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EXECUTIVE SUMMARY 

This study was undertaken to develop a siting method- 
ology and to analyze the economics of producing coal liquids 
(primarily gasoline) via Fischer-Tropsch synthesis in the 
U.S. The key findings of this study are summarized below. 

1. A reyivaal siting analysis was conducted u s i n g  coal 
and petroleum transportation economics. The results 
tram this analysis i~~dicale Lha,t: 

The major gasoline consuming areas do not match 
those with the most abundant coal reserves, 
except in the States of Illinois and Texas. 

It is more cost effective to transport gasoline 
than coal. Therefore future gasoline-from-coal 
plants should be located in coal-rich regions. 

The above statement must be tempered by 
environmental considerations. For example, 
due to the high water requirements o f  the pro- 
eess, location in largely w a t e r  deficient 
regions (e .g., the West) should be preceded by 
careful environmental impact studies. 

2 ,  A discvurited cash flow model was used to develop t.lie 
required selling price for tkie main peuducl--gasoline-- 
at several hypothetical locations. The results from 
this portion of the analysis indicate that: 

The costs of gasoline fru111 Fis~lrer-Tropschi 
located in Illinois, Texas, and Wyoming and 
coming onstream in 3985, are projected to be: 

- 
Pnmp Price 

($/qal) 

0.74 
(1.00-1.09) - + 258 

1. -20 
(1.44-1.59) - + 25% 

Plant Gate Price 
($,/gal.) 

0.47 
(0.73-0.82) - + 25% 

0.93 
( 3 . .  17-1.32) - + 25% 

Year of 
R e f  erenee 

1978 

1985 

Gmolinc Source 

Crude 
Fischer-Tropsch 

Crude 
Fischer-Tropsch 



The largest component of the final cost of gasoline 
is capital (56 percent) follqved by coal (30 percent), 
and operating and maintenance (14 percent). 

The largest element of the capital cost component 
is the oxygen plant (27 percent), followed by the 
synthesis unit (15 percent), the purification unit 
(13 percent), the power plant (10 percent), the acid 
gas removal unit (7 percent), the tail gas reforming 
unit (5 percent), and the gasification and sulfur 
recovery units (3.5 percent each) . ' 

3. Sensitivity analyses were performed to take into account 
both project uncertainties and possible incentives to 
stimulate plant investment. These analyses indicate that: 

Oxygen and power plants utilize mature technologies; 
therefore, these components of fixed costs (37 per- 
cent) should be relatively stable, and cost reduction 
may only be achieved by the use of gasification 
processes minimizing oxygen and/or power requirements. 

Other process units are less well-developed and are 
subject to some uncertainty. However, each indiv- 
idual unit contributes such a small portion of total. 
costs that a 67 percent cost overrun for a single 
unit could be incurred without raising the cost of 
Fischer-Tropsch gasoline by more than lOC/gallon. 

The required selling price of Fischer-Tropsch gasoline 
resulting from various incentives and uncertainties 
is shown on the following page. The range is 
$.94/gallon to $1.55/gallon (1985 $ 1 .  This compares 
with an EIA midcase projection for conventional 
gasoline of $.93/gallon at the plant gate in 1985 , 

using 7 percent per year inflation. 

The capital intensity--low conversion efficiency of 
Fischer-Tropsch synthesis makes it non-competitive with con- 
ventional petroleum unless multiple financial incentives 
are used. This may change, however, if crude prices escalate 
to $30/barrel (1979 $ )  without a corresponding escalation in 
coal and capital costs. 

Companies interested in Fischer-Tropsch facilities would 
have time in their favor: with the current high rate of 
inflation, capital-intensive projects like Fischer-Tropsch 



facilities will benefit from early implementation, because 
the cost of products from subsequent competing facilities 
will contain larger capital charges. 

In conclusion the Fischer-Tropsch option for the U. S. 
is becoming increasingly attractive and may be called upon 
as a back-up if gasoline shortages persist, oil prices 
continue to increase dramatically and alternate coal liq- 
uefaction processes fail to fully develop. 



EXHIBIT ES-1 
SensitivityAnalyses of 

Fischer-TropschGasoline Prices 

* In real terms. 
** Using EIA midcase projections. This corresponds to about 

$1.20/gallon at the pump. Under EIA high case projections, 
the plant gate price would be $1.08/gallon, which corresponds 
to $1.35/gallon at the pump. 

Base Case 

Coal Prices 
.Increasing at 2%/year* 
. Constant* 

Oil Prices * .Increasing at l%/year, 
.Increasing at 3%/year 

Capital Costs 
.25% above base case 
.25% below base case 

20% Investment Tax Credit 

Accelerated Depreciation 
.15 years 
.10 years 
.5 years 

Waiving $.04/gallon F.E.T. 
on 10% FT blends 

~dditional $5/bbl 
entitlements 

Anticipated Price at Plant 
Gate for Crude-Derived 
~asoline** 

Required Selling Price at 
Plant Gate (1985 $/gallon) 

~ppalachia 

1.32 

1.38 
1.26 

1.54 
1.13 

1.55 
1.10 

1.25 

1.31 
1.27 
1.22 

1.28 

1.26 

0.93 I. 

Gulf 

1.27 

1.33 
1.23 

1.48 
1.09 

1.50 
1.05 

1.21 

1.26 
1.22 
1.17 

1.23 

1.21 

0.93 

Rockies 

1.17 

1.21 
1.13 

1.36 
1.00 

1.39 
.94 

1.10 

1.16 
1.12 
1.07 

1.13 

1.11 

0.93 



INTRODUCTION 

The Department of Energy is developing several coal 
liquefaction processes that could supplement domestic oil 
resources and could contribute to reducing this nation's 
reliance on foreign oil supplies. These projects, while 
generally making substantial progress, have been subject 
to schedule delays and cost escalations. Therefore, 
officials of the Office of Coal Resource Management asked 
Booz, Allen & Hamilton to assess the economic feasibility 
of the Fischer-Tropsch process, a commercial process in 
which the DOE has not had major involvement. Fischer- 
Tropsch is the only coal liquefaction process that has been 
proven technologically feasible at commercial-scale opera- 
tions, having been used to produce gasoline and chemicals 
in a South African plant since the 1950's. 

Several prior studies have shown that the adoption 
of Fischer-Tropsch technology in the U.S. is not 
economically justified because of low thermal efficiencies 
and high capital costs. DOE officials want to know 
whether the comparative economics of liquid fuels produced 
by Fischer-Tropsch synthesis have changed due to process 
improvements, to the aforementioned cost escalation 
problems with DOE-supported technologies, and to the 
recent oil price increases. The objective of this study 
is thus to assess the current process economics for a 
U.S. sited coal liquefaction plant based on Fischer-Tropsch 
technology. 



2. THE FISCHER-TROPSCH PROCESS 

In the light of diminishing domestic natural gas and 
domestic petroleum production, coal--our most abundant fossil 
energy resource--has received renewed attention as a feed- 
stock for a variety of processes that produce petroleum- 
type products. One of these is the Fischer-Tropsch indirect 
liquefaction process, which has been employed in South Africa 
for over 25 years. Fischer-Tropsch results in a mix of 
liquid hydrocarbons from petroleum. If proven economically 
feasible, this process could help alleviate our dependence 
on foreign supplies of oil and extend the utilization of Dur 
domestic coals into other markets. A secondary benefit from 
Fischer-Tropsch is that it represents a potentially clean 
way of utilizing coal, i.e., with minimal airborne emissions. 

2.1 BACKGROUND 

The .Fischer-Tropsch process for converting synthesis 
gas to petroleum-type liquids has been known for approxi- 
mately half a century. 

When adapting the Fischer-Tropsch process for U.S. 
gasoline production, one must remember that this technology 
was not originally developed for producing motor fuel prin- 
cipally. Motor fuel can be produced via this method but 
the efficiency of conversion in the Fischer-Tropsch tech- 
nology was a route to synthesizing chemicals and fuel frac- 
tions from solid fuels. By the paltial oxidation of coal 
to produce carbon monoxide and hydrogen by selective 
catalysis, the coal carbon is available for re-polymerization 
to higher hydrocarbons that are more easily made. As such, 
hydrocarbons varying from alcohols through aldehydes, to 
paraffins and olefins could be produced along with a fraction 
of fuel-type paraffins. 

The Fischer-Tropsch technology was developed in Germany 
in the early 1900's. The Germans began the first large-scale 
operation to produce motor fuels for World War I1 because of 
their decreasing conventional crude oil supplies. Rumors 
persist throughout the scientific community that German motor 
fuels were of a lower quality than fuels produced from con- 
ventional crude. Technological improvements since World 
War 11, however, have reduced this operating disadvantage. 



South Africa used the Fischer-Tropsch process to 
supplement gasoline supply and to reduce dependence on im- 
ported crude oil in the 1950's when the world political 
climate jeopardized its supply. The initial SASOL opera- 
tion had substantial chemical by-product production and 
the successful marketing of these high-quality chemicals 
helped offset the economic penalty associated with gasoline 
production by the Fischer-Tropsch method. As research and 
development was conducted simultaneously with the commercial 
operation, SASOL developed its own catalysts which had 
higher efficiency of conversion than commercial catalysts 
purchased initially. Through research and development, 
SASOL has modified the catalyst quality and the operating 
conditions to selectively produce any desired hydrocarbon 
fraction to its maximum. This coupled with the years of 
operatinq experience of the first Lurqi qasifier and subse- 
quent synthesis operation has increased SASOL's knowledge 
of Fischer-Tropsch technology. 

SASOL I currently produces about 6,000 bbl/day of 
liquid hydrocarbons, with gasoline representing some 50 per- 
cent of total energy output, the remainder being a number 
of high-quality chemical components. A second plant, 
SASOL 11, is scheduled for start-up shortly. This plant 
minimizes -chemical production and incorporates a number of 
process refinements. SASOL I1 is the basis for this study. 
As a result of recent events In Iran, previously South 
Africa's major oil supplier, the South African Government 
approved a reported $4 billion expansion program at 
SASOL TI, doubling the plant's capacity to apprsximateLy 
1!l0,000 bbl/day of liquid hydrocarbons. 

2.2 PROCESS DESCRIPTION 

A flow sheet of the conceptual plant is shown in 
Exhibit 2-1. It is apparent from even t h i ~  simplified flow 
diagram that a plant based on Fischer-Tropsch technology is 
necessarily complex. Strict temperature and pressure con- 
trol is required for certain process steps. The refinery 
must handle the variety of hydrocarbons that the Synthol 
reactor produces. Finally, environmental standards require 
considerable control technology. 

A brief description of each stage.is given in the 
following paragraphs. 



EXHIBIT 2-1 
Simplified Diagram of Fischer-Tropsch Liquefaction Process 
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The coal preparation unit receives run-of-the-mine 
coal, then sizes, washes, dries, and delivers it 
to the first-stage gasifiers, while removing ash 
and other unsuitable elements. 

The gasification step is carried out in parallel 
entrained-flow gasifiers.* These types of gasi- 
fiers, currently under development, will allow a 
plant to be self-supporting in steam generation 
without the need for a separate coal-fired boiler. 
In these units, the feed coal is combined with 
steam and oxygen to produce synthesis gas (approxi- 
mately 85 percent CO and H ) at 3,OUOF and 
P 7 n  p s i g .  The h a a t  n f  cnmf tns t jon  i-a removed from 
the synthesis gas through a heat exchanger which 
generates the steam for process heat or shift cun- 
version. The gas is then passed to a shift con- 
verter unit, which adjusts the hydrogen-carbon 
monoxide ratio to 1.45 optimum for the liquefac- 
tion unit. This is accomplished by reacting ex- 
cess carbon monoxide with steam to form carbon 
dioxide and hydrogen. 

The cooled and shifted synthesis gas is then 
purified through a number of processes to separate 
tars, sulfur, and carbon dioxide. Acid gases are 
removed through a phenosolvan plant in which 
water-soluble phenols and ammonia are separated. 
Further proceccing 05 t h i ~  effluent in a Claus 
unit enablcc recovery of elemental sulfur. 

The liquefaction step occurs in parallel circulat- 
ing catalytic tluidized bed reactors. The mix of 
products is dependent on the catalyst and operating 
conditions. In SASOL 11, liquefaction occurs in 
+.he p r e s e n c e  of an i I-on-hascil catalyst (magnetite) 
at approximately 300 psig and 600F. Hydrocarbons 

* Since the gasification stage itself represents a small proportion 
of total fixed capital, the key criterion for gasif<.er selecti.on 
must be operational reliability. SASOL's gasifiers, Lurgi dry ash, 
have yet to be proven reliable when fed with U.S. eastern caking 
coals. As one of this study's objectives is to develop a plant 
siting methodology, choosing the Lurgi gasifier would unnecessarily 
rectrict the location analysis to western and southeastern coals. 
Only entrained-flow gasifiers can satisfy the reliability criterion 
for a possible eastern location. Examples of such gasifiers are 
the commercially proven low-pressure Kopper-Totzek, and the 
promising high-pressure Texaco, already operating at the demon- 
stration scale in two plants, with a third under construction. 



are removed from the reactor via cyclones. The 
heavy compounds are separated from the light via 
condensation. The F-T reaction is highly exo- 
thermic and the heat of reaction is used to raise 
process steam for the other units. Since the coal 
gasification and liquefaction stages are exothermic, 
there is no need for an external source of power 
or heat except for unit start-up. 

The unconverted (tail) gas is passed to the 
reforming unit, where methane is oxidized to 
synthesis gas with a steam-oxygen mixture in the 
presence of a nickel catalyst. 

The product recovery unit separates a light oil, 
a C3/C4 stream, a C2 stream, and a hydrogen 
stream. Part of the hydrogen is recycled to the 
shift converter; the reaainder is used for refin- 
ery operations and catalyst regeneration. The 
ethylene-C2-stream is eventually recovered. In 
the SASOL I1 plant, the light olefins are poly- 
merized and partially hydrogenated. Medium 
weights (C5-C12) are isomerized, and heavy products 

('13+) are cracked to maximize the gasoline fraction, 
which accounts for approximately 60 percent (by 
weight) of the total output. 

2.2.1 Products 

Exhibit 2-2 presents a list of products for a conceptual 
plant. Approximately 60 percent(by weight)of the output is 
gasoline. Liquid products, which include alcohols and 
ethylene, represent about 80 percent of the output. Other 
products include tar products (phenols), ammonia, and ele- 
mental sul$ur. 

2.2.2 Inputs 

The major inputs to the process plant are: 

Coal - 30,000 tons per day . Oxygen - 20,000 tons per day 
Water - 12,000 gallons per minute. 

The characteristics of the typical coal which produces 
the product sl~te for the analysis are: 



EXHIBIT 2-2 
Product Yield of Fischer-Tropsch Facility 

Liquid Products 

Unleaded Gasoline 

Diesel Fuel 

~.Lhylel~e : 
. . 

~lcohols 

Subtotal 

By-Products 

Tar Products 

Ammonia 

Sulfur 

Subtutal 

Total 

Electricity for Sale 

Tons Per Percentage 
of Total 



I Proximate Analysis Percentage 

Moisture 
Ash 
Volatile Matter 
Fixed Carbon 

Ultimate Analysis 

Carbon 
Hydrogen 
Nitrogen 
Sulfur 
Oxygen 
Moisture 
Ash 

Percentage 

Source: Ralph M. Parsons Co., Fischer-Tropsch Complex 
Conceptual Design/Economic Analysis for Oil and 
SNG ProdUction, ERDA FE-1775-7, January 1977. 

2 .2 .3  Energy Balance 

Exhibit 2-3 presents an energy balance for the facility, 
and these major conclusions can be drawn: 

Gasoline represents about 65 percent of the energy 
value of saleable products. 

Approximately 35 percent of the moisture/ash-free 
coal energy is converted to gasoline. 

. . Liquids account for 86 percent of the energy value 
of products. 

The overall plant thermal efficiency as measured 
by the ratio of the equivalent energy value of 
products to coal input is 55 percent. This is 
lower than the value other liquefaction processes 
can achieve, because: 

- Fischer-Tropsch is an indirect (two-stage) 
liquefaction process, whereas others are 
direct (single-stage) processes. Overall 
conversion ratios are smaller and interstage 
cooling requirements are larger for Fischer- 
Tropsch plants than for other processes. 



E X H I B I T  2 - 3  
E n e r g y  B a l a n c e  of F i sche r -Tropsch  Facili:? . . 

(at, 1 0 0 %  C a p a c i t y )  
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B t h y  l e n e  
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S u b t o t a l  
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Tar P r o d u c t s  

Amnonis 

SuPf u r  

s h t o t a l  

E,Lcctr:'Lcit-y 

T o t a l  

Coa 1. 
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0 f 

Product .  

65.0 
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2.4 

86 .3  

8 .2  
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2 . 4  
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- Fischer-Tropsch reactors are relatively low 
in their selectivities for specific hydrocarbon 
formation, as shown in Exhibit 2-4 .  This 
necessitates a complex petroleum refinery as 
an integral part of any,Fischer-Tropsch plant. 

Construction Schedule 

Exhibit 2-5  details the schedule for design, construction, 
and initial operation of a representative coal liquefaction 
plant. It is estimated that 6 years will be required from the 
time permits are obtained and detailed design is authorized. 
Obtaining the necessary permits could easily add 1 to 2 years 
to the overall schedule. 



EXHIBIT 2-4 
Selectivities of the Fischer-Tropsch 

Synthol Rea.ctor 

Light Hydrocarbons 

Component of Crude Oil Compounds Percent 

Gasoline Fraction - C 1.2 I 31.0 

CH4 

Diesel 

10.0 

Heavy Oil & Wax 

Nonacid Chemi C A I  s 

Source: Jan C. Hoogendoorn, "Conversion of Coal Into Fuels and Chemicals 
in' South Africa," Precented at the 3rd International Coal 
Cnnf PYP~CP, Sydn~y, A11st.ral i a, r)ct.nher 6, 1976. 



EXHIBIT 2-5 
Construction Schedule for Fischer-Tropsch Facility 

1 

I l l  

2 

1 I I 

PROCESS DESIGN 

3 

I I 

PLANT ENGINEERING 

PROCUREMENT 

EQUIPMENT FAERICATION 

PLANT CONSTRUCTION 

MINE CCNZTRUCTION 

MINE OPERATION 

PLANT COMMlSINlONlNG 

PLANT STP.RT-UP & OPERATION A 

4 

I l l  
5 

1 

6 

I I 



3 .  PLANT LOCATION 

To a r r i v e  a t  l o c a t i o n  c r i t e r i a  f o r  a  gasol ine-f rom- 
c o a l  commercial o p e r a t i o n ,  t h e  supply/demand r e l a t i o n s h i p s  
f o r  p r o d u c t s  and raw m a t e r i a l s  must b e  ana lyzed .  I n  t h e  
e n s u i n g  r e g i o n a l  a n a l y s i s ,  t h e  supply/demand r e g i o n s  con- 
s i d e r e d  a r e  t h e  f i v e  Pe t ro leum A d m i n i s t r a t i o n  f o r  Defense 
(PAD) d i s t r i c t s  shown. 

Pe t ro leum A d m i n i s t r a t i o n  f o r  Defense (PAD) D i s t r i c t s  



3.1 SUPPLY AND DEMAND FOR PETROLEUM PRODUCTS 

Actual 1977 data are used in the analysis: forecasts are 
made for 1985 and 1990. 

3.1.1 Supply and Demand in 1977 

Petroleum product s u p ~ l ~  and demand for 1977 are shown 
in Exhibit 3-1 (Energy Data Reports, EIA). 

The table shows that: 

The U. S. imported just under 7 million hh:l,/d,oy of 
crude oil, and all distriot~ except PAD District 4 
imported substantial amounts a f  crude, 

In addition, although domestic refineries operated 
above 90 percent of capacity, a historical high, 
the U,S. s t i l l  imported over 2 million bbl/day of 
petroleum products. Therefore, the country I s  low 
in refinery capacity as well as in crude produc- 
tion. 

Refinery undercapacity, however, is not as widely 
distributed as crude scarcity. PAD District I, 
with 35 percent of product demand, has 11 percent 
of domestic capacity. On the other hand, PAD 
District 3, with 20 percent of product demand, 
accounts for 43 percent of domestic capacity. 
Sillce all other PAD districts maintain a near 
balance between product demand and refinery ca- 
pacity, it is obvious that large flows of petro- 
leum products take place between PAD 3 and l. 
Moreover, since PAD 1 imported 80 percent of U.S. 
product imports, thc picture that emerges is that 
PAD 1 meets its de111drld fur rubidudl uil Ly iiiiporls 
and the demand for lighter fractions by pipeline 
transfer from PAD 3. 

Most crude impor.ted by PAD District 2 enters the 
country at the Gulf uf Mexico arid ic; pipelirled 
from PAD 3. Actual 'refinery runs in PAD 3 were 
under 6.5 million bbl/day, while the amount of 
crude produced and imported was 7.7 million bbl/day. 
Thus about 1.2 billion bbl/day .. moved north by 
pipeline'. 



EXHIBIT  3-1 
Petroleum Products Supply/Demand - 1977 

* 

PAD 1 

PAD 2 

PAD 3 

PAD 4 

PAD 5 

TOTAL 

Demand For 
Petroleum Products 

* .  

3 
10 bt.l/day 

6 ,478  

5,032 

3,755 

5 44 

' 2 ,609  .: 

' 18 ,642  

% 

' 35 

27 . "  

2 0 

3 

1 4  

99 

Refinery Capacity'  

lo3bhl/day 

1 ,913  

4 ,229  

7 ,405  

5 90 

2 ,910  

1 7 , 0 4 8  

% 

11 

2 6 

43 

3 

17 

100  

Crude production 

103bbl/day 

144  

891  

5 ,122  , 

662 

1 ,424  

8,245 

% 

2 

11 

6 2 

8 

17 

100  

Crude Imports 

lo3bbl/day 

1 ,518  

1 ,416  

2,542 

4 3 

1 ,096  

6,615 

Imports of 

petroleum Products 

% 

2 3 

22 

38 ' 

1 

16 

100  

103bbl/day 

1,817 

120  

46 

1 6  

105  

2 ,104  

% 

8 6 

6 

2 

1 

5 

100  



Supply and Demand F o r e c a s t s  

A common f e a t u r e  o f  a l l  a v a i l a b l e  p r o j e c t i o n s  i s  t h a t ,  
b a r r i n g  a major  d i s r u p t i o n  i n  i n t e r n a t i o n a l  crude supp ly ,  
t h e  above p i c t u r e  w i l l  remain e s s e n t i a l l y  u n a l t e r e d .  The 
U.S. w i l l  c o n t i n u e  t o  depend on imported  c rude  f o r  about  
40 p e r c e n t  o f  i t s  requ i rements  and w i l l  depend on imported  
p roduc t s  t o  make up f o r  worsening r e f i n e r y  undercapac i ty .  
The l a t e s t  DOE p r o j e c t i o n s  a r e  l i s t e d  below. 

CRUDE OIL IMPORTS* 
[Thousands o f  bbl /day)  

PAD D i s t r i c t  1985 ' 1990 - 1995 

T o t a l  Crude O i l  Impor ts  6,908 6,645 5,978 

U.S. Crude Produc t ion  9,053 9,713 9,883 
Imports  a s  % of  T o t a l  Crude 43 4 1  38  
Petroleum Produc t s  Imports  1 ,261  1 ,339 1,730 

* Supporting computer runs to the Annual Report to Congress, 1978, EIA. 

T h e  fo l l owing  conc lu s ions  may be  drawn from t h e  
p r o j e c t i o n s  : 

Thc U.S. w i l l  c o n t i n u e  t o  depend on f o r e i g n  c rude  
supp ly  f o r  t h e  f o r e s e e a b l e  f u t u r e ;  t h e r e f o r e ,  
t h e r e  i s  room f o r  a dvnlest ic  c o a l  l i q u i d s  i n d u s t r y .  

. . PAD D i s t r i c t  1 crude  impor t s  w i l l  d e c l i n e  (564,000 
b b l / d a y ) ,  r -e f l ec . t iny  a  s t e a d y  increase i n  offshore 
c rude  p roduc t i on .  

~ ~ t r o l e u r n  p r n d i ~ c t ,  i mpnrt.s wi.11  i n c r e a s e  ( 4 6 9 , 0 0 0  
bb l /day)  t o  compensate f o r  i n s u f f i c i e n t  r e f i n e r y  
c a p a c i t y .  

Crude impor t s  w i l l  i n c r e a s e  i n  PAD Dis t r i c t s  2 
(676,000 bbl /day)  and 3 (254,000 bh l / day ) .  

  here w i l l  b e  no impor t s  i n t o  PAD D i s t r i c t  4,  and 
a  modest and c o n s t a n t  l e v e l  t o  D i s t r i c t  5 ,  which 
i n c l u d e s  Alaska.  



3.2 SUPPLY OF COAL 

Exhibit 3-2 shows the coalfields of conterminous 
states, and Exhibit 3-3 provides data by PAD districts on 
1977 coal production and on U.S. reserves. The table shows 
that: 

PAD District 1, with 32 percent of domestic 
production, contains 11 percent of identified 
reserves and a mere 5 percent of identified and 
estimated reserves. 

PAD Districts 2, 3, and 4 co~tain 80 percent of 
identified reserves and 87 percent of identified 
and estimated reserves. 

PAD District 4, the smallest in area, contains 
nearly one-half of all U.S. reserves. 

A preliminary conclusion on gasoline and coal supply 
and demand becomes obvious: the regions with highest demand 
for products do net match the regions with the largest coal 
supply potential. 'Yherefore, the relative merits of trans- 
porting either coal or gasoline must be factored into the 
location analysis of a coal liquids industry. 

3.3 OPTIMIZATION OF TRANSPORTATION: COAL VERSUS GASOLINE 

The purpose of this transportation analysis is to 
determine whi-ch of the following two cases entails lower 
transportation costs: 

Case 1: Plant located at the mine mouth, and products 
transported to existing petroleum terminals 
and bulk plants located in fuel-scarce regions. 

Case 2: Plant located in the gasoline-deficient 
market, and coal transported from the mine 
to the plant. 

I 

The analysis below assumes the use of existing trans- 
portation modes for coal, motor fuels and other products. 
The relative costs and benefits associated with additional 
(feeder) rail, pipelines and roads specific to the project 
should be assessed as part of a detailed, site-specific 
feasibility study. It is assumed, however, that they would 
have a marginal impact on the overall transportation picture 



\ .  
-. EXHIBIT 3-2  

C o a l f i e l d s  of  t h e  Conterminous United S t a t e s  . . .  



EXHIBIT 3-3  
Coa l  P r o d u c t i o n  and Resources  of t h e  U.S. 

Sources : 

Production data from Keystone Coal Industry Manual - 1978 
Reserves from Paul Averitt "Coal Resources of the United States, January 1974," GPO. 

FAD 1 

FAD 2 

PAD 3 

PAD 4 

PAD 5 

P-AD 5 
(Excl. Alaska) 

Total 

Total 
(Excl . Alaska) 

1977 
Product ion 

000 Tons 

219,955 

306,635 

49,810 

94,980 

17,195 

16,530 

688,5 75, 

687,910 

% - 
USA 

Production 

32 

4 5 

7 

14  

2 

2 

100 

Identified 
Reserves 
MM Tons 

193,739 

703,374 

95,410 

579,889 

157,816 

27,737 

1,730,228 

1,600,149 

% 
Identified 

USA 
Reserves 

11 

4 1 

6 

33 

9 

.. 2 

100 

Identified 
+ 

Estimated 
(0-3000 ~ e e t )  
Reserves 
MM Tons 

203,219 

1,117,518 

297 ,065 

1,643,161 

317,916 

57,837 

3,578,880 

3,318,801 

% 
USA 

6 

3 1  

8 

46 

9 

2 

Identified 
+ 

Estimated 
(0-6000 Feet) 
Reserves 

206,294 

1,117,518 

377,066 

1,922,152 

337,916 

72,837 

3,961,576 

3,696,497 

% 
USA 

5 

2 8 

10 

4 9 

8 

2 



3.3.1 Materials and Quantitj.es 

The Fischer-Tropsch facility is planned to transform 
10.95 million tons per year of bituminous coal, HHV 12,550 
Btu/lb., into the following products: 

Million 
Product ~ons/~ear 

Motor Fuels 2.15 
Ethylene 0.32 
Tar Products 0.28 
Ammonia (asN) 0.07 
Sulfur 0.37 
Chemicals 0.15 

Coal Transportation System 

Percent by 
Weight 

9 a w  coal may be moved from the mine to the consumption 
point by rail, barge, truck or pipeline- ~xhiLiL 3-4 con- 
tains a brief description and characterization of each mode. 
Exhibit 3-5 shows graphically the relationship between unit 
costs and distance for different modes. Exhibits 3-6 through 
3-8 show the long-haul movement of coal in the U.S. 

Filotor ~ 1 1 ~ 1   rans sport-ation System 

'lotor fuels may be transported by truck, barge, train, 
or pipeline. For the quantities considered in the presen t  
case, about 2.15 million tons per year, the only reasonahla 
option for long-distance transport is the pipeline, costing 
approximately 0.4 cents/ton mile. The existing nationwide 
pipeline netvork, shown in Exhibit 3-9, provides solne flexi- 
bility in plant location. 

Uther P r u d u c l s  Transportntivrl Sys  ken? 

The other products from the liquefaction facility will 
be transported by truck or train. Ethylene, however, may be 
an exception if the plant is located near an ethylene-carrying 
pipeline system. 



EXHIBIT 3-4  
Coal  T r a n s p o r t a t i o n  Sys tems 

Mudc - 

Barge 

Uni t  T r a i n  

S l u r r y  
P i p e l i n e  

Truck 

Character  i s t  i c s  

. Moves about  10X uT tile raw c o a l  sh ipped i n  
~11,: U.S. 

. Usual ly  r e q u i r e s  moving c o a l  from t h e  mine 
Lo t h e  barge  l o a d i n g  f a c i l i t y  by e i t h e r  
t r u c k  o r  t r a i n ,  cxccpt  i n  t h e  Ohio r i v c r  
v n l l c y  wherc b a r g e s  can  be loaded d i r e c t l y  
from t h e  mine. 

. Must wotewny c o a l  movements lo 1974 werc  
made on r i v e r s  in t h e  Ohio r i v e r  system, 
a s  shown i n  E x h i b i t  3.6. 

. E x h i b i t  3.6 a l s o  shows t h a t  t h e  Ohio and 
M i s s i s s i p p i  b a s i n s  l i n k  two c o a i - r i c h  
r e g i o n s ,  w i t h  coal  movements in o p p o s i t e  
d i r e c t i o n s  o c c u r i n g  on a lmost  every  
WatCNoy. The reiisans f o r  t h i s  :lpparently 
i n e i f i c i e n t  a l l o c a t i o n  o f  c o o l .  a  f u e l  
w i t h  a l a r g e r  t r a n s p o r t  component in i ~ s  
d e l i v e r e d  p r i c e  than any o t h e r .  inc lude:  

- Needs f o r  d i f f e r e n t  grades  uC cool  

- l n t e r p l n y  of  s p o t  and long-term 
d e l i v e r y  markets  

- Copt ivc  production, aurl L t u t ~ s p o r r a c t o n  

- S e a s o n a l i t y  of supplyldemand 
e q u i l i b r i w n .  

. R a i l r o a d s  c u r r c n r l y  t r a n s p o r t  about  (0% of 
a l l  b i tuminous  c o a l  i n  t h e  U.S .  

. For t h e  q u a n t i t i e s  of c o a l  be ing considered .  
about  IOMHTI'Y, u n i t  t r a i n s  are t h e  cheapest 
farm of r a i l  t r a n s p o r t a t i o n  due  t o :  

- S p e c i a l  r a t e s ,  a b o u t  one- th i rd  below 
ICC-based g e n e r a l  r a t e s  f a r  c a n v e n t i o n n l  
t r a i n s  

- B e t t e r  u t i l i z a t i o n  of equipment 

- E l i m i n a t i o n  of  s t a n d a r d  r a i l r o a d  t ie -ups  
such a s  c l a s s i f i c a t i o n  y a r d s  and loyover  
p o s t s  

- B a t t e r  c o o r d i n a t i o n  between mine 
product ion  and c o a l  usage. 

. A  s l u r r y  p i p e l i n e  i s  c u r r e n t l y  i n  o p e r a t i o n  
t r a n s p o r t i n g  c o a l  from Penbody's Can1 Black 
Mesa. Arizona mine t o  a u t i l i t y  300 m i l e s  
away. C o s t s  ~ C C  es t imated  a t  0.6-0.7 c e n t s 1  
con mi le .  

. S e v e r a l  s l u r r y  p i p e l i n e s  a r e  be ing planned 
a s  s h o w  in  Exhibi t  3.8. 

. Trucks move about  IOZ of t h e  mw c o a l  
s l~ i l ,ped  in  tltc U . S . ,  bhnut t h c  s,me ps 
b a r g e s .  

Advantages 

. I.uv c o s t .  A s t u d y  
prrformcd by A. T. Kearncy 
Inc .  found t lmt  t h e  average  
r a r e  per  ton  m i l e  i n  1971 
was 0.339 c e n t s .  A  con 
m i l e  of 3  m i l l s  i s  o f t e n  
c i t e d  a s  an average  f i g u r e  
Tor barge  c o a l  movements. 
However, t h e  w a t e w a y  u s e r  
fee r e c e n t l y  passed by 
Congress should  i n c r e a s e  
barging c o s t s .  

. The mnin advantage  is t h e  
exccns ive  nat ionwide  r a i l -  
ruad network a l r e a d y  i n  
p l a c e ,  a s  shown i n  E x h i b i t  
3 .7 .  

. S t i U  t h c  c h e a p e s t  mode 
n e x t  t o  barging and 
s l u r r y i n g ,  both of which 
havP l i m i t a t i o n s  i n  nrcn 
covered.  In 1974. t h e  
average  c o s t  of nmv ing 
c u o l b y  u n i t  t r a i n s  was 
I . O c e n t / t o n  m i l e .  

. I.ow c o s t ,  e s t i m t e d  i n  t h e  
new long haul  p r o j e c t s  t o  
be  comparable t o  barging.  

. F l c x i b i l i t y  o v e r  s h o r t  
disranrrs .  

, 
Disadvarmtages 

. Limited t o  t h e  Ohio and 
M i s s i s s i p p i  b a s i n s .  t h u s  
wi th  no d i r e c t  a c c e s s  t o  
wpsrr rn  c o a l s  o r  r o  
e a s t e r n  markets.  

. Although t h e  r a i l  network 
spans  a v a s t  a r e a ,  many 
western  l i n e s  would not be 
ab le  t o  suppor t  r e g u l a r  
u n i t  t r a i n  movements with- 
o u t  s u b s t a n t i a l  t r a c k  
improvement ( p r i v a t e  
communication from DOT). 

. R a i l  c o s t s  a r e  more r o u t e  
s p e c i r i c  than any o t h e r  
means of  c o a l  t r a n s p o r c .  
For i n s t a n c e ,  moving c o o l  
by r a i l  west t o  e a s t  c o s t s  
more than would c o s t  a 
c ~ m p a m h l p  d is l -nnce  o v e r ,  
an u n i n t e r r u p t e d  route .  

. Outcome u n c c r t n i n  due  t o  
i n s t i t u t i o n a l  b a r r i e r s .  

. Not c o s t  e f f e c t i v e  For 
l l r g o  d i u c n n s c ~  o r  larsc 
volumes of  c o a l .  



MILES (lo2) 

Source: Nagcr?ala. Olrer .  & l e r r e l .  Regionbl Energy Sy~tern for  t he  Fl+nr.:ng and cptimization 
of Nation.1 Scenarios. The Bechtel Corpora t ion  June 1'376. 1 FE 1,552-18. p.  101. 





EXHIBIT 3-7 
Coal Movements by Rai lroad Overlaying 
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  ran sport at ion Model 

The transportation costs for the two cases can be 
determined by: 

Case 1: c1 = 5 'n ' 'n 'n (1) 
1 

C1 = Annual cost of products transportation 

V = Annual output, in tons, of prcduct n n 
(1, motor fuels; 2, ethylene; 3, tar 
products; etc.) 

X = Distance from mine to market n (miles) 
n 

U = Transportation cost for product n n (cents/ton mile) 

C2= Annual cost of coal transportation 

Q = Annual coal tonnage consumed by the 
plant 

X = Distance from mine to market (same as 
X in Case 1) 

U = Coal transportation cost (cents/ton c mile). 

The ratio Cl/C2 is the transportation costs ratio 
associated with alternatives 1 and 2. Therefore, 

- -  - 1 means that the alternatives are indif- 
C2 ferent to transportation costs. 

I - < 1 means that alternative 1 (plant at 
C2 mine mouth) has lower transportation 

costs than alternative 2 (coal trans- 
ported from mine to plant) . 



- C1 >1 means that alternative 1 is more costly 
C, than alternative 2. 

Assuming that x ... x6 = X I  i.e., all products are 
transporte'd to tho same market, equation ( 3 )  becomes : 

Exhibit 3-loshows the amounts of coal and of final 
pro'ducts, the transportation costs for different modes, and 
different estimates for the same mode. 

Using all possible combinations of these cost figures, 
in equation ( 4 ) .  the following c1/C2 ratios can be obtained: 

I ' c 
c e n t s  P e r  - 8 C e n t s  P e r  

- -... lvlnllri Ton Mile c2 I ! Ton M i  I C  

U n i t  T r a i n  1 .3  

1.3 

S l u r r y  0.81 

S l  urr-y 0.81 

Bhr'ge 0 . 4 1  

B a r g e  0.43 

l.l,,,,L 

p i p e l  l n e  

P i p e 1  i n e  

P I  p e l  i11e 

P i  pel i ne 

P i  p e l  i n e  

PSpeline 

In all cases C /C < 1 ;  hence, by definition, Case 1 
(plant at mine moutk) $as lower transportation costs than 
Case 2, and is therefore the preferred solution. 



EXHIEIT 3-10 
Transportation Costs for Different Elaterials 

(l) 1974 National Transportation Report Current Performance 
and Future Prospects, July 1975, Department of Trans- 
portation,~. 448. 

* 

Coal 

Motor Fuels 

Ethylene 

Tar Products 

Ammonia (AS N) 

Sulfur 

Chemicals 

(2) Pipeline TransportatLon to 1990, The Pace Company, 
January 1976, prepared for Department of Transportation. 

(3)  Domestic Waterborne Shippinq Analysis, A.1'. Kearney, 
Inc., Chicago, IL 1974, Table 7. 

~sage/ 
Yield 
MM TPY 

10.95 

2.1 

0.259 

0.252 

0.07 

0.37 

0.12 

(4) All units revised to 1978 dollars. 

Transpor ation 
Costs 5 

(Cents/Ton Mile) 

1.3 
0.81 
0.43 

0.39 
0.54 

2.6 

2.6 

2.6 

2.6 

2.6 

Transportation 
Mode 

Unit T ain 1 
Slurry 5 
Barge 3 

PipelineZ 1 
Pipeline 

Rail/Water 1 

Rail/Water 1 

Rail/Water 1 

~ail/Water 1 

Rail/Water 1 

- 



3 . 3 . 6  Discuss ion  of ReSul ts  

Coal Heat ing Value-the motor f u e l  component 
o f  equa t ion  ( 4 ) ,  t h e  most impor t an t  s i n g l e  

f a c t o r  i n  de te rmin ing  Cl/CZ, can be  expressed  
a s  t h e  produc t  of two r a t l o s :  

v1 . X1 . u1 - . u1 - F ( Q )  '1 Where V1 = F(Q)  - - .  - 
Q . X1 . Uc - Q  . U c  Q uc  

.-.. F (Q) /Q i . s  the  gasol j -ne  o u t p u t / c o a l  
i n p u t  ratio, which is a f u n c t i o n  Of 
proces s  c h a r a c t e r  is k i c ~ ~ , ~ - F ( Q )  Qncreasi . t ig  
w i th  i n c r e a s e d  e f f ic iency-and  t h e  
t y p e  o f  c o a l  used-Q d imin ish ing  wi th  
h ighe r  c o a l  h e a t  v a l u e s .  Therefore ,  
low p r o c e s s  e f f i c i e n c y  and/or low-Btu 
coal w i  1.1 s k i £  t t h e  t r a n s p o r t a t i o n  
economics f u r t h e r  toward choosing a 
mine-mouth p l a n t ,  I n  t h e  conceptua l  
p l a n t  being cons ide red ,  u s ing  c o a l  
w i t h  12,550 B tu / lb ,  t h e  r a t i o  i s  2.15 
m i l l i o n  tons /year  of  motor f u e l s  t o  
10.95 m i l l i o n  tons /year  o f  c o a l ,  
y i e l d i n g :  

- Ul IS t h e  r a t i o  of  t r a n s p o r t a t i o n  
- c o ~ t s  f o r  q a s o l i n e  and c o a l .  
U, From Table 1, ul /U,  v a r i e s  from 

0 . 3  t o  1 . 3 .  

I n  o r d e r  t o  make any a l t e r n a t i v e  o t h e r  
t h a n  a  mine-mouth p l a n t  c r e d i b l e ,  t h e  
produc t  of the t w o  ratios should 
approach 1. However, t h e  h i g h e s t  v a l u e  
i s  'approximately 0.3.  I n  o r d e r  t o  
ach ieve  a  v a l u e  o f  1, t h e  r a t e  of gaso- 
l i n e  produc t ion  pe r  u n i t  o f  c o a l  would 
have t o  m u l t i p l y  s e v e r a l  t i m e s ,  and/ui- 
t h e  c o s t  o f  moving coal would have t o  
dec rease  r e l a t i v e  t o  t h a t  of  moving 
g a s o l i n e .  



S o l i d  Waste Disposal--The g a s i f i c a t i o n  
s t a g e  produces a  r e s i d u e  ( 1 0  t o  2 0  p e r c e n t  
of i n p u t  c o a l ,  by weight)  i n  t h e  form of  
a sh  o r  s l a g .  I t  i s  assumed i n  t h e  market- 
s i t i n g  c a s e  t h a t  t h e  r e s i d u e  w i l l  be t r a n s -  
po r t ed  back t o  t h e  mine from t h e  l i q u e f a c t i o n  
p l a n t  a t  no c o s t  and t h a t  t h e  m a t e r i a l  hand- 
l i n g  c o s t s  a t  t h e  p l a n t  and a t  t h e  mine a r e  
absorbed by o p e r a t i o n s  c o s t s  o t h e r  t han  
t r a n s p o r t a t i o n .  However, such handl ing  c o s t s  
would a lmost  c e r t a i n l y  be lower i n  a  mine- 
mouth p l a n t .  

Products  Other Than Motor Fue l s - - I t  was 
assumed, i n  t h e  mine-mouth p l a n t  c a s e ,  
Chat t he  nonfuel  p roduc ts  would be r a i l e d  
t o  t h e  same market  a s  t h e  f u e l s .  Any 
sho r t en ing  of  t h i s  d i s t a n c e  f o r  t hose  pro- 
d u c t s ,  by supply ing  markets  between t h e  
mine and t h e  f u e l  market ,  w i l l  reduce t h e  
o v e r a l l  t r a n s p o r t a t i o n  c o s t s  of  mine-mouth 
s i t i n g ,  t h e r e f o r e  s t r e n g t h e n i n g  even f u r t h e r  
t h e  mine-mouth p l a n t  o p t i o n .  

3 . 4  S  I T I N G  C'R:I'TERIA 

The prev ious  s e c t i o n s  have e s t a b l i s h e d  

A con t inu ing  dependency on imported crude o i l  
by t h e  U.S. 

A mismatch between t h e  l a r g e  c o a l  r e s e r v e  
r eg ions  and t h e  main g a s o l i n e  markets  

'l'he c o s t - e f f e c t i v e n e s s  o f  mine-mouth f a c i l i t i e s  
r e l a t i v e  t o  market  s i t i n g  

Therefore  t h e  key s i t i n g  requi rements  must i n c l u d e  

Coal a v a i l a b i l i t y ;  a t  l e a s t  1 0  m i l l i o n  tons p e r  
y e a r  p e r  p l a n t  

A' l o c a l  g a s o l i n e  market capab le  of  absorb ing  t h e  
o u t p u t  of t h e  p l a n t ( s )  



I f  a  l o c a l  market does  n o t  e x i s t ,  t h e r e  should  
be  e x i s t i n g  petroleum produc ts  p i p e l i n e s  t o  move 
t h e  p roduc t  i nexpens ive ly  t o  o t h e r  markets 

A v a i l a b i l i t y  of  wate r  (about  12,000 g a l l o n s  p e r  
minute)  

Environmental  a c c e p t a b i l i t y .  

S ince  some c r i t e r i a  may be m e t  by one o r  a  few f a c i l - .  
i t i e s  b u t  n o t  f o r  l a r g e - s c a l e  development r e q u i r i n g  many 
f a c i l i t i e s ,  two s c e n a r i o s  must be  cons idered  when apply ing  
t h e  s i t i n g  c r i t e r i a :  

One o r  a few f a c i l i t i e s  case 

Many t a c i l l t i e s  ease. 

3 . 4 . 1  Few Fac i l i t i e s  Case-Case 1 

There are  no r i g i d  c r i t e r i a  f o r  a  o n e - f a c i l i t y  pro- 
j e c t .  I t  can  be b u i l t  anywhere 300 m i l l i o n  t o n s  of  c o a l  
a r e  a v a i l a b l e  (assuming 1 0  m i l l i o n  tons /yea r  f o r  30 y e a r s ) ,  
t h e r e  i s  adequa te  w a t e r  f o r  p roces s ing ,  t h e  r e g i o n a l  
market  can absorb  t h e  g a s o l i n e ,  and t h e  p l a n t  i s  envi ron-  
menta l ly  a c c e p t a b l e .  I t  i s  u n l i k e l y ,  though, t h a t  i t  
would be  b u i l t  o u t s i d e  t h e  16 s t a t e s  shown i n  E x h i b i t  3-11. 
Each of these s t a t e s  c o n t a i n s  1 p e r c e n t  o r  more of  U.S. 
c o a l  r e s e r v e s ,  and c o l l e c t i v e l y  t hey  account  f o r  95 p e r c e n t  
of  domest ic  r e s e r v e s ,  exc lud ing  Alaska.  

'l1he t h r e e  main f i c  tors t o  be  cona idered  fo r  this 
c a s e  a r e :  

Coal a v a i l a b i l i t y :  A l l  s t a t e s  in Exhlbit 3-11 
can t h e o r e t i c a l l y  supply t h e  necessary  c o a l .  
Each p l a n t  w i l l  r e q u i r e  1 0  m i l l i o n  tons /year ,  
approximately  1 .5  percci~t  of  c n r r c n t  domest ic  
p roduc t ion  

Gasol ine  market:  Each s t a t e  i n  PAD Dis t r ic ts  1 
and 2 ,  e x c e p t  North Dakota and West V i r g i n i a  
can, t e c h n i c a l l y ,  e a s i l y  absosh the output of a  
50,000 bbl /day f a c i l i t y .  On t h e  o t h e r  hand, 
each s t a t e  i n  PAD D i s t r i c t s  3 and 4 ,  e x c e p t  
Alabama, produces more c rude  than  it consumes; 
t h u s  produc t  p i p e l i n e s  a r e  needed t o  move gaso- 
l i n e  t o  o t h e r  markets .  

Environmental p r o t e c t i o n :  Except i n  s p e c i a l  
c i rcumstances ,  environmental  impact  should n o t  
c o n s t i t u t e  an o b s t a c l e  f o r  a proposed F i sche r -  
Tropsch o p e r a t i o n .  Beyond a  l i m i t e d  number o f  
p l a n t s ,  however, demands on wate r  may become a  
c o n s t r a i n t  i n  t h e  W e s t .  



EXHIBIT 3-11 
Coal, Gasoline, and Pipeline Data 

for the 16 Coal-Rich States 

P a c l  A v e r i t t  "Coal R ~ S O Y ~ C B S  o f  t h e  U . S . . "  January  1970 

Federa l  Highway Adminis t ra t ion  and N a t i o n a l  Petroleum News Factbook 

' Energy 3 a t a  Reports.  EIA. 

PAD D i s t r i ~ t  I 

Pennsylvania ( ~ x c l .  A n t h r a c i t e )  

Wsst V i r g i n i a  

PAD D i s t r i c t  2 

North Dakota 

Missour i  

I l l i n o i s  

Indiana  

Ohio 

Kentucky 

FAD D i s t r i c t  3 

New Mexico 

Texas 

Alabama 

PAD D i s t r i c t  4 

M0r.can.a 

Wycming 

Utah 

Colorado 

PAD D i s t r i c t  5 (Exzl.  Alaska) 

Washington 

TOTAL ABOVE 
TOTAL USA (Excl.  Alaska) 

Coal ~ e r c r v e s '  
MM Tons 

71,540 

100.150 

530.602 

48.673 

246.001 

54,868 

47,318 

116,340 

2 

3 

14 

1 

7 

1 

1 

3 

1977 

330 

58 

29 

1 8 3  

355 

18h 

353 

135 

5 1 

549 

137 

33 

24 

4 7 

92 

127 

2,689 
7 ,178 

Gasol ine  
 ema and^ 

4.7 

. 8  

4 

2.5 

4.9 

2 .6  

4.9 

1 . 9  

.7 

7.6 

1 . 9  

.5  

. 3  

. 6  

1 . 3  

1 . 8  

38 
100 

1977 

-%?%%&7- 

7 

7 

64 

0 

70 

15 

28 

18 

239 

3,117 

50 

90 

37 7 

91 

108 

0 

4,281 
8,245 

200,947 

128.441 

41,262 

Crude 

/ 

4 

,' 

,I 

,I 

$1 

,/ 

,I 

J 

Crude 
roliuction3 

. 0 8  

.08  

. 8  

0 

. 8  

.18  

.34 

.20 

2 .9  

37.8 

0.6 

1.1 

4 . 6  

1.1 

1 . 3  

0 

51.88 
100 

5 

3 

1 

Products  

J 

/ 

,/ 

J 

/ 

/ ' 

,I 

,I 

el 

,I 

J 

,' 

J 

J 

,I 

471.639 1 3  

P i p e l i n e s  A v a i l a b i l i t y  

CRUDE 

From I.auisiana 

To Great Lakes 

From Oklahoma 

From South 

Fro". I l l i n o i s  

From Indiana  

From South 

To ' b a s ;  Q U f o r n i a  

To I l l i n o i s  

From Canada t o  
' Kansas 

From Canada t o  
Kansas 

From Wyoming 

From Wyoming 

From 3anada 

D i r e c t i o n  
Products  

Mainly P h i l a d e l p h i a /  
P i t t s b u r g h  

To Minncsola from 
Montana 

From Oklahoma t o  Lakes 

8 0 t h  Ways 

From Oklahoma 

From Oklahoma 

From Oklahoma 

From Texas; C a l i f o r n i a  

To East Coast 

From Texas 

Surrounding Areas 

Surrounding Areas 

From Wyoming t o  ldaho 

From Wyoming and Texas 

To Oregon 
- ---- 

; 9359943 I 25 

80,359 2 

434.211 

51,169 

3,559,463 
3.696.497 

12 

1 

94 
100 



Xxhib i t  3-12 shows how t h e  a n a l y s i s  has  been summarized. 
The conc lus ion  f o r  t h e  few f a c i l i t i e s  c a s e  i's t h a t  a l l  t h e  
s t a t e s  mentioned a r e  p o t e n t i a l l y  s u i t a b l e  l o c a t i o n s  excep t  
West V i r g i n i a ,  Kentucky, New Mexico, Montana, Utah and 
Washington. 

3.4.2 Coal - Liqu ids  I n d u s t r y  Case-Case 2 

The parameters  t o  be  cons ide red  i n  t h i s  c a s e  a r e :  

Coal. a v a i l a b i l i t y :  T h e  c r i t e r i a  h e r e  i s  t h a t  
states without  major  c o a l  r e s e r v e s  a r e  u n l i k e l y  
t o  p lay  d s i g n i f i c a n t  role i n  a n a t i o n a l  coal 
l i q u i d s  i n d u s t r y .  The growth of that industry 
w i l l ,  of cou r se ,  be l i m i t e d  by t h e  r a t e  a t  
which uncommitted r e s e r v e s  a r e  brought  i n t o  new 
p roduc t ion .  

P i p e l i n e  a v a i l a b i l i t y :  Local  o r  r e g i o n a l  markets  
a r e  not l a r g e  enough t o  absorb  the  o u t p u t  of  
such an i n d u s t r y ;  the dete rmin ing  f a c t o r  i s  t h e  
a b i l i t y  t o  move l a r g e  volumes of g a s o l i n e  t o  
h igh  demand regions-PAD D i s t r i c t s  1 and 2  as 
w e l l  a s  t o  C a l i f o r n i a .  The h i g h e s t  c o a l  r e s e r v e  
r eg ions  (Montana, Wyoming, Colorado, North 
Dakota) have nn produc t  p i p e l i n e s  t o  C a l i f o r n i a ,  
whereas t h e  two p i p e l i n e s  t o  t h e  E a s t  have small 
d i ame te r s  ('6 and 8 i nches )  . Texas i s  equipped - 
t o  s e r v e  PAI'I 1, and I l l i i ~ o i a  and Micsouri  a r e  
a l s o  we l l  s e rved .  

E n ~ r i  ronmental p r o t e c t i o n :  The main problem 
r a i s e d  by a  h igh  c o n c e n t r a t i o n  o t  c o a l  l i q u i d s  
p roduc t ion  f a c i l i t i e s  i s  t h e  high demand f o r  
water, which may become a  p r o h i b i t i v e  f a c t o r  
i n  PAD D i s t r i c t  4 .  S tandards  a f f e c t i n g  i n d i r e c t  
coal. l i q u e f a c t i o n  t echno log ie s  pose no i n s u r -  
mountable b a r r i e r s  t o  t h e  comrnerclal app l iuak ion  
of t h e s e  techno . log ies ,  b u t  may r e s u l t  i n  add i -  
t i o n a l  c a p i t a l  and o p e r a t i n g  c o s t s .  

E x h i b i t  3-13 summarizes t h e  conc lus ion  f o r  t h i s  c a s e .  



EXHIBIT 3-12 
Characterization Parameters for Coal Liquefaction Plants 
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EXHIBIT 3-13 
Characterization Parameters for Coal Liquefaction Plants 
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3.4.3  S i t e s  S e l e c t e d  

From t h e  prev ious  examinat ion,  I l l i n o i s  and Texas 
a r e  obvious cho ices  t o  cons ide r  f o r  e i t h e r  of t h e  c a s e s  
examined. I n  a d d i t i o n ,  Wyoming wi th  a  l a r g e  amount of 
low-cost c o a l  w i l l  a l s o  be cons idered .  This  w i l l  be 
r e p r e s e n t a t i v e  of  any number of  Western c o a l s  ( e . g . ,  
Colorado, Montana, North Dakota) . 

.The  c h a r a c t e r i s t i c s  and mining c o s t s ,  based on 
average mine-mouth quoted p r i c e s ,  of r e p r e s e n t a t i v e  c o a l s  
from t h e s e  regions ,  a r e  shown i n  E x h i b i t  3-14. I n  addi -  
t i o n ,  a  South Af r i can  c o a l  i s  inc luded  f o r  comparison 
s i n c e  t h i s  r e p r e s e n t s  t h e  on ly  commercial feeds tock  t o  a n  
e x i s t i n g  F-T o p e r a t i o n .  

I n  o r d e r  t o  ensure  comparab i l i t y  of r e s u l t s  among 
t h e  t h r e e  si tes,  c e r t a i n  assumptions r e l a t i v e  t o  markets 
a r e  r equ i r ed  : 

Markets i n  PAD D i s t r i c t s  1 and 2 a r e  assumed, 
s i n c e  n e i t h e r  D i s t r i c t  3  nor  4 i s  f u e l  d e f i -  
c i e n t ,  and t h e r e  i s  no produc t  p i p e l i n e  
l i n k i n g  producing d i s t r i c t s  w i th  D i s t r i c t  5 .  

The,Texas f a c i l i t y  can s e l l  i t s  g a s o l i n e  i n  
e i t h e r  PAD 1 o r  PAD 2 .  I t  i s  assumed i t  w i l l  
be s o l d  i n  I l l i n o i s  (800 m i l e s  by p i p e l i n e ) .  

The Wyoming f a c i l i t y  i s  u n l i k e l y  t o  s e l l  i t s  
g a s o l i n e  e i t h e r  i n  Wyoming o r  i n  Colorado; 
t h e r e f o r e  i t  i s  assumed it w i l l  be s ~ l d  i n  
I l l i n o i s  (1,200 m i l e s  by p i p e l i n e ) .  

Therefore  f o r  t h e  purpose o f .  t h i s  a n a l y s i s  
t h e  economics w i l l  be based on g a s o l i n e  s o l d  
i n  I l l i n o i s  i r r e s p e c t i v e  of  p l a n t  1ocat.i-on. 
Note t h a t  t h i s  assumption w i l l  y i e l d  t h e  
h i g h e s t  p robable  t r a n s p o r t a t i o n  c o s t s  f o r  t h e  
two a l t e r n a t i v e s  because it i s  w i t h i n  t h e  
realm o f  p o s s i b i l i t y  t h a t  a  p o r t i o n  of  t h e  
o u t p u t  of a p l a n t  l o c a t e d  i n  e i t h e r  of  t h e s e  
a r e a s  would go t o  l o c a l  markets .  

The follow.ing assumptions r e l a t i v e  t o  i n p u t  and 
o u t p u t s  were a l s o  used. 

The Z l l i n o i s  l o c a t i o n  i s  t h e  base  c a s e ,  and 
t h e  l i q u i d s  y i e l d  i s  based on I l l i n o i s  c o a l .  



E X H I B I T  3-14  
R e ~ r e s e n t a t i v e  Coals From PADS 2 ,  3 ,  4 

I 

(1) Ralph M. Parson Co. ( 3 )  Sasoi I 

( 2 )  Keystone's Coal ( 4 )  EIA Annual Report to Congress, 1977 ' {?978 ~ollars) . 
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10.3 

Eastern 2 
Texas Lignite 

7,226 

9.57 

0.66 

31.8 

I 9 . 7  
I 

30 .9  h 

27.6 

N /A 

N /A 

N /A 

0 . 9  

N /A 



chap 
requ 

E s t i m a t e s  of  t h e  amounts o f  Wyoming and Texas 
c o a l s  r e q u i r e d  t o  produce t h e  same pr imary  
p r o d u c t s  w e r e  based on t h e i r  f i x e d  ca rbon  con- 
t e n t  compared t o  t h e  b a s e  c o a l - I l l i n o i s .  

F ixed  and o p e r a t i n g  c o s t s  w e r e  a d j u s t e d  f o r  
e ach  a l t e r n a t i v e  c a s e  due t o  v a r i a t i o n s  i n :  

- Coal h a n d l i n g  r equ i r emen t s  
- Ash d i s p o s a l  r equ i r emen t s  
- S u l f u r  c o n t e n t  
- T r a n s p o r t a t i o n  c o s t  d i f f e r e n t i a l s .  

By-product y i e l d s  (e  . g . ,  s u l f u r ,  e l e c t r i c i t y )  
w e r e  r e v i s e d  t o  r e f l e c t  t h e  v a r i o u s  c o a l  cha r -  
a c t e r i s t i c s .  

Regional  d i f f e r e n t i a l s  f o r  c o n s t r u c t e d  c o s t s  
w e r e  n o t  employed a s  t h i s  i s  n o t  a  s i t e - s p e c i f i c  
a n a l y s i s .  

The o v e r a l l  r e s u l t s ,  p r e s e n t e d  i n  t h e  f o l l o w i n g  
ters, a r e  e x p r e s s e d  i n  t e r m s  o f  t h e  p r i c e  o f  g a s o l i n e  

1 

/" 
i r e d  a t  t h e  p l a n t  g a t e  o f  an  I l l i n o i s  p l a n t .  



4 .  PROCESS ECONOMICS 

The r e q u i r e d  s e l l i n g  p r i c e  of  g a s o l i n e  a t  t h e  p l a n t  
g a t e  i s  determined by us ing  a  d i scounted  cash  f low model 
based on t h e  p roces s  economics of a  conceptua l  F i sche r -  
Tropsch p l a n t .  Such models a r e  i n  widespread use  :or 
c a p i t a l  investment  d e c i s i o n s  and t h i s  p a r t i c u l a r  model was 
o r i g i n a l l y  developed by Oak Ridge Na t iona l  ~ a b o r a t o r ~ . '  
I t  can be used t o  de te rmine  e i t h e r  t h e  e q u i t y  r a t e  of 
r e t u r n  on a  proposed p r o j e c t  o r  t h e  r e q u i r e d  s e l l i n g  p r i c e  
necessary  t o  ach ieve  a  given r a t e  of r e t u r n .  

The model computes annual  p r o f i t s  based on ass igned  
produc t ,  v a l u e s ,  c a p i t a l  cha rges ,  d e b t  s e r v i c e ,  o p e r a t i n g  
expenses ,  f eeds tock  c o s t s ,  and t a x e s .  I t  then  a s s i g n s  a  
t i m e  va lue  t o  t h e s e  income s t reams  ( t h e  so -ca l l ed  d i s c o u n t  
method) based on i n p u t  v a l u e s  of f i n a n c i a l  s t r u c t u r e  (debt-  
e q u i t y ,  c o s t  of d e b t ,  r e q u i r e d  r e t u r n  on e q u i t y ) .  The 
program can a l s o  be used t o  c a l c u l a t e  t h e  r e q u i r e d  s e l l i n g  
p r i c e  of p roduc ts  i f  a  DCF percen tage  r e t u r n  i s  s p e c i f i e d .  

Some of t h e  more impor tan t  convent ions  used i n  t h e  
model a r e  shown i n  E x h i b i t  4-1.  The complete program i s  
inc luded  i n  Appendix I. 

The model r e q u i r e s  i n p u t  in format ion  from t h e  use r  
concerning c a p i t a l  inves tment ,  f i n a n c i a l  s t r u c t u r e  ( e . g . ,  
deb t -equi ty  r a t i o  and c o s t  of  c a p i t a l ) ,  p roduc t ion  r a t e s  
of p roduc t s ,  consumption r a t e s  of  f e e d s t o c k s ,  va lues  ( p r i c e s )  
of by-products, o p e r a t i n g  c o s t s ,  i n t e r e s t  r a t e s ,  t a x  r a t e s ,  
and d e p r e c i a t i o n  c l a s s e s .  The model a l lows  e s c a l a t i o n  uf 
c a p i t a l  expend i tu re s ,  o p e r a t i n g  expenses ,  f e e d s t o c k s ,  and 
product  p r i c e s  a t  d i f f e r e n t  r a t e s  over  t i m e  t o  r e f l e c t  
a n t i c i p a t e d  i n f l a t i o n .  

1 Roycs Salmon, PRP - A Discounted Cash--F1 am f o r  Calcula t ing  

t h e  Production Cost of t h e  Product from a Process P l a n t ,  Oak 
Ridge National Laboratory, ORNL-5251. 



EXHIBIT 4-1 
Key Assumptions Used in the Cash Flow Model 

r- __.____ -. ---- --.._---. ." .._ . .,_... .-.-- - 
i 

1. Annual time periods are used. 

2. Investments occur at the start of 
the year. 

! 

1 3. Incomes are received at the end of 
the year. 

i 4. Expenses and taxes are paid at the 
end of the y p a r .  

i 
5. The project life is the sum of the 

specified construction period and 
. . the specified operating life. 

I 6. The debt-equity ratio is specified 
I .  and remains constant throughout the 

project life. 

i 7 .  Interest on debt and return on equity 
I , capital are based on the debt and 
I equity investment outstanding at the 
1 start of the year. 
1 
i 8. For income tax purposes, depreciation 

allowance& bcgin in Lhe year in which 
startup occurs. Depreciation lives 

i are specified by the user by classes , 

I 
of equipment. 

I 9. When calculating state income t a x e s ,  
1 it is assumed that Federal income 
I t a m s  are deductible as, an expense. 
I 
i 10. working capital is recovered intact at 

I the end of the project life. I 



Since this conceptual plant produces large quantities 
of gasoline and utilizes considerable petroleum-refining 
technology, it was assumed that petroleum refiners would be 
the potential investors. Thus, the base case investigated 
consisted of financial parameters typical of the petroleum 
industry, e.g., 75 percent equity, 25 percent debt; debt 
interest rate, 9 percent; and an equity rate of return of 15 
percent. Other key input values are shown in Exhibit 4-2. 

The model is then used to calculate profitability 
(percent DCF return) if product values are specified, 
or product values (required price) if DCF return is 
specified. 

CAPITAL COSTS 

Estimates for capital and operating costs were de- 
rived using the following procedures: 

A plant similar in size and state-of-the-art to 
that conceptually designed by the Ralph M. Parsons 
Co. for ERDA (ERDA FE-1775-7) in 1977 was modi- . 

fied to produce outputs similar to the SASOL I1 
plant nearing completion in South Africa. Costs, 
however, are those that the plant would incur in 
the U.S. using representative U.S. coals. 

Capital and operating costs were then escalated 
from the 1975 dollars (year of reference) by 
extrapolating current costs using indices in the 
October 2, 1978 issue of the Oil and Gas Journal. - 

The resulting capital investment schedule for a plant 
with a nominal 50,000 bbl/day product slate is as follows: 

Year 1 2 3 4 5 Total 
($Millions) : 54 176 474 1463 542 2'7 l U  

This capital investment includes the process plant, 
utilities and offsites. It does not include investment 
in a coal mine. For this analysis, coal was assumed to be 
purchased at prices given in the Energy Information Agency 
(EIA) PIES model (EIA Annual Report to the Congress). In 
this way, the specific incentive for investing in a process 
plant- can be investigated. If the investment in the mine 
were included, alternative investments (e.g., coal production 
for sale to utility or industrial boilers) would also have 
to be investigated and ranked. Since EIA's figures are 



EXHIBIT 4-2 
I n p u t  Assumptions Used 

i n  t h e  F i n a n c i a l  A n a l y s i s  

- , - , . . .. . . . . 

* PFI=Plant Fixed Investment. 

a 

P l a n t  C o n s t r u c t i o n  
P e r i o d  5 Years  

P l a n t  L i f e t i m e  20 Years  

On-Stream F a c t o r  90% ( 5 0 %  During F i r s t  Year 
of O p e r a t i o n )  

F e d e r a l  Income Tax R a t e  48% 

S t a t e  Income Tax R a t e  4 % 

S t a t e  Revenue Tax R a t e  0  

S t a t e  P r o p e r t y  Tax R a t e  2 .5% 

E n t i t l e m e n t s  C r e d i t  $1 .40/bbl  E q u i v a l e n t  

* 
Inves tment  Tax C r e d i t  10% (90% of  PFi  E l i g i b l e  

f o r  C r e d . i t )  

A 



in tended t o  be p r o j e c t i o n s  of market p r i c e s  ( i n  t h i s  c a s e  
f o r  c o a l  a t  t h e  mine mouth),  they a r e  assumed t o  i n c l u d e  
adequate r e t u r n s  t o  c o a l  producers .  

4 . 2  OPERATING COSTS 

Opera t ing  expenses a r e  e s t ima ted  t o  be $189 m i l l i o n  
p e r  y e a r ,  e x c l u s i v e  of c o a l  c o s t s .  Coal would c o s t  an 
a d d i t i o n a l  $218 m i l l i o n  per  yea r  i n i t i a l l y  and would 
i n c r e a s e  approximately 1 pe rcen t  p e r  y e a r  i n  r e a l  terms.  

Opera t ing  expenses i nc lude  amounts f o r  maintenance 
m a t e r i a l ,  o p e r a t i n g  s u p p l i e s  ( i n c l u d i n g  c a t a l y s t s ) ,  and 
o p e r a t i n g  and maintenance l a b o r  ( i n c l u d i n g  b e n e f i t s ) .  
These expenses a r e  assumed t o  be c o n s t a n t  throughout  t h e  
o p e r a t i n g  l i f e t i m e  of t h e  p l a n t .  Th i s  i s  e q u i v a l e n t  t o  
performing a  c o n s t a n t - d o l l a r  a n a l y s i s  a s  of t h e  yea r  of 
s t a r t - u p  (1985).  

E x h i b i t  4-3 breaks  down c a p i t a l  and o p e r a t i n g  c o s t s  
i n t o  t h e  v a r i o u s  processes .  Because c a p i t a l  c o s t s  r ep re -  
s e n t  such a  l a r g e  f r a c t i o n  of t o t a l  p roduc t ion  c o s t ,  each 
of t h e  p roces s  u n i t s  was i d e n t i f i e d  on a  s e p a r a t e  l i n e .  
Opera t ing  expenses ,  which accblint f o r  on ly  about  1 2  t o  1 5  
pe rcen t  of t o t a l  p roduc t ion  c o s t ,  a r e  n o t  shown d isaggrega ted .  

4.3 REVENUE REQUIRED (PROFITABILITY) 

Revenue i s  computed us ing  i n p u t  v a l u e s  o f  p roduc t ion  
r a t e s  of  p roduc t s ,  p l a n t  onstream f a c t o r s  f o r  each yea r  of 
o p e r a t i o n ,  and produc t  va lues  ( p r i c e s ) .  I f  t h e  r e q u i r e d  
p r i c e  of t h e  p r i n c i p a l  p roduc t  (revenue r e q u i r e d )  i s  t o  
be determined ( i - e . ,  t h e  DCF i s  s p e c i f i e d ) ,  va lues  of 
coproducts  must s t i l l  be i npu t .  For t h i s  a n a l y s i s  t h e  
fo l lowing  coproduct  v a l u e s  f o r  t h e  yea r  1978 w e r e  s p e c i f i e d ,  
wliicli were based UII r e c e r ~ L  piice y , u o L e s : .  

D i e s e l  f u e l  $. 40/ga l lon  
Ethy lene  $250/ton 
Alcohols  $20/ ton  
T a r  p roduc ts  $85/ ton 
Ammonia $100/ton 
S u l f u r  $60/torl 
E l e c t r i c i t y  $.03/kWhr 

These base  yea r  p r i c e s  were t hen  e s c a l a t e d  a t  2 
pe rcen t  p e r  yea r  i n  r e a l  terms ( i . e . ,  above g e n e r a l  i n f l a -  
t i o n )  t o  account  f o r  t h e  d e p l e t i o n  of competing petroleum 
re sou rces .  This  e s c a l a t i o n  f a c t o r  i s  c o n s i s t e n t  w i th  E I A ' s  
midcase p r o j e c t i o n s  f o r  crude o i l  p r i c e s  du r ing  t h e  pe r iod  



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

Coal  G r i n d i n g  and 
Drying 

Acid  Gas Removal 

S h i f t  Convers ion  

S y n t h e s i s  

T a i l  Gas Reforming 

P r o d u c t  Recovery 

Oxyqen P l a n t  

S u l f u r  Recovery 

Water Reclamat ion  

Process P l a n t  
S u b t o t a l  

Of f s i t e s  

TOTAL 

E X H I B I T  4-3 
B a s i s  f o r  C a p i t a l  C o s t s  

and O p e r a t i n g  C o s t s  

C a p i t a l  C o s t  O p e r a t i n g  Cos t  
l o 6  % o f  T o t a l  $106/year  % o f  T o t a l  

A l l  d o l l a r  v a l u e s  u s e  1985 a s  t h e  y e a r  o f  r e f e r e n c e s .  



of o p e r a t i o n  of t h i s  p l a n t .  S ince  E I A  p u b l i s h e s  p r e d i c t i o n s  
f o r  5-year i n t e r v a l s  on iy ,  t h e  above e s c a l a t i o n s  a r e  approx- 
imat ions  of PIES d a t a .  The r e q u i r e d  p l a n t  g a t e  p r i c e  of 
g a s o l i n e  quoted i n  t h e  fo l lowing  s e c t i o n  i s  t h u s  f o r  t h e  
base  yea r  (1985) only .  

4 . 4  ECONOMIC ANALYSIS-BASELINE RESULTS 

The base  c a s e  shows t h a t  t h e  r equ i r ed  p l a n t  g a t e  
p r i c e  (1985 d o l l a r s )  of g a s o l i n e  v a r i e s  from $1 .17 /ga l lon  
f o r  Wyoming subbituminous t o  $1.32/gal lon f o r  I l l i n o i s  
No. 6  c o a l .  These p r i c e s  a r e  cons idered  t o  be a c c u r a t e  
t o  w i t h i n  225 pe rcen t .  T ranspor t a t i on  c o s t s  do n o t  exceed 
$ .02 /ga l lon  f o r  any of t h e  c a s e s ,  s o  t hey  a r e  n o t  a  d e t e r -  
mining f a c t o r ,  a l though  they  w i l l  impact t h e  optimum 
l o c a t i o n  o f  t h e  f i r s t  p l a n t .  A breakdown of  t h e  p l a n t  
g a t e  p r i c e  components i s  shown below f o r  each l o c a t i o n .  

I l l i n o i s  Texas Wyominq 

C a p i t a l  Charge 0.74 0.75 0.76 
O&M Expenses 0.18 0.18 0.18 
Feedstock 0 . 4 0  0.34 0.23 

T o t a l  $1.32/gal  $1.27/gal  $1.17/gal  

The above v a l u e s  t r a n s l a t e  t o '  82, 79,  and 73 c e n t s  
p e r  g a l l o n ,  r e s p e c t i v e l y ,  u s ing  c u r r e n t  (1978) d o l l a r s .  
For comparison purposes ,  t h e  p l a n t  g a t e  p r i c e  of r e g u l a r  
g a s o l i n e  from crude  o i l  i n  1978 averaged about .  47 c e n t s  
pe r  g a l l o n ,  and approximately 56 c e n t s  du r ing  t h e  second 
q u a r t e r  of 1979. 

I t  i s  t o  be noted t h a t  even though t h e  b a s i c  feed-  
s tock  m a t e r i a l  i s  inexpens ive  ( c o a l  a t  $25/ton equa te s  t o  
about $l.OO/MMBtu, whereas o i l  a t  $20/bbl  equa te s .  t o  about  
$3.50/MMBtu), t h e  low convers ion e f f i c i e n c y  of t h e  p roces s  
r e s u l t s  i n  f eeds tock  cha rges  t h a t  a r e  on ly  s l i , g h t l y  below 
r e c e n t  p l a n t  g a t e  p r i c e s  f o r  gaso l ine .  Thus, i n  o r d e r  t o  
make Fischer-Tropsch g a s o l i n e  economically~competitive 
wi th  petroleum-derived g a s o l i n e  a t  c u r r e n t  (1979)' p r i c e s ,  
it would be necessary  t o  reduce t h e  proje 'c ted c a p i t a l  c o s t  
of  such a  f a c i l i t y  whi le  s imul taneous ly  i n c r e a s i n g  i t s  over-  
a l l  convers ion e f f i c i e n c y .  

The r a t e  'of  r e t u r r i '  t h a t  would r e s u l t  i f  t h e  p l a n t  .were 
forced  t o  s e l l  g a s o l i n e  a t  t h e  market p r i c e  was a l s o  i n v e s t i -  
ga ted .  The r e t u r n  var ' ied  from < O  p e r c e n t  t o  5 p e r c e n t  
depending on t h e  p l a n t  l o c a t i o n .  The c o n t r i b u t i o n  t o  annual  



revenues  f o r  t h i s  c a s e  i s  shown i n  E x h i b i t  4 - 4 .  Note t h a t  
g a s o l i n e  c o n t r i b u t e s  about  60 p e r c e n t  of t o t a l  revenues  
and l i q u i d  p roduc t s  c o n t r i b u t e  about  85 p e r c e n t .  

I t  i s  noted t h a t  of  t h e  coproduc ts ,  on ly  d i e s e l  f u e l  
and e t h y l e n e  prov ide  s i g n i f i c a n t  revenues  (approximately  
10 p e r c e n t  of t o t a l )  under t h e  base  c a s e  assumptions.  Using 
c u r r e n t  d o l l a r s ,  t o t a l  annual  revenues  would be about  $500 
m i l l i o n  p e r  y e a r  i f  g a s o l i n e  w e r e  s o l d  a t  market p r i c e s .  
The a d d i t i o n a l  revenue neces sa ry  t o  p rov ide  an adequate  r a t e  
of  r e t u r n  f o r  t y p i c a l  o i l  i n d u s t r y  investment  would be about  
$300 m i l l i o n  p e r  yea r .  This  could  be accomplished on ly  
i f  t h e  p r i c e  o f  g a s o l i n e  i s  app rox i~na te ly  doubled (coproduct  
p r i c e s  remain c o n s t a n t )  o r  i f  a l l  p roduc t  p r i c e s  ( g a s o l i n e  
p l u s  coproduc ts )  a r e  i n c r e a s e d  by approximately  50 p e r c e n t  
above c u r r e n t  market p r i c e s .  

4.5 EFFECT OF UNCERTAINTIES 

Because t h e  base  c a s e  provided such adverse  economics, 
s e v e r a l  s c e n a r i o s  were posed t o  t a k e  i n t o  account  u n c e r t a i n t y  
which could a f f e c t  t h e  r e s u l t s .  S e n s i t i v i t y  a n a l y s e s  w e r e  
conducted t o  de te rmine  t h e  e f f e c t  of t h e s e  u n c e r t a i n t i e s  
on t h e  r e q u i r e d  g a s o l i n e  p r i c e s .  E x h i b i t  4-5 shows t h a t  
t h e  r e q u i r e d  p r i c e  can range from a s  low a s  $0 .94 /ga l lon  
t o  a s  h i g h  a s  $1 .55 /ga l lon  depending on t h e  s c e n a r i o s  
employed. I t  should be noted t h a t  even tua l  c o s t s  a r e  more 
l i k e l y  t o  be h i g h e r ,  r a t h e r  t han  lower t han  base-case  c o s t s  
f o r  t h e  fo l lowing  reasons :  

The concep tua l  des ign  p l a n t  u se s  some equipment 
t h a t  has  n o t  y e t  been commercially proven ( e . g . ,  
t h e  en t ra ined- f low g a s i f i e r )  and i.s t h u s  s u b j e c t  
t o  problems of scale-up t o  commercial s i z e .  

The f u l l  impact of r e c e n t  environmental  l e g i s -  
l a t i o n  such a s  t h e  Clean  Air A c t  Amendments, t h e  
Toxic Substances  Act ,  and t h e  Resource Conser- 
v a t i o n  and Recovery Act, cannot  be determined 
because implementing r e g u l a t i o n s  have n o t  y e t  
b e e n  developed. 

R e c a l l i n g  t h a t  c a p i t a l  c o s t  i s  t h e  major c o n t r i b u t o r  
t o  p roduc t  c o s t ,  i n d i v i d u a l  p roces s  s t e p s  were i n v e s t i -  
ga t ed  f o r  p o t e n t i a l  impacts.  E x h i b i t  4-3, p r e sen ted  pre-  
v i o u s l y ,  broke down c a p i t a l  c o s t  i n t o  i t s  components. From 
t h a t  e x h i b i t ,  it w a s  apparen t  t -ha t .  +.he largest  c o n t r i b u t o r s  
t o  c a p i t a l  c o s t  a r e :  



L i q u i d  P r o d u c t s  

R e g u l a r  G a s o l i n e  

Diesel F u e l  

E t h y l e n e  

A l c o h o l s  

SUBTOTAL 

By-products  

T a r  P r o d u c t s  

Ammonia 

S u l f u r  

E l e c t r i c i t y  f o r  
S a l e  

TOTAL 

EXHIBIT 4-4  1 C o n t r i b u t i o n  t o  Annual Revenues 

P r o d u c t i o n  U n i t  Price Revenue P e r c e n t  o f  
(1 ,000 ,000  Units/Ye.ar! $ /Un i t  ( $  M i l l i o n s )  T o t a l  

706 G a l l o n  

118 G a l l o n  

0.285 S t  

0 .131  S t  

- 

I 
P r i c e s  a r e  f o r  p r o d u c t s  ~t t h e  p l a n t  gate u s i n g  1978 d o l l a r s .  



EXHIBIT 4-5 
Effect of Uncertainties 

on the Required Selling Price 
of Gasoline From Coal 

hequired Selling Price at Plant Gate 
I 1985 $/Gallon 

i~ppalachia I Gulf 1 Rockies 
t I I 

1 1.32 1 1.27 1 1.17 
I I t- 
I I 

Ii Increasing- at Z%/~ear. . . 

I I 
1. 38 1. 1, 33 . .  . . 1 .,21 

Constant 1 1 1.23 
i 
I 1.13 
IL-,,- 

1 Oil Prices I 
I 

I 
I 

i 
1. I 1 increasing at l%/Year 1 1.54 1 1.48 1 1.36 

I Increasing at 3%/Year 1 1 1.13 1 1.09 I 1.00 
ILL_---- 

capital Costs I -* 

25% Above Base Case I 1.55 1 1.50 1 1.39 . 
25% Below Base Case I 1.10 I I 1 - 9 4  

' Anticipated Market Price I 1 l o 5  I 
i I for Crude-Derived ~asolinel 

at the I?l.a.nt G a t e  0 . 9 3  I O i 9 3  1 0.93 
.. - -- I-__- 

'Real price increases (above inflation). 

2 ~ s i n g  E I A  midcase projections plus 7% inflation. This corresponds 
to approximately $1.20/gallon at the pump. The resulting plant 
gate price under E I A  high case projections is $1.08/gallon, or 

$1.35/gallon at the pump. 



. ' The oxygen p l a n t  
The Fischer-Tropsch s y n t h e s i s  u n i t  
The g a s  p u r i f i c a t i o n  and h e a t  recovery u n i t  
The s t e a m  gene ra t ion  and power p l a n t .  

The oxygen and power p l a n t s  u t i l i z e  mature technologies .  
Thus, c a p i t a l  c o s t  e s t i m a t e s  f o r  t h e s e  should be r e l a t i v e l y  
f irm. However, t h e  s y n t h e s i s  u n i t  and t h e  p u r i f i c a t i o n  
u n i t  were e v a l u a t e d  f u r t h e r ,  because t h e s e  t echno log ie s  a r e  
much l e s s  developed.  The a n a l y s i s  showed t h a t  i n  o r d e r  t o  
reduce g a s o l i n e  p r i c e s  by $ . lO/ga l lon  from b a s e l i n e ,  t h e  
c a p i t a l  c o s t  f o r  e i t h e r  of t h e s e  u n i t s  must be reduced by 
a f a c t o r .  of  t h r e e  ( i . e . ,  by 67 p e r c e n t ) .  Conversely ,  e i t h e r  
of t h e s e  u n i t s  cou ld  i n c u r  a  67 p e r c e n t  overrun and t h e  
r e q u i r e d  p r i c e  of g a s o l i n e  would i n c r e a s e  by on ly  $.lO/'gallon. 

S ince  t h e  g a s i f i e r  i s  posed t o  c o s t  only  one-quar ter  
of e i t h e r  of t h e  above u n i t s ,  i t s  even tua l  c o s t  should have 
l i t t l e  b e a r i n g  on f i n a l  p roduc t ion  c o s t .  For example, i f  
khe g a s i f i e r  c a p i t a l  c o s t  were t o  i n c r e a s e  t o  double  t h a t  
of t h e  base  c a s e ,  t h e  r e q u i r e d  s e l l i n g  p r i c e  of  g a s o l i n e  
would rise by on ly  about  $ .04 /ga l lon .  The g a s i f i e r  can 
a f f e c t  p roduc t ion  economics i n  ano the r  way, however. I f  
u l t i m a t e  e f f i c i e n c i e s  d e c l i n e  from t h o s e  c u r r e n t l y  p r o j e c t e d  
by 5 percen tage  p o i n t s ,  t h e  r e q u i r e d  s e l l i n g  p r i c e  would 
rise approximately  $ . lO/ga l lon .  This  s e n s i t i v i t y  i s  chosen 
merely t o  bound t h e  realm of u n c e r t a i n t y .  A t  p r e s e n t ,  
ther.e a r e  no i n d i c a t i o n s  t h a t  c u r r e n t  p r o j e c t i o n s  of  g a s i f i e r  
e f f i c i e n c i e s  a r e  t o o  high.  

E x h i b i t  4-6 d i s p l a y s  p a r a m e t r i c a l l y  t h e  e f f e c t  on 
r equ i r ed  g a s o l i n e  p r i c e  f o r  two u n c e r t a i n t i e s :  t h e  re- 
s u l t i n g  c a p i t a l  c o s t  and t h e  v a r i a t i o n  i n  c a p i t a l  s t r u c t u r e .  
These u n c e r t a i n t i e s  a r e  inc luded  f o r  t h e  fo l lowing  reasons .  
The completed p l a n t  c a p i t a l  c o s t  may vary from t h e  base  
c a s e  a s  a  r e s u l t  of t h e  i t e m s  d i s cus sed  above. The c a p i t a l  
s tuuc t .u re  ( d e b t / e q u i t y  r a t i o )  may vary  among companies 
w i t h i n  t h e  r e f i n i n g  i n d u s t r y .  

E x h i b i t  4-7 shows t h e  e f f e c t  of p l a n t  s i z e  on p roces s  
economics. These v a l u e s  were de r ived  us ing  s c a l e  f a c t o r s  
of - 8  f o r  c a p i t a l  c o s t  and .9 f o r  o p e r a t i n g  c o s t .  These 
f a c t o r s  a r e  somewhat h igher  than  t h o s e  used i n  petroleum 
r e f i n e r y  cos t ima t ing .  This  i s  because c u r r e n t  concept ions  
of l a r g e  s y n t h e t i c  f u e l  p l a n t s  c a l l  f o r  addinq additional 
process s t reams ,  r a t h e r  than  i n c r e a s i n g  t h e  s i z e  and 
throughput  of v e s s e l s  and o t h e r  equipment. 



E X H I B I T  4-6 
Production Cost as a Function of Capital Cost 

and Capital Structure (for an Illinois Location) 

CASE 

CAPITAL COST (MILLION DOLLARS) 
I 

CAPITAL STRUCTURE (PERCENT DEBT) 



EXHIBIT 4-7 
E f f e c t  o f  S i z e  o f  F i s c h e r - T r o p s c h  P l a n t  

o n  P r o c e s s  Economics ( I l l i n o i s  L o c a t i o n )  

PLANT SIZE (1,000 bid) 

4-13 



The s i g n i f i c a n t  a s p e c t  of t h e s e  ana lyses  i s  t h a t  none 
of  t h e  s c e n a r i o s  r e s u l t s  i n  a  r e q u i r e d  p r i c e  t h a t  i s  a s  low 
a s  p r e d i c t e d  f o r  crude-der ived g a s o l i n e  by DOE'S  Energy 
Informat ion  Agency. 

4.6 EFFECT OF POSSIBLE INCENTIVES 

Because t h i s  f i r s t - c u t  a n a l y s i s  appea r s  t o  show t h a t  
Fischer-Tropsch g a s o l i n e  w i l l  n o t  be economic under i t s  own 
m e r i t s ,  t h e  p o t e n t i a l  e f f e c t  of v a r i o u s  f i n a n c i a l  i n c e n t i v e s  
on t h e  r e q u i r e d  g a s o l i n e  p r i c e  was t h e n  i n v e s t i g a t e d .  The 
i n c e n t i v e s  cons ide red  inc luded:  

Allowing an intrestmer~lt Lax c r e d i t  0 5  20 pe rcen t  
of  o a p i t a l  iovestment  i n s t e a d  of t h e  c u r r e n t  
1 0  p e r c e n t  

Waiving t h e  $ .04 /ga l lon  f e d e r a l  e x c i s e  t a x  on 
g a s o l i n e  o r  g a s o l i n e  b lends  produced from c o a l  

P rov id ing  e n t i t l e m e n t s  f o r  coa l -der ived  
g a s o l i n e .  

Note i n  E x h i b i t  4-8 t h a t  by i n c r e a s i n g  t h e  investment  
t a x  c r e d i t  t o  20 p e r c e n t  of d i r e c t  f i x e d  inves tment ,  t h e  
r e q u i r e d  s e l l i n g  p r i c e  of Fischer-Tropsch g a s o l i n e  can be 
reduced about  $ .06 /ga l lon .  Th i s  would r e s u l t  i n  a  one- 
t i m e  f e d e r a l  t a x  s av ings  o f  approximate-ly $270 m i l l i o n  
f o r  t h i s  50,000 bb l /day  p l a n t .  

By a l lowing  t h e  p l a n t  capital., inves.Lment t o  be 
amort ized over  very s h o r t  periods (e.g.,., 5 years), t h e  
r e q u i r e d  s e l l i n g  p r i c e  could  be  reduced by up t o  $ .10/gal-  
lon .  Note t h i s  f i n a n c i a l  fncesi.ti.ve,. would n o t  result. in 
any sav ings ,  b u t  would merely d e f e r  t a x e s  t o  a  l a t e r  
per iod .  

Another o p t i o n  i s  t o  wai.ve t h e  c u r r e n t  $ .04 /ga l lon  
f e d e r a l  e x c i s e  t a x  on motor v e h i c l e  f u e l s .  I f  t h e  r e f i n e r  
o r  marketer  recoups t h i s  s av ing ,  t h e  r educ t ion  i n  r e q u i r e d  
p l a n t  g a t e  p r i c e  woiild be Lhe $.O$/gallon.  A val r ia t ion  of 
L h l s  o p t i o n  i~ Lo f n r g j v c  thc t a x  on h l e n d s  of coa l -der ived  
g a s o l i n e ,  s i m i l a r  t o  c u r r e n t  p roposa l s  f o r  gasohol--crop- 
de r ived  a l c o h o l  blended i n  gaso l ine .  I f  t h e  $ .04 /ga l lon  
t a x  i s  fo rg iven  on b lends  of Fiscker-Tropsch g a s o l i n e ,  t h e  
e f f e c t  would c e r t a i n l y  be t o  reduce t h e  r e q u i r e d  p l a n t  g a t e  
p r i c e  of  Fischer-Trupsch g a s o l i n c  f u r t h e r .  However, t h e  
s e l e c t i o r l  of t h e  o p t i o n a l  b lend  r a t i o  f o r  i n c e n t i v e s ,  per-  
formance, and a b i l i t y  of  t h e  f e d e r a l  government t o  monitor 



EXHIBIT 4-8 
Effect of Financial Incentives 
on the Required Selling Price 
of Fischer-~ropsch Gasoline 

I Required Selling Price at Plant   ate 
I 1985. $/Gallon . 

I I Accelerated Depreciation I 
I I 

15 Years 
I 

1 1 - 3 1  .01 1 1.26 .01 1 1.16 .01 f 10 years I . 1.27 .05 1 1.22 .05 1 1.12 .05. 
1 5 Years . --- I 1.22 l o  1.17 .lo 1 1.07 .lO 
d- A -- 
I 

I 1 Waiving Federal Excise . I 

r 

Base Case, without L incentives - - -  

i Investment Tax Credit 

Tax 
I 
I 

I 
: Using E I A  mid-case p r o j e c t i o n s  p l u s  7% i n f l a t i o n .  

<Of-- A-- 

A~walachia A 
I I 

1.32 - ! 1.27 
I 

- 1.17 - 
--- 

! I 
1.25 .07 1.21 06 1 1.10 .07 

Gulf A Rockies A 



compliance is beyond the scope of this study. 

Finally, additional entitlements for Fischer-Tropsch 
gasoline were considered. Entitlements already exist for 
some synthetic fuels and for small refiners. AA additional 
$5.00/bbl.entitlement would act to reduce the required 
selling price of Fischer-Tropsch gasoline by about $.06/ 
gallon. This would not result in any tax savings; the 
savings would be compensated for by increased cost to a 
competing petroleum refiner. Under current regulations, 
domestic refiners would bear the brunt of this incentive 
because the controlled price of domestic crudes are consid- 
erably less than world prices. 

Note in Exhibit 4-5 that none of these options acting 
alone would act to bring t.he price of Fischer-Tropsch gaso- 
line down to market prices--even at a cost to the public 
of $200-$300 mil.J.ion per year--fur t h i s  50,000 bbl/day plant. 

For comparison, the following section compares 
Fischer-Tropsch process economics with selected alternatives. 
In this way, an understanding may be gained of the corru~~er- 
cialixation potential of Fischer-Tropsch technology with 
combinations of incentives and/or mandatory regulations. 

4.7 COPTPARISON WITH METHANOL 

The cost of producing gasoline from coal via the 
Fischer-Tropsch process was compared with alCerr~a Live coal 
to motor fuel. processes: the coal-to-methanol and Mobil M 
gasoline routes. The source of these comparisons is DOE'S 
Methanol Program Overview. The following comparisons are 
based on the summary figures in the Methanol Program Over- 
view Report, revised as much as possible to provide for 
treatment consistent with that used in this analysis. 
Since the raw data was not available, however, some param- 
eters and assumptions may lead to distortions in the corn- 
pnrntive rcsults. Booz, Allen has identified the potential 
effect of the following assumptions which may have been 
used in the referenced report. 

'I£ revised to BAH treatment. 
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lrnpactl 

-lOC/gal 

- 

- 

- 
--.- 

Debt/Equity 

Depreciation 

By-product 
Values 

L 

Probable ~alue/Assumption 

35/65 

20-yr 
Straight line 

Market prices 



EXHIBIT 4-9 
Comparison 3f Fischer-Tropsch Gasoline With Alternative 

Methads for Motor Fuel Production From Coal 

CRUDE OIL I AT 2 O B B L  ( GA&:INE 

PLANT GATE PRICE ($/gallon) 

TRANSPORTATION . ($/gallon) 
LOCAL TERMINALLING . (@/gallon) 
STATION MIDIFICATIONS ($/gallon) 

1 

PRICE AT THE STATION ($/gallon) 

72 

DEALER MARKUP ($/gallon) 
FEDERAL TAX ($/gallon) 
STATE TAX ($/gallon) 

DELIVERED TO CAR ($./gallon) 

82 

2 
3 - 

7 7 

CAR MODIFICATIONS ($,/gallon) 

COST TO MOTORIST ($/gallon) 

Note: All'entries are in $/gallon using 1978 dollars, except for column two which is 
used as a point of comparison; column 1 approximates the average refiner cr~de 
oil acquisition cost; column 2 approximates the current cost of foreign crude. 
Coal at $l/MMBtu, equity rate of return = 15%; debt equity = .25/.75. 

I 

F-T GASOLINE 
10% BLEND 
WITH CRUDE 
GASOLINE 

2 
3 
- 

8 7 

8 
4 
10 

99 . 

1 Blended with gascline derived from crude oil at $14/bbl. 

METHANOL 
10% BLEND 
WITH CRUDE 
GASOLINE 

8 
4 
10 

1.09 

- 

9 9 

Source: Derived from Production, Application Systems and Economics of Methanol and 
Gasoline from Methanol, prepared for DOE by TRW Energy Planning Division, June 1978. 

- 

1.09 



These were selected as relevant comparisons because of 
their utility as transportation fuels. A 10% blend of 
methanol in gasoline can be used without major changes to 
current automobiles. These comparisons are shown in 
Exhibit 4-9. Note that 10% blends of methanol and Fischer- 
Tropsch gasoline in ga~oline~produced from crude oil at an 
average $20/bbl have comparable costs. The above comparisons, 
however, are somewhat distorted by the fact that the cost of 
methanol was taken from published sources and therefore was 
not estimated on the same basis as the cost of Fischer- 
Tropsch gasoline. In addition methanol has about half the 
Btu content nf normal gasoline and therefore the blend results 
in a slight Bt.u loss. However, this effect is essentially 
counterbalanced by the octane bvvsLing property of methanol 
and the volume change of the mixture. 

Fischer-Tropsch gasoline was also compared with the cost 
of gasoline from the Mobil M gasoline-from-methanol process. 
An attempt was made to place each plant on an equivalent basis. 
The main point to he aware of is that the costs of both M gas- 
oline and Fischer-Tropsch gasoline are above current petroleum- 
based costs and, as such, face considerable commercial uncer- 
tainty. This analysis shows that the difference between 
Fischer-Tropsch and M gasoline is within the limits of un- 
certainty of this analysis. It should be noted that Mcbil is 
actively developing its proprietary process and, in fact, is 
investigating direct conversion to reduce production costs. 
No such sponsor has yet developed for E'ischer-Teupscl'l in the 
U . S .  

In summary, the capital intensiveness and low conversion 
efficiency of the Fischer-Tropsch indirect liquefaction pro- 
cess makes it noncompetitive with conventional petroleum re- 
fining in the midterm (e.g., 5 to 10 years) under normal in- 
dustry economic conditions. However, if crude oil prices 
rj..se to higher levels, coal liquefaction processes may prove 
to be economical. It appears that other processes under dc- 
~rel..opment may become economically attractive before Fischer- 
Tropsch, although ~ischer-Tropsch is the only proven commer- 
cially feasible v e n L u r e  at present. The above statement i .s  
subject, however, to the successful demonstration and commer- 
cialization of these alternative processes. Fischer-Tropsch 
technology is already in use in commercial-size plants in 
South Africa; and thus, the Fischer-Tropsch process may be 
called upon as a backup should petroleun~ boycotts ensue, 
world oil prices continue to increase dramatically, and al- 
ternative coal liquefaction processes fail for technical, 
economic, or environmental reasons. 
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c** * *  
Ceeeo 
coooo DEFI~,IITIONS O Y * O * * * * O * ~ * ~ *  

r. 
C V P Q I 4 B L E F  MARKET) * A ~ E  INPIJTTED. 



LEVEL 2.2 (SEPT 7 6 )  M A I N  OS1360 FORTRAN H FXTENDED D A T E  79.103/15.45.29 PAGE 2  

C 
COOQ* NOTE; ALL ClOLLAR QIJAN- IT IES ARE INPUTT.ED A5 M I L L I O N S  OF DOL-BARS. 
C 0 O 0 O  VOTE: INTEFEST RATES, ONSTRFAM FACTORS.ETC. ARE INPUT AS DECIMAL 
C FRPCTIONF PATHEQ THAN AS PERCENTAGES. 
c 
C 
COO0*  N O ~ J S ! l 4 S C R I P T E . ~  V.42 I A P L E S  
r o * o o  

C RALNCE = TR1r.L VAL!)€ OF PMCJlUNT LEFT AT EYD OF PSOJECT L I F E .  
C CMPQFC = CO'4POUFIDEV INVESTfAT FACTOR FCIF! cONSTP PERIOD USE3 I F  
C L L  (71=E AN!] [NTEFFST PURING CClF!STR 1 5  COMPUTED. 
t CNSTLN 0  = A W U N T  OF CONSTQUCTI!IN LOAN, SM!A. 
c CRFDIT = T O T r L  INVESTYEPJT T a x  CREDIT,  S W .  
C DBTFPC Q  = FQAC.TION OF TO'EL !?JVESTMT I N  D E ~ T  EXAMPLE 0.25 
C CELFPQ 0  = DELTA FEED PRICE FQW I T E R A T I O M  'OF FFEP PRICE.  
r OISFPC = OISCQUNT F W T O R  3 P c E n  ON wEIGt!TED AvEQAGE INTEREST R4TE. 
C DPFdC = F A C l n R  USED FOR ESTIUATI IJG h l E H  T N A L  VALUE OF PRICE. 
$ D P L l F E  = DFocECIARLE L I F E  FOP TAX P U ~ F O S F S I  YEASS EXMPL 15.9 
C Df'5TQT = YEbc I N  N F I C H  D E P Q F C I 4 T I O N  ALLOWANCF STARTS EXM'L 5. 
$ EOFRAC 0  = FRACTION OF TO-PL INVESTMT I N  f n U I T y  EXAMPLE 3.75 
C NOTE THAT SUY OF D P T F l C  AND EOFPAC KIJST QE 1.0 
.C EOTRY = T R I L L  VAL!!E OF PAT€ n F  RFTUHM rlN EO!)ITY. 
C ESCCPP 0  = ESCCLATIOF', C A P I T b L  INVESTMENTS. FRACT:ON/YEAR 
C ESCUPK 0  = E S C C L A T I O h *  WORKING CAPITAL,  FR.@CTiON/YEAR 
C ESCEXT 3 = E S C t L A T I O h ,  E X 7 9  EXPZYSESr FRACSION/YEAR 
C ESCEXP 0  = ESCCLATIOhi*  OPEPATIN:= EXPENSES, Ff i f iCTION/YEAR 
C E S C I N I  0  = E S C r L A T I O h *  PWE-OP EYPENSES. FRLCT!ON/YEAP 
C ESCCON Q = ESCCLA T I O N *  CO'JSTA~JT EXPFNSES, FHbCTiON/YEAR 
C ESCFDP 0  = ESCC.LATIO"* FEEDSTOCK PRICES, FRhCTION/VEA4 
C ESCPQP 0  = EfCCLATIOr* ! *  PRODYCT J R I C E S *  FHACTION/YEAR 
$ E X l t J i T  * = MMNL..1L OPERTG EXsNS *3UPItJG PRE-QPER F E P I O P  EXH?L C.00 
C E x P C 0  0  = I\NNI:AL COIJSTDNT OPEHTG EXPENS W R I N G  OFER PERIOD SM1.t 
C F I T - X Q  0 = FEDERAL IhCO!4E TAX R4TE EXPKPLE 2.48 
C INSURF 0  = PQO'ERTY T~JSURINCE R A T E  O N  PLLNT I N V E S T  E X I N P L E  3.001 
C INTCON 0  = I Y T E Q E S T  P4TE nU31NG CONSTRUCTION (OPTIONAL)  
C I N T D 4 T  0  = ANVLAL INTEREST 1 P T E - O N  DE9T EXAMPLE 3.085 
r: iNTDC = TOTaL I N I F H E S T  DUQINc. COhISTYVCT'ION, USFD I F  LL(73.GT.O 
C I N T - 0 T . o  = TOT@L I N T F I ~ E S T  9'4TE PO!? CONS3PIJCTIOx (OPTIONAL)  
C NCAQRY 0  = L I M I T I N G  tVU.P.8EQ 3 F  YFADS FOR TAX-LOSS CARRYOVER EX. 5  
$ NCCS 0  = NUMfEP OF DEPPECIATI.9N CLASSES. 
C ,NChlSTR 0  = NUMcFR OF YEPES OF C'-INSTRUCTICII'I PER!ClD, CIEEOED ONLY 
f WHEY SPECIFYI tJG 4 SCHrDOLE OF EXPENGTlU4ES USED FOR . 
C C 4 L C " L A T I N r ~  ZNTEQEST nURIPJG cCNSTRUCTION. 
C NCPEDT 0  = L I b l I T  FOP I'JVEST. TAX CREDIT CPRPY-FC~QWARD EXMPL. 7. 
C NEOuAX * = N U ~ S E R  OF R A T E S  CF HcTURN ON E Q U I T Y  
C NFDPQS * = NtiMZFR OF PRICES TO 2E USE0 FOP FEEo'TocK 1. 
C PlFFEOS = NUHqE!? OF FEEDSTOCKS FOR d H I C H  PHICF AND RATE ARE GIdEN. 
r NPOODS 0  = NUVZER OF PRODUCTS LTSTED. 
C NSTRT 0  = YEA: I N  WYICH STARTUJ OCCURS. 
c "ITq.! = I T E Z A T I O N  NUVPEE FOH DETERHTNING PRICE 
C N T 9 i E S  0  = M ~ X T M U H  NUlfSER OF I T C R A T i O N S  FLLOWEO. 
$ NYQS 0  = Nl!V'?FP OF YEERS OF A:.!NIJAL DATC TO €IF, READ EXYPL 24 
C (SAW: AS N U W E 2  OF Y43 I N  PAYC.UT T ~ Y I I L A T I O N *  =PRO.JLF) 
q PP * = H I G - F S T  P F H g I S S I I L F  ;>QICE FOG P 4 0 0 U ~ l  P R I C E  I TER.ITIOU. 
C P L  * = L O u f S T  PEGwiSS1P.l.E PF!CE FOR PRODUCT P q I C E  I T E R A T I O U .  

00000520 
00000530 
00000540 
00000550 
00000560 
00000570 
00000580 
03000590 
00000600 
00000610 
00000620 
00000630 
00000640 
00000650 
00000660 
00000670 
00000680 
00000690 
00000700 
00000710 
00000720 
00000730 
00000740 
00000750 
00000760 
00000770 
00000780 
00000790 
OOOOOAOO 
00000S10 
00000R20 
00000A30 
00000840 
00000850 
00000A60 
00000870 
00000880 
00000890 
00000900 
00000910 
00000920 
00000930 
00000940 
00000950 
00000960 
00000970 
00000980 
00000990 
00001000 
00001010 
00001020 
00001C30 
0 0 0 0 1 0 ~ 0  
0000 1050 
O O O O i  060 



LEVEL 2.2 (SEDT 7 6 )  M A I N  0 S / ? 6 0  FORTRAN H EXTENDED DATE 79.103/15.45.29 PAGE 3 

C  PRPWPM 0 = I D E N T I F I C P T I O N  OF P R ~ B L E M  0 0 0 0 1 0 7 0  
C PROJLF 0 = T 9 T 4 L  PRO,.!ECT L I F F  I * ICL  CONSTR PER1r)D ' EXnMPLE 24.0 0 0 0 0 1 0 8 0  
C PQOPTX 0 = LOC4L PROPERTY TAX R4TE ON PLANT I N V E S T  EXAMPLE 0.02 0 0 0 0 1 0 9 0  
C PRDEXP 0 = FXPFNSES PROP TO O.NSTREAt-4 TIME. Mw S/YR 0 0 0 0 1  1 0 0  
c P i Q Y  = TP1b.L V b L l J c  OF P P I C E I 1 )  I N  ITEPATION NTRY. 0 0 0 0 1 1 1 0  
C R T ~ J E O Y  = AYN!!bL AFTER-TAX RbTF OF RETURN ON r O U I T Y  EXMPL 0.16 : 0 0 0 0 1 1 2 0  
C  S.4LVGE 0 = SALVAGE VALUE RECCVE?ED AT END OF PROJECT, RMM. 0 0 0 0 1 1 3 0  
C: STbIWC 0 = ST4TF: INC:!rE TAX RbTF EXAMPLE 0.04 0 0 0 0 1 1 4 0  
C S T E Q F V  0 = STATF GROSS REVENUE TAX PATE EXAMPLE 0.02 0 0 0 0 1 1 5 0  
r TOLER 0 = TOLERANCE FOR CONVERTENCE OF CASH FLOW TARLEI $MM 0 0 0 0 1 1 6 0  
r T O L P ~ C  0 = TnLE9ANCC FOR PPODUCT P P I C E  CONVERGENCE* P / U N I T  0 0 0 0 1 1 7 0  
C TOTQEP = TOTbL DE?+ECIPRLE CA"1TbC INVESTMENTI $ M Y .  OOOOllBO 
r TCTDNV 0 = TOTAL OE?? INVESTbfT & S  INPUTTED* 1.E. SUM OF INVEST(N1.  0 0 0 0 1 1 9 0  
r TOTDPZ = T D T P L  G E P c E C I A B ~ E  CA"ITPL LESS S C L V ~ G E  VALUE,  BMM. 0 0 0 0 1 2 0 0  
t TOTOP3 = DEPQECIARLE CAPITPL 'N 4  PARTICULAR CL4SS (TEMPORARY). OOOOlZlO 
C  TXCQFO 0 = .FEDERAL IWVESTYFNT 1h.X CAECIT EXAMPLE 0. 10. 0 0 9 0 1 2 2 0  
C  ~ E ~ C A P  0 = YORXING CLaPITPL, TOTAL.  $ M M  0 0 0 0 1 7 3 0  
C YGPRFC = At.!O';lh!T OF PNt4UbL. I ? E P ~ E C I A T I O N  I N  A  PADTICULAR CLASS. 0 0 0 0 1 2 4 0  

0 0 0 0 1 2 5 0  
CQO00 SUSSC.Q!PTEiI VARIC3LES 0 0 0 0 1 2 6 0  
C  0 0 0 0 1 2 7 0  
C A M W T Z ( N \  = hMOUNT OF CAPTTAC RETIRED I N  YEaR (N), $MU. 0 0 0 0 1 2 8 0  
C CADEYD(N) = TOTAL OUTSTANDIN? INVESTMENT fiT END O f  YEAR ( N ) .  OOG01290 
C: C A 5 H F L ( N )  . =  CASH FLON 4FTER TAXES I N  YF4R ( N )  . S V H .  0 0 0 0 1 3 0 0  
C C P S T 9 T ( N )  = OUTSTfi.!qDINt C A P I T A L  INVESTMENT aT START OF YEAR ( N )  S M 0 0 0 0 1 3 1 0  
r DEPPFCCNI = DEPPECIATION TAKFN FOR T4X PURPOSES I N  YEAR ( N )  SMM. 0 0 0 0 1 3 2 0  
C  D ? F ? b C ( N r L ) *  = FRACTION OF TOTA! DEPRECIARLE IN CLASS NCL. 0 0 0 0 1 3 3 0  
r: E.FFNCY(W) ' 0 = Oh'STQFA?r EFFICIEh iCY ( P L A N T  FACTOR) FOR YEAR N  EXMPL . 9 0 0 0 0 1 3 4 0  
C  E 3 Y Q S N ( N )  = AWOUYT PLLOCATEI) TQ QETU9N ON E Q U I T Y  IN YEAR ( N ) ,  IMM.00001350 
$ E X P E Y S ( N \  = OPEROTINS FXPEFJSC YR I$* NOT PROPOR TO ONSTRE4M TIME: 0 0 0 0 1 3 6 0  
C EXTEXP(W) 0 = ODDITJONAL OPERATING EXPENSE FOP YE4E ( N )  0 0 0 0 1 3 7 0  
r FEED?R(Y)  0 = P S I C E  9' FEEOSTOCK ( K ) I  $ / U N I T  0 0 0 0 1 3 8 0  
C FEFDPT ( K !  0 = CONSU'"PTIO?J R4TE OF FEEDSTOCK ()o t AT 10.09 0NST.REA.M - '  . 0 0 0 0 1 3 9 0  
C FFFICIE~:CY~ MW u~IITS/YEAF!. 0 0 0 0 1 4 0 0  
!: FEQTAX(NI = FEOERcL IFJCOMF: T.3X P A I D  I N  YEAR ( N )  S V Y .  0 0 0 0 1 4 1 0  
r F E o T x N ( ~ ~ )  = FED INC3ME TAX C~LCULATED, MAY ME NEGATIVE IMM. 0 0 0 0 1 4 2 0  
C F!?CINV(N) 0 = F R 4 C T I g N A L  DISTRiBUT!ON OF OEPk I Y V E S i  I N  CONSTR P E R I O D 0 0 0 0 1 4 3 0  
c INCO\~F.(NI = G R O S S  INCOYE ~ 9 0 1 6  SCI-ES IN Y E ~ R  ( N ) .  o o 0 0 1 4 4 0  
r I N T R S T ( N )  = i!~!TE,2CST ON DERT P A I D  I N  Y E A 9  ( w ) .  $ MM. . 0 0 ( 1 0 1 ~ 5 0  
C  I N V E S T ( N )  0 = DE'PSCPL C 4 P I T b L  TNVESTMT k 4 0 E  AT START OF YR N  ZMM 0 0 0 0 1 4 5 0  
c L I F E ( Y C L I  0 = DEPRECIATION L I F ;  FOP CLbSS NCL. 0 0 9 0 1 4 7 0  
c PLTEXP(MI = TOTAL ANNUAL EXPFNSE I N  YEAR ( N )  EXCL TAXES A.MD INTERESOOOOl480 
C P R T C E ( K )  * = SELLING PRTCF FO? PROOUCT ( K i  % / U N I T  0 0 0 0 1 4 9 0  
C  P 9 Q Q 4 T f K )  0 = 4ASE PROD. RATE FOR DRODUCT (K). UWITS/YEAR 0 0 0 0 1 5 0 0  
c P H ~ P T Y ( N )  = LOCAL PPOPERTY TAXFS ? A I D  I N  YEAR ( N )  IMM. 0 0 0 0 1 5 1 0  
r PTblE(3(NEnT)o = ANNUAL AFTFQ-T4X RATE OF RETL'HtA \IN EOLJITY 0 0 B 0 1 5 2 0  
C  S T L T A X ( N )  = TOT.4L STATE AND ILDChL TAXES I K  YE44 ( M I  SVM. 0 0 0 0 1 5 3 C  
c S T X ~ R L ( W )  = STATE TAXPPLE INCO:<E I N  YEAR ( N )  BPM 0 0 0 0 1 5 4 0  
C  T A 7 4 R I ( N )  = FEDE2f iL TdXARLE TNCOfAE i N  YEAS !N ) .  EMM. O(iOO1550 
c TOTRTNIN) = TOTAL RETUPY TO PERT*EQUITY Ii* YEAR ( X I .  BMM. 0 0 0 0 1 5 5 5  
C  TXCRDTtN) = INVESTMENT TPX C J E D I T  TdYEh' I N  YEAR ( Y ) .  SMM. 0 0 0 0 1 5 6 0  
c T X C O S S ( N )  = T A X  L O - S  IN YEAR ( N ) .  S Y Y .  0 0 0 0 1 5 7 3  
C: YOUYCP(NI o  = WORKING C4PITA.L INVESTFlENT AT START OF YEAR N  ShlM 0 0 0 0 1 5 8 0  
d o o * o  0 0 0 0 1 5 9 0  
C 0 0 0 0 1 6 0 0  



L E V E L  2.2 (SEPT 7 6 )  '4AIN 0 5 / 3 5 0  FORT?AN H  EXTENDED DATE 79 .103 /15 .45*29  

C  PLANT STARTUP I S  ASSUMED T o  C,CC!.IQ AT THE sTAHT OF YEAR DPSTRTI 0 0 0 0 1 6 1 0  
C 4Nn T H I S  I S  THE SAME -1ME AT WHICH OEPRECIATION ALLOWANCE BEGINS. 0 0 0 0 1 6 2 0  
C 0 0 0 0 1 6 3 0  
c o o o o  0 0 0 0 1 6 4 0  

r: 0 0 0 0 1 6 5 0  
C: OPTIONS ~ O N T ~ O L L E : ~  nY L L  S IGNALS IWPUTTEO ON C4RD 1. 0 0 0 0 1 6 6 0  
T 0 0 0 0 1 6 7 0  
c ~ ( 1 )  = P SUM OF Y E A -  DIGITS DFPRECIATIO~! FOR T A X  PURPOSES 0 0 0 0 1 6 8 0  
$ L L ( 1 )  = 1 STRAIGHT L I ' J  DEPDECI4,TIGN F 0 9  TAX PURPOSES 0 0 0 0 1 6 9 0  
C C L ( 1 )  = ? n 9 U S L F  D E C L I N I N G  B$LA.!CE DEPR:ECIATIO~J FOR TAX PURPOSES 0 0 0 0 1 7 0 0  
C L L ( 2 )  = n ORJECT I S  T 9  DETERVINE P R I C E  ,OF u A I N  PPODUCT ( P S I C E ( _ ) ) .  0 0 0 0 1 7 1 0  
$ L L ( 2 )  = 1 0F)JECT I S  T.3 DETFDMINE RPTE OF ?€TURN ON EQUITY. 0 0 0 0 1 7 2 0  
C L L ( 3 )  = n D R I X T  ALL I r E R A T I O N S  0 0 0 0 1 7 3 0  
r: L L ( 3 )  = . 1  D R I C T  F I N A l  I T E ! ? 4 T I O N  ONLY 0 0 0 0 1 7 4 0  
c L L ( ~ )  = n on u n ~  ITE~~ITE FEED PYICE. o o 0 0 1 7 5 0  
C L L ( 6 )  = 1 I T E R f i T E  F E E l S T O C K ( ! )  P R I C E  USIN; CELFPR. 0 0 0 0 1 7 6 0  
C L L ( 5 )  = (I NO T4X L O 5 5  CARSYOVEa LLLOWEC 0 0 0 0 1 7 7 0  
C  L L ( 5 )  = 1 F I V E  YEAR T I X  CIQRYOVFR ALLOWED 0 0 0 0 1 7 8 0  
c ~ ~ 1 6 )  = n FEDERAL T A X  C A ~ : V O T  6 0  NEGATIVE 0 0 0 0 1 7 9 0  
C L L ( 6 )  = 1 FEDZRAL TAZ CAN GO N E c 4 T I V E  C O O O l 8 0 ~  
r: L L ( 7 )  = Q ThlTZQFST D U q I N t  COPJST NOT ACDED TO CEP9 C A P I T A L  0 0 0 0 1 8 1 0  
C: L L ( 7 )  = 1 INTEREST DL'qING CO'JSTl; AT RATE INTTOT A3DED TO DEPR 3 A P I T A L  G 0 0 0 1 R 2 0  
C ~ L i 7 )  = TNTZREST DlJqIKG CONSTQ COMPUTED FROM FRCINV AT RATE INTCON 00001f430  
C L L ( S )  = O ? R I \ T  SUPPL-KENTARY TPBLE OF CASW FLr.w IMFORMATION 0 0 0 0 1 8 4 0  
C L L ( 8 )  = 1 O Y I T  SUPPLEMENTARY TAALE OF CASH F L c . ~  INFORMATION 0 0 0 0 1 8 5 0  
C L L 1 9 )  = O YO ZSCALAT13N 0 0 0 0 1 A 6 0  
C L L ( 9 )  = 1 ESC5L4-!ON -ACTORS APPLIED PER CARD 1 9  INPUTS. 0 0 0 0 1 8 7 0  

P C 0 0 b 0 1 8 8 0  

P 
0 0 0 0 1 A 9 0  

Coo*' NOTE: ALL DOLLAR J U A N T I T I E S  ARE HAPCLFIO AS M I L L I O N S  OF DOL-4fiS. 0 0 0 0 1 9 0 0  
CO*** NOTE: I N T I R E S T  RoTES, ONSTRFAM FACTCRS* ETc  ARE HANDLED AS O F C I M A L 0 0 0 0 1 9 1 0  
C FR4CTIONS RAT-ER THAN AS PERCENTAGES. 0 0 0 0 1 9 2 0  
~ a o o *  0 0 0 0 1 9 3 0  
C , 0 0 0 0 1 9 4 0  
C  REFNTQY PCINTS I N  PQOSRAM ARE A'= FOLLOWS. 0 0 0 0 1 9 5 0  
C FOR RE4DTw6 NEW SET 0' INPUT DATA CARDS STATEMENT 1 0 0 0 0 1 9 6 0  
C  FOR RERUh!hllNG WITH NEIJ  RPTF OF QETURN O N  , F Q U I T y  STATEYENT 4 5  0 0 0 0 1 9 7 0  
C FOR R E R U ~ l N I N G  WITH NF.*r FEEDSTOCK 1 PQ1C.E STATEMENT 46 0 0 0 0 1 9 8 0  
C  FDQ CONVrRGINS THE C L s H  FLOW PAYOUT TABULATION STATEMENT 55 0 0 0 0 1 9 9 0  
C  0 0 0 0 2 0 0 0  
C 0 0 0 0 ? 0 1 0  
C: 0 0 0 0 2 0 2 0  
CQQOO START OF I N P U T  OdTA * O O * O * O * * O O Q Q  0 0 0 0 2 0 3 0  
C 0 0 0 0 7 0 4 0  
CO*** CARD I. CQVT40L SIGNALS FOQ OPTIONS, PROBLEM T I T L E .  0 0 0 0 2 0 5 0  

I S N  0 0 1 5  1 READ 4 0 1 1  ( L I - ( K ) = K = l , l O ) *  ( P J B N A k ! ( L ) r L = l r 1 5 1  0 0 0 0 2 0 6 0  
C  0 0 0 0 2 0 7 0  
C*O0* C4RD 2. T4X HATE5 AND C 4 P I T l L  STRUCTURE. 0 0 0 0 2 0 8 0  

I S N  0 0 1 4  ? READ 4 0 3 . ? T X ~ ~ R E D * F I T T X R r S T A T l r l C , S T A R E V r P R O P T X r I N S U R E r D B T F R C * E Q F R A C  0 0 0 0 2 0 9 0  
C  OO0O2lOO 
COO0* CARD 3.  IPJTEqEST WATES AND nTHER ECOROMIC P4RAMETERS. SALVdGE VLV.0000?110 
C INTCON Ah10 INTTOT ARE OPTIONAL. 0 0 0 0 2 1 2 0  

I S N  0 0 1 7  3 QEAO 4 0 3 , t  INTDBT~FRPFIXP~ T O L F R ~ S A L V G E ~ I N T C O ? J ~  INTTOTICNSTLN 0 0 0 0 2 1 3 0  
C  0 0 0 0 2 1 4 0  
Cb0"9 CARD 4. PROJECT L I F E *  N U W F R  OF I 'ERATIONS ALLOWED* AND WMBER C F 0 0 0 0 2 1 5 0  



L E V E L  2.2 (SEPT 76) M A I N  05/=60 FORTRPN H FXTENOED DATE 79.103/15.45.29 

C FEED PRICES TO BE TRIED. A L ~ O  NFQMAX. 00002160 
C**** NFOYnX I S  THE NUb'dER 3F RATFS OF RETURN ON EQUITY TO BE USED. 00002170 
C WSTRT I S  THE YEP9 I N  YHICH %LANT STARTUP TAKES .PLACE* ALSO 00002180 
C THE YEAR I N  WHICH DEPRECIATION ALLOWANCES REGIN. 00002190 
C 00002200 

I S M  0019 4 READ ~ ~ O ~ N Y R S I N S T R T ~ N T R I E S ~ ~ ~ F D P R S , N E Q M P X * N ~ A R R Y ~ N C R E D T ~ N C N S T R  00002710 
c 00002220 

I S N  0019 I ' F ( N T P J E S . L T . l ) N T R I E S = l  00002230 
I S N  OC'2l L F  (NCNSTRaLT. 1) NCNSTRz l  00002240 

r: oooo22so 
CQ***  CARD 5. DEQRECIABLE C A P I T A L  INVESTMENT MADE EACH YEAR. SMM. 00002260 

I S M  0023 5 READ 4n3*(IYVESTIN)rN=l,NYRS) 00002270 
I? 0000;280 
C**** CAR0 6 .  WOQKING C A P I T A L  INVESTMENT MADE EACH YEAR* $MM. 00002290 

I S N  0024 6 READ 403*(WORKCP(N)rN=lrNYRS) 00002300 
C 00002310 
CV**Q CARD 7. OPERATING EXPENSES EACH YEAR EXCLUSIVE OF TAXES. 00002320 

I S N  0025 7 READ 403r(EXTEXP(N)rN=l,NYRS) 00002330 
r oo002340 
C**** CARD 9, CONSTANT EXPEFPSFS DIIRINC PRE- &NO DOST-STARTUP PERIODS. 00002350 
C ALSO LOW h HIGH L I V I T S  OF PJODUCT P R I C E  FOP USE I N  I T E R A T I O N  00002360 
C ALSO DFLFPR* THE DELTA FEED P R I C E  FOR FEEDSTOCK 1. 0000?370 
C ALSO ,TOLPRC, THE TOLERANCE ON PRODUCT P R I C E  CONVERGENCE. 00002380 

I S N  0026 8 R E I D  ~ ~ ~ ~ E X I N I T , E X P C O N ~ P L ~ P H ~ D E L F P R ~ T O L P R C  00003390 

7 I S N  0027 
UI 

I S N  0028 

I S N  0029 

I S N  0030 

I S N  0031 

I S N  9032 

I S N  0033 

I S N  6035 

I S N  G03S 

CI o o o o z r o o  
C**** CZRD 9. NUMRER OF PROJUCTS FOR WHICH RATES AND PRICES ARE READ. 00002410 
C ALSO* NUURER OF FEEDSTOCKS FOR HHICH PRICES AN0 RATES ARE PEPD. 00002420 

9 REAO 400rNPPODS,NFEEDS 00002430 
C 00002440 
C*OO* C4RD 10. PQICES OF PPODUCTS INCL. I N I T I A L  FSTIb lATE FOR M A I N  PROD. 00002450 

19 READ 403~(PRICE(N)*N=l.NPROnS) 00002460 
C 00002470 
C * * * *  C4RD 11. PNNUAL Pf?ODUCTION RATES FOR PRODUCTS AT 100% CPPACITY.  00007480 

1 1  RFAO 103. (PRDRAT ( N )  rN=I vVPRODS) 00002490 
r: 00002500 
COO0@ CPRD 17. FFEDSTOCK P R I C E S *  $ / U N I T *  FOR ALL FEEDSTOCKS. 00002510 

12 QE4D ~ O ~ V ( F E E D P P ( N ~ ~ N = I * N F E F D S )  00002520 
C 0000?530 
C"** CA?D 13. FFEDSTOCK COhSUMPTION RATE.S A T  100% CAPACITYIMM UNIT/YR 00002540 

13 R E I D  403r(FSEDRT(N)*N=l*NFEEDS) 00002550 
C 00002560 
c**** CARD 16. RqTFS OF RETURN Ox! EQUITY. 00002570 

14 READ 403- (.RTNEQ ( I ~ E Q T )  r ~ E n T z 1  , ~ F : Q M A x )  00002580 
C 00002590 
r:**** CARD 15. DEPRECTATION CLASSES. 0000i?h00 

15 REaD 4 0 0 * N C L S * ( L I F E ( N C L ) * N C L = l * N C L S )  00002610 
C: 00002620 
COOo* 00002630 
C*OQO CAPO 16. FQACTIONS OF TOTAI DEPRECIATION Y CLASS. 0000E640 

15 RELD 4 0 3 * ( D P F R A C ( M C L ) t F J C L = l . N C L S )  OOOOE650 
C .  0000il660 
C**** CAPD.17.  PLANT OP. FACTOR FOR EACH YEAR I N c L  PRE-STARTUP YRS 00002670 

17 REED 403*(EFFNCY(N)*N=lrNYRS) 00002680 
C 00002690 
C*Q@* CARD 18. D I S T R I * U T I O N  *IF Ib!VESTMENT BuRING CONSTRUCTION PERIOD. 00002700 
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LEVEL 2.2 

I S N  0 0 3 6  

I S N  0 0 3 7  

I S N  003R 
I S N  0 0 3 9  
1SN 0 0 4 0  
I S N  0 0 4 1  
I S N  0 0 4 2  
;SY 0 0 4 3  
I S N  0 0 4 4  

I S N  0 0 4 5  

I S N  0 0 4 6  
I S N  0 0 4 7  
I S N  0 0 4 8  
I S N  001.9 
I S N  0 0 5 1  
ISN 0 0 5 2  
I S N  005.7 
I S M  0'254 
ISN 0,055 
I S N  0 0 5 6  
I S N  0 0 5 7  
I S N  0 0 5 8  

I S N  0 0 5 9  
ISN 0 0 6 0  
I C N  0 0 6 1  
I S N  0 0 6 2  
I S V  0 0 6 3  
I S N  0 9 6 4  
I S N  0 0 6 5  
I S N  0 0 6 6  
I S N  0 0 6 7  
I S N  0 0 5 8  
I S N  0 0 6 0  
I S N  0 0 7 0  

(SEPT 7 6 )  M L I N  , 0 5 1 3 5 0  FO?TRAN H EXTENDED DATE 79.1.03./15.45.29 
. , 

C  TKTS I S  CflR TdF CALCUL4T:OM OF THE COWP~UNDED INTEPEST DUPING 0 0 0 . 0 2 7 i O  
$ CCYSTPUCTION. I F  T H - S  O P T l C N  I S  QOT D E S I S E g *  CARD 1 8  1 5  A  BLANK ~ ~ R D 0 0 0 0 2 7 2 0  
C AM-) L L ( 7 )  MUS,T F.E LESS Tk'4fJ 2  pNC. ENTER Y C N S T ~ = ~  OF! CARD 4. 0 0 0 0 2 7 3 0  
C 0 0 0 0 2 7 4 0  

1 R  REPD 4 0 3 r ( F P C I N V ( M ) ~ N = l * N C N ~ T F ! )  
C .. 
C O  CA9D 19.  FSCAL4TIOh! F4CTORC. 

1 9  R E I O  &03, E S C C A P * E S C J H K t E S C C X T t E S C E X P , E S C I h r I , E S C C O N ~ E ~ 5 C F D y * E S C " R ~  
C 
~ 0 0 0 0  EN0 nF I , \ p U i  OAT,; Z + D o O O ~ O c O Q o O * Q a O  

c 
r 
r o o * o  

!: SAVE THE L n w  AWD H I W  PWODUCT P D I C E  L I M I T S  FOR SLJRSEQUENT I T m A T I O N S .  
C .  

PLSAVE=PL 
P H S P ' I F = W  
FPSA\rF=VfEDyR I 1  
NEOT=I 
R T N E ~ Y = Q T N E ~  (NECT)  
~PSTDT=?:ST?T 
PROJL.F=hYQF 

C 
C SAVE N S 1 7 T T  FOR I N V  TAX C 4 E ? I T  CA?QYOVER CALC. 
C T H I S  I 5  ' I Y 4 L  YEcR #HEN I N V  TAX C?:DIT CAN RE TAKEN 

N S T R T ~ = N ~ T R T * N C P E D T  
- * **a  

c 
. C * Q O Q  P R I N ?  INPUT 0 4 T ~  O O O O - ~ Q O O  

coao* 
NPRNT=@ 

1C19 CQNTTNUE 
P Q I N T  6 9 0  
IF(hi>RNT.EO. l ) .  'G!hiT b55 
P O I N T  h > l r  : L L ( K )  * K = k , l @ )  ( F ~ J Q N A ~ ' ( L )  ,L=1,15) 
P R I N T  C I : 3 , 7 X C P E 3 * F l T T X R , S T t ! t J C t S T P F i E \ l  
P R I N T  6 3 4 9  ?ROPTX'* I#SLIRF..DRl'F9CrEGFRAC 
PRIMT hC5, RTNEDY* I~JTDRT,PPO,ILF+@PCCTRT 
DQIh'T ~ C ~ + P R P E X P . T O L E Q ~ S A L V " E , C N S T L N  
OW I N T  6 3 6 ,  [hlTCm* !r.'TTOT 
P R I N T  637+hlYFS*XSr4;T*E lTRIES.NFDPQS 
P R I N T  638  *'\IEGIMbX -~iCAQP'YrI\IC.BFDTtNCPJSTR 

CQ*** 
DaTNT 7 0 1  
PRIPJT 679 
O?IN '  6!01 ( I N V E S T  (:\) t N = l * h : f ? S )  
o ? I N T  7131 
P R I N T  6 4 0  
PRTNT f : l O r ( W O R Y C P ( ~ ) r N = l ~ N d Q S )  
P B I N T  7 1 1  
OPINT f 5 1  
ORINT 6 9 0 r ( E X T E X p ( O )  * Y = l . W Y ~ S )  
PRINY T 3 1  
DRTNT 6 9 9  
P R I V T  $10m(EFFUCY ( I l l  ,N=lvLV;ri .S) 



OS/?60 FOqTRAN H  EXTENDED LEVEL Z.2 (SEPT 7 6 )  MA IN  DATE 79.103/15.45.29 

I S N  3 0 7 1  PR INT  7 0 1  0 0 0 0 3 2 6 0  
coooo 0 0 0 0 3 2 7 0  

ISN ,3072 PR INT  411,EYINITqEXPZON 000037?80 
I S N  0 0 7 3  P P I N T  612*NPf?ODS 0 0 0 0 3 2 9 0  
I Z N  0 0 7 4  ?P INT  6 1 3 * (  P R I C E ( K ) r N = l * N P D O D S )  0 0 0 0 3 3 0 0  
I S N  0 0 7 5  PR INT  hl3r(?RDRAT(N),N=l*NP40DS) 0 0 0 0 3 3 1 0  

C 0 0 0 0 3 3 2 0  
I S N  0 0 7 6  PR INT  634rNFEEDS 0 0 0 0 3 3 3 0  
1C.M 0 0 7 7  PRINT 610.  (FEEDPH(N1 ,Y=lrh!FFEDS) 0 0 0 0 3 3 4 0  
I S N  0 0 7 8  ' PRINT 6 1 0 1  (FEEDRT ( N )  ,N=l  * & ! F a )  0 0 0 0 3 3 5 0  
I S N  0 0 7 9  IF(NoRbJT.EO.1) GO TO 1 0 2 2  0 0 0 0 3 3 6 0  

( ~ O O O O  0 0 0 0 3 3 7 0  
. Coo0*  END n F  P S I V T  INPIIT DATA. 0 0 0 0 3 3 8 0  

C  * ~ P P L Y  ESCALATION FACTORS TO INPUT DATA.  0 0 0 0 3 3 9 0  
I S N  bO81 TF(Ll- (9) .EO.O) GO TO 107E  0 0 0 0 3 4 0 0  

C0 0 0 0 0 3 4 1 0  
I S N  6 0 8 3  DO l n P l  N=lqNYRS 0 0 0 0 3 4 2 0  
I S N  C'084 INVE2T(N)=INVEST(N)*il.+F:SCCAP)O*(N-l) 0 0 0 0 3 4 3 0  
ISN C ~ A S  W O R K r P ( Y ) = W O R K C P ( ~ ~ ) + r i I . + E S C c d R K ) * * ( N - l )  0 0 0 0 3 4 4 0  
I S N  0 0 8 6  E X T E ~ P ( N ) = E X T E X P ( N ) O I ~ , + F : S C ~ X T ) O * N  0 0 0 0 3 4 5 0  
I S N  C087 1 0 2 1  CONTTNlIE 0 0 0 0 3 4 6 0  
I S N  0 0 8 8  N?!?NT=l 0 0 0 0 3 4 7 0  
I S N  0 0 8 9  -GO T n .  1 0 1 9 '  0 0 0 0 3 4 8 0  

c o o 0 0  ' 0 0 0 0 3 4 9 0  
I 2 N  0 0 9 0  1 0 2 7  CONTTNIJF: 0 0 0 0 3 5 0 0  

c o o 0 0  0 0 0 0 3 5 1 0  
?' p .; C CALCULATr TOTAL AKOUVT IhVESTED. ZERO ANNUAL DEPRECIATION. . 00003520  

-4 :- C 0 0 0 0 3 5 3 0  
" ISV 0.091 TOTDh!V=O. 0 0 0 0 3 5 4 0  

I S N  0,092 WRKCdP=O. 0 0 0 0 3 5 5 0  
. ISN  0 0 9 3  0 0  2.7 N = l r V Y R S  0 0 0 0 3 5 6 0  
ISFJ 0 0 9 4  DEPRFC (Y)=O.O 0 0 0 0 3 5 7 0  
I S N  0 0 9 5  W W K C A P = W S K C A P + W ~ ~ ~ C ? ( ' N )  0 0 0 0 3 5 8 0  
I S U  OD96 2 2  TOTD~IV=TOTDNV'+INVEST (iN) 000035'90 

I: 0 0 0 0 3 6 0 0  
C  0 0 0 0 3 6 1 0  
c TOTAI- DEPRECIPSLE CAPITPL 1 5  THE SUM OF PNDUTTED DEPRECIABLE 0 0 0 0 3 6 2 0  
C INVETTWENT AND INTEREST DURING  CONSTRUCTION^ INTDC-- IT  WILL 0 0 0 0 3 6 3 0  
C  RE ZFR! UNLESS L L ( 7 )  I S  GREhTER THAN ZFRO. 0 0 0 0 3 6 4 0  
C I F  L1. (7')"21,';. TOTAL INT. Dllo1%1G CONSTR. INPUT AS P. FRACTION 0 0 0 0 3 6 5 0  
r: OF TuF. TOTAL DEPXECIA3LE INVESTMENT. T H I S  FRACTION 1,s INTTOT. 0 0 0 0 3 6 6 0  
C I F  L I - ( 7 ) = 2 .  INTEGEST 3URING CONSTR. I S  COMPUTED ACCORDING TO 0 0 0 0 3 6 7 0  
C: S c n E n u ~ E  OF EXPENOITUsE OF CONSTRUCTION FUND'S--INPUT 0 0 0 0 3 6 8 0  
C AS AhlNUAL FRACT119Nr F 7 C T Y V ( , : ) *  WHERE P I  GOES FROM 1 TO NCNSTR ' 0 0 0 0 3 6 9 0  
c THE TNTE4EST RATE FOR T H I S  fALCVLATION I S  INTCON. 0 0 0 0 3 7 0 0  
C  0 0 0 0 3 7 1 0  
C  0 0 0 0 3 7 2 0  

I S V  0 0 9 7  INTDr=O.  0 0 0 0 3 7 3 0  
ISN. 0 0 9 9  CHPDFC=O 0 0 0 0 3 7 4 0  
I S N  0 0 9 9  21 IF'(LI. ( 7 )  .E'Q.l) INTDC=CNSTLN0lNTT0T 0 ,0003750 

r 0 0 0 0 3 7 6 0  
I S N  0 1 0 1  INTTnCzO. 0 0 0 0 3 7 7 0  
I S N  0 1 0 2  ' I F ( L ~ ( ~ ) . L T . ~ ) G O  TO 27  000031780 

C  0 0 0 0 3 7 3 0  
C CALCI!LATE COMPOUND FACT04 FOR TOTAL INTEHEzT DURING CONSTR. 0 0 0 0 3 8 0 0  - .  
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L E V F L  2.2 

I S N  0 1 0 4  
I S N  0 1 0 5  
I S N  0 1 0 6  
I S N  0 1 0 7  

I S N  OlOA 

I S N  0 1 0 9  

I S N  0 1 1 0  

I S N  0 1 1 1  
I S N  0 1 1 2  
I S N  0 1 1 3  
1SN 0 1 1 4  
I S N  01115 
I S N  0 1 1 7  
I S N  0 1 1 8  

? 

I S N  0 1 1 9  

I S N  0 1 2 0  
I S N  0 1 2 1  
I S N  0 1 2 2  
I S N  0 1 2 3  
I S N  0 1 2 4  

I S N  0 1 2 6  
I S #  0 1 2 7  
I S N  0 1 2 8  

I S N  0 1 2 9  
I S N  0 1 3 0  

(SEPT 7 6 )  M A I N  OS/350 FORTPbN H FXTENDEO 

C T H I S  O P T I 3 N  I S  USED 5NLY I F  - L ( 7 ) = 1 .  
DO 2 5  N=IqNCNSTR 

25 CMPDCC= ( C ~ P I ? F C * F P C I N V  ( : . I )  ) O ( l o + I N T C 3 N :  
INTTnC=Cy>DFC-1.  
INTDC=CNSTLV~INTTOC 

c 
C 

2 7  TOTDFP=TOTDNV*INTOC 
c 
c 
C TOTAI- IN'CESTMENT--TkE SUM OF DEPRECIaBLE BIND WORKING C A P I - A L  

TOTIh!V=T~:TOEP*WR~CAP 
rl 
C THE TOTI\.- OF WRKCIP + :SALVGC I S  SPVED FOW LATER OLITPUSTINS. 

TOT813=W;KCUP*SALVGE 
c 
C 4 0 9 *  
COO90 
C 
C**** CALCI~LATE AvNU4L PROPERTY TaXES AND INSURANCE. 
C THESF ARE ASSUMEC) TO START 'N YE42 KSTRT. 
c 

no 2 a  N=I,NYRS 
PQOPTY (N: =O. 
IKSRuC (N:.=O, 
IF(N.LT..r. lSTRT)GO TO 2R 
P U ~ P T Y  (k.1 =TnTOEP*PRCP-X 
INSPwC ! h  1 =TOTDEPgIN'5U.PF 

2R C~NTTNIIE 
c 
r: 
COO*' CALCIILPTE 4NNUAL D E E R E C I A T I T N  ALL!)Nlh'CFS FOR TAX PURPOSES, 
I: D E P R F C I C r I O N  I S  YASEI! ON TOIIAL DEPREC:IP.RLE C A P I T b L  LESS CPL- 
C VAGE VAL~JE.  
C 

T O T D P ~ = T ~ T O E P - S A L V G E  
c 
I: O P T I n N S  9 V b I L A B L E  AFTE AS FDI-LOWS. 
c LL(I! = o SUM OF Y E ~ ? S  DIGITS 
C L L ( 1 !  = 1 STR.AIC,HT LIKF: 
C L L ( 1 )  = 2 DOUBLE D E C - I N I N G  BALANCE WITH CONVERSION TO 
COO00 
C . STRATGHT L I V E .  

DO 37 N C L = l ? N C L S  
N D L I F E = L I F F ( N C L )  
T o T D D ~ = T O T D P ~ O . D P F H ~ C ( N C L )  
DPLIFE=KDLTFE 
I F ( L L ( l ) . E 0 . 2 ) G O  TO 34 

c 
suM=n. 
DO 3 n  W?~=~..NDLIFE 

3 0  SUM=CIJH.4ND 
c*o'Jo 

DO 32 N D = l r N D L I F E  
F R P C =  ( A D L I F E - N D * l )  /SLM 



L E V E L  2.2 (SEPT 7 6 ) .  '-!&IN OS/'SO FORTRAN H  EXTE&@ED 

I S N  0 1 3 1  IF (LL(~ )  .EO. l )FRAC=l . /nPLTf i  
I S 4  9 1 3 3  V=NSTRT+NO-1 
I S t J  0 1 3 4  YDPR.rC=FRACoTOTDp3 
IS~J 9 1 3 5  3 2  ~ E D R F C ( V ) = O F P R E C ( ~ \ ~ ) + Y D P ~ E C  
I S N  0 1 3 6  GO Tfl 3 7  

C 
C 0 0 ~ 9 1  E DECLINING B ~ L ~ C E  METHOD WITH CONVEEISION T O  STRAIGHT 
C L I N E .  

DATE 79 .103 /15 .45 .29  PAGE 9 

1 5 N  10157 
I S N  0 1 5 R  
I S N  0 1 6 0  
I S N  0 1 6 2  
I S N  0 1 6 3  
I S N  0 1 6 4  
I S N  0 1 6 5  
I S N  0 1 5 6  
I S N  0 1 6 7  
I S N  0 1 6 8  
I S N  0 1 6 9  
I S N  0 1 7 0  
I S N  0 1 7 1  
I S N  0 1 7 2  
TSN 0 1 7 3  
I S N  0 1 7 4  

r: 0 0 0 0 6 4 1 0  
I S N  C 1 3 7  3 4  'NSL=n 0 0 0 0 4 4 2 0  
i S N  0 1 3 n  PE'AN~R=TOTr)P3 0 0 0 0 4 4 3 0  

C  0 0 0 0 4 4 4 0  
I S N  C-139 @ 0  3 6  F!D=l V ~ I D L I F E  0 0 0 0 4 4 5 0  
I S N  f i l l 0  b !LEFT=h!nLIFE-FlD+1 0 0 0 0 4 4 6 0  
I S N  6 1 6 1  N=NSTRT+ND-1 0 0 0 0 4 4 7 0  
I E N  0 1 4 2  I F ( N c L . E O . 1 ) G O  7'1 3 5  0 0 0 0 4 4 8 0  
I S N  0 1 4 6  ODS=QEMN99*?. /DDLIFE 0 0 0 0 6 0 9 0  
?SN 0 1 0 5  OSL=DFMNOD/NLEFT 0 0 0 0 4 5 0 0  
I S N  0 1 4 6  I F ( D T L . G F . O D R ) N S L = l  0 0 0 0 4 5 1 0  
1 5 N  0 1 4 9  Y D P R F C = A M ~ X ~ ( D D P I O S L I  0 0 0 0 4 5 2 0  
I S N  0 1 4 9  REUNt?R=REYYnR-YOPHEC 0 0 0 0 4 5 3 0  
I C N  0 1 5 0  GO T n  3 6  0 0 0 0 4 5 4 0  
I S N  0 1 5 1  3 5  YDPRFC=DSL 0 0 0 0 4 5 5 0  

S  0 0 0 0 4 5 6 0  
I S N  0 1 5 2  , 35 D E P R f C  ( Y )  =QEPREC ( N )  +YDPPEC 0 0 0 0 a 5 7 0  

C 0 0 0 0 4 5 8 0  
I S N  D l 5 3  , 3 7  CONTTNIJE 0 0 0 0 4 5 9 0  

7 I: 0 0 0 0 4 6 0 0  
ID So***  C ~ L C I I L L T E  THE SlI*! OF THE ANLIUAL D E P R E C I A T I O N  EXPENSES. I T  SHOULD 0 0 0 0 4 6 1 0  

C SE E n U 4 L  TO THE T 3 T A L  QEPRECIARLE,INVESTMEh!T LESS SALVaGE 0 0 0 0 4 6 2 0  
C VALUC. 0 0 0 0 4 6 2 5  
C  0 0 0 0 6 6 3 0  

I S N  0 1 5 4  SUUO'P=O. 0 0 0 0 4 6 4 0  
I S N  0 1 5 5  DO 3 s  N = l * N Y R S  0 0 0 0 4 6 5 0  
I S N  0 1 5 6  3 p  SUMDFP=SUHDEP*OEPHEC(N) 0 0 0 0 4 6 6 0  

r o o 0 0 4 6 7 0  
CQOO*  00004F.80  

C P R I N T  D E R I V E D  DATA. 0 0 0 0 4 6 9 0  
(1 0 0 0 0 4 7 0 0  

D R I N T  6 2 5  0 0 0 0 6 7 1 0  
1 F  ( L L  ( 2 )  .EQ.O) P R I N T  632 0 0 0 0 6 7 2 0  
I F ( L L  ( 7 )  . E Q . l ) P R I N T  633 0 0 0 0 4 7 3 0  
P R I N T  6 4 2  0 0 0 0 4 7 4 0  
P R I N T  h 4 3 r T O T D N V  0 0 0 0 4 7 5 0  
P R I N T  h44r !NTDC 0 0 0 0 4 7 6 0  
P P I N T  6 4 5 r T Q T D E P  0 0 0 0 4 7 7 0  
P R I N T  646,WRKCAP 0 0 0 0 4 7 8 0  
P P I N T  6 4 7 * T O T I t d V  0 0 0 0 4 7 9 0  
P Q I N T  7 0 2  O G 0 0 4 8 0 0  
P S I N T  6 2 7 r T n T D P 2  0 0 0 0 4 8 1 0  
P R I N T  6 2 6 * S 4 L V G E  0 0 0 0 4 8 2 0  
SUM67R=SALVGE+TOTDPZ 0 0 0 0 4 8 3 0  
P R I M T  6 2 b * S U M 6 2 8  0 0 0 0 4 8 4 0  
P R I N T  7 0 2  0 0 0 0 6 8 5 0  
K 6 3 1 = l + L L ( l )  0 0 0 0 4 8 6 0  



LEVEL 2.2 (SEPT 7 6 )  YAIN OS*360 FORTRAN ;I FXTEVDED 

I S N  0175 
I S N  0 1 7 5  
IS?!. 0177  
TSFJ 0178  
I S N  0179  
I S N  0183 .  
I S N  0191  
I S N  018E 

I S N  0183  
I S N  0185  
I S N  0186  
I S N  0187  
I S N  0 1 8 8  
I S N  0189  
I S N  0190 
I S N  0 1 9 1  

? 
I-' 

I S N  0192  
I S N  0193  
I S N  0 1 9 4  
I S N  0195  

I 5 N  0196  
I S N  0197  
I S N  019A 

I S N  0199  
I S N  0.200 
I S N  OZOl 
I S M  0 2 0 2  
I S N  0203  
I S N  0 2 0 4  

Pq INT  t31*DPRNFM(KC31) 
PRINT 6109 ( n E ? F E C ( \ )  t N = l r N < ? S )  
PRINT 7'11 
PRINT 64StSUVDFP 
DRINT TO;? 
PRINT ha9 
DRINT hSOvCYPDFC 
PRINT h5! r IYTDC 

ESCPl.ATION FACT09S ARE PRINTED I F  LL(9).NE.O 

I F ( L I .  (9: .ED.O)- 60 TO 3 9  
PRINT 7 0 2  
PRINT 6 5 6  
PRINT 6579 FSCCSPv ESCWRK* FSCEX- 
PRINT 65S9 ESCEYPt ESCI.NII F'SCCOr4 
PRINT 6599 ESCFD? 
PRINT MOI FSCFEP 
COYTTNiJE 

A S S I ~ - N  CONSTANT ANMIAL EXPEWSES PEG IwPU-  DATA E X I N I T  PND 
EXPClhl. 

DIJ?I'lG THE DRE4TARTUP PERTOD, THE CONSTANT ANNUAL AHOUMf I S  
EXINTT. 
DU9Ik:G THE OPERATIONAL PERinD9 THE CONSThNT ANNUAL AMOUNT I S  
FXPCfiN. 

REENTEQ AT 45  F34 ITERATIOF WITH KF# RATE nF RETURN ON E3UITY 
THE DATZS QF RETURN TO RE CSED WERE ENTEFE? ON CARD 14. 
CONT TNtJ'E 
FEEDoP(k.)=FPSAVE 
PTWnY=CTNEO(NEJT) 

CLLC!ILLTE VERASE PRESENT hn4TH OF lNCOMES FOR ESTIMATINS 
PRICF DIFFERENTlhL5....USEC I N  CONVERGENCE ROUTINE. 
P R 4 = ~ R T F R C " T N T D 3 T * E Y F 7 b C * R r ~ i E Q Y  
D I S F ~ . C = I . / I ~ . + R ~ A )  
su* l r=o.  
0 0  4 6  N=lrYYRS 
S l I Y 1 6 = S V M 1 6 * D I S F c C ~ N  *PRIIGfiT (1)OEFFNCY (N)  
DPFAC=(~./I~.-F[TTXR-STAIFIC*FITTX.R)~~DISFAC**NYRS/SU~~~ 

FOR PAR4MEYRIC STUDw OF FEED PRICE REENTER AT 48  I F  L L f 4 1 = 1 .  
NOTE: THE PYLY FEED PRICE T ~ P T  I S  V A R I E D  I S  THE MAIN FEED 
NFDPQ I S  TFE NUFI5ER OF THE  ITE ERA TI OW ON FEED PqICE. 

DATE 79.103/15.45.29 

000041370 
00604880  
00004890  
00004900  
0000491  0  
00004920  
00004930 
00004940  
00004950  
00004960  
00004970  
00004980  
00004990  
OOOOSOOO 
00005010  
00005020 
000050,30 
0  0  0  0  5  0  4  0  
00005050  
00005060 
00005070 
00005075  
00005080  
0000509i)  
00005095  
00005100  
00005'105. 
00005110  
00095120  
000b5130  
00065140  
00005150  
oooas , i 6o  

'. 00005170  
00005180  
00005190  
00005200  
00005Z10 
00005220  
00005230  
00005240  
00005250  
00005260  
00005270  
00005280  
00005?90  
00005300  
00005310  
00005320  
00005330  
00005340  
00005350  
00005360 
00005370 
00005380  
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OS/3hO FORTR4N H EXTENDED L E V E L  2.2 (SEPT 76) M A I N  DATE 79.103/15.45.29 PAGE 11 

C 00005390 
, I S N  02:OS NFl)Po=l  00005400 

C ' 00005410 
I S N  0206 43  C9NTTNIIE 00005420 

C 00005,430 
I S N  0207 N='RIVT=I-LL (3) 00005440 

C 00005450 
C 00005460 
Coo** CALCULATE COST OF FEEDS TO PLANT AT lo@% OQSTREAM EFFICIENCY.  00005470 
C 00005480 

I S M  0208 FDCO<T=O. 00005490 
I S M  0209 , 00 5n N = l * Q F E E D S  00005500 
I S N  0210 50 FnCOct=FDCOST*FEEDRT(N)*FEEnPR(N)  00005510 

c * o o o  00005520 
C 00005530 
C 00005540 
C THE TOTAL ANNUAL OPERATING FXPENSE I S  P L T E x P ( N ) - - T H E  SUM OF 00005550 
C THE CONSTANT ANMVAL EXPENSE* E X P E N S ( N ) r  PLUS THE AMOUNT 00005560 
C FROPnPTIONAL TO THFfOUBUPUT* P H P E X P Q E F F N C Y ( N ) ~  PLUS ANY ADDED 00005570 
C DPlNUbL 4MOlJNTS I N P U T *  E X T E X P ( N ) r  PLUS ANNUBL PQOPTY INSURE*  00005580 
C FLUS 'FE COST OF THE FEEDSTOCKS USED EbCH YEAR. THE LATTER 00005590 
C I S  T ~ J F  PRODUCT OF THE ONSTRcAM E F F I C I E N C Y  bND THE CALCU 00005600 
C L A T E b  FEEDSTOCK COST aT loo* ONSTREAM EFFICIENCYtFDCOST. 00005610 
C NOTE THAT P L T E X P ( N )  DDES NOT INCLUDE ANY T6XES. 00005620 
C: TT I S  ASSUYED THAT PR3PERTY INSURANCE STARTS I N  YEAR NSTRT. 00005630 
C FOR C.\LCULATION OF EX'ENS(N) SEE STATEMENT5 41-43. 00005640 
C 00.005650 
C 00005660 

y IS14 0 1 1 1  DO 51 N=l,NYRS 00005670 r I S M  0212 p L T E X ' ( N ) = E F F N C Y ( I ' I ) * P R P E X P Q ( l . + E S C E X P ) * * N  FXPENS(N)  + EXTEXP(N)  00005680 
1 + IYS!?NC(N) + F D C M T * E F F ! ~ C Y ( N ) * ( ~ . * F S C F ~ P ) * * N  00005690 

I S N  0213 5 1  CONTlWUE 00005700 
C 00005710 
C T H I S  COMPLETES THE CALCULATION OF THE ANNUAL OP EXPENSES. 00005720 
r oooos730 
C3O*b 00005740 
C oooo57so 

I S V  0214 ' T R Y B R I C E (  1) 00005760 
TSV 0215 EQTRY-RTNEOY 00005770 
I S Y  0216 v T Q Y = l  00005780 
I S N  0217 EQL=P.OO 00005790 
I S N  0218 EOH=l  . O 0 00005800 
I S N  0219  PL=PLSBVE 00005910 
I S N  0220 PH=P+S4VE 00005820 

C 00005830 
C 00005R40 
COO** S T A T F Y E Y T  55 I S  THE REFNTRY POINT FOR T R I A L  CALCULATIONS FOR 00005850 
C OUTAINTNG CONVERGENCE OF THF CASH FLOW PAYOUT TABULATION. 00905860 
C THE 'TRIAL NUMBER I S  NTsY AN9 THF: P R I C E  I S  ?TRY. 00005R70 
C I F  T r E  RATE OF PE;URN ON EQlJITY I S  BEING CBLCULATED, THE 00005880 
C VEW T R I A L  VALUE IS 'EOTPY.  00005H90 
C 00005900 

I C N  0 2 2 1  5'7 CONTrNUE 00005910 
c 00005920 

I S N  0222 P R I C F  ( 1  =PTRY I .  00005930 , 
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I S N  0 2 2 3  PTNEnV.=EQ'QY 
I S N  0 2 2 4  I F  (NTR'f .EO.NTRIES) ' \ ]PPINT= l  

c * * o *  
COOa* ZERO AI-L -HE Et4TpI ; IS  IPI TCE PAYOUT 

I S N  0 2 2 6  CALL ZFRO 
r **** 
C 
P 

I S N  0 2 2 7  
I S N  0 2 2 8  
I S N  0 2 2 9  
I S N  0 2 3 0  
I S N  0 2 3 1  
1SN 0 2 3 2  

I S N  0 2 3 3  

I S N  0 2 3 5  
I S N  0 2 3 6  
I S N  0 2 3 7  

7 I S N  0?3R 
I S N  0 2 3 9  
I S N  0 2 4 0  

I S N  0 2 4 1  

I S N  0 2 4 2  

I S N  , 0 2 4 3  

I S N  0 2 4 4  

TSN 0 2 4 5  

0 0 0 0 5 9 4 0  
0 0 0 0 5 9 5 0  
0 0 0 0 5 9 6 0  

ARRAY FROM THE PREV1)US T R I A L .  0 0 0 0 5 9 7 0  
0 0 0 0 5 9 8 0  
0 0 0 0 5 9 9 0  
0 0 0 0 6 0 0 0  
0 0 0 0 6 0 1 0  

CALCI!LATE ANNUAL FRODUCTICN AND INZOME FHOM SALES 

M A I N  LOOP STPRTS HERE. CbLCULATE PAYOUT T ~ R L E .  NEW I T E R A T I O N  
QEENTEQS PT STPTEMENT 55. YnX NUMBFR OF ITFRATIONS = NTPIES.  
CHEOTT I S  THE T,OTbL FEDERAL INVESTMENT TAX CREDIT. 

P R I N T  6 l h r ( P R B h A * ( L ) r L = l r l 5 ~ ~ F E E D P R ~ l )  
DRT2?=1VTE9T*lOO.U@ 
RTNEn?=?TYEOY*L00.@0 
P R I N T  ~ ~ ~ + N T R Y ~ P ~ I C E ( I ) ~ D S ~ . ? ~ ~ R T N E O ~ , D ~ ? T F R I : , E Q F R A C  
P R I N T  6 1 7 ~ ( K C r K C = l ~ I l )  
P R I N T  h.?3 

I N I T T A L  C A P I T A L  I N C E S W E N T  INCL.  CLLCULABED INTEREST DUFING 
CONSTRCCTION. iF L - ( 7 )  W4S TNPUT A S  ZERO, INTDC I S  ZERO. 

C ~ L C I I L ~ T E  INV. Tax  CREO. P \ c E D  ON TOTAL DEFRECIABLE CAPBTAL. 
CREDTT=-OTDEPOTXCR:D 

CPLCl lLL-E THE PAYOUT TDPLE YEAR BY YEAR. 

THE ORJECT I S  T 3  MXKE THE OIJTSTANDING C A P I T A L  AT THE END OF 
THE C I k I h L  7FAR '13U:C 7 3  THC TOTAL k O R U I N 6  C A D I T A L  I N V E S T ~ E N T  
PLUS SALVA5F VA-UE. T3TAL WORKING C A P I T A L  I S  ASSUMED TO 
REMATN TNVESTED I'IBHT JP TO THE EPIC OF THE PROJECT AaVD I S  
RECOVEaEO INTACT AT THbT T::AE. 

IMT.  O N  OERT RRETUPN ON EQUITY BASED ON OUTSTANDING C A P I T A L  
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I S N  0246 I N T R S J  (N)=CPSTRT ( N )  *DF:TFRC*INTDRT 00006490 
I S N  0247 E3YRTN(N)=CPSTRT(N)QEOFRAC*JTNEQY 00006500 

c 00006510 
c STATF T A X A S L E  INCOME. 00006520 

I 'SN 0240 S T X A D L ( N ) = I N C O M E ( N ) - P t T E X P ( h l ) - D E P R E C ( N ) - I N T R S T ( N )  00006530 
C STAT= AND LOCAL TAXES--NOT PERMITTED TO BE NEGATIVE. 00006540 

I S N  0245 S T L T A X ( N ) = S T X A B L ( N ) Q S ~ A I N C  00006550 
I S N  0250 I F ( S T L T A X ( N ) . L T . O * ) S T L T A X ( N ) = O . O  00006560 
I S N  0252 S T L T A X  ( N )  =STLTAX ( N )  *PROPTY ( h i )  00006570 ' 

C 00006580 
C**O* C.TATF REV TAX = STARE'J* INCOHE(N)- - INCLUDED I N  STLTAX(N) .  00006590 

I S K  0253 ~ F ( I ~ ~ C O M E ( N ) . G T . O . ) S T L T A X ( N ) = S T L T A X ( N ) + S T A R E V * I N C O M E ~ N )  00006600 
C 00004610 
c 00006620 
C FED TAXAgLE INCOME .AND FED 1NCOME TAX REFORE I N V  TAX CREDIT. ,00006630 

I S M  0255 T A X A R L  (N )  =sTXABL ( N ) - S T L T L I X  ( N )  00006640 
ISM 0256 F E D T A X ( N ) = T ~ X A R L ( ~ ) O F I T T X R  00006650 

C F E D T x N ( N )  I S  A  CALCULATED T A X  WHICH MAY BE NEGATIVE . 00006660 
I S M  0?57 FEDTXN(N1 =FEDTAX ( N )  00006670 

C: FEDTXN(N1 I S  SAVED. FEDTAX(N)  MAY BE SUBSEQUENTLY ADJUSTED. 00006680 
c**os 00006690 
C**** t F  T ~ X F S  A4E ALLOHED TO BE NEGATIVE*  GO TO 70. 00006700 

I S N  0258 B F ( L b ( 6 )  .GT.O)GO TO 70 00006710 
C**** I F  TbXFS ARE NOT ALLCOWED TO BE N E G A T I V F *  DO THE FOLLOWING. 00006720 

I S V  0260 IF (FFDTLIX(N) .GE.O*)GQ TO 66 00006730 
I S V  0262 T X L O r S ( N ) = - F E D T A X ( N )  00006740 
I S N  0263 FEDTAX ( N )  =O. 00006750 
I S N  0264 65 CONTlNUE 00006760 

p I S N  0265 ' I F  (LI. ( 5 )  eEQ.0) GO TO' 69 00006770 
C.L C 00006780 
w C**** F I V E  YFAR TAX LOSS CIRRYOVEQ CALCULATION. 00006790 

C NCARQY WAS INPUTTED AND I S  NORMALLY 5. 00006800 
I S Y  0267 NA=N-NCARRY 00006810 
I S N  0268 I F ( N 4 . L T . l ) N A = l  00006820 
I C N  0270 DO 69 NLOSS=NA*N 00006830 
I S B N  0271 DEDUST=AYIYI.(TXLOSS (NLOSS) *FEDTAX ( N )  00006840 
I S N  0272 F E D T 4 X ( N ) = F E O T A X ( N ) - D E D U C T  00006850 
I S N  0273 T X L O ~ S ( N L O S S ) = T X L O S S ( N L D S S ) - D E D U C T  00006860 
I S N  0274 58 CONTTNlJE 00006870 

CQQQ* END CIF TAX LOSS CARRYOVER CPLCULATION. 00006880 
C 00006890 

I S N  9275 69 COYTTNUE , 00006900 
COQQO 00006910 
C I N V E C T M E N T T A X  C Q E D P T  IS SUqTPACTED FROM INCOME TAX.  00006920 

I S N  0276 TxCRnT(N)=AMINl(FEDBAX(N)1CREDIT) 00006930 
C . PUT 7-YEAR L I M I T  ON CARRY-F?RWASD OF INVESTMENT TAX CREDIT. 00006940 
C NCREmT WAS INPUTTED AND I S  WORMALLY 7. 00006950 
C NSTRT7 I S T H F  SUM OF NSTRT W D  NCREDT. 00006960 

I 5 N  0277 I F ( Y , G T . N S T R T ~ ) T X C R D T ( N ) = O .  00004970 
I S N  0279 F E O T a X ( N ) = F E D T A X i N ) - T X C R D T ( U 1  00006980 

C KEEP TRACK OF RE?!AI t i IYG CREOIT NOT YET ilSED. 00006990 
I S N  0280 CREDTT=CSEDIT-TXCRDT(N) 00007000 
I S N  0281 GO ~n 73 00007010 

C 00007020 
I S N  0282 70 CONTTNUE 00907030 



LEVEL 2.2 

I S N  0 2 8 3  
I S N  0 2 8 5  
I S M  0 2 8 6  
I S N  0 2 8 7  
I S N  02-60 

I S N  0 2 8 9  

I S N  0 2 9 0  

I S N  0 2 9 1  

I S N  0 2 9 2  

I S N  0 2 9 3  
I S N  0 2 9 5  

I S N  0 2 9 6  
I S N  0 2 9 7  
I S N  0 3 9 8  

? I S N  0 3 0 0  
I S N  0 3 0 1 .  

I S N  0 3 0 3  

I S N  0 3 0 5  

I S N  0 3 0 6  

I S N  0 3 0 7  
I S N  0 3 0 8  

I S N  0 3 1 0  
I S N  0 3 1 1  
I S N  0 3 1 2  
I S N  0 3 1 3  
I S N  0 3 1 4  

I S N  0 3 1 5  
I S N  0 3 1 6  
I S N  0 3 1 7  

(SEPT 7 6 )  , MA IN  05/ .360 FORTRAN H EXTENDED D8TE 79.103/15.45.29 PAGE 1 4  

C I N V  Tax  CFEDIT FOii THE CA9E WHEN IVCOHE TAX CAN BE NEGA'r IVE 0 0 0 0 7 0 4 0  
, I F  (N,.L-.NS,TRT) 512 1 0  7 3  0 0 0 0 7 0 5 0  

FEDT~X ;Y )=FEDT I ,K  (N: -CREDIT 0 0 0 0 7 0 6 0  
TXCRnT:v)=CPEDIT 0 0 0 0 7 0 7 0  
CRED!T=O. 0 0 0 0 7 0 8 0 '  

7 3 ' c O N T ~ N u i  0 0 0 0 7 0 9 0  
C 0 0 0 0 7 i  0 0  
C**O* CALCIILCTE C4SH FLOY AFTER T A X E S  - 3 4  YEAR ( F ! ) .  0 0 0 0 7 1 1 0  

CASHFL (N)=INCOME ( N ) - P L T E X P ~ ( : \ ~ ) - S T ~ - ' T A X ( N ) - = E Q T A X ( N )  0 0 0 0 7 1 2 0  
C ' 0 0 ~ 0 7 1 3 0  ' 
COD** CQLC!lLhTE TOTAL INTEREST A 4 1  RETURt4 ON E ~ U I T Y  FOR YEAR IN).  OOC07140 

TOTQTN( tJ )= INfRST ( N l  +FOYRTNC?.l) 0 0 0 0 7 1 5 0  
C 0 0 0 0 7 1 6 0  
C AMORTIZ4TI3N/RECr'VERY OF REYAININQ CAPITAL  BASEC ON CAFI- FLOW 0 0 0 0 7 1 7 0  
C LESS AMOUNT ALLSCATEO TO TNT ON DEFT 6 RETURN ON EQUITY. 0 0 0 0 7 1 8 0  ' 

AMORT? ( Y )  =?ASHF;- ( N  *-TOTRTFI :hl) 0 0 0 0 7 1 9 0  
C 0 0 0 0 7  2 0 0  
C AvOUhlT DF CPPIT41. OUTSTANDTMG AT EhD OF 'EAR. 0 0 0 0 7 2 1 0  

CAPEUD (MI =CPSTHT ( N : - ~ Y O R T Z  !i) 0 0 0 0 7 2 2 0  
C 0 0 0 0 7 2 3 0  

I F  (NDRIUT.FQ.0) GO T D  7 6  0 0 0 0 7 2 4 0  
PR INT  ~ ~ ~ * Y ~ C P S T ~ T ~ V ) ~ E F F N C Y ( N ) . , ~ ~ C O M E ( N ~ * P L T E X P N S T L X ( N  0 0 0 0 7 2 5 0  

1 T X C ~ O T  : h l )  *FEDTLK ( N l  ~ C A ~ . H F L  ( N ) ' ~ T O T R T N  IN)  ~ A M O R T Z  (N I  ,CADEND (N) 0 0 0 0 7 2 6 0  
C 0 0 0 0 7 2 7 0  

7 6  C O N T ~ N U E  0 0 0 0 7 2 8 0  
CPSToT(W*l:=CAPENO4W) + I N b F S T ( N * I )  U O F K C , D ( N * ~ )  0 0 0 9 7 2 9 0  
IF(CoSTRT(M*l).LT*C.ICPSTRTi(N+l)=O. 0 0 0 0 7 3 0 0  ' 
'RALNrE=C.APEND(N) - URYCAP -<ALVGE 0 0 0 0 7 3 1 0  
IF(N.FO.NYRS) NCOHPL=l 0 0 0 0 7 3 2 0  

C 
r: JUMP OUT OF P A Y O Q T  !LOOP IF .THE INIVESTHENT GETS TOO S'H&LL.. 

" 

IF(RaLNCE.LTeO..AND.N.GT.N9RT)C,D TO 8 2  
C,O*OO 

8 0  CONTTNUE 
C 

NCOH'JL=I 
C 
C 4T THE END OF THE R E  LOOP T+E PAYOJ' T.ABULATION I S  COMPLETED 
C AMD D P I h T E D  BUT I S  SOT NECE=SbRILY CONVEH5ED. 
c 

92. CONTTNUE 
TF(NDRIN-.EO.O)GD TI] 83  

COO*" 
C: 
C THE FOLLOWIVG P Q I N T  ST.ATEMEaTS ARE EXPLANATORY NOTES FOR 'THE 
C PAYOI!T TLRUI-ATION* 

PR INT  7 0 2  
PR INT  62G 
PR!NT hl?,VRKCAP 
PRINT  AOCrSALVGE 
PRINT  81 ! rTOTR l3  

C TOT813 1 5  TPlE TOTAL 3F  THE F,RECEDPWG TWO LINES.  
PR INT  ROL 
PR INT  ROE 
P R I N T  8 0 3  
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I S N  0 3 1 8  
I S K  0 3 1 9  
ISh-  0320  
I S N  a 3 2 1  
I S N  0322  
I S N  0323  
I S K  0324  
I S N  0325  
ISFl 0326  
I S N  0327  
ISF; 0 3 2 8  

IS tJ  0 3 2 9  

I S N  0334  

ISW 0 3 3 6  
ISM 0337  
ISM 0 3 3 9  
I.SN 0341  

7 ISrJ  0 3 4 2  
1S:V 0344  
I S *  0346  
ISV 0 3 a 7  

I S N  0369  

I S N  0350  
I S N  0 3 5 1  
I S N  0 3 5 2  

I S N  'C353  
I S N  C355 
I S N  0357  
I S N  C.358 

I S N  C359 
I S N  C1361 
I S N  ('362 

I S N  0363  

PRINT R?4 
PRINT P05 
PRINT p 0 5  
PRINT 907 
F'QINT 906  
P?lFIT 9 9 9  
PRTNT P10 
PRINT A l l  
PPItJT A12 
PRINT 624  

8 3  CONTrNClE 
r: 
I: -EST FnR CONVERGENCE. TOLEQANCE USED HESE I S  INPUTTED. 
c 

I F ( D ~ ! ~ s ( B A L N C E ) . I - T . T ( Z L E R . A N ~ . N C O Y P L . E O . ~ ) G O  TO A8 
c 

IF(NTRY.GE.NTRIES)GO T O  9 n  
tJTRY=NTRY+l 

COO00 

IF(LL(?) .EQ.!)FO T O  e7  
c 
? ITERATE ON P R I C E ( 1 )  I F  ~ L ( 2 r = o  
Coo** CTERnTF PRICE BY AVEFAGING THE CURRENT MIN. HIGH AND M 4 X .  LOW. 
CO*O* 

PTR.Y&=oTRY 
I F ( B ~ L Y C E . G T . O . ) P L = A ~ ~ A X ~ ( P L . P T R Y ~ )  
SF (RcLNCE.LT.0. )PH=Ah:IhIl (PHePTPY4) 
'='RCED?=PV-PL 
IF(PnCFR?.LT.TOLPRC)GO TO R a  
I F ( Y r O E I P L . F n . O . b ~ ! ~ . N T Q ~ . L T . 9 ) G O  TO 8 6  
>TRY=PTRY*DPFAC*%ALNCE 
IF (PTPY.GE.PH.OR.PTRYYLF: .PL .OR.NTRY.GT.5 )pTRY=O.5O~PL+PH)  

r:*ooo 
C***O REENTER AT 5 5  FO2 NEXT ITERzT ION UNLESS NTPY=NTRIES. 
C*O** 

GO Tn 5 5  
coo* *  

86  PT!?Ys3.5O(PL*PH) 
GO T n  5 5  

8 7  CONTThIUE 
C ITERnTF RATE OF RETURN ON EOIJITY. SIGNALLEO B Y  L L ( 2 ) = 1 .  
C 

I F ( B ~ ~ L N C E . L T . O . ) E U L = ~ \ M A X ~  (E(JL9EOTRY) 
I F ( B ~ ~ L Y C E . G T . O . ) F U H = ~ Y I N ~ ( E ~ ? H ~ E Q T R Y )  
FQTav=0.5*(EQL+EOH) 
GO Tr! 5 5  

'C000b. 
8 R  IF(NDRINT.EO.1)GO TO 9 0  

N?RIhIT=l 
GO Tn 55 

r: 
9 0  CONTTNLIE . . . . .  

~ O * * *  

COO0* AT THIS  POINT EITHER CONVERGENCE HAS SEEN REACHED OR THE ALLOWED 
MAIIuClM NU'4QER OF ITERATION5 HAS .RFEN YAUE. r: . . 

DATE 79.103/15.45.29 PAGE 15 
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I S N  0 3 6 4  

? Z N  0 3 6 6  
I S M  0 3 6 7  
TSN 0 3 6 %  

I S N  0 3 6 9  
1 5 N  0 3 7 0  

I S N  0 3 7 2  
I S N  0 3 7 3  
I S N  0 3 7 4  
I S N  0 3 7 5  
I S N  0 3 7 6  
I S N  0 3 7 7  
JSN 0 3 7 8  
I S N  0 3 7 9  
ISW 0 ? 5 0  
I S N  02,81 
I S N  0 3 8 2  
I S N  0 3 9 3  

r I S N  0 3 9 4  
Cn 

I S N  0 3 8 5  

I S N  0 3 8 8  
I S N  0 3 8 9  
I S N  0 3 9 1  
I S N  0 3 9 2  
I S N  0 3 9 4  
I S N  0 3 9 5  

I S N  0 3 9 6  

I S N  0 3 9 7  
I S N  0 3 9 P  

C 
C HnWE\lFPq THE FEED P R I C E  ITEJr \T ION,  I F  PEOUIRED~ REMAINS 
C TI) RF PnNE. 
C 
C PRINT SUPPLEFIENTLR" TA?L€ OF INFOFMATIONr UNLESS LL ( . 3 )  =I. 
c 

TF(L1- (P) .FO. l )BO TO 9 6  
C 

PQTNT 6 2 0 9  (PRSNA'J(L)  c L = l ~ l E )  
?RIh!T h 1 7 9  ( K C I K C = ~ : ~ ~ )  
P R I N T  hZ?. 

r o * o o  

DO 9 c  N-1.NYRS 
DFIINT ~ P ~ . U , I N V E S T ~ V ) * C P S T F ' T [ N ) . C ' E P R E C ( N ~ ~ I N T R S T ( N ) ~ T X C R > T ( N ) ~  

~ B X C R L ( N ) ~ F E ~ T L % ( N I ~ S T > G B L ( N ) ~ E Q Y R T N ~ N ) ~ P R O P T Y ( N : ~ F E ~ T X N ( N )  
95 CONTThllJE 

c o e o o  

P Q I N T  7G2 
P R I N T  9 C 1  
PRIFJT 9 6 1  
D Q I N T  Q C ?  
P R I N T  9 C 3  
P2IhJT 9C4 
PRINT.  9 0 5  
P R I N T  9 0 6  . 
PRIMT 9 f i 7  
PRItJT 9 3 9  
P R I N T  939 
P R I N T  9 1 0  
P R I N T  911 

c0800 

96 CONTTNUE 
c 
C 
C NOW oFPE4T THE PSOFLEY WITI- NEW FEE3 P R I C E  [ F  THE FEED P R I C E  
C ITER~I .T ION O?TIOW IS R E i N G  L ~ E D . . T H A T  I S *  IF L L ( 4 ) = 1 .  
C THE PEENTRY POINT FOR T H I S  I S  STATEqENT 48. THE COMPLETION 
C P O I N T  J S  S T ~ T E V E N T  I O D *  NCTE THA.1 THE ONLY FEED P R I C E  
C THAT CHXNGES I S  F E E Q P 9 i l ) r  THE M A I N  FEED. 
C 

I F ( L ! . ( 4 !  . E c ~ . o ) ~ n , T o  13rn 
c 

NFDPO=P.IFDPP* 1 
I F  (YF~PR.GT.N?DP'~S)  6 0  TO 1 0 6  
F E E O D R ( ~ ) = F E E D P P ( ~ ) - D E L F P R  
I F  (LC ( ? )  .ER. l )Gi l  T O  4 8  
P R I C F ( ~ ) = P C ' I C E ( E ) * D E L F P R O F E ~ F C R T ( ~ ) / P R D P A T ( ~ !  
60 T? 

C 
1 0 0  CONT ThllJE 

c 
COQOoO FORxaAfS Q o O O 0 c l O ~ ~ ~ ~ O ~ O O O ~ O O O O O ~ I )  

I: 
a 0 0  FORMf tT11SIS)  
4 0 1  F O R M a T ( 1 D I Z q 1 S A 4 )  

PAGE '16 
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I S N  0 3 9 9  
TSN 0 4 0 0  
I S N  0 4 0 1  
1S.N 0 4 0 2  
I S N  0 4 0 3  
I S N  C404 
I S N  0 4 0 5  
I S N  6 4 0 6  
I S N  0 4 0 7  

I C N  040R 
I S N  0 4 0 9  
I E N  0 4 1 0  

1S.N 0 4 1 1  
ISh '  0 4 1 2  
I S N  0 4 1 3  

I S N  0 4 1 4  
I S N  0 * 1 5  
I S N  9 4 1 6  

I S N  3 4 1 7  
I S N  3 4 1 8  

F 
V 

I S N  0 4 2 0  

I 5 N  0 4 2 2  
1 5 N  0 4 2 3  
I S N  0 4 2 4  
I S M  0 4 2 5  

I S N  0 6 2 6  

I S N  0 4 2 7  

I ,SN 0 4 2 8  
I S N  0 4 2 9  

I S N  0 4 3 1  
I S N  0 4 3 2  
I S M  0 4 3 3  
1SN 0 4 3 4  
I S Y  C 4 3 5  

I S N  0 4 3 6  

lSEPT 7 6 )  Mb I N  OS/360 FORTRPN H FXTENDED DATE 79.103/15.45.29 

4 0 3  FORV?T(RE10.0)  OOOOR690 
4 0 4  FOQMpT(20A4)  0 0 0 0 P 7 0 0  
6 0 0  F O F ( H ? T ( ' l ' r S X t  ' Ih lPUT DATA Sl !PPLJED BY IJSER~, / )  0 0 0 0 9 7 1 0  
6 0 1  FOPM:T(* * t 5 X t * C A H D  l * r 4 X 9 1 n 1 4 t 5 X t 1 5 ~ 4 1 / )  0 0 0 0 9 7 2 0  
6 0 3  FORM;T(v ~ * S X , ' T X C R E D , F I T T X ~ ~ S T ~ I N C ~ S . T P R E V @ ~ ~ X ' I ~ F ~ O . ~ )  0 0 0 0 9 7 3 0  
6 0 4  .FORMnT(r ~ t 5 X r * ~ R O P T L r I N S U H E t O F t T F R C t E O F R A C ~ t 5 X ~ 5 F 1 0 . 4 )  OOOOP740 
6 0 5  ' F O ! ? M @ T ( '  ' ~ S X ~ ' P T ~ E O Y ~ T N T D B T ~ P R O J L F ~ D P S T P T ~ , ~ X P ~ F ~ O . ~ )  0 0 0 0 8 7 5 0  
6 0 5  F O Q M I T ~ ~  ' t 5 X t ' P F P E X P * T I ) I . F R . S A L V G E t C N S T L I U  *,5X,5F10.4) 0 0 0 0 A 7 6 0  
6 0 9  F O ? M n T ( *  (,SXt'PL.ANT Ob!ZTi?E3M FACTOR INPUTTED ON CARD 1 7  1 .  0 0 0 0 4 7 7 0  

1  ' FOR F4CH YE4R OF PRO,!ECT L I F E *  EFFNcY(rr l )  0 0 0 0 9 7 8 0  
6 1 0  FORMAT ( 9  8 t 5 X t 8 F i 5 . 6 1  0 0 0 0 a 7 9 0  
6 1 1  F O R n a T t t  I . 5 X t ' E X I N I T t  E X P C n N ' r 2 0 X t 4 F 1 5 . 4 )  OOOOdAOO 
6 1 2  F O R Y f i T ( ' O ' r S X * ' P " I C E S  AN0 BhSE PkODUCTION RATES FOR' , I3 r  0 0 0 0 9 8 1 0  

1 9 PRODUCTS' t / )  0 0 0 0 P R 2 0  
6 1 3  F O Q M L T ~ V  ' 1 5 X t 1 0 F 1 2 . 6 )  OOOOF!830 
6 1 5  F O R K A T ( @  * t 1 4 t 3 X . l l F 1 1 . 4 )  0 0 0 0 R 8 4 0  
6 1 6  F O ~ M r T ( ~ l ' , i O X t ' P 4 Y O U T  T 4 9 U L A T I O N ' t l O X , l S A a ,  0000ScR50 

I 5 X t ' F F E D  P R I C E  = ' r F l O . ? , / )  0 0 0 0 R R 6 0  
6 1 7  FORMIT(' ' . . S X t l l l l l , / )  OOOOe870 
6 1 9  FORMaT(1  * r l O X t 2 L ' A 4 )  0 0 0 0 9 8 8 0  
6 1 9  F O R M @ T ( ' O ' r l S X t ' W O R K I N C  C A P ~ T A L  RECOVERED INTACT AT END OF * t  0 0 0 0 8 9 9 0  

! * P R O J E C T L I F C = ' t F 1 5 . 5 )  0 0 0 0 P 9 0 0  
h%O FOR~~T(*1'.1OXt'~I)DITIONPL ? € T A I L S  OF C A L C I I L A T I O N ' t S X , 1 5 A 4 t / / / )  0 0 0 0 9 9 1 0  
6 2 2  F O P M n T ( *  ' ~ ~ O X ~ ' I ! U V E S T  CPSTRT OEPKrC INTRST ' 9  OOOOP920 

t TXCRDT T P X A R L  FEDTPX STXAgL EQYRTN' r  0 0 0 9 8 9 3 0  
2 * PROPTY FEOTXr.l' t / )  0 0 0 9 8 9 4 0  

6 2 3  F O R M A T ( *  ' t 1 O X t ' C P S T R T  EFFNCY PEVENIJE PLTEXP ' 9  0 0 0 0 8 9 5 0  
I ' zTLTAX TXCHDT F r D T A X  CASHFL TOTHTN * v 0 0 0 0 8 9 6 0  
2 ~ A M O R T Z  CAPEND' r / )  0000 ,4970 

6 2 4  F O R ~ b T ( ~ 0 ' r l O X t ' C O L U V b l  1 1  PLUS NEW INVESTMFNT = NEXT ENTRY OF', 000CR980 
I 9 COLIJUN l ' t / / )  COOOR990 

6 2 5  F O R M ~ T ( ~ ~ ' ~ ~ X * ' ~ F . ? I V E D  0 4 7 4 .  CALCULATED FROM ZNPUT DATA.'. 0 0 0 0 9 0 0 0  
I G X ~ ~ I N C L U D E S  ESCPLATIO~ I F  CALLED FOR RY USER. ' r / / / )  0 0 0 0 0 O l o  

6 2 6  FORMET( '  ' . lOXt 'SALVAGE VAL!IE AT END OF P H n J E C T . ' t l o X , F 1 5 . 5 )  0 0 0 0 9 0 2 0  
6 2 7  FORMhT(1  ' t l O X , ' T O T A L  D E P R E r I A T I O N  FOR TAX PURPOSES ' ,10XtF15.5 )  0 0 0 0 9 0 3 0  
6 2 8  F O R H a T ( *  V t lOX, 'TOTAL ' v l O X 1 F 1 5 . 5 )  0 0 0 0 9 0 4 0  
6 2 9  F O R M ~ T I '  ' t l 5 X t * T H E  L P S T  ENTRY I N  THE F INAL.  YEAR SHOULD RE * r  0 0 0 0 9 0 5 0  

1 1EOUAL TO T'iE WCRKING C . l P I T P L  INVFSTMEMT PLUS SALVAGE V A L U E ' / l 0 0 0 0 9 0 6 0  
6 3 0  F O Q M ~ T ( '  ' ~ ~ O X I ' T ~ I P L ' * I ~ * ~ X ~ , P R I C E  = * r F 1 0 . 4 . 7 X t ' D E B T  AT ' tF6 .2 ,  0 0 0 0 9 0 7 0  

1 8 % ' r 5 X v 1 R P T E  OF RETURN PN E Q U I T Y  = r ' F 9 . 3 * '  Z ' , S X t ' D / E  = ' r  0 0 0 0 9 0 8 0  
2 : 5 . 2 t ' / @ t F 4 . ? 9 / / / )  0 0 0 0 9 0 9 0  

6 3 1  F O R M P T ( ~ O ~ . S X ~ ~ ~ C L L C U L A T F D  AzlNUAL DEPREcIATTON 4LLOWAhlCES'* 0 0 0 0 0 1 0 0  
1 l ? X t ' 3 Y  ' t A * t '  YF.TYOD'./) 0 0 0 0 9 1  1 0  

6 3 2  f O R M r 9 T ( @  ' ~ S X I ' O ~ J E C T I V E  I S  TO CALCUL4TE PQODUCT P R I C E ' ( / )  0 0 0 0 9 1 2 0  
6 3 3  F O R M A T ( *  Q * S X t ' O ? J E C T I V E  I S  TO CALCULATE HnTE OF RETURN ' 9  0 0 0 0 9 1 3 0  

1 'ON E Q U I T Y ' * / )  0 0 0 0 9 1 4 0  
630  F u P H t . T ( ' 0 ' . 5 X t ' P Q I C E S  AND CPMSUMPTION RATES F O R ' t I 3 ,  0 0 0 0 9 1 5 0  

1 I FEEOSTOCKS'* />  0 0 0 9 9 1 6 0  
6 3 5  FOR4bT ( @ 1' .SXt 'RF.PEAT PRORLFM WITH NEV! FEE0 P R I C E . ' * / / / )  0 0 0 0 9 1 7 0  
6 3 5  FOPN$,T ( ' ' t 5 X .  ' IKT-CON, TNTTOT ' t 5 X . 5 F 1 3 . 4 )  0 0 0 0 9 1 8 0  
6 3 7  FORMdT(1  ' * ~ X I ' N Y H S ~ ~ ! S T R T ~ N ' T R I F . S ~ N F D P R ~  ' 9 3 X o 5 1 1 0 )  0 0 0 0 9 1 9 0  
639 F O R M A T ( '  ~ ~ ~ X ~ * N E Q ~ ! ~ X . ~ ! C ~ ? R Y ~ N C P E D T , N ~ ~ I S T R ~ ~ ~ X ~ ~ I ~ O )  001)09200 
6 3 4  FORHOT(* ' ,SXt '>EPPEC14RLE C A P I T f i L  INVFSTMT IW3UTTED ON CAYD 5 ' t  0 0 0 0 9 2 1 0  

1 9 FOR EACH YEAH OF PRO.JECT L I F E *  I N V E S T t Y l  ' r / )  0 0 0 0 9 2 2 0  
6 4 0  F O D M ~ T ( I  'rSX.'W:'!eKINC. C A P I T A L ' I N V E S T M F N ' ~  IYPUTTED ON CARD 6  ' r  0 0 0 0 $ 2 3 0  
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LEVEL 2.2 

I S N  0 4 3 7  

I S N  0 4 4 1  

I S N  0 4 4 2  

I S N  0 4 4 3  

I S N  0 4 4 4  
I S N  0 4 4 5  
I S M  0 4 4 6  
I S N  0 4 4 7  
I C N  0 4 4 8  
I t N  O l P Q  

I C N  0 4 5 0  
ISN 0 4 5 1  
I S N  0 4 5 2  
I S N  0 4 5 3  
i S N  0 4 5 4  
I S N  0 4 5 5  

D I S N  3 4 5 6  
I 

I S N  0 4 5 9  

I S N  0 4 6 0  
I S N  0 4 6 1  
I S N  0 4 h Z  

I C N  0 4 6 3  
I S %  0 4 6 4  
I t N  0 4 6 5  
IShl 0 4 6 6  

I S N  0 4 5 7  

I S N  0 6 6 8 .  

I S N  0 4 6 9  
I S N  0 4 7 0  
I S N  0 4 7 1  
I S N  0 4 7 2  
I S N  3 4 7 3  
I S N  C 4 7 4  
I S N  0 4 7 5  
I S N  0 4 7 6  
I S N  0 4 7 7  

( S E ~ T  7 6 )  M A I N  OS/3h0 FOBTRAN H  FXTENDED @ATE 79.103/15.45.29 PAGE 18 
I' 

1 1 FOR E A C H  Y E A R  OF P?O;ECT LIFE* wCHKCP(N) ' 9 1 )  0 0 0 0 9 2 4 0  
6 4 1  FORMaT(1  "5X,lDPERATIblCI FXQENSES INPUTTED ON CARD 7  l r  

i 
0 0 0 0 9 2 5 0  

1 1 FOR EACY YELR OF PPO iECT L . I F E *  EXTE:W(N)  ' t / )  0 0 9 0 9 2 6 0  
h 4 ?  .FOQMr.T ( *  ' r S X *  '3HE'AKOC~WN OF T0TA.L C A P I T A L  [NVESTMENT' r / )  0 0 0 0 9 2 7 0  
64.7 FO?HdT ( ' t l O X *  1 TOTPL @EDPECId.?LE INVESTF;E:NT AS INPUTTED ' 9 5 x 9  0 0 0 0 9 2 8 0  

1  F 1 5 . 5 )  0 0 0 0 9 2 9 0  
6 4 4  FORVaT(9  V t l O X *  ' C ~ L C U L A T F ~ )  TMTE!?E'ST DUPING CONSTRUCTION ' 1 5 x 9  0 0 0 0 9 3 0 0  

1 F15.5). 0 0 0 0 9 3 1 0  
6 4 5  F C ) ? W A T ( ~  * * l O X q ' T O T A L  DEPPECIbRLE. TNVESTCEYT ' * 5 x 9  0 0 0 0 9 3 2 0  

1 F15.5 )  0 0 0 0 9 3 3 0  
6 4 5  F Q R Y n T ( 1  * t l O X * * T O T A L  W O R K I ~ G  C A P I T A L  AS I r rPUTTED * 1 5 X *  0 0 0 0 9 3 4 0  

1 F 15 5  0 0 0 0 9 3 5 0  
5 4 7  F O ? M A T ( '  * , l O X l ' T O T P L  CALCULATED C A P I T 4 L  IwVESTYENT ' t S X *  0 0 0 0 9 3 6 0  

1  F1'5.5) - 0 0 0 0 0 3 7 0  
6 4 5  F O R Y > T ( *  1 r l O X q ' " J M  OF OEPRFCIATIOV ALLCWANCES ' , l O X * F 1 5 . 5 )  0 0 0 0 9 3 8 0  
6 4 9  FORMIT(* f r S X . ' C A L C U L k T I O N  n F  INTEREST DURING CONSTRUCTION',/) 0 0 0 0 9 3 9 0  
6 5 0  FORMbT ( l .  1 t 1 0 x 1  *COh!POUND TNVESTFENT FAcTGH C H P D F C ' * 1 3 X * F 1 5 . 5 )  0 0 0 0 9 4 0 0  
6 5 1  F O Q M @ T ( *  f r l O X * * T 3 T A L  TNTEH'ST DURING CONSTR I N T D C ' t l 2 X * F 1 5 . 5 )  0 0 0 0 9 4 1 0  
6 5 5  FORMCT f 1 1 .F;X , 9 ';?INT !t.IPIJT CATA WITH ESCAL3TED COSTS' r / )  0 0 0 0 9 4 2 0  
6 5 6  FORMITI' ' * ' 5 X * ' E 5 C b L A T I O N  FbCTOPS* F R A C T I O Y / Y E A R ' r / )  0 0 0 0 9 4 3 0  
6 5 7  C@P?!fi.T(' *r:OXr'CA?ITG;! WOZK C b P I T A L *  EXTP E X J ' r 5 X ~ 3 F 1 0 . 4 )  0 0 0 0 9 4 4 0  
6 5 P  F O D ~ ~ A T ( *  ' . l O X * ' D ? F R A T I N G  EXPENSES ' * S X * 3 F 1 0 . 4 )  0 0 0 0 9 4 5 0  
6 5 9  FOPM@,T(*  ' t l O X , * F H T C E S  OF ALL FFEDSTOCKS ' r 5 X * 3 F 1 0 . 4 )  0 0 0 0 9 4 6 0  
hhO FOqb48.T ( 1 ' . l o x *  ' P 8 I C E S  OF ALL PPODUCTS ' i S X t 3 F 1 0 . 4 )  0 0 0 0 9 4 7 0  
7 0 1  F O R M O T ( / )  0 0 0 0 9 4 8 0  
7 0 7  F O R Y q T ( / / )  0 0 0 0 9 4 9 0  
8 0 n  F O R M A T ( *  * * I S X I ~ ~ A L V ~ G F  VALUE SECOVERED T N T A C T  A T  END OF ' r  0 0 0 0 9 5 0 0  

1 9FPOJECT L I F E  = ' q F 1 5 . 5 )  0 0 0 0 9 5 1 0  
8 0 1  F,09MdT( 1 1 ,  I O X *  'KEY TC! CALC!.JLATlONS I S  AS FOLLOWS.'*/) 0 0 0 0 9 5 2 0  
8 0 7  FORMbT(1  ' * ~ O X I ' C O L U ~ ~  1 = CAPITAL INVESTMEYT OUTSTANDING AT99 0 0 0 0 9 5 3 0  

1  1 ST.4QT OF Yf 4 H  INCLUDING WOPI(IFl6 c.A.PITJL ' 1  0 0 0 0 9 5 4 0  
8 0 3  FORMeT(1  'V~OXI'COL,UMM Z = ONSTREAM E F F I C I E N C Y  (PLANT19 0 0 0 0 0 5 5 0  

I 9 Q P E 9 4 T i N 8  F A C ~ C I P )  ' 1  0 0 0 0 9 5 6 0  
80/+ FORMAT ( 1  * t . l 0 X 1  'COL!lMY 3  = GPOSS INCOMF: FROM SALES ' 1  0 0 0 0 9 5 7 0  
8 0 5  FOQYsT.,(* ' * l O X t ' C C ) L U " Y  l = OPERATING FXPERSES EXCLUDING T A X E S * )  0 0 0 0 o 5 8 0 '  
8 0 6  F 0 9 u t . T ( l  ' r lOX, 'COLUYM 5 = STATE AND LOCAL TPXES ' 9  0 0 0 0 3 5 9 0  

1 ~ T M C L U D I Y G  J:4"PERTY T4X % IYSURC.NCE') 0 0 0 0 9 5 9 5  
8 0 7  FOPY,:,T ( * t 1  O X ,  'COLUM% 6 = FEnERAL I N v E S T ~ ~ E N T  TAX C R E D I T ' )  0 0 0 0 9 6 0 0  
BOP F O R M A T ( *  ' * ~ O X I ' C O L U N " I  7  = NET FEDERAI- INCOME TAX P A I D ' )  0 0 0 0 9 6 1 0  
8 0 9  F O Q M & T (  * l t  1 0 x 9  'COLUf.f'+' R = C F S w !  FLOW AFTEP TP.XES') 0 0 0 0 9 6 2 0  
@ l o  FOQMaT( !  * * ~ O X I ~ C O L U ~ P J  9 = INTEREST ON OEaT AND RETURN ON I t  0 0 0 0 9 6 3 0  

1 r F n U I T v  PASED OW C:OLL!MN 1 1 )  OOr)O9640 
R 1 1  F!lRHbT(l ' * I O X I ' C O L U Y ~ !  1 0  = REDUCTION 3 F  OUTSTANDING C A P I T A L ' r  0 0 0 0 9 6 5 0  

1 INVESTMENT* COLULb! P - 9 1 )  0 0 0 0 9 6 6 0  
9 1 7  F ~ R M A T ( '  ' * l O X r l C O L U M b  1 1  = OUTSTANDING C A P I T A L  INVESTYEQT A T ' *  0 0 0 0 9 6 7 0 .  

1 F Y O  OF YE.C.P INCL ~ 0 ~ ~ 1 . 5  CAPITAL. COL 1 - 1 0 ' )  00009i ,80 
8 1 3  F O R P p T ( *  ' ~ ~ S X I Q T ~ T ~ L ~ ~ S ~ X ~ F ~ ~ . ~ , / )  0 0 9 0 9 6 9 0  
9 0 1  FOQM!T(*  Q - I C X I ' C O L U * ~  1 = NEW INVESTMENT MADE AT START OF YEAR')OOD09700 
9 0 2  F O Q H ! T ( *  ' . I@X*'COLUMC 2 = TOTAL C A P I T A L  LIT START OF Y E 4 R f )  0 0 0 0 9 7 1 0  
9 0 3  F O D Y ? T ( l  l . l O X * * C O L U M h  3  = DFPRECIATION ALLOWANCE FOR Tf iXES1)  0 0 0 0 9 7 2 0  
9 0 4  FORMbTI1  l . l O x , * C O ~ u M b '  = IMTFREST ON D E R T * )  0 0 0 0 9 7 3 0  
9 0 5  F Q R Y 3 T ( '  'rlOX.'COL.U"b 5 = INVFSTYENT TAX CPEDIT TAKEN T H I S  YR' )  0 0 0 0 9 7 4 0  
9 0 6  F ~ Q M P T ( '  ' * I O X I ' C O L U Y ~  6  = FEDERAL T A X ~ B L F  INCOME')  0 0 0 0 9 7 5 0  
907 F O Q M c T f *  ' ~ I O X I ' C O C U ~ ~  7  = FEDFRPL IYCOME TAX.PAJ.0 ' )  0 0 0 0 9 7 6 0  
9 0 H  F O P H A T ( '  ' * lOX.*C(JLUMh R = ST4TE TAXPRLE TNCOME') 0 0 0 0 9 7 7 0  



LEVEL 2.2 ISEDT 7 6 )  MAIN O5/?150 F C ~ T R A K  I-! FXTENDED DATE 79.103/15.45.29 PAGE 

I S N  0474  900  FORtJbT(* '*ltX*ICOLUf-'N 9  = AFTER-TAX RETUPN ON EOUITY* )  00009780 
I S S  0479  9 1 n  FnRtJ?T( '  ' . IOXI 'COLU.~~! 10 = LCCPL PRgPFWTY TAX P A I D ' )  00009790  
1st.: 0430  9 1 1  FORYrT(1 * + ~ ~ X T * ~ U L U F . I N  1 1  = CALCULPTED FEDFRPC INCOME TAX PRIOR', 00009800  

1  1 TO \ ' ~ U Y E ~ ~ T ~ \ ' I T Y  CON=TQPINT' )  00009R10 
r o o o o  00009820  
c oooo3a30  
C I F  TuF OSJECT w b q  TO DETFsMTNE THE RPTF OF RETURN ON EQUITY, 00009940 
C  WF 1 . o ~ :  DONE. 0000'9R50 

I S N  0691  I F ( L \ .  (?).FO.l)GO f O  15C. 00009860 
C 00003R70 
r 00009P80 
COO0* ?FRiJs Q795LEM W!iH WEU RATE OF 4ETURN ON EQUITY. REENTRY 00909R90 
C  POIrJT I S  AT STATFh(FIJT 45. YEQVAX = NUb!aER OF RATES OF 0000p900  
C QETUWN. TqcSE RATE5 O F  RET1J9Y WERE ENTESED ON CARD 14. 00009910  

I S N  04.83 NEOT-NFOT+l 00009920  
i S N  048L IF(N=OT.GT.NEOMAA)G3 T3 150  00009930 
r S N  ' 0 4 9 6  GO ?n 45  ' 00009940 
ISN 0407  150  CON!JThIUE 00009950 

C 00009960 
CoOOe C4Lf l !LbTIONS ARE DONE. GO Tn 1  TO READ INPUT DATA FOR NEXT P!?OPLEM00009970 
r I F  TuEQE I S  NO CzRD TO REaD-PPOGRCW # I L L  STOP AUTOMATiCSLLY 00009980  
r o o " *  00003990  
I: 00010000  

3CN 0488  GO T n  1  00010010  
c e o o *  00010020  

I S N  0499  END 00010030  

? 
F 
10 

MAIN / S IZE  OF PROGRAM 00780E HEXADECIMAL BYTES 

NAVE TaG TYPE 693. NCME TAS TYPE ADD. NAME TAG TYPE ADD. NAME TAG 
K F I 0 4  00125r). L  F  1°4 0 0 1 2 5 ~  N  SFA . 1°4 001260 KC F 

$ LL SF 0111400 hj4 SF 1°4 00126R ND SF 1°4 00125C PH SFA 

R PL SFA r:: 00;?7L rlDR Z;FA 9 0 4  001279 DSL SFA R04 00127C EQH SFA 
0 < FOL SFA Po4 061284 4CL SF 104 0 0 1 2 8 ~  NFR SF 1°4 OOi28C NSL S  
t.3 RRA Sc ~ 0 4  no1294  SU?' SF R04 001299  FRAC SF RY4 00123C K 6 3 1  SF 
I] 
z L I F E  SF I 0 4  00142R NCLS CF 1°4 0012Aa NEQT SF 1°4 0012AR NTRY SF 

R NYPS SF 104 nOl?i30 P-PY SF ~ @ 8  0 0 1 3 ~ ~  ZERO SF XF 000000  DBT22 SF 
Z 
4 

OPFdC SF RQe 0013FO K(4-RY SFA PO4 001234 INTDC SF R04 0012PC NFDPR SF 
'D NLEFT SF 101  0 n l 2 ~ 1  MLOSS <FA 1*4 0 0 1 2 ~ ~  NPRNT S  1°4 0012CC NSTRT SF 
?F! PRICF SF RE4 P014.98 ~ T q v a  ~ F P  R94 9 0 1 ' 2 0 ~  RTNEO SF R04 0014ER SUM16 SF 
Z 
2 TOLED SF SO* 0012r)C TOTP!? FF R34 0 0 l Z E 0  FRXPIW XF R04 000000 AHORTZSF C  
Z 
O 

'?ALYCE CFA Re9 Q013FA C A P I N D S F  C PE4 OOOUOO CASHFLSF C  R04 002580 CMPDFCSF 
o CNSTLN SF Re4 Onl%EQ CUST9T SF C R04 0044CO CREDIT SFA RQ6 OOlZEC DBTFRC SF 
1 
2 PEDUCT SF 904  001?F4 CELrPR SF R04 0 0 1 2 F ~  DEPREC SF RO* 00153P DISFAC SF 
C) DPFRLC SF Re4 001379  CPLTFE SF RQ4 001300 DPRNAH F  R04 OOlBDR DPSTRT SF 
!? EFFNCY SF 544  0 0 l Q E 4  FQFRAC SF C04 0 0 1 3 U ~  EOYRTN SF C  RQ4 000C80 ESCCAP SF 

ESCCOhl SF R44 001310 ESCEXP SF R04 001314  ESCEXT SF RY4  0013113 ESCFDP SF ' I E S C I Y I  SF 1 0 4  001320 ESCZR? SF PE4 0 0 1 3 2 ~  ESCW3K SF Q04 001328  E X I N I T  SF 

I '=X'JCOV SF Q*4 001330 EXPENS SF PQ4 0 0 2 2 2 ~  EXTEXP SF R04 0 0 2 8 6 1  FDCDST SF 
ZEDi4X SFA C  1 011lF40 FELJTXN SF C RE4 0057812 FEEDPR SF QQ4 002EA4 FEEDRT SF 
FITTXR SF N I?@& 00133R FPSAVE SF 

P 
E34 0 0 1 3 3 ~  F R C I N V S F  R04 00?F64  IBCOMY F  XF 

N 
L.) INCOVE SF C Rob 000640 I~.SPNC SF ~ * 4  0 0 2 F C ~  INSURE SF R04 001340 INTCON SF 

INTORT SF POL 09134.9 I ~ : T R S T S F  I: PO& on41300 I N T T O C S F  ~ * 4  0 0 1 3 4 ~  INTTOT SF 
I ~ J V E S T  SF 9 Q 6  0 0 3 5 0 1  NCORqY SF 104 00135L NCYSTR SF I Y 4  001358  NCOMPL S  

TYPE 
104 
Re4 
R04 
I * 4  
I** 
104 
Re4 
I O4 
I O4 
R04 
Re4 
R*4 
R*4  
RQ4 
R*4 
Re4 
9 0 4  
Re4 
R*4 
RQ4 
104  
Re4 
R04 
1°4 

ADD. 
0 0 1 2 6 4  
001270  
COl2PO 
001290  
001240  
0012AC 
0 0 1 2 8 4  
0012C0 
OOlZDO 
0 0 1 2 0 9  
003200  
0012E4 
0012Fd  
0012FC 
0 0 1 3 0 4  
00130C 
00131C 
0  0  132C 
0 0 1 3 3 4  
002F04  
o o o n o o  
001344  
00 1350  
00135C 




