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ANNUAL REPORT

PRELIMINARY DESIGN SERVICES

THE RALPH M. PARSONS COMPANY

SUMMARY

OBJECTIVES

To assist ERDA-Fossil Energy (ERDA-FE) in development of viable
commercial coal conversion plants to provide the U.S. with accept-
able future energy options for utilization of coal. A key element
in achieving this objective is development of preliminary designs
that preview design/operating characteristics and projected eco-
nomics of commercial-scale multi-product coal conversion complexes,
including captive coal mines and power plants, using the best data
and design techniques available. Also to define additional data
and equipment requirements to assure reliable performance of the

commercial plants.

IMPORTANCE TO FOSSIL ENERGY TECHNOLOGY

The primary impact is to provide a cohesive preliminary definition
of the 2xpected characteristics and economics of future commercial
coal conversion complexes prepared by Parsons, a major engineering-

construction firm.

The designs developed include complete preliminary process designs,

materials and thermal efficiencies, preliminary definition of



equipment characteristics, construction materials, environmental

control facilities, plant site and mining requirements, inter-

facing of process plant with the coal mine and power plant, oper-

ating requirements, and projected economics including the sensi-

tivity ot profitability to key cconomic parameters such as capital

investment, operating costs, and raw materials consumption.

The

project provides:

(93]

The basis for analysis of capital cost, operating cost, and
reliability factor effects on futurc coal conversion

facilities

Definition of specific data and information required from
the pilot plants to assurc successful commercial plant

design/operation

Sufficient detail to permit periodic quantitative revision
as new and improved data and process concepts are developed

in the program

The quantitative economic basis for selection of preferred

process alternates

PRESENT WORK AND ACCOMPLISHMENTS

0 Accomplishments in 1976 include:

1. Completion of two major conceptual designs/economic

evaluations - Fischer-Tropsch and 0i1/Gas designs.
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The scope of the design reports was expanded to in-
clude detailed projections of product characteristics
and marketability. Also, summaries of experimental
data used for the design basis plus its correlation/

interpretation.

Completion of preliminary analyses of process candi-
dates for a Coal-0il-Gas Refinery (COG) and agree-
ment with ERDA on a design basis for the conceptual

plant design.

This design assignment has been renamed Power-0il-

Gas-Other (POGO).

Defined procedures for production of petrochemical
tfeedstocks and chemicals from coal in a coal based

petrochemical refinery.

Completed 15 papers/presentations in support of the
ERDA Coal Conversion Development Program; these are
listed in Attachment A located at the end of this

section. The range of subjects included:

a) Plant design

b) Economics

¢) Environmental factors
d) Materials selection

e) Petrochemicals from coal
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Explored the expanded use of computer-assisted simu-
lation capability to optimize the design/operation
of large captive power generation/utility systems in

coal conversion complexes,

6. Investigated construction procedurcs and economics

for large field fabricated vessels for coal conver-

sion complexes.

7. Completed designs and economic asscssments for two
large coal mines of 47,000 and 40,000 tons per day

capacity.

Additional information regarding key elements of the yvear's accom-
plishments are presented in the following paragraphs of this Summary
section and reports for the first three guarters of 1976 plus a

detailed report on our fourth quarter activities are appended.

A. Fischer-Tropsch Conceptual Plant

The design/economic evaluation was ccmpleted and is being pub-
lished. A block flow diagram, artist's conceptual drawing, and
photograph of a model of the complex are shown in Figures 1, 2,

and 3, respectlvely.

This complex will mine approximately 40,000 tons per day (TPD)
of run-of-mine coal and wash and siz¢ it to produce 30,000 TPD
of feed coal to the process plant, where the coal is converted
to about 50,000 barrecls per day (BPD)} of liquid fuel products

and 260 million standard cubic feet (SCF) of SNG. This is a



two-1line plant using an advanced reactor concept still inm the
development stage. Predesign studies selected preferred

equipment/process procedures for each of the process sections.

Computer-assisted process design, fixed capital investment
estimating and profitability prediction permitted analysis of
a large number of alternmatives based on product cost com-
parisons. As a result, the projected thermal efficiency of

the plant is on the order of 70 percent, which 1s significantly

higher than previous plants using this technology.

The predicted fixed capital investment is approximately §1.5
billion. All economics are expressed in fourth quarter 1975
dollars. Predicted required product selling prices, expressed
as dollars per million Btu, based on a 12% discounted cash

0

flow rate of return (DCF), 20-year project life, 9% interest

rate and 5.7 year design/construction/startup schedule, are:

FINANCING METHOD

Debt

2 B 1tV —_—
100% Equity Equity

Ratio = 65/35 Break-Even

3.25 2.50 1.45

0il/Gas Conceptual Design

This design/economic evaluation was completed. The process
scheme is based on the pseudo-catalytic SRC II mode of
processing in which unfiltered liquid effluent from the hydro-

liquefaction reactor is recycled to the reactor with a resulting



increase in ash content, retention time and hydrogen consumption
in the reactor to produce products which are primarily gases and

liquids at ambicnt conditions.

A simplified block flow diagram, an artist's conceptual drawing,
and a photograph of a plant model are shown in Figures 4, 5 and

6, respectively.

The grass roots complex contains a coal mine to produce approxi-
mately 47,000 TPD of run-of-mine coal which is converted to
about 36,000 TPD of clean, washed coal feed to the process plant
where the coal is contacted with hvdrogen at approximately

2,000 psig and 850°F. Product recovery and purification produce
approximately 65,000 BPD of liquids consisting of LPG, naphtha

and fuel o1l plus about 165 million SCFD of SNG.

The predicted fixed capital investment is approximatcly $1.25
billion dollars. All economics are expressed in fourth quarter
1975 dollars. The predicted average required product selling
prices, in dollars per million Btu, to provide a 12% DCF return
for a 20-vear project operating life, 9% interest rate, and a

56 month design/construction schedule, are:

FINANCING METHOD

o oo Jebt . R
100% Ecuity —Lgf—f-Ratlo = 65/35 Break-Even
Equity

2.35 1.80 1.15



Eight detailed process preference studies were completed in the
pre-design analysis stage prior to finalizing the process con-
figuration. These study results contributed to achieving the
predicted 75-plus percent complex thermal efficiency. A detailed
summary of facilities fequired to assure compliance with envi-

ronmental requirements was developed.

POCGO Design

A design basis for this large multi-product complex was completed.
To provide guidance, process and economic comparisons were made
of all major classes of coal liquefaction and gasification tech-
nologies. This design is now in a directed process design phase

and is scheduled for completion in 1977.

Multi-Purpose Demonstration Plant Design

The purpose of this facilities complex is to demonstrate the com-
mercial feasibility of a variety of coal conversion processes
that show promise in pilot plant operations. This major design
task was begun, and analyses of candidate processes/facilities
were completed, preparatory to finalizing the design basis report.
This design/economic summary is scheduled for completion during

1977.

Petrochemicals/Chemicals from Coal

A detailed concept of a coal-to-petrochemicals refinery was com-
pleted. A block flow diagram for this complex is shown in Fig-

ure 7. The complex would process approximately 65,000 TPD of coal



and produce olefins, BTX's, SNG, LPG, fuels and chemicals by

the following eleven major process steps:

0

Coal Liquefaction by SRC II mode of conversion

Coal Liquefaction by Fischer-Tropsch conversion

Coal/coal residue gasification to produce syvngas and

hydrogen

Hydrocracking of coal liquids

Naphtha Desulfurization

Naphtha Reforming

Aromatics Extraction

Hydrodealkylation

Ethyvlene production

Hydrogenation of Fischer-lropsch liquids

Methanation

Supporting Activitics

1. Equipment Development

a.

Objective: 1o detine equipment development programs

to assure future reliable and viable operation of coal

conversion processes.




Status: Major activity was in advanced large pressure
vessel design/erection, liquid/solid separation, gas/
solid separation, solids feed to gasifiers, filter cake

drying equipment.

2. Construction Materials

a.

Objective: To define materials of construction with ade-
quate performance and acceptable cost for use in coal

conversion plants.

Status: An active role was played in the ERDA Materials
Evaluation and Materials Property Council Development
programs. The performance of materials in pilot plant
operations was monitored and materials were selected for
the designs Parsons has in progress. Four papers were

presented and published in this field.

3. Environmental Factors

a.

Objective: To define facilities and procedures required
for operation of environmentally acceptable coal conver-

sion plants.

Status: Analysis and design of facilities required to
assure environmental acceptability has now been com-
pleted for four coal conversion complexes. Papers have
been presented and/or published describing three of
these complexes, with the fourth paper scheduled for

early 1977.



The bases for defining performance of environmental

control requirements for coal conversion facilities
are being documented and contact maintained with the

proper authorities as new standards are considered.

10
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ATTACHMENT A

COAL CONVERSION

PUELICATIONS AND PRESENTATIONS

O'Hara, J. B., Harding, T., Howell, R. D., and Papso, J. E.,
"Industrial Energy Usage Patterns,'" Presented at the American
Institute of Plant Engineers (AIPE} Symposium, Seattle, Wash.,
February 26, 1976.

O'Hara, J. B., and Teeple, R. V., '"Preliminary Economic Analysis:
Nil and Power by COED-Based Coal Conversion," Presented at the
American Chemical Society (ACS) Symposium, New York, N. Y.,

April 8, 1976.

O'Hara, J. B., Lochmann, W. J., and Jentz, N, E. , "Coal Liquefac-
tion: Materials Systems Design,' Presented at American Society
for Metals (ASM) Symposium, Pittsburgh, Pa., April 26, 1976,

O'Hara, J. B., "Coal Conversion Development: An Overview,"
Presented at Engineering Institute of Canada (EIC) Conference,
Calgary, Alberte, May 12, 1976.

O'Hara, J. B., Becker, E. D., Jentz, N. E., and Harding, T.,
"Potential for Petrochemical Feedstocks and Chemicals from Coal,"
Presented at the 82nd National Meeting of the American Institute
of Chemical Engineers (AIChE), Atlantic City, N. J., August 31,
1976.

O'Hara, J. B., Hervey, G. H.,, Fass, S. M., and Mills, E. A,,
"0il/Gas Plant Design Criteria," CEP Capsule, Chemical Engineering

Progress, Vol. 72, No. 8, August 1976, Pages 78-79.

O'Hara, J. B., Bela, A., Jentz, N, E., and Khaderi, S. K.,
"Fischer-Tropsch Plant Design Criteria,'" CEP Capsule, Chemical
Engineering Progress, Vol. 72, No. 8, August 1976, Pages 65-67.

Lochmann, W. J., "The Materials Problems in Coal Gasification and
Liquefaction,'" Presented at a Symposium of the American Institute
of Mining, Metallurgical and Petroleum Engineers (AIME), Niagara
Falls, New York, September 22, 1976.

Raisbeck, W. C., "Ma;erials, Needs, Opportunities and Problems,!
Presented at an ERDA/EPRI/AGA-sponsored conference on Materials

for Coal Conversion and Utilization, Washington, D.C., September 30,
1976,
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10. '"Fossil Energy Program Report, 1975-1976," Energy Research and
Development Administration, Pages 74-79,

11. O'Hara, J. B., "Coal Liquefaction,' Presented at the 3rd Inter-
national Symposium of the European Federation of Chemical Engineers,
Antwerp, Belgium, October 20, 1976.

12. 0O'Hara, J. B., "Coal Liquefaction," Published proceedings of the
3rd International Symposium of the European Federation of Chemical
Engineers, Antwerp, Belgium, October 20, 1976, Pages 43-51,

13. O'Hara, J. B., Loran, B. I., Hervey, C. H., Fass, S. M., "Environ-
mental Factors for 0il/Gas Coal Conversion Technology," Presented
at the 69th Annual Meeting of the American Institute of Chemical
Engineers (AIChE), Chicago, T11., December 1, 1976.

14. O'Hara, J. B., "Coal Liquefaction - State-of-the-Art," Hydrocarbon
Processing, November 1976, Pages 221-226.

15. O'Hara, J. B., Lochmann, W. J., Jentz, N. E., "Material Consider-
ations in Coal Liquefaction,'" Metal Progress, November 1976,

Pages 33-37. This article was accepted for publication in Chemical
Ergineering.
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Figure 2 - Artist's Concept, Fischer-Tropsch Plant




Figure 3 - Fischer-Tropsch Model
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FIRST QUARTERLY REPORT

PRELIMINARY DESIGN SERVICES

THE RALPH M. PARSONS COMPANY

OBJECTIVE AND SCOPE OF WORK

The objective of the work is to develop preliminary designs and economic
evaluations for a number of coal conversion plants. The following

designs are included in the scope of work:

0 A conceptual commercial plant for a coal-oil-energy-development

(COED) plant.

0 An oil/gas plant to produce liquid fuels plus substitute natural

gas (SNG).

0 A commercial-scale Fischer-Tropsch plant with motor fuel and

SNG as the main products.

o A commercial-scale plant for the production of solvent-refined

coal (SRC).

o A coal-oil-gas (COG) refinery to produce clean liquids, gas, and

electrical power.

o A facilities complex capable of demonstrating the commercial
feasibility of a variety of coal conversion processes that show

premise during pilot plant operations.
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The facilities will be considered for conversion of coal to:

1. Low- to high-Btu fuel gas

ta

Methanol/motor fuel by Fischer-Tropsch process

3. Clean liquid fuels by alternate liquefaction processes

In addition, supporting efforts will be provided to the above activities.
These efforts include planning and progress monitoring, equipment devel-

opment, and environmental factors.

SUMMARY OF PROGRESS TO DATE

A brief synopsis of the status of the major active design efforts is
given below, followed by a more detailed reporting on progress for the

separate tasks..

The first task, to complete the conceptual design of the COED process

and issue the final report, was completed in 1975.

During the past quarter we completed the désign of the coal preparation
and grinding units for the Fischgr—Tropsch complex and advanced the

same tasks for the oil/gas complex, including estimates of capital cost
and operating expenses. We prepared preliminary reports for these units

for use in the ERDA R§D reports which will describe the two designs.

We completed the major portions of the 0il/Gas Plant process design,
flow diagrams, heat, material, and energy balances and equipment
specifications. We prepared a layout for the complex. Fixed capital
cost estimates are underway. We started to assemble material for an

economic evaluation of the complex.

2
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III.

We completed the major portion of the Fischer-Tropsch plant process
design, flow diagrams, heat, material, and energy balances, and
equipment specifications. We generated a layout for the complex.

Capital cost estimates for the process units have been initiated.

We continued evaluation of coal liquefaction processes for the COG
plant design. This includes technical and economic analyses of
candidate orocesses, preparation of block flow diagrams, material

balances, vields and preliminary cost estimates for selected processes.

Efforts to obtain test results for liquid/solids separation and coal
feeding devices by means of expellers or extruders, are under way.
We obtzined conceptual configurations, capital cost and power require-

ment estimates for ground coal compression screw feeders from equipment

manufacturers.

We continue activities concerning selection of materials of construction

for process units and environmental factor support efforts.

DETAILED DESCRIPTION OF TECHNICAL PROGRESS

A. Coal Mining/Coal Preparation

1. Objectives.
A long-range objective is to conceptually design and evaluate
as feed facilities to conversion plants, coal mine and preparation
facilities for five assigned geographic areas where conversion
facilities are being studied. Capacities up to 100,000 tons

per day are being considered.



to

Activity This Quarter.

We completed the conceptual design and economic evaluation of
the 40,000-ton-per-day coal mine and major parts of the related
coal preparation plant as feed facilities to be used for the
Fischer-Tropsch design. We completed the design of the
50,000~ton-per-day coal mine to serve the 0il/Gas complex

and advanced the design of the coal preparation facilities.

B. 0il/Gas Plant Design

1.

12

Objectives.

To develop a preliminary design and economic evaluation for
a commercial 0il/Gas plant to produce synthetic liquid fuels
and SNG from coal. To define the maximum practical capacity

single-train plant using the process.

Activity This Quarter.

a. Dissolver: We completed the material and energy balance,
equipment sizing and specifications. We completed the
process flow diagram and equipment process specifications.

We started equipment engineering specifications.

b. Dissolver Acid Gas Removal: We completed the process

flow diagrams, material balance and process inputs for
equipment specifications. We started equipment engineering

specification.

Fractionation: We completed the column heat and material

[¢]

balance and the équipment sizing calculations. We

completed the process flow diagram and the process input

4
25



for equipment specifications. We completed detailed engineer-

ing specifications and started estimation of equipment costs.

Naphtha Hydrotreating and Methanation: We completed process

process flow diagrams, material balances and equipment
sizing and process inputs. We started equipment engineering
specifications and completed them for the methanation section.

We completed equipment cost estimates for this section.

Gas Treating: We completed process flow diagrams, material

balance calculations and process input for equipment

specification. We started equipment engineering specifications.

Sour Water Treater: We completed process flow diagrams,

material and energy balances and process input for equipment
specifications. We completed equipment engineering specifi-

cation and equipment cost estimates.

Sulfur Plant: We completed the utility requirement calculations,

flow diagram, and product quality statement, as well as the
capital cost estimates for both process and fuel gas sulfur

recovery.

Catalyst and Chemicals: We started to list chemicals and

catalyst requirements for the complex. We began a review
of all material and energy balances to assure their internal

agreement as well as agreement between the separate plant

units.




C.

Fischer-Tropsch Plant Design

1.

|38
»

Objectives.

To develop a preliminary commercial plant design and economic

evaluation for a plant using Fischér-Tropsch technology to

produce pipeline gas and motor fuel.

Activity This Quarter.

a.

Gasifier: We completed final process flow diagrams and
process input to equipment specification. We completed
engineering specification of equipment and started equipment

cost estimates.

Fischer-Tropsch Synthesis: A consultant reviewed the reactor

design and we are evaluating his conclusions. We completed
process input for all other equipment specifications and

started preparation of the engineering specifications.

Liquid Products Fractionation: We completed the process flow

diagram and process input for equipment specifications. We
completed engineering specifications of the equipment and

started equipment cost estimates.

Water Reclamation Unit: We advanced the process equipment

specifications and data sheets.,

Oxygen and Sulfur Recovery Plants: We prepared design

specifications and capital cost estimates for the oxygen
plant, and for sulfur recovery facilities. We completed

the process design and process inputs for the gasifier unit.

~



D. COG Plant Design

1. Objective.
To develop a preliminary design of a coal processing plant that
will produce both liquid and gaseous fuels as principal products.
The process employed in this plant design shall be the result
of an econonic selection from the candidate coal conversion

processes avallable.

To develop a model capable of calculating material and heat

balances for a number of coal conversion processes using
computer capabilities and to estimate the overall utility

balance of the complex.

2. Activity This Quarter.
a. We continued to develop costs for individual process units

for evaluation extimates.

1. We completed this work Tor a complex using SRC-type
liquefaction with hydrogen feed to the dissolver and

nonslurry recycle.

2. H-Coal-based complex.
5. Synthoil-based complex.
4. Hydrogen donor solvent-based complex.

5. COED-based complex.

We further generated block tlow diagrams with material and
energy balances; also factored capital cost estimates and

preliminary economic evaluations for these complexes as



well as for three other SRC-based cases studied during the

last quarter of 1975.

We advanced comparative process evaluation studies as they

apply to the COG design purposes.

1. 0il/Gas Plant complex.

[x]

Fischer-Tropsch Plant complex.

W

Hydrocarbonization complex.

E. Equipment Development

1.

9]

Objective.

To define the equipment and control system development program

required to assure reliability and viability of coal conversion

processes being developed. To recommend appropriate develop-

rental programs to ERDA - Fossil Energy Division.

Activity This Quarter.

a.

Gas/Solids Separation: We received additional information

on dry and wet electrostatic precipitators design for

vacuum service, as well as high-pressure units.

Liquid/Solids Separation: We are working with the V. D.

Anderson Company to establish a test program for the
recovery of solvent from filter cake. We further collabor-
ated with the Votator Division of Chemetron for turbo-film

vacuum evaporator unit tests for the same material.



c. Solids Feed to Gasifier: We have collaborated with the

Fuller Company on preparations for testing ground coal

compression screw feeding against 150 psi.

F. Materials of Construction

1.

Objectives.

To define the preferred materials of construction for use in

coal conversion projects.

Activity This Quarter.
We developed materials of construction diagram and specifications

for the 0il/Gas and Fischer-Tropsch complexes.

G. Envircnmental Considerations

to

Cbjectives.

To define environmental factors for proposed coal conversion
complexes to define facilities required for the coal conversion
complexes to meet environmental standards, and to define
product quality standards to meet environmental regulations

for product users.

Activity This Quarter.

a. We studied environmental regulations in states where coal
conversion facilities could be located and investigated
requirements for carbon monoxids emission controls. We

investigated water pollution effects of coal ash in prep-

aration for an experimental program.




b. We visited the SRC facility at Fort Lewis, Washington and

reviewed their environmental facilities and procedures.

c. We reviewed the Fischer-Tropsch Plant design and provided
inputs to avoid deleterious environmental plant emissions.
We further investigated the products of the complex to

ascertain that their use will be ecologically acceptable.

H. General
1. During the quarter we presented an invited paper titled
"Industrial Energy Usage Patterns' before the American
Institute of Plant Engineers (AIPE) Symposium on February 26,

1976 in Seattle, Washington.

2. We met with representatives of ERDA in Pasadena on March 28

and 29, 1976 to review the project status.

5. We met with a team from the Oak Ridge National Laboratory in
Pasadena on March 1, 1976 to consult on equipment design and

development problems in coal conversion.

IV. WORK FORECAST FOR THE NEXT QUARTER, APRIL 1 THROUGH JUNE 30, 1976

A. Ccal Mining/Coal Preparation

We will complete design and cost estimation work for the 0il/Gas
plant coal preparation units.

B. 0il1/Gas Plant Design

We will complete the utility balance and process flow diagrams and

equipment sizes for the remainder of the complex. We will complete
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the capital cost estimate and operating cost estimates for the plant
as well as the economic evaluation. We will complete the review
draft of the final report.

Fischer-Tropsch Plant Design

We will complete the utility balance and all process design work for
the facility. We will complete capital and operating cost estimates
as well as the economic evaluation. We will complete the review

draft of the final report.

COG Plant Design

We will preparc a brief text and preliminary economics for deter-
mining process design basis. We will advance a design basis for
COG plant design. We will prepare a status report on all lique-

faction processes currently under evaluation.

Equipment Development

We will make contacts to obtain all available information regarding
the ERDA program development results for ground coal compression
screw feeders and develop judgmental estimates for power requirements
and of capital costs.

Materials of Construction

We will complete material selection services to the engineering
specification of equipment for the 0il/Gas and Fischer-Tropsch
designs.

Environmental Consideration

We will review all waste disposal processes planned for use in the

0il/Gas and Fischer-Tropsch projects. We will obtain one or more

11
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proposals for a slag/ash leaching study from competent analytical
laboratories; this information is required to assure acceptable

disposal of slag/ash from the coal conversion complexes.

General
We will present the following invited papers:
1. '"Preliminary Economic Analysis: 0il and Power by COED-
Based Conversion' to the American Chemical Society
Symposium on Comparative Economics of Synfuels in New York

on April 8, 1976.

2. "Coal Liquefaction; Materials Systems Design' for presentation
to the American Society for Metals, in Pittsburgh, Pennsylvania

on April 26, 1976.

3. '"Coal Conversion Development - An Overview'" before the
Engineering Institute of Canada (EIC) Conference on

May 12, 1976 in Calgary, Alberta.
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SECOND QUARTERLY REPORT

PRELIMINARY DESIGN SERVICES

THE RALPH M. PARSONS COMPANY

OBJECTIVE AND SCOPE OF WORK

The objective is to develop preliminary designs and economic

evaluations for a number of coal conversion plants. The following

designs are included in the scope of work:

W

A conceptual commercial plant for a coal-oil-energy-

development (COED) plant.

An oil/gas plant to produce liquid fuels plus substitute

natural gas (SNG).

A commercial-scale Fischer-Tropsch plant with motor fuel

and SNG as the main products.

A commercial-scale plant for the production of solvent-

refined coal (SRC).

A coal oil gas (COG) refinery to produce clean liquids,

gas, and electrical power.

A facilities complex capable of demonstrating the commercial
feasibility of a variety of coal conversion processes that

show promise during pilot plant operations.
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The facilities will be considered for conversion of coal to:

II.

1. Low-to-high Btu fuel gas.

2. Methanol/motor fuel by Fischer-Tropsch process.

3. Clean liquid fuels by alternate liquefaction processes.

In addition, supporting efforts will be provided to the above
activities. These efforts include planning and progress monitoring,

equipment development, and environmental factors.

SUMMARY OF PROGRESS TO DATE

A brief review of the status of the major active design efforts is
given below, followed by a more detailed reporting on the progress

of individual tasks.

During the past quarter we completed the process design work and
fixed capital cost estimates for the 0il/Gas and Fischer-Tropsch
plants. We also advanced the profitability analyses for these two
plants. Additional adjustments to the thermal efficiency of the
Fischer-Tropsch plant were completed which resulted in a corrected

figure of 69.7 percent.

Preliminary Design bases for COG-type plant concepts were prepared
and we made progress on the preparation of a status summary of our
work on liquefaction processes and economics. A draft report of a
design basis, including a block flow diagram tor the most likely
combination of operations 1is being prepared. Work on the Multi-

purpose Demonstration Facility is underway. We 1nitiated requests

ta
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for commercial methanol process and economic information. We started
preparation of a simplified plant design; the purpose of this design

is to evaluate information received from methanol plant licensors.

We obtained additional information on the subject of liquid/solids
separation and coal feeding devices. Test information available to
us indicates the potential that capital cost of cleaning gas can be
subs;antially reduced. We continue to receive conceptual configu-
rations, capital cost and power requirement estimates for ground coal

compression screw feeders from equipment manufacturers.

We have selected appropriate materials of construction for process
units in the 0il/Gas and Fischer-Tropsch designs and are in the

rrocess of developing the environmental factor analyses.
Outlined below is a brief summary by assigned task.

A. Coal Mining/Coal Preparation

We completed design and capital cost estimates for the 0il/Gas
plant coal preparation units. We completed and reviewed the
report describing the design and economic information for mining
and coal preparation facilities to serve the 0il/Gas and

Fischer-Tropsch plants.

B. 0il/Gas Plant Design

We completed the utility balance, process flow diagrams, and
equipment sizes for the complex. We completed the fixed capital
cost estimate and operating cost estimates for the plant, and
worked on the profitability analysis. We completed rough drafts

of portions of the R&D report.



Fischer-Tropsch Plant Design

We completed the utility balance and all process design work for
the facility. We completed capital and operating cost estimates
and made progress on development of the economic evaluation.

We completed a rough draft of the R&D report.

COG Plant Design

We prepared a brief text and preliminary economic guidance for
determining the preferred process design basis. We made progress
on development of a design basis. We prepared a status draft

report covering all liquefaction processes currently under

evaluation.

Equipment Development

We made contacts to obtain available information regarding results
generated in the ERDA program for ground coal compression screw
feeders development. Informatlon included estimates for power

requirements and capital costs.

Materials of Construction

We completed material selection scrvices for engineering speci-

fication of equipment for the 0il/Gas and Fischer-Tropsch designs.

Environmental Considerations

We reviewed the waste treatment processes planned for use in the
0il/Gas and Fischer-Tropsch projects. We obtained proposals

for a slag/ash leaching study from competent analytical labora-
tories; this study is desirable to assure acceptable disposal of

a slag/ash from the coal conversion complexes.
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H. Generzal

We presented the following invited papers:

1.

"Preliminary Economic Analysis: 0il and Power by COED-Based
Conversion' -- to the American Chemical Society Symposium
on Comparative Economics of Synfuels, in New York on

April 8, 1976.

"Coal Liquefaction; Materials Systems Design" -- for
presentation to the American Society for Metals, in

Pittsburgh, Pennsylvania on April 26, 1976.

"Coal Conversion Development - An Overview' -- before the
Engineering Institute of Canada (EIC) Conference on

May 12, 1976, in Calgary, Alberta.

We participated in a Technical Data Book Advisory Committee

Meeting on Coal Conversion Systems in Chicago, Illinois, on

May 27, 1976.

ITI. DETAILED DESCRIPTION OF TECHNICAL PROGRESS

A. Coal Mining/Coal Preparation

1.

Objectives

A long-range objective is to conceptually design and evaluate
as feed facilities to conversion plants, coal mine and
preparation facilities for five assigned geographic areas
where conversion facilities are being studied. Capacities

up to 100,000 tons per day are being considered.
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2. Activity This Quarter

We completed all designs, fixed capital investment estimates,
and operating and maintenance cost estimates for the 0il/Gas
plant and Fischer-Tropsch mining and coal preparation
facilities. We completed and reviewed the drafts of the

final report sections.

3. Activity Forecast Next Quarter

We will advance work on a report covering mine development

in at least one additional geographic area.

0il/Gas Plant Design

1. Objectives
To develop a preliminary design and economic evaluation for
a commercial 0il/Gas plant to produce synthetic fuels and
SNG from coal. To define the maximum practical capacity

single-trzin plant using the process.

to

Activity This Quarter

a. We completed flow diagrams for all process units.

b. We completed all required details of equipment engineering

specifications.
c. We completed the capital cost estimates for the complex.

d. Utility Balance: We reviewed plant electrical and steam

requirements with utility specialists to minimize fuel

and ccoling water Trequirements.
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e. Raw Water Treating: We completed the detailed process

design of the raw water treating unit.

f. Fuel Gas Gasifier: We completed modifications for a gasi-

fier design to reduce the capital and operating cost.

The revised unit operates at 55 psia thus producing fuel
gas at 37 psia after cooling and cleanup. This eliminates
fuel gas compressors and reduces the number of gasifiers

from two to one.

g. We advanced the profitability analysis and the preparation

of the R&D design report.

Result of These Activities

The completed process design of the plant complex includes a
captive coal mine with capacity to produce approximately
15.5 million TPY for 20 years. Units are included which will
clean, wash, size, grind, and dry the coal and feed it to

the process units.

The complex is designed as a self-contained unit. All necessary
facilities for production of oxygen, hydrogen, and all required
utilities are included in the design as well as treatment and
disposal of solid, liquid, and gas waste streams. The design

is based on a site location capable of providing the necessary
quantity of water for process requirements, utilities makeup,

and for potable and sanitary water.
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The core of the coal conversion plant is the dissolvers. They

convert the coal suspended in internally generated solvent in
the presence of hydrogen to gases and liquids with an un-
dissolved coal residue and ash constituting 18.9 percent of

the moisture-free coal feed. The solids are filtered and dried
to maximize liquid recovery. The liquids are fractionated to
remove filter wash oil, product fuel oil, a naptha-range

liquid and a gas stream. Column bottoms are split to provide

a portion of the dissolver feed solvent, and filter feed
slurry. The filtrate, in turn, is split to provide the remainder

of the dissolver feed solvent, and product liquid.

Hydrogen is required for the dissolving process. It is produced
in a high pressure gasifier fed with coal, steam and oxygen.

The product gas is rich in carbon monoxide. The ratio of this
component to hydrogen is improved in a sour shift unit. The
hvdrogen sulfide is removed and the sweet gas is mixed with
additional hydrogen obtained by c¢ryogenic separation. This

gas mixture is used as feed to the dissolvers.

Gases evolving from the dissolvers and from the fractionation
are treated to remove their hvdrogen sulfide contents. The
clean gas is split in a cryogenic unit into methane-rich gas,
hydrogen-rich gas and heavier fractions. A portion of the
hydrogen-rich gas steam is treated to methanate the remaining
carbon monoxide. The resultant 95 percent pure hydrogen steam

is used to hydrogenate the napthas produced in liquéfaction.
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The heavier fractions produced in the cryogenic separation are
fractionated into product butane, propane, methane, and naphtha

which is sent to the previously mentioned hydrogenation unit.

The methane-rich product of the cryogenic unit is purified by

methanation to produce substitute natural gas product.

All hydrogen sulfide streams mentioned above are treated to
obtain product sulfur and environmentally acceptable clean

tail gas.

The solid products of the dissolver step are gasified in a low
pressure air-blown unit to produce fuel gas required for
generation of plant utilities. Coal is added to this gasifier
to make up the necessary amount of in-plant fuel. The
resultant low-Btu gas is treated to remove hydrogen sulfide,
making additional product sulfur. The purified gas is used in
the plant furnaces. It is also used in the utility plant to
produce the steam and electricity required for the operation

of the complex.

The throughput of the plant is based on 35,650 TPD of 2 percent
moisture coal. This corresponds to approximately 47,000 TPD
of ROM coal. This throughput will produce the following
approximate output rates:

Fuel 0il (approximately equivalent 56,000 BPD
to No. 6 Fuel 0il)

Naphtha 10,000 BPD

LPG (C3 and C 10,000 BPD

)
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SNG 165,000 MM SCFD

Elemental Sulfur 1,300 STPD

Anhydrous Ammonia 90 STPD
The simultaneous production of coal from five mine faces and
the mixing of this coal in the breakers and storage will
produce a coal of relatively uniform composition; it is con-

cluded that the product slate will also be reasonably uniform.

Activity Forecast Next Quarter

We will complete the economic analysis of the oil/gas complex
and incorporate it into the R&D report. We will submit a
draft of the report to ERDA for review and prepare to publish

the report in its final form.

C. Fischer-Tropsch Plant Design

1.

o

Objectives.
To develop a conceptual commercial plant design and economic
evaluation for a plant using Fischer-Tropsch technology to

produce pipeline gas and motor fuel.

Activity This Quarter

a. We completed preparation of equipment engineering speci-

fications.

b. We completed the capital cost estimates for all process

units.

¢. We completed flow diagrams, equipment and engineering speci-
fications for the utilities and steam power generating

facilities and started their capital cost estimate.
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d. Raw Water Treating: We completed flow diagrams, engineering

and equipment specifications. We started the preparation

of capital cost estimates.

e. We completed the comparisons of gasifiers and Fischer-

Tropsch reactor types for inclusion in the design report.

f. We reviewed the Fischer-Tropsch reactor design incorporating
revised catalyst requirements per information from ERDA-
PERC. We further investigated cost reduction possibilities

for the reactors.

g. We completed the preparation of a start-up and shut-down

procedure for inclusion in the design report.

h. We advanced the profitability analysis and the preparation

of a rough draft RGD report.

Results of These Activities.

The products of this complex are produced in a two-train plant
and have a collective total heating value of 516 billion Btu

per day. The design includes a captive coal mine, coal handling,
crushing, beneficiation, grinding and drying facilities, and

all process plants, utility production, and ancillary units to
convert this coal by steam-oxygen gasification to synthesis gas
for manufacture of 50 percent liquid hydrocarbons and 50

percent SNG on a Btu basis. Oxygenates and alcohols are pro-
duced as a mixed product. Elemental sulfur is a by-product

and coal ash is a solid wvaste material.
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The SNG is produced as 1050 Btu per SCF HHV gas at pipeline
pressure. The liquid products are LPG, naphtha, diesel oil,
premium fuel oil and oxygenates. Oxygenates are comprised

primarily of mixed alcohols with ketones and aldehydes.

The design allows a range of coal and carbonaceous charge stocks.
Coal handling and preparation equipment is sized for peak rates
of 25 percent over average required in order to assure necessary
performance at times of lower grade coal production. Flexi-
bility for sulfur and ash content provides for expegted range of
analyses which might be expected over a 20-year operating life,
using coal typically mined in the Eastern Region of the U.S.

Interior Coal Province.

The complex is designed with four coal mine faces operating si-
multaneously, each producing 10,000 TPD. The coal is processed
through a coal preparation plant to produce approximately

30,000 TPD of clean, washed and dried coal feed.

The process efficiency of this design 1is achieved by:

a. Use of a two-stage entrained slagging type gasifier.

Use of ERDA-developed flame-sprayed catalyst techniques.
The reactors for catalytic reaction are logical extensions

of pilot plant designs and a design development peculiar

to this report.

Generation of 1200 psig steam from the heat of catalytic

reactions.




d. Utilization of recovered heat by high efficiency power

plant turbo-generators.

e. Extension of the Fischer-Tropsch technology using scale-ups

of technology and equipment developments.

The data investigated during design development included iron
catalyst in bed and sprayed—én—plate forms for the Fischer-
Tropsch synthesis and Raney nickel catalyst for- methanation.
The sprayed-catalyst-on-plates method was used as developed at
Bruceton. The shift reactor is designed with this same tech-

nique.

The efficient recovery of the majority of the reaction heat as
steam at 1200 psig, and the subsequent superheating of the
steam with hot synthesis gas to 950°F, allows use of central
power plant steam turbine-driven generators. This steam is
converted to electrical power at a 41.5 percent efficiency.
Excess process steam produced in the plant at 500 psig, 135
psig and 55 psig is used as bleed steam with electrical power
extracted. The boiler feed water is preheated by process

heat and bleed steam to provide the stipulated efficiency.

The pressure used by the gasification and Fischer-Tropsch
synthesis is 400 psig in the Fischer-Tropsch reactor as was
used in most ERDA data runs. At this pressure, experience
indicates that carbon formation encountered at lower pressures
is avoided. If the Fischer-Tropsch synthesis were carried

out at 1000 psig, the overall plant efficiency might improve.

13
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Activity Forecast Next Quarter.

We will complete the economic analysis of the Fischer-Tropsch
complex and incorporate it into the R&D report. We will submit
a draft of the report to ERDA for review and prepare to publish

the report in its final form.

Plant Design

| 9]

Objectives.

To develop a preliminary design of a coal processing plant which
will produce liquid and gaseous fuels as principal products.

The processes employed in this plant design shall be the result
of an economic selection from the candidate coal conversion

processes available.

To develop a model capable of calculating material and heat
balances for a number of coal conversion processes using computer
capability, and to estimate the overall utility balance of the

complex.

Activity for the Quarter.

a. We advanced a summary of the comparison of liquefaction
processes studied to date. The comparisons include the
process and yield characteristics, utility requirements,
capital and operating costs. The summary also includes a

status report on development efforts.

b, We completed the preparation of preliminary block flow

diagrams of candidate COG complex combinations.
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We met with ERDA representatives on May 6, and June 8 to
establish basic design concepts for a COG-type plant. A

meeting was planned in July to finalize the design basis.

We initiated a study to determine the best use for char con-
sidering possible production of hydrogen, SNG, Fischer-

Tropsch feed gas, and power.

We prepared a draft of a design basis, including a block
flow diagram for a recommended preferred combination of

operations, and a material balance.

We initiated a study to determine what type of pyrolysis
could be incorporated in the plant design. We are investi-
gating flash, hydropyrolysis and the dry catalytic pyrolysis
processes. We completed a literature search to obtain

additional information on direct flash pyrolysis.

We initiated a study to establish the pressure level at
which char can be economically gasified with oxygen and
below which char should be gasified with air. The study

is restricted to fuel gas production.

Results of These Activities.

The above activities are in the process of development; final

conclusions await their completion.

Activity Forecast Next Quarter.

We will complete the status report covering the utilization of

various coal liquefaction processes for COG. We will finalize
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a recommended design basis and transmit this to ERDA. We will

start the detailed design of the complex when authorized to

do so by ERDA.

E. Multipurpose Demonstration Facility

1.

ro

Objectives.

To develop preliminary designs for a facilities complex capable
of demonstrating the commercial feasibility of a variety of

coal conversion processes that show promise during pilot plant
scale operations. These designs shall be based on the concept
that the operating units shall be constructed as module additions
over a period of years. The completed facility shall include
modules of facilities which can be common to two or more other
processes, as well as allowances for future modification and/

or replacement of various pieces of equipment to meet new

requirements.

Activity This Quarter.
a. We developed a list of licensors and an approved form letter
to solicit submittal of methanol plant technical and economic

information from commercial plant licensors.

b. We reviewed the preferred steps to convert coal-derived
liquids to marketable products such as gasoline. We initiated

a study to determine the critical factors affecting the coal

charge rate for the facility.

c. We prepared preliminary designs, planning type estimates, and

approximate gas values for a low pressure, two-stage,
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air-blown gasifier. This gasifier will gasify about 200 tons

of Bastern bituminous coal per hour to produce a gas of

about 160 Btu/SCF of heating value.

This gasifier would operate at about 40 psig and will produce
about 160 billion Btu/day of calorific heat content in this
gas. This type of unit could be used to supply gas for

industrial heating and power boilers.

3. Activity Forecast Next Quarter.
We will continue to advance the preparation of a design basis

for this task.

F. Equipment Development

1. Objectives.
To define the equipment and control system development programs
required to assure reliability of coal conversion processes
being developed. To recommend appropriate developmental

programs to ERDA - Fossil Energy Division.

2. Activity This Quarter.

a. Gas/Solids Separation: We received additional information

on cyclone sizing and efficiencies. We continued to work

with electrostatic precipitator manufacturers.

b. Solids Feed to Gasifier: We continued to work with vendors

on developments of ground coal compression screw feeders.

c. Valves: We met with valve manufacturers and discussed the

adaptability of their products to coal conversion applications.
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3. Activity Forecast Next Quarter.
We will continue collaboration with equipment manufacturers and
monitor progress of their developments. We will propose develop-

ment programs to ERDA where deemed practical.

Materials of Construction

1. Objectives.
To define the preferred materials of construction for use in

coal conversion projects.

[ 3]

Activity This Quarter.

a. We presented a paper entitled "Coal Liquefaction: Materials
Systems Design'' to the American Society of Metals Conference
on Materials in Coal Conversion Systems. The meeting was

held in Pittsburgh, Pennsylvania on April 26, 1976.

b. We supported the 0il/Gas and Fischer-Tropsch design efforts

by supplying materials of construction specifications.

3. Activity Forecast Next Quarter.

We will continue to support design efforts by supplying materials

of construction specifications.

Environmental Considerations

1. Objectives.
To define environmental rfactors for proposed coal conversion
complexes, to define facilities required for the coal conversion
complexes to meet environmental standards, and to define product

quality standards to meet environmental regulations for product

users.
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3. Activity Forecast Next Quarter.
We will continue collaboration with equipment manufacturers and
monitor progress of their developments. We will propose develop-

ment programs to ERDA where deemed practical.

G. Materials of Construction

1. Objectives.
To define the preferred materials of construction for use in

coal conversion projects.

2. Activity This Quarter.
a. We presented a paper entitled "Coal Liquefaction: Materials
Systems Design" to the American Society of Metals Conference
on Materials in Coal Conversion Systems. The meeting was

held in Pittsburgh, Pennsylvania on April 26, 1976.

b. We supported the 0il/Gas and Fischer-Tropsch design efforts

by supplying materials of construction specifications.

3. Activity Forecast Next Quarter.
We will continue to support design efforts by supplying materials

of construction specifications.

H. Environmental Considerations

1. Objectives.
To define environmental factors for proposed coal conversion
complexes, to define facilities required for the coal conversion
complexes to meet environmental standards, and to define product
quality standards to meet environmental regulations for product

users.
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2. Activity for the Quarter.

a. We completed the design report section on Environmental
Factors for the Fischer-Tropsch plant design study. This
includes details of treatment of gaseous and liquid effluent
streams generated by the complex. The disposal of solid
wastes and noise control procedures were described. We also
considered possible deleterious action of products, the
possible release to the environment of heavy metals and trace

elements, and pertinent mine area restoration procedures.

b. We reviewed the 0il/Gas plant design to study pertinent
environmental factors. These include treatment of gaseous
and liquid effluent streams generated by the complex, disposal
of solid wastes, and noise control procedures. We are also
considering possible deleterious action of products, the
possible release to the environment of heavy metals and

trace elements, and pertinent mine area restoration procedures.

3. Activity Forecast Next Quarter.
We will finalize the input tc both 0il/Gas and Fischer-Tropsch

complex design reports.

I. General

We participated in a Technical Data Book Advisory Committee Meeting

on Coal Conversion Systems in Chicago, Illinois on May 27, 1976.

K. Publications

1. Objectives.

In the course of the development of the designs, our objectives

will be to prepare and present invited papers before various
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technical bodies to communicate the status of Parsons efforts

and knowledge to the scientific and industrial community.

Activities This Quarter.

We presented the following papers:

a. Invited paper titled '"Preliminary Economic Analysis: 011
and Power by COED-Based Conversion' to the American Chemical
Society Symposium on Comparative Economics of Synfuel in

New York on April 8, 1976.

b. Invited paper titled "Coal Liquefaction: Material System
Design" for presentation before the American Society of
Metals (ASM), Systems and Design Symposium, in Pittsburgh,

éennsylvania, on April 26, 1976.

¢. An invited paper titled "Coal Conversion Development: An
overview" to the Engineering Institute of Canada,
pPetrochemicals West, Third Annual Western Regional Conference,

Calgary, Alberta, on May 12, 1976.
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THIRD QUARTERL. REPORT

PRELIMINARY DESIGN SERVICES

THE RALPH M. PARSONS COMPANY

OBJECTIVE AND SCOPE OF WORK

The objective is to develop preliminary designs and economic

evaluations for a number of coal conversion plants. The fol-

lowing designs are included in the scope of work:

o]

A conceptual commercial plant for a coal-oil-energy-

development (COED) plant.

An oil/gas plant to produce liquid fuels plus substitute

natural gas (SNG).

A commercial-scale Fischer-Tropsch plant with motor

fuel anc SNG as the main products.

A coal processing plant to produce power, oil, gas, and

other products (POGO).

A facilities complex capable of deronstrating the com-
mercial feasibility of a variety of coal conversion

processes that show promise during pilot plant operations.



1.

The facilities will be considered for conversion of coal to:

1. Low-to-high Btu fuel gas.

2. Methanol/motor fuel by Fischer-Tropsch process.

3. Clean liquid fuels by alternate liquefaction processes.

in addition, supporting efforts will be provided to the above
activities. These efforts include planning and progress monitor-
ing, equipment development, and consideration of environmental

factors.

SUMMARY OF PROGRESS TO DATE

A brief review of the status of the major active design efforts
is given below, followed by a more detailed reporting on the

progress of individual tasks.

During the past quarter we transmitted to ERDA draft copies of

the final R&D reports describing the designs/economic evaluations
for the Fischer-Tropsch and 0il/Gas plants. A document contain-
ing a proposed design basis for the COG design was transmitted

to ERDA who directed that this task effort hereafter be referred
to as POGO, an acronym for Power, 0il, Gas, and Other. We reached
agreement with ERDA regarding primary elements of the POGO design
hasis. POGO designs will be developed for the following areas of

the U.S.:
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- Eastern Region of the Interior Coal Province

- Southern Appalachia

- Rocky Mountain Provincce
ke obtained geological information from statc agencics on coal
availability in Southern Appalachian and Rocky Mountain Pro-

vinces for mining up to 100,000 tons per day.

We continued to refinc the 0il/Gas and Fischer-Tropsch RED draft
reports in response to comments rcceived from ERDA. We com-

pleted the profitability analvsis for these tasks.

We obtained additional information on the subject of liquid/solids
anc¢ gas/solid separation and coal feeding devices. We obtained
information that ionizer units can agglomerate tines in gas

streams with a resulting increase in downstrecam cyclone efficiency.

lWe completed the study of the environmental factors pertaining

to the 0il/Gas plant.

“A brief summary of results by assigned task follows.

Coal Mining/Coal Preparation

We continued to assemble geological “nformation and started
to prepare reporis on coal reserves required for 100,000 T/D
minc opcrations in the Southern Appalachia and Rocky Mountain

areacs. We concluded +tha< it wi!'l take a numher of coal mines

to supply this operation in the Southern Appalachia area.




Potential exists in the Rocky Mountain Province to develop

single captive mines producing 100,000 tons per day of coal.

0Nil/Gas Plant Design

We completed the profitability analysis and continued work
on the RGD report. We transmitted a draft copy to ERDA and
reviewed it with them. As a result of this review, we
worked to cxpand the reports at ERDA's request to include:
-~ A detailed section describing the marketability and

characteristics of the products.

- A summary of the experimental data base used for

the design.

- A description of the gasifier effluent waste heat

boiler design.

Fischer-Tropsch Plant Design

We continued preparation of the R&D report including revision
to the power generation facilities to optimize cooling tower
operation. We transmitted a draft copy to ERDA and reviewed
it with them. Following the review, we began work to expand
the report to include the same three sections described above

under the "0il/Gas'" design.

POGO Plant Design

We completed a draft of the Design Basis Recommendation

Report and transmitted it to ERDA. ERDA accepted our recom-



mended design basis with some modification. 1t was agreed

that the heaviest hydroliquefaction stream would be upgraded
to a higher value consumer product. At the direction of
ERDA, we also began revision of the report in preparation for

issue as ar interim ERDA R&D report.

We completed casc definitions and specifications for engineer-
ing development and pricing for a number of process alternate
studies. We completed preliminary alternatc economic assess-
ments for options to upgrade heavy coal liquids to higher
value consumer nroducts. We will transmit the results to

ERDA for review and decision. The decision on this point

will provide the final element of the design basis.

We established tentative current market price structures for
coal liquefaction products saleable in fuels, chemical and

petrochemical markets.

tultipurpose Demonstration Facility

We received economic data, including capital cost, utilities
requirements, etc. for a nedium pressure (approximately
1,500 psig) methanol plant. We are analyzing these data.

We developed operating cost data for the Fischer-Tropsch

process based on a 50-50 liquid/SNG product slate.

We worked to develop a rccommended design basis for transmittal

to ERDA.



Equipment Development

We continued contacts to obtain information regarding
results generated in the ERDA program for development of
ground coal compression screw feeders which are specified
for use in our 0il/Gas and Fischer-Tropsch designs; also
for gas/solids separation equipment. Information obtained
on solid coal screw feeders included estimates of power

requirements and capital costs.

Materials of Construction

We continue to support design efforts by supplying materials

of construction specifications.

Environmental Considerations

We completed the study of the environmental factors pertain-
ing to the 0il/Gas plant. This study will be included in the
RGD report. We will also prepare a paper describing the key
results of this study and present it at the AIChE meeting to

be held in Chicago on November 30 - December 2, 1976.

We also completed the investigation of cyanides and their role

in the coal conversion process.

General
We presented the following invited papers:
1. "Potentials for Petrochemical Feedstocks and Chemicals

from Coal' presented to the AIChE Symposium on ''Chemicals
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from Ccal - New Frontiers,'" at Atlantic City, New

Jersey on August 31, 1976. Chemical Engincering Progress

will publish this paper which presents a process plan,
material balance, and market penetration information for
a scheme to producc a billion pounds per year of ethylene

plus large volumes of other petrochemicals from coal.

"The Materials Problems in Coa. Gasification and Liquefac-
tion Systems' presented at the American Institute of
Mining, Metallurgical and Petroleum Engineers (AIME) Con-

ference on Materials Requirements for Unconventional

Energy Systems to be held September 19-23, 1976 at

Niagare Falls, New York.

We participated in the following meetings:

1.

Ingersoll-Rand's State of the Art Presentation to ERDA
on coal conversion equipment applications in Washington,
D.C. on September 9, 1976. Particular emphasis in this
meeting was devoted to gas compressors, expanders, and

coal slurry pumps.

United Technologies Research Center in Pasadena to dis-
cuss the potentials of applying their computer-assisted
simulation capability to analysis and optimization of

power generation/utilitics syvstem in coal conversion

complexes,
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T. Y. Lin International to discuss the potential for
the use of pre-stressed concrete vessels in coal conver-
sion plants. T. Y. Lin agreed to supply further infor-

mation on the potential of this technique.

If1, DETAILED DESCRIPTION OF TECHNICAL PROGRLSS

A. Coal Mining/Coal Preparation

1.

Objectives

A long-range objective is to conceptually design and
evaluate as feed facilities to conversion plants, coal
mine and preparation facilities for five assigned geo-

graphic areas where conversion facilities are being

studied. Capacities up to 100,000 tons per day are being

considered.

Activity This Quarter

a. We obtained geological information from state agencies

on coal availability in Southern Appalachian and

Rocky Mountain Provinces. We continued to assemble
the most current geological information and planning
data for the conceptual development of coal mines in

these regions.

We concluded from information obtained that coal will
have to be obtained from a number of mines to supply
100,000 tons per day of ROM coal production for the

lower Appalachia area,
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b. We continued to investigate efficient coal prepara-

tion methods.

Results of These Activities

We have preliminarily concluded that a "water only"
iigging and multi-stage cyclone system for reduction of
ash content in conversion plant coal feed 1s adequate
and preferable to a heavy media system. Two clcan coal
cuts can be produced: two-thirds of the total coal
with an ash content of about 6.5 percent and one-third

in a range of 8 to 8.5 percent.

Activity Forecast Next Quarter

a, Wc¢ will continue development of mine designs for the
three areas required for the POGO design.

b, We will continue to develop and confirm coal pre-
paration plant designs with the aim of optimum prac-

tical separation of high from low ash/sulfur coal.

B. 0il/Gas Plant Design

1.

Otjectives

To develop a preliminary design and economic evaluation
tocr a commercial 0i1/Gas rlant to produce synthetic fuels
and SNG from coal. To define the maximum practical capa-

city single-train plant using the process.

O
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Activity This Quarter

We submitted a draft of major elements of the R&D report
to ERDA. We refined the report and maintained contact
with ERDA in order to finalize it for publication. We
transmitted updated economic projections to ERDA on
August 27, 1976.

Result of These Activities

a, We received ERDA's comments on our RGD report draft

and revised it accordingly.

b. We completed the energy and the utility summaries.

c. We completed updated profitability analyses of the

complex.

d. We produced a model of the plant.

Activity Forecast Next Quarter

We are cxpanding the R§D report to include:

a., Marketability of the products plus a detailed sum-

mary of product characteristics.
b. Experimental data used for the design.

c. A description of the gasifier effluent waste heat

boiler design.



C. Fischer-Tropsch Plant Design

1. Objectives
To develop a conceptual commercial plant design and
economic evaluation for a plant using Fischer-Tropsch

technology to produce pipeline gas and motor fuel,

2. Activity This Quarter

a, We transmitted a draft copy of the R&D report to
ERDA and reviewed it with them. We malntained con-
tact with ERDA to finalize the report for publice-

tion,

b. We completed the utility summary to conform to

optimum cooling tower operations.

c. We completed the economics section of the design

report, including preparation of the final operations

and maintenance manpower tables.

d. At ERDA's request, we worked to expand the R&D
report to include:
1, Marketability of products plus a detailed sum-
mary of product characteristics; sce Section

ITT-C-3-d for further detail.

a} A

2. A summary of experimental data used to design
the Fischer-Tropsch shift and methanation

reactors.
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3. A description of the gasifier effluent waste

heat boiler designs.

3. Result of These Activities

a. The R&D report is nearing completion with a target
to obtain release for publication during the next

gquarter,

b, It was determined that natural draft cooling towers
were unsuitable for the small cooling water tempera-
ture differential, Mechanical draft cross flow

cooling towers were included in the design.

¢, We determined the total personnel requirements for

the total complex to be approximately 2,100:

Administrative Personnel 343
Operating Personnel 978
Maintenance Personnel 764
d. "Marketability Considerations' was added to the

Product section of the R&D report. Details of the
investigations and comparisons of certain product
properties with corresponding petroleum product
specifications are included., A synopsis of this

analysis follows:

SNG: Meets properties requirements for sale as
substitute natural gas; has a HHV of 1035 Btu/SCF;

is produced at pipeline pressure.
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Butanes: Can be narketed as LPG and as ethylene

plant feedstock.

Naphtha, light and heavy: Aromatics content

would be near zero., Octane numbers are low.
Since they consist largely of straight chain
saturated hydrocarhons with nil sulfur content,

they would be preferred petrochemical feed stocks.

As an alternate, thev would be suitable as feed-
stock for gasoline manufszcture, requiring further

processing and reforming.

Diesel Qil: This product is a superior diesel
engine fuel with nil sulfur content and high
Cetane number. It mecets all ASTM D975 No. 1-D
Diesel Fuel Oil specifications and all ASTM D396

No. 1 Fuel 0il specifications.

Fuel Qil: This product meets all ASTM D2880
No. 3-GT specifications for Gas Turbinc Fuel 01l
in addition to containing nil sulfur and nil

nitrogen.

¢. The Data Base section of the report was expanded tc
include experimental results and data on which the
flame spraved catalyst synthesis recactor designs were

based. This will be incorporated as a major report




H

section in the R&D report. It includes detailed
descriptions of experimental procedures and data

on individual runs.

Gasifier effluent waste heat boiler design: Details
of the design of the heat exchangers used as steam
superheaters and steam generators recovering heat
from the gasifier synthesis gas were prepared and

added to the R&D report.

These exchangers are vertical shell and tube units
with the gas-char mixture flowing downward through
two-inch tubes. The tubes are 321 stainless steel
selected because of its toughness. Their thickness
is equivalent to schedule 80 pipe. The tube inlets
are protected against abrasion by ceramic ferrules.
Velocities through the tubes are those customarily

used in pneumatic conveying systems.

The Syngas coolers are patterned after similar units
operated at similar pressures as petroleum fluid
cracker regenerator gas outlet coolers and fluid
catalyst line exchangers. They are also similar to
boilers cooling Syngas and ash in a coal-based

ammonia plant located in South Africa.
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4, Activity “orecast Next Quarter

a. We will complete the final draft of the RGD report
and transmit it to ERDA with the objective to obtain

approval to publ:sh It,

D.  POGO Plant Design

1. Objectives
To develop a preliminary design of a coal processing
plant which will producc liquid and gaseous fuels as
principal products. The processes enployed 1n this
plant design shall be the result of an economic selec-
tion from the candidate coal conversion processes avail-

able,.

To develop a model capable of calculating material and
neat bhalances for a number or coal conversion processes
using computer capability, and to estimate the overall

utility balance of the complex.

2. Activity This Quarter

a. We completed the Design Basis Recommendation document
and transmitted it to ERPA. 1t tncludes the follow-
ing:

I. Block Flow Diagrams for Candidate POGO process

configurations,

2. Preliminary Tecchnical /Economic Assessment.

—
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3. Process Comparison Study.

4. Short List Comparison (4 alternative configura-

tions),

5. Recommended Design Basis; key coal conversion

steps are flash pyrolysis and hydroliquefaction.

We received agreement from ERDA on major points of
the design basis. At ERDA's request, we defined
procedures to upgrade the heaviest liquid product to

higher valued consumer products,

At ERDA's direction, we will prepare the design basis
document in a form suitable for publication as an RED
report. To accomplish this, we initiated a final

check of documents included in the report.

We started a preliminary study to determine the advan-
tages and economics of adding a Fischer-Tropsch section

to the selected POGO configuration.

We made progress on a study to set the maximum economi-

cal pressure level for gasification of char with air.

We completed a preliminary study of pyrolysis pro-

cesses. Three basic types of pyrolysis processes
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were considered: flash, hyvdropyrolysis, and cata-

lytic "fast" pyrolysis.

g. We prepared a case study for integration of process

furnaces and gas -turbire operations.

h. We prepared economics comparisons for four POGO con-

figurations,

Results of These Activities

We completed alternate economic assessments for the revised
design to include upgrading the heaviest liquid product.
A preliminary technical description and cconomics of

basc Case IV were then transmitted to ERDA for review.

Economic comparisons are based upon the following cascs:
Case TVB: The base pyrolysis hydroliquefaction case plus

gasification of heavy oil.

Case IVC: Case IVB, adding coal feed to pyrolysis to
provide sufficient extra char to teed a 250 billion Btu/day

Fischer-1ropsch train,
Case IVD: The base case, but coking the hecavy oil.

Case IVE: Case IVD, adding coal feed as in Case IVC for

a 250 billicn Btu/day Fischer-Tropsch train.




The evaluation procedure was as follows:

1.

Establish a block flow diagram, including all units

required for plant operation.

Establish a process material balance, using a hydro-
liquefaction unit of the same size as that used in

in the 0il/Gas plant, and, where required, a Fischer-
Tropsch train equivalent to one train of our U.S5.A.
FischerTropsch plant. Size other units to supply
hydrogen needs for the plant and to treat all products
to salable condition. Calculate utility requirements
based on fuel gas needs at 15 percent of the heating

value of coal fed to the process units.

Adjust the fixed capital estimate for all cases to
75,000 TPD coal feed by use of a 0,7 exponent capacity

factor.

Calculate fuel selling price required to produce a
12 percent discounted cash flow return, based both
on an average heating value basis and also probable

product market values.

On the basis of the above evaluation Case IVD (coking
of heavy o0il) was recommended as being economically
attractive, considering conservative product pricing.

ERDA accepted our recommendation.
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We obtained analvses of candidate alternate coals as

required for the design basis of this task.

Activity Forecast Next Quarter

a. The product slate for Case IVD will be specified

and detalled design activities started.

b. The coal mine design for all threec locations will be

started.

¢. Coal preparation units design is expected to be com-
pleted for the two castern locations., None 1s con-

templated for the western location.

E. Multipurpose Demonstration Facility

1.

Objectives

To develop preliminary designs for a facilities complex
capable of demonstrating the commercial feasibility of

a variety of coal conversion processes that show promise
during pilot plant scale operations., These designs shall
be based on the concept that the operating units shall be
constructed as module additiorns over & period of years.
The completed facility shall include modules of facilities
which can be common to two or morc other proccsses, as
well as allowances for future modification and/or replace-

ment of various pieces of equipmert to meet new require-

ments,




Activity This Quarter

d.

We developed a very preliminary design and economics
for a conceptual commercial methanol plant from coal.

We worked to refine the design and economic estimates.

We advanced the comparison of methanol processes for

production of coal based methyl fuel.

We studied a high pressure (5,000 psig) methanol plant

design.

We completed a preliminary single-stage gasifier
design basis to produce gas with minimum methane and

nitrogen as required for methanol plant feed.

We reviewed Cresap designs to establish their suita-

bility for inclusion into the multipurpose scheme.

Results of These Activities

The preliminary designs/economics were used as a basis to

begin preparation of a recommended design basis.

Activity Forecast Next Quarter

The studies started during this quarter will be refined

during the next quarter. A size determination study for

the facility will be started.



F.

Equipment Development

1.

Objectives

To define the equipment and control system develop-
ment programs required to assure reliability of

coal conversion processes being developed. To recom-
mend appropriate developmental programs to ERDA -

Fossil Energy Division.

Activity This Quarter

a. Gas/Solids Separation: We received additional

information on cyclone sizing and efficiencies.
We continued to work with electrostatic precipi-

tator manufacturers.

b. Solids Feed to Gasifier: We continued to work

with vendors on developments of ground coal com-

pression screw feeders.

c. Valves: We met with valve manufacturers and dis-
cussed the adaptability of their products to coal

conversion applications,

Activity Forecast Next Quarter

We will continue collaboration with equipment manu-
facturers and monitor progress of their developments.

We will propose development programs to ERDA where

deemed practical.



G. Materials of Construction

1. Objective
To define the preferred materials of construction for

use in coal conversion projects.

2. Activity This Quarter

a. We presented a paper entitled "The Materials Pro-
blems in Coal Gasification and Liquefaction Systems'
to the American Institute of Mining, Metallurgical
and Petroleum Engineers (AIME) Conference on

Materials Requirements for Unconventional Energy

Systems on September 19-23, 1976 at Niagara Falls,

New York.

b. We supported the 0il/Gas and Fischer-Tropsch desig