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Abstract

The Solvent Refined Coal (SRC-I) Demonstration Plant is the onily
remaining major coal ligquefaction development initiative of the United States
Department of Enerqy. This 5,000 short ton coal Teed per day piant is planned
tv be eracted in Newman, Kentucky. Using the most developed direct Tique-
Tactjon technolagy available, it will produce a flexible slate of 1iquid and
solid fuels and anode coke from bituminous coa’l.

The SRC~Y¥ demonstration project has proceeded through conceptual
and process designs since mid-1978, ard has reached the “"project baseline"
milestone. This baseline provides an integrated lechnical, schedule, and cost
benchmark for the SRC-T Demonstration Plant to aid in budgeting and control.
The project baseline will also be used by the Congress to determine the ™
desirability of proceeding with detailed design. procurement, and constructiow '
and operation of the SRC-I Demonstration Plant.

This paper presents the program status, the results of twe project
baseline, including demonstration plant costs, and commercial plant economics.

Introduction and Background

In cooperation with the Commonwealth of Kentucky, International
Coal Refining Company has contracted with the United States Department of
Energy (DOE) to design, build, and operate one module of a commercial plant
that will demonstrate the economic, environmental, socioeconomic, and tech-
nical feasibility of the direct coal liquefaction process known as SRC-I. The
plant is intended to promote energy independence by generating products that
can substitute for those derived from petroleum, as well as to promote the
estabiishment of a commercial, private-sector SRC~I jndustry without addi-
tional demonsirations or experimental work.

Since 1962, the SRC~I coal liquefaction technology has been devel-
oped in the U.S. through bench-scale programs. The demonstration program
traces 1its roots to 1977, when Rust Engineering Company, a subsidiary of
Wheelabrator-Frye Inc., received a contract from the Commorwealth of Kentucky
to design a 2,000 ton—per—streamday (tpsd) solid-SRC facility near Owensboro,
Kentucky. At that time, the Rust-designed direct 1Tiquefaction plant was
considered the most ambitiocus project of its kind.

Additional tests, review of the technical information provided by

the 2,000-tpsd pTant design data, and consideraticn of the ecanomics of vaﬁ-,ﬁ\
ous plant sizes led the U.5. government, Wheelabrator—Frye, and Air Product



and Chemicals, Inc. to sign a contract supporting the design and construction
of a 6,000-tpsd demonstration plant producing 20,000 barrels per day (bpd) of
fuels. To accomplish this task, Air Products and Wheelabrator-Frye Tormed the
International Ceoal Refining Company (ICRC). The DOE contract provides ICRC
with the option of buying out the govermment's inlerest in the plant following
the demonstration periocd as a prelude to enlarging the facility to commercial
size.

In 1978, the Phase 0 conceptual design of a demonstration size

plant began. In October 1979, the Phase 1 detailed design was initiated, and -

in April 1981, an interim baseline was established. During Phase I, tests
conducted by the Pittsburgh Energy Technology Center indicated that SRC could
be burned as a powder, meit, or splid-ceal ligquid slurry mixture in utility
boilers designed for "0i7 only”. In addition, SRC's charactaristics are close
to oil in many respects. These and other tests indicated that this new Tuel
could directly displace No. & fuel ©jl, and cculd command a comparable price
on the open market. .

In April 1982, ICRC submitted the SRC-I Project Baseline to DOE.
ICRC believes the versatile plant design contained in the Project Baseline
incorporates the most advanced coal liquefaction systems available in the
synthetic fuels field. In addition, product slate flexibility, high process
thermal efficiency, and low hydrogen consumption make SRC-I the state of the
art in coal ligquefaction technology.

The SRC-I Demonstration Plant

Process Description

A1l major technology systems and processes associated with the
production of synthetic fuels from coal will be demonstrated by the SRC-I
Demonstration Plant. Generally, these systems and processes must be proven at
or n2ar commercial scale before a coal~based U.5. synthetic fuels indusiry can

 proceed to commercialization. The demonstration plant will accomplish this in

a single, integrated facility.

The piant is designed to produce transportation fuel, Tow-suifur
solid fuel, anode coke, and fuel oils, as welil as propane and butane gases,
sulfur, and other by-products from high-sulfur, western Kentucky, washed #3 or
similar coal. The plant will be & self-sufficient facility; although coal,
water, air, chemicals, catalysts, amd electricity will be suppiied, ali other
utilities and process raw materials, dincluding hydrogen, wiil be generated
within the plant.

The proposed SRC-I plant site at Newman, Kentucky contains 28
separate land parcels, representing approximately 1,484 acves. The plant will
require approximately 750 acres to be graded to meet requirements for flood
elevation, erosien, and the plot plan. Approximately 4,300,000 cubic yards of
grading will be required for the area. Additional site acreage will be
reserved Tor expanding the plant to commercial size.

A description of the SRC-I Process Tollows. Figure 1, a simpli-
fied process flow diagram, is included for clarity.
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Plant process steps will inciude the following: coal drying and
pulverization; coal gasification; coal !iquefaction; production of coal-based
Tiguid process solvent; removal of ash and sulfur Trom coal; solidification of
Jow-ash, low-sulfur products; upgrading of SRC via expanded-bed hydrocracking;
naphtha hydrotreating; production of high-carbon anode coke; production of
elemental sulfur; and generation of enough process gases, including oxygen,
nitrogen, and hydrogen, to sustain the plant at design level.

Of the 6,000 tpsd coal feed rate, approximately 5,600 tpsd will be
processed in the SRC coal liquefaction unit; the remainder wili be fed to the
gasification system to produce hydrogen for the pracess.

In the SRC Tiguefaction area, coal will be mixed with a process
solvent. The mixture wiil be hvdrogenated at high temperature and pressure,
and converted into solvent-refined coal {SRC), plus 1iquid and gaseous fuels.

The siurry, containing SRC, ash, and unconverted coal, will be
deashed by the Kerr-McGee critical soivent deashing process. Residue from the
deashing step will be sent to the gasification system for hydrogen production.
Gasifying the SRC ash residue will render it an envirommentally acceptable
5011d waste.

One-third of the molten SRC will be solidified as product, another
third will be Ted to the delayed coker/calciner to produce anode coke, and the _
final third will be fed to the expanded-bed hydrocracker for additiona’
upgrading to cleaner and lighter soiid, liquid, and gaseous fuels. ATthoug.
the Baseline calls for one-third of the first-stage SRC product to be hydro-
cracked, design provisions will allow up to two~thirds of this product to be
routed to the hydrocracker. This design fiexibility will enable ICRC to adapt
to market demands when products are offered for sale. The product slate

produced when the plant is operated as specified in the Base:ine is shown in
Table 1. '

Project Baseline

In April 1982, ICRC provided BOE with an integrated cost, schedule
and technical baseline, which substantially defined the project’s major tech-
nical characteristics, and provided an overall design, construction, and
operation schedule, and a definitive cost estimate. The Baseline includes
activities iJnvolved in completion of Phase I, detailed design; Fhase II,
procurament and construction activities; Phase IIIA, a start-up period of 6
months; and Phase IIIB, an operational period of 2 years. Environmental
requirements, R&D support, all Jegal requirements, marketing costs, and waste
disposal are also addressed.

Cost Baseline. The Baseline cost estimate divides the project
into Phases 0, I, II, and III to represent feasibility evaluation, design
engineering, construction, and commissioning and operation, raspectively.
These estimates are reported in Table 2 in escalated doilars. The scnedule
calls for demonstratfon plant construction to be completed in December 1987,
Using inflatien rates as directed by DOE, ICRC has inciuded $565 million in
the Baseline estimate for =z total of $2.44 billjon. To this total, $45Z
million in contingency funds are added for a grand total of $2.89 billion, I*—-
should be noted that if current inflation trends continue during the pla ;
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construction period, the escalation will be Tess. For example, if inflation
were to continue at the rate of 6%, the plant cost would be $201 miliion
Tower.

ICRC estimates that during the first 2% years of operation (test
period), revenues from plant preduction will exceed expenses by approximately
$200 million. This estimate is based on: (1) the 1981 Energy Information
Agency’s price projection in their "Annual Report to Congress"; (2) DOE's
recommended escalation rates; and (3) ICRS's Baseline cost projections. The
industrial partners have the option to purchase the plant at the conclusion of
the demonstration period for its economic value, which is astimated at $1.558
billion. Therefore, the totai estimated net cost to the govermment for the
Baseline plant would be approximately $1.3 bitlion--when construction cost,

net operation revenues, buyout, and the industrial partner’s cost-sharing are
considered.

DOE and its support contractors reviewed ICRC's Baseline cost
estimate and made the following assessment:

In general, the cost estimates are in the same order...of magni-
tude and suggest the acceptability of ICRC's baseline cost esti-
mate for use in contractual configuration management. The methods
used by ICRC 1in developing their cost estimate conform to accepted
industrial practice. The accuracy of ICRC's cost estimate was
evaluated as being *25% (although ICRC declined %o state an
accuracy). Their cost estimate was built up Trom design data and
A, B and C Engineering Change Proposals and assembled by Work
Breakdown Structure down to the fourth level.

The Department's Oak Ridge Operations Office (DOE/QRO), assisted
by Burns and Roe and Humphreys and Glasgow, assessed the cost,
schedule and technical baseline in detail. They followed accept-
able industrial cost estimating practice in assessing Phases I,
11, ITIIA end IIIB and thorcughly reviewed all aspects of the
project. Their assessment supports ICRC's cost estimate and
confirmed it is reasonable and compiete. An independent check of
70% of the equipment was done, contingency was analyzed, labor
productivity was reviewed, and factors for other costs during
Phases I and II were reviewed and applied. For Phases III AAB,
product prices, plant operabiiity, labor, and materials were
reviewed. The thorough comprehensive review by DOE/ORO confirms
the acceptability of the ICRC Cest Baseline.

Schedule Baseline. More than 65,000 fndividual activities will be
performed by ICRC and jts subcontractors during the 1ife of the SRC~I Project.
The project schedule is a time-phased depiction of this network of tasks that
defines the ways in which the tasks interrelate during the 8 years required to
complete the project. The schedule provides both early and late start/com
plete dates for each activity. This peramits progress monitering Tor "all
activities and enables ICRC to exercise particular control, where necessary,
for activities critical to timely completion of the project.

Although the SRC-I Demonstration Plant Project consists of four
phases, only Phases I, II, and III have been included in the Baseline sched-
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e, since Phase 0 was completed in September 1979 (Figure 2). The three
remaining phases are summarized below to provide a brief overview.

Phase 1 is the detailed engineering and design of the SRC~I Demon-
stration Flant, and is based upon the technical output from Phase 0. Examples
of work under this phase include the completion of all engineering design
activities required to successfully construct the plant, including but not
limized to the preparation of detailed heat and material balances, process
flow diagrams, equipment specifications, and detailed piping and fnstrument
diagrams. Additionaliy, procurement activities to provide vendor engineering
and the activities leading to site acquisition are included.

Phase II, defined as procurement and construction, includes all
work necessary to provide materials, equipment, and services needed to con-
struct, check out, and commission the plant; all work needed te construct the
plant; and, all work needed for checkout and comnissioning to effect an
overall turnover of the racilities for start-up and operation.

Phase III includes all work necessary to start up (Phase IIIA),
oparate (Phase IIIB), and evaluate the integrated demonstration plant.
Examples of work under this phase include the recruitment and training of al?
personnel to staff the plant; the complete shakedown and initial oparation for
start=up; ihe operation of the plant for an extended period (2 years) to
estabiish optimum operating parameters; and the collaction of 211 data neces~
sary to evaluate the SRC-I technology as defined by tha Baseiine.

Froduct Market

The SRC-I plant will Jincorporate a first-stage Tiquefaction
section (SRC-I) followed by an LC-Finer, referred to as two-stage 1iquefaction
(TSL}, and a delayed coker and calciner to produce the following product
slate:

Naphtha A Teedstock for production of high-octane, unleaded

gasoline or BTX chemicals.

Middie Distillate

An .0i1 for statjonary turbine fuel and Tight- to
medium-weight fuel oiis.

Heavy 011 - An 0¢il for boiler and furnace fuel and carbon
products feedstocks.

SRC Fuels = Low-suifur, Tow-ash, solid boiler and furnace fuels
and coker feedstock,

Anpde Coke - Coke for aluminum smelting.

An important part of the product slate from the SRC-I plant will
be liquid distillates that can perform 1ike those derived from petroleum. The
plant will be producing a C_~400°F naphtha fraction that can be upgraded via
hydraotreating and catalytic %efonning to produce a high—octane unleaded gaso-
1ine blendstock; a 400-650°F cut that can be used as fuel oil similar to No. 2
Tfuel o011; and a 650-850°F heavy-oil fraction that can be used either directly
as a substitute for No. 6 fuel oil, or blended with pulverized SRC to form a
mixture that can be fired as No. 6 fuel oi1 substitute.
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Laboratory work has shown that SRC fuels can be processed to
produce green coke, which can be calcined to a high-quality anode coke for
aluminum smelting. The SRC-derived anode coke appears to be superior to
conventional petroleum coke in several respects, fincluding lower sulfur

content and potentially lower power consumption during the aluminum smelting
process.

SRC fuels are significantly different Trom and offer definite
advantages over coal. The low-sulfur ccntent vesults in fuels that comply
with stringent New Source Performance Standards (NSPS), thus eliminating the
need for scrubbing devices. In addition, such unique properties as very iow
ash content, low melting temperature, and very high Hardgrove grindability
index enable SRC fuels to be used in three firing modes that are applicable te
0i1- and coal-designed boilers and Turnaces: pulverized; melted and atomized
1ika ¢il1: and mixeo in SRC iiquid.

Several by-products resuiting from the SRC-I process <an be used
to fill existing needs in the marketplace. The removal and recovery of sulfur
from the coal feed permits the production of both an environmentally accept-
able solid fuel, and a sulfur by-product that is projected to be in short
supply, especially 1in northeastern markets easily served by the Newman,
Kentucky demonstration plant. Ammonia and carbon dioxide by-products are also
expected to be produced in sufficiently large quantities in the commerciai
piant for sale to existing markets. One alternative being considered is the
piping of the carbon dioxide to nearby southern I1linois or Indiana oil Tields
Tor use in enhanced oil recovery.

SrC-1 Commercial Plant

As indicated earlier, ICRC has the option to buy the SRC-I
Refinery from the federal government, and expand the plant to Tull commercial
scale. For this reason, ICRC has undertaken a study of the economics of a
commercial-scale SRC-I Refinery, which could be put into operation in 1996.

The 1996 commercial plant start-up date jis based on the demon-
stration plant completion in 1987 and 2 years of operation before the decision
to commercialize. Delays in the demonstration plant will impact on the
on-stiream date for the commercial plant, which will have a 20-year cperating
Tife. '

An economic analysis of an SRC-I Commercial Plant is importamt in
determining the 7long-term viability of the technelogy, and may influence
decisions regarding development of the technology. The following sections
provide an outline of the plant process units, capital costs, and results of
the financial and economic analysis.

Summary Process Description

The commercial plant evaluated here is a grass-root facility
designed to process 30,000 tpsd of washed, moisture-free Kentucky #9 or
similar coal, and produce approximately 100,000 bpd of solid and 1Tiquid
products. Approximately 28,400 tpsd of the feed coal is conveyed to lique-
faction; the remainder is sent to the gasifier to supplement the critical
solvent deashing (CSD) ash concentrate as faedstock for hydrogen generation.
Figure 3 is the process block diagram for this plant.
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The plant configuration allows all of the $RC from the first stage
to be processed at low conversion (approximately 50%) in the second-stage
ebullated bed hydrocracker (EBH). An integrated fractionation unit common to
both stages is incorperated to reduce capitai costs and increase operating
flexibility. Naphtha from both stages is first sent to a hydrotreater, and is
then reformed to produce a gasoline blendstock. Other fuei products include
middle distillate, heavy oil, TSL (two-stage liquefaction) SRC, and LPG. The
commercial plant product slate is shown in Table 3. Total heat content is 587
billion Btu per stream day.

. Inputs to the plant include 207 MW of electricity along with the
30,000 tpsd of coal. Using 9,500 Btu/kwhr, the combined energy to the plant
is 867 billion Btu per stream day of heat content. Therefore, thermal effi-
ciency for the entire plant is 67.8%.

A significant process efficiency enhancement projected for the
commercial plant is due to the use of pressurized gasifiers. For this
specific case, gasifiers from GKT .operating at about 400 psi are used. It is
anticipated that these gasifiers, which operate on a dry feed, will be com-
mercially demonstrated at the time af SRC commercialization.

Capital Costs. Table 4 is a capital cost summary for the major
sactions of the plant: SRC liguefaction and deashing; expanded-bed hydro-
cracking; hydrogen production and treatment; and utilities and offsites,
including coal preparation. The subtotal for plant and equipment cost is
$3990 millfon (1982 $). With the addition of engineering, spare parts, and an
initial charge for catalysts and chemicals, and allowing a contingency of 20%
an the above total, the total project cost is $5700 MM.

Operating Costs. The operating cnst summary (also in 1982 $) is
presented in lable 5. After startup in 1996, the plant is assumad to have a
20-year operating life. The operating costs presented are for a typical
operating year having a 90% onstream factor, or 328 1/2 days per year
onstream.

Major annual operating costs for the facility wi11.be:
© Coal {at $41.80/ton) = $420 MM |
°  Power (at $0.03/kWhr) = $101 MM
2 (gatalyst and chemical consumption = $77 .HM
“ Maintenance materials = $114 MM
®  Operating énd maintenance crew of 1,900 people = $79 MM
The subtotal for the various expenditures is $910 MM per year.

Demonstration Plant Scale-up

Considerabie economies of scale are attainable when extrapolating
the demonstration plant design tc commercial size. The basic scale-up phii-
osophy was to incorporate two large trains into the design where it was
prudent to de so. Qtherwise, four trains were used.
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One of the process areas requiring four trains is the first stage
for slurry preparation, slurry preheating, and dissolving. Each train is
about 30% larger than the corresponding demonstration plant train. Prelim-
inary analysis indicates that vessel sizes for the dissolvers and the high-
pressure separator remain in the commercially acceptable range for the larger
trains. Each train is to contain two 50% slurry preheaters. It is felt that
the reliabiiity of these heaters will be proven during the demonstration
phase, permitting the use= of larger heaters in a commercial plant without
sacrificing the plant utilization factor. In addition, each pair of slurry
preparation units is provided with only one Tull-size spare train. This
produces a savings from the demomstration plant, in which 100X sparing is
included.

The deashing step will be accomplished in two large trains. To
ensure an adequate plant utilization factor, each unit contains two 60% first
stages, two 60% second-stage preheaters, and two 60X second-stage seitlers.
The third stage has beer excluded because, with the integrated fractionation
system, ample process solvent with superior hydrogen donor capability is
avaiiable for recycle to the first Tiquafaction stage without the use of the
Tight SRC stripper.

The second-stage hydrocracker consists of two trains, each nearily
four times the capacity of the demonstration plant EBH. An exception to this
general scale-up of the EBH occurs for a very significant cost item, the
reactors themselves. Based on recent test results from a iarger pilot plamt,
the total reactor volume required for both trains is only about three times
the demonstration plant requiremen%, although the flow rate is nearly eight
times as large tn the commercial case.

Economic Analysis

The major financial assumptions used for this analysis are shown
in Table 6. A general inflation rate of 8% per year has been assumed. The
total plant cost of $5.7 billion in 1982 dollars is expended over a G-year
construction period between 1990 and 1995, and is inflated to the actual year
of expenditure. The plant cost in current dollars is $14.5 billion. The
plant is financed 5% with debt at an 11X interest rate, and 35% with equity.
The capital estimate inciudes a 20% contingency.

The plant operating costs are assumed to escalate at the rate of
inflation. The coal will be purchased with long-term contracts, and therefore
shouTd show no real price growth during the project life.

The projected energy prices are critical in developing the
expected revenues from the SRC-I Commercial Plant, and in evaluating com
mercial viability of the technology. Over the last few years, energy prices
have escalated rapidly and erratically. Although currently the prices seem to
have stabilized, future prices will depend on many factors over which the
United States has very little contrel.

For the base case analysis, the product prices are assumed to
increase at a rate of ZX per year above the infiation rate. The project was
analyzed on a Discounted Cash Flow (DCF) return on equity (ROE) basis, using a
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65/35 debt-to-equity ratio. The base cdse resulted in a 27% DCF return on a
current~doilar basis, and a 22% BCF on a constant 1982 dollar basis. Table 7
1lists estimated prices for SRC-I products.

Tax and depreciation assumptions have a significant impact on
economics because of the capital-intensive nature of the SRC~I ‘technology.
Based on the Economic Recovery Act of 1981, the total plant investment is
depreciated over a S5-year period in accordance with the schedule set by the
act. .

The investment tax credits were estimated at an effective rate of
9%. It was assumed that 90X of the plant cost would qualify for the 10%¥
regular investment tax credit. No energy tax credits were considered in this
amaliysis.

Sensitivity Analysis

The Tlong-term economic viability of the SRC-I technology must be
evaluated using the best currently avaiiable information. Since the pilant
start~up is almost 15 vears away and the technology is expected to undergo
changes as it is developed, variocus assumptions have to be made regarding
plant costs, operating costs, product prices, and inflation rates.

The projected product prices represent a major uncertainty in

estimating the project revenues and profitability. If prices remain stable in

real terms 2t 1982 Jevels, the DCF return would drop to about 10%., However,
if prices escalate at 6-7% per year above inflation, as predicted by DOE's
Energy Information Administration (EJA), the project would result in a 40-50%
DCF return on equity. The variability of DCF with product price escalation
rate is shown in Figure 4.

The plant capital cost estimate includes a contingency for unfore-
"seen cost Tncreases. However, the plant cost can change with time as the
SRC-I project proceeds toward demonstration plant operation and design of the
commercial facility. The results indicate that a capital cost increase of 10X
over the base case estimate decreases the DCF return on equity by about 2X%.

Another variable that would impact the results is the operating
costs of the plant, including coal, labor, utilities, and maintenance. A 10%
increase in cperating costs wouid Tlower the DCF return by 1%. Combipation of
a 10% increase in operating costs with a 10% decrease in revenues would
decrease the BCF return by 4.4%.

Conclusions

The results of commercial plant economic analysis indicate that
the SRC-I technolegy 15 economically viable in the Tong-term. To achieve
commercialization by the mid-1980s, it 1is necessary to proceed with the
design, construction, and operation of the demonstration plant to praove the

technical feasibility, econemic viabiTity, and environmental acceptapility of
the SRC-I technology.

Today, synthetic fueis development no Jonger holds the urgency
that elevated it to a position of natfonal prominence a faw years ago.
However, most analysts agree that the underlying circumstances that will
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determine the U.S. energy Tuture are unchanged. World oi1 supplies are
dwindiing, and the largest source of U.S. petroleum supplies remains one of
the most politically volatile regions. 1In fact, the oil glut prociaimed only
a few months ago shows signs of evaporating. Already, spot shortages of
crucial energy products have been reported——most notably transportation fuels.

The U.S. still has within its borders the largest coal reserves in
the free world. The potential of western and eastern oil shales remains
largely unexploited. Inflation has subsided, which makes cost projections for
plant construction more attractive than they were a year ago. Unemployment
has climbed in the past wyear, and this suggests that development of a syn-
thetic fuels industry could help rejuvenate the economy.

The risks inherent in the pioneer development of synthetic fueis
technologies, as well as the unpredictable fluctuations in energy supplies,
point toward the necessity for continued govermment involvement as a risk-
sharing partner in syrnthetic fuels development, now and in the future. In
raecent months, this reality has been underscored by the withdrawal from the
field of major industrial partners who have concluded that the risks are too
large to be borne by the private sector alone.

We at ICRC continue to believe that the development of a domestic
synthetic fuels industry is an inevitable reality for the United States in the
near- and long-term. We also continue to believe that accelerated development
of this industry--beginning now and continuing at a determined pace during the
next decade--is a responsibility that must be shared by the federal government
and the private sector working in partnership. Only through such a partner-

ship can we guarantee a reliable source of vital energy produ—ts for present
and future generations,
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TABLE 32

SRC-1I COMMERCIAL PLANT PRODUCT SLATE
(100% SRC to Low-Conversion EBH)

MM Btu/hr
Tb/hr (HHV) TPSD BPSD
Naphtha reformate® 231,690 8,292 2,780 19,300
Middle distillate 377,580 6,780 4,530 26,100
Heavy oil 84,240 1,490 1,010 5,400
TSL SRC 623,250 10,410 7,480
LPG 53,450 1,150 642 7,220
Sulfur 85,330 346 1,020
Total 1,455,550 24,468 17,462

aHydrotreated and catalytically reformed naphtha; octane number = 100 (RON).
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TABLE 4
SRC-1 COMMERCIAL PLANT CAPITAL COST SUMMARY
{Cost in Millions of 1982 %)

SRC 1iquefaction, deashing, and solidification 1,665

Expanded-bed hydrocracking and fractionation 370

Hydrogen production and treatment 1,100

Oxygen plant 165

Utilities, offsites, and ceal preparation 1,3_92 ' -

Subtota) (plant and equipment) 3,990

Engineering 600

Spare parts and initial catalysts and Ehemica‘ls _160

Subtotal 4,750

Contingency (20%) ) | __950

Total project cost 5,700
!
E
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SRC-1 COMMERCIAL PLANT
OPERATING COST SUMMARY
(1982 Nollars)

TABLE 5

M $/yr
@ 90% utilization

Coal: 30,000 tpd @ $41.80/ton
Power: 407,000 kWh & $0.03/kMW
Catalyst and chemicals
Labor:
Operating: 865 people
Maintenance: 1,335 people
Plant overhead
Maintenance material
Tax & insurance

GRA

Total operating costs

420.1

101.1

77.0

az.8
46.0

114.0

85.5

20.0

909.9
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TABLE &

SRC-T1 COMMERCIAL PLANT ECONOMIC ASSUMPTIONS

4.

On-stream

Construction period

Plant utilization factor

Plant 1ife

Depreciation

Investment tax credit

Inflation rate

Operating cost escalation

Product price escalation

Debt/equity rate

Interest rate on debt

Pitant size

Plant cost, 1982 %
Current §

1956

6 years

50% 1st year

75% 2nd year

0% 3-20 years

20 years

5 years schedule
74

8% per year

Equal to rate of fnflation
2% reai escalation

65/35

11%

30,000 tons per day coal feed

$5.7 billions
$14.5 billions
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TABLE 7

SRC-1 PRODUCT PRICING

© Product

Unit 1982 prices
LPG $/"M Btu 6.25
Naphtha reformate $/gal 1.19
Medium oil " $/MM Btu 7.28
Heavy o1l $/MM Btu 5.25
TSL SRC $/MM Btu 4,75
Sulfur $/ton 140
235
m f




T

ERR DF LA <

TIVHINDY

Zop @
aus e

NOAV3g SNISS3004d | Il@ T ] NOILYHYJIS
BN TNG offraem———— SN0 - SYDNAS Hili5v8 Y ,

Hiv

Q

%o
ocw: .
NOILOVZINDI"| e 4 —||||||Y
ELY .||L|F — ———
INOYHIOHOA JOLLYNVILI Z
38-030NYdX1 ¢ T HL3VY s N i
1] i [e
.Fzm;._om,_x
IDILIND .
HANIDIVD did
IH0D f4IN0D
! e
110 13N e &~
13n4 ‘1510 CILVYNOILDYHS
10N00Yd  §
YHLHdYN A|.|I_ — _
My _ [ .
DNISE300Yd
sSVD .um:m[

> k v—
_@ . NIUOHOAH v0D

WY HOVIA MOTd4 00718 a3idINdINIS
LNV1d NOILYHLISNOWIQ I-OHS
1 3HNOIH

SR S SRS PRI L LERNSIWIREP T ST W T FREL




88/0 - 18/2)

19/z1
DNINDISSINWGD 3
A131dW0D-3 conh

98/2t NOLLITdNOD INIWGIND3
TYOINVHITW LSV IAOW LIS NiD3g

98/L 'DQA18 TOHLNQO
TIYHLNID 9.51RW00 Nio3g

avd

ze/ol 28/9
NOIS1030 40 S1S3an0ady aig
aHyod3y Si3d JONIWWOOD

SNOLLYHIdO 8 11l

dN-LHY1S ¥V HI 3SVHd

NOILONYLSNOD Il ISYHd

NOIS3d | 3SVHd

(8198|498} ¥B}| EB 18|08 64

SHVYIA TVOSid

SINOLSITIW G2SOJN) 30U (@)
SINOISITIN &
I1NAIHOS ININISVE DUOI woomm

IANIT3SYE 3TNATIHIS JHI

¢ 34N9l4

237



HN41NS 4

S3.11S4d0 8
SALLELN

oy

NOILONOOH
2y

T

151 «

ONINDYHIOHAAH
JHS

DNiHSY3d
ADIN-HUIN

oy

O AAVIH €—

31v 111181 31001W 4

JIVINHO43H VHLHIVN 4

ONIWYO43L ® €

DNILVIHLOHAAH
YHLHJVN

NOIL¥NOILOVHA

NOILLOY43NDIT
Jus

-‘Il

Dd1 ¢

INVId TZIDHIWWOD L-OHS
WvdDYIA MOTd Y0018
£ 3HNOIL

L qvao

238



{HA/%) 9661-2861 'NOILYTvIST JDiHd LONAOHd
L 9 g |4 € z i 0

ALIALLISNIS NOILY1v9S3 301Hd 1INA0Hd
INV1d TVIOHINIWOD L-OHS
v IHNDIA



