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ANNUAL REPORT 

PRELIMINARY DESIGN SERVICES 

THE RALPH M. PARSONS COMPANY 

I. OBJECTIVES 

An overall key objective of this work is to assist Energy Research and 

Dcvelopment Administration Fossil Energy Division (ERDA-FE) to develop 

commercial coal conversion plants that will provide realistic future U.S. 

energy options using coal. Specific objectives are to develop preliminary 

designs that indicate design/operating characteristics and projected 

economics of commercial scale, multiproduct coal conversion complexes, 

including captive coal mines, using selected ERDA-FE R&D program data as a 

basis for developing preliminary designs. 

11. I~IPACT ON COAL CONVERSION TECHNOLOGY 

Primary impact of this work is to provide ERDA-FE with a cohesive preliminary 

definition of the expected characteristics and projected economics of future 

commercial coal conversion complexes. 

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; interfacing of the coal mine with process plant; 

operating requirements; and projected economics complete with influence of 

key economic parameters such as capital investment, operating costs, and raw 

materials consumption. The project provides: 

(i) Basis for analysis of capital costs impact, operating costs, and 

reliability factors of future coal conversion facilities 



(2) Assistance in defining specific requirements for additional data and 

development experience on the pilot plant scale to provide assurance 

of reliable and economical future operation of these complexes 

(3) Sufficient detail to permit periodic quantitative revision and 

updating as new and improved data and process concepts are developed 

in the program 

(4) Quantitative economics basis for selection of preferred process 

alternates 

III. PRESENT WORK AND ACCOMPLISHMENTS 

Accomplishments in 1975 include: 

( I )  Submission of a report describing the conceptual design and economic 

evaluation of a COED-based coal conversion complex 

(2) Progress on three additional designs that were begun in January 1975: 

(a) Oil/gas 

(b) Fischer-Tropsch, U.S. version 

(c) Coal-oil-gas (COG) 

(S) Compilation of additional background for the design work during a 

visit to the SASOL plant to discuss Fischer-Tropsch technology 

(4) Completion of 8 process alternate economic comparison studies 

(5) Preliminary definition of procedures to obtain a 70% thermal 

efficiency for a Fischer-Tropsch plant 



(6) Presentation of invited testimony to U.S. Senate hearings on the 

ERDA budget, particularly on the subject of proposed demonstration 

plant program, with suggestion that the program should have $2 to 

5 billion funding to effectively demonstrate performance reliability, 

economics, and functional product performance for this technology 

(7) Completion of i0 papers/presentations in support of the ERDA 

coal-conversion development program, including: 

(a) Description of procedures for production of chemical and 

petrochemical feedstocks from coal, and the potential impact 

of this technology on the chemical/petrochemical industry 

(b) Summary of data requirement recommendations for scale up of 

coal conversion processes from pilot plant to commercial-scale 

operations 

Further details on key elements of the programs are described in the following 

sections. Also, reports of activities for the first three quarters and a 

detailed report on our activities for the fourth quarter of 1975 are appended 

hereto. 

A. COED Conceptual Commercial Plant 

Work was completed in 1975 on a preliminary design and economic 

evaluation for a commercial complex to mine high-sulfur coal and 

produce low-sulfur synthetic crude oil [syncrude), electrical energy, 

and sulfur, using COED-based pyrolysis technology for the coal- 

conversion portion of the complex. An artist's conceptual drawing 

of the facility is shown in Figure 1 and a simplified block flow 



diagram of the process is shown in Figure 2. The detailed results 

were published as ERDA R&D Report No. 114, Interim Report No. i. 

The industrial complex consists of a large captive coal mine 

supplying the feed material to a coal preparation plant, which in 

turn supplies approximately 25,000 TPD of clean, washed coal to a 

COED-based pyrolysis coal conversion plant. In a typical case, a 

COED facility produces approximately 28,000 BPD of 25°API, 0.1% 

sulfur syncrude plus low-sulfur fuel gases, as well as byproduct 

sulfur. Fuel gases are fed to a close-coupled electrical power 

generation plant that produces electricity for inplant use plus 

830 ~ for export. It also produces steam for captive use in the 

complex. 

The design provides operating flexibility to process coal showing 

a range of analyses, which might be expected over the course of a 

20-year operating life. This distinguishes the design from others 

that have been based on a single typical coal analysis and that might 

be called single feed source or "point" designs. The use of a fixed 

coal feed rate and variable coal characteristics requires higher 

fixed capital investment to provide the necessary flexibility. It 

also results in variable product rates. 

The estimated fixed capital investment for the complex is $i billion 

in first-quarter 1974 dollars. The total capital investment is esti- 

mated to be $I.125 billion. This includes the cost of initial raw 

materials, catalysts and chemicals, allowance for startup and land 



B. 

acquisition, and initial working capital. Typical required selling 

prices for the mixed syncrude plus electrical power product slate at 

10% discounted cash flow (DCF) rate of return, after byproduct sulfur 

credit, are as follows: 

Syncrude ($/bbl) Electricity [rail/kWh) 

i0 32 

15 25 

18 20 

26 i0 

Sensitivities of required selling prices to profitability and to key 

economic parameters were reported. 

Oil/Gas Plant Design 

The oil/gas concept recognizes that methane and other light 

hydrocarbons are produced during coal liquefaction and that some 

methane is made during the gasification step to produce synthesis 

gas and, subsequently, hydrogen for use in the hydroliquefaction 

step. To further develop this technology, a conceptual design and 

economic evaluation is being prepared for a large complex to convert 

coal to low-sulfur liquid/solid products plus substitute natural 

gas (SNG). The complex would be a grass-roots facility, with 

captive coal mine to produce products consisting of low-sulfur oils, 

SNG, and high-purity sulfur. Feed rate is planned to be 40,000 TPD of 

clean washed coal. Figure 3 shows a simplified block flow diagram 

depicting the key process steps. 

S 



C. 

During predesign studies leading to development of the design basis, 

quantitative economic analyses of eight process alternates were 

completed. Examples include use of syngas vis-a-vis hydrogen as 

liquefaction agent, amount of SNG production, and use of sour 

vis-a-vis sweet shift operation. Methods of varying the oil/gas 

ratio from 2/1 to 6/1 were defined, based on product Btu basis. The 

design work is in an advanced stage at this time. 

Fischer-Tropsch Conceptual Commercial Plant 

The development of a conceptual design and economic evaluation of a 

Fischer-Tropsch plant to be responsive to U.S. energy and economic 

demands is well underway. The present work is an extension of 

earlier studies made by Parsons in response to an ERDA request to 

determine if there was a place for Fischer-Tropsch technology in 

future U.S. synthetic fuel production plans, and if so, what role 

it might play. 

The Fischer-Tropsch conceptual design and economic evaluation 

currently being developed by Parsons represents a more comprehensive 

effort to describe a facility to produce synthetic fuels from coal, 

which will be responsive to future U.S. fuel demands and economic 

requirements. It will produce a liquid plus SNG product slate with 

total energy value of 500 billion Btu/day. It will consist of two 

process trains. Detailed process analysis results have defined 

procedures to achieve a 70% thermal efficiency as compared to effi- 

ciencies in the 50 to 60% range for prior work. A simplified block 

flow diagram is shown in Figure 4. 



D. COG Plant Design 

The objective of this effort is to develop a preliminary design of a 

coal conversion plant to produce liquid and gaseous fuels as 

principal products. Processes employed in the plant design will be 

the result of economic selections from the available candidate coal 

conversion processes. A second objective is the development of a 

computer simulation model capable of calculating material and heat 

balances as well as estimating overall utility balances for a number 

of coal conversion processes. 

The computer process model is now operational and is being used to 

evaluate various COG candidate processes. At the same time, the 

program is being expanded and adapted as new applications are 

developed. 

Screening economic estimates for candidate processes are being 

prepared. The necessary process data for preparation of these 

estimates are being obtained from the various process originators. 

The design and economic evaluation is scheduled for completion in 

calendar year 1977. 

E. Supporting Activities 

Support activities for the design work include: 

(1) Equipment Development: 

(a) Objective: To define equipment development programs to 

ensure future reliable and viable operation of coal 

conversion processes. 

7 



(b) Status: Major activity has centered on liquid/solid 

separation, gas/solid separation, solids feed to gasifiers, 

and filter cake drying equipment. 

(2) Construction Materials: 

(a) 

(b) 

Objective: To define materials of construction with 

adequate 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 continually 

selected for the designs Parsons has in progress. 

(3) Environmental Factors: 

(a) Objective: To define facilities and procedures required 

for operation of environmentally acceptable coal conversion 

plants. 

(b) Status: One paper was presented at the Joint Power 

Generation Conference describing procedures for control of 

gaseous emissions for the COED design. The oil/gas and 

Fischer-Tropsch designs are being reviewed as they are 

being developed to ensure conformance with environmental 

requirements. 



F. 

G. 

I ' u b l i c a t i o n s  and P r e s e n t a t i o n s  

A l i s t  o f  10 p u b l i c a t i o n s  and p r e s e n t a t i o n s  r e s u l t i n g  from our  work 

is a t t a c h e d  to  t h i s  r e p o r t  as Table  1. 

l~lans f o r  1976 

P r e l i m i n a r y  d e s i g n s / e c o n o m i c  e v a l u a t i o n s  w i l l  be comple ted  and r e p o r t s  

w i l l  be i s sued  f o r  t h e  o i l / g a s  and F i s c h e r - T r o p s c h  t e c h n o l o g i e s .  The 

CO(; d e s i g n  should  be wel l  adwmced ,  l e a d i n g  to  c o m p l e t i o n  and r e p o r t -  

ing in c a l e n d a r  y e a r  1977. The p r o g r e s s  o f  t he  SRC p i l o t  p l a n t  work 

w i l l  be mon i to r ed  and a commercia l  p l a n t  d e s i g n  w i l l  s t a r t  in 

October  1976. Work w i l l  begin  on p r e l i m i n a r y  d e s i g n s  f o r  a f a c i l i t i e s  

c~l,ple>: to  d e m o n s t r a t e  t he  commercial  f e a s i b i l i t y  o f  a v a r i e t y  o f  

p~o~lisJng coal  c o n v e r s i o n  p r o c e s s e s .  

I'T'ocess simulation capability, equipment development, environmental 

t'Jctor requirements, and materials of construction definitions will 

be advanced, limphasis on definition of economically viable coal 

conversion commercialization procedures will continue. 

9 



Table 1 - Publications, Presentations 

I. O'Hara, J.B., "Coal Conversion," Presentation to the United States 

Senate Committee on Interior and Insular Affairs Subcommittee on Energy 

Research and Water Resources, at Washington, D.C., March 3, 1975. 

. O'Hara, J.B., Jentz, N.E., and Papso, ,I.E., "Survey of Coal Liquefaction 

Products Including Suitability as Petrochemical Feedstocks," presented 

at the Seventy-Ninth National Meeting of American Institute of Chemical 

Engineers, Houston, Texas, March 18, 1975. 

. O'Hara, J.B., Cumare, F.E., and Rippee, S.N., "Potentials for Synthetic 

Fuels from Coal by the Fischer-Tropsch Process," presented at the 

Seventy-Ninth National Meeting of American Institute of Chemical 

Engineers, Houston, Texas, March 18, 1975. 

4. 0'Hara, J.B., "Coal Conversion - An Overview of Status and Potential," 

presented at Los Angeles Council of Engineers and Scientists Energy 

Symposium, Los Angeles, California, April 3, 1975. 

. O'Hara, J.B., Jentz, N.E., and Hervey, G.H., "Commercial Coal Conversion 

Plant Design, Translation from Pilot to Commercial-Scale Plants," 

presented at the Clean Fuels from Coal S~posium II, Chicago, Illinois, 

June 26, 1975, sponsored by Institute of Gas Technology. 

. O'Hara, J.B., Cumare, F.E., and Rippee, S.N., "Synthetic Fuels from 

Coal by Fischer-Tropsch," August 1975 Coal Processing Technology Manual, 

~giv~e ii, prepared by the Editors of Chemical Engineering Progress. 
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Table I - Publications, Presentations (Contd) 

Loran, B.I., O'Hara, J.B., Jentz, N.E., and Hincks, H.F., "Gaseous 

Environmental Factors in Coal Pyrolysis Plant Design," paper presented 

to the AS~/IEEE Joint Power Generation Conference at Portland, Oregon, 

October i, 1975. 

Loran, B.I., et al., "Gaseous Environmental Factors in Coal Pyrolysis 

Plant Design," published by American Society of Mechanical Engineers 

as Publication No. 75-PWR-3. 

O'Hara~ J.B., Hervey, G.H., Fass, S.M., and Mills E.A., "0il/Gas Plant 

Design Criteria," presented at the American Institute of Chemical 

Engineers Sixty-EighthAnnual Meeting, Los Angeles, California, 

November 19, 197S. 

O'Hara, J.B., Bela, A., Jentz, N.E., and k~haderi, S.K., "Fischer-Tropsch 

Plant Design Criteria," presented at the American Institute of Chemical 

Engineers Sixty-Eighth Annual Meeting, Los Angeles, California, 

November 19, 1975. 
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"ll~c lg~llgh M. Parsons Company 
ENGINEERS • CONSTRUCTORS / PASADENA, CALIFORNIA 91124 

May 8, 1975 

Energy Research and Development 
Administration 

Fossil Energy 
2100 M Street, N. W. 
~Vashington, D. C. 20545 

ATTENTION of~. Neal P. Cochran 
Assistant Director - Demonstration Plants 

SUBJECT Contract No. E(49-18)-1775 
Quarterly Report of Work Performed 
Period January 1 through March 31, 1975 
Parsons Job No. 5435 
Letter No. PN-17 

Gentlemen: 

~is report summarizes pertinent pro~ress for our separate task assignments 
during the subject period. 

I. ACTIVITY SU~'~RY. 

A. COED Conceptual Commercial Plant Design 

i. Objective. 

~e overall objective is to develop a conceptual design 
and cost estimate for a commercial-size plant and to 
define additional data required from pilot plant operation 
or other sources. 

2. Activityl this Quarter. 

Revisions remain to be made to the draft prior to finaliza- 
tion. A suitcase-size model of the plant is in final 
stages of completion. 



T h e  Ra lph  M. P a r s o n s  C o m p a n y  

Energy Research and 
Development Administration -2- May 8, 1975 

B. 

. 

C. 

D. 

Coal Mining and Preparation 

1. Objective. 

To develop conceptual designs and economic evaluations 
for mines in the following five geographic areas: 
Interior Province (eastern region), Appalachia, Feather 
River (western area), Four Corners, and Utah. Mining 
plans and cost estimates for facilities to supply feed 
to conceptual plant designs including COED, SRC, Fischer- 
Tropsch, Cresap, and others are to be developed. Mines 
with capacities to i00,000 tons per day will be considered. 

Activity this Quarter. 

We studied the characteristics of the separate coal supply 
sources. 

Oil/Gas Plant Design 

i. Objective. 

To develop a preliminary design and economic evaluation for 
a commercial Oil/Gas Plant to produce synthetic liquid 
fuels and SNG from coal. 

2. Activity this Quarter. 

we developed a schedule, manpower requirements, job proce- 
dure, basic design criteria, and design basis ready for 
final review. Preferred procedures for syngas generation, 
filter cake washing and drying, and the use of power 
recovery turbines were studied. The concept of slurry 
recycle was investigated. [Material balances for these 
various options are in process. 

Fischer-Tropsch Commercial Plant .Design 

i. Objective. 

To develop a preliminary design and economic evaluation for 
a commerc ia l  F i s c h e r - T r o p s c h  p l a n t  to  p r o d u c e  l i q u i d  f u e l  
and SNG. 



T h e  Ralph  M. P a r s o n s  C o m p a n y  

Energy Research and 
Development Administration -6- May 8, 1975 

II. 

b. "Potentials for Synthetic Fuels from Coal by the 
Fischer-Tropsch Process" before the 79thNational 
AIChE Meeting held in Houston OhM arch 18, 1975. 

C. We prepared a paper entitled: "Coal Conversion - 
An Overview" for presentation before the Energy Sympo- 
sium sponsored by the Los Angeles Council of Engineers 
and Scientists in Los Angeles onApril S, 1975. 

d. We participated in the hearings concerning the ERDA 
appropriations before the Subcommittee on Energy 
Research and Water REsources of the U.S. Senate 
Committee on Interior and Insular Affairs; this was 
held in Washington, D.C. on March S, 1975. 

We attended a restricted invitation briefing on the sub- 
ject "Chemicals from Coal" sponsored by the National 
Science Foundation. 

We met with key personnel of the Institute for Gas Tech- 
nology in support of their preparation of a Coal Conversion 
Data Book. We made plans to assist them in their work. 

WORK FORECAST FOR THE NEXT QUARTER, APRIL i THROUGH JUNE S0, 197S. 

A. COED Conceptual Commercial Plant Design 

Complete the review and editing of the report. Issue the com- 
pleted report for publication. Complete suitcase-size model 
of plant complex. 

B. Oil/Gas Plant Design 

Complete comparative process studies and their economic evalua- 
tion. Start design of the commercial-size plant. 

C. Fischer-Tropsch Plant Design 

Issue the Design Basis, block flow diagTam, and continue indivi- 
dual unit process selections on the basis of construction costs 
and economic studies. 



T h e  R a l p h  M. P a r s o n s  C o m p a n y  

Energy Research and 
Development Administration -5- May 8, 1975 

I. 

J. 

Environmental Requirements Program 

i. Objective. 

To define those environmental control facilities 
required to assure the operation within applicable 
environmental requirements. 

2. Activity this Quarter. 

We reviewed the general approach required for the overall 
program. We started preparation of an invited paper 
entitled "Gaseous Environmental Factors in Coal Pyrolysis 
Plant Design" for presentation at the Joint Power Gene- 
rating Conference sponsored by the American Society of 
Mechanical Engineers in Portland, Oregon, October 1-3, 
1975. 

General 

1. Objective. 

To provide general support activities to ERDA as directed 
and to present appropriate reports and papers. 

2. Activity this Quarter. 

We met on February 5-6, 1975 in Pasadena with representatives 
of ERDA to review plans and status for our work. We reviewed 
an overall program schedule with them. This document was 
subsequently revised to conform with accelerated ERDA require- 
ments. 

We prepared and transmitted, by our Letter No. P-247, a 
preliminary list of vessels and columns to serve as a basis 
for cost comparison between field and shop fabrication. 

We presented the following papers: 

a. "Survey of Coal Liquefaction Products Including Suit- 
ability as Petrochemical Feedstocks" before the 79th 
National AIChE Meeting held in Houston on March 18, 
1975. 
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G. 

H. 

2. Activity this Quarter. 

We requested proposals from various in-house engineering 
disciplines and from the process engineers regarding 
equipment problems previously encountered and foreseen. 
We met with representatives of The Ducon Company of Mineola, 
New York, who made a presentation of gas/solids separation 
equipment. 

C0ntrolsDevelopment Program 

I. Objective. 

To develop functional and preliminary specifications for 
control apparatus required for candidate processes and 
upon agreement by ERDA to discuss development programs 
with industry. To recommend to ERDA the issue of RFP's 
for development programs where appropriate. 

Activity this QLmrter. 

We requested proposals from the in-house controls engi- 
neers and from the process engineers regarding the subject 
of control problems previously encountered and foreseen. 
We met with representatives of Compressor Controls Corp. 
of Des ~bines, Iowa, who presented their electronic com- 
pressor control system which we are presently evaluating. 

Materials of Construction Assessment 

i. Objective. 

To participate in the investigatory work in progress in 
order to define the preferred materials of construction for 
equipment and construction in coal conversion projects. 

9 Activity this Quarter. 

We reviewed the materials of construction shmm on the 
equipment list for the Demonstration Plant, OCR R&D Report 
No. 82, Interim Report No. I and updated same. We colla- 
borated with the Illinois Institute of Technology Research 
Institute, Metals Properties Council, particularly in the 
field of high-temperature gaseous corrosion. We visited 
the Fort Lewis SRC Pilot Plant and consulted with Plant 
Management on their corrosion and erosion problems. 
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E. 

F. 

2. Activity this Quarter. 

We developed a schedule and manpower control documents 
ready for final review. We reviewed prior Bureau of 
Mines' work and visited the Bruceton facility to obtain 
further detailed information. We also studied the Kellogg 
synthesis system as well as SASOL reports. We worked on 
the development of the design basis. 

COG Plant Design 

I. Objective. 

To develop a preliminary design of a coal processing plant 
which will produce both oil and gaseous fuels as principal 
products. The processes employed in this plant design will 
result from an economic selection from the candidate coal 
conversion processes available. 

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

2. Activity this Quarter. 

We started studies of various candidate processes for this 
plant. In order to arrive at valid comparisons, we began 
preliminary designs for all processes using Illinois No. 6 
seam coal as feed. We continued development of a computer 
model able to produce heat and material balances, as well 
as yields for these processes and adapted a computer pro- 
gram used for the SRC process to apply it to a catalytic 
conversion process. 

Equipment Development Program 

i. Objective. 

To develop functional and preliminary specifications for 
equipment required for candidate processes and upon agree- 
ment by ERDA to discuss development programs with industry. 
To recommend to ERDA the issue of RFP's (Request for 
Proposals) for development programs where appropriate. 
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D. 

E. 

F. 

G. 

H. 

. 

COG Plant Design 

Continue study of candidate p r o c e s s e s  and evaluate their cost 
and economic values. 

Coal Mining and Preparatio ~ 

Begin preliminary workto supply the feed coal necessary to 
support the coal conversion designs. 

Equipment Development Program 

Continue to pinpoint equipment items requiring development 
programs. Oil/Solids and Gas/Solids separation and gasifier 
design will be among the targets as well as pressure recovery 
turbines. 

Controls Development Program 

Continue to pinpoint control problems requiring development 
programs. Pressure letdo~cnvalves in slurry service will be 
further investigated. 

Materials of Construction Assessment 

Issue equipment list for Demonstration Plant with updated mate- 
rials of construction. Continue collaboration with Illinois 
Institute of Technology Research Institute and work with National 
Association of Corrosion Engineers on problems relative to coal 
conversion plants. 

G ener al 

Prepare study reports and papers as requested by ERDA. 

Very truly yours, 

THE RALPH M. PARSONS COMPANY 

JBO:GHH:bk 

J. B. O'Hara 
Project Manager 
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August i, 1975 

Energy Research and Development 
Administration 

Fossil Energy 
2100 M Street, N. W. 
Washington, D. C. 20545 

ATTENTION of Mr. Neal P. Cochran 
Assistant Director - Demonstration Plants 

SUBJECT Contract No. E(49-18)-1775 
Quarterly Report of Work Performed 
Period April 1 through June 30, 1975 
Parsons Job No. 5435 
Letter No. PN-51 

Gentlemen: 

This report summarizes pertinent progress for our separate task 
assignments during the subject period. 

I. ACTIVITY SL~DIRY. 

A. COED Conceptual Commercial Plant Design 

i. Objective. 

The overall objective is to develop a conceptual design 
and cost estimate for a commercial-size plant and to 
define additional data required from pilot plant oper- 
ation or other sources. 

2. Activity this Quarter. 

We transmitted the technical section of the final R@D 
Report to ERDA by our letter PN-30 dated May 30, 1975, 
for review and comments. A suitcase size model of the 
complex was completed and transmitted to ERDA. A report 
of the Institute for Gas Technology analyzing COED char 
gasification was received and reviewed. 
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C. 

The preparation of a parametric economic analysis of the 
complex was essentially completed. 

B. Coal Mining and Preparation 

i. Objective. 

To develop conceptual designs and economic evaluations 
for mines in the following five geographic areas: 
Interior Province (eastern region), Appalachia, Feather 
River (western area), Four Corners, and Utah. Mining 
plans and cost estimates for facilities to supply feed 
to conceptual plant designs including COED, SRC, Fischer- 
Tropsch, Cresap, and others are to be developed. Mines 
with capacities to 100,000 tons per day will be considered. 

2. Activity this Quarter. 

We studied the characteristics of the separate coal supply 
SOUrCeS, 

Oil/Gas Plant Design 

i. Objective. 

To develop a preliminary design and economic evaluation 
for a commercial Oil/Gas Plant to produce synthetic liquid 
fuels and SNG from coal. 

2. Activity this Quarter. 

We completed process flow diagrams, material balances and 
equipment specifications for filter cake washing and drying 
and hydrogen vis-a-vis syngas as dissolver feed. We com- 
pleted capital cost estimates for a reduced dissolver 
residence time case and for utilization of pressure letdown 
turbines. We developed criteria for NH3-H2S separation and 
for various levels of SNG production involving cryogenic 
separation processes and submitted them to candidate process 
licensors for process and capital cost estimate development. 
We started development of process data for use of sour shift 
applied to the syngas dissolver feed case. We started 
design development and consultation with manufacturers 
concerning high pressure gasifiers. 
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D. Fischer-Tropsch Commercial Plant Design 

i. Objective. 

To develop a preliminary design and economic evaluation 
for a cormnercial Fischer-Tropsch plant to produce liquid 
fuel and SNG. 

2. Activity this Quarter. 

We prepared a bibliography for the Fischer-Tropsch process 
and prepared a preliminary design%asis. We studied 
Fischer-Tropsch feed gasifier designs and analyzed gas/solids 
separation criteria and methods. 

We investigated candidate configurations of Fischer-Yropsch 
reactors and developed a preliminary block flow diagram for 
the total complex. 

E. COG Plant Design 

i. Objective. 

To develop a preliminary design of a coal processing plant 
which will produce both oil and gaseous fuels as principal 
products. The processes employed in this plant design will 
result from an economic selection from the candidate coal 
conversion processes available. 

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

2. Activity this Quarter. 

We continued to incorporate various liquefaction and 
gasification concepts into the computer process model. 
We developed process design specifications for an air 
blotch gasifier to produce low BTU fuel for in-plant use. 

F. Equipment Developmen t Program 

i. Objective. 

To define the equipment and control system development 
programs required to assure reliability and viability 
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of coal conversion processes being developed. To recommend 
appropriate developmental programs to ERDA - Fossil Energy 

Division. 

2. Activity this Quarter. 

We contacted equipment manufacturers to obtain technical 
and cost information for candidate systems pertaining to 
high pressure gasifier dry coal feed devices, liquid/solids 
and gas/solids separation, and filter cake drying. We 
received responses to these inquiries and are in the process 
of cost and economic evaluation as well as analysis of their 
process suitability. 

G. Materials of Construction Assessment 

i. Objective. 

To define the preferred materials of construction for use 
in coal conversion projects. 

2. Activity this Quarter. 

We continued collaboration with the Illinois Institute 
of Technology Research Institute Metals Properties Council 
in their four phases of study of corrosion-erosion in the 
field of coal conversion. We continued monitoring the Fort 
Lewis SRC Pilot Plant materials application problems. We 
issued an equipment list with updated materials of con- 
struction for the Demonstration Plant (R&D Report No. 82) 
by our letter PN-18 dated April 29, 1975. 

H. Environmental Requirements Prosram 

. Objective. 

To define those environmental control facilities required 
to assure the operation within applicable environmental 
requirements. 

. Activity this Quarter. 

We completed an invited paper entitled "Gaseous Environmental 
Factors in Coal Pyrolysis Plant Design" for presentation at 
the joint power generating conference sponsored by the 
Americal Society of Mechanical Engineers in Portland, 
Oregon on October 1 to 3, 1975. We incorporated the results 
of this work in the COED plant design. 
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I. General 

i. Objective. 

To provide general support activities to ERDA a s  directed 
and to present appropriate reports and papers. 

2. Activity this Q u a r t e r .  

We met on April 8, 1975 in Pasadena with a representative 
of ERDA to review the status of the work and project 
control procedures. 

We presented an invited paper titled "Coal Conversion - 
An Overview" before the Energy Symposium sponsored by 
the Los Angeles Council of Engineers and Scientists on 
April 3, 1975. 

We completed preparation of an invited paper titled 
"Gaseous Enviroumental Factors in Coal Pyrolysis" for 
the Joint Power Generating Conference sponsored by the 
American Society of Mechanical Engineers in October. 

We presented an invited paper titled "Commercial Coal 
Conversion Plant Design-Translation from Pilot to 
Commercial-Scale Plants" before the Clean Fuels from 
Coal Symposium II sponsored by IGT in Chicago on June 
26, 1975. 

We accepted an invitation to present two papers before 
the 68th National AIChE meeting to be held in Los Angeles 
in November 1975. The titles are "Oil/Gas Plant Design 
Criteria" and "Fischer-Tropsch Plant Design Criteria". 

II. WORK FORECAST FOR THE NEXT QUARTER, JULY i THROUGH SEPTEMBER 30 

A. COED C0nceptual Commercial Plant Design 

Issue the completed report. 

B. Oil/Gas Plant Design 

Complete analysis, estimates and economic evaluation of process 
alternates and prepare a designbasis. Complete process flow 
diagrams and process equipment specification and start engineering 
of the commercial scale complex. 
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C. Fischer-Tropsch Plant Design 

Complete analysis, estimates and economic evaluation of process 
alternates. Complete block flow diagram and unit process flow 
diagrams, as well as equipment sizing and data sheets ready for 
detail engineering. Complete a design basis and begin design 
and engineering. Prepare a design basis and begin design effort. 

D. COG Plant Design 

Continue study of candidate processes and evaluate their cost and 
economic values. 

E. Coal Mining and Preparation 

Continue preliminary work to supply the feed coal necessary to 
support the coal conversion designs. 

F. Equipment Development Program 

Continue to pinpoint equipment items requiring development programs. 
Continue development of liquid/solids and gas solids separation 
systems, dry coal and/or char gasifier feed systems, filter cake 
drying equipment and various types of gasifiers. 

G. Controls Development Program 

Continue to pinpoint control problems requiring development. 

H. Materials of Construction Assessment 

I. 

Continue collaboration with Illinois Institute of Technology Research 
Institute and work with National Association of Corrosion Engineers 
on problems relative to coal conversion plants. 

General 

Prepare study reports and papers as requested by ERDA, including two 
papers for the November 1975 EIChE Meeting titled "Oil/Gas Plant 
Design Criteria" and "Fischer-Tropsch Plant Design Criteria." 

Very truly yours, 

THE RALPH M. PARSONS COMPANY 

JBO:GHH:ms 

_ J . B .  O'Hara 
~f'~.ii/{ : Project Manager 



Page Intentionally Left Blank 



FE-1775-2 
UC-89 

PRELIMINARY DESIGN SERVICES 

RESEARCH AND DEVELOPMENT REPORT NO. 114 

INTERIbl REPORT NO. 2 

For the Period: July-September 1975 

Prepared by: 

The Ralph M. Parsons Company 
i00 W. Walnut Street 
Pasadena, California 91124 

For :  

Energy Research and Development Administration 
Washington, D.C. 20545 

Under Contract No. E(49-18)-1775 

November 1975 



The data and conclusions presented in this report are essentially those of the 
Contractor and are not necessarily endorsed by Fossil Energy, Energy Research and 
Development Administration. 



I. 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: 

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. 

O A commercial-scale plant for the production of solvent-refined coal 
(SRC). 

I A Coal Oil Gas Refinery (COG) to produce clean liquids, gas and elec- 
trical power generating capacity. 

Q A facilities complex capable of demonstrating the commercial feasibility 
of a variety of coal conversion processes that show promise during 
pilot plant operations. 

The following facilities will be considered; conversion of coal to: 

(i) 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 develop- 
ment, and environmental factors. 

II. SU~L~RY OF PROGRESS TO DATE 

Some portions of the work on Contract No. E(49-18)-1775, were initiated 
under Contract No. 14-32-0001-1234 which was awarded by the Office of Coal 
Research, Department of the Interior in 1972. OCR R&D Report No. 82, 
Interim Report No. i, "Demonstration Plant, Preliminary Design/Economic 
Evaluation, Clean Boiler Fuels From Coal," and a significant part of the 
COED design were completed under Contract-1234. Also a number of technical 
Evaluation Contractor Services have been, and are being supplied to ERDA-FE. 

In addition, two preliminary assessments of the Fischer-Tropsch Synthesis 
process for production of liquid fuels and substitute natural gas were 
completed and reported. 

The work effort for Contract E(49-18)-1775 is divided into twelve tasks. 
These tasks and their schedules are shown in Figure 1 - Overall Program 



B. Coal Mining/Coal Preparation 

I. Objectives: 

a. Initially to develop a conceptual design and economic eval- 
uation for facilities to (i) mine a minimum of 35,000 TPD 
of Illinois No. 6 seam coal, and (2) prepare it in a form 
suitable for use as feed to various coal conversion process 
plants. The initial mine conceptual design will be used 
for the COED project. 

b. The long-range objective is development of conceptual . 
designs and economic evaluations for mines in four addi- 
tional geographic areas. These include the Appalachian 
area, the Feather River (Western) area, the Four Corners 
area, and the Utah deposits. Mine costs will be developed 
to supply feed to the various conceptual plant designs 
including those hosed on SRC, Cresap-Development processes, 
COG, and others that may be defined in the course of the 
program. Mines with capacities up to 100,000 TPD will be 
considered. 

2. Activity This Quarter: 

We continued to assemble information regarding reserves and 
mining characteristics for the various coal sources to be used 
in our work as described under the objectives. 

We completed a major portion of the conceptual design for a 
40,000-TPD coal mine for use in the Fischer-Tropsch plant com- 
plex. The mine location is in the Eastern Interior Coal 
.Region. 

3. Activity Forecast Next Quarter: 

Complete the design and fixed capital estimate for the 40,000 
TPD coal mines for the Fischer-Tropsch plant and Oil/Gas 
complexes. 

C. Oil/Gas Plant Design 

i. Objectives: 

To develop a preliminary design and economic evaluation for a 
commercial Oil/Gas plant to produce synthetic liquid fuels and 
SNG from coal. To define the m~ximumpractical capacity single- 
train plant using the process. 

2. Activity This Quarter: 

A preliminary block flow diagram incorporating the currently avail- 
able results of the process alternative studies described below 

! 



III. 

Schedule. 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, has been completed. Multiple copies of the report 
were transmitted to ERDA by our letter PN-74 dated October 3, 1975. The 
Oil/Gas plant design is underway; a number of studies that compare the 
technical and economic performance of various process operations have been 
completed. The results of these studies have been incorporated into the 
process design that has been reviewed with ERDA. The remaining studies 
are well underway, and will be completed during the coming quarter. 

The Fischer-Tropsch plant design is also well underway. The design basis 
and process block diagrams have been reviewed with ERDA personnel. The 
detailed design of equipment is underway. 

Work on the COG design is underway. Computer simulation capability is 
being used to assist in defining the capabilities of a number of lique- 
faction technologies. 

Activities continue on the metallurgical support, equipment development, 
and environmental factor efforts. 

DETAILED DESCRIPTION OF TECRNICAL PROGRESS 

A. COED Conceptual Commercial Plant 

1. Objectives : 

To develop a conceptual design and cost estimate for a commer- 
cial-size plant. 

2. Activity This Quarter: 

Forty copies of the final report describing the conceptual design 
investment and economic evaluation was transmitted to ERDA on 
October 3, 1975. This is ERDA R&D Report No. 114 Interim 
Report No. 1 "Commercial Complex, Conceptual Design/Economic 
Analysis, Oil and Power by COED Based Coal Conversion." 

The economic section of the report includes a complete para- 
metric economic analysis. Review comments received from ERDA 
were incorporated into the final report. 

3. Activity Forecast Next Quarter: 

Transmit additional copies of R&D Report No. 114 Interim Report 
No. 1 to ERDA. 



was prepared and discussed with ERDA personnel. Modifications to 
this process design will be made as the results of the continuing 
studies indicate appropriate need. 

Work proceeded on development of preliminary material balances to 
allow sizing of equipment for the separate plant units to begin. 

We continued work to finalize the design basis. Predesign studies 
to select the elements of a preferred desigrn consist of economic 
and technical comparisons of a number of process alternatives. 
These alternatives include: 

a. Hydrogen vs Syngas: Process designs and equipment data 
were developed for use in preparing capital cost estimates 
for the two alternate feeds to the dissolvers. The cap- 
ital cost comparison for the two alternate feeds is being 
estimated. 

b. Filter Cake Washing and Drying: Process designs and equip- 
ment data were developed for preparation of capital cost 
estimates for this process alternative. The estimation of 
the capital cost effect of this process alternative is in 
progress. 

C. Dissolver Design Basis: Data from the Tacoma SRC Pilot 
Plant progress reports was used to determine a preliminary 
basis for dissolver calculations. These reports gave us 
details of yields, approximate stream properties~ and ele- 
mental analysis of all streams; the elemental balance data 
was rationalized for consistency. 

A preliminary evaluation of the economic impact of dissolver 
residence time indicated that reduction of the dissolver 
nominal residence time from 1 hour to 15 minutes would be 
economically attractive. The annual revenue requirements 
for a 10j000-TPD coal feed plant would be reduced by 
approximately $2 million at a 12% discounted cash flow 
rate of return (DCF). 

d. P pwer Recovery Turbines: A preliminary economic evaluation 
of this equipment alternative shows that the power savings 
that make use of power recovery turbines are economically 
attractive. 

e. NH3 - H2S Separation: The addition of this unit changes 
the sulfur removal plant design basis. A revised process 
stream specification was prepared for these sulfur plant 
requirements, heat and material balances were prepared and 
capital cost estimates are being developed. 

A technical and economic comparison has been made of the 
commercial separation processes. Preliminary estimates 

• were received from the vendors of each of these processes. 



f. 

g. 

h. 

i. 

j. 

k. 

I. 

High Pressure Gasification: We are working on the material 
and energy balance for a lO00-psig gasifier responding spec- 
ifically to the Oil/Gas Plant requirements. Design of the 
gasifier, shift and acid gas removal units has begun. 

SNG Production: We continued to assemble material required 
to estimate the effects of various levels of SNG production. 

The SNG production potential from the Oil/Gas Plant was 
analyzed and two cases were selected for current considera- 
tion: (I) cryogenic extraction of methane plus LPG and 
purification of LPGs as products, and (2) cryogenic extrac- 
tion of methane and LPG followed by steam reforming of LPG 
to produce additional methane. The design results for 
these two cases were summarized and are being used as the 
basis for estimating the economic impacts. 

Sour Shift: We completed work on process calculations, 
equipment data sheets, specifications, and process 
flowsheets for this process alternative. The engineering 
disciplines are developing equipment data for use in cap- 
ital cost estimates. 

Alternative H2S Removal Processes: A technical and economic 
comparison of the three processes has been completed and 
the results are being summarized. Two of the processes 
used physical absorption solvents. The work included de- 
velopment of performance specifications, and of material 
and utility balances. 

Omit Slurry Recycle: A design basis was established for 
this study so that the coal conversion simulator program 
originally developed under the COG task assignment could 
be used for process and economic evaluation. 

Material balance calculations were completed for this study. 
In order to allow selection of the desired option for the 
design basis, a preliminary estimate of equipment and oper- 
ating cost differences was made. The economics for the two 
options - slurry and nonslurry recycle- appeared nearly 
equal, and the nonslurry case was chosen to permit use of 
the available pilot plant data. 

Solids Separation-Coking: A study of coking has been com- 
pleted and the results are being summarized. A preliminary 
estimate of the magnitude of plant changes required to in- 
corporate coking and the resulting products was made to 
evaluate its potential. 

Solids Separation-yacuum Flash: Material balance calcula- 
tions were completed for the vacuum flash treating of 



dissolver effluent to carry out solids/liquid separation. We 
analyzed studies previously performed on vacuum flashing of 
SRC product. 

3. Activity Forecast Next Quarter: 

The prime thrust will be the preparation of the final plant 
design. 

Process information for completed predesign studies will 
continue to be supplied to the engineering disciplines and 
to estimating. Work will continue to complete additional 
optimization studies as time allows. The economic impact 
of process alternatives will be evaluated. 

D. Fischer-Tropsch Plant Design 

I. Objectives: 

To develop a preliminary 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. Design Basis: A preliminary design basis has been prepared. 
The Btu value of the total plant products was set at 500 
billion Btu per day, the plant will consist of two trains 
of 250 billion Btu per day each. The design basis was 
reviewed with ERDA representatives during a progress 
review meeting held September 16 and 17. 

b. Process Block Flow Diagram: A preliminary process block 
flow diagram has been completed, this diagram was reviewed 
with ERDA representatives. 

C. Plant Visit: Parsons and ERDA personnel visited the SASOL 
plant located at Sasolburg, Republic of South Africa. Infor- 
mation obtained will be used as background for Fischer- 
Tropsch studies. 

d. Gasifiers: The development of the design for large-scale 
gasifiers suitable for production of feed gas for the 
Fischer-Tropsch synthesis continued. 

e. Gas-Solids Separation: The study of alternative means for 
....... i 

removal of solid particulates from the hot, pressurized gas 
stream leaving the gasifier was continued. Contacts were 
made with vendors to determine the suitability of their 
equipment. 

6 



f. Acid Gas Removal: Criteria were developed for the purity 
of the feed gas to the Fischer-Tropsch synthesis units. 
Process specifications were prepared for acid gas removal 
and compared with published information on the subject for 
SASOL plant. These specifications were issued to potential 
process licensors for their proposals. We reviewed with 
them their concern on the removal of the acid gases to the 
required low concentration level. 

g. Fischer-Tropsch Reactor: Work was continued on the detailed 
conceptual design of the reactor as applied to the USA 
Fischer-Tropsch plant. A patent disclosure has been prepared 
on the details of this reactor design. 

h. Coal Feed System: We developed a lock hopper feed system 
for coal injection into the gasifier. Preliminary capital 
investment estimates were obtained on this feed system. 

i. Gasification System: We continued our efforts to develop 
a gasification system suitable for a United States Fischer- 
Tropsch design. This involves the specific steps of (I) 
how to remove solids particulates, (2) whether or not the 
shift conversion should operate on sour (H2S-containing) 
gases, (3) the extent and method of cooling the gasifier 
product gases, and (4) how much steam is required to 
accomplish the necessary gas and carbon reactions. Since 
our requirements are not to make high purity hydrogen, the 
last question has a serious impact on economics and plant 
operation as it affects the plant steam requirements. 

j. Overall Process Flow Diagram: We prepared a preliminary 
overall process flow diagram. This will be used in prep- 
aration of equipment lists and assigning equipment numbers. 

k. Process Flow Diagram: Preliminary process flow diagrams 
for units 12-Process Gasification, 13-Gas Cleaning, 15-Shift 
Conversion, 16-Fischer-Tropsch Synthesis, 17-Methanation, 
18-Liquid Product Recover~ and 19-Chemical Recovery were 
prepared. 

3. Activities Forecast for Next Quarter: 

The mine, coal preparation, and process design will be completed 
with flowsheets and capital cost estimates during the next 
quarter. Services, utilities, and waste treatment facilities 
design and estimations will begin and be well underway next 
quarter. 



E. Preliminary Design Commercial SRC-Type Plant 

i. Objective: 

Prepare a preliminary design for a commercial-scale plant for the 
production of Solvent-Refined Coal (SRC). Information developed 
from actual pilot plant operations will be furnished by the 
Government and is to be utilized in the plant design. 

2. Activity This Quarter: 

None; scheduled to begin in October 1976. 

3. Activities Forecast for Next Quarter: 

Continue to monitor progress of the Tacoma SRC pilot plant. 

F. COG Plant Design 

i. Objectives: 

To develop a preliminary design of a coal processing plant that 
will produce both 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 c0al conversion 
processes available. 

To develop a model capable of calculating material and heat 
balances for a number of coal conversion processes using com- 
puter capabilities and to estimate the overall utility balance 
of the complex. 

2. Activity This Quarter: 

a. Computer Simulation: We have developed the computer process 
model to the point where it is now operational. We are using 
it to evaluate various COG candidate processes, while at the 
same time expanding and adapting the program as the applica- 
tions are being developed. The program is also being modi- 
fied for use in other design task assignments such as Oil/Gas, 
and Fischer-Tropsch. 

b. Gasifier: Ne completed process specifications for a large- 
scale air-blown entrained-type coal gasifier to supply 
in-plant fuel gas requirements. We started engineering 
design of this unit. 

C. Process Screening: Our efforts in preparing screening esti- 
mates continued. It appears that more detailed information 
than now available is required to enable us to make even 
this type of estimate for evaluation of the Consolidation 
Coal Company process. We have taken steps to obtain this J/ 
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information. A request has been made to receive current 
reports for H-Coal development. 

3. Activity Forecast Next Quarter: 

During the next quarter we plan to continue screening process 
assessments and estimates. The in-plant fuel gasifier design 
will be completed. We will prepare preliminary reports for 
process selections. 

G. Preliminary Designs for Complex to Demonstrate the Feasibility of a 
Variety of Coal Conversion Processes 

i. 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. This task will consider: 

(i) Low to high Btu fuel gas. 

(2) Methane/motor fuel by Fischer-Tropsch process. 

(3) Clean liquid fuels by alternate gasification processes. 

2. Activity Last Quarter: 

None; this task scheduled to begin January 1976. 

3. Activity Forecast for Next Quarter: 

None planned. 

H. Commercial Plant Scale Models 

I. Objective: 

To make scale models of commercial plants as described in activ- 
ities A through F. 

2. Activity This Quarter: 

A scale model of the COED-based complex has been supplied to 
ERDA. 

3. Activity Forecast Next Quarter: 

None. 
~..," <~ 



I. Equipment Development 

i .  Objectives: 

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- 
mental programs to ERDA - Fossil Energy Division. 

2. Activity This Quarter: 

a. Li%uid/Solids Separation: The V.D. Anderson Company of 
Chicago requested and received a sample of SRC dissolver 
product for laboratory testing of their screw expeller as 
a means of separating SRC product from the solids. Testing 
of the sample is presently underway. 

We continued to work on the development of various separation 
processes with other candidate equipment manufacturers. 
Samples of nonwoven fine stainless steel fiber filter media 
were obtained from the Hydraulic Research Inc. This mater- 
ial may hold promise as a direct high temperature filter 
medium for rotary drum pressure filters. The samples were 
sent for testing to Goslin-Birmingham. 

b. Gas/Solids Separation: We continued contacts with manufac- 
turers of cyclones, wet electrostatic precipitators, sin- 
tered metal fiber filters, and granular bed filters to 
develop data on the applicability~ cost, and economic 
operation parameters of this equipment based on cost infor- 
mation received from manufacturers of such equipment. 
This information will be used in process design development. 

C. Solids Feed to Gasifiers: We investigated the current 
status of developmental efforts in the field of extrusion 
coal feed devices. We contacted vendors and development 
organizations engaged in development work concerning 
extrusion coal feeding. Their test data were discussed. 
The vendorsstated their belief that the coal particles 
that are cemented together due to compression will disin- 
tegrate to the original granular size u~on entry to the 
gasifier due to gas velocity and the expansion of entrapped 
moisture in the coal. 

We discussed laboratory experimental work on extrusion coal 
feeding with the Research Director of the V.D. Anderson 
Compan Z. This firm is designing and assembling a pressur- 
ized test installation for use in extrusion coal feeding 
test work. 
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d. Filter Cake Drying: We continued contacts with various man- 
ufacturers to develop diverse approaches to the problems of 
filter cake drying. We received preliminary capital cost 
information from two kiln manufacturers. We are also review- 
ing information on other drying methods such as flash drying 
and wiped film dryers. 

e. Valves: We received information regarding the Gemco seg- 
mental ball valve. The Gemco standard product is designed 
for intermediate temperature and low-pressure service. Mod- 
ifications of this design for heavier duty service appears 
possible. 

3. Activity Forecast Next Quarter: 

We anticipate obtaining results from the V.D. Anderson Company's 
laboratory testing of liquid/solids separation and on extruder 
coal feeding. 

The coal liquefaction slurry filtration tests and filter cake 
oil and solvent recovery equipment investigations and cost pro- 
posals should be completed. 

Investigations will be continued in the areas of gas-solids 
separation and solids feeding techniques. 

Materials of Construction Assessment 

i. Objectives: 

To define the preferred materials of construction for use in 
coal conversion projects. 

2. Activity this Quarter: 

a. Metals Property Council: We attended a meeting at the 
Illinois Institute of Technology Research Institute on 
July i0. We reviewed the status of the Phase I [High 
Temperature Laboratory Corrosion Test) and made comments 
concerning the materials to be evaluated. We further 
reviewed the Phase II (Pilot Plant Corrosion Tests) Summary 
report and collaborated in the revisions thereto. 

We attended a meeting of the Phase V Committee on Engineer- 
ing Properties of Metals that was held in Los Angeles, 
California on September 30. We helped to prepare a draft 
proposal for mechanical testing of candidate alloys sugges- 
ted by the Phase V Committee. 

b. NACE Technical Practices Committee (T-12A): We met with 
the chairman of committee T-12 of the National Association 
of Corrosion Engineers to discuss the agenda for an initial 
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committee meeting to be held at the annual Association meet- 
ing in Houston in March 1976. The meeting is planning a 
two-day program addressing problems of materials selection 
for coal conversion plants. 

c. Pilot Plant Activities: A letter report was transmitted 
to Project Lignite and ERDA personnel concerning metallur- 
gical investigation of defects and corrosion of the expan- 
sion loop between Dissolvers R-IA and R-IB of Project Lig- 
nite at the University of North Dakota Pilot Plant. 

The design and materials of High Pressure Separators S-I 
and S-2 and Dissolvers R-IA and R-IB were also evaluated. 

3. Work Forecast For Next Quarter: 

We will continue our participation in the ongoing programs of 
the Metals Property Council and the NACE activities. 

Environmental Considerations 

i. Objectives : 

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

2. Activity Last Quarter: 

We summarized federal and state statutes and regulations 
concerning coal conversion plants and ancillary facilities. 

3. Activity Forecast Next Quarter: 

Continue to advise and define environmental requirements as they 
affect each process. Review the Oil/Gas and Fischer-Tropsch 
designs as they are developed in order to ensure that environ- 
mental control facilities are incorporated. 

General 

i. Obj ectives : 

To plan and define work efforts. Define short-term project 
objectives and priorities. Prepare recommendations to ERDA 
on actions to be taken. 

2. Activity This Quarter: 

a. Review Meeting: A progress review meeting was held at The 
Ralph M. Parsons Company offices in Pasadena on September 
iS to 17 with ERDA representatives. 

. iV 

12 



b. Papers: We prepared two invited papers presented to 
the 68th National AIChE meeting held in Los Angeles on 
November 19, 1975. The titles of these papers were 
"Oil/Gas Design Plant Criteria" and "Fischer-Tropsch Plant 
Design Criteria." 

We presented an invited paper titled "Gaseous Environmental 
Factors in Coal Pyrolysis Plant Design" at the Joint 
Power Generation Conference held in Portland, Oregon on 
September 29 to October 2, 1975. 

3. Activities Forecast Next Quarter: 

a. Continue program surveillance and planning. 
b. Present papers to organizations as described under 2b above. 
c. Perform such miscellaneous services as requested by ERDA. 

V. CONCLUSIONS 

The design basis for the Fischer-Tropsch plant has been selected. Design 
efforts are now well underway. 

The Oil/Gas plant design has commenced. Most of the required process 
studies have been completed. The detailed engineering design effort is 
now being emphasized. 
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This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the 
United States ERDA, nor any of their employees, nor any of their 
contractors, subcontractor, or their employees, makes any 
warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness" of 
any information, apparatus, product or process disclosed, or -" 
represents that its use would not infringe privately owned 
rights. 
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II. 

The facilities will be considered for conversion of coal to: 

i. 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. 

SU~RY OF PROGRESS TO DATE 

Published designs include OCR R&D Report No. 82, Interim Report No. i, 

"Demonstration Plant, Preliminary Design/Economic Evaluation, Clean 

Boiler Fuels From Coal," and ERDA R&D Report No. 114, Interim 

Report No. i, titled "Commercial Complex, Conceptual Design/Economic 

Analysis, Oil and Power by COED-Based Coal Conversion." 

In addition, two preliminary assessments of the Fischer-Tropsch 

S~mthesis process for production of liquid fuels and substitute 

natural gas were completed and reported. 

The work effort for Contract E(49-18)-1775 is divided into six primary 

and four supporting tasks. These tasks and their schedules are shown 

in Figure 1 - Overall Program Schedule included at the end of this 

report. 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, has been completed. The last required 

copies of the report were transmitted to ERDA by our letter PN-87 

dated November ii, 1975. 

The oil/gas plant design is underway. All planned studies that compare 

the technical and economic performance of various process alternates 

have been completed. The results of these studies have been incorpora- 

ted into the process design. 

We reviewed the oil/gas design basis for the complex without slurry 

recycle, which will produce an oil-to-gas ratio of approximately 

6.25 to 1 (Btu basis) and with slurry recycle, which can produce a 

ratio of about 2 to I. We concluded that the oil-to-gas ratio of 

about 2 to 1 would have more commercial interest and proposed to 

ERDA that this design basis be adopted. ERDA accepted our proposal 

and the changes (including slurry recycle as dissolver feed) were 

initiated. 

The Fischer-Tropsch plant design is also well underway. The design 

basis and process block flow diagrams have been reviewed with ERDA 

personnel. The detailed design of process flow diagrams, material 

balances, and equipment specifications is approximately 50% complete. 

Work on the COG design is underway. Computer simulation capability 

is being used to assist in defining the capabilities of a number of 

liquefaction technologies. Capital cost estimates for several candi- 

date process have been completed as well as three block flow diagrams. 



III. 

Activities continue on the materials selection, metallurgical, 

equipment development, and environmental factor support efforts. 

DETAILED DESCRIPTION OF TECHNICAL PROGRESS 

A. COED Conceptual Commercial Plant 

i. Objectives 

The objectives are to develop a conceptual design and cost 

estimate for a commercial-size plant. 

. Activity this Quarter 

We transmitted 365 copies of the final report, describing the 

conceptual design, and economic evaluation, to ERDA on 

November 4, 1975 per our letter PN-87 dated November II, 1975. 

The report is titled "Commercial Complex: Conceptual Design/ 

Economic Analysis; Oil and Power by COED Based Coal Conversion; 

ERDA R&D Report No. 114 - Interim Report No. i." This com- 

pletes our assignment on the COED design. 

B. Coal Mining/Coal Preparation 

i. Objectives 

A long-range objective is to conceptually design and evaluate, 

as feed facilities to conversion plants, coal mine and prepara- 

tion facilities for five assigned geographic areas where 

conversion facilities are being studied. Capacities up to 

i00 MTPD are being considered. 

4 
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C. 

. Activity this Quarter 

We completed a design for an integrated strip mine to produce 

40 ~PD of Run-of-Mine ~ROM) coal, or 14 MMTPY for 550 operating 

days per year. We also completed a preliminary capital cost 

estimate and an operating cost estimate for this unit. Work is 

progressing on a coal preparation plant to treat this coal. These 

units are intended to serve the Fischer-Tropsch Plant Design. 

. Results of These Activities 

General Mine Plan: A preliminary mining plan was developed and 

is presented in Figure 2 included at the end of this report. 

The mine is divided into four separate mining units, each unit 

producing i0 MTPD. 

. Activity Forecast Next Quarter 

We will complete the design of the coal preparation and 

grinding units for both Fischer-Tropsch [40 MTPD ROM) and 

oil/gas [53 MTPD ROM) complexes, including estimates of capital 

cost and operating expenses. We will prepare report sections 

for these units for use in the ERDA R&D report that will describe 

the two designs. 

Oil/Gas Plant 

i. Objectives 

The objectives are to develop a preliminary design and 

economic evaluation for a commercial oil/gas plant to produce 



s~mthetic fuels and SNG from coal, and to define the maximum 

practical capacity single-train plant using the process. 

. Activity this Quarter 

We completed the design, fixed capital cost, estimating, and 

economic analysis of the process alternates to be considered 

as improvements to the demonstration plant design. We pre- 

sented the results of the studies in a paper titled "0il/Gas 

Plant Design Criteria" to the 68th Annual Meeting of the AIChE 

in Los Angeles on November 19, 1975. 

In the early part of December we recommended that the design 

criteria for the oil/gas ratio on a Btu basis be changed from 

approximately 6 to 1 to 2 to i. The reason was the belief that 

the 2 to i ratio will have greater commercial interest. ERDA 

accepted our recommendations. The necessary design changes due 

to this revision were immediately begun. This revision will 

delay the task completion by approximately 1 month as shown on 

the attached Figure 1 schedule included at the end of this report. 

. Results of the Activities 

a. Fixed Capital Cost Estimate Updating. We updated the fixed 

capital cost estimate for the Demonstration Plant design 

published as R&D Report No. 82 - Interim Report No. 1 to 

a mid-1975 basis partly by using computer-assisted methods 

and partly by escalating the original estimate~. The total 

constructed cost published in R&D Report No. 82, including 



home office'costs and sales tax, was $226 MM based on 

mid-1973 costs, while the comparable revised mid-1975 

estimated constructed cost was $311MM. 

The updated estimate was used as a basis for certain 

elements of the fixed capital investment portions of the 

studies discussed below. Updated economics for the R&D 

No. 82 complex are shown in Table 1 included at the end 

of this report and result in a required product selling 

price of $3.20/MMBtu. 

Eight process preference studies were completed. The 

objective was to evaluate a number of process alternates 

to determine a preferred design configuration. In general, 

an economic comparison was made, usually in the form of a 

differential in required productselling price between the 

alternates, expressed in dollars per Btu of product. ~he 

basis of these evaluations is shown in Appendix I: "Basis 

of Economic Evaluations". A summary of the results of 

these studies follows. 

b. Process Preference Studies 

(i) Additional SNG Production by Light Ends Reforming. 

Since the aim of this design effort is a complex 

that will provide significant quantities of substitute 

natural gas [SNG), we investigated various alternates 

to the basic R&D Report No. 82 plant design to 

increase the percentage of SNG produced. 
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Five different methods of producing SNG were briefly 

investigated. This screening work showed that three of 

the methods were of marginal nature or that the cost 

would be sufficiently high as to eliminate them as candi- 

date process alternates. For reference, the R&D Report 

No. 82 design used these off-gases as inplant fuel after 

acid gas removal and is used as an economic base point. 

The remaining cases examined in detail are the following: 

Case A. Production of SNG and LPG from the complex off- 

gases while the plant fuel requirements will be 

met from a low-Btu gasifier especially provided 

for the purpose. Figure 3 included at the end of 

this report shows the block flow diagram required 

for this case. 

Case B. The off-gases are treated to produce only SNG; 

i.e., the LPG components are reformed and metha- 

nated to utilize them as SNG. Figure 4 shows the 

block flow diagram used to obtain this result. 

Table 2, included at the end of this report, summarizes 

the economic results for the three cases. The economic 

comparison shows a reduction of approximately 3% of 

required selling price for the co-production of both 

LPG and SNG as salable products. Even though these 

savings are within the accuracy of the estimate we will 



use the lower cost alternate for the design due to its 

simpler configuration. 

(2) Hydrogen Vis-a-Vis Syngas as Dissolver Feed. R&D Report 

No. 82 used syngas produced in a gasifier as hydrolique- 

faction agent in the dissolvers. The gas produced in 

the dissolver section was used as inplant boiler fuel. 

This off-gas is rich in carbon monoxide and relatively 

poor in hydrogen. 

To meet the objective of producing significant 

quantities of SNG, we investigated the use of hydrogen- 

rich gas as liquefaction agent. This increases the 

concentration of hydrogen in the dissolver off-gases, 

which facilitates the separation of the hydrogen from 

the carbon monozide in a cryogenic separation unit. 

Figure No. 5 shows a block flow diagram containing 

the units required to produce and use the hydrogen- 

rich gas. The total constructed cost of these 

facilities compared to similar facilities in the R&D 

Report No. 82 plant present a 5.6% increase in total 

plant fixed capital investments. Table 3 shows the 

economic comparison of the two cases including the 

influence of operating costs, catalyst and chemical cost, 

and coal consumption. This shows that the use of syngas 

requires a slightly lower product selling price (approxi- 

mately 3%) as compared to the use of hydrogen. 



Considering the range of accuracy of the estimate, the 

choice of the hydroliquefaction agent therefore becomes 

elective and subject to process and operations 

considerations. 

(3) Use of Recycle Slurry Vis-a-Vis Filtrate as Coal 

Slurry Agent. The R&D Report No. 82 design was based 

on using unfiltered dissolver product as the vehicle 

for slurrying the coal feed. This can be termed the 

slurry recycle method. 

The hydrogen consumption for the case where clear 

filtrate is used to slurry the feed coal can be in 

the range of 2 wt % of the feed coal, while the slurry 

recycle mode can increase the hydrogen uptake to the 

range of 3 wt %. As a result of this increased hydrogen 

consumption, the product slate will tend to produce 

liquid fuels. 

For the purposes of this comparison, the potential 

increase of the SNG production was not considered. The 

product slate was restricted to liquid products and all 

gases evolved are used in the plant as fuel. The dif- 

ference of energy available as product is 1.8x109 Btu/d, 

which amounts to 1% of the total Btu value generated in 

the plant. This difference is well within the accuracy 

of the calculation of the total heat available. We 

therefore concluded that the energy efficiencies for the 
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two modes of operation are essentially equivalent and 

that the choice of slurry or nonslurry recycle depends 

primarily upon the overall product slate desired for the 

complex. 

Future work should consider the differential product 

cost in $/MM Btu resulting from the two alternate opera- 

tional modes. 

Reduction of Dissolver Residence Time. Experimental runs 

in the Tacoma SRC Pilot Plant showed that high coal con- 

versions can be obtained at relatively low liquid 

residence time in the dissolvers. We therefore studied 

the economic impact of reducing the nominal liquid space 

time in the dissolvers from 60 to 30 minutes. The 

installed cost of the affected equipment for the R&D 

Report No. 82 design as escalated to 1975 was $41 MM. 

The cost for the same equipment, considering the reduced 

dissolver residence time, was $32 MM. The required 

annual revenue is reduced by $2.8 MM/yr or approximately 

1.7% of the total base required annual revenue (see 

Table i). It was therefore decided to incorporate the 

reduced dissolver residence time in the design basis. 

/ 

ii 



(s) 

(6) 

Acid Gas Removal. The R&D Report No. 82 design used 

a chemical absorption process to separate the hydrogen 

sulfide from the gas stream to produce an ecologically 

acceptable fuel gas. Considering the greater quanti- 

ties to be treated for the oil/gas design, we also 

investigated several physical solvent processes used 

for the same purpose. We obtained a quotation from two 

potential licensors of physical solvent separation 

processes and found that the capital investment for both 

these processes is approximately $1.8 ~i lower for a 

10,000-TPD coal feed plant than the chemical absorption 

process. 

Considering catalyst usage, utilities, and other 

economic factors, as shown in Table 4, we found that 

the use of a physical solvent process reduces the 

annual revenue requirements. It was therefore 

decided to use a physical solvent process for hydrogen 

sulfide removal in the oil/gas plant design. 

Sour Vis-a-Vis Sweet Shift. A shift operation is 

required to increase the ratio of hydrogen to carbon 

monoxide in the gasifier gas product to make it 
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suitable for production of high-purity hydrogen to 

be used in the dissolvers. The reaction used is: 

CO + H20 +H 2 + CO 2 

We studied the use of sour shift vs. sweet shift to 

determine which of the two processes is the more 

economical for the Oil/Gas plant design. Figure 6 

shows the two process configurations. 

In the sweet shift configuration~ gasifier product gas 

is cooled to 100°F for treating in an acid gas 

removal unit. Nearly all of the water present in the 

gas is condensed. Following acid gas removal~ the gas 

is reheated to shift temperature (6S0-700°F) and steam 

is added. After the shift reaction, the gases are 

cooled again prior to removal of the carbon dioxide 

produced in shifting. Product gas is then available 

for use. 

In the sour shift configuration, gasifier off-gas is 

fed directly at 700°F to the shift unit with additional 

steam feed to adjust the steam feed to dry gas ratio. 

The shift product gas is then cooled for acid gas 

removal and process use. 

The total acid gas removal burden is the same in both 

shift schemes. Sour shift offers the advantage of 
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eliminating two sets of heat exchangers and one acid 

gas removal unit. Furthermore, it reduces the steam 

requirements by not condensing steam ahead of the 

shift unit. However, the sour shift unit must use a 

greater quantity of a more expensive catalyst. In 

addition, steam requirements in the sour shift unit 

are greater than in the sweet shift unit as a result 

of the presence of carbon dioxide in the feed. A 

single unit is used in the sour shift case where two 

smaller units are used in the sweet shift case. 

Fixed capital investment and operating costs for the 

two cases were estimated. Results indicate that the 

use of a sour shift procedure should reduce the fixed 

capital investment by approximately $2.2 ~I. Expected 

utility requirement reductions for sour vis-a-vis sweet 

are: 

• Fuel gas: 763 MMBtu/yr 

• Steam: 1,228.3 MMlb/yr 

• Power: 36 MkWh/yr (increase) 

Table No. 5 is a summary of the economic factors that 

show that the use of the sour shift procedure will 

reduce the required annual revenue by more than 

$6 MMper year, equivalent to about 4% of the total 

14 
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required annual revenue. It was therefore decided to 

incorporate the sour shift procedure in the oil/gas 

plant basis. 

(7) Filter Cake Solvent Recovery. In the R&D Report No. 82 

design, the wet filter cake, with projected 50 wt % 

solids and 50 wt % liquids, was sent directly to the 

gasifier with a resultant conversion of solvents or 

wash oils adhering to the filter cake to syngas. This 

was considered as one of the alternates for this study. 

As a potential improvement, we studied an alternate con- 

sisting of drying the filter cake and thus recovering 

the liquids adhering to the cake. The cake would then 

be transported to the gasifier and injected therein in 

the form of a water slurry. Block flow diagram 

Figure No. 7 shows the major components of the system. 

For the alternate case a second side-stripper was 

added to the main fractionator to recover a kerosene- 

range filter wash oil. This cut is light enough to be 

easily removed from the filter cake in a dryer but not 

so light as to vaporize in the filter and fail to 

wash off the adhering liquids. This wash oil is sent 

to the filter to wash through the filter cake and 

displace adhering filtrate. A volume of wash oil 

equal to twice the volume of the adhering liquid was 
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used and it was predicted that 97 wt % of the original 

adhering liquid would be displaced. The resultant wet 

filter cake is projected to be 50 wt % solids and 50% 

liquids. Since the filtrate includes a large portion 

of the wash oil and additional recovered filtrate, the 

main fractionator and attendant equipment were sized to 

accommodate the larger flows. 

Wet filter cake is dried in rotary dryers with a 

circulating stream of heated gas used to provide heat 

and to remove vapors from the dryer. The wash oil is 

recovered as a liquid and the dried filter cake is 

mixed with water and raw coal and is fed to the 

gasifier. Table No. 6 shows the material and utility 

balance for the two alternate cases studied. 

The addition of filter cake washing and drying 

increases the total capital investment cost of the 

plant by approximately $12 ~I and the required annual 

revenue is also increased by about $12 MM as shown in 

Table 7. The output of the complex is increased by 

approximately 37xi09 Btu/d. The required selling price 

of the products is reduced by $0.435/MMBtu, a reduction 

of approximately 13%. We therefore plan to use this con- 

cept in the oil/gas design. 
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(8) Use of Power Recovery Turbines. The "Clean Boiler 

Fuels from Coal" design contains several streams 

that have to be reduced from a high to a low pressure. 

We studied the possibility of utilizing this pressure 

drop to drive power-recovery turbines that in turn 

would drive appropriate rotating equipment. We 

eliminated streams that were either of insufficient 

pressure drop or insufficient flow quantity to warrant 

the investment in the power-recovery turbines. 

Approximately 90% of the pressure drop of the 

streams of sufficient size and pressure drop was 

utilized for the pressure recovery turbine leaving 

approximately 10% of the pressure drop for control 

purposes. This also reduces the duty requirements 

of the pressure letdown valves. 

The analysis indicates that the economic impact 

of the use of power recovery turbines-is small. 

The reduction in required selling price is less than 

½%. However, the technical advantage of reducing 

the duty imposed upon the pressure-reducing valves 

is deemed sufficient to utilize the power recovery 

turbines where applicable in the oil/gas plant 

design. 
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. Activity Forecast Next Quarter 

We will complete the process design, flow diagrams, heat, 

material, and energy balances for the complex. We will prepare 

equipment specifications. We will generate a layout for the 

complex and prepare a fixed capital cost estimate. We will 

start the economic evaluation of the complex. 

We will prepare and review a draft of the technical portion 

of the R&D report to describe the design. 

D. Fischer-Tropsch Plant Design 

i. Objectives 

The objectives are 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 

We advanced the process design of the complex. We particularly 

addressed the reactor train section and studied the utilization 

of reactors incorporating sprayed catalyst on finned tubes on 

the shell side with steam being generated in the tubes so as to 

remove the heat created by the highly exothermic reaction and 

thereby reducing overall utility requirements. We further 

advanced the process design of the gasifier train, acid gas 

removal unit, and waste water reclamation unit. We studied 

the relative merits of single-stage vis-a-vis two-stage gasi- 

fiers and decided to use the latter. We made comparative 

! , 
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studies of alternate gas removal processes and decided to use 

a physical absorption process. We continued development of 

material and energy balances, flow diagrams, and equipment 

specificatfons. 

. Results of the Activities 

a. Catalytic Reactors. The ERDA Pittsburgh Energy Research 

Center (PERC) located in Bruceton, PA, (formerly Bureau of 

Mines) has conducted tests extending over a period of more 

than 5 years, addressing the operation of exothermic 

reactors utilizing catalyst sprayed onto base metal surfaces. 

The results of these tests were sufficiently successful to 

lead us to the conclusion to utilize their application to 

Fischer-Tropsch synthesis, water gas shift, and methanation 

reactions. 

Traditionally, reactors are of the packed tube, fixed bed, 

fluidized bed, or entrained catalyst type. Due to the 

highly exothermic nature of'the reaction, heat removal is 

required from the gas stream or from the catalyst surface. 

Fluid and entrained catalyst systems require equipment to 

remove entrained catalyst from the effluent gas stream. 

Fixed-bed systems use gas recycle rates as high as 27 to 1 

(ratio recycle to feed) to control the reactor heat and packed 

tube systems require a ratio of approximately 2.5 to i. 

Reactors utilizing external fin tubes with sprayed catalyst 

on the fin surface were designed. The tube side serves as 
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b. 

a means to produce steam, thus extracting the heat of reac- 

tion. This reduces the gas recycle to a I.S to 1 ratio 

of recycle to feed. Activated iron oxide is the Fischer- 

Tropsch synthesis catalyst. Sulfur-resistant watergas 

shift catalyst is used for shift conversion and Raney 

nickel is used for methanation. 

Figure No. 8 is a block flow diagram for Fischer-Tropsch 

s~mthesis reactor trains in two typical configurations, 

one for a catalyst packed tube and the other for the sprayed 

catalyst installation. A comparison of preliminary guessti- 

mates of fixed capital costs and economic results are shown 

in Table No. 8. Based on the cost savings shown in this 

table, we decided to use the sprayed catalyst design approach 

for the Fischer-Tropsch complex. 

Comparison of Basic Gasifier Types. We studied costs and 

process merits of fixed bed gasifiers with moving grates, 

as well as fluid bed and entrained two-stage gasifiers for 

the production of Fischer-Tropsch syngas. 

The entrained type two-stage gasifier operates with a 

shorter coal retention time, thus requiring the smallest 

size per unit of throughput. Due to the high gasification 

temperature, byproduct tar and phenols pose the least 

problems in this design. 

As shown in the enclosed Table 9, the estimated fixed 

capital investment and coal consumption are lowest for the 
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entrained two-stage gasifier, more than offsetting a higher 

oxygen consumption. This gasifier design was therefore 

chosen as basis of design for the complex. 

c. Comparison of Entrained Gasifier Types. We investigated 

the relative merits of single-stage vis-a-vis two-stage 

entrained gasifiers with oxygen feed to serve as source for 

Fischer-Tropsch synthesis gas. Figures No. 9 and i0 show the 

general configuration of these two types of gasifiers and 

Figures No. Ii and 12 show the required ancillary equipment. 

The single-stage unit is less costly to build and simpler to 

operate, due in part to the small amount of char recycle. 

However, we expect a high rate of char loss in the overhead 

stream and a higher rate of coal and oxygen consumption per 

unit of output than that required for the two-stage unit. 

Table No. 10 shows that predicted higher thermal efficiency 

and lower utilities consumption (oxygen) more than offsets 

the lower capital cost of the single-stage unit. We there- 

fore will use the two-stage entrained gasifier as the basis 

for the designfor the Fischer-Tropsch complex. 

Activity Forecast Next Quarter 

we will complete the process design, flow diagrams, heat, 

material, and energy balances for the complex. We will prepare 

equipment specifications. We will generate a layout for the 

complex and prepare a fixed capital cost estimate. We will 

start the economic evaluation of the complex. We will prepare 
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and review the draft of the technical portion of the R&D 

report that will describe the design. 

E. COG Plant Design 

I. Objectives 

The first objective is to develop a preliminary design of a coal 

processing plant that 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. 

The second objective is to develop a model capable of calculat- 

ing 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 in this Quarter 

We continued development and utilization of the computer simu- 

lation program addressing hydroliquefaction, catalytic lique- 

faction, and donor solvent-type processes. We continued the 

process and capital cost evaluation of candidate processes. 

The basic yields for each process were obtained from published 

data; the reliability of these data varies widely. The data 

for each process were tabulated in a form suitable for easy 

comparison. 

Subsequently, we adjusted the product yields obtained for a 

particular coal to the yields to be expected if the process was 
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using Illinois No. 6 coal. We then completed the yield analysis 

for each candidate process by computer simulation. We based 

the comparative product yields and economic analyses for each 

candidate process on the following parameters: 

Coal source 

Feed to dissolver 

Feed to gasifier 

SNG 

Filter cake product 

Illinois No. 6 

25 MTPD coal 

100% coal as required to produce 

necessary quantity of H 2 

1 MBtu/SCF HHV 

2% H 2 and 0.1% CO max 

5% liquid content 

Dry filter cake and additional coal as required are used for 

generation of low-Btu fuel gas supplying all fuel requirements 

of the complex, including electric generating facilities. 

We advanced the design of an air-blown low-pressure single- 

stage gasifier for production Of inplant low'Btu fuel gas. 

We developed a flow sheet for this gasifier, including the 

required ancillaries. 

Results of the Activities 

a. Hydroliquefaction. We made preliminary studies of eight 

different modes of operation of hydroliquefaction complexes 

and studied in depth four of these process as follows. 
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b. 

(i) Hydrogen consumption at 2 wt % of feed coal, MTkF 

basis, with high-purity hydrogen dissolver feed 

gas source 

(2) Same hydrogen consumption with syngas as dissolver 

feed gas source 

(3) Hydrogen consumption at 3.3 wt % of feed coal, 

MAF basis, with high-purity hydrogen dissolver 

feed gas 

(4) Same hydrogen consumption with syngas as hydrogen 

dissolver feed gas source 

The 3.3 wt % hydrogen consumption case is obtained by 

operating with slurry recycle as used in the "Clean Boiler 

Fuels from Coal" demonstration plant design (R&D Report 

No. 82). Calculations were completed for Items (2), (3), 

and (4). Figures 13, 14, and 15 are block flow diagrams 

illustrating the yields of the complex for these three cases. 

Catalytic Hydroliquefaction Conversion. We analyzed the 

latest published pilot plant data generated by Hydrocarbon 

Research, Inc., and correlated them with data from the 

report "Project H-Coal" published by the American Oil 

Company. We are using process conditions as indicated by 
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the process developer and have made preliminary computer 

simulation runs. 

c. CatalYtic Hydroliquefaction (Synthoil). We analyzed pub- 

lished pilot plant data included in a report on run FB-30 

as obtained from the Bureau of Mines. We have made prelim- 

inary computer simulation runs based on developer process 

conditions. 

d. Donor Solvent Liquefactio n . We analyzed the pilot plant 

data for this process, which were based on West Virginia 

coal feed and calculated yields for the various plant units 

on this basis. We are in the process of converting these 

data to yields expected from Illinois No. 6 coal feed. 

e. Plant Fuel Gasifier. A flow diagram and material balance 

as well as an air-blown gasifier design were prepared for 

a low-Btu gasifier and gas cleaning facility. Figure 16 

shows the flow diagram for this unit. One or several of 

these units will be used as required for the various 

candidate processes. A capital cost estimate for the unit 

is underway. 

. Activity Forecast Next Quarter 

We will complete the process evaluation of the eight basic 

processes considered for the complex and will complete and 

issue a preliminary study report including process information, 

capital cost estimates, and economic analyses covering at least 

six of these candidate processes. 
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F. Equipment Development 

i. Objective 

The objectives are to define the equipment and control system 

development programs required to ensure reliability of coal 

conversion processes being developed and to recommend appropri- 

ate developmental programs to ERDA-FE. 

. Activities this Quarter 

a. Liquid/Solids Separation. We continued our search for 

improvement or elimination of filters. The use of expellers 

and vacuum film evaporators, and improvements to filter 

media were considered. We started discussions concerning 

the applicability of vacuum filters. 

b. Gas/Solids Separation. We explored further the ultimate 

removal of fine particles from streams issuing from 

cyclones. We addressed particularly the use of scrubbers 

and wet and dry electrostatic precipitators with emphasis 

on units capable of operating at pressures up to 475 psig. 

C, Filter Cake Solvent Recovery. We investigated various 

approaches to the problem of the recovery of liquids from 

filter cake. Kilns, wiped film evaporators, and various 

types of heated screw conveyors or similar apparatus were 

considered. We discussed the results of tests of the 

"Torus Disc" dryer at the Tacoma pilot plant with the 

manufacturer. 
. I j,' 

/ -- 
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d. Solids Feed to Gasifiers. We continued to explore the 

field of equipment that might present potential use as 

solids feed device for medium- and high-pressure gasifiers 

in lieu of lock hopper systems. Specifically, work is 

underway to establish the potential of ek~ellers and 

extruders for this purpose. 

e. Valves. We continued contacts with industry in our search 

for valves suitable for coal slurry and solids-carrying 

gas stream. 

. Results of the Activities 

a. Liquid/Solids Separation 

(I) Expeller. The V. D. Anderson Company of Cleveland, 

Ohio tested their basic expeller to separate dis- 

solver product from the Tacoma pilot plant into its 

solid and liquid components. These tests proved 

unsuccessful. However, the equipment still shows 

promise for separating wash solvent from filter cake 

and samples for such testing were requested. 

(2") Disc/Conveyor-type Dryer. The Berwind Corporation 

Torus Disc dryer was tested at the Tacoma pilot plant 

to separate wash solvent from the filter cake. The 

test results were not encouraging due to caking of 

the filter cake solids on the heated discs and due to 

unsatisfactory forward movement of the dried minerals/ 

ash mixture to the outlet. Berwind Corporation feels 
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b. 

C. 

that a 3 to 1 admixture of dried filter cake to the 

fresh filter cake feed using controlled recirculation 

will solve the caking problem. They further feel that 

increase in size of the devices causing the forward 

movement will improve the flow through the dryer. The 

Berwind Corporation is in the process of planning for 

manufacture of an improved unit to be used for testing 

at the pilot plant. 

Gas/Solids Separation. We collaborated with a number of 

manufacturers of gas/solids separation equipment to define 

equipment to be used to remove practically all solids from 

the feed gas stream to the Fischer-Tropsch unit. The 

result of these consultations resulted in providing a com- 

bination in sequence of the following equipment: 

• Two-stage cyclones 

• Hot electrostatic pressure-type precipitator 

• Venturi scrubber 

• Wet electrostatic precipitator 

The result of this process is a clean syngas with less 

than 0.001 grains of solids per I00 standard cubic feet. 

Solid Feed to Gasifiers. We investigated the potential 

of extruder-type feeders to accept ground coal at 
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atmospheric conditions and feed it into high-pressure 

gasifier feed streams. The V. D. Anderson Company of 

Cleveland~ Ohio is planning a test facility to obtain 

test results for pressures up to 1,000 psig. 

d. Valves and Pressure Letdown Devices. we contacted a 

number of manufacturers engaged in this field. Some of 

these manufacturers are willing to collaborate in the 

testing of their devices for specific sets of operating 

Conditions in actual pilot plant work. 

. Activity Forecast Next Quarter 

We will continue efforts to obtain test results for 

liquids/solids separation and coal feeding devices by means 

of expellers or extruders. 

We will attempt to simplify the equipment required for 

gas/solids separation. 

G. Materials of Construction Assessment 

I. Objectives 

The objective is to define the preferred materials of construc- 

tion for use in coal conversion projects. 

. Activity this Quarter 

We continued participation in the work of the Metals Property 

Council C~'~C) at the Illinois Institute of Technology Research 

Institute. These activities were rather low key during the 

quarter. 
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We established material-of-construction requirements for 

various complexes being designed under this contract. 

. Results of the Activity 

Through our attendance at MPC Phase III, Aqueous Corrosion, we 

helped in changing the emphasis of the program from an empirical 

approach to determining the effect on the corrosion of candidate 

materials by chemical factors occurring in various areas of 

coal conversion processes. 

. Activity Forecast Next Quarter 

We will complete the materials of construction specification 

for the oil/gas and Fischer-Tropsch plant designs. 

We will continue our support of the ongoing activities of the 

Metals Property Council as appropriate. 

H. Environmental Considerations 

i. Objectives 

The objectives are 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. 

. Activities this Quarter 

We continued the study of various coal conversion effluent 

streams emitted by the units presently under design. We 

y y 
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assessed their ecological effect and developed means of render- 

ing them environmentally acceptable. 

We addressed the problem of rendering vent gas emissions of 

acid gas treatment processes ecologically acceptable and studied 

the treatment techniques for conversion of Fischer-Tropsch water 

effluent to make it reusable in the process. We further studied 

the ecological problems of coal mining and coal preparation. 

Results of these Activities 

a. Coal Drying. We defined a method to dry crushed coal by 

using steam as a heating medium instead of using a coal- 

fired dryer. This avoids ecologically unacceptable dryer 

stack emissions. 

b. Fischer-Tropsch Process Water Reuse. We developed a system 

to convert the major part of the process water effluent 

into boiler feed water, thus reducing the amount of liquid 

plant effluents. 

Activities Forecast Next Quarter 

We will concentrate on providing necessary measures to make 

all effluents of the oil/gas and Fischer-Tropsch plant designs 

ecologically acceptable. We will also monitor the products 

emanating from these plants to ensure that their use is ecologi- 

cally suitable and meets required rules and standards. 
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I. Publications 

i, Objectives 

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

will be to prepare and present invited papers before various 

technical bodies to communicate the status of Parsons efforts 

and knowledge to the scientific and industrial community. 

2. Activities this Quarter 

We presented the following report and papers: 

(i) Report titled "Commercial Complex, Conceptual Design/ 

Economic Analysis; Oil and Power by COED based Coal 

Conversion;" R&D Report No. i14 - Interim Report No. i, 

plus transmittal of all required copies. 

(2) Invited paper titled "Oil/Gas Plant Design Criteria' 

before the 68th Annual Meeting of the American Institute 

of Chemical Engineers in Los Angeles, California on 

November 19, 1976. 

(3) Invited paper titled "Fischer-Tropsch Plant Design 

Criteria" before the 68th Annual Meeting of the 

American Institute of Chemical Engineers in Los Angeles, 

California on November 19, 1976. 

(4) Invited paper titled "Gaseous Environmental Factors in 

Coal Pyrolysis Plant Design" before the ASME/IEEE Joint 

Power Generation Conference in Portland, Oregon on 
,2' / 
b t 

32 



. 

October 1, 1975. The paper was published by the 

American Society of Mechanical Engineers as Publication 

No. 7S-PWR-3. 

Activities Forecast Next Quarter 

We will present the following: 

(1) Invited paper before the American Institute of Plant 

Engineers (AIPE) Symposium titled "Industrial Energy 

Usage Patterns" in February 1976 in Seattle, Washington. 

(z) Capsule versions of the papers presented earlier, titled 

"Oil/Gas Plant Design Criteria" and "Fischer-Tropsch 

Plant Design Criteria," for publication in the Chemical 

£ngineering Progress Magazine. 

13) Invited paper titled "Coal Liquefaction: Materials 

System Design" to be presented before the American 

Society of Metals (ASM), Systems and Design Symposium 

in April 1976 in Pittsburgh, Pennsylvania. 

Invited paper titled ~'PreliminaryAnalysis: Oil and 

Power by COED Based Coal Conversion" to be presented 

before the American Chemical Society (ACS), Industrial 

Engineering Chemicals Division in April 1976 in 

New York City, N.Y. 
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J. Technical Meetings 

i. Objectives 

The objectives were to advance interchange of communications 

with others engaged in the field of coal conversion, especially 

members of government, academia, and industry, and further, to 

enhance Parsons expertise and acquaint others with Parsons con- 

tributions to the forward movement of the field by personal 

contacts. 

2. Attendance 

We attended the following technical meetings and symposia: 

(i) ASME/IEEE Joint Power Generation Conference from 

September 28 to October 2, 1975 in Portland, Oregon. 

(2) AGA/ERDA Pipeline Gas Symposium from October 27 to 29, 

1975 in Chicago, Illinois. 

(3) 68th Annual AIChE Meeting from November 16 to 20, 1975 

in Los Angeles, California. 

(4) Meeting sponsored by EPA Environmental Research 

Laboratories on the subject: "Environmental Aspects 

of Coal Conversion Technology II" from December 15 to 18, 

1975 in Hollywood, Florida. 

. Activities Forecast Next Quarter 

We will attend the American Institute of Plant Engineers (AIPE) 

Symposium on February 26, 1976 in Seattle, Washington. 
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APPENDIX i 

BASIS OF ECONOMIC EVALUATIONS 

The plant produces 157,000 MMBtu/d. The 320 T/d of byproduct sulfur is 

credited at $30/T. Plant operating rate is 330 d/yr. Startup costs are 

estimated at $20 ~. One-hundred-percent equity financing is used. 

Working capital is based on the following: 

• S-day coal inventory 

® 30-day inventory of finished product 

® 4% major equipment for spare parts inventory 

¢ SO-day accounts receivable 

® SO-day budget for current expenses 

• 30-day credit for accounts payable 

Consumption of coal is I0 MTPD at $12/T. Total operators, including super- 

~rision, are 271 at an average hourly wage rate of $6. As a result, the 

aanual cost of operating labor is $3.4 ~94/yr. Payroll burden is 35% of 

total labor; plant overhead is 60% of operating and maintenance labor, 

u~cluding payroll burden. Utility costs are internally generated. The 

G&A overhead is computed at 1.5% of manufacturing costs. 

Maintenance is calculated at 4% of fixed-capital investment except where 

othe~ise stated: 40% is applied to labor and 60% to materials. Property tax 

and insurance is 2.75% of fixed capital investment. Straight-line method of 
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calculating depreciation is used. The useful life for depreciation purposes 

is 20 years. Working capital is obtained from equity. 

The discounted cash flow rate of return (DCF) on equity is 12% after 52% 

combined federal and state income taxes. 

The required annual revenue is presented in the form of equivalent uniform 

annual costs CEUAC). This method may be used to compare nonuniform time 

series of money disbursements and receipts at a given discount value. The 

present value of each nonuniform disbursement is calculated and then restated 

in terms of an equivalent uniform annual series. This is a convenient means 

of showing a single representative cost item when using the DCF method. 

Although in the base case all utilities were produced internally, for case 

comparison purposes it was necessary to assign utility cost values. The 

following were used: 

• Fuel at $3.20/MMBtu 

• Steam at $3.20/Mlb (Oil/Gas Plant) 

$2.00/~Ib (Fischer-Tropsch Plant) (See Note) 

• Power at $30/MWh 

• Water at $O.lO/Mgal 

Note: Due to the fact that the steam for the Fischer-Tropsch complex is 

generated in the various exothermic reactors without expenditure 

for fuel gas and boiler plant investment, an average cost of 

$2.00/Mlb was assigned for the preliminary comparisons of process 

alternates. 

A-2 



TA~K~ 

1, COMPLETE CCI~CEp7 DESIGN COEO 

1,C~D M A N H O U R $  

2, IMPROVED ~RC TYPE O I L  GA/; PLAF;T 

7 . 5 ~  M A N H O U R S  

197:, 1~7E 1977 

I 
~E~ ~ /  ~EV :L~I ~ I ' R ~ ; ~ 5  F~IJ I'M~ a l PREPARE I 
t~ASIS . REPDIII 

I • ~ ~ AN~EEQNOMIES .dl ISSUE ~INALEEPDRfAND~CHNIEALI*APER 

ALTEf~NAI I~t:~ AND L~TIMAT E i ill ~ i  t ISSUS DEGI~N REPORT F ~ t  PROCESS ]MPRQVEMENTfl 

3. PRELIMINARY DESIGN OP PISCHEG-TRDP.~CH TYPE COMMERCIAL 
MOTOR FUEL A N D  SNG P L A N T  G~ 

12,000 M A N H O U R S  

4. PRELIMINARY DESIGN COMMERCIAL SRC-TYPE PLANT 

12,000 M A N H O U R 5  

OFVELOP 
PREblMINARY 

OESiGNOASI~ 

PREFARE 
CONSTROGIIQ~ 

DEVELOpPRDCES~PLOWDIAGRAM P R E P ~ D R T  

C~ST ESIlMATE ~ . f , ~ g  t ,ssuE Q~PORT A N D . C . N , : A L  PAPE.~ 

ISSUE PREEI~.~INARY PROCESS REPORT 

PREPARE I 

DEVELOP DEVELUP FLOW DIAGRAM ~ p  FINAL REPORT 

DEBIGN ~ F I N A L I Z E  UFIEITIE$ | AND • 

PREPARE ESTIMATES AND ECONOMIC EVALUATIO~;S 

5. PRELIMINARY DESIGNS FOR COG REFINERY 

25,000 M A N H O U R S  

EVALUATE GASIFICATION AND LIOUEFACTIDR PROCESSES DEVELOP CONSEPTUAL DESIGN. ESTIMATES PREPARE DEVELOP DPEIMIZED DESIGN ISSUE FINAL REPOI~T AND TECHNICAL PAPER 

~-'T~u ~ - ' ~ T ~ A ~  
I.~EUE INTERIM REPORT E5 

6. PRELIMINARY DESIGNS FOR COMPLEX DEMONSTRATING 
FEASIBILITY OF V A R I E T Y  OF COAL CONVERSION PROCESSES 

25,005 M A N H O U R S  

R10. COMMERCIAL P L A N T  SCALE MODELS 

2,SOD M A N H O U R S  

C O N T I N U I N G  ACTIVITIES 

C1, PLANNING A N D  PROGRESS MONITORING 
3,QQ0 M A N H D U R S  

C2. EQUIPMENT DEVELOPMENT 
5.005 M A N H O U R S  

C3. E N V I R O N M E N T A L  FACTOR5 
3.flS0 M A N H O U R S  

PHASEa 

RESCHEDULED 
~ n l n u n n m m m m ~ . ~ m m  n l m n m :  ~ m m ~  

~ - -  ANALYZE FACILITIES FOR: PREPARE REECHEDULED ~ r -  
~ , ~ , , ,  m , , ,  m m m  m 

LD TO HI STU METHANOLIMOTDR CLEAN | 
E G FUEL RY FISCHER LIQUID A~I:ISSUE REPORT AND TECRNICAL PAPER 

FU L AS " FUEL PREPARE 

RITERIM REPORTS EPARE MODUE AGILITIES COMPLEX DESIGN AND LAYOUTS REPORT 

PHASE b . ~  INCLUDING PROCESS D E T A I L S . .  E EflUlPMENT DESIGN AND CONsTRUCTiON COST E S T I M A T E S C ~ I m I I ~  
• um m l  I m= I n  mm mm i m  mm m l p t  I ' . ~ .  

RESCHEDULED ~ ISSUL ~ REPORT AND IECHNICAL PAPERS 

RE.~;CHEDLfLED 
~ m m m m  u n m m I m ~  I m { I m l  n ~ )  

FISCHER.TflDPSCH -- j q ~  

CONTIHUDUS ACTIVITY 

ACTIVITY AS DICTATED DY PROJECT DEVELOPMENTS 
l i i m m  I i m  I l I I i l  I l l  m m l l l l  

ACTIVITY AS DICTATED By PROJECT DEVELOPMENTS 
m l m l m l m  n a I n  m= I l l  =m m m = am m a m = = mm me mml 

SRC 
COO COMMERCIAL 

COMPLEX 

C) 

i am u u I m  I m  Im  am m mm mm am n i i  am mm i m  mm i m  i m  i m  nm n (  ) 

| m | n l a  n m m m = =1  m I l l l l  m I I  I I  I I  m I I  I I  i i  i = (  } 

t l l  l l l l  I~ll I N  N I I I  I l I  I I I  i IBm I I  IaI B I  B I  n i  i n l  i i  I E  i i  i 

I I  I I I  I I I  I 1  Bn  m I U  I l l  IBm I I  B I I I  I l l  I I  I B  I I  B I  n I  I 1  I 

L E G E N D =  m a a m  O O R I G I N A L S C H E D U L E  

m I m m ~  FIEVISED SCHEDULE 

COMPLETED MILESTONE 

F i g u r e  1 - O v e r a l l  Program S c h e d u l e  
ERDA C o n t r a c t  E ( 4 9 - 1 8 ) - 1 7 7 5  

Parsons Job No. 5435 
Issue 3/1/76 



MINING AREA NO. 3 i MINING AREA NO. 1 

I 
A 

I 
L 

CRUSHER I" ~ 

j 
MINING AREA NO. 4 

l - -~ CRUSHER 

MINING AREA NO. 2 

A 

TO COAL 
PREPARATION 

Figure 2 - Mining Plan 
Coal Mining/Coal Preparation 



SNG 

METHANATION 

co2 I REMOVAL 

SHIFTING I 

R ECYC L E/'--'-~7 H2 ~ i' 

i 

CRYOGENIC I 
SEPARATI ON 

DRYING ] 

PROPANE LPG 

LOW TEMP [ 
FRACTIONATION 

T 

BUTANE 
LPG 

PROPANE 
LPG 

C5 

LOW PRESSURE 

FROM ACID GAS 
REMOVAL 

HIGH PRESSURE 

Figure 3 - SRC Process 
SNG and LPG Production Schematic Diagram 

Oil/gas Plant 



RECYCLE,~-.....-.. 7 
H 2 

SNG 

METHANATION i 

REMOVAL 

i SHIFTING I 

CRYOGENIC j 
SEPARATION 

I 
CO 2 

R EM OVA L 

METHANATION I 

i '" STEAM 
REFORMING 

LOW 
PRESSURE 

FROM ACID GAS 
REMOVAL 

HIGH 
PRESSURE 

l DRYING i 

Figure 4 - SRC Process 
SNG Production ~No LPG Product) Schematic Diagram 

Oil/Gas Plant 



w~t~n 

~^*en 

T 
. . . .  ~ T l ~  ~ _Oloo( ~ ~ ~A~LlaUl~tRO~eTl°~%51 

ennc[uwaTen eno,:ess n[nJnN ~ *Um.,T T~ 

f 

Figure S - SRC Process 
H 2 Dissolver Feed 

Oil/Gas Plant 



SHIFTING 
(SOUR) 

SOUR SHIFT 

GASIFIER 

STEAM 

, ,~ y COOLER 

ACID GAS 
REMOVAL 

HYDROGEN-RICH 
GAS 

CONDENSATE 

SWEET SHIFT 

GASIFIER 

C O O L E R ~  

ACID GAS 
REMOVAL 

HEATER 

SHIFTING 
S T E A M ~  (SWEET) 

COOLER~ 
ACID GAS 
REMOVAL 

HYDROGEN-RICH 
GAS 

CONDENSATE 

Sour 
Figure 6 SRC Process 

Vis-a-Vis Sweet Shift, Process Configuration 
Oil/Gas Plant 



STEAM 

COAL ~ - - QASIFICATIUN GAS SIUFT 
F~EMUVAL CPNVEDSlUN DEMUVAI. 

i WASH OIL 
flEQYCLE Dm'~ 

I F,~,E,~g~KE 

H 4 ~ 2 , , I  NATIUN [ [ 
WATEU 

Si 
FUUI 
QiST 

TI 

i l 

RYDflDTDEATIN[ 

SOUl1 WATER 

I AUSDUDEU OIL 

STACK 
GAS 

5,638 T.tR l PLANT 

/ 
j Au,D 

I ~I]WATED 2,142TIU ~ FUELUAS v )PLANT FUEL) 

_1 KAPUT.^ - I DYDi'IOTDEATIND 24E TID ~ D AFIITHA Li)11 DBLIQ 
51.4°API 

SDUfl WATER ~ ~ FUEL OIL PUDQUCT |02!~S) 
1,EG2 T/O ~ S,?G5 EDLID 
|3,QnAPI 

ADSOUUER 
OiL IIEAVY LIUUID PRUDUCT (0.5',~} 

| 3~ESt T/D " < < < < ~  18,051 UDLIU 
I ,9.7OAPi 

UEAVY LIQUID 
FilQCESS flETUDI9 3'eL TIQ ~ PLANT FUEL 

AND CONDENSATE pUOCESSWATEU 
ADD UFW, TO UNITS FURL| UNITS 

WMEU [,~,,~,~,~__.~, WAUT E WAT E U, g % 
FEED WATER TDEATINQ AND EVAPDUATIVE 

UHITS LUSHES 

%, 

Figure 7 - SRC Process 
Filter Cake Drying Preliminary Block Flow Diagram 

Oil/Gas Plant 



112,140 ACFM 

r 

~REACTOR 
EHEATER 

9F-T  
CATALYSTCOATED 

REACTORS 
EACH TRAIN 

FEED- 
REACTOR DISCH. 

EXCHANGe= f 

J~ STEAM \ 

GAS FEED FROM 44,860 ACFM 

R ECTISOL UNIT 

TAIL GAS 
67~80ACF4M25PSI[~ ,03 PSI I~ 

130°F [ ~  1 2 0 ° ~  

RECYCLE 
GAS 

COMP R ESSO R 

SCRUBBER 

PRODUCT 
SEPARATOR 

I 
, 

Fischer-Tropsch Synthesis 
Coated Fin Tube System 

158,860 ACFM 

REACTOR FEED- 

REHEATER ~ REACTOR'DISCNG~EXCHAsTEAM ~X~ 

I 1320 PSIG 
I 16 F - T 12.9 MM LB/HR 

PACKED TUBE 
REACTORS 

EACH TRAIN 

GAS FEED FROM 
RECTISOL UNIT 

44,860 ACFM 

,,2.00o ACFM TA,L ~AS 

,,3 PS, ~ ,03 ,~S, I " 

p ~  GAS 
OMPRESSOR I 

MEA I 
SCRUBBER 

~ . 

! 
PRODUCT 

SEPARATOR 

Fischer-Tropsch Synthesis 
Packed Tube System 

Figure 8 - Alternative Fischer-Tropsch Reactor Trains 
Fischer-Tropsch Plant 



r 

i '  

~ A  SECOND 
GE ,,~ 

700°F ~ )  GAS OUTLET 

~ ~ - D R Y  PURGE- 
~ " "GAS BETWEEN 

'~ ' " - I  ~ MEMBRANE SHELL . 

~ ~ . . .  AND OUTER SHELL 

- - - ' ~ " ~  (2) COMPONENT 
~ r  CASTABLE L,N,NG 
" II OENSEONHOT 

• I I  FACE INSULATING 
II ~ INNERFACE 
I~-" ' /  (~ '~ COOLING WATER OUTLET 
II ~,,,.~J'FROM COILS 

• ,,=- ~ MEMBRANE WALL 
DESIGN TEMPERATURE 
500°.F 

~ ICOAL..STEAM INLET 

X PROVIDE 

I FIRST 

STTGE 

S000°F 

\ 
m\ 
\ " ' \ 
k \\ 
k 

I 

/ 

I 

i i  , 

:G 

INTERNAL COILS 
IN THIS AREA 
NEAR HOT FACE; 
MUST FORM MEM- 

• BRANE WALL 

CHAR-OXYG EN- 
STEAM INLET 

.•• COOLING WATER 
INLET TO COILS 

p NORMAL WATER 
LEVEL 

QUENCH 
WATER 

~ SLAG 
SLURRY 

Figure 9 - Two-Stage Gasifier Design Concept 
Fischer-Tropsch Plant 



2850OF ~ GAS OUTLET 

/ ~ ~ W A T E R  OUTLET ~ DRYPURGE 
GAS BETWEEN 
MEMBRANE 
SHELL AND 
OUTER SHELL 

REFRACTORY 
LINING 

MEMBRANE 
WALL DESIGN 
TEMPERATURE 
500°F 

PROVIDE INTERNAL 
COILS IN THIS AREA 
NEAR HOT FACE; 
MUST FORM MEM- 
BRANE WALL 

3000°F COAL-STEAM-O 2 INLET 

m _  

~ COOLING WATERINLET 
TO COILS 

~ N O R M A L  
WATER LEVEL 

QUENCH 
WATER 

SLAG 
SLURRY 

Figure i0 - Single-Stage Gasifier Design Concept 
Fischer-Tropsch Plant 

~.,~, /-~ 
/ - ')  



COAL 
16,£-~3 
T/D 

RECYCLE 
CCMFRESSOR 

GAS: 2,210,750 LB/HR 

GAS: 4,891,180 LB/HR 
A 1=oo°~ / / 

,,,~P-~, / 2,4.ooo Ac~,~ _ t  3 =  

: STEAM : 8,094 M LB/D I " "1 . ~ ~ ;  

J ~ ; g  4 

650 ° F 

1,200 PS ! STEt_._.... AM 

d . 
650OF 

FLY ASH 
WITH CHAR '2Z'J-'~ 
LOSS 

Figure ii - Single-Stage Entrainment Gasifier Flow Diagram (One of Two Trains) 
Fischer-Tropsch Plant 

GAS: 2,E20,430 LB/HR 
SYNGAS: 1(~9,2Q0 ACFM 

COAL: 
14,E17 7/D 

500 psi 

STEAM: 16 

~"*' , X 02:9.437 T/D ( ~  

1,087,500 
LB/HR 

~ STEAM: 1,200 PSI 

I ~  BFW 

133,250 LB/HR 

GAS: 2,680,430 LB/HR 

HOT 
ELECTROSTATIC 
PRECIPITATOR 

29,190 LB/HR 

Figure 12 - Two Stage Entrainment Gasifier Flow Diagram (One of Two Trains) 
Fis cher-Tr op s ch P i ant 



COAl. 
658A T/I) 

I LIXY{;,EN 
PLANT N~ 

~1  rl2 

i ~ STEAM 

f 
_1 J .,,,SMMSCEO I GASIF IER 

SLAG 
516 FID 

25000 T/n pREPARATION 

To BOILERS 
R, FURNACES ~ | 

I 

SYNTHETIC GAS RECYCLE 

5811 TID GASIFIER 
& TREATING j 

a DISSOLVER " 

FILTER CAKE 
INCL. ASH 

4(KJ ° * 
PROI~'UCT 
16,000 T/D 

41S.972 MM 8CFO 

REMOVAL CONVERTER 

/ 

I'm 66.54 MM SCFO 

36633 MM SCPD 

143,305 MM SCPD 

_1 NAPN'RA I 
I HYDROTREATER 

1-1 
I 

LOW PRESSURE 
ACID GAS 
REMOVAL 

_ I "'B'R'="" I 
- -  ACID GAS i ---OVAL I 

NAPHTHA 
B67 T/O 

1t2 10 BI~8 MM SCFR 

TO FLARE 
2903 TID 

J °l REMOVAL 

STACK ~ ' G A S  

'--~1 sULFU' I - -  PLANT 

t 
SULFUR 
1168 T/O 

I 
I METHANATOR 

NO, 1 

CO BYPASS 94.61 MM SCFO 

GAS 
PLANT 

I 

I SOUR'WATER I 
I STRIPPER 

TI_ 

BALANCE MM BTU/HR 

FEED. COAL 
TO BISSQLVER 28,~ 11 
TD CAEIEIE R S,892 
TO LOW RTU GAS S.07 I 

39,0B0 

PRODUCT: PIPELINE GAS 5455 
LPO 432 
NAPHTHA 1,596 
SflC (400°t I 30,028 
SULFUR 3BE 

2EI,7~7 

THERMAL EFFICIENCY: 737% 

~ PIPELINE 
GAS 

~__ METHANATOR 131 MMSCFD 
NO 2 2833 T/O 

1000 BTUISCF 

LPG 
243 TID 

WATER 
719 GPM 

Figure 13 - SRC Process: 24 H 2 Uptake 
Syngas and Distillate Feed to Dissolver 

COG Plant 



; , iYI 

COAL 
0730 TID 

_1 I oo,.oMM~oPo 
t OASIFI£R 

=o~1 I 

25000TID PREPARATION 

TO SDILERS 
& FURNACES%---------,--~ ] 

LOW DTU 
COAL GASIFIER 
E963 TIC & TREATING 

 lll FILTER CAKE 
INCL ASH 

LP GAS 22.2 MM SEED 

HZ S gGMM gCFD 

.20 

232,7.76 MM SCFD 

-J-1 "~*'° ] I DISSOLVER .~ NAPHTHA 

4o0 e * 
PRODUCT 
14902 TID 

~ '--" 567,41 MM ~CFD 

. / 
., AD,.~AS I _ ~ 1  o.,PT REMOVAL CQNVEHTER 

! 
I CO BYPAS~ 

SOUR WATER 

COG Plant 

455,4 MM SCFD 

I LOW PRESSUR~ I ~ID ACID GAS 
REMOVAL 

~ )  TD FLAFIE 
1321~) ~ID 

- -  I REMOVAL NO. 1 

102.109 MM ~FD 

H 2 RECYCLE 

_1 OAS I -- I ,PLANT 

I 

I STACK 

l F-- 
I i I i , 

"'O'I'PDES~ORE I SULE°R I I 
~ -  ACID GAD ~--~ 

I1EMOVAL pLANT 

1 t 
NAPHTHA ~ SULFUR 
701 TID ~ 1007 TID 

SOUR,WATER I 
STRIPPER 

]l 

HHV 
SALAHCF MM nTU/HR 

FEED: FOAL 
TO DISSOLVER 26,117 
TO GASIFIED 9,120 
LOW nTU GAS E.22S 

PRODUCT; PIPELINE GAS 7,537 
LrG 432 
NAPHTHA 1,141 
SRC {4QQ°+} 20,?E0 
SULFUII 335 

:~.213 

THERMAL EFFICIENCY: 72,0% 

~[ METHANATOR l 
NO,2 I 

LPG 242 T/O 

PIPELINE 
GAS 
101 MM SCFD 
3000 T/D 
1S00 DTUISCF 

WATER 
000 GPM 

Figure 14 - SRC Process: 3.5% H 2 Uptake 
H 2 and Slurry Feed to Dissolver 

COG Plant 



AIR 

~05AL Tj~ ~ 

L PLANT N? 

_ i  I '°°"MMSC~° 
I GASIFIER 

748 TID 

TO ROLLERS 
FURNACES I 

COAL GASIFiER & 
7002 T/D TREATING 

SYNTtlETIC GAS RECYCLE 

LP GAS 

H2D i]---t- 1 
_l 

DISSOLVER 

400 a 
PRODUCT 
14.002 T/D 

3E,,933 MM SCFD 

=,,4 

225.763 MM SCFD 

7. T,O --I NAPHTHA 
I HYDROTREATER 

L I . . . . .  

H 2 O.O73MMSCFD 

620.69 MM SCFD 

REMOVAL ~ CONVERTER 

" ~ 95,44S MM SCFD 

I LOWPRESSUflE t ACID (;;AS 
REMOVAL 

I 
t 

I .,o"'R"su"E I 
ACID GAS 

l REMOVAL 

TO FLARE / 
i ~ 469B TID 

REMOVAL ~ NO 1 

i CO BYPASS 155.463 MM SCFD 

(3AS 

- I  ...... I- 
I 

I 

~ STACK 
GAS 

_[  ,OLVUR 1 ~ 
-- L PLANt 

1 
~"~'q~. NAPHTHA 

701 TID 
SULFUR 
1060 TID 

HHV 
BALANCE MM BTOIHB 

FEED COAL TO: 
DISSOLVER 26,117 
GASIFIER 9,977 
LOW RTU GAS 7,002 

43,096 

PRODUCT: pIPELINE GAS 8.437 
LPO 130 
NAPHTHA 1,140 
SflC |400 °+) 20.766 
SULFUR 362 

30.B27 

THERMAL EFFICIENCY: 71.5% 

I ~ P I P E L I N E  
GAS 

METHANATCIR 202 MM SCFIO 
NO 2 4376 T/D 

1000 BTU/SCF 

LPG 
74 T/D 

W A T E R  
9 1 0 0 P M  

Figure 15 - SRC Process: 3.34 H 2 Uptake 
Syngas and Slurry Feed to Dissolver 

COG Plant 



STEAM 
635 PSIA 

RFWXZ~"'- i I 

8LOWDOWN 

2,STAGE 
GASIFIER 

COAL STORAGE 

OE'OH'RE T I 

STEAM ~ ~ L . , ~  

FEEDER 

STAGE 
1 

3DQ0°F I 

AIR PREHEATE =R; 

TO 
STACK 

AIR gLOWER STEAM 

0g~';oR E H N R o ELEC, ROSTATIC 
OA~,,0,~...~___,~ ~EA,4'~° , ~  '%;';S,I °" 

~ -- ~ CYCLONE 
SUPER 
HEATER 

\ 
CHAR 

RECYCLE 
CHAR 

RECYCLE 
CHAR 
HEATER 

p ' r '~ ' ITSTEAM 
~ 4S pSIA 

" ~ G A S T O  
BOILERS& 
FURNACES 

4500 LBIHfl H2O 
692 LRIHR CHAR 

CHAi &WATER 
TO 

DISPOSAL 

REDOX 
UNIT 

Figure 16 - Low Btu Gasifier Flow Diagram 
COG Plant 



Table 1 - Demonstration Plant Estimate 
Economics Update 
EUAC at 12% DCF 
Oil/Gas Plant 

Costs $MM/yr 

Coal 
Catalysts and Chemicals 
Operating Labor 
Maintenance Labor 
Payroll Burden 
Plant Overhead 
Maintenance Materials 
Utilities 
Property Tax and Insurance 
G&A Overhead 

Total 

Income Tax 

39.6 
4.4 
3.4 
3.7 
2.5 
5.7 
7.5 

8.6 
i.I 

76.5 , 

39.4 

Investment 

Fixed Capital Investment Burden 
Initial Catalysts and Chemicals 
Startup Costs 

Total 

Working Capital 

Credit for Sulfur 

Required revenue 

$~I/yr 
$/MMBtu 

4 8 . 3  
0 . 3  
2 . 4  

51.0 

2.1 

( 3 . 2 )  

165.8 
3.20 

/ - / 



Table 2 - Additional SNG Production 
EUAC at 12% DCF 
Oil/Gas Plant 

Costs 

Coal 
Catalysts and Chemicals 
Operating Labor 
Maintenance Labor 
Payroll Burden 
Plant Overhead 
Maintenance Materials 
Utilities 
Property Tax and Insurance 
G&A Overhead 

Total 

Income Tax 

Investment, SMM 

Fixed Capital 
Initial Catalysts and ~lemicals 
Startup Costs 

Total 

Working Capital 

Credit for Sulfur 

Total Required Revenue 

Production, N~4Btu/d 

Required Selling Price 
$/ Btu 

~dated 
Demonstration Plant 

$~Vyr 

I0,000 TPSD 39.6 
4.4 
3.4 
3.7 
2.5 
5.7 
7.5 

Incl 
8.6 
I.i 

76.5 

39.4 

311 

20 

20 

320 T 

156,720 

48.3 
0.3 
2.4 

51.0 

2.1 

(3.23 

165.8 

3.20 

Case A (LPG+SNG) 

i0,000 TPSD 

323 
2.591 

20 

126,828 

$MM/yr 
Case B (SNG Only) 

$MM/yr 

39.6 
4.7 
3.4 
3.8 
2.5 
5.8 
7.8 

Incl 
8.9 
1.2 

77.7 

41.0 

50.2 
0.3 
2.4 

52.9 

2 . I  

(3.2) 

170.5 

4.07 

i0,000 TPSD 

326 
2.541 

20 

124,350 

39.6 
5.0 
3.4 
3.9 
2.7 
6.3 
7.8 

Incl 
9.0 
1.2 

78.9 

41.3 

50.7 
0.3 
2.4 

53.4 

2.1 

(3.2) 

i72.5 

4.2 



Table 3 - Symgas vs. Hydrogen as Dissolver Feed 
Case A (LPG+SNG) 
EUAC at 12% DCF 
Oil/Gas Plant 

Costs 

Coal 
Catalysts and Chemicals 
Operating Labor 
Maintenance Labor 
Pa>~oll Burden 
Plant Overhead 
Maintenance Materials 
Utilities 
Property Tax and Insurance 
G&A Overhead 

Hydrogen 

i0,000 TPSD 

$MM/yr 

39.6 

Syngas 

10,825 TPSD 

$MM/yr 

42.9 

Total 

Income Tax 

Investment, $MM 

Fixed Capital 
Initial Catalysts and 

Chemicals 
Startup Costs 

Total 

Working Capital 

Credit for Sulfur 

Required Revenue 

Production, MMBtu/d 

Required Selling Price, 
$/MMBtu 

Syngas Case 

Savings with Syngas 

323 

2.6 
2O 

20 

320 

127,800 

4.7 
3.4 
3.8 
2.5 
5.8 
7.8 

Incl 
8.9 
1.2 

77.7 

41.0 

50.2 

0.3 
2.4 

52.9 

2.1 

(3.2) 

170.5 

4.1 

3.96 

0.14 

341.3 

1.6 
2O 

21 

320 

138,000 

4.5 
3.4 
4.0 
2.6 
6.0 
8.2 

Incl 
9.4 
1.2 

82.2 

43.1 

53. i 

0.2 
2.4 

55.7 

2.2 

(3.2) 

180.0 

3.96 

L" ~ ; 



T a b l e  4, - A l t e r n a t e  HzS R e m o v a l  P r o c e s s e s  
EUAC to Achieve a I~ bOP A f t e r  

Tax Return on Investment 

Oil/Gas Plant 

Units 

Catalysts and Chemicals 

Methanol Mlb 
Benfield Solution 

Utilities 

Steam 
Cooling Water 
Power 
Nitrogen $9/T 

Total 

Capital Associated 

Fixed Capital Investment $~ 
Working Capital $b~ 

Maintenance Labor 
Payroll Burden 
Maintenance Material 
Plant Overhead 
Prope r ty  Tax and Insurance  

Total 

G~A Overhead 

Income Tax 

Total 

Less Chemical Absorption Cost 

Savings [ 

Mlb 
Mgal 
kW 
MSCF 

Physical Solvent 

Unit Cost 

$65.00 

$ 3.20. 
$ O.lO 
$ 0.03 
$ 0 . 3 3  

Process No. 1 
Quant i ty  EUAC 
per  Year $~'N/yr 

475,200 0.048 
19,100,000 0.57 
3.564 x 106 1.188 

1.810 

2.1 
0.43 

0.281 
0.046 

0.025 
0.009 
0.051 
0.020 
0.058 

0.490 

0.029 

0.240 

2.569 

3.383 

0.814 

Process No. 2 
EUAC 

Quantity $~B~/yr 

198 0.013 

370,000 0.037 
6,400 0.192 

Chemical Absorption 
EUAC 

Quantity 

573,400 

1,300 

SMM/yr 

0.004 

1.835 

0.037 

0.229 

2.36 0.316 
0.017 

0.028 
0.010 
0.057 
0.023 
0. 065 

0.516 

o.oo6 

0.233 

0.997 

3.383 

2.386 

3.9 
0.99 

1.372 

0.523 
O. 104 

0. 046 
0.016 
0.094 
0. 037 
0.107 

0.972 

0. 068 

0. 467 

3.383 



Table 5 - Comparison of Sweet and Sour Shift Economics 
Savings in EUAC with 12% DCF 

Oil/Gas Plant 

Utilities 

Fuel Gas 
Power 
Steam 

Total 

EUAC 
Savings 

$ Millions/yr 

762,700 ~IBtu/yr at 3.20/~4Btu 
36,000,000 kW/yr at $0.02S/kWh 
1,228,300 Mlb/yr at $3.20 

2.440 
(1.080) 
3.930 

5.290 

Capital Associated 

Fixed Capital Investment - $2.23 ~I 
Working Capital 

Maintenance Material 
Maintenance Labor 
Payroll Burden 
Plant Overhead 
Property Tax and Insurance 

G&A Overhead 

Income Tax 

Total Savings 

Sour Shift Savings in $/MMBtu based on 
157,000 ~MBtu/d 

0.347 
0.065 

0.054 
0.026 
0.009 
0.021 
0.061 

0 . 0 5 0  

0.325 

$6.248 

$0.121 



Table 6 - Filter Cake Washing, Material and Utility Balance 
Oil/Gas Plant 

Coal Feed 

To Dissolvers 
To Gasifier 

Plant Products (after supplying 
plant fuel) 

Naphtha 

Fuel Oil 

Heavy Liquid 

Plant Fuel Required 

Fuel Gas 

Heavy Liquid 

Without Filter a 
Cake Washing 

i0,000 T/d 

270 T/d 
2,000 B/d 
i0,600 ~[Btu/d 

1,440 T/d 
8,500 B/d 

48,800 MMBtu/d 

2,915 Tld 
14,300 B/d 
96,000 ~IBty/d 

2,140 T/d 

120 T/d 

With Filter 
Cake Washing 

i0,000 T/d 
1,667 T/d 

245 T/d 
1,800 B/d 
9,600 MMBtu/d 

I, 660 T/d 
9,800 B/d 

56,300 ~tu/d 

3,850 T/d 
19,000 B/d 

126,800 M~tu/d 

2,140 T/d 

340 T/d 

aRefer to R&D Report No. 82 

! 



Table 7 - Filter Cake Solvent Recovery, Economic Evaluation 

EUAC at 12% DCF - Oil/Gas Plant 

Raw Material Coal at $12.00/T 

Capital A&sociated Costs 

Fixed Capital Investment ($11.93 million) 
Working Capital 

Maintenance (at 8% of FCI) 

Labor 
Payroll Burden 
Plant Overhead 
Materials 

Property Tax & Insurance 

G&A Overhead 

Income Tax 

Total Additional Revenue Required 

Base Case at 156,700 ~Btu/d 

With Solvent Recovery 194,000 MMBtu/d 

Savings in $/~IBtu 

EUAC 
SNillion/Yr 

6.600 

1.854 
0.122 

0.283 
0.099 
0.229 
0.573 

0.328 
3.488 
0.086 

1.495 

$11.670 

$165.844 

$177.5i4 

EUAC 
$/~dBtu 

3.207 

2.773 

$0.434 



Table 8 - Economic Comparison - Fischer-Tropsch Reactors 
Difference in Operating Cost Between Packed Catalyst 

Tube Reactors (Base Case) and Finned Tube 
Reactors With Catalyst on Fins 

Fischer-Tropsch Plant 

Costs 

Steam Consumed 
Maintenance 
Taxes and Insurance 
Catalyst Replacement 
Plant Overhead 
G&A Overhead 

Total Costs 

Income Tax 
Fixed Capital Investment 
Working Capital 
Steam Produced (Credit) 

EUAC 
Savings 
$ lyr 

2.5 
3.6 
2.5 
3.2 
0.8 
0.2 

12.8 

8.4 
ii .9 
0.3 

16.5 

$49.9 

EUAC 
$/MMBtu 

0.01S 
0.022 
0.015 
0.020 
0.005 
0.001 

0.078 

0.051 
0.072 
0.002 
0.i00 

$0.303 



Table 9 - Comparison of Entrainment Gasifier with Fixed and Fluidized Bed Types 
Fischer-Tropsch Plant 

Cost/Unit 

Raw Materials 
Coal 
Oxygen 
Steam 

Credit for Tar 
and Oil 

Maintenance 
Materials 
Labor 
Payroll Burden 
Plant Overhead 

Property Tax and 
i n s u r a n c e  

G&A Overhead 

Tota l  Costs  

Fixed C a p i t a l  
I nves tmen t s  

Working C a p i t a l  

Taxes 
Income Tax 
Inves tmen t  

Tax C r e d i t  

S u b t o t a l  

Less Cost o f  En- 
trainment Case 

Savings 

Unit Units/Sd 

$15/T MT 15.8 
$10/T ~F 7.6 
$ 2/MLB MML 43.9 

$10/BBL BBL 5.7 

5% of FCI 

52% 

10% 

$MM 
210 

Fixed Bed 

$MM/yr 

78.3 
25,2 
28.9 

(28.1) 

6.3  
3.1 
1.1 

5.8 

2.3 

125.4 

28.1 

3.9 

20.5 

(2.5) 

175.4 

131.0 

$44.4 

$/~Btu 

0.95 
0.31 
0.35 

(0.34) 

0.08 
0.04 
0.01 
0.03 

0.07 

0.03 

1.53 

O. 34 

0.05 

0.25 

(0.03) 

2.13 

I .59 

0.54 

Units/SD 

15.7 
4.2 

29.3 

2.9 

122.8 

Fluid Bed 

$~ /y r  

77.9 
13.9 
19.3 

(14.4) 

$/MMBtu 

0.94 
0.17 
0.23 

(o. 17) 

E n t r a i n e d  

Units/SD SMM/yr 

]5.0 74.2 
9.4 31.1 

(24.0) (15.8) 

None 

$/MMBtu 

0.90 
0.38 

(0 .19)  

None 

3.7 0.04 
1.8 0.02 
O.6 0.01 
1.5 0.02 

3.4 0.04 

1.9 0.02 

I0.6 1.32 

3.5 0.04 
1.8 O.O2 
0.6 0.01 
1.4 0.02 

3.3 0.04 

1.5 O.O2 

101.6 1.24 

16.4 0.20 

3.2 0.04 

13.1 0.16 

(1.5) (0.02) 

140.8 1.71 

131".0 1.59 

$9.8 o,12 

118.3 
15.8 0.19 

2.8 0.03 

12.2 0.15 

(1.4) (0.02) 

131.0 1.59 



Table i0 - Economic Comparison - Fischer-Tropsch Entrainment 
Gasifiers - Two-Stage vs. One-Stage - Two Trains 

Fischer-Tropsch Plant 

Raw ~laterials 
Coal, MTPSD 
Oxygen, MTPSD 
Steam, ~Ib/SD 

Compressor Turbine 
Steam, MIb/SD 

Maintenance 
Material 
Labor 
Payroll Burden 
Plant Overhead 

G&A Overhead 

Property Taxes and 
Insurance 

Fixed Capital 
Investmnent 

Basic Gasifier 
in million $ 

Char Recycle 
Auxilliaries 

Recycle Compressor 

Working Capital 

Income Tmx 

Investment Tax 
Credit 

Total T~x 

Credit for Steam 
Produced, MIb/SD 

Savings of two- 
stage over one- 
stage gasifier 

Two-Stage 

29.0 
18.9 
33.3 

6.150 

2.000 

8.150 

Quantity 

One-Stage 

33.3 
25.4 
16.2 

1.300 

1.500 
2.800 

Difference 

4.3 
6.5 

17.1 

1,361 

5.350 

Cost/Unit 

$15/T 
$10/T 
$ 2/Mlb 

$ 2/Mlb 

5% of FCI 

EUAC 
SMMlyr 

Savings 

$/MMBtu 

1,361 

-15,712 

21.146 
21.622 

-11.262 

0.128 
0.131 
-0.068 

15~712 $2/Mlb 

0.898 O.OOS 

-0.160 
-0.079 
-0.027 
-0.064 
0.330 -0.002 

-0.323 -0.002 

-0.147 -0.001 

-0.716 0.004 

-0.420 0.003 

-0.872 

+0.064 

0.005 

-10.370 -0.063 

$19.287 $0.117 
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