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EXECUTIVE SUMZ.~RY 

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. 

i. A regional siting analysis was conducted using coal 
and petroleum transportation economics. The results 
from this analysis indicate that: 

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 of the pro- 
cess, location in largely water deficient 
regions (e.g., the West) should be preceded by 
careful environmental impact studies. 

. A discounted cash flow model was used to develop the 
required selling price for the main product--gasoline-- 
at several hypothetical locations. The results from 
this portion of the analysis indicate that: 

The costs of gasoline from Fischer-Tropsch, 
located in Illinois, Texas, and ~yoming and 
coming onstream in 1985, are projected to be: 

Year of 
Reference 

1978 

1985 

Gasoline Source 

Crude 
Fischer-Tropsch 

Crude 
Fischer-Tropsch 

Plant Gate Price 
($/gal) 

0.47 
(0.73-0.82) + 25% 

, , n 

0.93 
(1.17-1.32) + 25% 

Pump Price 
( $/qal ) 

0.74 
(1.00-i.09) + 25% 

1.20 
(1.44-1.59) + 25% 

, viii 



The largest component of the final cost of gasoline 
is capital (56 percent) followed 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 (i0 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). 

. 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 10C/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 $). 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 F~scher-Tropsch 

ix 



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. 

X 



EXHIBIT ES-I 
Sensitivity Analyses of 

Fischer-Tropsch Gasoline Prices 

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

Base Case 1.32 1.27 
..,, ,.., , 

r 

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 
.i0 years 
.5 years 

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

Additional $5/bbl 
entitlements 

Anticipated Price at Plant 
Gate for Crude-Derived 
Gasoline** 

Appalachia Gulf Rockies 

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 

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 

1.17 

1.21 
1.13 

1.36 
1.00 

1.39 
.94 

i. I0 

1.16 
1.12 
1.07 

1.13 

1 .Ii 

0.93 

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. 

xi 
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i. 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 Fis~her-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. 

I-I 
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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. Fiscber-Tropsch results in a mix of 
liquid hydrocarbons from petroleum. If proven economically 
feasible, this process could help allevia£e our dependence 
on foreign supplies of oil and extend the utilization of our 
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 
hhe efficiency of conversion in the Fischer-Tropsch tech- 
nology was a route to synthesizing chemicals and fuel frac- 
tions from solid fuels. By the partial 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 II because of 
their decreasing conventional crude oil supplies. Rumors 
persist throughoutthe scientific community that German motor 
fuels were of a lower quality than fuels produced from con- 
ventional crude. Technological improvements since World 
War If, however, have reduced this operating disadvantage. 

2-i 



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-qualitv 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 
operating experience of the first Lurgi gasifier 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 II, is scheduled for start-up shortly. This plant 
minimizes chemical production and incorporates a nu~er of 
process refinements. SASOL II 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 II, doubling the plant's capacity to approximately 
100,000 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 this 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. 
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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 9) at 3,000F and 
470 psig. The heat of comDustion is removed from 
the synthesis gas through a heat exchanger which 
generates the steam for process heat or shift con- 
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 processing of this effluent in a Claus 
unit enables recovery of elemental sulfur. 

The liquefaction step occurs in parallel circulat- 
ing catalytic fluidized bed reactors. The mix of 
products is dependent on the catalyst and operating 
conditions. In SASOL II, liquefaction occurs in 
the presence of an iron-based catalyst (magnetite) 
at approximately 300 psig and 600F. Hydrocarbons 

Since the gasification stage itself represent~ a small proportion 
of total fixed capital, the key criterion for gasifier selection 
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 
restrict the location analysis to western and southeastern coals. 
Only.entrained-flow gasifiers can satisfy the reliability criterion 
for a possible eastern locatiom. 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/C 4 stream, a C stream, and a hydrogen 
stream. Part of th~ hydrogen is recycled to the 
shift converter; the remainder is used for refin- 
ery operations and catalyst regeneration. The 
ethylene-C2-stream is eventually recovered. In 
the SASOL II plant, the light olefins are poly- 
merized and partially hydrogenated. Medium 
weights (C5-C12) are isomerized, and heavy products 

(C13+) are cracked to maximize the gasoline ~raction, 
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 sulfur. 

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 slate for the analysis are: 
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EXHIBIT 2-2 
Product Y~_e±d- of Fischer-Tropsch Facility 

Tons Per 
Stream~ 

Liquid Products 

Unleaded Gasoline 6,010 

Diesel Fuel 1,055 

Ethylene 865 

Alcohols 400 

Subtotal 8,330 

By-Products 

Tar Products 

A~hmonia 

Sulfur 

Subtotal 

Total 

Electricity for Sale 

Percentage 
of Total 

58 

i0 

8 

4 

80 

840 8 

195 2 

1,015 i0 

2,050 20 

10,380 i00 

2.97 x 106 kWhr/day 
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High Heating Value 12,500 Btu/lb 

Proximate Analysis Percentage 

Moisture 2.7 
Ash 7.1 
Volatile Matter 38.5 
Fixed Carbon 51.7 

Ultimate Analysis Percentage 

Carbon 70.7 
Hydrogen 4.7 
Nitrogen 1.1 
Sulfur 3.4 
Oxygen 10.3 
Moisture 2.7 
Ash 7.1 

Source: Ralph M. Parsons Co., Fischer-Tropsch Complex 
Conceptual Desi~n/Econoiic Analysis for Oil and 
SNG Proddction, 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. 

2-7 



E X I t l B I T  2 - 3  
E n e r g y  B a l a n c e  of F i s c h e r - T r o p s c h  F a c i l i t y  

( a t  100% C a p a c i k y )  

P r o d u c t / I n p u t  

L iqu id  P r o d u c t s  

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

D i e a e l  Fuel  

£Lhy lene  

A l c o h o l s  

Output  

? 

781X106 g a l / y r  

130>[106 g a l / y r  

317,000 t / y r  

145,000 t / y r  

Ilea r i n g  Value  

125,OO[) B~u/ga l  

120,000 g t u / g a l  

4.0X10 1 B r u i t  

2.5X107 B t u / t  

Energy C o n t e n t  
1012 Btu /Year  

97.6 

15.6 

12.7 

3.6 

[-'e r c e n  l.acje] 
o f  

ProducL 

65.0  

I 0 . ~  

8.5 

2.4 

P e E l : f 2 1 1 t  .t  tJl : 

t) f 
C o a l  ['u~,,l 

35.5 

5.7 

4 .6  

1.3 

S u b t o t a l  129.5 86.3  47.1 

By-prod  uck u 

Tar  P r o d u c t s  

Sul fu r  

S u b t o t a l  

7 
4,OXll) B t u / t  

2 .4Xl07 gLt , / t  

{ , t b 8. IXI3 BLu/L 

3,413 Bt u/L,lhr 

12,551] I~lu/ It, l 

EI t :c t r  b : i t y  

To t,a I 

I "J 3 - - .  

1.7 

3. fl 

1 7 . 0  

3.7 

] ~,fl. 2 

._J 75 ~ t  Iil 1 

307,300 t / y r  

71,701] t / y r  

371t,0f111 t / y r  

8 .2  

1.1 

O 

11.3 

"2.4 

10D. 0 

1,083XlO bk~qhr/y r 

lO. ttSxlCl t' k /yc  

0. 

1.1 

6.2 

] ,  3 
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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. 

2.2.4 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. 
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EXHIBIT 2-4 
Selectivities of the Fischer-Tropsch 

Synthol Reactor 

C.omponent of Crude Oil Compounds . .... Percent .. 

Light Hydrocarbons 

Gasoline Fraction 

Diesel 

Heavy Oil & Wax 

Acids 

Nonacid Chemicals 

CH 4 

C2H 4 

C2H 6 

C3H 6 

C3H 8 

C4HI0 

C5+ 

C 5 - C12 

C13 - C18 

C19 - C21 

C22 - C30 

C31 

i0.0 

4.0 

6.0 

12.0 

2~0 

!.0 

31~0 

5~0 

1.0 

3.0 

2.0 

1.0 

6 ,~ 0 

Source: Jan C. Hoogendoorn, "Conversion of Coal Into Fuels and Chemicals 
in South Africa," Presented at the 3rd International Coal 
Conference, Sydney, Australia, October 6, 1976. 
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3. PLANT LOCATION 

To arrive at location criteria for a gasoline-from- 
coal commercial operation, the supply/demand relationships 
for products and raw materials must be analyzed. In the 
ensuing regional analysis, the supply/demand regions con- 
sidered are the five Petroleum Administration for Defense 
(PAD) districts shown. 

s. ~AK. 

~EBR, 

l .... l"-I l 

Petroleum Administration for Defense (PAD) Districts, 

3-1 



3.1 SUPPLY AND DE~.~ND FOR PETROLEUM PRODUCTS 
,,,m, , ,,, _ 

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

3.1.1 Supply and Demand in 1977 
I 

Petroleum product supply and demand for 1977 are shown 
in Exhibit 3-1 (Energy Data Reports, E!A). 

The table shows that: 

The U.S. imported just under 7 million bbl/day of 
crude oil, and all districts except PAD District 4 
imported substantial amounts of crude. 

In addition, although domestic refineries operated 
above 90 percent of capacity, a historical high, 
the U~. still imported over 2 million bbl/day of 
petroleum products. Therefore, the country is low 
in refinery capacity as well as in crude p~oduc- 
tion. 

Refinery undercapacity, however, is not as widely 
distributed as crude scarcity. PAD District l, 
with 35 percent of product demand, has ll percent 
of domestic capacity. On the other hand, PAD 
District 3, with 20 percent of product demand, 
accounts for 43 percent of domestic capacity. 
Since 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 1. 
Moreover, since PAD 1 imported 80 percent of U.S. 
product imports, the picture that emerges is that 
PAD 1 meets its demand for residual oil by imports 
and the demand for lighter fractions by pipeline 
transfer from PAD 3. 

Most crude imported by PAD District 2 enters the 
country at the Gulf of Mexico and is pipelined 
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. 
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EXHIBIT 3-1 
Petroleum Products Supply/Demand - 1977 

£o 
! 

PAD 1 

PAD 2 

PAD 3 

PAD 4 

PAD 5 

TOTAL 

Demand For 
Petrole~n Products 

103bbl/day 

6,478 

5,032 

3,755 

544 

2,609 

18,642 

35 

27 

20 

14 

99 

Refinery Capacity 

103bbl/day % 

1,913 

4,229 

7,405 

590 

2,910 

Ii 

26 

43 

3 

17 

i00 

Crude Production 

103bbl/day % 

144 

891 

5,122 

662 

ii 

62 

Crude Imports 

17 

i00 

23 

22 

38 

16 

i00 17,048 

1,424 

103bbl/day % 

Imports of 

Petroleum Products 

I03bb i/d ay 

1,817 

120 

46 

16 

105 

8,245 

2 1,518 

1,416 

2,542 

8 43 

1,096 

6,615 2,104 

% 

86 

2 

i 00  



3.1.2 Supply and Demand Forecasts 

A common feature of all available projections is that, 
barring a major disruption in international crude supply, 
the above picture will remain essentially unaltered. The 
U.S. will continue to depend on imported crude for about 
40 percent of its requirements and will depend on imported 
products to m~e up for worsening refinery undercapacity. 
The latest DOE projections are listed below. 

CRUDE OIL IS~PORTS* 
~Thousands of bbl/day) 

PAD District 1985 1990 1995 

1 1,640 991 776 
2 1,454 2,144 1,840 
3 3,614 3,310 3,162 
4 0 0 0 
5 200 200 200 

Total Crude Oil Imports 6,908 6,645 5,978 

U.S. Crude Production 9,053 9,713 
Imports as % of Total Crude 43 41 
Petroleum Products imports 1,261 1,339 

9-,883 
38 

1,730 

* supporting computer runs to the Annual Report to Congress, !978, EIA. 

The following conclusions may be drawn from the 
projections: 

The U.S. will continue to depend on foreign crude 
supply for the foreseeable future; therefore, 
there is room for a domestic coal liquids indu3try. 

PAD District 1 crude imports will decline (564,000 
bbl/day), reflecting a steady increase in offshore 
crude production. 

Petroleum product imports will increase (469,000 
bbl/day) to compensate for insufficient refinery 
capacity. 

Crude imports will increase in PAD Districts 2 
(676,000 bbl/day) and 3 (254,000 bbl/day). 

There will be no imports into PAD District 4, and 
a modest and constant level to District 5, which 
includes Alaska. 
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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 l, with 32 percent of domestic 
production, contains ii percent of identified 
reserves and a mere 5 percent of identified and 
estimated reserves. 

PAD Districts 2, 3, and 4 contain 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 not match the regions with the largest coal 
supply potential. Therefore, 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 which of the following two cases entails lower 
transportation costs: 

• "i" 

Case l: 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. 

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. 
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EXHIBIT 3-2 
Coalfields of the Conterminous United States 

-~.. ~'~'~/~~~ 

AND HAWAII,, L 
?. 

/ 
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EXHIBIT 3-3 
Coal Production and Resources of the U.S. 

%0 
I 

1977 
Production 
000 Tons 

% 

USA 
Production 

Identified 
Reserves 
MM Tons 

PAD 3 49,810 
,, ,, ,, 

PAD 4 94,980 14 

PAD 5 17,195 2 

16,530 2 

% 

Identified 
USA 

Reserves 

PAD I 219,955 32 193,739 Ii 

PAD 2 306,635 45 703,374 41 

7 6 

PAD 5 
(Excl. Alaska) 

i00 Total 

Total 

(Excl. Alaska) 

95,410 

579,889 

157,816 

27,737 

1,730,228 

1,600,149 

688,575 

687,910 

33 

9 

2 

i00 

Identified 
+ 

Estimated 
(0-3000 Feet) 
Reserves 
MM Tons 

203,219 6 

1,117,518 31 

297,066 8 

1,643,161 46 

317,916 9 

57,837 2 

3,578,880 

3,318,801 

% 

USA 

Identified 
+ 

Estimated 
(0-6000 Feet) 
Reserves % 

USA 

206,294 5 
_ I + 

1,117,518 28 

377,066 i0 

1,922,152 49 

337,916 8 

72,837 2 

3,961,576 

3,696,497 

Sources: 

Production data from Keystone Coal Industry Manual - 1978 

Reserves from Paul Averitt "Coal Resources of the United States, 'January 1974, " GPO. 



3.3.1 Materials and Quantities 

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

Million Percent by 
Product Tons/Year 

Motor Fuels 2.15 64 
Ethylene 0.32 l0 
Tar Products 0.28 8 
Ammonia (asN) 0.07 2 
Sulfur 0.37 ll 
Chemicals 0.15 5 

3.34 i00 

3.3.2 Coal Transp0rtati0n System 

Raw coal may be moved from the mine tothe consumption 
point by rail, barge, truck or pipeline. Exhibit 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. 

3.3.3 Motor Fuel Trans~ortati0n S~,stem 

Motor fuels may be transported by truck, barge, train, 
or pipeline. For the quantities considered in the present 
case, about 2.15 million tons per year, the only reasonable 
option for long-distance transport is the pipeline, costing 
approximately 0.4 cents/ton mile. The existing nationwide 
pipeline network, shown in Exhibit 3-9, provides some flexi- 
bility in plant location. 

3 . 3 . 4  Other Products TransDortatio n System 

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. 

3-8 



EXHIBIT 3-4 
Coal Transportation Systems 

Ho~e 

g l r l  e 

Unic Train 

51urry 
PlpeLine 

Truck 

~haraccer~sc£c~ 

Haves aoouc  IOC c f  abe raw coal  shipped in 

~ u a l l y  requ~tes moving coo l  From the mine 
Co the barge load ing £ e c i l l c y  by eL;her  
crock o r  t r a i n ,  except in the Ohio r i v e r  
v a l l e y  where barges can be loaded d i r e c c l y  
~ro~ abe m~ne. 

HOSe watervay  coa l  ~ove~ents In 1974 wueo 
~ade on r i v e r s  tn the  Ohio r i v e r  s y s t e m ,  
as shown Ln E x h i b i t  3,6.  

£xhtb£t  3.6 a lso  s h ~ s  chat the Ohio ~nd 
M.Lssisslppl basins 1~nk too c o a l - r i c h  
regions, w i t h  coo[ movements in  a p p o s l c e  
d l r e c t i o n s  ~ceur ing on almos[ every 
waterway. The reasons / o r  chts ~pparencly 
i n e f f i c i e n t  u l l o c a c l o n  oE coa l ,  a ~uel 
ulch a ler~er transport component [n ICe 
d e l i v e r e d  p r i ce  ¢han any o t h e r ,  ~nclude: 

Needs ~or ~ l ~ f e r e n t  grades ¢,[ coal  

I ~ce rp lay  o f  spoc and Long- tem 
d e l i v e r y  markers 

Capt ive  o ruduc t ion  and t r a n s p o r t a t i o n  

Seasona~ity oE supply/demand 
e q u i l i b r t ~ ,  

Ra i l roads  c u r r e n t l y  ~ranspotc about ~0~ o f  
a l l  b i tu=~nous coa l  in the U.S. 

For =he q u a n t i t i e s  o f  coa l  being consLdered, 
about [O~'ITPY, un~C trains are the cheapest 
f o r=  o f  r o l l  t r a n s p o r t a t i o n  due Co: 

Spec ia l  races ,  about one-- th i rd below 
ZCC-based general rates f o r  conventional 
t r a i n s  

g e t t e r  u= i l l zac£on  oE equipment 

E l i m i n a t i o n  o f  standard r a i l r o a d  t i e -ups  
such as c l a s s i E i c a t t o n  y a r d s  and l a y o v e r  
pesos 

Be t t e r  coard~necion beCveen m~ne 
production and coa l  usage. 

A s l u r r y  p i p e l l n e  I s  c u r r e n t l y  l~ opera t ion  
t r a n s p o r t i n g  coal  ~rom Peabody's Coal g tack 
Mesa, A r i zona  mine co a u t i l i t y  300 m i l es  
away. Costs a r e  esc ina ted  s t  0 . 6 - 0 . 7  cen t s /  
ton m l l e .  

Severa l  ~ l u r r y  p t p e l i n e s  are  b e i n g  planned 
ae shown ~n E x h i b i t  3 ,8,  

Trucks move about !0~ oE the raw coal 
shepped in the U.~., ahnut cha ~a=e as 
b e r g e z .  

Advancases 

L~# cos t .  A study 
per£ormed by A. T- Kearney  
Inc. found thac the a v e r a g e  
race per ton mi le  in  1971 
was 0.339 cent~.  A Con 
mi le  o f  3 m i l l s  i s  o~cen 
c i t ed  a s  an average Elgure 
f o r  barge coal ~ovements. 
However, the vatervay user  
fee recen t l y  passed by 
Congress should Increase 
barstng cos ts ,  

The main  a d v a n t a g e  i s  t he  
e x t e n s i v e  n a t l o n u £ d e  r a i l -  
rued  n e t w o r k  a l r e a d y  i n  
p lace ,  as shorn in  Exhzbtc 
3 . 7 .  

So i l 1  the cheapest mode 
nexl; co bargin8 and 
s l u r r y i n g ,  bach o f  ~h lch 
hav~ [~mJcaclons Ln area 
covered,  In 1974. abe 
s v e c c g e  case o f  moving 
cualby un~c traZn~ yes 
1,0 cent/Con mile. 

Dcsadvancages 

Limxced to the Ohio and 
H l ss l ss£pp i  bas ins ,  thus 
w i t h  no d i r e c t  access to  
w e s t e r n  c o a l s  o r  co 
eas tern  markers.  

Al though the r a i l  network 
spans a vase area~ many. 
western l i n e s  ~ould not  be 
able to  support  regu la r  
un ic  t r a i n  movements w i t h -  
out  ~ubstancia l  t rack  
L~provemen: ( p r i v a t e  
co~munzcaclon from DOT). 

R a i l  cases are more route 
s p e c i f i c  ~hsn any o ther  
means n f  coa l  t r anspo r t ,  
For Inbt~nce~ moving coal  
by r a ~ l  west co ease cos ts  
~oce t~an would case a 
eomparabie d i s tance  over  
an un in te r rup ted  r o u t e .  

Low cost ,  e s c l ~ c e d  In  the 
new tong haul  pro~eoEs to 
be c o m p a r a b l e  co b a r g l e g o  

F l e x i b i l i t y  over  shor t  
d~scantes.  

O~cco~e u~cerca~n dee CO 
i n s t i t u t i o n a l  b a r r i e r s .  

Not case eEfeccLve f o r  
laege d i s tances  o r  la rge 
volumes o f  coa l .  
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EXHIBIT 3-5 
Modal Coal Transport Costs (1985) 
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EXHIBIT 3-6 
Coal Movements by Water Overlaying 

Coalfields of the Conterminous United States 
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EXHIBIT 3-7 
Coal Movements by Railroad Overlaying 
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EXHIBIT 3-8 
Coal Slurry Pipeline Overlaying 

Coalfields of the Conterminous United States 
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EXHIBIT 3-9 
Petroleum Movement by Pipeline Overlaying 

Coalfields of the Conterminous United States 
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3.3.5 Transportation Model 

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

6 
Case i: C 1 = ~ Vn " Xn " Un (1) 

1 

C 1 = Annual cost of products transportation 

Vn= Annual output, in tons, of product n 
(i, motor fuels; 2, ethylene; 3, tar 
products; etc.) 

Xn= Distance from mine to market n (miles) 

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

Case 2: C 2 = Q . X . U c (2) 

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 l) 

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

The ratio C1/C 2 is the transportation costs ratio 
associated with alternatives 1 and 2. Therefore, 

C 1 

C 2 
- -  = 1 means that the alternatives are indif- 

ferent to transportation costs. 

C 
i 

- - < i  
C 2 

means that alternative 1 (plant at 
mine mouth) has lower transportation 
costs than alternative 2 (coal trans- 
ported from mine to plant). 
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C 1 
-- >i 
C 2 

means that alternative 1 is more costly 
than alternative 2. 

Dividing (i) by (2) yields 

C1 1 6 
~ =  ~V . 

C2 Q " "~ " Uc 1 
v u 

n n 
(3) 

Assuming that x I ... >:6 = X, i.e., all products are 
transported to Zhe same market, equation (3) becomes: 

6 
CZ 1 5-" v . U 

-- n n C2 Q " Uc 1 
(4) 

Exhibit 3-10 shows the amounts of coal and of final 
products, 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/C 2 ratios can be obtained: 

Coal 

U C 

Cents Per 
Mode Ton Mile 

Unit Train 1.3 

Unit Train 1.3 

Slurry 0.81 

Slurry 0.81 

Barge 0.43 

Barge 0.43 

Mode 

Pipellne 

Pipellne 

Pipeline 

Pipellne 

Pipellne 

Pipeline 

Fuel 

U 1 
Cents Per 
Ton Mi le  

0.39 

0.54 

0.39 

0.54 

0.39 

0.54 

! 

i 

! 
i 

c2 i 
( 

0.25' 

0.28 

0.41 

0.44 

0.77 

0.83 

In all cases CI/C9< I; hence, by definition, Case 1 
(plant at mine mouth) has lower transportation costs than 
Case 2, and is therefore the preferred solution. 
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EXHIBIT 3-10 
Transportation Costs for Different Materials 

Coal 

Motor Fuels 

Ethylene 

Tar Products 

Ammonia (AS N) 

Sulfur 

Chemicals 

Usage/ 
Yield 
MM TPY 

10.95 

2.1 

0.259 

0.252 

0.07 

0.37 

0.12 

Transportation 
Costs ~ 

(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 

1 
Unit TKain 
Slurry z 
Barge3 

1 
Pipeline 2 
Pipeline 

, , , 

1 Rail/Water 

R a i l / W a t e r  1 

R a i l / W a t e r  1 

Rail/Water 

Rail/Water 

(i) 

(2) 

(3) 

(4) 

1974 National Transportation Report Current Performance 
and Future Prqspects, July 1975, Department of Trans- 
por£ation, p. 448. 

Pipeline Transportation to 1990, The Pace Company, 
January 1976, prepared for Department of Transportation. 

Domestic Waterborne Shipping Analysis, A.T. Kearney, 
inc., Chicago, IL 1974, Table 7, 

All units revised to 1978 dollars. 
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3.3.6 Discussion of Results 

Coal Heating Value--the ~otor fuel component 
of equation (4), the most important single 
factor in determining CI/C 2, can be expressed 
as the product of two r~tios: 

V 1 . X 1 . U 1 _ V 1 . U 1 = F(Q) U I_ Where V 1 = F(Q) 

Q . X 1 • U c Q • U c Q • Uc 

F(Q)/Q is the gasoline output/coal 
input ratio, which is a function of 
process characteristics--F(Q) increasing 
with increased efficiency--and the 
type of coal used--Q diminishing with 
higher coal heat values. Therefore, 
low process efficiency and/or low-Btu 
coal will shift the transportation 
economics further toward choosing a 
mine-mouth plant. In the conceptual 
plant being considered, using coal 
with 12,550 Btu/lb, the ratio is 2.15 
million tons/year of motor fuels to 
10.95 million tons/year of coal, 
yielding: 

F(Q) 2.15 
= 0 . 2  

U 1 Is the ratio of transportation 
Uc costs for gasoline and coal. 

From Table i, UI/U c varies from 
0.3 to 1.3. 

In order to make any alternative other 
than a mine-mouth plant credible, the 
product of the two ratios should 
approach 1. However, the highest value 
is approximately 0.3. In order to 
achieve a value of l, the rate of gaso- 
line production per unit of coal would 
have to multiply several times, and/or 
the cost of moving coal would have to 
decrease relative to that of moving 
gasoline. 
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Solid Waste Disposal--The gasification 
s~age produces a residue (i0 to 20 percent 
of input coal, by weight) in the form of 
ash or slag. It is assumed in the market- 
siting case that the residue will be trans- 
ported back to the mine from the liquefaction 
plant at no cost and that the material hand- 
ling costs at the plant and at the mine are 
absorbed by operations costs other than 
transportation• However, such handling costs 
would almost certainly be lower in a mine- 
mouth plant• 

Products Other Than Motor Fuels--It was 
assumed, in the mlne-mouth plant case, 
Lhat the nonfuel products would be railed 
to the same market as the fuels• Any 
shortening of this distance for those pro- 
ducts, by supplying markets between the 
mine andthe fuel market, will reduce the 
overall transportation costs of mine-mouth 
siting, therefore strengthening even further 
the mine-mouth plant option• 

3.4 SITING CRITERIA 

The previous sections have established 

• A continuing dependency on imported crude oil 
by the U.S. 

• A mismatch between the large coal reserve 
regions and the main gasoline markets 

• The cost-effectiveness of mine-mouth facilities 
relative to market siting 

Therefore the key siting requirements must include 

Coal availability; at least i0 million tons per 
year per plant 

A local gasoline market capable of absorbing the 
output of the plant(s) 
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If a local market does not exist, there should 
be existing petroleum products pipelines to move 
the product inexpensively to other markets 

Availability of water (about 12,000 gallons per 
minute) 

Environmental acceptability. 

Since some criteria may be met by one or a few facil- 
ities but not for large-scale development requiring many 
facilities, two scenarios must be considered when applying 
the siting criteria: 

One or a few facilities case 

Many facilities case. 

3•4•1 Few Facilities CasemCase 1 

There are no rigid criteria for a one-facility pro- 
ject. It can be built anywhere 300 million tons of coal 
are available (assuming i0 million tons/year for 30 years), 
there is adequate water for processing, the regional 
market can absorb the gasoline, and the plant is environ- 
mentally acceptable• It is unlikely, though, that it 
would be built outside the 16 states shown in Exhibit 3-11. 
Each of these states contains 1 percent or more of U•S. 
coal rese~Jes, and collectively they account for 95 percent 
of domestic reserves, excluding Alaska. 

The three main factors to be considered for this 
case are: 

• ~oal availability: All states in Exhibit 3-11 
can theoretically supply the necessary coal. 

T=Each plant will require i0 million tons/year, 
approximately 1.5 percent of current domestic 
production 

. Gasoline market: Each state in PAD Districts 1 
and 2, except North Dakota and West Virginia 
can, technically, easily absorb the output of a 
50,000 bbl/day facility. On the other hand, 
each state in PAD Districts 3 and 4, except 
Alabama, produces more crude than it consumes; 
thus product pipelines are needed to move gaso- 
line to other markets• 

Environmental protection: Except in special 
circumstances, environmental impact should not 
constitute an obstacle for a proposed Fischer- 
Tropsch operation. Beyond a limited number of 
plants, however, demands on water may become a 
constraint in the West. 
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I 
bJ 

Coal, 
for 

PAD D i s t r i c t  1 

Pennsylvania (Excl ,  A n t h r a c i t e )  

West V i r g i n i a  

PAD D i s t r i c t  2 

N o r t h  Dakota  

Ml~souci 

tlllaols 

Ind la t l~  

Ohio  

Ken tucky  

PAl) D i s t r i c t  3 

New MeXIco 

Texas  

Alabama 

PAD D i s t r i c t  4 

Hencana  

Nyoming 

U tah  

C o l o r a d o  

PAD D i s t r i c t  5 (Excl ,  A l a s k a )  

N a s h i n g t o n  

TOTAL A~DVE 
IOTAL USA (E~cl. Alaska) 

Coal  Hese rve~  I 
I ~ l T o n ~  Z 

? 1 . 5 4 0  

IOO.lSO 

530 .602  14 

6 8 , 6 7 3  l 

266.001 7 

5~,868 1 

6 7 ,118  1 

116 ,340  3 

EXHIBIT 3-ii 
Gasoline, and Pipeline Data 
the 16 Coal-Rich States 

l i e  ~ BbI/Da~ 

330 

58 

1911 Gasgtliue 19]1 L~riJdc 
Demand 2 prgd.u¢ t ion 3 

X 101 Bhl/Day Z 

:l 

~.7 7 . 08  

. 8  ? , 08  

29 .~ 6~ .8  

18d 2 ,5  0 0 

355 4 , 9  70 . 8  

186 2 . 6  15 . 18  

353 4 . 9  28 .34 

135 1 . 9  18 . 20  

200 .947  5 51 .7  2 ) 9  2 . 9  

12B.441 3 569 7 . 6  3 ,117  3 7 . 8  

6 1 . 2 6 2  I 137 1 . 9  50  0 . b  

4 7 1 , 6 3 9  13 

9 3 5 , 9 6 3  25 

8 0 ,359  2 

434 ,211  12 

33 . 5  gO 1 .1  

24 .3  377 ' h . b  

47 .6  9 t  1 .1  

92 1 , 3  108 1 .3  

5 1 , 1 6 9  1 127 1 . 8  O 0 

3 . 5 5 9 . 4 6 3  94 2 . 6 8 9  38 4,2gL 51.BB 
3.b96,497 lO0 1,17g IO0 8,245 100 

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

D i r e c t  lol l  
P r o d u c t s  CRUDE P r o d u c t s  

Main ly  Philadelphia/ 
Pi t  t~burgh 

/ 

Fr-m Loui~ l,ma 

~ { , rea l  l ahc~ 

From Oklahoma 

From S o u t h  

From l l l l n o t s  

Frum I n d i a n a  

From S o u t h  

To l"exas; i31i fornla 

To Illlaols 

From Caaddd t o  
Kansa s  

From Canada ¢o 
Kansas  

From Wyomxog 

From Wyoming 

To Minneso t a  from 
~ontan~  

From Oklahoma to  t a k e s  

Both Wayb 

From oklahoma 

From Oklahoma 

Frum Oklahoma 

From Texas ;Ca l i f o rn ia  

To Eas t  C o a s t  

From Texas  

S u r r o u n d i n g  Areas 

Surrounding Area~ 

From ~yemtng to  Idaho  

Frum Wyoming and Texas  

/ From Canada To Oregon 

I Paul A v e r i t t  "coal  Resources o f  the U .S . , "  JanuarF 1970 
2 

Federal Itt~hway Admlnistratlon and Natlonal Petroleum News Factbook 
3 

Energy  D a t a  Repo£tB.  EIA.  



~xhibit 3-12 shows how the analysis has been su~arized. 
The conclusion for the few facilities case is that all the 
states mentioned are potentially suitable locations except 
West Virginia, Kentucky, New Mexico, Montana, Utah and 
Washington. 

3.4.2 Coal Liquids Industry Case--Case 2 

The parameters to be considered in this case are: 

Coal availability: The criteria here is that 
states without major coal reserves are unlikely 
to play a significant role in a national coal 
liquids industry. The growth of that industry 
will, of course, be limited by the rate at 
which uncommitted reserves are brought into new 
production. 

Pipeline availability: Local or regional markets 
are not large enough to absorb the output of 
such an industry; the determining factor is the 
ability to move large volumes of gasoline to 
high demand regions--PAD Districts 1 and 2 as 
well as to California. The highest coal reserve 
regions (Montana, Wyoming, Colorado, North 
Dakota) have no product pipelines to California, 
whereas the two pipelines to the East have small 
diameters (6 and 8 inches). Texas is equipped 
to serve PAD i, and Illinois and Missouri are 
also well served. 

Environmental protection: The main problem 
raised by a high concentration of coal liquids 
production facilities is the high demand for 
water, which may become a prohibitive factor 
in PAD District 4. Standards affecting ±ndirect 
coal liquefaction technologies pose no insur- 
mountable barriers to the commercial application 
of these technologies, but may ~esult in addi- 
tional capital and operating costs. 

Exhibit 3-13 summarizes the conclusion for this case. 
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EXHIBIT 3-12 
Characterization Parameters for Coal Liquefaction Plants 

FEW FACILITIES CASE 

PAD DISTRICT 1 
PENNSYLVANIA (EXCL. ANTHRACITE) 
WEST VIRGINIA 

PAD DISTRICT 2 
NORTH DAKOTA 
MISSOURI 
ILLINOIS 
INDIANA 
0HI0 
KENTU.CKY 

COAL 
RESERVES 

GASOLINE 
DEMAND 

RELATIVE TO 
REGIONAL 

SUPPLY 

O 

PA0 DISTRICT 3 
NEWMEXIC0 
TEXAS 
ALABAMA 

PAD DISTRICT 4 
MONTANA 
WYOMING 
tJTAH 
COLORADO 

PAD DISTRICT 5 (EXCL. ALASKA} 
WASHINGTON 

0 

0 

0 
0 

O 
O. 
O 
O 

e 

PIPE- 
LINES 

O 

O 

i i  

0 

CONCLU- 
SION 

0 

• HIGH 

MEDIUM 

O LOW 
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EXHIBIT 3-13 
Characterization Parameters for Coal Liquefaction Plants 

PAD DISTRICT I 
PENNSYLVANIA (EXCL. ANTHRACITE) 
WEST VIRGINIA 

PAD DISTRICT 2 
NORTH DAKOTA 
MISSOURI 
ILLINOIS 
INDIANA 
OHIO 
KENTUCKY 

PAD DISTRICT 3 
NEW MEXICO 
TEXAS 
ALABAMA 

PAD DISTRICT 4 
MONTANA 
WYOMING 
UTAH 
COLORAOL~ 

PAD DISTRICT 5 (EXCL. ALASKA) 
WASHINGTON 

COAL 
RESERVES 

VS. 
REQUIREMENTS 

m 

FEW FACILITIES 

GASOLINE 
DEMAND 

RELATIVE TO 
REGIONAL 

SUPPLY 

0 

0 
@ 

@ 

@ 

0 
0 

0 
0 
0 
0 

PIPE- 
LINES 

0 
0 

0 

0 
0 

@ 

0 

@ 

CONCLU- 
SION 

0 
0 

@ 
0 
0 

@ 
0 

@ 
, ,  

COAL LIQUIDS INDUSTRY CASE 

COAL 
RESERVES 

VS. 
REQUIREMENTS 

0 
@ 

0 
0 
0 
0 
0 

I @ 
0 

. | 

0 

0 
0 

;ASE 

O 

PIPE- 
LINES 

@ 
0 

0 
0 

0 

0 
@ 
0 

0 
0 
0 
0 

O 

ENVIRON- 
MENTAL 

ACCEPTABILITY 

0 

0 
0 

0 

0 
0 
0 

0 
0 
0 
0 

O 

CONCLU- 
SION 

0 
0 

0 
Q 
0 
0 
0 

0 
Q 
0 
= 

@ 
@ 
0 
@ 

0 

lilHl+l ~ MEDIUM O LOW 



3L4.3 Sites Selected 

From the previous examination, Illinois and Texas 
are obvious choices to consider for either of the cases 
examined. In addition, Wyoming with a large amount of 
low-cost coal will also be considered. This will be 
representative of any number of Western coals (e.g., 
Colorado, Montana, North Dakota). 

The characteristics and mining costs, based on 
average mine-mouth quoted prices, of representative coals 
from these regions, are shown in Exhibit 3-14. In addi- 
tion, a South African coal is included for comparison 
since this represents the only commercial feedstock to an 
existing F-T operation. 

In order to ensure comparability of results among 
the three sites, certain assumptions relative to m~rkets 
are required: 

Markets in PAD Districts 1 and 2 are assumed, 
since neither District 3 nor 4 is fuel defi- 
cient, and there is no product pipeline 
linking producing districts with District 5. 

The Texas facility can sell its gasoline .in 
either PAD 1 or PAD 2. It is assumed it will 
be sold in Illinois (800 miles by pipeline). 

The Wyoming facility is unlikely to sell its 
gasoline either in Wyoming or in Colorado; 
therefore it is assumed it will be sold in 
Illinois (1,200 miles by pipeline). 

Therefore for the purpose of this analysis 
the economics will be based on gasoline sold 
in Illinois irrespective of plant location. 
Note that this assumption will yield the 
highes t probable transportation costs for the 
two alternatives because it is within the 
realm of possibility that a portion of the 
output of a plant located in either of these 
areas would go to local markets. 

The following assumptions relative to input and 
outputs were also used. 

The ~llinois location is the base case, and 
the liquids yield is based on Illinois coal. 
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High H e a t i n g  Value (Btu/lb) 

FOB 1985 Projectior 
(1978 S/ton) 4 

FOB 1985 P~ojection 
(1978 $/bE~tu)4 

Proximate Analysis (%) 

Moisture 

Ash 

Volatile blatter 

Fixed Carbon 

Ultimate Analysis (~) 

Carbon 

H~drogen 

Nitrogen 

Sulfur 

O~ygen 

EXHIBIT 3-14 
Representative Coals From PADS 2, 3, 4 

i 
Illinois #6 

12,550 

23.58 

0.94 

2.7 

7,1 

38.5 

51.7 

70.7 

4.7 

I.i 

3.4 

i0.3 

2 Eastern 
Texas Lignite 

7,226 

9.57 

0 . 6 6  

31.8 

9.7 

30.9 

27.6 

t /A 

t~l/A 

NIA 

0.9 

N/A 

Wyoming 2 
Subbituminous 

8,244 

8.97 

0.54 

29.8 

6.0 

30.7 

33.5 

t~IA 

NIA 

N/A 

0.5 

N/A 

South 3 
African 

10,300 

,0 

2L.5 ' 

N/A 

N/A 

79.6 

4.3 

2.0 

1.3 

13.6 

(I) Ralph M. Parson Co. 

(2) Keystone's Coal 

(3) Sasol 

(4) EIA Annual ReFort to Conqre~s, 1977 (1978 Dollars). 



Estimates of the amounts of Wyoming and Texas 
coals required to produce the same primary 
products were based on their fixed carbon con- 
tent compared to the base coal--Illinois. 

Fixed and operating costs were adjusted for 
each alternative case due to variations in: 

m 

m 

m 

u 

Coal handling requirements 
Ash disposal requirements 
Sulfur content 
Transportation cost differentials. 

By-product yields (e.g., sulfur, electricity) 
were revised to reflect the various coal char- 
acteristics. 

Regional differentials for constructed costs 
were not employed as this is not a site-specific 
analysis. 

The overall results, presented in the following 
chapters, are expressed in terms of the price of gasoline 
required at the plant gate of an Illinois plant. 
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4. PROCESS ECONOMICS 

The required selling price of gasoline at the plant 
gate is determined by using a discounted cash flow model 
based on the process economics of a conceptual Fischer- 
Tropsch plant. Such models are in widespread use for 
capital investment decisions and this particular model was 
originally developed by Oak Ridge National Laboratory. 1 
It can be used to determineeither the equity rate of 
return on a proposed project or the required selling price 
necessary to achieve a given rate of return. 

The model computes annual profits based on assigned 
product, values, capital charges, debt service, operating 
expenses, feedstock costs, and taxes. It then assigns a 
time value to these income streams (the so-called discount 
method) based on input values of financial structure (debt- 
equity, cost of debt, required return on equity). The 
program can also be used to calculate the required selling 
price of products if a DCF percentage return is specified. 

Somme of the more important conventions used in the 
model are shown in Exhibit 4-1. The complete program is 
included in Appendix I. 

The model requires input information from the user 
concerning capital investment, financial structure (e.g., 
debt-equity ratio and cost of capital), production rates 
of products, consumption rates of feedstocks, values (prices) 
of by-products, operating costs, interest rates, tax rates, 
and depreciation classes. The model allows escalation of 
capital expenditures, operating expenses, feedstocks, and 
product prices at different rates over time to reflect 
anticipated inflation. 

Royes Salmon, PRP - A Discounted Cash Flow Pro@ram for Calculatin@ 
the Production Cost of the Product from a Process Plant, Oak 
Ridge National Laboratory, ORNL-5251. 
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E X H I B I T  4-1 
Key Assumptions Used in the Cash Flow Model 

i. 

2. 

. 

. 

. 

. 

. 

. 

. 

I0. 

Annual time periods are used. 

investments occur at the start of 
the year. 

Incomes are received at the end of 
the year. 

Expenses and taxes are paid at the 
end of the year. 

The project life is the sum of the 
specified construction period and 
the specified operating life. 

The debt-equity ratio is specified 
and remains constant throughout the 
project life. 

Interest on debt and return on equity 
capital are based on the debt and 
equity investment outstanding at the 
start of the year. 

For income tax purposes, depreciation 
allowances begin in the year in which 
startup occurs. Depreciation lives 
are specified by the user by classes 
of equipment. 

When calculating state income taxes, 
it is assumed that Federal income 
taxes are deductible as an expense. 

Working capital is recovered intact at 
the end of the project life. 
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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 rat% 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. 

4.1 CAPITAL COSTS 

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

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 II 
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 2710 

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 
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EXHIBIT 4-2 
Input Assumptions Used 

in the Financial Analysis 

Plant Construction 
Period 

Plant Lifetime 

On-Stream Factor 

Federal Income Tax Rate 

State Income Tax Rate 

State Revenue Tax Rate 

State Property Tax Rate 

Entitlements Credit 

Investment Tax Credit 

5 Years 

20 Years 

90% (50% During Firzt Year 
of Operation) 

48~ 

4% 

0 

2.5% 

$1.40/bbl Equivalent 

10% (90% of PFI El~ible 
for Credit) 

~PFI=Plant Fixed Investment. 
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intended to be projections of market prices (in this case 
for coal at the mine mouth), they are assumed to include 
adequate returnsto coal producers. 

4.2 OPERATING COSTS 

Operating expenses are estimated to be $189 million 
per year, exclusive of coal costs. Coal would cost an 
additional $218 million per year initially and would 
increase approximately 1 percent per year in real terms. 

Operating expenses include amounts for maintenance 
material, operating supplies (including catalysts), and 
operating and maintenance labor (including benefits). 
These expenses are assumed to be constant throughout the 
operating lifetime of the plant. This is equivalent to 
performing a constant-dollar analysis as of the year of 
start-up (1985). 

Exhibit 4-3 breaks down capital and operating costs 
into the various processes. Because capital costs repre- 
sent such a large fraction of total production cost, each 
of the process units was identified on a separ&te line. 
Operating expenses, which account for only abo~t 12 to 15 
percent of total production cost, are not shown disaggregated. 

4.3 REVENUE REQUIRED (PROFITABILITY) 

Revenue is computed using input values of production 
rates of products, plant onstream factors for each year of 
operation, and product values (prices). If the required 
price of the principal product (revenue required) is to 
be determined (i.e., the DCF is specified), values of 
coproducts must still be input. For this analysis the 
following coproduct values for the year 1978 were specified, 
which were based on recent price quotes: 

Diesel fuel 
Ethylene 
Alcohols 
Tar products 
Ammonia 
Sulfur 
Electricity 

$.40/gallon 
$250/ton 
$20/ton 
$85/ton 
$100/ton 
$60/ton 
$.03/kWhr 

These base year prices were then escalated at 2 
percent per year in real terms (i.e., above general infla- 
tion) to account for the depletion of competing petroleum 
resources. This escalation factor is consistent with EIA's 
midcase projections for crude oil prices during the period 
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EXHIBIT 4-3 
Basis for Capital Costs 

and Operating Costs 

Coal Preparation 

Capital Cost 
106 % of Total 

44 1.6 

Coal Grinding and 
Drying 26 1.0 

Gasification 94 3.5 

Purification 356 13.1 

Acid Gas Removal 201 7.4 

Shift Conversion 38 1.4 

Synthesis 410 15ol 

Tail Gas Reforming 121 4.5 

Product Recovery 93 3.4 

Oxygen Plant 726 26.8 

Sulfur Recovery 94 3.5 

Water Reclamation 81 3.0 

Process Plant 
Subtotal 2240 82.7 

Power Plant 257 9.5 
i 

Offsites 169 6.2 

TOTAL 2710 100.0 

~perating Cost 
$i0 /~ear % of Total 

3.8 2.0 

164.2 

8.5 

12.0 

188.5 

87.1 

4.5 

6.4 

!00.0 

All dollar values use 1985 as the year of references. 
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of operation of this plant. Since EIA publishes predictions 
for 5-year intervals only, the above escalations are approx- 
imations of PIES data. The required plant gate price of 
gasoline quoted in the following section is thus for the 
base year (1985) only. 

4.4 ECONOMIC ANALYSIS-BASELINE RESULTS 

The base case shows that the required plant gate 
price (1985 dollars) of gasoline varies from $1.17/gallon 
for Wyoming subbituminous to $1.32/gallon for Illinois 
No. 6 coal. These prices are considered to be accurate 
to within ±25 percent. Transportation costs do not exceed 
$.02/gallon for any of the cases, so they are not a deter- 
mining factor, although they will impact the optimum 
location of the first plant. A breakdown of the plant 
gate price components is shown below for each location. 

Illinois Texas Wyoming 

Capital Charge 0.74 0.75 0.76 
O&M Expenses 0.18 0.18 0.18 
Feedstock 0.40 0.34 0.23 

Total $1.32/gai $1.27/gai $1.17/gal 

The above values translate to 82, 79, and 73 cents 
per gallon, respectively, using current (1978) dollars. 
For comparison purposes, the plant gate price of regular 
gasoline from crude oil in 1978 averaged about 47 cents 
per gallon, and approximately 56 cents during the second 
quarter of 1979. 

It is to be noted that even though the basic feed- 
stock material is inexpensive (coal at $25/ton equates to 
about $1.00/MMBtu, whereas oil at $20/bbi equates to about 
$3.50/MMBtu), the low conversion efficiency of the process 
results in feedstock charges that are only slightly below 
recent plant gate prices for gasoline. Thus, in order to 
make Fischer-Tropschgasoline economically competitive 
with petroleum-derived gasoline at current (1979) prices, 
it would be necessary to reduce the projected capitaL cost ° 
of such a facility while simultaneously increasing its over- 
all conversion efficiency. 

The rate of return that would result if the plant were 
forced to sell gasoline at the market price was also investi- 
gated. The return varied from <0 percent to 5 percent 
depending on the plant location. The contribution to annual 
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revenues for this case is shown in Exhibit 4-4. Note that 
gasoline contributes about 60 percent of total revenues 
and liquid products contribute about 85 percent. 

It is noted that of the coproducts, only diesel fuel 
and ethylene provide significant revenues (approximately 
10 percent of total) under the base case assumptions. Using 
current dollars, total annual revenues would be about $500 
million per year if gasoline were sold at market prices. 
The additional revenue necessary to provide an adequate rate 
of return for typical oil industry investment would be about 
$300 million per year. This could be accomplished only 
if the price of gasoline is approximately doubled (coproduct 
prices remain constant) or if all product prices (gasoline 
plus coproducts) are increased by approximately 50 percent 
above current market prices. 

4.5 EFFECT OF ~CERTAINTIES 

Because the base case provided such adverse economics, 
several scenarios were posed to take into account uncertainty 
which could affect the results. Sensitivity analyses were 
conducted to determine the effect of these uncertainties 
on the required gasoline prices. Exhibit 4-5 shows that 
the required price can range from as low as $0.94/gal!on 
to as high as $1.55/gallon depending on the scenarios 
employed. It should be noted that eventual costs are more 
likely to be higher, rather than lower than base-case costs 
for the following reasons: 

The conceptual design plant uses some equipment 
that has not yet been commercially proven (e.g., 
the entrained-flow gasifier) and is thus subject 
to problems of scale-up to commercial size. 

The full impact of recent environmental legis- 
lation such as the Clean Air Act Amendments, the 
Toxic Substances Act, and the Resource Conser- 
vation and Recovery Act, cannot be determined 
because implementing regulations have not yet 
been developed. 

Recalling that capital cost is the major contributor 
to product cost, individual process steps were investi- 
gated for potential impacts. Exhibit 4-3, presented pre- 
viously, broke do~v~ capital cost into its components. From 
that exhibit, it was apparent that the largest contributors 
to capital cost are: 
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EXHIBIT 4-4 
Contribution to Annual Revenues 

Liquid Products 

Regular Gasoline 

Diesel Fuel 

Ethylene 

Alcohols 

SUBTOTAL 

Production 
(1,000,000 Units/Year) 

Unit Price 
S/Unit 

706 Gallon 0.45 

118 Gallon 0.40 

0.285 St 250 

0.131 St 20 

w m 

By-products 

Tar Products 

Ammonia 

Sulfur 

Electricity for 
Sale 

SUBTOTAL 

Revenue 
($ Millions) 

317.7 

47.2 

71.3 

2.6 

438.8 

Percent of 
Total 

61.3 

9.1 

13.']  

0.5 

84.8 

0.278 St 85 23.6 4.6 

0.064 St 100 6.4 1.2 

0.335 St 60 20.1 3.9 

979 kWhr 0.03 29.4 

79.5 

TOTAL - - 

1 
Prices are for products at the plant gate using 1978 dollars. 

518.3 

5.7 
i 

15.4 

i00.0 



EXHIBIT 4-5 
Effect of Uncertainties 

on the Required Selling Price 
of Gasoline From Coal 

Base Case 

Coal Prices 

Increasing at 2 % / Y e a r  1 
Constant 

Oil Prices 

1 
o ~ 7" Increasing at l ~ / Z e a _  l,  

Increasing at 3%/Year 

Capital Costs 

25% Above Base Case 
25% Below Base Case 

Anticipated Market Price 
for Crude-Derived Gasolinel 
at the Plant Gate 2 I 

I 

I 

IRequired Selling Price at Plant Gate 
I 1985 S/Gallon 
I . . . . . . . .  

{Appalachia 

1 . 3 2  

1.38 
1.26 

1.54 
1.13 

1.55 
1.10 

0.93 

Gulf Rockies 

1.27 

1.33 
1.23 

1.48 
1.09 

1.50 
1.05 

0 . 9 3  

1.17 

1.21 
1.13 

1.36 
!.00 

1.39 
.94 

0.93 

1Real price increases (above inflation). 

2Using EIA midcase projections plus 7% inflation. This corresponds 
to approximately $1.20/gallon at the pump. The resul=ing plant 
gate price under EIA high case projections is $1.08/gallon, or 
'$1.35/gallon at the pu~po 
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The oxygen plant 
The Fischer-Tropsch synthesis unit 
The gas purification and heat recovery unit 
The steam generation and power plant. 

The oxygen and power plants utilize mature technologies. 
Thus, capital cost estimates for these should be relatively 
firm. However, the synthesis unit and the purification 
unit were evaluated further, because these technologies are 
much less developed. The analysis showed that in order to 
reduce gasoline prices by $.10/gallon from baseline, the .- 
capital cost for either of these units must be reduced by 
a factor of three (i.e., by 67 percent). Conversely, either 
of these units could incur a 67 percent overrun and the 
required price of gasoline would increase by only $.10/gallon. 

Since the gasifier is posed to cost only one-qu@rter 
of either of the above units, its eventual cost should have 
little bearing on final production cost. For example, if 
the gasifier capital cost were to increase to double that 
of the base case, the required selling price of gasoline 
would rise by only about $.04/gallon. The gasifier can 
affect production economics in another way, however. If 
ultimate efficiencies decline from those currently projected 
by 5 percentage points, the required selling price would 
rise approximately $.10/gallon. This sensitivity is chosen 
merely to bound the realm of uncertainty. At present, 
there are no indications that current projections of gasifier 
efficiencies are too high. 

Exhibit 4-6 displays parametrically the effect on 
required gasoline price for two uncertainties: the re- 
sulting capital cost and the variation in capital structure. 
These uncertainties are included fDr the following reasons. 
The completed plant capital cost may vary from the base 
case as a result of the items discussed above. The capital 
structure (debt/equity ratio) may vary among companies 
within the refining industry. 

Exhibit 4-7 shows the effect of plant size on process 
economics. These values were derived using scale factors 
of .8 for capital cost and .9 for operating cost. These 
factors are somewhat higher than those used in petroleum 
refinery costimating. This is because current conceptions 
of large synthetic fuel plants call for adding additional 
process streams, rather than increasing the size and 
throughput of vessels and other equipment. 
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EXHIBIT 4-6 

Production Cost as a Function of Capital Cost 

and Capital Structure (for an Illinois Location) 
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EXHIBIT 4-7 
Effect of Size of Fischer-Tropsch Plant 

on Process Economics (Illinois Location) 
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The significant aspect of these analyses is that none 
of the scenarios results in a required price that is as low 
as predicted for crude-derived gasoline by DOE's Ener~] 
Information Agency. 

4.6 EFFECT OF POSSIBLE INCENTIVES 

Because this first-cut analysis appears to show that 
Fischer-Tropsch gasoline will not be economic under its own 
merits, the potential effect of various financial incentives 
on the required gasoline price was then investigated. The 
incentives considered included: 

Allowing an investment tax credit of 20 percent 
of capital investment instead of the current 
l0 percent 

Waiving the $.04/gallon federal excise tax on 
gasoline or gasoline blends produced from coal 

Providing entitlements for coal-derived 
gasoline. 

Note in Exhibit 4-8 that by increasing the investment 
tax credit to 20 percent of direct fixed investment, the 
required selling price of Fischer-Tropsch gasoline can be 
reduced about $.06/gallon. This would result in a one- 
time federal tax savings of approximately $270 million 
for this 50,000 bbl/day plant. 

By allowing the plant capital investment to be 
amortized over very short periods (e.g., 5 years), the 
required selling price could be reduced by up to $.10/gal- 
lon. Note this financial incentive would not result in 
any savings, but would merely defer taxes to a later 
period. 

Another option is to waive the current $.04/gallon 
federal excise tax on motor vehicle fuels. If the refiner 
or marketer recoups this saving, the reduction in required 
plant gate price would be the $.04/gallon. A variation of 
this option is to forgive the tax on blends of coal-derived 
gasoline, similar to current proposals for gasohol--crop- 
derived alcohol blended in gasoline. If the $.04/gallon 
tax is forgiven on blends of Fischer-Tropsch gasoline, the 
effect would certainly be to reduce the required plant gate 
price of Fischer-Tropsch gasoline further. However, the 
selection of the optional blend ratio for incentives, per- 
formance, and ability of the federal government to monitor 
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EXHIBIT 4-8 
Effect of Financial Incentives 
on the Required Selling Price 
of Fischer-Tropsch Gasoline 

Base Case, without 
incentives 

Investment Tax Credit 
of 20% 

Accelerated Depreciation 

15 Years 
10 Years 
5 Years 

, Waiving Federal Excise 
, Tax 

I 
4C/Gallon 

Additional $5/bbl 
Entitlements 

! 

' Anticipated Market Price 
I for Crude - 

Derived Gasoline at the 
Plant Gate I 

Required Selling Price at Plant Gate 
1985 S/Gallon 

,, ,,, 

! 

Appalachia A I Gulf 

i 
1.32 _ I 1.27 

t ! 
1 . 2 5  . 0 7  1 . 2 1  

, Ill 

1.31 .01 1.26 
1.27 .05 1.22 
1.22 .i0 1.17 

1.28 .04 1.23 
, ,, 

1.261 .06 1.21 
,,,, 

0.93 - 0.93 

A Rockies . A 

.06 

.01 

.05 

.i0 

.04 

.06 

1.17 - 
m 

1.10 .07 
'4 

1.16 .01 
1.12 .05 
1.07 .i0 

1.13 .04 
° 

l.ll .06 

0.93 - 

Iusing EIA mid-case projections plus 7% inflation. 
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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. An additional 
$5.00/bbi 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 the price of Fischer-Tropsch gaso- 
line down to market prices--even at a cost to the public 
of $200-$300 million per year--for this 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 commer- 
cialization potential of Fischer-Tropsch technology with 
combinations of incentives and/or mandatory regulations. 

4.7 COMPARISON WITH ~THANOL 

The cost of producing gasoline from coal via the 
Fischer-Tropsch process was compared with alternative 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 com- 
parative results. Booz, Allen has identified the potential 
effect of the following assumptions which may have been 
used in the referenced report. 

Debt/Equity 

Depreciation 

By-product 
Values 

Probable Value/Assumption 

35/65 

20-yr 
Straight line 

Market prices 

-10¢/gal 

iIf revised to B~4 treatment° 
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EXHIBIT 4-9 

Comparison of Fischer-Tropsch Gasoline With Alternative 

Methods for Motor Fuel Production From Coal 

! 

-4 

CRUDE OIL 
AT $20/BBL 

F-T 

GASOLINE 

F-T GASOLINE 
10% BLEND 
WITH CRUDE 

GASOLINE 

METHANOL 
10% BLEND 
WITH CRUDE 

GASOLINE 

i 

PLANT GATE PRICE (C/gallon) 72 82 73 70.2 

TRANSPORTATION (C/gallon) 2 2 2 , 3.1 

LOCAL TERMINALLING (C/gallon) 3 3 3 3 
STATION MODIFICATIONS (C/gallon) - - - 1.2 

PRICE AT THE STATION (C/gallon) 77 87 78 77.5 
] : ' . . . . . . . .  I . . . . . .  

DEALER MARKUP (¢/gal lon) 8 8 8 8 

FEDERAL TAX (C/gallon) 4 4 4 4 

STATE TAX (C/gallon) i0 I0 i0 i0 

DELIVERED TO CAR (C/gallon) 99 1.09 1.00 99.5 

CAR MODIFICATIONS (C/gallon) - - - 2 

COST TO MOTORIST (C/gallon) 99 1.09 1.00 101.5 

Note: All entries are in C/gallon using 1978 dollars, except for column two which is 
used as a point of comparison; column 1 approximates the average refiner crude 

oil acquisition cost; column 2 approximates the current cost of foreign crude. 
Coal at $1/MMBtu, equity rate of return = 15%; debt equity = .25/.75. 

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

Source: Derived from Production, Application sygtems and Econ0mic~ of Methanol and 
Gasoline from Methanol, prepared for DOE by TRW Energy Planning Division, June 1978. 



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 gasoline produced from crude oil at an 
average $20/bbl have comparable costs. The ab~ove 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 of normal gasoline and therefore the blend results 
in a slight Btu loss. However, this effect is essentially 
counterbalanced by the octane boosting 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 be aware of is that the costs of both M gas- 
oline and Fischer-Tropsch gasoline are above current petroleus~- 
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 ~- 
certainty of this analysis. It should be noted that Mobil is 
actively developing its proprietary process and, in fact, is 
investigating direct conversion to reduce production costs. 
No such sponsor has yet developed for Fischer-Tropsch in the 
U.S. 

* W * W 

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 l0 years) under normal in- 
dustry economic conditions. However, if crude oil pr£ces 
rise to higher levels, coal liquefaction processes may prove 
to be economical, it appears that 9ther processes under de- 
velopment may become economically attractive before Fischer- 
Tropsch, although Fischer-Tropsch is the only proven co~er- 
cially feasible venture at present. The above statement is 
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 petroleum 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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r IN~URF ~ = PROPERTY IHSURA~CE RArE ON PLA~T INVEST EXAMPLE 0,004 
C INTCO~ o = |~T~qEST PATE nUPI~G CONS~RuCTIoN (oPTIONAl l 
C INTDRT o = A~UAL I~ITE~EST PATE ON DEBT EX~HPL~ O.OR5 

~fDC = ~OTAL I ~ I ~ S ~  D U R I ~  CO~STRUCTIOn, US~O IF LL(TI,GT.O 
C ~TTOT ~ = TOTIL ~IC=~EST PAIE ~0 ~ CO~sIRIJcT]O~ (oPTIOt=AL) 
C NCARRY . = LIHITING tIUuHE~ RF YCADS FOR TAX-LO~S CARRYOVER EX, 5 
C NCI~ ~ = NU~RER OF DEPPECIATI3H CLASSES. 
C NC~STR ~ = NU~R~R OF YEA~S OF CqNSTPUCI|ON PERIOD~ NEEDED O~LY 

WHEq ~PECIFYI~G A SCHt'DULF OF ~XPEN~ITURES USED FOR 
F CALC~LATIN& I~TE~ST nURING COUSTRUCTIO~, 
C ~CP~DT ~ = LI~IT FOR IqVEST, TA~ CP~OIT CA~RY-~ORW~RO EX~!PL, 7 .  
C ~ O u A X  ~ = ~IJ~iRE~ OF ~AfES OF H~TuRN OH EOUI{Y 
C IvF~PRS # : ~Ill~QFR Cl~ PRICeS T~ ;,~ USED FFi~ FL~$ToC~; l ,  
C ?:F~ED5 ~ : ~U~'q~ OF FEEOSIoc~S FOR ~HICH p~ICc A~D RATE ~RE G~VEN. 
r ~P~OD5 ~ = ~ I I H ~ R  OF P~ODUCTS LISTED. 
C NSTRT ~ = T~R l~ W~ICH STARTU~ OCCURS, 
C ~T~y = ITERATIO~J ~UH~E~ FOR DETFR~;JI~ FR~CE 

NTRIE5 ~ = MAXI~LI~ NU~ER OF ITeRaTIOnS ALLO~ED. 
r NYRS o = NIIU~EP O~ YEARS OP A~?~U~L DATA TO ~F READ E~HPL ~6  
£ (S~s!~ ~S ~U~I~EP ~F YRz |~i PAYOUT TSHI~L~TTON, :PROJLFI 
r PH ~ : HIGHEST P;HVI<SI~LE PqICF FOR P~O')UCT PRICE !TEP~TII)R. 
C PL © : LO~ST PE~ISSIPL£ PclCE FO~ PPnDLIET PRICE ITFP~T[O~. 

00000520  
00000530  
00000540  
OO000550 
00000560  
00000570  
0000O580 
00000590  
00000600  
00000610 
0000062O 
00000630  
000006~0  
00000650  
00000~60  
00000670  
0 0 0 0 0 6 8 0  
O0000G�O 
0 0 0 0 0 7 0 0  
O 0 0 0 O 7 I O  
00000720 
00000730  
00000740  
00000750  
00000760  
00000770  
00000780 
00000790  
O0000AO0 
00000~10  
00O00820 
00000~30  
0 0 0 0 0 8 ~ 0  
00000850 
00000~60 
00000~70  
o0~00~0 
00000~90 
O00no~O0 
00000910 
O0000g20 
0 0 0 0 0 0 3 0  
0O00O940 
0 0 0 0 0 ~ 5 0  
0 0 8 0 0 ~ 8 0  
0 0 0 0 0 0 7 0  
00000'~80 
0 0 0 0 0 ~ 0  
00001000 
O 0 0 0 I O l O  
00001020 
0 0 0 0 1 0 3 0  
O00010~O 
00001~50 
0 0 0 0 ] 0 0 0  
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LEVEL 2 . 2  

I (aJ 

ISEPT 76) MAIN OS/~60 FORTRAN H EXTENDED 

C PR~NAM • = IDENTIF ICATION OF PRnBLEM 
C PROJLF ~ = TOTAL PRO,=ECT L I F F  I=,CL CONSTR RERInO EXAMPLE 2 4 , 0  
C PRhPTX • = LOCAL PROPERTY TAX RCTE ON PLANT INVEST EXAMPLE 0 , 0 2  

PRoEXP • = EX~FNSES PROP TO ONSTREAH TIME. MM ~/YR 
C pT~y  = TRIAL VALUE OF oPlCE(1) IN ITEPATION NTRY. 

RTHEQY = ANNHAL AFTER-TAX RATF OF RETURN ON rQUITY EXMRL 0 , I6  
C SALVGE • = SALVAGE VALUE RECOVERED AT END OF PROJECT~ $MM. 
C sTa INC • = STATE INC;)~E TAx PATE EXAMPLE 0 . 0 4  
c ST&qFV e = STATE GROSS REVENUE TAX RATE EXAMPLE 0,02 

TOI.ER • =TOLFRANCE FOR CONVERGENCE OF CASH FtOW TABLEt $MM 
TOLOPC e = T~LE~ANC~ FOR PRODUCT PRICE CONVERGFNCEt T/UNIT 

C TOTDEP = TnTaL OEPRECIARLE CAPITAL INVESTMENTt tMH. 
r TOTONV * = TOTAL DEPR INVESTHT ~S INPUTTED, I .E .  SUM OF INVEST{N), 
C TOTDP2 = TOTAL DEBFECIABLE CAPITAL LESS SALVAGE VALUE, tHM, 
C TOTDP3 = DEPRECIARLE CAPITAL ~N A PARTICULAR CLASS (TEMPORARY), 
C TXCnEO • = FEDERAL I~VESTH~NT TaX CREDIT" EXAMPLE 0, I0 
C NEvCAp • = WOR~ING CbPITAL~ TOTAL, tMM 
C YGPREC = AHOuHT OF ANNUAt. REP~ECIATION IN A PARTICULAR CLASS. 

C ~ * *  SUBSCRIPTED VARIABLES 
C 
r AMOPTZ(N} = AMOUNT OF CAPITAL RETIRED-IN YEaR (N), tMM, 
C CAPENO(N| = TOTAL OUTSTANDING INVESTMENT AT END OF yEAR (N). 
C CA~HFLIN) = CASH fLOW A~TER TAXES IN YFAR (N) tMM, 
C CP~TRT(N) = OUTSTANDING CAPITAL INVESTMENT AT START OF YEAR (N) 

DATE 7 9 . 1 0 3 / 1 5 , ~ 5 , 2 9  

O00010TO 
0 0 0 0 1 0 8 0  
00001090  
0 0 0 0 1 1 0 0  
00001110 
00001120  
00001130  
00001140  
00001150  
0 0 0 0 1 1 6 0  
00001170 
00001180 
0 0 0 0 1 1 9 0  
00001200  
0 0 0 0 1 2 1 0  
0 0 0 0 1 2 2 0  
0 0 0 o 1 ? 3 0  
00001240 
00001250  
O0001260 
00001~70 
0 0 0 0 1 2 8 0  
0 0 0 0 1 2 9 0  
00001300 

$M00001310 
r DEPPEC(NI = DEPRECIATION TAKEN FOR TAX PURPnSES IN YEAR (N] 
C OPc~AC{NrL)* = FRACTION OF .TOTAl DEPRECIARLE I~ CLASS NCL. 
e EF~NCY(N) 
C EQYRTN(N) 
C EXPENS(N) 

EXTEXP(NI 
C FEEDRR(K) 
C FEFDPT(K) 

C FEDTAX(N} 
C FEDTXN(N) 
C FRCINV(N) 

INCO~E(N~ 
C INTRST(N) 
C IHVFST{N) 
C LIFE(NCL~ 
C PLTEXP(N) 
C PRTCE(~ )  
C P~PRAT(K) 
C P ~ P T Y ( N )  

tHM. 00001320 
00001330 

= ONSTR;AM EFFICIE~,CY {PLANT FACTOR) FOR YEAR N FXMPL ,900001340 
= A~OUN; ALLOCATED TO RETURN ON EQUITY IN YEAR (N)t $MM,00001350 
= OPERATING EXPEHSr YR N, NOT PROPOR TO ONSTREAM T I M E  00001360 

* = ADDITIONAL OPEDATING EXPENSE FOQ YEAR (N) 00001370 
* = PRICE OF FEEDSTOCK (K), t/UNIT 00001380 
* = CONSU"PTION RATE OF FEEDSTOCK (K), AT 100% ONSTREAM 00001390 

E F F I C I K ~ C Y ,  MH U N I T S / Y E A R .  0 0 0 0 1 4 0 0  
= CEDER~L INCOME T~X PAID IN YEAR (N) 5MM, 00001410 
= FED INCOHE TAX CALCULATED, MAY RE NEGATIVE t M M .  00001420 
= FRACTIONAL DISTRIBUTION OF DEPR INVEST IN CONSTR PERIODO0001430 
= GROSS INCOME FoOH SALES IN YEAR (N), 00001440 
= INTEreST ON DE~T PAID IN YEAR (N). $ MM. 00001A50 
= ~EPRCPL CAPITAL INVESTMT MADE AT START OF YR N %MM 00001450 
= DEPRECIATION LIF;  FOR CLASS NCL. 00001470 
= TOTAL ANNUAL EXPFNSE IN YEAR (N) EXCL TAXES A~D INTERESO0001~80 

* = SELLING PRICF FO ~ PRODUCT (K), C/UNIT 00001490 
o = BASE FROD. RATE FOR PRODUCT (K), MH UNITS/YEAR 00001500 

= LOCAL PROPERTY TAXES PAID IN YEAR (N) tMH. 00001510 
C PTNEQ{NEnT)* = ANNUAL AFTF~-TAX RATE OF RETURN ON EQUITY 
C STLTAX(N) 
C STXARL(N) 
C TAXARLIN) 
C TOTRTNIN) 
C TXCRDT(N) 
C TXLOSS(N) 

WOPKCP(NI 
C*O~*  
r 

= TOTAL STATE AND LOCAL TAXES IN YEAR (~) tMH.  
= R T A T E  TAXABLE [NCOHE IN YEAR (N} , tHH 
= FEDERAL TAXABLE INCO!4E IN YEAR (N). ~MM. 
= TOTAL RETURN TO nEST+EQUITY IN YEAR {N). ~MH. 
= INVESTMENT TAX CREDIT TAKEN IN YEAR {N). tMM. 
= TAX LO-S IN YEAR (N), $HM. 

* = WORKING CAPITAL INVESTMENT AT START OF YEAR N ~HM 

0 0 0 0 1 5 2 0  
O 0 0 q I 5 3 C  
0 0 0 0 1 5 4 0  
0 0 0 0 1 5 5 0  
0 0 0 0 1 5 5 5  
0 0 0 0 1 5 6 0  
0 0 0 0 1 5 T 0  
0 0 0 0 1 5 8 0  
0 0 0 0 1 5 9 0  
0 0 0 0 1 6 0 0  
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LEVEL 2 , 2  

ISN 0015 

ISN 0017 

(SEp t  76)  MAIN 0 S / 3 6 0  FORTRAN H FXTENDEO 

C PLANT ST~RTUP IS  ASSUMED TO OCC';R AT THE START OF YEAR DPSTRT= 
O AN~ THIS IS THE SAME TIME AT WHICH DEPRECIATION ALLOWANCE BEGINS, 

C~o~ 
C 
C OPTIONS rONTROLLED BY LL SIGNAL~ INPUTTED ON C~RD I .  
C 

LL ( ] )  = 0 SUM OF YEARS DIGITS D;PRECIATIOM FOR TAX PURPOSES 
¢ LL( ] )  = 1 STRAIGHT LINE DEPRECIATION FOR TAX PURPOSES 
C LL( I }  = ? DDUqLE DECLINING BALA.CE DEPRECIATION FOR TAX PURPOSES 
C LL(~) = n ~BJECT IS TO DETERMINP PRICE OF MAIN PRODUCT (PRICE(1)). 
C LL(2} = I OBJECT IS TO DET£QHIN~ RATE OF RETURN ON EOUITY. 
C LL(3} = n =RIqT ALL ITERATIONS 
C LL(3} = ] PRINT FINAL ITERATION ONLY 
C LL(4) = n DO NnT ITE6ATE FEE~ P w I C E .  
C LL(~) : 1 ITERATE FEEDSTOCK(1) PRICF U~ING EELFPR. 
C LL{S) : A ~0 TAX LOSS CARRYOVER ALLOWEO 
C LL(S) : I FIVE YEAR TAX CARRYOVER ALLOWED 
C L L ( 6 t  = n FEDERAL T~X CANNOT GO NEGATIVE 
C L L I 6 )  : 1 FEDERAL TA~ CAN GO HEAATIVE 

DATE 79,103115,45,29 

00001610 
00001620 
00001630 
000016~0 
00001650 
0 0 0 0 1 6 6 0  
00001670 
0 0 0 0 1 6 8 0  
00001690 
00001700 
00001710 
00001720 
00001730 
00001740 
0 0 0 0 1 7 5 0  
00001760 
00001770 
000017~0 
0 0 0 0 1 7 9 0  
0 0 0 0 1 8 0 0  

C LL(7) = ~ INTEnFST DURING Corot NOT ADDED TO DEPR CAPITAL O0001RlO 
LL(7) = ~ INTEREST DURING CO~ST~: AT RATE INTTOT ADDED TO DEPR CAPITAL 00001820 

C LL(?) = ~ INTEREST DURING CoNsTo COMPUTED FROM FRCINV AT RATE INTCON O0001R30 
C LL(8} = n PRINT SUPPLEmENTaRY TABLE OF CASH FLOW IHFORHATION O0001840 
C LLIB) = 1 OMIT SUPPLEMENTARY T~BLE OF CASH FLO~ INFORMATION O0001BSO 
C L L i 9 )  = 0 NO E~CALATION O0001R60 
C LL(9) = I ESCALATION FACTORS APPLIED PER CARD 19 INPUTS, 00001870 
C O0001ABO 
C 00001~90 
C ~  NOTE: ALL DOLLAR UUANTITIES ARE HANDLED AS MILLIONS OF DOLLARS, 00001900 
C en"o NOTE: INTEREST R~TES~ ONSTRFAH FACTORS, ETc ARE HANDLED A5 DECIHALO00019IO 
C FRACTIONq ~ATH~R THA~ AS PERCENTAGES, 

C REFNTRY OOTNTS IN PROGRAH AR~ A~ FOLLOWS, 
C FOP READING NEW S~T OF I~PUT DATA CARDS 
C F~R RERU,,~'ING WITH ~F~ RATF ~F ~ETUPN OH E~UITy 
C FOR ~ERU~ING ~ITH f;F~ FFEDSTDC~ I PRICE 
C FOR CONVPRGING THE C~5H FLAW PAYOUT TABULATION 
C 
C 
C 
C ~ START OF INPUT DATA ~ o ~ ~  

Ce~"~ CARD l ,  COHTROL SIGNALS FOu OP[|ONS. PROBLEH TITLE, 
1 READ 40I,(LL(KI'K=I'IOI'IP~RNA~IL)'L~I~ISI 

C 

STATEmEnT 1 
STATEHEHT 45 
ST~TEr~E~T ~8 
STAT~HENT 55 

00001920 
00001930 
00001940 
00001950 
000019~0 
00001970 
00001980 
O000IqO0 
00002000 
0000~010 
0 0 0 0 2 0 2 0  
0 0 0 0 2 0 3 0  
000020~0 
00002050 
00002000 
0000~070 

C ~ CARD 2® T ~  R ~ T ~  ArD C~PIT~L  STRUCTURE, 00002080 
P ~EAD 403tT×CRED,FITTX~,STATNC,STAREV~PRDPTXoT~SURE'DBTFRC*EOFRAC 0000~090 

C oono~lO0 
C ~ e ~  CARD 3, I~JT~REST RATES ~ n  nTHER ECO~IC PARAHETERS, SALVAGE VLU,O000~IIO 
P INTCO~ A~,D INTTOT A~E OPTIOnaL, 00002|20 

3 ~EAD 403.p~TD~T,~PP~XP,TOLFR,S~LVGE,~TCO~,I~TTOTwCNSTLN 00002130 
C 000021~0 
C ~ CArD ~. ~R~JECT LIFE, ~U~B~R OF I T E ~ T I O ~ S  ~LLOWED~ ~ND ~LI~BER OFO000~I%0 
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LEVEL 2 . 2  

ISN 0018 

ISN 0019 
ISN 0021 

ISN 0023 

ISN 0024 

ISN 0025 

ISN 0026 

I:~ ISN 0027 u-I 

ISN 0028 

ISN 0029  

ISN 0030 

ISN 0031 

ISN 0032 

I~N 0033 

ISN 0034 

ISN 0035 

(SEPT 761 

C 
Ceee~ 
C 
C 
C 

C 

MAIM 0 5 / ~ 6 0  FORTRAN H EXTENDED 

FEED PRICES TO BE TRIED. AL~O NFQNAX. 
NFRHAX 15 THE NU~'dER OF RATFS OF RETURN ON EQUITY TO BE USED. 
NST~T IS THE YEAk IN WHICH LANT STARTUP TAKES PLACEr ALSO 
THE YEAR IN WHICH DEPRECIATION ALLOWANCES REGIN. 

READ 4n0*NYRS,NSTRT~NTRIESt~FDPRStNEQMAX~NCARRY~NCREDT~NCNSTR 

IF(NTRIES.LT,IINTHIES=] 
IF(NKN~TR.LT.|)NCNSTR=I 

C 
C ~ * *  CARD 
" 5 READ 
C 
C e e * *  CARD 

6 READ 
C 
C * * * *  CARD 

7 READ 

C** * *  CARD 
C ALSO 
C ALSO 
C ~LSO 

8 READ 

5. DE~RECIABLE CAPITAL INVESTMENT MADE EACH YEAR. SMH, 
~030(INVEST(N),N=ItNYR~) 

6. WOqKIHG CAPITAL INVESTMENT MADE EACH YEARt SMH, 
403t(WDRKCP(N)tN:I~NYR~) 

7, OPERATINO EXPENSES EACH YEAR EXCLUSIVE OF TAXES, 
403,(EXTEXP(N)~N=I~NYR~) 

~. CONSTANT EXPENSES DImR1NG PRE- AND OOST-STARTUP PERIODS. 
LOW & HIGH LIMITS OF PaODUCT PRICE FOR USE IN ITERATION 
D~LFPR, THE DELTA FEED PRICE FOR FEEDSTOCK I ,  
70LPRC, THE TOLERANCE nN PRODUCT PRICE CONVERGENCE, 
603tEXINIT~EXPCONvPL,PHtDELFPR~TOLPRC 

C **°e CARO 9, NUMBER OF PRODUCTS FOR WHICH RATES AND PRICES ARE READ, 
C ALSOt NUuRFR OF FEEDSTOCKS FOR HHICH PRICES ANN RAIES ARE READ. 

9 READ 400,NPRODS~NFEEDS 
C 
C** * *  CARD 

10 REAO 
C 
C ~° * °  CARD 

II READ 
C 
C ° * *~  CARD 

12 READ 
C 
C ° * ~  CARD 

13 READ 
C 
C * * " ~  CARD 

16 READ 
r 
C °°~o C~RD 

15 READ 

C ~*°° CARD 
16 READ 

C 
G mm~ CARD 

17 READ 
C 
C Q~OQ CARD 

I0, PRICES OF PPODUCTS INCL, INITIAL FSTIMATE FOR MAIN PROD. 
#03~(PRICE(NItN=I~NPROnS) 

11. AHNUAL PRODUCTION RATES FOR PRODUCTS AT JOOZ CAPACITY, 
403t (PRDRAT(NItN=ItNPRNOS] 

!~,  FEEDSTOCK PRICES, S/UNIT, FOR ALL FEEDSTOCKS. 
403,(EEEOPR(N)tN=IPNFErDS) 

13, FEEDSTOCK CONSUqPTION RATES AT IO0~'CAPACITYtMM UNIT/YR 
403t(FEEORT(N)tN=I,NFEEDS) 

IA,  RATE'S OF RETURN 0H EQUITY. 
#03, (RTNEO(NEOT)tNEflT=ItNFQMAX) 

15. DEPRECIATION CLASSES. 
400tNCLSv(LIFE(NCL)vNCL=ltNCLS) 

16. FRACTIONS OF TOTAl DEPRECIATION qY CLASS. 
603t(DPFRAC(NCL),HCL=|.NCLS) 

17. PLANT OR. FACTOR FnR EACH YEAR INCL PRE-STARTUP YRS 
403o(EFFNCY(N)vN=]pNYRSI 

18. DISTRIBUTION OF IHVESTMENT DURING CONSTRUCTION PERIOD, 

DATE 7 9 , | @ 3 / 1 5 , k 5 , 2 9  

0 0 0 0 2 1 6 0  
0 0 0 0 2 1 7 0  
0 0 0 0 2 1 0 0  
00002190  
0 0 0 0 2 2 0 0  
0 0 0 0 2 2 1 0  
000072~0 
00002230 
00002240 
00OO225O 
0000P260 
00002270 
00002280 
0000?290 
00002300 
00002310 
OOOO232O 
00002330 
000023#0 
00002350 
00002360 
O0002370 
00002380 
00002390 
00002400 
0O602410 
00002420 
00002430 
000024#0 
0000245O 
0000?460 
00002470 
00O02480 
00002490 
00002500 
00002510 
00O0252O 
00002530 
00002540 
0000~550 
00002560 
00002570 
00002580 
00002590 
00002600 
00002610 
00002620 
00002630 
00002~40 
00002650 
00002660 
00002670 
00002680 
000026§0 
0O00270O 
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ISN 0036 

ISN 0037 

IS~ 0039 
'I~N 0030 
ISu 0040 
ISN O0~I 
ISN 004~ 
ISU 00~3 
ISN 00~4 

ISN 0045 

I 

ISN 00~6 
ISN 0047 
XSN 0048 
ISN 0049 
I~N 0051 
IS~ 0057 
IqN 00S~ 
IS~ OOS~ 
ISN 0055 
I~N 0056 
IS~ 0057 
ISN 00S8 

ISN 005~ 
I S ~  0060 
I~N 006! 

ISN 0~3 
I~N OOb6 
I~N 0065 
I S ~  00~6 
ISN 0~67 
I~N 006~ 
ISN 0069 
IS~ 0070 

(SEPT 76) ~AIN OSl~60 FORTRAN H FXTENOED DATE 79.103/15.~5.29 

C THIS IS ~OR TH~ CALCULATIOrl OF YHE COmPOU~OED INTEREST DURING 00002710 
C COHSTRUCTION. IF THIS OPTION lq ~JOf DFSIPED, CARD |8 IS A BLANK CARDO0002720 

C 
C 

lOl~ 

C AND LLI7) AUST RE LESS THAh' 2 AND ENTER ~c~STp=I ON CARD ~o 
C 

|R READ 403,(TRCINV(N)~N=I,NCNSTR} 
C 
C = CARD 19. FSCALATION FACTOR~. 

I9 READ 403~ ESCCAP,ESCWRK,ESC:XT~ESCEXP,ESCINI~E SCCON~ESCFDP.EsCPRP 

~oeo END ~F INPUT ~AT~ o~oo~oo~o~=~ooo 

C 

C~ooo 
C SAVE THE LO~ AND HIGH PRODUCT PoICE L IH ITS  FOR SUBSEQUENT ITERATIONS, 
P 

PL~AuE=PL 
PHR~t~F=~H 
FPS~uF=FEERPR(|) 
NE~T=I 
RTNEnY=RTNEO(NEQT) 
~PST~T~HST~¥ 
PROJI.F=NYqS 

SAVE NRT~T7 FOR INV TAX CREnIT CARRYOVER CALC. 
THIS I~ FINAL yEaR WHEN INV TAX CREDIT CAN BE TAKEN 
NSTPTT=NSTPT+NCPEDT 

PRINT INPUT DATA 

~PgNT=0 
Cf~HTTNIJE 
PRINT ~00 
I F ( ~ = ~ H T , E O o | )  P~ l~T 6K5 

PRIUv 
PRINT 
ORINT 
PRINT 
PRINT 
PR1NV 

hO3~TXCRED~FITI~,~YA~C,STA~E~ 
~O~PROPTX.I~SURF,o~TsRc~FQFPAC 
6AS~RTHEOY.INT~T~PRO3LF~DPS~RT 
605,PRP~XP.|OLER,S~LVCE,CNSTLN 
636 ,1NICO~, I~ ' ITOT 
~37,NY@S,~STPT,HTRIES,HFoPRS 
63R~NEQMAX.MCARRY~NCR~DT$NCNSTR 

~RINV 
pRI~'v 

PRINv 
PRINT 
PRI~? 

~PlN" 
PRINT 
PPINT 
oRI~Y 

701 
6~e~ 

701 

I O t (~OR~;CP ( tJ I t ~= I, ~JY'PS I 

641 
~10~ (EXTE~.P (HI ,U=I,~IY~SI 
701 

oon07730 
0 0 0 0 2 7 4 0  
0oooP7so 
00002760 
00o~277o 
0 0 0 0 2 7 8 0  
0000~790 
00002~00 
00002810 
00002R20 
0000?630  
0000?840 
O000?RSO 
O000?~&O 
O000P~70 
O0002~BO 
0000~890 
O000~qO0 
00002910 
00002920 
00002030 
0000~940 
00O02950 
0000?960 
0000P970 
0000P980 
0000?990  
0 0 0 0 3 0 0 0  
00003010 
000030~0 
00003030 
00003040 
0OO03050 
00003060 
00003070 
0000~080 
00003090 
00003100 
00003110 
00003120 
00003130 
00003140 
00003150 
0o00~I~0 
00003170 
000031B0 
0000~190 
00003~00 
00003HI0 
00O03220 
00003230 
0000~?¢0 
00003~50 



LEVEL 2 .2  

ISN 0071 

ISN 0072  
ISN 0073  
feN 0074 
ISN 0 0 7 5  

ISN 0076 
ISq 0 0 7 7  
ISN 0 0 7 8  
ISN 0079 

ISN 0081  

ISN 00~3 
I~N 008~ 
I~N 00~5 
ISN 0085 
ISN 0087 
ISN 008B 
ISN 0089 

ISN 00q0 / 

I • 
" J "  ISN 0091 

I ISN 0092 
ISN 0093 
ISN 0094 
ISN 0095 
ISN 0096 

ISN 0097 
ISN 0098 
IS~t 00gq 

ISN OlOl 
ISN 0102 

(SEPT 7hi 

C ~ 

1021 

MAIN 

PRINT 701 

OS/~60 FORTRAN H FXTENDED 

PRINT ~II~EtINIT.EXPCO~ 
PAINT 612,NPROOS 
PPINT 613t(PRICE(N)*N=I,NPOODS) 
PRIN? 613~(PRDRAT(N),N=I,NPCODS} 

PRINT 634,NFEED5 
PRINT 610*(FEEDPR(N),N=It~FPEOS) 
PRINT 610,(F~EORTiN),N=I,NFEEDS) 
IF(NonNT,EO, I )  GO TO 1022 

END nF PqINT INPUT DATA. 
a~PLY ESCALATION FAcTORR TO INPUT DATA. 

I F ( L L ( g ) , E O . 0 )  GO TO 1027 

O0 |n21N=I~NYRS 
INVERT(N)=INVEST(N)~(I.+ESCCAP)Om(N-I) 
WORKrP(N)=tIORKCP(~)*(I,+ESCWRK)OO(N-I} 
EXTEXP(N)=EXTEXP(N)~f1,+ESC~XTIo*N 
CONTTNUE 
NPRNT=] 
GO Tn l O l q  

102P CONTTNqE 

C CALCULAT~ TOTAL AMOUNT INVESTED. 
C 

TOTD~'V=0, 
WRKC^P=0, 
DO 2~ N=t,NYRS 
DEPRrC(N)=0.0 
WPKCAP=H~KCAP+WOuKCP(N) 

2~ TOTD~V=TOTDNV+INVEST(N) 
C 
C 
P. 
C 
C 
C 
C 
C 
C 
C 

C 
C 

2& 
C 

ZERO ANNUAL DEPRECIATION, 

TOTAl. hEPRECIABLE CAPITAL I~ THE SUN OF INoUTTED DEPRECIABLE 
INVE~TUENT END I~TEREST DURING CONSTRUCTION9 INTDC--IT WILL 
RE Z~gO UNLESS LL(7)  IS GREATER THAN ZFRO, 
IF LI_(7)=1, TOTAL INT. DtlPI~mG CONSTRo INPUT AS A FRACTION 
OF THE TOTAL DEPRECIARLE INVESTMENT. THIS FRACTION IS INTTOT, 
IF LL(7)=2, INTEREST DURING CONSTR. IS COMPUTED ACCORDING TO 
SCHEnULE OF EXPENOITURE OF CONSTRUCTION FUN~S--INPUT 
AS A~NUAL FRACTION, FnCINV(. )t WHERE rl GOE~ FROM I TO NCNSTR 
THE INTEREST RATE FOR THIS PALCULATIO~ IS INTCON, 

INTOP=0° 
CMPOrC=0° 
IF(LI.(7),Eq.I)INTDC=CNSTLN~INTTOT 

INTT~C=0. 
I F ( L L ( 7 I . L T , 2 ) G 0  TO 27 

CALC==LATE CONPOUNO FACTOR FOR TOTAL INTEREqT DURING CONSTR. 

DATE 7 9 , 1 0 3 / 1 5 . 4 5 . 2 9  

0 0 0 0 3 2 6 0  
0 0 0 0 3 2 7 0  
0 0 0 0 3 2 8 0  
00003290 
00003300 
00003310 
00003320 
00003330 
00003340 
00003350 
0 0 0 0 3 3 6 0  
0 O 0 0 3 3 7 0  
00003380 
00003390 
00003400 
00003410 
O0003420 
00003430 
00003440 
00003450 
00003460 
00003470 
00003480 
00003490 
00003500 
00003510 
00003520 
00OO353O 
00003540 
00003550 
00OO356O 
00003570 
00003580 
00003590 
00003600 
000036|0 
00003620 
00003630 
00003640 
00003650 
00O03660 
00003670 
00003680 
'00003690 
00003700 
00003710 
00003720 
00003730 
00003740 
00003750 
'00003760 
00003770 
00003780 
000O379O 
000038O0 
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LEVEL 2 , 2  

ISN 0104 
ISN 0105 
IS~ 0106 
ISN 0107 

ISN 0108 

ISN 0109 

ISN 0110 

ISN 0111 
ISN 0112 
ISN 0113 
ISN 0114 
ISN 0116 
ISN 0117 
ISN 0118 

! 
Go 

ISN 0}19 

I~N 01~0 
ISN 0121 
ISN 01P2 
TSN 0123 
15N 0124 

|SN 0126 
ISN 0127 
19N 0128 

ISN 0120 
ISN 0130 

(SEPT 76 l  

C 

2S 

C 
C 

27 
C 
C 
C 

C 

CO***  
C 
C 

2R 
C 
P 
C ~  
C 
C 
C 

C 
C 
C 
C 
C 

C 

C 

3~ 
~ .i=. ~ il. ¢i. 

MAIN OS/160 FORTRAN H FXTENOEO 

THIS OPTIO~ IS USED ONLY IF LL(7)=2, 
DO 2~ N=I,NCNSTR 
C~PDcC=(CH=~FC*FHCINV(N})*(I.*INTCON) 
INTTnC=C4=OFC-I. 
INTDr=~NSTLN-iNTTOC 

TOTDrP=TOTDNV*INTOC 

TOTAl. INVESTHENT--THE SUH 0 ~ OEPRECIABLE AND WORKING CAPITAL 
TOTI~:V=TOTOEP*WRKCAP 

THE TOTAL OF WRKCAP + SALVG ~ IS SAVED FOR LATER OUTPUTTING, 
TOTBI3=WRKCAP÷SALVGE 

CALCULATE A~NUAL PROPERTY T~XES AND I~sURANCEo 
THES~ ARE ASSUMED TO START IN YEAR NSTRT, 

00 2~ N=I~NYRS 
PROPTY(N)=O, 
INSR~C(N)=O. 
IF(N.LT,NSTRT)GO TO 2R 
PRORTY(N)=TOTDEPoPROPTX 
INSRHC(N)=TOTDEP~INSURF 
CONTINUE 

CALCIILATE A~UAL DEPRECIATI~fl ALLONANCFS FOR TAX PURPOSES. 
DEPReCiATION ~S 6ASED ON TOTAL DEPRECIABLE CAPZTAL LESS SAL- 
VAGE VALUE° 

TOTDP~=TOTOEP-SALVGE 

nPT~n~S AV*~LABLZ h~E ~S FOLLO~$~ 
LL(1) = 0 SU~ OF YEARS DIGTTS 
t L l l i  = I STRAIGHT LI~IE 
LL( I }  = 2 DOUBLE DECLININB BALANCe WITH CONVERSION TO 

~TPAT~T  LI~E, 
DO 37 NCL:|,NCL$ 
NDLI~E=LIFF(NCL} 
TOTD~3=TOTOP2~DRFRAC{NCL) 
DPLI~ I~L IFE 
I F I L L ( I ) , E O , 2 ) G O  30 34 

SUM~no 
DO 3~ ~D~I,~OLIFE 
SUM=~II~*ND 

DO 3~ ND=I,~DLIFE 
~RAC~|~ZDLIFE-ND*II/SU~ 

DATE 7 9 , 1 0 3 / 1 5 , 4 5 ° 2 9  

00003810 
0 0 0 0 3 8 2 O  

00003B30 
00O0384O 
00003850 
00003R60 
00003870 
00003880 
00003~90 
00003900 
00003910 
00003920  
00003930 
00003940 
00003950 
00003960 
00003970 
00003980 
00003990 
00004000 
00004010 
00004020 
0O004030 
0 0 0 0 4 0 4 0  
00O04050 
O0O04060 
00004070 
00004080 
00004090 
00004100 
00004110 
00004120 
000O4130 
0000~135 
0000~l~0 
0000~150 
0000~160 
00004170 
00004180 
00004190 
00004200 
00004~I0~ 
O000a~15 
00004220 
00004230 
00004~40 
0000~50 
0000~250 
00004~70 
000042B0 
0000~290 
0000430O 
00004310 
0000~320 
~0004330 

PA6E 



LEVEL 2 . 2  

ISN 0131 
ISN ~133 
ISN 0134 
IS~  ~135  
ISN 0136  

ISN 0137  
ISN 013~  

ISN 0139 
ISN 0140 
ISN 0141 
ISN 0142 
ISN 0144 
ISN 0145 
ISN 0146  
ISN 014~  
ISN 0149  
ISN 0150 
1SN 0151 

ISN 0152 

ISN 0153 
I t.c) 

ISN 0154 
XSN 0155 
ISN 0156 

ISN 0157 
ISN 0158 
ISN 0160 
ISN 0162 
ISN 0163 
ISN 0164 
ISN 0165 
I~N 0166 
ISN 0167  
ISN 0168 
ISN 0169 
ISN 0170  
I~N 0 1 7 I  
ISN 0172 
ISN 0173 
ISN 0174 

(SEPT 761 

32 

C 
C 
C 

34 

35 
C 

36 
C 

37 
C 

C 
C 
C 

38 
C 

C 
q 

MAIN A S / ~ 0  FORTRAN H EXTENPED 

I F I L L  I ] I , E O . I I F R a C = I . / N P L I F E  
N=NST~T+N~-I 
YDPRcC=FRAC~TOTDP3 
DE~RFCIN)=OFPREC(N)*YDP~EC 
G O T o  37 

DOUBLE DECLINING ~ALANCE NETHOD WITH CONVERSION TO STRAIGHT 
L INE .  

NSL=n 
PEUNnR=TOTDP3 

DO 3~ ~,D=I,NDLIFE 
NLEFT=~!OLIFE-HD*I 
N=NSTgT*N~-I  
I F ( N ~ L . E Q . I } G O  TO 35 
DD~=~EMN~R~. /DPLIFE 
OSL=oEMN~P/~LEFT 
IF (D~L.GEoqDB)NSL=I  
YOPRFC=AMA~I(DD~*OSL) 
REMNnR=REHN~R-YDPREC 
GO Tn 36 
YDPR~C=DSL 

DEPRCC(NI=OEPREC(N)*YDPPEC 

CONTINUE 

CALOILATE THE SU~ OF THE ANHUAL DEPRECIATION EXPENSES. 
RE E~UAL TO THE TOTAL DEPRECIABLE INVESTHE~T LESS SALVAGE 
VALUe. 

SU~O~P=O. 
DO 3q ~=I ,NYRS 
SUMDFP=SUHDEP+DEPREC(N) 

PRINT DERIVED DATA. 

PRINT fl25 
] F I L L ( 2 I , E O . O I P R I N T  638 
I F I L L I ? I o E q . 1 ) P R I N T  633 
PRINT 642 
PRINT A43,TOTDNV 
PRINT 644t fNTDC 
PDINT 645,TOTDEP 
PRINT 646tN~KCAP 
PqINT ~47tTOTINV 
PRINT 702 
PRINT 627 ,T070P2 
PRINT 626*SALVGE 
SUHG~8fSALVGE*TOTDP2 
PRINT 62f l ,SUH628 
PRlNT 70? 
K 6 3 1 = I + L L ( I ' )  

DATE 7 9 . 1 0 3 1 1 5 . 4 5 , 2 9  

IT SHOULD 

00004340 
00o04350 
00004360 
00004370 
O0004380 
00004390 
00004400 
00004405 
0 0 0 0 ~ 4 1 0  
00004420 
00004430 
00004440 
00004450 
00004460 
00004470 
0 0 0 0 4 4 8 0  
0 0 0 0 4 4 9 0  
0000450O 
0000451O 
00004~20 
00004530 
00004540 
00004550 
00004560 
0000~570 
00004580 
00004590 
00O0460O 
00004610 
0 0 0 0 4 6 2 0  
0 0 0 0 4 6 2 5  
00004630 
00004640 
00004650 
00004660 
0 0 0 0 4 6 7 0  
00004~80 
00004690 
00004700 
0 0 0 0 4 7 1 0  
0 0 0 0 4 7 2 0  
00004730 
00004740 
00004750 
0 0 0 0 4 7 6 0  
00004770 
0 0 0 0 4 7 8 0  
0 0 0 0 4 7 9 0  
0 0 0 0 4 8 0 0  
0 0 0 0 4 8 1 0  
00004~20 
00004830 
0000~840 
00004850 
0 0 0 0 4 8 6 0  
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LEVEL 2,2 

ISN 0175 
ISN 0176 
ISN 0177 
ISN 0178 
ISN 0179 
ISN 0180 
ISN 01RI 
ISN 0182 

ISN 0183 
ISN 0185  
ISN 0186 
ISN 0167 
ISN 0188 
ISN 0189 
IS~  OlgO 
ISN 0191 

I 

o I5~& 0 1 9 2  
ISN 0193  
ISN 0194  
ISN 0 1 9 5  

ISN Olq7 
]SN O!ga 

I~N 0199  
ISN 0200 
ISN 0~01 
ISN 0202 
ISN 0203 
{SN 0204  

ISEPT 76) 

39 
C 
C 
C 

C 

C 
C 
C 

41 

43 
C 

C 
~5 

C 
C 
C 
q 

HAIN OS/360 FORTRAN H EXTENDED 

PRINT ~31,OPRNAM(K631) 
PRINT 610,(~EPREC(N),N=I~NY~S) 
PRINT 701 
PRi~r  648~5U~0~P 
PRINT 702 
PRINT 6A9 
PRINT 6SO~CUPDFC 
PRINT A515I~TOC 

ESCALATION FACTORS ARE PRINTED IF LL(9IoNE.O 

IF(LI (9),EQ.O) GO TO 39 
PRINT 702 
PRINT 656  
PRIHT 657, FSCCAP~ ESCWRK, FSCEXT 
PRINT 65~, ESCEXP, ESCINI~ FSCCON 
PRINT 6 5 9 t  ESCFOP 
PRINT 6 6 0 t  ESCPR~ 
CO~TT~uE 

ASSI¢~ CONSTANT AHNUAL EXPE~SES PER INPUT DATA EXINIT AND 
EXPC~N. 

DURIHG THE PRE-STARTUP PERIOD, THE CONSTANT ANNUAL AHOUNT IS 
EXTORT. 
DURI*~G THE OPERATIONAL PERInD~ THE CONSTANT ANNUAL AMOUNT IS 
EXPC~N° 

DO 41 ~=I,~STRT 
EXPENS(N}=EXINIT~(I,*ESCINI)*~N 
DO 4~ N=NSTRT,NY;~S 
EXPE~,$(N)=EXPCO~(I,.~SCCON)**~ 

REENTE~ AT 45 FOR ITERATION WITH NEW RATE oF RETURN ON EQUITY, 
THE oATES ~F R~TURN TO ~E UcED WERE ENTERE~ ON CARD 1 4 ,  
CONTI~U~ 
FF~DmR(~}=FPS~V~ 

CALCULATE AVERAGE PRESENT WnRTH OF INCOMES FOR ESTIMATING 
PRIC~ DIFFKRENTIALS,.,,USED IN CONVERGENCE @OUTINE, 
pR~=nRTFRC~TNTDBT*EQFRaC*~T,(EQY 
OISF~C=I°/(I..RRA; 
5U~I~=O, 
~0 4~ N=I.~YRS 
StI~I~=~U~IK,~DrSFcC~N ~PPD~T{II~EFFi~CY(I~} 
DPFAC=(I./(I,-FIITXR-STAI~IC~F~TTXR);~DISFAc~wNYRS/SUMI6 

FOR pnRA=1ETRIC STUDY OF FFEn pRICE REENTER AT 40 IF LL(4)=I= 
~OTE: THE ~LY F~ED PRICF T-AT IS VAPIED I~  THE R~|R FEED 
NFDP~ IS THE ~UHFER OF THE ITERATION O~ FEEO P~ICE. 

DATE 7 9 , 1 0 3 / 1 5 . 4 5 , 2 9  

OOO04RTO 
00004880 
00004890 
00004900 
0O004910 
00O04920 
00004930 
0 0 0 O 4 9 4 0  
00004950 
00004960 
00004970 
00004900 
00004990 
00005O00 
00005010 
00005020 
0000~030 
00O05040 
0 0 0 0 5 0 5 0  
00005060 
00005070 
00005075 
00005080 
00005090 
00005095 
00005100 
0 0 0 0 5 1 0 5  
0 0 0 0 5 1 1 O  
0 0 0 0 5 1 ~ 0  
0 0 0 0 5 1 3 0  
00005140 
00005150 
00005160 
00005170 
00O05180 
00005190 
~0005200 
00005~I0 
00005~20 
00005P30 
00005240 
00005250 
00005260 
00005270 
00005~80 
00005~0 

00005310 
00005320 
00005~30 
00O05340 
00005350 
OOnO~3~O 
00005370 
000053~0 
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LEVEL 2 .2  

ISN 0205 

ISN 0206 

ISN 0207 

ISN 0208 
ISN 0209 
ISN .0210 

:)> 
i ISN 0211 p.. 
p.= ISN 0212 

ISN 0213 

ISN 0214 
ISN 0215 
ISN 0216 
ISN 0217 
tSN 0218 
ISN 02Iq  
ISN 0220 

ISN 0~2] 

|5N 0222 

(SEPT 76)  MAIN 

C 
NFDPn:|  

C 
4R CONTTNUE 

NPRIMT=I-LL(3) 
C 

0S/~60 FORTRAN H EXTENDED 

C 
C * * * *  CALCULATE COST OF FEEDS TN PLANT AT IOOS ONSTREAM EFFICIENCY. 
C 

FPCO~T=O. 
DO 5n N=I~NFEEDS 

50 FOCO~T=FDCOqT+FEEDRT(NIeFEE~PR(N) 
~IOQ~ 

C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

5 l  
C 
C 
c 

C 

THE TOTAL ANNUAL OPERATING FXPENSE IS PLTEXP(NI--THE SUM.OF 
THE CONSTANT ANNUAL EXPENSEt EXPENS(N)~ PLUS THE AMOUNT 
PROPhPTIONAL TO THROUGHPUT~ PRPEXPoEFFNCY(N)~ PLUS ANY ADDEO 
ANNUAL AMOUNTS INPUTt EXTEXP(N)t PLUS ANNUAL PROpTY INSUREr 
PLUS THE CO~T OF THE FEEDSTOCKS USeD EACH YEAR. THE LATTER 
IS T'~E PnOOUCT OF THE ONSTRCAM EFFICIENCY AND THE CALCU 
LATEh FEEDSTOCK COST AT 100~ ONSTREAM EFFICIENCYtFDCOST. 
NOTE THAT PLTEXP(N) DOES NOT INCLUDE ANY T~XES. 
IT Iq ASSUqED THAT PROPERTY INSURANCE STARTS IN YEAR NSTRT, 
FOR CALCULATION OF EXPENS(N) SEE STATEMENTS 41-43. 

DO 5l N=I,NYRS 
PLTEXD(NI=EFFNCY(N)~PRPEXP°(1,*ESCEXP)°°N ÷ EXPENS(N} * EXTEXP(N) 

l * INSRNC(N) + FDCOST~EFF~CY(N)~{I**ESCFDP)~eN 
CONTINUE 

THIS COMPLETES THE CALCULATION OF THE ANNUAL OP EXPENSES, 

PTRY=PRICE(I) 
EqTRY=RTNEQY 
NTRY=| 
EOL=F.00 
EQH=|,00 
PL=PLSAVE 
PH=PHSAVE 

STATFHENT 54 IS THE REENTRY POINT FOR TRIAL CALCULATIONS FOR 
OBTAINING CONVERGENCE OF THF CASH FLOW PAYOUT TABULATION. 
THE TRIAL NUMBER IS NTPY ANn THE PRICE IS pTRY. 
IF THE RATE OF RE;URN ON EQIIITY IS BEING CALCULATEDJ THE 
qEW TRIAL VALUE I5 EQTPY, 

CONTTNUE 

PRIC~(1)=PTRY 

C 
C 

C 
C 
C 
C 
C 

55 
C 

DATE 7 9 . 1 0 3 / 1 5 . 4 5 . 2 9  

00005390  
OO0O5400 
0OOO541O 
0OOO5420 
00005430  
0 0 0 0 5 4 4 0  
000054~0  
00005460  
00005470 
00005480 
00005490 
00005500 
00005510  
00005520 
00005530 
00005540 
00005550 
00005560 
00005570 
00005580 
00005590 
00005600 
00005610 
0000562O 
00005630 
00005640 
00005650 
00005660 
0000~670 
00005680 
00005690 
00005700 
00005710 
00005720 
00005730 
00005740 
00005750 
00005760 
00005770 
00005780 
00005790 
00005800 
00005~10 
00005820 
00005830 
00005840 
00005850 
00005860 
00005870 
00005880 
00005890 
00005900 
00005910 
00005920 
00005930 
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LEVEL 2 . 2  

ISN 0223 
ISN 0224 

ISN 0226  

ISN 0227 
ISN 0228 
ISN 0229 
ISN 0230 
ISN 0231 
ISN 0232 

ISN 0233 

ISN 0235 
ISN 0236 
ISN 0737 

i ):" ISN OE3R 
~o, ISN 0239 

ISN 0~40 

ISN 0261 

ISN 026~ 

IS~ ,02~3  

ISN 0244  

I ~  02~5 

(SEPT 76) ~,IAIN OS/~60 FORTRAN H EXTENDED DATE 79, I03/15.45,29 

RTNE~Y=EQTRY 
IF(NTRY,EO,NTRIES)NPRINT=I  

C oe~o ZERO ALL'THE ENTRIES IN THE PAYOUT ARRAY FROM THE PREVIOUS TRIAL. 
CALL ZERO 

C 

C 

58 

6n 

C 

C 

66 

C 

C 

9. 

~OGO~ 

C 

CALCULATE ANNUAL PRODUCTION AND INCONE FROH SALES 

DO 6n N=I,NYRS 
TOTP¢=O. 
DD 5 ° ~PR=I*NPROgS 
TOTPP=TOTPR+PRDRAT(NPR)oPRIOE(NPR) 
|NCO~E(N)=TOTPRoEFFNCY(N)~(I.÷ESCPRP)~N 
CONTINUE 

~ATN LOoP STARTS HERE. EALCULATE PAYOUT TABLE. ~E~ ITERATION 
REEHTE~S AT STATEMENT qS. HAX ~UHB~R OF ITERATIONS = HTRIES, 
CREDIT IS THE TOTAL FEDERAL INVESTMENT TAX CREDIT. 

IF(NDRINT.EO.O)GO TO 64 

PRINT 616~(PRBNA~(L),L=I,15)*FEEDPR(I} 
DRT2P=INTDRTOlO0.O0 
RTSEO~=RTqEOY=IO0.O0 
PRINT 630,NTRY,PqICE(1),ORT~2,RT~EQ2~O~TFRC~EOFRAC 
P~INT 617,(KC,RC=l~ll) 
PRINT ~23 

CONTTNUE 

INITIAL CAPITAL I~VEST~E~T I~CL, CALCULATED I~TEREST DURIN~ 
CO~STRUCTIOU. IF LL(T) WAS T~PUT AS Z~RO* I~TDC IS ZERO. 

CPSTpT(1)~VEST(1)~I~TOC*Wn~CP(I} 

CALO;LATE I~V. T&R CREO. RACED O~ TOTAL DEPRECIABLE CAPITAL. 
CRED~T=TOTDEP~TXCRED 

CALCHLATE THE PAYOUT TABLE YEAR BY YEAR. 

NCOHOL=0 

THE ~ J E C T  IS TO ~KE T~E O,;TSTaNDING CAPI;~L ~T THE E~D OF 
THE ~I~AL YEAR E~UAL Tn THE TOTAL WORKING C~PIT~L INVESTHE~T 
PLUS SALVAGE VALUE. TOTAL ~ORKI~G C~PITAL IS fiSSUrED YO 
RE~A?~ INVESTED PIOHT UP TO THE E~O OF T~E PROJECT ~ D  IS 
RECOvERE~ INTACT AT IH~T TIc 'E,  

O0 8n ~=I,~YRS 

INT, ~ OE~T &RETURN O~ EQUITY ~ S E D  O~ OUrST~DIKO CAPIT~L 

00005940 
00005950 
000O5960 
00005970 
000059B0 
00005990 
00006000 
00006010 
00006020 
000060'30 
00006040 
00006050 
00006060 
00006070 
000O6080 
0000~090 
O000~IO0 
0000~110 
00006120 
00006130 
00006140 
00006150 
00006160 
00006170 
00006180 
00006190 
00006200 
00006210 
00006220 
00006~30 
00006240 
00006250 
00006260 
00006~70 
0000~2~0 
00006200 
0000~300 
O000~3IO 
0000~320 
0000~330 
00006340 
0000~350 
00006360 
00006370 
O000~3BO 
00n0~390 
0000~400 
OOOOh~IO 
O000~U 
00006~30 
0000~40 
000O6450 
00006~o0 
0O006470 
O0~OO~ 
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LEVEL 2,2 

ISN 02~6 
ISN 0247 

ISN 024fl 

ISN 024~ 
ISN 0250 
ISN 0252 

ISN 0253 

ISN 0255 
ISN 0256 

ISN 0257 

ISN 0258 

ISN 0260 
ISN 0262 
ISN 0263 
ISN 0264 

i ~" ISN 0265 

co 

ISN 0267 
ISN 0268 
tSN 0270 
ISN 0271 
ISN 0272 
ISN 0273 
ISN 0274 

ISN 0275 

ISN 0276 

ISN 0~77 
ISN 0279 

ISN 0280 
ISN 0281 

ISN 0282 

(SEPT 761 NAIN 0~/~60 FORTRAN H EXTENDED 

INTR¢T(NI=CPSTRT(NIWORTFRCeINTDRT 
EQYRTN(NI:CPSTRT(N~OEQFRACe~TNEQY 

C 
C 5TAT~ TAXAmLE INCOHE, 

STXADLIN)=INCONE(N)-PLTEXP(~I)-DEPREC(N)-INTRST(N) 
C STAT r AND LOCAL TAXES--HOT PERMITTED TO BE NEGATIVE. 

STLTAX(NI=STXABLINIeSTAINC 
IF(STLTAXiNI.LT.O.ISTLTAX(N}=OoO 
5TLTeX(NI=STLTAX(NI+PROPTY(~) 

C ~ e ~  STATF ~EV TAX = STAREV~INCO~E(NI--INCLUDEO IN STLTAX(N). 
IF(I~'CONE(N}-GT.O,ISTLTAX(N)=STLTAX(NI+STAREV~INCOHE(N) 

FED TAXASLE'INCOt4E ANO FED TNCONE TAX BEFORE INV TAX CREDIT. 
TAXAnL(N)=STXABL(N)-STLTAX(N) 
FEDTAX(N)=TAXABL(N)OFITTXR 

C FEDTXN(N) IS A CALCULATED TaX ~HICH NAY BE NEGATIVE • 
FEDTXN(NI=FEOTAX(N) 

C FEDTXN(N) IS SAVED. FEDTAX(N) HAY BE SUBSEQUENTLY ADJUSTED, 
~eeee 

C ee le  IF TAXES ARE ALLOWED TO BE NEGATIVEt GO TO 70.  
I F | L L ( 6 ) . G T . O ) 6 0  TO 70 

C°~ w* IF TaXFS ABE NOT ALLOWED TO BE NEGATIVE, DO TH~ FOLLOWING. 
IF(F~DTAXiN).GEoO.)GO TO 66 
TXLO~SIN)=-FEDTAX(N) 
FEDTaX(N)=O~ ,J 

66 CONTTNUE 
IF (L I . (5 ) ,EQ,O)80  TO 69 

C 
C *~°Q FIVE YEAR TAX LoSS CARRYOVER CALCULATION. 
C NCARnY ~AS INPUTTED AND IS ~ORHALLY 5. 

NA=N-NCARRY 
I F ( N ~ . L T . I ) N A = I  
O0 6q NLOSS=NA,~ 
DEOU~T=AHINI(TXLOSSINLOSSItFEDTAXIN}) 
~EDTaXINI=FEOTAX(NI-DEDUCT 
TXLO¢S(NLOSS)=TXLOSSINLOSS)-DEDUCT 

68 CONTTNUE 
C e * ~  END ~F TAX LOSS CARRYOVER C~LCULATION° 
C 

69 CONTTNUE 
C ~ O l  
C INVESTMENT TAX C~EDIT IS SUBTRACTED FROH INCOME TAX. 

TXCR~TINI=AHINI(FEDTAX(N)~C~EDIT) 
C PUT 7-Y~AR L IHIT  ON CAQRY-F~RWARD OF INVESTMENT TAX CREDIT, 
C NCRE~T MAS INPUTTED AND IS ~ORMALLY 7, 
C NSTRT7  IS THE SU~ OF NSTRT ~ND NCREOT, 

IFIN.~T.NSTRT7)TXCRDTIN)=O, 
FEOT~X(N)=FEOTAX~N)-TXCRDT(~} 

C KEEP TRACK OF REP'AINING CREDIT NOT YET USED, 
CREDTT=CREOIT-TXCRDT(N) 
60 T~ 73 

C 
70 CONTTN|JE 

DATE 7 9 , 1 0 3 / 1 5 , 4 5 , Z 9  

00006490 
00006500 
00006510 
00006520 
00006530 
00006540 
00006550 
00006560 
00006570 
00006580 
00006590 
O0006600 
00006610 
0O006620 
00006630 
00006640 
00006650 
00006660 
00006670 
00006680 
00006690 
00006700 
00006710 
00006720 
00006730 
0000~740 
00006750 
00006760 
00006770 
000067B0 
00006790 
00006800 
00006810 
00006820 
00006830 
00006840 
00006850 
00006860 
00006870 
00006880 
00006890 
0OO0690O 
00006910 
00006920 
00006930 
00006940 
00006950 
00006q60 
0O006970 
00006980 
90006990 
00007000 
00007010 
00007020 
00007030 
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LEVEL 2 .2  

ISN 0283 
ISN 0285 
IS~ 0286 
ISN 0287 
ISN 0288 

ISN 0289 

ISN 0290 

ISN 029l 

ISN 0292 

ISN 0293 
ISN 0~95 

]SN 0296 
ISN 0297 
ISN 0~98 

I ~ ISN 0300 
~ I S N 0 3 0 I  

ISN 0303 

ISN 0305 

|SN 0306 

ISN 0307 
ISN 0308 

ISN 0310 
ISN 0311 
ISN 0312 
ISN 0313 
ISN 0314 

ISN 0315 
ISN 0315 
IS~ 0317 

(SEPT 76} 

C 

73 
C 

C 

76 

8O 
C 

C 
C 
C 
C 

82 

MaIN OS/~60 FORTRAN H EXTENDED 

INV TaX CREDIT FOR THE C~SE NHEH INCOHE TAX CAN BE NEGATIVE 
IF(N.LT,NSTRTIGO TO 73 
FEDT~XIN)=FEDTAX(N)-CREDIT 
TXCRnT(N)=C~EOIT 
CREDIT=0° 
CO~TT~UE 

CALC=ILATE C~SH FLON AFTER TeXES FOR YEaR (N).  
CASH~L(N)=I~COHE(N)-PLTEXP(~)-STLTAX(N)-FEqTAX(~) 

C~LCmlLaTE TOTAL INTEREST ~N~ RETURN ON EQUITY FOR YEAR (N) ,  
TOTRTN(N)=INTRST(NI#FqYRTN('~) 

ANORTIZATION/RECOVERY OF RE~AINING CAPITAL BASED ON CASH FLON 
LESS At~UHT ALLOCATED TO ~NT ON DEBT & RETURN ON EQUITY° 
~HODTZ(N)=C~SHFL(N)-TOTRTN(H) 

~MOUHT OF C~PIT~I. DUTST~DI~iG AT END OF YEnR. 
CAPE~IH)=CPSTRT(N)-~HORTZIq) 

IF(NPRT~T.EQ.O)GN TO 7~ 
PRINT 615,N,CPSTRT(N).EFFNCY(N)IINCOHE(N)mPLTEXP(NItSTLTAX(N}~ 

l TXCRDT(NI~FEDTAX(N)~CASHFL(N)DTOTRTNINI~AHORTZ(NI~CAPE~D(N) 

C@o@~ 
C 
C 
C 

CONTINUE 
CPSTDTIN+It=CAPE~OIN) + INVFST(N*I)  * WORKCP(N+I) 
IF(COSTRT(N+I).LT.O,)CPST~T(N*I)=O. 
BALNrE=CAPEND(N) " NRKCAP -qALVGE 
IF(N.FQ.NYRS) NCOHPL=I 

JUHP OUT OF PAYOUT LOOP IF THE INVESTHENT RETS TOO SH~LL, 
[F(B~LNCE.LT.0,.AND,NoGToNSTRT)GO TO 82 

CONT T NUE 

NCO~L- I  

AT THF EN~ OF THE 80 LOOP T~E PAYOUT TaBULaTION IS COHPLEYED 
AND PPINTED BUT IS NOT ~ECE~SARILY CONVEN~ED. 

CONTINUE 
IFCN~R|NT,EQ,0)GO TO 83 

THE FOLLONING PRINT ST~TEHE~}T$ ARE EXPLANATORY NOTE5 FOR THE 
P~YOUT TSRULATI~N= 

PRINT 6 ~  
PRIesT 619tVRKCAP 
PRINT R00~RLVGE 
PRINT 813.TOTR13 
TOTS13 IS THE TOTAL OF THE PRECEDING TWO LIHESo 
P~INT ~01 
PRINT P~2 
P~I~T ~03 

DATE 79 .103 /15 .45o29  

00007O40 
00007050 
00007060 
00007070 
00007080 
00007090 
00007100 
00007110 
00007120 
00007]30 
00007140. 
00007150 
00007160 
00007170 
00007180 
00007i90 
00007~00 
00007210 
00007220 
00007230 
00007240 
00007250 
00007260 
D0007270 
00007280 
00007290 
00007300 
00007310 
00007320 
00007330 
00007340 
O000735O 
00007360 
00007370 
00007380 
00007390 
00007~00 
00007410 
00007420 
00007430 
00007440 
00007450 
00007460 
00007470 
00007480 
00007~90 
00007500 
00007510 
00007520 
00007530 
00007540 
000O7550 
00007550 
000075T0 
00007580 
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I F=-= 
url 

LEVEL 2 . 2  

I ~ N  0 3 1 8  
I S N  0 3 1 9  
ISN 0 3 2 0  
ISg ~391 
ISN 0392 
ISN 0323 
ISN 0324  
ISN 0325 
ISN 0326 
I$N 0397 
ISN 0 3 2 8  

ISN 0399 

ISN 0331 
ISN 0333 

ISN 0334 

ISN 0 3 3 6  
ISN 0337  
ISN 0339 
ISN 0 3 4 l  
ISN O342 
ISN 0344 
ISN 0346 
ISN 03~7 

I S N  0349 

I~N 0350 
ISN 035 l  
ISN 0352 

ISN 0353 
ISN 0355 
ISN 0357 
ISN 0358 

15N 0 3 5 9  
ISN 0361 
ISN 0 3 6 2  

ISN 0363 

(SEPT 76l  

83 

C 
R 

i 
C 

C * = * *  

C 
C 

C e l l o  

86 

87 
C 
C 

8R 

C 
9O 

Ce*oo 

C 

WAIN O~/~6n FORTRAN H EXTENDED DATE 7 9 , 1 0 3 / 1 5 . 4 5 . 2 9  

PRINT Rn4 
aRINT P05 
PRINT ~06 
PRINT 6 0 7  
PqINT 800 
P~INT R09 
PRINv 'R IO 
PRINT R11 
P~rNT 812 
PRINT ~24 
CONTtNUE 

TEST FnR CONVERGENCE, TOLEqANCE USED HEHE IS INPUTTED, 

IF(DGB~(BAL~CE),I.T,TOLERoANn,NCONPL,EO.1)GO TO 88 

IF(NTRY.GE.NTRIESIGO TO 90 
NTRY=NTRY+I 

IF(LLI~).EQ,])GO TO 87 

ITERATE ON PRICE(I} IF LL(2t=O 
ITERaTF PRICE BY AVERAGING THE CURRENT WIN, HIGH AND MAX° LOW, 

PTRY~=DTRY 
IF(B~LNCE,BT,O,)PL=AMAXI(PL.PTRY4) 
IFIB~LNCE,LT,O,}PH=A~.INI(PH,PTRY4) 
PRCE~=PH-PL 
IF(D~CERR,LT.TOLPRC)GO TO 8~ 
IF(NPOMPL.~Q,O.AHO.NTRY,LT,q)Go TO 86 
PTRY=PTRY+DPFAC~ALNCE 
IF(PTRY,GE,PH,OR,PTRY.LE,PL.OR,NTRY,GT,SIPTRY~O,5*(PL+PH) 

REENTE~ AT 55 FO~ NEXT ITERATION UNLESS NTpY=NTRIES, 

GO Tn 55 

PTPY=O,S°(PL+PH) 
GO Tn ~5 
C~NTTNUE 
ITERATE RATE OF RETURN ON E~3IJITY. SIGNALLEo BY L L I 2 ) = 1 .  

IF(BaL~CEoLT.O,)EgL=AMAXI(Et~LtEOTRY) 
IFI~L~CE.GT,O.)FUH=A~INI(E~H~EOTRY) 
EQTRY=O.5~(EOL*EU~) 
80 T~ 5~ 

IF(NDRINT,EQ,])GO TO 90 
NPRI~IT=I 
GO Tn ~5 

CONTINUE 

AT TNJ5 POINT EITHER CONVERGENCE HAS 9FEN REACHED OR THE ALLOWED 
MAXIMUM NUq~ER OF ITERATION~ HAR REEN MADE. 

0 0 0 0 7 5 9 0  
0 0 0 0 7 6 0 0  
00807610 
00007620 
00007630 
00007640 
00O07650 
00007660 
00007670 
00007680 
00007690 
00007700 
00007710 
Q0007720 
00007730 
00007740 
00007750 
00007760 
00007770 
00007780 
00007790 
00007800 
00007810 
00007820 
00007830 
00007840 
00007850 
00007860 
00O07870 
00007880 
00007890 
00007900 
00007910 
00007920 
00007930 
00OO79"40 
00007q50 
00007960 
00007970 
00007980 
00007990 
00008000 
O0008010 
0000~020 
00008030 
000080~0 
00008050 
00008060 
00006070 
000O8O80 
00009090 
00008100 
00008110 
00O08120 
O000P130 
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LEVEL 2.2  

ISN 0364 

ISN 0366 
ISN 0367 
ISN 0368 

ISN 0369 
ISN 0370 

ISW-0371 

~S~ 0372 
ISN 0373 
IgN 0374 
ISN 0375 
ISN 0376 
ISN 0377 
ISN 0378 
ISN O379 
ISN 0380 
ISN 0381 
ISN 0382 
ISN 0383 

F-~ ISN 0384 
o~ 

ISN 0385 

ISN 0386 

ISN 0388 
I~N 03~g 
|SN 03ql 
!SN 03~ 
I~N ~394 
]SN 03~5 

ISN 0396 

(SEPT 76) 

i 
95 

96 

C 
C 
C 

C 
C 

HAIN 0S/360 FORTRAN H FXTENDEO. 

H~WEVFP~ THE FFED PRICE ITE~A~ION, IF nEQUIRED~ REMAINS 
TO P~ D~NE, 

ORINT SUPPLEMENThHY TARLE OF INFOR~ATION~ UNLESS LL(8)=I. 

IF IL I  (B) ,Eq , I )GO TO 96 

PRINT 620,(PPBN~UIL)~L=I,151 
PRINt &I7t(KC,KC=l,111 
PRINT 622 

DO 9~ N=I,NYRS 
PRINT &IS,N, INVESTIN),CPSTRT(NI,DEPREC(N),INTRSTIN)~TXCRDT(N)~ 

T~ABL(~)~FE~TAX(N)~STXABL(NI~EQYRTN(N}~PROPYY(~)~FEDTXN(N) 
CONTT~U~ 

PRINT 702 
PRINt QOI 
PRINT qol 
oRINT 002 
PRINT q03 
P~INT 904 
PRINt qOS 
PRINT 906 
PRINT q07 
PRItlr  qOg 
PRINT g0g 
PRIN v 010 
PRINT Oll 

CONTtNUE 

NOW D~P~AT THE POO~LEH WITH NEW FEED PRICE IF THE FE~D PRICE 
I~ERaTIO~ ~OTIO~ IS R~I~ Ug~D~TH~T [Sw ~F LL(~)=I. 
THE REE~ITRY P ~ T  FOR THIS IS 5T~TE~:~T 48, TI-~ CO~PLETIOH 
POINT IS STATEMENT 100. NOTE THAT THF ONLY FEED PRICE 
THAT CHANGES IS FEEDmR(I)~ lHE MAIN FE~D, 

IF(LI.(Ai,EQ,0)GO TO 100 
C 

NFDPV=t~FDP~+ l 
IF(N~qPR,GT,NFDPP~)G0 TO IOn 
F~EOmR(I)~F~EDP~(1)~DELF°R 
IFTLI (?)®EO.I;~O TO ~ 
PRIC~I|I=PRICE{II*OELFPR~FE~0~T(1)/~R~RA~(I) 
GO T~ ~R 

IO0 cO~TT~]I~ 
C 

400 ~OR~Tf lE IS1  

DATE 79 ,103 /15 ,45o29  

O0008140 
00009150 
00009160 
00008170 
00008180 
0000~190 
00008200 
OO00A2IO 
00008220 
0000~230 
00008240 
0000A250 
00008260 
00008270 
00009280 
00008290 
0000~300 
O000~310 
00008320 
0000P330 
0000~340 
0000~350 
0000~360 
O0008370 
00008380 
00008390 
0000~400 
00008~10 
0000~420 
OO008430 
0000R440 
0000~¢50 
0000~460 
oono~47o 
0000~4~0 
0000~090 
0000R500 
00n0~lo 
0000~520 
00008530 
00008540 
000085~0 
0000~560 
00008570 
0000~580 

O000~hO0 
0000~610 
00n08620 
0000~630 
OOnO~6~O 
0000~650 
0000~660 
0O0O8670 
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LEVEL 

I~N 
ISN 
ISN 
I~N 
I~N 
I~N 
ISN 

ISN 

ISN 
ISN 
ISN 

ISN 
ISN 
ISN 

ISN 
ISN 
ISN 

ISN 
ISN 

ISN 
I 

".,,.4 
ISN 

ISN 

ISN 
ISN 
ISN 
ISI~ 

ISN 

ISN 

ISN 
ISN 

ISN 

ISN 
I ~N 
ISN 
ISN 
ISN 

ISN 

2 .2  

0399  
0400  
0601 
0402 
0603 
0404 
0405 
0406 
0407 

0408 
0409 
0410 

0411 
0412 
o413 

0414 
0~]5 
04|6 

0417 
0~18 

0419 

0420 

0421 

0422 
0423 
0424 
0~25 

0A26 

0427 

0 ~ 8  
0429 

0430 

0~31 
0432 
0433 
0434 
0435 

043/~ 

(SEPT 76l  WaIN 05/~60 FORTRAN H FXTENDED 

601 Ff lRW~T(~E |0 .0 )  
404 FORMIT(~0A4) 
600 FORMIT(~ I ,~Xte lNPUT DATA S,'PPLIED BY |ISER~t/) 
601 FORM;T(, 'tSX,zCARD 2 ' t 4 X , l n I 4 v S X t l 5 A 4 ~ / }  
603 FORM~Tf~ ~,SXt*TXCREO~FITTXP~ST~INCtSTAREVe~SX~SFIOo~) 
60~ FORMeT(, ~X~PPOPTX~INSURE~DRTFRC~EqFRAC~,SX~SFIO.¢) 
60E F~PMeT(' ~SX~PTNEQY~INTDBT~PROJLF~DPSTHT~SX~SF]Oo4) 
606 F~RM~T(' '~Xt~PPPEXPtTOI-FP,SALVGEtCNSTLN ~5X,5FI0.4) 
609 FORHaT(t t tSXttPl.ANT O~JSTPE~M FACTOR |~PUTTED ON CARD I7 mt 

1 w FOR .FACH YEAR OF PPO.!ECT L IFE,  EFFNCY(N) , , / )  
610 FORMAT(' e tSXtSF]5 .b)  
612 FOPH~T(e e,SXtmEXI%IT~ EXPCnNlv~OXt4FIS.4) 
62~ FORHeTfeOItSX~epoICES ANO BASE PkOOUCTION RATES FORt~I3o 

1 i PRODUCTS~t/) 
613 FORHeT(e P~SX~IOF22°41 
61~ FORM~T(e t , T 4 t 3 X , l l F ] l . 4 )  
616 ro~MeT(elw,lOXt,PAYOUT TA~ .AT ION '~ |OX , ISA~ t  

1 5XwtFFPD PRICE =t,FlO.~,/) 
617 FORM~TIe e , S X t l l I l l , / )  
61~ ~0RM~T(' '~10X~20A41 
619 FORMeT(oOtg|SXte~ORKIN6 CAPITAL RECOVERED INTACT AT END or  t~ 

I mPROJECT LIFE = e t F | 5 . 5 )  
620 FORMeT(e|a,IOXteaDOITIONAL RETAILS OF CALCULATIONe~5X~ISAqt// /)  
622 FOPM~TIm ~ IOXt ' INVEST ~PST~T OEPH~C INTRST mt 

1 z T X C R D T  TAXARL F E D T A X  STXA6L EQYRTNet 
2 e P R O P T Y  FEOTXHt~/) 

623 FORHaT(e ~,IOXt~CPSTRT E F F N C Y  R E V E N U E  PLTEXP et 
1 t~TLT~X T X C R D T  FrDTAX C A S H F L  TOTRTN m, 
2 ~A~RTZ qAPENOt~/} 

624 FORM~T(~O~,IOX~COLUHN 21 PLUS NEW INVESTMENT = NEXT ENTRY OF~ 
I ~ COLLlUN i ~ t l l )  

6~5 FORMeT(~Ia~Xt~DEqlVED ~ATA, CALCULATrD FROM INPUT DATA,t, 
1 ~X,'INCLUDES ESCALATION IF CALLED FO~ RY USER.~t///) 

626 FO~M~T{~ ~,IOX~SALVAGE VAUIE AT END OF PROJECT '~lOXtrl5.5) 
627 FORH~T(~ ~,IOX~TOTAL DEPRECIATION FOR TAX PURPOSES '~IOXtFI5,5) 
620 FORM~T(t ~IOX~TOTAL ~tIOX~FI5.5) 
620 FORMAT(, ~tISXt~THE L~ST ENTRY IN THE FINAl. YEAR SHOULD BE ~ 

2 ~F~UAL TO TH~ wORKING CAPITAL INVESTMENT PLUS SALVAGE VALUEm/) 
630 ~ORMAT(, I,IOXtmTRIAL~I3,bX,~PRICE =*~F20.4,7X,~DEBT ATeiF6.2~ 

1 ' %t,SX, mRATE OF RETURN ~N E~UITY =,,FB.3,~ %e~SX,~D/E =~ 
" ~ 5 . ~ / ~ F ~ . ? ~ / / / )  

631FORH~T(eO~,~X~'eC~LCULATED A~NUAL DEPRECIATION ALLOWANCES't 
1 ]~Xt t~Y ' t A ~ , l  MFTHO01,/) 

632 FORMAT(~ e~SX,~O~JECTIVE IS TO CALCULATE PROOUCT P R I C E ~ / )  
633 FORMAT(, ~,~X~eO~JECTIVE IS TO CALCULATE RATE OF RETUR~ ~ 

1 'ON EOUITY~/~ 
63~ FuRHKT(tOz,SX~PPICES AND ChNSUMPTION RATES FOR~I3t 

I ~ FEED~TOCKS~'/) 
635 FORMaT(~Im,SX,~R~PEAT PRORLFM WITH NE~ FEEO PRICE.~t///) 
635 FORM~T(~ ~,~X,,IkTCON.INTTOT ~bX,SFIO.4) 
637 FORMAT(, ',SX,tNYRStNSTRT~N~RIES~NFDPRS ~3X,5120) 
630 FORMAT(, ~5X~NFO~AX,NCA~RY,NCPEDT~NCNSTR~3X~SIIO) 
63q FORHaT(t ~5X~tDEPRECI~BLE CAPITAL INVFSTMT INPUTTED ON CARD 5 '~ 

1 t FOR EACH YEAR Dr PRO.)ECT LIFE, INVEqT(~) ~ / )  
640 FO~HATI~ e~SX~W(~HKING CAPITAL INVESTMEN[ !~PUTTED ON CARD 6 ~t 

DATE 79 ,103 /15 ,65o29  

00000690  
0000P700 
00008710 
000067~0 
OOO08730 
00008740 
00006750 
0000~760 
00008770 
00008780 
0000~790 
0000PR00 
00008820 
0000~820 
00008830 
00008840 
0000~050 
O000BR60 
0000~870 
00008880 
00000890 
00008900 
0000~910 
0000A920 
00008930 
00008940 
00008950 
00008960 
0000~970 
00000980 
00000990 
00009000. 
00009010 
00009020 
00009030 
00009040 
00O09050 
00009060 
00009070 
00009080 
00O09090 
00009100 
00009210 
000O9120 
00009130 
00009140 
00009250 
00009160 
00009170 
00009280 
00009190 
00009200 
00009210 
00009220 
00009230 

PAGE I? 



LEVEL 

ISN 

ISN 
ISN 

ISN 

ISN 

ISN 

INN 

ISN 
ISN 
ISN 

I FN 
19N 

ISN 

ISN 
ISN 

> ISN 
I 
l-.l 
Co ISN 

ISN 

ISN 

I q N  
ISN 
ISN 

ISu 

,.ON 
ISN 

ISN 

,,ON 

ISN 

I Sr~ 

ISN 

0437 

0438 
0439 

0460 

0441 

0442 

04~3 

0444 
0~45 
0 ~ 6  
04~7 
04~B 
O&~q 
0~50 
0451 
0452 
045~ 
065~ 
0455 
0456 

0457 
0~58 

0459 

0 4 6 0  
0461 
0467 

0~3 
0466 
0465 
0466 

0467 

046R 

0~6~ 
0~70 
0471 
O&72 
0~73 
e~74 
0475 
0~7~ 
n~77 

{SEPT 76)  

I ~ FOR EACH YEAR OF PRO(ECT LIFE, WORKqPIN) t , l )  
641 FORMAT(~ ,tSX,'OPERATING EX~>ENSFS If~PUTTED ON CARD 7 * ,  

1 * FOR EACH YE~R OF PPOI~ECT LIFE, EXTEXP(N) ' , / )  
64p FORM~I(i ~,SX,~BREAKOOWN OF: TOTAL CAPITAL INVESTMENT',/) 
64"~ FORHaT(~ ~,IOX,tTOTAL DE~PECIA�LE INVESTHENT AS INPUTTED t,SX, 

! F i 5 " . 5 }  
644 FORH~T(= ,,IOX,~CALCULATEr) TNTEr~EsT DURING CONSTRUCTION ' ,5X,  

1 F ! 5 , 5 )  
645 FORPAT(I ',IOX,'TOTAL DE~gEcI~R.LE INVESTHENT '~SX~ 

1 F15.5) 
646 FORMAT(= ~,IOX.tTOTAL WORKI~G CAPITAL AS INPUTTED ~,SX, 

1 ~ ' ! 5 , 5 )  
647 FORMAT(* *,IOX,=TOTAL CALCUI.ATED CAPITAL INVESTMENT t,SX, 

l F I 5 , 5 )  
64~ FORMAT(, t,|OX,~FUM OF DEPRECIATION ALLOHA'~CFS =,IOX,FI5.5) 
6~0 FORH~Tf~ ~X,=CALCULA¥10N nF INTEREST DURING CONSIRUCTION~,I) 
650 FOR~T{~ ~]O×,~CO~POU~D INVESTFEN? FACTOR C~PDFC~,|3X,F15®S) 
6 5 1 F O R H ~ T I I  ~ , IO~®*TOTAL /HTERFST ~URItlG CO~STR INTDC'~I2X,FXS.S) 
655 FORH~T(v I.~%,lp~INT It lPt lT rATA WITH ESCALATED COSTS=,/) 
656 F~RN~T(t t,~X,~ESCALATION FACTOP5, FPACTION/YEAR~t/) 
657 rOnH~T(t ~IOX,~CAPITAL~ wOrK CAPITAL, E~Tp EXP~,SX,3FIO,6) 
65B FOOHaT{= t,IOX,tDPEPATIHG EXPEHSES t,SX,3FIO°4) 
650 FOPM~T(~ =°IOX,~FRICES OF ALL FFEDSTOCKS ~,SX,3FIO.4) 
~bO FORM~T(~ ~,IOX~PaICES OF ALL PRODUCTS t,SX*3FlO.4) 
701FDRN~T(/) 
70~ FORH~T(//) 
80n FORMAT(* ~.ISX,~SALVAGF VALUE RECOVERED INTACT AT END OF =, 

I ®PPOJECT LIF~ = ' , F I S . 5 1 !  
8 0 |  E O q ~ T ( ~  o , l O ~ , ~ E ¥  TO CALCULATIONs IS AS FOLLOW5,~$/ )  
807 FORH~T{, =.]OX,,COLU~N l = CAPITAL INVESIuEqT OUTSTANDING AT=~ 

I ~ START hF YEA~ INCLUDING WOPKIHG CaPIT~L =) 
80~ FORMAT(= =,~OX,=CULUHH 2 : ONSTREAH EFFICIENCY {PLANTt~ 

! ~ OPEqATIrIG FACTOP) =% 
804 FO~M~T(I  ~,IOX,mCOL[IMN 3 = GROSS INCOHF FROH SAL~S *} 
8 0 ~  ~OPH~T{, *,IOx~,COLU'X~J ~ = OPERATII~G FXPED:SES EXCLUDING TAXES=) 
~0~ FGPM~T(t '~]O~COLU~N 5 : STATE AND LOCAL T~XES =, 

I ~rJCLUDI~JG P~PPFRTY TAX ~ IHSU~A~CE~I 
007 ~O~H~7{~ ~,IO~, '~OLU~ h = FEnFP~L I~VESf~'E~ TAX CREDIT=I 
809 FORHAT(= ' , I O ~ ' C O L U ~  7 = N£T FEDERAL INCOHE TAX PAID~) 
800 FOqHaT{ '  * , IOX,'COLU~ 8 = CRSH FLOW ~FfEp TAXES*) 
8 1 0  FOOM~T(~ ~.IOX,~COLUU~ q = INTEREST ON DENT AND RETURN ON ' ,  

1 *F~UITY B~SEO ON COLU~N 1 ' )  
8 1 I  F O R e , T ( ,  m.|Og,,COLU~N 10 : REDUCTION OF OuTSTAnDING CAPITAL'~ 

I ~ INVE~T~ENT~ COLLI~' Q-g1)  
8|~ F O R t ~ T { t  ' , ]OX,~COLU~ ] !  = OUTST~NDI~ C ~ I T ~ L  ~NVESTHE~T ATe, 

l ~ F~b OF ~E~P I~CL wn~vl-,; C~PIT~L. COL I - I 0 ' ) '  

gO] FORH*Tft ~.IOX,®t:ULU~ } 

903 FOP~T(~ ~,10X~*COLU~ 3 

q07 F O ~ T ( ~  ',IOX,'CULU u~ 7 
90H FO~V.T(I t,IO~iCULU~rj 

t 
MAIN OS/}~O FORTRAN H ;XTENDEO DATE 7 9 . 1 0 3 / 1 5 , 4 5 , 2 9  

00009240 
00000250 
00009260  
00009270  
0O00928O 
0 0 0 0 9 ~ 9 0  
00009300 
00009310 
00000320  
0 0 0 0 9 3 3 0  
0 0 0 0 9 3 4 0  
00000350  
00009360  
0000Q370 
O0009380 
00009300  
00009400 
00009410 
0 0 0 0 0 4 2 0  
000O9430 
0 0 0 0 9 4 4 0  
00000450  
0 0 0 0 0 4 6 0  
0O009470 
000O9480 
0 0 0 0 9 6 9 0  
0 0 0 0 9 5 0 0  
0 0 0 0 9 5 1 0  
O0009520 
00009530  
o o n o 9 5 4 o  
00009550  
00009560  
000Q9570 
0 0 0 0 9 5 8 0  
0 0 0 0 9 5 9 0  
00009595 
00009600  
00009610  
00000~20  
00009630  
00o00640 
00000650 
0000~660 
0 0 0 0 ~ 6 7 0  
0 0 0 0 ~ G 8 0  
00~0o~00  

: ~ w  INVETT~Er~T H~OE ~T START OF Y E ~ ) O O n O 9 7 0 0  
: TATAL C ~ P t T A L  ~T START OF YE~Rz)  O000gTIO 
= DFPnEClAT[O~J ALLOWANCE FOR TAX~St l  00000720  
= IHT~REST O~ OE~T,) 00009730 
= ItJvFST~E~T TA~ CPEOIT TAKEN THIS  YR,} 00009740  
= FEDEraL T A ~ L F  I~COHE') 0 0 0 0 o 7 5 0  
= FFDF~I. ['~CO~ TCX PAID') 0000n760 
= STATE T~.~L~ T~CO~'E ~} 00000770 
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1.0 

LEVEL 2 . 2  

ISN O~T~ 
IS~ 0479 
1SN 0 ~ 0  

ISN 0" q I 

ISN 0483 
IRN 0~@4 
I S N ' 0 4 ~ 6  
ISN 0487 

ISN 0488 

ISN 0489 

NAME TAG 
K F 

c LL SF 
PL SFA 

o FOL SFA 
m RRA S ~ 
z L IFE  SF 

NYRS SF 
DPF~C SF 
NLEFT SF 

= PRICE SF 
TOLE~ SF 

9ALNCE SFA 
o CNSTL~ SF 

OEOUCT SF 
DPFRAC SF 

• " EFFNCY SF 

i ESCCOH SF 
ESCINI SF 
FX~CQN SF 
FEDTAX SFA C 
FITTXR SF 
INCOME SF C 
INTDRT SF 
INVEST SF 

ISE~T 76) uAIN O ~ / t 6 0  FORTRAN H FXTEN~E~ DATE 1 9 , 1 0 3 / 1 5 . 4 5 . 2 9  

90~ 
91~ 
Oli 

I ' TO VONNE~ATIVITY CONCT~AINT.) 

C 
C 

C 
{., 

C 
c 

150 
C 
C * * * *  
C 

c 

.END 

FRqM~T( '  ' , I O X . ' C O L U M N  9 = AFTFR-TAX PEIUPN RN FOUITY~) 0 0 0 0 9 7 8 0  
FRPM~T(~ ~10X~=CULUMH 10 = LOCAL PROPERTY TAX PAID =) 0 0 0 0 9 7 9 0  
FORP~T{~ = t I O x ~ C U L U H N  11 = CALCULATED FEDFRAL INCOME TAX PRIOR~t 00009R00 

O0009RIO 
00009~20  
00009~30  

IF  T~F DRJ~CT WA~ TO OFTFgMTNE THE RATF OF RETURN ON EOUITY~ O000gR40 
wE Ao~ DO~E. OO00q~50 
I F ( u  { ~ ) . E O , I } G O  TO 150- 0 0 0 0 9 8 6 0  

00009R70 
0 0 0 0 9 8 8 0  
O000qq90 
0 0 0 0 9 9 0 0  
O000q�lO 
0 0 0 0 9 9 2 0  
0 0 0 0 9 9 3 0  
0 0 0 0 9 9 4 0  
0 0 0 0 9 9 5 0  
0 0 0 0 9 9 6 0  

C4LC=~LATIONS ARE DONE. GO T~ I TO READ INPUT DATA FOR NEXT PROBLEH0000qg70 
I F  T~ERE IS NO C~RD TO READ.PROGRAM WILL STOP AUTOHATICALLY 0 0 0 0 9 9 8 0  

0 0 0 0 9 9 9 0  
0 0 0 1 0 0 0 0  

riO Tn 1 : 0 0 0 1 ~ 0 1 0  
0 0 0 1 0 0 2 0  
0 0 0 1 0 0 3 0  

PERU~ o~O~LEV wiTH NEw RATE OF ~ETURN ON EOUITY. REENTRY 
POINT IS AT STATFtI~NT 4 5 .  NEORAX = NUMBER OF RATES OF 
RETURN. THESE ~ATES OF RFT.JR~ WERE ENTERED ON CARD 14. 
NEOT~NEOT+I 
IF(N~OT.GT.NEQM~X)GO TO 150 
RO Tn 45 
CONTINUE 

PAGE 

MAIN / SIZE OF PROGRAM 00780E HEXADECIMAL BYTES 

TYPE AnD. NAME TAF TYPE ADD. NAME TAG TYPE ADD. 
l e 4  00125~  L F 1"4 00125C N SFA I ~  001260  
I~4  001400 NA SF I~4 00126R NO SF I ° 4  00126C 
Re4 001274  qDB SEA R*4 001279 DSL 5FA R*~ 00127C 
P~4 001284  NCL SF I~4  OoI~BR NPR SF I ° 4  00128C 
Re4 n01294  SUM SF R*4 00129~ FRAC SF R*4 00129C 
1"4 001428 HCLS ~F 1"4 O012AA NEOT SF I~4 O012AB 
I ~ 4  o O l ~ a o  PTPY SF ~ ' 8  001JE~ ZERO SF XF O00000 
R*8 OO13FO E(JTRY SFA P*4 00128~ INTDC SF R*4 0012RC 
1~4 001~C4 NLOSS ~FA 1 "4  0012Cm NPRNT S I e 4  OOI2CC 
R*4 0014q8  FTRYA ~FA R*4 O012D~ RTNEO SF R*4 OOI4ER 
Q*4 0012~C T')TPR FF R°4 O012En FRXPI~ XF R*4 DO0000 
R*R 9013FR CnPEND 5F C f l *4  000000 CASHFL SF C R*4 002580  
R*4 0012F~ CUSTRT SF C R*4 0044C0 CREDIT SFA R °~ 0012EC 
Rm4 0012F4 D~LFPR SF P*4 0 0 ] 2 F 8  DFPREC SF R*4 00153P 
R*4 001R76 C ° L I F E  SF R=4 001300 DPRNAM F R*4 OOIBDR 
R*4 00 IRE4 E(~FRAC SF R*4 0013OA EflYRTN SF C R*4 000C80 
R*4 0013101 E~CE'XP ~F P*4 001314 ESCEXT SF R*~ 00131R 
R*4 001320  E5CORP '~F' R*4 O013R~ ESCWRK SF R*4 001328  
R~4 001330 EXPENS SF Re4 002~2~ EXTEXP SF R*4 00286~  
R-A On lF40  FEOTXN SF C ~04 005780 FEEDPR SF R*4 O02EAA 
P*4 001338  FPSAVE SF R*4 00133C FRCINV SF R*4 007F64 
~ - 4  o00640  I~SRNC S F R*4 O02FC~ INSURE SF R*4 001340  
R*4 001349 I~,TRST SF ~ po4 004~00 ]NTTOC SF R ~4 00134C 
Re4 003~0~ NCARRY SF 1"4 0013b& NCNSTR SF 1"4 001358  

19 

NAME TAG TYPE 
KC F 1"4  
PH SFA R*4 

EQH SEA R*4 
NSL S 1 "4  

K631 SF I o 4  
NTRY SF I e 4  

DBT22 SF R~4 
NFDPR 5F 1 "4  
NSTRT SF 1"4 
SUM16 SF Re4 

AMORTZ SF C R*4 
CMPDFC SF R*4 
DBTFRC SF RO4 
DISFAC SF R*4 
DPSTRT SF RQ4 
ESCCAP SF R*4 
ESCFDP SF I R°4 
EXINIT SF R~4 
FDCOST SF Ra4 
FEEDRT SF R*4 
IBCOM# F XF 1-4 
INTCON SF R~4 
INTTOT SF R~4 
NCOMPL S I*~ 

ADO, 
001264  
001270  
001280  
001790 
O012AO 
O012AC 
0012B4 
0012C0 
0012D0 
0012D~ 
003200 
0012E4 
0012F0 
O012FC 
OO1304 
00130C 
00131C 
00132C 
001334  
002F04 
000000 
001344 
001350 
00135C 
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