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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability
or responsibility for the accuracy, completeness, or usefulness of any
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that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or
favoring by the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or any agency
thereof.
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PROCESS EVALUATION REPORT
CONCEPTUAL COMMERCIAL PLANT

This Process Evaluation Report (PER) contains the results
and recommendations of comprehensive analyses and studies which
were made to optimize the ICGG Commercial Plant Baseline Process
Concept for producing synthetic pipeline gas (SPG) from coal.
Design studies to optimize the thermal efficiency and economic
attractiveness of the COGAS Process Areas of the plant were
conducted along with design studies and trade-off studies of
available process subsystems to complement the COGAS Process
Areas. The results, recommendations and description of the work
accomplished in developing the PER are contained in six separately
bound sections of the PER which are summarized as follows:

Section 1 - Executive Summary

This section provides an overview of the total PER and
presents results, recommendations and conclusions in a

brief format.

Section 2 - Process Analysis - Commercial Plant Concept

This section gives a brief description of plant size,
configuration, feedstocks, operating conditions,
products and by-products for the Commercial Plant Concept.
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Section 3 - Process Design Studies
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This section describes various design studies which
were conducted to optimize the COGAS Process Areas and

other plant areas.
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Section 4 - Trade-off Studies
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This section describes those trade-off studies which
were made to select processes which would best
complement the COGAS Process Areas and provide the
most efficient and economical Commercial Plant Concept.
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Section 5 - Baseline Process Concept

This section describes the ICGG Commercial Plant Baseline
Process Concept which was developed from the Tentative
Baseline Design (TBD) and was used as a standard for
measuring the results of the Process Design Studies and

Trade-off Studies.

Section 6 - Baseline Economic Evaluation

This section describes an economic evaluation which has
been performed for the Commercial Plant Baseline Process

Concept, described in Section 5.
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6.1 Economic Summary

The Commercial Plant capital requirement is defined as the
summation of the costs for the categories listed in Figure 6.1-1
and is estimated at $1,550,602,000. These costs are all expressed
in year end-1977 dollars and are described in detail in
Subsection 6.3. The total plant investment cost, which is the
capital requirement less the sum of the working capital, interest
during construction and the costs of land, start-up and
administration, amounts to $1,450,486,000 or 93.6% of the capital
requirement.

Capital Requirement Category Category Costs Percentage
Construction Plans and Drawings $ 91,391 5.9%
Site Preparation 10,000 0.6
Plant Construction 1,263,959 g8l1.6
Construction Engineering 85,136 5.5
Subtotal-Plant Investment Cost $1,450,486 93.6%
Land $ 1,438 0.1%
Start-up 34,704 2.2
Administration 3,500 0.2
Working Capital 60,474 3.9
Total Capital Requirement* $1,550,602 100.0%
*Interest during construction ($207,238,000) is not
included. See Subsecticn 6.3.8.

Figure 6.1-1 Commercial Plant Capital Requirement
(Thousands of Dollars)

The operating cost for the Commercial Plant is based on a 20
year plant design life, operating for 330 days per year (90.4% plant
effectiveness) with an overall thermal efficiency of 62.4% (see
Figure 6.4-1). The operating cost is defined by classifications as
shown in Figure 6.1-2 for a total cost of $157,017,409 per year.
These costs are expressed in year end 1977 dollars and are described
in Subsection 6.4.
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6.1 Economic Summary (Cont'd)
Cost Classification Annual Cost
(Dollars)
Coal $213,342,525
Labor 20,854,796
Chemicals and Catalysts 18,204,602
Insurance and Taxes 9,173,160
Repairs and Replacements 35,882,000
Other Operating Supplies 1,964,000
Royalties 3,218,820
Gross Operating Cost 302,639,903
Less Utilities (Credit) (3,739,400)
Less By-products (Credit) (141,883,094)
Net Operating Cost $157,017,409

Figure 6.1-2 Annual Operating Cost for Commercial Plant

The Commercial Plant gas cost is computed on the net present
value analysis basis using the "revenue requirement” method. A
discount rate of 9% is used in the calculation. The revenue re-
guirement method determines the lowest gas selling price per MM
Btu which will recover all costs incurred during the twenty-five
year project life. The selling price in year end 1977 dollars is
$4.597 per MM Btu, as shown in Figure 6.5-1 of Subsection 6.5.
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6.2 Basis of Estimate

The following considerations were used throughout the total
capital requirement development:

End-1977 dollars.

Solicited quotations on highly specialized equipment.

In-house estimates on other equipment, materials and labor.
Factored total constructed cost based on eguipment cost by
area. The factors vary depending on eguipment make-up and

the characteristics of the process.

® Preliminary Geo-Technical and Hydrological Survey observations.

The following categories were used to develop the total capital
reqguirements as described in Subsection 6.3:

Subsections Capital Reguirement Category
6.3.1 Construction Plans and Drawings
6.3.2 Land
6.3.3 Site Acquisition and Preparation
6.3.4 Plant Construction
6.3.5 Engineering and Start-up
6.3.6 Administration up to Plant Commissioning
6.3.7 Working Capital
6.3.8 Interest During Construction

Within each capital requirement category, the individual cost
elements are identified and the cost estimated.

The operating costs are based on the following considerations:

End 1977 dollars.

20-year Commercial Plant design life.
£2.4% overall thermal efficiency.
90.4% plant effectiveness:

The operating costs are defined as the day to day expenses for
the following categories:

Subsection Operating Cost Category

6.4.1 Coal

il 6.4.2 Labor
6.4.3 Chemicals and Catalysts
6.4.4 Insurance and Taxes
6.4.5 Repairs and Replacements
6.4.6 Utilities
6.4.7 Other Operating Supplies
6.4.8 By-products
6.4.9 Royalties

6-3
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6.2 Basis of Estimate (Cont'd)

Within each operating cost category, the individual cost ele-
ments are identified and the cost estimated.

The gas cost for the Commercial Plant is calculated using a 9%
discount rate, based on the revenue requirement method. The follow-
ing assumptions were used to develop the gas cost:

® 25-year project life (design, construction and operation).
® Straight line depreciation over a 20-year period.

® The rate of return, interest rate, percent of debt, federal
income tax rate, state income tax rate are reflected in the

9% overall discount rate.

The utility cost units were developed for use in the trade-off
studies. The capital requirement and labor cost associated with each
utility category were derived from a 1975 estimate and escalated to
1977 dollars. A 20-year straight line depreciation on capital
investment and a modified utility financing method excluding the tax,
insurance, interest and return were used to calculate the average
utility cost.
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6.3 Capital Requirement

6.3.1 Construction Plans and Drawings

The cost of construction plans and drawings is defined as
the total engineering effort taking place prior to the beginning
of plant construction. Elements of this cost include:

Process and Engineering Flow Diagrams

Energy and Material Balances

Plant Layout

Engineering for all "Bulk Items," i.e., painting, piping,
instrumentation, structural, electrical, BVAC, and similar
considerations ’

Equipment Listing

Development of Bid Packages

The cost of engineering services for the Commercial Plant
was estimated based on experience with similar large engineering
and construction projects. The cost of construction plans and
drawings (preconstruction engineering) was developed based on the
ratio of preconstruction engineering to total engineering de-
veloped for the 1975 estimate. This fraction (0.81) was applied
to the total Commercial Plant engineering estimate of $107,456,000
to derive the preconstruction engineering estimate of $87,039,000,
adding the G&A and fee of $4,352,000 gives a total of $91,391,000 for
the estimated cost of construction plans and drawings. The re-
mainder of the cost of engineering services of $20,417,000 is the
estimated cost less G&A cost plus fee of engineering during con-
struction. The G&A cost plus fee for this portion of the engi-
neering is developed in Subsection 6.3.5.

6.3.2 LlLand

Land requirements for the Commercial Plant were defined as
1750 acres, which consist of process plant site, offsite, roadway,
and buffer zone acreage. The 20 mile pipeline route from the
plant site to the Mississippi River will be 25 feet wide.
Acquisition cost estimates for land were made by utilizing a price
per acre of $750 to $1000 verbally quoted by the present owners of
the land. The $750 per acre price was assumed to apply to re-
claimed strip-mined land, while the higher figure applied to virgin
land. At the site being considered, 1250 acres of reclaimed strip-
mined land are available for the Commercial Plant. The balance of
the land required, 500 acres, will have to be virgin land. This
yields a complete site cost for the Commercial Plant of $1,438,000.
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6.3. Capital Requirement

6.3.3 Site Acquisition and Preparation

The cost of site acquisition and preparation is defined as
all costs associated with the search for a suitable site (i.e., the
fees, licenses, and other costs associated with acquiring the
land), plus the preparation of the site for construction of the
Commercial Plant. The cost of land is included under Subsection
6.3.2. Site selection costs are assumed to be minimal for the
Commercial Plant since the original site selection for the
Demonstration Plant considered both plants. Site acquisition costs
have similarly been assumed to be minimal. Site preparation costs
were estimated based on fragmentary information regarding site
conditions to be $10,000,000.

6.3.4 Plant Construction

The investment cost for plant construction is defined as the
sum of the following cost elements:

e Equipment Costs
® Construction Material Costs
e Field Labor for Installation and Erection

The following subsections will describe the cost details for
the above elements and identify the source of each cost estimate.

6.3.4.1 Equipment Costs

The investment cost for the Commercial Plant
equipment is defined as the cost of all equipment identified
by the Equipment List in Subsection 5.8. Selected suppliers
(i.e., both vendors and manufacturers) were contacted for
quotations on certain equipment items. Replies were received
for 75% of these inquired items which represent approximately
50% of the total equipment cost. The balance was estimated
estimated based upon in-house experience in recently purchased
identical or comparable items of equipment. Figure 6.3-1
summarizes the equipment cost by process area for the Commer-
cial Plant.

The total delivered equipment cost (in Thousands of
- Year End 1977 Dollars) was determined as follows:

Equipment Listing Cost Breakdown $589,088
Freight-In 9,300
Procurement 1,515
Total Delivered Equipment Cost $599,903

6-6
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6.3 Capital Requirement
Equipment Total

Process Area Number and Description Cost Constructed Cost
101 Coal Unloading and Handling $ 9,833 $ 13,133
102 Coal Preparation 22,367 54,586
103 Pyrolysis and Gasification 86,811 200,462
104 0il Recovery and Treatment 97,717 197,846
105 Gas Purification 45,666 67,633
106 Hydrogen Generation 5,138 10,043
107 shift and Methanation 20,994 40,460
108 Bulk CO2 Removal 6,871 16,084
109 Gas Compression and Dehydration 7,909 11,424
110 Flue Gas Power Recovery 106,402 148,669
111 S0O2 Removal 26,204 76,172
112 Sulfur Recovery 15,271 21,223
113 Ammonia Recovery 1,122 3,772
114 Thermal Oxidizer & Flare 1,650 3,265
115 Utilities 75,520 117,658
116 Water Supplies 1,114 23,798
117 Water Treatment Systems 6,113 16,102
118 Waste Treatment and Disposal 13,070 30,798
119 Fire Protection System 695 5,597
120 Major Facilities 38,621 63,787

Miscellaneous Yard Facilities 135,566

Insurance & Procurement 5,881

Total $589,088 $1,263,959

Figure 6.3-1

Summary of Commercial Plant Equipment Cost and Total

Constructed Cost (Thousands of Year End 1977 Dollars).
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6.3 Capital Requirement

6.3.4.2 Construction Materials Cost

Construction materials are defined as any purchased
goods used in plant construction, in Subsection 5.8 but not
included in the Equipment List. Tyvpical examples of these
items include instrumentation, piping’, insulation, paint,
buildings, foundations, concrete, structural steel, electrical
installation, small tools, temporary construction, and un-
allocated construction supplies and equipment.

SUBCONTRACTED SERVICES

The estimated costs in year end 1977 dollars for
the work in the following list to be performed or supplied
by subcontractors are:

Estimated Cost

Function (Thousands of Dollars)
HVAC $ 2,067
Insulation 63,112
Piling-Special Foundations 19,055
Site Work 4,929
Architectural 3,307
Fireproofing 3,998
Electrical 27,292

Temporary Construction
Miscellaneous Field

Expense 4,254
TOTAL 128,014
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6.3 Capital Requirement

OTHER DELIVERED MATERIALS

The following list of additional construction
materials, not included under the above Subcontracted
N Services, is needed to complete plant construction. The
estimated cost in year end 1977 dollars is shown. opposite
each material listing.

Estimated Cost

Category/Material (Thousands of Dollars)
Instrumentation $ 16,639
Piping 108,950
Painting 1,006
Site Work Materials 1,733
Cconcrete 14,045
Structural Steel 49,528
Building Materials 4,964
Electrical 29,333
Construction Equipment Rental, Small

Tools, Miscellaneous, and Overhead 33,774
Freight-In 4,495
Procurement 928
Insurance 3,438

Total $268,833

6.3.4.3 Installation and Erection

The costs of installation and erection are defined
as the cost of labor to transform the delivered construction
material and the purchased equipment items into an operable
coal gasification plant. This estimate is based upon ac;ua}
productivity experience with field labor in southern Illinois,
the magnitude of the job, and experience with installation
and erection of similar equipment items. This category
of cost can be broken down as follows:
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6.3 Capital Requirement

6.3.4.3 Installation and Erection (Cont'd)

Estimated Cost*

Field Labor to Install or Erect (Thousands of Dollars)
Equipment $ 13,567
Instrumentation 3,636
Piping 120,019
Painting 4,038
Site Work 3,122
Concrete 34,048
Structural Steel 11,308
Buildings 4,359

Craft showup, overtime pay,
cleanup labor, temporary

and unallocated 7,255
Field Payroll Burden 49,857
Construction Management & Supervision 16,000
Total Installation & Erection Labor $267,209

*In Year End 1977 Dollars
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6.3 - Capital Reguirement

6.3.5 Engineering and Startup Costs

Engineering and Startup costs are composed of three elements:
(1) all engineering costs occurring during construction, (2) the
construction contractor's fee, and (3) the cost of startup. This
cost category does not include the pre-construction engineering dis-
cussed in Subsection 6.3.1.

The Construction Engineering cost is defined as the cost of
the engineering during construction, the associated G&A cost plus
fee and the construction subcontractor's G&A cost plus fee on the
total materials and labor for the Commercial Plant.

In Subsection 6.3.1 the cost of engineering during con-
struction was determined to be $20,417,000. The G&A cost plus
fee for this work at 5% is §$1,021,000.

The construction subcontractor's G&A cost plus fee is based
on the sum of the plant construction and site preparation cost,
which is $1,273,959,000. At 5% this gives a G&A cost plus fee of
$63,698,000.

The construction engineering cost of $85,136,000 is the
summation of the costs for engineering during construction of
$20,417,000, its associate G&A cost plus fee of $1,021,000 and
the construction subcontractor's G&A cost plus fee of $63,698,000.

Start-up costs were estimated as detailed in Figure 6.3-2 to
total $34,704,000. A total start-up period of six months was assumed
to bring the plant up to a 90% level of effectiveness.
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6.3 Capital Requirement
6.3.5 Engineering and Startup Costs (Cont'd)
Cost Category Months of Costs Incurred Estimated Cost
(thousands of
dollars)
Coal 3 months $53,337
Chemicals and Catalysts 3 months 4,632
Labor 6 months 10,427
Insurance and Taxes 6 months 4,587
Utilities 6 months 385
Operating Supplies 6 months 982
Repairs and Replacements 6 months 17,941
Royalty 1 1/2 months 402
Subtotal 92,693
By-Product Revenue Credit 1 1/2 months (17,754)
Gas Revenue Credit 1l 1/2 months (40,235)

Total Start-up $ 34,704

Figure 6.3-2

*In Year End 1977 Dollars

6.3.6 Administration and Inspection Prior

to Plant Commissioning

Administration and inspection prior
is assumed to be the owner surveillance of
struction. This cost was assumed to occur

design through the beginning of start-up i.

to plant commissioning
engineering and con-~
from the beginning of
e., a total of 4-1/2

years. 1Illinois Coal Gasification Group was assumed to have
twenty people involved in this task for the first two years of
design and construction. For the third and fourth years twenty-
two and twenty-four people would be required respectively.

The last 6 months prior to start-up would have 28 profes-

sionals working on this task.
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6.3 "Capital Requirement

6.3.6 Administration Prior to Plant Commissioning (Cont'ad)

The annal cost with loading for each professional was esti-
mated to be $35,000. The following calculations develop the total
cost for this category:

$ Total Cost

Year Professionals at 35,000/employee
1l 20 $700,000
2 20 700,000
3 22 770,000
4 24 B40,000
5 (first 6 months) 28 490,000

Total Administration Cost$3,500,000

6.3.7 Working Capital

Working capital is defined as the investment in net current
assets. This consists of the sum of inventories, accounts receivable
cash equivalents and net of accounts payable. The working capital
cost of $60,474,000, which was assumed to be 3.9 percent of the
total ($1,550,602,000) sum of the capital requirement categories
total detailed in Subsections 6.3.1 through 6.3.7 inclusive. The
3.9 percent was derived from the ICGG proposal to ERDA dated
February 4, 1976, which evaluated the impact of inventories,
accounts receivable, cash equivalents and net of accounts payable
on the working capital requirements.

6.3.8 1Interest During Construction

The interest during construction is defined as the product of
the plant investment cost, the annual interest rate and the average
spending period in years. Quantifying these terms for the Commercial
Plant results in an interest cost of $207,238,000, where the plant
investment cost is $1,450,486,000 (See Subsection 6.1), the inter-
est -rate of 9% per annum and the average spending period is slightly
over 19 months. The interest during construction is included
in the 9% discount rate indicated in the government guidelines and
thus not included as a separate item in the revenue requirement
analysis.

6-13
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6.4 -Operating Cost Estimate

Operating costs for the Commercial Plant are defined as the
summation of day-to-day expenses in the following cost categories:

Subsection Operating Cost Category
6.4.1 Coal
6.4.2 Labor
6.4.3 Chemicals and Catalysts
6.4.4 Insurance and Taxes
6.4.5 Repairs and Replacements
6.4.6 Utilities
6.4.7 Other Operating Supplies
6.4.8 By-products
6.4.9 Royalties

Revenue from the sale of process by~products (See Subsection
6.4.8) is applied as a credit against the operating expenses on a
yearly basis to derive a net annual operating cost for the Commer-
cial Plant.

Within each of the aforementioned operating cost categories,
the individual cost elements are identified and estimated, with the
basis and source of estimation identified. All costs are developed
based upon the following considerations:

e End 1977 dollars

® 20-year Commercial Plant design life

® 62.4% overall thermal efficiency (See Figure 6.4-1)

e 90.4% plant effectiveness (330 days per year operation)

The summation of all expenses and credits (See Figure 6.4-2)
identifies an annual operating cost of $157,017,409 for the Commer-
cial Plant.

Based on the plant output of 80,546,000 MM Btu per year in
the synthetic pipeline gas, the operating cost component of the gas
price is $1.949/MM Btu.

6.4.1 Coal
The operating cost for coal feedstock delivered to the

Commercial Plant is defined as the combination of: (1) selling
price of coal F.0.B. the mine sites and (2) transportation charges

6-14
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.

Annual Cost*

Percent of Gross

Cost Classification (Dollars) Operating Cost $/MM Btu
Coal $213,342,525 70.5% 2.649
Labor 20,854,796 6.8% 0.259
Chemicals and Catalysts 18,204,602 6.1 0.226
Insurance and Taxes 9,173,160 3.0 0.114
Repairs and Replacements 35,882,000 11.9 0.445
Other Operating Supplies 1,964,000 .6 0.024
RPoyalties 3,218,820 1.1 0.040
Gross Operating Cost $302,639,903 100.0 3.757
Less Utilities (Credit) ($3,739,400) (1.2) (0.046)
Less Byproducts (Credit) ($141,883,094) (46.9) (1.762)
Net Operating Cost $157,017,409 51.9% 1.949

Figure 6.4-2 Summary of Annual Operating Costs for Commercial Plant
*In Year End 1977 Dollars
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6.4 -Operating Cost Estimate

6.4.1 Coal (Cont'd)
for shipping coal from the mine sites to the Commercial Plant site.

Based on a coal feedstock reguirement of 28,733 TPD (See
Figure 6.4.~-1), the annual coal consumption will be 9,481,890 tons.
This large gquantity can be purchased from five suppliers. The
average delivered cost of coal feedstock is $22.50 per ton which
results in a total annual operating coal cost for the Commercial
Plant of $213,342,525. Dividing the annual coal cost by 80,546,000
MM/Btu output of the synthetic pipeline gas yields the operating
cost component of the gas price from coal as $2.649/MM Btu.

6.4.2 Labor

The operating cost for labor for the Commercial Plant is
defined as the combined total of: (1) direct wages with inside
payroll fringe benefits (i.e., computed on an annual base of 2080
hours per employee which includes vacation, holidays, and sick-
leave), and (2) outside-pavroll fringe benefits (i.e., insurance,
pensions, and all other employee benefits), for all personnel
staffing of the plant.

The annual operating cost for labor is based on the average
plant staffing for a typical vear of Commercial Plant operation.

Labor rates are derived, primarily, from two sources: (1)
The Peoples Gas Light and Coke Company (PGL) and (2) Illinois State
Department of Energy (ISDE). Management and clerical labor rates
are based on the mid-range of existing pay scales at PGL in Chicago,
Illinois, for comparable level positions. Operating and maintenance
labor rates were furnished by ISDE as appropriate skill classifica-
tion averages for the plant location. Additional sources were
Central Illinois Public Service Company and the Bureau of Labor
Statistics, which were used to confirm the realism of the labor
rates utilized for this report. Figure 6.4-3 shows the labor rate
breakdown by classification, identifying the hourly and annual
wages (based on 2080 hours per year) for all plant personnel.

The inside-payroll fringe benefits are detailed in the annual
salary rates identified in Figure 6.4-3, whereas the outside-payroll
fringe benefits are defined in Figure 6.4-4 and applied as a gross
factor in Figure 6.4-3.
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THE ILLINOIS COAL GASIFICATICR GROUP

6.0 Baseline Economic Evaluation FE-2012-096
May 1980
6.4 Operating Cost Estimate
Quantity Hourly | Source Annual
Title Regular | Shift | (Shift Factor 1.2) | of Rate Salary

General Manager 1 31.06 PGL $ 64,610
Secretary 1 7.76 PGL 16,143
Plant Manager 1 22.62 PGL 47,052
Manager - Engineering 1 14.95 PGL 31,102
Manager - Maintenance 1 14.95 PGL 31,102
Manager - Operations 1 14.95 PGL 31,102
Manager - Environmental Control 1 13.49 PGL 28,062
Manager - Accounting 1 13.49 PGL 28,062
Manager - Purchasing 1 13.49 PGL 28,0€2
Manager - Building & Grounds 1 13.49 PGL 28,062
Manager - Personnel 1 13.49 PGL 28,062

i Manager - Public Relations 1 13.49 PGL 28,062

‘ Clerical 32 €.02 | PGL 400,719
staff 2¢ 8.93 } PGL 483,044
Superviscr - Process Engineer 1 11.61 1 PGL 24,154
Supervisor ~ Mecharical Engineer 1 11.61 : PGL 24,153
Supervisor - Drafting 1 11.61 ; PSL 24,154

| Supervisor - Computer 1 ' 11.61 ; PGL 24,154

' Supervisor - Maintenance 3 | 11.62 i PGL 72,458

| Supervisor Instrument and Elect. {a) 1 | 11.6. ; PGL 24,154

\ (£) 5 ! : 10.86 . PGL 112,921

' Supervisor - Contract Maintenance J . ) , |

; Coordinator 1 i : 11.61 , PGL ' 24,154

| Supervisor - Operating 3 : 11.61 - poL ! 72,458

| Maintenance Engineer 3 [ 10.86 © PGL 67,753

i Planners 6 } 10.86 . PGL 135,505

| Instrument Specialists 60 : g B.94 . ciPs , 1,116,163

!  Plant Engineer 3 i 11.61 : GL | 72,458

| Shift Foreman - 12 ' 10.86 PGL ! 271,007

i Nurse co4 7.52 I ¢4 64,854

' Safety 8 : 8.93 . PGL 148,629

! Storekeeper 1 | 8.93 i PGL 1B,580

‘  Chief Chemist ! 1 | 11.61 PGL 24,153

i  Engineers - Process ! 9 ! 9.65 ILL 180,671

., Technician 3 7.23 ILL | 45,096
Engineers - Mechanical 3 ) 10.31 ) ILL 64,351

| Technician 1 : 7.23 ' Iy 15,032 :

f Drafting Sta‘f [ 7.31 i I 91,204

! Consulting Specialists 2 10.86 N So : 45,169 |

. Computer Staff 4 6.83 1o 56,847
Chemist 2 4 §.93 PGL 111,472

¢ __Technician 4 24 " 7.86 PGL 457,977

, Maintenance Foreman 30 q 10.13 PGL 716,169

¢  Welding 78 8 8.89 CIPS ; 1,594,928

! Mechanical Shop & Garage 24 4 8.76 ILL . 512,763

I Machinery 50 8 7.71 ) ILL [ 935,367 |

| Pipefitters 75 12 7.99 D ¢4 4 1,453,686
General Labor 50 8 5.94 ILL 720,163
Refractory & Insulation 60 8 9.67 ILL 1,400,544
Operator 38 316 6.80 ILL 5,170,524 :
Chief Operator 2 36 10.41 ILL 851,257
Storekeeper Staff 12 6.97 ILL 174,013 '

{ Buildings & Grounds Staff S $.13 BLS 53,324 '

¥ L

! 619 + 456 = 1,075 Sub-Total §18,245,6€6

i Total Employees | Overall Fringe at 14.3% 2,609,130

H Total $20,854,796

{ ;

' $20,854,796/year

Labor Cost = §0,546,000/MM Btu/year - S0-259/MM Btu

S S

Source: PGL The Peoples Gas Light and Coke Company
ILL State of Illinois, Department of Energy
CIPS Central Illinois Public Service Company
[47 BLS Bureau of Labor Statistics

Figure 6.4-3 ICGG Commercial rlant Labor Cosis
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THE ILLINOIS COAL GASIFICATION GROUP

6.0 BASELINE ECONOMIC EVALUATION FE-2012-096
: May 1980

6.4 "Operating Cost Estimate

6.4.2 Labor (Cont'd)

The fringe benefits are based on a level of benefits consis-
tent with the industrial environment of the plant location area.
Figure 6.4.5 summarizes the labor cost breakdown according to the
four major plant functions -~ Administration, Engineering,
Maintenance and Operations.

The total annual operating labor cost for the Commercial
Plant is $20,854,796, yielding a gas cost component of $0.259/MM Btu
based on the annual process yield of 80,546,000 MM Btu for synthetic
pipeline gas.

Benefit Costs
Outside-Payroll ¢ of Base Pay
Retirement Plan 5.0%
Group Medical Insurance 1.1%
Group Life Insurance 0.6%
Non-Occupational Disability 0.8%
Other Insurance -
Other Miscellaneous -——-
Federal and State Unemploy- 1.0%
ment Tax
Social Security Tax (1977) 5.8%
Total 14. 3%

Figure 6.4-4 Commercial Plant Outside Payroll Fringe Benefits

Functional Area Salary Fringe Total Annual | $MM/Btu
Administration $1,206,080 $ 172,470 $ 1,378,550 $0.107
Engineering 1,282,356 183,376 1,465,732 0.018
Maintenance 9,210,579 1,317,113 10,527,692 0.131
Operations 6,546,651 936,171 7,482,822 0.093
Total $18,245,666 $2,609,130 $20,854,796 $0.259

Figure 6.4-5 Commercial Plant Labor Costs by Plant Function
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THE ILLINOIS COAL GASIFICATION GROUP

FE-2012-096

. INE ECONOMIC EVALUATION
6.0 BASELIN May 1980

6.4 “Operating Cost Estimate

6.4.3 Chemicals and Catalysts

The operating chemicals and catalysts cost for the Commercial
Plant is defined as the product of their consumption rate and cost.

Figure 6.4-6 identifies all chemicals and catalsyts required
for Commercial Plant process operation together with their annual
consumption and replacement cost. The annual consumed volume or
weight was determined by the daily estimated consumption rate for
each chemical and catalyst throughout the entire process for 330 days
per year of operation. Annual replacement costs, based on these
determined consumption rates, were derived through: (1) price
quotations from chemical manufacturers or suppliers, or (2) recent
purchase orders placed by ICGG member companies and affiliates.

The total annual operating chemicals and catalysts cost for
the Commercial Plant is $18,204,602 yielding a gas cost component
of $0.226/MM Btu. This component is based on the data elements sum-
marized by Figure 6.4-6 and the annual process yield of 80,546,000
MM Btu of pipeline synthetic gas.

6.4.4 Insurance and Taxes

The annual insurance cost is defined as the premiums for the
purchased insurance coverage, carried for the Commercial Plant, and
includes: (1) Workmen's Compensation, (2) Comprehensive General
Liability, and (3) Property Damage.

Workmen's Compensation covers the facility for any on-the-job
injury to employees. The amount of coverage is determined by Illinois
Statute and is based on job classifications and payroll costs.

Comprehensive General Liability insurance covers injury or
property damage to third parties (i.e., other than ICGG plant pro-
perty or ICGG employees). The maximum coverage would be $50,000,000
for each occurrence. This level is considered to be reasonable
based on the rural location of the plant and the correspondingly low
potential for significant damage or injury should an incident occur.

Property Damage covers the physical plant with a maximum
limit set between $250,000,000 and $300,000,000 and sublimits of
$50,000,000 for flood, $50,000,000 for earthguake, and $25,000,000
for boilers and machinery, per occurrence, with any claims being
settled on a replacement value basis. All property insurance is for
direct damage and does not include business interruption coverage.
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AREA _OF USAGE

AREA 12:

AREA 13:

AREA 15:

¢Z-9

AREA 16:

Sulfur Recovery

Ammonia Recovery

Utilities

Water Supply

C = Continuous

CHEMICAL OR_CATALYST

Bauxite Catalyst

457 HyPO,

507 NaOH

Betz 35

Rete 65

BRetz C-30

Chiorine

Betz Corrogen

Betz Poly-sperce
Betz Hyzeen

Betg NAJ

Disodium Phosphate
Hy504 (66° Baume)

Betz 419

Chlorine

Betz 2890

Figure 6.4-6 Commercial Plant Estimate Chemical and Catalyst Cost
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THE ILLINOIS COAL GASIFICATION GROUP

6.0 BASELINE ECONOMIC EVALUATION FE-2012-096
May 1980

6.4 “Operating Cost Estimate

6.4.4 Insurance and Taxes (Cont'qd)

All costs are based on estimates made by Marsh & McLennan,
Incorporated, insurance consultants, and are predicated on no changes
in the insurance marketplace or risk factors during the life of the
plant. Since there has been very little experience with coal gas-
ification plants by the insurance industry, these estimates are
based on other similar industries such as refineries and chemical
plants.

Figure 6.4-7 identifies the total annual operating insurance
cost (premium) for the Commercial Plant at $1,772,000 with the de-
tailed breakdown for: (1) Workmen's Compensation and Comprehensive
General Liability, (2) Property Damage (excluding boilers), (3)
Boilers and Machinery, and (4) Deductible Limitation.

The total annual operating insurance cost for the Commercial
Plant is $1,772,000 yielding a gas cost component of $0.022/MM Btu.
This component is based on the cost elements summarized by Figure
6.4-7 and the annual process yield of 80,546,000 MM Btu cf synthetic
pipeline gas.

Type of Coverage Annual Premium*

Workmen's Compensation and
Comprehesive General Liability
($50,000,000 limit on liability) $ 400,000

Property Damage (excluding boilers)
($250,000,000 to $300,000,000
overall limit) 1,272,000

Boiler and Machinery Damage
($25,000,000 1limit) 101,000

Total $ 1,772,000

*Premiums based on a $250,000 deductible for each occurrence

Source: Marsh & McLennan, Incorporated

Figure 6.4-7 Summary of Annual Commercial Plant Insurance Costs

6-24



THE ILLINOIS COAL GASIFICATION GROUP

6.0 BASELINE ECONOMIC EVALUATION FE-2012-096
May 1980

6.4 “"Operating Cost Estimate

6.4.4 Insurance and Taxes (Cont'qd)

The annual property tax for the Commercial Plant is defined
as the product of the assessed value of the tangible property at the
facility and the established tax rate for the area. Such items as
buildings, equipment, machinery, site improvements, and similar
depreciable assets are included.

The tax department of the Peoples Gas Light and Coke Company
estimated the tax by (1) reducing the $1,451,924,000 total plant
investment cost including land to an assessment base to eliminate
nontaxable intangible items in that cost, (2) annualizing that
assessment base since it decreases with depreciation of the plant,
and (3) applying a tax rate based on plant location. The tax rate
was estimated using the actual 1977 rate of $4.212 per $100 of as-
sessed valuation at the plant location in Perry County, Illinois,
adjusted for the economic impact of the plant and the resultant
increase in the total assessed valuation for Perry County.

Based on these assumptions, the annual tax cost for the Com-
mercial Plant was estimated at $7,401,160 yielding a gas average cost
component of $0.092/MM Btu. This cost is based on the aforementioned
method of tax estimation and the annual process yield of 80,546,000
MM Btu for synthetic pipeline gas.

The combined annual operating cost for insurance and taxes

for the Commercial Plant is $9,173,160 yielding a gas average cost
component of $0.114/MM Btu.

6.4.5 Repairs and Replacements

The operating repair and replacement cost for the Commercial
Plant is defined as the combined cost of maintenance tools and the
cost of maintenance supply items such as gaskets, packing, replace-
able wear parts, and pipe fittings, but excluding any costs for lu-
bricating materials or installed equipment spares.

The cost of lubricating materials is accounted for under the
operating cost category of Other Operating Supplies (See Subsection
6.4.7). The cost of installed equipment spares is accounted for
under Equipment Costs (See Subsection 6.3.4.1).

The operating repair and replacement cost is based on an experience
developed ratio of 2:1 for the labor and material, Based on this ratio
the estimated total maintenance cost (Figure 6.4-8) of $46,409,700 would
result in a labor cost of $30,989,800 and a material cost of $15,469,900.
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. Total * Maint. Cost
Process Area Number and Description Constructed Cost ¢ of T.Cc.C.[Mat'l. & Labor
101 Coal Unloading and Handling $ 13,133,000 6 788,000
102 cCoal Preparation 54,586,000 6 3,275,200
103 Pyrolysis and Gasification 200,462,000 6 12,027,700
104 0il Recovery and Treatment 197,846,000 4 7,913,800
105 Gas Purification 67,633,000 3 2,029,000
106 Hydrogen Generation 10,043,000 3 301,300
107 shift and Methanation 40,460,000 3 1,213,800
108 Bulk CO2 Removal . 16,084,000 3 482,500
109 Compression and Dehydration 11,424,000 3 342,700
110 Flue Gas Power Recovery 148,669,000 6 8,920,100
111 SO, Removal 76,172,000 3 2,285,200
112 Suifur Recovery 21,223,000 3 636,700
113 Ammonia Recovery 3,772,000 3 113,200
114 Thermal Oxidizer & Flare 3,265,000 1 32,700
115 Utilities 117,658,000 2 2,353,200
116 Water Supplies 23,798,000 1 238,000
117 Water Treatment Systems 16,102,000 3 483,100
118 Wwaste Treatment and Disposal 30,798,000 3 923,700
119 Fire Protection System 5,597,000 1 56,000
120 Facilities 63,787,000 1 637,900
121 Yard Facilities 135,566,000 1 1,355,700
Total $1,258,078,000 3.7 Avg. $46,409,700

Figure 6.4-8 Estimated Total Maintenance Cost

*In Year End 1977 Dollars
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T..E ILLINOIS COAL GASIFICATION GROUP

6.0 BASELINE ECONOMIC EVALUATION FE-2012-096
May 1980

6.4 -Operating Cost Estimate

6.4.5 Repairs and Replacements (Cont'd;

The labor cost of $30,989,800 includes $10,527,000 of plant main-
tenance staff salaries which is included under labor in Subsection
6.4.2. The balance of $20,412,100 for Subcontract labor is included
in this account. The total combined annual operating repair cost

of $20,412,100 and replacement cost of $15,469,900 is $35,882,000
for the Commercial Plant yielding a gas cost component of $0.445/
MM Btu based on an annual process yield of 80,546,000 MM Btu of
synthetic pipeline gas.

6.4.6 Utilities

The operating utilities cost for the Commercial Plant is defined
as the cost of purchased electrical power to: (1) pump water feed-
stock about 20 miles from the Mississippi River to the Commercial
Plant site at Perry County, Illinois and (2) supvort such functional
needs as plant and security lighting. The overall energy balance
for the Commercial Plant, shown in Figure 6.4-1, identifies the
electrical power consumption demand as 4960 kw. Based on 330 days
per year of operation, the annual electrical power consumption will
total 39,283,200 kwh. The cost for purchased electrical power is
$0.27/kwh estimated by Illinois Power Company, yielding an annual
operation cost of $1,060,600.

Credit for export electrical power of 34,248 kw per hour is
set at $0.0177 per kwh estimated by two Illinois Utility Companies.
Based on 330 days per year of operation and the annual export of
electrical power at 271,244,160 kwh, the annual credit is $4,800,000.

The difference between the annual purchased electrical power
cost of $1,060,600 and the credit of export power of $4,800,000 re-
sults in a net credit of $3,739,400, yielding a gas average credit
component of $0.046/MM Btu based on an annual yield of 80,546,000
MM Btu of pipeline gas.

-

6.4.7 Other Operating Supplies

The costs for other operating supplies fcr the Commercial Plant
are defined as all operating costs other than tlose which are specifi-
cally identified under Subsection 6.4.1 through 6.4.6 and Subsection
6.4.9. The following are specifically identified:
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6.0 BASELINE ECONOMIC EVALUATION FE-2012-096
May 1980

6.4 Operating Cost Estimate

6.4.7 Other Operating Supplies (Cont'd)

Operating Cost Category Subsecticn
Coal 6.4.1
Labor 6.4.2
Chemicals and Catalysts 6.4.3
Insurance and Taxes 6.4.3
Repairs and Replacements 6.4.5
Utilities 6.4.6
Royalties 6.4.9

The cost of other operating supplies includes such
day-to-day items associated with plant operations as special cloth-
ing, safety equipment, lubricating materials, office supplies, in-
strument charts and inks, janitorial and facility housekeeping
supplies, non-maintenance tools, etc. Recognizing the annual con-
sumption of these other operating supplies will vary somewhat from
year to year, their cost has been estimated to average 30% of the
operating labor for the typical operating year.

The total annual cost of other operating supplies for the Com-
mercial Plant is $1,964,000 yielding a gas cost component
of $0.024/MM Btu based on an annual process yield of 80,546,000 MM
Btu of synthetic pipeline gas and an annual process operating labor
cost of $6,546,651 (Subsection 6.4,2),

6.4.8 By-Products

In addition to the primary product of synthetic pipeline gas,
shown in Figure 6.4-1, the ICGG Commercial plant will produce the
following guantities of by-products each day of plant operation.

By-Product Quantities
Syncrude 24,041 barrels
- Ammonia 66.1 tons
Sulfur 931 short-tons
Light Hydrocarbons 4,565 barrels
Sodium Sulfate 63.1 tons

The total annual credit for by-product revenue against the annual
operating cost for the Commercial Plant is $141,883,094, yielding a
gas credit component of $1.762/MM Btu. This credit is based on the
summarized detailed annual by-product yields shown in Figure 6.4-9
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THE ILLINOIS COAL GASIFICATION GROUP

6.0 BASELINE ECONOMIC EVALUATION FE-2012-096
May 1980

6.4  Operating Costs Estimate

6.4.8 By-Products (Cont'd)

with the annual process yield of 80,546,000 MM Btu of synthetic
pipeline gas.

Operating Cost Credit
By-Product Market Value Value/MM Btu

Syncrude $109,323,326 $1.357
Light Hydrocarbons 16,372,629 .204
Ammonia 2,835,690 .035
Sulfur 12,102,069 .150
Sodium Sulfate 1,249,380 .016
Total $141,883,094 $1.762

Figure 6.4-9 Summary of Byproduct Annual Revenue and Credit
Against Annual Operating Cost

6.4.8.1 Syncrude

The ICGG Commercial Plant will produce a significant
quantity of syncrude, 24,041 barrels per stream day (See
Figure 6.4-1). ICGG syncrude has characteristics similar
to Oklahoma crudes, which were used as a bench-mark for
establishing the syncrude market price. Phillips Petroleum
Company Crude Oil Price Bulletin dated September 1,

1977 for new crude petroleum, released crude petroleum and
stripped well crude petroleum establishes a price of $13.13
per barrel for Oklahoma crude oils with an average

API gravity of at least 250. ICGG syncrude has an API
gravity equal to 310,

Most domestic crudes have higher levels of sulfur,

- nitrogen, and oxygen than the syncrude, which supports a prem-
ium value for the sale of syncrude over that for natural crude.
This premium was estimated at $0.65 per barrel based on
information contained in a report for ERDA, "Economic Evalu-
ation of Coal-Based Synthetic.Crude,: by Bonner and Moore
Associates, Incorporated, dated April, 1975.
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6.0 BASELINE ECONOMIC EVALUATION FE—-2012-096
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6.4 Operating Cost Estimate

6.4.8.1 Syncrude (Cont'd)

The sum of the "base" value of $13.13 and the
premium value of $0.65 gives a total estimated market
value, F.0.B. the plant of $13.78 per barrel.

The total annual credit for syncrude by-product
revenue against the annual operating cost for the Commercial
Plant is $109,323,326 yielding a gas credit component of
$1.357/MM Btu. This credit is based on a daily process
production rate for syncrude of 24,041 barrels, 330 days
per year of operating and an annual process yield of
80,546,000 MM Btu of synthetic pipeline gas.

6.4.8.2 Light Hydrocarbons

Figure 6.4-1 shows 4565 barrels of light hydro-
carbons produced each day by the Commercial Plant, with
the following composition and volume available for

marketing:

Light Hydrocarbon Volume
By-Product Composition (Barrels/day)
Ethane (CyHg) 2102
Ethylene (C2Hg4) 499
Propane (C3HS) 707
Propylene (C3Hg) 443
C4's = (butane, et al.) 814

Total 4565

The market value of this by-product is estimated
as the sum of the market values of the various constituents.
Figure 6.4~10 summarizes the market value and the calcu-
lated annual operating credit for light hydrocarbon
production.
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6.4 Operating Cost Estimate

6.4.8.2 Light Hydrocarbons (Cont'd)

The total annual credit for light hydrocarbon by-
product revenue against the annual operating cost for the
Commercial Plant is $16,375,920 yielding a gas credit
component of $0.204/MM Btu. This credit is based on a
daily process production rate for hydrocarbons of 4565
barrels of the aforementioned composition distribution,
330 days per year of operation and an annual yield of
80,546,000 MM Btu of synthetic pipeline gas.

Light Hydrocarbon Daily Volume Market Value Daily
Composition in Gallons* ($/Gallon) Revenue
Ethane (CyHg) 88,326 0.25 $22,082
Ethylene (C2Hg) 20,958 0.33 6,916
Propane (C3Hg) 29,694 0.20 5,939
Propylene (C3Hg) 18,606 0.33 6,140
C4's (butane et al) 34,188 0.25 8,547
Total $49,624

* 42 gallons/barrel
** 330 days year operation

Annual Revenue**=($49,624)x(330) = $16,372,629

Figure 6.4-10 Summarized Annual Light Hydrocarbon Revenue

6.4.8.3 Ammonia

Figure 6.4-1 shows 69.6 tons of 99.99% pure anhydrous
ammonia produced each stream day. The Waste Treatment and
Disposal process step of the Commercial Plant will consume
3.5 tons, leaving 66.1 tons per day available for market. A
market value estimate of $130 per ton has been verbally

- quoted by N-REN Corporation of Cincinnati, Ohio.

The total annual credit for ammonia by-product revenue
against the annual operating cost for the Commercial Plant is
$2,835,690 yielding a gas credit component of $0.035/MM Btu.
This credit is based on a marketable daily process production
rate of 66.1 tons, 330 days per year of operation and an
annual process yield of 80,546,000 MM Btu of synthetic pipe-
line gas. :
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6.4.8.4 Sulfur

Figure 6.4-1 shows 931 short tons of sulfur produced.
each stream day. A current market value of $43.33 per long
ton has been quoted by Freeport Minerals Company of New York.
Figure 6.4-11 summarizes the calculated annual productlon
volume, revenue and credit for sulfur production.

The total annual credit for sulfur by-product revenue
against the annual operating cost for the Commercial Plant
is $12,102,069 yielding a gas credit component of $0.150/MM
Btu. This credit is based on a daily process production
rate of 931 short tons, 330 days per year of operation and
an annual process yield of 80,546,000 MM Btu of synthetic
pipeline gas.

—t

Annual Sulfur Volume

931 Short tons per stream day
0.91 Conversion factor for short to long tcns
846 Long tons per stream day
X 330 Stream days per year
279,300 Annual long ton production

Annual Sulfur Revenue

279,300 Annual Long Tons
x$43.33 Market value per long ton
$12,102,069 Total annual sulfur revenue

Figure 6.4-11 Summarized Annual Sulfur Production Volume and
Revenue
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6.4.8.5 Sodium Sulfate

Figure 6.4-1 shows 63.1 tons of sodium sulfate pro-
duced each stream day. A current market value of $60 per ton
has been established by the Chemnical Marketing Reporter,
dated October 31, 1977. The total annual credit for sodium
sulfate revenue against the annual operating cost for the
Commercial Plant is $1,249,380 yielding a gas credit com-
ponent of $0.16/MM Btu.

This credit is based on a daily production rate of
63.1 tons, 330 days per year of operation and an annual pro-
cess yield of 80,546,000 MM Btu of synthetic pipeline gas.

6.4.9 Royalties

The operating cost due to royalties for the Commercial Plant
is defined as the amount of negotiated royalty fee, if any, payable
to the principal licensor for the employed use of his process.

COGAS Development Company (CDC) is the Licensor for the COGAS
process to be employed by the ICGG Cormercial Plant. The amount of
royalty fee, if any, will be negotiated between ICGG and CDC prior
to commissioning of the ICGG Commercial Plant.

For the purposes of this evaluation a royalty fee will be
estimated at 1% of the anticipated $321,882,000 gross annual revenue
from the Commercial Plant.

The total annual operating cost of royalties for the Com-
mercial Plant is $3,218,820 yielding an average cost of $0.040/MM
Btu based on the actual annual process yield of 80,546,000 MM Btu
of synthetic pipeline gas.
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The estimated cost or product gas from the Commercial Plant is
computed on the net present value analysis basis using the "revenue
reguirements" method. As requested by DOE, a 9% discount rate is
used in the calculation. The 9% discount rate is not to be confused
with current market cost of money which reflects inflationary expec-
tations. This discount rate was chosen to approximate the sum of
three things: (1) the historical time value of money, (2) a return
for risk, and (3) the requirement for income taxes. The revenue
requirement method determines the lowest product gas selling price
sufficient to recover all costs incurred during the twenty-five year
project life. Such costs include engineering, recovery of capital,
return on investment, start-up and operating expenses less by-product
revenues. The estimated required selling price of product gas per
MM Btu is that amount which is required to recover the time value of
all costs incurred over the life of the project.

It is important to note that the product selling price using
the DOE guidelines is somewhat lower than what would be expected using
utility financial requirements. Using the same revenue requirement
program, with utility inputs, yields a product selling price of 20%
to 30% higher than the base case. Key areas of difference in the
DOE and utility guidelines include: debt/equity ratio, investment
tax credit, Federal and State taxes and return on invested capital.

The estimated cost of product gas from the Commercial Plant,
based upon the revenue requirements method of cash flow analysis
using a 9% discount rate, would be $4.597/MMBtu. This selling price
is based on costs estimated at end-1977 dollars.

A copy of the computer print-out showing computation of the
$4.597 per MMBtu "base case" selling price estimate is shown in
Figures 6.5-1, 6.5-2 and 6.5-3.

The project financing assumptions indicated in Figures 6.5-1,
6.5~-2 and 6.5-3 consistent with assumption requested by DOE.

Assumptions used in this analysis include:

e Depreciation: straight line over a 20 year period for
revenue requirements calculations and for tax purposes.

e Discount Rate: 9% in accordance with DOE's guidelines.
® Rate or return: Reflected in the 9% discount rate.
® Interest Rate: Reflected in the 9% discount rate.

® Percent of debt: Reflected in the 9% discount rate.
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Federal income tax rate: Reflected in the 9% discount rate.
State income tax rate: Reflected in the 9% discount rate.

Property tax rate: Property taxes are estimated separately
as a plant operating expense.

Life of project in years: 25. This 25-year period is com-
prised of 20 months of engineering, 34 months of construction,
6 months of plant startup and 20 years of operation.

State utility tax rate: Assumed to be zero.

Discount rate: 9% in accordance with DOE's guidelines.
Computation option: Option "O" selected in order to arrive
at present value equivalent selling price reflecting an 9%
discount rate and a 9% rate of return.

Depreciation option: Option "1" selected to assure that all
depreciable assets are written off by end of the project's
25 year life.

Accelerated depreciation option: Option "O" selected in order
to write depreciable assets off on a straight line basis.

Operating costs as developed in Subsection 6.4 of this report.

Investment costs as developed in Subsection 6.3 of this report.
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6.6  Unit Costs of Utilities

6.6.1 Introduction

Unit costs for the various utilities produced or generated
in the Commercial Plant were needed for the economic evaluation
phase of the Commercial Plant tradeoff studies. To satisfy this
requirement, utility unit costs were developed utilizing a capital
requirement estimate, feedstock prices and other cost information
from The ICGG Proposal to ERDA dated February 4, 1975, all costs
appropriately escalated.

Accordingly, the derivation of the unit costs for the
utilities presented herein are based on the adjusted 1975 cost
information and the considerations described herein.

6.6.2 Basic Considerations

The basic considerations used in developing the investment
and operating costs for calculating the utility unit costs are
briefly described in the following paragraphs:

Annual Capital Reguirement

The cost of the equipment associated with each specific
utility was extracted from the 1975 Commercial Plant estimate.
Escalation factors obtained from applicable indices were applied to
obtain 1977 dollars. Installation factors were then used to convert
the equipment costs into capital requirements for the utility
production facility. A 20 year plant design life and straight line
depreciation were used to compute the annual depreciation on the
capital regquirements.

Chenicals and Catalysts

The annual operating cost for chemicals and catalysts is the
product of the daily consumption rate, the unit cost and 330 days
per year of operation. The costs for each chemical and catalyst
were updated to 1977 dollars from the 1975 estimate based on
identical usage.
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6.6 UNIT COSTS OF UTILITIES

6.6.2 Basic Considerations - continued

Utilities

Electricity

The electrical power requirements for each specific utility pro-
duction area were obtained from the equipment motor lists. The cost
of on-site generated electricity to power these motors was arbitrarily
selected to be 1.5¢/KWhr, based on this value, the rest of the utility
unit costs were calculated. Knowing the cost of the high pressure
steam generated from coal permitted the cost of the generated power
to be calculated and compared with the arbitrarily selected value.
When there was too large a disparity, the iterative procedure was con-
tinued using the previously calculated value in the subsegquent cal-
culation. When the selected value agreed reasonably well with the
calculated value, the procedure was discontinued. The results of this
procedure are summarized in Figure 6.6-1 and show the unit cost for
on-site generated power to be 2.3¢/KWhr.

Fuel 0il

On site produced Syncrude of API gravity 319, which has a heat-
ing value of 19,000 BTU/1b HHV, was used as one of the heat sources
in the utility cost calculations. The cost of this syncrude is set
at $13.80/barrel.

Coal

For the purpose of this study, the cost of steam generated in
coal fired boilers was based on coal with a heating value of 11,133
Btu/lb on an as received basis, 1In addition, a significant percentage
of the steam is generated in the flue gas oxidizer and the waste heat
boilers. The cost of this steam was determined by converting the
sensible heat recovered from the flue gas and other gas streams to an
equivalent number of pounds of coal.

Make Up Water

-

Fresh water is obtained from the Mississippi River at no cost.
The cost of raw water was derived from the capital requirement for
the water pumping station and transport piping and the associated
operating costs. This raw water cost constitutes the principal
utility cost for calculating the cost of soft water.
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6.6 - UNIT COSTS OF UTILITIES
6.6.2 Basic Considerations (Cont'd)
Category Unit Electricity
1.5¢/ 2.3¢/
KWhr. KWhr.
Raw Water $/M gal. 0.40 0.43
Soft water $/M gal. 0.66 0.69
Demin. Water $/M gal. 2.05 2.10
Cooling Tower Circulation
& Chemicals $/M gal. 0.06 0.07
Biotreatment $/M gal. 2.77 3.15
Evaporation $/M gal. 2.57 2.57
1500#% Steam $/M 1b. 2.11 2.14
600# Steam $/M 1b. 1.55 1.56
150# Steam $/M 1lb. 1.54 1.23
50# Steam $/M 1b. 1.34 1.12
Plant Air $/MSCF 0.03 0.04
Instrument Air $/MSCF 0.03 0.04
Electricity (assumed) ¢/KWhr 1.5 2.3
(calculated) ¢/KWhr 2.3 2.1

Figure 6.6-1 Electric

Power Unit Cost Determination
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6.6 UNIT COSTS OF UTILITIES

6.6.2 Basic Considerations - continued

Labor

The annual cost for both the direct operating labor and the
maintenance labor was obtained from the Commercial Plant Organiza-
tion Chart. The labor cost for each specific utility area was dis-
tributed according to its percentage of the total capital require-
ment.

6.6.3 Procedure For Calculating Utility Costs

A modified utility financing method was used to calculate the
average utility cost. Figure 6.6-2 shows the items that mnake up the
average unit utility cost.

The results of each utility unit cost calculation are pre-
sented in the Figure 6.6-3 and Figure 6.6-4.
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6.6 - UNIT COSTS OF UTILITIES

6.6.3 Procedure For Calculating Utility Costs (Cont'd)

Catalyst & Chemicals

Utilities

a. Electricity

b. Fuel 0il

c. Coal
d. Make-up Water
e. Others

Labor

a. Operating Labor

b. Maintenance Labor

c. Supervision (20% of labor)

d. Administration & General Overhead (60% of a,bsc)

Supplies
a. Operating (30% of Operating Labor)

b. Maintenance (2/3 of Maintenance Labor)

Annual Capital Requirement

(20 year S/L Depreciation)

TOTAL

Product Production Rate

Average Cost: ( Total Annual Cost )

Annual Production

Figure 6.6-2 Method for Calculating Utility Costs
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Annual Costs
Catalysts & Chemicals

Utilities
Electricity
Fuel O{il
Coal
Make-up Water
Others

Labor
Operating
Maintenance
Supervision
Administration & General (Qverhead
Supplies
Operating
Maintenance
Annual Capital Requirement
Total
Production Rate (Pounds/Hour)

Average Unit Cost ($/1000 Pounds)

(1)
2)
3)
(4)
(3)

1500 PSIG Steam 600 PSIG Steam

150 PSIG Steam

50 PSIG Steam

s 7,032 $ 3,428
1,842,002 14,937
31,658,001 0
10,914,631 ' 6,295,022
2,924,904 (1) 457,404(3)
1,583,979(2) 0
137,558 31,418
160,310 36,614
59,574 13,606
214,465 48,983
41,267 9,425
106,873 24,409
4,367,597 1,666,275

$ 0

(1,929,074) (4)
0

0
0
4,220,251(5)

6,793
7,917
2,942

10,591

2,038
5,278

104,178

$ 1,749

(9,761,001) (4)
0
0
1,855,338(3)
20,844 ,990(5)

46,702
54,426
20,226
72,812

14,011
36,284

674,151

$ 54,018,193 $ 8,601,521

$ 2,430,914

$ 13,859,688

3,192,006 697,236

2.14 1.56

Demineralized Water
Make-up from evaporator
Soft Water

Credit for production
1500 psig steam

249,000

1.23

1,558,956

1.12

Figure 6.6-3 Utility Unit Cost Calculation Summary

Based on Estimates in Year End 1977 Dollars
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Annual Costs
stelyste & Chemicals

Utilities
Clectricity
Fuel 011
Cosl
Meke-up Water
Others

Labor
Operating
Maintenance
Supervision
Adainistracion & General Overhead

Supplies
Opetating
Maintenance
Annusl Capitel Requirement
Total
Production Rate
Average Unit Coat
)
(#4]

(3)
W)

Raw VWater Demineralized Cooling Tower
Transport Soft Vater Water _Circulattion Blotreatment Evaporation Plant Alr
s [ $ 2,137,460 § 1,266,867 $ 155,108 $ 46,075 $ o $ o
812,980 101,846 37,707 3,231,518 1,485,770 100,771 139,352

(1] o ] 0 1] 0 ]

[] [} 0 (] '“) [} ] []

0 3,900,462 1,208,595 3,367,753 ) [} 0 (3 [

[\] ] ] 4,221,202 ] 121,29 o
106,807 18,681 25,674 79,818 163,032 116,330 5,095
217,105 21,710 29,687 93,019 189,997 135,571 5,937

80,902 8,090 11,032 36,567 70,606 50,380 2,206

291,249 29,125 39,716 126,663 256,181 101,369 7,943

56,042 5,606 7,642 23,93 48,910 34,89 1,529

145,137 6,513 19,791 62,013 126,66% 90,381 3,958

2,109,515 210,809 284,644 1,667,802 1,038,32) 1,317,813 61,151

$ 3,900,137 8§ 6,448,320 $ 2,909,155 § 13,064,188 $ 4,223,559 $ 2,148,811 § 2271
19,000 GPM 19,614 GPM 2,922 GPM 416,210 GPM 2,820 cPM 1,760 cPM 12,000 scr™

43.2¢/M Gol. 69.2¢/M Gal. $2.10/m Gel. Tc/M Gal. $3.15/m Gal. $2.57/M Gal. $.04/msCP?

Soft Water
Blotreatwent
150 PSIC Stesm
Inctudes $33,620,707 for high pressure steem, $1,105,196 for cooling water & credits of $2,150,024 for 150 PSIG, ateanm,

$12,733,613 for 50 PSIG steam,

Fiqgqure 6.6-4 Utility Unit Cost Calculation Summary

Instrument Aflr Electricity
$ o $ o
139,352 °
0 [}
0 0
(] 0
0 19,642,266(%)
7,642 23,775
8,906 27,708
3,310 10,297
11,915 37,068
2,29 7,133
5,937 18,472
109,316 946,007
$ 200,671 $ 20,712,806
16,000 SCFM 126,590 XV
$.04/MSCF 2.1c/0WM

Based on Estimates in Year End 1977 Dollars

(P,3U0D) S350D X3T1130 BUTIEINO[ED I0J 9INPadoId €°9°9

0861 Aen

S3T3TL(3n JO 3500 3tun 9°9

NOILVATVAE JIWONODI INITISYE 0-°9

960~-2102-4d4



THE ILLINOIS COAL GASIFICATION GROUP

6.0 BASELINE ECONOMIC EVALUATION FE-2012-096
May 1980

6.7 Sensitivity Analysis

The cost of the synthetic pipeline gas (SPG) for the baseline
design has been calculated to be $4.59/MM Btu. (See Subsection
6.5) The cost of the SPG can be affected by many different vari-
ables. The variables with the greatest influence are examined in
this subsection and are as follows:

e Coal Cost
® Overall Thermal Efficiency
® Plant Stream-Time Efficiency

e Discount Rate
® Total Gross Investment
® Syncrude Price

Tables 6.7-1 and 6.7-2 summarize the results of this sensiti-
vity analysis.
Table 6.7-1

Effect on SPG Price due to Change in Variable
Based on Estimates in Year End 1977 Dollars

Variable Change in Variable Effect on SPG Price
% ¢/MMBtu %

Coal Cost +11 (+$2.50/ton) +30 +6.5
-11 (-$2.50/ton) -29 -6.3
Overall Thermal +2.6 -24 -5.2
Efficiency -2.4 +25 +5.5
Plant Stream-Time +4.6 (+17 days) -16 -3.5
Efficiency -5.4 (-20 days) +23 +5.0
Discount Rate +1% . +26 +5.7
-1% -23 -5.0
Change in Total +15.0 +40 +8.7
Gross Investment -15.0 -39 -8.5
Syncrude Price +7.3 (+$1.00/bbl) -9 -2.0
-7.3 (-$1.00/bbl) +11 +2.4
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T0TAL GROSS OPERAT ING DISCOUNY ANNUAL PIPELINE OPERAT ING THERMAL $PG COST
SENSITIVITY VARIABLE INVESTMENT (000)  €OST {000)  _ RATE _ GAS OUTPUT MMMTU'S DAYS EFFICIENCY  PER MBTY
fase Case $1,550,602 $157,017 9% 80,546 0 62.4% $4.59
COAL_COST: BASE CASE - $22.50/ton
$15/ton 1,500,602 85,903 9% 80,546 3% 62.4% n
$20/ton 1,550,602 133,13 91 #0,546 K} ] 62.41 4.2
$25/ton 1,500,602 180,722 9 an,546 30 62.4% 4.59
$30/ ton 1,500,602 2281 %2 91 80,546 3% 62.41 5.48
$35/ton 1,500,602 275,941 93 AN, 546 3% 62.4% 6.07
OVERALL THERMAL
EFFICIENCY; BASE CASE - 62.4%
501 1,550,602 182,907 9% 64,566 3™ 501 6.14
§5% 1,5%0,602 172,45 9% n,on 30 55% 5.43
60% 1,550,602 161,989 9% 77.477 30 601 4.84
65% 1,550,602 151,521 91 83,937 30 651 4.35
0% 1,550,602 141,070 9% 90, 389 30 701 3.92
75% 1,550,602 130,605 91 96,849 30 751 3.55
PLANT STREAM-TIME EFFICIENCY
BASE CASE - 330 DAY/YR
or_90.4%
70% 1,550,602 136,446 9 62,484 256 62.4% 5.60
758 1,5%0,602 141,484 9% 66,878 2n 62.4% 5.3
80% 1,550,602 146,522 93 n,2n 292 62.4% 5.05
85% 1,550,602 151,569 9% 75,665 310 62.4% 4.82
951 1,550,602 161,645 9 74,696 uy 62.41 4.43
99% 1,550,602 165,672 91 8R, 113 361 62.4% 4.2
DISCOUNT RATE
BASE CASE - 9%
6% 1,550,602 157,017 (13 80,546 30 62.4% 1.92
L1 1,550,602 157,017 8 80,546 30 62.4% 4.%
10% 1,550,602 157,017 10¢ 80,546 kX (] 62.4% 4.85
P4 3 1,550,602 157,017 12% A0, 546 3% 62.41 5.41
TOTAL GROSS TNVESTMENT
BASE_CASE_ - $1,550,602,000
Mg 2,015,783 157,017 9% 80,546 0 62.4% 5.9
ant 1,783,190 157,007 91 80,546 k] 62.4% 4.9
-157, 1,318,012 157,017 91 RO, 546 30 62.4% 4.20
- 1,085,421 157,017 91 70,546 0 62.4% 3.80
SYNCRUDE PRICE
BASE CASE - $13.78/bb1.
-13 1,550,602 100,R17 9% A0 ,546 10 62.41 4.9
-1 1,550,602 164,950 91 80,546 kX ) 62.4% 4.0
11} 1,550,602 149,083 91 R0, %46 3% 62.4% 4.50
+13 1,550,602 133,216 91 R0, 546 0 62.47 4.0
Table 6.7-2

Summary of Sensitivity Analysis Results
Based on Estimates in Year End 1977 Dollars
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6.7 “Sensitivity Analysis

6.7.1 Coal Cost

The coal for the baseline case is priced at $22.50/ton, as
received. If the price is varied from $15 to $35/ton, the gas cost
varies from $3.71 to $6.07/MM Btu, as depicted in Figure 6.7-1.

Changes in coal cost do not affect the material or energy
balance, the total gross investment, the rate of SPG production or
the thermal efficiency. Only the coal component of the operating
cost is changed.
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(22.50)

COAL COST (S$/TON)

Figure 6.7-1 Sensitivity to Coal Cost
Based on Estimates in Year End 1977 Dollars
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6.7 BSensitivity Analysis

6.7.2 Overal Thermal Efficiency

The overall thermal efficiency for the baseline case is 62.4%.
For this analysis, it was varied between 50% and 75%, and the
resulting gas cost varied between $6.14 and $3.55/MM Btu, as shown
in Figure 6.7-2.

It is assumed that when the thermal efficiency changes, the
yield of the SPG and the major by-products (electric power, syncrude,
and light hydrocarbons) change proportionally, and the coal and other
inputs to the plant do not change. This affects the rate of SPG
production and the by-product credit component of the operating cost.
Higher efficiency leads to higher SPG production, higher by-product
credit, and lower net operating cost.

7.00
6.00 C
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~
v 5.00
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8 (4.59) | _ _ _ _ d_____ o™
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U [ )
& !
2 4.00 )
' e
|
| P
|
3.00 1
50 55 60 65 70 75
(62.4)

OVERALL THERMAL EFFICIENCY %

Figure 6.7-2 Sensitivity to Overall Thermal Efficiency
Based on Estimates in Year End 1977 Dollars
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6.7- Sensitivity Analysis

6.7.3 Plant Stream-Time Efficiency

A plant stream-time efficiency of 90.4% is assumed for the
baseline design, which corresponds to the plant operating at 100%
of design 330 operating days per year. The remaining 35 days are
for scheduled and unscheduled maintenance.

Figure 6.7-3 depicts the effect of changing the efficiency
(or the number of days for maintenance) between 70% (256 operating
days) and 99% (361 operating days). Changing the number of opera-
ting days changes the annual operating cost and SPG production
and causes the SPG cost to vary from $5.60 to $4.30/MM Btu.

7.00

3.00

70" 75 80 85 90 85 100

(S0.4)
PLANT STREAM-TIME EFFICIENCY %

Figure 6.7-3 Sensitivity to Plant Stream-Time Efficiency
' Based on Estimated in Year Enf 1977 Dollars
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6.7 ~Sensitivity Analysis

6.7.4 Discount Rate

For the Baseline Economic Evaluation case, the discount rate
was assumed to be 9% in accordance with the DOE guidelines.

Figure 6.7-4 shows the effect of changing the discount rate
bewteen 6% and 12%. The cost of the SPG varies from $3.92 to
$5.41/MM Btu.

Changing the discount rate +3% or 33 1/3% from the base case

increase the gas cost by 17.9%. A 3% change from the base case
reduces the gas cost by 14.6%.

7.00

5.00

(4.59)

|
4.00 +

|
I
|
|
|
3.00 |
9

6 8 (9) 10 12

DISCOUNT RATE %

Figure 6.7-4 Sensitivity to Discount Rate
Based on Estimated in Year End 1977 Dollars
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6.7__Sensitivity Analysis

6.7.5 Total Gross Investment

The total gross investment is $1,550,602,000 for the baseline
case. Changing total gross investment by 30% (+30% = $2,015,783,000;
~-30% = $1,085,421,000), varies the cost of SPG from $5.39 to $3.80/
MM Btu. Figure 6.7-5 illustrates this effect.

7.00

6.00
5
<+
g 0)
> 5.00
&
2 (4.59)
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o
7)) 4,00

3.00

-30 -15 0 +15 +30

CHANGE IN TOTAL GROSS INVESTMENT %

Figure 6.7-5 Sensitivity to Change in Total Gross Investment
Based on Estimates in Year Enf 1977 Dollars
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6.7 - Sensitivity Analysis

6.7.6 Syncrude Price

The market value of syncrude used in the baseline is $13.78/bbl.
For each + $1 change in the market price, the SPG price changes by
+ $0.10/MM Btu's as shown in Figure 6.7-6.

7.00
6.00
5.00
P J
(4.59) f_ _______ Y — :
' [
4.00 ) I
|
|
|
|
3.00 1
-3 -1 ($13.78) +1 +3

CHANGE IN SYNCRUDE PRICE (S)

Figure 6.7-6 Sensitivity to Syncrude Price
Based on Estimated in Year End 1977 Dollars
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