
SECTION i0 

MAJOR EQUIPMENT SUMMARY 

The major items of equipment in all nonproprietary units are listed in 
Tables I0-I through 10-15 of this section. 

Items of equipment listed are shown with dimensions and/or capacity; also 
materials of construction in most cases. Note that the size or capacity 
shown is the design requirements for the most demanding condition resulting 
from use of feed coal with a range of compositions. These capacity ratings 
will in most cases exceed the requirements for conditions shown on the 
process flowsheets which, on all drawings, describe the typical case. 

Units 13-2, 14-2, 16-I, and 16-2 are proprietary processes for which equip- 
ment is not listed. 
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SECTION II 

ENVIRONMENTAL FACTORS 

This conceptual  p lan t  design has been respons ive  to requirements  fo r  con t ro l  
of  gaseous, l i q u i d ,  and so l i d  emissions from the  p l an t  u n i t s  and a n c i l l a r y  
f a c i l i t i e s ,  

The means by which gas, vapor, and solid emissions control, as well as noise 
level control, have been accomplished are discussed in the paragraphs that 
follow. 

II.I AIR POLLUTION ABATEMENT 

The control of air contaminants released to the environment had a high 
priority in plant and process design. Applicable mew source standards cover- 
ing the pot,'er plant and general process operations were used in design and 
engineerin~ll of the process and equipment. 

Fugitive particulate emissions from coal sizing and handling, and from 
residual ash disposal (char gasifier unit), are prevented from becoming air- 
borne by m~intaining a wet condition when not in a closed system. 

Most gases generated during the coal-conversion process are used cap- 
tively as i!uel gases. For the most part, inert gases (nitrogen and carbon 
dioxide) are vented to the air. The major air pollution abatement effort is 
aimed at desulfurizing the fuel streams to make them environmentally accept- 
able; the d.esulfurization procedure is outlined in Figure II-i, which also 
shows the nature and amount of all streams vented to the air. 

Raw COED oil is generated as a vapor in the pyrolyzers, along with gas- 
eous products. The mixture leaves each of the pyrolyzers through a cyclone 
separator that removes entrained dust down toa particle size of about 
I0 microns. 

Condensed o i l  i s  p r e s s u r e - f i l t e r e d ,  then t r e a t e d  with hydrogen at  700°F 
(370°C) and 2,400 psig (165 arm) to reduce sulfur content by 95% (from 2.0 to 
0.1%). The nitrogen content of the pyrolysis oil from the design coal is 
sufficiently high so that the hydrogen sulfide released in hydrotreating is 
tied up as ammonium hydrosul£ide. The latter is dissolved in injected water 
and removed from the hydrotreater condensing train as an aqueous solution that 
can be sepsrated into salable ammonia and hydrogen sulfide directed to the 
sulfur conversion unit. The hydrotreater off-gas is sufficiently low in 
sulfur to be used as fuel and is combined with the higher Btu fuel gas. 
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¥ The p y r o l y s i s  gas s e p a r a t e d  from t h e  o i l  v a p o r  i n  t h e  c o n d e n s a t i o n  tower  
i s  washed c o u n t e r c u r r e n t l y  w i t h  an amine to  remove ca rbon  d i o x i d e  and more 
t h a n  99% o:i! t h e  hydrogen  s u l f i d e  p r e s e n t .  The h e a t e d  amine s o l u t i o n  r e l e a s e s  
h y d r o g e n  s u l f i d e  and ca rbon  d i o x i d e  as an a c i d  gas s t r e a m  which  i s  conveyed  t o  
t h e  s u l f u r  r e c o v e r y  u n i t .  E f f l u e n t  ga se s  from t h e  s u l f u r  r e c o v e r y  u n i t  a r e  
f u r t h e r  d e s u l f u r i z e d  i n  a t a i l g a s  t r e a t m e n t  u n i t .  When t h e  e f f l u e n t  ga se s  a r e  
f i n a l l y  v e n t e d  to  t h e  a i r ,  t h e y  c o n t a i n  a p p r o x i m a t e l y  1 ppm o f  hydrogen  s u l -  
f i d e ,  40 p]:~ o f  ca rbon  o x y s u l f i d e ,  and 20 ppm o f  ca rbon  d i s u l f i d e .  The d e s u l -  
f u r i z e d  p y r o l y s i s  gas i s  u s e d  as f u e l  f o r  power and s team g e n e r a t i o n .  

The lower Btu gas stream from the char gasifier is purified from 
entrained clnst down to a particle size of approximately 10 microns by a series 
of cyclone separators. A water scrubber removes the residual solids, then the 
gas is divided into two streams. 

The ma jo r  s t r e a m  ( s e v e n - e i g h t h s )  o f  t h e  cha r  g a s i f i e r  gas i s  c o n t a c t e d  
with an alkaline solution in a sulfur conversion unit where approximately 96% 
of the sulJ!ur present is removed, with residual sulfur appearing mainly as 
carbon oxysulfide. The absorbed hydrogen sulfide is subsequently oxidized to 
high purit)' (99.9%) sulfur. The desulfurized gas is used for power and steam 
generation (approximately 97%) and directly in plant utilities. 

The m i n o r  s t r e a m ( o n e - e i g h t h )  o f  t h e  cha r  g a s i f i e r  gas  i s  u sed  f o r  h y d r o -  
gen p r o d u c t i o n .  Th is  s t r e a m  i s  d e s u l f u r i z e d  i n  an i n t e r m e d i a t e  s t e p  be tween  
s h i f t  c o n v e r s i o n  and m e t h a n a t i o n ;  o n l y  a t r a c e  (1 ppm) o f  s u l f u r  i s  l e f t  i n  
t h e  s t r e a m .  The a c i d  gas s t r e a m  g e n e r a t e d  as a r e s u l t  o f  d e s u l f u r i z a t i o n  i s  
l e d  to  a s u l f u r  c o n v e r s i o n  u n i t  s i m i l a r  t o  t h e  one u sed  f o r  t h e  ma jo r  c h a r  
g a s i f i e r  gs.s s t r e a m .  This  s u l f u r  c o n v e r s i o n  u n i t  v e n t s  t o  t h e  a i r  l a r g e  
amounts  (4 ,860  TPD, 4 ,408 m e t r i c  TPD) o f  ca rbon  d i o x i d e ,  c o n t a i n i n g  a t r a c e  
( a p p r o x i m a t e l y  1 ppm) o f  r e s i d u a l  h y d r o g e n  s u l f i d e .  

The v a r i o u s  d e s u l f u r i z i n g  u n i t s  p e r f o r m  t h e  dua l  f u n c t i o n  o f  s u l f u r  
removal  and wet  s c r u b b i n g  o f  s t r e a m s  to  e l i m i n a t e  r e s i d u a l  p a r t i c u l a t e s  which  
evaded t h e  p r e v i o u s  c o n t r o l  d e v i c e s .  

The desulfurized higher and lower Btu gas streams are used as fuel for 
gas turbines. Prior removal from the gaseous fuel streams of most particu- 
lates and sulfur assures that the power generating plant emissions are below 
applicable standards, as discussed later. Nitrogen oxide production is con- 
trolled by water injection to decrease the combustion temperature. 

1 1 . 1 . 1  SULFUR BALANCE 

A t y p i c a l  s u l f u r  b a l a n c e  f o r  t h e  c o n c e p t u a l  d e s i g n  o f  a commer- 
c i a l  COED p l a n t  i s  d e t a i l e d  i n  T a b l e  11-1 .  A t o t a l  o f  95% o f  t h e  c o a l  s u l f u r  
c o n t e n t  i s  r e c o v e r e d  as e l e m e n t a l  s u l f u r .  An a d d i t i o n a l  2% rema ins  i n  t h e  ash  
from t h e  c h a r  g a s i f i e r  u n i t .  

11.1.2 COMPLIANCE WITH SOURCE EMISSION STANDARDS 

Standards of performance for new stationary sources for coal 
gasification plants have not been issued by the Federal Government. Standards 
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T a b l e  11-1  - S u l f u r  B a l a n c e  (TPD) 

Total Input from the Typical Feed Coal 

Outputs: In the COED oil 

As Elemental Sulfur from Pyrolysis Gas 

As Elemental Sulfur from Char Gasifier Gas 

As Sulfur Dioxide Emissions 

As Reduced Sulfur Emissions 

In the Ash 

905.0 

1.7 

177.0 

679.0 

28.4 

0.i 

18.8 

905.0 

somewhat related to a coal gasification process are those issued for petroleum 
refineries and for fossil-fuel-fired steam generators. Among the states, only 
New Mexico has issued specific regulations covering coal gasification plants. 
The standards are more strict than either petroleum-refinery or fossil-fuel- 
fired steam generator Federal standards. 

The New Mexico standards are compared in Table 11-2 with the 
emissions from the Parsons conceptual design of a commercial COED coal gasifi- 
cation plant. This comparison is shown for illustrative purposes only because, 
as mentioned above, the plant as conceived would be located in the U.S. Eastern 
Interior (coal) Region. As shown in Table 11-2, all standards are met. 

Projected emissions from the COED power generating plant are 
compared in Table II-5 with Federal standards for gaseous fossil-fuel-fired 
steam generators (existing New Mexico standards do not differ from the Federal 
ones). It can be seen that estimated plant emissions are significantly below 
the standard for sulfur dioxide and meet the nitrogen oxide standard. 

II.i.3 CARBON DIOXIDE EMISSIONS 

It is estimated that significant carbon dioxide emissions (on the 
order of 29,000 TPD, or 26,500 metric T~D for the typical case) would be gen- 
erated by the COED commercial plant. It appeared desirable to investigate 
possible effects of these emissions. Carbon dioxide is not toxic, and the 
natural background concentration in the atmosphere has been estimated at 300 
to 500 ppm. 

Global weather modification effects have been attributed to 
increased carbon dioxide generation by fossil-fuel combustion. A gradual 
warming trend has been predicted, on the order of 0.S°C in 25 years. However, 
actual temperature trends have shown a cooling of 0.3°C from 1945 to the 
present. 
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Table 11-2 - Comparison of Emissions with 
Standards, Coal Gasification Plant 

ollutant 

Total Reduced Sulfur 
(H2S+COS+CS 2) 

Hydrogen Ifide 

Hydrogen C)anide 

Hydrogen loride/ 
Hydrochloric Acid 

Particulate 

Ammonia 

Gas Burning 

Matter 

Process 
Boi!ors, articulate Matter 

Gas Burning: Process 
Boilers, ulfur Dioxide 

Total Sulfur 

New Mexico 
Standards 

i00 ppm 

I0 ppm 

I0 ppm 

5 ppm 

0.03 g r / f t  3 

25 ppm 

0.03 lb/MM Btu, LHV 

Emissions, COED Coal 
Gasification Plant 

62 ppm 

0.16 lb/MM'Btu, LHV 

2 ppm 

Nil 

Nil 

Nil 

Nil 

0.008 lb/MM Btu of  feed 
(coal)  heat  input ,  HHV 

0.003 Ib/MH Btu 

*Not Applicable (none included in the design) 

Table 11-3 - Comparison of Emissions with 
Standards, Power Generating Plant 

Pollutant 

Particulate Matter 

Sulfur Dioxide 

Nitrogen Oxides 

Federal Standard 
(Ib/MM Btu) 

0.i 

0.8 

0.2 

Emissions, COED Power 
Generating Plant 

(lb/MM Btu) 

Nil 

0.33 

0.18 
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On a localized scale, no micrometeorological effects due to 
increased carbon dioxide have been reported. Emissions from the COED facility 
could approximately double the average atmospheric carbon dioxide concentra- 
tions to 600 to 1,O00 ppm in the vicinity of the plant. The lowest concentra- 
tion at which some physiological effects (dyspnea and headache) have been 
observed in 30,000 ppm; therefore, no effects are expected at the levels men- 
tioned. However, vegetable life has been reported to benefit from increased 
atmospheric concentrations of carbon dioxide. 

11.2 LIQUID EFFLUENT 

All liquid emissions from the plant complex will be treated to render 
them acceptable to the environment. 

Waste streams leaving the system for the typical case, in gpm, are approx- 
imately as follows: 

(1) Cooling Water Blowdown 1,SO0 

(2) Boiler Water Blowdown 380 

(3) Demineralizer Acid-Caustic Waste 200 

(4) Sanitary Sewage SO 

(S) Coal Wash Water Waste 260 

Streams I, 2, 3, and 4 totaling about 2,100 gpm receive treatment as 
described in Section 5 under Unit 19-6, Wastewater Treatment and Disposal. The 
final effluent will be neutral, free of suspended solids, and containing no more 
than 10 ppm of BOD 5. This is below the limit of present government standards 
and should be suitable for return to the river. 

Stream 5 is pumped for settling to a tailing pond, from which the clari- 
fied water can be either recycled for process use or dust abatement or released 
to the river. 

Additional aqueous waste streams in the form of sour water condensate from 
process units are captured before leaving the system and fed to the char 
burners. The water fed to the char burners contains ammonia produced in the 
plant. Whether the ammonia will be converted to nitrogen requires verification. 
The effluent gas, being the fuel gas, is treated as described earlier in the 
section. 

ii.3 NOISE 

Noise control will be an integral part of the layout and design of the 
COED Commercial Plant. The Occupational Safety and Health Act of 1970 (OSHA) 
regulates the amount of weighted noise a worker may be exposed to, in order to 
protect him from ear damage. Local codes usually regulate the level of noise 
that an industrial plant is permitted to generate, at the property line, above 
the normal ambient background level. The applicable regulations and codes 
will be used as the design basis for noise control in plant design and layout. 
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Special attention will be given to fans and compressors, pyrolysis, and gasifi- 
cation units, fired heaters, pressure letdown valves, and power plant gas tur- 
bine areas to minimize noise-source levels and any excessive noise radiation 
effect on plant personnel. 

II.4 SOL:[D WASTE 

Solid waste, from the complex of units consists of: 

~1) Ash from the  char burners .  

(2) Mud and c lay  from the s l u r r y  t h i c k e n e r .  

~3) Rocks and c lay  from the coal c rusher .  

(4) Reject clay from the coal washer. 

All of these waste solids are eventually returned to the mined-out area 
and burie:] beneath the backfill of overburden; refer to the description of Coal 
Mine Unit 10-1 in Section 5 of this report. The ash is moistened to control 
dust during its transport back to the mine by conveyor and truck. The bottoms 
from the ~;lurry thickener, in the Coal Preparation Unit are pumped to a tailing 
dam where the coal fines and clay settle out to be periodically trucked back to 
the mine :[or burial. The rocks and clay rejected in the coal crushing and 
washing o]i)erations are placed on a waste pile to be returned to the mined-out 
areas by ireturning trucks. 

The mined areas will be restored as required by the regulating agency 
having ju:l~isdiction in the area. Essentially this will consist of controlling 
peaks and ridges to a rolling topography (not more than 15% slope), planting 
shrubs, grasses, legumes, and trees to provide a vegetative cover similar to 
that whidl existed before the disturbance. Slurry will be confined in depres- 
sions or levees and screened with border plantings. 
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SECTION 12 

ECONOMICS 

The estima'l:ed capital requirements, project and fund drawdown schedules, oper- 
ating cost:!;, and required selling prices for representative project financial 
structures are presented in this section. All economics are based on first 
quarter 1974 dollars. 

For furthe:i: economic analysis, sensitivities of required selling prices to the 
key parame'!:ers of capital investment, operating costs, profitability level, 
and plant ,::apacity are summarized. Finally, a few interpretations of the esti- 
mates are given. Specific conclusions for definitive potential applications 
are left for the reader. 

The sequence of presentation of economic factors in this section is intended 
to follow a logical inductive development of the economics of a major synfuels 
project. The reader is referred to the report Summary section for a quick 
deductive overview of key elements of the estimated project economics. 

12.1 FIXED CAPITA5 INVESTMENT 

12.1.1 SCOPE 

The preliminary fixed capital investment was estimated for a 
grassroots complex producing synthetic crude oil and electric power from coal 
obtained ~i~om a captive coal mine. The complex consists of principal process 
units desc:i-ibed in Sections 4 and 5 and shown on the Block Flow Diagram, 
Figure 4-I. 

Necessary ancillary facilities are included, with such items as: 
administr~::ion, warehouse, laboratory, change house, and related buildings and 
equipment; computer capability and communications systems; rolling stock 
(including trucks and automobiles for transportation within the confines of the 
complex); road paving; utilities distribution; and other items required for the 
efficient operation of an industrial complex of this magnitude are included. 

12.1.2 SUMMARY 

The estimated fixed capital investment for this complex is 
approximately $I,000 million. 

The total constructed costs, approximately $925 million, are shown 
for each o:I~ the various process unit areas in Table 12-1. To this have been 
added engineering and related costs andsales taxes, which result in the total 
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Table 12-1 - Estimated Fixed Capital Investment 

Unit No. Description Investment ($000) 

i0- 1 

i0 - 2 

ii - I 

ii - 2 

12 - 1 

13- 1 

13- 2 

14 - 1 

14 - 2 

15 - 1 

16 - 1 

16 - 2 

17 

18 - 1 

18 - 2 

19 

20 

Coal Mine 

Coal Preparation 

Pyrolysis and Gasification 

Oil - Vapor Recovery 

Oil Filtration 

Pyrolysis Gas Treating 

Low Btu Gas Treating 

Hydrogen Plant 

H2 Plant Tail Gas Desulfurizer 

Oil Hydrotreating 

Sulfur Recovery Unit, Pyrolysis Gas H2S 

Beavon Tail Gas Treating from Unit 16-I 

Oxygen Plant 

Fuel Gas Compression 

Power Plant 

Utilities 

Buildings and General Facilities 

'Total Constructed Cost 

Home Office Engineering 

Sales Tax 

Total Fixed Capital Investment 

Say 

$ 96,300 

26,700 

117,200 

31,000 

16,300 

7,100 

27,400 

23,500 

5,300 

61,900 

6,600 

Incl. w/16-1 

86,400 

24,500 

321,400 

41,500 

29,400 

$922,500 

58,800 

18,000 

$999,300 

$I,000,000 
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p r o j e c t  f ixed  c a p i t a l  investment  cost  shown above. Costs r e f l e c t  f i r s t  
qua r t e r  1974 p r i c i n g .  Major equipment cos t s ,  where they were i d e n t i f i e d ,  are 
t abu la ted  in Table 12-2. 

12. I. 3 PROCF.DUP~S 

The f ixed  c a p i t a l  inves tment  i s  a pre l imina ry  cost  es t imate  f o r  
the eng inee r ing ,  des ign ,  procurement,  and cons t ruc t ion  of f a c i l i t i e s  to process  
a nominal ;25,000 TPD of  high s u l f u r  coal  for  producing low su l fu r  s y n t h e t i c  
crude o i l  ~md e l e c t r i c a l  power as p r i n c i p a l  p roducts ,  with s u l f u r  as a 
by-product .  

The es t imate  i s  cons idered  to be wi th in  the -5, +20% accuracy 
range. I t  inc ludes  the. costs  of process  equipment,  cons t ruc t ion  m a t e r i a l s ,  
f i e l d  labor ,  f i e l d  i n d i r e c t  cos t s ,  eng inee r ing ,  design "and d r a f t i n g ,  p r o j e c t  
management, procurement,  con t rac to r s  f e e ,  and suppor t ing  s e r v i c e s .  Allowances 
fo r  instr~:nent checkout and mechanical run- in  are a lso inc luded.  

12.1.,4 BASIS FOR UNIT AREAS 

The p r o j e c t  i s  d iv ided  i n t o . t h e  f a c i l i t i e s  des ignated  as u n i t  
a reas ,  as .:iescribed in  Sect ion  5, The bas is  fo r  each u n i t  es t imate  i s  d i s -  
cussed in ::he fo l lowing paragraphs.  

The Pyrolysis and Gasification Unit ii-i, Oil Vapor Recovery 
Unit 11-2, Oil Filtration Unit 12-1, Pyrolysis Gas Treating Unit 13-1, Oil 
Hydro-trea~:ing Unit 15-1, and Fuel Gas Compression portion of Unit 18-I esti- 
mates were developed using a combination of in-house and vendor pricing on 
major equi]?ment. The totals of major equipment were then used with historical 
cost multipliers to obtain the total constructed cost estimate for each unit. 
Major equipment for units where such pricing was made is shown on Table 12-2. 

The Utilities (Area 19) and General Facilities (Area 20) units 
were estimated on the basis of preliminary material takeoffs to which .appro- 
priate unit: pricing was applied to arrive at constructed costs. 

The Low-Btu Gas Treating Unit 13-2, Hydrogen Plant Unit 14-1, 
Hydrogen ~itil Gas Desulfurizer Unit 14-2, Sulfur Recovery Uni~ 16-1, and Tail 
Gas Treating Unit 16-2, were estimated on the basis of capacities, using appro- 
priate Parsons in-house historical data. The coal preparation Unit 10-2 was 
developed on a combination of in-house data and vendor sources. The cost for 
the oxygen plants was obtained by quotation from a vendor. 

The power p l a n t  po r t i on  of  Unit 18-1 was e s t ima te s  based on i t s  
name-plate capaci ty  and the p r i c i n g  u t i l i z e d  was vendor-sources  for  the power 
block por t ion  and in-house h i s t o r i c a l  data fo r  the balance of p lan t  cos ts .  

The coal mine pricing was developed on the basis of equipment 
and ancillaries required to provide the capital cost for the production of 
55,700 TPD of run-of-mine coal. The equipment pricing in the coal mine was 
obtained through a combination of in-house data and vendor sources. 
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12.1.5 BASIS FOR COST CATEGORIES 

The basic criteria for determining various cost categories for 
the estiF.ate are detailed below: 

A. Major Equipm_ent Costs 

Process and major equipment costs are based on preliminary 
vendor pricing combined with historical in-house data experience. The vendor- 
priced equipment was solicited for certain special process equipment where 
historical in-house pricing data were not completely applicable. 

B. Constructed Cost 

Constructed Cost is arrived at by applying a factor to major 
equipment cost for field direct and field indirect costs. 

i. Field Direct Materials, Labor, and Other Direct Costs. 
Estimates for concrete," structural steel, piping, instrumentation, electrical 
and labor for construction of the various units were made by factoring the 
major equipment cost with a multiplier. The factoring method relies on pre- 
vious job experience for similar process type plants, and the multiplier is 
determine:l by using the ratio of constructed costs to major equipment costs. 

Included in this category are other direct costs such as 
miscellaneous freight, instrument checkout and run-in services, soil investi- 
gation, nonproductive time, and taxes that cannot be allocated to specific unit 
areas but are considered direct costs. 

The included labor costs reflect first-quarter 1974 
average hourly rates for the eastern interior area and expected labor produc- 
tivity fo:l: that area. The estimate is based on the work being performed dur- 
ing a standard work week defined as five 8-hour days, Monday through Friday: 
No provision for premium costs for scheduled overtime work is included. How- 
ever, an ;~dlowance for limited nonscheduled overtime has'been included. 

2. Field .Indirect Costs. ~e following field indirect 
costs are included: 

(1) Temporary construction facilities and job condi- 
tions, including craft subsistence and 
transportation. 

(2) Field administration and field office expense. 

(3) Construction equipment, small tools, and 
consumab lea. 

(4) Payroll taxes, insurance, union welfare, fringe 
benefits, permits, and bonds. 
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C. Home Office Costs 

Engineering-construction Home Office costs include management 
and administration, process and project engineering, construction support, 
design, drafting, accounting, estimating, scheduling, cost engineering, pro- 
curement, expediting, inspection, stenographic, clerical, engineering construc- 
tion fee, overhead, and direct expenses such as printing, reproduction, 
computer charges, communications, and travel. 

D. Spare Parts 

Costs for spare parts are included in working capital. 

E. Sales Tax 

5% sales tax and/or use tax is included for materials and 
equipment. 

F. £scalation 

i nc luded .  
Escalation for the period after first quarter 1974 is not 

G. Contingency 

No cont ingency al lowance has been included. 

H. Exclusions from Fixed Capital Investment 

The following cost items are excluded from the estimate: 

(1) Owner's expenses connected with p r o j e c t .  

[2) All taxes, except sales and payroll taxes. 

(5) Client's local, state and federal permits. 

(4) Premium time costs, except nonscheduled overtime 
premium. 

(5) Piling and unusual foundation conditions. 

(6) Process licensing fees. 

Allowances for the following items, while not included in the 
fixed capital investment estimate, are included in the total capital require- 
ments estimate: 

(i) Land acquisition, water rights, right-of-way, and 
mineral rights. 
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(2) 

(3) 

Working cap i t a l ,  i n t e r e s t ,  and f inancing.  

Raw mater ia ls  and supplies for  i n i t i a l  operat ion.  

(4) Startup cost, operator training, and preparation of 
operating manuals. 

12.2 TOTAL CAPITAL REQUIREMENTS 

In addition to the fixed capital investment of approximately $I billion, 
the costs of total capital requirements include land acquisition and rights of 
way, initial charges of catalysts and chemicals, startup costs and provision 
for working capital. These items are estimated to total approximately $126.5 
million as :follows: 

I tern 
......&.-. Value ($ mil l ion)  

Initial Raw Materials, Catalysts, and 
Chemicals (See Table 12-3) 

4.5 

Allowance for Startu~ Costs (See 
Tab le 12-4) 

51.0 

Initi~l Working Capital (See Table 12-5) 70.0 

Allowance for Land Acquisition, Right=of-Way 1.0 

126.5 

The estimate of startup costs is summarized in Table 1224 with construc- 
tion changes and additional first-year maintenance based on experience factors 
for the types of units used. The estimated working capital requirements are 
shown in T~:le 12-5. 

q!ae estimated total capitalrequirement for the project, therefore, 
amounts to about $1,125 million. This is exclusive of interest burden during 
constructiorl, which depends on the project schedule, fund drawdown and method 
of financing the project. This is discussed in Sections 12.4, 12.5, and 12.7. 

Capital expenditures for replacement of coal mining equipment are based 
on the costs and useful lives shown in Table 12-6. 

The allowance for mineral rights is included in annual operating expenses 
in the form of royalties. 

Total capita! costs in five cost centers used for estimating operating 
costs are summarized in Table 12-7, which includes interest burden during 
construction. 
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Table 12-6 - Coal Mine Equipment Replacement Schedule 

Equipment Item 

Stripping Shovels (3) 

Holland Loaders (3) 

DD9G-s for  Holland Loaders (3) 

Coal Shovels,  12 cu yd (3) 

Coal Haulers ,  120 ton (15) 

Front-End Loaders, 10 cu yd (3) 

D-9's w/Ripper and Dozer (6) 

D-9's w/Dozer (6) 

D-8's w/Dozer (3) 

Wheel Dozer (3) 

Grader (3) 

Rotary Blast-Hole Drills (12) 

Portable Light Towers (12) 

Track-Drills (3) 

Screw Compressors, 600 c u f t  (3) 

Lube-Fuel Truck (3) 

Water Sp r ink l e r  Truck (3) 

AN/FO Trucks (3) 

Trucks, 3 ton 

Trucks, 5 ton 

Mine Pumping Systems 

Hydraulic Cranes, 15 ton (3) 

Mobile Crane, 50 ton (3) 

Delivered 
Cost 

($000) 

Useful 
Life 
C r) 

52,770 

614 

748 

2,136 

3,391 

580 

950 

859 

302 

405 

182 

3,878 

72 

106 

85 

9O 

423 

85 

16 

19 

150 

207 

431 

20 

5 

4 

7 

4 

3 

3 

3 

3 

3 

3 

5 

5 

3 

3 

3 

3 

4 

5 

5 

I0 

4 

20 

Annual 
Depreciation 

C$) 

2,638,500 

122,800 

187,000 

305,143 

847,750 

193,333 

316,667 

286,333 

100,667 

135,000 

60,667 

775,600. 

14,400 

35,333 

28,333 

30,000 

141,000 

21,250 

3,200 

3,800 

15,000 

51,750 

21,550 

12-12 



Table 12-6 (Contd) 

Equipment Item 

Lowboy w/Tractor ,  S0 ton (1) 

Bus, 40 P.ltssenger (1) 

Tire Truck (1) 

Pickup Tr~acks (1S) 

Flatbed Trucks, 3 ton (8) 

Flatbed T:rucks, 5 ton (8) 

Total Equipment 

Preproduc'l:ion Costs 

Subtotal  

Home Off ice  Engineer ing and 
Sales Tax 

Total 

De l ive r ed  
Cost 

($000) 

37 

'21 

51 

53 

26 

32 

68,719 

27,$81 

96, SO0 

7,700 

104,000 

Useful 
Life 
Cyr) 

20 

7 

7 

3 

5 

5 

10 

10 

Annual 
Deprecia t ion 

($) 

1,550 

3,000' 

7,285 

17,667 

5,200 

6,¢00 

6,376,478 

2,758,100 

9,134,578 

770,000 

9,904,578 
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d 

12.3 PROJECr SCHEDULE 

The e s t i m a t e d  p r o j e c t  schedule  i s  summarized in Figure  12-1. This  sched-  
u le  was deve loped  based on a n a l y s i s  of  the  de s ign ,  p rocurement  o f  s chedu le -  
c o n t r o l l i n g  equipment ,  and c o n s t r u c t i o n  s c h e d u l e s .  The r e s u l t s  i n d i c a t e  a 
schedule  wi'l:h t he  mechanical  comple t ion  da t e  57 months and achievement  of  
c a p a c i t y  p r o d u c t i o n  r a t e  one year  l a t e r .  

12.4 FUND DRAWDOWN SCHEDULE 

The ~tnd requirements during the design, engineering, procurement, con- 
struction and startup period are illustrated in Figure 12-2; fund requirements 
are shown for six-month intervals. The cumulative fund drawdowns are shown 
in Figure 12-3. 

The F igure  12-2 and 12-3 fund drawdown schedu les  were developed based 
on the sum of the estimated individual fund requirement schedules for the 
separate sections consisting of coal mine, coal preparation plant, coal con- 
version plant, power plant and offsites. 

12.5 OPERATING COSTS 

Operating cost estimates are based on first quarter 1974 prices. For 
estimating i:urposes, the complex was divided into five cost centers: 

(13 Coal mine 

(2) Coal preparation plant 

(5) COED process  plant 

(4) Power plant 

(S) Offsites 

Est imated  o p e r a t i n g  cos t s  f o r  each of  t hese  cos t  c e n t e r s  a re  summarized in  
Table 12-8 wi th  r e f e r e n c e  made to s u p p o r t i n g  t a b l e s .  

12 .5 .1  GENERAL BASIS 

The economic analysis is bas.ed on a plant operating period of 
20 years. The operating rate is 330 stream.days per year., equal to 90.4% 
operating efficiency except for the first year of operation, when the complex 
is assumed 1:o produce at a rate equal to 50% of capacity. 

Plan t  overhead i s  based on an e s t i m a t e d  r equ i remen t  f o r  355 admin- 
i s t r a t i v e  and suppor t  p r e r s o n n e l  c o n s i s t i n g  o f  p l a n t  management, a c c o u n t i n g ,  
p e r s o n n e l ,  f i r s t  a i d ,  c a f e t e r i a ,  f i r e  and . sa fe ty ,  q u a l i t y  a s s u r a n c e ,  e n g i n e e r -  
ing ,  motor p o o l ,  m a t e r i a l  c o n t r o l ,  and o t h e r  suppor t  pe r sonne l  and a s s o c i a t e d  
i n d i r e c t  m a t e r i a l s  and s u p p l i e s .  A p a y r o l l  burden o f  55% o f  t o t a l  p a y r o l l  c o s t  
i n c l u d i n g  p l a n t  overhead pe r sonne l  was u s e d . . T h e  g e n e r a l  and a d m i n i s t r a t i v e  

'"  12-15 
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t 

expense amounts to 1.5% of the total operating cost. Property tax and insurance 
is based on 3% of the initial fixed capital investment. 

Estimated manpower r e q u i r e m e n t s  f o r  t h e  complex a r e  summarized  
in  Tab le  12.,,9. 

12.5.2 BASIS FOR COST CENTERS 

The basis for estimating the annual operating costs for each 
cost center are presented below. 

A. ~ Coal Mine 

A r o y a l t y  o f  $1 .30 p e r  ton o f  c l e a n  coa l  was u sed .  O p e r a t i n g  
s u p p l i e s  c o n s i s t  o f  e x p l o s i v e s  and a s s o c i a t e d  s u p p l i e s  u s e d  i n  the  min ing  
o p e r a t i o n .  Equipment  o p e r a t i n g  c o s t s  shown in  Tab le  12-10 i n c l u d e  o p e r a t i n g  
and m a i n t e n a n c e  m a t e r i a l s .  D i r e c t  c o s t s  f o r  o p e r a t i n g  l a b o r  and s u p e r v i s i o n .  
a re  shown i n  Tab le  12-11.  Main tenance  l a b o r  i s  shown i n  Tab le  12-12.  Pay-  
ments  to  t h e  un ion  w e l f a r e  fund  o f  $0 .80  p e r  ton  o f  c l e a n  coa l  a re  a l s o  i n c l u d e d  
t o g e t h e r  wi~::h t h e  expenses  o f  p e r m i t s  and bonds and land  r e c l a m a t i o n .  

B. Coai p r e p a r a t i o n  

Operating and maintenance labor for the coal preparation area 
are shown or. Table 12-13. The total cost of maintenance is approximately 5% 
of the fixed capital investment. This is considered to be composed of pre- 
ventive and routine work (60%) carried out by plant maintenance labor and 
major maintenance tasks. (40%) and by contract labor during unit shutdowns. 
The routine work is composed of 40% plant labor and 60% material. 

Table  12-9 - Manpower Summary. 

Item Operating Maintenance Administration Total 

355 Administration 

Coal Mine 

Coal Prei:aration 

COED Process 

Power Plant 

Offsites 

Total 

529 

12 

181 

iO1 

21 

844 

125 

21 

300 

40 

26 

512 

u 

355 

355 

654 

33 

481 

141 

47 

1,711 
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Table 12-11 - Coal Mine Operating Labor and Supervision 

Category 

Mine S . i~er i . t  ende. t 

(;enern ] I:o rema n 

Shovel i:oreman 

Blas t ing  Forerun. 

Shi f t  Ih~:gses 

M i . e  Engineer 

Surveyor 

StrJppin,~ Shovel Operator  

S t r i p p i n g  Shovel O i l e r  

Str ippt . :~  Shovel (;rmmdman 

Ih)lland i,oader ( Iperator  

Bel t  Co.veyor Operator 

Coal She,tel Operator 

Coal Shottel (;rmmdman 

Coal Ilat,:ler Dr ivers  

RotAry l l r i l l  Opera tor  

Rotary Ih ' i l  ! I le lpers 

FEI, riper t tors  

Ilozer Opl~rators 

N,mhec o f  
Per Shi f t  

3 

3 

3 

3 

3 

3 

3 

IS 

12 

12 

3 

15 

I 

1 

1 

I 

13 

1 

2 

13 

13 

13 

13 

13 

13 

]3 

63 

51 

51 

13 

f,3 

! , 9 ~ .  
Tot a I 

57.72 

47.48 

44.99 

46.75 

46.75 

46.75 

44.99 

44.99 

44.99 

43.45 

4r,.75 

,!4.99 

S a l a r i e s  and Wages 
- ~ - - ~ - q * / y r ~  

27.51)0 

22, ()Off 

I .q, 800 

19,800 

i 7,60(I 

16,500 

I 3 , 2 0 0  

I 5, (11)(I 

12,345 

I I ,  7(10 

12, ISS 

12,155 

12,155 

!1,700 

1 ! ,  700 

11,700 

I I , 3(1ll 

12, 15~ 

1 1 , 7 ( 1 0  

aExcludi';Ig Im)'roll  t axes  and f r i . g e  h e n e f i t s ,  e t c . ,  included in pay ro l l  In,tale.. 

Payro l l  Cost a 
. . . .  :7/~7-~ 

27,50(} 

22,f){1(] 

1 9 , 8 0 / ]  

19,8OO 

228,80(} 

16,500 

26,400 

I !15,001! 

1611,485 

1 5 2 ,  I I )0 

IS8,01S 

J58,(llS 

1 5 8 , 0 1 5  

152,100 

737.1 O0 

$96,700 

576,3(111 

158 ,(115 

737,100 

_J 
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Table 12-11 (Contd) 

Category 

Wheel Dozer Ope ra to r s  

Grader  O p e r a t o r s  

Water S p r i n k l e r  I ) r i v e r  

Track Ilri 1 l e r  

Lube/Fuel Truck D r i v e r  

Lube/Fuel Truck D r i v e r  
Mechani c / l le l  per  

AN/FO Truck D r i v e r  

Loaders/,qhool er~ 

Loa~lers]Shoot er~, l,almrers 

Conveyor Hovers 

bli see]  l a n e o . s  Ilri ve r s  

~l iscel  laneoos O p e r a t o r s  

Crane O p e r a t o r ,  ]5 Ton 

~ t a l  

Nnnlher o f  Employees 

Per S h i f t  

3 

3 

3 

6 

12 

10 

2 

2 

3 

' rota I 

13 

13 

13 

13 

13 

13 

8 

16 

30 

21 

8 

6 

II) 

529 

S a l a r i e s  anti Wages 

(S/day) 

44.9:) 

44 .9  t) 

44.9(.) 

4 4 . 9 9  

4 2 . 9 0  

43 .45  

4 2 . 9 0  

44.9(.) 

42 .35  

42.85 

42.91) 

44.99 

44.99 

: ($/yr) 

I I ,700 

i ! ,  7Of) 

I 1,7l)l) 

I.I, 700 

I I . 155  

11,300 

11,155 

11,70(I 

I1,010 

! 1 , [40  

i ! , 1 5 5  

11,700 

11,700 

Payroll Cost a 
( $ / y r )  

152, I PO 

152,1 O0 

152,100 

152,100 

145,015 

146,900 

89,240 

187,200 

3.'$0,300 

233j9411 

8!I,240 

70,200 

l 17,000 

6,159 ,165  

aExcluding  l )ayrol l  t axes  and f r i n g e  b e n e f i t s ,  e t c . ,  inchsded in p a y r o l l  burden .  

1 2 - 2 4  



Table 12-12 - Coal Mine Maintenance 
Labor and Supervision 

e 

Number of Employees 

Category 

Superintendent 

Shop Foremen 

Draftsmarl 

Agronomist/ 
Environmentalist  

Safety Engineer 

Mechanics 1st 

Mechanics 2nd 

Electricians ist 

Electricians 2nd 

Welders 

Mechanics Helpers 

First Shift 

1 

1 

12 

4 

4 

2 

i0 

3 

Parts Man 

Tool Man 

Tire Man 

Laborers 

Agronomist 

Rodmen 

Clerks 

Typist  

Total 

Helpers 

I 

I 

1 

5 

3 

4 

3 

4 

Total 

25 

I i  

I i  

7 

21 

7 

4 

4 

4 

i0 

3 

4 

7 

4 

125 

aExcluding payroll taxes and fringe benefits 

Salar ies  and Wages 

(S/day) ($/yr) 
I 

19,800 

17,600 

13,200 

16,500 

16,500 

46.75 12,155 

44.99 11,700 

46.75 12,155 

44.99 11,700 

46.75 12,155 

43.45 11,300 

44.99 11,700 

44.99 11,700 

44.99 11,700 

42.35 111,035 

43.45 11,500 

43.45 11,300 

33.00 8,580 

27.50 7,150 

Payrol l  Cost a 

($/yr) 

19,800 

70,400 

13,200 

16,500 

16,500 

303,875 

128,700 

133,705 

81,900 

255,255 

79,100 

46,300 

46,800 

46,800 

110,350 

33,900 

45,200 

60,060 

28,600 

1,537,445 

included in payrol l  burden. 
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Tab le  12-13 - Coal P r e p a r a t i o n  Ope ra t i ng  and 
Maintenance  Labor 

C a t e g o r y  

Operating Labor 

Operator 

Helper 

Total 

Maintenance Labor 

Number of Emplbyees 

Per Shift 

1 

2 

3 

m 

Total 

4 

8 

12 

21 

Salaries and Wages 

(S /day)  

46.75 

42.35 

45.87 

($/yr) 

12,150 

ii,000 

11,925 

Payroll Cost a 

($1yr) 

48,600 

88,000 

136,600 

250,400 

aExcluding payroll taxes and fringe benefits included in payroll burden. 

C. COED Process Plant 

Catalysts and chemicals required for the COED process plant 
are shown in Table 12-3. Operating labor is detailed in Table 12-14 and main- 
tenance forces in Table 12-15. The cost of maintenance amounts to approxi- 
mately 5% of the fixed capital investment. This is considered to be composed 
of preventive and routine work (60%) carried out by plant maintenance labor, 
and major maintenance tasks (40%) carried out by contract labor during unit 
shutdowns. The routine work is composed of 40% labor and 60% material. 

D. "Power Plant 

Operating and maintenance labor are shown in Table 12-16. 
Total annual maintenance costs correspond to 1 mil per average production 
kW-hr (820 MW), plus 1 mil per kW/hr equivalent compressor horsepower. 

E' Offsites 

Annual consumption and cost of chemicals for water treatment 
are shown in Table 12-17. Operating and maintenance labor are shown in Table 
12-18. Total maintenance cost corresponds to 2% of fixed capital investment 
with about 30% allocated to labor and the balance to contract labor and 
materials. 
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Table 12-14 - Process Plant Operating Labor 

Q 
Categl)ry 

Operations Manager I 

Shi f t  Supervisors 

Operators 

Unit 11 

Unit 12 

Unit 13 

Unit 14 

Unit 15 

Unit 16 

Unit 17 

Subtotal  
Operators 

Total 
Operators 
plus 
Superv isors  

Number of Employees 

Per Shift 

7 

8 .32 

5. 20 

5 20 

4 16 

4 16 

S 20 

7 28 

38 

45 

Total 

1 

28 

152 

181 

Salar ies  and Wages 

(S/day) ($/yr) 

35,000 

6.60 14,750 

5.50 12,500 

Payroll  Cost a 

($/yr) 

35,000 

413,300 

1,869,600 

2,317,900 

aExcluding payrol l  taxes and f r inge  benef i t s  included in payrol l  burden. 
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Table 12-15 - Process Plant  Maintenance Labor 

Category 

Craft Foreman 

Craftsmen and 
Helpers  

Labor Foreman 

General Labor 

Total  

Number of  Employees 

Tota l  

30 

176 

I0 

84 

300 

S a l a r i e s  and Wages 

($ /yr)  

20,000 

12,000 

15,000 

10,000 

Payroll Cost a 

[$/yr) 

600,000 

2,112,000 

150,000 

840,000 

3,702,000 

a£xcluding p a y r o l l  taxes  and f r i n g e  b e n e f i t s  inc luded in  p a y r o l l  burden. 

AP 

Table 12-16 - Power Plant Labor 

Category 

Operating Labor 

Control Room 

Gas Turbine 

Compressors 

Subto ta l  
Operat ing 

Number of Employees 

Per Shift 

4 

13 

7 

24 

Total  

16 

52 

28 

96 

S a l a r i e s  and Wages 

(S/day) 

5.30 

(Slyr) 

11,850 

Payroll Cost a 

{$1yr) 

1,137,600 

aHxcluding payroll taxes and fringe benefits included in payroll burden. 
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Table 12-16 (Contd) 

Catel ory 

Supervis ].on and 
Support 

Plant 
Su~ tendent 

Assi~ nt 
Plant upt. 

Chemist 

Sec re t a ry /  
Clerk 

Su t a l  
Su~ vision 
and upport 

Total O r r a t i n g  
and Su 1 v i s i o n  
Labor 

Maintenance 

Crafts 

Jan2 i a l /  
Garden'ng 

Subtotal  
Ma enance 
Labor 

Total Power 
Plant 

Number of Employees 

Per Shift Total  

2 

36 

4 
I 

4O 

141 

Sa la r i e s  and Wages 

(S/day) ($/yr) 

35~000 

25,000 

15,000 

8,000 

12,000 

10,000 

Payroll Cost a 

($/yr) 

35,000 

25,000 

15,000 

16,000 

91,000 

1,228,600 

432,000 

40,000 

472,000 

1,700,600 

aExcludir~g payro l l  taxes and f r i n g e  b e n e f i t s  included in payro l l  burden. 
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Table 12-17 - Offsites Chemical Cost Summary 

Unit 

19-2 

19-3 

Catalyst or Chemical 

Cooling Water System 

H2S04 

Chemicals 

Industrial Water System 

Basis or Makeup 
Requirement 

11,550 ib/stream day 

Demineralizer 

H2S04 

Na0H 

Clarifier 

Lime 

Aluminate 

Poly 

Boiler Feed Water 

Chelant 

Hyd 

Total 

18,500 Ib/stream day 

14,776 ib/stream day 

47,500 ib/stream day 

13,000 ib/stream day 

750 ib/stream day 

38.4 lb/stream day 

38.4 lb/stream day 

Times Operating Rate (330 stream days 
per year, or 0.904 year) =_Total Cost 

Annual Use 
c o s t  ($) 

126,290 

626,340 

202,575 

323,390 

216,810 

260,975 

172,280 

18,250 

18,250 

1,965,960 

1,776,500 
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Catego ry  

Operation 

Shift oreman 

Gauger 

Pumpers 

Disposal Plant 

Utility Plant 

Tot; i 

Ma in tenanc 

Shift ~reman 

Elec~ ":ians 

Instrument 

Pipers ~nd 
Mechanics 

Painter.s 

General Laborers 

Tota I 

Tab le  12-18 - O f f s i t e s  Labor 

Number o f  Employees S a l a r i e s  and Wages 

Per Shift Total 

I 

8 

4 

1 

.-) 

2 

12 

3 

4 

17 

2_! 

26 

(S/day)  

6.60 

5.50 

($/Yr) 

14,750 

12,300 

20,000 

12,000 

12,000 

12,000 

I0,000 

i0,000 

P a y r o l l  Cost  a 

($1yr) 

59,000 

209,100 

268,100 

20,000 

24,000 

24,000 

144,000 

30,000 

40,000 

332~000 

aExc lud ing  p a y r o l l  t a x e s  and f r i n g e  b e n e f i t s  i n c l u d e d  in  p a y r o l l  b u r d e n .  
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12.6 FINANCIAL PARAMETERS 

12.6.1 FINANCIAL STRUCTURE 

structures. 
Economics were developed for three types of project financial 

(i) Private ownership with 100% equity capital fully taxed. 

C2) Private ownership with borrowed capital, fully taxed; 
interest during construction including a loan commit- 
ment fee at 0.75%, 65% of the total investment borrowed 
at 9% interest with principal repaid in equal install- 
ments over the 20-year project term; and working 
capital borrowed for the 20-year term. 

(3) A nontaxable and nonprofit (0% discounted cash flow 
rate of return) boundary case. This case provides a 
profitability boundary limit based on the hypothetical 
assumption that there are no fiscal or financial costs. 

12.6.2 RETURN ON INVESTMENT 

For each of the above cases a discounted cash flow [DCF) rate 
of return after tax is specified and the revenue required to meet this 
objective calculated. The DCF computations take into consideration the 10% 
depletion allowance on the coal mine operation, depreciation allowances as 
shown in Table 12-7, an investment tax credit of 7% of 90% of the fixed 
capital investment, and a combined income tax rate of 52% for state and 
Federal taxes. Note that the computations were made before the current 
investment tax credit of 10% became applicable. 

Useful lives for a s s e t  depreciation purposes conform with 
Depreciation Guidelines and Rules, Revenue Procedure 62-21. The double 
declining balance method of depreciation was used for all assets except the 
coal mine. Coal mine depreciation is based on the schedules shown in 
Table 12-6. The guidelines .for the chemicals and allied products industry 
under group three, Guidelines for Manufacturing, were used for the Coal 
Preparation and COED Process Plant. The guidelines for a steam production 
plant for the production of electricity for electric utilities, group four, 
were used for the power plant. 

12.7 REQUIRED PRODUCT SELLING PRICE 

The r e v e n u e  r e q u i r e d  t o  a c h i e v e  a s p e c i f i e d  r a t e  o f  r e t u r n  b a s e d  on t h e  
DCF method is calculated for each of the three financial structure cases. 
Sensitivities of required selling price to variations in operating costs, 
fixed capital investment, and profitability levels are presented in sub- 
section 12.9. 

The r e s u l t s  f o r  t h e  base  c a s e s  a r e  summarized i n  Tab le  12-19,  showing t h e  
c o n t r i b u t i o n  o f  each  o f  t h e  f i v e  c o s t  c e n t e r s  t o  t h e  t o t a l  r e q u i r e d  r e v e n u e .  
The p r i n t o u t s  o f  c a s h  f l o w  c a s e  e v a l u a t i o n s  f o r  t h e  base  c a s e s  r e p r e s e n t a t i v e  

12-32 
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Table  12-19 - C o n t r i b u t i o n  of  Cost 
C e n t e r s  to  Required Revenue 

P r i v a t e  Ownership 
Boundary Case 10% Return (DCF) 

Catego::'y Nonprofit - Nontaxed 65% Debt 

Coal Mine 

Coal Preparation 

COED Process 

Power Plant 

Offsites 

Total Recuired 
Revenue 

55.030 

3 .583 

44 .056  

29.834 

9 .904 

142.407 

38.5 

2.5 

31.0 

21.0 

7.0 

I 0 0 . 0  

100% Equity 

70.844 20.7 

9.380 2.8 

128.658 37.5 

107.675 31.5 

26.088 7.5 

342.071 100.0 

69.350 

8.261 

112.422 

87.701 

21.965 

298.128' 

23.0 

3.0 

37.5 

29.2 

7.3 

100.0  

of  each o f  1:he types  o f  f i n a n c i n g  a r e  shown in  Tables  12-20 th rough  12-22. 
Table  12-20 c o n t a i n s  t he  cash  f low fo r  t he  case  of  p r i v a t e  ownership  wi th  100% 
e q u i t y  f inm:tcing wi th  a 10%DCF a f t e r  t ax  r a t e  o f  r e t u r n .  The r e q u i r e d  r even u e  
i s  $342 mil : l ion pe r  y e a r .  Table  12-21 c o n t a i n s  t he  cash f low f o r  t h e  case  o f  
p r i v a t e  ownership wi th  65% deb t  a t  9% p e r  y e a r  i n t e r e s t .  The r e q u i r e d  r evenue  
i s  reduced  1:o $298 m i l l i o n  by the  debt  f i n a n c i n g .  Table  12-22 c o n t a i n s  t h e  
cash  f low f o r  t he  boundary  case. w i t h n o  r e t u r n  on i n v e s t e d  funds  and no p ro -  
p e r t y  or  income t a x e s .  The r e s u l t i n g  r evenue  r e q u i r e m e n t  i s  $142 m i l l i o n  p e r  
year. 

For the typical case, tNe plant produces approximately 9.24 MM bbl/yr of 
liquid prodt:.ct and 6.5 billion kW-hr/yr of electric power. The selling prices 
required to achieve the required revenue are represented by the following 
linear equation: 

Required Revenue = (oil price) x (9.24 x 106 ) bbl) + (power price) 
x (6.5 x 109 kWEhr) 

For t he  t y p i c a l  c a s e s ,  t h e  r e l a t i o n s h i p  between r e q u i r e d  s e l l i n g  p r i c e s  f o r  
the  t h r e e  p r o j e c t  s t r u c t u r e s  i s  shown g r a p h i c a l l y  in  F igure  12-4. 

The plant is designed t o  provide the flexibility to process feed coal 
with a range of analysis which might be expected over a 20-year operating 
life. The raaximum, minimum, and typical oil production cases are shown 
graphically in Figure 12-5 for the case of private ownership with 100% equity. 
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12.8 SENSITIVITY ANALYSIS 

The sensitivity of the required revenues to variations in selected vari- 
ables was analyzed, and the results are presented in the paragraphs below. 
The selected variables are: 

(i) Profitability 

(2) Opera t ing  c o s t s  

(3) Total fixed investment cost 

12.8.1 EFFECT OF PROFITABILITY LEVELS 

The effect on the required revenues for each of the private 
ownership cases (i00% equity and 65% debt) of variations in profitability 
levels between 0% and 20% DCF after tax rate of return are shown in Figure 12-6. 
As the rate of return is reduced from 10% to 0% DCF in the case of 100% equity, 
the required prices are almost cut in half, and as it is doubled to 20%, the 
required prices increase approximately 85%. 

1 2 . 8 . 2  EFFECT ON VARIATIONS IN FIXED CAPITAL INVESTMENT AND OPERATING 
COSTS 

The effect on the required revenue of variations in the fixed 
capital investment and operating costs between -20 and +20% of the estimated 
value is shown in Figures 12-7, 12-8, and 12-9. 

In each case, and even with the nonprofit, nontaxable boundary 
case, the required revenue is much more sensitfve to capital investient than 
to operatir.g costs. For example, reducing the fixed capital investment by 
20% would reduce the required revenue by about 16%, whereas a similar 20% 
reduction in operating costs would only reduce the required revenue by only 
about 4%. 

1 2 . 8 . 3  EFFECT OF PLANT CAPACITY 

R e s u l t s  a r e  d i s c u s s e d  in s e c t i o n  12 .9 .  This  i s  c o n s i d e r e d  a 
s e c o n d - o r d e r  a n a l y t i c a l  a s se s smen t  r e l a t i v e  t o  the  p r e c e e d i n g  s e n s i t i v i t y  
a n a l y s i s .  

12.9 ECONOMIC DISCUSSION 

1 2 . 9 . 1  SINGLE FEED OR POINT DESIGN 

The design provides the equipment and operating flexibility to 
process feed coal with a range of analyses which might be expected over the 
course of s. 20-year operating life, using coal typically mined in the Eastern 
Region of the U.S. Interior Coal Province. This distinguishes the design from 
other desi~Ims which have been based on a single typical coal analysis and which 
might be called single feed source or point designs. The use of variable 
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feedstock c h a r a c t e r i s t i c s  requires  higher fixed cap i t a l  investment to provide 
the necessary f l e x i b i l i t y  and var iab le  product r a t e s .  

An accurate estimate of the more traditional point design would 
require considerable effort; however, a guidance type estimate has been 
developed as orientation in order to indicate the probable orders of magnitude 
of the economic impact of designing for a range of coal characteristics such 
as used here vis-a-vis a point design. The "guesstimate" of the point design 
economics was obtained by combination of a judgment of the fixed capital 
investment and operating costs for a point design in combination with the 
sensitivity curves presented earlier. The results are summarized in the fol- 
lowing tabulation: 

Fixed Capital  Investment ($ Mil l ion)  

Range of Coals 
(see Page 5-9) Single Coal source 

Coal Mine 104 104 

Coal Preparation 29 29 

COED Process 415 384 

Power Plant 374 299 

Offsites 78 78 

Total 1,000 894 

The effect of coal characteristics on operating costs was judged 
to be minor, the major effect caused by the fixed capital investment require- 
ment. For the typical coal analysis and design case as used in this report, 
the effect of a 20% reduction in the fixed capital investment for the power 
plant and a 7-1/2% reduction in the COHD process plant was'considered. 

Using Figures 12-7 and 12-8, it can be seen that the 10.6% 
reduction in the total fixed investment would result in an 8 to 9% reduction 
in the required selling prices to achieve a 10% DCF rate of return on either 
of the two cases with 100% on equity or 65% borrowed capital. 

12.9.2 PLANT CAPACITY 

The sensitivity of the required selling price to plant capacity 
can be approximated using the sensitivity curves in the previous section after 
determining the sensitivity of fixed capital investment and operating costs 
to capacity change. This second-order-accuracy analytical effort is presented 
as a planning guidance for economic impacts to be expected for varying plant 
capacities. The estimated variations in fixed capital investment are shown in 
Figure 12-10. 
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A range of va lues  i s  shown because of  the s t ep-wise  na tu re  of 
the  i nves tmen t - capac i t y  r e l a t i o n s h i p ,  which recognizes  t h a t  the coal mine con- 
s i s t s  of  t h r e e  mines,  each with a s e l e c t e d  complement of equipment. A s i g n i -  
f i c a n t  i nc rease  in p roduc t ion  would r e q u i r e  a four th  mine u n i t ,  and a r educ t ion  
would not have a major impact u n t i l  e l i m i n a t i o n  of  one of  the  mines. The coal 
p r e p a r a t i o n  and the COED Process Plant  investments  a re  v a r i e d  us ing  a 0.7 s c a l -  
ing exponent.  The power p l a n t  investment  cos ts  a l so  vary  s t ep-wise  in 8.334 
increments  with the a d d i t i o n  or r e d u c t i o n  of a t u r b i n e  u n i t .  Changes in o f f -  
s i t e s  investment  were judged n e g l i g i b l e  for  purposes of t h i s  a n a l y s i s .  

Changes in ope ra t i ng  cos t s  were judged n e g l i g i b l e  with the  
except ion  of the  coal  mine, here  i t  i s  roughly  d i r e c t l y  p ropo r t i ona l  to  ou tput .  
As a r e s u l t ,  the  t o t a l  ope ra t i ng  cos t s  vary at  approximately  36.54 of the r a t e  
of  v a r i a t i o n  in c a p a c i t y .  

Using the  a n a l y t i c a l  approaches desc r ibed  above, changes in 
r equ i r ed  s e l l i n g  p r i c e s  with changes in  capac i ty  can be approximated u s i n g t h e  
s e n s i t i v i t y  curves p r e sen t ed  in  Figures  12-7 and 12-8. The r e s u l t s  a re  shown 
in Figure  12-11. 
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SECTION 13 

PROJECTED PLANT PERFORMANCE 

The conceptual  commercial COED process p lant  descr ibed  here has been designed 
to  be capable of  p rocess ing  the  design feed at  the  d e s i g n . r a t e ,  and produce 
products of design quality and quantity, where uncertainty in basic informa- 
tion existed, the equipment has been specified to cover this uncertainty. 

The design i~ considered to be workable with the understanding that the' esti- 
mated cost has the probability of being greater than if additional information 
were availab~.e; this is often the case for first-generation plants. 

The design of the char gasifiers for high carbon conversion represents an 
extension of the COED pilot plant experience. Prior experience obtained in 
the first-st~u.ge gasification step in the pilot plant along with additional 
available kiiLetic data, were used to design the commercial-scale units. IGT 
was authorized to coflduct a two-phase experimental program,to investigate 
conditions required to achieve the specified gasification results. The inves- 
tigation comprised small-scale experimental work using COED char and a result- 
ing kinetic model developed by the Institute of Gas Technology (IGT) to 
correlate thedata. This program was performed under Parsons Subcontract No. 
4-SC-5054-3 ~Lnd consisted of: 

Phase I : 

Phase I I  : 

Thermogravimetri c Study. 

Fluidized-Bed Reactor Gasification in a 6-Inch Diameter 
Reactor. 

~"ne results (:.f the IGT study indicated: 

(I) Usin~Ii the gasifier reactor sizes specified, the bed temperature 
should be increased to i,820°F. 

(2) Additional experimentation should be conducted with the 6-inch 
gasifier at temperatures to 1,800oF; with particular attention to 
determination of fluidization velocities necessary to inhibit 
sintering at the elevated temperature. 

Available exI:,erience indicates thatthe beds can be successfully operated at 
the 1,800°F [level. The gasifiers have been designed to permit operation at 
that temperature level. 
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SECTION 14 

POTENTIAL IMPROVEMENTS 

A major result of a conceptual commercial design effort such as is described 
here is a summary of suggested ways and means of improving future designs. 
This type of information is presented in the following paragraphs. 

The estimated quantitati've economic effect of the suggested improvements will 
require further effort; comments are presented on this point as appropriate. 

14.1 BASIC DATA; HEAT OF PYROLYSIS AND SPECIFIC IIEATS 

The availability of additional accurate data for heat of pyrolysis and 
specific heats of coal and char would permit closer design tolerances in a 
number of portions of the plant. Specific'heat data could be provided by 
measurement of specific heats of the organic and inorganic portions of the 
coal and char. Determinations of these values for a range of coal character- 
istics would provide a further basis for decision regarding design tolerances 
to be used. 

A heat of pyrolysis of 500 Btu/Ib of pyrolysis product was used for this 
design. The actual value is thought to be within plus or minus 400 Btu/ib of 
this value. This uncertainty translates to an uncertainty of the order of 
280 million Btu/hr in energy available for power generation; this is about 
3.7% of the energy available in this stream for the typical case. 

14.2 COAL :?REPARATION 

A coal preparation plant designed to produce a higher ash feed coal might 
present a more economical procedure than that used here. 'The penalty for 
handling more ash through the COED process may be less than the cost of reduc- 
ing the ash in a washing plant; also the modified washing plant should have a 
higher carbon recovery. 

A study of preferred degree of cleaning is recommended prior to final 
plant design using a specific coal supply. 

14.3 COAL CRUSHER 

A red1~ction in crusher cost could result from a better understanding of 
the size distribution of products produced in different types of crushers. 

Crusher operation for the conceptual design was specified based on 
limiting the amount of crushed coal smaller than 100-mesh size. Of more 
critical in':erest is the amount smaller than 32S-mesh and lO-micron. An extra 
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allowance in equipment size was made because of the uncertainty in controlling 
the amount of fines in the crusher product. 

14.4 DRYER 

This design has limited the coal temperature to 350°F and the gas temper- 
ature used for coal drying to 1,0S0°F; these values were recommendations 
received based on the results of pilot plant operations. Since the char gas- 
ifier flue gas used for heating is highly reducing, and since the coal is in 
process for only a few seconds, possibly a higher coal-drying temperature can 
be used. If so, the capital cost of the drying equipment could be reduced. 

We recommend t h a t  t h e  a b i l i t y  t o  dry coa l  a t  h i g h e r  t e m p e r a t u r e  i n  a 
f l a s h  d r y e r  be d e t e r m i n e d .  

14.5 PYROLYZER 

14.5.1 TEMPERATURE 

This  d e s i g n  u s e s  f low r a t e s  and r e s i d e n c e  t imes  c o n s i d e r e d  ade-  
q u a t e  and r e a l i s t i c  t o  a c h i e v e  t h e  p y r o l y s i s  r e s u l t .  The m a j o r  d e g r e e  o f  f r e e -  
dom provided in the design is operating temperature. The range of temperatures 
used reflects ~ho current state of knowledge of the pyrolysis kinetics; greater 
confidence i~ the kinetics would result in narrower de%ign temperature range@ 
and decreased capital investment. 

14.5.2 RETENTION TIME 

Literature on coal pyrolysis indicates that some coals could be 
pyrolyzed to a sufficient extent in less than half the 6 minutes allowed in 
the conceptual design; reduction of pyrolysis time could result in smaller 
pyrolysis vessels and reduced fixed capital investment; size reduction would 
be limited to about 50% because of space requirements for internal cyclones, 
draw-off sumps, and inlet and outlet pipe connections. 

14.5.3 PRESSURE 

An increase in pressure level in the pyrolysis and gasification 
section offers the potential for reductions in equipment cost and power con- 
sumption in handling the several gas streams in the plant. The amount of the 
potential savings awaits development of data on pyrolysis yields and kinetics 
at higher pressures. 

Preferred devices for feeding coal to, and releasing ash from, 
higher pressure pyrolysis systems should be an integral part of the elevated 
pressure pyrolysis development objectives. 

14.6 GASIFICATION 

14.6.1 HIGH CARBON CONVERSION REQUIREMENTS 

The optimum extent of utilization of the fuel value of the coal 
could vary from the value used for the conceptual design. There is little data 
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on gasific~Ltion of coals to the target low levels of residual carbon under 
conditions of dense-phase fluidized bed, nonslagging, oxygenudeficient gasifi- 
cation. Physical limitations, such as agglomeration or decrepitation of ash 
particles, could be controlling, rather than economic factors. Establishment 
of physical limitations can be expected to require hardwaredevelopment to 
achieve the full potential of large-scale operation. 

We recommend further development of the high-carbon utilization 
gasificatic.n procedures and equipment design requirements. 

14.6,2 TEMPERATURE LEVEL 

An increase in gasification temperature Promises savings in cap- 
ital and operating costs. Since the limitation appears to be on local hot spot 
temperaturE!,, the allowable bulk temperature could be allowed to rise with devel- 
opment of better distributors, appropriate for each scale of operation. Oxygen 
usage wouldbe reduced since more oxidation would be accomplished by steam. 
Steam usage! would be reduced as the higher CO:CO 2 ratio would result in less 
heat of re~Lction being dissipated by condensation of excess steam. 

An increase in "gas residence time, in beds' of commercial depth 
as compared to the shallow bed in the pilot plant, should have the same effects 
on oxygen ~ind steam used as an increase in temperature. Continuing experimental 
programs are designed to establish the quantitative relationships needed for 
plant design. 

14.7 HYDRC'GEN PRODUCTION 

There is a potential for reduction in capital and operating costs if the 
raw low-Btu fuel gas used for hydrogen manufacture is taken hot with its natLtral 
steam content rather than being cooled, dried, reheated, and rehumidified. The 
latter course was used in the conceptual design because of concern that dust 
and oil vapor might be present in quantities harmful to downstream process 
steps. Should this concern not be justified, it would be possible to reduce 
the cooling tower duty by.about 100 million Btu/hr, and the amount of 600-psi, 
825°F steBal consumed by about i00,000 Ib/hr. At the same time, the generation 
of low-pressure steam from waste heat would be reduced by about I00,000 ib/hr. 

14.8 WATER UTILIZATION 

Water required by the COED complex of units totals about 45,000 acre 
feet (AF) per year. Usage totaling this amount in AF/yr is approximately as 
follows: 

Ccoling water evaporation and drift 

Cooling water blowdown 

36,500 

2,400 

Boiler feedwater makeup 4,500 

Process makeup 1,600 

45,000 
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Of this amomlt, about 3,500 AF per year are treated and returned to the 
surrounding waters, leaving a net consumption of about 41,500 AF/yr. 

One significant reduction in usage considered feasible would be in cool- 
ing water losses to the atmosphere, all of which are functions of cooling water 
circulation rate and thermal load. Of the approximately 610,000 gpm of cooling 
water typically circulated, nearly 400,000 gpm are used to condense the steam 
exhaust from turbine drivers. As an alternate, this function could be performed 
by air coolers; with air temperature as high as 100°F, Zhe required surface 
would increase and the capital cost would increase by about $21 million. 

The use of air coolers in this service instead of cooling water, however, 
would reduce the net water take to about 17,500 AF/yr, or a saving of some 
24,000 AF/yr. 

14.9 POWER GENERATION 

The present Design Basis calls for a fixed feed rate of MAF coal. This 
results in a variation of fuel gas produced which when combined with the steam 
generation requirement variation results in electrical power generation varia- 
tion from about 345 to 1,227 MWe; the export power for the typical case is 
about 830 MWe. 

It is possible that a more economical design would result from a Design 
Basis which fixes the level of electrical power generation instead of fixing 
the feed rate of MAF coal. For instance, if the level of power generation was 
fixed at 900 MWe, the investment in the power plant would be reduced by some 
25% or $80 million due to the need for only I0 turbine-generator sets instead 

of 13. 

The operating profitability should be improved due to the higher rate 
that could be charged for electrical energy sold on a base load (fixed) level 
rather than on an energy basis for a variable level. 

The effect on the other units in the complex would he to cause a greater 
variation in th~ quantity of oil produced than is the case with a fixed feed 
rate. While this would increase thecapital investment In certain equipment, 
it is believed the increase would be less than the savings in the power plant 
cost described above. Furthermore, the variation in the quantity of oil 
produced would have no effect on the selling price of this product. 

14 -4 



I. 

II. 

III. 

IV. 

APPENDIX A 

COED PROCESS 

CONCEPTUAL COMMERCIAL PLANT 

DESIGN BASIS 

MAY 2, 1973 

TABLE OF CONTENTS 

INTRODUCTION 

A. Objective 

B. General Approach 

C. Design Summary 

COED PROCESS PLANT DESCRIPTION 

A. General 

B. Dryer 

C. Preheater 

D. Pyrolysis 

E. Char Burner/Gasifier 

F. Oxygen Plant 

G. Vapor Recovery 

H. Gas Plant 

I. Hydrogen Production 

J. Oil Hydrotreating 

K. Waste Heat Recovery 

COED PROCESS DESIGN CRITERIA 

A. Coal Properties 

B. Pyrolysis 

C. Vapor Recovery 

D. Reference FMC COED Data Book 

SITE CONDITIONS 

A-I 

Revised 5/30/75 



I. INTRODUCTION 

A. Objectives 

Following consultations with FMC and OCR, which resulted 

in agreement on the following Design Basis, Parsons will 

proceed with the preparations of a conceptual design of 

a commercial scale COED Process plant using the technology 

developed by FMC under the sponsorship of OCR. The Design 

Basis presented here has been prepared in accordance with 

Item 14.3 of the COED Job Procedure as set forth in our 

letter P-8, dated November 3, 1972. 

The primary objective is a preliminary design, in 

sufficient detail for a budget-type cost estimate. 

This will be termed phase I. Parsons' further goal 

will be to prepare a design package in sufficient 

detail to permit a competent engineering-construction 

f~rm to complete the detailed engineering and construc- 

tion of the facility. This is called phase II. 

B. General Approach 

This Design Basis sets forth the philosophy and data 

on which the commercial plant will be designed. A 

consequence of increasing the scale of operation is 

that some conditions used in the pilot plant must be 

modified. 

5/2/73 
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The process shall fully utilize the COED product char. 

As a base case, with which to compare alternate uses 
d 

for the char, it will be burned (gasified) to supply 

the heat and power requirements of the plant. The char 

will be burned under reducing conditions, so that the 

flue gas contains hydrogen and carbon monoxide, a further 

source of heat for power generation after hydrogen sulfide 

Ls removed. Noncondensible pyrolysis gas, after hydrogen 

sulfide removal, is another fuel for power generation. 

Excess electric power will be exported. All stack g&ses 

3hall meet all emission requirements without scrubbing. 

':7he overall design concert is as follows: 

, 

Coal I 
i ' -  

L Mining i • > [  Preparation 

COED Oil 

r' 
>' i . . . .  

. _  I 

S u l f u r  
- "  8 

_. S~gam and 
fuel gas 

. . . . . . . . . . . .  

IV 
Power 
Plant 

t 

E]ectr~c 
Power 

W ,  

Ash 
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This Design Basis is concerned only with Unit III, the 

COED Process plant. 

The COED battery limits process plant includes units to: 

i • 

2. 

3. 

4. 

o 

6. 

7. 

8. 

Dry and pyrolyze the coal. 

Recover and filter oil. 

Burn/gasify char. 

Remove sulfur compounds from the pyrolysis zas and 

flue gas. 

Convert sulfur compounds to sulfur. 

Produce hydrogen. 

Hydrotreat the raw pyrolysis oil. 

Generate steam from waste heat. 

C. Desig n Summary 

i. Coal Dryer 

Hot flue gas generated in the char burner/gasifier 

will be used as the drying medium. Pneumatic con- 

veyor dryers, often called flash dryers, will be 

used to remove most of the moisture from the feed 

coal. A fluidized bed will be included to insure 

complete drying. 

2. Preheater 

The dried coal will be preheated to about 600°F and 

mixed with recycle char to prevent agglomeration in 

the pyrolyzers. 

s12173 
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. 

, 

S. 

Pyrolyzers 

Pyrolysis will be conducted in fluidized beds at 

successively higher temperatures. ]'he neat of 

pyrolysis shall be derived ;tom either hot char 

or hot flue gas from the char burner/gasifier or 

both. 

Char Burner/Gasifier 

Char will be burned (gasified) under reducing 

conditions, at least to the extent needed to 

provide the heat requirements of the drying and 

pyrdlyzing operations. 

Summary 

In summary, the conceptual design of process units 

and supporting electrical power generation facilities 

for the COED plant ~s. shown in Figure i. 

Sl21.3 
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If. COED PROCESS PLANT DESCRIPTION 

A .  Genera l  

I .  Design C a p a c i t y  2 1 , 5 0 0  t o n s / d a y  o f  m o i s t u r e -  
a n d - a s h - f r e e  coa l  

(26,000 to  29,000 t o n s  p e r  
day as r e c e i v e d  from t h e  
c l e a n i n g  and c r u s h i n g  p l a n t .  
Keeping t h e  MAF p o r t i o n  o f  
t h e  f eed  a t  a c o n s t a n t  r a t e  
w i l l  a l l ow t h e  e x p e n s i v e  s e c -  
t i o n s  o f  t h e  p l a n t  t o  o p e r a t e  
at o r  n e a r  d e s i g n  capacity. 
M o i s t u r e  and ash  f l u c t u a t i o n s  
a r e  l i m i t e d  t o  t he  f r o n t  end 
o f  t h e  p l a n t ) .  

2. Site conditions Midwest g e o l o g i c a l  r e g i o n  

3. Coal s o u r c e  I l l i n o i s  No. 6 Seam 

. COED P l a n t  B a t t e r y  L imi t s  Feed and E f f l u e n t  S t r e a m s :  

a. Coal i s  r e c e i v e d  c r u s h e d  t o  a s p e c i f i e d  s i z e  r a n g e .  

M o i s t u r e  and ash c o n t e n t  a r e  n o t  c o n t r o l l e d .  

b. P r o d u c t s  a r e  COED o i l ,  e l e c t r i c  "power and s u l f u r .  

e .  S tack  gas mee ts  l o c a l  p o l l u t i o n  c o n t r o l  r e g u l a t i o n s .  

d. Ash i s  d i s c h a r g e d  a t  about  140*F; ash  d i s p o s a l  i s  

c o n s i d e r e d  an o f f s i t e  act ivi ty.  

B. Dryer  

A t w o - s t a g e  p n e u m a t i c  c o n v e y i n g  ( f l a s h )  d r y e r  w i l l  be used  

to  remove t h e  ma jo r  p o r t i o n  o f  t h e  m o i s t u r e .  The f i r s t  s t a g e  

w i l l  h e a t  t h e  coa l  t o  abou t  1500F and e v a p o r a t e  p a r t  o f  t h e  

moisture. 

512/73 
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The second stage will continue the drying and heat the 

coal to about 550°F. The heat requirement will be cal- 

culated on the basis of complete drying. Heat will be 

obtained from char burner flue gas and/or recycle char 

which has been cooled to a desirable temperature below 

1050°F, depending on the moisture content of the coal. 

Gas flow rates through the dryers must be maintained 

within, narrow ranges. Variations in heat demand, 

resulting from variations in moisture and ash content, 

will be matched by regulating the entering flue gas 

t e m p e r a t u r e .  

A third stage of drying is provided to insure "complete" 

drying (to about 1 percent moisture) because there is 

some question of the flash dryer's ability to attain 

such a low moisture content. Heat requirement for the 

third stage shall be based on drying to zero moisture. 

C. P r e h e a t e r  

Dr ied  c o a l  w i l l  be p r e h e a t e d  to  abou t  600°F by m i x i n g  i t  

w i t h  f l u e  gas a n d / o r  r e c y c l e  c h a r ,  whose t e m p e r a t u r e  i s  

c o n t r o l l e d  to  be no more t han  1050°F, in  a f l u i d i z e d  bed 

be tween  t h e  d r y e r s  and t h e  p y r o l y z e r .  C o n s i d e r i n g  t h e  

d i l u t i o n  w i t h  r e c y c l e  c h a r ,  a t e n  m i n u t e  r e s i d e n c e  t ime  

i s  deemed s u f f i c i e n t  to  c o n d i t i o n  I l l i n o i s  No. 6 Seam 

coa l  f o r  c h a r g i n g  t o  t h e  f i r s t  p y r o l y z e r .  For  h e a t  

5 / 2 / 7 3  
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r e q u i r e m e n t ,  the  m o i s t u r e  c o n t e n t  o f  d r i e d  coa l  w i l l  be 

c o n s i d e r e d  to  be 1 p e r c e n t .  

D. Pyrolysis 

This design will use the following features: 

i. Use continuous flow, fluidized beds in series, heating 

the coal to successively higher temperatures. 

. 

. 

Combine vapors from pyrolysis and pass them to a single 

condensing train. 

Use r e c y c l e  char  from t h e  cha r  bu rne r s  a t  1600°F as 

the principal source of heat for pyrolysis. Heat for 

pyrolysis may be derived from char burner flue gas. 

Control the pyrolyzer bed temperatures by regulating 

char  f low r a t e s .  

. Remove fine particles from the pyrolysis vapors by 

use of two-stage cyclones in each pyrolysis vessel. 

The cyclones will deliver the fines to the outlet of 

the bed so that these particles, which need the least 

residence time, will be moved promptly from stage to 

stage. 

. Let t he  r e q u i r e d  t o t a l  volume o f  the  v e s s e l s  be s e t  by 

the  f eed  r a t e  ( i n c l u d i n g  r e c y c l e  c h a r ) ,  t he  f l u i d i z e d  

d e n s i t y  ( to  be c a l c u l a t e d ) ,  and a t o t a l  r e s i d e n c e  t ime 

of t en  minutes, 

5/2/73 
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E. 

. Fluidizing velocities, bed heights,:and size consists, 

being interdependent, shall be determined by economic 

considerations, within limits set by industrial and 

pilot plant practice. 

. 

. 

9. 

Provide control of pyrolyzer temperatures so that the 

required amount of pyrolysis will occur in each vessel. 

For example, if two pyrolyzers are used, the equipment 

will be made capable of attaining temperatures of 

815 ° + 25 ° and 1050*F + 25 °. 

Recyc le  p y r o l y s i s  gas  w i l l  be a v a i l a b l e  t o  t h e  p y r o l y z e r s  

to  smooth ou t  v a r i a t i o n s  i n  v a p o r  f low r a t e s  as t h e  com- 

p o s i t i o n  of the coal varies, and thereby maintain 

fluidization of the beds. The vessels will be tapered 

if required to compensate for increase in vapor volume 

from bottom to top. To minimize the expansion of the 

recycle gas, it will be preheated r 

Limit solids entrainment from pyrolyzers so that the 

solids content of oil feed to the filters is no more 

t h a n  5 Wt%. 

CharBurner/Gasifier 

The carbon content of the ash will be reduced to as low a 

value as can be economically justified, tentatively assumed 

to be 2 percent of the original carbon. 

5/2/73 
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L 

Fresh oxidizing gas consists o£ oxygen diluted with steam 

to avoid hot spots. The effluent flue gases from the 

burner/gasifier contain negligible oxygen and exit at a 

temperature of 1,600°F. 

Combustion t empera ture  will be c o n t r o l l e d  by vary ing  the 

r a t i o  of  steam to oxygen wi th in  l i m i t s  and/or  by r e g u l a t i n g  

the  depth of  the  bed. 

Char is c i r c u l a t e d  from the b u r n e r / g a s i f i e r  to the  p y r o l y s i s  

s e c t i o n  to  p rov ide  p y r o l y s i s  hea t .  

The tempera ture  of  the  char w i l l  be kept s a f e l y  below the 

ash s o f t e n i n g  po in t .  Char tempera ture  w i l l  be c o n t r o l l a b l e  

in  the  range of 1,500 ° to 1,650°F in the  burner  beds.  

Mechanical des ign temperature  w i l l  be 2,000°F. 

The combined f l u e  gas stream wi l l  f i r s t  be cooled by con tac t  

with lower ~emperature char  streams and/or  by heat  exchange 

to produce steam. A p o r t i o n  of  the f lue  gas w i l l  be used 

to dry and p rehea t  the coal  (see Sec t ion  I I -B) .  

The p r e s s u r e - o f  b u r n e r / g a s i f i e r  ope ra t ion  w i l l  be e s t a b l i s h e d  

to  p rov ide  adequate d r iv ing  force  to t r a n s p o r t  char  to  and 

from the  p y r o l y s i s  beds and t o  move the f l ue  gas through the 

coal  d rye r .  

Revised 5/30/7S 
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F. 

G. 

H. 

I. 

J. 

Oxygen Plant 

A proprietary oxygen plant will be incorporated. 

Vapor Recover~ 

The combined vapors from the p rehea te r  and pyro lyzers  wi l l  

be condensed by contacting them with a recirculating 

cooled stream of condensed oil. An elgctrostatic 

precipitator may be used to remove oil fog from the 

remaining vapors before they are cooled to condense 

water and light oil. Condensed water may be used 

in the char burner/gasifier to meet part of the 

requirement for steam. 

Gas Plant 

Separate gas plant trains will remove sulfur from the char 

burner flue gas and from the pyrolysis gas, to make those 

suitable for use as fuels. 

Hydrogen Production 

Hydrogen will be produced at 96 percent purity from cooled 

and cleaned char burner flue gas. 

Oil Hydrotreatin~ 

The oil hydrotreating conditions which the COED pilot plant 

has successfully demonstrated will be used in this design. 

Revised 5/50/75 
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K .  Waste Heat  Recover  7 

1. Waste h e a t  w i l l  be r e c o v e r e d  Jn t h e  form o f  s team f o r  

use  w i t h i n  t h e  p l a n t  and f o r  e l e c t r i c  power  g e n e r a t i o n .  

. F lue  gas  from t h e  cha r  b u r n e r s  must  be c o o l e d  t o  below 

1050°F f o r  t h a t  p o r t i o n  used  f o r  c o a l  d r y i n g ,  and f u r t h e r  

f o r  t h e  p o r t i o n  go ing  to  c l e a n u p  f o r  low BTU f u e l  gas and 

hyd rogen  p r o d u c t i o n .  

. P a r t  o f  t h e  p u r i f i e d  f l u e  gas from t h e  cha r  b u r n e r /  

g a s i f i e r  w i l l  be used  to  m a n u f a c t u r e  hyd rogen .  The 

r e s t  w i l l  be bu rned  to  g e n e r a t e  s team.  

5 / 2 / 7 3  
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L. Coal P r o p e r t i e s  

Temperature 
Density 
Specific heat 
Moisture 
Ash 
Volatile Matter 

40 to 80°F 
84 Ib/ft 3 

See Figure 2 
8 - 13.7 wt%, wet basis 

9.7 - 14.3 wt%, dry basis 
40.7 - 51.4 wt%, MAF basis 

Ultimate Analysis: 

Carbon 
Hydrogen 
Nitrogen 
Sulfur 
Oxygen 

77.5 - 80.5 wt%, MAF basis 
5.2 - 5.9 wt%, MAF basis 
1.3 - 1.8 wt%, MAF basis 
I.i - 5.8 wt%, MAF basis 
8.7 - 11.4 wt%, MAF basis 

Heat  o f  f o r m a t i o n  o f  c o a l  componen t s ,  BTU/Ib: 

Coal  c a rbon  
Coal  hyd rogen  
Coal  s u l f u r  
Coal  oxygen 

58 + 218.1 x H 
- 1 8 , 5 3 6  + 654.3  x l! 

1 ,326 + 81 .8  x l[ 
- 5 , 308  - 81 .8  x ' l !  

H = wt% hydrogen, MAF basis 

R e v i s e d  5 / 3 0 / 7 5  
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M. Pzrolysis 

I .  Pyro lys i s  y i e l d s :  

wt%, MAF bas i s  

CH 4 3.0642 -+ .392 
C2H 4 .2090 + .098 
C2H 6 .5446 _+ .120 
C3H 6 .1915 + .I14 
C3H 8 .1336 -+ .112 
C4HI0 .3768 + .202 
Oil 22. 487 + 3. 154 
H20 6. 313 ± 4.222 
H2S 1.6108 _+ 1.590 
NH 5 TRACE 
H 2 .1467 
CO I .  0040 
CO 2 I. 9272 
Char (ex-ash) 61.9916 ± 5.20 

The data source for these yields is FMC letter of 

August 1973. 

2. Pyro lys i s  heat ,  500 BTU/lb of  vapor evolved 

3. Char p r o p e r t i e s :  

Spec i f i c  hea t :  See Figure 2 

4. Green char compositio n wt%, MAF bas is  

C 87 to 93 
H' 2.0 to 2.3 
N i:.0 to 2.0 
S 3 to 7 
0 .5 to 2 
Volatile Matter 3 to 5 

The data source is FMC runs P-19 and 20. 

4w 
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N. Vapor Recovery 

I. Pyrolysis Oil Properties: 

API Gravity 

Composition 

C 
H 

N 

S 
0 

-3 ° tO -5 ° 

wt%, MAF basis 

80.5 to 82.5 
6.7 to 7.5 
1.0 to 1.3 
1.5 to 2.5 

6 to I0 

0 

ASTM distillation o F 

IBP 320 
2 Vol % 400 
5 450 

I0 500 
20 620 
30 730 
40 820 
50 910 
60 1,000 

The data source is FMC runs P-16 thru 22. 

O. Additional data are available in FMC's COED Data Book. 

A-16 
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APPENDIX B 

SITE CONDITIONS 

1.0 GENERAL AND METEOROLOGICAL 

1.01 

1.02 

1.03 

LOCATION: North Central USA 

ELEVATION: 500 feet 

CLIMATIC CONDITIONS: 

a. Maximum temperature, I03°F; 

b. Minimum temperature, -15°P; 

c. Relative humidity," low 20%; 

d. 

e .  

f. 

g. 

h. 

i. 

j. 

k. 

i. 

m. 

d e s i g n  f o r  90°F 

d e s i g n  f o r  -15°F 

h i g h  100% 

Design wet bulb temperature, 77°F 

Rainfall, 38 in./yr (average); 0.75 in./hr design 

Average wind velocity, 12 mph 

Maximum wind velocity, 50 mph (gusts) 

Direction of wind, NW IQ; NW-SW 2Q; S 3Q; S-NW 4Q 

Average annual snowfall, 20 in./yr 

Design for 25 Ib/sq ft snow pace (omit if roof load known) 

Frost line - Design for 24 inches depth 

Lightning storms - Number per year, 50 

Dust storms - No speciai provisions required. Hail and 
tornados occur. Tornado occurrence March through June 

2 .0  STRUCTURAL DATA 

2.  Ol VERTICAL LIVE LOADS 

a. Roofs ,  t a n k  t o p s ,  e t c . ,  on h o r i z o n t a l  p r o j e c t e d  a r e a  

Area i n  sq f t :  0-200 200-600 
Rise less than 4 in./ft 25 2.5 
Rise 4 in./ft and steeper per UBC 
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2.02 

2.03 

2.04 

2.05 

2.06 

b. Platform, stairs and walks 

I. Pedestrian traffic only 
2. Work area - uniform loading 
3. Work area - concentrated loading 

Loading ( lb / sq  ft) 

75 
50 

320 

D 

e. Floors  on ground Uniform Load Concentrated 
( lb /sq  f t )  Load 

i. Buildings 
Administration bldg and Laboratory 75 
Control houses 100 
Maintenance bldg 250 
Stores warehouse 100 
Others 75 

2. Paved Areas i00 

1,000 on 2-1/2 f t - sq  

15,000 wheel load 

!5,000 wheel load 

EMPTY CONDITION 

Weight of equipment in place and empty, with removable internal 
parts all installed and with dead load attachments such as platforms 
and operating lines in place, plus wind or earthquake. 

TEST CONDITION 

Empty weight plus weight of test water, without wind or earthquake. 

OPERATING CONDITION 

Empty weight plus weight of liquid at maximum level, plus wind, 
earthquake, or expansion forces. 

LATERAL LOADS (Wind) 

a. Wind on vertical flat projected areas 

0 to 50 feet aboveground 
30 to 50 feet aboveground 
50 to 100 feet aboveground 
100 to 500 feet aboveground 

lb/sq ft 
1S 
20 
25 
30 

b. 

c. 

For circular equipment the wind pressure shall be assumed to 
act on 0.6 of projected area. 

For computing wind pressure on exposed open-frame structures, 
use 150% of projected areas of all members. 

LATERAL LOADS (Earthquake) 

Uniform Building Code Zone 2 

Note: Wind and earthquake forces are not additive. 
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4 2.07 

2.08 

ALLOWABLE STRESSES 

Allowable  s t r e s s e s  may be i n c r e a s e d  1/3 f o r  l a t e r a l  l o a d i n g s ,  and 
1/S d u r i n g  h y d r o s t a t i c  t e s t .  

STABILITY RATIO 

a. Minimum allowable stability ratio = Stabilizing Moment = 1.S 
Overturning Moment 

b. Soil-bearing foundations to have positive soil pressure over 
whole footing except for erection load conditions (Provided 
that toe pressure does not exceed allowable soil bearing 
pressure). 

2.09 BUILDINGS 

a. 

b. 

Administration, Change House: Concrete block exterior walls, 
gypsum boar& on steel studs for interior walls. 

Warehouse, Shops, Control Rooms and others: Prefabricated steel 
frame, siding & roof. 

3.0 FOUNDATIONS AND SOIL DATA 

3.01 

3.02 

SC, IL DATA 

a. Type of soil: sand; rocky 

b. Subsoil strata not a factor 

c. Elevation of water table varies 

d. Piling not required 

e. Special soil analysis reference: Zb be determined 

FOUNDATIONS 

a. Allowable Bearing Loads 

Soil Type D_~th Vertical Load Lateral Load 

Sand and rocky 3 ft 2,000 ib/sq ft 

b. Ultimat.e Compressive Strength After 28 Days: 

Reinforced concrete 3,000 psi. 

c. Minimum Coverage of Reinforced Steel 

i. Formed sections: 2 in. (except i-I/2 in. for No. 5 and 
smaller bars) 
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4.0 

2. Unformed sections: 3 in. 

3. Water contact: 3 in. 

d. Minimum Depth of Foundations 

i. Exterior walls and/or piers: 3 ft 

2. Interior building footings: 5 ft 

3. Frost line: 3 ft 

4. Ground water depth: 4 - 20 ft 

5. Termites and fungi are factors 

e. Elevations 

I. ,Base elevation (Refinery Datum): 

2, 

3. 

4. 

UTILITIES 

4.01 AIR 

a. 

I00.00 ft 

Existing ground elevation: 500 ft 

Finished grade: to be determined 

High point of paving: to be determined 

Instrument nitrogen at 30 psi, and maximum dew point -15°F 
at 30 psi 

Design cold water temperature: 86°F 

Maximum hot water temperature: 120°F 

Design hot water temperature: 120°F 

b. Utility air at 90 psi 

4.02 COOLING WATER 

a. Type: evaporative tower 

b. 

C. 

d. 

e. 

f. 

4.03 COOLING TOWER 

a. Water inlet temperature: 

Design water supply pressure at grade: 

Design water return pressure at grade: 

120°F 

40 psig 

30 psig 
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4.04 

4.05 

b. Water outlet temperature: 86OF 

c. Design wet bulb: 77°F 5% rule 

d. Type of tower: induced draft 

e. Structural design-lateral load: 

STEAM AND CONDENSATE 

a. 

b. 

c. 

d. 

BOILER FEEDWATER 

a. Supply p re s su re  at  p lo t  l i m i t :  15 ps ig  

b. Supply tempera ture  a t  p l o t  l i m i t :  40 - 8 0 ° F  

4.06 FUEL GAS 

See Section 2.0 

High p re s su re  steam at  600 ps ia  and 339°F superheat  

Low p r e s s u r e  steam at  65 ps i a  and sa t  

In t e rmed ia t e  p r e s s u r e  steam at  165 ps i a  and sat  

Condensate system at  (as r equ i red )  ps ig  

In -p lan t -p roduced  
Fuel Gas 

a. Pressure  a t  p lo t  l i m i t  45 ps ig  

b. Heating va lue  a t  1 arm 250 Btu/sc£ 

Primarily Hydrogen, CO, and CO 2 c. Composition: 

4.07 WATER SYSTEMS 

S~stem 
a. Drinking 

b. San i t a ry  

c. F i re  system 

d. I n d u s t r i a l  ~ a t e r  

4 . 0 8  SEWERS 

a .  

1. San i t a ry  

2. Oily water 

Supply Supply 
Pressure  Temperature 

40 ps i  Ambient 

40 ps i  Ambient 

90 p s i  Ambient 

40 ps i  Ambient 

Required 
Treatment 
Yes, wel l  water  

w / c h l o r i n a t i o n  
Yes, well  water  

w / c h l b r i n a t i o n  
No, r i v e r  water  

Yes, c l a r i f i e d  
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3. Surface runoff: Ditches only 

4. Chemical 

5. Combine 2, 3, and 47 Not before storm water surge pond 

b. Materials and Installation 

Item Sanitary Oily Water Runoff 

i. Design velocity 3-5 ft/sec 3-5 ft/sec 5-5 ft/sec 

2. Slope (%) As below* 2% 1% 

3. Minimum coverage 3 ft 5 ft Open ditches 

4. Manholes Yes Yes Open ditches 

5. Manhole covers Yes Yes Open ditches 

6. Junction boxes Yes Yes Open ditches 

5.0 ELECTRICAL EQUIPMENT 

5.01 POWER SUPPLY AND CHARACTERISTICS 

a. Source: 

b. Routing: 

c. Service: Volts Phase Cycle 

I. 15.8 kV 5 60 

2. 4.16 kV 5 60 

3. 440 V 5 60 

4. 120/240 V 1 60 

5. 240 V - -- 

6. Electrical instrumentation 24 VDC 

In-plant generation - emergency firm power from grid 

Overhead - Trays 

Main Supply 

Primary distribution 

Secondary distribution 

Lighting 

Emergency heating 

5.02 MATfiRIAL CLASSIFICATION 

See Drawing 

Hazardous areas a. Class i, Group D, Divison 1 
*Minimum 2% to septic tank, 1% beyond. 
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6 
b. 

C. 

5.03 MOTORS 

a. Size: 

b. Size: 

c. Size: 

5.04 METERING 

a. 

b. 

Semihazardous 

Nonhazardous 

150 hp and up 

3/4 hp to  125 hp 

1/2 hp and s m a l l e r  

Class  1, (;roup D, D iv i s ion  2 

NEMA 

6.0 INSTF:UMENTS 

6.01 

6.02 

6.03 

6.04 

6.05 

4.16 kV 

440 volts 

220/110 volts 

Main supply by plant power house 

Others to be determined 

Yes 

x 

x 

x 

x 

x 

X 

Type: Local panels and main control center 

Instruments: Pneumatic and electronic 

Account ing  Meters  Required 

a. P lan t  f eed  s t reams  

b. P l an t  p roduc t  s t reams  

c. 600 p s i a  s team sys tem 

d. 165 p s i a  s~eam s y s t e  m 

e. I n d u s t r i a l  wa te r  

f .  S a n i t a r y  wa te r  

g. Ai r  

h. Fuel gas 

PANELBOARD 

a .  

b. 

c.  Arrangement of  i n s t r u m e n t s :  - -  

d. Chart  d r i v e s :  E l e c t r i c a l  

EMERGENCY SUPPLY OF INSTRUMENT AIR: 

INSTRUMENT AIR COOLER AND DRYER: 

MASTER INSTRUMENT AIR FILTERS: 

Yes 

Yes 

Yes 
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7.0 PROCESS DATA 

7.01 

7.02 

EQUIPMENT DATA 
Normal 

Contingency 
a. Pumps 10-25~ 

b. Compressors 5-10% 

c. Furnaces 10% 

d. Cooling tower 10% 

CODES - LATEST EDITIONS 

a. API-ASME unfired pressure vessel 
API 650 - Storage tanks 
ASME, Section VIII, Division 1 

b. ASA Piping Code 
USAS B31.3 - 1966 - Piping 
USAS B16.3 - Flanges and fittings 
USAS B31.1 - Power piping 

c. ASME Code Power Boilers - Section I 

d. National Electric Code - NEMA 

e. Uniform Building Code (by International Conference of 
Building Officials) 

f. National Plumbing Code - IBC 

g. Petroleum Safety Orders - Apply 

h. Exceptions to codes - None 

8.0 MISCELLANEOUS 

8.01 SAFETY 

8.02 

a. Maximum temperature for safety to personnel: 

b. Hazardous chemicals: Protect per OSHA 

WINTERIZATION 

a. 

i50°F 

Design considerations: Yes, -15°F for water, steam condensate 
and viscous process lines and instrumentation 

b. Degree requ i red :  As d i c t a t e d  by process requirements  
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e 8.03 NOISE ABATEMENT A FACTOR? Yes 

8.04 AIR POLLUTION REQUIREMENTS: 

8.05 WATER POLLUTION REQUIREMENTS: 

8.06 AIRCRAFT WARNING REGULATIONS: 

8.07 

Yes,.per state and local requirements 

Yes, per above 

Yes, per above 

SHIPPING PROBLEMS: None - Truck and railway both available for 
construction and operation 
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