
SECTION 14 

ECONOMICS 

The es t imated c a p i t a l  r equ i rements ,  p r o j e c t  and fund drawdown schedules ,  opera-  
t i ng  c o s t s ,  and r e q u i r e ¢ l s e l l i n g  p r i c e s  f o r  r e p r e s e n t a t i v e  p r o j e c t  f i n a n c i a l  
s t r u c t u r e s  a re  p resen ted  in t h i s  s e c t i o n .  All economics are  ba~ed on mid-1977 
d o l l a r s .  

For estimating purposes, the complex was divided into five cost centers: 

( i )  Coal Hine 

(2) Coal Preparation Plant 

(3) Process Plant 

[4) Power Plant 

(5) O f f s i t e s  

For further economic analysis, sensitivities of required selling prices to the 
key parameters of capital investment, operating costs, and profitability level 
are summarized. 

14.1 FIXED CAPITAL INVESllqENT 

14.1.1 SCOPE 

The p re l imina ry  f ixed  c a p i t a l  investment was es t imated  for  a 
g r a s s r o o t s  complex producing SNG, l i qu id  f u e l s ,  and e l e c t r i c  power from coal 
produced in a c a p t i v e  coal mine~ The p rocess  p l an t  p o r t i o n  o f  the  complex con- 
s i s t s  o f  the  p r i n c i p a l  process  un i t s  de sc r ibed  in Sec t ions  4 and 5 and shown on 
the block flow diagram, Figure 4-1.  (All f i g u r e s  and t a b l e s  fo r  t h i s  sec t ion  
have been p laced at  the  end o f  the  t e x t . )  

Necessary ancillary facilities are included, with such items as 
administration, warehouse, laboratory, changehouse, nnd 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 and fencing; utilities distribution; and other items 
required for the efficient operation of an industrial complex of this magnitude. 

14. I .  2 SUM~S'~RY 

billion. 
The es t imated  f ixed  c a p i t a l  investment  f o r  t h i s  complex is  $2.4 
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The total constructed costs, approximately $2.2 billion, are 
shown for each of the unit areas in Table 14.1. To this have been added home 
office costs and sales taxes, which result in the total projec~ fixed capital 
investment. Major equipment costs distributed by equipment classification for 
certain key units are shown in Table 14-2. 

14.1.3 PROCEDURES 

The estimate is considered to be within the -5, +20% accuracy 
range. It includes the cost of equipment, engineering, design and drafting, 
project management, field direct and indirect costs, procurement, contractor's 
fee, and supporting services. Allowances for instrument checkout and mechanical 
run-in are also included. 

14.1.4 BASIS FOR UNIT AREAS 

The basis for the estimate for each unit is discussed in the 
following paragraphs. 

"The equipment estimate for the Coal Mine (Unit 8), is based on 
vendor pricing. The balance of the estimate consists of in-house costing of 
mine support facilities, initial mine cuts, and road building. 

Key process unit estimates were developed, using a combination of 
in-house pricing and vendor pricing information for major equipment. The totals 
for major equipment costs were then used with~historical cost multipliers to 
obtain the total constructed cost estimate for each unit. The units in this 
category are listed below: 

Unit No. 

9 
10-1 
10 
12 
1S 
14 
15 
16 
17 
18 
19 
21 
22 
24 
27 
28 
29 
30 
31 
$3 
35 
3~ 

Description ~ 

Coal Preparat ion 
Coal Storage 
Coal Grinding and,Drying 
SRC Dissolving 
SRC Atmospheric Distillation 
SRC Vacuum Distillation 
Pyrolysis 
Pyrolysis Atmospheric Distillation 
Sour Gas Compression 
Process Gasification 
Shift Conversion 
Heavy Liquids Hydrotreating 
Thermal Cracking 
Naphtha Hydrotreating 
Saturate Gas/Acid Gas Removal 
Olefin Recovery and Polymerization 
Hydrogen Recovery and Purification 
SNG Purification 
LPG Fractionation 
Fuel Gas Generation 
Steam and Power Generation 
Process Waste Water Treating 
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The Oxygen Planz (Unit 11), the Selective Acid Gas Removal (Unit 
20), the Fuel Gas/Acid Gas Removal System (Unit 34), all represent proprietary 
turnkey units. Estimates for these units were based on vendor quotations. 

Coking {Unit 23), Naphtha Reforming (Unit 25), Olefinic Gas/Acid 
Gas Removal (Unit 26], and the Sulfur Plant [Unit 32) were estimated on the 
basis of capacities using in-house historical cost data. 

The remaining offsite units were estimated on the basis of in- 
house historical information. These include the following:' 

Unit No. Description 

37 
38 
$9 
40 
41 
42 
4~ 
44 
45 

Shops and Buildings 
Fire Water System 
Potable and Sanitary Water System 
Raw Water System 
Effluent Water Treating 
Product Storage 
Flare System 
Site Preparation; Roads and Railroads 
Instru~ent'and Plant Air Systems 

14.1.5 BASIS FOR COST CATEGORIES 

below: 
The estimating procedures used for each cost category are detailed 

A. Major Equipment Costs 

Process and major equipment costs are based on vendor pricing 
combined with historical in-house experience. Vendor prices were solicited 
for certain special process equipment items where historical in-house pricin E 
data were not completely applicable. 

B. Constructed Cost 

Constructed cost is estimated by applying an experience factor 
to major equipment cost. This'=factor includes the field direct and field in- 
direct costs. 

i. Field Direct Materials, Labor, and other Direct Costs. 
Field direct costs include: 

(I) Concrete, structural steel, piping, instrumenta- 
tion, and electrical 

(2) Labor for construction of the various units 

l q j  
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(3) Other d i r e c t  cos t s  such as miscel laneous  f r e i g h t ,  
i n s t rumen ta t ion  checkout  and run- in  servicbs ' ,  
soils investigation, nonproductive time, and taxes 
that cannot be allocated to specific unit areas 
but are considered direct cests 

The labor costs reflect mid-1977 average hourly rates for 
the eastern interior coal region and expected labor productivity for that area. 
The estimate is based on the work being p~rformed during a .standard workweek 
defined as five 8-hour days, Monday through Friday. No provision for premium 
costs for scheduled overtime work is included. However, an allowance for 
limited nonscheduled, overtime has been included. 

2. Field Indirect Costs. Field indirect costs include: 

[I) Temporary c o n s t r u c t i o n  f a c i l i t i e s  and cos t s  r e -  
l a ted  to  the  job and i t s  working cond i t i ons ,  
inc luding  c r a f t  s u b s i s t e n c e  and t r a n s p o r t a t i o n  

(2) Field administration and field office expense 

(3) Construction esuipment, small too'Is, and 
consumables 

(43 Payro l l  t axes ,  i n su rance ,  union we l fa re ,  f r i n g e  
b e n e f i t s ,  pe rmi t s ,  and bonds 

C. Home Office Cos%s 

Engineering-construction home office costs include management 
and administration, process and project engineering, construction support, de- 
sign, d r a f t i n g ,  accounting, estimating, schedul ing ,  cost engineering, procure- 
ment, expediting, inspection, stenographic, clerical, engineering construction 
fee, overhead, and direct expenses such as printing, reproduction, computer 
charges, communications, and travel. 

D. Spare Par t s  

Costs f o r  spare  pa r t s  are  inc luded  in working c a p i t a l .  

E. Sa les  Tax 

equipment• 
5% sale~ tax  and/or  uso t ax  i s  inc luded fo r  m a t e r i a l s  and 

P. Escalation 

Escalation for the period after mid-1977 is not included. 

G. Contingency 

No con.tingency allowance has been included. 
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H. Exclusions from Fixed Capital Investment Estimate 

The following cost items, which normally amount to less than 
1% of the Fixed Capital Investment, are excluded from the 
estimate: 

[I) Owner's expenses connected with project 

[2) All taxes, except sales and p~yroll taxes 

(3) Client's local, state, and federal permits 

C49 Premium time costs, except nonscheduled overtime 
premium 

(5) Piling and unusual foundation conditions 

(6) Process licensing fees 

14.2 TOTAL CAPITAL REQUIREMENTS 

In addition to the fixed capital investment, total capital requirements 
include: land acquisition and rights of way; initial charges of catalysts a~d 
chemicals; startup costs, construction financing, and provision for working 
capital. 

Initial capital requirements for the five cost centers used for estimating 
operating costs are summarized in Table 14-3. q~e estimated total capital re- 
quirement of the project amounts to about $2.75 billion exclusive of'construc- 
tion financing costs, which depend on the project schedule, fund drawdown, and 
method of financing the project. This is discussed in subsections 14.4 and 
14.6. 

The Fixed Capital Investment is summarized by cost centers in Table 14-4. 
A detailed list of catalysts and chemicals estimated to cost $9 million is 
presented in Table 14-5. Startup, estimated to cost about $]48 million, is 
summarized in Table 14-C with construction chan@es and additlonal first-year 
maintenance based on experience factors for the types of units used. Provi- 
sions f6r working capital estimated at about $165 million are shown in Table 
14-7. 

Recurring capital expenditures £or replacement of coal mining equipment 
are based on the costs and useful lives show11 in Table 14-8. Annual expendi- 
tures are shown in the Cash Flow Case Evaluations discussed in subsection 14.7. 

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

! 
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14.3 PROJECT SCHEDULE 

The estimated project design, engineering, procurement, construction, 
'd 

and startup schedule is shown in Figure i .-I. This schedule was developed 
based on an analysis of the design, procurement of schedule-controlling equip- 
ment, fabrication, erection, and construction schedules. The results indicate 
mechanical completion in 60 months ,and capacity production I year later. 

The estimated time required for construction completion is based on unit 
and major equipment count and type. Critical delivery equipment was predicted 
to require up to 36 months from time of order. Historical data from previous 
projects provided a basis for development of the project schedule. 

14.4 FUND DRAWDOWN SCHEDULE 

The fund requirements during the design, engineering, procurement, con- 
struction, and startup periods are illustrated in Figure 14-2; fund require- 
ments are shown for 6-month intervals. The cumulative fund drawdowns are 
shown in Figure 14-3. 

The Figure 14-2 and 14-3 fund drawdown schedules were developed based on 
the sum of th~ estimated fund requirement schedules for the ~ive separate cost 
centers. These fund expenditure estimates were based on the construction sched- 
ule and experience gained from pr~or projects. 

14.5 OPERATING COSTS 

Estimated operating costs for each of the five cost centers are summarized 
in Table 14-9. Supporting details for the separate cost centers and elements 
are shown in Tables 14-10 through 14-18, which follow. The total projected 
annual operating costs are $294 million. . 

14.5.1 GENERAL BASIS 

The economic analysis is based on a plant operating period of 
20 years. The operating rate is 330 stream days per year, equal to a 90.4% 
operating factor except for the first'year of operation, when the complex is 
assumed to produce aT s rate equal to 50% of capacity. The power plant is 
assumed to operate on a continuous basis 365 days per year, at an 80% operating 
factor. During periods of fuel gas gasifier maintenance shutdowns, the gas 
£urbine units will be operated on fuel oil. In case of partial fuel gas sup- 
ply curtailment, both fuel gas and oil can be fired together. 

Plant overhead/administration is based on an estimated require- 
ment for administrative and support personnel consisting of plant management, 
accounting, personnel, first aid, cafeteria, fir4 and safety, quality assur- 
ance, engineering, motor pool, material control, and other support personnel 
arid associated indirect materials and supplies. A payroll burden of 55% of 
total payroll cost for direct operation and maintenance labor plus supervision 
was used. The general and administrative expense is based on 1.5% of the 
total operating cost. Property tax and insurance is based on 2.75% of the 
initial fixed capital investment. 

14-6 



. . . . . . . . .  ~ o ~  . . . . .  ~ , l I $ ~ l i ~  mL~ p ~ m " * ~ a ~ l * ~  ~ I L  . . . . . . .  ~ J ~  I ~ ~ ' ~  . . . .  ~ . . . . . . . . . . . . . . . .  

Est imated  manpower r e q u i r e m e n t s  for t he  complex a r e  summarized 
in T a b l e  14-10;  they  amount t o  a p p r o x i m a t e l y  2800 p e o p l e .  

Annual m a i n t e n a n c e  c o s t s  a r e  summarized in  T a b l e  I4-11 .  

14 .5 .2  BASIS FOR COST CENTER~ 

The b a s i s  f o r  e s t i m a t i n g  the  annuai  o p e r a t i n g  c o s t s  f o r  each 
c o s t  c e n t e r  a r e  p r e s e n t e d  be low.  

A. Coal Mine 

A royalty of $1.50 per ton of clean coal was used. Operating 
supplies consist of explosives and associated supplies used in the mining opera- 
tion. Equipment operating costs shown in Table 14-8 include operating and 
maintenance materials. Direct costs for operating labor and supervision are 
shown in "l~ble 14-12. Maintenance labor and supervision are shown in Table 
14-13. Payments to the Union Welfare Fund of $1.5S per ton of clean coal are 
also included together with miscellaneous expenses, which consist of permits, 
bonds, and land reclamation. 

B. Coal Preparation 

Opera t i ng  and m a i n t e n a n c e  l a b o r  f o r  t h e  c o a l  p r e p a r a t i o n  
a r e a  a r e  shown in Table  14-14.  The t o t a l  c o s t  o f  m a i n t e n a n c e  i s  a p p r o x i m a t e l y  
3% o f  t h e  f i x e d  c a p i t a l  i n v e s t m e n t .  Th i s  i s  c o n s i d e r e d  t o  be  composed o f  50% 
p l a n t  l a b o r  and 70% m a t e r i a l .  

C. Process Plant 

C a t a l y s t s  and c h e m i c a l s  r e q u i r e d  f o r  t h e  p r o c e s s  p l a n t  a r e  
shown i n  T a b l e  14-5. O p e r a t i n g  and ma in t enance  l a b o r  a r e  d e t a i l e d  in Tab l e  
14-15.  The c o s t  o f  ma in tenance  amounts  to  a p p r o x i m a t e l y  4% o f  t he  f i x e d  c a p i -  
t a l  i nves tmen¢  as shown in T a b l e  14-11.  This  i s  c o n s i d e r e d  t o  be composed o f  
p r e v e n t i v e  and r o u t i n e  work (60%) c a r r i e d  out  by p l a n t  m a i n t e n a n c e  l a b o r ,  and 
major  m a i n t e n a n c e  t~,sks (40%9 c u r r i e d  out  by c o n t r a c t  l a b o r  d u r i n g  un i t  s h u t -  
downs. The r o u t i n e  work is composed o f  40% l a b o r  and 60% m a t e r i a l .  

I}. Powcr P l : l n t  

Opera t i ng  and m a i n t e n a n c e  l a b o r  a r e  shown in  Tab le  14-16.  
T o t a l  annua l  main tenance  c o s t s  c o r r e s p o n d  to  1 rail p e r  a v e r a g e  p r o d u c t i o n  kW/h. 

t ]. O f f s i t e s  

Annual consumpt ion  and cos t  o f  c h e m i c a l s  f o r  wa t e r  t r e a t m e n t  
a r e  shown in  Tab le  14-17. O p e r a t i n g  and main tenance  l a b o r  a r e  shown in T a b l e  
14-18.  T o t a l  ma in tenance  c o s t  c o r r e s p o n d s  to  2% o£ f i x e d  c a p i t a l  i n v e s t m e n t  
wi th  abou t  40% a l l o c a t e d  to  l a b o r  and t h e  b a l a n c e  t o  m a t e r i a l s .  
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14.6 FINANCIAL PARAMETERS 

14.6 .1  FINANCIAL STRUCTURE 

structures: 
Economics were d e v e l o p e d  f o r  t h r e e  types  o f  p r o j e c t  f i n a n c i a l  

t 

(i) 100% equity capital 

(2) Borrowed capital: 65% of tile total investment borrowed 
at 9% interest, with principal repaid in equal install- 
ments over the 20-year project term; all working capital 
borrowed for the 20-year term; a loan commitment fee of 
0.75% on funds not yet drawn down during the construction 
period 

(3) A nonprofit CO% discounted cash flow rate of return) or 
breakeven boundary case 

1 4 . 6 . 2  RETURN ON INVESTMENT 

For each of  the  above ca se s  a d i scoun ted  cash  f low (DCF) r a t e  o f  
r e t u r n  a f t e r  t a x e s  i s  s p e c i f i e d  and t he  revenue r e q u i r e d  t o  meet t h i s  o b j e c t i v e  
c a l c u l a t e d .  The DCF computa t ions  t a k e  i n t o  c o n s i d e r a t i o n  t he  10% d e p l e t i o n  
a l lowance  on the  coal  mine o p e r a t i o n ,  d e p r e c i a t i o n  a l l owances  as  d e s c r i b e d  be- 
low, an i n v e s t m e n t  t ax  c r e d i t  o f  10%, and a combined income t a x  r a t e  of  52% 
f o r  s t a t e  and f e d e r a l  t a x e s .  I t  was e s t i m a t e d  t h a t  90% o£ the  f i x e d  c a p i t a l  
i nves tmen t  i s  e l i g i b l e  f o r  t he  i n v e s t m e n t  t ax  c r e d i t .  I t  has  been  assumed t h a t  
the  p l a n t  w i l l  be ope ra t ed  as an i n t e g r a t e d  s u b s i d i a r y  o f  p r o f i t - m a k i n g  indus-  
t r i e s  t h a t  can w r i t e  o f f  i n i t i a l  l o s s e s  a g a i n s t  c u r r e n t  e a r n i n g s  f o r  t ax  
pu rposes ,  

Useful lives for asset depreciation purposes ~onform with the 
minimum provided in t~e Depreciation Guidelines and Rules, Revenue Procedure 
62-21. The double declining balance method of depreciation was used. An 8- 
year useful life was used for coal mine depreciation based on the guidelines 
for the mining industry. The guidelines for the chemicals and allied products 
industry under group three, "Guidelines for Manufacturing," were used to estab- 
lish an ll-year useful life for the Coal Preparation and Process Plants. The 
guidelines for a steam production plant for the production of electricity for 
electric utilities, group four, were used as a basis for a 28-year useful life 
of the power plant. 

14.7 REQUIRED PRODUCT SELLING PRICE 

The r evenue  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 c  DCF was c a l c u l a t e d  f o r  each 
o f  the  t h r e e  f i n a n c i a l  s t r u c t u r e  c a s e s .  

The results for the base c a s e s  are summarized in Table 14-19, which shows 
the contribution of each of the five cost centers to the total required revenue. 
The computer printouts for the cash flow case evalutations representing each of 
the three types of financing are shown in Table 14-20 through 14-22. 
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Table 14-20 contains the cash flow for the case of private ownership with 
100% equity financing with a 12% DCF after tax rate of return on equity. The 
required revenue after taking credit for the byproduct sulfur at $60 per ton, 
ammonia at $140 per con and "needle coke" at $150 per ton is $807 million per 
year. Table 14.-21 contains the cash flow for the case of private ownership 
with 65% debt and 9% per year interest. The required revenue is reduced to 
$585 million by debt financing. Table 14-22 contains the cash flow for the 
breakeven case with no return on invested funds. The resulting revenue require- 
ment is $294 million per year. 

For the typical case, the plant produces annually approximately 187,000 
billion Btu and 7.0 billion kwh of electrical power. The selling prices re- 
quired to achieve the required revenue are represented by the following linear 
equation: 

Required Revenue = (fuel price) x (187 x 1012 Btu) + (power price) 

"x (7.0 x 109 kwh) 

[:or 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  be tween  r e q u i r e d  s e l l i n g  p r i c e s  f ~ r  
t h e  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 igu re  14-4.  

14.8 SENSITIVITY ANALYSIS 

The s e n s i t i v i t y  o f  t h e  r e q u i r e d  r e v e n u e s  t o  v a r i a t i o n s  in s e l e c t e d  v a r i -  
a b l e s  uas a n a l y z e d .  The r e s u l t s  . i n d i c a t e  t h a t  t h e  e f f e c t  on the  r e q u i r e d  s e l l -  
i ng  p r i c e s  o f  a 10% change in  c o s t  e l emen t s  i s  as f o l l o w s ;  

Cost Element 

O p e r a t i n g  costs 

% Change in Required Selling Price 
I00,% Equity 65% Debt 

3.3% 4.2% 

Capital associated costs 8.5% 8.0% 

Run-of-mine coal cost nO -. o.a 5.7% 

Clean coal cost 2.5% 4.0% 

"rhc e f f e c t  on the  r e q u i r e d  r evenue  o f  v a r i a t i o n s  in t h e  DCI: .is si~own in  
l : i~ure  14-5. T y p i c a l  v a l u e s  f o l l o w :  

A f t e r  Tax Rate  o f  
Return oll F q u i t y  (%DCF) 

! (equ i red  S e l l i n g  P r i c e ,  % o f  Base Case 
100% l'quit>'. 55% Debt 

0 36 b9 

6 52 80 

12 I00 100 

18 152 150 
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14.9 POSSIBLE PRODUCT NARKET VALUES 

A b r i e f  assessment of  p o s s i b l e  product .market  values  and the  e f f e c t  of  
the  r e s u l t i n g  p ro j ec t  revenues on p r o f i t a b i l i t y  was completed.  The r e s u l t s  
a re  summarized below. 

To obta in  the p o s s i b l e  market va lues ,  t he  p r o j e c t e d  c h a r a c t e r i s t i c s  of 
t he se  products  were compared with those of  convent ional  crude-o~l  based 
p roduc t s .  This comparative eva lua t ion  included d i s c u s s i o n s  with major p e t r o -  
leum/chemical companies and utility companies plus review of industry reports 
and current literature. 

The possible unit sales values shown in Table 14-23 were used as a basis 
to illustrate the effect o~ sales values on the economics, also to perhaps 
stimulate further effort on establishing marketability and product values. 
The results indicate a possible annual revenue of approximately $965 million 
which is 36% and 4% greater than required to. achieve a 12% DCF with 65% debt 
financing and I00% equity financing, respectively. 

The possible $965 million annual revenue shown Jn Table 14-23 would 
result in the following DCFs: 

65% debt - 20% DCF 

100% equity - 13% DCF 

Details of the cash flow analysis for the 65% debt case are shown in Table 
14-24 and the sensitivity of DCF to change in revenue, fixed capital invest- 
meat, and operating costs, are shown in Figure 14-6. 

This analysis is considered only a starting point in the survey of 
possible U.S. market values for these products. The results, however, clearly 
emphasize the importance of definition of coal liquefaction product character- 
istics, marketability, and market values. This type of information should be 
developed for these products and also for all other coal liquefaction product 
types. 
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Table 14-1 - Fixed Capital Investment 
[Base Case) 

Unit 

08 
09 
i0 
]i 

12 
13 
]4 
15 

16 
17 
18 
19 

20 
21 
22 
23 

24 
25 
26 
27 

28 
29 
30 
31 

32 
..%,/, 

34 
35 

36 
37 
38 
39 

40 
41 
42 
43 
44 
45 

Description 

Coal bline 
Coal Preparation 
Coal Storage, Grinding, and Drying 
Oxygen Plant 

SRC Dissolving 
SRC Atmospheric Distillation 
SRC Vacuum Distillation 
Pyrolysis 

Pyrolysis Atmospheric Distillation 
Sour Gas Compression 
Process Gasification 
Shift Conversion 

Selective Acid Gas Removal 
Heavy Liquids Hydrotreating 
Thermal Cracking 
Coking 

Naphtha H),drozrcating 
Naphtha Reforming 
Olefinic Gas/Acid Gas Removal 
Saturate Gas/Acid Gas Removal 

Olefin Recovery and Pol~erization 
llydrogen Recover)" and Purification 
SNG Purification 
LPG Fractionation 

Sulfur Plant 
Fuel Gas Generation 
Fuel Gas/Acid Gas Removal 
Steam and Power Generation 

Process Waste Water Treating 
Shops and Buildings 
Fire Water System 
Potable and Sanitary Water System 

Rm¢ Water System 
Effluent Water Treating 
Product Storage 
Flare System 
Site Preparation, Roads and Railroads 
Instrument and Plant Air Systems 

C o s t  
$ Million No. 

Total Direct Construction Cost 
Field Indirects at 16% 

i, 

231.3!0 
64.035 
36.712 
181.800 

20g.849 
23.902 
27.970 
16.103 

1.880 
5.492 

24.942 
40.409 

48.633 
83.804 
28.697 
55.615 

19.221 
12.847 
11.756 
20.982 

3.307 
23.549 
21.156 
23.303 

33.700 
96.350 
64.533 

348.000 

9.283 
16.133 
3. 880 

• 391 

24.284 
2.103 

30.569 
1.454 

15.493 
4.000 

866.547 
298.648 

Total Construction Cost 
Home Office Overhead and Fee at 104 
Total 
Sales Tax 
Total Fixed Capital Investment 

Say 

2,165.195 
216.520 

2,381.715 
42.485 

2,424.200 

2 ,425.000 

14-11 



A~count 
Code 

~soo 

0900 

II00 

1200 

1300 

1400 

150C 

1600 

1700 

1800 

1900 

2000 

2100 

2200 

2300 

2400 

2500 

2600 

2700 

2800 
2,381 

Equipment 
Description 

Process 
feeders 

Samplers 

Columns 

Vessels 

f loa t  ex- 
changers and  
c o n d e n s e r s  

Furnaces and 
hea t e r s  

Pumps and 
drivers 

Boilers 

Coollng 
towers 

Compressors 
and blowers.  

Storage tanks 

Hater ia l -  
handling 
equipment 

Reductio~ 
equipment 

Separation 
equipment 

Concentrat ion 
equipment 

Agitators, 
mixers, and 
blenders 

Reactors 

Coal 
Preparation 

Unit 9 

1,015 

175 

980 

30 

48 

17,758 

1,330 

1,600 

Iloppers and bins 1,224 

Classi~ication 2,a12 
and screening 

Other major 1,588 
equipment 

L 

Total major 

aUnits  38, 59, and 43. 

equipment 28,270 

Con[ 
Storage 
Grinding 

and Drying 
Uni~ 1o 

4S 

764 

17,110 

1,396 

1,842 

23 

23,558 

SRC 
SRC Abmsphorlc 

Dissolving DistJllation 
Unit 12 Unit lS 

22,259 

287 

47 

16,545 2,357 

4,0]0 3,822 

5,301 344 

5,594 1,533 

133 

13 

33,558 

87,416 8.3g0 

SRC 
Vacuum 

D:s t i l l a t ion  
Unit 14 

3,575 

1,617 

2,352 

1,475 ' 

1,530 

Pyrolysis 
Unit 15 

610 

244 

3,327 

75 

708 

714 

S48 

]Sl 

10.348 6,3S7 
I 

Pyrolysis 
htmosphcric 
Distillation 

Unit  16 

74 

22 

445 

23 

178 

742 

Sour Gas 
Compresslc 

Unit 17 

160 

2,684 

628 

1,090 

: r.'7:--7 .... ."-.'.~ ............ 
.-. ...% ., .. ,-.: 

• ..--.., .., ... 

,. ', ~, ,.. 



)£.~ ; . .  • 

• : . . . .  • , . .  " . . .  
' , , .  

) 

Gas Procoss 
:ssion G a s i f i c a t l o ,  
: 17 Unic 18 

166 1,085 

~28 945 

25] 

977 

2,1]0 

4,280 

~84 9,648 

Sh i £c 
Ccnversion 

Unit 19 

187 

9,817 

S,498 

14,872 

Ilcqvy Lhlu tds Thermal Naphtha 
lly'lretreat in~ C.-acking Cokin~ Ilydrotrea~ing 

Unit 21 Un:Jl: 22 Unit  23 ] Unlt 24 

! 
218 

1,494 

8,997 

556 i 1,130 301 

556 3,764 346 

2,121 760 4,242 

2,04,1 i 5,250 1,971 242 

1,206 ! I 39J I , ,  1,073 ]85 

5,567 

15,I92 

448 410 1,071 

91 

12)SDO 

272 

341 

l,OSO 

54,518 9,304 I 22,S55 7,,1|7 

Naphl:ha 
Reforraing 
Unit 25 

108 

87 

94S 

2,159 

81 

1,149 

1 , 0 9 4  

$3 

5,679 

Olefinic 
Gas/Acid G~,s 

Removal 
• U n J ~  25 

3,222 

8] 

1, |12 

371 

~ 8  

]2! 

S 

. . .  

4,950 

Saturnt~ 
Gas/hchl ~a~ 

Romov~l 
I.hlJr 27 

4,875 

128 

1,711 

589 

58 

196 

Olefin 
Recovery an 

Polymori:r l t i  
Uni~ 2S 

186 

2,14 

543 

59 

7,564 1,132 



I~drogon 
lecove~y and 
~ur i f ica t ion  

Unit  29 

2,172 

181 

17 

D 

325 

10,374 

13,069 

Table 14-2 - Major Equipment Costs 
($000) 

SNG 
I'uri f i  cat  ion 

Uni t  30 

[,P(; 
Fract ionnt  io=1 

Unit 31 

Fuel tbs 
C~nera~ion 

Unit 33 

1,79b 

16,55b 

840 

3,150 

3,0.16 

12,8.13 

Steam and 
PoNCI" 

Generation 
Uni~ 35 

217 

5.~8 

251,015 

295 

360 b2 

I~634 75(] 

260 

81 41 

4,053 9,15 

1,125 

2,059 6,308 

D.572 10,311 38,211 23;,770 

PrOCeSS 
Waste l~ater 

Treating 
Unit 36 

887 

457 

1,490 

") ? . 4 .  

248 

3,321 

Raw Nater 
System 
Untl: ,10 

1~b31 

12,742 

,15(:, 

2,722 

IO 

17,5(,I 

Eff luent  
Water 

Treat ing 
Uni~ 41 

75 

7.1 

875 

151 

l ,2.15 

Other 
U t i l i t i e s  a 

292 

12 

25 

560 

b89 

Product 
Storage and 

Tank Fam 
Unit 42 

563 

14,808 

4,905 

20,279 

Account 
code 
Total  

23,319 

959 

16,014 

1~,590 

70,200 

22,110 

16,189 

977 

12,742 

23,376 

]6,302 

38,875 

2,949 

13,085 

12,500 

13 

75,05b 

1,49~ 

2,41~ 

265,24J 

651,39~ 

1 4 - I S  
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/ 
Table 14-4 - Fixed Capital Investment by Cost Centers 

($ million) 

(Base Case) 

Cost 
Cente r  

Hine 

Coal Preparation 

Process Plant  

Power Plant 

Offsites 

Number 

OB 

09 

Io 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2l 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
36 

3S 

10-1 
37-39, 
43,44 

4O 
41 
42 
45 

Unit 

Description 

Htne 

Cue'1 P r e p a r a t i o n  

Grinding and Drying 
Oxygen Plant 
SRC Dissolving 
SRC Atmospheric Distillation 
SRC Vacuum Distillation 
Pyrolysis 
Pyrolysis A:mosphcric Distillation 
Sour Gas Compression 
Process Gasification 
Shift Conversion 
Selective Acid Gas Rem~ral 
Heavy Liquids l~drotreating 
Thermal Cracking 
Coking 
Naphtha Hydrotreating 
Naphtha Reforming 
01clinic Gas/Acid Gas Removal 
Saturate Gas/Acid Gas Removal 
Olefin Re.every and Polymori=ation 
Oxygen Recover~ and PuTi f icat ion 
SiNG Purification 
LPG Fractiona~ion 
Sulfur Plant 
Fuel  Gas Genera t ion  
Fuel Gas/Acid Gas Removal 
Process Naste W a ~ e r T r e a t i ~ g  

Steam and Power Gene ra t i on  

Coal  S torage  
General F a c i l i t i e s  

Raw Neter System 
E f f l u e n t  ~ator T r e a t i n g  
P roduc t  S to r age  
IPs t rument  and PLant Air Systems 

Total Constructed Cost 

llcme Off ice Cost 

Sales Tax 

T o t a l  Pixeu Capital Investment 

Constructed 
Cost 

Subtotal Tdta! 

268.3 

74.3 

17.D 
210.9 
243,4 
27.7 
32,4 , 
]B ,7 
2,2 
6.4 

27.9 
46.9 
$6.4 
97.2  
33.3  
64.5 
22.3 
14.9 
13.6 
24.3 

5 .8  
27.3 
24,S 
27.0 
39,1 

I I 1 . 8  
74.9 
10.8 1,279.2 

403.7 

25.6 
~3.3 

28.2 
2.4 

35.$ 
4 .__._77 139.7 

2,165.2 

Fixed 
C a p i t a l  

Investment 

By Cost 
Toca~ Cen te r  

300 

83 

1,432 

452 

!38 

2,165.2 

216,5 

42.5 

2,424.2 2,425 

14-16 
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Table 14-10 - Hanpower Summary 
Base Case) 

Item Operating Maintenance Administration Total 
=,, 

"34B 

887 

33 

322 

141 

8 S  

1,468 

Administration 

Coal mine 

Coal preparation 

Process plant 

Power plant 

0ffsites 

Total 

308 

22 

566. 

57 

27 

980 348 

348 

1,195 

55 

888 

198 

112 

2,796 

i 

! 

1 
I ! 
! 
1 

I 
1 

,1 
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Table 14-11 - Annual Maintenance Cost 
($ million) 
(Base Case) 

Summary 

Unit No. 

08 

09 

I0 
11 
12 
13 
14 
1H 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

31 
32 
35 
34 
36 

3S 

I0-! 
37-~9, 
43-44 

40 
41 
42 

Description 

Mine 

Coal P r e p a r a t i o n  

Process Plant 
Grinding and Drying 
Oxygen Plant 
SRC Dissolving 
SRC Aim Distilla~ion 
SRC Vacuum Distillation 
Pyrolysis 
Pyrolysis Atm Distillation 
Sour Gas Compression 
Process Gasification 
Shi£t Conversion 
Select ive Acid Gas Removal 
Ileavy Liquids Hydrotreating 
Thermal Cracking 
Caking 
Naphtha llydrotreating 
Naphtha Reforming 
Olefinie Gas/Acid Gas Removal 
Saturate Gas/Acid Gas Removal 
Olofin Recovery and Polymerization 
1~drogen Recover)" and Purification 
SNG Purification 
LPG Frac~lenatlon 
Su l fu r  Plant 
Fuel Gas Generation 
Fuel Gas/Acid Gas Removal 
Process  Waste Water T r e a t i n g  

Process Plan t  T o t a l  

Steam and Power Generation 

Offs i tes  
Coal Storage 
General Facilities 

Raw i~ater System 
E~Fluent Water Treating 
Product Storage 
Instrument and Plant Air Systems 

0ffsites Tota l  

Tota l  

Labor 
Including 
Payroll 
Burden 

6.280 

0.750 

i3 .342 

1.403 

0.606 

22.381 

/" 

Coecrac~ 
i Labor 

None 

None 

23.090 

O. 660 a 

23. 750 

N a t e r l a l s  

31.402 a 

1.7,i6 

21.293 

8.800 

1. 894 

53 .488  

Tota l  

37.772 

2.496 

0.762 
7.086 

10.904 
1.241 
1.452 
1.047 
0.099 
0.358 
1.562 
2 . 1 o  
2.527 
4.355 
1.865 
3.612 
0.999 
0.667 
0.609 
1.089 
0.170 
1.223 
1,372 
1.210 
1.314 
6.261 
3,356 
0.484 

57.725 

]0.203 

0.579 

0.980 
0.638 
0.054 
0.803 
O. 106 

3.160 

99.622 

Inc ludes  o p e r a t i n g  m a t e r i a l s .  
See Tables  14-8 and 14-13. 
i m i l / ~ .  

% o f  
Fixed 

Capi ta l  
Investment  

4 
3 
4 
4 
4 
5 
4 
5 
5 
4 
4 
4 
5 
5 
4 
4 
4 
4 
4 
4 
5 
4 
3 
5 
4 
4 

4.03 

c 

2 

2 
2 
2 
2 
2 

2 

4.11 
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Table 14-12 - Coal Mine Operating Labor and Supervision 

CBase Case) 

Category 

Supervision 

Pit superintendent 
Chief mine engineer 
Mine engineer 
Sh i f t  £oreman 
Blast foreman 
Dispatcher 

Tota l  supervis ion 

Operating Labor 

Dragline operator 
Dragl ine o i l e r  
Dragline groundmn 

Coal shovel operator 
Coal shovel groundman 
Dozer Operator [coal) 

CoKl haul driver 

Rotary d r i l l  operator 
Rotary d r i l l  helper  

Truck dr iver  r e j e c t  

Scraper operator 
Grader operator  
R.T. dozer operator  
Dozer operator [ s p o i l )  
Sprinkler  truck dr iver  
F.E. loader operator 
Trac-drill d r i l l e r  
T rac -d r i l l  helper 
Fuel iube dr iver  
Fuel lobe mechanic helper 

ANFO truck dr iver  
Loader/shooter 

Utility man [laborer) 

Misc. driver 

Total operating labor 

Total labor and 
supervis ion 

Payro l l  burden 

Total 

Number of .  Salar ies  and 
Employees Wages 

Per 
Shift Total ($/Day) (S/Year) 

6 
I 
6 

4 25 
6 25 
1 S 

13 68 

6 26 
4 25 
12 51 

6 25 
6 26 
4 26 

24 99 

12 48 
12 48 

3 20 

5 12 
4 17 
6 26 

12 35 
9 
5 
6 
4 

6 26 
6 26 

6 26 
18 76 

24 100 

190 819 

203 887 

32j000 
30,000 
20,000 
22,000 
22,000 
22,000 

74.24 
68° 79 
58.79 

54,28 
59.56 
56.92 

56.92 

56.92 
51.76 

56.92 

56.92 
56,91 
56.91 
56.92 
54.26 
56,92 
56.92 
54.26 
54.26 
54,26 

54.26 
56.92 

54.26 

54.26 

Payroll Cost 

($ O00/Year) 

192 
30 

120 
55O 
55O 
110 

1,552 

5O2 
465 
912 

434 
40~ 
385 

1;465 

7t0 
677 

296 

178 
385 
385 
?55 
127 
104 
89 
85 

367 
367 

367 
1,125 

1,41! 

364 

12,358 

13,910 

4,870 

18,780 
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Table 14-13 - Coal Mine, Maintenance Labor and Supervision 
CBase Case 

r 
i Number of Salaries and 

Employees Wages Payroll Cost 

Category 

Supervision 

General shop supt. 
Mechanical supt. 
Electrical supt. 
Mechanical foreman 
Electrical foreman 
Shop foreman 
Agronomist 

Total supervision 

L~,bor 

Mechanic, First Class 
Mechanic, Second Class 
Electrician, First Class 
Electrician, Second Class 
Welder 
Mechanic's helper 
Parts man 
Tool man 
Tire man 
Misc. equipment operator 
Misc. driver 
Laborers 
Rodman 
Clerk 
Typist 
Draftsman 
Agronomist helper 

T o t a l  labor 

Total labor and 
supervision 

Payroll burden 

Total 

Per 
Shift Total 

1 
1 
1 

2 9 
2 9 
2 9 

1 

6 31 

7 24 
15 32 
6 26 
3 13 

3O 
15 32 
4 9 
3 13 
5 13 
3 13 
6 16 

19 
6 
12 
12 
3 
4 

78 227 

84 308 

(S/Day) 

59.55 
56.92 
59.56 
56.92 
56.92 
54.85 
54.85 
54.85 
54.85 
56.92 
54.26 
54.26 
54.26 
42.00 
37.00 
32.00 
54.26 

(S/Year) 
I 

29,000 29 
29,000 I 29 
29,000 29 
22,000 198 
22,000 198 
22,000 198 
20,000 20" 

372 
474 
403 
19Z 
444 
456 
12S 
185 
]85 
192 
226 

l 268 
85 i 

I 131 
' 115 

39 
56 

($O00/Year) 

701 

3,951 

4,652 

1,628 

6,280 

I~L=2_7 



Category 

Opera t ing  Labor 

Area foreman 

Opera tor  

Helper  

To ta l  

P a y r o l l  burden 

To t a l  ope ra t i ng  l abo r  

~laintenance Labor 

Foreman 

Journeyman 

P a y r o l l  burden 

To ta l  maintenance 
labor  

Table 14-14 - Coal Pre 
(Base Case 

Numberer 
Employees 

P e r  
'Shift Total 

m r a t i o n  Labor 

S a l a r i e s  and 
IVages 

(S/Day) (S/Year) 

Payro l l  Cost 

($O00/Year) 

1 

4 

3 

8 

5 

t6 

12 

5 

30 

56.92 

54.85 

56.92 

22,000 

22,000 

II0 

237 

171 

110 

445 

518 

181 

699 

555 

195 

750 
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Table 14-1S - Process P lan t  Labor 
(Base Case] 

i 

K 

Category 

Operat ing Labor 

Operating superintendent 
Section manager 
Shift superintendent 
Shift foreman 

Subtotal 

Operators 

Unit I0 
Unit ii 
Unit 12, 15, 14 
Unit 15, 16, 18 
Unit 19, 20, 21 
Unit 22, 23 
Unit 24, 25 
Unit 17, 26, 27 
Unit 28, 29, 30~ 31 
Unit 32, 33, 34 
Unit 36 
Boardman 
Laborer 

Subtotal 

Tota l  

Payroll burden 

Tota l  ope ra t i ng  labor  
and supervision 

Maintenance Labor 

Maintenance 
supe r in t enden t  

Craft foreman 
LabQr foreman 
Journeyman 
General labor 

Total 

Payroll burden 

Total maintenance 
labor and supervision 

Number o£ 
Employees 

Per 
Shift Total 

1 
4 

i S 
5 20 

I 

6 i 30 

8 32 
S 20 
8 32 
6 24 
8 32 
6 24. 
5 20 
5 20 
7 28 
6 24 
2 8 
2 8 
5 20 

73 ~ 292 

79.  322 

1 
4 40 
2 lS 

32 i 373 
16 137 

54 566 

1.4-29 

Payro l l  Cost 
Salaries and 

...... Wages 

($/Hour),...($/Year) .($O00/Year ) 

6.50 

33,000 
22,000 
20,000 
17,S00 

33~000 
25,000 
20,000 

9.00 
5.50 

33 
88 

100 
35O 

571 

4,156 

4,728 

1,654 

6,382 

33 
1,000 

300 
6,983 
1,567 

9~883 
3,459 

13,342 

I . . . . . . . . . . . . . .  



Table 14-16 - Power Plant. Labp," 
(Base Case) 

Category 

Operat ing Labor 

Superintendent 
Asst. superintendent 
Shift foreman/chemist 
Clerk 

Subtotal supervision 

Control  room 
Turbine operator 
Fireman 
Oiler 

Subtotal labor 

Total 

Payroll burden 

Total operating labor 
and supervision 

Hgintenance Shop 

Foreman 
Journeyman 
Janitor 
Clerk 

Tota l  

P a y r o l l  burden 

Total maintenance 
labor and supervision 

Number o f  
E mp 1 eye e s 

Per 
S h i f t  To t a l  

.1  
1 

1 6 
1 

1 9 

5 20 
10 40 

8 32 
10 40 

35 132 

141 

2 
5 50 

3 

57 

S a l a r i e s  and 
Wages Pay ro l l  Cost 

($O001Year) (S/Hour) (S/Year) 

33,000 
25,000 
20,000 

i0.00 
7.50 
7.50 
5.00 

22,000 
9.00 
5.50 

33 
25 

120 
13 

416 
624 
499 
416 

191 

1,955 

2,146 

751 

2,897 

44 
936 
34 

1,o 9 

304 

1,403 

14-3o 



Table 14-17 - Of(sites Chemical Requirements 
(Base Case) 

Unit Chemical 

40 

40 

39 

35 + 

Proc. 

Ciarifier 

Alumim~ sulfate 
Lime 
Polyelectrolyte polymer 

Cooling Tower 

Gaseous chlorine 
Inhibitor 
Dispersant 

Potable ~ater 

Sodium hypoehlorite 

Boiler Feed Nater 

Chelant 
Hydrazine 
Trisodium phosphate 

Annual Consumption Annual Cost 
(ton/YearJ [$000) 

900 
1,400 

IO0 

425 
290 

85 

44 

27 
25 

4 

116 
42 
152 

60 
600 
130 

11 

54 
80 

2 

1,227 

Say 1,250 

14-31 



Category 

Operation 

Supervision 

Section manager 
Day foreman 
Shift foreman 

Subtotal 

Labor 

Unit I0 
Unit 39 
Unit 40 
Unit 41 
Unit 42 

Subtotal 

Total 

Payroll burden 

Total operating labor 
and supervision 

Maintenance 

Shift foreman 
Journeyman 
Laborer and painter 

Total maintenance 

Payroll burden 

Total maintenance 
labor and supervision 

Table 14-18 - Offsites Labor 
(Base Case) 

Number of  
Employees 

Per 
Shift Total 

1 
2 

1 3 

6 27 
2 9 
1 S 
2 i0 
4 28 

15 79 

16 85 

1 5 
3 15 
1 7 

S 27 

Salaries and 
Wages 

(S/Day) (S/Year) 

22,000 
17,500 
17,500 

6.50 

17,500 
9.00 
5,50 

Payroll Cost 

($O001Year) 

22 
35 
53 

Ii0 

854 

964 

337 

z ,Os.____il 

88 
281 

80 

449 

157 

606 
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Table 14--19 - Contribution of Cost Centers 
to Required Annual Revenue (RAR] 

(Base Case) 

Category 

Breakeven 
Case 
0% DCF 

RAR 
Sblbl/Year 

[ 12% DCF 

100% Equity 

SMM/Year % 

65% Debt 

RAR 
$ ~ / Y e a r  

Coal mine 
Coal preparation 
Process plant 
Power plant 
Offsites 

Tota l  

Byproduct credit 

Total energy 
produc t s  

145.6 
10.6 

188.4 
52.8 
19.6 

417.0 

123.0 

294.0 

34.9 
2.5 

45.2 
12.7 

4.7 

I00 .0  

29.5 

70.5 
i 

216.0 23.2 
28.3 3.0 

478.7 51.5 
150.8 16.2 
56.2 6.1 

930.0 I00.0 

123.0 13.2 

• 807.0 86.8 

180.3 
20.4 

351. I 
113.4 

42.8 

708.7 

123.0 

585.0 

25.5 
2.9 

49.6 
16.0 
6.0 

100.0 

17.4 

82.6 

14-33 
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T a b l e  1 4 - 2 3  - P o s s i b l e  A n n u a l  S a l e s  V a l u e  

Products 

SNG 

LPG 3 
LPG~ 
Gasoline 
Fuel 0il 

Coke, Needle 
Sulfur 
Ammonia 

Daily 
Output 

149 200 MMSCFD 

13 040 BPSD 
2 114 BPSD 

34 822 BPSD 
27 020 BPSD 

1 625 TPD 
1 710 TPD 

185 

19 200 ~BV-hr a 

Unit 
Sales 

Price ($) 

4.25/blft 3 

i3.50/Bbl 
I5.S0/Bbl 
17.60/Bbi 
17.O0/Bbl 

58,1 
10.8 

202.2 
151.6 

Annual S a l e s  
{$ Million) 

150/Ton 
60/Ton 

140/Ton 

80.4 
33.9 
8.5 

$ 209.3 

422.7 

1 2 2 . 8  

210.2 Power 30/~B~-hr 

Possible Annual Revenue $ 965.0 

Required Annual Revenue: 

At 100% Equity @ 12% 

At 65/35 Debt/Equity @ 12% 

$ 930.0 

$ 708.0 

a 
Average using 80% load factor. 
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