Slagging with Additives
Direct Ignition of Pulverized Coal without 011

Environmental Control Technology for Convertional
Combustion
Integrated Environmental Control Systems
Improved Spray Dryer and Dry Sorbent Systems
Improved Particulaze Control Methods
Fine Particulate Control Technology
Solid Waste Disposal Procedures
Improved Reliabilizy of Ash Alkali
Wet Scrubbing
Trace Elements and Organic Compounds in Flue Gas
Improved Procedures for NOx Control ’

Page 1 of 2

Commercialization,
Basic Applied Exploratory Technology Engineering Production -&
Research Research Development Development = Development Demonstration - Operation
X X
X
X
X
X X
X X
X X
. .
X
X
X
X
X X
X X
X X
X
X X
X X X X
X 3 X X X x
X. X X
X
X X X X
X X X ;
X X X X X
X X’
X X. X
X X X
X X



-Ol-

Figure 5.2.3.1 continued . Page 2 of 2

: . ) ' Commercialization
Basic Applied Exploratory Techrology Engineering Production &
Research Research Development Develoament [evelopment . Demonstration _Operations.

Fluidized Bad Combustion

Agglomeration of Solids in Fluidized Bad x X X X
Sulfur Retention by Inherent filkaii in -

Low-Rank Coals x X ' X
Design Configuration of FBC Optimized

for-‘Low-Rank Coals X X X
Properties of Limestone-Deficient,’Ash-Rich -

Fluidized Bed x X x
Hot-Gas Cleanup and Turbine ReIiability for

Pressurized FBC X X
Materials Problems and Se1ect40n for Law-Rank

Coal FBC ' _ X. X

~ Gasification
Process Adaptation for Low-Ramk Coal s X
Wastewater Treatment for Process Effluent ) X
Slag Behavior X X
Catalytic Effects in Low-Rank Coal Gasification x
Slag, Ash, and.Residue Leaching Characteristics

and: Inmobilization X X

Minimizing Health Effects of Coal Liquids

x X X x
x

x
x x
i

Liquefaction i
Process Adaptation for Low-Rank Coal
Recycle Solvent Studies
Syngas and Hydrogen Effectiveness Studies
Calcium Carbonate Farmation in Reactors
Coal Moisture Contert and Drying
Coal Mineral Catalysis In Recycle X
Bottoms Recycle ’ ' x
Minimize Health Effects of Coal Liquids X

x x X
x X X X

x x

Pyrolysis
Feasibility of Pyrolysis for 3elected- Low-Rank Coals X )
M1n1m1z1ng Health Effects of Coal Liquids X X

BASIC RESEARCH
Resource and Coal Seam Cnara-terizat101
Standard Low-Rank Coal Samples
Petrographic Characterization
. Reactions Between Alkali Materials ard Sulfur
Surface Tension of Coal 3lags
Composition and Characteristics of Ashas
and Slag from Low-Rank Zoal & Peat -
Analytical Characterization of Liquefaction v °
Solvents :
Coal Liquefaction Catalysis x
Oxidative Oepolymerizatizn of Low-Rank. Coal
Toxicity of Coal Liquids X
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Figure 5.2.3.2
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Gasification
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Figure 5.2.3.3
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Figure 5.2.3.4
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5.3 RD&D PROJECT RECOMMENDATIONS BY TECHNOLOGY AREA

This section presents a compilation of research and development
project recommendations by technology area. The topics discussed below
address needs and issues identified from material presented in Volume
3, Technology Evaluation. Projects listed by specific technology area are
applied in nature, fundamental or basic research projects are discussed
in section 5.3.5, Basic Research. Projects are ranked by priority (I
and II), indicating a minimum program requirement (priority I topics) and a
desirable, yet conservat1ve program (priority I and II topics) for low-rank
coal development .

Where app]icab]e, on-going research related to a project recom-
mendation is mentioned. The reference numbers following these statements
refer to the numbered descriptions of current research projects which are
included in Appendix B.

5.3.1 Extraction - Priority I Topics

1. Surface Mined Land Reclamation

Surface mining in general, and that which involves multiple thin
seams, thick seams and deep overburden in particular, results in diffi-
cult reclamation problems. Studies are being conducted at.two universities
in Texas to determine both the aesthetic and chemical. impacts on the soil
which result from lignite mining.2 Recommendations will be made to help
avoid major damage to the visual character of these areas. Other research
includes evaluation of chemical alterations to the clay minerals that are
exposed to the atmosphere.3 There are also others involved in related
studies. '

This work should be continued and expanded to include an evaluation
of the other areas of the West affected by the problem. Different solu-
tions should be investigated, including the use of specific plant species
as rejuvenating groundcover. Emphasis should be placed on arid and semi-
arid regions.

2. Surface Mining

a. Techniques for multiple thin seams, thick seams,
and deeper overburden

Thése varying geologic conditions all require
complex development efforls unnecessary for
reserves which can be developed by conventional
area mining techniques. The Department of Energy
is sponsoring work to develop the "Terrace Pit"
concept. The limitations of this mining technique
will be identified during FY 1981. Based upon
these findings, concepts for truck, scraper and
conveyor haulage equipment must be developed.
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C.

Optimization of equipment specifications based
on core analysis results ’

Because of the considerable cost of mining equip-
ment, improved techniques are required for re-
lating the results of core analysis to equipment
specifications when developing new reserves.
Mining and equipment engineers are beginning to
make progress in this area through the increasing
use of computer-aided analysis.

Cost reductions through operations research and
systems engineering

In response to changing prices, labar costs, regu
latory climate or other economic influences,
changes in operating schedules or other facets of
mine operation may be necessary. Depending upon
the objective, which may be to reduce downtime,
reduce costs or increase productivity, techniques
for improving operating procedures and equipment
utilization are needed.

3. Underground Coal Gasification

a'

Aquifer disruption and groundwater contamination

In addition to the potential to disrupt ground-
water flows (as in surface and underground min-
ing), UCG could potentially contaminate ground-
waters with a variety of harmful or toxic ma-
terials. The Lawrence Livermore Laboratory (LLL)
is conducting field studies to investigate UCG
groundwater contamination.4 Work is also being
performed in the laboratory and using computer
models. ‘

A field prbgram of samp]ing and analysis should

be initiated when pilot UCG facilities become
operational.
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C.

Subsidence and gas leakage

Environmental impacts and Tlowered productivity
from earth subsidence and gas leakage are concerns
in UCG. Studies are being funded by -national
laboratories with subsidence models to determine
whether such problems can be controlled.4,5
Field work underway in this area will allow for
model validation.

This work should be continued and expanded to
determine the extent of gas leakage and other
problems occurring from subsidence, and methods
for control.

Linking techniques

Linking of feed and product boreholes is a crit-
ical step in UCG. Preferred techniques need to
be developed for Tow-rank coals. There are
a number of projects in progress to develop
reliable, cost-effective 1linking techniques for
UCG.6 Reverse burn links have been completed
and forward gasification conducted by several
organizations. Forward and reverse combustion
process models have been developed at the Uni-
versity of Wyoming and at the Laramie Energy
Technology Center (LETC).7-8 A joint DOE/GRI
(Gas Research Institute) program includes demon-
stration of UCG by 1981.9 This project entails
well linkage by directional drilling and 100-200
foot well-spacing in deep level (3000-5000 feet)
coa] seams.

This research- should be continued and eva]uated
following the UCG demonstration tests.

Coal seam characterization and process moni-
toring

Determination of coal seam characteristics is
essential to determine its suitability for UCG
and to establish an appropriate process design.
Process monitoring faces special difficulties
because of the remoteness of the reaction zone.
Techniques to improve process munitoring are
currently receiving attention.
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The DOE is funding much of this work which in--
cludes steam-char kinetics, block pyrolysis
experiments, and one-dimensional process mod-
eling.10,11,12 " ‘pelated work includes pre-burn
surveying and burn monitoring by in-situ and
remote techniques. LLL is applying high-frequencg
electromagnetic detection of burn fronts.

Methods to improve coal seam characterization have
been investigated in the form of studies dealing
with mechanical and ion exchange properties of
Texas lignite oqverburden and coal productivity
measurements. 12,1 ’ :

Sandia Laboratories are supporting ongoing work
at LETC to perform diagnostic instrumentation
and interpretation of field test results.l4
Data generated from. these studies will enhance
the utilization of coal within the experimental
area. :

'5.3.2 Extraction - Priority II Topics

| 4. Dewatering of Mine Area and Groundwater Control

Surface mining can disrupt groundwater flows, resulting in flooded
. mine areas and alterations in underground water flows.” The Texas Energy
Development Fund is currently sponsoring Texas A&M University to determine
the regional influence of surface mining on groundwater quality and quan-
'tity.} This work will include identifying mining and reclamation manage-
ment alternatives available to the state of Texas in order ton protect
groundwater quality and quantity.

This work should be continued and expanded to include other aréas
‘where strip mining of Western coal interacts with groundwater resources.

5. Underground Mining
a. Mining thick seams

Conventional underground mining technology has a
practical upper limit to the thickness of seam
which can be mined -- approximately seven feet.
Western Tlow-rank coal seams are commonly greater
than 12 feet thick. Efficient extraction of these
seams will require new or modified technologies.
Considerable work is underway to develop tech-
niques for mining thick seams. The DOE is cur-
rently funding studies of caving by pillar ex-
traction, longwall caving and multi-slice long-
wall mining. '
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Underground mining of Texas lignite is receiving
funding by a number of sources. One project.
entails the application of a statistical method-
ology to 1mgrove drilling and deposit estimation
strateg1es

The National Coal Board is evaluating the use of
water jets to improve productivity, in application
to relatively thick, dipping seams, where the
water also transports the coal out of the mine.25

These or similar techniques will have to be
refined and conditions for their optimum appli-
cat1on to Western coals developed.

M1n1ng under unconso11dated overburden

Roof collapse is a chronic problem in underground
mining. When mining overburden is unconsolidated,
roof ‘collapse is more certain. Techniques for
mining under these circumstances would increase
the tonnage of recoverable resources in low-rank
coal deposits. An understanding of the geologi-
cal section related to the immediate roof strata
is essential in order to determine the support
requirements. Additional supports are required
for unconsolidated overburden. New roofing
support systems need to be developed. No work is
currently being sponsored in this field.

Déwatering and groundwater control

Like surface mines, underground mines can collect
surface waters or intersect groundwater flows
causing mine flooding and aquifer d1srupt1on.
Solution of these difficulties will 1lie in the
perfect1on of existing techniques. Some synergism
may be gained by coord1nat1ng work on the same
issue for surface mining.
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5.3.3
.IO

Transportation - Priority I Topics

Slurry Déewatering

a.

Separation of coal fines

Both for environmental reasons and for efficient
recovery of coal from the transport medium,
the separation of coal fines from slurry water is
an important issue. Centrifugation and pressure
filtration are currently used to reduce the
solids content of the water to 5 or 6 percent,
which 1is followed by ponding and floccuiation.
nology are needed. The approach to developing
acceptable slurry dewatering techniques tor
Tow-rank coals should be as follows:

(i) Review techniques which have been applied
to existing or experimental slurry pipe-.
lines:

¢ centrifugation
e pressure filtration

(ii) Investigate novel techniques; incorporate
results from Basic Research projects -
studies on characterization of Slurry
Components and Surface Characteristics
of Fines. ©Evaluate the applications of
colloidal chemistry, such as surface poten-
tial, to solids separation. '

(ii1) Investigate other transport media which
would simplify the problem” of phase sepa-
ratjon, or allow the direct use of the

slurry:
o oil
e methanol

o liquid COp
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b. Treatment of separated water

Adequate techniques for use or disposal of
slurry water may be decisive in slurry pipeline
permitting. The use of coagulants, immiscible
solvents and salts to promote solid-liquid
separation should investigated.

c. Utilization of treated slurry water

Since disposal of slurry water is generally
unacceptable, utilization of treated water at
the pipeline destination may be a necessary
alternative. Potential water uses should be
identified and evaluated after use with a variety
of low-rank coals. No research is ongoing in this
area. Future research will depend upon accepted
treatment techniques.

2. Slurry Pipe]ine Water Requirements

Water use in slurry pipelines is a political/environmental issue
of prime significance, and can decisively affect pipeline projects. Gen-
eral techniques including return pipelines and other transport media
need to be proposed and evaluated, and then applied in individual cases.
No work is ongoing in this area. :

5.3.4 Transportation - Priorify 11 TopicsA'

3. Slurry Pipeline Reliability
a. Restarting slurry flow

A decrease in fluid velocity or cessation of
flow will cause coal particles to settle out of
suspension. Reattainment of previous fluid
velocity may be insufficient to restart slurry
flow. The extent of this problem should be
quantified for a variety of coals under dif-
ferent circumstances.
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b. Freeze protection

Slow moving slurries are particularly sus-
ceptible to freezing which can not only plug
the entire pipeline, but cause pipe breaks as
well. ~ Techniques for freeze prevention of low-
rank coal slurries need to be developed. ‘

c. Ruptured slurry pipelines

Environmental impacts, permitting rights and-
lost production are prime motivators for re-

ducing the incidence and damage due to ruptured

lines. This area is not currently being ad-:
dressed.

d. Distances over which coa] suspension can be
ma1nta1ned : '

Re-suspension at pumping stations or other
midway points must occur before coal particles
have a chance to settle out of the slurry. The
maximum distance between stations will vary
depending on coal type, slurry parameters and
ambient conditions, and should be investigated
for a representative sample of these variables.

A number of organizations are funding research
at Texas A&M University to study the rheological
properties of lignite suspensions. 24 This work
should be continued and’ expanded to include
other cual Lypes '

5.3.5 Preparation, Handling and Storage - Priority I Topics o
1. Coal Drying for Conversion Processes

High moistur¢ contents found in low-rank coals generally detract
from their performance in utilization systems. Ihree 1ssués should be ad-
dressed in this area. ~ o

a. Drying techniques to limit moisture reabsorption

Drying to increase Btu levels in slurries, or
for other purposes can be substantially negated
by moisture reabsorption common to low-rank
coals. Drying ‘techniques which will 1imit this
phenomenon are needed.
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b. Complete drying for MHD applications

The extremely h1gh temperatures required by MHD
processes require coal with very low moisture
levels (less than.5 -percent). The basic feasi-
bility of drying subbituminous coal to very low
levels has been demonstrated in vendor tests
sponsored by Montana College of Mineral Science
and Technology with DOE funding. Incomplete
drying might be offset by oxygen enrichment of
combustion air; an engineering/economic tradeoff
study should be conducted to determine the optimum
procedure once the most efficient drying tech-
nology is selected.

c.'Drying without deactivation for iiquéfaction

Several attempts to lower process pressures
during Tow-rank coal Tliquefaction have employed
coal pre-drying. Except where the coal was
s]urry dried, deactivation occurred, disrupting
the 11quefact1on process. Investigation of
methods, such as slurry drying to dry low-rank
coals without deactivation, is necessary to
their widespread acceptance as liquefaction
feedstocks.

2. Chemical Cleaning Processes for Low-Rank Coals

High concentrations of sodium in. some  lignites are responsible
for boiler tube fouling. GFETC and the University of North Dakota have
performed bench scale experiments and process design studies of ion ex-
change_processes that remove sodium from lignite and reduce fouling prob-
Tems.27 Scaleup studies and economic evaluations are needed to deter-
mine if this type of chemical cleaning is a viable option for utilities
to consider.

High levels of uranium and other hazardous wastes suggest a high
potent1al for improving the value of some low-rank coals by chemical
removal of these contaminants. Current techniques should be reviewed, and
the leaching of hazardous components studied. This research area is not
currently under investigation. The above studies should be investigated at
the laboratory scale. '
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3, Physical Cleaning Processes for Low-Rank
Coals ,

a. Investigation of multisolvent approaches

Float/sink tests have been conducted at GFETC.
Those coals investigated include Fort Union
Region lignite, Texas lignite, and New Mexico
subbituminous coal.28  The results obtained
in the analysis of Fort Union Region lignite
indicate that most of the mineral matter is
bound or finely dispersed in the coal matrix,
and was not significantly reduced.

This work should be expanded t6 include mis-
cible/immiscible and low boiling fraction solvent
approaches. No work is currently sponsored in
this area.

b. Assessment of trends toward extraction
of lower grade coal

The degree to which lower grade coal is likely
to be extracted and the end use of the coal will
help indicate the potential for cost effective-
ness and acceptance of coal cleaning techniques.
This area is not currently under investigation.

4, Coal Drying to Improve Transportation Economics

Transportation economics are stronyly affected by coal moisture
content. GFETC and the University of North Dakota have conducted pilot
plant work on the Fleissner Process, a steam drying technique using pres-
sure with saturated steam. Wide variations in release of 1liquid water
were attributed to possible differences in capillary - shrinkage and/or
the temperature dependent colloidal properties of lignite.

There are problems associated with the costs of drying, handling,
and transporting lTow-rank coals. The properties of the dried product are a
function of the particular drying process. The rail rate structures are
also an important factor in evaluating which drying methods are econom-
ically attractive.

GFETC has also used a commercial scale dryer in order to study
moisture reduction.28  Two years after the drying procedure there was no
indication of moisture penetration. The first step in technology de-
velopment should involve a review of state-of-the-art methods, including
thermal, gas and liquid phase techniques. Consideration should be given to
the effect of drying, or other coal handling and storage requirement.
The effects of moisture content on boiler design should also be considered.
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Depending on the cost of the drying technology used and its effect
on other coal properties, tradeoffs may be established in boiler and
reactor design. Water clean-up and utilization potential from drying
processes should also be eva]uated.

5. Optimized Crushing and Handling Equipment to M1n1m1ze
Fines Generation

It is well known that Tlow-rank coals decrepitate upon drying to
produce fines. However, other procedures which may result in fines are not
well characterized in this respect.  Methods for reducing fines generation
through improved crushing and handling methods would considerably affect
the marketability of low-rank coals.

5.3.6 Preparation, Handling and Storage - P}iority Il Topics

6. Briquetting and Pelletizing Techniques

a. Application of European techniques to U.S.
coals

To determine the effectiveness of European
briquetting techniques (which have been applied
to brown coals for centuries), samples of U.S.
low-rank coals should be sent to Bergbau-Fors-
chung for tests. Work is in progress..at the
Pittsburgh Mining Technology Center to confirm
laboratory results on successively large scale
pelletizing equipment.29 It has been learned
that the mechanical properties of lignite pellets
are enhanced when the mositure content is main-
tained at maximum possible levels. Related work
has demonstrated that lignite can be agglomerated
by briquetting and extrusion. This work should
be expanded to include results from Bas1c Re-
search work.

b. Market study of applications in industrial,
- consumer, and large scale conversion plants

Enhancement of physical and combustion proper-
ties is the primary reason for pelletizing or
briquetting coal. A market survey to determine
the extent of demand increase for low-rank coals
would be useful in establishing economic poten-
tials for development work in this area. Such a
survey has not been conducted on the current
market.
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c. Incorporation of petrographic characterization
data

It is likely that different coals will respond
optimally under different conditions in briquet-
ting procedures. Basic data would be a useful
adjunct to this effort. Strength and wear
resistance of finished briquettes have been
improved by use of coatings. These polymeric
and resinous coatings have also been useful for
dust prevention. Briquette quality is strongly
affected by coal moisture content, particle
size, and hardness. Although the handling,
storage, and utilization characteristics of
low-rank coal pellets are - improved relative to
the raw coal properties, coal pellets or bri-
quettes may still be subject to spontaneous
ignition, oxidation, size degradation, changes
in moisture content, and declines in heating
value. By integrating the ‘petrographic proper- .
ties of. low-rank coals, these problems can be
better understood.

7. Preparation and Beneficiation Techniques Applied
to Slurry Pipeline Systems

The objective of this research topic is to determine the most
‘effective way to incorporate thermal, chemical, and mechanical bene-
ficiation techniques into the slurry pipeline system. One problem is the
high inherent moisture content of low-rank coals. When combined with the
slurry water, the energy content of the fluid would be relatively low,
suggesting the possibility of drying the low-rank coal prior to slurrying
it. Different drying procedures produce different physical, chemical, and
moisture reabsorption propert1es of the dried low-rank coals.

Other pnqq1h111f1os include incorporating coal wa4h1ng or -ion
‘exchange steps into the low-rank coal slurrying system; or utilizing
non-aqueous slurry media and accomplishing solvent refining or some. other
‘beneficiation reaction simultaneously with transport of the coal.: -

8. Waste Disposal from Coal Beneficiation

a. Scoping study to determine RCRA requirements on
concentrates

Compliance with environmental control laws must
be one objective of coal beneficiation develop-
ment. This represents a first step in this
direction, and 1is not currently being studied.
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b. Leaching studies on wastes

For the same reasons that fly ash and scrubber
sludge are examined for leachability, wastes
from. coal beneficiation processes must .not
contaminate disposal sites or groundwater supplies
with harmful materials. Leaching studies provide
the most efficient evaluation of the extent of
control technology required, and are not being
conducted on low-rank coal beneficiation wastes.

9. Control of Dust, Oxidation, and Spontaneous Combustion

Spontaneous heating may occur as a result of oxygen diffusion to a
coal surface, particularly when available surface areas and ambient tem-
peratures are high. The chemical mechanism of spontaneous heating requires
the presence of water molecules, since atmospheric oxygen does not react
directly with carbon at these temperatures.

High rates of windage loss can occur with dried lignite, because of
the breakdown of the physical structure that accompanies the drying of low-
rank coal. As in the case with spontaneous combustion or oxidation, this
problem can be controlled by the proper use of storage pile compaction
procedures, application of coatings, size segregations; and closed storage
or transport facilities.

Although acceptable procedures to control these problems have been
empirically developed by the low-rank coal industry, improved dust or
oxidation control techniques might evolve if add1t1ona] research were
perforned.

10. Freeze Control

.Freezing of carloads or storage piles of coa] is a nuisance prob-
lem that can require expensive delays and labor-intensive efforts to
corrcct., Certain coal preparation and handling techn1ques have been
1dent1f1ed by GFETC and others to alleviate these problems. Additional
research might lead to more cost-effective preventive measures.

11. Comminution Techniques
Comminution methods include crushing and grinding prdcesses
used to achieve controlled size reduction of coal. Low-rank coals have

physical properties that make optimal design of crushing and grinding
equipment difficult. Additional research on these problems is required.
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5.3.7 Direct Utilization and Conversion

5.3.7.1 Conventional Combustion - Priority I Topics

1. Ash Fouling and Slagging Mechanisms

The objective of this research. topic is to improve boiler avail-

ability and reduce fouling and slagging of heat transfer tubes.
should include:

Development of design modifications to reduce
boiler slagging and fouling

furnace heat. release rate per cubic foot and
per foot of furnace perimeter

burner location
burner geometry

aspect ratio (ratio of length to width for a
given furnace volume)

spacing of superheater and reheater tubes

gas temperature and velocity

Development of modifications to boiler operating
procedures from an understanding of their ef-
tects on slagging and fouling

load and capacity factors
cycling of boiler
excess air

fuel size consist

combustion modification for NOy control

(overfire .air and staged combustion)
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Development of analytical techniques for pre-
dicting fouling and slagging potential of low-rank
coals, taking into account the great natural
variability of coal properties. EPRI has spon-
sored work which has led to the development of
CONAC, a_ continuous on-line neutron activation
counter.34  The device has been proven in test
runs to evaluate heating value, moisture and
sulfur contents.

This work should be continued and expanded to
evaluate slagging and fouling potential of

low-rank coal based on the following coal char-
acteristics:

® proximate analysis

® reactivity

¢ mineral matter composition (elemental
analysis and minerdal composition, es-
pecially sodium)

® ash content

e ash fusion temperature

o slag viscosity

Control of Fou]ing and Slagging with Additives

a.

Mechanisms additive reactions in relation
to slagging and fouling

GFETC is sponsoring.a project at the Midwest
Research Institute in which comhustion and ash-
formin% processes can be observed in a laminar
flame.33 The ash particles produced from a
North Dakota pulverized lignite showed sig-
nificant visible differences from Eastern coal
ash. Tests are continuing on a subbituminous coal

from Montana. This work should be continued and
.expanded to examine the behavior of additives

that reduce fouling in full-scale tests.
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b. Additive selection béséd upon Jaboratohy-testfng

EPRI has retained Battelle Columbus Laboratories
to develop guidelines. for utilities’ as to what
additives will. -alleviate fuel-related problenis
in, commercial boilers.3% This study will com-
pile the ex1st1ng knowledge of effects related
to fuel combustion additives, and relate predicted
and observed additive effects to their composition
and method of _application. Battelle is also
conducting laboratory and field tests to demon-
strate the effectiveness of add1t1ves in fouling
and slagg1ng contro] 36

The results of thpsp fPsts shou]d be evaluated
and continued, .if necessary, to include. other
additives and/or other low-rank coals.

¢. Demonstraticn of most promising additive cand1-
dates in commercial boilers

Add1t1ve cand1dates selected by the above stud-
ies should be evaluated in operating commercial
scale boilers to demonstrate their potential.

3. Develop Methods for the D1rect Ignition of Pulverized Low-Rank Coal
Without 011

, For each coal of interest, the ignition energy should be determined
as a function of . particle size and other parameters as appropriate. The
effect of coal upgrading procedures on east of coal stream ignition should
-a180 be evaluated. .Frum & systems analysis of this operation, the most
promising direct ignition procedure should be selected and demonstrated on
a commercial or-utility size boiler. Work in this area is not currently
being sponsored. .

5.3.7,2 anvéntional Combustion - Priority II Topics
4, Improved Boiler Cleaning Procedures

a. Criteria for predicting ease of déposit removal
and soot. blower requirements.

It ‘may be possible to integrate this task .with
tasks 1 and 2 above, predicting the type of
cleaning method required based upon coal ana]y-'
sis. It may also be possible to pred1ct clean-
ing requ1rements based upon deposit morphology.
This area is not currently under investigation.
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b. Improved methods for deposit removal during
boiler outage

A systems approach should be taken, wh1ch wou]d
investigate, for example, the ‘use of add1t1ves
to simplify deposit removal.

5. Temperature Limitation Vs. Boiler Corrosionf4

The general obJect1ve of this deve]opment effort is to increase
steam cycle efficiency by raising steam temperature

a. Determine corrosion rates of metal alloys
(currently in use and promising candidates). with
probes by exposing them in operating boilers. to
metal temperatures up to 200°F greater than
current practice.

b. Determine the potential for using additives 'to
extend the upper temperature 1limitation of
alloys for use in superheaters- and reheaters.

Neither of these research topics is currently
being addressed.

6. Improved Stoker Furnace for Small Applications. s

Very Tlittle work has been done in the past 20 years to develop
or improve ssmall stoker furnaces to burn low-rank coals: . There are, how-
ever, many potential applications  for these small furnaces in residential,
commercial, and small industrial facilities. It may therefore.be bene-

~ficial to develop and demonstrate the use of these small- stoker furnaces.
In addition to furnace development, fuel improvement. for these systems
would be desirable. o :

5.3.7.3 Environmental Control TechnoTogy for Convenfional
Combustion - Priority I Topics 4

1. ‘Integrated Environmental Contro] Systems

Future des1gns of low-rank coal-fired power plants should be based
on a systems engineering analysis, integrating all waste discharge systems
to effectively control potential effluents. Among those systems which
should be integrated are: D
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e stack gas effluent controls (502, part1cu1ate,
and NOx scrubbers)

¢ water treatment and discharge. systems (éoo]1ng‘
tower and boiler blowdown, overflow from ash ponds,
runoff from coal piles, etc.)

e solid waste disposa]'systems (fly ash and scrubber ‘
residue ponds)

e boiler system itself (combustion mod1f1cat1ons
affecting emissions)

EPRI 1is constructing a pilot plant at the Arapahoe Station of
the Public Service Co. of Colorado to assess the integration of air,
water, and solid-waste techologies for pulverized-coal-fired plants. In
this approach the control equipment is considered an integral part of the
power generation i¥stem, allowing for the reduction of adverse effects
and lowered costs. ‘ . o

2. Improved Spray Dryer and Dry Sorbent Systems

Spray dryerS offer advantages over conventional wet SO2 scrubbing
systems in power plants burning low-rank coals. Evaluation of their
large scale potential will require:

a. Performance evaluations of the first full-scale
spray dryer systems.

b. Full-scale tests of units using inject1on of
dry "sorbent in place of conventional s]urry
1nJect1on.

¢. Continued laboratory and pilot sca]e testing

to improve spray dryer and dry sorbent injection
systems.
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Pilot scale tests are in progress to improve
dry sorbent systems for SO2 removal from flue
gases. KVB Engineering, Inc., is being supported
by EPRI to study the effect ‘of sorbent type,
residence time, temperature, particle size, and
stoichiometric ratio on SO»2 removal effi-
ciency.45 GFETC is investigating the use of
dry sorbents for SO2 removal.

3. Improved Particulate Control Methods

a.

Improved ESP performance

Tighter environmental standards for particulate
emissions create new incentives for increasing

"ESP -performance.

EPRI is sponsoring a project to produce .the
first complete characterization of ESP frac-
tional efficiency using state-of-the-art in-
stallations.48  The first tests are being. per-
formed with cold- and hot-side prec1p1tat1on
methods on Western coal fly ash. - ,

The EPA is also testing ESP's to increase par-
ticulate control performance.  Several advanced
ESP designs show promise for performance im-
provements and cost reduction. ;

A number of companies are being funded by -EPRI
to improve partijculate removal methods "with
advanced ESP's.49  The objective of the: pro-
gram is to reduce the size and cost of the
precipitator and increase reliability of :the
system. . : "

Work is 1in progress at GFETC to develop new
methods of fly ash conditioning in order to
improve ESP efficiency.50  Testing includes
blends of New Mexico and Utah subbituminous
coals and raw and cleaned Colorado subbituminous
coal.
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b.

These .tests should be .continued and expanded to
include advanced charging techniques, and im-
proved - fly ash remova] techniques (new and
retrof1t) ' T :

Improved fabric filters
This development effort should proceed in
several steps:

o determine effectiveness of state-of-the-art
technology by pilot and full-scale tests

‘o develop impr‘hvpd. hag nleaning methads

e evaluate fabrics and fabric finishes for
ease of cleaning and life

) deve]op design mod1f1cat1ons and operat1ng
procedures .that will reduce overall size
of the baghouse and reduce pressure drops
through the system

o demonstrate performance downstream of wet
scrubber and spray dryer systems

CPRI is supporting a consortium of companies to
develop modifications which will reduce the
overall size of the baghouse required for par-
ticulate control.#9  The. Nebraska Public Power
District is also performing a complete particulate
and . engineering evaluation .of the fabric filter
for EPRI.SI

Kaiser-Engineers is performing a program for the -
design, fabrication, and installation.-of a
flexible, state-of-the-art, full-scale fabric
filter test module.?2 Experiments are being
conducted to determine optimum, cost-effective-
conditions for particulate control.
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c. Advanced (nove]) particulate contro] techno]ogy

Advanced. techniques for part1cu1ate control

would achieve more efficient collection or-
operation under severe circumstances. The Tist

of novel techniques includes devices such as

electrically augmented bag houses and granular

filters.. . :

4, F1ne Particulate- Control Techno]ogy
The regu]atory c11mate for part1culate control is becoming in-
creasingly strict, especially -for fine particulate. Increased -collection

efficiency for these particles should be sought through a program which
1nc1udes

o deve]opment of sampling and analytica]
methods L N '

e methods for improving fine part1c1e co]-
lection in existing devices

e application of novel devices and techniques,
as developed in 3 above '

o demonstration of fine particulate contro]
on ]arge scale operat1ng systems
5. Solid Waste Disposal Procedures

A coordinated program in waste management'must include:

a. Fvaluation of current practices for- dlsposalf—
of so]1d wastes without fixation.

b. Determ1nat1on of 1each1ng characteristics of
fly ash and solid materials produced by FGD-:

systems (wet scrubbers, spray dryers and dry .
sorbents).
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c. Development of improVed methods for disposa]
of hazardous wastes:

e separation of hazardous and non-haz-
ardous wastes

e concentration of hazardous species

Such work is not now being addressed adequately,
and may be mandatory 1in the near future as a
result of RCRA requirements.

6. Improved Reliability Of Ash Alkali Wet Scrubbing

This cffort should bc organized according to the following tasks:

a. Summarize current operating experience and
develop explanations for reliability histories.

b. Develop guidelines for application of wet
ash alkali systems. '

c. Develop improved ash alkali systems by Tlabora-
tory and pilot scale investigations.

The development of ash alkali systems is under investigation
by a number of organizations. GFETC has pioneered the work in this area
with laboratory and pilot plant studies.

7. Analysis of Trace Elements and Oréanic Compounds
in Flue Gases

Data on the emissions of trace elements and organic compounds
from low-rank coal-fired units are very limited. Several steps are nec-
essary to provide an initial data base in this area of concern:

a. Development and verification of sampling and
analytical procedures for condensed/solid and
volatile organic materials and trace elements in
flue gas. :
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Texas A&M University 1is developing sampling
and analytical procedures to identify organic
compounds and trace elements in stacks of lignite-
burning facilities.®’ In a second but separate
study, the same university is utilizing modern
techniques to perform detailed investigations of
the heavy trace element composition of Texas coal
and 1ignite,58

b. Assessment of radioactivity of fly ash produced
from combustion of low-rank coal.

Since low-rank coals demonstrate considerable
variation in radioactivity, a representative
cross-section should be tested to determine
which coals, if any, represent radioactive
.environmental hazards.

c. Determine factors (design parameters, operating
procedures, and- fuel characteristics) that
affect the emission of organic and trace ele-
ments. This task is a first step in under-
stand1ng and developing effective control mech-
anisms. .

8. Improved Procedures For NOy Contro]

Increas1ng1y tighter NOx emissions standards are expected in
the future, and satisfactory techniques to achieve these reductions are
not available.

A comprehensive program for NOy reduction in Tow-rank coal com-

bustion 'should include: N

a. Assessment of effectiveness of current combustion
modifications used to reduce NOy emissions.

b. Deve]opment of improved methods for the reduction
of NOx emissions by modifying combustion pro-
cedures.

c. Evaluation of the applicability of post-combustion
techniques for NOyx emission control.
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d. Study of low-rank coal-specific problems in- NOx
control, such as the effects of overfire air
on ash fou11ng

5.3.7.4 Environmental Control Technology for Conventional
Combustion - Priority II Topics

9. Solid Waste Utilization

The objective of this topic is to develop beneficial methods
for the utilization of solid wastes produced by the combustion of Tow-
rank coals.

a. Fly ash utilization

Current efforts at fly ash utilization should be
continued. These include ash -utilization for
‘highway and road- construction,: in the manu-
facturing of cement, and in the manufacture of"
utility and 1ighting poles.

One of the major objectives of ash utilization
research being performed at the University of
North Dakota has been the ASTM acceptance of
basic fly ashes for use in portland cement
concrete. 20 Studies have been conducted to
determine the effect of fly ash particle size on
suitability of ash for mineral filler. Results
demonstrate that the finer the fly ash the less
desirable it is as mineral filler. Other inves- .
tigations indicate the feasibility of producing
excellent extruded brick containing 25 percent fly
-~ ash and 75 percent clay.

Th1s work should entail the development of
methods for extraction of useful components from
fly ash. This may include radioactive elements
‘such as uranium or other radioisotopes, or
purification or extraction processes to prepare
the fly ash for some other use. In a similar
effort, EPRI is evaluating processes for the
removal of hazardous trace metals from coal fly
ash. ‘

b. FGD waste utilization
Develop methods for the utilization of ‘waste
materials produced by flue gas desulfurization

systems. Specify low-rank coal-specific prob-
lems. _ . 4
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e sodium based dry sorbents

e ash alkali process slags

10. Retrofit SOp Emission Reduction Techniques'

The optimal method for achieving SOz emission reductions on retro-
fit installations will be specific to each location. The use of dry sor-
bent injection, and other techniques which may be especially applicable
to Tow-rank coals, should be investigated.

5.3.7.5 Fluidized Bed Combustion - Priority I Topics
1. Agglomeration of Solids in Fluidized Bed ‘

Agglomeration of bed materials can alter bed operation, and has
been observed when burning ]ow-rank coals. Two research topics need to be
addressed in this area:

a. Determine the mechanisms and conditions that cause
or prevent agglomeration.

b. Evaluate effects of bed materials and sorbenté
at the pilot scale. :

2. Sulfur Retention by Inherent Alkali in Low-Rank Coa]s

Sulfur capture, with or without the use of sorbents when burning
low-rank coals, is a fundamental advantage of the fluidized bed design. In
order to take best advantage ‘of this characteristic, a study should be
initiated to determine the effects of coal and ash properties, operating
conditions, bed materials and sorbents on sulfur retention in AFBC and
PFBC designs. ‘ ‘

A study is being performed at the University of Texas, Austin,
to investigate the sulfur removal by natural sorbents.08 There is little
data on the amount of sulfur dioxides produced in FBC of Texas lignites.
The extent of sulfur retention will need to be understood to quantify the
costs of SO2 control and the materia]s requirement for FBC.

Ihis work should be expanded to include other low-rank coa]s,
and should determine the effects of pressure on sulfur retention.
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3. Design Configuration of FBC Optimized for Low-Rank Coal

' Because of the unique chemical and physical properties of low-
rank coals, different combinations of design variables and/or basic com-
bustion design will be -needed for Tow-rank coa] feedstocks than willibe
used optimally for higher rank coals.

Fluidized-bed technology is currently evolving from the research
and development stage to the demonstration project phase. Of the many
facilities currently under development, there are four which have performed
tests on low-rank coals. GFETC has the 1ar§est data base on Fort Union
Region lignites and subbituminous coals.b GFETC_is also supporting
tests being performed by the Combustion Power Company.66

The Morgantown Energy Technology Center (METC) has the most AFBC
performance data on Texas lignites and coal refuse.®% The FluiDyne
Engineering Corporation, unlike the others, is operating an air-cooled unit
and is therefore well-suited for testing industrial process requirements.85

The Electric Power Research Institute (EPRI) has sponsored North
Dakota lignite test burns in the Babcock & Wilcox AFBC unit at Alliance,
Ohio, and in the Lurgi circulating bed system in Germany. The Westinghouse
Electric Corporation is conducting design studies using a Gulf Coast
lignite and a Wyoming subbituminous feedstock.

Eva]uafion of the optimal design and configuration for -low-rank
coal fluidized bed combustion should be based upon results from the above
studies. The evaluation should proceed in the following order:

a. Evafuate results of EPRI- and DOE-sponsored
tests, and TVA design studies.

b. Assess fluidized and circulating bed configu-
rations as applied to (1) large-scale utility,
and (2) small-scale industrial installations.

c. Identify combustor design differences required
for AFBC and PFBC for low-rank coals: bed depth,
velocity, hecat trancfer surface, etc.

d. Based upon above resu]ts, build and demonstrate
optimized AFBC units for low-rank coals.
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4, Properties of Limestone-Deficient, Ash-Rich Fluidized Bed

Certain low-rank coals may offer the possibility of conibustor
operation without the requirement of added sorbent (limestone or other
material) because of favorable calcium-to-sulfur ratios. "For this reason,
the properties of low-rank coal fluidized beds (AFBC and PFBC) -should be
1nvest1gated.

The physical and chem1cal properties of ash- rich beds shou]d be
be determined. Particularly important are estimates of heat transfer co-
efficients and thermal diffusivity. The study should .also include an
evaluation of time-dependent changes in bed character. '

5. Hot - Gas Clean-up and Turbine Reliability for Pressurized FBC

The efficiency advantage obtained in a PFBC system is due largely
to the use of a hot gas clean-up device which allows direct use of the hot
gas for power generation.

Burns & Roe, under the sponsorship of EPRI, is- performing en-
gineering and economic evaluations based on the resu]ts of three prOJects,
one of which entails the use of hot gas c]eanup.69 )

Hot gas cleaning is still developmental in natufé and there are
still several issues to be resolved when this techno]ogy is being con-
sidered for use in conjunction with low-rank coals: .

a. Determine effects of alkali on clean-up systems

at pilot scale. =

b. Determine need for add1t1ona1 c]ean up; use of '
gettering. v,

c. Investigate use of mu]tiﬁtage cyclones and/of‘ii
ceramic filters. : .

One of the primary duties of a hot gas clean-up device is to
protect downstream gas turbines from erosive particulate matter and cor-
rosive chemical agents. A close relationship exists between hot gas clean-
up performance and gas turbine requirements. An effort should be made to
determine if economically attractive levels of particulate removal are
compatible with advanced turbine blade reyirements.
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The EPA and Exxon Research and Engineering Company are co-sponsor-
ing work to identify R&D needs of PFBC steam cycles using gas tur-
bines.’ One of the major conclusions is that advanced steam cycles
using PFBC as the heat source are economically attractive as compared
to other cycles when part1cu1ate removal requirements for turb1ne pro-
tection are relaxed.

6. ~ Materials Problems and Selection for Low-Rank Coal FBC

The variation in temperature and chem1ca1 environment within a
fluid -bed combustor suggest that a variety of different metals or other
materials of construction may be required. Corrosion/erosion studies
are specifically needed for FBC's burning low-rank coals. This work should
concentrate on-in-bed, above-bed, cyclone, and air distribution locations
within the combustor. ’

5.3.7.6. Fluidized Bed Combustion - Priority II Topics
7. . Coal and Sorbent Feeding Distribution

The location of solids feeding ports in the fluidized bed com-
“bustor is an important design consideration. Two research tasks are needed
to clar1fy opt1mum locations for various low-rank coa]s .-

- Determ1ne effects of high coal reactivity on
" feeding and distribution system design, in-

cluding number of ports, above or below bed,
. ete. .

b.‘fhcorporate basic coal science data on re-
., activity at the pilot scale.

8. Staged Combustion for NOx Control

PFBC designs in particular seem to offer advantages -for control of
" NOx. For both AFBC and PFBC systems:, the effects of high coal reactivity

on staged combustion design should be evaluated, preferably at the pilot
plant level.

9. Temperature, Gas and Solids Distributions in Low-Rank Coal
FBC -

Optimization and control of a fluidiZzed bed system requires quanti-
tative knowledge of in-bed and above-bed temperature profiles .and ' gas
and solids distributions. Laboratory or pilot scale studies are best
suited to obtaining this knowledge under either atmospheric or pressurized
conditions.
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5.3.7.7 Gasification - Priority I Topics

1. Process Adaptation for Low-Rank Coals

There are many studies in progréss which address conceptual process
design optimization and engineering/economic analysis -of low-rank coal
performance in gasification systems.

EPRI is funding Fluor Engineers and Constructors to develop pre-
liminary engineering and economic evaluations for a variety of coal gasi-
fication processes. EPRI is also sponsoring a group -of .companies to
evaluate a number of gasification concepts and the performance of novel
power cycles integrated with gas1f1cat1on systems. :

A DOE-sponsored project at the University of Minnesota is inves-
tigating a state-of-the-art gasification system to heat the campus.82
Tests entail the use of subbituminous coals and lignite. A co-sponsored
project by DOE/GRI includes a number of advanced gasification processes.
The goals include improvement of process efficiencies by as much as 10
percent over existing processes, reduction of capital costs compared to
second-generation, and simplification of design and operations and in-
creased reliability over second-generation processes.

- The use of low-rank coals may prove to be advantageous in the HYGAS
process.83 A conceptual design for commercial scale demonstration is
being completed by Procon, Inc. Studies of slagging fixed-bed gasification
are being performed at the GFETC.84 The DOE is also sponsoring work at
the Oak Ridge National Laboratory, where Texas lignite and %yoming subbi-
tuminous are included in the feedstocks under 1nvestigation38

The Institute of Gas Technology is studying the economic and
technical feasibility of the U-Gas (Ash Agglomerating) gasifiert86

Studies of this nature are ‘eéssential in successfully applying
low-rank coals in gasification systems. These topics should be continued
and used as a basis for an overall ‘technical and economic-.evaluation of
Tow-rank coal gasification performance. The objective of such an evalua-
tion is to suggest modifications and improvements to the. most prom151ng
gasification systems for low-rank coals. v

2. Wastewater Treatment for Process Effluent

The unique chemical composition of Tow-rank coals indicates that
different methods or operating parameters will be required for treating
gasification wastewater from low-rank coals, as compared to bituminous
coals. Several research topics sh0u1d be addressed to 1dent1fy proper
treating facility design:
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a. Laboratory screening techniques for novel and
innovative methods of wastewater treating

A simple yet effective standard for determining
technical and preliminary economic feasibility
of novel wastewater treating systems should be
established.

b. Pilot plant demonstration of novel wastewater
treating methods

Processes recommended for further analysis by
the above screening technique should be demon-
strated and evaluated at the pilot plant level.
Of critical importance at this phase of process
development 1s proof of the tar separat1on
(emulsion breaking) system, and the determina-
tion of how the process parameters must be
altered to account for coal specificity.

Both GFETC and METC have initiated gasification
wastewater treatment studies.84,

3. Slag Behavior

Proper design of high-temperature gasification processes requires
knowledge of s$lag properties - viscosity. surface tension., and corro-
sivity - as a function of operation conditions. Properties.of mineral
matter, and therefore slags, are highly variable and need to be charac-
terized for the low-rank coals.

The chemi¢al corrosiveness of low=rank coal slags on refraclory
materials has been demonstrated on slag-tap linings at GFETC. These
effects should be quantified for a number of coals so that refractory
materials with acceptable lifetimes can be developed for gasifier use.

4, Catalytic Effects in Low-Rank Coal Gasification

It is known that the mineral matter present in low-rank coals is a
catalyti¢ agent 1in promoting gasification reactions. This property is
potentially useful, and therefore, the conditions under which maximum
catalytic activity occur should be quantified in a research program. The
study should investigate a representative cross section of Western low-rank
coals.

_ Gasification proCesses which rely on added cataIysté may behave
differently as a result of catalyst interactions with low-rank coal mineral
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. matter. In addition, mineral matter interactions could strongly influence
the extent to which the added catalyst is recoverable, an economically
critical variable.

For example, Exxon Research and Engineering Company is developing a
‘Catalytic Coal.Gasification process to produce substitute natura] "gas.
It is believed that the chemical composition of Tow-rank coal ash may have
a different effect on catalyst activity or recovery than that associated
with higher rank coals. Minerals such as sodium and calcium in low-rank
coals may be recovered in the potassium recovery step.

5. | Slag, Ash, and Residue Leaching Characteristics and Immobilization

Similar in scope to leaching tests on'fly ash and- bottom ash
produced in direct combustion, the objective is to determine the extent of
the problem to be faced in groundwater contamination from residue leaching.

6. Minimizing Health Effects of Coal Liquids

In assessing the risks to human health from coal processing emis-
sions, the effects on the occupational, local, and general segments of the"
population must be considered, The most serious threat to industrial
workers is exposure to potentially carcinogenic polycyclic aromatic hydro-
carbons (PAH) or coal liquids. Although the PAH are considered a potential
health hazard, perhaps the most critical hazard from coal conversion
processes, less is known about them than other potential pollutants.

Although the products of different coal utilization technologies
are not identical, many compounds known to be carcinogenic have been
found in all these products and their process streams. Therefore, studies
should be initiated to minimize the hazardous potent1a1 associated with
gasification products. : :

5.3.7.8 Gasification - Priority.II Topics

7. Effects of Pressure, Temperature, and Atmosphefe on
Evolution and Destruction of Volatile Matter

Coal volatile matter content is an important property in determin-
ing the wastewater composition in fixed bed gasification.

Therefore, one successful technique of wastewater treating may be
to adjust gasification conditions to produce a more easily treated waste-
water. The conditions for achieving best wastewater composition will vary
depending on coal type and gasifier configuration and for any given coal
may not correspond with conditions for best gasifier operation.
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8. Distribution Coefficients of Soluble Organics in Wasterwater

The distribution of hydrocarbon compounds in the aqueous phase is
dependent upon a variety of factors. Interactions occurring in a multi-
phase, multicomponent system prevent the use of simplified two-component
solubility data. Experimental determination of wastewater composition for
a variety of different coals is, therefore, a necessary part of designing
an effective wastewater treating system for use in 1ow-rank coal gasifi-
cation plants.

9. Slurry Feeding of Low-Rank Coal to High-Pressure Gasifiers

Two major issues complicate the feeding of coal slurries to pres-
surized gasifiers: moisture content and line plugging. Thé problem of
moisture reabsorption when slurrying dried low-rank coals compounds the
problem of achieving an acceptable solids content in the slurry. - Line
plugging is a potential mainteéenance and reliabi1ity problem with any
slurry feed system.

Gasifiers operating under pressure require that the coal (and
any other solid such as a sulfur sorbent) be fed into the reactor at
operating pressure. The ability to pressurize and feed dry solids el-
iminates disadvantages -associated with slurry feeding. Reliability has
been a problem with the lockhopper approach; one possible technique may be
the use of pressurized pneumatic injectors.

5.3.7.9 Liquefaction - Priority I Topics

1. Process Adaptatibn for Low-Rank Coals

A large number of companies are Jjointly sponsoring c¢oal lique-
faction projects with DOE and EPRI. The most significant work has taken
place with the Exxon Donor Solvent sEDS) process, which produces distillate
fuels from a wide range of coals. The subbituminous coals and lignites
are more difficult to process, however methods are currently being de-
veloped to mitigate some of the problems associated with low-rank coals.
To date, there has been very little work on low-rank coals in any of the
‘major liquefaction projects.
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-+ - The H-Coal Process is also being funded by 'a consortium of com-
panies, and the DOE. 92  The H-Coal pilot plant is scheduled for start up
in 1980. It is .understood that higher reaction pressures will be required
for subbituminous versus bituminous coal. : ,

The SRC-1  process was deve]oped to brqduce a low-sulfur, low-
ash solid fuel.98 The SRC-II process is an extension of the first,
generating -a substantial yield of liquid, rather than solid product.

It is now understood that the unique properties of low-rank coals
require a different set of process conditions than is optimum for bi-
tuminous coals. Economic and engineering- evaluations of low-rank coal
performance in processes optimized for other coals will not accurately
represent their potential. Therefore, based on the results of on-going
bench scale experimentation, such as the work at GFETC and UND, -engi-
neering/economic studies will suggest a direction for low-rank coal lique-
faction development.

Al

2. Recycle Solvent Studies

Recycle solvent composition and treatment- is one variable process
parameter which has an important effect on liquefaction performance.
Results from this study will help to define opt1mum operating cond1t1ons
for low-rank coal Tiquefaction systems.

a. Solvent composition effects on rate of
hydrogenation

Solvent hydrogenation is a critical liquefaction
process step which may or may not be accom-
plished catalytically. With the aid of sophis-
ticated analytical techniques used i#n.basic
research, hydrogenation rates of solvents, and
the extent and rate of hydrogen release.' should
be determined as a function of so]vent compo-
sition.

At the University of Ca]ifornia, Berke]ey, a
DOE-funded investigation is underway of the
hydrogen transfer between solvent and coal.9
DOE is also sponsoring work at the Univer-
sity of Wyoming to study the effect of solvent
characteristics on coal conversion, asphaltene
formation, and nitrogen removal in hydrogen-
ation of Wyodak coal (a Wyoming subbituminous
coal).95
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The Colorado School of Mines is performing
a study of the kinetics' and -mechanisms of
coal liquefaction in a pure donor solvent and a
coal-derived solvent.96

Work continues at GFETCY/ and Exxon Research
and Engineeringgl in order to better under-
stand solvent hydrogenation and donor activity.
Results should be collectively reviewed to
determine optimum solvent characteristics.

Effects on product mix of recycling portions
of solvent and heavy bottoms :

One option for dealing with the high bottoms
viscosity produced by low rank coals during
liquefaction is to vary the reactor recycle
to contain lesser quantities of solvent and
greater amounts of heavy material. The de-
sirability of this approach depends strongly
upon its effect on product quality.

Work is in DF09ress at GFETC and at Exxon

Research and Engineering to determine the effect
of recycling portions of the solvent and heavy
bottoms on the product mix.!0

Hydrogen content of solvent and product as
a function of conversion and liquid yields

The relationship of product hydrogen content,
conversion and liquid yield to solvent hydrogen
content is an important process characteristic.
In the SRC-1I process, greater hydrogen addition
to the feedstock is promoted by higher reactor
temperatures and slurry recycle, thereby pro-
ducing a substantial liquid yield. Pilot plant
work heing performed by the Pillsburg and
Midway Company has encountered problems with
solvent. balance when operating on Tignite.98
An understanding of the solvent liquid yield as
a function of solvent hydrogen content could
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suggest process alterations which would correct
this and similar steady state operat1ona1
problems in other processes.

In addition to the SRC-II work, .DOE and EPRI are
funding investigations of liquefaction rates and
product distributions for several Tiquefaction
solvents.

3. Syngas and Hydrogen Effectiveness Studies

For bituminous coals, hydrogen has proven to be a superior react-
ant in liquefaction processes. However, Tow-rank coals have shown high
liquid yields when reacted with synthesis gas, which has the added ben-
efit of being cheaper than hydrogen. This tradeoff should be quantified
for both lignite and subbituminous coals, and the economic incentive (if
any) identified. :

4, Calcium Carbonate Formation in Reactors

It is known that the high calcium content of low-rank coals leads
to the formation and deposition of calcium carbonate in the liquefaction
reactor in the form of wall scale and oolites.

The EDS coal liquefaction project is investigating the circum-
stances under which oolite formation occurs.

This work should be continued and expanded to determine the effects
of pressure and the conditions under which coke format1on and wall scale
deposition occur.

5. Coal Moisture Content and Drying

High coal moisture content increases the reactor pressure required
to maintain the minimum desired partial pressure of reducing gas. On the
other hand, certain drying processes deactivate low-rank coals for lique-
faction reactions by collapsing the pore structure of the coal and reducing
the surface area available. The incentives for drying should be quanti-
fied, and processes (such as hot slurry drying) should be developed if
Jjustified by need and performance.
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6. Coal Mineral Catalysis in Recycle

The catalytic role of low-rank coal mineral matter in liquefaction
reactions is still ill-defined. Recycle of mineral matter provides the
. possibility of a greater catalyst charge in the reactor, but the properties
of the mineral matter after pass1ng through the 11quefact1on system must
first be determined.

7. Bottoms Recycle

The practice of recycling portions of solvent in coal liquefaction
is currently under investigation. Heavy bottoms recycle is a second op-
tion which has not received much attention. The effects of heavy material
recycle on conversion and product yields need to be evaluated.

8. Minimizing Health Effects of Coal Liquids.

Coal-derived 1liquids. contain polycyclic aromatic hydrocarbons,
considered the most serious hazard from coal conversion processes. These
and other products are believed to be potential carcinogens, cocarcinogens,
mutagens, or teratogens. Rigorous qualitative data relating to human
exposure with health effects are still sparse. Therefore, studies are
required to obtain such data, in order to better quantify the associated
risks and hazards. These studies will Tead to subsequent work dealing w1th
the minimization of known health effects.

5.3.7.10 Liquefactionl- Priority. Il Topics

9. . Bottoms Viscosity Studies

Many tests on. low-rank coals have shown them to produce high
viscosity bottoms. Several areas of ‘investigation should be pursued as
possible means for alleviating the problem:

a. Determine the effect of coal analysis and sol-
vent properties on bottom viscosity

The EDS ‘coal liquefaction.studies are investi-
gating the effect of coal analysis and solvent
properties on hottoms viscosity.9l  The dif-
ficulty of processing ‘lower rank coals is
reflected in higher viscosities of EDS 1lique-
faction bottoms derived from various coals.
Generally, these higher viscosities can be
reduced with longer reactor residence times
under typical EDS conditions.

This work should be continued and expanded to

include other processes which have ‘shown ‘high
bottoms viscosity with low-rank feedstocks.
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b. Determine the nitrogen, oxygen and hydrogen
content of the bottoms, as related to the coal
analysis. : -

c. Determine the effect on bottoms .viscosity of the
THF- and benzene-soluble fraction degree of
coal conversion and hydrogen content.

d. Determine the effect of hydrotreated distillate
cuts on heavy bottoms viscosity.

DOE is sponsoring a project at GFETC to optimize
distillate yields in order to balance the
depolymerization of heavy ends and_ the coin-
cident formation of gaseous products.99

10. Effects of Staged or Continuous Removal of Gas

During liquefaction, low-rank coals evolve large amounts of CO2
and water vapor. Since a certain partial pressure of reducing gas (Hp or
synthesis gas) is requ1red the evolution of these components raises the
total pressure, requiring thicker (more expensive) process vessels. The
issue is further comp]1cated by the fact that small amounts of COz appear
to be beneficial in promoting liquefaction. Therefore, two areas of
investigation are warranted: -

a. Determine the preferred method (staged or
continuous) of removal of CO2 and water vapor
from the liquefaction reactor. -

b. Determine optimum levels of CO2 in the lique-
faction atmosphere, and determine if this
concentration can be produced in steady state
without continuous or staged CO2 removal from
the reactor.

11. Fate of Nitrogen

Because nitrogen acts- as a precursor to NOx formation and
as a catalyst poison in liquid fuel upgrading processes, the distribution
of coal nitrogen in the gaseous ‘and liquid products of liquefaction is
important. Two topics should be stud1ed to address the fate of hetero-
atomic nitrogen:

a. Determine the relative retention of nitrogen
in product 1liquids as compared to bituminous
coal.

b. Compare denitrogenation in synthesis gas vs.
H2 liquefaction of low-rank coal.
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12. Effects of Staged Temperature Exposure

‘It is hypothesized that preasphaltene yield is determined by the
highest temperature seen during the course of the reaction. Since control
. of preasphaltenes is important, this question should be resolved by a
laboratory study of the effect of staged temperature on yield. Pressure
and residence time at each temperature should also be noted.

13. Disposable Catalyst Approaches

~ Catalyst cost can be a c¢ritical factor in determining the economic
viability of a liquefaction process. Use of a very cheap catalyst would
obviate a catalyst recovery system and allow the catalyst to be used for
one pass only, being discarded with the solid waste from the process.

The disposable catalyst hydrogenation process is part of DOE's
Third Generation Processes Program.100° The process employs inexpensive
single pass catalysts, avoiding costly catalyst recovery and regeneration
steps. The effects of low-rank coals in this process are expected to be
similar to those in other liquefaction systems. The catalyst selection
must be compatible with the mineral matter present in low-rank coals.

14. Corrosion of Stainless Steel by Coal Liquids

Corrosion rates for metals in coal liquefaction service must
be known before process equipment can be accurately specified. In partic-
ular, corrosion coupon tests should determine corrosion rates as a function
of water content, dissolved (free) oxygen content, mineral matter compo-
sition and coal rank. The mechanism of pheno]ate formation may also be
important, and should be considered after it is 1dent1fed as a result of
work in ba31c research.

15. Erosion in Liquefaction Systems

The presence of solid materials (particularly in SRC) can be a
source of erosion in liquefaction systems. The role of mineral matter and
agglomerate formation may be particularly important. These effects should
be quantified. :

16. Mathematical Reactor Model to Account for Mixing and
Turbulence Effects

Mixing and turbulence effects are 1mportant factors in deter-
mining mass transfer and conversion rates in liquefaction reactors. A
‘quantitative understanding of these hydrodynamic effects would aid reactor
optimization efforts. .
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5.3.7.11 Pyrolysis - Priority I Topics

1. - Feasibility of Low-Rank Coal Pyrolysis

An incentive for the use of low-rank coals in pyrolysis (and other
utilization methods) is the low feedstock cost. However, high yields of
gas and relatively Tow yields of 1liquid and char products establish a
tradeoff with feedstock cost. Poor chemical and physical properties
further reduce the incentive of cost.

A DOE-sponsoréd study at the Massachusetts Institute of Tech-
nology (MIT) is in progress to determine the operating characteristics and
economic feasibility of directly producing gaseous and liquid fuels by coal
pyrolysis.107 High- and Tow-sulfur coals are being evaluated.

The FMC Corporation and the United States Steel Corporation are
currently developing a process to produce a metallurgical formed coke.
The feedstock is a Wyoming subbituminous coal.

Based on a review of yield and market data for Tow-rank coal
pyrolysis, a process design and engineering/economic tradeoff analysis
should be initiated to quantify the incentives for pursuing lTow-rank cual
pyrolysis.

2. Minimizing Health Effects of Coal Liquids

Although the products of coal combustion and coal pyrolysis are
not identical to those of coal conversion, many . compounds known to be
carcinogenic have been detected in all these products or their process
streams. Exposure to carcinogenic PAH is the most serious threat to
industrial workers. Therefore, investigations of the similarities of
various products will assist in evaluating the effects on human health.

5.3.7.12 Pyrolysis - Priority II Topics

3. Improved Analytical Methods for Low-Rank Coal Pyrolysis
Studies :

A special analytical technique is needed to quantitatively evalu-

ate char reactivity and a standardized method for evaluation of pyrolysis
liquids produced from various processes is desirable.
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4. Improvement of Pyrolysis Product Properties and Yie1ds'

High oxygen content, acidity, corrosiveness, and pyrophoric
nature are among the negative characteristics of low-rank coal pyrolysis
products. The desirability of low-rank coals as pyrolysis feedstocks could
be improved significantly (assuming yields are sufficient to justify the
process economically) if physical and chem1ca1 product deficiencies could
be corrected or improved.

As the major economic impediment in Tlow-rank. coal utilization,
a shift from high gas yields to higher liquid or char yields could signi-
ficantly improve low-rank coal pyrolysis incentives. Techniques for
achieving this include:

® hydroupyrolysis

e flash hydropyrolysis as an approach for
maximizing yields of BTX chemical feed-
stocks -

In addition to these possibilities, a number of projects are
currently in progress investigating methods to increase pyrolysis yields of
liquids and char when operating on low-rank coals. Project COED (Char-0il-
Energy Development) is a process for converting coal to char, o0il, and gas
by reacting the coal in a multi-stage, fluidized bed system.109 The feed-
stock to the pilot plant has included Wyoming subbituminous coals and
North Dakota Tignite. ‘

The Toscoal process, developed by The 0il Shale Corporation
(T0SCO) F{ades low heating value coal (low-sulfur Western coal) through
yro]ys1s. The pilot plant is currently in operation.

In the Garrett (now Occidental) Flash Pyrolysis process direct
yields_of methane and other hydrocarbons are obtained by rapid pyrolysis of
coal. 11l The objective of the rapid heating is to minimize -the produc-
tion of gas. Product yield data are available for the pyrolysis of a
Western subbituminous coal.

A study is also in progress at the University of Houston to in-
vestigate a pyrolysis process which takes advantage of the high volatility
and other properties of Texas 11%?1te to produce a clean burn1ng char, and
clean gaseous and Tiquid fuels. !

The Australian company, CSIRO will beg1n p1lot plant operat1ons in

1980 for a flash pyrolysis process in which the primary product will be
char.
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"The National Science Foundation and the DOE are co-sponsoring
work at MIT which entails small-scale experiments on the pyrolysis of a
dried. Montana 1ignite.]]4 These tests will analyze those parameters
affecting the yield of light hydrocarbon gases, oil, liquid tar, and
char. : . . '

5.3.8 Basic-Reseakch - Priority I Topics

1. Resource and Coal Seam Characterization

A detailed delineation of the properties of low-rank coal reserves
and resources should include: ~

e characterization of mineral matter
and organic salts

e development of washability data

e variability studies on coal seams
(such as sodium content, for example)

2. Standafd Low-Rank Coal Samples

. The purpose of this work is to standardize those feedstocks used

in the various technologies (i.e., combustion, FBC, gasification, etc.).
This could be accomplished by collecting the known coals and storing
them all under identical conditions which would reduce product degradation,
spontaneous combustion, and fugitive dust emissions. This standardization ,
- process allows for more meaningful comparisons among-experiments conducted
at different laboratories on different utilization technologies.

3. - Petrographic Characterization

Improved . petrographic techniques for evaluation and c¢lassification -

~of Tlow-rank coals are needed. According to petrography researchers at

Pennsylvania State University, the techniques and classification systems

used in this country for petrographic studies of bituminous coals do not

apply to U.S. low-rank coals. The applicability of European brown coal

petrography systems to U.S. low-rank coals is unclear. Pioneering work in
the field of U.S. low-rank coal petrography should be initiated.
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4. Reactions Between A]kg]i Materia]s and Sulfur

‘ The mechanism and conditions of sulfur capture by alkali.com-
ponents of low-rank coal mineral matter is of specific interest in fluid-
ized bed combustion, conventional combustion, wet and dry flue gas de-
sulfurization and coal gasification systems. A basic understanding of this
phenomenon would assure its opt1mum exploitation in each of the technology
areas.

5. Surface Tension of Coal Slags
The bhehavior of coal slags 1is an impartant characteristic when
designing a slagging gasifier or wet bottom combustor. Surface tension as

a tfunction of temperature should be determined for a répresentative Cross
section of Tow-rank coals.

6. Composition and Characteristics of Ashes and S]ags From

Low-Rank Coals

The development of a data base to characterize important proper-
ties of low-rank coal ashes and slags would be of considerable importance
in fluidized and conventional combustion, gasification, liquefaction,
pyrolysis, and projects oriented at ash utilization development.
7. Analytical Characterization of Liquefaction Solvents
' Proper evaluation and comparison of liquefaction systems' per-
formance will be aided by a standard characterization of process generated
solvents. This effort should include the following items:

e establish inter-laboratory standardization
system

¢ develop. solvent quality/hydrogen donor index
o characterize heavy portions of coal liquids

0 deve]op accurate technique for determining
molecular weight distributions

o develop standard technique for determination of
oxygen content and functional group

o develop technique for identifying quinone-
hydroquinone structures
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Solvent quality/hydrogen donor index may be established by model
compound hydrogenation (such as naphthalene). The variation in the above
propertles should be studied in continuous 11quefact10n systems as steady
state is approached.

Some work in this area is underway at Texas A&M Un1vers1ty]]5
where different solvents derived from lignite are being compared. Studies
in progress at GFETC?/, Exxon?! and EPRIT0Z are also investigating the
use of various so]vents for liquefaction. This work is an important
start in coal solvent characterization and shou]d be expanded to include
other coals.

8. Low-Rank Coal Liquefaction Catalysis o

The role of heterogeneous and homogeneous catalysis should be
investigated for low-rank coal liquefaction. The following points should
be part of the research effort:

H

® prepare an up-to-date paper on 11quefact1on
catalysis

o elucidate catalyst mechanisms and abﬁ]y-this
knowledge to catalyst development programs

o investigate the role of gas phase cata]ys1s
(for examp]e, H2S and sulfur vapor)

The catalytic effects of the diverse m1nera1 matter content found
in low-rank coals, and the progressive conversion of heavy organic liquids -
and solids are under investigation at the University of North Dakota. 105

-
1

9. Oxidative Depolymerization of Low-Rank Coal

It is known that the polymerized structure  of coal can be de-
graded by aqueous phase oxidation, which can be used as a pretreatment step
before conversion, or as a method of producing oxygenated products. The
mechanism of this reaction may be operative in other conversion processes,
and therefore an understanding of it may suggest process improvements in
other areas.

10. Toxicity of Coal Liquids

It is generally believed that coal conversion processes may pro-
duce and release substances that can be hazardous to human health. While
exposure to carcinogenic PAH is the most severe hazard to industrial
employees, acute and chronic toxicity are also -important considerations.
The chronic effects of low levels of materials released during coal con-
version will be the principal concern of the local and general population.
For these reasons, basic research is required to better understand the
potential hazards of coal liquids.

-57-



5.3.9 . Basic Research'- Priority II Topics

11. Surface Characteristics of Low-Rank Coal and Peat Fines

Coal beneficiation processes such as froth flotation and the
Otisca freon process depend upon interactions with the surfaces of coal
particles. An understanding of the nature of this interaction is a key
step in improving this type of coal beneficiation process.

12. Reactivity of Low-Rank Coals at 1200-1800°F in Fluidized
Bed Combustion:

The range of temperature between 1200 and 18000F represents
the most 11kely condition for operation of fluidized bed combhustours, Since
carbon conversion is of priime importance in FBC systems, thc feedstock
reactivity is an important parameter.

Hydrocarbon Research, Inc., in a program sponsored by the DOE,
is evaluating the reactivity of low-rank coals in fluidized beds.85 It
is believed that the higher reactivity of these coals will make their use
~desirable in this process. Results from the HRI studies should be investi-
gated and explained on“the basis of a fundamental understanding of the mass
transfer and chemical kinetics involved "in the fluid bed combustion of
low-rank coals. ‘

13. - Impacts of Drying Methods on the Rheological Properties of
- Low-Rank Coal-Water Mixtures

The drying of coal to increase the Btu content of coal- water
mixtures may affect the fluid mechanical properties of the mixture. An
understanding of the mechanism of this effect could yield benefits im-
portant to the operation of slurry p1pel1nes and slurry injection systems
for coal gasifiers.

14. Kinetics and Reaction Mechanisms of Low-Rank Cua]s and
their Chars with Hp0, Hp, CO,:and COp

Optimization of conditions for the gasification or liquefaction
of low-rank coals requires a basic understanding ot the chemical kinetics
and mechanisms ‘involved in the conversion process.

A study is currently in progress at the Bartlesville Energy
Technology Center to evaluate the kinetics and mechanisms of reactions of
different coals in different conversion processes.!!® Some of the proc-
esses under investigation include HYGAS, .COED, H-Coal, SRC-II, and.the HRI
process. :
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: This study should be continued and expanded to elucidate the
mechanism of the observed reactions and their rates. Catalyst effects
should also be investigated.

15. Fate of Oxygen and Nitrogen Components in Coa] Convers1on
Systems . .

The quality of products from coal liquefaction, pyrolysis, and to a
lesser extent coal gasification systems depends to a great extent on the
fate of coal bound oxygen and nitrogen. Improvement of, and continued
assurance of high product quality could be provided by a basic under-
standing of the fate of these coal elements during conversion.

16. Reactivity~of Peat in Various AtmoéphereS'v

The development of peat as a viable feedstock for combustion and
gasification processes will require an understanding of its behavior in the
presence of different gas phase reactants. Reactivity is a particularly
important aspect of this behavior, and as such, it.should be evaluated for
various peats in the presence of Hp, CO, H20, CO2, 02 and mixtures.of the
gases (with some Ny present) at different temperatures..

5.3.10 0Qther Research Activities

During the assessment of the research, development and demon-
stration needs for Western low-rank coals, several important topics were
identified which, because of their breadth of scope, did not fit as part of
the program in the individual technology areas. These topics are presented
in this section, and cover three basic areas: Regional Environmental,
Market and Economic, and Regulatory and Policy. .

Because of the broad nature of these areas, many d1fferent groups
may be  involved in the initiation, funding, management or execution of
specific tasks. Topics are therefure discussed in a general way to en-
courage f]ex1b1]1ty in assembling the various organ1zat1ons which may be
interested in addressing these needs. .

5.3.10.1 Regional Environmental Studies

An aggressive program of research, development and demonstration
as outlined in Section 5.3 will contribute to substantial growth in the use
of Western Tow-rank coals. .Such expansion will be accompanied by regional
environmental and socioeconomic impacts which have not been assessed.
Recommendations for environmental control should be made, but should also
include a cost/benefit trade-off analysis between environmental, health and
safety effects and capital cost, operating cost and energy consumption.
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The analysis should focus on the three geographic areas of in-
terest in low-rank coal development:

e Northern Great Plains Region
~ & Rocky Mountain Region

e Gulf Coast Region

5.3.10.2 Market and Economic Studies

The dndalysis presented in Section 4.4 is a preliminary assessment
of current and potential future low-rank coal markets. Although several
opportunities. exist for organizing a similar, but more detafled investi=
gation, such a study should again be orienled at the three major geographic
areas of low-rank coal occurrence (Northern Great Plains, Rocky Mountain
and Gulf Coast). This will allow a clearer understanding of the inter-
relationship of environmental, market and regulatory factors.

As a minimum, market and economic studies -should cover the
following areas:

e Conduct market analyses to determine the market
size and penetration potential of new innovative
technologies

o Determine forces which drive supply and demand
market forces

o Assess thce overall economic dmpact of existing

and developing markets in low-rank coals, both
inter-regional and intra-regional

5.3.10.3 Regulatory and Policy Analysis

The creation of proper and reasonable regu1dt1ons and policies
governing the use and development of low-rank coals is critical to the
continued expansion of this energy source. This work must be guided by a
complete understanding of the effects of such legislation on low-rank coal
development. Two areds ul impact should be studied: regulatary and
financial. . :

1. Regulatory Constraints and Incentives For Low-Rank
Coal Development

Laws governing the extraction and use of low-rank coal can be
used as incentives or barriers to increased coal ‘development. Studies
falling in this category should evaluate which aspects of the industry
should be stimulated -and which curtailed, and the proper regulations for
do1ng SO.

-60-



2. Financial Cohstraints and Incentives For Low-Rank
Coal Development

Financial and capital markets should be evaluated as they re-
late to government programs and policies. In addition, the economic impact
of proposed or existing energy and environmental legislation (including
effects of tax laws) should be evaluated.
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APPENDIX A
PHASES OF ENERGY RD&D
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PHASES OF ENERGY RD&D

1. - Basic Research

Efforts to increase knowledge and quantitative understanding
of natural phenomena and environment.

2. Applied Research

Systematic study directed toward the manipulation of known matter
and phenomena, whether natural or created, with the objective of devising
energy related processes, application, or systems, of possible (but un-
certain) practical utility. ,

These efforts are directed toward the solution of problems in the
physical, biological, behavioral, social, and engineering sciences which
are not directed toward immediate applicability to specific projects.
This includes the technical means.of obtaining the knowledde, under-
standing, and solution. ‘

3. Exploratory Development

Efforts guided by the principle that the work should lead ul-
timately to a particular application of project. Even so, the techniques
and intrinsic intellectual value of the work may compare favorably with
that of basic research activity. Exploratory development can cut across
several scientific disciplines and is intended to explore possible inno-
vation in a particular area of one or more energy technologies.

The focusing of scientific and technical effort upon a particular
applied research result to explore in greater depth the parameters of the
process, application or system with the objective of assessing whether
further development is warranted.

4. - Technology Department

Systematic use of the knowledge and understanding gained from
research to achieve technical feasibility and to gauge economic and en-
vironmental potential of energy concepts, processes, materials, devices,
methods, ahd subsystems. ‘

Comprises development of engineering technologies, subsystems,
planning and analysis studies, energy system concept formulation, com-
parison of alternative concepts, and development and test of laboratory-
scale engineering feasibility models. This 1includes demonstration by
experiment of alternative system concepts as well as preliminary studies
encompassing system analysis, trade-offs, preliminary cost benefit studies,
planning programming environmental studies..
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5. Engineering Department

Systematic use of the knowledge and understanding gained from
research and technology development to achieve the detailed design, con-
struction, and test for performance, producibility, and reliability of
energy system prototypes and pilot plants.

Detailed design, development and test of energy system prototypes
and pilot plants judged to be technically and economically desirable as a
means of achieving the principal energy goals. Engineering development may
concern itself with processes, preproduction components, equipment, sub-
systems or systems. This capacity also includes major system test facil-
ities directed toward specific project development and the preparation of
appropriate environmental impact statements.

6. Demonstration

Verification of economic and environmental viability: for commer-
cial application, . through design, construction, test and evaluation, of-
large-scale energy systems in operations circumstances.

Final engineering design, assembly, test and evaluation of. full-
scale energy systems aimed at providing directly applicable experience in
an operational environment so as to demonstrate economic viability for
commercial application. Demonstration projects are intended to: (a)
overcome "scale-up" problems; (b) contribute to the understanding of the
economics of fabrication and operation; and (c) resolve other questions
such as public assistance, institutional and environment issues. Prepa-
ration of suitable environmental impact statements is included in this
category. :

7. Commercialization, Production, and Operation

a. Commercialization. When the predominant intents becomes
bringing the system or project to commercial reality rather
than  demonstrating technical feasibility, When "scale-up"
problems are overcome; economics of fabrication and opera-
tion are understood; public acceptance, institutional and
environmental issues are resolved; and commercial interest
in project exists.

b. Production. When the predominant intent becomes producing
the item in quantity, bulk, or other parameters which meet
specifically stated requirements.

¢. Operations. When the predominant intent becomes bringing
the system or project from prototype or pilot plant opera-
tional testing status, to full-scale operational condition
to meet stated objectives.
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APPENDIX B
bNGOING RESEARCH ON U.S. LOW-RANK COALS

The following brief project descriptions were compiled primarily
from program summary documents available from DOE, the Texas Energy and-
Natural Resources Advisory Council, and EPRI. Some ongoing research
projects on U.S. low-rank coals have undoubtedly been overlooked.

A significant amount of research is conducted on low-rank coals
(primarily brown coals) in Canada, Australia, West Germany, India, and
other countries. Descriptions of these projects have not been included in
this Appendix. :
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B.1  EXTRACTION

1. The Impact of Surface Lignite Mining on Surface and
Groundwater Quality

Contractor: Texas A&M University

Principal Investigators: Christopher Mathewson (Geology): and
- R Kirk Brown (Soil and Crop Science)

Sponsor: ' Texas Energy Development Fund

-The contractor will conduct a comprehensive . investigation, in-
cluding field measurements, laboratory investigations and computational
procedures, to determine the impact of ‘surface mining and groundwater
quality and quantity. Based on' the site specific studies and available
experience and expertise, the contractor' will investigate the regional .
influence of surface mining on groundwater quality and quantity, will
1dent1fy topical and geographic areas of critical concern, and will ident-
ify mining and reclamation management alternat1ves available to Texas to
protect groundwatér quality and quantity.

White, David B. "Texas Lignite Technology Development Priorities Over the
Next Twenty-Five Years," Texas Energy Advisory Council, Report No0.79-03-03
March 15, 1979. : A :

2. ' ~Visual Resource Analysis For Texas Lignite
‘Contractor: ‘ _ Texas A&M Uhiversity

Principal Investigators: Earl Hoskins (Geophysics)
Harlow Landphair (Landscape
Architecture) }
Violetta Burke (Political Sc1ence)
Christopher . Mathewson (Geology)

Sponsor: Texas Energy Development Fund

The purpose of this study is to inventory and classify the land-
scape of the Texas lignite belt so that areas of potentially high visual
impact can be readily identified. Based on the information gathered in
this first phase, recommendation and techniques will be developed to help
avoid major damage to the visual character of each area.

Reference same'as ‘above.
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3. Oxidation of Sulfides in Lignite Mine Spoil: Influence
on Return of Str1p M1ned lands to Agricultural Product1on

Contractor: . University of Texas at Austin

Principal Investigator: Lloyd Hoséner, Joe Dikon, and
' Abu Senkayi (Soil.and Crop Sciences)

Sponsors: ’ U.S. Department of Agriculture, the
: . Texas Agricultural Experiment Station,
Industry, and the Center for Energy and
Mineral. Resources

More than a million acres of land may be disturbed by strip-mining
operations in Texas. - Much of the sulfur in overburden samples directly -
above lignite beds has been found to be pyr1t1c. Studies ‘are now being.
conducted to determine chemical alterations in clay minerals that are
exposed to the atmosphere at varying levels of soil acidity.

Reference same as above.

4, UCG Modeling Studies
Contractor: ' .Lawrence Livermore Laboratory
Sponsor: } DOE

The Lawrence L1vermore Laboratory (LLL) has developed models for
two-dimensional. coal recovery and product gas compos1t1on. They have
also constructed a laboratory gasifier facility. ~Additional work in-
cludes Tlaboratory, modeling, and field studies on UCG groundwater and
air pollution, as well as subs1dence. ‘

U.S. Department of Energy Underground Coa] Convers1on Program Description,
DOE-ET-0100, June 1979. )

5. UCG Simulation
Contractor: . Scicnce Applications, Inc.
- Sponsor: - DOE a

Science App11cat16ns, Inc. is performing analysis and interpre-
tation of METC's Tlaboratory UCG simulation data. Subsidence modeling
is also in progress. '

Reference same as above.
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6. Medium-Btu Gasification of Low-Rank Coal

Designer: ( | Lawrence Livermofe Laboratory (LLL)
Sponsor: ' DOE
Date Initiated: 1972

LLL is studying permeability enhancement (1inking) techniques
and steam-oxygen gasification, having completed three tests at the HOE
Creek site (near Gillette, Wyoming) on a subbituminous coal seam. Suc-
cessful new diagnostics applied in one of the tests include a suite of
subsidence measurements and high-frequency e1ectromagnet1c detection of
the burn front.

Hill, R.W., et. al. Underground Coal Mining - An Assessment of Techno]ogy,
EPRI AF=- 219 July 1976.

7. Reverse Combustion.Studies
Contractor: The University of Washington
Sponsor: ~ DOE

This project entails theoretical studies of reverse combustion
in underground coal gasification. Findings indicate that the propagation
rate of reverse combustion is sensitive to minor formation irregularities.
Laboratory work on stress/mass transfer coupling in subbituminous coals
has also been conducted.

u.S. Department of Energy Underground Coal Convers1on Program Description,
DOE-ET- 0]00 June 1979.

8. UCG Modeling
Contractors: LETC and University of Wyoming
Sponsor: . DOE

A forward combust1on model has heeén dpvplnped to predict gas
composition and temperaturé profiles. A two-dimensional model fore-
casts shape, .sizey, and rate of coal consumption. Other modéls have. been
developed for reverse combustion, and economic programs.

Reference same as above.
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9. Substitute Natural Gas (SNG) From Coal Subprogram

Contractor: . Gas Research Institute (GRI)-

Sponsors: DOE and Gas Research Institute (GRI)

Five new advanced, third-generation coal gasification processes
were funded in 1979 as part of the joint DOE/GRI program. In 1980, the
SNG from Coal Subprogram will include the following three project areas:

Gasification Processes

1.

By 1990, improve process efficiencies by up to 10 percent over
existing gasification processes, or :

By 1990, reduce capital costs compared to second-generation
processes, or

Simplify design and operations, and increase reliability over
second-generation processes.

Associated SNG Technology

1.
2.

3.

Develop a hot gas clean-up process by 1983 which minimizes the
energy. 1ost .in cleaning the raw gas stream.

By 1983, develop a sulfur-tolerant shift and methanation cata-.
lyst for conversion of raw gas to SNG on a p11ot plant scale.

By 1987, develop or se]ect materials of construction for the
hostile coal gasification process environment, capable of with-
standing exposure up to 10,000 hours.

In=Silu Cval Gasification

1.

By 1981, demonstrate underground coal gasification, proving
high coal consumption rates, well 11nkage by directional
drilling, and 100-200 foot well spacing in deep-]eve] (3000-
5000 feet) coal seams. ,

By 1984, demonstrate underground coal gas1f1cat1on in a 1arge-
scale (1000 tons per day) p1lot plant.
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Major accomplishments planned for 1980 include:

Completion of coal gasification process evaluation reports on the
five third-generation processes now being tested

Preparation of an initial process flowsheet for us1ng nove] cata-
lysts in downstream gas process1ng

Completion of analysis of long- term, steam-oxygen, in sifu gasi-
fication test to determine the economic potential of th1s supp]y
option.

Gas Research Institute, 1980-1984 Five-Year Research & Development Plan
and 1980 Research & Development Program.

10, Block Pyrolysis Experiment§
Contractor: ‘ Oak Ridge National Laboratory
Sponsor: DOE

Block pyrolysis experiments on Hanna, Hoe Creek, and Pricetown
coals revealed different behavior for the bituminous versus subbituminous
coals. High natural water in the coal seam was shown to markedly affect
pyrolysis gas production, gas flow rate, and potential resource recovery.

U.S. Department of Energy Underground Coal. Conversion Program Descr1g§1on,
DOE-ET- 0100 June 1979.

11. Steam-Char Kinetics
Cbntractbri; o Argonne NétidnaT'Labdratory
Sponsor: . " DOE .

' Steam-char kinetics pertaining to Wyodak (Hoe Creek), Hanna,
and Pricetown coals have been completed. The reactivity -of Pricetown
bituminous chars 1is considerably lower than those of Hanna and Wyodak
subbituminous chars. The mineral matter present in these Western coals is
an excellent catalyst for the water/gas shitt reactlon

Reference same as above.
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12. Process Models for UCG
~. Contractor: West Virginia University
Sponsor: ‘ .DOE
Invesfigations inc]dde coal conductivity .measuremenf§- relating
to the use of electromagnetic instrumentation in UCG. A ong-qimensional

model of the UCG process has been completed.

Reference same as above.

13. UCG Mathematical Modeling
Contractor: University of Texas
~ Sponsor: , _ DOE
A mathematical model of override conditions‘ has been developed.
Studies of mechanical and ion exchange properties of Texas - lignite are

in progress.

Reference same as above.

14. . Field Instrumentation Support
Designer: Laramie Energy Technology Center (LETC)
Sponsor: Sandia Laboratories.

Diagnostic instrumentation and interpretation of field test re-
sults are included in ongoing work LETC is perform1ng at Hanna, Wyoming,
(subbituminous coal seams). Thermal data obtained in these studies have
made it possible to delineate the location of the reverse combustion
Tink(s), outward and upward progress of the gasification zones, and the
ut1]1zat1on of coal within the experimental area.

White, David B. "Texas Lignite Technology Development Priorities Over

the Next Twenty-five Years," Texas Energy Advisory Council, Report No.
79-03-03, March 15, 1979. : - -
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15. Hi]]iams Brotﬁers ProéesskSefvices, Inc.

Designer: " "Williams Brothers Process Services, Inc.
- (A subsidiary of Resource Sciences
Corporation)
-Sponsor: A Group’qf.Companies

'Stud1es of Aeconoﬁ1cs,* cleanup and gas ut111zat1on for UCG, air.
gasification of Wyoming coal and steam/oxygen gas1f1cat1on of Texas l1g-
nite. . , . , . .

Stephens, D.R.. "The Private Sector. Involvement in Undergrdund Coal Gas-
ification,"” in Proceedings of the 5th Underground.Coal Conversion Sym-
posium, Alexandria, Virginia, June 18 21, 1979.

16. Atlantic Richfield Company (ARCO)

Contractor: ARCO
Sponsor: DOE through Lawrence Livermore
Laboratory

Date Initiated: A : ».]978

In 1978 ARCO designed, fielded and executed a successful field
gasification test in a 100-foot-thick subbituminous coal seam near Reno
Junction, Wyoming.  The coal bed depth was about 630 feet with a 50-foot
shale- overburden and a hydrostatic head of 300 feet. The test .included:
(1) reverse combustion/forward -gasification with air, (2) control of water
influx, and (3) environmental monitoring. - .,

Reference same as above.
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17. Basic Resources, Inc. (A Subsidiary of Texas Utilities Company)
Contractors and Sponsors:  See Below'
" Date Initiated: - ~ ° March 1975

In March 1975, Texas Utilities Company signed a license agreement
with Licensintorg of the U.S.S.R. for technical documentation and assis-
tance in UCG. A technological test was designed and executed in 1976
"to prove technical feasibility near Texas Utilities' Big Brown Steam
Electric'Station in Freestone County, Texas. The test was classified as a
success. The experiments were then moved to the Tennessee Colony site in
Anderson County, Texas. A two-phase field test, including both air and
oxygen/steam injection, was carried out from August 1978 to March 1979 in a
multichannel, multiwell configuration. Reverse combustion was employed to
link the wells. o . o a '

Reference same as above.

18. Texas A&M University

Contractor: ~ Texas A&M University
Sponsors: A Group of Companies

Date Initiated:. . | 1977

-

. Texas A&M University- conducted a UCG test on University -property
in 1977. In cooperation with a consortium, a second ‘test was- recently
performed near Rockdale, Texas. The lignite is 14 feet thick at a -depth
of 235 feet. A reverse burn link over a 50-foot d1stance was comp]eted
and forward gasification was conducted. .

Reference same as above.
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19. Steeply Dipping Beds (SDB)

Designer: ‘ : Gulf Research and Development
Company

Sponsor: ' DOE

Date Initiated' September 1977

This project entails underground coal gas1f1cat1on in a steep]y
dipping coal seam. The site, near Rawlins, Wyoming, has a subbituminous
coal seam with a dip of 64 degrees and an average thickness of 20 feet..

U.S. Department of Energy Underground Coal Conversion Descr1pt1on,
DOE-ET-0100, June 1979.

20. - Low-Btu-Gasification of an:Rank‘Cnﬂl .

Designer: | Laramie Energy Technology Center (LETC)
Sponsor: DOE
Date Initiated: 1972

The LETC has been using reverse combustion as the linking technique
in a series of successful field tests on a subbituminous -coal seam in
Hanna, Wyoming. In the second phase of this test a constant and high
heating value of product gas and excellent: thermal efficiency were ob-
tained, demonstrating process feasibility.

Brandenburg, C.F. "Field Implementation of UCC Research," in rncppd1ng
of the 5th Underground Coal Convers1on Symposium, A]exandr1a, Virginia,
June 18-21, 1979. >

21. Longwa11 Mining
Sponsor:-’ DOE

" Longwall- mining utilizes conventional room and pillar continuous
mining equipment to develop  panels of coal which may be a mile long, 600
feet wide, and 4 or morc feet high. The room and p111ar system of under-
ground coal mining leaves undisturbed blocks of coal in a regular grid to
prevent collapse of overburden strata. There are several DOE-sponsored
studies in progress to determine and eliminate problems which Timit produc-
tivity and to increase the economic attractiveness of longwall mining.

Otto, R.H. Three Potential Longwall Mining Methods for Thick Coa] Seams
in the Western United States, Bureau of Mines IC 8792, 1979.

Cassidy, S.M. (Editor), Elements of Practical Coa] ‘Mining, AIME Mudd
Series, New York, 1973
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22. Evaluation of Texas Lignites Reserves by Geostatistical Methods
Contractor:’ - Texas A&M University

Principal Investigators: H. Dennis Tolley and J.R. Alldredge
‘ (Statistics) and
Christopher Mathewson (Geology)

Sponsor: Texas Energy Development Fund

The principal objective of this project is to-provide a Sstatist-
ical methodology which will establish a basis of more efficient drilling
and deposit estimation strategies. An analysis of available data allows
for an evaluation of the practical strengths and shortcom1ngs of the
statistical methodology.

White, David B. "Texas Lignite Technology Development Priorities Over
the Next Twenty-Five Years," Texas Energy Advisory Council, Report No.
79-03-03, March 15, 1979.

23. Lignite Resources in Texas
Contractor: University of Texas at Austin
Princtpa] Investigator: William Kaiser

Sponsors: ' Téxas Energy Development Fund and
: University of Texas at Austin

The goal of this study is to document near-surface resources
or those under less than 200 to 250 feet of cover. In areas where data are
numerous, critical parameters such as number of ~§eams, ‘thickness, and
lateral extent can be established. By applying mining parameters appropr-
iate for economic recovery, reserve estimates can be made now and in the
future. :

An advisory committee has been established consisting of a.rep-
resentative from the Texas Energy Advisory Council (TEAC), two mining-
consultants to advise on deposit minability, and a Department of Energy
representative to insure methodology and results acceptable to DOE.

Reference same as above.
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B.2 TRANSPORTATION

24. Flow Properties of Methacoal Suspension of Texas Lignites
Contractor: . Texas A&M University
Principal Investigator: Ron Darby (Chemical Engineering)

‘Sponsors: DOE, The Texas Engineering Experiment
. Station, and the Center for Energy and
Mineral Resources

The non=Newtonian viscous rheological properlies of Methacoal
suspensions of lignite are being determined as a function of particle size
and size distribution, concentration, and lignite moisture content. The
most practical system tor transporting large volumes of coal is by means of
slurry pipelines.. There is evidence that the optimum flow properties are
achieved when a considerable amount of relatively fine particles is in-
cluded in a slurry of larger particles.

Suspensions of dried coal or Tlignite in methanol (called Metha-
coal) are being studied as a substitute for water slurries. A pipe flow
system is being constructed which will be used to measure the pressure drop
characteristics of these suspensions as a function of flow rate and pipe
size, in both laminar and turbulent flow. The rheological data and pipe
flow data will be correlated to enable scale-up and prediction of the
behavior of larger pipelines.

White, David B. “Texas Lignite Technology Deve]opment Priorities QOver
the Next Twenty-Five Years," Texas Energy Advisory Council, Report No.
79-03-03, March 15, 1979.

25. Comparative Assessment of Water Use and Environmental
Implications of Coal Slurry Pipelines - USGS Coal Slurry
Model

Principal Investigators: R.N. Palmer, [.C. James,
and R.M. Hirsch

Sponsor: - U.S. Geonlngical Survey

This coal slurry model is being applied to assess the head loss
and energy requirements associated with the pumping of slurry. 'Hydraulic
principles as well as recent pipeline experience have been integrated into
this model. In one study performed it was assumed that the coal would be
crushed to the same particle size distribution -as that used by the Black
Mesa system in Arizona, a lignite coal. This is the only slurry system
operating in the U.S. The results of this study indicate that the minimum
total cost occurs at 52 percent solids in slurry by weight, quite close to
the 50 percent coal ratio for which most large coal slurry pipelines have -
been designed.

Palmer, R.N., I.C. James, and R.M. Hirsch. Comparative Assessment of
Water Use and Environmental Implications of Coal Slurry Pipelines, U.S.
Geological Survey, Open File Report 77-698, August 1977.
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B.3 PREPARATION, HANDLING, AND STORAGE

26. Moisture Reduction Techniques
Contractor: GFETC
Sponsor: DOE

In a test conducted by the GFETC, 400 tons of Rosebud subbitumi-
nous coal and Gayscoyne lignite were dried in a commercial scale dryer,
oil sprayed, cooled and shipped by rail appiroximately 800 miles. After
stockpiling the coal, it was concluded that storage and handling require-
ments do not appear to differ significantly from those required for as-
mined coal (although greater compaction has been needed). Furthermore,
although more than 4 inches of precipitation had fallen on the pile during
the two year test period there was no indication o6f moisture penetration.

(Anonymous), "How to Get Water Out of L1gn1te, WOOd and Peat," Chemical
Engineering, March 27, 1978.

27. Ion Exchange
Contractors: - GFETC and University of North Dakota
Sponsor: DOE

Bench scale experiments and process design-studies have been
conducted at the University of North Dakota and the Grand Forks Energy
Technology Center. A preliminary economic analysis of a system based on
sulfuric acid (H* cation exchange with sodium). has disclosed a cost
(excluding profit) of $1.30 per ton of lignite for a 1.58 million ton per
year facility (1979 dollars). The process design was based on a Beulah
lignite feed containing 8.5 percent Na20 in the ash, and calls for a
reduction to 1.35 percent in the final product (coals hav1ng less than 4
percent Nap0 in the ash aré not severely fouling-coals). It may also be’
expected that reductions in other minerals will occur during the process,
notably sulfur and total ash content.

Chemical cleaning processes might also be applied to low-rank
coals to remove the trace quantities of uranium and other potentially
hazardous wastes that otherwise might be released to the atmosphere: or
leached from a disposal site. However, until some substantial cost is
assigned to the release of these materials to the environment, or cleanup
is mandated, no economic driving force will support the development of such .
processes. .

Baria, D.N., W.R. Kube, and L.E. Paulson. “Conceptual Design of a Com-
mercial Plant for Sodium Removal from Lignite," January 1980.
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28. Float/Sink Tests
Contractor: GFETC
“Sponsor: DOE

Studies were performed on Northern Great Plains lignite to de-
termine the feasibility of ash, sodium, and sulfur removal by washing and .
float/sink methods. It was demonstrated that 15 percent of the ash and 30
percent of the sulfur (in the pyritic form) could be removed. Because most
of the sodium is bound in the coal matrix, it was not reduced signifi-
cantly. A Texas lignite and New Mexico subbituminous coal were included in
similar investigations. ~ :

Paulson, L.C., W. Beckering, and W.W. Fowkes. “Separation and ldentit1-
cation of Minerals from Northern Great Plains Province Lignite," Fuel,
Vol. 51, July 19725 pp. 224-227.

29. Pe11etizfng at Pittsburgh Mining Technology Center
Designer: . Pittsburgh Mining Technology Center
Sponsor: DOE

This ongoing experimental effort has produced pellets from a
North Dakota lignite. The mechanical properties of the lignite pellets are
enhanced when the moisture content is maintained at maximum possible
levels. It was also learned that in addition to pelletizing, lignite can
be agglomerated by briquetting and by extrusion.

The second phase of the study, currently underway, is confirming
the Tlaboratory results on successively larger scale pelletizing equipment.
Based on pilot work, a 4000 TPD lignite pellet plant will be designed.

tGoksel, M.A., and L. Valentyik. Production and Evalualiun ufl Lignile
Pellets, presented at the Institute of Briquetting and Agglomeration
16th Biennial Conference at San Diego, California, August 6-8, 1979.

Grant, A.J., and h.E. McKeever. - Pelletizing and Drying of Lignite, pre-
-sented at "Coal Technology '78," Houston, Tcxas, October 1978.
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30. Firing of Iron-Ore Pelletizing Furnace with Low-Btu
Producer Gas

Contractor: Department of Interior,
Bureau of Mines

Sponsor: ' DOE

Period of Contract: 5/5/77 - 3/1/81

The program consists of six tests of about 120 hr each (5 days
around-the-clock) with an extra 120 hr provided in the first test for
gasifier shakedown. Actual pelletmaking is being tried with gas generated
by gasifying a bituminous coal from Eastern Kentucky, subbituminous coals
from Colorado/Wyoming and Montana, and a 11gn1te from North Dakota.
‘Approximately 100 to 150 t of raw coal are processed in each test. Pellets
are made from commercial magnetic taconite concentrates and will be pro-
cessed at rates of about 0.5 t/hr in a 34-in.-diameter by 34-ft-Tong rotary
kiln. The test program is based on the assumption that the Wellman-Galusha
producer will gasify bituminous, subbituminous, and lignite coals under
reasonably stable conditions and produce gases typical of "atmospheric
producers for these fuels, however, this producer was designed originally
for tarfree coke and anthracite and it is expected that some modifications
will have to be made for it to operate successfully with this wide range of
fuels.

Fossil Energy Program Report, U.S. Department of Energy, Assistant Secre-
tary for Fossil Energy, December 1979.

31. Determination of Self-Heating Pfoperties of Western Coal

Contractor: ' National Bureau of Standards
Sponsor: DOE
Period of Contract: 6/30/76 - present

The major objective of this study is to develop an understanding
for both chemical and physical parameters influencing the spontaneous
combustion of coal. New and existing experimental techniques will be
applied to the detection and measurement of spontaneous combustion at
its early stages so as to derive a measure of the relative susceptibility
of low-rank Western coal to thermal ignition.

Testing has begun to determine the effect of moisture, particle
size, sample size, and geometry on the spontaneous ignition process in
Western low-rank coals. Current work includes the completion of elec-
tronics for the adiabatic furnace and measurements of spontaneous heating
of 20 coal samples. Resultant ignition energetics will be correlated with
ultimate and prox1mate sample analyses.

Reference same as above.
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32. Know Your Materia] - How to Predict and Use the
Properties of Bulk Solids

Principal Investigator: J.R. Johnson
Sponsor: National Coal Board
Journal: Chemical Engineering Deskbook Issue,

Vol. 85. No. 24, October 1978

This article on the flow properties of bulk solids includes a
discussion of the behaviour' of coal reclaimed from a frozen stockpile,
the problems caused. by partial melting and subsequent re-freezing of
ice during coal handling, and the behaviour of coal with various addi-
tives. -

Abstracts A: Technica] Coal Press, National Coal Board, Technical In-
telligence Branch House, Harrow, January 1Y/Y.
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B.4 CONVENTIONAL COMBUSTION

33. Laminar-Flame Combustion/Ash-Fouling Studies of Low-Rank
Western Coals
Contractor: Midwest Reseafch Institute
Sponsor: DOE

Period of Contract: 9/1/77 - continuing

This program will provide the first detailed documentation of
the combustion and ash-formation processes in low-rank Western coal flames.
The aims of the program are to verify that the low-rank. coals can be burned
in the laminar-flame test system, collect samples -of particulates from
these flames at various distances above the burner, measure the temperature
profile during sampling, and provide representative particulate samples to
GFETC for analysis. ' ‘

The first tests at the Midwestern Research Institute (MRI) were
conducted with pulverized lignite from North Dakota. The ash particles
from the lignite showed significant visible differences in the pockmarked
appearance compared to the smooth, spherical ash shapes obtained from
Eastern coals. Further testing is in progress using a subbituminous coal
from Montana.

Fossil Energy Program Report, U.S. Department of Energy, Assistant Sec-
retary for Fossil Energy, December 1979.

34. Continuous Nuclear Analysis of Coal (CONAC)
Sponsor: EPRI

CONAC is a method which blends the principles of nuclear physics
with the practicalities of coal technology. This new apparatus for coal
analysis will be available in prototype form for full-scale utility tests
by late 1980. CONAC is expected to play a major role in the efficient use
of coal resources, while meeting increasing environmental constraints.

"Reading the Composition of Coal," EPRI Journal, July/August 1980,
pp. 6-11. :
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35. Fuel and Combustion Additives for Boilers
Contractors: Battelle, Columbus Laboratories
Sponsor: EPRI

The objective of this project is to provide utilities with a
guide to enable them to decide whether a specific fuel-related problem
might be alleviated by use of an additive. The study will: (1) assemble
existing knowledge of the more important chemical and physical effects of
substances wused in fuel and combustion additives (magnesium, calcium,
ammonium, iron copper, and managanese); and (2) relate pred1cted and
observed additive effects on combustion, deposition, corrosion, and emis-
sions to their chemical composition, physical form, and method of appli-
cation. . .

EPRI, Research and Development Projects, November 1, 1979.

36. Use of Additives to Improve the Slagging, Fouling,
and Corrosive Characteristics of Fossil Fuels

Contractor: Battelle, Columbus Laboratories
Sponsor: EPRI

The objective of this project is to perform 1aboratory and field
test1ng to quantitatively evaluate and demonstrate the effectiveness of
additives in combatting slagging, fouling, and fireside corrosion associ-
ated with utility boilers firing fossil fuels. Two studies planned are:
(1) to provide the theoretical and operational evidence for the selection
of magnesium and maganese—contain1ng additives to reduce high-temperature
fouling and corrosion in oil-fired boilers; and (2) to develop improved
techniques of boiler cleaning by using add1t1ves in comb1nat1on with

modified on-load cleaning procedures

Reference same as above.
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37. Control of Ash Fouling

Contractor: GFETC
Sponsor: DOE
Period of Contract: 1976 - continuing

This project is developing methods for control of ash fouling
on boiler heat transfer surfaces from combustion of lignite and Western
subbituminous coals. Reduced boiler efficiency and availability resulting
from ash fouling has been the greatest single problem facing utilities
burning Tow-rank Western coals, particularly those containing appreciable
sodium in the ash. This project evaluates the effects of coal character-
istics and boiler operating conditions on the severity of fouling.

The tests to evaluate the effects of coal cleaning were performed
on samples of New Mexico subbituminous coal and Texas lignite. Basic re-
search employing mineral separation, X-ray diffraction, and microscopic
examination was performed to characterize minerals and their spacial dis-
tribution in selected samples of North Dakota lignite and Montana and
Wyoming subbituminous coals. '

Pilot plant tests are being performed to evaluate a blending
program using coals from four sources - three in New Mexico and one
in Utah. Other tests include high-sodium subbituminous coals and cleaned
versus raw Alabama lignite.

Fossil Energy.Program‘Report,‘ U.S. Department of Energy, Assistant -Sec-
retary for Fossil Energy, December 1979.

38. Design of Improved Alloys for Coal-Fired Boiler
Superheater and Reheater Tubes

Contractors: Foster Wheeler Energy Corporation
and International Nickel Company

Sponsor: EPRI

This project is designed to develop alloys and coatings with
superior resistance to fireside corrosion and steamside exfoliation of
scale for reheater and superheater tubing in coal-fired boilers. Fx-
foliation of scale in reheaters and superheaters, leading to erosion in
high-pressure turbines, has been identified as a major maintenance problem.
Fireside corrosion resulting from the formation of molten slag deposits is
the major factor in limiting steam temperatures to 1000F, it is also a
problem in the superheater and reheater when corrosive coals are used. The
project is now focusing on a chromate conversion coating to reduce steam-
side exfoliation.

EPRI, Research and Developiient Projects, November 1, 1979..
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39. Comparative Analysis of Alternative Direct Coal-Fired
Utility Systems

Contractors: See Below
Sponsor: EPRI

This project provides for engineering and economic evaluations
of developing technologies, such as advanced coal preparation, stack gas
scrubbing, and fluidized bed combustion, in order to plan for the integra-
tion of these technologies into utility systems. Results will also aid in
planning R& efforts to assure that these technologies are operable in
utility systems. Evaluation studies include: (1) Evaluation of a Gulf
Coast Lignite AFBC Power Plant, by Burns and Roe; (2) Evdluation of Com-
bined Coal Cleaning FGD Systems for S0 Control, by Bechtel/Dravo; .
(3) Economic Evaluation of Wellman Lord, Chiyoda, and Concurrenl Scrubbing
Processes, by Stearns-Roger; (4) Preliminary Feasibility Study of Coal
Water Slurry Systems for 0il Design Power plants, by Combustion Processes,
Inc; (5) Increased NOy Contirol Requirements for Utilities, Resulting from
the 1977 Clean Air Act Amendmerts by Flow Resources; (6) Economic Evalu-
ation of Atomics International Open-Loop Aqueous Carbonate Process, by TVA;
(7) Impact of Solid Waste Resource Recovery Design on Refuse Fuel Qua]ity,
by Cal Recovery Systems; (8) Study of Future Environmental Regulations, by
Radian; (9) Economic and Design Factors for FGD Technology, by Bechtel; and
(10) Compend1um of Precipitator Plate Rapping and Reentrainment Stud1es, by
Joy Manufacturing. :

Reference same as above.

40. Engineering Assessment of an Advanced Pulverized Coal
Power Plant

Contractors: General Electric Company. and
Westinghouse Electric Corporation

Sponsor: EPRI

The project objective is to quantify performance improvements
and associated costs for advanced pulverized codl technology. Relatioun-
ships among steam and water conditions, costs, part-load performance,
reliability, and operability will be détermined. Hardware development
required to accomplish a low heat rate design will bé defined. Anticipated
environmental constraints will be factored into the systems study to assure
the consideration of all relevant trade-offs.

Reference same as above.
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41. Combustion Processes in a Pulverized Coal Combustor
Contractor: Brigham Young University

Sponsor:. EPRI

The objectives of this project are: (1) to conduct an experimental
investigation of pulverized coal combustion processes to determine optimum
operating conditions; (2) to obtain detailed maps of gas and particle
profile data of composition inside the combustor for a family of coal
typés; and (3) to develop a generalized, two-dimensional model for pre-
dicting pulverized coal combustion performance, comparing the results with
laboratory profile measurements and applying the code to a series of
industrial combustors. ,

Reference same as above. '

42. Inf]uehie of Mineral Matter of Coal on Fireside.
Slagging and Fouling.of Utility Boilers

Contractors: Battelle, Columbus Laboratories
Sponsor: EPRI

Ash buildup on boiler walls and tubes can interfere with boiler
capacity. The objective of this research project is to determine which
minerals in coal are the cause of ash deposition in boilers. The work will
consist of laboratory analysis of five coals to identify types and amounts
of minerals present in each coal and tests of five similar boilers to
establish the severity of ash deposit problems with one type of coal burned
in each boiler. A

Reference same as above.

43. . Advanced Staged Combustion Configurations for Pulverized Coal
Contractor: University of Arizoﬁa
Principal Investigator: J. Wenat (Chemica] Enéineering)
Sponsor:' | | DOE‘ |

This study will entail the development of the advanced staging
concept for pulverized coal combustion. Mathematical models will be
constructed to describe quantitatively the fate of coal nitrogen under
fuel rich and stage combustion conditions. Also included in an assessment
of whether modified or staged combustion may have an adverse influence on
primary sulfate emissions.

University Contracts Summary Book, Fossil Energy, U.S. Departmenf of
Energy, December 1979.
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B.5 ENVIRONMENTAL CONTROL TECHNOLOGY FOR CONVENTIONAL COMBUSTION

44, Current Developments in Control Technology
Princicpal Investigators: K.E. Yeager and C.R. McGowin
Sponsor: EPRI

Emerging air, water and solid waste control requirements at both
the national and Tlocal Tlevel are rapidly becoming the dominant specifi-
cation in the design and operation of new coal-fired plants. The capital
cost for a typical new coal-fired unit beginning design and engineering in
1979, is for example, about $800/kW. About 40 percent of this investment
1s direcled tu environmental contrel requirements:. Potentially more
stringent requirements planned within thé next 5 years are expecled Lv
increase this cnst ta $1000 to $1,400/kW. of which 50-60 percent will be
for environmental control. [I'he technology to meet Lhese requirements is
expected to increase busbar energy costs to at least 5-7 cents/kWh.

Comparative cost analyses are performed in this study for Illinois
bituminous versus Wyoming subbituminous coal-fired plants.

McGowin, C.R. and K.E. Yeager. Current Developments in Control Technology,
Electric Power Research Institute, for presentation at the Conference on
Clean Coal Utilization, MIT, Cambridge, Massachusetts, June 14, 1979.

45, Laboratory Evaluation of Dry Alkalis for Removing SO2
from Boiler Flue Gases

Contractor: KVé Engineering, Inc.
Sponsor: ' - EPRI

This project is a bench-scale study of dry SU» scrubbing processes
utilizing alkali compounds. The primary objectives are to investigate the
technical feasibility, define the range of operating parameters, and
provide a basis for preparing process and equipment specifications. The
effect of sorbent type, resident time, temperature, particle size, stoichi-
ometric ratio on SO2 removal efficiency and sorbent utilization will be
cvaludled. Testing for Phase I and Il i5 completed.

EPRI, Research and Development Projects, November 1, 1979.
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46. Integrated Environmental Control

Contractors: Public Service Company of Colorado
and EPRI
Sponsor: EPRI

EPRI has initiated a project to construct a 2.5-MW pilot facility
to assess the integration of air, water, and solid-waste technologies for
pulverized-coal-fired power plants. The test facility is being built at
the Arapahoe Station of Public Service Co. of Colorado. Using their ex-
perience in precipitators and scrubbers, compliance with State and Federal
standards requires a series of applications with control devices which
have a compound negative effect on unit availability, heat rate, rate of
load exchange, and other plant operations. The control equipment is con-
sidered an integral part of the power generation system, thereby re-
ducing these adverse effects and lowering costs.

Balzhiser, R.E. -R& Status Report: Fossil Fuel and Advances Systems
Division, EPRI Journal, May 1979, pp. 43-46.

47. Sulfur Dioxide Control For Combustion of Low-Rank Coals
Contractor: GFETC
Sponsor: DOE
Period of Contract: 10/1/76 - continuing

This project is designed to investigate alternative methods for
. control of SOx/NOx emissions from the combustion of low-rank coals.
Although most low-rank coals are low in sulfur content, few can be used
without sulfur oxide emission control under the present Federal New Source
Performance Standards (NSPS). Pending revision in the NSPS will require
sulfur control for all Tlow-rank coals. The studies on SOy control at
GFETC are concerned with: wet scrubbing using alkaline ash as a reagent;
dry absorbents' for removal of SOyx; studies on the sulfur forms and the
physical dispersion of the sulfur in low-rank coals; and physical and
chemical properties of sludge.

The pilot plant scrubber is being used to survey SO2 removal
efficiencies and scaling rates for a wide variety of low-rank coals fly
ashes. Materials under investigation are spent-bed substances produced by
FBC of low-rank coals, raw and chemically treated scrubber sludge, .and
spent dry-sorbent materials.

Fossil Energy Program Report, U.S. Department of Energy, Assistant Sec-
retary for Fossil Energy, December 1979.
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48. Evaluation of Fine Particulate/Trace Element Fractional
Efficiency of Electrostatic Precipitators (ESP)

Contractors: Meteorology Research, Inc. and
LFE Environmental Analysis
Laboratories

Sponsor: EPRI

This project is designed to produce the first complete character-
ization of ESP fractional efficiency and trace element enrichment factors
over the 0.02-20 micron size range. The economic and maintenance aspects
of each unit will also be evaluated. The ESPs selected are state-of-the-
art high-SCA installations. The first phases will be performed on a hot
and cold side ESP handling low sulfur Western coal fly ash. The establish-
ment of particulate emission standards based on particle size and compo-
sition rather than total mass is becoming more imminent as recognition of
the fact that submicron particles are those that constitute the major
impact to health.

EPRI, Research and Development Projects, November 1, 1979.

49, Advanced Particulate Control and Test Facility

Contractors: Air Pd]]ution Systems, Kaiser Engineers,
Joy Mfg. Company, Apitron, Inc., and
Public Service af Colorado

Sponsor: EPRI

This 21 month project has estahlished a testing facility at the
Public Service of Colorado comprising one 35,000 cu ft/min and two 10,000
cu ft/min slipstreams and permanent pilot plants for testing advanced
electrostatic precipitator (ESP) and fabric filter designs and concepts.
EPRI's aim is to substantially reduce the size and cost of precipitalur and
fabric filtration technology and to increase reliability. Temperature
range is ambient to 7500F. A Tlaboratory/support/control building has
been completed in which data is acquired and reduced in real Lime. Testing
has begun on the High Intensity Ionizer and the Apitron and Ducon filters.

EPRI, Research and Development Projects, February 7. 1980.
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50. Removal of Fly Ash From Stack Gases by Electrostatic
Precipitation

Contractor: GFETC
Sponsor: DOE
Period of contract: 10/1/76 - present

This project was established to develop a reliable basis for
designing and sizing electrostatic precipitators (ESPs) for high-resis-
tivity Western coals, based on data that can be obtained from laboratory
procedures performed on relatively small samples of coal. New methods of
fly ash conditioning will also be investigated to improve ESP efficiency.
A future objective is to measure, characterize, and develop control meas-
ures for fine particulate generated during the combustion of lignites and
subbituminous coals. These coals contain atomically dispersed alkali
cations that can react with the coal sulfur during combustion to form very
fine sulfate particulate in the fly ash.

Pilot ESP performance data and in situ resistivities are being
obtained for a variety of coals. Testing is being performed with blends of
New Mexico and Utah subbituminous coals, raw and cleaned Colorado subbi-
tuminous coal, and selected samples giving high-, moderate-, and Tlow--
temperature ESP operation.

Fossil Energy Program Report, U.S. Department of Energy, Assistant Sec-
retary for Fossil Energy, December 1979.

51. Evaluation of a Fabric Filter on a Pulverized Coal (PC) Fired
Boiler : '
Contractor: Nebraska Public Power District
Sponsor: EPRI

The objective is to perform a complete particulate and engineering
evaluation of the fabric filter (baghouse) on the 40 MW Kramer Unit P-C
boiler of the Nebraska Public Power District. The unit burns a subbitumi-
nous coal from Wyoming and Colorado. This baghouse is well suited to
evaluation since it represents a state-of-the-art conservative design with
low air-to-cloth ratio. Important results will .nclude overall and frac-
tional collection efficiency as a function of ai1.-to-cloth ratio, trace
element fractional efficiency, stack opacity, and an engineering-economic
analysis of the installation.

EPRI, Research and Development Pfojects, November 1, 1979.
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52. Fabric Filter Pilot Development and Optimization
Contractor: - Kaiser Engineers
Sponsor: EPRI

The objective is to define the optimum major design and operating
criteria for fabric filters (baghouses) and to identify any possible
improvements. The project involves the design, fabrication, and instal-
lation of a flexible, state-of-the-art, full-scale fabric filter test
module at the Advanced Particulate Test Facility. Experiments will be
performed to determine optimum cost-effective conditions for fine par-
ticulate and trace element control and the elimination of visible plumes
for coal-fired utility boilers.

Reference same as above.

53. Reliability Assessment of Particulate Control Systems
Contractor: ' Burns & Roe, Inc.
Sponsor: EPRI

The purpose of this project is to identify the causes of re-
duced reliability of particulate control systems and to propose cost
effective solutions. Evaluation will be made of several state-of-the-art
systems that are representative of both Western and Eastern coal appli-
cations. Information will be compiled into a detailed data base docu-
menting the major,K factors influencing reliability, with emphasis on sep-
arating cause and effect.

Reference same as above.

54. Economics of Dry Flue gas Desulfurization (FGD) -
Particulate Removal Systems
Contractor: Bechtel
Sponsar: FPRI

The objectives of this project are to develop conceptual design
and capital and operating cost estimates for dry FGD systems and to provide
guidelines on the application of these systems for combined SO» and par-
ticulate emission control. Major emphasis is placed on dry SO» removal
processes suitable for low sulfur Western coal application. Processes
involving dry alkali injection of nahcolite and trona as well as spray
dryer using sodium and calcium compounds will be considered. Disposal
costs for waste sodium compounds will also be developed.

Reference same as above.
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55. Dry SO2 Control Demonstration
Contractor: See below
Sponsor: See below

This project is a cooperative effort by EPRI and the Public Ser-
vice Company of Colorado (PSCC) to demonstrate a prototype of the dry SOp
scrubbing process, first researched under RP982-8.  The technique of
injecting nahcolite or trona in the flue gas duct and collecting the spent
material in a baghouse will be tested under typical opéerating conditions,
and the process will be evaluated for its operability and reliability. The
existing 22-MW baghouse at the Cameo Station of PSCC will serve as the
demonstration site, and the Multi-Mineral Corporation is ‘expected to supply
the nahcolite. Stearns-Roger and KVB are also contractors.

Reference same as above.

56. Utilization of Lignite of Subbituminous Ash

Contractor: University of North Dékota
Principal Investigator: Oscar E. Manz
Sponsor: National Ash Association

"Basic" ash is defined as.that ash in which the sum of the Ca0 and
Mg0 1is greater than Fep03, a characteristics of most Western coals. ASTM
acceptance of basic fly ashes for use in portland cement concrete has been
a major objective of this organization's research. Work 1is being directed
towards the substitution of cement with basic coal fly ash. The use of fly
ash for mineral filler and its dependence on particle size has been under
investigation. Application of fly ash and clay mixtures in the production
of extruded bricks has also received attention.

Manz, 0.E. Utilization of Lignite and Subbituminous Ash
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57. - Analysis of Metals and Their Chemical States Produced
by the Combustion of Texas Lignite

Contractor: Texas A&M University
Principal Investigator: James Carver (Chemistry)
Sponsor: Texas Enerqy Development Fund

Nuclear pore filters will be used in the stacks of lignite-
burning facilities 1in Texas for collection of the samples. Initially
identification of metals present will be made by X-ray fluorescence and
atomic absorption. By knowing the identify and concentration of each metal
containing species produced in lignite combustion, appropriate measures can
be -taken to reduce environmental hazards.

White, David B. "Texas Lignite Technolngy Development Priorities Over
the Next Twenty-five Years," lexas Etnergy Advisory Council, Report No.
79-03-03, March 15, 1979.

58. Heavy Trace Element Analysis of Coal and Lignite
Contractor: Texas A&M University
Principal Investigator: Rand Watson (Chemistry and Cyclotron
Institute) '
Sponsor: Texas Energy Development Fund

Trace elements have been identified as an important issue requiring
more data to assess the extent to which these elements enter the biosphere.
The objective of this project is to utilize modern techniques of X-ray
fluorescence analysis to perform detailed and wide-ranging investigations
of the heavy trace element composition of Texas coal and lignite. The
results of this study will be used to construct a detailed catalogue which
will provide a basis for classifying and identifying coal and 11qn1te from
various locations around the state.

Reference same as above.

59. Evaluation of Alternative Low-NOy Furnace Designs
Contractor: KVB, Inc
Sponsor: EPRI

The objectives of this project are: (1) to verify and character-
ize the 1ow-N0x behavior of roof-fired furnace systems and (2) to examine
the engineering, economic, and operating implications of applying this
technology to large, modern pulverized coal boilers. KVB, Inc. is the
contractor, and Wisconsin Electric Power Co. will provide the field test
site.

EPRI, Research and Development Projects, November 1, 1979.



60. Low-NOy Emission Coal Combustor Development
Contractor: Babcock and Wilcox Company
Sponsors: EPRI and Babcock and Wilcox Company

The objective is to define the technical potential for increased
NOx control on coal-fired steam generators, using advanced combustion
process modification technology while maintaining acceptable boiler oper-
ation and reliability. Work will include: (1) a review of all current
research; (2) a series of experiments to evaluate the chemical aspects of
fuel nitrogen conversion and control; and (3) the design, testing, and
development of a low-NOy combustion process. ‘

Reference same as above.

61. Laboratory Testing - RESOX

~Contractor: Foster Wheeler Energy Corporation
Sponsors: EPRI and Foster Wheeler Energy
Corporation

The project objective is to broaden RESOX application to U.S.
coals, including bituminous types, and various feed gas compositions
through Jaboratory tests. These tests supplment RESOX tests being done in
Lunen, West Germany, on German anthracite coals, as part of another EPRI
report. RESOX produces elemental sulfur from sulfur dioxide rich gas
streams without using a reducing gas.

Reference same as above.

62. A Laboratory Method to Simulate Utility Boiler Fly Ash.

Contractor: The Energy and Environmental
Research Corporation '

Sponsor: EPRI

The objective of this project is to develop a laboratory method
of generating fly ash with the same characteristics as fly ash produced in
full-scale, pulverized coal-fired utility boilers; knowing the properties
of the fly ash which would be produced by a power plant will lead to
improved designs of ele¢trostatic precipitators. A laboratory-scale
combustor, firing approximately 5 1bs. of coal per hour, is being con-
structed to simulate the conditions that affect the fly ash mass loading,
mean particle size and distribution, SO03 concentration, and resistivity.

Reference same as above.
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B.6 FLUIDIZED BED COMBUSTION

63. Atmospheric Fluidized Bed Combustion of Low-Rank Coals

Contractor: G?ETC
Sponsor: DOE

The GFETC is operating a 2.25 ft2 atmospheric fluidized bed
combustor (AFBC), with a fuel feed rate of 180 1b/hr of lignite. The
combustor system has been designed to operate over a wide range of con-
ditions. The data generated from tests on this unit show excellent cor-
re;ftion with data obtained trom the earlier, smaller combustor (0.2
res). :

Goblirsch, G.M., and E.A. Sondkea]. "Low-Rank Coal Atmospheric Fluidized-

Red Combustion Technology," presented at the 1979 Lignite Symposium,
May 30-31, 1979, Grand Forks, North Dakota.

64. Atmospheric Fluidized-Bed Bench-Scale Studies

Contractor: MERC
Sponsor: . DOE

The Morgantown Energy Technology Center operates two 1.8 ft2
AFBC's 1in the their pilot plant. The nominal coal feed rate to the com-
bustor is about 110 1bs/hr. The unit has in-bed and freeboard cooling
tubes to control bed and flue gas temperatures. The Morgantown Center has
the most AFBC pertormance data on Texas lignites and coal refuse.

Reference same as above.

65. Industrial Application FBC
Contractor: FluiDyne Engineering Corporation
Sponsor: DOE, FluiDyne

MuiDync Fngineering Corporation of Minneapolis has conducted
tests on North Dakota lignite for a private company. They have used an
18-inch square combustor and a 40 x 64-inch combustor (17.8 ft2). The
average feed rate is about 800 1bs/hr, but there are variations with
operational conditions. Unlike the others, this is an air-cooled unit, and
is therefore well-suited for testing industrial process ‘air requirements.
An important feature of the FluiDyne system is its distributor plate, which
has been subjected to more than 150 startup-shutdown cycles with no evi-
dence of thermal deformation.

Reference same as above.
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66. Lignite FBC
" Contractor: Combustion Power Corporation

Sponsor: | GFETC/DOE

The Combustion Power Company, Inc. of Menlo Park, Ca]ifbrnia, is
performing tests using a combustor which has a bed surface area of 7.1
ft2. A Beulah, North Dakota, lignite is fed at a rate of 500 lbs/hr.
Vertical cooling tubes have been 1nsta11ed in the combustor for the lignite
test program.

Reference same as above.

67. . Preliminary Evaluation of Fluidized Bed Combustion Concepts and
Design Criteria
Contractors: Combustion Engineering, Foster Wheeler,"
» Radian Corporation, and Westinghouse
Corporation
Sponsor: EPRI

This project provides for -experimental and engineering studies
on specific FBC concepts and design criteria. The purpose is to supplement
and expedite major FBC projects. Areas anticipated for study are: imp-
roved sorbent utilization, gas-solid cleanup, and materials evaluation.
Westinghouse Electric Corporation is studying sorbent requirements for a
Gulf Coast lignite AFBC power plant. Combustion Engineering and Foster
Wheeler are ana]yz1ng the results developed under an -earlier contract.
Radian Corporation is developing advanced concepts for AFBC gas sampling
and analysis.

EPRI, Research and Development Projects, November 1, 1979.
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68. Analysis of Sulfur Removal by Natural Sorbents in Texas
Lignite Ash During Fluidized Bed Combustion

Contractor: University of Texas at Austin
Principal Investigator: T.F. Edgar

Sponsors: Texas Energy Development Fund and
the University of Texas at Austin

Little is known about the amount of sulfur oxides produced during
combustion of Texas lignite over a wide range of operating temperatures and
coal compositions. A better determination of the SO emissions is re-
yuired to quantify the costs ot SUp control and the materials require-
ment. (mainly dolomite) for FBC. ' The goal of this project is to provide
combustion data under carefully controlled experimental conditions so that
such data can be analyzed for trends and the effects of coal composition
and bed operating variables.

White, David B. "Texas Lignite Technology Development Priorities Over
the Next Twenty-Five Years," Texas Energy Advisory Council, Report No.
79-03-03, March 15, 1979.

69. Pressurized Fluidized Bed Combustion Systems Analysis
Contractor: ' Burns & Roe
Sponsor: EPRI

The purpose of this project is to perform an engineering and
economic evaluation of three combined cycle FBC power plants, identifying
potential market penetration and development needs. The three concepts
will be chosen: from a reference combined cycle FBC, i.e., one of several
commercially developed systems; according to the criteria of minimal
technological risk, for which the results from projects in materials
selection and hot gas cleanup will be used; and from parametric studies
evdaluating the efficiency and technical feasibility of several advanced,
combined cycle, fluidized bed combuystors.,

EPRI, Research and Development Projects, November 1. 1979.-
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70. Environmental R&D Needs for-Advanced Energy Conversion
Technologies : ' ’

Principal Investigators: - W.C. Cain (EPA), C.E. Jahnig, ~
and H. Shaw (Exxon Research
and Engineering Company)

Sponsors: U.S. Environmental Protection
Agency (EPA) and Exxon Research
and Engineering Company

Environmental aspects of advanced energy systems have been analyzed
to identify R&D needs so that the necessary work can be planned and accom-
plished in a time frame consistent with their commercialization.

One of the major conclusions from the study is that advanced
steam cycles using pressurized fluid bed combustion (PFBC) as the heat
source offer significant economic advantages over all other cycles when
particulate removal requirements for turbine protection are relaxed. If
very stringent environmental standards are promulgated, then coal-derived
low heating value gas (LHVG) fueled combined cycle plants using gas tur-
bines or fuel cells may share the utility market with PFBC steam plants.

Cain, W.C., C.E. Jahnig, and H. Shaw. Environmental R&D Needs for Ad-
vanced Energy Conversion Technologies, U.S. Environmental Protection
Agency and Exxon Research and Engineering Company, August 1979.
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B.7 GASIFICATION

71. Advanced Fluidized-Bed Gasification Syétem
Contraéfor: " Westinghouse Electric Corporation
Sponsors: DOE and Industry |
- Period of Contract: 8/9/72 - present

The objective is to develop and demonstrate the feasibility of
the advanced fluidized-bed gasification process. for production of low- and
intermediate-Btu gases for a variety of applications including fuel for a
combined-cycle or fuel-cell power generation plant, industrial fuel gas,
and feedstock for chemical synthesis or SNG production.

Three series of successful tests were conducted with the PDU,
concentrating on gasifier reactor design and operation. The second series
of tests were conducted with air, steam, and a number of coals fed directly
to the gasifier without pretreatment. The coals were Wyoming subbitum-
inous, Indiana, and Pittsburgh. The first two tests resulted in the
production of low-Btu gas.

The single-stage, oxygen-blown .gasifier and the single-stage,
air-blown gasifier evaluation continue using a number of feedstocks. Tasks
are being initiated to study heat recovery, desulfurization, controls,
particulate collection and recycling, and related systems-oriented issues.

Fossil Energy Prqgram.Report, U.S. Department of Energy, Assistant Sec-
retary for Energy, December 1979. : ' '

72. Economic Evaluation of Integrated Retrofit of Boilers
and Combined Cycles with Gasifier
Ccontractor: Contract under negolialion
Sponsor: EPRI

The objective of this project is to develop cost estimates to
assess the economic benefit of the integrated retrofit of natural gas fired
boilers and ¢il-fired combined-cycle units, with medium-Rtu conal gasifi-
cation systems. The impact of the choice of 0y-blown gasification tech-
nology on the cost of the heat-integrated retrofit option will also be
determined. ‘ ' ‘ .

EPRI, Research and Development Projects, November 1, 1979.
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73. Development of a Reliability Prediction Methodology
for a Gasification Combined Cycle (GCC) Plant

Contractor: ARINC Research Corporation

Sponsor: | EPRI

This project will base its development of a methodology for
predicting GCC plant reliability on an analysis of the Texaco-based system.
A critical parts list, a failure modes and effects analysis (FMEA), and
other methods will be used to evaluate new elements, failure modes and
system reliability. Recommendations will be made -for methods of improving
reliability. ‘ ' :

Reference same as above.

74.  Exploratory Gasification System Support Studies'

Contractor: , Contract under negotiation
Sponsor: EPRI

The objective of these exploratory studies is to extend the range
of feed coals that can be economically processed and to enhance system
performance. Engineering and experimental studies will be designed to aid
in the understanding of coal behavior in gasifiers; to improve gasifier
performance, particularly for low-rank coals; and to develop components
that would improve the performance of gasification-based power systems.

Reference same as above.

75, Purification of the Products of Lignite Gasification
Contractor: Texas A&M University
Principal Investigator: Charles Holland (Chemical Engineeriﬁg)
Spbnsor:' -Texas;EnQineering Experiment Station,

Industry, and the Center for Energy
and Mineral Resources

The fundamental involved in two'separation processes for the

- purification of the gasification products are being investigated. The

first process, called COSORB, separated carbon monoxide from carbon di-
oxide, hydrogen, and hydrogen sulfide at ordinary temperatures and pres-
sures. The second process, called MEA (monoethanolamine) solvent ex-
traction, permits the separation of carbon dioxide from hydrogen and
hydraogen sulfide.
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76. Low-Btu Gas to Power Turbines and Diesel Engines
Contractor: | Texas A&M University
Principal Investigators: G. Hopkins, M. Boyce, T. Lalk

(Mechanical Engineering) and
W. Heffington (Engineering Design

Graphics)

Sponsors: Texas Engineering Experiment Station
and the Center for Energy and Mineral
Resources

~ It is not economical to pipe gasified lignite because of the Tow
energy .content per unit volume. Therefore, this gas should be used at or
near the generation site.

The first phase of this project will be directed at determining
basic combustion and corrosive characteristics of the gas by burning
actual or synthetic gas (with the same composition) in a special combustion.
facility constructed for this purpose.

If it is concluded from the test results that it is feasible
(technologically, economically and environmentally) to use gas turbines and
diesel engines for power production from low-Btu gas, additional research
efforts aimed at solving these problems will be identified.

Refer_e'nce same as above.

77. Mechanistic Coal Hydrogenation Studies with Radioactive Tracer
Contractor: Texas. ASM University
Principal Investigator: Yi-Noo Tang (Chemistry)
Sponsor: ' Texas Eneryy Development Fund

Employing radio-gas chromatographic techniques, the rolé of hy-
drogen in the hydrogasification of coal will be investigated. Mechanistic
studies of catalyzed coal hydrogasification will also be performed to
reveal whether the carbon atom in the catalyst has been .exchanged during
the reaction.

" Reference same as above.
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78. The High Temperature Winkler (HTW) Process

Contractor: Rheinische Braunkohlenwerke AG
(Rheinbraun)

Sponsor: | Federal Minister for Research and
Technology

The purpose of this study is to operate a fluidized bed at higher
pressures and temperatures than have been considered for comparable types
of coal in a Winkler-type gasifier.

The use of low-rank coals in the HTW .system may require special
attention due to possibly Tower ash fusion temperatures. Although this is
also a consideration for other coals, low-rank coals may require especially
high additions of refractory agents such as limestone. Additional prob-
lems with low-rank coals due to higher temperature and pressure operations
are not anticipated.

Franke, F.H., E. Pattas, and W. Adlhoch. First Experimental Results
on Operation of the High Temperature Winkler Process in a Semi Technical
Plant, presented at the Tenth Biennial Lignite Symposium, Grand Forks,
North Dakota, May 30-31, 1979.

79. Economics of Current and Advanced Gasification Processes

Contractor: Fluor Engineérs and Constructors, Inc.
Sponsor: , . EPRI

This project with Fluor. Engineers and Constructors, Inc., provides
for preliminary engineering and economic evaluations of a variety of coal
gasification processes (Report No. EPRI 239-1, January 1975) and of the use
of these processes for production of low- or intermediate-Btu fuel gas
(Reports No. AF244, July 1976 and No. AF782, May 1978) and for integrated
gasification-combined cycle (GCC) power generation (Reports No. AF642,
January 1978; No. AF753, ‘April 1978; and No. AF930, October 1978). A study
has been completed of the effect of stringent sulfur removal requirements
on the cost of a Texaco based GCC plant (Report No. AF916, October 1978).
Ongoing economic studies include: evaluations of molten carbonate fuel
cell CC systems, using a Texaco or BGC/Lurgi gasifier; comparisons of
Texaco and Lurgi based STEAG CC systems with a Texaco based GCC, which
contains a conventional 19800F gas turbine; cost estimates for methanol
coproduction in a Texaco based GCC plant; and updating all previous ec=
onomic studies to mid-1978 dollars.

EPRI, Research and Development Projects, November 1, 1979.
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80. . Fast Fluid Bed Process
Contractor: Hydrocarbon Research Inc.
Sponsor: : ‘DOE

In this process, -20 mesh coal is fed into the lower section
of the gasifier. The incoming coal is mixed with char feed from a compari-
son slow-bed gasifier at a rate of ten parts char to one part feed coal.

-An -operating temperature of 17000F has been applied for an
Eastern bituminous coal feed. These temperatures will be increased with a
variety of coals. The higher reactivity fo low-rank coals makes their use
desirable in this process. The low ash fusion point of low-rank coals may
limit the reaction temperature when these coals are gasified.

Fossil Energy Program- Summary Document, U.S. Department of Energy, Docu-
ment -No. DOE/ET-0087, March 1979. '

81. Coal Gasification Systems Analysis
Contractors: See Below
Sponsor: EPRI

This project provides for engineering and economic assessments
of various gasification concepts and of the performance of -novel power
cycles integrated with gasification systems. A preliminary engineering
design and cost estimate for the construction of a 100-MW Texaco-based
gas1f1cat1on combined-cycle power plant at Southern California Edison
Company's cool water site was performed by the Ralph M. Parsons Company;
Final Report No. AF880, August 1978. The performance potential of novel
power cycles, e.g., nOnsteam bottomed cycles, integrated with gasification
plants has been evaluated by United Technologies, Westinghouse Electric
Corporation, and General Electric Company. Results are given in Final
Report No. AF992, February. 1979, and Final Report No. AF1160, April 1979.
The effects of the system confiquration on the performance of gas1f1cat1on-
combined-cyle power plants are now being determined.

Reference same as above.

82. Coal Gasification: Duluth Campus Heating Plant
Contractor: Univérsity of Minnesota
Principal Investigator: Warren Soderberg
Sponsor: DOE

This project entails an investigation of a state-of-the-art gasi-
f1cat1on system with the heating plant on the University campus. Using
Wyoming coal, full- and partial-load performance tests are conducted on the
gasifier 'and boiler operation. Short duration tests are performed on
alternate subbituminous coals and lignite.

University Contracts Summary Book, Fossil Energy, U.S. Department of
Energy, December 1979.
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83. HYGAS

Contractors: Institute of Gas Technology
and Procon, Inc.

Sponsor: DOE

The HYGAS process was developed by the Institute of Gas Technology
in the late 1960's under American Gas Association and 0ffice of Coal
Research sponsorship. A pilot plant operation of a 75 TPD system began in
1974 and is presently in operation. The HYGAS process is one of three
selected for the design of a high BTU gas demonstration plant sponsored by
DOE. '

A conceptual design for a commercial scale demonstration is now
being completed by Procon, Inc. for construction consideration. The HYGAS
process has the advantage of having been tested with a variety of coals,
from lignite to subbituminous to bituminous coals. The use of Tow-rank
coals may prove to be advantageous in the HYGAS process. Their higher
reactivity may reduce the amount of carbon Tlost in the ash withdrawal
stream. However, the tendency for dried low-rank coals to reabsorb mois-
ture may limit solids content in slurry line.

Hartman, H.F., et al. Low-Btu Coal Gasification Processes, Volume 2,
Selected Process Descriptions, ORNL/ENG/TM-13V2, November 1978.

84. Slagging Fixed-Bed Gasification

Contractor: Grand Forks Energy Technology center
Sponsor: ‘ DOE
Period of Contract: 10/1/76 - present

' The major objectives of this project are to test a selection of
both low-rank Western coals and agglomerating Eastern bituminous coals to
determine differences in operating characteristics, .product yield, and
effluent analysis; to develop a detailed environmental assessment of the
slagging fixed-bed gasification process, including characterization of both
gaseous and liquid effluents; to test scaleable process simulations for
treatment of tar-water effluents; to determine operating limitations on
- moisture and particle size for the coal feed; and to provide a source of
coal-specific gasifier products and wastes for experiments on use or
disposal.

The GFETC slagging fixed-bed gasifier is the only. operable unit
of its type in the United States. Recent objectives have been based on the
existing short-duration test capability on nonagglomerating low-rank coals.
Four different coals have been tested. Successful runs were achieved on
two lignites, including one test of 25-hr duration. Limited success was
achieved on a subbituminous coal. Slagging operation was established on
- a high-moisture content (40+ percent) lignite, but could not be maintained
because of the excessive heat loss required to evaporate the moisture.

Fossil Energy Program Report, U.S. Department of Energy, Assistant Sec-
retary for Fossil Energy, December 1979. : S
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85. Evaluation of Environmental Controls for Coal Conversion

Processes

Contractor: Oak Ridge National Laboratory
Sponsor: DOE

Period of Contract: 7/1/71 - continuing

Work in this program was limited to low-Btu coal gasification
processes. Technical evaluations and cost estimates for 25 selected
environmental control processes were made, and economic evaluations of
cight conceptual low-Btu gasification plants were performed. The eight
conceptual plants were selected on the basis of the following parameters:
four coals from significant coal regions of the Unitced States - West
Virgina (hvA bituminous), I11inois (hvC bituminous), Wyoming (subbi-
tuminous), and Texas (lignite); four representative gasifiers - Wellman-
Galusha, Lurgr (dry-ash bottom), u-Gas, and Babcock & Wilcox; four nominal
plant. capacities: 200, 2000, 5000, and 10,000 t/day; and four possible
plant locations: Chicago, Houston, Pittsburgh, and Salt Lake City. '

A similar evaluation of the application of potential environ-
mental control processes for coal liquefaction plants is proposed. Such an
evaluation should yield the costs/benefits of providing the necessary
environmental control processes to produce clean liquids from coal in an
environmentally acceptable manner. ‘

Reference same as above.

86. U-Gas (Ash Agglomerating Gasifier)
Contractor: Institute of Gas Technology

Sponsors: American Gas Association and
. the 0ffice of Coal Research

The U-Gas gasifier is not commercially available, however a
demonstration-plant program is underway to establish the technical and
economic feasibility of the process. Some uncertainty still exists con-
cerning the viability of the full scale unit, since complete sets of pilot
plant data are not yet available.

Highly reactive low-rank coals may be more desirable than others,
because of the tendency to produce unreacted carbon. Because low-rank
coals do not display caking characteristics, pretreatment will not be
required. While the high moisture of these coals may affect the flow of
crushed coal in freezing weather, it will not be detrimental to gasifier
operation.

Patel, J.G. and D. Leppin. The U-Gas Process, presented at the Sixth
Annual International Conference on Coal Gasification, Liquefaction and
Conversion to Electricity at the University of Pittsburgh, July 31-
August 2, 1979.
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87. Wellman-Galusha Gasifier

Contractor: DOE Morgantown Energy Technb]ogy
Center (METC)

Sponsbr: DOE

The METC is performing a pilot plant test program with a Wellman-
Galusha gasifier. The Wellman-Galusha coal gasification process was first
used commercially in Germany in 1941 and is currently licensed by the
McDowell-Wellman Engineering Company of Cleveland, Ohio.

A tar combustor and novel wastewater evaporator are being added
during 1980. This gasifier has a high fuel inventory due to the fixed bed
design providing for greater safety and a high turndown ratio.

Low-rank coals have some characteristics which may affect their
performance in the Wellman-Galusha gasifier. The high moisture level in
some low-rank coals could cause problems in handling crushed coal, reducing
the temperature of the gasifier effluent. Temperature control and addi-
tional steam injection may be required for those coals having ashes with
lowering softening points.

Solid Fuels for U.S. Industry, Volume II, Coal Resource, Transportation

Technology by Cameron Engineers, February 1979.

88. Entrained Flow, Atmosbheric Pressure Gasifier
Contractor: : Combustion Engineering, Inc.
Sponsor: Office of Coal Research

Combustion Engineering, Inc. proposes an entrained flow, atmos-
pheric pressure gasifier to produce low-Btu gas for electric power gener-
ation. =~ Conceptual design studies were initiated in 1972 to develop a
gasifier, the design of which was funded 1in 1974 by the Office of Coal
Research to be part of a 120 TPD pilot plant. The pilot plant was com-
pleted in December 1977, and is now in operation.

The higher reactivity of low-rank coals may be an important factor
in attaining high single pass carbon conversions, limiting the amount of
char recycle required. Because pulveriz2i coal is the required form of
coal feed, Lhe fines producéd in operation witl Tow-rank coals do not
present a problem.

Hartman, H.F., et al.  Low-Btu Coal Gasification Processes, Volume 2,
Selected Process Descriptions, ORNL/ENG/TM-13V2, November 1978.

-105-



89. Dilute-Phase Hydrogasification Process

Contractor: . Pittsburgh Energy Technology Center
Sponsor: DOE
Period of Contract: - 1968 - present

Primary experimental efforts were made in parametric tests using
lignite and subbituminous coal to determine optimum test conditions and
provide a design data base for process analysis. Operation with both
lignite and subbituminous coal at 500 psig resulted in an 18 percent
decrease in carbon conversion when compared to 1000 psig tests. In ex-
periments where hydrogen/coal ratio was varied at constant coal-feed rate,
both conversion and methane yield varied direclly with hydregen/coal ratio
for both test coals. The variation of carbon conversion with hydrogen/coal
ratio was nearly the same for lignite and subbituminous coal; however,
methane yield showed a greater variation with hydrogen/coal ratio for
lignite than for subbituminous coal. Data were obtained in a contracted
study on the gasification rates for chars from lignite and I11inois No. 6
coal in stream, steam/hydrogen, and steam/hydrogen/carbon dioxide/carbon
monoxide gas mixtures. At nearly all test conditions, lignite char gas1-
fied at a faster rate than I11inois No. 6 char.

Studies continue with operation of the 10 to 50 1b/hr hydrogas-
ifier to obtain reactor design data using both caking (I1linois No. 6
coal) and noncaking (North Dakota lignite) feedstock.

Fossil Energy Program Report, U.S. Department of Energy, Assistant Sec-
retary for Fossil Energy, December 1979.

90. Exxon Catalytic Gasification
Contractor: Exxon Research and Eng1neer1ng
' Company
Spunsor; DOE

Since 1968, the Exxon Research and Engineering Company has been
developing the Catalytic Coal Gasification process to substitute natural
~gas. Ihe process 15 still In o developuental state. Technically and
économically, dadeyuate catalyst recovery must still be achieved. The
chemical composition of low-rank coal ash may have a different effect on
catalyst activity or recovery than that associated with higher rank coals.
"Higher ash contents present in some low-rank coals may increase the diffi-
culty of catalyst recovery because of the higher volume of inert material
requiring processiny. ’

Gallagher, J.E.  and C.A. Euker, Jr. Catalytic Coal Gasification for SNG
Manufacture presented at the Sixth Annual International Conference on
Coal Gasification, Liquefaction and Conversion to Electricity, at the
University of P1ttsburgh July 31-August 2, 1979.
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B.8 LIQUEFACTION

9%. Exxon Donor Solvent Coal Liquefaction Process
Contractor: Exxon Research and Engineering Company
Sponsors: DOE, The Carter 0il Company, Electric

Power Research Institute, Japan Coal
Liquefaction Development Company,
Phillips Petroleum Company, Atlantic
Richfield Company, Ruhrkohle, A.G.

Period of Contract: 1/1/76 - 12/31/82

The Exxon Donor Solvent (EDS) coal liquefaction process produces
distillate fuels from a wide range of coals. Successful process develop-
ment represents a major contribution to the emerging coal liquefaction
technology and is based on laboratory and engineering R&D efforts inte-
grated with the operation of a 250 t/d coal liquefaction pilot plant.

Efforts verified that the EDS process can be applied to a wide.
variety of coal types including bituminous, subbituminous, and Tlignites.
The younger subbituminous coals and 1ignites were found to be more diffi-
cult to process. The bituminous coals give total Tiquid yields (from
liquefaction and Flexicoking) in the 43 to 45 percent range, the subbi-
tuminous coal about 40 percent, and the lignites 33 to 36 percent. Yields
have potential for being increased using process improvements under in-
vestigation. The difficulty of processing younger coals is reflected
in the viscosities of coal liquefaction bottoms derived from the various
coals. The viscosities of the bottoms from the younger coals were found to
be higher than from bituminous coals. Generally, these higher viscosities
can be reduced with somewhat longer liquefaction reactor residence times
under typical EDS conditions. The high calcium content of the younger
coals has Ted to the formation and deposition of calcium carbonate in the
liquefaction reactor in the form of wall scale and oolites, which were
first observed in German operations. Methods for effective control of
these deposits in the liquefaction system were investigated. . One method of
control is to use solids withdrawal from the liquefaction reactor coupled
with strainers upstream of critical equipment. In addition, reactor
cleaning. by chemical means during normal reactor turnarounds would be used
to ensure the required onstream time. This concept for calcium carbonate
control is to be demonstrated in the 250 t/d pilot plant during operations
on a subbituminous coal. Another method of calcium carbonate control is
pretreatment of coal with SOp to render the calcium innocuous as calcium
sulfate. The mechanical method of controlled scaling is the preferred
method because of its simplicity and more favorable economics, but S0p
treatment is a-viable alternative if needed. :

Functional plans providing a means with which to gauge project
accomplishments and stewardship have been formulated, and include a Wy-
oming coal study design, to be completed by FY 1980.

Fossil Energy Program Report, U.S. Department of Energy, Assistant Sec-
retary for Fossil Energy, December 1979.
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92. H-Coal

Owner/Designer: ‘ Ashiand 0il Co. & Hydrocarbon Research

Inc.
Construction: Badger Plants
Sponsors: DOE., EPRI, Ashland 0il Inc., Standard

0i1 of Indiana, Conoco Development Co.,
Commonwealth of Kentucky

Years Operation: H-Coal Project began in 1965; pilot
plant construction began in 1977

The H-111 Process was originally developed by Hydrocarbon Research
Inc. (HRI) to convert heavy o0il residues to lighter fractions. H-Coal, an
extension of the H-0i1 Technology, is a catalytic hydroliquefaction pro-
cc3s which converts coal to cither a boiler fuel or a refinery syncrude.

The DOE H-Coal pilot plant is scheduled for start up in 1980.
Although the reaction temperature is similar, the reaction pressure is
notably higher for subbituminous versus bituminous coal. Yields of CO2
and Hp0 are also higher for the low-rank coal, due to the higher initial
moisture content of the feedstock.

International Coal Technology Summary Document, prepared by the U.S.
Department of Energy with the assistance of TRW Energy System Planning
Division, December 1978.

93. The Relation of Coal Characteristics to Liquefaction
Behavior .
Contractor: Pennsylvania State University
Principal Investigator: P.H. Given
Sponsor: DOE

The objective of this study is to predict differences in yields,
compositions, and other properties of liquefaction products from laboratory
characterization of coal feedstocks. One of the seven phases is to evalu-
ate those properties of low-rank coals which determine their behavior in
liquefaction. The mechanisms of hydrogen transfer from a donor solvent to
coal will be defined in order to provide scientific bases for the empirical
correlations.

University Contracts Summary Book, Fossil Energy, U.S. Depértment of
Energy, December 1979.
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94. Coal Liquefaction Research

Contractori University of California, Berkeley
Principal Investigator: "H. Heineman (Materials and Molecular
Research)

Sponsor: DOE

This project involves an investigation of methods which would
simplify the upgrading of coal liquids, by eliminating complex equipment
and reducing hydrogen consumption. The hydrogen transfer between solvent
and coal will be studied. The sources of incompatibility between coal
liquefaction products and petroleum fractions will be evaluated, so that
better blending of these products can take place.

White, David B. "Texas Lignite Technology Development Priorities Over

the Next Twenty-five Years," Texas Energy Advisory Council, Report No.
79-03-03, March 15, 1979,

95. Effect of Solvent Characteristics on Wyodak Coal

Liquefaction
Contractor: University of wyoming

Principal Investigators: H. Silver and R. Hurtubise
(Chemical Engineering)

Sponsor: DOE

The purpose of this study is to investigate the effect of sol-
vent characteristics on coal conversion, asphaltene formation, and nitrogen
removal in hydrogenation of Wyodak coal (A Wyoming subbituminous coal).
The liquid products obtained from Wyodak coa] “hydrogenation will be chemi-
cally characterized.

‘University Contracts Summary Book, Fossil 'Energy, U.S. Department of
Energy, December 1979. :

9. Mechanisms and Kinetics of Coal Hydrogenation
Contractor: Colorado School of Mines

Principal Investigators: J.H. Gary and R.L. Bain
(Chemical Engineering)

Sponsor: DOE

This study will include an investigation of mild hydrogenation
processes for producing a low sulfur, Tow nitrogen boiler fuel from coal.
The second phase of this project entails evaluation of the kinetics and

mechanisms of coal liquefaction in a pure donor solvent and a coal-derived
. solvent using batch stirred reactors.

Reference same as ahove.
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97. Application of Liquefaction Processes to Low-Rank Coals

Contractor: Grand Forks Energy Technology Center
Sponsor: DOE
Period of Contract: 10/1/76 - cbntinuing

Liquefaction research is being performed to obtain basic scientific
and engineering data on the liquefaction behavior of Western and Gulf Coast
low-rank coals and to establish a data base necessary to apply major
developing processes to these distinctly different coals. Work is being
carried out both in-house and through satellite contracts with the Uni-
versity of North Dakota (UND). The project retains some emphasis on the
previous C0-Steam work; however, increased emphasis will he placed an
maximization of distillate product yield through operations at increased
reactor temperatures and reduced residence times.

A hydrogenated lignite-derived recycle solvent will be prepared and
tested in the continuous process  unit operating as a CSTR. At least one
extended run employing "batchwise" recycle of product slurry to line-out
will be performed in the CSTR mode. The CSTR will then be replaced by a
tubular reactor with near-plug flow. Followup work with the tubular
reactor will involve systematic investigation of reducing the gas-to-coal
ratio, residence time distributions, and temperature. Pressure reduction
and moisture effects will be studied by partially dewatering the lignite
under conditions that avoid deactivation. "Batchwise" product slurry
recycle to steady-state will be investigated at near-optimum conditions.
The effect of residence time distribution and level of turbulence will be
studied, employing continuous recycle of part of the product slurry stream
around the reactor. Studies will be initiated .on use of the new field-
desorption source for the mass spectrometer to characterize heavy products
having high molecular weights. New analytical procedures will be studied
for determination of organic functional groups and the basic carbon frame-
work of Tliquefaction products. Gel permeation chromatography will be
further examined as a technique to determine steady-state solvent charac-
teristics for .recycle runs.

.Fossil Energy Program Report, U.S. Department of Energy, U.S. Department
of Energy, Assistant Secretary for Fossil Energy, December 1979.
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98. The SRC Process (Solvent Refined Coal)

Contractor: Pittsburgh and Midway Coal Co.

Sponsor: ) Office of Coal Research

Years Operation: SRC began in the 1920's in Germany
U.S. work began in 1966 and continues
today :

The primary purpose of the SRC-I process is to produce a low-
sulfur, low-ash solid fuel. The SRC-II process was developed as an exten-
sion of the first, to operate at higher reactor temperatures, with slurry
recycle, thus promoting greater hydrogen addition to the feedstock and
producing a substantial yield of ‘liquid, rather than solid product.

Two pilot plants are currently in operation, one a 50 TPD unit at
Ft. Lewis, Washington, and the other 6 TPD plant at Wilsonville, Alabama.
The Ft. Lewis work has generated data which will provide the design basis
for planned demonstration plants for solid and/or 1liquid products. The
Wilsonville pilot plant has provided supplemental screening of various
coals and produced improvements in solid-liquid separation techniques.
Supporting research at various facilities rounds out the SRC development
effort.

Pilot plant problems with lignite operation concerned solvent
balance and accumulation of solids in the dissolver. The effectiveness
. of the solvent as measured by lignite conversion was reduced if light oil
(<4000F) was recycled.

Fossil Energy Research Program of the Energy Research and Development
Administration, FY 1978, ERDA 77-33, April 1977.

99. Liquefaction Applications Using Synthesis Gas
Designer: - Pittsburgh Energy Research Center,
Grand Forks Energy Technology
Center
Sponsor: - U.S. Bureau of Mines

The CO-Steam concept was initially studied at the Pittsburgh
Energy Research Center under the U.S. Bureau of Mines and developed further
by the Grand Forks Energy Technology Center specifically for coals of high
moisture contents and high reactivities; i.e., low-rank coals. Due to the
high reactivity of these coals, with "carbon monoxide, synthesis gas is
indicated to be the preferred reducing gas in place of hydrogen. S
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Recent emphasis has moved towards distillate products as a means
of avoiding problems of ash-solids separation. The optimization of distil-
late yield will present a balance bewtween the depolymerization of heavy
ends and the coincident formation of gaseous products. Research will
continue on improving the breakdown of high molecular weight lignite
structures with recycle and high temperature techniques.

Fossil Energy Research and Development Program of the United States De-
partment of Energy, FY 1979, DOE/ET-0013 (78), March 1978, 476 pp.

100. Disposable Catalyst Hydrogenation

Designer: ' Pittsburgh Energy Technology
Center
Sponsor: DOE

This disposable catalyst hydrogenation process is part of the
DOE's Third Generation Processes Program. The process employs inexpensive
single pass catalysts, avoiding costly catalyst recovery and regeneration
steps. A sulfur-free fuel o0il is produced. The major emphasis in the
ongoing research is catalyst selection. During 1980 promising leads are
being further pursued in the laboratory and larger scale testing will be
intensified.

The effects of low-rank coals in the disposable catalyst hydro-
genation process are expected to be similar to those in other liquefaction
systems. When the catalyst selection is made, compatibility with the
mineral matter present in low-rank coals must be guaranteed. "

Fossil Energy Program Summary Document, U.S. Department of Energy, Docu-
ment No. DOE/ET-0087, March 1979.

101. Direct Liquefaction of Wyoming Subbituminous Coal
Contractor: : Contract under negotiation
Sponsor: EPRI

Using Wyoming subbituminous coals in coal liquefaction processes
has resulted in unpredictable and nonreproducible coal conversions, product
distributions, and hydrogen consumptions. The objective of this project is
to characterize the properties of Wyoming subbituminous coal and to cor-
relate the composition and properties of the coal with its behavior during
liquefaction. From this research, operating strategies for reliable lique-
faction of varieties of this coal will be developed.

EPRI, Research and Development Projects, November 1, 1979.
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102. Process‘Engineering Evaluation of Major Coal Liquefaction

Processes

Contractor: - Stone & Webster Engineering
Corporation

Sponsor: EPRI

The objective of this project is to evaluate the leading coal
liquefaction processes on a consistent economic basis. Opportunities for
improvements in process design and economics will be identified, and the
effects of various financing methods on product costs will be assessed. As
well as evaluating the EDS, H-Coal, and SRC-II liquefaction processes,
parallel economic studies will be made on methanol production.

Reference same as above.

103. The Chemical Characterization of Texas Lignites
Contractor: - Texas A&M University
Principal Investigators: Ronald MacFarlane and

Ralph Zingaro (Chemistry)
Sponsor: . Texas Energy Development Fund

Lignite is primarily used as a fuel, however it is also a po-
tential feedstock for the chemical industry. For this reason, a study is
being performed to learn more about the chemistry of lignite. Using liquid
sulfur dioxide, hydrogenated coal o0ils (Synthoil) are extracted at Tlow
temperatures. Dimethyl sulfoxide (DMSO) is also used as a solvent for raw
lignite. The soluble material is being separated into various fractions
which will be subjected to careful chemical characterization.

White, David B. "Texas Lignite Technology Development Priorities Over

the Next Twenty-five Years," Texas Energy Advisory Council, Report No.
79-03-03, March 15, 1979.
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104. Underground Liquefaction of Lignite

Contractor: -Texas A&M University-
Principal Investigator: R,G.'Anthony (Chemical Engineering)
Sponsors: Dow Chemical USA, the Texas Engineering

Experiment Station, and the Center
for Energy and Mineral Resources

The objective of this project is to determine the feasibility
of mining lignite by physical and chemical methods. The basic idea is to
chemically comminute the 1lignite in place and then slurry the lignite
part1clcs to the surface. The major advantage of underground liquefaction
is Lhal a hiyh Btu vil-slurry would be produced which can be econ0m1ca11y
stored or transported considerable distances.

fhe: lignite would be comminuted by one of two methods. The first
is comminution by a solution of caustic. The second is the injection of a
hot-hydrogen-donor solvent. and hydrogen into the lignite formation to
simultaneously comminute and liquefy the lignite.

An apparatus is being constructed which can be used to more close-
ly stimulate in situ solutions mining. Lignite will be packed in a tube
and hot solvent and hydrogen will be passed over the lignite. The tube
will be operated adiabatically. This apparatus is currently being tested
for leaks. Reaction conditions used in the autoclaves which have yielded
successful results will be examined in this system.

Reference same as above.

105. Application of Liquefaction Processes to Low-Rank Coals

Contractor: University of North Dakota
Sponsor: DOE
Period of Contract: 6/1/78 - present

The catalytic effect of the diverse mineral content tound in
Western and Gulf Coast lignites and subbituminous coals, and the prog-
ressive conversion of heavy organic liquids and solids in successive passes
through a reactor -are being investigated. The mineral matter of these
coals is believed to catalyze liquefaction reactions. These properties
have important effects on coal reactivity, including autocatalytic ac-
tivity, hydrogen or Syngas requirements, product yields and quality,
processability, and catalyst life; however, these effects are sufficiently
well defined to predict their impacts on process design in applying lique-
faction technology to these distinctive coals. Therefore, research di-
rected specifically at the low-rank Western and Gulf Coast coals is re-
quired.
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Experiments are being conducted to establish rates and product
distribution from several liquefaction solvents. Two solvents are being
chosen for subsequent tests aimed at determining the catalytic effects of
diverse mineral matter in 11 different low-rank coals.

Fossil Energy Program Report, U.S. Department of Energy, Assistant Sec-
retary for Fossil Energy, December 1979.

106. Zinc-Halide Hydrocracking Process for Distillate Fuels
from Coal
Contractor: Conoco Coal Development Company
Sponsors: , DOE and Conoco Coal/Shell

Development Company

The objective is the further development of the zinc-halide process
‘to produce clean gaseous and liquid fuels from coal, with particular
“emphasis on gasoline. The work 1is to include continuous bench-scale and
process development unit investigation of zinc halide as a catalyst for the
hydrogenation -and hydrocracking of coals and coal extracts, and development
of an economical regeneration process for the efficient recovery of zinc
halide from the spent melt.

The liquefaction of Colstrip subbituminous coal with molten
zinc-chloride catalyst was successfully extended in one stage to 4400C
without significant increase in heavy products. Using two stages, it was
shown that a 496°C second stage at 2500 psig was operable and could con-
vert .70 percent of the organics remaining from a first stage with 74 per-
cent coal conversion (MAF). Colstrip coal contains approximately 35 per-
cent petrographic inerts, and thus yields about 20 percent lower conversion
to liquid than bituminous coals at the same conditions.

Batch Tliquefaction tests have shown that yields from conversion
of subbituminous coal with zinc chloride can be reduced if the coal is
crushed and dried in hot gases containing as much as 6 percent oxygen. An
economic study is underway to compare direct feeding of SRC to zinc-chlor-
ide hydrocracking. '

Reference same as above.
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B.9 PYROLYSIS

107. Pyrolysis of Hot Solids from a Fluidized Bed Combustor

Contractor: Massachusetts Institute of
Technology

Principal Investigator: J. Longwell (Chemical Engineering)

Sponsor: DOE

The purpose of this prngprf is tn determine the operating charac-
teristics and assess the economic feasibility of directly producing gaseous
and liquid fuels, by means of coal pyrolysis. Two different coals will be
evaluated in the study, one with a high sulfur content, the other with Tow
sulfur content. Global kinetic models and correlations will be developed
for the yields ot the pyrolysis products.

University Contracts Summary Book, Fossil Energy, U.S. Department of
Energy, Assistant Secretary for Foss11 Energy, December 1979.

108. Process to Produce a Metallurgical Formhed Coke
Operators: Food and Machinery Company: (FMC)
and the United States Steel
Corporation

A Wyoming subbituminous coal is the feedstock for this process
to produce a metallurgical formed coke. The first step involves the
production of a low-temperature char.

LoWry, H.H., (Editor). Chemistry of Coal Utilization - Supplementary
Volume, John Wiley & Sons, Inc., New York, 1963.

109. COED (Char-0il-Enerqy Development)

Designer: FMC Corporatfon (Food and

' Machinery Corporation)
Spunsor: O0ffice of Coal Research (OCR)
Date Initiated: 1962

Project COED is- a process for converting coal to char, oil, and
gas by reacting the ¢oal in a mu1ti—stage, fluidized bed system. Over
20,000 tons of coal have been processed in the pilot plant, including
high-volatile bituminous coals from Colorado, Utah, I11linois, and Kentucky;
subbituminous coals from Wyoming; and lignite from North Dakota. Reliable
operation of the four fluidized beds with the transfer of solids and gases
between them was demonstrated over a variéty of processing conditions. The
36 TPD pilot plant has been operated since August 1979.
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N : e
Considine, D.M., (Editor). Energy Technology Handbook, McGraw-Hill Co.,
New York, 1977. '

Evaluation of Coal Conversion Processes to Provide Clean Fuels, Part
II, University of Michigan, PB-234-203, Electric Power Research Insti-
tute, February 1974.

110. The Toscoal P}ocess

Designer: The 0il1 Shale Corporation
(Toscoal)

The Toscoal process is an offspring of the Tosco Il oil-shale
retorting process devloped by The 0il Shale Corporation. The. Toscoal
process objective is to upgrade the low heating value of coal, especially
low-sulfur western coal, through pyrolysis.

" Tests have been conducted on a Wyoming subbituminous coal in
the Toscoal 25 TPD pilot plant. The chars produced from subbituminous
coals in the temperature range of 8000 to 1000°F are relatively reactive
and require care in storage and transportation to avoid spontaneous
ignition.

Considine, D.M., (Editor). Energy Technology Handbook, McGraw-Hill Co.,
New York, 1977.

, v
Fowkes, W.W., C.M. Frost, J.J. Hoeppner, W. Beckering, P.G. Freeman,
and R.W. Youngs. An Examination of Low-Temperature Tar from a North
Dakota Lignite; U.S. Bureau of Mines, RI 5813, 1961, 27 pp. '

111. Garrett Flash Pyrolysis

Designer: Garrett Research and Development Co.
(a subsidiary of Occidental Pctrolcum
Corporation)

Date Initiated: 1969

This process, developed to produce liquids and gases, is based
on the concept of partial gasification in which direct yields of methane
and other hydrocarbons are obtained by rapid pyrolysis of coal. The
objectives of the rapid heating is to minimize the production of gas. A
Western subbituminous coal 'has been used as the feed to this process, and
product yield data are available.

Evaluation of Coal Conversion Processes to Provide Clean Fuels, Part II,
University of Michigan, PB-234-203, Electric Power Research Institute,
February 1974.

Smith, Howard I., and ‘G.J. MWerner. Coal Conversion Technology, Noyes
Data Corporation, Park Ridge, N.J., 1976.
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112. Fluidized Bed Pyrolysis of L1gn1te to Produce Liquids,
Gas and Char

Contractor: University of Houston
Principal Investigator: Amir Attar
Sponsors: Texas Energy'Development Fund

and the University of Houston

This project will investigate a pyrolysis process which takes
advantage of the high volatility and other special properties of Texas
lignite to produce clean gaseous fuel, clean liquid fuel, and clean burn-
ing char from the lignite. The objectives of this study are to scale-
up the experimental systcm and to produce additional data which are needed
for a detailed economic evaluation of the process. (On the hasis of this
cvaluation; dccisiona of the feasibility of lignile pyrulysis In this or
ulher similar processes can be made.

White, David B. “Texas Lignite Technolody Uevelopment Priorities Over
the Next Twenty-five Years," Texas Energy Advisory Council, Report No.
79-03-03, March 15, 1979.

113. Australia
Operator: - . CSIRO

The Australian company CSIRO is scheduled to begin pilot plant
operations in 1980 for a flash pyrolysis process using no hydrogen or
catalyst. Laboratory test units are presently being conducted on fluidized
and entrained bed reactors operating at 0.5 TPD. The primary product from
the plants will be char. The full scale plant is slated for 1985 start-up.

Considine, D.M., (Editor). Energj TechnoTogy Handbook, McGraw-Hill Co.,
New York, 1977.

114. Basic Studies of Coal Pyrolysis and Hydrogasification

contractor: Massachusetts Institute of
Technology

Principal Tnvestigator: J.B. lloward (Chemical Engineering)

Sponsors: A National Science Foundation (NSF)
and DOE .

The objective of this study is to perform small-scale experiments
on the pyrolysis and hydrogasification of coal in both captive-batch and
entrained flow reactors. These tests will allow for the analysis of
parameters affecting the yield of 1ight hydrocarbon gases, o0il, liquid,
tar, and char. A Pittsburgh b1tum1nous coal and a dried Montana lignite
will be investigated.

Uhiversity Contracts Summary Book, Fossil Energy, U.S. Department of
Energy, December 1979.
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B.10: BASIC RESEARCH

115, Novel Approaches to a Study of the Fundamental Organic Chemisfry

of Coal
Contractor: Texas A&V University
Principal Investigators: C.S. Giam and Tom Goodwin
’ (Chemistry)
Sponsors: DOE and the Center for Energy

and Mineral Resources

The study is in the initial stages utilizing novel organochemi-
cal reagents and reactions to probe the basic structural and chemical
features of Texas lignite. These procedures attempt to capitalize upon
supposed similarities in the structures of 1lignin (a wood polymer) and
lignite. The latest methods of product isolation (including high pressure
liquid - chromatography) and structure proof (e.g., Fourier transform 13¢
nuclear magnetic resonance spectroscopy and high resolution gas chroma-
tography/mass spectrometry) will be employed to deduce the identity of
degradation fragments. '

White, David B. "Texas Lignite Technology Development Priorities Over
"~ the Next Twenty-five Years," Texas Energy Advisory Council, Report No.
79-03-03, March 15, 1979.

. 116. Thermodynamics Studies on Coal Conversion Processes

Contractor:- Bartlesville Energy
Technology Center

Sponsor: DOE

Period of Contract: 1/75 - continuing

Heat capacities were measured by means of differential scanning
calorimetry for six chars - a Hygas process char; a COED process char; and
four chars obtained from GFETC, two derived from lignite gasification and
two from gasification of bituminouss coal. Heat capacities also were
measured for a syncrude derived from Western Kentucky coal and its distil-
lation fractions, for distillation fractions from syncrude derived from
West Viriginia and Utah c¢oals, and for distlillates derived frum Lhe H-Coal
and Conoco Development Company (CDC) processes. Heats of combustion were
measured for sets of distillation fractions derived from the H-Coal and CDC
processes. :

Heat capacities, heats of<combustion, and hydrogen solubility
will be measured for selected fractions derived from the SRC II process
and the HRI process.

Fossil Energy Pfogram Report, U.S. Department of Ehergy, Assistant 'Sec—
retary for Fossil Energy, December 1979. ~
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117. Continuous Real Time Assay of Coal

Contractors: Science Applications, Inc. and
McNally-Pittsburgh, Inc.

Sponsor: _ - EPRI

The overall objective is the development of an instrument to
continuously analyze coal in the dry state, with minimized time delay,
providing information on composition including Btu content, sulfur, and
ash. It would be suitable for field utility use, e.g., in slurry . pipe-
lines, coal bunkers and dry feed systems, and would allow significant
operating cost savings through improved coal quality control. This proj-
ect is directed toward: (1) determining what practical level of resn-
lution and accuracy for coal composilion in Lhe dry slale vdan be achleved,
(2) adapting neutron activation techniques for monitoring mass, thick-
ness or elemental composition to coal assay; and (3) defining the costs
of achieving compatibility between the detector instrumentation and coal
handling hardware.

EPRI, Research and Development Projects, November 1, 1979,

118. Analysis and Speciation of Selonium, Uranium, and
Arsenic in Texas Lignite
Contractor: Texas A&M University
Principal Investigators: Ralph Zingaro and Kurt Irgolic
(Chemistry)
Sponsor: Texas Energy Development Fund

In order to develop a chemical method for the isolation of arsenic
or selenium-containing species, two techniques are utilized. One involves
floatation of a powdered sample in a series of liquids of different densi-
ties. This affords a separation based on a series of components of differ-
ent densities. Each fraction is then analyzed. The other approach util-
jzes selective solubility. Thus, extraction of lignite by dimethyl sulf-
oxide dissolves components which are four times as rich in arsenic as the
raw lignite. Extraction by 1liquid sulfur dioxide, on the other hand,
extracts components which are virtually arsenic-free.

It is believed that the most highly developed gas-chromatograph-
D.C. helium arc or neon-plasma emission spectrometer is being used for this
study. This spectrometer has been used with great success for arsenic, and
is being developed at present for use with selenjum.

White, David B. "Texas Lignite Technology Developmental Priorities Over

the Next Twenty-five Years," Texas Energy Advisory Countil, Report No.
79-03-03, March 15, 1979.
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119. Current Research on the Inorganic Constituents in North
~ Dakota Lignites and Some Effects on Utilization

Contractor: _ GFETC

Principd] Investigators: D.K. Rindt, F.R. Karner,
W. Beckering, and H.H. Schobert

Sponsor: DOE

With the resurgence of interest in coal utilization and conversion
processes in recent years has come an increased appreciation for the need
to understand both the mineralogical characteristics and the chemical
behavior of the inorganic constituents of coal. The recent coal liter-
ature contains numerous discussions of the importance of knowing the
character, distribution, and behavior of the inorganic species; these
discussions span the whole spectrum of coal technology -- preparation and
storage, combustion, liquefaction, gasification, and environmental studies.

This paper discusses results of laboratory studies on the charac-
terization of inorganic constituents in low-rank coals and elucidation of
the role of these constituents in combustion and conversion processes.

Rindt, D.K., F.R. Karner, W. Beckering, and H.H. Schobert. Current Re-
search on the Inorganic Constituents in North Dakota Lignites and Some
Effects on Utilization, Grand Forks Energy Technology Center, for pre-
sentation at the American Chemical Society Symposium, March 1980, Houston.




B.11 MARKET/ECONOMIC STUDIES

120. Environmental Assessment and Research Plan for
‘ Texas Lignite Development

Contractor: Radian Corporation

Principal Investigator: Lee Wilson

Sponsors: Texas Energy Development Fund,
Radian Corporation, DOE, and
EPA :

" The purpose of this project is to provide the information needed
in order to assess the need for lignite technology development in Texas and
in order to understand and plan for the state's anticipated conversion to
lignite as a major fuel source. The project included an analysis of
technology options, projections of future production levels, quantification
of anticipated energy demands by electric utilities and industry, identifi-
cation of constraints with regard to energy development siting, description
of anticipated regional environmental and socioeconomic impacts, and
analysis of public policy issues related to energy development.

White, David, B. “Texas Lignite Technology Development Priorities Over
the Next Twenty-five Years," Texas Energy Advisory Council, Report No.
79-03-03, March 15, 1979.

121. Economics of Energy Alternatives, Industry and Electric
Power Applications For Use of Coal and Lignite

Contractor: University of Houston
Principal Investigator: Russell Thompson

Sponsors: Texas Energy Development Fund
and the University of Houstcn

The primary objective of this study is to develop a set of cost
estimates for using coal and lignite as the primary energy source for
eléectric power generation and heavy industry in Texas. Cost estimates from
various sourccs will be converted to a consistent, comparable basis for a
number of representative fuel-using systems, including: (1) those using
solid fuels directly; and (2). production of gaseous and liquid fuels from
coal and lignite. Cost estimates developed in this study may be used
either as stand-alone engineering costs or as inputs for estimating ec-
onomic costs. ‘ '

Reference same as above.
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122. Economic Feasibility For the Conversion of Texas
Lignite to Petrochemical Feedstocks

Contractor: . University of Houston
Principal Investigators: J.T. Richardson and

J.R. Crump
Sponsors: Texas Energy Development Fund

and the University of Houston

This project examines the economics of the process and its appli-
cation to Texas Tlignite and petrochemical markets. In particular, the
focus will be upon (1) technology availability and initial commerciali-
zation time tables, (2) process economics, (3) comparisons with competing
liquefaction and existing Fischer-Tropsch routes, (4) potential market size
and location, and (5) significance to the Texas economy.

Reference same as above.
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