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SECTION 1 

INTRODUCTION 

The U.S. Office of Coal Research (OCR) and The Ralph M. Parsons Company 
executed a three-year Contract, EX-76-01-1775, on December 31, 1974; 
under the terms of this contract Parsons was to supply Preliminary Design 
Services in the field of conversion of coal to synthetic fuels and elec- 
tricity. Responsibility for the contract was subsequently assumed by 
OCR's successors, the U.S. Energy Research and Development Administration 
(ERDA) and then the U.S. Department of Energy (DOE). 

The prime objective of the contract was to develop conceptual designs 
and economic evaluations for multiple types of coal conversion plants. 
Secondary objectives were development of supporting information in the 
fields of equipment development, materials of construction and environ- 
mental factors required for future commercial plants. 

Responaihility for completion of a conceptual design for a COED-based 
pyrolysis plant was transferred from Contract EX-76-C-01-1234, titled 
"Technical Evaluation Services," to this contract. A final report des- 
cribing Parsons.prior work on the COED design under Contract -1234 has 
been published, i 

The contract scope was expanded and the period of performance was extended 
by seven contract modifications. The period of performance was extended 
to November I, 1978. 

The contract defined a number of comprehensive task assignments. The 
results of the work were intended for use to assist OCR/ERDA/DOE in 
their programs to develop firm bases for design, construction and opera- 
tion of viable commercial coal conversion plants to provide the U.S. 
with acceptable future energy options. General categories of task objec- 
tives included: 

Development of conceptual designs and eonomic evaluations 
for four commercial scale coal conversion complexes. 

Development of a preliminary design, operating requirements 
and projected economics for a multi-process coal conversion 
demonstration plant. 

Definition of additional data and equipment requirements to 
assure reliable performance of the commercial plants. 

Development of conceptual designs and, economic predictions 
for prestressed concrete pressure vessels PCPVs for use 
in coal conversion plants. 
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Definition of environmental control facilities and procedures 
required to assure the operation of the conwnercial plants 
within applicable environmental requirements. 

g Publication and dissemination of the results of the work. 

This wide range of activities required broad expertise provided by several 
hundred people over the course of the contract work. As required, the 
skills and experience of process engineers, project engineers, discipline 
engineers, environmental engineers, economists, and many others were 
applied. Of particular importance is the balance of technical and economic 
skills required for predicLion of constructed value of large coal mines 
and coal conversion plants; a major international contractor who is 
daily buying and installing major equipment items is equipped to develop 
realistic and current economic estimates. 

Reports have been transmitted and accepted for all task assignments 
under th~s contract. This final report provides a summary of key results 
and a list of references for reports which have been published; these 
referenced reports contain detailed designs, data, conclusions and recom- 
mendations. 

Publication of this report completes the Contract EX-76-C-01-177~ obliga- 
tions of The Ralph M. Parsons Company. 
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SECTION 2 

SUMMARY 

The Contract EX-76-C-01-1775 tasks have been completed and reports describing 
the results have been accepted by OCR/ERDA/DOE. 

The Primary Objectives of this contract work, titled "Preliminary Design 
Services," were to develop four (4) conceptual designs/economic evaluations 
for coal conversion complexes with each design to use differing technology, 
to develop a preliminary design/economic evaluation for a multi-process 
demonstration plant, to develop a conceptual design/economic evaluation 
for use of representative prestressed concrete pressure vessels in coal 
conversion plants, to define equipment development, materials of construc- 
tion, environmental and data requirements to support the design of future 
coal conversion plants, and to promptly publish the results. The period 
of performanc~ was approximately four years. 

Key elements of the results of this contractural work are presented in 
this report. 

2.1 CONCEPTUAL DESIGNS/ECONOMIC EVALUATIONS 

Four (4) conceptual designs/economic evaluations were developed 
and the results published. Each of the coal conversion complexes was 
conceived to be located in the Eastern Region of the Interior Coal Province 
which encompasses portions of the states of Illinois, Indiana and Kentucky. 
The project scope consist of a grass roots complex with a captive coal 
mine. All steam and electricity is captively produced. 

The design reports contain a definition of the design basis, the 
data base used, a process description, preliminary process flow diagrams 
with heat and material balances, an energy balance, a utility balance, 
major equipment lists, definition of a plot plan, a definition of the 
environmental control procedures, a capital investment estimate, estimated 
operating costs, projected profitability analysis, an economic sensitivity 
analysis, an analysis of expected plant performance, and recommendations 
for future improvements. A brief description of the designs and projected 
economic~ follows. 

The conceptual designs incorporate certain potentially attractive 
operations which have not yet been proven, or in some cases operated, 
on a pilot plant scale. The designs are intended to show the potential 
performance and economics for the configurations used; also to define 
additional development work required prior to commercial design and 
operation. 

2-1 



2.1.1 COED-BASED PYROLYSIS PLANT 

2 
This design was based on results developed by FMC Corporation, 

under OCR sponsorship, in a 35-ton-per-day (TPD) pilot plant located 
at Princeton, New Jersey. 

The scope of the complex consists of a large captive coal 
mine which supplies run-of-mine (ROM) coal to a coal preparation plant 
which in turn provides approximately 25,000 TPD of clean, washed coal 
to a COED-based pyrolysis coal conversion plant. The 25,000 TPD of 
coal is fed to a single-line pyrolysis-gasification process plant. 
The coal is converted to fuel gases, tar and char in multiple fluid 
bed pyrolyzers operating in series at atmospheric pressure and over 
a temperature range of 575 to 1,050°F. The char is gasified by reaction 
with steam and oxygen to produce a synthesis gas (syngas), primarily 
a mixture of hydrogen and carbon monoxide, which is purified, supplies 
heat energy to operate the pyrolyzers and then is consumed as fuel in 
a large electrical power plant. The fuel gases produced in the pyrolysis 
step are also used to generate electricity. The pyrolysis tar is filtered 
to remove solids carried over from the pyrolyzers and then hydrotreated 
to produce a syncrude; the hydrotreating step reduces sulfur and nitrogen 
contents as well as the viscosity of the syncrude. 

Products from the plant operating under typical conditions 
include approximately 28,000 barrels per day (BPD) of a 28 ° API, 0.i 
percent sulfur comtent syncrude and about 830 megawatts of electrical 
power; conunercial grade sulfur is produced as a by-product. The projected 
thermal efficiency of the process plant, including production of fuel 
gases as feed to the power plant, was about 58 percent. 

The design provided the equipment and operating flexibility 
to process feed coal with a range of analyses which might be expected 
over the course of a 20-year operating life using coal typically mined 
in the site area. This fact distinguishes the design from other designs 
based on a single typical feed coal analysis and which might be called 
"point" designs. The use of a fixed coal feed rate and variable coal 
characteristics requires higher fixed capital investment (FCI) to provide 
the necessary flexibility; it also results in variable product rates. 
A very preliminary estimate indicated the provisions for ability to 
process the variable feed coal compositions would increase the FCI by 
about i0 percent relative to a "point" design. 

2.1.2 OIL/GAS 

The term "Oil/Gas" originated during the 1973 Project Indepen- 
dence Blueprint period. It refers to a coal hydroliquefaction process 
configuration which coproduceS liquid and gas fuels. 

The design basis was developed in cooperation with ERDA; 
it used the teachings of the Solvent Refined Coal (SRC) development 
program. A report describing this conceptual design has been published. 
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The captive coal mine that serves the complex produces 
approximately 47,000 TPD of ROM coal as feed to the coal preparation 
plant. The product of the preparation plant, about 36,000 TPD, is fed 
to an SRC ll-based hydroliquefaction coal conversion plant. Here the 
feed coal is slurried in a coal-derived recycle liquid containing unreacted 
coal residues and coal ash and reacted with a hydrogen~rich reducing 
gas at about 850°F and 2,000 psig. The pressure on hydroliquefaction 
products ~s then reduced; the resulting gases are purified, hydrogen 
recovered for recycle to the hydroliquefaction reactor (dissolver), 
and the light hydrocarbons consisting of methane through the butanes, 
recovered and purified for sale. The liquids are fractionated and a 
portion of the higher boiling fraction is filtered to remove unreacted 
coal and ash to produce a heavy fuel oil; the unfiltered portion is 
combined with some filtered heavy solvent and recycled to serve as the 
slurry agent'for the feed coal. The complex produces about 55,000 BPD 
of 0.4 percent sulfur fuel oil with characteristics roughly equivalent 
to bunker C, i0,000 BPD of naphtha, I0,000 BPD of liquified petroleum 
gases (LPCs) and 165 million standard cubic feet per day (MM scfd) of 
SNG; by-pPoducts include about 1,300 TPD of sulfur and 90 TPD of ammonia. 

The projected thermal efficiency is about 77 percent; 
this represents the percentage of energy in the feed coal which is converted 
to salable products. Facilities to permit operation of the complex to 
meet environmental standards are included and described. 

2.1.3 FISCHER-TROPSCH 

Parsons had earlier developed two brief Fischer-Tropsch 
conceptual designs/economic evaluations. One of these was for a small 
plant while the second was for a large complex prepared under tight 
deadline pressure for the Project Independence Blueprint program. These 
prior ~fforts provided background for a more comprehensive conceptual 
design described here. 

Based on the results of a preliminary analysis of data 
sources available, a synthesis reactor configuration was selected which 
consisted of catalyst applied by a flame-spraying technique, or equivalent, 
on the external surface of extended surface heat exchangers. This design 
permits recovery of the majority of the heat of reaction as 1,200 psig 
steam which in turn is used to generate electrical power and supply 
utility steam requirements to the complex. 

The captive coal mine would produce about 40,000 TPD of 
ROM coal; the coal preparation plant would in turn provide approximately 
30,000 TPD of clean, washed coal feed to the process plant. In the 
process plants the coal is gasified at approximately 475 psig by reaction 
with steam and oxygen in an entrained two-stage, slagging-type gasifier. 
The gases, containing primarily hydrogen andcarbon monoxide, are purified 
and then catalytically reacted to produce liquid products plus substitute 
natural gas (SNG). The liquid products are recovered and refined for 
sale. Plant products are projected to have an energy value in excess 
of 500 billion Btu/day, which is about twice the energy value of commercial 
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coal gasification plants planned for construction in the U.S. The pro- 
jected product quantitites are 260 MM scfd of SNG and approximately 
50,000 BPD of liquid products consisting of LPGs, light and heavy naphthas, 
diesel fuel, fuel oil, and oxygenates (containing primarily alcohols). 
The liquids contain nil sulfur, nitrogen and particulate matter, making 
them environmentally premium grade fuels. They are primarily alyphatic 
hydrocarbons, useful as petrochemical feedstocks as well as fuels. 

Heat recovered from the process operations is used to gener- 
ate all utilities required to operate the complex, including the coal 
mine. A supporting independently fueled power plant is not required 
for normal plant operation. The projected therma I efficiency, coal 
to salable products, is of the order of 70 percent, indicating a potential 
efficiency significantly higher than for alternate Fischer-Tropsch his- 

torical designs. 

A division of the U.S. Bureau of Mines, now the Pittsburgh 
Energy Research Center, DOE, had investigated flame-sprayed catalytic 
Fischer-Tropsch conversions on a small scale over a period of about 
15 years. They are now constructing a pilot scale unit at Bruceton, 
Pennsylvania to obtain further performance data on the reactor construc- 
tion, catalyst application, catalyst life, and conversion performance. 
A related pilot test using flame-sprayed catalyst for methanation reaction 
indicated catalyst life in excess of 6,000 hours without significant 

deterioration in performance. 

2.1.4 POGO 

POGO, an acronym developed by DOE, is an abbreviation for 
Power-Oil-Gas-Other. It is used to describe a coal refinery which copro- 
duces electrical power, liquid fuels, gas fuels and chemical by-products, 
including a precursor of premium grade coke for use by the aluminum 

and steel industries, plus sulfur and ammonia. 

8 
A conceptual design was completed and published. The design 

basis selected resulted from an analys.is of a number of candidate processes 
and process combinations; a ~eport describing the results of this predesign 
analysis was also published. The configuration chosen consisted of 
SRC ll-based hydroliquefaction combined with pressurized flash pyrolysis, 
entrained two-stage, slagging-type gasification and a combined cycle 
power plant. The configuration eliminated the use of filters for removal 
of unconverted coal and ash from the hydroliquefaction step. 

The base design for the coal refinery was conceived to be 
located in the Eastern Region of the Interior Coal Province. Two second- 
order assessments of the effects of constructing the plant at other 
locations were also completed; one alternate location was the Southern 
Appalachian Region of the Eastern Coal Province and the second was the 
Powder River Region of the Rocky Mountain Coal Province. 

For the base design, approximately 60,000 TPD of ROM coal 
was mined and 45,000 TPD of clean, washed, sized coal produced in a 
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coal preparation plant. Approximately forty-five percent of the coal 
is fed to the SRC ll-based hydroliquefaction plant, 15 percent to the 
flash pyrolysis plant and about 40 percent to a gasification plant used 
to generate fuer gases for use in the utility section. 

In the hydroliquefaction plant, feed coal is slurried in 
coal-derived solvent containing some unreacted coal and coal ash. This 
slurry is mixed with hydrogen-rich reducing gases and reacted at about 
850°F and 2,000 psig. The pressure is reduced after reaction and the 
vapors are recovered, purified, separated into hydrogen-rich gas for 
recycle to the hydroliquefaction step plus LPGs and SNG; the LPGs and 
SNG are purified for sale. 

The liquids recovered after pressure reduction are fractionated, 
first at essentially atmospheric pressure and thenunder vacuum. The 
distillates are processed to produce a low sulfur fuel oil, pool gasoline 
and coke. The bottoms product from the vacuum distillation, plus feed 
coal, are'fed to the pressurized flash pyrolysis unit where a significant 
amount of the liquids are recovered and processed for sale as fuels 
with the remainder being coked; the char produced in the pyrolyzer is 
fed to the process gasifier where it is reacted with steam and oxygen 
to produce the reducing gas used to dissolve the coal in the hydroliquefaction 
step and also, after further processing, to produce the high purity hydro- 
gen used to hydrotr=at naphtha and heavy liquids to upgrade them for 
sale. Energy required for operation of the pyrolysis unit is provided 
by a recycle char stream from the process gasifier. 

The design incorporated the results of a number of efficiency 
trade-off studies. The projected thermal efficiency, coal to fuel and 
chemical products plus fuel gas to the power plant, was approximately 
75 percent. Seven alternative power plant configurations were analyzed, 
including interactions with the coal mine and process plant utilities. 
The configuration selected resulted in a projected efficiency, fuel 
gas feed to power at the busbar, of about 44 percent; this indicates 
a potential efficiency gain of about 5 percentage points resulting from 
careful selection of state of the art combined cycle power plant components 
and preferred interaction with the other units in the complex. 

Projected products from the base case complex include approxi- 
mately 150 MM scfd of SNG, 15,000 BPD of LPGs, 35,000 BPD of pool gasoline, 
27,000 BPD of low sulfur distillate fuel oil, 1,600 TPD of premium grade 
coke precursor and 1,000 megawatts of electrical power. For the Southern 
Appalachian Region of the Eastern Coal Province, less SNG and more liquid 
products are predicted. For the Powder River Region of the Rocky Mountain 
Province, a higher percentage of the products are in the middle liquid 
fuel range and lesser quantities in the lower and higher boiling ranges. 

2.1.5 ECONOMIC PROJECTIONS 

The predicted time to design, construct and start up the 
facilities for each of the four designs was in the range of 5 years. 
Lconomic evaluations were based on a 20-year operating life. All evaluations 
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were expressed as "instantaneous" current dollars, without inflation 
or escalation over the project life. The current dollar periods used 

for the original economic evaluation for each of the four conceptual 
designs described were: 

Design 
Current dollar period; 

economics expressed in: 

COED-Based 1st  quar ter  (Q) 1974 d o l l a r s  

Oil/Gas 4th Q 1975 dollars 

Fischer-Tropsch 4th Q 1975 dollars 

POGO Mid-1977 dollars 

For uniformity of presentation in this report, the projected 
economics for each of the designs were escalated to first quarter 1978 
dollars. Two separate project financial structures were developed, 
each to yield a 12 percent discounted cash flow (DCF) rate of return; 
one was I00 percent equity while the second was based on 65 percent 
debt financing borrowed at 9 percent interest rate. A summary of the 

results for the Oil/Gas and Fischer-Tropsch designs which coproduce 
SNG and liquid fuels is: 

ITEM OIL/GAS FISCHER-TROPSCH 

Fixed capital investment: 

$ billion 

$ per daily barrel oil 
equivalent 

$ per dally ton feed 
coal 

PROFITABILITY 

Required annual revenue 
for 12% DCF 

Required p roduc t  
s e l l i n g  p r i c e :  

$ per million btu 

$ per barrel oil 
equivalent 

100% Equity 

1.4 

12,750 

30,000 

65% Debt 
35% Equi ty  

100% Equity 

5.90 

2.g0 

16.00 

465 

" 1 0  

12.50 

667 

3 . 8 0  

21.00 

1 .8  

19,000 

45,000 

65% Debt 
35% Equi ty  

515 

2.90 

16.00 
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In addition, the market value of the products was estimated 
for each design. Using these values, the projected DCF rates of return 
for the 65 percent debt project financing cases were: 

DC___[ 

Oil/Gas 19% 

Fischer-Tropsch 23% 

Similar economic projections for the COED-based and POGO 
complexes follow; these differ from the Oil/Gas and Fischer-Tropsch 
cases in that each of these configurations produces significant electrical 
power for sale in addition to fuels and by-products: 

ITEM COED- BASED POGO 

Fixed c a p i t a l  inves tment :  

$ billian 

$ per daily ton feed 
coal 

1.5 

41,000 

2.5 

42,000 

PROFITABILITY 100% Equity 65% Debt 1008 Equity 65% Debt 
I00~ Equity 100% Equity 

570 470 970 735 Required annual revenue 
for 12% DCF 

Required fuel chemical 
selling price with 
electrical power sale 
a t  $301M~/h: 

40 

6.66 

$ per barrel oil 
equivalent (6MM Btu/bbl) 30 

5.00 

20 

3.33 $ per million Btu 

15 

2.17 

| i  

The possible market values of POGO products were estimated 
by comparison of their characteristics with petroleum-sourced products. 
The results of this analysis indicated a potential annual revenue of 
$965 million which would yield a DCF rate of return of approximately 
20 percent for the 65 percent debt case. COED would also show improved 
economics on the same basis. 

For orientation in interpretation of the "instantaneous" 
economics, the effect of inflation on projected DCFs in current dollars 
was scanned. The results indicate that the use of a 6 percent annual 
inflation rate for all project factors will predict a significantly 
higher current dollar DCF rate; for the 65 percent debt case, the pro- 
jeered DCF is about 30 percent. 
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2.2 MULTI-PROCESS DEMONSTRATION PLANT (MPDP) 

The objective of this work was to develop preliminary designs and 
economic assessments for a facilities complex capable of demonstrating 
the commercial feasibility of a number of coal conversion processes 
that show potential viability. 

The incentives for design, construction and operation of a MPDP 
include recognition that time and money could potentially be saved if 
multiple cor~non facilities and process units were located in a central 
coal gasification and liquefaction test facility. All coal conversion 
demonstration plants will, in general, include: a gasification unit, 
facilities for coal receipt, storage, reclaim and preparation for feed 
to the coal conversion plant; utilities; shops, labs, personnel support 
facilities; oxygen supply; gas purification; product recovery and refin- 
ing; other. The potential savings to accrue from use of common units 
in a MPDP facility can represent 40 to 50 percent of the alternative 
costs of building a separate facility to test each unit at a separate 
location. Another incentive is efficiency in personnel use; when one 
unit is removed from service for maintenance, turnaround or having achieved 
its objectives, another unit can be placed in service by the operating 
staff. For the alternative case of testing a single unit at each loca- 
tion, the operating crew would be less efficiently employed during shut- 
downs. 

Th~ MPDP preliminary design contained the following individual 
plants: 

An entrained-type gasifier to produce fuel gas. It would pro- 
cess 1,800 TPD of coal, operate at 40 psig, and use air as 
the prime oxidant; the unit would have the flexibility to also 
use oxygen as oxidant when required. 

An entrained slagging-type oxygen-blown gasifier. It could 
process up to 3,750 TPD of coal while operating at 470 psig. 

A fluidized-bed gasifier to also process 3,750 TPD of coal 
at 470 psig. 

A combined cycle power plant capable of producing 200 mega- 
watts (MW) of electrical power. 

An indirect liquefaction5Plant using elements of an advanced 
Fischer-Tropsch concept. This plant would process approxi- 
mately 44 million scfd of synthesis gas to produce about 900 BPD 
of liquid fuels and 5.7 million scfd of SNG. 

In addition, the MPDP contained facilities to support the operation 
of the above demonstration scale plants and a plant population of about 
530 people. 
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Key factors were described for design, construction and operation 
of this facility as a 10-year program. The estimated FCI was approximately 
500 million mid-1977 dollars. The annual operating cost was estimated 
to be about $90 million when all plants are operating. The total project 
cash outflow, including capital and operating dollars, was estimated 
to be of the order of $1.15 billion. Based on possible operating and 
production rates plus estimated revenues from product sale, the net 
negative cash flow for the project could be about $800 million. If 
the project losses were tax deductible by the sponsoring organization(s), 
the net negative cash flow might be of the order of $350 million. 

2.2.1 Expected Accomplishments 

The key result expected is that the MPDP should provide 
a major basis for industry decisions regarding investment in the coal 
conversion technologies tested. 

To accomplish its objectives, the facility should be conserv- 
atively designed, using experience from all sources to reduce technical 
risks to an acceptable bevel and assure reliable, safe, and environmentally 
acceptable operation. The design effort should continue to be supported 
by an active research and development program. In parallel with the 
design, procurement, construction, and startup of the MPDP, components 
should be tested and improved; this includes cooperative programs with 
equipment, process development, and instrumentation firms. 

The construction and operation of an MPDP would provide 
hands-on experience with the performance of essential plant components. 
It would provide data and experience on operation of large scale coal 
conversion plant units and the interaction of the plant units with their 
associated supporting facilities and environment. An improved understand- 
ing would be developed for the range of costs and other factors pertinent 
to development of this energy option. The construction and operation 
experience would also contribute to development of the necessary technical 
and engineering expertise in safety, reliability, economics, and environ- 
mental factors for later use in commercial projects. It would also 
provide a core of experienced personnel in the design, construction, 
and operation of this type of synfuels plant; the personnel should be 
available for contributions on later projects. 

Specific results to be expected include: 

Successful development and testing of large components 
should lead to improvements in commercial plant planning, 
scheduling, and cost prediction. 

The availability of large components whose performance 
has been proven should reduce the risks in design of 
commercial scale plants and, therefore, should encourage 
industry to invest in the larger plants. 
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Acceptance of the performance of the fuel products in 
consumer applications and agreement that they can be 
sold at competitive prices. 

Importantly, the MPDP described here should provide the 
operational experience and records needed to evaluate the co~xnercial 
viability of commercial scale coal conversion plants using the technologies 
tested. 

2.3 PRESTRESSED CONCRETE PRESSURE VESSELS (PCPVs) IN COAL CONVERSION 
PLANTS 

A report describing the results of a study of the conceptual design 
and projected economics fo~ four types of PCPVs for use in coal conversion 
plants has been published. The PCPV designs and economics were compared 
with alternative steel vessels when used in the same service. Parsons 
was the prime contractor for this work and T. Y. Lin International of 
San Francisco, California served as subcontractor with responsibility 
for the structural design of the PCPVs. 

The prime incentives for initiating this study were that preliminary 
assessment indicated: 

The development of PCPVs would permit the use of larger high 
pressure vessels than presently considered practical in steel 
construction. 

PCPVs would provide a competitive alternative to the use of 
steel vessels. This could be a major consideration if a large 
number of coal conversion complexes were to be constructed 
simultaneously to meet national alternative energy supply goals 
as described in U.S. energy plans. This alternative is par- 
ticu%arly important because of the limited U.S. capability 
to produce numerous large high pressure vessels simultaneously, 
and because of possible shortages of alloy materials for high 
strength steel alloys. 

PCPVs could reduce the FCI of large coal conversion plants. 
The profitability of coal conversion plants is highly sensitive 
to the FCI; therefore a successful PCPV program would assist 
in making these plants economically viable. 

The designs developed in this study were chosen to illustrate the 
potential of representative vessels selected from a large number of 
possible uses for PCPVs in coal conversion processes. The four PCPVs 
studied were: a dissolver-separator used to liquefy coal, an absorber 
used to purify gases, a coal gasifier reactor and an integrated coal 
gasifier vessel. The vessels studied range from a 23' 4" to a 33' 4" 
inside diameter. They were each designed to replace one or more conven- 
tional steel pressure vessel with no change in the process flow from 
conventional practive. Figure 2-1 illustrates the projected size and 
characteristics of one of the vessels - note the 6-foot man for size 
comparison. 
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Figure 2-1 - Model - Integrated Gasifier 

Vessel During CoDstruction 
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The process duties for each PCPV, and the alternative steel vessels, 
were defined by development of process designs complete with heat and 
material balances. The scope of the facilities studied was defined; 
for the absorbers, it included only the vessels, while for the dissolver- 
separator and gasifiers it included defined portions of the feed and 
product recovery facilities. Preliminary designs of the PCPVs in these 
services were completed followed by preliminary definition of construction 
procedures, schedules, and estimated FCI and operating costs. A summary 
of the characteristics of the vessels studied and estimated FCI shows: 

Vessel 
Type of  

Const~Jc~ion 

S t e e l  

Number of 
Trains 

Capacity  
per  Train 

20,000  TPD 
of  Coal ' D i s s o l v e r -  

Separator  
PCPV l 55,000 TPD 

o f  Coal 
L 

Steel 3 23 million 
s c f / h r  Absorber 

PCPV 1 69 mi l l i on  1 
s c f / h r  

Steel 2 1 SS,O00 TPD 
o f  Coal G a s i f i c a t i o n  

PCPV-Gasif ier  2 SS,O00 TPD 
Reactor only of  Coal 

!PCPV-Integra- 2 SS,OOO TPD 
~ed G a s i f i e r  of  Coal 

Number of  
Major Vessels 

per Train 

Tota l  
Number 

Df Major 
V e s s e l s  

18 

1 

1 

2 

2 

2 

L 

) e r c e n t  Reduction 
FCI in  FCI Compared 

($ M i l l i o n )  to  S t e e l  V e s s e l  

430 0 

130 70 

I0 0 

4 6O 

255 0 

225 ]2 

230 10 

For the dissolver-separator comparison, one two-cavity PCPV would 
provide approximately 92 percent of the process capacity of eighteen 
steel vessels. One PCPV absorber would have capacity equivalent to 
six steel absorbers; the PCPV gasifier would have the same capacity 
as a large field-fabricated steel gasifier. The potential reduction 
in FCIs were predicted to be 70° 60 and i0 percent, respectively, for 
these cases. 
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The potential reductions in annual operating costs for the cases 
studied indicated: 

Vessel type 

Projected reduction in annual 
costs to accrue from use of 
PCPVs rather than steel vessels 

($ million) 

Dissolver-separator 90 

Absorber 2 

Gasifier only 

Integrated gasifier 

i0 

8 

The results of the PCPV study indicated: 

The design and construction of PCPVs was found to be generally 
within the present state of knowledge. Subscale testing should 
be performed to confirm some design judgements. 

The use of PCPVs can reduce the FCI requirements. To illustrate, 
substitution of a single PCPV for as many as 18 steel vessels 
might reduce the FCI by approximately 70 percent, amounting 
to as much as $300 million. Replacement of a single steel 
vessel with a PCPV can reduce the FCI by approximately I0 percent. 

Thus, there ~ a definite economic incentive to carry further 
the development of PCPVs to demonstrate their technical 
feasibility and economic viability. 

PCPVs offer an alternative for construction of large scale 
coal conversion plants. 

Improved vessel safety performance is expected because of the 
benign failure characteristics of PCPVs. 

PCPVs have the potential to be operational in a shorter schedule 
than steel vessels. 

At the time of this writing, supply projections indicate that 
the materials of construction of PCPVs can be readily available 
in the U.S. while the capacity to fabicate and install large 
numbers of large heavy walled steel pressure vessels was found 
to be currently limited by the number of suppliers and availa- 
bility of fabrication facilities. 

2-13 



2.4 SUPPORTING ACTIVITIES 

Supporting activities included definition of equipment and control 
system development programs required to assume reliability and viability 
of coal conversion processes, a similar program for materials of construc- 
tion and to define those environmental control facilities to assure 
the operation within applicable environmental requirements. The prompt 
presentation and publication of the results of the work was a continuing 
objective. A summary of the results of these activities follows. 

2.4. I EQUIPMENT DEVELOPMENT 

The task objective was to define equipment and control system 
development programs to assume reliable and viable operation of coal 
conversion processes. 

Preliminary definitions were developed for approximately 
6,000 separate major equipment items for use in coal conversion plants 
during the course of creation of the conceptual and preliminary designs. 
For each design, opinions regarding the projected performance of the 
facility, and the equipment used in that facility, were recorded. The 
resulting listing of equipment types warranting further development, 
or improvement, served as the basis for communications with equipment 
vendors and developers. Availability of equipment from domestic and 
foreign sources to provide the required performance and reliability 
was a primary objective. Particular areas investigated included solid 
coal feeders to gasifiers and pyrolyzers, pressure letdown valves, control 
valves, coal slurry pumps, gas/solid separation devices for performance 
at high temperature and pressure, large compressors and pressure letdown 
turbines. 

The equipment requirements fo~_scale-up from pilot plants 
to commercial scale plants were reviewed ~O and we organized and presented, 
to a national technical meeting, a session titled "Equipment Applications 
to Coal Conversion Operations" in which specific equipment, instrumentationll 
control and process unit capabilities were described by 12 major suppliers. 

2.4.2 MATERIALS OF CONSTRUCTION 

The task objective was to define maaerials of construction, 
to assure reliability and viability of coal conversion plants. 

To accomplish the objective, we played an active role in 
the DOE/ERDA/OCR Materials Evaluation program as well as the Materials 
Property Council (MPC) development programs. We monitored the perfor- 
mance of materials in coal gasification and liquefaction pilot plants, 
including on-site visits and consultations, and made recommendations 
where appropriate. We used this background to select the preferred 
materials for the 6,000-plus equipment items included in the conceptual 
and preliminary designs developed under this contract. 
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We responded to requests to present and publish the results 
of our work in this field: the result was six presentations to t~h~cal 
societies 12'13'14'15'16,17 and seven publications~0,18,19,~0,21,--, -~ 

to transmit the-results of our work. 

2.4.3 ENVIRONMENTAL FACTORS 

The objective was to define environmental control procedures 
and facilities to assure operation of coal conversion plants within 
applicable environmental requirements. 

For each conceptual or preliminary design developed under 
this contract, the procedures, equipment, estimated costs and projected 
performance of environmental control facilities were developed. The 
projected performance was then compared with the relevant emission standards 
or, if these did not exist, emission standards for releted facilities 
such as oil refineries, petrochemical plants, or coal processing facilities. 
Where inadequate information was available, consultation and independent 
analysis was undertaken. 

Specific environmental factors studied and reported included 
the design and operating precautions when handling potential carcinogens, 
the disposition of trace elements contained in the coal ash, metal car- 
bonyls carbon dioxide exhaust, and the capital costs required for environ- 
mental control. 

The resul~s^pf^gu~.wQKk^~n^~his field were summarized in 
I ,z~,z~,zo,z/,Z~,Z~ 10,30,31, seven presentations and six publications 32,33,34 

in addition to inclusion of a separate section on environmental factor 
in each of the four conceptual designs and in the MPDP. 

2.4.4 PUBLICATION OF CONTRACT WORK RESULTS 

The results of the contract work has been placed in the 
public domain by means of approximately 21 separate publications. In 
addition, copies of thirty-nine papers which summarize the results of 
our work are in press in DOE publication t~led "Coal Conversion Applica- 
tions, Collected Works 1972 through 1977." 
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SECTION 3 

CONCEPTUAL DESIGNS 

3.1 INTRODUCTION 

Four conceptual designs/economic evaluations for coal conversion 
complexes were cgmpleted and reports summarizing the detailed results were 
published, z,~,~,° Each complex contained a captive coal mine. Coal cow,version 
processes incorporated into the designs included pyrolysis, hydroliquefaction, 
indirect liquefaction and gasification. Two of the designs included ~ large 
electrical power plants designed to interface with the process plants.2, 5 
Three of the designs coproduced gas and liquid synfuels.3,5, 6 

Common characteristics for the designs/economic evaluations include: 

(13 The complexes were conceived to be located in the eastern region of 
the Interior Coal Province, which includes portions of the States 
of Illinois, Indiana, and Kentucky. 

(21} The feed coal was Illinois No. 6 seam coal. 

(3} Preliminary process designs complete with heat and natural balances 
were developed. 

(4) All utilities were captively produced. 

(5) The complexes were designed to meet applicable environmental 
requirements. 

An equipment list showing all major equipment items, their size, 
capacity, and, in most cases, materials of construction was 
developed. 

Preliminary fixed capital investment estimates were developed. 
expected accuracy was -S, +20%. No contingency was added; 
sensitivity of project profitability to capital investment was 
presented to permit a reader to assign a contingency as deemed 
appropriate. 

The 

The FCIs for the oil/gas, Fischer-Yropsch and POGO designs were 
independently reviewed by the U.S. Army Engineer Division of 
Huntsville, Alabama (USAEDH) at the direction of DOE. In each case, 
USAEDH concluded that the FDI would be less than that reported by 
Parsons; the USAEDII estimates were in the range of 4-12% lower than 
Parsons.36,37,38 
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(8) Inspections and projected product specifications were developed for 
all products and opinions presented regarding their marketability. 

(9) Operating costs were estimated for each complex. The contributions 
of the separate sections of the complex such as coal mine, process 
plant, and power plant to the operating costs were defined. 

(lO) The time required to design, engineer, procure and construct the 
facility was estimated. In each case the total time was approxi- 
mately 5 years. 

(Ii) The complex was conceived to operate 20 years and have zero scrap 
value at the end of that time. 

(12) The required product selling price (RPSP) was predicted: 

(a) The predicted RPSP was based on an "instantaneous" current 
dollars model. 

(b) The base profitability level was 12% DCF rate of return for 
the oil/gas, Fischer-Tropsch and POGO designs, and 10% for 
COED. Two financial parameter cases were developed; 100% 
equity and 65% debt/35% equity with the debt borrowed at 9% 

interest rate. 

(c) For three designs, 3,5,6 the possible product market values 
of the products, and resulting revenues, were predicted by 
comparison with analagous petroleum-sourced products. Using 
the predicted revenues, DCFs were estimated. 

(d) Sensitivities of profitability to changes in FCI, operating 
cost, and coal cost were developed. 

(e) Sensitivities of RPSP to DCF rate of return were developed. 

(f) A retrospective view of .the expected performance of the complex 

when built was developed. 

(g) Recommendations for further improvements and additional data 
development were presented. 

The characteristics of the separate designs will be presented in the 

following paragraphs. 

3.2 COED - BASED PYROLYSIS COMPLEX 

3.2.1 FACILITY DESCRIPTION 

This section briefly describes general characteristics of the coal 
conversion complex; an overall block flow diagram is shown in Figure 3-1. 
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This complex includes captive coal mines with capacity to produce 
up to approximately 13 million TPY for 20 years. Units are included which will 
clean, wash, crush, and size the coal and feed it to the process units. 

All necessary facilities for production of oxygen, hydrogen, as 
we]1 as all required utilities, are included in the design. Also included 
were facilities for treatment and disposal of solid, liquid and gas waste 
streams. The design is based on a site location capable of providing 
45,000 acre-feet of water per year for process requirements and utilities 
makeup. Well water is used for potable and sanitary water. 

The land area required for the life of the project for mining the 
required coal is estimated to be about 42 square miles; approximately 500 acres 
would be allotted to the initial plant complex. 

The artist's conceptual drawing of the complex is shown in 
Figure 3-2. A model of the complex has been constructed and a photograph of 
this model ~s presented in Figure 3-3. 

A. The Pyrolysis Unit 

The heart of the coal conversion plant is a multiple-stage 
atmospheric pressure pyrolysis unit. The vapors generated in the pyrolysis 
unit are treated to recover a tar and separate the gas. The tar is filtered 
to remove solids and then hydrotreated to reduce heteroatom content and vis- 
cosity. The resulting product is a low-sulfur synthetic crude oil (syncrude). 
Pyrolysis gases are treated to remove the acid gases hydrogen sulfide and 
carbon dioxide, and then used in the power generation unit. Elemental sulfur 
is produced as a by-product of the gas cleaning operations. 

The pyrolysis section produces a significant amount of char 
which is, in turn, essentially completely gasified using steam and oxygen. 
Recycled char and effluent gases from the gasifier supply energy to the 
pyrolysis section. The gasifier gases, after purification to remove sulfur 
compounds, are fed to the power plant, where electrical energy and steam are 
produced. 

B. Plant Capacity 

The typical throughput of coal is based on 21,500 TPD of ~F 
coal; this corresponds to about 24,500 TPD of MF coal and 27,400 TPD of as-is 
feed coal containing ash and moisture. This throughput will produce the 
following approximate output rates: 

S)mthetic crude oil 28,000 BPD 

Electric power 830 ~B~ 

S u l f u r  760 LTPD 
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Because of the varying content of volatile matter, moisture, 
and ash in the feed coal, the rate of product output will also vary. Oil out- 
put is expected to vary from 24,000 to 32,000 BPD. Electric power maximum 
exportable output is about 1,150 MW when volatile matter, moisture and ash are 
lowest. Electrical power output will be lowest under conditions of highest 
expected content of volatile matter, moisture and ash, in the feed coal, at 
which point steam demand is high. Efficiency of fuel utilization for electrical 
generation declines significantly at levels below 825 MW. 

C. Energy Balance Factors 

Gas, which serves as fuel for the power and steam generation 
unit, is composed of a mix of high-Btu gas (about 890 Btu/scf) from pyrolysis, 
and low-Btu gas (250 Btu/scf) from char burning. The total heat content of 
the combined streams is typically 14,200 million Btu/hr. In addition to the 
clectric power produced with a typical coal composition, this fuel must also 
produce 5.2 million lb/hr of steam for captive use in the complex. Approxi- 
mately 3.7 million ib/hr is required in the process units for mechanical 
drivers and process use of supplement steam which is produced in these units. 
In addition, 1.5 million ib/hr is required for power plant fuel gas compressor 
drives. The heating value of fuel gas required to produce this 5.2 million 
ib/hr of steam, plus the amount required to produce about 80 MW of power 
required for captive use in the complex, leaves a net quantity of 7,600 million 
Btu/hr (HHV) for production of electrical power for export. 

3.2.2 MATERIAL BALANCE 

The overall material balance for the process sections of the 
complex is depicted in Figure 3-4. The balance is for a typical feed coal 
composition. 

The Figure 3-4 balance reflects the portion of the complex which 
converts 24,487 TPD of moisture-free coal to a product slate consisting of: 

Btu HHV) (i) High-Btu gas ( = 890 s-~ 

Btu HHV) (2) Low-Btu gas ( = 250 

(3) Syncrude 

(4) Sul fur 

(5) CO 2 + ventgas 

(6) Ash 

The total weight of these products for the typical case is 

45,177 TPD. 
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The revenue producers are syncrude, electricity, and sulfur. The 
high- and low-Btu gases from the process sections are used to produce the export 
electricity as well as the steam and electricity required to operate the COED- 
based complex. 

3.2.3 ENERGY BALANCE 

The o v e r a l l  ene rgy  b a l a n c e  i s  i l l u s t r a t e d  in  F i g u r e  3-5 .  A l l  v a l u e s  
a r e  b a s e d  on a t y p i c a l  coa l  f e e d  and w i l l  v a r y  as t h e  c h a r a c t e r i s t i c s  o f  t he  
coa l  v a r y .  

Figure 3-5 indicates that of the 25,433 MM Btu/hr energy input from 
the coal, 15,329 MM Btu/hr, or approximately 60%, is consumed within the com- 
plex. Energy value of the products for export are also indicated; thesu total 
10,104 MM Btu/hr, or approximately 40%, of the total energy input. The 
contributors are: 

Energy Content Percent 
Product (MM Btu/hr) Feed Coal Product 

COED syncrude oil 7,005 28 69 

Electrical power 2,823 ii 28 

Sulfur 276 1 3 

Total 10,104 40 I00 

Note that the production of electrical power represents about 28% 
of the exported energy. The energy efficiency for the process of converting 
fuel gas to electricity for this case is approximately 35%. 

Figure 3-6 depicts the estimated thermal efficiency for the process 
section. The results indicate a thermal efficiency of approximately 58% for 
the conversion of feed coal to syncrude, fuel gas, and sulfur. 

3.2.4 ECONOMICS 

The estimated capital requirements, project and fund drawdown 
schedules, operating costs and required product selling prices (RPSPs) and 
sensitivities of RPSP to key parameters, were developed and are summarized 
here. All economics were based on first quarter 1974 dollars. Economic 
results for all four conceptual designs were presented in first quarter 1978 
dollars in the summary section of this report, for comparison purposes. 

Key results of the economic analysis were: 

(I) The estimated FCI was approximately $i,000 million. 
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(2) 

(3) 

(4) 

(s) 

(6) 

(7) 

(s) 

(9) 

(io~ 

(ii 

(i2) 

The estimated total capital requirement, exclusive of 
interest during construction, was $i,125 million. Elements 
include: 

(a) Initial raw materials, catalysts and chemicals = 
$4.5 million 

(b) Allowance for starting costs = $51 million 

(c) Initial working capital $70 million 

(d) Allowance for land acquisition = $1 million 

Capital expenditures for replacement of coal mining equip- 
ment were estimated and reported. 

Construction financing costs for a project financial structure 
consisting of 65% debt borrowed at 9% interest rate were 
estimated to be about $120 million. 

The estimated annual operating cost is approximately 
$125 million. 

The predicted project schedule, from project actuation to 
mechanical completion, was 56 months. 

The projected fund drawdown schedule indicates fund require- 
ments would peak at about $240 million during the six month 
period, 42 to 48 months after project start. 

Approximately 1700 people would be directly employed by the 
complex. 

The RPSPs are shown in Figure 3-7 using a "typical" coal 
analysis and "typical" yields. Here we see that for the 
65% debt case with power sales at 30 mils per kWh, syncrude 
should sell at about $12/barrel to yield a 10% DCF. 

The effect of variations in feed coal analysis and method 
of operation of the complex is shown in Figure 3-8. The 
difference in required syncrude price to return a 10% DCF 
for 100% equity financing for the minimum and maximum oil 
production case is more than a factor of 2. 

The profitability is most sensitive to capital investment 
and least sensitive to operating costs. 

Provision of enough flexibility to operate the complex using 
coals with variations to be expected from use of Illinois 
No. 6 coal over a 20-year period adds about i0 and 8%, 
respectively, to the FCI and RPSP, relative to plant designed 
to handle a single "typical" feed coal composition. 

3-6 



PROCIEm 
wASTE 

WATERS 

I - m MINE 
UNtT 10-1 

OXYGEN PLANT J 
UNIT 17-1 

$11EAM~E R PLANT 
UNIT I1~1 

NON-AIIW~NIACA L WNrTE WATER 

AlmlGNIACAL WASTE WATER 
U4Cm~ 

~01dDENIATION AND 
WATER I;¢Rt)IIIKNG 

UI¢ITll-| 

IIUN-OF-MINE COAl. 
3S,?O0 T['O 

I 

COAL 
WAfIHINO AND 

G~ Lm.ll P*~ 
UNIT 10-2 

REJECT 
RETURN TO MINE 
FOR BACIUqLL 

Y f r  COAL 

oven--~-stZ[ RETUtlIN 

.~T°"" o- I 
OXYGEN 
11,~11T1PO 

STEAM 
:em3t, ooo UIMR o 

I E " 

I~ 

i 1 - 
~ N G  AND 

C ~ I n C A T I ~  
UNIT 1 ! -1 

RECOVERY 
UMTII.1 



~HEAT 

. ~  UNIT I ' f-I 

[ 
II)OIIOIlIIJT1DR ANO RAW LOW ITU FUE L ~ . b . ]  
WATIER ICRUIMN NG ~ 

~ I T  11-I 

_k 
I~LAEII III CATIGN 

UNIT f l-1 

X MM $CFD (DRY PASIEI 
247 ITU/SCF (ItHV) 

LOW BTU FUEL GAS 

1,940 MM SCFD (DRY BASIS) 
247 8TU/SCI: (HHV] 

HiGH ITU FUEL GAS 

HGFAM SCFD (DRV IIIA,~E| 
247 BTUtSCF (HI.IV) 

N MM SCFD (DRY IULSIS) 
H I  ITUntCF IttNV) 

GAS TREATING SECTION GAS TREATING SECTION ACID GASES 
LOW 911.1 FUEL GAS FYROLYilE GAS 

U~/IT 13-2 UNIT 13-1 

[.u.~,,. 1 
. I  ,To I" 

~GH.~ii~s,DRr ~-TR. CAK~ I 
; . ~ 1  I I ' ~ . . . . .  I i 

~ I I I ~E , . , *O - - - -CL .  C ~  I / 

~'*"-' I t ~ ~ _ ~  "'°~'~ ~ m ~ ~ , ~ . ,  

SULFUR 
~"I  ~ a M x Y  um~r / 

,,~ 1E1 L"lt~ 



L 

IULFUR 
IqCOVIIm Y UklT 

UNIT '11~1 

t SULFUR 1il LTFtD 

I NU TAiLQAZ ~ I 

I -I 

t OIL 

UelJT 12-1 

J 
RIEC~VERY 
UUlT ti-I 

I RAW COIED OIL 

i 
! 

~ & S 1 9  TPO 

~N 
I T L ~  TO ItNNE 
t¢OR IIA~FI LL 

¢LIL~ EXNAUST 

ROWER AND ¢I'EAM 
¢IllNERATION 
UNLT l lkl, l  

CLEAN E X ~  

I 

TAT L Q~l~ I 

f 
TREATING 
IJ~tT 1~-2 

~ E ULFUN 
ILTPD 

PURGE GAll 

HV'DROTREATIk~ 
UNIT 16-I 

UNIT 14-1 

STEAM 
&MIM LI/HR 

IOMW 

SULFUR 
LTPO 

ACID GASES REDOX I SULFUR 
RECOVERY UNIT 

UNIT 14.2 

R27 I~/ 

?M LTPD 

2E,0S7 IIOD 

4,NIl TP'C 

SULFUR 

¢OIDOIL 

Figure 3-1- Block Flow Diagram - 
COED Plant Design 

3-7 



i • ' i i,•: ¸ i!• •i•~i :' 

Figure 3-2 - Artist's Concept of COED Plant Design 



: 

Fi~lur~: 3-3 - Mode] of Concept,_,a] COED PI~HIt Design 



COAL 
24,487 TPD 

OXYGEN 
11,758 TPD 

WATER 
8,932 TPD 

I I 

v 

v 

r 

COED 
PROCESS 

UNITS 

i Ill II 

I II I 

I I III 

I III 

I l l  

HIGH BTU GAS 
1,975 TPD 

LOW BTU GAS 
29,542 TPD 

I III II 

SYNCRUDE OIL 
4,425 TPD 

SULFUR 
858 STPD 

CO 2 
4,858 TPD 

ASH 
3,519 TPD 

I I  

I I I I I  y 

r 

I 

TOTAL IN = OUT = 45,177 TPD 

Figure 3-4 
COED 

- Material Balance 
Plant Design 

3-11 



¢ , j  

"1¢=1 

.j 

E, 

I p.. 
I 192. MW (AVERAGE) 

65 k ~  6"IrU/HR 

HEAT TrOR COAL DRYING 

MM BTUIHR 

COAL 21.500 TPD MAF OASIS ~. 
25.433 MM BTU/HR. HHV 

60.3 MW 
208 MM OTUIRF 

MILLION 
ENERGY DISTRIBUTION BTU/HR. 

m4V 

ENERGY SOURCE 

COAL 26.433 

ENERGY CONS"UMED IN 
MFG 

MINING 
AND PREPARATION 
OXY'GEN 
COEO 
POWER HOUSE 

TOTAL 

ENERGY VAt.tIE 
OF PROOUCT 

OD~D O1L 
EXPORT POWER 
SULFUR 

TOTAL 

551 

2,682 
5.707 
6,369 

15..329 

7.005 
2~Z3 

27G 

10.104 

I' COED PLANT 

n- 
== 

i 

100.8 1,960 M LB/HR 
2.846 MM BTU/HR 

2.2 

10.6 
22.4 
25.1 

60.3 

27.5 
11.1 
1.1 

39.7 

I HIGatl Ilrlu ~ GAS 
i. l ii i 
3,318 m IITU/IHR, NHV 
LOW BlrU FUEL GAS 

1O.MI MM 81"U/l'IR. HIN 
SlEAM 41n6 pSlA, SAT 

l'J0 m BTLVIm 

I 24t ~ 4  ~tJ/ttR 
~ B  M Z . 5 / I m  

ill l 
4 . , ~ )  I B ' ~ / H  n 

~ R  i 
~ M W  

" ~  M L . B / | t R  

I OXYGEN PLANT 

7 8 ~  I.TPO 

271[ MM ETU~HR, HHV 

28.057 BPD 

7,005 MM BTU/HR. HHV 

: s o  M ~ / I . ~  

iii1|111 i 
3.442 M LB/HR 

273 l iA  BTU/HR 

POWER AND STEAM 
GENERATION 

I I 

907 MW 827 MW 
:ill II I 

3.096 ~ 2.823 MM IBTU/HR 
BTU/HR 

Figure3-5- Energy Balance - 
COED Plant Design 

SULFUR 

COED OIL 

POWER 



COAL 
25,433 

COED 
PROCESS UNITS 

COAL PREPARATION 
AND 
COAL MINE 

OXYGEN PLANT 
HYDROGEN PLANT 
SULFUR REMOVAL 

LOW BTU GAS 

I 
HIGH BTU GAS 
3,318 

OIL 

7,005 

SULFUR 
254 

ALL FIGURES ARE MM BTU/HR, HHV 

NET GAS 
7,597 

I 

- GAS FOR STEAM a 
5,850 

-= GAS FOR ELECTRICITY b 
780 

THERMAL EFFICIENCY 
7,597 + 7,005 + 254 

25,433 

a) GAS FOR IN-HOUSE STEAM REQUIRED: 

= 5 8 . 4 %  

4,970 

0.85 EFF 

b) GAS FOR IN-HOUSE ELECTRIC POWER REQUIRED: 

-- 5,850 

80 MW x 3,413 

0.35EF F 
= 780 

Note: Based on Export of Fuel Gas 

Preceding page blank 

Figure 3-6 - Thermal Efficiency 
COED Plant Design 

3-15 



40 

m 
en 

lag 
(.I 
D 

eL 

U} 
l a  
..J 
'<  
f~  

MJ 
C~ 

er 

¥ 
>. 
u~ 

I 
! 

I 

30 ' i ! 

, , _ _  . . . .  ~ - ~ , , ~ , - - - - - ~ - ~ .  , 20 ~ "  ~ .  

,o, '% : ,g  ~ ,  

"% 
! 

, ) , , ! 
0 I 0  20 30 40 50 60 

P O W E R  S A L E S  P R I C E  ( M I L I K W - H R )  

Figure 3-7 - Required Product Se]ling Prices 
Typical Coal Analysis, COED Plant Design 

3-16 



m 

u l  

. ,1  

u l  

u 
z 
> 

I 

40, 

30 - , ~  

10 

L \ ,  \ l t I 
0 10 20 30 50 4O 

POWER SALES PRICE (MI L/KW-HR) 

60 

Figure 3-8 - Required Product Selling Prices - 100% Equity 10% DCF 
for Expected Range of Coal Analysis, COED Plant Design 

3-17 



3.3 OIL/GAS HYDROLIQUEFACTION PLANT 

The oil/gas is an SCR II-based hydroliquefaction plant using filters for 
removal of coal ash and coal residues not converted in the coal dissolving 
step. 3 

3.3.1 FACILITY DESCRIPTION 

A block flow diagram with overall material balance is shown in 
Figure 3-9. The complex includes a captive coal mine to supply approximately 
47,000 tons of ROM coal per stream day, plus facilities to prepare 35,570 tons 
per stream day (TPSD) clean, sized coal as feed to the process units. 

Facilities to produce oxygen and all required utilities are 
provided, as are facilities for the treatment and disposal of solid, liquid, 
and gaseous effluent streams. 

The land area required for the complex is approximately 600 acres. 
Over a 20-year project life, approximately 55 square miles would be mined to 
supply the required feed coal. 

A. Process Units 

Key coal conversion units are: 

(1) A three-train hydroliquefaction unit to convert 20,000 TPSD 
of feed coal to the primary products: SNG, LPG, naphtha, 
and fuel oil 

(2) A process gasifier to convert lO,000 TPSD of feed coal to 
methane, syngas, and minor amounts of by-products 

(3) A fuel gas gasifier to produce energy for captive use 
from 5,670 TPSD of coal, plus dry filter cake 

Additional process units shown recover and refine the products 
plus treat waste streams to produce environmentally acceptable effluents. 

B. Plant Configuration 

Figure 3-10 presents a plot plan, and Figure 3-I1 is an 
artist's conceptual drawing of the complex. A photograph of a model of the 
complex is shown in Figure 3-12. 

C. Plant Capacity 

The design coal feed rate to the process section is approxi- 
mately 30,000 YPD, and the product rate is approximately 75,000 BPD of liquid 
product and 165 MM scfd of SNG. 
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3.3.2 ~TERIAL BALANCE 

The overall material balance for the process sections of the complex 
is depicted in Figure 3-13. The results predict that approximately 17,500 TPD 
of fuel products will be produced from about 36,000 TPD of coal fed to the 
process section of the complex. The fuel output of the plant is approximately 
75,000 BPSD of liquids, including the LPGs and 165 scfd of SNG; This output 
represents a total of about 110,000 equivalent BPSD of fuels based on a 
6-million Btu/bbl reference value. 

3.3.3 ENERGY BALANCE 

This overall energy balance of the complex is illustrated in 
Figure 3-14. This figure indicates that of the 36,040-MM Btu/hr energy input 
from the ground and dried coal, 8,300 MM Btu/hr, or approximately 23%, is 
consumed within the complex. This consumption includes the power and steam 
consumed in the mining, coal preparation, and coal grinding and drying oper- 
ations. The energy value of salable products is projected to total 
27,750 MM Btu/hr, or approximately 77% of the total energy input. 

3.3.4 ECONOMICS 

All economics summarized here are based on fourth quarter 1975 
dollars. The results ;~ere: 

(I) The estimated FCI was approximately $1,225 million 

(2) The total capital requirements were estimated to be about 
$1,600 million, including approximately $175 million for 
construction financing costs for the 65% debt financing case 

(3) The annual operating costs were estimated to be about 
$195 million 

(4) The RPSP, 65% debt borrowed at 9% interest, is slightly less 
than $2.00 per million Btu; this corresponds to less than 
$12.00 per nominal 6 million Btu barrel. For the 100% equity 
funding case, the projected RPSP was of the order of 
$2.50 million Btu or $IS.00 per barrel 

(5) The sensitivities of RPSP were: 

(a) A 10% reduction in capital associated costs would result 
in about an 8% reduction in RPSP for the 65% debt 
financing case 

(b) Similarly, the sensitivity to operating cost is 2.7% 
reduction in RPSP for a 10% reduction in operating cost 

(c) The sensitivity to coal cost is about 3.5% 
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3.4 FISCHER-TROPSCH DESIGN 

This Fischer-Tropsch design used flame-sprayed catalyst applied to the 
external surface.of finned (extended surface) heat exchangers as the reactors 
for the Fischer-Tropsch synthesis, shift and methanation reactors. It is 
based on experimental results developed by a former division of the U.S. Bureau 
of Mines, now a division of DOE. A pilot scale test unit is under construction 
at DOE's Bruceton, Pennsylvania laboratories to further test performance of 
this type of reactor. 

The flame sprayed tubular reactor configuration permits recovery of a 
significant percentage of the heats of reaction in the form of 1200-psig steam. 
The result is improved thermal efficiency for the plant design. 

Design objectives included production of significant SNG and high thermal 
efficiency. 

3.4.1 FACILITY DESCRIPTION 

A block flow diagram is shown in Figure 3-15. The complex includes 
a captive coal mine with the capacity to produce approximately 15 million TPY 
for 20 years. Units are included which will clean, wash, crush, and size the 
coal and feed it to the process units. 

Facilities for the production of oxygen and all required utilities 
are included in the design as well as for the treatment and disposal of solid, 
liquid, and gaseous effluent streams. The design is based on a site location 
capable of providing 18,000 acre-feet of water per year for process require- 
ments and utilities makeup. Well water is used for all potable and sanitary 
water requirements. 

The land area required for the life of the project for mining the 
required coal is estimated to be about 47 square miles; approximately 500 acres 
should be allottedto the initial plant complex. 

A. Process Units 

The process consists of the reaction of coal with oxygen and 
steam at elevated temperature and pressure to produce a synthesis gas, 
purification and adjustment of composition of the gas, and catalytic reaction 
of the gas to form principally hydrocarbon liquids. Unreacted tail gas and 
methane are further processed to produce SNG. 

Approximately one-half of the carbon in the coal is reconsti- 
tubed into hydrocarbons with greater hydrogen content than the feed coal, 
heat being supplied primarily by heat of reaction released from the gasifier, 
water gas shift, Fischer-Tropsch synthesis and methanation steps. Efficient 
heat recovery provides all process needs for power and steam plus salable 
electric power. 
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A plot plan is shown at the end of the section as Figure 3-16, 
and an artist's conceptual drawing of the complex is shown in Figure 3-17. A 
photograph of a model of the complex appears as Figure 3-18. 

B. Plant Capacity 

The design feed rate of prepared coal to the gasifier is 
30,000 TPSD to produce about 525 billion Btu per stream day of SNG, liquid 
products, approximately 140 ~V of electrical power for sale, and about 
i000 TPD of sulfur. 

Table 3-1 summarizes product quantities expressed as barrels 
of fuel oil equivalent; quantities in tons and heating value are also given. 
The overall thermal efficiency is predicted to be about 70%. 

C. Energy Balance Factors 

In normal operation all steam is generated by heat recovery 
from process streams and reactors. Steam generation facilities provided are, 
therefore, used only during startup and as standby units. 

3.4.2 ~TERIAL BALANCE 

The overall material balance for the process sections of the complex 
is depicted in Figure 3-19. The results project that approximately 12,500 TPD 
of prel~ium hydrocarbon and oxygenate products will be produced from 30,000 TPD 
of bituminous coal. The balance is based on miscellaneous internal consumption 
equal tu approximately 1.2 wt% of the total product quantity. 

3.4.3 ENERGY BALANCE 

The overall energy balance is illustrated in Figure 3-20. The 
results indicate that the energy value of products is approximately 525 billion 
Btu/day, which represents about 70% of the energy contained in the feed coal. 
The 30.3% energy efficiency loss can be distributed to the user units approxi- 
mately as shown below: 

Units Percent 

Mine O. 9 

Coal Preparation 1.4 

Gasifier 2.8 

Oxygen Plant 7.6 

Shift Reactor i.I 

Acid Gas Removal 6.8 

Product Recovery i.I 
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Units 

Alcohol Recovery - Water Reclamation 

Sulfur Plant - Beavon Unit 

F-T Reactor & Methanation 

Power Plant Auxiliaries 

Power Plant Efficiency Loss 

Miscellaneous & Unaccounted 

TOTAL ENERGY LOSS 

Percent 

0.7 

0.5 

0.8 

1.8 

2.9 

1.9 

30.3 

Figure 3-21 presents a simplified summary of the projected thermal 

efficiency factors. 

3.4.4 ECONOMICS 

All economics are presented here in fourth quarter 1977 dollars. 
The results indicate: 

(i) The FCI was estimated at approximately $1,550 million. 

(2) The total capital requirements, exclusive of construction 
financing, is approximately $1,770 million 

(3) Construction financing for the project structure consisting 
of 65% debt borrowed at 9% interest rate amounts to about 
$200 million 

(4) It would take an estimated 58 months from project start to 
mechanical completion 

(5) The annual operating cost was estimated to be approximately 
$190 million 

(6) The required product selling ~rice was slightly over $2.50 
per million Btu for the 65% debt financial structure; for 
100% equity financing, the RPSP was predicted to be slightly 
over $3.30 per million Btu 

(7) The products contain nil sulfur, nitrogen and particulate 
matter and are therefore premium-grade quality from an 
environmental standpoint 

(8) The possible market values o£ the product was estimated. 
Based on this analysis, the potential DCF is 23% for the 65% 
debt case 
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(9) The sensitivity of RPSP to capital associated costs is about 
80% for the 65% debt case. For coal costs and operating costs, 
the sensitivities are about 25 and 20%, respectively. 

Product 

SNG 

C4s 

Naphthas 

Oxygenates 

Diesel 
Fuel 

Premium 
Fuel 0il 

Subtotal 
Fuels 

Sulfur 

Subtotal 
Products 

Power 

Total 

Table 3-1 - Fischer-Tropsch Products 
Pro iected Quantities and Heating Values 

BPSD 

42,505 (a) 

3,534 

2O, 175 

3,913 

16,075 

4,959 

91,161 

i ,  284 (a) 

92,445 

1,815(a) 

94,260 

TPSD 

6,588 

343 

2,378 

458 

2,105 

713 

12,585 

1,014 

13,599 

Product Unit HHV 

1,035 B tu / sc f  

21,035 BTU/lb 

20,625 Btu/ lb  

12,505 Btu/ lb  

20,255 Btu/ lb  

19,865 Btu/ib 

Total 
Heating Value 

(billion Btu/day) 

267.78 

14.42 

98.08 

11.46 

85.27 

28.33 

505.34 

8.09 

513.43 

3,990 Btu/Ib 

ii.43(b) 

5 24.86 

% of 
Coal HHV 

35.56 

1.92 

13.03 

1.52 

11.32 

3.76 

67.11 

1.07 

68.18 

1.56 

69.70 

(a) Equivalent fuel oil at 6,300,000 Btu/bbl. 

(b) Iteating value equivalent to 139.6 R~ at theoretical converion of 
3415 Btu per kWh. Applicable heat rate would be at least 9,500 per kwh. 
This would increase thermal efficiency by 2.8 to 72.5%. 
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VENT GASES 128,655 TPD 
h ~  

COAL 

AIR 

WAT E R 

30,000 TPD 

105,890 TPD 

8,925 TPD 

v 

L 
r 

PROCESS 

UNITS 

PRODUCTS 13,600 TPD 

SNG 6,590 TPD 
Butanes 340 TPD 
Naphthas 2,380 TPD 
Oxygenates 455 TPD 
Diesel Fuel 2,165 TPD 
Premium 

Fuel Oil 715 TPD 
Sulfur 1,015 TPD 

INTERNAL CONSUMPTION 210 TPD 

Acids to  

Inplant Disposal 45 TPD 
Miscellaneous 165 TPD 

B~ 

r 

IL .  
W 

TOTAL 144,815 TPD 

SLAG 2,350 TPD 

144,815 TPD 

Figure 3-19 - Material Balance 
Fischer-Tropsch Plant Design 
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3.5 POGO DESIGN 

POGO, a DOE~generated acronym for power-oil-gas-other, is a conceptual 
design of a coal refinery which coproduces gas and liquid synfuels, significant, 
electrical power, and chemical by-products. 

One design objective was to define the configuration of a coal refinery 
in which an efficient electrical power generation plant interfaces with the 
coal mining and process plant operations as an integral part of the complex. 

3.5.1 FACILITY DESCRIPTION 

A block flow diagram of the POGO process base case is shown in 
Figure 3-22. The complex includes a captive coal mine with the capacity to 
produce approximately 20 million TPY for 20 years. Units are included that 
will clean, wash, crush, and size the coal and feed it to the process units. 

Facilities for the production of oxygen and all required utilities, 
as well as for the treatment and disposal of solid, liquid, and gaseous efflu- 
ent streams, are included in the design. The design is based on a site loca- 
tion capable of providing nearly 35,000 acre-feet of water per year for 
process requirements and utilities makeup. Well water is used fo~ all potable 
and sanitary water requirements. 

The land area required for the life of the project for mining the 
required coal is estimated to approximate 70 square miles. Close to 640 acres 
or one square mile should be allotted for the plant complex. Figure 3-23 is 
a conceptual plot plan of the process, power plant, and general facilities 
area. 

A. Process Units 

The processes include the liquefaction of coal at elevated 
temperature and pressure, the pyrolysis of coal and heavy oils at inter- 
mediate temperature and pressure, and the reaction of resultant chars with 
oxygen and steam at elevated temperature and intermediate pressure. These 
operations produce synthesis produce synthesis gas and crude hydrocarbon 
liquids. Further processing includes catalytic reactions of gases and 
liquids and separation by distillation to form final upgraded salable products. 

A second oxygen-blown entrainment gasifier is included to 
produce an intermediate-Btu fuel gas. Following particulates and sulfur 
removal, the fuel gas is used in the plant-fired heaters and in a large steam 
and power generation plant. Electrical power is supplied to operate the 
plant and mine; in addition, significant power is produced for sale. 
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B. Plant CapacitY 

The design feed rates of prepared coal to the coal consuming 

processes are as follows: 

SRC reactors 
Pyrolyzer 
Fuel gas gasifier 

20,000 TPD 
7,000 

16,700 

Total 43,700 TPD 

A total of 566 billion Btu per stream day of SNG and liquid 
fuel products is produced. Other products include approximately I000 ~ of 
electrical power for sale, a special crystalline coke, sulfur, and anhydrous 

ammonia. 

Table 3-2 summarizes product quantities; heating values are 
also given. The overall thermal efficiency is predicted to be about 74%. 

C. Power Plant 

A number of power plant configurations were analyzed before 
finalizing the design. Following a screening analysis of candidate power 
plant configurations, seven generating cycles were selected for more detailed 
analysis. Each of these included gas turbines in the combined cycle mode 
capable of providing a portion of the air separation plant's compressed air 
requirements plus a steam system able to accept steam generated in the process 
area. For reference, the primary energy flows between the power plant and 
other parts of the complex are summarized in Figure 3-24. 

The seven systems studied are listed in Table 3-3. Three 
basic tvpes of cycles were included: 

(1) Seventeen gas turbines, zero supplementary firing of 
17 steam boilers, four steam turbines, and variable 
air extraction from the gas turbine compressors; this 
system is illustrated in Figure 3-25 

(2~ Thirteen gas turbines with supplementary firing of 
13 steam boilers, four steam turbines, and variable air 
extraction from the gas £urbine compressors; see 
Figure 3-25 

(3) Four gas turbines, four fully-fired waste heat steam 
generators, two steam turbines, and zero air extraction 
fro~ the gas turbine compressors. The system uses the 
highest Rankine cycle efficiency currently available; 
see Figure 3-26. 

Key heat rate results are summarized in Table 3-4. All results 
are based on 1,000 ~'B~ ~ power for sale. Credit is included for the power 
equivalent of the compressed air supplied to the oxygen plant. 
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Table 3-4 results indicate that the number Ic cycle has the 
lowest heat rate - 8,885 based on coal fed to the gasifier, and 7,810 based on 
fuel gas to the power system. These correspond to .net power plant fuel to 
electricity effiqiencies of 38 and 44%, respectively. These efficiencies have 
been improved by about 5% over more conventional power cycles because of the 
integration of the compressed air and steam supply systems between the power 
and process areas. 

An economic comparison for the separate systems is summarized 
in Table 3-5. Tables 3-4 and 3-5 results show that cycle I has the best 
efficiency and lowest total energy cost per kWh. Within the cycle I group, 
system Ic has the best efficiency, a power cost as low as any system studied, 
and also provides 40% of the feed air requirement for the oxygen plant. It 
therefore was selected for inclusion in the final design. 

The results also indicate that significant variations in 
quantity of extracted compressed air can be tolerated without seriously affect- 
ing overall efficiency or operating cost. This provides desired flexibility 
during transient operating periods. 

System Ic also offers advantages because reduced mass flow 
through the gas turbines minimizes NO x control requirements. Additional 
definitions of advantages for the Ic system include: 

(1) The compressed air supplied to the oxygen plant saves 
approximately 140 ~; this is about 30% of the total 
power required to operate the complex 

(2) The combined-cycle plants offer low installed cost when 
compared to other power plant alternatives; for example, 
the Ic system fixed capital investment is about 30% less 
than a comparable conventional steam-cycle system 

(3) Use of standard gas turbines offers full dual fuel capa- 
bility. This is important during startup and also during 
times when supplementary fuel must be used to produce 
maximum power when production of fuel gas is curtailed 

(4) The gas turbine portion can be in service within i0 to 
15 minutes from cold start; it then can provide the power 
needs for operation of the complex. The waste heat 
steam generators can produce maximum 

(5) It can provide steam to the process during startup when 
fuel gas generating facilities are shut down 

(6) The cooling water requirements are significantly less 
than other power generation alternatives; for example, 
they are about 700,000 gal/min, less than required for 
a conventional steam cycle system. 
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The p r o j e c t e d  t h e r m a l  e f f i c i e n c y  f o r  c o n v e r s i o n  o f  c o a l  t o  
s y n f u e l s  and b y - p r o d u c t s ,  p l u s  f u e l  gas f e e d  t o  t h e  power  p l a n t ,  i s  a p p r o x i -  
m a t e l y  75%. D i s t r i b u t i o n  o f  ene rgy  be tween  f e e d  and p r o d u c t  s t r e a m s  i s  shown 
in  F i g u r e  3-27.  The e f f i c i e n c y  f o r  c o n v e r s i o n  o f  t h e  f u e l  gas t o  e l e c t r i c i t y  
i s  about  44%. 

The high thermal efficiency is the result of analysis of key 
factors in the 30 major units in the complex. A number of these analyses 
included development of comparative economics for candidate configurations, 
in addition to process and performance factors. 

3.5.2 MATERIAL BALANCE 

The overall material balance for the process sections of the 
complex is depicted in Figdre 3-28. The results project that approximately 
17,500 TPD of fuel products and crystalline coke products, with by-prdduct 
sulfur and anhydrous ammonia, will be produced from 43,700 TPD of bituminous 
coal feed. 

3.5.3 ENERGY BALANCE 

The overall energy balance is illustrated in Figure 3-29. The 
results indicate that the energy value of products is approximately 820 million 
Btu/day, which represents about 74% of the energy contained in the feed coal. 

F i g u r e  3-30 p r e s e n t s  a s i m p l i f i e d  summary o f  t h e  p r o j e c t e d  o v e r a l l  
t he rmaI  e f f i c i e n c y  f a c t o r s  i n c l u d i n g  power  g e n e r a t i o n ,  h e a t  r a t e  b a s e d  on f u e l  
gas~ a Iong  w i t h  t h e  p r o c e s s  p r o d u c t s  and b y p r o d u c t s .  

Figure 5-27 presents the thermal efficiencies for the process 
operations and for power generation separately. The process thermal efficiency, 
based on the apportioned fuel gas required to generate the net electrical power 
for sale of 970 MW, is 43%. 

3.5.4 ECONOMICS 

A l l  economics  p r e s e n t e d  h e r e  a r e  e x p r e s s e d  as mid-1977 d o l l a r s .  The 
economic a n a l y s i s  r e s u l t s  were:  

(i) The estimated fixed capital investment was $2.4 billion 

(2) The estimated total capital investment, exclusive of 
construction financing costs, was $2.75 billion 

(3) The e s t i m a t e d  p r o j e c t  s c h e d u l e  t o  d e s i g n ,  e n g i n e e r ,  p r o c u r e  
and c o n s t r u c t  t h e  f a c i l i t y  was 60 months  

(4) Construction financing costs for a project financial structure 
consisting of 65% debt borrowed at 9% interest rate were 
estimated at approximately $300 million 
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(5) Annual operating costs were estimated to be about $295 million 

(6) The plant population during operations was estimated to be 
~pproximat~ly 2,800 people 

(7) The estimated required product selling prices for a 12% DCF, 
65% debt borrowed at 9% interest, and a 20'year project life, 

(8) 

were: 

Electricity 
Bus Bar 
Selling Price 
in mils/k~ 

Average Fuel F.O.B. Selling Price 

(9] 

$/Bbl 
$/MM Btu 6 1~1 Btu/bbl_ 

20 2.50 15.00 

30 2.10 12.60 

40 1.75 10.S0 

The RPSPs are approximately 50% higher than for 100% equity 
financing. 

The oensitivities of RPSP to 10% changes in the cost elements 
were predicted to be: 

Cost Element 

Capital associated 
costs 

Operating costs 3.3 

R0M coal costs 2.3 

Clean coal costs 2.5 

Possible product market values were predicted. 

% Change in RPSP 

100% Equity 65% Debt 

8.5 8.0 

4.2 

3.7 

4.0 

Using these 
projected revenues wDuld result in the following DCFs: 

65% debt - 20% DCF 

100% equity - 13% DCF 

3-48 



OI,.EFII 
ACII 
REPX 

7 
O~FINIC 

ACID GAS 

26 rj 

_I 

_I 
-I 

SOUR GAS 
COI~PRESSION 

17 
ml ......... 

7 

~2 

ACID GAS 
REMOVAL 



REFORMING 

PROCESS 
~TEWATER 

SOUR WATER ~ TF£ATING 

TO LIMIT 18 4 - - - J  H20 
B 

UNIT 

I 

_L O,~F,~ 2' I RECOVERY 
- J POLYI, rRIZATION 

POLYMER 
GASOLINE 

C Z AND L.IIGH'IER 

- tJ  
c2-c4, 

HIGH PURI~Y H~ 

H2S 

HYDROGEN 
RECOVERY AI~ 
PURIFICATION 

_1 

291 CI"RICH 6&q 

! 

SULFUR 
PUiITI" 

32 

PURIFICATION 

r ~2 RICH GAS 

3-47 



183.2 T/'D ~,~ mef~ ~ ~ AmON]A 

1000 I~l 

FRACTIONATION / 
I 

lS7,q~ H, II'~TU/]) 

z~9,9  T~,, 
13,65 HI~TU/D 

Tq9 I~CFO 
153.87 m'q'IBTU/D 

13117,~ BPD @ 
tt9,83 HrN,~TU/D 

2,114 i ~  . ~  
9.05 ms~/D 

181.2zl I'Fb~TU/D 

NAPHTHA 

POkeR 

SULFUR 

S~5 

C3-LP5 

r~-Lp~ 

POOL GASOLINE 

27,,020 B/D 
172.01 i'~TU~ FUEL OIL 

1,625.1 T/D 

TOTAL PRODUCTS 
817.54 HR'ISTU/~ 
1q.5% EFFICIENCY 

FIGURE 5-22 

" I I 
I a 
I I 
I I 

I I I 

DEPARTHENT OF ENERGY - DIVISION OF COAL CONVERSION 
POr~ PI.,AHT 

BLOCK FL~ DIAGR/~ 
BASE ¢AS[ 

COUI~NY ~,354 -OZ-FS-Z 
IAd~dk _a~_~ .l~k 1~lS~li _ L l i  d i • i 

~ °  liT- 



i f 

p~,OD~GT qb'~ORA ~ ~ 
4-?. 

U M ! T  L ~ S T  

os 
S9 
10 
11 
12 
15 
1 4  

16 
17 
IS 
19 
20 
Zl 

23 
24 
Z5 
26 
27 
ZS 
29 
~S 

32 
35 
34 

~6 
37 
~S 
~ 9  

40 
41 
42 
43 
44 

Coat HLne 
Coal P=epa~at~on 
¢o~1 S t o ~ a p .  G r l , d i , | .  ~ d  DWLnS 
O]ry|mt Plan1; 
St~ Di~ loIv in |  
S ~  ~ms!~h~Xc ~st~11at~on 
SRC Vscm~ Dis~tllat~on 
P~roiy=~, 
py'r~Iysls Amos~h~/¢ Dis=i l iat io~ 
Sou~ Gas CmaF:ession 
P~OCtSS GaS i ~iCat toil 
Shi f t  Co~vsrstotl 
SelectiVe Acid S~s Rel~VSl 
Hm~'/ Liquids Ib 'drotrsat ins 
l ~ e m l  C~:s=kln¢ 
C~InS  
t i@ht~  Yqct~t~riat~l 
Naphcha ~ f c r ~ t n S  
Ol~f in ic Cas/Ac~d G=LS Re~ovtl 
Satu~rste Gas/Acid Gas R~Vat  
O l s f l .  Iqecover,~ ar~l Poty~id~'izltion 
~dr~Sen  Rscover~ and ~ r i ~ c a t t = n  
S~G ~ / f l c a t i o n  
LeG P~at~loru¢~io~ 
Sulfur  Plant 
Fu*l ~ s  6~moration 
Past 6sslAcid G~S ResOVlI 
Ste~ S~s4 P~S~ Gme~o~ 
I~ro~e~l ~Lste Watez Treatln~ 
Shops lind Buildings 
FA~e lCate~ Syatel 
PotabZe snd Sanl'~r~ Water" ~ste~ 
~w W~ter ~ t e ~  
E[Elutn~ Xa~er ?re~tinR 
P ~ t ~ t  Storage 
Flare Systm 
SAte P~e~arailon, ~oaJs an~ Rallroa~s 

I I  

'l ~ 

S ~  

I 

WAt3EHO01~ 

i 

, ,  

~ - - - - - ~ , - - - - - -  ~ t '  ' - - -  @ 
° 

" [ : = " ~ "  i =, 

r ~ ",r ~ ~ "~ ," - ~  " 
I ' 

,.i t ,  '" I j' 

Figure 3-23 Conceptual Plot Plan 
POGO Plant Design 

:'; . I  ! 

~t, tspKOY, tMATq~ pt .#~AT ~ . ~ . ~ .  ;UL~Oto, tr.D w~2S ~¢.( t tSJ 

coA~ rno~ Mt~s I 

ol 



LO 
! 

~n 
O 

MINING. 
PROCESS. & 
OFFSITES 

STEAM, 1,200,000 PPH, 1,250 PSIG 
i 

STEAM, 184,000 PPH, 150 PSIG 

COAL, 17,000 T/D 

OXYGEN, 12,000 T/D 

ELECTRICITY, 400 MW 

STEAM, 1,400,000 PPH, 625 PSIG 

STEAM, 250,000 PPH, 50 PSIG 

AIR, 3,500,000 PPH 

L 

POWER PLANT 
(INCLUDES FUEL 
GAS GENERATION) 

ELECTRICITY, 
1.000 MW 
FOR SALE 

Figure 3-24 - Major Flows To/From Power Plant 
POGO Plant Design 
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586,900 TPD 
VENT GASES 

CLEAN 
DRIED 
COAL 

AIR - 

WATER 

43,700 TPD 

544,960 TPD 

,18, 980 TPD 
,m - - -  

POGO 

P L A N T  

970 MW 

3,760 TPD 

1,150 TPD 

210 TPD 

4,470 TPD 

4,430 TPD 

1,625 TPD 

185 TPD 

1,710 TPD 

y 

r 

y 

POWER 

SNG 

C 3 LPG 

C 4 LPG 

GASOLINE 
POOL 

FUEL OIL 

COKE 

AMMONIA 

SULFUR 

3,200 TPD 
y SLAG 

TOTAL IN = TOTAL OUT = 607,640 TPD 

Figure 3-28 - Material Balance 
POGO Plant Design 
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I COAL I 

MMM etu,/O 

378JS M Ib/hr 
III 
324A MM Btu/hr 

PROCESS PLANT 

194,4 
463.1 

MW M lb/hr 

226.6 
ii 

M ib/hr 

93.3 MW~ 1,563.1 
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OXYGEN PLANT 

163.87 MMM Btu/O 

412.13 MMM Rtu/D 
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i i ~ r  

POWER II I I II 
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ENERGY 
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ENERGY CONSUMED 
MINING AND 
PREPARATION 
PROCESS 
OXYGEN 
GENERAL FACILITIES 

TOTAL 

ENERGY VALUE OF PRODUCT 
SNG 
LIQUID FUELS 
SULFUR 
AMMONIA 
COKE 
FUEL GAS TO 
STEAM ik POWER 

TOTAL 

BILLION PERCENT 
Btu/D 

1,096.87 100 

23.59 2.15 
210.43 19.1g 

38.03 3.47 7.28 .56 

279.33 25A7 

153.57 14.03 
412.13 37.57 

13.65 I a_~4 
3.54 ,32 

46,91 4,28 

181,82 16.E8 
811.92 74.02 

Figure 549 Energy Balance 
POGO Plan~ Design 
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Figure 3-30 - Overall Thermal 
POGO Plant Design 
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Table 3-2 - POGO Products 
Projected Quantities and Heating Values 

Product 

Fuels 

SNG 

C3-LPG 

Cb-LPG 

Gasoline 

Fuel 0ii 

Subtotal 

Power 

Total Energy 
Products 

Byproducts 

Coke 

Sulfur 

Ammonia 

Subtotal 

Tota l  

Production Rate 

Common as as 
Units BPSD TPSD 

149.24 
I~! SCFD 

970 MW 

26,312 

13,040 

2,114 

34,822 

27,020 

103,308 

24,242 b 

127,$50 

7,818 b 

2,275 b 

590 b 

10,o83 

138,233 

3,760 

1,152 

212 

4,471 

4,430 

14,025 

1,625 

1,710 

183 

3,518 

17,543 

Product Unit HHV 

1 , 0 3 1 B t u / s c f  
(20,462 Btu/ lb)  

21,628 Btu / lb  

21,306 Btu / lb  

20,268 Btu / lb  

19,416 Btu / lb  

Total 
Heating Value a 
(Billion Btu/Day) 

153.87 

49.83 

9.05 

181.24 

172.01 

566. O0 

145.45 c 

711.45 

14,453 Btu/ib 

3,99(~ Btu/Ib 

9,700 Btu/Ib 

46.91 

13.65 

3.54 

64. i0 

775.55 

avalues  are  per  stream day. The process  p l an t  ope ra t e s  330 days per  yea r ;  
tlie power p lan t  ope ra t e s  365 days per year .  

bBar re l s  o f  Oil Equivalent  (BOE) at 6,000,000 Btu/bbl .  

Ctleat r a t e  o f  7,810 Btu/M~h, based on fuel  gas and 0.8 load f a c t o r .  

% of 
Coal HHV 

14.69 

4.75 

0.86 

17.30 

16.42 

54.02 

13.88 

67.90 

4.48 

i. 30 

0.34 

6.12 

74.02 
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L~ 

J 
~n 

System 
Number 

I-b 

l-c 

II-a 

ll-b 

ll-c 

Ill 

Table 3-3 - Power Cycle Characteristics 

Number of Gas 
Turbines with 
Steam Boilers 

17 

17 

17 

13 

13 

13 

4 

Number of Steam 
Turbines 

4 

4 

4 

4 

4 

4 

2 

Percent Air Extraction 
(Feed to Oxygen Plant) 

0 

5 

i0 

0 

5 

I0 

0 

Supplementary 
Firing 

No 

No 

No 

Yes 

Yes 

Yes 

Yes 



Table 3-4 - Summary of Power Production and Heat Rate 
Preference Studies 

i 
0% 
o 

System 
Number 

I - a  

I - b  

I - c  

I I - a  

I I - b  

I I=c  

I I I  

Net Power Produced 
(~,S,l) 

Gas 
T u r b i n e  

1069 

993 

905 

832 

779 

714 

247 

Steam 
Turbine Total 

463 1532 

463 1465 

470 1375 

702 1534 

693 1472 

692 1406 

1295 1542 

Power t o  
Process 

MW 

532 

456 

375 

534 

472 

406 

542 

Power for 
S a l e  

MW • 

1000 

1000 

1000 

1000 

1000 

1000 

lO00 

Compressed A i r  
t o  

Oxygen P l a n t  

~I PPH 

0 

1.6 

3.3 

0 

1.3 

2.5 

0 

MW 
E q u i v a l e n t  

0 

71 

147 

O 

55 

116 

0 

(a) l n c l u d e s  C r e d i t  fo r  Power E q u i v a l e n t  f o r  Compressed A i r  t o  P roces s  

Net Power 
Produced  

{ E l e c t r i c i t y  
+ A i r )  

MW 

1532 

1527 

1522 

1534 

1527 

1522 

1542 

Heat Rate  ( a )  i n  
Btu/kWh Produced ,  

Based on 

Coal t o  
Fuel  

G a s i f i e r  

8890 

8915 

8885 

9365 

9345 

9280 

10,000 

Fuel  Gas 
to  

Power Plant 

7815 

7835 

7810 

8235 

8215 

8160 

8795 



Tabl@ 3-5 - P r e l i m i n a r y  Economics Summary - Power P l a n t  
P r e f e r e n c e  S t u d i e s  

%0 
! 

l-a 

System 
Number 

~-a 

I-b 

I-c 

II-a 

II-b 

II-c 

III 

Net Power (a) 
Produced 

MW 

1532 

Fixed 
Capital 
Investment 

1527 

1522 

1534 

1527 

1522 

1542 

405 

405 

405 

389 

389 

389 

575 

Fuel  (b) 

19.54 

19.59 

19.53 

20.59 

20.54 

20.40 

21.99 

O p e r a t i n g  Cos ts  ( M i l s / k I ~ )  

Labor 

1.5 

1.5 

1.5 

1.5 

1.5  

1 .5  

1 .5  

(a)From Table  2 
(b )Fue l  Gas a t  $2.50 p e r  m i l l i o n  Btu 
(C) I n c l u d e s  c o s t  o f  w a t e r  a t  $0.20 p e r  1000 g a l l o n s  
(d)16% f i x e d  cha rges  

Maintenance 

2.0 

2.0 

2.0 

2.1 

2.1 

2.1 

3.0 

Othe r  (c) 

0.20 

0.20 

0.20 

0.24 

0.24 

0.24 

0.36 

Total 

23.24 

23.29 

23.23 

24.43 

24.38 

24.24 

26.85 

Fixed  (d) 
Charges 

Mils/kWh 

5.4 

5.4 

5.4 

5.1 

5.1 

5.i 

7.5 

Total 
Cost 

Mils/kWh 

28.6 

28.7 

28.6 

29.5 

29.5 

29.3 

34.4 


