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"LEGAL NOTICE"

. "This report was prepared by the organization(s) named below as an
i account sponscred by the Tennessee Valley Authority. Neither TVA, the
organization(s) named below, nor any person acting on their behalf:
(a? makes any warranty express or implied, with respect to the accuracy,
completeness, or usefulness of the information contained in this report,
or that the use of any information, apparatus, method, or process dis- i
closed in this report may not infringe privately owned rights; or (b)
assumes any liabilities with respect to the use of, method, or process
disclosed in this report."

|

(Organizat-nn(s) that prepared this report:)
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CHAPTER I
SUMMARY OF METHODOLOGY

The Cost Estimation and Economic Evaluation methodologies presented
below are consistent with industry practice for assessing capital invest-
ment requirements and operating costs of coal conversion systems. They are
alsc directly responsive to guidelines stipulated in Section 5 of the
Design Criteria for Conceptual Designs and Assessments of TVA's Cpal Gasi-
fication Demonstration Plant, Tennessee Valley Authority, February 22,
1980. In addition, they are compatible with the ESCOE Guidelines for
Economic Evaluation of Coal Conversion Processes, FE-2468-44, April 1979,
A1l values stated herein are based on January 1980, dollars with appropri-
ate recognition of the time value of money.

Evaluation of project economic feasibility can be considered a two
step process (subject to considerable refinement). First, the costs of the
project must be quantified and second, the price at which the product can
be manufactured must be determined. These two major categories are dis-
cussed in Chapter II, COST ESTIMATION and Chapter III, ECONOMIC EVALUATION.

The basic methodology has two significant references:

(1) K. M. Guthrie, PROCESS PLANT ESTIMATING AND CONTROL, Craftsman

Book Company of America, Solana Beach, California (1974).
(2) American Telephone and Telegraph Company, ENGINEERING ECONOMY,
McGraw-Hi11l Book Company, New York, New York (1952).

The following summary of methodology has been divided into five parts:
(1) Systems Costs,
(2) Instant Plant Costs,
(3) Annual Operating Costs,
(4) Escalation and Discounting Process, and
(5) Product Pricing.
More detailed explanations are the subject of Chapters I and III.

E-I-1
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A.  SYSTEM COSTS

System costs are generated in one of two ways:
(1) A reference system cost is scaled to the required TVA capacity.
A scaling exponent, e, is determined for each system:

TVA Capacity )e

TVA System Cost = Reference Systems Cost X (Reference Capacity

(2) The total instaiizd zost nan be determined as the sum of direct
and indirect costs:
Total installed cost

1]

Direct costs + Indirect costs

(1 + Indirect cost factor) x Direct Costs
The first approach is demonstrated in Table I-1. The key to the method is
selection of the scaling exponent. In the analysis presented in this
report, the value of the exponent was obtained from Guthrie or based on
engineering judgment.

The second method of determining direct and indirect costs was Guthrie
or equivalent data to generate equipment costs. System costs are then
obtained by applying indirect cost factors to total equipment cost.
Table I-2 demonstrates this approach. Table I-3 contains the indirect cost
factors, These are revised values of the factors found in Guthrie and the
methodology document. The revisions reflect (1) the lack of taxes and
insurance charge on the TVA facility, and (2) an effort to systematize and
simplify the calculations by using common values for factors with small
differences in this application.

]

This method of costing may be done at the system or subsystem level,
Subsystem costs can be accumulated and assigned individual process contin-
gencies in order to develop a system cost.

B.  INSTANT PLANT COSTS

Instant plant costs are expressed as Total Capital Requirements. This
cost consists of:
(1) Total facility investment,

E-I-2
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TABLE I-1, SAMPLE SYSTEM COSTING BASED ON REFERENCE SYSTEM
COSTS AND RELATED CAPACITIES

SYSTEM COST DATA

UNIT OPERATION NUMBER:

SUBSYSTEM:

REFERENCE SOURCE FOR COSTING:

REFERENCE SYSTEM COST:

REFERENCE CAPACITY:
TVA CAPACITY:

RECOMMENDED CAPACITY EXPONENT:

EXPLANATORY COMMENTS:

KOPPERS-TOTZEK

4-ACID GAS REMOVAL - SELEXOL
22

N/A

EPRI AF-916

$54,227,000 (mid-'76 DOLLARS)
407,775 ACFH

289,436 ACFH

0.6

The reference system contains 3 parallel trains. Reference capacity
equals 1/3 of reference system. TVA requires one train,

COMPUTATION METHOD:

TOTAL SYSTEM COST = 1/3 x REFERENCE SYSTEM COST x CAPACITY FACTOR x
ESCALATION FACTOR

INPUTS:

REFERENCE SYSTEM COST:

CAPACITY FACTOR:

ESCALATION FACTOR:
RESULTS:
TOTAL SYSTEM COST

Mt Ehanin sl i

$54.227 x 10° (MID-'76 DULLARS)

/ 0.6
289,336 = .814
407,775

1.30 (7O JANUARY '80 DOLLARS)

$19,130,081 (JANUARY '80 DOLLARS)

E-1-3
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TABLE I-2. SAMPLE SUBSYSTEM COSTING BASED ON EQUIPMENT COST

SYSTEM COST DATA

i A

PROCESS: KOPPERS=TOTZEK
SYSTEM: 17 - COOLING WATER SYSTEM

" UNIT OPERATION: 39

: SUBSYSTEM: BLOWDOWN TREATMENT

: REFERENCE_SOURCE FOR COSTING: ENGINEERING IN-HOUSE COST ESTIMATE

| REFERENCE SUBSYSTEM COST: $932,617 JANUARY '80 DOLLARS

| ' (TOTAL DIRECT COSTS)

P REFERENCE CAPACITY: N/A

? TVA CAPACITY: 46 gpm

? RECOMMENDED CAPACITY EXPONENT: N/A

»

EXPLANATORY COMMENTS:

SUBSYSTEM CONSISTS OF 1 VAPOR COMPRESSION
EVAPORATOR (INSTALLED) = $932,617

COMPUTATION METHOD:
TOTAL SUBSYSTEM COST =  TOTAL DIRECT COST x (1 + INDIRECT COST FACTOR)

INPUTS:
$932,617 JANUARY '8C DOLLARS

TOTAL DIRECT COST

INDIRECT COST FACTOR 0.36 (ASSUMED "NORMAL" L/M RATIO)

]

RESULTS:

il

TOTAL SUBSYSTEM COST $1,268,359 (JANUARY '80 DOLLARS) ¢S

E

I-4 e B
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(2)
(3)
(4)
1

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

(2)

(3)

M

Other capital costs,

Working capital, and

Land costs.

Total Facility Investment

The Total Facility Investment consists of:

Total system capital investment (TSCI),

Project contingency (PC) (15% of TSCI),

Contractor's fee (CF) (4% of TSCI + PC), and

Owner's cost (2% of TSCI + PC + CF),

Other Capital Costs

The category of "Other Capital Costs" includes:

Paid-up royalties - 0.5% of Total Facility Investment, incurred
on the first day nf operations.

Start-up and testing - This cost is assumed to be incurred at a
rate that is a linearly increasing proporticn of the annual O+M,
feedstock, cataiyst, and chemical cost. The rate ctarts at zero
at the beginning of start-up and testing and reaches 100% of the
annual costs just cited at the end of the process.

Ailowance for funds used during construction (AFUDC) - The AFUDC

was computed assuming a 12% cost of capital on:

(a) average cumulative construction expenditures by module from
beginning of construction of the module to start of module
operations,

(b) average cumulative start-up and testing expenditures.

(c) land cost, assuming all costs are incurred on first day of
project.

There is no AFUDC for paid-up royalties, since those charges are

assumed to be paid on the first day of operations.

Working Capital

Working capital, a non-depreciable cost, consists of:
Initial charge of catalysts and chemicals - This requirement was

established during the engineering design effort. The values are

identified for the worksheets in Section III.

E-I-6
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(2) Materials inventories - 30 days supply of feedstock and make-up
chemi«i’s,
(3) Spare parts inventories - 1% of equipment and materials, or ,0055
of total system cost based on the norm case for labor, materials,
and equipment cost as shown in Table I-3.
(4) Minimum cash balance - 45 days of O+M and feedstock expenses, or
.137 of 0+M and feedstock annual expense.
4. Land Costs
Land is considered non-depreciable, and is assumed to cost $3,000
per acre. Land improvements are depreciable and are obtained from Mittel-
hauser Corporation guidelines.

C.  ANNUAL OPERATING COSTS

The annual operating costs consist of 0+M, feedstock, and catalyst and
chemical costs, Net annual operating costs include by-product credits
which affect the costs. The costs and by-product credits were computed per
module as follows:

(1) Feedstock, catalyst and chemical make-up - Requirements are

obtained from the facility design data.

(2) Electricity and water - Requirements are obtained from facility
design data. Water costs represent a levelized capital recovery
for pumps and piping to transport water into the facility from
the TVA source, It is computed at $ .80/1,000 gal based on past
construction experience,

(3) Operating labor - This is the summation of system operating labor
requirements for each process. Rates are obtained from the TVA

design criteria,

(4) Operating supplies - 15% of operating labor costs.

(5) Maintenance labor and supplies - This is obtained by dividing
Total Facility Investment by four to spread costs across the four
modules, and then multiplied by .04. There is a 40/60 split
between labor and supplies.

E-I-7
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(6) Supervision - Derived system by system in design effort. TVA
design criteria specify rates.
(7) General plant staff - 30% of all other labor.
(8) Administration and general overhead - 5% of all other 0+M costs.
Details are shown in the worksheets in Section (II.

D.  ESCALATION AND DISCOUNT PROCESS

The TVA design criteria contained in the Methodology document were
followed 1in computing escalation. A 12% discount rate was used, also
consistent with the TVA specifications,

E.  PRODUCT PRICING

Two measures of product price have been derived: the 1980 product
price and the UAE cost of service price. The methodology for each is
reviewed here. !

1. Computation of a "1980 Price" !
For certain economic evaluation purposes, it is convenient to ;

define a 1980 price, which has the following interpretation:

(1) In the absence of inflation, assume that the price received is ?
the 1980 price in all time periods.

(2) In the presence of inflation, assume that the price received on
each time period is the 1980 price escalated to that time period
by the general rate of inflation.

Then, the discounted present value of revenue equals the present value of
the plant, as defined earlier.
The 1980 price is computed as follows. Let:

PV = present value of the plant in January 1980. L
D = Neminal discount rate -
= Real discount rate g
E = general rate of inflation = [(1+D)/(1+R) ] - 1
j
i
E-1-8
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P1980 198C price of product
MAP =  module annual production
PVi = present value of ith module
Si = date of start-up of the ith module from January 1980, in
years S] = 5,5 53 = 7.0
52 = 6,5 S4 = 7.5

For the TVA coal gasification plant, the 1980 price satisfies the following
equation, (assuming all revenue for a year is received at the end of the
year; a slightly different answer would be obtained by assuming monthly or
continuous revenue)

PVeacitity = PVp * PVp ¥ PV3 + BV,
" _ 20 Piggg XM 20 Prgg XMAP 20 Pygg X MAP
Revenue =1 (+R)*1Y i=1 (1+R)52" =1 (1+R)%3"
. B Progy X MAP

=1 (1+R)%4"

X MAP X | IS AU B
a+R)51  (1+R)S2z  (1+R)S3  (1+R)%4

M
Ml
nad

1980 — .
{14R)

Evaluating this expression for R = 4,7% (D = 12%; E = 7%);

PV = P X WMAP x 37.67

1980

PV

or P
1980 WRpx 3767

2. UAE Cost of Service Price
The UAE cost of service is computed using the following three

steps:
(1) Costs are escalated according to the TYA design criteria.
(2) Costs are discounted to a 1980 present value using a 12% discount
rate.
(3) Costs are annualized over the iife of the plant a a 12% rate.
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The UAE cost of service price is computed using the :ame formula
as the 1980 product price, using the nominal discount rate rather than the
real discount rate, yielding the following expression:

1 + ] + 1 + | 20 ]

e nnt dead

)51 ()2 (D)3 (D)% | 3 ()]

PV = UAE x MAP X

Evaluating this expression for D = 12¥ and
S1 5.5 years 53 7.0 years
82 6.5 years S4 7.5 years

i
it

i1
i

PV = UAE x MAP x 14,152

Al —— PV
or UAE = —wap > 74,752

E-1-10
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CHAPTER II
COST ESTIMATION

A.  INTRODUCTION

The Cost Estimation portion of these methodologies is divided into two
segments. They are the Estimation of Total Capital Requirements and the
Estimation of Annual Operating and Maintenance Expenses.

The validity of any estimate, however, depends upon close attention to
site specific process requirements and conditions, knowledge of special
materials and particular equipment requirements. Development of cost
estimates from the translation of historical or published data must take
cognizance of these exact requirements if the estimates are to be useful
for project evaluation and planning.

B.  ESTIMATION OF TOTAL CAPITAL REQUIREMENTS

The purpose of the TVA Coal Gasification Demonstration Plant is to
resolve commercial investment uncertainties by establishing the actual
economic factors, environmental feasibility, capital and resource require-
ments, constraints and product markets, as well as encouraging the creation
of a viable gasification industry using this technology. The modular
approach postulated for this commercial demonstration plant allows for
developmental resolution of scale-up problems in the first module and
application of the improved technology to the succeeding modules. Upen
completion, the facility will produce commercially significant volumes of
merchantable products.

The basis and assumptions applicable to investment requirements, from
Section 5 of the TVA document, are reproduced in Appendix B and result in a
schedule illustrated in Table II-1.

The elements of estimating total capital requirements are:

(1) Land and Land Related Costs

(2) Process Plant Systems (Modules 1, 2, 3 and 4)

E-II-1
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TABLE II-1. CONSTRUCTION SCHEDULE AND INVESTMENT ASSUMPTIONS

I.  CONSTRUCTION SCHEDULE AND OPERATING LIFE

|
g MOD 1 MOD 2 MOD 3 MOD 4 |
i DESIGN & BEGIN 10-01-80  10-01-81  04-01-82  10-01-82 5
} CONSTRUCTION  END 12-31-84  12-31-85  06-30-86  12-31-86 7
| START-UP AND |
q TEST |
r SYSTEMS BEGIN 09-01-83  ¢9-01-84  03-01-85  09-01-85 g
. END 12-31-84  12-31-85  06-30-86  12-31-86 |
| MODULE BEGIN 01-01-85  01-01-86  07-01-86  01-01-87 %
| END 06-30-85  06-30-86  12-31-86  06-30-87
| START

COMMERCIAL 07-01-85  07-01-86  01-01-87  07-01-87

PRODUCTION
} RETIRE MODULE 06-30-05  06-30-06  12-31-06  06-30-07
‘ ﬂ;
| II. BASIS

1. INVESTMENT REQUIREMENTS TO BE STATED IN JANUARY 1980 DOLLARS.
2. CAPITALIZATION: ALL EQUITY FINANCING; APPROPRIATION.

3. SITE COSTS
a. LAND = $3000/ACRE
b. CLEARING AND GRUBBING = $2000§ACRE 3 3
c. EXCAVATION: EARTH = $1.50/YD”; STONE = $10/YD™; FILL = $3/YD".

4. CONSTRUCTION LABOR
a. RATES, 1980, PER TABLE B.5 OF APPENDIX B

h. ESCALATION RATES (1-1 THROUGH 12-31) :
1980 - 8.5%
1981-1985 - 9.0%/YR
, 1986 - 8.0%/YR i
5. CONSTRUCTION MATERIALS AND EQUIPMENT ESCALATION RATES*
1980 - 1.00 (BASE AS OF 1/1/80) ﬁ
1980 - 10% !
1981-1985 - 9.5%/YR ﬂ
1986+ - 8.0%/YR

| E-11-2 »




THE BDM CORPORATION

(3) General Facitlities Systems
(4) Project Indirect Costs (applied by system)
(5) Process Contingencies (applied by system) and Project Contingency
(applied to facility)
(6) Total Installed Plant
(7) Contractor's Fee
(8) Owner's Costs
(9) Other Capitalized Costs
(10) Working Capital.
The basis and assumptions for each element follows,
1. Land and Land Related Costs
The acquisition price of the necessary site include battery-
limits, offsites, general and service facilities. For purposes of this
estimate, the total land is assumed to be purchased on the first day of
project implementation, i,e., design/construct Module 1.
Area requirements and site preparation requirements are deter-
mined from the specific processing and offsite configurations and valued at
the $3,000 per acre specified in Design Criteria Section 5 guidelines.

2. Process Plant Systems

Major equipment items are assigned a dollar value from vendor's
quotes, cost data base material in existing files, other published mate-
rials, or from the Guthrie or Richardson's basic cost reference data.
Equipment costs are a function of size, temperature, pressure, special
material requirements and compliexity. Each generic type of equipment has a
particular pattern of field materials and installation labor dependent upon
those same process conditions and the type of equipment. In general, the
Guthrie method for adding the costs of field materials, installation and
erection of materials and equipment is employed. Suitable adjustments are
made for certain materials or operating conditions to assure recognition of
process-specific circumstances. The resultant sum represents installed
facility system or subsystem costs. Incorporated in the estimates are
process contingencies applied to those segments not yet commercially or

technologically proven.

E-1I-3
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The summation of all segments of the processing facility repre-
sents estimated costs of equipment, field materials and construction labor,
stated separately, which constitute the process plant.

3. General Facilities Systems

Eacn candidate plant has a requirement for buildings, storage,
utilities, yard piping and auxiliaries which are necessary to serve the
process but do not enter the main process stream. Conceptually, some of
these support items may be initially installed with capabilities of serving
some or all of the ultimate processing capacity. General facilities esti-
mates include costs for site development and preparation.

The cumulative total costs of process plant and general facil-
ities represent the total installed cost for the candidate process and are
segregated by equipment, materials and labor,

4, Project Indirect Costs

The total installed costs above are incomplete, representing only
some 60% to 70% of the required construction expenditures. These direct
costs require support services during construction. Allocated or indirect
construction costs, discussed below, are individually sensitive to labor-
intensity or materials-intensity. The discussion which follows is general
in nature 2ad includes some items, e.g., fringe benefits, which are omitted
from this task because they are already incorporated in hourly construction
labor costs specified by TVA. Another redundant item of indirect expense
is the sales tax on required materials which is assumed inoperative for
this review. Indirect costs are defined as those costs incurred by a
construction prime-contractor for project management, engineering, procure-
ment, field supervision, general overhead expenses and other costs. They
can be generalized and segregated into three broad classifications: Con-
struction Overhead Expenses, Engineering and Home Office Costs, and
Freight, taxes, duties and insurance.

a. Construction Overhead

This category includes field supervision, temporary facil-
ities during construction, equipment rentul and construction services like
cleanup, security, medical, expendable supplies, public 1jability and

E-I1-4
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