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I. INTRODUCTION

This volume describes the upgrading schemes from which upgrading
cost and energy requirements were derived. Each scheme is a self-sufficient
and produces a marketable slate of products.

A few schemes are base cases. These produce conventional fuel
products for which selling price estimates were already available. The
other schemes reflect a varjety of ways for making certain lower-than-
conventional-quality fuels. These fuels are deemed potentially usable in
industrial gas turbines. As detailed in the body of this volume, comparisons
between these other schemes and the base case schemes provide the costs for
producing industrial gas turbine fuels from the several raw materials.

This volume is organized into twe parts. One part treats schemes
based upon modification of "generic" existing refineries. The other treats
schemes representing grass roots upgrading facilities.

Raw materials for the modified existing refinery schemes include
petroleum and shale c¢ii. Coal Tiquids processing in modified existing
refineries does not appear to make economic sense. The grass root
schemes process not only petroleum components and shale o0il but also coal
Tiquids.

This volume is the third of four volumes constituting the Study's
final report. The first summarizes the resuits. The second presents a
Titerature survey. The last volume examines the economics of relevant on
site options fur treating the turbine fuel or processing the turbine exhaust

gases.
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II. HNON LINEAR REFINERY MODEL

We have used one of our proprietary models to develop costs
for producing low quality turbine fuels. This model is routinely used
for preliminary, non-site specific cost estimates for new or altered
processes. It is also used to assess impacts of processing changes on
fuel product values. The model has the capability to represent a wide
variety of rafinery configurations.

The proprietary nature of the model derives from three sources.
These are: first, the "process correlations", second, the "investment/
capacity correlations" and third, the "optimization methods".

The "process correlations" represent separate processing units
within a refinery. These correlations consist of mathematical relationships
whereby information about feed rates, feed qualities and processing conditions
generates information about product rates, product qualities and utility
stream demands. Each correlation is itself a mathematical model previously
developed by the contractor. Although the processes are frequently not pro-
prietary, the experimental data used to develop a correlation are proprietary.
Also proprietary are the decisions as to which modeling methods would be used
for a particular correlation as well as the decisions as to which variables
constitute key parameters in a correlation.

The "investment/capacity correlations" estimate aggregate invest-
ment costs associated with a process from the capacity of that process. Much
of the data upon which these correlations are based is proprietary. Further-

more, the decisions as to which data to use, which relationships to use,
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and which capacity term to ﬁse for a particular process are all.proprietary.

The contractor does not place in the public doméin either the
model or the method whereby the non-linear equations representing the model
are solved. The mathematical approach is reasonably well known and the
contractors version of this approach has been described in several published
articles. A bibliography is included herewith.

The processing steps and blending facilities available in the model
are those typically found in large integrated refineries. The model has the
capability to process five crude oils simultaneously, and it includes a crude
011 assay program to calculate yields and product properties for crude tower
fractions using data from a crude assay. Crudes can be replaced by other 1liquid
fuel inputs. Data on prices, costs, product specifications, unit inve<tments
and utility consumptions, and process unit yields and operating conditions
are built into the model but can be easily overidden by the user. Investments,
yields and stream qualities are represented by equations and correlations,
many of which are non-linear. Products are produced and blended to meet
specified quality and quantity restrictions.

The model calculates complete material and utility balances, manu-
facturing expenses, and required investments. The model can optimize a
refining scheme on the basis of maximizing either profit or return on invest-:.
ment. Optimization may include selecting feedstocks to process units,
blending products, determining operating conditions or satisfying constraints
on the flow or property specifications of the products. Possible products
are one to three grades of gasoline, one to four grades of residual fuels,
jet fuel, No. 2 fuel, 03 and C, LPG, naphtha, ehtylene, propylene, butadiene

4
feedstock, sulfur, coke and refinery fuel.
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In al11 of the cases studied, operating conditions for some units
and product stream disposition were automatically seslected to meet specified
constraints. The model contains a large number of processing alternatives
so that many different configurations could be specified and simulated.

Evaluation of new processes, raw materials or products was made
by case study to determine the economic consequences of adding, removing
or replacing a process or raw material or product set up to stimulate an
existing or "typical" refinery, the profit for this refining cydration serving
as the base case. When a change is made, the economics of the changed scheme
can be compared to those of the base case and the impact of the change thereby
established.

The model calculatss a material balance and the resulting stream
properties for the proposed refining scheme unit by unit. In some instances,
the model has the capability of changing process operating conditions, such
as reformer severity, in order to optimize resuits or satisfy the product
constraints. Up to 25 streams may be included in gasoline blending depending
on which process units are included in the refinery scheme. Blending of the
various streams satisfies the specifications for the finished gasoline.
Specifications include gasoline vapor pressure, maximum lead and minimum
octanes. In addition, ASTM distillation, density, maximum and minimum quan-
tities of each grade of gasoline and the fraction of the total gasoline in
each grade may be specified. A total of six residual and middle distillate
fuel products can be produced from approximately 22 difrerent streams in
the refinery. These fuel products can be blended to meet specifications on

guantity, sulfur content and viscosity.
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After a complete material balance on the refinery scheme has
been calculated, the utility consumptions and investment for each unit
are calculated. A complete utility, fuel and hydrogen balance is also
made. If additional hydrogen is required over that available from
reforming and pyrolysis, a hydrogen plant will be automatically provided;
if not the excess is used as fuel. Finally, total investment, return from
products, manufacturing expense, profit and return on investment are usually
calculated.

In this study final economics calculations were done external to
the model. Here we were usually using the model as a basis for calculating
a feed or product value rather than determining profitability based on known

stream prices.
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ITI ~ BEXISTING REFINSRIES TO UPGRADE FUEL

ITI.1 Summary

Costs have been calculated for upgrading in existing refineries, in
the 1985 time frame, low-sulfur petroleum residual; high-sulfur, high-metals
petroleum residual; shale oil from surface retorting of shale; and sghale oil
from modified in situ (MIS) retorting of shale to gas turbine fuels of varying
quality. Two upgrading strategies have been evaluated: (a) extensive
alteration of the boiling range of the upgraded fuel to minimize upgrading
requirements or to make available by-product credits %o offset upgrading
costs; and (b) direct removal of contaminants with minimum change in boiling
range to obtain high yields of gas turbine fuel. Upgrading of syncrudes from
liquefaction of coal in a typical existing refinery in which this syncrude

replaces the normal crude charge was found to be economically infeasible.
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II11. 1.1 Summary of Cases Evaluated

The following charge stocks and processing schemes have been evalu-
ated in this task. These schemes assess the adaptation of existing refineries
to the production of gas turbine fuels:

Charge Stock Prccessing Scheme Case Number(s)

Low-Sulfur Residual Solvent Decarbonizing 1.10
(Vacuum Bottoms)
£from South Louisiana Delayed Coking plus 1.21, 1.22, 1.23
Crude 0il Hydrotreating of:

Full-Range (Cs-950°F);

Naphtha-Free (375-950°F);

or Furnace Oil-Free (650-950°F)

Coker Distillate

Hydrodesulfurization at 1.31, 1.32, 1,33
Moderate, Intermediate,

or High Severity

High-Sulfur, High Metals Solvent Decarbonizing 2.10
Residual (Vacuum Bottoms) plus Hydrotreating of
from Ceuta (Venezuelan) Decarbonized 0il
Crude 0il
Delayed Coking plus 2.21, 2.22, 2.23

Hydrotreating of

Full-Range (C¢-950°F);
Naphtha-Free (375-950°F);

or Furnace Oil-Free (650-950°F)
Coker Distillate

Hydrodesulfurization at 2.31, 2.32, 2,33
Moderate, Intermediate,

or High Severity
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Surface-Retorted Hydrotreating at High 3.10, 3.20
Paraho Shale 0il Severity with or without

Second-Stage Hydrotreating

of Disillate from Primary

Hydrotreating

Delayed Coking plus Hydro- 3.30
treating of Coker Distillate

Modified In Situ- Hydrotreating at High 4.10, 4.20
Retorted Shale 0il Severity with or without

Second-Stage Hydrotreating

of Distillate from Primary

Hydrotreating

Solvent decarbonizing or delayed coking of petroleum residueal explore
significant reduction of boiling range to facilitate contaminants removal. Hydro-
desulfurization and hydrotreating explore direct removal of contaminants with very
little reduction of boiling range. Each of the aforementioned upgrading umits
would be installed as new facilities in the existing refinery.

Base case schemes charging South Louisiana or Ceuta cride oils, respectively,
have also been evaluated for producing gasoline and distillate products excluding
gas turbine fuel in cases 1.00, 2.00, and 3.00. Net revenues calculated from
generated cases are applied to cases 1.10 to 2.33. These net revenues plus 30%
return before taxes on new capital dedicated to gas turbine fuel upgrading along
with forecast prices of by-products are used to calculate prices of gas turbine

fuels.



Net revenue from a base case scheme charging South Louisiana crude
0il, case 3.00, is used to calculate raw shale oil prices. The crude oil is
replaced with raw surface-retorted or modified in-situ retorted shale oil for
production of conventional products excluding gas turbine fuel (cases 3.01 and
4.01). Net revenue from the base case scheme, case 3.00, plus 30% return before
taxes on new capital for processing shale oil in cases 3.01 or 4,01 permits the
pricing of raw shale oil. This calculated price of raw shale oil is then used
in evaluating schemes for production of gas turbine fuel, cases 3.10 to 4.20.
Pricing of gas turbine fuel in these schemes includes also the net revenue gen-
erated in the base case, case 3.00, in addition to 30% return before taxes on

new capital for gas turbine fuel upgrading facilities.

The economic evaluations for these cases are presented in Tables III-1
to III-4, and schematic flow diagrams for each case are shown in Figures IIX-I
to III-20. Sufficient detail is presented in these tables so that forecast
crude 0il or product prices or cost factors can be revised if necessary, and
gas turbine fuel prices recalculated. It should be emphasized that by-product
values can off-set to a large extent the manufacturing expense for gas turbine
fuel upgrading and thus have a significant effect on the calculated gas turbine

fuel price.
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South Louisiana crude oil has been selected as the low-sulfur crude
oil in the study since it is produced in large volumes and has been for ..any
years the sole crude supply to a large refinery. The capacity and processing
configuration of this refinery are specified in the base case for this study,
Case 1.00. This crude oil represents a typical low-sulfur, low-metals crude
oil, from which gas turbine fuel should be capable of being produced at
relatively low costs.

Ceuta crude oil, or residual therefrom, is processed or marketed in
this country largely for residual fuel oil product. It contains high concen-
trations of sulfur and metals which should result in a maximum range of gas

turbine fuel upgrading costs.
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III.1.2 Results

Gas turbine fuels containing essentially no trace metals (less than
1 ppm vanadium) can be produced fram low-sulfur petroleum residval by any of
the three processes evaluated at costs less than the price differential
between No. 2 fuel oil and low-sulfur No., 6 fuel. The price of gas turbine
fuel is thus lower than that for No. 2 fuel oil. The most economical route
for upgrading this residual includes coking plus hydrotreating of 650-950°F
coker gas oil. Credits from upgrading coker naphtha and furnace oil to
gagoline and No. 2 fuel o0il products more than offset costs for upgrading

residual to gas turbine fuel.

Gas turbine fuels containing .as low as 11 ppm vanadium can be
produced fream the high-sulfur, high-metals residual selected by decarbonizing
or hydrodesulfurization at costs less than the price differential between
No. 2 fuel oil and high-gulfur No. 6 fuel oil. These two processes are
economically equivalent in this application. An essentially metals~free gas
turbine fuel can be produced fram this residual by coking plus hydrotreating,
but at significantly higher costs. The price of gas turbine fuel exceeds the

No. 2 fuel oil price, thus rendering this scheme economically unattractive.

.

Essentjally metals-free gas turbine fuels containing low nitrogen
and sulfur can be prodvuced economically from raw shale oil in the scheme
including hydrotreating followed by catalytic cracking. The price of gas
turbine fuel c¢ould be lower than that for No., 2 fuel o0il if second-stage
hydrotreating to ensure thermal stability is not required. The scheme
including coking of raw shale oil fr.llowed by hydrotreating of coker distil-
late is not economically viable in the context of an existing refinery since
the opportunity for use of, and revenue obtainable from, the existing cataly-

tic cracking and alkylation units are no longer available.

P
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IIT.2 Introduction

The efficlency of generation of electricity from gassous or liquid
fuels is greatly increased by co-generation in which a stationary gas turbine
is the primary converter and exhaust gas is used to generate steam for
secondary conversion. However, the future availability of these fuels is a
major concern. Natural gas and petroleum distillates, now widely used in this
service, likely will not be available in sufficient quantities or will be
directed to higher priority use in the transportation or home-heating sectors
to fulfill potential stationary gas turbine fuel demands toward the end of
this century.

Petroleum residuals are currently used to some extent as fuel for
stationary gas turbines. However, these fuels are limited by the current
turbine design and operations requiring low concentrations of trace metals,
particularly vanadium, and of nitrogen and sulfur compounds. These require-
ments will conflict with the increasing concentrations of these contaminants
in residual fuels resulting fram the projected increases in the proportion of
heavy, high-sulfur crudes in the refiner's crude slate. Also, the viscosity
of residual fuels fired is limited to that for No. 6 fuel oil. This excludes
direct combhustion of high-viscosity wvacuum bottoms, the refinery stream of
lowest value and the ideal candidate for gas turbine fuel upgrading with
regard to availability.

This study has been carried out to assess the costs incurred
with upgrading of petroleum residuals and raw shale oil to gas turbine

fuels of varying quality in existing petroleum refineries.

13



III.3 Technical Approach

Costs have Lkeen calculated for upgrading residual fuel oils from
low- and high-sulfur petroleum crude oils, shale oil from surface retorting of
a Western shale, and shale oll from modified in situ (MIS) retorting of a
Western shale, respectively, in representative existing refineries to produce
gas turbine fuels having varying properties and contaminant levels. Upgrading
of syncrude from liquefaction of coal has not been evaluated in detail and is
not included in this report. A brief analysis indicates that after initial
hydrotreating in new facilities to remove contaminants, the product contains
only about 7% boiling above 550°F and there is very 1little incentive for
further conversion in the existing refinery. The loss in revenue from
shutting down major refinery conversion units would result in prohibitively
high costs for gas turbine fuels. This upgrading scheme will be evaluated in

detail in Task IV in the context of new grass-roots plants.

The primary quality criteria considered in the upgraded fuel oil
product include vanadium, sulfur and nitrogen concentrations, respectively,
and viscosity. The extent of upgrading for a given processing scheme was
varied when possible¢ to develop an upgrading cost versus product quality
relationship. Minimum target contaminant levels of 0.5 ppm vanadium, 0.7%
sulfur and 0,3% nitrogen were considered. The maximum viscosity considered

was 1130 cs at 100°F (200 SFS at 122°F) for a residual type fuel.

The representative existing petroleum refineries selected were those
designed for high production of gasoline. Major process units include fluid
catalytic cracking (FCC) of gas oil, alkylation of propylene and butylenes,
catalytic reforming of naphtha, and treating of distillates to produce No. 2
fuel oil. Vacuum bottoms is not converted to light products but is blended

with light furnace oil to No. 6 fuei oil prodict.

Yields and properties of products from upgrading in each processing
step, except for severe hydrotreating of shale oil from surface retorting, or
hydrotreating of distillate from coking of the shale oil, were provided by

Gulf Research & Development Company, based on estimates from pilot plant

14
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operations or from available process correlations. Process data for severe
hydrotreating of surface retorted shale oil, or coker distillate therefrom,
were taken from a report! prepared by Chevron Research Company for the U.S.

Department of Energy.

Two strategies have bheen evaluated for upgrading petrcleum residual

(vacuum bottoms) from either low-sulfur or high-sulfur crude oils:

IIT.3.1 Extensive Reduction in Boiling Range

1. One processing scheme includes delayed coking of vacuum bottoms
followed by hydrotreating of coker distillate to saturate olefins. Most of
the trace metals (vanadium plus nickel), sulfur, and nitrogen in the feedstock
are rejected to coke by-product. To develop a cost versus gas turbine fuel
boiling range relationship, the boiling ranges of the coker distillate charge
to hydrotreating include: (a) total, Ccg=950°F, distillate; (b) naphtha-free,
375-950°F, distillate; and (c¢) naphtha plus furnace oil-free, 650-950°F, gas
oil, respectively. 1In the latter two cases, the coker naphtha, Cg-375°F, or
naphtha plus furnace oil, Cg-650°F, are processed within the existing refinery
to produce gasoline and Wo. 2 fuel 0il which can be credited against the cost

for upgrading residual to gas turbine fuel.

2. A second processing scheme includes solvent (propane plus butane)
decarbonizing of wvacuum bottoms with rejection of asphalt containing high-
boiling asphaltenes and high concentrations of metals, sulfur and nitrogen to

fuel oil by-products.

IiIX«3.2 Direct Removal of Metals, Sulfur and
Nitrogen by Hydrodesulfurization

Upgrading of vacuum bottoms by direct hydrodesulfurization employing
a commercially proven process has been evaluated at each of three severity
levels. The desulfurized naphtha-free product, 375°F*, is blended with light

furnace oil to meet the maximum viscosity specification for No. 6 fuel oil of

15

I el e ekl Y . 2.



about 1130 cs at 100°F. Naphtha produced from desulfurization is upgraded
within the refinery to produce gasoline for credit against gas turbine fuel

upgrading cost.

As desulfurization severity level is increased, concentrations of
metals (nickel plus vanadium) and nitrogen, as well as sulfur, in the gas
turbine fuel product decrease. Simultaneously, the viscosity of the desulfur-
ized product decreases, which results in a lower light furnace oil requirement
to meet viscosity specification. Thus, with operation at higher severity
levels, additional furnace oil is released for production of No. 2 fuel oil

which is available for credit against gas turbine fuel upgrading cost.

16
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IIT.4 Description of Upgrading Schemes

IrX.4.1 Upgrading of Residual from Low-Sulfur Crude 0il

South Louisiana crude oil, which contains 0.31 wt% sulfur and is
produced and refined in large volumes, was selected as the low-sulfur crude
oil in this study. This crude is the primary crude supply to a large domestic
refinery which serves as the basis for the existing refinery in this study. A
primary departure, however, is that vacuum bottoms is blended with light
furnace oil to No. 6 fuel oil product instead of being charged to delayed
coking for conversion to light products as in actual operation. A crude
charge rate of 200,000 B/CD, the approximate current throughput of this
refinery, was specified. A schematic flow diagram for this Base Case refinery

(Case 1.00) is presented in Figure III~-71 in Appendix A.

As shown in Figure III-1, the primary processing units in the Base
Case include the FCC, alkylation, and naphtha reforming units to produce
¢asoline at high yield, 56% on crude, or 111,169 B/CD. The naphtha reforming
anit is operated at a severity to produce debutanized reformate having

90.0 Research octane number, clear. This results in a gasoline pool having

RM
2

rating of 89.3 with a maximum allowable TEL concentration of 0.5 gm lead per

an (Research octane number plus Motor octane number divided by 2) octane

gallon. The pool octane number is obtained from the following octane numbers

and distribution of the several grades of gasoline projected for 1985:

Leaded Unleaded Unleadead
Grade Regular Regular Premium Pool
B%E 89.0 88.0 91.5 89.3
vVols 25 45 30 100

Jet fuel and No. 2 fuel oil are produced at rates of 20,000 B/CD and
57,876 B/CD, respectively. Benzene is produred at a rate of 3,170 B/CD by
extraction from light reformate and dealkylation of toluene which is extracted

also from 1light reformate. Hydrogen sulfide produced from the FCC and
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desnlfurization units is converted to product sulfur. Propane recovered from
the gas plant and alkylation unit is marketed as LPG product. Butanes
produced from the several processing units are supplemented with purchased iso
and normal butanes to meet alkylation unit and gasoline vapor pessure require-

ments, respectively.

The vacuum bottoms, 1100°Ft, feedstock for gas turbine fuel,
comprising 6.5 vols of this crude, contains 8.4 ppm vanadium, 1.04 wt% sulfur
and 0.15 wt% nitrogen. About one~half of this bottoms stream in the Base Case
igs blended with light furnace o¢il, 375-510°F, and FCC decanted oil to produce
low-sulfur, 1.0% sulfur, No, 6 fuel oil at a rate of 13,842 B/CD. This fuel
oil, containing 4.2 ppm vanadium and 0.08 wt% nitrogen, could be considered as
a gas turbine fuel of marginal quality as limited by the high vanadium
content. The remainder of the vacuum bottoms plus a small quantity of
decanted oil supplement off-gas produced from the several refining units to

supply fuel requirements for the scheme.

I1I.4.1.1 Production of Gas Turbine Fuel by
Decarbonizing Low-Sulfur Vacuum Bottoms

A schematic flow diagram for production of gas turbine fuel by
decarbonizing of vacuum bottoms from South Louisiana crude (Case 1.10), is
shown in Pigure III-2. Vacuum bottoms plus 12% FCC decanted nil used as wash
oil are decarbonized in a new unit to produce an essentially demetallized oil
containing 0.2 ppm vanadium at a yield of 55.0 vol$ on vacuum bottoms. This
oil is blended with a small quantity of light furnace oil to produce gas
turbine fuel having maximum No. 6 fuel oil viscosity specification at a rate

of 7,881 B/CD.

Most of the asphalt (91%) f£rom decarbonizing 1is burned hot as
refinery fuel to supplement off-gas from the several refining units. The
remainder of the asphalt is blended with decanted oil and light furnace oil to
low~-sulfur, 1.0% sulfur, No. 6 fuel oil product. Production rates of gaso-
line, jet fuel, benzene, propane LPG, and sulfur are identical with those in
the Base Case. Production of No. 2 fuel o0il is slightly less than in the Base

Case.
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I11T.4,1.2 Production of Gas Turbine Fuel by Delayed
Coking of Low-=Sulfur Vacuum Bottoms plus
Hydrotreating of Coker Distillate

A schematic flow diagram for production of gas turbine fuel by
delayed coking of vacuum bottoms from South Louisiana crude‘plus hydrotreating
of total, Cg-950°F, coker distillate (Case 1.21) is shown in Figure III-3.
Most of the vacuum bottoms, 96%, at a rate of 12,430 B/CD, is charged to a new
delayed coking unit to produce a metals-free coker distillate, C5~950°F, at a
yield of 74.6% or 9,267 B/CD. Coker distiilate is hydrotreated in a néw unit
employing a commercially-proven process and catalyst to produce 9,469 B/CD of
gas turbine fuel. This product contains very low concentrations of sulfur and
nitrogen, 0.05 wt% and 0.09 wt%, respectively, and has a distillate viscosity
of about 1.0 cs at 100°F. Hydrogen consumed in hydrotreating is supplied from
by~product hydrogen from the catalytic reforming unit in the existing

refinery.

The remainder of the vacuum bottoms plus FCC decanted oil and THD
polymer is burned as refinery fuel to supplement refinery off-gas. Gasoline
production is slightly higher than from the Base Case as a result of the
additional alkylate produced from coker propylene and butylenes. Production

of No. 2 fuel oil is significantly higher than in the Base Case as a fesult of

releasing furnace oil reguirements from blending to Wo. fuel o0il product.
Production of propane LPG and sulfur are also significa -i»> igher than from
the Base Case. Low-sulfur (1.4% sulfur) coke is pr. - a rate of

658 short tons/CD. New facilities are inagalled to scrub hydrogen sulfide
from refinery off-gas and tc convert the hydrogen sulfide to product sulfur to

supplement the units in the existing refinery.

4 scheme in which the naphtha-free, 375-650°F, coker distillate is
hydrotreated for gas turbine fuel production (Case 1.22) is shown in
Figure III-4. Gas turbine fuel has slightly higher concentrations of sulfur’
and nitrogen,; a higher viscosity and is produced at a lower rate, 6,962 B/CD,

than that from the previous scheme in which total coker distillate is hydro-

treated. Light coker gasoline, Cg-150°F, is Merox sweetened and blended irto
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the refinery gasoline pool. C~*er naphtha, 150-375°F, is pretreated and
reformed in admixture with straight-run naphtha in the existing refinery
units. Gasoline production, 113,582 B/CD, is thus increased significantly

above that from the Base Case.

A scheme in which naphtha and furnace oil-free, 650-950°F, coXker
distillate is hydrotreated for gas turbine fuel production (Case 1.,23) is
shown JIn Figure III-5. Production of gas turbine fuel 1is reduced io
3,433 B/CD. The sulfur and nitrogen concentrations and viscosity are signifi-
cantly higher than those for gas turbine fuel produced by hydrotreating total
coker distillate.  Coker naphtha, Cg5=375°F, is upgraded in the existing
refinery as described for Case 1.22. Cokexr furnace oil, 375-650°F, is charged
to the FCC unit in the existing refinery in admixture with straight-run cas
oil. Gasoline production from this scheme is increased to 117,062 B/CD
compared with 111,169 B/CD in the Base Case. Production of No. 2 fuel oil is
also signficantly higher +than for the Base Case, 59,644 B/CD versus

57,876 B/CD.

IIT.4.1.3 Production of Gas Turbine Fuel by Hydrodesulfuri-
zation of Low-Sulfur Vacuum Bottoms

Schemes including hydrodesulfurization of vacuum bottoms from
South Louisiana crude have been evaluated at moderate, intermediate and high
severity in Cases 1.37, 1.32, and 1.33, respectively, Schematic flow diagrams
are presented in Figures III-6, III-s and III-B, respectively. In Case 1,31,
the bulk, 93%, of the vacuum bottoms, 12,157 B/CD, is charged to the hydrode-
sulfurization unit with the remainder consumed aleong with FCC decanted oil and
THD pclymer as refinery fuel. The desulfurized 375°Ft residuum is blended
with 1light furance oil to produce 17,103 B/CD of residual type gas turbine
fuel containing 1.3 ppm vanadium, 0.25 wt% sulfur, and 0.09 wt® nitrogen. The
light gasoline fraction, Cg-17n°F, from desulfurization is blended into the
refinery gasoline pool, Naphtha, 170-375°F, from desulfurization is pre~

treated and reformed in units in the existing refinery to produce additienal
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high octane number gasoline. Production of No. 2 fuel oil, 54,993 B/CD, is
significantly lower than in the Base Case, 57,876 B/Ch, because of a greater
light furnace oil requirement to meet maximum viscosity specification of gas

turbine fuel.

Ammonium bisulfide formed from ammonia and hydrogen sulfide produced
in the hydrodesulfurization reactions is scrubbed from reactor effluent with
water. Sour water 1is charged to a stripping tower to recover ammonia,
2.1 short tons/CpP, and hydrogen sulfide which, along with that recovered from
the desulfurization units, is converted to product sulfur, 44 long tons/CD, in

a corventional Claus unit equipped with tail gas desulfurization facilities.

As hydrodesulfurization severity is increased to intermediate and
high levels, the vanadium concentration in the gas turbine fuel decreases to
0.6 ppm and 0.1 ppm, respectively. Sulfur content of the gas turbine fuel
product decreases from 0.25 wt% at moderate severity to 0.17 wt% at high
severity. However, nitrogen content remains unchanged at 0.09%. Also, as
severity is increased, the viscosity of the desulfurized 375°Ft residuum
decreases, which results in lower furnace oil requirements to meet maximum
turbine fuel viscosity specification, and a corresponding increase in No. 2
fuel o0il production. Gasoline production increases only slightly with

increase in desulfurization severity.

I11T.4.2 Upgrading of Residual from High=~Suliur Crude 0il

Ceuta (Venezuelan) crude oil containing 1.32 wt% sulfur and 133 ppm
vanadium, and considered representative of the source of the high-sulfur,
high-metals residual fuel oil marketed in this country, was selected as the
high-sulfur crude oil in this study. Costs for upgrading this very high-
metals residual to gas turbine fuel should define the upper cost limits for
upgrading residuals to gas turbine fuel. A hypothetical existing refinery has
been assumed charging this crude at a rate of 100,000 B/CD. A schematic flow

diagram for the Base Cas2 refinery (Case 2.00) is presented in Figure III-Y.
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As shown in Figure III~9, the primary processing units in the Base
Case include the FCC, alﬁylation and naphtha reforming units to produce
gasoline at a yield of 4%9.8% or 48,823 B/CD. WNo. 2 fuel oil is produced at a
rate of 22,087 B/CD by desulfurization of the bulk of the heavy straight-run
furnace oil and blending the resulting product with untreated light and heavy
straight-run furnace oils to a maximum product sulfur specification of 0.2%.

Benzeng and jet fuel are not produced.

Vacuum bottoms, 1000°Ft, comprising 21.5 vols of this crude,
contains 540 ppm of vanadium, 3.05 wt% sulfur, and 0.65 wt3 nitrogen.
Ninety percent of the vacuum bottoms is blended with FCC light gas oil and
decanted oil plus light straight-run furnace oil to produce 29,217 B/CD of
No. 6 fuel oil c¢ontaining 367 ppm vanadium, 2.66 wt% sulfur, and 0.44 wt%
nitrogen. The remainder of the vacuum bottoms is consumed hot to supplement

gas produced from the refinery units as refinery fuel.

ITI.4.2.1 Production of Gas Turbine Fuel by Decarboni-
zing of High-Sulfur Vacuum Bottoms

2 schematic flow diagram for production of gas turbine fuel by
decarbonizing of vacuum bottoms from Ceuta crude (Case 2.10) is presented in
Figure III~10. Vacuum bottoms is decarbonized in a new unit to recover 75% of
an oil containing 86 ppm vanadium, 2.62 wt% sulfur, and 0.39 wt® nitrogen.
This o0il is then desulfurized in a new unit to a product containing 13.3 ppm
vanadium, 0,27 wt% sulfur, and 0.31 wt® nitrogen. Gas turbine fuel containing
11.6 ppm vanadium, 0.26% sulfur, and 0.27% nitrogen is produced at a rate of
19,392 B/CD by blending the desulfurized oil with light furnace oil to the

maximum viscosity specification for No. 6 fuel oil.

About one-half of the asphalt from &ecarbonizing, containing high
concentratidns of metals, sulfur, and nitrogen, is blended with light furnace
0il to a sulfur content of 3.0% and to reduced viscosity for use, along with
refinery off-gas, as refinery fuel. The remainder of the asphalt is blended
with FCC decanted o0il and light furnace oil to No. 6 fuel oil having 3.0 wt$

sulfur and maximum specification viscosity.
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Gasoline and propane LPG production rates are the sSame and No. 2
fuel oil production rate is slightly greater than in the Base Case refinery.

Production of sulfur is almost three-~fold that from the Base Case.

III.4.2.2 Production of Gas-Turbine Fuel by Delayed Coking
of High-Sulfur Vacuum Bottoms plus Hydrotreating
of Coker Distillate

A schematic flow diagram for production of gas turbine fuel by
delayed coking of vacuum bottoms from Ceuta crude plus hydrotreating of total,
05-950°F, coker distillate (Case 2.21) is shown in Figure III-11. Ninety~nine
percent of the vacuum bottoms is charged to a new dslayed coking unit to
produce an essentially metals-free coker distillate, 05—950°F, at a yield of
70.9% or 15,060 B/CD. Coker distillate is hydrotreated in a new unit to
produce 15,263 B/CD of gas turbine fuel containing 0.16 wt% sulfur and 0.0Y
wt% nitrogen, and having a viscosity of about 1.0 cs at 100°F. The remainder
of the vacuum bottoms is blended with FCC decanted o0il which, along with

refinery off-gas, is consumed as refinery fuel.

Gasoline production in this scheme is slightly higher than in the
Base Case as a result of the additional alkylate produced from cceker propylene
and butylenes. Production of propane LPG is also increased from recovery from
coker gas. Production of No. 2 fuel oil is increased significantly over that
from the Base Case as a result of releasing furnace oil from blending to No. 6
Ffuel o0il which is no longer produced. A small new desulfurization unit,
3,740 B/SD charge capacity, 1is installed to supplement the existing unit to
meet increased furnace oil desulfurization requirement. Sulfur production is
increased almost three-fold as in the scheme with decarbonizing of wvacuum
bottoms. High-sulfur, 4.1% sulfur, coke is produced at a rate of 1,232 short

tons/CD.

A scheme in which the naphtha-~free, 275-950°F, coker distillate, is
hydrotreated to gas turbine fuel (Case 2.,22) is shown in PFigure III-12.

Production of gas turbine fuel is reduced from 15,263 B/CD in the previous
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scheme to 11,261 B/CD. Contaminants in this fuel are at a somewhat higher
level, 0.20 wt% sulfur and 0.11 wt% nitrogen. Gasoline production is in-
creased substantially over that from the Base Case, 53,505 B/CD versus
48,823 B/CD, from upgrading of coker naphtha in addition to increased alkylate
production. Production of No. 2 fuel oil, 29,399 B/CD, is the same as in the
previous scheme with hydrotreating of total coker distillate. Small new
naphtha pretreating and reforming units and a small new furnace oil desulfur-
ization unit axe installed to supplement the capacities of the existing

units.

A scheme in which naphtha and furnace oil free, 650-950°F, coker gas
oil is hydrotreated to gas turbine fuel (Case 2.23) is shown in
Figure III-13. The total production of vacuum bottoms is charged to coking.
Production of gas turbine fuel is reduced to 5,418 B/CD, the sulfur and
nitrogen concentrations of which are increased slightly to 0.25 wt% and
0.19 wt%, respectively. Coker furnace oil is catalycically cracked in
admixture with straight-run gas oil in the existing FCC unit. Gasoline
production 1is increased to 58,700 B/CD and No. 2 fuel oil production to
30,146 B/CD. Small new naphtha pretreating, naphtha reforming, and furnace
oil desulfurization units are installed to supplement the capacities of the
existing units as in the previous case (Case 2.22). Also, the existing FCC
and alkylation units are revamped to meet increased capacity requirements of
21% and 28%, respectively. About 75% of FCC decanted oil is consumed as
refinery fuel to supplement refinery off-gas, with the remainder marketed as

high-sulfur No. 6 fuel oil product.

IIT.4.2.3 Production of Gas Turbine Fuel by
Hydrodesulfurization of High-~Sulfur
Vacuum Bottoms

Schemes have been evaluated for hydrodesulfurization of wvacuum
bottoms fr.m Ceuta crude at moderate, intermediate, and high severity
(Cases 2.31, 2.32, and 2.33) and are shown in Pigures III-14, III-15 and
II11-16, respectively. In the moderate severity scheme, about 95% of the

vacuum bottoms is desulfurized by about 88% to produce a naphtha-free, 375°F+,
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residuum containing 59 ppm vanadium, 0,40% sulfur, and 0.42% nitrogen at 104
volume % yield. Desulfurized rasiduum is then blended with light furnace oil
to produce 25,325 B/CD of gas turbine fuel having the maximum viscosity
specification for No. 6 fuel o0il and containing 50.4 ppm vanadium, 0.37 wt%
sulfur, and 0.36 wt% nitrogen. Light gasoline, Cg-150°F, from desulfurization
is blended into the gasoline pool. Naphtha, 150-375°F, is pretreated and
reformed in the existing refinery units to produce additional high octane

number gasoline.

Gasoline production is increased slightly over that from the Base
Case refinery from the additional naphtha produced from desulfurization.
No. 2 fuel oil production is increased substantially as a result of reduced
furnace oil blending requirements for gas turbine fuel. A small new furnace
oil desulfurization unit, 3,620 B/SD charge capaclity, 1s installed to
supplement the existing unit. A small hydrogen manufacturing unit, 4,420 x
‘!03 SCF/SD, reforming refinery off-gas, is installed to supplement by-product
hydrogen fram the existing naphtha reforming unit for gasoline production.
The remainder of the vacuum bottoms plus FCC decanted oll are consumed as

refinery fuel to supplement refinery off-gas.

In Cases 2.32 and 2.33, desulfurization of vacuum bottoms is
increased to 91% and 94%, respectively. Production of gas turbine fuel
decreases by small extents. Gas turbine fuel vanadium concentration is
reduced to 31.0 and 10.9 ppm; and sulfur concentration to 0.29% and 0,20%,
respectively. Gas turbine fuel nitrogen concentration at intermediate
desulfurization severity is the same as at moderate severity, 0.36%, but is
reduced to 0.30% at high severity. Production of gasoline and No. 2 fuel
increase slightly as desulfurization severity is increased. New hydrogen
manufactaring plant capacity increases, but new furnace oil desulfurization

capacity remains unchanged as severity level is increased.
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IIT.4.3 Production of Gas Turbine Fuel by Upgrading
of Surface Retorted Shale 0il

A Base Case refinery (Case 3.00) was selected which is similar to an
existing refinery located in the Midwest charging low-sulfur crude oil for
primary production of gasoline and No. 2 fuel oil as operated by a major oil
company. South Louisiana crude oil is charged at a rate of 50,000 B/CD in a

scheme shown in Figure III-17.

Straight-run gas oil, 628-1100°F, is charged to the FCC unit at a
rate of 20,564 B/CD. Butylenes plus about 60% of the propylene produced in
the FCC wunit are recovered for production of alkylate at a rate of
5,171 B/CD. FCC 1light gas o0il is hydrotreated and blended with caustic
treated straight-run furnace oil for production of 15,634 B/CD of No. 2 fuel
oil. A portion of light straight=run furnace oil is hydrotreated for produc-

tion of 2,100 B/CD of jet fuel.

About 88% of the 1100°F" vacuum bottoms is blended with FCC decanted
0il and straight-run light furnace oil to produce 5,224 B/CD of low-sulfur
No. 6 fuel oil. The remainder of the vacuum bottoms along with refinery off-

gas is consumed as refinery fuel.

Light straight-run naphtha, 155-375°F, is pretreated and reformed to

produce a dJdebutanized reformate having 91.0 Research octane number clear. A
. . + . : .

gasoline pool having 89.3 RtM octane rating with 0.5 gn lead/gal is produced

2
at a rate of 29,034 B/CD.

ITI.4.3.1 Severe Hydrotreating of Raw Shale 0il followed
by Fluid Catalytic Cracking of Residuum

A scheme for upgrading surface retorted shale oil to gas turbine
fuel in the existing petroleum refinery based on initial severe hydrotreating
of raw shale oil (Case 3.10) is shown in Figure III-18. Raw shale oil from
retorting by the Paraho process and which is upgraded at the retort site to
enable transportation by pipeline is charged to the refinery at the rate of

50,000 B/CD. This raw shale oil containing a low concentration of vanadium,
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0.2 ppm, but high concentrations of sulfur, 0.66 wt%, nitrogen, 2.18 wt%, and

oxygen, 1.16 wt%, replaces the normal crude oil charge to the refinery.

Shale fines are removed in a new four-stage electrostatic unit
similar to a crude oil desalting unit. De-ashed shale oil is then charged to
a new hydrotreating unit operating at severe conditions of about 2,000 psig
reactor pressure, 700°F temperature, and 0.6 V/H/V space velocity over a
commercial catalyst, as employed in pilot plant runs! conducted by Chevron
Reszarch Company to achieve over 95% removal of nitrogen, sulfur, and oxygen
compounds. Arsenic compounds in raw shale oil are quantitatively removed, as
claimed by Chevron, in a guard chamber in the reactor to avoid poisoning of
the hydrotreating catalyst. Hydrogen is consumed at a high rate of
1,900 SCF/B. The existing crude oil atmospheric distillation tower serves as
a fractionator for hydrotreater products. The crude oil vacuum flash tower is

shut down.

Atmospheric bottoms, 640°F*, from the hydrriveating unit has a
sufficiently low nitrogen content, 0.79%, to enable charge to the existing FCC
unit for high conversion (84.8 vol%) to gasoline and lighter products. A high
yield of gasoline, 63.5 vol% of c5—430°F, is obtained from this feedstock.
Total FCC butylenes and 40% of the propylene produced are alkylated in the

existing HF alkylation unit.

The 375-640°F hydrotreated distillate fraction, after diverting a
small quantity to refinery fuel, is hydrotreated in a new second-stage unit to
assure production of a thermally stable gas turbine fuel in regards to gum~
forming tendency. A new second-stage unit is provided since the required
capacity greatly exceeds that of the existing furnace oil desulfurization
unit. Gas turbine fuel containing essentially no vanadium, 0.002 wt% sulfur,
and 0.02 wt% nitrogen, and having a viscosity of 2.4 cs at 100°F is produced

at a rate of 21,869 B/CD in lieu of No. 2 fuel oil product.

The Ce~375°F naphtha fraction from hydrotreating is pretreated in a

new unit to produce acceptable reforming unit feedstock. The design operating

conditions of the existing naphtha pretreater would probably not be adequate
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to pretreat this feedstock because of the higher than normal nitrogen content,
70 ppm. Pretreated naphtha is reformed in the existing reforming unit using
conventional catalyst to produce debutanized reformate having 95.0 Research
octane number, cl¢ar., Total gasoline production having a pool B%ﬂ octane
rating of 89.3 in this scheme is 28,543 B/CD. Yields and properties of
produuts from all processing units in this scheme, except the shale oil
hydrotreating unit, were provided by Gulf Research and Development Company

based on pilot plant operations.

Ammonium bisulfide formed from ammonia and hydrogen sulfide produced
in the hydrotreating reactions is scrubbed from reactor effluent with water.
Sour water is processed in a new Chevron waste water treating plant to recover
ammonia, 208 short tons/CD, and hydrogen sulfide. Also, hydrogen sulfide is
scrubbed from hydrotreator off-gas in a new conventional amine unit. Hydrogen
sulfide is converted to product suifur, 47 long tons/CD, in a new conventional

unit equipped with tail gas desulfurization facilities.

Off-gas £from the several refining units is charged to two new
hydrogen manufacturing plants having a capacity of 61.9 x 106 SCF/SD each to
supplement by~product hydrogen from the naphtha reforming unit to meet
hydrogen requirements for the scheme. Propane is recovered at a rate of

872 B/Cn from off-gas production.

A scheme has also been evaluated (Case 3.20) in which distillate
from primary hydrotreating is marketed as a gas turbine fuel product witnout
hydrotreating in a second stage. Although the sulfur and nitrogen contents of
this product are only slightly higher than in the product from the previous
scheme including second-stage hydrotreating, qum-forming tendency may exist
which then would require further, possibly chemical, treatment prior to

combustion.
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IIY«4.3.2 Delayed Qoking of Raw Shale 0il plus
Hydrotreating of Cokexr Distillate

An alternative scheme in which surface retorted shale oll is
upgraded by delayed coking followed by hydrotreating of coker distillate
{Cagsa 3.30) is shown in Figure IXIXI-19. Coking as the first processing step
has the advantage of removing any solids suspended in the yraw oil, most of the
nonfilterable iron, and about 80% of the arsenic prior to catalytic proces-
sing. The coker distillate is more easily hydrotreatad than raw shale oil,
and the hydrogen consumption is much lower for a product of a given nitrogen
content. Disadvantages for coking include the production of a low=quality,
low-value coke at the expense of higher=value liquid preducts.

Raw shala oil, which replaces the normal crude chargqa to the
vafinery, is de-ashed and charged to a new delayed coking unit at a rate of
50,000 B/CT. Total coker distillate, Cg-950°F, essentially metals free, and
containing 0.63 wtd sulfur and 1.75 wtd nitrogen, is produced at yield of
80.8 vold or 40,416 B/CD based on Chevraon pilot plant data.! Coker distillate
ls hydrotraated at relatively woderate conditions, 1,700 psilg reactor pressure
and 1.2 V/H/V space velocity, to produce a 350-650°F distillate containing
0.008% sulfur and 0.30% nitrogen at a yield of 71.4 vol¥ ox 48,868 B/CD.
Yields and properties of products from hydrotreating were estimated based on
Chevron pilot plant datal obtained at a higher severity level. The existing
crude atmospheric distillation tower serves as a fractionator far hydrotreatexr

products. The crude vacuum flash tower ls shut down.

About 37% of the 650°Ft bottoms from hydrotreating is consumed as
refinery fuel to supplement refinery off-gas. The remainder of tha bottowms is
blended with 375-650°F middle distillate from hydrotreating to gas turbine
product abt a rate of 32,273 B/CDs Further hydrotreating of this distillate in
a second-stage unit is not provided, since Chevren pilot plant results!
indicate that it may he possible to produce a stable diesel fuel from primary
hydrotreating only of coker distillate. Since hydrotreating of coker distil=
latea results in almost complete conversion to gas turbine fuel and lighter
products, the existing FCC and alkylation units ara not required and are shut

down.
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Coker naphtha, 150~375°F, is pretreated in a new unit and reformed
in the existing reforming unit to produce a debutanized reformate having 93.9
Research octane number, clear. Reformate 1is blended with coker light gaso-
line, 05-150°F, and butanes to produce 6,714 B/CD of gasoline having an
ng octane rating of 89.8 with a maximum TEL concentration of 0.5 gm lead per
gallon. This rating is higher than the minimum specification of 89.3 for pool
gasoline in 1985 in order to meet the minimum Research octane number specifi-
cation of 94.0. Gasoline is produced in this scheme at a markedly lower rate
than that, 28,543 B/CD, in the scheme including hydrotreating of whole raw

shale oll because of the absence of FCC gasoline and alkylate components.

Hydrogen consumed in hydrotreating of coker distillate is
1,100 SCF/B, considerably lower than required for hydrotreating of whole raw
shale oil, 1,900 SCF/B. A new hydrogen manufacturing plant employing steam
reforming of a portion of the off-gas from the several refining units is
provided at a capacity of 53.6 ® .06 SCF/SD to supplement by-product hydrogen

from the existing naphtha reforming unit.

IIT.4.4 Productioa of Gas Turbine Fuel by Upgrading of
Modified In Situ Retorted Shale 0il

III.4.4.1 Severe Hydrotreating of Raw Shale 0il followed
by Fluid Catalytic Cracking of Residuum

A scheme for upgrading modified in situ (MIS) retorted shale oil in
an existing petroleum refinery based on an initial severe hydrotreating step
(Case 4.10) is very similar to the scheme charging surface retorted shale oil
(Case 3.10) and is shown in Figure III-20. MIS shale oil contains signifi-
cantly less high~-boiling fractions, has a lower density, and contains
significantly less nitrogen than Paraho surface retorted shale oil, 1.4%
versus 2.18%. Concentrations of sulfur and oxygen, 0.5% and 1.0%, respec-
tively, are alse less than in Paraho shale oil, 0.66% and 1.16%,

respectively.
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Hydrogen consumed in hydrotreating MIS shale oil to produce a
residuum, 675°FF, containing 0.19% nitrogen for acceptable FCC feedstock is
slignificantly lower, 1,100 SCF/B, than for the surface retorted shile oil,
1,900 SCF/B. To produce the same yield of residuum to meet the capacity of
the existing FCC unit, the product distillation cut point is increased to
675°F compared with 640°F for surface retorted shale. The yield of middle
distillate, 375-675°F, from hydrotreating MIS shale oil is higher than the
yield of #he 375-640°F middle distillate from hydrotreating surface retorted
shale oil, 52.2 versus 47.5 vol%. However, the yield of naphtha, c5-375°F,
from hydrotreating MIS shale oil is lower, 12.1 versus 18.1 vols. This
results in a higher production of gas turbine fuel, 26,127 B/CD versus
21,869 B/CD, and a lower production of by-product gasoline, 25,807 B/CD versus
28,543 B/CD, for upgrading MIS shale oil compared with surface retorted shale

oil.

In Case 4.10, the 375-675°F middle distillate from hydrotreating MIS
shale oil is hydrotreated in a second-stage unit to ensure the production of a
thermally stable gas turbine fuel. A scheme has also been evaluated

(Case 4.20) in which the second-stage hydrotreating unit is not included.
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Gas turbine fuel upgrading costs were calculated for a U.S. Gulf
Coast 1location in 1985, Prices for major petroleum products and electrie
power are those forecast by Data Resources, Inc. (DRI). Crude oil prices were
based on the DRI price forecast for imported crude. The price for propane LPG
was based .n a relationship with No. 2 fuel cil price and prices for iso and
normal butanes on relationships with gasoline price. The price for ammonia
was based on the DRI wprice forecast for natural gas. The price for low-sulfur
coke wag based on a projected price for charge stock for electrode manufacture
for the aluminum industry. The price for high-sulfur coke was based on its
fuel value. Prices for sulfur and benzene were escalated fram current Gulf

Coast prices.

The investment for new facilities for upgrading including process
units, catalysts and royalties, storage tanks, utility units and miscellaneous
off-sites plus 20% contingency were estimated for 1984, the mid-point of a
projected two-year construction period to enable start-up in 1985. Bases for
the investment and operating cost estimates are presented in Table III~A in
Appendix B. Labor and investment overhead factors for petroleum residual
upgrading plants are those employed by a major oil company for a large
refinery on the Gulf Coast. Corresponding factors for shale oil upgrading

plants are those employed by this o0il company at a smaller Midwest refinery.

III.5.1 Costs for Upgrading of Residual from Low-Sulfur Crude 0il

The economics for upgrading vacuum bottoms from low--sulfur,_South
Louisiana, crude oil for each of the seven sgchemes evaluated are presented in
Table III-1 in Appendix B. The net revenue, total revenue less total expense,
calculated for the Base Case refinery (Case 1.00) in which wvacuum bottoms is
blended to low-sulfur No. 6 fuel oil is $728,743 x’ 103/year, exclusive of
labor and investment burdens. This net revenue plus a profit of 30% before

tax on incremental investment are stipulated to be provided in each case for
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upgrading vacuum bottoms to gas turbine fuel. Productiocn of gas turbine fuel,
total plant investment for upgrading facilities, and the calculated price of

gas turbine fuel for each case are as follows:

Upgrading of South Louisiana Vacuum Bottoms to Gas Turbine Fuel

Incremental Gas Turbine Fuel

Investment, Price,

Case Description $106 (1984) B/CD $/B_(1985)

1.10 Decarbonizing 41 7,881 65.58
Coking + Hydro*reating

1.21 of Cg~950°F Distillate 76 9,469 65,95
Coking + Hydrotreating

1.22 of 375~950°F Distillate 72 6,962 62.21
Coking ~ Hydrotreating

1.23 of 650-950°F Gas 0il 67 3,433 46 .43
Moderate Severity

1.31 Hydrodesulfurization 60 17,103 60.72
Intermediate Severity

1.32 Hydrodesulfurizaiton 62 16,830 60.67
High Severity

1.33 Hydrodesulfurization 64 16,714 60,71
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The prices calcunlated above for gas turbine fuel compare with 1985
forecast prices for low-sulfur No. 6 fuel oil and No. 2 fuel oil of $56.03/B
and $6B.65/B, respectively. Differentials in prices calculated for gas
turbine fuel over the forecast price for low-sulfur No. 6 fuel vary from
-$9.60/B in the scheme including coking of vacuum bottoms followed by hydro-
treating, K of 650-950°F coker gas oil to $9.92/B in the scheme including coking
of vacuum bottoms followed by hydrotreating of total, Cg-950°F, coker distil-
late. These price differentials constitute upgrading costs which are
considerably less than the $12.62/B differential in price of No. 2 fuel oil

over low-sulfur No. 6 fuel oil.

Costs for upgrading low~sulfur vacuum bottoms to gas turbine fuel
have also been plotted as functions of vanadium, sulfur, and nitrogen contents
of this fuel in Figures III-21, III-22, and III-23, respectively, in
Appendix C. The primary objective in upgrading is reduction of trace metals
{vanadium) content, along with viscosity to the maximum specification for
No. 6 fuel oll or lower. Sulfur content is also simultaneously reduced
extensively in each scheme, except for that including decarbonizing. However,
no reduction in nitrogen content is achieved in any of these schemes. 1In the
case of delayed coking plus hydrotreating of 650-950°F coker distillate, the
nitrogen content is actually increased over that in vacuum bottoms by concen-

tration in the coker heavy gas oil fraction.

As shown in the c¢oking schemes, by~product credits obtained by
upgrading naphtha or furnace oil by-products in the existing refinery have a
very dramatic effect upon gas turbine fuel upgrading costs. The most favor-
able scheme economically includes coking of vacuum bottoms followed by
hydrotreating of naphtha and furnace oil-free, 650~950°F, coker gas oil
(Case 1.23). The greatly increased gasoline production in this scheme from
upgrading coker naphtha and from cracking of coker furnace oil, 375-650°F,
more than offsets the upgrading cost for gas turbine fuel, with the price of
this product calculated to be less than for No. 6 fuel oil, $46.43 versus
$56.03/B. However it should be noted that the production rate of gas turbine

fuel in this scheme is relatively low, 3,433 B/CD, and its price, which is
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calenlatod as the difference batwaon large values, is sensitive to the
foracast prices of the soveral by-products and the the assumptions employed in
astimating investment and manufacturing expensa.

If the naphtha-free, 375-650°F, cokor distillate lo hydrotreated to
gag turhine fuel, with coker naphtha enly upgraded in the existing faclilties
(Case 1.22), the priece of gas bturbine fuel, $62.21/8, ls increased qgreatly
over that from the scheme in whiech both coker naphtha and furnace oll are
upgraded, Howavar, the prlee of gas turbine fuel in this case 1s still
slgnlficantly lower than when total eoker dlstillate is upgraded to gas
turbine fuel and no significant by-product oredits ara obtained, $65.95/D.

Direct hydrodasulfurizatlon of wvacuum botkoms ls the sacond wmost
favorable schome of thoge ovaluated Ffor upgrading low-sulfur rosidual tc qas
turbinae fuel. The caleulated prica of gas turbine fuel in this achemo, about
$§60.70/8, la assontially indopondent of hydrodesulfurization severiiy. Tha
groater ilnvestment and oporating cost for highor gsoverxity opeoration is offsat
by inexoased No., 2 fuel oll by-produet credit obtained ag a result of tha
rodueed viscosity of tha desulfurized product and tha reduced furnace oll
requivament for blanding to maximum viacosity specilfication. Thus, a gas
turbina fuel of highor quality with lower impurity concontrations can ba
produced with no ineraase in price by ineraasing the desulfurivation soverity
lavel.

The price of gas turbine fusl produced by decarbonlming of vacuum
hottomg, $65.58/8, Is approximately ogual to that obtained in the schame
ineluding coking plus hydrotroating of total coker distlllate, $65.95/B. fThe
filgher investment and oporating cost in the coking schema is offsak by & 20%
increase in gas turbine fuel preduction. Howevor, tha gas turbine fuel
produced in the coking schome is of higher quality, l.e., lower lmpurlties
concantrations with a viscoslty in tha distillake range, comparad with that
fram decarbonizing, with a viscosity in the residual fual &dl range.
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IIX. 5.2 Costs for Upgrading Residual from High-Sulfur Crude 0il

The economics for upgrading vacuum bottoms Ffrom high-sulfur, Ceuta
crude to gas turbine fuel for each of ihe seven schemes evaluated are present-
ed in Table III-2. The net revenue calculated for the Base Case refinery in
which vacuum bottoms is blended to high-sulfur WNo. 6 fuel oil is
$260,473 x 103/year, exclusive of 1labor and investment burdens. This net
revenue plus a profit of 30% before tax on incremental investment are stipu~
lated to be provided in each case for upgrading vacuum bottoms to gas turbine
fuel. Production of gas turbine fuel, total plant investment for upgrading
facilities, and the calculated price of gas turbine fuel for each case are as

follows.

Upgrading of Ceuta (Venezuelan) Vacuum Bottoms to Gas Turbine Fuel

Incremental Gas Turbine Fuel
Invqstment, Price,
Case Description $10° (1984) B/CD $/B (1985)
2.10 Decarbonizing 126 19,392 63.68
Coking + Hydrotreating
2.21 of C5—950°F Distillate 123 15,263 69.79

Coking + Hydrotreating
2.22 of 375-950°F Distillate 142 11,261 70.45

Coking + Hydrotreating
2.23 of 650-950°F Gas 0il 152 5,418 69 .85

Moderate Severity
2.31 Hydrodesulfurization 245 25,325 62.76

Intermediate Severity
2.32 Hydrodesulfurization 255 25,096 63.31

High Severity
2.33 Hydrodesulfurization 271 24,730 64.16

The prices calculated above for gas turbine fuel compare with 1985
forecast prices for high-sulfur No. 6 fuel o0il and No. 2 fuel oil of $53.00/B
and $68.65/B, respectively. Upgrading costs, which are the differentials in
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prices calculated for gas turbine fuel over the price forecast for high-sulfur
No. 6 fuel oil, vary from $9.76/B in the scheme including moderate severity
hydrodesulfurization to $17.45/B in the scheme including coking plus hydfo—
treating of 375-950°F coker distillate.

Costs for upgrading high-sulfur vacuum bottoms to gas turbine fuel
are plotted as functions of vanadium, sulfur, and nitrogen contents of this
fuel in Figures III-24, III-25, and 1III-26, respectively in Appendix C.
Decarbonizing and hydrodesulfurization are equivalent economically in up-
grading high-sulfur vacuum bottoms to gas turbine fuel to a given vanadium,
sulfur, or nitrogen concentration. Hydrodesulfurization requires about double
the upgrading investment required for decarbonizing, but this is offset by a
30% increase in gas turbine fuel production rate. The cost of upgrading by
hydrodesulfurization increases only slightly over a wide range of vanadium
removal. However, it is not feasible with present-day desulfurization or
decarbonizing technology to reduce the vanadium concentration of gas turbine

fuel fran this high-metals residual below about 11 ppm.

7

The schemes, including coking of high-sulfur, high-metals wvacuum
bottoms plus hydrotreating of coker distillate are capable of producing gas
turbine fuel containing essentially no trace metals However, the upgrading
costs are significantly greater than the price differential between No. 2 fuel
oil and high-sulfur WNo. 6 fuel oil. The upgrading cost is essentially
independent of the boiling range of gas turbine fuel product, which is
contrary to that shown for upgrading low-sulfur residual. Higher by=-product
credits from upgrading coker naphtha or furnace oil are offset by high costs
for new downstream refining units and for revamping of existing units.
Therefore, production of low-metals content gas turbine fuel from high-sulfur,

high~metals residual by this processing route is not economically justified.
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IIT.5.3 Costs for Upgrading Surface Retorted Shale 0il

I1TI.5.3.1 Severe Hydrotreating of Raw Shale 0il
followed by Fluid Catalytic Cracking of Residuum

The economics for upgrading surface retorted shale oil to gas
turbine fuel for each of two cases evaluated based on hydrotreating of raw
shale oil followed hy FCC of residuum are presented in Table III-3, The net
revenue generated in the Base Case refinery charging South Louisiana crude oil
(Case 3.00) is calculated to be $181,021 x 103/year, exclusive of labor and
investment burdens. This net revenue plus 30% prof.t on incremental invest-
ment was employed to calculate a price for raw shale oil for upgrading to
conventional petroleum products, primarily gasoline and No. 2 fuel oil, for
which price forecasts in 1985 have been obtained (Case 3.01). The price of
raw shale is calculated on this basis to be $50.86/B and compares with a price

forecast for South Louisiana crude of $62.00/B.

Using the price of raw shale oil as calculated above, the price of
gas turbine fuel fram the scheme including severe hydrotreating of raw shale
0il plus second-stage hydrotreating of the distillate product (Case 3.10) is
calculated to be $68.63/B. This price is only slightly less than that for
No. 2 fuel oil, $68.65/B, and reflects the elimination of additives for No. 2
fuel oil. Otherwise, the guality and properties of gas turbine fuel are

identical with those for No. 2 fuel oil.

If second~stage hydrotreating of distillate is eliminated in the
above scheme on the assumption that it will not be required for production of
stable gas turbine fuel, or that gum-forming tendency can be passivated by
chemical additives (Case 3.20), the investment and operating costs for
upgrading are significantly reduced, with price of gas turbine fuel reduced to

$65.93/B, $2.72/B less than the price of No. 2 fuel oil.
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III.5.3.2. Delayed Coking of Raw Shale 0il plus
Hydrotreating of Coker Distillate

The shale oil upgrading scheme with coking as the initial processing
step (Case 3.30) requires a total plant investment, as shown also in
Table IXI-3, of only 75% of that for the scheme with severe hydrotrxeating as
the initial processing step (Case 3.20). Fuel, power, chemicals, and catalyst
consumptions are also greatly reduced. This rasults from the much milder
operating conditions required in hydrotreating coker distillate to a given
nitrogen content along with greatly reduced hydrogen consumption, compared
with hydrotreating whole raw shale oil. Also, hydrotreating in the coking
scheme is intentionally designed for lower sevexrity operation to produce a gas
turbine fuel having a higher nitrogen content of 0.3%, since there is no need
to meet tha lower nitrogen requirement for FCC feedstock. However, the
reduction in operating costs is much more than offset by the large loss in by-
product gasoline resulting from shutting down of the existing FCC and
alkylation units. Also, not withstanding that these units are shut down in
this scheme, the net revenue generated in the Rase Case in which these units
are in operation is stipulated to be provided in the gas turbine fuel
upgrading scheme. The result is that the price of gqas turbine fuel obtained
by upgrading shale oil by coking plus hydrotreating escalates to $85.58/B,
which is $16.93/B greater than the price of No. 2 fuel oil. Thus, upgrading
of raw shale oil by coking plus hydrotreating in an existing refinery in which

raw shale oil replaces tha normal crude charge is not economically feasible.

TIX.5.4 Costs Ffor Upgrading MIS Shals 0Oil

Economics for upgrading MIS shale oil in an existing refinexry based
on initial severe hydrotreating to meet FCC feedstock reguirements (Cases 4.10
and 4.20) are presented in Table III-4. To provide the same net revenue
generated in the Base Case vrefinery charqimq South Louisiana c¢rude oil,
$181,021 x 103/year, the requirved price fof raw MIS shale oll to produce
conventional petroleum products is calculated to be $53.81/B. The higher

price for MIS shale oil compared with the calculated price of surface retorted
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shale oil, $50.86/B, results largely from the much lower hydrogen consumption
in hydrotreating MIS shale oil and the attendant lower investment and

operating costs.

Based on the calculated price of raw MIS shale oil, the price
calculated for gas turbine fuel including initial high severity hydrotreating
to produce FCC feedstock followed by second~stage hydrotreating of distillate
is $58.63/B, the same as in the scheme for surface retorted shale oil. As
pointed out previously, this price is only slightly lower than that of No. 2
fuel oil because of the elimination of additives for the latter fuel. If
second-stage hydrotreating of distillate is not provided (Case 4.20) the price
of gas turbine fuel is reduced to $66.04/B, which is éimilar to the price of
$65.93/B calculated for the corresponding scheme upgrading surface retorted

shale oil.
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IIT.6 Conclusions

Petroleum residuals or raw shale oil can be upgraded economically in
representative existing petroleum refineries to produce high-quality gas
turbine fuels. A low-sulfur petroleum residual can be upgraded to gas turbine
fuel containing less than 1 ppm vanadium by decarbonizing, by delayed coking
plus hydrotreating of coker distillate, or by hydrodesulfurization. Upgrading
cost, the calculated price of gas turbine fuel less the forecast price of low~-
sulfur No. 6 fuel oil, for 1985 ranges from -$9.60/B to $9.92/B of gas turbine
fuel product. These costs are lower than the differential between prices for

No. 2 fuel o0il and low—-sulfur No. & fuel oil products.

A negative value for upgrading cost, in which the calculated price
for gas turbine fuel is less than the price for No. 6 fuel oil, is obtained
for the scheme including coking of vacuum bottoms followed by hydrotreating of
650=950°F coker gas oll to gas turbine fuel. By-product credits from the
additional gasoline produced by reforming of coker naphtha and catalytic
crarking of coker furnace oil in existing refinery units more than offset

costs for upgrading.

Hydrodesulfurization of low-sulfur vacuum bottoms is more favorable
economically than decarbonizing, coking plus hydrotreating of total coker
distillate, CS-QSO°F, or coking plus hydrotreating of naphtha~free coker
distillate, 375-950°F., This results from the higher production rate of gas
turbine fuel by hydrodesulfurization with nc degradation of ligquid to coke or
asphalt.

A high-sulfur, high-metals petroleum residual can be upgraded
econcmically to a gas turbine fuel containing as low as 11 ppm vanadium, about
0.25 wt% sulfur, and about 0.30 wt% nitrogen by decarbonizing or hydrodesul-
furization. Upgrading costs, calculated prices of gas turbine fuel less price
of high-sulfur Wo. 6 fuel oil, are in the range of $9.76/B to 11.16/B and are
lower than the differential between prices for No. 2 fuel oil and high-sulfur
No. 6 fuel oil. Fuels containing lower vanadium concentrations can not be

produced fram this high-metals feedstock by these processes using current
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technology. Advanced technology for hydrodesulfurization ¢f heavy oils is
currently under development which could result in production of gas turbine

fuels having lower metals contents and/or at lower costs.

Essentially metals-free gas turbine fuels can be produced from high-
sulfur, high~metals residuals by coking followed by hydrotreating of coker
distillate. However, upgrading costs exceed the price differential between
No. 2 fuel oil and high-sulfur No. 6 fuel oil products, which therefore render

this scheme economically infeasible.

Raw shale oil produced by surface or modified in situ retorting can
be upgraded to high quality gas turbine fuel in a representative existing
petroleum refinery by hydrotreating at high severity to produce a residuum
suitable for charge to the existing FCC unit. Gas turbine fuel comprises the
middle distillate fraction from hydrotreating followed, if necessary, by
second-stage hydrotreating to ensure thermal stability. Calculated prices of
gas turbine fuel are about equal to, or about $2.70/B lower than, the price of
No. 2 fuel oil, depending on whether second~stage hydrotreating of middle

distillate is provided or ‘mot.
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NEW REFINERIES TO UPGRADE FUEL

Iv. 1 Summary

The costs of manufacturing gas turbine fuels of varying qualities
from coal liquids, shale oils and petroleum residual oils in grass-roots
facilities specifically designed for this purpose have been developed for the
year 1985. Wherever applicable, they have been evaluated in the context of
two distinct refining strategies: one in which impurities are removed to
various levels while retaining essentially the same boiling range as the
feedstock in order to maximize the product volume available as gas turbine
‘fuel; and the other in which the boiling range of the feedstock is changed in

order to make impurity removal more facile.

IVe 1.1 Summary of Cases

The feedstocks and processing options which have been examined in

this task by means of complete grass-roots processing facilities are as

follows:
Feedstock Processing Option Case Number(s)
Eastern Coal Liquid Distillate Hydrotreating 1010,1011,1020,1030
(SRC~1IY) @ 3 Severities
Western Coal Liguid With and Without 2010,2020
(H-Coal) Hydrotreating
Surface Retorted Shale 0il Whole 0il Hydrotreating 3010,3011,3020,3030
(Paraho) @ 3 Severities w/Diesel Fuel
Whole 0il Hydrotreating 301a,302A,303A
@ 3 Severities wo/Diesel Fuel
Coking plus Hydrotreating 3040,3050,3060
@ 3 Severities
Modified In Situ Shale 0il Whole 0il Hydrotreating 4020,402A
(Occidental) ’
Low~Sulfur Petroleum Hydrotreating @ 3 5010,5020,5030
Residual Severities
(South Louisiana) Coking plus Hydrotreating 5040
High-Sulfur Petroleum Hydrotreating @ 3 6010,6020,6030
Residual Severities
(Ceuta) Coking plus Hydrotreating 6040
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In addition, pricing cases have been developed for the four syncrude
feedstocks in order to establish market values for each of thea as raw mater-
ials for the manufacture of transportation fuels. The economic summaries for
all of these cases are presented in Tables IV-1 to IV-9, and block flow dia-
grams for each case are shown in Figures IV-1 to IV-30. They are shown in
sufficient detail so that the forecast feedstock values, product prices and
cost factors can be revised and the gas turbine fuel prices can be recalcu-

lated for different time periods and/or inflation rates.

As described in greater detail in Sections IV, 2 and IV. 3, a fore-
cast 1985 total cost has been developed for the gas turbine fuel in each
case. It is the price which gives a 30% return on total capital before taxes
with the raw material at its estimated market value and the by~products at

market prices as forecast by DRI for 1985.

Even in a grass-roots facility designed so that gas turbine fuel is
the primary product, there will also be a range of by-products produced
depending on the nature of the feedstock and the type of processing. Hence, a
simple tabulation of the total manufacturing expenses is not necessarily a
good indicator of the relative costs of manufacturing gas turbine fuels, since
the costs of manufacturing by-products, such as LPG, gaéoline, diesel fuel and
heavy fuel oil, are interrelated with the turbine fuel treating costs. This

must be taken into account when interpreting the results.

IV. 1.2 General Observations

The fuel quality/processing cost relationships developed in Task IV
are used in Task V in the integration and evaluation of alternative paths from
the raw materials to electric power generation. Within Task IV, the following

general observations can be made:
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1. Hydrotreating generally results in a lower-cost, though higher-boiling,
gas turbine fuel than coking plus hydrotreating of the coker distillate to
comparable purity levels. However, for removal of trace mé&tals, particu-
larly from high-metals petroleum residual oils, coking followed by

hydrotreating is more effective, although at a higher cost.

2. The increased expense of hydrotreating at higher severities is somewhat
offset by increased by-product credits, generally resulting from concomi-

tant conversion to lighter by=-products.

3. As expected, western coal liquid is 1less expensive than eastern coal
liquid to treat to a comparable purity level, and MIS shale oil is less
expensive to treat than surface retorted shale oil. However, if each
feedstock is costed at its estimated market wvalue, these differences are
offset by the higher market values of western coal ligquid and MIS shale

oil.

4., The shale oils are generally more expensive than the coal liquids to treat

to comparable purity levels.

5. Higher quality and less expensive gas turbine fuels can be produced from a
Jow~sulfur petroleum residuum than from a high-sulfur petroleum residuum
when both feedstocks are priced on the basis of viscosity and sulfur

content-

IV. 2 Basis of Calculations

The basis for each case in Task IV is a complete new 1985 grass-
roots refinery designed specifically to convert a syncrude or a petroleum
residual oil into refined products, primarily gas turbine fuel. Each one is
conceptually a stand-alone facility at an undefined location, designed to be
self-sufficient in fuel, steam, and hydrogen plant feedstock and to purchase

only electric power ({generally less than 10 MW) and fresh water. It is not
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presumed that these facilities are located near their respective raw material
converting facilities. Thus no «vedit has been taken for any possible syner-
gistic effects such as availability of outside fuel, hydrogen plant feedstock

or heat energy.

Wwith the exception of Cases 5010-5030 (South Louisiana wvacuum
bottoms), refinery fuel consists of process off-gas supplemented by treated
heavy liquide. In Cases 5010~3930, Ilow-sulfur vacuum bottoms is used
directly. For hydrogen plant feedstock when there is insufficient refinery
off-gas available, both steam-reforming of treated light liquids and partial
oxidation of raw heavy liquids were evaluated for one coal liquid case and one
shale oil case. The option resulting in the lowest gas turbine, fuel price

(steam reforming in both cases) was used for that and all other cases.

The economic evaluation factors used in Task IV are for the most
part identical to those used in Task IIZ and described in Table III-A. The
only differences from Task III are those which result from a grass-roots

facility versus additions to an existing refinery, as follows:

1. Investment is provided for all required process, tankage and utility

facilities.

2., Miscellaneous off-sites are estimated as 33-1/3% of process plus tankage

investment instead of 25%.

3. Working capital is included.

4, Gasoline is produced in the form of an unleaded blending component,
pressurized only to the extent of available butanes and priced on an
octane~barrel basis, rather than an average pool gasoline.

In each case, the grass-roots facility was sized to handle the

expected output of one commercial scale raw material upgrading facility or one

petroleum refinery. This was projected to be 66,600 B/CD of coal liquids,
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50,000 B/CD of shale oil, 12,500 B/CD of vacuum bottoms from low-sulfur crude
oil and 21,500 B/CD from high-sulfur crude oil. The choice of a specific
feedstock within each category was based primarily' on the availability of

refinery processing data.

As in Task III, petroleum product prices are based on Data Resources
Incorporated’s Case CONTROL0O880 for the year 1985, as are the electricity
price and the natural gas price from which the ammonia price was estimated.
All ~ther investment and operating cost factors were escalated to 1985 at

projected inflation rates.

IV. 3 Feedstock Pricing

In determining the potential 1985 costs of gas turbine fuels of
varying qualities from various feedstocks, it is necessary to find a way to
develop these costs in a manner such that they will be meaningful relative to
the forecast 1985 prices for conventional petroleum products as well as to
each other. The single most significant component of that cost is the feed-

stock price.

The price (or value or cost) of each syncrude or petroleum residual
feedstock affects the quality versus cost relationship for that feedstock,
since varying portions of it are consumed in the upgrading process as fuei and
as hydrogen plant feedstock. In addition, the price of each feedstock is
particularly important to any comparison of resulting gas turbine fuel costs

from different feedstocks.

However, any attempt to estimate the cost of producing cecal liquids
or shale oils frocm their raw materials would necessarily have a great deal of

uncertainty attached to it, as well as being beyond the scope of this study.

The problem of developing meaningful gas turbine fuel costs, which
are greatly dependent on very uncertain feedstock costs, was resolved by

determining a potential market value for each of the syncrude feedstocks as

raw materials for a grass-roots facility manufacturing transportation fuels,
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which are valued at the prices forecast for these conventional petroleum
products. It is assumed that this will be the primary use for these syncrudes
and will therefore set the market. These estimated market values are then
used as the raw material costs for the subsecuent cases prcducing gas turbine
fuels of varying qualities in grass-roots facilitiss designed specifically for
that purpose. Thus, the resulting gas turbine fuel prices used in the
quality/cost relationships have a certain degree of absolute as well as rela-
tive meaning in comparison to the forecast prices of conventional petroleum

products.

The flow diagrams for the four syncrude pricing cases are shown in
Fiqures 1V-1 to IV-4, and the economic sunmaries are presented in Table IV-1.
ALl four of the pricing cases begin with high-severity hydrotreating, followed
by naphtha pretreating (where required) and catalytic reforming to preduce an
average 1985 pool gasoline with a road octane number of 89.3 at a maximum of
0.27 cc MEL/qallon. The two coal liquids cases produce distillate products
from the remaining hydrotreated oil. The two shale oil cases include a second
hydrotreating of the distillate product in order to produce a diesel fuel of
sufficient stability to weet the diesel specifications. The two shale oil
cases also include fluld catalytic cracking and HF alkylation to lncrease

gagoline yield by conversion of the hydrotreated bottoms.

The two petroleum residuals under consideration, the 1000°F vacuum
botroms Ffrom South Louisiana and Ceuta crudes, were priced as components of
jow-sulfur and high-sulfur No. 6 fuel oils, respectively, on a viscosity
basis. Each one was cut to a viscosity of 200 SFS at 122°F with a representa-
tive cutter stock of 35° API, 0.15 wtd sulfur a=? 34 SUS at 100°F. The cutter
stock was priced at the forecast 1985 U.S. average wholesale price for No. 2
fuel oil ($68.65/B), and the No. 6 fuel oil blends were priced at $56.03/B for
low-sulfur and $53.00/B for high-sulfur fuel oil.

The resulting estimated 1985 market values at the refinery gate for
all six gas turbine fuel feedstocks, consistent with the petroleum prices

forecast being used in this study, are as follows:
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Eastern Coal Liquid $51.70/B
Western Coal Liquid $62.70/B
Surface Retorted Shale 0il $53.90/8B
MIS Shale 0il $58.00/B
South Louisiana Vacuum Bottoms ' $49.02/B
Ceuta Vacuum Bottoms $45.44/B

This exercise is not intended to be a definitive evaluation of these
feedstocks. It merely establishes a reasonable refinery gate market value
consistent with the petroleum product price forecast from which representative

gas turbine fuel costs can be generated.

IV. 4 Description of Cases

IV. 4.1 Ungrading of Eastern Coal Liquid to Gas Turbine Fuel

IV. 4.1.1 Impurities Removal

For the refining strategy of impurities removal, hydrotreating of
SRC~II distillate at three different severity levels was used to show the
effect of quality versus cost. ©The hydrotreating severity used in the SRC-II
pricing case (Case 1000) to manufacture on-test jet fuel was much higher than
would be required to examine even the highest purity level of interest to the
economic manufacture of gas turbine fuel from SRC~II liquid. It was based on
a high severity run on 400°F+ SRC-II distillate by Chevron Research Company1
and produced a hydrotreated distillate of less than 1 ppm nitrogen and about
50 ppm each of sulfur and oxygen. This is much greater than the purity level
of interest in Task IV. Hence, for the gas turbine fuel product cases,
processing estimates were developeé by GR&DC for three lower severity opera-
tions which covered the range of 0.3-0.7 wt% nitrogen in the distillate
product (Cases 1010-1030).
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As in the pricing case, the SRC~II naphtha is hydrotreated
separately to prepare a suitable feedstock for catalytic reforming. Since the
SRC~-II distillate hydrotreating is much less severe than in the pricing case,
the naphtha by-product is further hydrotreated in the same naphtha hydro-
treater. The hydrotreated Cg-180°F light gasoline plus the Cs+ reformate are
blended and shown as an unleaded gasoline component which meets the minimum

expected road octane number specification for 1985 of 87.0.

IV. 4.1.2 Hydrogen Manufacture

The catalytic reforming unit provides about 1/3 to 1/4 of the
hydrogen required for both the naphtha and the distillate hydrotreaters. Two
approaches were examined for manufacturing the supplemental hydrogen from in=-
plant raw materials: steam reforming of hydrotreated light gasoline and
naphtha; and partial oxidation of raw SRC-II distillate. TPartial oxidation is
a more expensive process, hoth in its initial investment and in its operating
costs, but this is offset by being able to use a lower-valued feedstock, in
this case raw SRC~II distillate instead of primarily hydrotreated naphtha, a

gasoline precursor.

The lowest severity SRC-~II distillate hydrotreating case was devel-
oped with both steam reforming (Case 1010) and partial exidation (Case 1011)
as the processes for manufacturing hydrogen. ¢rom the economic summary shown
in Table IV-2, the incremental total capital requirement for the partial
oxidation case relative to the steam reforming case is $76.62 million, and the
incremental return on total capital at the same turbine fuel price as in
Case 1010 would be 13.9%, which is below the estahlished criterion of 30%
return on total capital before taxes. At 30% return, the turbine fuel cost is

$57.75/B in Case 1011 versus $57.09/B in Case 1010,
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On this basis, steam reforming of hydrotreated light gasoline and
naphtha was selected as the hydrogen manufacturing process for all of the coal
liguid cases requiring supplemental hydrogen. Under the project precept of
directing the raw material primarily toward gas turbine use, the steam reform-
ing case has the additional advantage of not using a turbine fuel precursor
and therefore showing a higher yield of gas turbine fuel than the correspond-

ing partial oxidation case.

IV. 4.1.3 Extensive Alteration of the Boiling Point Range

The liquid products resulting from the direct liquefaction of both
eastern and western coals by the threz principal coal liquefaction processes
are already relatively low-boiling materials. Hence the strategy of refinery
conversion processing to extensively alter the boiling point range of these
materials would make economic sense only for the manufacture of 1lighter
products such as gasoline or jet fuel and was not evaiuvated for the manufac-

ture of gas turbine fuels. 4

IV. 4.2 Upgrading of Western Coal Liguid to Gas Turbine Fuel

The western coal liquid for which refinery processing data are most
readily available is H-Coal of Wyodak coal, which is being studied extensively

2,3

by Chevron Research Company though once again in the context of manufactur-

ing primarily transportation fuels.

The representative western coal 1liquid is very light and the raw
350°F+ distillate fraction already meets the minimum sulfur, nitrogen and
trace-metal purity levels of interest in Task IV. However, the raw distillate
is reported to have very poor oxygen stability, although hydrotreated western

coal liquid has excellent oxidation stability.

Hence, two gas turbine fuel cases have been evaluated for the
western coal ligquid from H~Coal of Wyodak coal: one in which only the C5—350°F
naphtha is hydrotreated for subsequent catalytic reforming of the 180-350°F

cut into unleaded gasoline (Case 2010); and one in which the whole liquid is
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hydrotreated and fractionated into 1light gasoline, naphtha for catalytic

reforming and a 350°F+ distillate for gas turbine fuel (Case 2020). The raw

distillate from Case 2010, while meeting the impuritizs criteria of Task IV,

may not be a suitable gas turbine fuel because of stability problems.

IV. 4.3 Upgrading of Surface Retorted Shale 0il to Gas Turbine Fuel

Unlike coal 1liguids, the shale oils are generally higher boiling
materials. Surface retorted shale oils contain a relatively small amount of
naphtha, typically only 5-10 volume percent, and a relatively large amount of
bottoms, typically 60-70 volume percent. The physical characteristics of
shale oils are closer to those of petroleum liquids, although they are
generally higher in sulfur, nitrogen, oxygen and arsenic contents. Because of
these characteristics, the manufacturing of gas turbine fuels by both
impurities removal and extensive alteration of the boiling point range are

relevant in the case of shale oils.

IV, 4.3.1 Impurities Removal

The evaluation of surface retorted shale oil is based primarily on
Chevron Research Company's work on the processing of Paraho shale oil.4 The
impurities removal refining strategy is examined by starting with hydrotreat-
ing of de-ashed whole shale o0il, followed by hydrotreater product fractiona-
tion. Since the Chevron work was aimed primarily toward the manufacture of
transportation fuels from shale o0il, the 1level of hydrotreating severity
examined by them was determined by the requirement to produce a feedstock for
further conversion proc:ssing that would not deactivate fluid catalytic crack-
ing or hydrocracking catalysts. In the present analysis, this level was taken
as the most severe hydrotreating operation and two lower levels of hydrotreat-
ing were estimated by GR&DC in order to establish the fuel quality versus

processing cost xelationship.
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After the initial whole shale o0il hydrotreating step, there are
still two possible approaches to gas turbine fuel production via impurities
removal. One approach, applied in Cases 3010-3030, is to further hydrotreat a
350~650°F distillate cut fram the initial hydrotreating step in order to meet
product stability requirements for diesel fuel and to consider the 650°F+

bottoms cut as the gas turbine fuel.

An alternative approach, in the context of a facility directed
primarily toward the preparation of gas turbine fuel, would be to consider the
entire 350°F+ bottoms cut as a gas turbine fuel. This approach results in up
to 92% conversion of shale oil into gas éurbine fuel., The relative yields and
qualities of gas turbine fuels which could be produced by these two approaches

at the same three severity levels is shown below.

Whole Paraho Shale 0il Hydrotreating

Hydrotreating &Severity Moderate Intermediate High
650°F+ to Gas Turbine Fuel: Case 3010 Case 3020 Case 3030
vield, Vol% 45.3 41.2 35.2
Gravity, °API 25.0 27.0 29.0

Nitrogen, wt% 0.50 0.30 0.19
Sulfur, wts$ 0.05 0.04 0.012
350°F+ to Gas Turbine Fuel: Case 301A Case 302A Case 30327
Yield, Vols 92.7 92.3 88.9
Gravity, °API 29.9 32.8 34.2
Nitrogen, wt% 0.54 0.34 0.11
sulfur, wt% 0.03 0.02 0.007

In addition to significantly increasing the yield of gas turbine

fuel, inclusion of the 350-650°F distillate fraction results in a gas turbine

fuel of higher API gravity and lower sulfur content,

nitrogen content.

but slightly higher
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Iv. 4.3.2 Hydrogen Manufacture

In all of these Paraho shale oil hydrotreating cases, the volume of
naphtha and lighter material which could be converted to a gasoline by-product
is not increased substantially by the hydrotreating step. Whether or not any
gascline by-product is produced would depend on the approach taken for the

manufacture of the required hydrogen,

As in the case of eastern coal liquids, two approaches to hydrogen
manufacture were examined for the moderate-severity hydrotreating case: steam
reforming of hydrotreated light gasoline and naphtha (Case 3010) and partial
oxidation of raw Paraho shale oil (Case 3011). The results were similar to
those for the eastern coal 1liquid - the more expensive partial oxidation
hydrogen plant, despite requiring a less valuable feedstock, showed an incre-
mental return of only 14.3% on the incremental total capital at the same
turbine fuel price, which is also below the established criterion of 30%
return on total capital before taxes. At 30% return, the turbine fuel cost is
$74.86/B in Case 3011 versus $73.46 in Case 3010. Thus, steam reforming of
hydrotreated light gasoline and naphtha was used in all of the Paraho shale

oil hydrotreating schemes.

With hydrogen manufacture requiring 3,614-5,503 B/CD of light gaso-
line and naphtha, there was only 103-2,130 B/CD of hydrotreated naphtha left
for possible conversion to gasoline via further hydrotreating and catalytic
reforming. Purther hydrotreating is required to reduce the nitrogen content
of the naphtha cut to a level accéptable for catalytic reforming. These
volumes were deemed to be too small for construction of pretreating and
reforming units, so that except for Case 3011 (hydrogen manufacture by partial
oxidation of raw shale oil), no gasoline by~product is produced. The surplus

naphtha is shown as naphtha by=-product at the forecast distillate price.
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IVv. 4.3.3 Extensive Alteration of the Boiling Point Range

A number of approaches for altering the boiling range of Paraho
shale oil have been presented in the literature, primarily in the context of
maximizing the production of gasoline, jet fuel and diesel fuel. The follow-

ing three routes were examined by Chevron Research COmpany:4

1. Whole shale oil hydrotreating followed by fluid catalytic cracking of
the hydrotreated 650°F+ bottoms.

2. Whole shale o¢il hydrotreating followed by hydrocracking of the
650~850°F heavy gas oil.

3. Delayed coking of the whole shale oil followed by hydrotreating of
the Cs+ coker distillate.

The first two routes significantly increased the production of
gasoline and jet fuel, while the third route maximized diesel fuel/No. 2 fuel
o0il production. Since the third route showed the lowest capital and operating
costs and also gave the highest yield of potential gas turbine fuel, this
route was chosen for the quality versus cost analysis for extensive alteration

of the boiling point range in a grass-roots facility.

The processing schemes evaluated in Cases 3040-3060 consist of
delayed coking of whole Paraho shale o0il, using the Chevron Research Company
data, followed by hydrotreating of the Cg+ coker distillate at each of three
different severity levels. The hydrotreated oil is fractionated into a
C5-180°F light gasoline, a 180-~350°F naphtha, a 350-650°F distillate cut for
gas turbine fuel, and a 650°F+ bottoms for supplemental refinery liquid fuel.

Surplus bottoms is shown as a low-sulfur heavy fuel oil product.
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The high severity level operation (Case 3060) is based directly on
Chevron's coker distillate hydrotreating data and also includes a second
hydrotreating step for further nitrogen removal to enhance product stability.
Cases 3040 and 3050 are based on moderate and intermediate severity hydro-
treating operations estimated by GR&DC and do not include a second hydro-
treating step. The stability of the turbine fuels from these operations would

need to be verified.

Unlike the hydrotreating-only schemes (Cases 3010-3033A), all three
coking plus hydrotreating cases produce sufficient refinexry gas for hydrogen
plant feed and fuel and sufficient naphtha to make pretreating and catalytic
reforming for gasoline production worthwhile. These cases also produce 950~

5,450 B/CD of low~sulfur heavy fuel oil surplus to refinery fuel requirements.

IV. 4.4 Upgrading of Modified In Situ Shale 0il to Gas Turbine Fuel

A modified in situ (MIS) shale oil could be evaluated in the same
manner as the surface retorted shale oil. However, there are very few data
available on the refinery processing of MIS shale oil, so estimates had to be
made on the basis of existing data on surface retorted shale oil with adjust-
ments for the known differences in these syncrudes. For these estimates, a
23.,1° API Occidental Petroleum Corp. shale oil of 1.4% nitrogen, 0.5% sulfur

and 1.0% oxygen was used as the representative MIS shale oil.

Since the MIS estimates were patterned on the Paraho data and
estimates, only one pair of complete grass-roots refinery schemes were
developed for MIS shale oil, as Cases 4020 and 402A, which correspond to the
Paraho Cases 3020 and 302A - intermediate severity hydrotreating with and

without the 350-650°F distillate included in the gas turbine fuel.
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IV. 4.5 Upgrading of Low-Sulfur Petroleum
Residual 0il to Gas Turbine Fuel

Four cases have been evaluated on the basis of a hypothetical grass-
roots facility designed to upgrade the vacuum tower bottoms from South
Louisiana crude to gas turbine fuel, Cases 5010-5030 examine the refining
strategy of impurities removal by means of hydrotreating units designed to
reduce the vanadium content in the feedstock from 8.4 ppm to 1.7, 0.7 and less
than 0.1 ppm, respectively, along with corresponding reductions in nitrogen
and sulfur contents. Case 5040 examines the refining strateqy of extensive
alteration of the boiling point range by means of delayed coking of the vacuum
tower bottoms, followed by hydrotreating of the 05—950°F coker distillate.

In all four cases, the hydrotreating yields are based on GR&DC
estimates. In the impurities removal cases, the required hydrogen is manufac-
tured by partial oxidation of the vacuum tower bottoms feedstock. In the
coking plus hydrotreating case, there are sufficient light hydrocarbons in the
coker off-gas to manufacture the required hydrogen. Raw bottoms is used as
the supplemental plant fuel in Cases 5010-50306, and coker off-gas is more than

sufficient for plant fuel in Case 5040.

The viscosity of the CS+ product from the hydrotreating units in
Cases 5010-5030 is too high for even a residual turbine fuel (120,000-220,000
cSt at 100°F). In each case it is cut back with a representative No. 2 fuel
0il product to 1100 cSt at 100°F.

IV. 4.6 Upgrading of High~Sulfur Petroleum
Residual 0il to Gas Turbine Fuel

Four cases have been evaluated for upgrading a high-sulfur, high-
metals petroleum residual oil to gas turbine fuel in a hypothetical grass-
roots facility. The vacuum tower bottoms fram Ceuta crude was chosen as

representative of this type of feedstock. Hydrotreating of Ceuta vacuum tower
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bottoms to reduce its vanadium content from 540 ppm to 59, 35 and 12 ppm were
examined in Cases 6010, 6020 and 6030, respectively. Delayed coking followed
by hydrotreating of the coker distillate to take the metals content down to

essentially zero was evaluated in Case 6040.

The processing arrangements for these cases are the same as the

corresponding cases for South Louisiana vacuum tower bottoms.

IV. 5 Discussion of Results

IV. 5.1 Gas Turbine Fuels from Coal Liquids

Trace metals are not significant in the coal liquids. The major
impurities are nitrogen and oxygen. The three levels of SRC-II distiliate
hydrotreating severity produce gas turbine fuels of 0.70, 0.50 and 0.30 wt%
nitrogen. They are in the heavy distillate range and have total costs of
$57.09-65.,79/B compared with 1985 forecast prices of $56,03/B for low-sulfur
heavy fuel oil and $68.65/B for petroleum distillates. The higher costs of
the better quality gas turbine fuels are offset somewhat by the increased
production of by-products, as shown in the following costs calculated from ihe

economic gummaries in Table IV-2.

Case 1010 1020 1030
Turbine Fuel Nitrogen Content, Wt% 0.70 0.50 0.30
Turbine Fuel Yield, Vol% Syncrude 69.78 65.39 60.62
$/B of SRC-II Liquid
Total Mfg. Expense, incl. ROI 13.00 15.19 19.80
Total By~Product Credit 24.86 28.25 31.62
Incremental Total Expense Base +2.19 +6 .80
Incremental By-Product Credit Base +3.39 +6.76
Turbine Fuel Cost, $/B 57.09 59.10 65.79
Incremental Turbine Fuel Cost, $/B Base +2,.,01 +8.,70
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The higher expenses at the higher severities are offset by higher
by~product credits, but these come at the cost of turbine fuel yield resulting

in net increases in the costs of gas turbine fuels as quality increases.

For the western coal liquid, the raw 350°F+ distillate fram H-Coal
of Wyodak coal is 0.26% nitrogen and 0.07 wt% sulfur. Hydrotreating this
material at relatively mild conditions reduces bhoth the nitrogen and the
sulfur contents to less than 1 ppm and converts a significant portion of the
350°F+ distillate fraction to naphtha and lighter. A summary comparison of
the two cases (H~Coal distillate with and without hydrotreating), based on the

economic summary shown in Table IV-3, is shown below.

case 2010 2020
Turbine Fuel Nitrogen Content, wt% 0.26 <0.0001
Turbine Fuel Yield, Vol% Syncrude 55.83 42,27
$/B of H-Coal Liquid
Total Mfg. Expense, incl. ROI 6.58 13.04
Total By=-Product Credit 33.82 45,34
Incremental Total Expense Base +6 .46
Incremental By-Product Credit Base +11.,52
Turbine Fuel Cost, $/B 63.52 71.93
Incremental Turbine Fuel Cost, $/B Base +8.41

The expense of hydrotreating the distillate is partially offset by
conversion of part of it to gasoline, which mitigates the cost increase for

the gas turbine fuel.

IV. 5.2 Gas Turbine Fuels From Shale 0Oils

For the three levels of whole Paraho shale o0il hydrotreating, two
possible approaches to gas turbine fuel are considered at each severity.
Cases 3010~3030 have a second hydrotreating step for the 350-650°F distillate
to produce a stable, on~-test diesel fuel product at $68.65/B. The hydro-
treated 650°F+ bottoms streams from the three cases are light residual-range
materials - with very low sulfur contents (0.01-0.05 wt%), but their calculated
costs are higher than the forecast petroleum distillate price, as shown in the

following table developed from the economic summaries in Table IV-4.
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Case 3010 3020 3030
Turbine Fuel Nitrogen Content, wt% 0.50 0.30 0,19
Turbine Fuel Yield, Vol% Syncrude 45.28 41.23 35,25
$/B of Paraho Shale 0il
Total Mfg. Expense, incl. ROI 21.63 23.56 26.41
Total By~Product Credit 42.27 46.30 51.38
Incremental Total Expense Base +1.93 +4.,78
Incremental By-Product Credit Base +4.03 +9,11
Turkine Fuel Cost, $/B 73.46 75457 82.07
Incremental Turbine Fuel Cost, $/B Base +2.11 +8.61

The high cost of these gas turbine fuels is probably a result of the
high cost of producing the diesel fuel at a predetermined price having to be
absorbed by the relatively small amount of gas turbine fuel.

Cases 301A-303A examine the same three whole shale oil hydrotreating
severities, but with the entire 350°F+ bottoms going to gas turbine fuel and
elimination of the extra distillate hydrotreating step. These gas turbine
fuels are lighter and have even lower sulfur contents. The nitrogen contents
are barely affected, since the nitrogen is fairly evenly distributed in the
hydrotreated oil. A summary comparison of these cases, based on the economic

summaries in Table IV-5, is shown below.

Case 301A 302A 303A
Turbine Fuel Nitrogen Content, Wt% 0.54 0.34 0.11
Turbine Fuel Yield, Vol% Syncrude 92,68 92.31 88.90
$/B of Paraho Shale 0il
Total Mfg. Expense, incl. ROI 18.64 21.41 24.56
Total By-Product Credit 9.26 10.92 14.43
Incremental Total Expense Base +2.77 +5.92
Incremental By-Product Credit Base +1.66 +5.17
Turbine Fuel Cost, $/B 68.27 69,76 72.02
Incremental Turbine Fuel Cost, $/B Base +1.49 +3.75
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The resulting gas turbine fuel costs, ranging from $68.27 to
$72.02/B, are $5.19-10.05/B below the costs for the heavier gas turbine fuels
from Cases 3010-3030. This is due to the hydrotreated distillate being
included directly in the gas turbine fuel instead of being further hydro~

treated and thun priced at only $68.65/B as diesel fuel.

Cases 3040-3060, which examine the refining strategy of extensive
alteration of the boiling point range by means of delayed coking followed by
hydrotreating of the coker distillate, result in significantly higher gas
turbine fuel costs at comparable quality levels. The results are summarized

in the following table based on the economic summaries in Table IV-6.

Case 3040 3050 3060
Turbine Fuel Nitrogen Content, wt$% 0.50 0.30 0.06
Turbine Fuel Yield, Vol% Syncrude 56 .85 57.74 58.86
$/B of Paraho Shule 0il
Total Mfg. Expense, incl. ROI 16.98 17.71 20.46
Total By~Product Credit 22.56 23.65 24.62
Incremental Total Expense Base +0.73 +3.48
Incremental By~Product Credit Base +1.09 +2.06
Turbine Fuel Cost, 35/B 85.01 83.06 84.51
Incremental Turbine Fuel Cost, $/B Base ~1.95 ~0.50

Although this approach requires less investment, consumes less
hydrogen and generally has lower operating costs, these advantages are more
than offset by the lower yields of gas turbine fuel, and the lower by=-product
credits relative to the hydrotreating-only cases. In these cases, the gas
turbine fuel cost actually decreases with increasing purity, though not as
much in Case 3050 because that case has a second hydrotreater to enhance

product stability.

The MIS shale .il syncrude is lower boiling and has less impurities
than the surface retorted shale oil. Since the processing estimates were
based on the corresponding data for Paraho shale oil, only two complete cases
were calculated. They show the expected results of higher gas turbine fuel

yields at lower operating costs, as shown in the following summary comparison.



\O'EQE\.vl v N J'
OF POOR QUSLIY]

Case 4020  402A
Turbine Fuel Nitrogen Content, wtk 0.30 0.30
Turbine Fuel Yield, Vol% Syncrude 44.17 92.15
/B of MIS Shale 0il
Total Mfg. Expense, incli. ROI 18,45 16.45
Total By-Product Credit 42.52 9.04
Turbine Fuel Cost, $/B 76.81  70.70

Comparisvn tr~ Paraho Shale 0il Cases, $/B

Incremental Feedstock Cost +4.10 +4.10
Incremental Mfg. Expense, incl. ROI =5.11 ~4.96
Incremental By-Product Credit -3.78 ~1.88
Incremental Turbine Fuel Cost +1.24 +0.94

However, because the MIS shale oil feedstock 1s more valuabla than
Paraho shale oil as a raw material for transportation fuels, the resulting gas
turbine fuel costs are slightly higher in total cost. The fame relationship

would apply for the remaining MIS cases which were not evaluated.

IV. 5.3 Gas Turbine Fuels From Patroleum Residual 0ils

For the petroleum residual oils, trace metals, particularly véna-
dium, are the impurities of qreatest concern. Small grass-roots faéjilities,
designed primarily to reduce the metals contents, were evaluated for represen-
tative low-sulfur (and low metals) and high-sult (and high metals) wvacuum
tower bottoms. Results for the South Louisiana vacuum bottoms cages reported

in Tahle IV-8 are summarized below.
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Coking
plus
Hydrotreating Only Htr.
Case 5010 5020 5030 5040
Turbine Fuel Vanadium Content, ppm 143 0.5 0.05 0.0
Turbine Fuel Yield without Cutter, Vols 102.40 102.56 102.58 76.18
Turbine Fuel Yield with Cutter, Vols 138.63 136418 135.05 76.18
$/B of Vacuum Tower Bottoms
Total Mfg. Expenses, incl ROI 14.72 15.29 15.85 14470
Cutter Stock Cost 24.28 22,50 21.73 -
Total By~Product Credit 2.63 2,77 2,95 14.81
Incremental Total Expense RBase +0.57 +1.13 =0 .02
Incremental Cutter Stock Cost Base -1.78 -2.,55 =24.28
Incremental By-Product Credit Base +0.14 +0.32 +12.18
Turbine Fuel Cost, $/B 6159 61.71 61.94 64,20
Incremental Turbine Fuel Cost, $/B Base +0.12 +0.35 +2,61

Because the metals content of the South ILouisiana vacuum bottoms is
low, the net costs for going to slightly higher hydrotreating severities are
small. In the coking case, the by-product credit is not high enough to offset
the reduced gas turbine fuel yield.

The high~sulfur petroleum residual oil hydrotreating cases require
much higher investments and operating costs to accomodate the significantly
higher metals content of the feedstock. Results for the Ceuta vacuum bottoms

cases reported in Table IV-9 are summarized below:
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Coking
plus
i drotreating Only Htr,
Case 6010 6020 6030 6040
Turbine Fuel Vanadium Content, ppm 49 30 11 0
Turbine Fuel Yield without Cutter, Vol$ 99.44 99.65 99,07 75.74
Turbine Fuel Yield with Cutter, Vols 118.53 117 .82 $15.29 75 .74
$/B of Vacuum Tower Bottoms
Total Mfg. Expense, incl. ROI 25.03 25.98 27 .37 15.69
Cutter Stock Cost 13.18 12.51 11.24 -
Total By~Product Credit 5.19 5.41 5.72 8.12
Incremental Total Expense Base +0.95 +2.34 -9.34
Incremental Cutter Stock Cost Base -0.67 -1.91 =13.18
Incremental By-Product Credit Base +0.22 +0.53 +2,93
Turbine Fuel Cost, $/B 66.19 66 .65 67.93 69.99
Incremental Turbine Fuel Cost, $/B Base +0.46 +1.74 +3.80

The same relationships hold among these cases as among the South
Louisiana vacuum bottoms cases. The resulting gas turbine fuels, in addition
to being inferior in quality, are higher in cest than the corresponding gas
turbine fuels fram the South Louisiana vacuum bottoms because the higher
manufacturing expenses are not completely offset by lower feedstock costs.
The feedstocks were priced at their estimated market values on the basis of
sulfur content and viscosity.
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FIGURE XL~ 12
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}URE X~ 12
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CASE 3060: DELAYED COKING OF PARAHO SHALE OIL AND HYDRO
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ORIGINAL PAGE 18
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IN-SITU SHALE OIL TO GAS TURBINE FUEL
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FIGURE IX-273
UPGRADING OF LOW-SULFUR PETROLEUM RESIDUAL OIL TO GAS TURBINE FLE\
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FIGURE Td- 24

UPGRADING OF LOW-SULFUR PETROLEUM RESIDUAL OIL TO GAS TURBINE FUEL
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UPGKRADING OF LOW=SuLFUK PETROLEUM RESIDUAL OIL TO GAS

FIGURE I -25
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FIGURE ¥ -26

UPGRADING OF LOW-SULFUR PETROLEUM RESIDUAL O\L. TO GAS TURRINE FUEL
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FIGUREIV-27
UPGRADING OF HIGH- SULFUR PETROLEUM RESIDUAL OIL TO GAS TURBINE FUEL

CASE GQOI1O0: HYDROTREATING OF VACUUM BOTTOMS AT
MODERATE SEVERITY
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FIGURE IF-2&

UPGRADING OF HIGH- SULFUR PETROLEUM RESIDUAL OIL TO GAS TURBINE FUEL :
CASE G020 HYDRO TREATING OF VACUUM BOTTOMS AT
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FIGURE I -29
UPGRADING OF HIGH- SULFUR PETROLEUM RESIDUAL OIL TO GAS TURESINE FUEL
CASE GC30:  HYDRO TREATING OF VACUUM BOTTOMS AT

HIGH SEVER\TY
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FIGLURE 1Y - 30
UPGRADING OF HIGH-SULFUR PETROLEUM RESIDUAL OIL TO GAS TURBINE FUEL
CASE GOAD :COKING PLUS HYDROTREATING OF VACUUM BOTTOMS

. FUEL GAS TO REF.
£ ; | 235BFOE/CD &\ BFOE/CD ‘
HYDROGEN FUEL GAS TO SALES
HYD‘-?;GE MANUFACTURING L_'—_—’?S‘ BFOE/CD
PLANT
Ca's AND 1
LIGHTER FUEL GAS i 1
N35 BFOE /CD 73BFOE/CD i ’
HYDROGEN pd 4
o 0 =
5.2% x10° SCF/ICD g Sz ;
V) H2 S - we j
z (= z = o |
- I8LT/CD - Ha S cx |
x w < F ('I?i
@ CEUTA E [Cs* DISTILLATE =
VACULM | & Z ['5,8578/CD : |
BOTTOMS | % ! Cc*DISTILLAT GAS TURBINE
12,500 B/CD ﬁ L Ss DASTWAATE —» FUEL PRODUCT
)
2.4°AP\ | B 9467 B/CD
3.08 %S
Q.65 7o N '1
S40ppmV
> COKE
725 ST/CD
H2S SULFUR
——— T_LFUR
24 \T/CD | PLANT 32 LT/CD




B-1

APPENDIX B

ECONOMIC EVALUATION TABLES




B-2
ORIGINAL PAGE s

OF POOR QUALITY
Table III-A

GAS TURBINE FUEL QUALITY/PROCESSING STUDY
BASES FOR COST ESTIMATES

—-——— - - - - .-

Genaral

—— -

Frocessing costs include capital charges and operating costs, estimated
on an anmmual basis , required to upgrade petroleum residua, shale oil,
or coal lLliquids to gas turbine fuels using conventional processes. No
costs are included for production of crude oil or synthetic fuels or
for transportation of these charge stocks or refined products.

Investment

i. Cost: for 1984
2. Plant Location

a., Task 3 -~ Fetvoleum - Large refineries on Gulf Coast
Shale oil - Swall refinery in Midwest

b. Task 4 - New grass—roots refineries on Gulf Coast

3. Frocess Units
Battery—-limits process units for upgrading are provided as required.

In Task 3, new supplementary units ave installed whan charge capacity
exceeds 104 of the Base (Cese cavacity fov a given existing unit, except
for the FCC and alkylation units in Case 2.33. For these units, an
investment is estimated for expansion of the existing unit.

Catalyst inventories and paid—-up royaities are provided as required.

4. Field Storage Tanks
Storage,Days

Charge stocks to upgrading units except

residual hydrodesulfurization unit 7
Residual hydrodesulfurization unit 14
Gas turbine fuel product 20 (a)
Othey products except propane and butanes 20 (a,b)
Fropane and butanes 5 (a,b)
Refinery fuel oil 10




ORIGINAL PAGE IS
OF POOR QUALITY

Table I11-A (Continued)

S. Utility Units (c)

Includes: electric substation and distribuxy, »n
package steam boilers
cooling water tower
boiler feed water treating by hot
process lLime and ion exchange
service water treating
fresh water pumphouse

4. Miscellaneous Off-Sites

Includes site prepavation, roads, fencing, general office
buildings, communicaticns network, field Lighting, autos,
trucks, compressed a:r plant, sewers, separators, blowdown
and flare, receiving and shipping , and off-site piping.

Estimated at 25% of investment for process units (excluding catalysts
and rovalties), storage tanks, and utilities in Task 3, which is
based on incorporating facilities in an existing refinery, and

at 33% of the investment for these facilities in Task 4 for a

new grass-roots plant.

7. Contingency

20% of investment for process units, catalysts and rovalties,
storage tanks, utility units, and miscellaneous off-sites.

Worving Capital (Included in Task 4 only)

. Crude 0il or Raw Matevial Inventory

Fyw one-halft of storage capacity provided at delivered price.

Froduct Inventory
For one-half of product storage capacity provided, at cost. Cost is
defined as total expense less by-product credits less depreciation.

By~-Froduct Inventory

For one-half of by-product storage capacity provided, at selling
pPrice.

Divect Expense
For 30 days, direct opevating and maivtenance expense.

Accounts Receivable
For 30 days, total expense less deprecie n

lLess Accounts Fayable
For 30 days, deduction of cvude oil or vaw waterial cost.
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Tabte III~A (Continued)

Return on Investment or Capital
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Task 3 30% before tax on total

ORIGINAL PAGR 1S
OF POOR QUALITY

investment for upgrading plant.

Task 4: 307 before tax on total capital requirement for grass-roots

upgvrading plant.

Utilities and Operating Costs

L e N p e ywepwy

i. Casts for 1985

2. Refinery fuel is supplied

of refinery fuel oil is Limited to a

3. Steam is generated internally.
4, Electyvic power and fresh make~up water
5. Operating lLabor Losts
Average opevating labor wage is estimated
Overhead Factors,
Supevvision
Direct Overhead for Benefits
Aliocated Overhead for Administration
Miscellaneous Opevrating Expense for
Laboratory and Supplies
6. Investment Overhead Costs

internatlly from refinery off-gas,
mented with refinery heavy fuel oil a5 required.
maximum of 3.0%.

supple~
Sulfur content

are purchased.

at $47.127/hy in 1985,

53.1%
D, A

el A

Operating Wages
Wages and Supervision
Wages and Supervision

246,074 ODpevating Wages

Gulf Coast
Refinery

oo rae ont Smat Gkt bout Sant bont Seed mmes

Mid West
Refinery

ot 200s ors 0o vaat Pout S0t Pt

Maintenance (50% lLabor, 504 materials) 2.0% Process Investment
+ 4,34 ff-Sites Investment

Direct and Allocated Overhead Factors for

Maintenance Labor are {the same as for

Opevrating labor

Ingurance and Taxes, % Total Flant Investment 0.5 .1
AMliocated Overhead, % Total Plant Investment 1.7 2.0
Depreciation, % Total Flant Investment 4.0 4.0
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01 Rase (Case capacity.

is provided when capacity esxceeds
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a. Minimum of two tanks.
b. ITn Task 3, incremental over Rase Case capacity.
s In Task 3 a new unit

10%
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TABLE III-}

PRODUCTION OF GAS TURBINE FUEL FROM AN EXISTING

REFINERY CHARGING LOW SULFUR CRUDE

OF PGOR QUALITY

DECARBONIZING OF VACUUH BOTTONMS
ECONOMIC EVALUATION-U,S, GULF CDAST-19B%

CASE

GAS TURRINE FUEL, B/CD
SULFUR, WTZ
NITROGEN, WX
VANADIUN, PFM
GRAVITY, API
VISCOsiTY, €S @100k

INVESTHENT, sTHOUS (1984) (1)

1,00
BASE CASE
NO. & FUEL OIL
PRODUCT

O e

CAPACITY, INVEST-
UNITS/SD MENT

e w -~ ——

1.10
GAS TURBINE FUEL PRODUCT
DECARBONIZING OF
VACUUM BOTTOMS

7604
0.83
0,10
0,2
17.4
1130

CAPACLTY INVEST~
UNITS/SD MENT

DECARDUNYZING UNIT, B CHARGE - - 13,840 24,170
SUKRTOTAL PROCESY UNITS - 24,470
CATALYSTS AND ROYALTIES - 290
STORAGE TANKS - 2,780
MISCELLANEQUS DFF-SITES “ 4,740
CONTINGENCY AT 20X 4,800
TOTAL PLANT IWNVESTHENT - 40,780
REVENUE FROH CONVENTIONAL PRODUCTS UNITS/CD  $THOUS/A UNITS/CD $THOUS/A
GASOL INE, ¢ 70,35/ i94,169 3,179,183 41,169 3,179,183
JET FUEL, $ 70.34/8 20,000 543,482 20,000 513,482
NO.2 FUELL OIL, $ 68.85/R 57,874 1,230,219 57,399 1,443,072
HENZENE, $134.00/8 3, e £1,574 3,470 151,574
PROPANE LPG % 45.59/B o an 85,5314 5,140 85,534
NO.& FUFI QIL, $ 55.03/p 13, b4 283,082 5,824 119,104
SULFUR, $152.00/LT 29 1,609 29 1,609
REFINERY FUEL GAS, $ 56.03/8 FOE 2 M7 131,234 6,447 131,234
REFINERY FUEL, OIL., %+ 06,0374 o, 428 129,413 b,14% 138,023
TOVM. REVENUEL FROM CONV. FRODULTS 9,949,322 5,762,814
REVENUE T HROH GAS TURBIAE TUEL, $ K (D 7,88% 188,654
roTAl REVENUE 5,935,322 b,951,468
COST OF CHARGE
SOUTH L NUISTANA [ RUDE, $62.00/8 00,000 4,526,000 300,000 4,526,000
LSORUTANE , $4Y.58/D 1,173 283,757 11,473 283,757
NORMAL. J'UTANE., 60, 00/1 4,46% 97,024 4,469 ?7,074
TOTAL GOST OF CHARGE 1,907,628 4,907,628
MANUFACTURING EXFENSE
FUEL., $56.08/1 FOE 12,745 260,647 13,1606 269,257
ELECTRIC POWER, § 0,0634/KWH 471,900 11,265 477,090 14,308
FRESH WATER, $ 0.D6B6/THOUS GAL 8,760 249 t, 936 204
SURTOTAL UTILITIES 272,434 280,849
CHEMICAL S 3,720 4,270
TEL, +9.984/THOUY o 120 4,668 1,201 4,460
CATALYSTS 8,023 1,023
ROYALTY. CRURE OTL DENALT., $0.0058/E 200,000 09 200,000 409
LABOK BASED TTEMY (3) - 1,092
INVESTHENT~BASED (TEMS €3 3,532
TOTAL HANUFALTURTHG EXFENST, (3) WA, 9 302,863
TOTAL FXPENY Do1%a,579 5,240,494
FETURN ON LACREMENTAL. FNVESTHEN]
AT 307 BETORE TAKES - 12,234
NET REVENUL, TOIAL KEVENUL TOTAL
FXFENSE« RETHURN 728,743 728,743
CAILCULATED PRICE DOF LAY TURRINE FUEL, $/B () " 63.58

[, S a e a e e e

1) INCREHENTAL OVER BASE LASE REFINERY, CASE 1.00.
AY TN UASE CASE KEFINERY, UASE 1.00.
(3 EXCLUDING LAHOR AND TNVFSTHENT-DASED 1ILMS FOR BASE CASE REFINERY, CASE 1.00.

G CALCULATED TO PROVIDE SAME NET KEVENUL



TABLE ITI-1 (COMTINUED)

ORIGINAL PAGE iS

PRODUCTINON OF GAS TURBINE FUEL FROM AN EXISTING
REFINERY CHARGING LOW-SULFUR CRUDE

CASE
COKEKR DISTILLATE YO HYDROGENATION UNIT

GAS TURBINE FUEL, KsCD
SULFUR, WTZ

NITROGEN, WTZ
VANADIUH, FPH
GRAVITY, API
VISCOSITY, CS @100F

INVESTHENT, $THOUS (1984) (1)

DELAYED COKING UNIT, B CHARGE

COKER DIST. HYDROGENATION UNIT, B CHARGE
HYDROGEN SULFIDE RECOVERY UNIT, LT H2$
SULFUR FLANT, LT SULFUR

SUBTOTAL PROCESS UNITS
CATALYSTS AND ROYALTIES
UTILITY UNITS
STORAGE TANKS
HISCELLANEOUS OFF-SITES
CONTINGENCY AT 20%

TOTAL FLANT INVESTHENT

REVENUE FROM CONVENTIONAL FRODUCTS

GASOLINE, ¢ 78.35/B
JET FUEL, $ 70.34/B
NO.2 FUEL OIL, $ 68.65/1
BENZENE, +131.00/8
PROPANE LPG $ 45.59/R
COKE, $473.00/8T
SULFUR, $4132,00/LT

REFINERY FUEL GAS,
REFINERY FUEL OIL.,

TOTAL REVENUE FROM CONV. PRODUCTS

$ 56,03/K FOE
t 56.03/H

REVENUE FROUM GAS TUREINE FUEL, $/8 (2)
TOTAL REVENUE
COST OF CHARGE

SOUTH LOUISIANA LRUDE, $62,00/8
ISOHUTANE, $6%.58/H
HUORMAL BUTANE, $60.00/B
TOTAL (OST OF LHARGE
HANUFALTURING EXFENSE

FUEL, $56,03/R

ELECTRIC FOWER, 3 0.0654/KWH
FRESH WATER, $ 0,06B6/THOUS LAL

SUBTOTAL UTILITIES
CHEMICALS
TEL, $Y.984/7THOUS LT
CATAI YSTS
ROYALTY, CRUDE OIL DESALT., $0,0054/HK
LAROR=RASLED ITEHS (3)
INVESTHENT-BASED 1TEMS (3)
TNIAL MANUFACTURING £XPENSE (3)
TOTALL EXPENSE

RETURN ON INCREMENTAL INVESTHMENT
AT 307% BEFORE TAXES

NET REVENUE, TOTAL REVENUE-~TOTAL
EXPENSE-RETUREN

CALCULATED PRICE OF GAS TURBINE FUEL, $/K (

(1) INCREMENTAL NVER BASE CASE REFINERY, C

DELAYED COKING OF VACUUM BOTTOMS PLUS
HYDROGENATION OF COKER DISTILLATE

ECONOHIC EVALUATION-U.S. GULF COAST-1985

1.7 1.22
C5-950F 375-956F
7,449 6,962
0,05 0.07
0.09 Q.14
0 (¢]
37.2 3i.0
1.0 5.0
CAPACITY, INVEST- CAPACITY, INVEST~
UNITS/SD MENT UNITS/SD MENT
13,220 25,320 13,220 25,320
7,860 10,210 7.250 8,130
i3 3,900 13 3,900
i3 5,550 12 5,370
44,980 42,720
1,120 830
?20 730
3,970 3,990
12,420 11,860
12,640 12,030
75,850 72,160
UNITS/CD  $THOUS/aA UNITS/CD  $THOUS/A
114,705 3,194,512 143,582 3,248,190
20,000 513,482 20,000 513,482
59,115 {481,259 59,204 1,483,489
3,170 154,574 3,395 162,332
3,489 924,339 5,635 93,763
658 41,549 658 41,549
44 2,275 4 2,275
6,814 139,299 /,041 143,995
6,500 132,934 6,917 133,279
5,748,242 5,822, 859
9,469 227,947 6,962 158,083
5,976,159 5,980,442
200,000 4,526,000 200,000 4,526,000
11,482 291,647 11,413 289,853
4,326 94,739 4,433 97,062
4,912,386 4,912,935
13,3914 Q72,222 13,558 277,274
540,150 12,094 543,440 12,972
9,094 228 9,227 234
285,344 290,477
3,820 3,858
1,277 4,654 1,276 4,450
8,214 8,204
200,000 409 200,000 409
3,276 3,276
6,558 6,242
342,205 317,116
5,224,661 5,230,254
Q0,755 21,648
728, 743 728,743
2) 65.95 62,29
ASE 1,00,

(2) CALCULATED T PROVIDE SAHE NET REVENUE AS TN BASE CASE REF INERY, CASE 1.00,
(3) EXCLUDING LABOR AND INVESTHENT-HASED ITEHS FOR BASE CASE REFINERY, CASE 1.00.

OF POOR QUALITY

1,23
650-950F
3,433
0.09
0.19
9
24,6
31,0
CAPACITY,  INVEST~
UNITS/SD MENT
13,650 25,820
3,600 5,250
13 3,900
12 5,370
40,340
549
720
3,260
11,080
11,190
£7,130
UNITS/CD  $THOUS/A
147,062 3,347,710
20,000 313,482
59,644 1,494,515
3,367 164,949
5,797 96,464
480 42,939
40 2,219
7,293 149,149
6,352 129,504
5,938,331
3,433 58,177
5,994,508
200,000 4,524,000
11,943 303,313
4,538 99,382
4,928,695
13,645 279,053
541,120 12,9497
2,394 235
292,205
3,925
1,342 4,781
8,516
200,000 409
3,274
5,819
318,931
5,247,426
20,139
728,743
46.43

-



TABLE XII-{ (CONYINUED)
PRODUCTION OF GAS TURBINE FUEL FROM AN EXISTING e
REFINERY CHARGING LOW-SULFUR CRUDE QR'G'NAL PAGE ES

OF POOR QUALITY,

HYDRODESULFURIZATION OF VACUUM BOTTOMS
ECONOMIC EVALUATION-U.S. GULF COAST-1985

CASE 1,34 1.32 1.33
HYDRDESULFURIZAION SEVERITY MODERATE INTERMEDIATE HIGH
GAS TURBINE FUEL, B/CD 17,103" 14,830 14,714
SULFUR, WT% 0.2% 0.21 0.17
NITROGEN, WTX 0,09 0.09 © 0,09 @
VANADIUM, PPH 1.3 0.6 0.
GRAVITY, AF1 22,9 23,1 23.4
VISCOSITY, CS 400F 1100 1100 11060
CAPAGITY, INVEST- *  LAPACITY,  INVEST- CAPACITY, INVEST~
ENVESTMENT, $THODUS (1964) (1) UNITS/SD HENT UNITS/SD HENT UNITS/SD MENT
HYDRODESULFURTZATION UNIT, B CHARGE 13,220 23,890 13,190 25,230 13,140 25,900
HYDRNGEN SULFIDE RECOVERY UNIT, LT H2S 17 4,250 17 4,250 19 4,410
SULFUR PLANT, LT SULFUR 14 4,040 14 4,049 17 6,190
SURTOTAL PROCESS UNITS 34,180 35,520 36,500
CATALYSTS AND ROYALTIES 3,250 3,490 3,630
UTILITY UNITS 440 650 660
STORALE TANKS 2,730 2,680 2,650
HISCELLANEOUS OFF~SITES 9,390 9,710 9,950
CONTINGENCY AT 20% 10,040 19,410 10,4680
TOTAL PLANT INVESTHENT 60,230 42,460 64,070
REVENUE FROM CONVENTIONAL PRODUETS UNITS/CD  $THOUS/A UNITS/CD  $THOUS/A UNITS/CD  $THOUS/A
GASOL INE, $ 70.35/B 191,242 3,101,274 {41,253 3,181,585 144,260 3,181,786
JET FUEL, $ 70.34/B 20,000 513,482 20,000 513,482 20,000 5{3,482
NO,2 FUEL OIL, t 48.65/0 54,993 {,377,973 55,273 1,384,989 55,3683 1,387,746
HENZENE, $13{.00/E 3,180 152,052 3,184 152,100 3,104 152,100
PROPANE PG $ 45,59/ 5,158 85,031 5,160 85,864 5,142 85,897
SULFUR, $152,00/LT 44 2,444 44 2,444 LY 2,552
AMHONT A, 4312,00/81 . 24y 2,5 285 3.0 342
REFINERY FUEL GAS, $ S4.03/B FOL 4,206 126,918 4,169 264,574 6,170 126,162
REFINERY FUEL OIL., $ 96,03/ b, 774 38,535 6,795 138,944 6,823 139,537
TOTAL REVENUE FROM CONV, PRODUCTS 5,578,742 5,58&,281 5,589,624
REVENUE FROM GAS TURBINE FUEL, $/8 () 17,103 379,019 14,6830 372,712 16,714 370,353
TOTAL REVENUE 5,957,744 5,958,993 5,959,977
COST OF GHARGE
SOUTH LOUISIANA CRUDE, $62.00/1 200,000 4,526,000 200,000 4,526,000 200,000 4,526,000
ISOBUTANE, $69.58/8 11,148 203,430 11,148 283,630 11,147 283,605
NORMAL. BUTANE, $460.00/K 4,476 78,024 4,474 98,024 4,474 96,024
TOTAL COST OF CHARGE 4,907,694 4,907,654 4,907,429
HANUFACTURING EXPENSE
FURL . $56.03/K 12,980 245,453 12,984 245,535 12,993 265,719
ELECTRI{ POUWER, $ 0.0654/KUWH 525,320 12,540 527,010 12,580 29,140 12,6314
FRESH WATER, $ 0.04B46/THOUS GAL 8,930 224 8,747 224 8,959 224
SURTOTAL UTILITIES ara,M7 278,339 278;574
CHEMICALS 3,748 3,755 3,785
TEL, $9.984/THOUS CC 1,781 4,668 1,281 4,668 1,282 4,672
CATALYSTS 8,231 ?.4764 9,316
ROYALTY, CRUDE OIL DESALT., $0.0054/B 200,000 409 200,000 409 200,009 409
LABDR~BASED ITEHS (3) 2,184 2,184 2,104
INVESTHENT~BASED ITENS (3) 5,438 5,327 5,464
TOTAL MANUFACTURING EXFENSE (3) 303,295 303,858 304,384
TOTAL EXFENSE 5,240,949 5,211,512 5,242,043
RETUHN ON INCREMENTAL INVESTMENT
AT 30%Z BEFORE TAXES 18,069 18,738 19,224
NET REVENUE, TOTAL REVENUE-TOTAL
EXFENSE~RETURN 728,743 728,743 728,743
CALCULATED PRICE OF GAS TURBINE FUEL, $/E (2) 60,72 40.67 40,71

(1) INCREMENTAL OVER BASE CASE REFINERY, CASE .00,
(2) CALCULATED TO PROVIDE SAME NET REVENUE AS IN BASE CASE REFINERY, CASE 1.00.
(3) EXCLUDING LAHOR AND IMVESTHENT‘RASFD ITEMS FOR BASE CASE REFINERY, CASE .00,



o

ORIGINAL PAGE 1S
OF POOR QUALITY

TABLE IXI~2

FRODUCTION OF GAS TURBINE FUEL FROM AN EXISTING
REFINERY CHARGING HIGH-SULFUR CRUDE

DECAREBONIZING OF VACUUH BOTTOMS PLUS
HYDRODESULFURIZATION OF DECARBON1ZED OIL

ECONOMIC EVALUATION-U.S. GULF COAST-1985

2,00 2,40
BASE CASE GAS JURBINE FUEL PRODUCT
NOo. é FUEL 0OIL DECARBONIZING OF
CASE . PRODUCT VACUUM BOTTOMS
GAS TURHINE FUEL, DB/CD - 19,392
SULFUR, WTX ' 0,26
NITROGEN, WT% 0.27
VANADIIIM, PPH 11.6
LRAVITY, AFI 24.7
VISCOSTTY. LS @400F . 1,130
CAPACITY, INVEST- CAPACITY, INVEST-
INVESTHENT, $THOUS (1984) (1) UNITS/SD HENT UNITS/SD HENT
DECAREONIZING UNIT, B CHARGE - - 22,840 32,800
DECARE. OIL DESULFURIZATION UNIT, B CHARLE - - 17,120 16,180
FURNACE OIL GULFINING UNIT, B CHAKRGE - - 2,770 3,110
HYDROGEN SULFIDE RECOVERY UNIT. LT H2§ - : 7 6,920
SULFUR PLANT, LT SULFUR : - 73 11,180
SUBTOTAL PROCESS UNITS - 72,190
CATALYSTS AND ROYALTIES . 4,220
UTILITY UNITS - 3,060
STURAGE TANKS - 3,630
MISCELLANEOUS OFF~SITES - 20,220
CONTINGENCY AT 20% - 21,060
TOTAL PLANT INVENTHENT 126,380
REVENUE FROM CONVENTIUNAL PRODUCTS UNITS/CD  $THOUS/p UNITS/CD  $THOUS/A
ASOL INE, $ 78,3578 48,823 1,396,228 40,823 §,396,228
NOL2? FUEL OTL, 4+ 68,65/B Q2,087 553,437 22,857 372,733
FROPANE LPG $ 45.59/8 2,003 A6,643 2,803 46,643
ND.6 FUEL OTL, + 53,00/H G927 565,203 7,620 147,409
SULFUR, $452.00/L1 34 1,997 104 5,770
KEFINGRY FUF). LAS, $ H56.,03/k FOE 4,437 44,1645 2,729 55,814
REFINERY FUEL 0L, t 3,007k R EA] 42,385 3,837 74,227
TOTAL REVERUE FROM CONV., PRODULTS 2,670,060 2,298,824
REVENUE FROM GAS TURBINE FUEL, $/B () . - 19,392 450,698
TOTAL. REVENUE 2,670,060 2,749,519
COST OF CHARGE
CEUTA (VENEZUELAN) CRUDE, $59.00/1 100,000 2,153,500 100,000 2,153,500
ISOBUTANE, $69.58/8 4,230 107,428 4,230 107,428
NORMAL. BUTANE, $60,00/1 1,440 31,536 1,440 31,536
TOTAL COST OF CHARGE 2,292,464 2,292,464
MANUF AL TURING [ xPENSE
FUEL 9,328 §06,550 6,566 130,038
ELECTRIC POWER, $ 0.0654/KWH 209,590 5,003 276,550 4,402
FRESH WATER, + 0,0486/THOUS GAL. 3,546 a9 4,196 105
SUBTOTAL UTILITIES 11,642 136,745
PHEHTCALS 1,442 2,637
TEL, $9.984/THOUS CC 557 2,030 557 2,030
LATALYSTS 1,835 2,568
ROYALTY, CRUDE OIL DESALT., $0.0054/® 100,000 204 100,000 204
LABOR-BASED ITEMS (3) - 3,640
INVESTMENT~BASED TTEMS (3) - 10,844
TOTAL HANUFACTURING EXFENSE (3) 17,123 158,648
TOTAL EXFENSE 2,409,587 2,451,132
RETURN ON INCREHENTAL INVESTMENT
AT 30% BEFORE TAXES - 37,914
NET REVENUE, TOTAL REVENUE-TOTAL 260,473 260,473
EXPENSE~RETURN
CALCLULATED PRICE OF GAS TURBINE FUEL, $/E () - 63,468

(1) INCREMENTAL OVER DASE CASE REFINERY, CASE 2,00.

(2) CALCULATED TO PROVIDE SAME NET REVENUE AS IN BASE’CASE REFINERY, CASE 2,00.
(3) EXCLUDING LARDR AND INVESTHENT-RASED ITEMS FOR BASE CASE REFINERY, CASE 2,00,

(8
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TARLE I1X-2 (CONTINUEM

Jo - v PRODULTION 0F GLAS TUKBINE FUEL FROH AN EXISTING
ULIEGINAL PASE 15 REF INERY CHARGING MILH SULFUR CRUDE
R QUALITY DEL AYED CUKING OF VACUUN HOTTUMS PLUS
HYDROGENATION OF COKER DISTILLATE
ECONDNIC EVALUATION U.5. GULF COAST 1285
CASL 228 2,00 2,23
COKER DISTILLATE TO HYDROGENATION UNIT €5+ 950F 315 950F 450~ "50F7
GAS TURBINE FUEL, B/CD 15,263 11,264 5,418
SILFUR, WTX 0.14 .20 0,23
NTTROGFN, WT% 0,09 0,11 0.19
VANADTUM, FPH o . 0 0
GRAVITY, APY 37,7 34.9 22,3
VISCOSITY, G Q100F f.0 5.0 26.9
CAPACITY, [INVEST- CAPACITY,  INVEST- CAPACITY, INVEST~
INVESTHENT, $THOUS (1984) (1) UNITS/SD MENT UNITS/SD HENT UNITS/SD HENT
fe e emm—m e oy e s PRSI e oo ——
DELAYED COKING UNIT, B CHARGE 22,610 35,150 22,700 35,210 22,840 35,340
COKER DIST. HYDROGENATION UMIT, © CHAKGE 16,020 14,630 11,040 11,490 5,730 7,430
NAPHTHA PRETREATING/REFNRHING UNIT, B OHGE - - 3,480 12,330 3,700 12,330
FUKRNAGE OFL GULF INING UNIT, B UCHARGE 3,740 3,690 3.740 3,690 4,430 1,410
FCL UNLT, B CHARCE (REVANP) . . - - 64140 5,000
ALKYEATION UNIT, B CHARLE (KEVAHP) . - 2,760 1,000
GASOLINE SWEETENING UNITS, B CHARGE . : 670 120 3,860 550
NS PLANT . 1,160 - 1,100
HYDROGEN SULFIDE REGOVERY UNLT, LT H2§ ° 76 6,890 7 4,920 75 6,840
SULFUF FLANT, LT SULFUK 2 11,110 72 11,410 7 11,050
SUBTUTAL PROCESS UNITS 71,650 82,430 85,070
CATALYSTS AND ROYALTIES 2,150 3,070 3,400
UTILITY UNITS 4,300 4,480 5,790
STORAGE TANKS 4,120 5,510 7,690
HISCELLANEOUS OFF-STTES 20,020 23,110 24,640
CONTTHGENPY AT 20% 20, 450 23,720 25,320
TOTAL FLANT (NVESTHENT 122,690 14“3”0 151,910
REVERUE RO CONVERTIONAL PRODUCTS UNITS/CD mmusm UNITS/CD  $THOUS/ZA UNITS/CD $THOUS/A
GASOL THE, $ 78.35/B 49,715 1,420,737 53,505 1,530,123 58,700 1,678, 686
NO.2 FUEL OTL, $ 48.65/B 29,399 734,650 29,399 734,658 30,146 755,376
PROVANE L PG, $ 45,59/R 3,309 56,370 3,605 59,988 3,043 63,949
ND.6 FUFL OTL, $ 54,.00/H ‘ - - - 661 12,787
COKE, $ 40.00/5T 1,032 17,98¢ 1,237 18,060 1,245 18,177
SULFUR, $§52.00/L.T 104 5,740 104 5,770 102 5,659
REFINERY FUEL GLAS, $ 56.03/K FOE 3,614 73,040 3,914 80,045 4,322 80,389
REFINERY FUEL OIL, $ 53.00/H 2,844 54,959 2,742 53,431 2,468 47,743
10101 REVENUEL FROW CONV, PRODUCTS 2,347,087 404,075 2,670,748
KEVENUE FFON LAY TURNINE FUFL, $/1 <) 15,263 308, 805 11,1061 289,571 5,418 138,139
T0TAL KEVENUE 2,756,092 2,773,646 2,808,907
(0ST OF CHARGE
(T4 (VENEZUELAN) CRUDE, 59 ,00/F 100,000 2,153,500 160,000 2,153,500 100,000 2,153,500
ISOBUTANE, $49.50/1 4,740 120,434 4,633 117,663 5,605 142,349
NORMAL BUTANE, $60.00/1 1,201 26,302 1,479 32,390 {,650 36,135
TOTAL COST OF CHARGLE 2,300,233 2,303,553 2,331,994
HANUFACTUR ING EXFENSE
FUEL 6,452 108,807 6,676 133,476 6,790 136,132
ELECTRTEL FOWEK, $ 0,0854/KWH 338,730 #,086 338,785 8,087 334,800 7,992
FRESH WATER, $ 0.0604/THOUS GLAL 4,310 100 4,425 111 4,690 117
SUBTOTAL UTTLTITIES 137,001 141,674 144...41
CHEMICALS 1,809 1,839 1,964
TEL, $9.984/THOUS CC 5564 2,027 601 2,189 661 2,409
CATALYSTS 2,219 2,205 2,456
ROYALTY, CRUDE OIL DESALT., $0.0054/R 100,000 204 100,000 204 100,000 204
.LAROR ~BASED ITEMS (3) 4,732 &, 553 6,553
INVESTMENT~EBASED [TENS (3) 10,587 12,260 13,050
TOTAL MANUFACTURING EXPENSE (3) 158,579 166,924 170,877
TOIAl EXPENSE 2,458,842 2,470,477 2,502,861
RETURN ON INCREMENTAL TNVESTMENT
AT 30% HEFORE TAXES 36,0807 42,694 45,573
NET REVENUE, TOTAL REVENUE-TOTAL .
FXPENSE~RE TURN 260,473 240,473 260,473
CALGULATED FRICE OF GAS TUKRKINE FUEL, $/R (2) 89.79 70.45 49.85

e ear . - e

(1) INCREMENTAL. OVER BASE CASE REFINERY, CASE 2.00.
(2) CALCULATED Ti) PROVIDE SAME NET REVENUE AS IN BASE CASE REFINERY, CASE 2.00.
(3) EXCLUDING LAKDR WND INVESTHENT-EASED ITEMS FOR EBASE CASE REFINERY, CASE 2.00.
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ORIGINAL PAGE 3
OF POOR QUALITY

TABLE T1I-2 (CONTINUED)

FRODUCTION DF GAS TURBINE FUEL FROM AN EXISTING

KEFINERY CHARGING HIGH-SULFUR CRUDE

mmm e

@ o o

HYDRODESULFURIZATION OF VACUUM BOTTOMS
ECONOMIC EVALUATION-U.S. GULF COASY-{985

CASE . 2.3 2,32 2,33
HYDRODESULFURIZATION SEVERITY HODERATE INTERHEDIATE HIGH
GAS TURBINE FUEL, B/CD 25,325 29,096 24,730
SULEUR, WI% 0.37 0,29 0.20
NITROGEN, WT% 0.34 0,34 0.30
VANADIUIM, FPH 50.4 31.0 10.9
LRAVITY, APl 23,0 23,2 23,4
VISCUSTY, €§ @100F 1,130 1,130 1,130
CAFACITY, INVES1- CAPACITY,  INVEST~- CAPACITY,  INVEST-
THVESTHENT, $THOUS €1904) (1) UNITS/SD HENT UNITS/SD HENT UNITS/SD HENT
HYDRODESULFURIZATION UNIT, B CHARGE 22,200 106,660 22,130 110,680 22,050 117,540
HYDRULEN MFG PLANT, THOUS SCF 4,420 7,560 5,440 8,740 6,790 10,210
FURNAGCE OIL GULFINING UNIT, B CHARGE 3,620 3,800 3,620 3,600 3,430 3,800
HYDRNGEN SULFIDE RECOVERY UNIT, LT H2§ 143 7,830 145 7,870 119 7,960
SULFUR PLANY, LT SULFUR 106 {3,000 109 13,150 112 13, 300
SUBTOTAL PROCESS UNITS 138,050 144,440 152, a1o
CATALYSTS AND ROYALTIES 17,970 18,890 21,260
UTILITY UNITS 5,850 5,960 6,010
STORAGE TANKS 4,500 4,520 4,580
HISCELLANFGUS OFF-STTES 37,300 38,730 40,850
CONTINGENCY AT 0% 40,890 42,510 45,100
TOTAL FIANT INVESTMENT 245,340 255,050 270,610
REVENUE FROM CONVENTIONAL PRODUCTS UNITS/CD  $THOUS/A UNITS/CD  STHOUS/A UNITS/CD  $THOUS/A
GASOL INE, $ 78.35/R 49,342 1,411,070 49,361 1,411,614 49,383 1,442,243
NO.2 FUEL OIL, ¢ 68.45/H 25,273 633,272 25,444 637,557 25,743 445,049
PROFANE. LPG $ 45.59/B 2,892 48,124 2,896 48,190 2,899 48,240
SULFUR, $152,00/LT 136 7,545 130 7,654 141 7,823
ANMONTA, $312,00/8T 6.9 173 6.9 04 2.0 1,025
RFFINERY FUEL GAS, $ N4, 03/H FOF 2,536 1, B64 3,502 52,191 2,97 52,4979
REFINERY FUEL OFL, + 93,00/0 3,604 ,n.na 3,736 h,.w 3,807 73,644
FOTAL. REVENUE FROM CONV. FRODUCTS z 228, n.& 2,230,267 2,240,605
REVENUE FROM GAS TURRINE FUEL, $/B 25,325 5 30, 0is6 25,094 579,003 24,730 579,179
TOTAlL. REVENUE 2 t 3 % 2,810,150 2,819,784
£OST OF CHARGE
CEUTA (VENEZUELAN) LRUDE, $59,00/B 100,000 2,154,500 100,000 2,153,500 100,000 2,153,500
ISORUTANE , $49.58/8 4,202 104,717 4,204 104,692 4,199 106,441
NURMAL. EUTANE, $60,00/H 1,464 31,9964 1,464 31 996 1,464 31,994
TOTAL. COST OF CHARGE 2,292,113 2, 29 mu 2,292,137
MANLFACTURING EXPENSE
FUEL 6,212 122,976 6,288 124,444 4,378 126,225
ELECTRIC POWER, $ 0.04654/KWH 368,430 8,800 375,910 8,973 382,830 9,139
FRESH WATEK, $ 0.0604/THOUS GAL 4,319 fop 4,353 109 4,399 110
SUBTOTAL UTILITIES 131,884 133,544 135,474
CHEMICALS 1,969 t,908 2,012
TEL, $9.984/THOUS CC 568 2,069 569 2,074 549 2,074
CATALYSTS 15,876 16,784 18,540
ROYALTY, CRUDF DESALTING, $0,0054/H 100,000 204 £00,000 204 100,000 204
L.LAROR-BASED ITEMS (3) 4,732 4,732 4,732
INVESTHENT- BASED ITEMS (3) 20,634 24,6464 22,935
TOTAL HANUFACTURING EXFENSE (3) 177,565 180,974 185,991
TOTAL EXPENSE 2,469,778 2,473,162 2,478,128
RETURN ON INCREMENTAL INVESTHENT
AT 30% REFORE TAXES 73,600 76,515 81,183
NET REVENUE, TNTAL REVENUE-TOTAL
EXFENSE~RETURN 260,473 260,473 260,473
CALCULATED PRICE OF GAS TUREINE FUEL, $/B (2) 62.76 63.31 64.16
¢1) INCREMENTAL OVER BASE CASE REFINERY, CASE 2.00.
{2y CALCULATED TO PROVIDE SAHE NET REVENUE AS IN FASE CASE REFINERY, CASE 2,00,
(3) EXCLUDING LABOR AND INVESTHENT~EASED ITEMS FOR BASE CASE REFINERY, CASE 2.00.



- PRUDUCTION OF LAS TURBINE FULL FROM SUKFACE RELTORTED SHALE 0OIL
IN AN EXISTING REF!NER

AY eI

. twu-"

ORIGINAL

TABLE 115-3

OF POOR QUALIY ’Y

3.0
BASE

0
CASE

0.2 FUEL OIL PRODUCT

ECONUNIC EVALUATION-U,S, GULF COAST 198BS

3.04
BASE CASE
NO.2 FUEL DIL PRODUCT

3,10
GAS TURBINE F

UEL PRODUCT
SEVERE HYDROTREATING PLUS

fﬂSF SQUTH LOUISIANA CRUDE PARAHO SHALE OIL GULFINING DF DISTILLATE
GAS TURBINE FULL, B/CD . " 21,849
SULFUR, Wrx 0.001%
NITROGEN, WTX 6,019
VANADIUN, FFH . 0,2
GRAVITY, API 36,5
VISGCOSITY, €S AT tOOF ‘2.]5
CAFACITY, INVEST- CAPACITY, INVEST~ CAPACITY, INVEST™
lNVfSTHENT, ‘ I“OUS (1984) (l) UNITS/8D HENT UNITS/SD HENT UNITS/SD ﬂENT
SHALE OIL DEMINERAL IZING UNLT, b UCHARGE ~ 38,020 2,070 50,820 2,070
HYDROTREATING UNITY, B (HARGE 58,820 §06,650 58,820 106,650
HAFHTHA PRETKEATING UNIT, B CHARGE hd . 8,740 4,010 0,940 4,810
DISTILLATE GULFINING UNIT, Bt CHARGE - 23,220 17,840 23,220 17,840
HYDRDGEN MFG PLANT, THOUS SCF - 2-61,0%0 76,540 2-61,850 96,540
HYDROGEN SULFIDE RECOVERY UNTT, LY - 59 6,380 5% 4,340
SULFUR PLANT, LT - - £z 10,030 54 10,030
WASTE UATER TREATING UNIT . - 22,970 22,970
SURTOTAL PROCESY tINITS - 26%,270 26%,270
CATALYSTS AND RUYALTIES - 29,840 29,840
HTILITY LHITS - 6,200 8,200
HISCELLANEDUS DFF -STTES - 469,370 * 49,370
CONTINGERLY AT 20% - 73,340 75,340
TOTAL PLANT INVESTHENT - 452,020 452,020
REVENUE FROM CONVENTIONAL PRODUGTS UNTTS/ZCD ‘TMUUS/ﬂ UNITS/CD tTMOUS/h UNITS/CD $THOUS /A
——— R e e e —— R ——ionim
GASTLINE, 4+ 10,3571 29,034 830,307 20,543 016,.66 20,343 016,244
JET FUEL , 4 70.34/9 2,100 53,714 - -
HO, 2 FUFL OIL, 8 LU A5/ 15,4634 394,745 21,869 54( 77 - -
PROPANE LFG, ¢ 43,%9/R Q9 16,497 a7 14,540 872 14,510
Ha,6 FUEL OTL, $ 56,03/l 1+ 224 106,834 - - - -
SULFUR, $1592,00/1 1 v 340 47 ¢,608 47 2,408
AHMONIA, $312,00/87 208 23,607 200 23,687
GAS TO H2 FLANT FEED, $ 54.03/k FOE - 4,292 97.175 4,292 Q7,775
REFINFRY FULL GAS, $ H6,08/8 FOE 2,092 42, /4 o - -
KFFTNERY TUFL ouL, $ H56,03/K 340 l 43! 5,049 |0J. 5( 5,049 103,257
fOTAL REVENUE FROH I, #RODUCIS ¢ 450. L] 1,596, 080 1,040,103
REVENUT FROM OAS TURBINE FUEL, $6B.A3/H (2) 21,869, 547,801
TOVAL REVENUE 1,450,204 l 596, 080 1,595, 906
COST OF CHARGE
SOUIH LOULNIANA CRUDE, ¢ 42.00/0 50,000 4,134,500 - - -
FARAHD SHALE 01, 8 50,86/K () - - 50 000 228,12 50,000 928,421
I1SORUTANE, $ 67,5071 2,030 54,555 1,677 42,590 1,677 42,590
NORMAL EUTANE . $ 60.00/K 1,305 8,500 1,743 37,545 1,713 37,515
roTat COSY OF CHARGE $.241,6485 1,008,224 1,008,226
HANUF ACTURING EXPENSE
FUEL,, $ 56,038/ FOE HoATR 50,555 5,049 103,257 5,049 103,257
ELECTRIL POWER, $  0.0654/7KWH 116,170 2,773 364,550 8,702 364,550 8,702
FRESH WATER, $0,04686/THOLS GAL 2,379 40 6,15% 154 6,155 154
SUBTOTAL UTILIVIES 53,308 112,443 12,443
GAS 10 N" FLANT FEED, $ 54,03/ FOE - - 4,292 87,773 4,292 07,775
CHEMICA 698 1,499 1,325
TEL, $ 9.984/THOUS CC 348 1,159 24% 892 245 892
CATALYSTS 2,004 24,32 24,324
ROYALTY. DEMINERALIZING, 7 D056/ 50,000 102 50,000 102 50,000 102
LAUORBASED ITEMS (3) - <,102 2,182
INVESTHENT-BASED ITEMS (. - 42,340 42,340
THTAL MANUFACTURING EXFENSE (3) 97,548 a7y,227 274,053
TOTAL EXPENSE 1,269,183 §.279,453 2 279,279
RETURN ON INCREMENTAL INVESTHENT
AT 30% BEFORE TAXES - 135,606 135,606
NET REVENUE, TNTAL REVENUE-TOTAL 181,024 181,024 181,021
CXFENSE~RETURN
CALCULATED FRICE OF GAS TURBINE FUEL, $/R (2) - - 68,63

1 INCKEHENTAL UVER BASE CASE REFINERY, CASE 3.0
2 CALCUCATED TO PROVIDE SAME NET REVENUE AS IN BASE CASE REFINERY, CASE 3,00,
3 EXCLUDING LABOUR AND INVESTHENT-BASED ITEMS IN BASE CASE REFINERY, CASE 3.00,
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FABLE 311-3 (LONLIRUED)

PRODUCTION OF CAS TURBINE FUEL FROM SURFALE -RETORIED SHALE OJL
IN AN EXISTING R?UNERY

s A mmes -

ECONUMIC EVALUATION=U,S, CULF COAST-39u%

4,20
€AS TURBINE FUEL FRODUCT
SEVERE HYDROTREATING

CASE NO GULFINING UF DISTILLATE  NO GIRFINING OF DISTILLATE
HAS TURMINE FUEL, B/CD 22,136 32,273
SULFUR, uTX 0,004 0,000
NITROGEH, Wi% 0.03 0,3
VANADIUH, FFM 0,2 ! 0,0
GRAVITY, API 37.5 39.0
VISCOSITY, €S Q100F 2.3% 2.4
CAPACITY, TNVEST- . CAPACITY, IHVEST~
INVESTHMENT, $THOUS (1984) (1) UNITS/SD HENT UNITS/5D MENT
SHALE OIL NEMINERALIZING UNIT, B CHARGE 58,820 2,070 %%,560 2,000
HYDRNTREATING UNIT, B CHARGE 50,0820 106,650 44,940 52,080
DELAYED COKING UNIT, B CHARGE - - 55,560 60,790
NAPHTHA PRETREATING UNIT, b CHARGE 8,940 6,810 7,020 5,850
HYDROGEN MFG PLANT, THOUS SCF 2 AT 60,060 94,570 33,360 43,630
HYDROGEN SULFIDE RECOVERY UNIT, LY 39 6,350 A8 5.930
SULFUR FLANT, 56 10,040 A3 9,100
UASTE WATER 7RER11NG ungy 22,970 16,940
SUBTDTAL PROCESS UNITS 249,430 194,400
CATALYSTS AND ROYALTIES 28,670 12,630
UTILITY UNITS 1,350 2,010
STORAGE TANKS - 410
HISCELLANEGUS OFF-SITES 44,200 49,910
CONTINGENCY AT 20% 69,930 52,450
TOTAL PLANT INVESTHENT 419,500 314,590
REVENUE FROM CONVENTIONAL FRODUCTS UNITS/ZCD  $THOUS/A UNITS/CD  $THOUS/A
GASOLTHE, ¢ 78,35/B 26,543 816,266 4,714 192,003
PROPANE L.PG $ A5.59%/B 82 14,510 325 5,408
PUTANES, ¢ 40,00/ - . 250 5,475
SULFLUR, $152,00/L7 A7 2,608 40 2,249
AMMONIA, $312,00/8% acn 23,607 130 14,004
COKE, $ 40,00/ST - - 1,531 22,643
GAS TO H2 PLANT FEED, $ 56,03/0 FOE 4,167 85,219 1,914 39,143
REF INERY FUEL GAS, $ 54.03/8B FOE 38 77 1,734 35, 404
REFINERY FUEL OIL, $ 56,04/8 4,26 96,447 1,961 40.104
TOTAL REVENUE FROM CONV, PRODUCTS §.039,%514 357;204
REVENUE FROM GAS TURBINE FUEL, $/B () 22,156 533,144 34,273 1,008,045
TOTAL REVENUE 1,972,658 1,36%,1849
COST OF CHARGE
PARAHD SHALE aQIt, 4 50.86/0 () 50,000 928,124 50,000 Q28,121
ISORUTANE, $ 49,5870 1,677 42,4590 - -
NORHAL DUTANE, $ 40,00/1 1,713 37,515 - -
TOTAL COST OF CHARGE 1,008,226 928,12
MANUFACTURING EXFENSE
FUEL, $546,04/B FOE 4,754 97,224 3,692 75,5085
ELECTRIL POMER, $ 0.0654/KWH 319,720 7,632 286,360 4,834
FRESH WATER, $ 0.0606/THOUS GAL 5,917 148 3,044 96
SUBTOTAL UTILITIES 104,004 82,437
GAS TO H2 PLANT FEED, $56,03/0 TOE 4,167 85,249 1,914 39,143
CHFHICALS 1,478 644
TEL., $9.7B4/THOUS CC 245 092 ” 284
CATALYSTS 24, 1"4 7,140
ROYALTY, DEMINERALIZING, $0,0054/H 50,000 10 50,00¢C 102
LABOR-BASED ITEMS, (3) 1, 454 2,482
INVESTHENT~RASED ITEHS (3) 39,264 29,0834
TOTAL MANUFACTURING EXFENSE (3) 257,537 164,730
TOTAL EXPENSE 4,265,763 1,089,854
RETURN ON INCREMENTAL INVESTMENT
AT 30%Z BEFORE TAXES 125,074 94,377
NET REVENUE, TOTAL REVENUE-TOTAL ’ 184,021 184,029
EXPENSE-RETURN
CALCULATED PRICE OF GAS TURBINE FUEL, ¢/B 65.93 85.58

o mbiw

3,30
GAT TURBINE FUEL PRODUCT
COKING PLUS HYDROTKEATING

i INCREMENTAL OVER BASE CASE REFINERY, CASE 3.00

2 CALCULATED TO PROVIDE SAME NEY REVEMUE AS IN BASE CASE REFINERY, CASE 3.00,
3 EXCLUDING LABOR AND INVESTHENT-BASED ITENS IN BASE CASE REFINERY, CASE 3,00,

B-12



FRODIETINe O Wiy TURBINL B U
4

LAt

GAs TURBINE FUED 820D
SHUFUR. Wi
HITKOGLN, WIX
VARADTUM  FFH
LIRAVLTY. APl
viSCaUIIY. '8 A 100k

INVESTHENT, 5 TH0US (19843 (1)

SHALE {3 DEMINERALLZING UNET, 0 4 HAKLE

HYDROTRERLING URTT. T L HARGE
NAFHTHA TRETREATING UNTT, D CHARLE
PEOTILEATE GUCETHIHG UNLT . I CHARGE
HWYDROLEN MEG FLANT, THOUS SCF
BYDEUGE N ot E YD RECOVERY UNTT. L1
SULEUR FLART, LT

WASTE WATER TREATING UNIT

SURTUTAL FROCESS HIRLE?

CATALYS LS AND Layar TIES
IR INURERT) LI
MISUFLTANEOUS OFF SLFES
TONITHGEHE Y AN SON

Tilal TUANT THVE STHEID

REVERUE TROH CUnvENTTIONAL PRODUCT

ACHE TN . $ MLgsou
[UNARE B YIS S i1 ol an it
FREOHL L EG, $ A58 B
SLFUK, (RN TR I
AHMONTA, 51 "0u Y
fofe” Mo He FLANT LEED, 3 a0 FUL
REFINEEY LUFE GAS, $ bo.us
BOCIHERY BUEL OTL, $ ho.0t 1

TotaL TEVEHUE T ROM LUV, FRUDULT,
REVENUE FRON GAY TURBINE FUEL, 4 18 02)
TNTAL KEVEHDE
GO oF CHARLE
[ IRCR (10 QRS |

A7,
3+ 0001

HI  FBALTD Ol
L-NBUTANE
NORMAL BUTANE ,

TOLAL LUST Gk UHARGE
HANUEACTUR THL B XTTNST
AU $ 96,080 FOL

FLECTRTL FOWER, $ 0.,0454/KWH
FRETH WATLE, $0., 0604/ THIIUY

SURTHTAL

UTILITIES

HAT TU U2 FLANT FFED,

$ 56,0978 FOF

fHEHIEALY
TFL. $ 9.984/THOUS
CATALYSTY

BOYALTY, DEMINERALIZIRG
LANOR KASED TTEHS (3)
THVES INENT ~BASED TTEHS (%)

L B UL Y ]

TOTAL MANUFALTURING FXFENSE (3)
TOTM FXTENSE

RETURN ON TNCREHENTAL INVESTMENT
AT 30X DEFOKE TAXES

NET REVENUE, TOTAL, REVENUE-TOTAL
EXFENSE-RETURN

ThULE LIE 4

4,04

ARE CATE
Hin® FUEL DXL FRUDUCT
HIS SHALE OO

(AFALITY,  INVEST
UNTESZSD HENT

SH, 000 PRIy {Y
Y, 820 7. 240
& 120 %, 590
R ATY 20, 150
74,430 449,000
41 B, U%0
44 9.4090
Q2,000
220,780
Gu B
G 190
56, 140
60,910
J6% 400

HNSYS/D $THIY - A
", 007 30,002
Mot Hd 608
4% YA
KN R L RS
A 16, uvd
N4 G0, 000
703 14, 8¢¢
Y470 REI AT
S0, 890
1:5%%0.A%49
6,000 L{ IR R
1,048 45,1304
1,723 87,234
1. 066,448
3,873 AT i
$18,950 {619
LAL %404 138
He. sy
2.589 50947
¥ 307
[2n a2 u2?
19,414
50,000 12
1,454
$4,373
194,363

1,260,041

109,632
181,021

CALCULATED PRICE UF GAS TURRINE FUEL, $/F ()

CRIGINAL RAGE Iy
OF POOR QUALITY

E1 FROH MODIEJEL LH SLV0 KETORIED SHALE O
N AN EXTUHEMG KEF INERY

ECUNUNTG EVALUATION- U.8, GULE LUAST 903
4,10
tAs TURBEINE FUEL FRUDULT

SEYERE HYDROTREATING,
GULFENIHL OF DESTILLATE

ae weoreya

4.0

Las TURGIRE FULL FRUDDECT
St VEKE HYDROTRE AT ING ,
NO GULFIHING UF DISTILI ATE

s L

36,461
0.004
0,09
.2
36.7
2,34
CAPACITY, INVES!
UNIt878D HENT
he, 020 2,070
54,020 99,940
6,170 4,370
i, 370 S50
a4 5,870
43 9,040
&2,970
198,150
19,430
5,600
50,940
54,640
329,089
UHITS/00 $THOUS 7A
9,807 130,022
LY 9,904
XY 2,053
1 13,093
FPELY A9, 904
b 159,094
Sotth H6. 072
auy, B0
26,461 637,81

1,523,463

26,427
9.001%
0.019
0,2
$7.2
.38
LAPACITY, INVEST
UHITE-SD HENT
54, 8.0 L0000
56,000 99,940
4,470 4,890
2,230 20,150
74,830 %%.080
a7 5,090
14 2,090
0?20
220,200
20,02
b, 190
54,740
40,910
$6%,440
UNLTSZCD $THOUN A
25,007 38,002
Yty 9,909
0‘ 'l‘ .‘ . "‘V.!
o [EPH TR
Sl he, vl
703 14,3587
3,420 64,3080
B8 008
Jh Q7 654,463
1,550, 986
V(T e
1.4841% 46,000
o228 34,834
1,066, 6490
3,873 .07
348,950 7e644
5,906 138
46,959
25989 52,947
1.09%
21 gne
15,444
R0, D00 10,
1,454
34,328
193,175
1,259,033
109,438
181,02
68,63

1 THCRFMENTAL OVER DASE GASE REFINERY, CASE 3,00,
2 CALCULATED TO PROVIDE SAME NET REVENUE AS IN BASE CASE REFINERY, CAZE 3,00,
3 EXCLUDING INVESTHENT AND LADOR-BASED ITEMS IN BASE CASE REFINERY. CASE 3.0 .

40,000 82,410
1,643 44,004
1,723 57,734

1,066,650
3,820 72,028
265,400 4,339
5,224 134
03, 494
o4 42,529
1,072
aar 827
15,124
50,000 {102
798
30,922
177,242
1,243,900
98,718
184,021

66,04

B-13



JABLE IV
SYNCRUDE PRICING CASEE

smr e -

ORIGINAL PAGE 3
OF POOR QUALITY

FLONOHIC EVALUATION-U,S. LULF (OAST-1985

1t 1000 2000 3000 4000
PELDSTHE EASTERN COAL WESTERN (UKL SURFACE~RE [ORTED "0”’;“‘535'5;{""
LIQuID LIQuUID SHALE DIL
§ SRC#11 ) ¢ H:=CUAL ) t PARANHO )
DESLRIPTION NG SEVERITY NIDERATE SLVERIDY HIGH -SEVERLTY HIGH SLVEKITY =
HYDKUTREAY SHG HYDROTKEATING HYDROTREATING FLUS HYDROTEATING PLUS
REATIE VL OF G4OF+ BOTIOHS . ..JFE F 4oF< oTiohs
LAPACTIY.  THVES) LAPACITY,  LAVESY - CAFACITY, INVEST- CAPACITY, INVEST~
INVESTHENT . $THOUS v 19H4) UNITE/SD  HEND UNITS/SD  WONT UNITS/SD HENT UNITS/SD HENY
PESAL TIHG UNIR, 88 4 HARLE 57,040 2,070 50,820 2,070
MYDROTREAVING URTE. R CHARGE : 000 400,000 50020 159,230 6,820 122,910
NATHTHA FRETREA)VING UNIT. B GHARLE 15,340 24,490 : ,740 6,140 6,170 4,740
LATALYTIL FLEORMING UNTTS, B CHAKLE 3,180 37,670 33,090 40,870 1,940 17,460 4,470 13.410
DISFILLATE WYDROTREATING UNIF, R CHARLF 47,440 199,430 : 23,230 17,646 27,780 20,380
FEU UNTT, It EMAKGE 21,0860 48,1460 3 :U'M' AG.150
HE ALKYEATION UNTT, B ALKYIATE 5,500 19,100 5,510 19,120
LASOLTHE SWEFTENINL UNE), I CHARGE 13,080 1,100 11,900 1,110
“IFan REFORMINL Y FLANT, MPCF (1 . LY 160 4,480 1.0%, 700 96,540 74,640 5%,090
NS RECOVERY aNIT X1 s 32 £, 230 4 £, 650 -9 Boalf) Al 5,090
FULFGR PLANT, LT SULRLR KT 7,830 4 X380 94 10,050 44 7,090
LAS PLANY, 1 (HalGE *. 600 1,090 . 5500 2,940 2,840 2,120
PARTIAL DXIDATION He FLANI, HSLE W 15%,890  #/3,0100 - > - - -
L . [
SUBHVIAL PEOCESY BHTEY 54%.340 M4 381,980 304,140
CoTALYSTE Al ROYAL LY 53,870 23,91 34,610 24,590
HIILLTY FACIIT)IE Y N H,900 13,200 11,860
FANKAGE 0,040 NI 20,860 20,900
HESCELLANT O OFE-31THS 1 aCILITIES 196 4330 94,070 138,540 142,120
CONTINGENFT Al o 144,340 80,140 117,840 94,740
AR BRIt o ——
TOIAL Flagl ENYES IBEN Vit 040 0 480 707,030 ' 540,570
WORK TG AT TTAL B3. 00 U220 74,030 70,690
AL LAY T FLORUIREHLNT 1,067, 260 867, U7 781,060 637,240
H/E COKN § KON CONVENT TONAL PRODUGTS URITS LD $00US YEAR UNTI LD $THODS # TEAR UNITE.CD 8 THOUS/YEAR UNITS/CD ¢ THOUS/YEAR
LASOLINE . (1) [ DT 34,350 "R, 704 40,899,064 0,544 Bl4, 266 25,807 730,022
$ 5 1FG, $ 4% S0 IXt] Vei, 617 ard 14,510 595 7,904
1y FHEL, + 20,3401 M40 Hug, 390 . - -
DIESFL FUEL, $ ALt I 205,94 o, 337 21,869 547,977 24,127 654,671
SANFUSe, $452,00) 1 1. 20y 1 14, 4/ 2,408 37 2,053
AHMONIA . S0 00 8T " $3,M40 w R | 2o 23,0l7 120 13,6064
FEEINERY UEL fAY, $ 54,08, 0 FOE' 4,400 IR 734 i aw 8 726 14.847
KeF THERY FUHL OfL. $ 46,03 R R Lty 2,050 L, ni fLo0b 103,272 3,170 64,030
FEEINFIOY GAS 10 He $LANT, $ 56 68 1 FOS Yn .ol 4, %1% B, 2,566 5.4
LEFTNERY LLL50 Y PLANE, $ S&.08. 8 FOE  ©, %0 Ve, 250 - -
FOSAL BERIVN EROH FRODUMTS 000,547 1,760,190 1,594,101 1,550,467
CUST OF fHARLF
STHERUDE LIV V4] P L A B LU ] 66,600 1o%2, 448 50,000 983,91 ¢ 50,000  {,057,904
1L0BUTANE . 4 4.5 1 . 1,687 43,590 1,043 46,806
NDRHAL  HUTAHE: $ 60,00 H 4,010 1u¢, 509 5,474 ), Aty NN 37.54% 1,723 37,724
TOTAL LOST OF CHAKLE 1, Ve d, vt $,849. 707 1,063,467 {142,524
HANUFALTURTING EXYFENSE )
REF THERY FUEL, 96,0471 4, 544 Lo, 017 3,406 2,290 5,009 104,075 3,898 9,677
FOUER, FURCHASED, 87 0.0654/7KUH 547,340 13,066 197,020 2,704 164,550 8,702 318,950 7,614
WATES, FRESH, $ 0.0606/1HOUS AL 13z 2,601 &5 &, 155 154 5,506 138
SUBTOTAL UYVILITEES 102,017 10,060 112,931 67,429
REFINERY LIQLIO HZ FLANT, $56.03/ &t 8,27 169,252 - . - - - .
KES *NERY GAS 10) H2 PLANT, 854,03/ R FOE 910 18,6410 4,253 84,910 2,566 52,477
CHEMICALS 4,289 445 1,458 1,307
CATALYSTS 9,897 8,778 24,324 15,414
ROYALTY - ) 119 102
T, $ 9.784/THOIS €L 344 {1,254 444 1,695 245 B892 227 az27
IMVESTHENT-KASED [TEHS 04,424 40,779 60,174 48,416
| GYQL - BASED TTERS 672 10,193 31 4,732 744 11,284 872 10,193
TOTAL HANUFALTURING EXPENSE 304,328 151,030 298, 1 61 216,165
TOTAL EXPENSE EX SYNGRUDE a8g, 857 271,349 378,244 300,705
RETURN ON TOTAL CAPITAL AT
0% PEFORE TAXES 320,928 170,364 234,318 194,778
RETHRN FROM CONVENTIONAL PROOUCTS LESS
TOTAL EXFENSE EX MYNGRUDE LESS KETURN ON TOTAL 1,255,762 1,524,448 983,517 1,053,640
CAPITAL
SYNCRUDE VALUE, or8 54,64 &2.N 53.89 we.97

(1) 1983 FOOL AVERAGE: 09,3 (R+H)/2 AT 0,27

————-

CC/GAL TEL.

(2) CALCULATED T0 GIVE 30% REYURN ON TOTAL CAPITAL.



ORIGINAL PAGA 2K
OF POOR QUALITY,

TAULE 1V-2

UFGRADING OF EASTERN €OAL LIQUID (SRC-II) TD GAS TURHINE FUEL

(ORI

ECONOMIC SVALVATION 1S, LULF COAST- 1985

1050

HYDROTREATING OF SRC- 11
DISTILLAYE AT HIGH
SEVERITY, STEAM

KEFORMING H2 PLANT

dn e Ve e A

fo1) 1020
HYDROTRERTSNG OF SRC-11
DISTILLAIE AT INTERHMEDIATE
SEVERITY, STEAH

REFORHING H2 PLANT

CASE 1010
HYDROTREATING OF SRC-1I
DESTILLATE AT HODERATE
SEVLRITY; STEAH
REFUKHING H2 PLAN

HYDROTREATINL OF SRC-11

DISTILLATE AT MODLRATE
SEVERITY; PARTIAL
DXIDATION H2 FLANT

CemE T e - —

GLAS TURDINE FUks . R/CD AbL,475 44,385 43,549 40,374
NIIROGEHN, WTX 0.7 0.7 8.5 0.3
VISCOSITY, €S @100k 3.6 3.4 2.9 2, A5
SULFUR, WIX 0,94 0,13 0,41 0,97
VANADIUM, FPH -
GRAVITY, API g 13,4 14.4 14,8
CAFACY NVEST- CAPACEIY,  INVEST CAPACITY, INVEST CAFACITY, INVEST-
INVESTHENT, $THOUS (1984) UNITS/ui HENT HNITS/SD MENT UNITS/SD KENT UNITS *SD HENT
NAPHTHA HYDROTREATING UNIT, B CHARGE 17,970 29,440 19,760 24,830 19,950 26,970 20,940 27,740
CATALYTIC REFORMING UNIT, B CHARGE 11,440 25,480 20,270 27,230 20,460 27,410 21,490 28,370
DISTILLATE HYDROTREATING UNIT, © CHARGE 56,770 113,810 53,756 107,310 56,770 119,580 54,770 165,460
PARTIAL OXIPATION H? PLANT, HSCF H2 : - 44,944 97,490 . - - -
STEAM REFURNING H2 PLANT, HSCF HZ 50,070 40,540 - . 69,660 63,760 5,030 79,340
H2S RECOVERY UNIT, LY H2S 16 4,140 16 4,160 23 4,720 28 5,020
SULFUR PLANT, LT SULFUR 15 5,840 15 5,860 22 4,890 27 7,430
GLAS PLANT, B CHARGE 1,4%0 1,400 - . -
SUBTOTAL FKOLESS UNITS 225,290 272,480 249,350 317,330
CATALYSTS AND ROYALTIES 14,790 18,280 22,400 27,370
UTILITY FACILITIES 10,420 12,820 14,740 17,140
TANKAGE 18,190 18,410 18,150 18,000
HISCELLANEOUS OFF-SITES FACILITIES 84,550 104,450 92,990 157,340
PONTINGENCY AT 0% 71,450 84,640 78,930 79,430
TOPAL FLANS YTRVESTHENT 418,490 504,030 473,580 594,600
WORKING CAFTTAL a8, 750 67,080 74,870 79,490
TOTAL CAFTIAL KEQUIKLMENT A9 7,440 914,060 545,470 676,090
RETUIKI FROM CONVENTTONAL FRODUECTS UNITS/0D  $THOUS/YEAR  UNTTS/CD  $THUUS/YEAK UNLSS/ZCD 8 THOUS/YFAR UNITS/CD  $THOUS/YEAR
CASOLINE, ARV 16,507 400,899 18,679 H43, 091 18,157 528,726 18,989 553, 234
\FG, $ 45,571 . 241 4,010 - . - -
SULFUR, $1%2.00/LT 14 J5l] 13 724 20 1,110 24 {332
AHHONTA, $312,00/51 m 4,083 ] 7,924 100 11,308 122 13,093
KEF TNERY FUEL LAS, $ 96,038 FOE 1,003 21,944 In 1h, 4004 1,139 23,199 1,397 28,570
FEFINERY FUEL OIL, $ 96,03/K RREITA 44,704 1,008 45,082 2,752 hé, 261 3,98¢ 81,579
REFTHERY 110,70 H2 FLANT, § 56.05/B S804 42,097 HIP) 9,463 3,002 65,894 4,405 90,086
TOTAL KETURN FROM CONVENTSOHAL FRUDUCTS 604,292 L63,075 4R&.5HY 748,691
, RETURN FROH GAS TURBINE FUEL, $(27H 46,415 968,504 44,565 PE, 1209 43,549 939,350 40,374 949,511
10TAL RETUKN ¢ KOH PRUDUCTS 180, 75 1,594,200 1,625,947 1,738,202
COST OF CHARGE ( SRC-11 LIQUID ), $41,70/8 44,600 1,256,774 66,600 1,256,715 66,600 4,234,775 66,600 1,256,775
MANUFACTURING EXPENSE
REFINERY FUEL, $56,03/8 3,89 66,650 2,475 90,616 3,806 79,472 5,366 110,149
V4HER, PURCHASED, $ 0.0854/KWH 169,340 4,042 240,454 5,024 200,000 4,774 337,190 8,049
LR, FRESH, s 0,04684/THAUS GAL 1,802 45 2,070 82 2,144 54 3,820 98
SUBTOTAL UTILITIES 70,737 55,692 84,300 148,294
REFINERY LTQ,TO HY FLANT, $56,03/ B FOE 2,303 47,099 », 72 55,463 3,202 45,0893 4,405 90,086
CHEHICALS 348 ¢, 304 463 473
CATALYSTS 5,646 , 754 9,168 13,330
ROYALTY . . - -
INVESTHENT-BASED 1TEMY 36,459 43,340 40,247 50,757
LAROR~FASED TTEMS 360 9,460 a6 6,947 360 5,460 $60 5,440
TOTAL MANUFACTURING EXFENSE 166,749 168,967 205,534 278,490
TOTAL EXFENSE 1,423,524 1,425,742 1,462,306 1,534,375
RETURN ON TOTAL CAFITAL Al
30% DEFORE. TAXES 149,232 172,458 163,641 202,827
TOTAL EXPENSE PLUS RETURN ON INVESTMENT
. LESS RETUPN FROM CONVENTIONAL FRODUCTS 948,504 935,125 939,358 949,511
GAS TURBINE FUEL COST, $/B 57.09 57.75 59.10 65,79

oot

(1) THE GASOLINE PRICE IS ADJUSTED FOR UCTANE LEVEL ON
$78,35/B FOR A7 (R+H)/2 AND $82.35/B U'OR 93 (ReM)/2

(2) CALCULATED TN GIVE 307% RETURN ON TOYAL C

APITAL.

[NE BAS1S OF




ORIGHY L ¥ !'\,vi
OF POGH Uuiv- ' 4

Tobbbt 4N L

TR LRADING GF WESTERN DAL T TRIED - C00k Y 10 et RALLE F At

PLONOREG EVALUATION U i L has) i

(Y| ROV RUNH
HIDKOTKEATING (0 WHLE D
NAFHTHA ONL 1, Keld HoDRUTHEAT NS, A
AS04 TU GAY KB TN HODERAT)
tit SEVERNILY
Ly THRBINE 1Rt bty LT 1] Sl A
NILEDLEN . W% UL
VISTOSE e, Lo 00 L e
LU, Wi 007
vaNablun, Fina
LAV, Akl 210 BIPY
CabnlLir, INVE D LAFACT Y, THVE ST
INVESTHENT, $EHUUS (1984 ONLTSZ5D . "N UNITS/SD (AR
BEAVTLLATION HNLL, B 1 HAKRGE 70 . 690 v, 80
HhDRITREA) ING UNT T, K HAKGE /4,000 {7,400
NAPHIHA FRE TKEATING (NTT. B CHARGE V4,030 14,770
FATAL CTI0 RECORNNING UNTL, K LHARGE 24300 14,060 44,890 4, gea
STLAM REFORMING 16 FLANT, ASCE W MY, 480 IO PRvEEi )
HOS FECOVERY UNIT, L HOS { AP ¥ 4 AR AT
THEEUR FLANT, ET SULEIR b L1480 1 4. 530
A AN, 10 CHARGE 1,080 1,270
SHRYOTAL PROCE S D deL a0 DA 40
Lok A VTN Al 1Oyl TIE, G, 400 258,000
TV bALTL LIRS 7,000 1,210
Toatll sk 17,000 21,040
MALCREEANEGU GEF ST P AC T TN §', 120 LATRAI
VOHDINGENL T AT 0% 30,280 (A V)
POIal Ennl INVE 1Al N 1Y, ol 4,0, 40
VOEY Ll Tt ) it [REPIRT 34,0380
VI ral b bal FEDUTET M Mooty 55% .00
Bl 1URH FROM CasvE i Hal vloeiy LA I PO I Y N S FIE I R T T o LI 00 PR YR
Lo 01 11 LR R ] Va, vy PR 01T st X §, 0009, el
(3 4brG, . o4t syR e 4,548 .
FULHIK, SO0, 00 ) 4 the 4 §hé
ARPUNT L S IR TY P | V7 [N ET 20 S04
PR THEEY LI0E LA [ S IR LI AT [ b LN R 1%
FELARFEY POCT 60, [ R (R b . A fa, W
bt INERY G0 10 e Bl [TV ] S [ETAr Y]
POOISY EF LIRS Pl g prr o Frieiisdn | R WY V,iu npy
| ORI LT O RGO PP A F 8 K N2 NN S IURR I LR | Tt nh IR VoL Ohe
POTAE Ll alliegd By | lanbdn 100 [IREER PR f,40, 098
CHE 0L THARGE s D Lhal b gt [ T H ] [P SRR RY-PRCIY) t, 54,174
AHEAE TURENG | FFE
Ihb Lad oy HAH [ A A g, a0y sy §, 0t R I
Powk b PURCIE D oL 0A Y FUN 100, 86 T A0e 100, 0 W, 709
WA, P ST, oo OA L THUY ol .05 4 Sewtd oY
SUBYOAL Ui 1t G v Ve
L LHER T Bdn T WD Bl b5 e okl ) 1,640
VIR ALY oy Ao
Eatal 7atl e It
INYESTMENL Ko ED FTL My 19,195 A, by
L AN -RASED DL HS KRR Lo Lig 4,732
TOFAL MAHUE ACTING MG ¥ a§F tat Q5,013 145,040
TOTAlL ¢ XPENRSE 1,607,487 LI A
FETURNH ON TOTAL CARLTAL Al
FO% BETORY fnaxt .y 10,008 1HY 8N
{ATAL FYXPENSE FLUS RETURN ON THVE S IHENT
1 EST RETURN | ROM CONVENT LGNAL FRODUCTS 162,090 P W C2Y
LAS TURKIHE fUbl COST, s/b 63,52 71.93

(1) THE GASOLY FRICE 18 ADJUSTED FOR DCTANE LEVEL ON THE EASLS OF
78,3578 FOR 87 (KeM) /7L AND $ul, 35/ FOR 93 (ReM) /.
(2) CALCOLATED 70 GIVE 30% RETURN ON TOTAL CAPITAL.

et oty




ORIGINAL PACE 1
OF POOR QUALITY

TAME 1v-4
UFGRADING UF SUKNEALE RETSKTED (FARANO) SHALE OIL TO LAS TURBINE FuFL

FCONORIC EVALUATION-U. 5. GILF COAST-1v8s

ras Joie o1 1020 03
WYDROTREAT NG AT HYDKUTREATING AT HYDROTREAT ING HYDKUTREATING AT
WATE SEVERITY, MODERATE SEVERITY, INTERREDIATE nmm. HIGH v,
DIST. TU DIESEL FUEL . DIST. TO DIESEL FUEL, DIST. TO DIESEL FUEL . piIsY. TO D FUEL
STEAR KEFORNING W2 FLA“T  PAKTIAL OXIDATION I PLANT  STEAN GEFORNIMG H2 PLAN! STEAN REFOKNING W2 PLANT
GAS TURKING FUKL, B/CD 639 TN, %e8 20,616 V7,626
NITROGEN, WY °.9 A 0.y
VISCOSITY, CF mrom . -
S UK. Wix 0.0% 0.0% .04 0.002
VANADI UM, PPN e
WRAVIT . Arl .0 .0 2.0 w.0
CAFALTTY.  INVEST CAFACIT Y, AHVEST CAFACITY, INVEST CAVACITY,  INVEST
INVESTRENT . STHOUS (1984) NTTS/80 nowt UNLIS/SD HENY uunn uuv UNTTS. 5D NENT
DESALTING UNET, & CHARGE 4. N0 2,000 58,600 2.0 S, 820 z.000 M, 60 2,000
HYDROIREATING UNLT, B (MAKGE oW U2 150 106 54,00 Viv, 260 “H, 820 195, 240 S4.620 154, 340
CATALYTEE REVORMING UNLY, B CHARGE LR 15,740 - - '
DESTILEATE MYPROTREATING UNIT . B CHAKGE 20s% 20, 240 20, v00 ., 790 V.60 21,390 31,150 22,180
FARTTAL OXIDATION M2 PLANT . WSCF W2 N, s 148 000 - =
STAR RETORRING W PLANT . MSCF W2 100, Y60 101, e 117,520 113,040 133,090 124,00
WIS RECOVERY UWIT, LT Moo 58 ¢, 320 54 6,120 %6 ©, 320 b4 &, 350
SULEOK PLANT, LT SULFUK 59 9,990 “o ?2,9%0 5% v.9% 56 16,010
WAL FLANT . B CHARGE 2,800 2080 3 N
SUBRTOIA PROCESS UM LS 290, 5% 337 640 308,010 318,99
CALAL YET AND ROYALTIE 14,450 12, 060 16,910 50,650
IR AEY FACTLLTIES 10740 V3000 1, e 11,460
TANK ALY 180 1e.230 16,250 16,530
MESCELLANEGUS OFF -STTES FACTLETIES 195, 6%0 125,090 L I90 115,610
COMTINGENCY AT 20% 7,500 101 v8o 92,700 98,490
LA FLANT TNVES THEN] 2% 070 w06 400 456, 600 592,130
WOKK ENG CAF LA 5. 460 9%, 220 60,910 ¢5,090
TOIAL CAFTTAL SEQUIKEMENT HHA, 450 661, 690 ou.iu a587,220
RETUEN § KON CONVENT TONAL FRODIN 1S UNTE LD S THOUS / YE AN LIS ED S THOUS (L AR UNTTS/ZCD STHOUS/ YEAN wl"‘/CD umnu-
GASOL THE s e s N0 oL B0
Crare, A5 1, A 1.9v
NATL MM * AB.AS ¢ 1ol O T 9.619 1,929
PLE KL PO, S AN K 28 a9 S8, 0 VoAl SAL, 00 2NOAS a37. 119 26,500
SULE Mere0 L1 ar 500 ‘v 240 4 2,902 a7
ARAONTA, $312.00. 010 [P ATy 147 Vo, 11 184 20,893 207
MEETNERY FUEL LAY $ 56,080 FiN 1.2 2¥ HBa VoA 24,001 202 a3, 469 2,308
RECINERY Vil DL, 58,04/ Jousw 4 AVl 68 15, e 1,680 33,949 1,813
TP INERY L TUT0 WY FLANT, 8 S4.08'K 4,00 s, 09? 4, /ua Vi.Rs 4, %0 Y1142 5,503
TORAL RETURN FROM CONVENT TONAL FROMN | L0, s Ho/, 15 B44, 993
KETURN FRORM GAS TURBINE 101, 8/B () 22 a4 o0/, 084 Iy T HE6, Tel 20,606 S6u, 609 17,620
YO0l KETURN FRON #HODUCTS V878, 8s 1, e, 00 LRELE L
COST OF CHAKGE  FPAKANO SHALE OIL), 853,90 F %0, 000 6 90, vou YU, 60h 40,000 ve3.67% 50,000
MANUF ACTURING | XFENSE
FEFINERY FUEL $54.03/8 4,45 0.5 1,95% W vy 1,707 17,438 A4 0e, 279
FOMEK . FURCHASLD *0.LASA/KMN 308555 7. 466 453,082 4,424 126,501 7,042 347,748 e300
WATER, FRESH 3 0.0606/THOUSY LAL 4 11 104 409 10u 4,320 106 4,503 13
SURTOTAL UTILITIES . 049 6%, 390 92,692
RECINERY LIQ. 1O M2 PLANT, 856.03/F 4073 a3, 097 A, T8 4.7% 97,142 5,503 112,542
CHEMIUALS 1,153 1,208 1,295
CATALYSTS 6,297 1.74% 22,33
KOYAL Y "y "e 119
INVESTHENT -BASED ITENY 45,004 47.48% 50, 34%
LABOK - FASED TTENS 160 5,462 PR s60 5,462 ls0 9 %2
TOTAL WA WFACTURING | XFENSE 219, 580 244,754 W, 72
TOTAL EXFENSE 1,203,058 1,198,014 1,220,429 1,063,823
KETURN ON TOTAL CAFITAL A1
30X WEFOKE TAXES 175,329 198,507 185,293 [EAIYY)
TOTAL EXPENSE FLUS RETURN ON INVESTHENT
LESS RETURN FKOM CONVENTIONAL FRODUCTS 607,034 506, T6d 568,609 s27.9%%
GAS TURKINE FUEL COST, s/F 1! 00 74.86 75.57 82.07

(1) THE GASOLINE FRICE IS ADJUSTED 'ﬂ W'“ Oﬂ "‘ mu ’
$70.35/F FOK @7 (ReM)/2 AND 982.35/F FOR 93 (ReM)/2.
(2) CALCULATED TO GIVE 304 RETUSN ON TOTAL CAPITAL.

»-1?
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TAKLE TV 5 wmwm

UELKARING OF JUREALE KETOKITED (PAKAHD) SHALE OIL TO GAS TURBINE FUEL

FCONORMIC EVALUATION U5, GULF COAST 1985

Cast 3014 3024 1034
HYDROTREATING AT HYDRUTREATING Al HYDROTREATING AF
MODEKRATE SEVEKTT Y, INTERMEDIATE SEVERITY, HILH SEVEKITY,
I50F PLUS 10 150F FLUS 10 3508 FLUS TO
GAS TURBINE FUEL GAS TUKBINE FUEl GAS TURBINE ¥ UEL
GAS TURNINE FIRL . KCP 40, 4 46,1455 44,448
NLTROGEN, W% 0.54 0,34 0.198
VISCOSITY, €5 #1004 -
SULFUK, WX 0.028 0.024 0.007
VANADIUN, PIN -
GRAVITY, AFl 29.v 3.8 34,2
CAFACTTY, INVES T~ CAFACLIY,  INVEST CAPACITY,  INVEST-
INVESTHENT . $THOUS (1984) UNITS/5D MENT UNITS/SD MENT UNITS/SD _nnn
DESAL (ENG UNLT, B CHARGE 58,820 2,070 HH,820 2,070 568.820
HYDRO(KEATING UNTT, B CHARGE L8, 820 150, 500 0,820 159, 240 56,6820
STEAM REFORMING M2 FLANI . MSUF W2 #7.5%0 16,420 109,230 107,500 178,860
H2O RECOVERY UNIT. LT W2y 58 6. 320 58 6,370 59
SULFUK PLANT. LT SULFUKR s 9,950 55 9.5'Y 56
SUBTOTAL PROCESS UNITS 244, 760 261,080
CATALYSTE AND ROYAL TIES 15,070 14,910
UTILENY FAFILITIES 7.5.0 9,880
TANKAGL 15, 360 14, 780
MESCELLANEOUS OFF-STTES VACILITIES 49 . 190 101,810
CONTIHGENE s AL 0% 1,500 84,470
TOTAL LANT ITNVESTHEN] 447,000 506,950
WORK TNG CAFTTAL 56, 400 SH, W00
TOTAL C AP TTAL KEQUTKE MENY 508 W 565, 359
FEIUEN [ ROM O ONVENTLONAL PRODIK ' S UNTITEZ7ED SITHOUY - YFAK UNLIS/ZED S$THOUS 1L AK UNTISCD
AR T $ oB, 657k a7 14,07 21 12,826 2,136
SULFUK. 815,001 a7 TR 'Y 2,582 A’
AMMONT A, $32.00/80 162 1847y 183 20,693 207
KEFINERY FUEL LAY, $ 56,0071 F G 1,192 AL A 1982 40,115 2,243
REFINERY FULEL OIL, $ 5. 08B 1,749 38,576 1,344 27.409 1.469
KEFINERYT LIR.TOD M2 PLANT, § %6.04/K 1.614 13,910 4.423 90,455 5,297 106,329
TOIAL KETUKN FROM CONVENT TONAL FROBOCTS Vol , veu 199,350 263,355
RETUKRN FROM GAS TURBINE FULL, $/B (2) 46, 541 1,154,829 46,155 1,175,152 44,448 1,168,4%
TOTAL FETURN FRON PRODUCTS 1,308,807 1,374,502 1,431,811
COST OF CHARGE (FARAHO SHALE OTL), $%5 S0/ %0,000 968,675 50,000 983,475 50,000 983,675

MANUE AL TUR T NG FXPENSE

REFINCRY FURL, 54,08/ 8 2,934 59,741 3,306 67,594 3,682 75,290
POMER . FURUCHASE D, $ 0.0654./KWN 252,305 4,008 212,066 6. 474 291,95¢ 6,969
WATER, FIESH, $ 0.0686/THOLY AL 1,770 94 5,967 V7 4,108 104
SUMTOTAL UTILIVIES 46,058 74,087 82,363
REFINERY LIQ.TO H2 FLANT, $54.03/ B 1,614 78,910 €,423 90,459 5,297 108,329
CHEMTOALS 1,098 1,164 224
CATALYSTS 6,025 7,487 22,090
ROYAL TY 1y 1y 19
INVESTHENT BASED ITEMS 10,27 43,444 46,413
LAROK - BASED 11LMS 3,641 206 4,369 M2 4,733
3.9 - .- - - -

TOTAL MANUF ACTURING EXPENSE 169,120 224,222 265,268
TOIAL [ *PENSE V072,197 1,204,897 1,248,943

KETUKN ON TGOTAL CAFTTAL AT
30% BEFOKe TAXES 151,020 169,605 182,868

TOTAL EXFENSE FILUS RETURN ON INVESIMENT x
LESS KETURN F<OM CONVENTIONAL FRODUCTS 1,154,829 1,175,192 1,168,456

GAS TURFINE FUEL COST, /B A8.27 49.76 72.02

(1) THE LESOILINE PRICE IS ADJUSTED FOR OCTANE LEVEL ON IME SASIS OF
$70.35/k FOR H7 (ReM)/2 AND $82, 35/F FOK 93 (KeM)/2,
(2) CALCULATED 7O GIVE 30% RETURN ON TOTAL CAFILTAL.
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ORIGINAL PAGE 19
OF POOR QUALITY

TAMLE IV &
UEGRAD ING OF SURFACE KETOKIED (FARAMO ) SHALE 011 10 GAS TUKBING. '“F

ECONORMIC EVALUATION-U. 5. LULY COAST-1985

COKING OF FARAMOD SHALE OIL
AND HYDROTREATING OF COKER

CONING OF FARAMO SHALL
OIL AND HYDRUTKEAT ING

COKING OF FARAMO SHALE
vt up.muonnaml.

AL

GAS TURBINE FUEL COST, o/

.01

€1) THE GASDLINE PRICE IS ADJUSTED FOR OCTANE LEVEL UM THE BASIS OF
STH.35/F FOK 87 (KeM)/2 AND 80 S5/K FOK 93 (RKem) 70,

(2) CALCULATED TO GIVE 30X KETURN ON TOTAL CAFI

TAL.

COKLR OF COKER DISTILLATE PLUS WYDROTREATING OF
DISTILLATE DISTILLATE HYDROTRLATED DISTILLATE &
GAS TUKBINE kL. B/CD 26,429 26, 6ol 9,40
NITROGEN, WIX 0. 0.8 0.06
VISCOSITY, ©F »rom ~
SULFUK, Wix 0.010 0.008 0.0004
VANADLUN  HiW :
GRAVITY, Avt ir.0 w0 0.7
CAVACTTY,  INd CAPALITY, Invest CAFALLTY, INVEST
INVESTMENT . STHOUS (194 UNLTS 5D MENT UNITS 5D MENT UNLTS/SD MENT
DESALTING UNET, b CHAKGE 5%.5%60 2,000 99,50 2 ve 55,560
PELAYED CONKING UNIT. B MAKGL 95,560 80, o0 95,560 40, T80 55.5%e0
HYDKOTREATING UMLT . B CHAKLE LL R AR 1,020 4 N V2. 600 “. e
NAFMITHA PR TREATING AND CATALYI L
REVORMING UNLTS, B CHAKGE 5.5 16,00 7.000 1\v.9% 8,85
DISTILLATE MYDROTREATING UNIT, & (HAKLE - - 30,6%0
STEAN REFORMING M) FLANT . Aok W av. Y00 a“ e 54,40 43,540 63,520
HOS RECOVERY UNIT . 11 M2y an 9.9%0 an 5,93 a
SULFUR PLab T LT SULE UK - v.170 - V. 180 a“
LAY PLANT . B HARGE 1 00 LRE LI 1. 6% 1,700 2.5%
TURTOTAL FROCESS UNTI S 235 .870
CATALYSTS AND ROVA TI0S
UTILITY FACLLTTIES 150
TANK AGE 20
MISCELLANEOUS (08 - SETES TACIL TS B, 0v0
CONTINGENCY AT 20% 2,570
TOTAL FLANT TNVESTHENI 421000 485 400
WORY NG CAF T T B0, 590 61,600
TOTAL CAFTIAL WEQUIKEMENT A, 240 avi, 0
KETUEN FRON CONVENTITONAL o 1S . LTS L i ok ak ONTE 0l s YEAK UNLIS/CD
LA TNE [ L0454 LE LI 6, Vv s 8. 5o
Cer b4 SN b A P T ] LI s, 788 544
iy, L R LU TR | 1.9% ne 1.9 1.5%
KeLDUAL by $ 6 0L K R LY ERIE ) .40 952
SO E U, LI TR | a0 L 1 w 40
ARMONTA 840,00 51 " Vi, 127 (R 146
KEFINERY AN LAt S 00N biN V.62 Al s 1, ey 1.8
EFINERY Ukl O s NA00 K 1,080 IO TR VLU 2,
KELINERY LA 10 M2 PLANT . 8 56,08k Hin 1. /M3 LI 1Y 1. o 2,200
FOTAL BE CURN F RO ONVENT TORAL 1 RODUC | LIRS LELINY T LAL PR
KETURA FRON GAY TUKKINE b1, 86,0 K BoAMN iy Yen MY HA N A Y oA Yol 04
TOVAL KETUKN FROM | ROBOE Y L X 1,406,800 1,857,007
CUST OF CHAKGE «FAKAHD SHALL U110 853,70/ 8 S0, 000 R T S50, 000 YUY, 60 50,000 Y63, 678
MANUF AL TURING + &1L NSE
FEVINERY Bl LET T o 3. hov M ive fevw LY 4. e By, 260
FOMER, FURKCHASED LN Y R S0 5,852 S, 154 LR 356,28 6,504
WATEK, FRESH $ 0, 0aHe THINL LAL 8, Sy A 4 Hau Ve a2n 107
SURTOTAL UTILT kS ., 50, "R Y V6.8
REFINERY GAS TO M2 FLANI, #%.08 & 0K 1. /88 14, 404 1. V08 iv.ex? 2.2 46 404
(HEMTCALS Se. s 625
CATALYSTS 6.0y r.072 8,762
ROYALYY iy "y 1"e
THVESTMENT -BASED TTEMS 38,008 7,218 42,666
L ABOR - BASED TTEMRS S04 /640 S04 7,644 552 8.372
TOTAL MANUE ACTURING & XFENSE LES R X 174,054 203,839
TOTAL FXFENSE LR E R ] 157, 009 1,187,514
KETUKN ON TOTAL CAFITAL A1
0% BEFORE TAXES 144 502 149 142 169,503
TOTAL EXFENTE FLUS RETURN ON INVES THENT
LESS KETURN FROM CONVENTLONAL FRODUCTS 88 vap 87% 18 907,804
831,06 684,54
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TABLE Iv-7

UPGRADING OF MODIF IED IN-SITU SHALE OIL TO GAS TURBINE FUEL

ECONOMIC EVALUATION-U.5. GULF COAST-1985

CASE

LAS TURBINE FUEL. B/CD
NITROGEN, WTX
VISCOSITY, €5 @100F
SULFUK, wiX
VANADTUN, FFH
GRAVIIY . AFI

INVESTHENT . $THOUS (19H4)

DESALTING UNIT, B CHAKRLE

HYDROTREATING UNLT, B CHAKGF
DISTILLATE M/DKOTREATING UNIT. & LHARGE
STEAN REFORMER M2 FLANT . MXCH W2

H2S KECOVERY UNLT . LT H2S

SULFUR PLANT, LT SULFUK

GAS FLANT, B CHAKLE

SUBTOTAL FROCESS UNLTS
CATALYSTS AND KOTALTIES
UTHLLTY FACILITIES
TANKALE
MISUELLANEOUS OFF -STTES FACILITIES
CONTINGENCY AT oY%

TOTAL FLANT INVESTMEN]
WUKKING CAPITAL

TOTAL CAFLTAL KEQuI“FMEN(

KETUEN FROM CONVENTLON. \ PRODICT S

NAFHTHA $ 68,65 51
DLESEL FUFL b AU S K
SULY Uk, 50 Oud
AMMONTA [ RE IS T P |
FEEINERY FUEL L $ S0.08/K Fn
KEF INERY FUEL OT1 (- TR P

KEDANERY LIW.TO MY LANT, ¢ 56 03/F vt

TOTAL RETURN FROA COMVENTIONAL FRODUCTS

KETUKN P KOS GAS TUKEGNE FUEL, 820/

TOTAL KETURN ko VRODULTS

4020

HYDROTREATING AT INTER-
MEDIATE SEVERITY PLUS
HYDROTREAT INC

OF DIESEL FUEL

2,086
0.%
NA
0.040

0.1

27.0

CAFACITY,  INVEST-
UNLYS/SD MENT

2,079
122,910
20,540

20,940
19,6%0
16,150
a5 .070
72, 300

433, 780

495,140

UNLTS LD $1THOUD YAk

1,322 33,108
A, ubs w03, 00
L L83

Yiu 12,527
1oaus 24,173
1,/98 6./
s.143 64,0107
175,905

LS ode 69,200
1,395,176

COST OF CHAKGE ¢ MLD SHALE OIL 5, 858 .00/K 50,000 4,088,500

MANUE AL TURING EXFENSE

KES INERY FULL , $56.03/ 1
FOWER, FURCHASED, $ 0.0654, KWH
WATER, FRESH,

JUBTOTAL UTHELTIES

REFINERY LIQ.TU M) PLANT . $56.03/ ¥
CHEMICALS

CATALYSTS

ROYNTY

INVESTHENT - 2A5ED TTEMS

LABCK -BASED TIEMS

TOTAL MANUFAL TR ING | CFENSE
TOTAL EXPENSE

RETURN ON TC "AL CAFTTAL AT
30% BEFORE TAxES

TOTAL EXPENSE FLUS KETURN ON INVESTMENT
LESS KRETURN FROM “ONVENTIONAL FROD. .15

GAS TURBINE FUEL COST, o/F

+ 0.0686/THOUS GAL

2,981 60,504

284,140 6,788

3,679 vy

67,844

5,143 64,277
1,009

13,635

1"y

36,865

248 4,368
188,117

1,046,637
148,539

619,200

76.8%

(1) THE GASOLINE FRICE IS5 ADJUSTED FOR OCTANE LEVEL ON THE BASIS OF
$/6.35/F FOR 87 (KeM) /2 AND $82.35/F FOR 93 (KemM) /2.
(2) CALCULATED "0 LIVE 39% RETURN ON TOTAL CAFITAL.

4024

HYDROTREATING AT (NTER-
MEDIATE SEVERITY, 356F+
PRODUCY TO

GAS TURBINC FUEL

46,253
NA
0.02%

0.1
2.0

CAPACITY, INVEST~
UNITS/SD MENT

- - -

58,620 2,070

58,820 122,949
oy, vs0 63,970
16 5.870

s 7,060
203,880

19,430

9,050

14,700

59.100

446,530

UNLTS LD STHOUS/TEAR

1,650 40,093
LR 2,053
110 12.927
1,027 £1,003
1,499 30,636
2,832 57,v38

44,298
50, 000v
2.92% 51,639
230,736 5,508
3,534 L1
57,238
2,833 57,938
987
13,387
1"y
32,901
240 3,640
166,207

1,224,707

133,959

1,193,616
r0.70
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UFGRADING OF LUM SULFUK PETROLAUN KESIDUAL OFL 10 GAS TURKINE FuLL

ELUNORIC EVALATION-U. S, LILF LOAST 1905

Last o0 5030 040
HIDKOTREATING OF HYDROTREAT IN. (4 DELAYED COxine OF
VAU BOTTONS AT VACUUR BOTTORS AT VALUUN BOTTONS PLUY
NODEKATE HitH HYDROIKEATING 4
Stvininy SEveRITY COKER BISTILLATY
GAS TUKKINE FUEL, B.(D LR 1 ) 17,09 ¥.523
NITROLEN, wTY 0.ov . v.oy
VISCOSITY, (5 w100 1,100 1100 V7
SULFUN, wTx 0. 28 0.1y 0.8
VANADIUN, i 1.4 0.0%
GRAVITY . Al 2.4 5.0 2.2
CAFALTIY,  INVES) CAFACTTY . CAFALTLTY, INVEST Cobaliny, INvEsT
INVESTHENT, STHOUS (1984) UNITS/5D nENT UNLTS/SD L UNLTS/50 LT UNLTS/SD RENG
DELAYED COKING UNIT, & CHARLE - - » - 14,306 25,450
HYDKOTREATING UNIT, B CHARGE 15,420 13,220 2%.210 15,19 25.9% V. 10,060
PAKTIAL OXIDATION W2 FLANT, WSCF M2 S. 12 4070 25, 0v0 6,690 26,450 . -
STEAR REFORMING Mo FLANT, RSCF W2 o, 400 v.1v
H2S RECOVERY UNIT, LT W28 " 7 4,20 "y 4,420 . .90
SULFUK FLANT . LT SULFUK . e 6.0% ALY 6. 340 LR S5.5%
SURIOIAL FROCESS UNITS o0, 730 65,190 54,960
CATALYSTS AND ROYALTIES 1.540 4,490 1,25
UTILITY FACILITIES 4,100 4y 3,87
TANKALL 5. 760 5. 7% a0
MISCELLANEOUS OFF SITES FACILITIES 23,%10 4,350 “0.830
CONTINGENCY AT 20% 19,550 20.2 v20
TOTAL FLANT INVESTRENT "Wrante 1280
WOKKING CAFTTM 14,600 16,680
TOIAL CAFTTAL KEQUTKREME NI 155,840 Viu. 00
RETURH OB CONVENT LONAL PRODUC TS UNITS CO S THOLS/ YEAKR UNTTS U S THUUS Y AK UNLIS/ZCD 8 THOUS/YEAK UNITS/CD STHOUS/YEAK
oK, $ 40 00/51 062 41,802
SULE UK, $1h2.00/0 1 " (aa L os ‘e Hub 12 37)
FUEL LAS Y0 SALELS, $ 56 .03/B Fik . - 2 7,600
HEFINERY P URL LAY, 56080 FUE e 1onn " 1L e 100 2,048 6% 12,084
REFINERY UL OiL s 5h. 048 166 5.39% 160 $.2v8 163 §.543 - .
WEFINERY GAG TO M2 FLANT, 8 %6, 08/k AR 4,022
VIB 10 W) FLANT (IR L 8.0/ $44 6,810 4o /. 862 -
TUTAL Kb TURN FROM CONVENT LONAM  FRODUG T V2w RNITY 14820 41,982
PO P ROM LAY TUKKINE FUEL . S0 b V2ohAe VAL A V4. 0A8 LU LN Loty e 510 V.92 J25 %
FOLAL KD TURN FROW PRODUL T, AWn . v A, vy LI R 290,733
COST U CHAKGE
SOLOLOUEZ AN Vil A G 10,855 A 10,60y Sl AV 12500 J25,654
NOLRUEL O [CERER A v 4,00, 100 404 -
TOTAL COST OF CHARGE 16,808 §50. J84 14,600 Sle. V00 12,500 223,654
MANUE AC TURCENG |l NSE
RERINERY b, $56.08/ 0 "o 5.3 253 e 263 Losme %0 12,884
POMES  FURECHASED 0. 0654 KW 85,170 1.5% 47,400 ‘el 10,950 1,494 .90 (T
WATER . FRESH,  0.0606/THOUL LAL s v 39 10 s " i34 L]
SURTOTAL UTRLITIES 6.6 6. 800 7,083 14,610
KEFINERY LIW.TO K2 PLANT  8%6. %8 & FOL 07 4.2/8 143 5. 810 140 1,32 . -
KELINERY GAS TO M2 VLAKT, 856,037 b FOL " 226 022
CHERICALS 248 2% 210 kg
CATALYSIS vy 1,185 1. %007 209
INVESTHMENT FASLD TTENS 9.974 v.yev 10, 4% 8,723
LABOK BASED 1TEM 160 5 480 So0 5. 460 Ae0 5. 480 ne 4,8
TOTAL MANUFALTURING EAFENSE 29 144 v, a0 3 o8s 32,918
TOTAL EXPENSE d67, 152 160,640 I5H 788 256,629
KETURN ON TOTAL (AN ITAL AT
30X WEFORE TAXES A6 Hay 40 14y 41 403 34,104
TOTAL EYTENSE FLUS RETUKN ON INVESTHENT
LESS RETUKN FROM CONVENTIONAL FRODUCTS va 20y RLU PR 366 510 22315

GAS TURKINE FUEL COST, /B 61.59 . n 61.94 64.20

(1) CALCULATED TO GIVE 30X RETUKN ON TOTAL CAFITAL REQUIREMENT.
(2) CALCULATED ON THE BASES OF VISCOSITY BLENDING VALUE.
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TABLE Iv-y
MI. o “‘Wﬂ.ﬂ. nm iunu o 0 b“ ml‘ FueL

FLONOMIC EVALUATION-U. 5,

GULE COAST 1985

cast 6010 6020 6030 L
WYUROTREATING OF HYDROTREATING OF TING OF NG OF
VALUUN BOTIONS AT VACUUN DOTTONS AY BOTTONS AT VACUUR "
MODERATE INTERMEDIATE HIGH SEVERITY mmamus.g
SEVERITY SEveRary o ”"&‘._..--_
AT TORBINE FURL . RZCD 2. 495 9.447
LR N Wi 0.
VISLOSTIY, CF wivm 1100
SUM P UK, Wi v, de
VANAD UM, VIR v 4
Chavity, arl 2R ] .7
CAracity INVE S CAPACITY,  iNVEST CAPACLTY, Inve st CAPACITY, INVEST
INVESTMENT  STHOUS (1904 LIS L UNITS D MENT UNITS/SD nENT wuun l!l‘!
DELAYLD COKING UNET. B CHARGE - 13,300 235,410
HYDROTREATING UNLT, B (HARGE 22.3% 107, 260 22,280 1150 .M 2 v.420
FAKTIAL OXIDATION M2 PLANT . ASCH W2 19,500 N2, 460 19.65%0 54.520 2,0% 57,400 -
STYEAM KIPOKRING M2 FLANT . RSCF 1 6.640
2T RECOVERY UNET, |1 M8 1oy 7,030 " 7,900 e 7.8%0 .
SUM PR FLANT . LT Sk (N 1 a0 s 10,960 109 13,150 e
GAS PLANT, § CHARLL L
SUBTOTAL VROEE S0 LS 18O, 156 1He, BoO 196, 600 ” 2“
CATALYEYY sl ROl 1S V(L BBo 16. 040 20.%00 1,240
(ORIR AL TS (R RNT 7,000 1,90 7,4%0 4,560
[ # 040 9,020 1,940 4 100
ALCCCLLANE O i CEIES FACIL LY 8%, 006 67,500 70,610 22,29
COMTINGE Y BT R S ™ S0,.600 60,650 14, 0%
TOTAL PLAMT TNVE STRENT 3i8. 170 145 060 fod, wee 196,568
CIUECE DU ) . 270 one 0,530 12,600
LR B P AR s Ge0 siv, 000 92,00 124,220
KE TR0 5 i vl ONAL F DT [T N O 1 U R TS HNTIE LD S THOUS/ YEAK uulu‘/cp lnws. uu Inl!l/(. . tmuvun
Cowe s 40,00 ) 1;'5 16,508
FUEL LAY 1O Sal . [ I N T - . L 5. 747
NURREN 15,00 11 L1104 ”»® 5,27 e 5,437 32 17
ARMON L 834 06 St v ! wi v 1,02% ’ -
WEEINERY FURY LA, N4 040 bin e 1 16 (. 6% 400 8,180 692 14,152
WL IMERY Gy DL, L T B W R L va ", 0y L 7,99 - .
REFINERY LA TO 1 FLANT . 8 56, 08/K 1 e 235 4,806
VIR TD W bl $ 5408k o1 R T & 1.00v 20,684 10 2. 292 -
TOTAL WE TUKRN L RON CONVENT LONAL  FROBICT S W, 10 a2, w2 41,7450 37, 00!
FETUSN FROR GAS TURKINE PUEL, $010 B ", vt aAh.vie S L1 a6, 469 24,00 815,190 9,860 241 .83
TOUAL KETURN FROM FROBUICTS a'e. 00 458, e 660,120 278,964
COST OF CHARGE
CRUTA VAU BOTIGNE,  sa% 44 b (0 &9, N e, (40 21,509 156, 740 3%56,v22 12,500 207,320
LU AU S ) [ Van. 65/ K LR ) 104, a8e 3,920 OI. 'u o6, 27 » o
TOTAL C3ST OF CHARGE Moaty 40,208 5.4 uo 'u A4S 19y 12,500 207,320
AN ACTURING & X FENSE
REFINERY TUEL, 956,08/ LA 15,420 72 15, 766 " 16,077 a9z 14,152
POMER . FURCHASE o, S 0.06%4/KMH 185 140 Y 190,970 4. 1% 202,280 4827 74,870 1,787
MAVER, FRESH, 8 00686/ THOUS LAL 1 08 3 U 11 247 1,499 RE) “ 10
SUBTOTAL UTELETIRS .U 70,788 15,949
REFINERY L 1Q.TO M2 FLANT, 856,08 ¥ 51 LR T 1 1,009 20,4635 1,090 . .
REF INERY GAS 1O M2 PLANT . $56.03/ b 10k - - 295 4,806
CHEMICALS vav 169
CATALYSIS 1401y 220
INVESTHENT BASED TTEMS 878 9.334
LAROK-BASED 1TENS 3ts 9.0% 33s 3¢ n2 4,732
TOTAL MANUS ACTURING EXFENSE BT 4% 35,210
TOTAL LXPENSE A48, 080 542,397 242,538
KETURN ON TOTAL CAFITAL AT
30X BEFOKE TAXES 10k, 618 142,224 17,023 36,366
INTAL EXPENSE PLUS WETURN ON INVESTHENT
LESS RETURN FRKOM CONVENTIONAL FRODUCTS “h 230 A16, 48y 615,190 241,039
GAS TURBINE mn co.\‘l, L 66.17 66,65 67,93 69.99

() C&ﬂlll(. 10 GIVI ”l nlm ON TOTAL CNI'M. cllulnuul.
(2) CALCULATED ON THE PASIS OF VISCOSITY BLENDING VAL UE.
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APPENDIX C

PLOTS OF UPGRAUING COSTS VERSUS GAS TURBINE FUEL IMPURITIES
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PACE 1S

Figure III-21

OIL TO GAS TURBINE FUEL
Upgrading Cost vs, Gas Turbine Fuel Vanadium Content

UPGRADING OF LOW-SULFUR SOUTH LOUISIANA RESIDUAL FUEL

O Base Case - Blend Vasuum Bottoms to No. 6 Fuel 01l

Key:

A Decarboniring of Vacuum Bottoms

(a) C5-950‘P: (b) 375-950°F: (c) 650-950°F

D pelayed Coking of Vacuum Bottoms Plus Hydrotreating of
Coker Distillate:

X Hydrodesulfurization of Vacuum Bottoms
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Figure 111-22
OIL TO GAS TURBINE FUEL

Upgrading Cost vs., Gas Turbine Fuel Sulfur Content

UPGRADING OF LOW-SULFUR SOUTH LOUISIANA RESIDUAL FUEL

OF POOR QUALITY
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Oc

OF POOR QUALITY

ORIGINAL PAGE 19

(a) C5-950'l': (b) 375-950°F; (c) 650-950°F

Figure I11-23

OIL TO GAS TURBINE FUEL

Dl pelayed Coking of Vacuum Bottoms Plus Hydrotreating of
Ccoker Distillate:

UPGRADING OF LOW-SULFUR SOUTH LOUISIANA RESIDUAL FUEL

Upgrading Cost vs, Gas Turbine Fuel Nitrogen Content

X Hydrodesulfurization of Vacuum Bottoms

O Decarbonizing of Vacuum Bottoms

: O Base Case - Blend Vacuum Bottoms to No, 6 Fuel 011
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Figure I11-24

OIL TO GAS TURBINE FUEL
Upgrading Cost vs. Gas Turbine Fuel Vanadium Content

UPGRADING OF HIGH-SULFUR CEUTA (VENEZUELAN) RFSIDUAL FUEL

Key: O Base Case - Blend Vacuum Bottoms to No. 6 Fuel 01l

& Decarbonizing of Vacuum Bottoms

(a) C5-950'F: (b) 375-950°F; (c) 650-950°F

D pelayed Coking of Vacuum Bottoms Plus Hydrotreating of
Coker Distillate:

X Hydrodesulfurization of Vacuum Bottoms
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Figure I11-25

UPGRADING OF HIGH-SULFUR CEUTA (VENEZUELAN) RESITDUAL FUEL
OIL TO GAS TURBINE FUEL

Upgrading Cost vs. Gas Turbine Fuel Sulfur Content

Key: O Base Case - Blend Vacuum Bottoms to No, 6 Fuel 0il
& pecarbonizing of Vacuum Bottoms
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. b AR bd-
| | T T e

| FER A AR e dea Bz xcasitx
tof oo b s b L
| | | ST T iH

b H ] -y + i‘qul l.t_-. r

db | L R

‘ | ‘ L R L

%t 1 | e TR

15 dodote BAESEG e e bt 8 | eEBRSs

IR
$ bt et
QI RPN R |
NS S W

——— -
B e S TR haw

10

'
|
|
i
|

_I :
HiS
I

W W $ -
_¢_L&--. P
T ———

{ 1t
swud

w
' 9
|
|

Upgrading Cost, Gas Turbine Fuel Price Less
High-Sulfur No. 6 Fuel 0il Price, $/B (1985)

-
-4 -4<¢—
— -

0 0.5 1.0 1.5 2.0 2,

Gas Turbine Fuel Sulfur Content, Wt %




Page C-7

ORIGINAL PACE 13
OF POOR QUALITY

Figure 111-26

UPGRADING 0¥ HIGH-SULFUR CEUTA (VENEZUELAN) RESIDUAL FUEL
- OIL TO GAS TURBINE FUEL

Upgrading Cost vs. Gas Turbine Fiel Nitrogen Content

Key: O Base Case - Hlend Vacuum Bottoms to No. 6 Fuel 0il

O Decarbonizing of Vacuum Bottoms

O pelayed Coking of Vacuum Bottoms Plus Hydrotreating of
Coker Distillate: (a) C5-950‘F; (b) 375-950°F: (c) 650-950°F

X Hydrodesulfurization of Vacuum Bottoms
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