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ABSTRACT

The manufacturing processes and users' costs were analyzed for the
Second Generation Heliostats. Mass production scenarios are examined by
comparison and manufacturing analysis, including facility site selection and
design, operations, equipment and tooling, and labor. Different transporta-
tion scenarios are compared, as are the site assembiy and installation pro-
cedures. Users' costs are allocated to the central manufacturing facility,
to transportation from the central manufacturing facility to the field, and
to the field sites. Costs are also compared for these major components:
reflective assembly, drive mechanism, controls and field wiring, foundation/
pedestal, and support structure. Breakdowns are given for direct materials,
direct labor, and other expenses including an estimate of the gross profit.
A contractor-estimated capital price to the utility is shown for each helio-
stat design as well as estimated operations and maintenance (0 & M) expen-

ses.
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MANUFACTURING AND COST ANALYSES OF
HELIOSTATS BASED ON THE
SECOND GENERATION HELIOSTAT DEVELOPMENT STUDY

Summary

The Second Generation Heliostat program produced several results,
including manufacturing and cost analyses for the mass production of helio-
stats at the rate of 50,000 units Ber year. Installed prices of all of the
designs fall in the $100 to $150/m“ range in April 1980 dollars.

The manufacturing analysis considered numerous factors which resulted
in the following:

- Facilities designs were provided by the contractors for a central
manufacturing facility (CMF) producing 50,000 heliostats per year;
land areas ranged from 40 to 95 acres, while production facilities
occupied from 260,000 to 620,000 square feet.

+ Capital costs were estimated for the land, buildings, equipment, and
tooling associated with such a manufacturing facility. Totals varied
among contractors from $71M to $102M.

+ The nature of the CMF operations ranged from a low to a high degree of
vertical integration.

» The direct labor hours required to manufacture a heliostat (excluding
controls and foundation/pedestal) varied among the contractors from 14
to 44 hours, with a majority of hours spent on drive mechanisms.
Estimated factory labor efficiencies varied from 0.80 to 0.92.

« The direct labor hours per helicostat and the associated efficiencies
were a strong function of the degree of automation., The fewest hours
per heliostat and the highest efficiencies were associated with highly
automated facilities, and the most hours per heliostat and lowest effi-
ciencies with less automated facilities,

The four contractors provided transportation scenarios in which the
heliostat components were shipped from the CMF to the site. The shipping
procedure varied somewhat among three of the contractors and was quite dif-
ferent for the fourth. For three contractors, components were shipped by
truck or rail to a site assembly building for subsequent assembly and
installation. The fourth contractor elected to ship nearly complete helio-
stats to the site for installation, with no site assembly operations
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required. The shipping densities for the fourth contractor were signifi-
cantly lower than those for the other three contractors {1.8 compared with
2.8 to 5.0 heliostats per truck) because of the shipment of bulky components
in a volume-limited rather than weight-limited manner.

Two contractors elected to assemble and install about fifty heliostats
per day at each of four sites. The other two contractors planned to
assemble and install about half as many heliostats per day at about twice as
many sites. The hours spent per heliostat in on-site assembly/installation
procedures vary from 4 to 23 for the four contractors, excluding the con-
trols and foundation/pedestal.

The four contractors investigated the cost of "mass producing" helio-
stats at a rate of 50,000 per year. Cost estimates by the contractors were
based on summing all of the individual costs of the many heliostat parts of
a detailed design. The level of detail in the designs included bolts, lock-
nuts, lockwashers, gaskets, seals, pins, plugs, screws, adhesive, paint,
primer, studs, cable, connectors, diodes, resistors, capacitors, switches,
grease, oil, thread compound, and sealants. A condensation of the contrac-
tors' detailed cost estimates appears in Appendix B, while the actual cost
data sheets are part of the contractors' final reports (References 1-4),

Estimates of the capital price range from about $100/m? to $150/m?® in
1980 dollars. These estimates are significantly Tower than previously pro-
duced heliostats and reflect not only the increased reflective areas of the
Second Generation Heliostat designs but also the advantages of mass produc-
tion (bulk purchasing, use of dedicated equipment and laborers, etc)}. While
heliostats would probably not be initially produced at rates approaching
50,000 units per year, the Second Generation Heliostat designs have been
proof-tested and could be produced at prices significantly lower than past
heliostats. Two of the designs are estimated to be priced at about
$105/m%. The other two designs could be reduced in price by increasing
reflective area and by making other design changes. As a result, the com-
petitive price range could be close to $100/m? for all the Second Generation
Heliostat designs.

The user's cost consists of the fixed capital price paid for an
installed heliostat and the recurring operations and maintenance (0 & M)
costs. The user's cost is not stated in this report since the assumptions
required to arrive at a Tevelized 0 & M cost are best left to the reader.
The components of user's cost shown in Figure 1 outline the levels of detail
provided by the contractors and those presented and discussed in this
report.

The estimated installed heliostat prices are composed of about 75 per-
cent reflective assembly, drive mechanism, and support structure costs;
about 12 percent controls and field wiring costs; and about 13 percent
foundation/pedestal costs. Further breakdown of the reflective assembly,
drive mechanism, and support structure costs reveals that about 85 percent
of the costs are incurred at the CMF, 5 percent in transportation to the
site, and 10 percent at the site. A different viewpoint of the reflective
assembly, drive mechanism, and support structure costs is that about 63 per-
cent of the incurred cost is for direct materials, another ¢ percent is for
fully loaded direct labor, about 5 percent is for capital replacement, about
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6 percent is for gross profit, and the remainder is for consumables,
indirect expenditures, general and administrative (G & A} costs, property
tax and insurance, transportation to the site, and other expenses.

The annual operations and maintenance costs were also estimated. The
estimates ranged from 1.2 percent to 1.8 percent of the installed heliostat
price, with an average of 1.4 percent.

The contractors projected that the costs would increase by 4 to 14 per-
cent if the production rate were cut in half in the same factory; they would
decrease slightly (1 to 3 percent) if the production rate of 50,000 helio-
stats per year were increased to 67,500 heliostats per year.

The contractors continue to improve their designs and have Erojected
cost reductions beyond those incorporated into the $100 to 150/m“ installed
heliostat prices. These cost savings could reduce the installed heliostat
prices by 7 to 21 percent. In addition, the effects of learning could fur-
ther reduce installed heliostat prices by as much as 10 to 15 percent over g
ten-year production period. Learning was not included in the $100 to 150/m
installed heliostat price.

Sandia National Laboratories, Livermore, California, did not make an
independent heliostat price estimate. However, the data are displayed and
discussed so that an adjusted price--which considers appropriate additions
and deletions--can be estimated by the reader. The real price will be
determined in the marketplace.
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Introduction

Sponsored by the Department of Energy (DOE), a Second Generation Helio-
stat program was undertaken by Sandia National Laboratories Livermore (SNLL)
to develop cost-effective heliostats and multiple potential heliostat sup-
pliers. Four contractors were involved: Atlantic Richfield Company (ARCO),
Boeing Engineering and Construction {(BEC), Martin Marietta Corporation
{MMC), and McDonnell Douglas Astronautics Company (MDAC). Each of these
contractors provided a detailed heliostat design, fabricated and tested two
prototype versions of the detailed design, provided a preliminary design of
a factory that would produce the detailed design in mass quantities, and
provided a price estimate of an installed heliostat field with the subse-
quent operations and maintenance expenses of field operation over a periocd
of time.

To allow comparisons of the designs, Sandia specified the mass produc-
tion rate, total quantity of heliostats, and size of the electrical power
plants that would consume the entire heliostat production output. Although
the eventual growth of solar central receiver energy production in this
country probably will not follow these specifications, they do provide a
useful basis for comparison.

This report covers the mass manufacturing, installation at power plant
sites, and cost estimates made by the contractors. Each contractor has
published the results of its design, analysis, and cost estimates (Refer-
ences 1-4). The manner in which these results have been reported varies in
level of detail, completeness, clarity, and method, making comparison of the
results somewhat difficult.

This report attempts to help the reader compare the contractors'
results. The report also contains comments regarding omissions, discrepan-
cies, differences of approach, apparent underestimates or overestimates, and
areas for potential cost savings not already discussed by the contractors.

Ground Rules

Sandia provided a number of cost-estimating ground rules for Second
Generation Heliostat development. The contractors were to provide a produc-
tion design of a heliostat which would be manufactured at a rate of 20,000
units during the first year (June 1984 - June 1985} and installed in
50 MWg (peak) plants. After start-up production, the heliostats would be
built at a rate of 50,000 heliostats per year for ten years for a total
build of 520,000 units. A1l of these heliostats would be installed in
50 MWe (peak) electric power generation plants within a 400-mile radius
from the central manufacturing facility {(CMF), which was to be located in
one of the eight southwestern states (Arizona, California, Colorado, Nevada,
New Mexico, Oklahoma, Texas, and Utah). The electric power plants would be
uniformly distributed in the 800-mile diameter circle around the CMF.

A single CMF would be located within the eight states and would service

electric power plants in a 400-mile radius. The facility would operate at
100 percent output with two shifts. The daily output would be about 200
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heliostats per working day, based on 50,000 heliostats completed per year.
Heliostats would be transported to the electric power generation sites and
installed by the heliostat manufacturer.

The costs of all activities would be based on April 1980 dollars. All
costs incurred--from the initial manufacture of the heliostats through the
final installation at the sites, along with the annualized operations and
maintenance (0 & M) costs over a 30-year life--would be included. The cost
of the installed heliostat would be itemized according to a cost breakdown
structure that included the reflective assembly, drive mechanism, controls
and field wiring, foundation/pedestal, and support structure.

The field layout for the 50 MW (peak) electric power generation
plants was provided by SNLL. The number of heliostats needed for each plant
was determined using the DELSOL I computer code with the heliostat
dimensions, mirror reflective area, and reflectivity provided by the
contractors; specification values were used for pointing accuracy and wmirror
quality. Default values in DELSOL I were used for nominal costs of the
land, tower, receiver, wiring, and heliostats.

Cost Tasks
The contractors' estimates were to include the following:

» CMF capital cost.

« Installed heliostat capital price (i.e., cost plus gross profit).

« Annual O & M costs.

« Helfostat price difference for production at the same facility at 50
percent of the nominal production rate (25,000 heliostats per year) and
at 135 percent of the nominal production rate (67,500 heliostats per
year).

+ Potential reductions in price identifiable after completion of the
Second Generation Heliostat development program.

The contractors were encouraged to design the most cost-effective
heliostat, even to the point of challenging any of the Sandia guidelines.
Such challenges were used effectively by some contractors to provide reduc-
tions in manufacturing and transportation costs.

SNLL Manufacturing Analysis

The manufacturing and costing analyses are closely related. The goals
of the SNLL manufacturing analysis, which are similar in scope to those of
the cost analysis, are to:

+ Understand the manufacturing scerarios provided, including the strate-

gies used to select a site for a facility, types of facilities
incorporated, use of colocated facilities, equipment and tooling
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used, degree of automation used in manufacture, make/buy decisions
for components, and direct/indirect labor requirements.

* Understand the interrelation between manufacturing and resuitant
heliostat costs.

» Compare manufacturing scenarios in a similar format.

+ Evaluate production plans for completeness and feasibility and point
out omissions or errors.

+ Point out what SNLL feels may be wise or judicious decisions on the
part of the contractors and SNLL's rationale for recommending them.

In analyzing the contractors' manufacturing scenarios, SNLL studied
each portion of the plans, examined the rationale for certain contractor
choices, and compared plans. Assessments were made concerning the site
location of the CMF plant Tayout and associated facilities, tradeoffs
invelved in production plans, actual manufacturing approach and plans, labor
requirements (both direct and indirect), efficiency of labor, and interrela-
tion of these factors to manufacturing cost (Reference 5).

SNLL Cost Analysis

The objectives of the SNLL cost analysis are to:

* Understand a complete set of costs defining the total installed
heliostat price and the recurring 0 & M expenses incurred by a
site owner,

* Provide a format for those costs that allow comparative analyses.
These cost-displays are incorporated by SNLL in HELCAT, a Heliostat
Cost Accounting Tool (Reference 6).

* Resolve differences that are apparent within the individual or
among the contractors' results.

* Provide SNLL with an understanding of heliostat costs.
+ Compare the price estimates.

The basic approach taken by SNLL in the cost analysis was to break down
the profit centers into three areas: the central factory, the transporta-
tion from the central factory to the site, and the on-site assembly, trans-
portation, and installation. The recurring 0 & M costs were treated separ-
ately. Because of the structure of the contract and the manner of contrac-
tor response, two exceptions were made. The controls and field wiring and
the foundation/pedestal costs were separated from the other costs. The con-
tract did not emphasize controls and field wiring; therefare, one contractor
did not estimate any costs, while the other contractors made incomplete
estimates or based them on previous studies. Furthermore, the foundation/
pedestals were produced by a wide variety of methods making comparison dif-
ficult.
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The bulk of the manufacturing costs incurred at the factory are for the
reflective assemblies, drive units, and support structures. These items are
transported to the individual sites where they are assembled (if applica-
ble}, transported from the site assembly building to the foundation/pedestal
location, installed, and checked out before turnover to the site owner. The
initial capital investment for maintenance equipment and spares represents
additional costs. Any recurring costs are included in 0 & M,

Each profit center is subdivided to separate the costs of direct
materials, direct labor, and all other cost charges to the center. Where
possible, the other costs are broken down into burden categories and gross e
profit, which includes the return to investors and income tax.

The SNLL cost analysis is not intended to provide a bottom-line Second
Generation Heliostat price, since this is only one possible manufacturing/
deployment scenario. Rather, it will highlight all the cost component
areas. In the end, the contractors' results can be reevaluated for use in
other scenarios, or the format can be employed in future studies.
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Comparative Formats

Comparative formats can be used to examine and contrast the different
heliostat characteristics. Both manufacturing and cost comparisons are made
using these formats in this report.

Comparative formats for the manufacturing of heliostats vary widely in
the items contrasted. Both qualitative and quantitative comparisons are
made on subjects ranging from capital costs to make/buy decisions to labor
efficiencies. The total installed heliostat prices are broken down to com-
parable categories. These comparisons highlight the costs of major helio-
stat parts, costs associated with the location where they were incurred, and
costs independent of the location or the major parts. In this report, base-
line comparisons are normally given in $/m2. (Cost comparisons could be
given in $/heliostat; however, since each of the four Second Generation
Heliostats is a different size, $/m* comparisons are wore meaningful.) Most
cost comparisons exclude those costs associated with controls and field wir-
ing and foundation/pedestals. These two categories were handled quite dif-
ferently by each of the contractors, and more meaningful comparisons can be
made by their exclusion.

Manufacturing Comparisons

Comparative formats can be used to contrast various manufacturing
scenarios for Second Generation Heliostats. Both qualitative and quantita-
tive comparisons are possible. Items that can be compared include space
requirements for the various manufacturing facilities, make/buy decisions,
production operations at the plants, installation operations in the field,
direct labor hours spent in heliostat manufacture and installation, person-
nel requirements, efficiency of laborers, transportation scenarios, capital
costs for manufacturing facilities (including land, buildings, equipment,
and tooling), and plans for various production rates. Each contractor
handled the capital costs incurred at each site quite differently; these
costs are discussed more fully in the section on site installation,

Space Requirements--Table 1 compares the various space requirements for
each CMF and site. Required acreage for a CMF varies from 40 to 95 acres.
Enclosed floorspace also varies widely, from 260,000 square feet to over
600,000 square feet. The CMF floorspace requirements should be a strong
function of the make/buy decisions for heliostat components, Further break-
downs of floorspace at the CMF are included in the manufacturing section of
this report. Site floorspace requirements vary widely as well, depending on
the types of activities that occur within each site building.

Make/Buy Decisions--Each contractor decided which heliostat components
it would make and which it would buy. A synopsis of major make/buy deci-
sions for mass-produced Second Generation Heliostats is given in Table 2.
A1l the contractors elected to fabricate certain assemblies (such as reflec-
tive assemblies, drive mechanisms, and support structures) either at a CMF
or on site, Furthermore, they all elected to buy controls components and
either to perform some minimal assembly or to subcontract controls
assembly. Foundation/pedestals were praovided as purchased parts and through

21



éé

TABLE 1

SPACE REQUIREMENTS FOR CMF AND SITE

Facility Location

ARCO BEC* MMC* MDAC

Central Manufacturing Facility

Land Area, acres 60 75 95 40

Manufacturing Floorspace, ft?

(not including aislespace) 482 ,000** 281,000 186,000 155,000

Total Enclosed Floorspace, ft2

(inctudes support facilities) 620,000 638,000 507,000 260,000
Site Facility

Total Enclosed Floorspace, ft2 7,500 6,000%** 28,500 4,000%%*

*Space requirements for colocated facilities not included here.

**Aislespace included.

***Building not costed in capital estimates.
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TABLE 2

MASS PRODUCTION OF SECOND GENERATION HELIOSTATS
MAJOR MAKE/BUY DECISIONS

€¢

Heliostat Major Parts ARCO BEC MMC MDAC
Reflector Assembly M M M M
Float/Fusion Glass B B B* B
Mirroring M B** M B**
Core/Backing M/M B*/B M/M B
Drive Assembly M M M M
Motors B B B B
Gears/Shafts M B M B
Finished Castings M M M B
Bearing Assembly M M B B
Support Structure M M M M
Torque Tubes/Main Beams M B M B
Cross Beams M B M B
Controls Assembly B B B B
Foundation/Pedestal M B B M/B
M-Make
B-Buy

*Colocated captive facility.
**In-l1ine mirroring at Corning Glass Works.



subcontracts in the BEC and MMC scenarios. ARCO and MDAC, however, provided
their own labor and materials to produce all or a portion of their founda-
tion/pedestals.

Production Operations--Each contractor performs a variety of production
operations at its CMF. A synopsis of these CMF operations is provided in
Table 3. While major operations are itemized in this table, not every pro-
duction operation is included. Details of the full operation can be found
in the corresponding final reports. The required operations vary widely
depending on the make/buy strategies discussed earlier and on the planned
site activities. The use of purchased parts results in fewer required manu-
facturing operations,

Each contractor assembles a reflective unit from parts that are pro-
duced by colocated facilities or the CMF, or that are purchased from outside
suppliers, Similarly, the drive mechanism and support structure are
assembled by each contractor from purchased parts, or from parts manufac-
tured at its CMF or at colocated facilities. Three of the four contractors
perform some assembly of controls or fabrication of controls packages.

Three of the four contractors also perform some manufacturing operations
related to the foundation/pedestal, ranging from complete fabrication to
simple tapering of a purchased pedestal.

In addition to comparing the contractors' manufacturing operations,
comparisons can also be made for on-site assembly operations. Each contrac-
tor considered various labor costs and transportation cost tradeoffs before
deciding which operations would be performed in the field and which would be
performed at the CMF. Labor rates for site laborers are generally higher
than those for laborers at a manufacturing facility. The manufacturing
operations performed at each CMF were discussed earlier. The operations
performed at each site are compared in Table 4. MDAC elects not to perform
any assembly operations on site but rather to have preassembled units ship-
ped to the site for immediate installation. The other three contractors
assemble support structures on site and then mount either half the reflec-
tive panels onto a half-frame or all the panels onto a full frame. After
the mirror modules are mounted, they are canted before installation.

Labor Requirements--A comparison is made of direct labor hours per
heliostat or per square meter that are spent by each contractor both at the
CMF and on site, This comparison is shown, using first-year manhours, in
Table 5, The numbers in Table 5 do not inciude direct labor hours spent on
the controls and field wiring or foundation/pedestal since these two areas
were treated differently by each of the contractors. (MDAC performed its
own controls and field wiring and foundation/pedestal installation. The
other three contractors used subcontracts for foundation/pedestal installa-
tion. BEC did not include controls and field wiring in its planning, and
the other two contractors subcontracted controls and field wiring installa-
tion.) Further breakdowns of direct labor hours are given in the manufac-
turing section of this report.

ARCO, which makes most of its heliostat components, expends the most
direct labor hours per heliostat and per square meter. MDAC, which makes
the most use of automated facilities and purchased parts, expends the least
direct labor hours per heliostat and per square meter. The next fewest
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TABLE 3

CENTRAL MANUFACTURING FACILITY MAJOR PRODUCTION OPERATIONS

Heliostat Parts ARCO BEC MHC MDAC
Mirroring Edge glass Clean and silver glass

Clean and silver glass
Copper coat glass
Paint glass

Fabricate steel parts
Assemble steel substrate
Assemble mirror module
Mount edge molding

Hirror Medyle

Machine 14 major parts
Gear cover
Bearing ring
Elevation gear
Az gear
Warm
Elevation housing
Frame, cover
Housing, web
Ring gear
Planetary gear
Finion

Assemble drive

Paint

Drive Mechanism

Roll tubes
Fabricate flanges
Weld torque tube
Fabricate trusses
Fabricate braces
Paint

Support
Structure

Fabricate pile for
foundation
Paint

Foundation/

Pedesta

Controls Inspect purchased parts

Assemble board, submcdule,

cable
Perform final assembly
Test
Fabricate control box

Clean mirrors and
backsheets

Machine core blocks

Join core blocks

Assemble mirror module

Seal edges

Machine azimuth casting

Machine elevation casting

Assemble azimuth bearing
assembly

Assemble elevation drive
assembhly

Paint

Form stampings except for
7 beams and torque tube
Galvanize

Subcontracted

Not addressed

Copper coat glass
Paint glass
PIB ccat glass

Fabricate paper honeycomb
core

Shear facesheet

Machine doublers

Fabricate edge frame

Assemble mirror module

Machine 14 major parts
Stow lock
Worm gear
Intermediate gear
Pinion
Motor bracket
Caps, open and closed
Encoder shaft mount
Gear heousing
Elevation shaft
Elevation/azimuth gear
Elevation cover
Azimuth cover
Azimyth shaft

Assemble drive

Paint

Fabricate bar joists
Fabricate hat sections
Roll torque tube

Weld torque tube

Paint

Fabricate controls cover

Fabricate interface tube
Paint

Fform electronics
cover/package

Clean mirrors

Adhesive coat glass

Laminate glass

Assemble into reflective
units of 7 panels each

Fabricate azimuth drive
housing
Fabricate elevation
drive support
Machine 5 major parts
Drive shaft
Flex spline
Wave generator
Bearing retainer
Circular spline
Assemble azimuth and
elevation drives

Form braces

Suppert structure frames
fFabricate main beam

Join mafn beam to drive

Taper steel cap for
foundation

Join pedestal to drive

Paint

Fabricate electronics
and power cable

TABLE 4

SITE ASSEMBLY BUILDING OPERATIONS

ARCO

BEC

MMC

MDAC

Assemble two half-
frame support
structures. Join
half-frames to drive.
Mount 12 facets,

Cant facets.

Assemble two half-frame
support structures.
Mount 12 facets, 6 per
unit. Cant facets.

Assemble one None
drive/support

structure unit.

Mount 10 full=-
size facets, and
one half-size
facet., Cant
facets.
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DIRECT LABOR HOURS COMPARISON

TABLE 5

(Excludes Controls and Field Wiring, and Foundation/Pedestal)

Direct Labor Requirements ARCO BEC MMC MBAC
CMF Direct Labor,
Hours/Heliostat 23.06 18,19 10.18 10.28
Site Direct Labor,
Hours/Heliostat 21.17 14.17 9.6 3.24
Total Direct Labor,
Hours/Heliostat 44,23 32.36 19.78 13,52
Total Direct Labor,
Hours/m 0.84 0.74 0.34 0.24
® [ ) ® e @




direct labor hours per square meter are expended by MMC; this is somewhat
surprising because MMC, like ARCO, makes many of its components. MMC may
have underestimated direct labor hour requirements for its heliostat. On
the other hand, ARCO's estimates may be conservative. BEC expends the
second-most direct labor hours on its heliostat; this is also somewhat in-
consistent since BEC purchases many of its heliostat components. BEC may
have overestimated direct labor hour requirements for its heliostats.

Personnel requirements of each contractor for its central plant and at
each field site can also be compared. Personnel can be considered as either
direct or indirect labor. Those accounted for under "direct" labor actually
make the heliostat components., A1l other support personnel are considered
"indirect." A comparison of daily personnel requirements for the contrac-
tors is given in Table 6, excluding those labarers involved with controls
and field wiring or foundation/pedestals. 1In some cases approximate numbers
are given because exact values were not provided in the reports. Again,
some apparent inconsistencies exist when labor requirements are contrasted
to manufacturing activities. BEC employs the most CMF personnel but buys
many of its components, MMC makes many of its components, yet its total CMF
personnel requirements are about the same as those of MDAC, which purchases
many of its components. ARCO employs a large number of employees both at
its CMF and on site; this is consistent with its manufacture of most of its
components.

Each contractor provided efficiency estimates for its laborers, both at
its CMF and on site. "Inefficiency" is defined here to be the fraction of
planned and unplanned downtime in a normal workday. "Efficiency,” or the
productive work fraction, is defined as one minus the inefficiency. Table 7
compares the efficiencies projected by the contractors at the CMF and on
site. ARCO, BEC, and MMC predict efficiencies in the 80 to 90 percent range
at their CMFs, while MDAC predicts 92 percent efficiency in its more auto-
mated facility. On site, the predicted efficiencies vary more widely from
67 to 84 percent. In a site assembly building, efficiency would probably be
higher than in the field itself during heliostat installation. In general,
ARCO may be conservative in its overall efficiency estimates, while MMC
appears to be optimistic in its on-site efficiency projections.,

Transportation Scenarios--Various transportation schemes were proposed
to ship heliostat components from the CMF to the sites. Each contractor
provided a tractor-trailer shipping scenario, although trucking was con-
sidered the alternate transportation scenario for MMC. The average number
of heliostats that could be transported on one truckload is compared in
Table 8. In addition, the table compares the nominal number of truckloads
leaving the CMF each day, based on an average production rate of 200 helio-
stats per day. Dividing the truckloads leaving the CMF by the number of
sites in progress gives the number of trucks arriving per day at any given
site. ARCO has the highest packing density of heliostats in transport and
is thus more than three times as efficient as MDAC, which ships nearly com-
plete heliostats. As a result, far fewer trucks need to leave ARCO's CMF
each day to supply the nominal sites in progress. MDAC has many trucks per
day leaving its CMF and many arriving at each site. Logistics problems may
result for MDAC from the many transportation-related activities at the CMF
and associated sites. Further discussion related to various transportation

scenarios follows in the manufacturing, transportation, and site activities
sections.
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TABLE 6

DAILY PERSONNEL REQUIREMENTS*
(Number of Employees)

Labor Location ARCO BEC MMC MDAC
Central Manufacturing Facility ¢
Direct | j ~688 476 ~254 ~271
Indirect : ~157 _536 ~232 ~212
Total CMF Personné]* ~845 1012 ~486 ~483
On Site
Direct | 126 54 30 ~33%% .
Indirect _21 26 b ~BE*
Total Site Personnel* 147 801 36 ~41
Heliostats installed/ 48 27 20 52
day/site _

*Not including laborers associated with controls and field wiring or
foundation/pedestal.
**Some laborers are on site for the duration of only one specific task. L
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TABLE 7

LABOR EFFICIENCIES COMPARISON*

Labor Location ARCO BEC MMC MDAC

Central Manufacturing

Facility

Shift 1 0.80 0.89 0.85 0.92
Shift 2 0.80 0.88 0.85 0.92
Shift 3 0.80 0.83 *k bl

Site

Assembly

Shift 1 0.75 0.83 0.84 N/A
Shift 2 0.67 0.79 0.84 N/A
Shift 3 0.58 0.63 *k N/A

Installation
Shift 1 0.75 0.81 0.84 0.67
Shift 2 ok *k 0.84 *%

*Efficiency = productive work fraction,
**Not used.



TABLE 8

TRANSPORTATION COMPARISON*

CMF To Sites
Transportation Results ARCO BEC MMC MDAC

Average Packing Density
(Heliostats/Truckload) 6.06 2.74 4.07 1,80+

Truckloads From
CMF /Day 33 73 50 112

Truckloads to
Nominai Site/Day*** 9 11 4] 28

*Excludes controls and field wiring and foundation/pedestal.
**Special 10 ft wide oversize truck used.
***Based on nominal sites in progress/year: ARCO (~4), BEC (~7), MMC
(~9), and MDAC (~4).

Manufacturing Facility Capital Costs--Each contractor provided costs
for manufacturing facilities. These capital costs include land, improve-
ments, buildings, equipment, and durable tooling. A comparison of the
capital expenses predicted by each contractor is given in Table 9. Further
capital expense breakdowns are provided in the manufacturing section. It is
Tikely that the improved land for a CMF will cost in the $1 million to $2
million range. The cost estimates for a suitably constructed CMF and its
associated facilities (but not colocated captive facilities) range from
nearly $20 million to almost $40 million. Durable tooling and equipment
cost estimates range from about $30 miilion for MMC to over $70 million for
ARCO. ARCO, which manufactures most of its heliostat components, would be
expected to spend the most money on equipment and tooling. MMC also makes
many of its heliostat components and yet spends the least money on equipment
and durable tooling. MMC appears to be somewhat optimistic in this area of
its capital expense estimates.

Planning for Variable Production Rates--Each contractor provided pro-
duction planning for the manufacture of heliostats at a rate of 50,000 per
year. In addition, they provided alternate plans for a 50 percent produc-
tion rate of 25,000 per year and a 135 percent production rate of 67,500 per
year. A comparisen of the production plans is given in Table 10. The
advantage of using fewer shifts but paying higher wages for overtime or
flextime is that additional fulltime workers need not be hired. The addi-
tion of more workers to a payroll would be more costly in benefits and
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TABLE ¢

CMF CAPITAL EXPENSE COMPARISON (M$)

Capital Requirements ARCO BEC MMC MDAC
Improved Land 0.7 2.4 2.5 0.6
CMF Buildings 19.8 31.9* 38.0 36.0

CMF Equipment & Durable
Tooling 72.5 67.9 30.3 47.7
Total Capital 93.0 102.2 70.8 84.5

Investment, M$

1€

*BEC itemizes the $31.9M into costs for buildings plus normally associated building costs such as fencing,
roads, parking lots, lockers, light fixtures, utility substation, permits, turnover costs, etc.



TABLE 10

PLANNING COMPARISON FOR VARIABLE PRODUCTION RATES
(Number of Shifts Required)

Production Rate ARCO BEC MMC MBAC
(Heliostats/Year)
25,000 2% 1 1 1
50,000 ' 3* 2 2 2
67,500 3*a 3 24 2b

*Limited operations on second and/or third shifts.
a2 = plus some overtime.
b = plus work weekends using flextime.

fringes than would overtime for on-roll employees. Employment of Tow-cost
labor, however, could warrant the use of additional workers rather than
overtime by regular employees.

Cost Comparisons

The use of three comparative formats allows the total installed price
breakdown to be viewed from different angles. One format may be of more
interest to some audiences than others, but all of the formats are meaning-
ful to an understanding of the total installed heliostat price.

The three formats address costs by (1) a cost breakdown structure into
major heliostat parts, (2) location, and (3) components of required
revenue. An associated cost table, using the contractors' estimates where
possible, follows each format. Strict adherence to the format was not
always possible because of the form or omission of detail in the data
provided (Reference 7).

Costs by Cost Breakdown Structure--In order to compare the costs of
similar heliostat parts, a division of the heliostat into five categories,
or the cost breakdown structure (CBS), was developed. Table 11 shows the
heliostat parts of each contractor's design that are included by SNLL in the
five categories of the CBS. The content of each category is not necessarily
the same as that shown in the contractor's report, and caution should be
exercised in directly comparing costs. The contractors' estimates of first-
year costs by the CBS are given in Table 12, According to this breakdown
structure, the majority of costs are spent on drives and reflective assem-
blies for all of the contractors.
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TABLE 11
SNLL COST BREAKDOWN STRUCTURE
Heliostat

Major Parts

ARCO

BEC

MMC

MDAC

Reflective
Assembly

Mirror Assy.
Substrate Assy.
Edge Molding

Mirror Modules
Facet Attachment
Brackets,Pads,Plates

Mirror Modules
Doubler Attachments

Mirror Modules
w/Hel. Support
Structure

Drive
Mechanism

Az Drive
Stepper Motors,
Limit Switches

Az Drive, Motar
E1l Drive, Motor

Az/E1 Drive, Motors
Stow Lock, Encoders
Limit Switches,
Cabling, Power

Az Drive, Motor
E1 Drive, Motor
POS/LIM Indicators
Power Supply,Distr.

Controls and
Field Wiring

HC /HFC

HAC

Power & Data
Cabling, BCS

HC, HFC, HAC
Field Power, Data
Distr., BCS

HC, HFC, HAC
Field Power, Data
Distr., BCS

HC, HFC, HAC
Field Power, Data
Distr, Center, BCS

Foundation/ Foundation/ Foundation/Pedestal Foundation/Pedestal Foundation/Pedestal
Pedestal Pedestal Pedestal Interface

Access Cover
Support Torque Tube Torque Tubes E1 Beam Main Beam
Structure Truss Assy. Z-Beams Barjoists, crossbar Crossbeams

Struts, Bars, Flanges
Elevation Arms

Control Arms/Caps
Stow Disc
Mirror Mount Brackets

Diagonal Beams
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TABLE 12

COSTS BY COST BREAKDOWN STRUCTURE
(Contractors' Estimates, $/m?)

Heliostat Major Parts ARCO BEC MMC MDAC
Reflective Assembly - Factory* 21.86 38.37 28.44 29.95
& Transportation
Drive Mechanism - Factory* 36.76 33.90 27.49 23.17
& Transportation
Support Structure - Factory* 10.90 15.79 8.74 13.62
& Transportation
Other** Reflective Assembly, Drive 11.09 5.85 7.35 8.04
Mechanism & Support Structure -
factory
Reflective Assembly, Drive Mechanism, 14.97 9.16 7.15 3.98
Support Structure - Site
Subtotal Reflective Assembly, Drivg 95.58 103.07 79.17 78.76
Mechanism & Support Structure, $/m
Controls and Field Wiring 13.62 Fkk 14,31 10.24
Foundation/Pedestal 11.40 23.72 10.46 16.90
Total Installed Heliostat Price, $/m° 120.61 126.79 103,94 105.90

(w/o controls
and field wiring)

*Includes direct materials, direct Tabor, replacement allowance, and gross profit.
**Includes indirect costs, consumables, property tax and insurance, G & A, other.
***Not addressed.

® ® ® ® "L
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Costs by Location--The costs can alternately be broken down in terms of
the location with which they are associated. The three locations would be
the CMF, the transportation from the CMF to the individual field sites, and
the individual field sites. SNLL provides a cost-by-location analysis with
two exceptions: costs associated with the controls and field wiring and the
foundation/pedestal --whether at the CMF, during transportation, or during
on-site activities--are accounted for in two independent categories.

This SNLL cost format appears as follows:

» Central Manufacturing Facility
- Reflective Assembly
- Drive Mechanism
- Support Structure

« Transportation from CMF to Site
- Reflective Assembly
- Drive Mechanism
- Support Structure

« Site
- Reflective Assembly
- Drive Mechanism
- Support Structure

» Controls and Field Wiring
« Foundation/Pedestal
The contractors' estimates of costs by the above location breakdown are
listed in Table 13. When costs are aliocated in this fashion, the majority
of costs for all the contractors are incurred at their CMFs.
Costs by Components of Required Revenue--The revenue required by the

heliostat manufacturer to recover his costs and to provide a return on
investment can be broken down into the following components:

Direct Costs -~ materials and labor
Site-Retained Capital

Subcontracts

Consumables

Indirect Costs - plant and other

G &A

Capital Replacement Allowance
Property Tax and Insurance
Annualized One-Time Capital Costs
Return to Investors - equity holders, bondholders
Income Taxes

- [ ] . [ ] L) * * * - - -

Each of these cost elements is discussed in the following section. A com-
parison of the costs incurred in these categories is also shown for the four
contractors, based on their own estimates, in Table 14.
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TABLE 13

COSTS BY LOCATION
(Contractors' Estimates, $/m2)

Location of Incurred Cost ARCO BEC MMC MDAC
Central Manufacturing Facility* 79.89 90.03 68.69 67.26
To-Site Transportation* 1.82 4.22 3.33 7.47
Site* _ 14,97 __9.16 7.15 _3.98
Subtotal Reflective Assembly, 96.68 103.41 79.17 78.71
Drive Mechanism, & Support
Structure, $/m
Controls and Field Wiring | 13.63 *k 14,31 10.24
Foundation/Pedestal _11.40 23.72 _10.46 16.90
121.71 127.13 103.94 105.85

Totg] Installed Heliostat Price,
$/m

(w/o controls

and field wiring)

*Includes reflective assembly, drive mechanism, and support structure.

**Not addressed.
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TABLE 14

COSTS BY COMPONENTS OF REQUIRED REVENUE
(Contractors' Estimates, $/m?)

Required Revenue Components ARCO BEC MMC MDAC
Direct Materials 52.11 68.50 53.97 49,16
Direct Labor 11.71 10,36 4,66 4.48
Consumables 1.42 0.63 2.33 3.57
Indirects 4,38 3.07 2.28 1.43
G & A* 6.48 2.65 3.27 2.90
Capftal Replacement & Capitalization 6.01 5.31 4.96 3.34
Property Tax & Insurance* 0.46 1.45 0.17 0.43
Other 1.16 1.06 -0- 1.14
Transportation to Site 1.82 4,22 3,33 7.47
Gross Profit* 10.02 4.49%x 4.20 B, 79%xxx
Subtotal Installed Price for Reflective 95.57 101.74 79.17 78.71

Assembly, Drive Mechanism, Support
Structure, $/m*

Controls and Field Wiring 13.63 *xk 14,31 10.23
Foundation/Pedestal 11.40 23.72 10.46 16,90
Total Installed Heliostat Price, $/m’ 120.60 125.46 103,94 105.85

(w/o controls
and field wiring)

*Incurred only at CMF,

**BEC has $2.73/m2 described as profit on material, labor, etc. included in those accounts; see text.
**kNot addressed.

**xxfstimate by SNLL to reflect MDAC stated 15% internal rate of return at end of 10th year,



Direct Materials--The direct materials account includes charges
for purchased materials and raw materials, plus an allowance for scrap on
each. Purchased materials are those that are assembled without further pro-
cessing. Already included in their costs are material, labor, transporta-
tion, and indirect charges, and a profit associated with the previous manu-
facture of these parts. However, at the entry to the CMF or the site, the
entire cost is considered as a purchased material cost. Raw materials at
the CMF undergo one or more manufacturing steps before assembly into the
next higher level. Raw materials costs include shipping costs to the CMF or
to the site location if applicable.

Direct materials costs can also be incurred in subcontracts. A subcon-
tract can include direct materials (purchased and raw materials), delivery,
assembly or installation labor, indirect charges, and a profit. These sepa-
rate costs are not normally itemized by the subcontractor, so the direct
materials portion may be difficult to determine.

Each contractor uses varying amounts of raw materials, purchased
materials, and subcontracts, but the direct materials cost comprises at
least 50 percent and as much as 70 percent of the total heliostat installed
price. Nominal scrap fractions are 1 percent for purchased materials and 3
percent for raw materials, but these fractions vary among contractors.
Factory scrap (and rework) is caused by either defective supplier parts or
defective operations in the factory. Charges can result from returned pro-
ducts, parts under guarantee repaired by customers, and parts repaired at
the sites. Factory scrap and rework charges could result from design
changes made during the production year. The losses from theft, storm
damage, etc., not covered by insurance must also be included.

Direct Labor--The direct Tabor account includes the costs incurred
by all production employees whose working time is dedicated to the manufac-
ture or assembly of a particular component or its parts. Transportation
labor, and installation and checkout labor at the site, are considered
direct labor. Employees that load and unload conveyors in the CMF or site
assembly building are also included in the direct labor account.

The direct labor cost is based on the direct labor hours expended at a
fully loaded direct labor cost rate. This rate should account for the base
wage, Social Security payments, unemployment insurance, Workmen's Compensa-
tion, company contributions to insurance policies and pension funds, vaca-
tions, holidays, premiums (overtime, shift, cost of living allowance), and
other fringes. Labor productivity is not normally included in direct labor
rates and hence should be factored into the number of labor hours required.

Typical labor productivity fractions are about 0.8 to 0.9 in the CMF
and about 0.65 to 0.85 in the field. The factory productivity rate depends
on the degree of automation as well as many other factors. Some reasons for
inefficiency--besides planned downtime from normal breaks--could be unplan-
ned downtime resulting from power failures, machine or tool failures, acci-
dents, meetings, and waiting for delivery of parts or stock.

The direct labor hours and fully loaded direct labor rates vary among

contractors. The direct labor cost is roughly 6 to 12 percent of the total
required revenue.

38




Site-Retained Capital--Certain facilities, equipment, and tooling
used for assembly, site transportation, and installation at the site were
then left at the site for the owner's use in field maintenance. Other
equipment was provided specifically for site use in heliostat maintenance.
Another site-retained cost, but not an annual expense such as 0 & M, is the
cost for initial spares. These costs are capitalized over the number of
heliostats at the site. The costs incurred by the contractors varied from
about 4 to 6 percent of the instalied helijostat price for site-retained
capital equipment and for capital replacement.

Subcontracts--Subcontracts are expenses for manufacturing, trans-
portation, or installation services that are purchased rather than provided
or performed by the heliostat manufacturer. The allowance should include
all costs for materials, labor, equipment use or rental, and profit. The
heliostat manufacturer could also add a profit of its own to a subcontracted
purchase. Subcontracts were used by most of the heliostat manufacturers.
Examples included transportation from the factory to the site, as well as
the manufacture or installation of foundations, power and cabling, and the
beam characterization system (BCS). The number of subcontracts per contrac-
tor varies from none to several; therefore no typical subcentract cost is
meaningful.

Consumables--The consumables account includes charges for all pur-
chased supplies and materials that are necessary during the manufacturing,
assembly, or installation processes but do not appear in the finished pro-
duct. Consumables include utilities, operating and processing suppliies, and
perishable or nondurable tooling and equipment.

Utilities include the direct costs of purchased electricity, natural
gas, fuel oil, water, and sewage disposal. Operating and processing sup-
plies include the following: fuel oil, natural gas, or coal used in ovens,
heat treating furnaces, and steam generators; lubricants, cutting compounds,
and coolants for machinery and equipment; brooms, rags, and cleaning sup-
plies (except maintenance supplies); office stationery and supplies; testing
chemicals and supplies; packing and shipping supplies (except for reusable
crates); tempering and quenching oils, process cleaning materials, fluxes,
acids, etc.; and sundry supplies for drafting, engineering, dispensary,
etc. Perishable or nondurable tooling includes cutters, drill bits, files,
punches, grinding wheels, etc., that wear out in iess than a year. Perish-
able or nondurable equipment includes special handling devices, spacers,
etc., that do not last over a year.

Although consumable costs are design dependent, they typically repre-
sent about 1 to 5 percent of the installed cost of the heliostat. Some con-
sumable costs are already included in subcontract costs, especially at the
site, and in purchased material costs.

Indirects--Indirect costs include those incurred by plant mainte-
nance, plant engineering, and all other nondirect labor functions. The in-
direct costs can be calculated as a fraction of direct labor costs, a frac-
tion of direct material costs, a fraction of facility, equipment, and tool-
ing costs, or any combination of them. Each contractor estimated indirect
costs differently, but the indirect costs for all of the contractors were
about 2 to 3 percent of the installed heliostat costs.
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The plant maintenance and engineering costs include labor and material
costs for land improvements, maintenance, and replacement of paving, side-
walks, sewers, fences, etc.; building maintenance and replacement, such as
rearrangement of walls, plumbing, heating, lighting, and painting; mainte-
nance and replacement of machinery, equipment, tooling, and fixtures,
including oiling and cleaning; and rearrangement of plant processes,
offices, and equipment. The costs associated with the plant upkeep are
included as a fraction of the facility, equipment, and tooling costs.

The other indirect labor costs include charges for functions related
closely to direct labor, direct materials, or capital costs. Those
indirects associated with direct labor are the supervision personnel, fore-
men, and superintendents; inspectors and quality control personnel (line or
repetitive inspections are included under direct labor); factory clerks and
office typists; material handlers such as truckers and crane operators
(handlers that load and unload conveyors, etc., are considered direct
labor); production control and scheduling personnel; machine tool and die
setting personnel; and other support personnel such as medical attendants,
tool crib attendants, personnel services employees, and cafeteria workers.

Indirect laborers more closely allied to direct materials are purchas-
ing and accounting personnel, and shipping and receiving personnel.

Other indirect costs are closely associated with capital costs {e.qg.,
facility, equipment, and tooling costs) and are calculated as a fraction
of them. These indirect costs include charges for property attendants such
as janitors, yardmen, and security personnel.

General and Administrative (G & A)--The general and administrative
cost account includes marketing costs and administrative costs. The market-
ing costs are for advertising, sales and promotion expense, sales engineers,
traffic personnel, and billing and customer accounting personnel. A helio-
stat producer would deal with a limited number of customers and probably in
a limited region but for extended periods of time.

The administrative costs are for overall corporate management, consul-
tants, public relations, legal services, research and development, and con-
tingency.

Every company treats the content of G & A differently; the grouping
presented here is only one of many possible collections of costs. The G & A
value should be representative of the restricted marketing expenses associ-
ated with manufacturing and installing heliostats in large fields. The con-
tractors' G & A estimates range from about 2 to 8 percent of the installed
heliostat price. An estimate of nominal G & A costs is difficult to predict
with no comparable industries.

Capital Replacement Allowance--The capital replacement allowance
account includes the cost for depreciation of capital equipment, facilities,
tooling, and land improvements. The capital replacement allowance is the
difference between book values of successive years that is not attributable
to differences in working capital. For comparative purposes, the capital
replacement allowance is annualized.
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Typical contractor-supplied depreciation schedules for buildings,
equipment, and tooling recovery periods using straight-line, 150 percent
declining balance, or sum-of-years digits are as follows:

» Buildings - 12,5 years to 40 years
» Equipment - usually 10 years
+ Durable Tooling - usually 5 years

New accelerated depreciation schedules shorten the recovery periods from 3
to 15 years. These costs were added to the site-retained capital expenses
for a total of 4 to 6 percent of the installed heliostat price.

Property Taxes and Insurance--The property tax and insurance
account includes the cost of ¢ity and county property taxes and the cost of
insurance to protect against loss or damage to property, equipment, and
materials from fire, flood, tornado, sprinkler malfunctions, etc., as well
as from public liability. The cost depends on the book value, which changes
each year. The book value includes the value of land, working capital,
facilities, equipment, and tooling.

A nominal property tax and insurance rate might be about 4 percent per
year; however, many large corporations have blanket insurance policies that
may reduce or eliminate the need for the insurance portion. The property
tax alone would be about 1 to 3 percent of the book value. The contractors’
property tax estimates vary from much less than 1 percent to somewhat over 1
percent of the installed heliostat price.

Annualized Onetime Costs--Certain costs associated with the CMF
construction and start-up are collected as onetime costs and annualized over
the entire production run. These costs include an allowance for land and
factory financing during construction, an allowance for excess factory costs
during start-up, and a credit for an investment tax credit on equipment and
tooling.

The cost of financing land before start-up is based on the land price
and the length of time between the purchase and CMF start-up. The interest
during construction is determined for the cost of the facility, the equip-
ment, and the tooling--and the time between the expenditures and CMF start-

upl

The investment tax credit applies only to equipment and tooling. The
onetime credit is 10 percent.

The excess CMF cost during start-up (compared to steady-state opera-
tion) is annualized over the 1ife of the CMF.

Return to Investors and Income Tax--The capital investment is
financed totally by a combination of bond and common stock issues. The
bond-to-stock ratio varies with each company. The bondholders are repaid
from an interest account, while the stockholders are rewarded with both
dividends paid and retained earnings that are used to increase the equity
value. For comparison purposes, the cost of interest, dividends, and
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retained earnings are annualized to provide a single cost that accounts for
the changing book value and inflation.

Income required to pay the return to equity, dividends, and interest
must also be sufficient to pay federal and state income taxes. The income
tax portion can be decreased on an annualized basis if an accelerated write-
off method is employed. If straight line depreciation is used, then no tax
reductions occur.

The working capital is costed as a fraction of the annual costs of
direct materials, direct labor, consumables, and indirect charges; it
changes each year depending on inflation. It corresponds to the fraction of
a year that, on an average, the heliostat manufacturer awaits payment for
his product. Since the book value is increased by working capital, the
amount of income required to pay investors, property taxes, and insurance,
if applicable, also is increased.

An average fraction for working capital used in this study was 0.17, or
a two-month delay of payment for inventory required. This average accommo-
dates normal billing, pipelines, and time between field installation and
field checkout and turnover. None of the contractors' estimates considered
working capital.
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Central Manufacturing Facility

Each of the Second Generation Contractors provided a detailed scenario
for mass producing heliostats. The manufacturing analysis section examines
manufacturing plans, including choices and tradeoffs made by the contrac-
tors, and justifications for them.

The manufacturing cost analysis section examines the costs incurred by
a heliostat manufacturer. The analysis includes costs for direct materials,
direct labor, and various burden categories, and their effects on overall
heliostat price. In this section, the costs incurred at the CMF are only
for the reflective assembly, the drive mechanism, and the support structure.

Manufacturing Analysis

In this report, the rationales for the mass-manufacturing scenarios for
Second Generation Heliostats are evaluated for completeness and feasibil-
ity. Each contractor provided a unique scenaric that considered the follow-
ing aspects of the CMF:

+ Site selection
« Facilities design
» Production equipment and tooling

« Manufacturing operations

Labor requirements

The contractors determined the land requirements, building types, specific
manufacturing and support tasks to be performed, types of equipment and
tooling needed, process flow, number and types of direct and indirect per-
sonnel required, space necessary for specific tasks, and types of handling
and packaging necessary.

The manufacturing tradeoffs considered in the contbactors' production
scenarios include:

Colocation of a captive manufacturing facility vs. use of
outside suppliers for heliostat parts

Vertical vs. norizontal integration

Automation vs. manual labor

+« CMF assembly vs. site assembly of major heliostat parts

Tradeoff decisions varied among the contractors as a result of differing
cost assumptions (detailed in the cost section of this report) and diverse
company policies.
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Site Selection--In selecting a CMF site, the contractors considered the
cost and availability of a variety of factors: labor, land, buildings,
taxes, transportation to market, utilities, natural resources, and municipal
financial incentives. Other influential factors included state business
climate ranking, insolation, topography, market potential, unemployment, and
community population.

Final selections were based on different combinations of all these fac-
tors. The choices also depended on both the importance that the contractor
placed on each factor and the way it typically conducted business.

Two contractors, ARCO and MMC, chose Albuquerque, New Mexico, as the
site for the CMF. ARCO selected Albuquerque because of the available
natural resources; adeguate labor supply; favorable costs for labor, taxes,
and transportation; and access to highways and railways. MMC selected
Albuguerque for similar reasons, as well as municipal financial incentives
and the favorable ranking of. New Mexico's business climate.

Phoenix, Arizona, was the site selected by BEC for its CMF and colo-
cated cellular glass plant. Among the reasons BEC gave for its choice were
the city's proximity to potential electric plants; adequate supplies of
land, labor, and energy; access to highways and railways; and the high inso-
lation and suitable topography around Phoenix.

MDAC chose Tuscon, Arizona, for the site of its CMF. ﬂReaSons cited for
the selection were its centralized shipping location, adequate labor and
supporting industries, and favorable building and labor costs.

During the course of the Second Generation Heliostat contract, SNLL
performed a site selection analysis. Results of that analysis appear in
Appendix A,

Facility Design--Each contractor provided a conceptual design of a CMF
that would produce 50,000 heliostats per year. Factors considered in the
design included land requirements, building type, space allocation for dif-
ferent heliostat parts, plant processes, equipment and tooling necessary for
processing, suppert facilities to accommodate the plant processes and the
employees, and colocated facilities to supply materials.

ARCO proposes to locate its CMF on 60 acres. The improved land cost is
$0.72 million, or $12,000 per acre. Its CMF contains 620,000 square feet of
space. Included in the building costs are areas for administrative person-
nel, a parking lot, support activities, and the various production process-
es, including a high bay overhead area for a paint line. The facility cost
is about $19.8 million, or about $32 per square foot. ARCO has recently
constructed similar buildings equipped with heating, cooling, and auxiltiary
equipment for other purposes for only about $20 per square foot. Therefore
ARCO believes that its building cost estimate is a conservative one.

BEC proposes to locate its CMF on 75 acres. The improved land cost is
$2.4 million, or $32,000 per acre. An independent cellular glass manufac-
turing plant is adjacent to the CMF but not within the 75 acres. The CMF
includes two separate manufacturing facilities, one for mirror facets and
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the other for gimbals and frames. It also includes parking Tots and fenc-
ing, administration and support facilities, and a separate building for gal-
vanizing. Total enclosed floorspace (including administrative and employee
facilities) is about 638,000 square feet. The CMF costs about $50 per
square foot, for a total facility construction cost of $31.9 million.
Building materials include structural steel frames, concrete walls, rein-
forced concrete floors, and an insulated roof. Some of the facility's fea-
tures are fire protection sprinklers, air conditioning, and high bay areas.

MMC would build its CMF on approximately 80 acres. The operation would
require about 15 more acres for miscellaneous facilities {such as an elec-
trical substation) and would consume the output of colocated captive facili-
ties on an adjacent 30 acres. The cost of 95 acres of improved land is $1.9
million, or $20,000 per acre. MMC does not provide a piant layout but does
allocate floorspace to various categories such as processing heliostat
parts, aislespace, and support facilities. The cost of the 507,000-square-
foot facility is about $38 million, or $75 per square foot.

MDAC requires 40 acres for its CMF, The improved land cost is 30.8
million, or $20,000 per acre. This facility contains floorspace for pro-
cessing various heliostat parts, administrative services, and other support
needs. Total enclosed floorspace is about 260,000 square feet, for a total
of $36 million, or $138 per square foot. Building costs include such fea-
tures as high bay construction, air conditioning, reinforced concrete floor-
ing, basic support utilities and equipment, site fencing, a power substa-
tion, fire sprinklers and a firehouse, and a 450,000-square-foot outside
staging area.

The wide variations noted for land and building costs are a function of
company practice, quotations received from outside sources, and other fac-
tors. Capital cost of the improved land (from $0.7 million to $2.4 million)
is small when compared to building costs. Building costs will likely be in
the $20 miliion to $40 million range depending on building size and fea-
tures. The space allocated by the contractors for manufacturing operations
seems reasonable, particularly when the various make/buy decisions are con-
sidered. The actual manufacturing space allotted for different tasks is
shown in Table 15. Aislespace has been removed from square footage allot-
ments where possible, and the total floorspace used for manufacturing acti-
vities has been contrasted to the total building area. Depending on the
contractor, actual manufacturing activities, excluding aislespace, occupy
from about 40 percent to 60 percent of the total building area.

Production Equipment and Tooling--Each contractor provided detailed
breakdowns of the equipment and tooling required for the various process
steps in heliostat manufacture. The costs of necessary equipment and tool-
ing were estimated on the basis of past experience, vendor quotes, and engi-
neering judgment. Table 16 summarizes capital equipment dollars for equip-
ment and tooling at the CMF. In the cases of BEC and MMC, plant equipment
costs designated as "support" or "miscellaneous" were allocated either as
drive and support structure equipment costs or included in capital building
costs if such costs were normally associated with the purchase of a build-
ing. Aithough BEC and MDAC reported shipping crates as equipment, those
costs are not included here; they have been accounted for under transporta-
tion costs. In some cases, MMC and ARCO did not classify items as equipment
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TABLE 15

CMF SPACE ALLOCATIONS (ft?)

Heliostat Major Parts ARCO BEC* MMC* MDAC
Reflective Assembly 30,000 Mirroring 134,400** 79,000 61,400
120,000 Assembly
Drive Mechanism 170,000 94,500 85,000 46,700
Support Structure 54,800 39,900 22,000 38,300
Controls and Field Wiring 22,100 Not Included **% 2,200
Foundation/Pedestal 24,800 0 Fhk 6,300
Other 60,000 Painting 12,600 Galv. Bldg.
Penthouse
Mfg Floor Space, ft? 482 ,000%** 281,000 186,000 155,000
To£a1 Enclosed Space, 620,000 £38,000 507,000 260,000
ft
*Floorspace in colocated captive facilities not included.
**Includes aislespace. Otherwise aislespace is excluded.
***Included in total.
L ® ® L ®
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TABLE 16

CMF CAPITAL COST FOR EQUIPMENT AND TOOLING (M$)

Heliostat Major Parts ARCO BEC MMC MDAC
Reflective Assembly 9.2 15.2 6.9 7.2
Drive Mechanism 54.3 40.8 19.6 17.6
Support Structure 6.6 3.3 2.4 9.2
Controls and Field Wiring 0.7 * 0.1 4.3
Foundation/Pedestal _Ll.5 ** _0.6 _1.5
Equipment Cost, M$ 72.2 59.4 29.6 39.8
Special and Burable
Tooling Cost, M$ 0.3 _8.5 0.8 7.9
Total Equipment and 72.5 67.9 30.3 47.7

Special and Durable
Tooling Cost, M$

*Estimate not included.
**Subcontracted.



or durable tooling; SNLL therefore categorized them as such according to
their functional description, estimated lifetimes, and costs.

MMC spends the least dollars on equipment and durable tooling at about
$30 million. ARCO spends the most at about $72 million. Costs for the BEC
and MDAC durable tooling and equipment are between those for ARCO and MMC.
The MMC tooling and equipment costs seem somewhat low, especially consider-
ing that MMC makes quite a few of its heliostat parts. The other estimates
seem consistent with the types of operations performed at the respective
CMFs.

Table 17 summarizes the direct labor hours associated with the produc-
tion of the various heliostat parts, including controls and foundation/ped-
estal. The more direct labor hours spent in producing a heliostat, the more
equipment used by the laborers in the heliostat's production. However, the
use of more equipment does not necessarily imply that more direct labor
hours are spent in production. For an example, automated equipment may
reduce direct labor hours but might require a capital investment equivalent
to or greater than that for nonautomated equipment. Dollar values in Table
16 for special and durable tooling do not include any nondurable tooling
costs which may have been provided by the contractors. These costs are
instead accounted for under consumable item costs.

Drive equipment represents the greatest capital equipment expense. In
all cases, the dollar amount for drive equipment and the hours spent per
heliostat total over half of the capital equipment expense and direct labor
hours at the CMF, Generally, the next most expensive machinery and second
greatest number of hours spent per heliostat are attributed to mirror module
production, foilowed by support structure production. The exception to this
generaltization is MDAC, which spends more time and equipment dollars on its
support structure than on its mirror modules. The hours per heiiostat spent
on controls and foundation/pedestal are small for BEC and MMC when compared
to their total hours per heliostat. For ARCO and MDAC, however, about 10
percent of total direct labor hours is spent on controls, In addition, MDAC
spends about 10 percent of its total capital equipment cost on control-
designated equipment. ARCO and MMC spend much smaller dollar amounts in
this area. BEC does not estimate the capital expense required to purchase
the equipment or the labor hours to assemble controls.

The final line of Table 9 (Comparative Formats section) sums all capi-
tal expenses required for land, equipment, special and durable tooling, and
buildings for a CMF. Surprisingly close, the totals seem to indicate that a
viable CMF could be funded and operating for a capital investment of $70
million to $100 million.

Manufacturing Operations--Each contractor designed a conceptual manu-
facturing plan for producing 50,000 heliostats per year. Contractors con-
sidered such variables as types of tasks performed, hours required per task,
equipment and tooling, number of direct laborers to operate machinery, effi-
ciency of laborers, and support personnel. In addition, the contractors
provided production planning for a 50 percent production rate of 25,000
units per year and a 135 percent production rate of 67,500 units per year.
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TABLE 17

CMF DIRECT LABOR SUMMARY
(First-Year Direct Labor Hours per Heliostat)

Heliostat Major Parts ARCO BEC MMC MDAC

Reflective Assembly 3.51 4,53 2.84 1.94
Drive Mechanism 17.11 11.06 5.61 6.22
Support Structure 2.44 2.60 1.73 2.12
Controls and Field Wiring 2.33 * Purchased 1.32
Foundation/Pedestal 1.00 Purchased 0.17 _0.54

Total CMF Direct Labor,
Hours/Heliostat 26, 39%* 18.19 10.35 12,14

*Estimate not included.
**Estimate does not include inefficiency of 20% and should total 31.67 hours/heliostat.



Summaries of the major production operations conducted at the contrac-
tors' CMFs are given in Table 3 (Comparative Formats section). Detailed de-
scriptions of many specific operations are provided in the contractors'
final reports., Capital equipment dollars and direct labor hours spent at
the CMF on the specific heliostat parts were discussed in the previous sec-
tion and are compared in Tables 16 and 17.

Labor Considerations-~kach contractor determined the number of direct
laborers needed at its CMF. In addition to those laborers required for the
actual hands-on production of heliostats, various support service personnel
such as secretaries, Jjanitors, buyers, and supervisors are also required.
Thus, indirect personnel requirements were determined based on current ex-
periences or projected business practices. Synopses of labor requirements
at the CMF, efficiencies, and work shifts for various production rates are
provided in Tables 6, 7, and 10 (Comparative Formats section).

To produce 50,000 heliostats per year, ARCO employs 787 direct laborers
and 180 indirect (including salaried) workers at its CMF, The ratio of
indirect workers to direct workers 'is very low for ARCO as compared to the
other three contractors. .

BEC employs 456 direct laborers and 536 indirect workers at its CMF.
This information was presented in an informal review with BEC and is not
contained in BEC's detailed design or final reports. Some of the indirect
labor force estimated by Ford for BEC's gimbal and frame manufacturing plant
and by Pittsburgh Corning for BEC's facet assembly plant were combined to
eliminate redundancy in certain areas, e.g., administrative tasks. Hence,
the Ford and Pittsburgh Corning work force total does not equal the number
presented by BEC at its informal review.

MMC proposes to use 258 direct laborers and 236 indirect and salaried
workers in its CMF. It is somewhat surprising that MMC's total CMF work
force is the smallest of all the Second Generation Heliostat contracts,
since MMC anticipates making many of its heliostat parts.

MDAC employs about 320 direct laborers and 250 indirect or salaried
workers in its CMF. Its total labor force includes workers estimated by
General Motors for the majority of the heliostat production and workers
added by MDAC for controls production. Fixed and variable indirect costs
were calculated as an annual burden. SNLL estimated manpower allotments
based on MUDAC indirect cost estimates and private communication with MDAC.

BEC, MMC, and MDAC use two shifts of workers to produce 50,000 helio-
stats per year. ARCO has limited operations on an additional third shift
because it makes so many of its heliostat parts. For a 50 percent produc-
tion rate of 25,000 heliostats per year, each contractor except ARCO pro-
poses to cut back to one shift per day; ARCO has limited operations on a
second shift. For 135 percent production, ARCO and BEC use three shifts.
ARCO again has operations on the third shift but plans to use some overtime
as well. Although MMC and MDAC use only two shifts, MMC uses some overtime
labor, and MDAC has its laborers work weekends using flextime,

CMF efficiencies were estimated by each contractor. ARCO estimated a
nominal efficiency, or productive work fraction, of 80 percent. BEC
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estimated an 89 percent worker efficiency on the first shift, 88 percent on
the second shift, and 83 percent on the third shift. MMC estimated a nomi-
nal 85 percent efficiency, while MDAC estimated a 92 percent efficiency.
ARCO's estimate of 80 percent is probably reasonable since its manufacturing
gperations are quite labor intensive. MDAC's estimate of 92 percent may
also be reasonable since its operations are automated and do not depend as
much on human-related factors.

Manufacturing Tradeoffs--Each contractor followed one particular strat-
egy for the manufacture and installation of heliostats. To decide that
strategy, the contractors considered using colocated facilities vs. outside
suppliers, horizontal vs. vertical integration (i.e., buying vs. making com-
ponents), manual labor vs. automation, subcontracts vs. in-house labor, and
on-site labor vs. central plant labor to accomplish similar tasks. Deci-
sions concerning these tradeoffs were based on a unique set of assumed pre-
mises for each contractor. These premises would include, for instance, the
manner in which the company normally conducts business, the labor rates
assumed for factory and site, and the quotes and estimates provided by sup-
pliers or other outside sources. If one premise were changed, the entire
manufacturing scenario might change.

Colocated Facilities vs. Outside Suppliers--Both BEC and MMC
locate support manufacturing facilities adjacent to their CMF. BEC uses
cellular glass in its mirror modules. Because the composition and process-
ing of this material are proprietary, Pittsburgh Corning, the manufacturer,
would produce this glass in a factory located adjacent to BEC's CMF.

A captive fusion glass plant and a captive casting foundry are colo-
cated with MMC's CMF., Both facilities are sized to produce only encugh
materials for 50,000 heliostats per year. MMC's rationale for using colo-
cated facilities is an assured supply of castings; cost savings in the areas
of transportation, packaging, handling, and storage facilities; and rapid
mirroring of glass. (Delays in mirroring glass have sometimes been associ-
ated with stains which appear on the mirrors.)

Although the use of colocated captive facilities might necessitate
partial capital funding by the CMF, BEC and MMC concluded that such facili-
ties are still cost effective. Costs of colocated facilities are amortized
in the costs of castings ($/1b) and glass ($/ft2) for MMC and in the cost of
cellular glass ($/board ft) for BEC.

Benefits of colocated facilities include increased yield (as a result
of less breakage in transit) and more rapid feedback about product quality
(because of easier communication between the CMF and the captive plant).
Also, material supply is guaranteed since the product is always available
from the nearby captive facility; no contingency plans need be made to
obtain it from other sources. On the other hand, should the colocated
facility shut down unexpectedly, no other suppliers exist to step in rapidly
and meet the demand for the product. The heliostat manufacturer is there-
fore quite dependent on its colocated facility as a sole source supplier.

The colocation of certain manufacturing facilities with the CMF may be
cost effective, especially when a great demand for or an uncertain supply of
a product exists. For examplie, the output from U.S. casting foundries is
being consumed rapidly, and backorders are not uncommon.
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The colocation of a fusion glass plant with the CMF, however, may not
be warranted. Corning Glass Works, the producer of fusion glass, is not
currently using the fuil capacity of its Blacksburg, Virginia, plant. Glass
production for 50,000 heliostats per year would consume about twice the
potential output of the Blacksburg plant, and Corning is willing, and has
the enclosed plant space, to double this facility's capacity. Expanding the
furnace capability of an existing facility would cost much less than a new
facility.

Horizontal vs. Vertical Integration (Buying vs. Making Compon-
ents!--ARCO elects to make most of its heliostat parts in a rather large,
but tnexpensive, CMF, Approximately 26 direct labor manhours are required
to build one ARCO heliostat. ARCO's manufacturing operations include roll-
ing and welding the steel pedestal and mirroring the fioat glass used for
mirror modules. The high degree of vertical integration proposed by ARCO
increases internal profit but requires increased capital expense for equip-
ment. To build 50,000 heligstats per year, ARCO employs 787 direct laborers
at its CMF at a fairly low wage rate. If ARCO had to pay higher wages to
its laborers, or if its building costs more than anticipated, the manufac-
turing strategy might change considerably to include fewer laborers, more
purchased parts, and less equipment, tooling, and building space for manu-
facturing.

On the other extreme is MDAC which buys aimost all of its parts, such
as gears and bearings, and assembles them into heliostats at its CMF. MDAC
uses only about 12 direct labor manhours to build one heliostat. At MDAC's
CMF, the approximately 320 direct laborers are paid more than the prevailing
wage because a higher skill level is required of them. (For example, skill-
ed laborers are needed to operate the automated mirror module and drive fab-
rication equipment at the CMF)}. MDAC's low degree of vertical integration
decreases internal profits on each heliostat part, but it reduces the number
of direct labor hours required to assemble a heliostat. Thus, the greater
capital expense of automated lines is offset by the smaller number of
laborers required for heliostat assembly. Likewise, higher wage rates are
offset by lower incidences of human error because of automated processes.
MDAC ships bulky, nearly complete heliostats to the sites and does no site
assembly indoors. Although shipping is costly, MDAC concludes that the
increased costs are offset by more labor at plant wages than at the higher
site wages. ;

BEC and MMC fall between ARCO and MDAC. MMC makes more heliostat parts
such as glass mirroring and support structures than BEC, which buys these
types of items. Both MMC and BEC use the output of colocated captive facil-
ities. MMC proposes to locate a casting foundry and a fusion glass plant
adjacent to its CMF. BEC proposes to situate a cellular glass plant adja-
cent to its CMF for materials for its mirror modules.

Automation vs. Manual Labor--The use of partially automated facil-
ities to manufacture at least some heliostat parts may be cost effective.
While 50,000 units per year is not normally considered "mass production,"
certain parts such as mirror modules are required in substantially greater
quantities. Mirror modules, of which 12 or 14 are needed per heliostat,
need to be produced at a rate of 600,000 to 700,000 per year, which does
approach more typical mass production rates. The use of labor-intensive,
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assembly-line type operations may be warranted for those parts produced in
smaller quantities per year. But automation of certain manufacturing pro-
cesses may be more prudent for those parts required in multiple units per
heliostat. Automation results in less human error and faster production
rates. It also enables several tasks to be performed on one piece of equip-
ment. In a labor-intensive operation, several pieces of equipment may be
needed to perform the same overall tasks. For that reason, equipment costs
may even be less in an automated facility than a labor-intensive one.
Furthermore, since parts are produced at faster rates in automated facili-
ties, fewer shifts of workers may be required to produce the required 50,000
heliostats per year.

Subcontracted vs. In-House Labor--ARCO and BEC subcontract con-
trols and field wiring and the foundation/pedestal. ARCO also assembles its
own controls. MMC subcontracts not only the controls and field wiring and
the foundation/pedestal installation but also the assembly of the control
circuits. MDAC performs all tasks using in-house labor.

One advantage of subcontracts is that additional workers need not be
either temporarily or permanently employed by the heliostat manufacturer.
While a subcontractor may or may not be supplied with additional work after
a task is completed, more work would have to be created for on-roll
employees. However, one disadvantage of subcontracted labor is that any
resultant profit (created by more rapid completion of a contract than antic-
ipated, for instance) does not benefit the heliostat manufacturer. On the
other hand, the heliostat manufacturer does not risk the subcontractor's
potential losses (delays caused by inclement weather, etc.).

On-Site Labor vs. Central Plant Labor--Excluding the controls and
field wiring and foundation/pedestal, the number of direct labor hours spent
per heliostat on site varies from 3 hours for MDAC to 21 hours for ARCO--or
from 24 percent (MDAC) to 48 percent (ARCO) of total direct labor hours per
heliostat. BEC and MMC fall between ARCO and MDAC, spending 14 and 10
hours, respectively, on site per heliostat.

The advantage of using more factory labor than on-site labor is lower
total direct labor costs. On-site labor rates typically are more than fac-
tory labor rates. And since field inefficiencies are typically lower than
factory inefficiencies, a factory worker generally performs more work at
less cost and in less time than a site worker. However, at least one dis-
advantage of completing more work at the CMF exists: transporting bulky,
nearly finished units is costly. MDAC's high transportation costs attest to
this drawback.

Manufacturing Costs Analysis

The purchase price of a manufactured heliostat can be broken down into
costs for direct materials, direct labor, and burden. The direct materials
category includes all purchased and raw materials that comprise the final
assembled heliostat. Cost for direct labor is the product of the number of
hours of actual manufacture/assembly of heliostat parts and the fully loaded
direct labor rate. The burden category includes profit plus all other

expenses not accounted for under direct materials or direct labor, such as
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consumables, indirect labor, general and administrative (G & A), capital
replacement, taxes, and insurance.

The discussion and sets of tables which follow compare costs per square
meter for direct materials. Direct materials are emphasized in this section
because, of all three cateqories, this one had the greatest impact on cost.
Details on other cost components can be found in each contractor's report.

Direct Materials--Although the contractors have different designs for
the reflective assembly, drive mechanism, and support structure, many of the
materials used for these major parts are similar (glass, silver, steel,
adhesives, castings, fasteners, etc.). However, the materials as they are
received at the factory vary from raw goods to finished parts. Since each
contractor wants to minimize costs, any part which is purchased probably
costs less than the raw materials, labor, and burden required to produce its
equivalent part in the factory.

Contractors' sources of supply vary as widely as pricing scenarios;
consequently, different prices are charged for similar materials, with each
price being equally valid. This study will not determine if one estimate is
more valid than another, but instead it will present comparative data for
the reader to consider.

Direct materials costs are a large fraction of the total installed
price of a heligstat. For comparative purposes, the CMF direct materials
costs are divided according to the three major heliostat parts. These parts
categories are subdivided, where possible, into other relevant and compar-
able areas. Some data are not available from the contractors' reports, so
side-by-side comparisons are not always possible.

Cost breakdowns for factory direct materials are shown in Table 18
(summary), Table 19 (reflective assembly), Table 20 (drive mechanism), and
Table 21 (support structure). A discussion of each table points out both
similarities and differences.

Reflective Assemblies--Direct materials costs for the individual
reflective assemblies are broken down in Table 19. Each reflective assembly
includes mirrored glass, & structure to support the mirrored glass, and edge
seals around the mirror to prevent water penetration.

Costs of the mirrored glass are comparable for three of the four con-
tractors., BEC, MMC, and MDAC use mirrored Corning Glass Works 7809 fusion
glass at a cost of about $8/m2. ARCO uses mirrored Tow-iron float glass at
a cost of about $5.50/m“. Fusion glass costs more since it is not produced
in such great quantities as float glass and its processing is somewhat more
complicated. However, raw materials for fusion and low-iron float glasses
might cost more than those for fusion glass, since low-iron silica is
required for its proaduction,

It is interesting to note that the direct materials costs for MMC's
mirrored glass, which is manufactured at a colocated captive fusion glass
facility, are nearly the same as those for BEC and MDAC, which buy the
mirrored glass from Corning's Blacksburg, Virginia, plant and ship it cross-
country. The use of a colocated facility for mirrored glass thus results in
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TABLE 18

CMF DIRECT MATERIALS COSTS2
(Contractors' Estimates, $/m“)

Heliostat Major Parts ARCO BEC MMC MDAC
Reflective Assembly 18.19 31.31 24.24 20.67
Drive Mechanism 24,97 24,90 22,80 17.83
Support Structure 8.54 11.98 6.84 10.66
Total CMF Direct ) .;I?;; 68,19 53.88 49,16

Materials Costs, $/m

6%
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TABLE 19

CMF REFLECTIVE ASSEMBLY DIRECT MATERIALS COSTS
(Contractors' Estimates, $/m2)

Reflective Assembly Parts ARCO BEC MMC MDAC
Mirror 5.33 8.79 7.71 8.12
Glass (4.69) (4.73) (5.54) *
Silver/Cu/Paint (0.64) (4.06) (2.17) *
Stiffening 11.83 19.84 15.25 9.69
Sealing 0.87 2.68 1.28 2.90

CMF Reflective Assembly 18.03 - 31.31 24,24 20,71

Direct Materials Costs,

$/m*

*Included in total.
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TABLE 20

CMF DRIVE MECHANISM DIRECT MATERIALS COSTS

(Contractors' Estimates, $m?)

Drive Mechanism Parts ARCO BEC MMC MDAC
Castings 10.02 3.61
($0.48/1b avg) * ($0.31/1b) *
Steel Parts 1.81 3.84
($0.45/1b avg) %* ($0.57/1b avg) *
Azimuth Drive ** 13.45 *x 4.20
Elevation Drive ok 4,35 *K 8.47
Motors 5.68 3.54 4,39 2.14
Other Electrical, Sensors 0.49 1.26 7.48 2.52
Other Miscellaneous 6.97 2.30 3.48 0.50
CMF Drive Mechanism 24,97 24.90 22.80 17.83

Direct Materials Costs,

$/m?

*Breakdown by drive elements.
**Breakdown by materials in drive elements.
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TABLE 21

CMF SUPPORT STRUCTURE DIRECT MATERIALS COSTS

(Contractors' Estimates, $/m?)

Support Structure Parts ARCO BEC MMC MDAC
Torque Tube/ 4.78 4,87 3.35 1.85
Main Beam ($0.30/1b) ($0.32/1b) (~$0.23/1b avg) ($0.32/1b)
F ramework 3.76 6.20%* 3.32 8.44
($0.30/1b) (~$0.33/1b avg) (~$0.20/1b avg) (~$0.36/1b avg)
CMF Support Structure 8.54 11.07 6.67 10.29

Direct Materials Costs,
$/m*

*$1.59/m2 shipping cost from supplier direct to site not included here.




savings of only about 7 percent. The advantage of a colocated captive
fusion plant may be not so much in direct monetary savings as in less break-
age in transit and simplified handling procedures.

Mirror support materials vary 1n cost among the four contractors from
around $10/m* (MDAC) to almost $19/m® (BEC). The MDAC cost is fairly low
because float glass, shims, and metal stringers back the mirrored fusion
glass. Float glass is relatively inexpensive and readily available in the
large sections required. The simply shaped metal stringers and shims are
bonded with adhesive to the float glass backing.

In the case of BEC, mirror support materials consist of a cellular
glass core and a second piece of fusion glass backing the core. The core is
composed of retatively expensive cellular glass pieces that are made in a
batch process and adhesively bonded on the sides to form the core for each
reflective panel. The core is adhesively bonded on both its top and bottom
to fusion glass.

Costs for the MMC and ARCO mirror support materials are intermediate
between those for BEC and MDAC. MMC uses an aluminum honeycomb core while
ARCO uses steel channel sections as a core. In both instances, a readily
producible core material is faced both top and bottom by sheet steel. The
top steel face sheet backs the mirrored glass.

Costs for edge- sea11ng materials for the ref1ect1ve assemblies are
small: from less than $1/m> for ARCO to over $3/m? for MDAC. Each design
requires an edge seal between the mirrored glass and the edge of the mirror
support. ARCO and MMC also seal a center strip between two of the mirror
facets for each reflective panel. BEC applies a sealant around the edge and
across the entire thickness of its cellular glass core.

Drive Mechanisms--Costs ($/m2) for direct materials used in the
Second Generation drive mechanisms are shown in Table 20. Where information
was provided by the contractors, the costs were allocated to castings or to
steel parts. Otherwise, the costs were simply allocated to either the
azimuth or the elevation drive. Total direct materials costs for the drive
mechanisms are quite similar, in the range of $23 to $25/m2, for ARCO, BEC,
and MMC. Total direct materials costs for the MDAC drive are about $18/m2.

The MMC unfinished castings cost $0.31/1b, while the ARCO castings cost
an average of $0.48/1b. MMC claims that a colocated captive foundry can
make and sell castings to the CMF at almost half the cost of castings
obtained from outside suppliers. The MMC estimate accounts for raw mate-
rials, profit, return on investment, equipment cost, capital investment, and
other expenses associated with such a foundry.

+ Support Structure--Costs for direct materials used in the support
structure are shown in Table 21. Costs ($/1b) of the torque tube or main
beam are quite similar for ARCO, BEC, and MDAC at about $0.30/1b. Direct
materials used in the MMC torque tube cost an average of about $0.23/1b.
Both ARCO and MMC buy coiled metal stock and form their own torque tubes.
BEC buys a preformed torque tube, and MDAC buys a premade main beam.

A similar comparison can be made for the direct materials costs of the
heliostat frameworks (cross beams, trusses}. ARCO, BEC, and MDAC cost the
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framework direct materials at about $0.30/1b. Again, MMC's cost estimate
was lower at about $0.20/1b. Both ARCO and MMC manufacture their entire
truss support structures, while BEC and MDAC purchase preformed metal frame-
work and perform some assembly operations. :

It would seem that preformed parts should cost somewhat more than coil
stock, but this assumption is not entirely substantiated by. the contractor
estimates. ARCO's estimates for those materials processed into support
structure components are a few pennies per pound Tower than BEC's or MDAC's
estimates for preformed components. MMC estimates significantly Tower costs
than any of the other contractors for its support structure: materials.

Direct Labor and Burden Costs--CMF costs for direct 1aborrand burden
are allocated among the contractors in the following tables:

Table 22, CMF DIRECT LABOR

Table 23. CMF CAPITAL REPLACEMENT ALLOWANCE

Table 24, CMF GROSS PROFIT

Table 25. CMF PROPERTY TAXES AND INSURANCE

Table 26, CMF CONSUMABLES

Table 27. CMF INDIRECT LABOR :
Table 28. CMF GENERAL AND ADMINISTRATIVE AND ONETIME COSTS

A summary of the CMF required revenue for the reflective assembly,
drive mechanism, and support structure is shown in Table 29. All of the
costs are from the contractors' reports, but Sandia divided the total costs
into the above categories to allow some comparison.
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TABLE 22

CMF DIRECT LABOR COSTS
(Contractors' Estimates, $/m?)

Rate, $/hour

Heliostat Major Parts ARCO BEC MMC MDAC
Reflective Assembly 0.44 1.52 0.51 0.64
Drive Mechanism 2.20 2.75 1,00 2.06
Support Structure 0.31 0.65 0.31 0.70
CMF Direct Labor 2.95 4,92 1.82 3.40
Costs, $/m?
Base Wage ‘ 5.39% 7.50 5,90 8.06
Premiums
Overtime 0 bl 0.41 0.36
Shift Differential 0.1l6* *k 0.58 0.30
COLA 0 *% 1.03 0.92
Fringe 1,34* 3. 00** 2.33 9.24
Loaded Direct Labor 6.89 10,50 10,25 18.88

*Includes factor of 1.2 to account for inefficiency.

**Includes premiums.
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TABLE 23

CMF CAPITAL REPLACEMENT ALLOWANCE COSTS
(Contractors' Estimates, $/m?)

Heliostat Major Parts ARCO BEC* MMC MDAC
Reflective Assembly 0.48 ~0.92 0.46 0.41
Facilities (0.13) (**) (0.23) (0.13)
Equipment/Toaling (0.35) (**) (0.23) (0.28)
Drive Mechanism 2.19 ~2.60 0.84 0.94
Facilities (0.14) (**) (**) (0.10)
Equipment/Tooling (2.05) (**) (**) (0.84)
Support Structure 0.31 ~0,33 0.14 0.58
Facilities (0.06) (**) (**) (0.08)
Equipment /Tooling (0.25) (**) (**) (0.50)
CMF Capital 2.98 3.85 1.44 1.93

Rep;acement Costs,

$/m

*Allocation was made by SNLL since BEC did not provide data.

**Included in total.

L ®
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TABLE 24

CMF GROSS PROFIT COSTS
(Contractors' Estimates, $/m2)

Heliostat Major Parts ARCO BEC MMC MDAC
Reflective Assembly 1.87 2.99 1.54 1.53
Drive Mechanism 7.04 3.17 2.23 1.96
Support Structure 1.11 1.06 0.44 1.30
Total Gross Profit 10.02 7.22 4,21 4,79
Cos%s (ROI + taxes),
$/m
Return On Investment (ROI) 20%, *** * 17.5% **

After Taxes

or > 15%%%%*

*See text; $2.73 of $7.22 is described as profit on material, labor, etc., rather than ROI.

**15% internal rate of return at end of 10th year; estimate shown by SNLL.

***xYalue in ARCO report.
****Pprjyate communication 8/81.
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TABLE 25

CMF PROPERTY TAXES AND INSURANCE_COSTS
(Contractors' Estimates, $/m2)

ARCO BEC MMC MDAC
0.46 1.45 0.17 0.48
(includes

0.34 insurance)
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TABLE 26

CMF CONSUMABLES COSTS
(Contractors' Estimates, $/m”)

Components of Consumables ARCO L BEC MMC MDAC
Utilities 1.42 0.37 0.68 0.65
Scrap * ok 0.22 1.54
Perishable Tooling * Kk 1.26 0.34
Supplies * 0.11 0.09 0.75
Sundry 1.03** *kk *hk 0.29

Total CMF Consumables .;j;; ;j;; .;j;; ;j;;

Costs, $/m?

*Included in material costs.
**Assumed by SNLL to be part of "Sundry."
***No specific entry.
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TABLE 27

CMF INDIRECT LABOR COSTS
(Contractors® Estimates, $/m2)

Components of Indirect Labor ARCO BEC* MMC MDAC
Fixed, Overhead, Salaried 1.12 *% 0.30 0.90
Variable, Indirect, Hourly 0.58 *x 1.42 0.18

Total CMF Indiregt ;j;; 0.21 IT;; ;j;;

Labor Costs, $/m

*Design change administration =
**Included in total.

0.08, power utilities and facility maintenance = 0,13.
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TABLE 28

CMF GENERAL AND ADMINISTRATIVE (G & A) & ONETIME COSTS
(Contractors' Estimates, $/m°)

Cost Components ARCO BEC MMC MDAC

—— e — — — — — — — ——— —— S — — o Atirra A ——m e T — e T e m——— —— — — — — — ——— — — s

Onetime Costs (Contractor's Estimate, $/m?)

Onetime Costs ** 1.06* *k *k

*Includes (considered by most contractors to be part of building cost rate):

Plant design, construction fees = 0.17
Plant turnover, acceptance = 0,01
Process design = 0,27
Plant start-up = 0.60

**Not specifically called out.
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(Contractors' Estimates, $/m2)

TABLE 29

CMF REQUIRED REVENUE*

Components of Required Revenue ARCO BEC MMC MDAC
Direct Materials 51.70 68.19 53.88 49.16
Direct Labor 3.00 4,92 1.82 3.41

Consumables
Utilities 1.42 0.37 0.63 0.65
Other 1.03 0.11 1.56 2.92
Indirects 1.70 0.21 1.72 1.08
G &A 7.58 2.65 3.27 2.90
Capital Replacement 2.98 3.85 1.44 1.92
Property Tax + Insurance 0.46 1.45 0.17 0.43
Onetime Costs ** 1.06 *ok **x
Return-On-Investment and 10.02 7.21 4.20 4.7%

Income Tax
79.89 90.02 68.69 67.26

Total CMF Reguired
Revenue, $/m

*Reflective assembly, drive mechanism, support structure (does not include controls and field wiring or

foundation/pedestal).
**Not specifically call

ed out.
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Central Manufacturing Facility To Site Transportation

General program guidelines for transporting heliostat parts from the
CMF to the sites were based on the premise that all of the sites would be
uniformly distributed in a 400-mile radius within eight southwestern states
and that 50,000 heliostats per year, or about 200 heliostats per day, would
be shipped to multiple sites. Any DOE specification could be challenged if
the contractor could design a more cost-effective approach. In this section
the transportation costs are only for the shipment of the reflective
assembly, drive mechanism and support structure from the CMF to the sites.

Transportation Guidelines - Trucking

Trucking limitations occur as a function of the state in which the CMF
is located, those states where the sites are located, and those additional
states that must be crossed to reach the sites. The contractors selected
two states for possible CMF locations: Arizona and New Mexico. Sites would
be lTocated in the other six states. The most restrictive limits for trucks
traveling in the eight southwestern states are as follows, taken from a
Truck Trailer Manufacturer's Association publication:

« maximum width of 96 1in.

+ maximum total heighf of 13.5 ft above ground

. m;ximum length of 60 ft for single semitrailer plus tractor

« maximum length of 65 ft for semi- and full trailer plus tractor

« maximum gross combination of 80,000 1b for weight of tractor,
trailer(s), and load

« maximum single-axle load of 20,000 1b

maximum tandem-axle load of 34,000 1b

A two-axle cab-over-engine tractor (used by ARCO and MDAC, for
instance) typically might weigh 13,000 1b dry and 14,500 1b with fuel and
driver. A three-axle conventional style tractor (proposed by BEC) typically
might weigh 15,000 1b dry and 16,500 1b with fuel and driver. Standard
trailers come in two size ranges, from 24 ft to 27 ft, and from 40 ft to 45
ft. Other sizes can be special ordered. Standard flatbed trailers typi-
cally weigh from 4,500 1b for a 24 ft single-axle semi up to 10,000 1b for a
45 ft tandem-axle semi. A "doubles" combination, weighing about 11,000 1b
and consisting of a 24 ft semi-trailer coupled with a 24 ft full trailer,
was used by several contractors. A 45 ft single-axle lowbay trailer (pre-
ferred by MDAC) might weigh 10,000 1b or more.
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Such transportation schemes would accommodate the following payloads:

Max Gross - Loaded - Trailer = Potential
wt,1b Tractor wt,1b Payload
wt,1b wt,1b
+ ARCO 80,000 14,500 11,000%* 54,500
+ BEC 73,000 16,500 11,000 45,500
(If Z beams were
trucked thru PA,
IN, IL, MO)
80,000 16,500 10,000* 53,500
80,000 16,500 11,000%* 52,500
+ MMC 80,000 16,500 11,000%* 52,500
80,000 16,500 10,000 53,500
» MDAC 80,000 14,500 10,000* lowboy 55,500
80,000 14,500 10,000* tandem 55,500

*Assumed 45 ft single.
**Assumed 25 ft doubles.

Gross combination weights above 80,000 1b are allowed with more tires
per axle and overweight permits; however, most of the proposed shipments of
heliostat parts or subassemblies are volume limited rather than weight
lTimited. MDAC may need to obtain oversize permits to ship four reflective
assemblies per truck from its CMF in Tucson to the 50 MW plant sites,

Some question remains concerning the continual use and availability of
permits, based on the following stipulations set forth in a 1978 Arizona
Department of Transportation publication on Arizona Rules and Regulations
R17-4-51 for overdimensional and overweight Tloads:

“A permit shall not be issued for a material or commodity haul which
can be reduced or loaded within the size and weight limits."

"Overdimensional and Overweight Permits for multiple types or fixed
Toads (are) not to exceed 30 calendar days."

"A permit shall be issued only for ‘daylight hours' sunrise to sunset."”

These and other permit restrictions may increase the transportation costs of
the MDAC reflector units.

Heliostat Truck Loading

The philosophy of each contractor concerning the assembly of certain
parts in the CMF, and the transportation of other parts to the sites for
subsequent assembly, dictates the truck loading efficiency, whether the
loading is volume Tlimited or weight limited, and the eventual transportation
cost. Both ARCO and MMC, which ship separate parts with high shipping
densities, tend to have low transportation costs. Although MMC uses rail as
the baseline transportation mode for its heliostats, MMC also provides
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scenarics for transportation by truck/trailer. According to MMC trucking
scenario figures, 0.244 trucks are required per heliostat. ARCO, on the
other hand, requires an average of 0.157 trucks per heliostat.

BEC ships its heliostat parts in essentially the same manner as ARCO
and MMC except the drive is shipped with a center torque tube; the packing
density of the BEC drive is therefore much lower than that for ARCO or MMC
drives. The end result is that BEC requires 0.365 trucks to ship a helio-
stat. Some support structure 7 beams for the BEC heliostat are shipped by
rail to the sites directly from New York; if they were trucked according to
BEC's contingency plan, the packing density would be even less, Even
greater differences are realized on a reflective-area basis since the BEC
reflective area is the smallest of all the heliostats.

MDAC approached the transportation scenario in a completely different
manner. MDAC assemblies two reflective halves at the CMF; a pedestal, drive
mechanism, and main beam assembly are also put together at the CMF. The
rather bulky MDAC assemblies (without foundation) require 0.556 trucks per
heliostat. MDAC proposes to use special 10 ft wide trucks to ship the
reflective assembly halves to the sites. If standard 8 ft wide trucks were
used, the shipping density would be further reduced to 0.723 trucks per
heliostat.

Transportation Guidelines -~ Railroad

MMC proposes shipping all of its heliostats from the CMF to the sites
by rail. BEC proposes shipping support structure Z beams from an outside
supplier's location in New York to the sites by rail as well. One argument
given for using rail transportation is that a 50 MWg power plant will
require a rail siding for the delivery of heavy and large items. This
facility could logically be used for heliostat delivery also.

MMC has determined that applicable rates for rail shipment in and out
of Albuquerque would be $2.68/100 1b of freight for a one-way distance of
roughly 300 miles. These rates are nearly equivaient to a truck rate of
$650 per truckload for a round-trip distance of 533 miles.

Although the payload capacity of a railcar exceeds that of a truck/
trailer, rail rates are based on type of carge and weight. Packing density,
therefore, does not strongly affect MMC's rail transportation costs. Actual
rates charged per pound would be determined by the individual railroad for
distance, weight, type of freight, density of freight, etc. Approximate
flatcar limitations would be 162 in. in height, 50 ft in length, 9 ft 3 in.
in width, and 140,000 1b in weight. As with truck transport, shipment by
rail of all parts except drives would be volume limited. Cost savings might
be achieved by shipping bulky components by rail, since railway costs are a
strong function of weight. Truck shipping costs are the same per truckload
whether a full payload (approximately 52,000 1b) or a less-than-full payload
is transported.
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Transportation Costs

Contractors figured transportation costs on the basis of their proposed
scenarios. They also could have multiplied the truck loading capacity by a
constant cost per truckload per round trip or per square meter, thereby
determining these costs per heliostat. This amount would represent the
manufacturer's cost to subcontract a dedicated truck to deliver the helio-
stat parts. Cost of reusable crates would normally be additive.

The transportation costs stated by each contractor are as follows:

» ARCO - $96.00 per heliostat. ARCO proposes to use a private fleet of
80 tractors ($54,000 each) and 240 trailers with custom racks
($10,000 each). The assumed tractor-trailer is an 18-wheeler
with tandem axles and four wheels per axle,

The $96.00 per heljostat figure results from:

533 miles round trip x $1.15/mile x
0.157 truckloads per heliostat

The $1.15/mile cost breaks down in the following manner: @
Depreciation $ 0.14/mile
Fuel (5 mpg @ $1.00/gal) 0.20/mile
Tires (18 @ $330 for 60,000 miles) 0.10/mile
Maintenance 0.16/mile
Insurance, taxes, etc. 0.19/mile

Driver ($11.00/hr + 0.30 fringe) 0.36/mile
$1.15/miTe

This total can be compared to a recent American Transportation
figure, which indicated an average truck transportation cost of

$0.915/mile. P
If the $96.00 per heligstat price is distributed over the major
heliostat parts, the following results:
Reflective assembly facets $46.00
Drive mechanism 17.00 ®
Support structure 33.00

Total §96.00

» BEC - $185.56 per heliostat. BEC proposes to employ a commercial
trucking firm and to use rail shipment for support structure

beams. Cost distribution among heliostat parts is as follows: ®
Reflective assembly facets $76.50
Crates ($5,700,000) = $10.96 per 7
heliostat 10.96
Drive mechanism 20.90
Support structure 77.20 ®

Beams by rail ($70.00)
Torque tubes ($4.70)
Beam struts, bars, angles ({$2.50)

Total 3185.56
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The average distance from the CMF to the site is 300 miles.
The beams are transported an average of 2,200 miles from the
vendor to the field site.

The transportation costs for BEC's drive mechanism appear very
low. BEC proposes to use the same truck packing fraction for the
drive mechanism as for the reflective assembly facets., Its esti-
mated costs for drive mechanism transportation, however, are only
about 27 percent of those for the reflective assembly facets. A
truckload of either drive mechanisms or reflective assembly facets
should have the same transportation cost regardless of weight,
unless the load is overweight.

MMC - $191.14 per heliostat. MMC proposes to use rail transportation
from the CMF to the sites. The average transportation distance
is 283 miles one-way, and the average cost of rail shipment used
is $2.68/100 1b., MMC computed total rail shipment costs from a
loaded to-site cost plus an empty return cost. Crate cost, pro-
rated to cover each heliostat, was also stated separately.

Breakdown by the heliostat major parts is as follows:

Heliostat Major Parts To Site Return Crate Total
Reflective assembly facets § 75.61 $ 10.18 $ 12.15 $97.94
Large (71.78)  (10.18)  (11.55)
Small ( 3.03) (0.00) ( 0.60)
Drive mechanism 31.27 3.04 1.00 35,31
Support structure 50.62 3.22 4,05 57.89
Elevation beam (26.80) ( 1.43) ( 1.25)
Bar joist (23.82) ( 1.79) ( 2.80)

Total $191.14

MDAC - $221.12 per heliostat. The pedestal portion of the drive
pedestal/main beam, estimated to cost $11.24, is not included in
the $221.12. MDAC assumes an average round trip shipping dis-

tance of 288 miles, which might be valid. Proper selection of a

CMF site could substantially reduce the average round trip dis-
tance resulting from Sandia's specification that field sites
must be uniformly distributed within a 400-mile radius of the
CMF. MDAC also states that the transportation costg would be
$425.23 per heliostat (or an increase of about $4/m“) if an
average one-way shipping distance of 283 miles were used in
cost computations,
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MDAC uses a privately owned fleet of special trucks to ship major
assemblies from the CMF to the site. Some of the trucks would be 10
ft wide, thereby increasing the packing density of reflective
asemblies. Ten-foot-wide trucks can transport the reflective assem-
blies required for 2 heliostats (a total of 4 panels), whereas a
standard 96 in. wide truck can carry the reflective assemblies for
only 1.5 heliostats (i.e., 3 panels). A fee of $13.00 per truck is
levied on 10 ft wide vehicles. If a 100 in. wide truck were used,
it might be possible to fit reflective assemblies for 2 heliostats
with minimal amounts of cushioning.

Costs estimated by MDAC for a 288-mile round trip can be broken down as
as follows:

Heliostat Major Parts Pallets Direct Labor Overhead + G&A = Total

Reflective assembly $11.13 $53.46 $134.05 $198.64
(includes permit fee
of $6.50)
Drive mechanism/ 2.37 5.94 14,17 $ 22.48
Main beam

(w/o pedestal)

The direct labor rate used in MDAC calculations was $9.90/hr,
the overhead rate was $22.12/hr, and the G & A fraction was 15
percent of the direct labor rate. The assumed round trip of 288
miles requires 10.8 man-hours of direct labor per truckload.
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Discussion of Comparative Transportation Scenarios and {ost Estimates

One way to compare the contractors® transportation costs is to assume
that all shipments are by standard truck and have the same round-trip dis-
tance. Once the truck loading is known, then a truckload cost ($/truck) can
be allocated to each heliostat. Table 30 presents the data in this fashion
for comparison purposes only; the data were not originally submitted this
way. A cost of $650 per truckload has been used for the reflective assem-
bly, drive mechanism, and support structure parts.

TABLE 30

SNLL NOMINAL ROUND-TRIP* TRANSPORTATION COMPARISON

Comparable Factors ARCO BEC MMC MDAC
Loading, Trucks/ 0.165 0.365 0.246 0.556
Heliostat

Cost, $/Heliostat 107.25 237.25 159,90 361.40
Cost, $/m? 2.03 5.39 2.79 6.35

*From CMF to site and return.

According to Sandia's figures, ARCO's transportation_costs are the
lowest at about $2.03/m2 (ARCO's own estimate was $1.82/m2). Most of the
parts can be transported using double 25 ft trailers to increase the volume-
limited load density. ARCO proposes to ship its drives in a single layer.
With the packing manner proposed by ARCO, drive mechanism shipments are
volume Timited (actually trailer-length limited); only 32 drive mechanisms
per truckload would actually fit, compared to the 36 ARCO suggests. A load
of 36 drives packed in a single layer would be 54 ft long, which exceeds
either a single 45 ft trailer length or two 25 ft trailers. However, double
stacking would allow 44 drive mechanisms per truckload to be shipped. The
potential cost savings is $0.10/m".

A similar situation exists with ARCO's torque tube shipping scenario.
Four 16-tube stacks (37.2 ft in total length) can be loaded on a single
40 ft trailer or split between two 25 ft trailers; however, the five stacks
proposed by ARCO exceed the lengths of either transport configuration.

ARCO uses custom racks and tiedowns on its dedicated trucks, thereby
eliminating the costs associated with shipping crates, i.e., of packing, un-
packing, crate return, and disposal of expendable packing material. Mis-
cellaneous hardware can be packaged and transported on most of the trucks
since some excess trailer space is available for smaller packages and the
weight 1imit has not been reached.
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Sandia projects that BEC transportation from the CMF to the sites costs
about $5.39/m* (BEC estimated about $4.22/m?), or more than double the ARCO
costs. While some of the difference between the ARCO and BEC costs results
from the smaller BEC reflective area, packing density accounts for most of
the disparity. The difference between Sandia's calculation and BEC's esti-
mate can be attributed to BEC charging by weight, not volume, for shipping
drive mechanisms; instead, a volume-limited trailerload shipped on a dedi-
cated truck should cost the same per truckload, regardless of the weight
shipped.

BEC proposes to ship all of the major parts in two 25 ft trailers per
truckload. The allowable weight that could be shipped on the two trailers
is about 52,000 1b. BEC plans to ship only about 25,000 1b of reflective
assembly facets per truckload and to use only 62 in. of the available 96
in. width. The 62 in. accommodate enough facets for one heliostat, but the
entire 96 in, width, if filled, would hold enough facets for 1-1/2
heliostats. The resu]t would be a shipping cost savings of over $0. 50/m? .,

Compared to the other drive mechanisms, BEC drive mechanisms are very
lightweight--about 680 1b each. A 250 1b shipping pallet brings the total
unit weight to 930 1b. BEC ships only eight units, or 7440 1b, on a truck.
Since the truck/trai]ers can accommodate at least 50,000 1b, the cost per
unit shipped is very high. Double stack1ng the units would reduce the cgst
by roughly a factor of two, resulting in a cost savings of about $0.90/m“.

Z beams for the BEC support structure are shipped 2200 miles from New
York rather than 283 miles one-way. BEC's baseline plan is to ship beams by
rail; however, a contingency plan for truck shipment is also provided. If
only one-way costs were charged for cross-country (New York to site) ship-
ment, the cost per truckload would be roughly 3.9 times the cost of a truck-
load from the CMF to the site. The BEC beam shipment estimate fully uses
the Tength and width dimensions of the two 25 ft trailers. However, the
proposed 60 in. load height is far short of the load height 7imit of about
114 in.; the payload weight 1imit of about 45,500 1b (allowable gross weight
through PA, IN, IL, and MO is 73,000) is approached by a 37,500 1b load of Z
beams and pal]ets. Adding one more stack to each trailer would make the
height about 72 in. and the weight about 45,000 1b. This savings would
amount to about $0.20/m?. : :

Torque tubes (two required per heliostat) are also volume limited in
the BEC estimate. BEC ships 120 torque tubes, weighing 14,400 1b, on two 25
ft trailers. The 18 in. diameter tubes are closely packed in a wedge-like
fashion. The 15-tube stacks reach a height of about 84 in., well under the
maximum load height. A more efficient arrangement might be stacks of tubes
5 across by 6 high on racks, resulting in 30 tubes per stack. Cost savings
from the resultant doubled packing density per trailer could be about
$0.10/m?.

The potential cost _savings resulting from increased packing densities
could amount to $1.70/m? gr more. The comparable tranpsportation cost for
BEC would then be $5.40/m® minus $1.70/m%, or $3.70/m®. This figure is
somewhat less than the original BEC estimate. More refined estimates might
result in even further reductions. :
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As calculated by Sandia, the MMC transportation costs of about $2.79/m£
are only somewhat higher than the ARCO costs. MMC investigated both truck-
ing and rajl shipment and concluded that rail shipment was less expensive,
at $3.45/m?. However, the rail shipment rate used by MMC of $2.68/100 1b
does not appear to be cost competitive when compared to a truck shipment
rate of roughly $1.30/100 1b (corresponding to $650 per truckload with a
payload weight of about 50,000 1b per truckload). The rationale behind
MMC's choice of rail shipment is therefore not understood.

MMC shipping loads are volume limited for the large and small reflec-
tive assembly facets, torque tubes, and bar joists. The reflective assembly
could be shipped three crates per 40 ft trailer. Alternately, they could be
shipped on two 25 ft trailers with two large facet crates per trailer for a
savings of 25 percent; six small facet crates could fit on each 25 ft
trailer for additional sav1ng§ of at least 20 percent. These cost savings
could amount to about $0.40/m“.

MMC drive mechanisms are shipped on a 40 ft trailer and are weight
limited. MMC proposes to ship 32 drive mechanisms per truckload with a pay-
load weight of about 37,300 1b. The payload on a single 40 ft truck with
tandem axles could be as high as 53,500 1b assuming 16,500 1b for the
tractor, another 10,000 1b for the trailer, and a gross combination weight
of 80,000 1b. This higher 1imit could allow two packages--2 drive mech-
anisms wide by 2 drive mechanisms high by 4 drive mechanisms long--plus an
additional 12 drive mechanisms in a third package (i.e., less two pairs of
drives) for a total of 44 drive mechanisms weighing 53,500 1b. The packing
would still be weight Tlimited. Potential cost savings wog]d be $0.10/m2,
making an overall potential cost savings of about $0.50/m“ for MMC shipments
by truck.

MDAC transportation costs between the CMF and the sites are higher than
those for the other contractors; however, since major assemblies are ship-
ped, no site assembly activities are required. As figured in Sandla s com-
parative format, the MDAC transportation costs are about $6. 35 /m? (MDAC
estimated about $7. 54/m2 without pallets based on an average site distance
of 566 miles round trip), using standard trucks, $650 per truckload, and an
average site distance of 533 miles round trip.

The $6.35/m? cost is based on the use of a standard 8 ft wide truck
with a 100 in. load limit, allowing shipment of four reflective assembly
halves per truckload. The cost of permits for a 10 ft wide truck are only
$13.00 per truckload or $6.50 per heliostat, but the Timited hours of travel
in Arizona where the CMF is located (Monday through Friday from sunrise to
sunset, in good weather, etc.) may hamper prompt deliveries if problems
arise., MDAC believes that extra-wide trucks might not be required, since in
at least six states four 24 in. wide assemblies could be shipped on 100 in.
wide trucks, allowing 4 in. of packing material.

Even when packed at four per truckload, the reflective assemblies are
volume limited. Trailers must be a Towboy design; since the assembly ijs 132
in. high without the shipping crate, no more than 30 in. can be allowed
between the Toad and the ground if the maximum clearance height of 13.5 ft
will be met. The reflective assembly is only about 341 in. long; it would
easily fit on a trailer shorter than 40 ft.
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The MDAC pedestal, drive mechanism, and main beam assembly load is also
volume limited. The MDAC estimate packs three crates, each 168 in. Tong, on
a 45 ft trailer. This packing arrangement easily meets interstate trucking
requirements,

MDAC proposes that denser market areas having a round-trip shipping
distance of 283 miles, rather than the calculated 533 miles, exist within a
400-mile radius of the CMF., MDAC assumes that population centers are
closer than 267 miles to the CMF (an average of 533 miles round trip). A
judicious choice for the CMF location {MDAC assumes Tucson, AZ) may indeed
result in shorter average shipping distances. The resultant reduced ship-
ping costs could easily overcome increased labor rates for areas such as
Phoenix or Tucson, as compared to those for Albuquerque. The number of
man-hours required to fabricate a heliostat (roughly 10) multiplied by the
tabor rate difference between Albuquerque and a city like Phoenix {roughly
15 to 20 percent) does not amount to even half the shipping costs.

For instance, suppose the nominal cost of shipping a heliostat a round-
trip distance of 533 miles is about $150. If the distance were cut in half,
the cost would be halved as well, resulting in $75 per heliostat for trans-
portation. If the labor rates were $10/hr in Albuquerque {(a CMF located 533
miles round trip from the average site) but were $12/hr in Phoenix (a CMF
located half as far from the average site), it would cost $20 more to pro-
duce a heliostat in Phoenix [($12/hr - $10/hr) x (10 direct labor hours per
heliostat)l. Although it would cost $20 more to produce a heliostat at the
close-to-site CMF, it would cost $75 less to transport the heliostat to the
average site. A net savings of $55 per heliostat results.
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Site Assembly, Site Transportation,
Instailtation, and Checkout

In this section, the site-related costs are only for the reflective
assembly, drive mechanism, and support structure.

A1l of the contractors chose different scenariocs to deploy the helio-
stats produced at the CMF, If the 50 MW, (peak) plants were filled at a
rate of 50,000 heliostats per year, the heliostats would be deployed as
follows:

No. of Heliostats No. of Possible Fields
Required per 50 MWy Field Completed Per Year*

ARCO 5974 8.37

BEC 6914 7.23

MMC 5147 9.71

MDAC 5412 9.24

The number of heliostats left over after whole fields are completed
could be considered as spare and pipeline amounts.

Both ARCO and MDAC chose to install four fields at one time at a rate
of roughly 50 heliostats per day, or a total factory output of about 200
heliostats per day. Four fields would be completed in six months or less,
and four more fields would be completed in another six months. The MDAC
design provides enough heljostats to start a third set of four fields during
the calendar year. These rates require that all operations, on an average,
be conducted in parallel so that all of the 50,000 heliostats are used and
full-field installation is completed in about six months.

BEC and MMC chose to install more than four fields at one time (at
installation rates of 27 and 20 heliostats per day, respectively) which
means that more than one year is required to complete any field. BEC
reports that ten or eleven sites are in progress at any given time. How-
ever, BEC's scheduling charts for field assembly and installation, coupled
with the production rate at the CMF, provide a nominal installation of
seven, not ten, sites. MMC chooses to install nine fields at any nominal
time. Both BEC and MMC allow a Tead time to install some foundations before
starting site assembly and installation. MMC allows additional time to pre-
pare a site assembly building before starting foundation installation.
Although BEC does not require site preparation time since the site assembly
building is provided by the site owner, it allows time after heliostat
installation to complete testing, alignment, system checks, etc.

*SNLL figured the number of heliostats per field using DELSOL I calculations
and assuming the heliostats exactly met the specifications and the DOE-
estimated cost goals, economic parameters, etc., appropriate at the time of
the calculation (summer 1980).

79



ARCO and MDAC require four sets of equipment for assembly and installa-
tion, BEC and MMC would require more than four sets and would have to amer-
tize the equipment over a longer period of time than ARCO and MDAC.

Another economic difference would be that ARCO and MDAC would recover
their invested money, including final payment, much more quickly than BEC
and MMC. Progress payments would probably be made in any case, but the
final payment would not be received until successful system operation of the
field was demonstrated.

A1l of the contractors except MDAC assemble heliostat parts into major
subassemblies at the site, transport them to the foundation/pedestal loca-
tions, install the subassemblies, and perform checkouts before turning the
field over to the site owner.

The site cost categories discussed in this section are:

« Direct Material
« Direct Labor - Assembly
+ Direct Labor - Transportation, Installation, and Checkout
» Burden
The costs are summarized in Table 31. The costs of the foundation/pedestal

and controls and field wiring, which are also fabricated and installed at
the site, are discussed in a subsequent chapter.

Direct Materials

Some purchased materials such as bolts and rivets are used on site in
the assembly of the heliostats. ARCO uses studs, washers, and nuts ($9.00
per heliostat) to mount the mirror modules; a cable set, washers, and nuts
($10.96 per heliostat) to mount the drive assembly; bolts and washers ($0.48
per heliostat) to mount the controls; and rivets ($1.08 per heliostat) to
attach the support structure elements.

BEC uses hardware to assemble the reflective assemblies ($5.00 per
heliostat), drive ($1.35 per heliostat), and support structure ($7.77 per
heliostat). BEC also charges $3.00 per heliostat for an initial reflective
surface cleaning. This is treated as a pass-through expense with no added
burdens.

MMC uses rivets ($1.95 per heliostat) and studs ($3.30 per heliostat)
to assemble the heliostats at the site.

MDAC does not assemble heliostats at the site and does not show any
specific charges associated with installation.

80




18

(Contractors' Estimates, $/m”)

¢

TABLE 31

SITE-RELATED COST SUMMARY=*

Components of Cost ARCO BEC MMC MDAC
Direct Materials 0.41 0.39 0.09 0.00
Direct Labor
Assembly 6.25 2.77 1.53 0.00
Transportation, Installation, 2.46 1.25 1.31 1.07
& Checkout
Burden 5.85 4,31 4,22 2,91
Total Site-Related Costs, $/m> 14.97 8.72 7.15 3.98

*Does not include controls and field wiring or foundation/pedestal.



Direct Labor - Assembly

ARCO, BEC, and MMC incur direct labor charges for on-site assembly.
(MDAC does not use site assembly activity in its scemaric.) BEC and MMC
assemble four heliostats in parallel on fixtures, with teams of three and
two men, respectively, at each fixture. MMC also employs one man to operate
an overhead crane and to service all four teams. BEC uses three shifts to
assemble 27 heliostats per day, while MMC uses two shifts to assemble 20
heliostats per day.

Using a single-line series assembly scheme, ARCO assembles 48 helio-
stats per day in three shifts. Three separate stations require a total of
33 workers per shift. ARCO spends 1.35 hours of assembly time to complete a
heliostat; BEC and MMC use 3.4 and 3.2 hours, respectively.

The number of direct labor man-hours for heliostat assembly is highest
at 16.5 man-hours for ARCO, intermediate at 10.37 man-hours for BEC, and
lowest at 7.2 man-hours for MMC. One factor affecting the cost of direct
labor is the efficiency assumed for site assembly. Both ARCO and BEC assume
different efficiency factors for each of the three shifts worked. The
factors used for ARCO and BEC, respectively, are 0.75 and 0.83 (first
shift), 0.67 and 0.79 (second shift) and 0.58 and 0.63 (third shift). MMC
uses a constant 0.84 for each of its two shifts. The MMC estimate appears
to be optimistic.

ARCO and MMC plan to assemble major parts at the site. Both contrac-
tors assemble the support structure and drive units. The mirror modules are
then attached, and finally the facets are canted.

ARCO includes laborers for unloading and handling torque tubes and
trusses, for riveting, and for welding at work station 1. At station 2,
some workers handle the drive assembly, and others mate the half-frame
assemblies to the drive assembly. Thirteen workers are involved in these
activities.

MMC performs slightly different operations at a single location.
Workers install the drive unit on a tooling pedestal, uncrate and install
the elevation beam and stow lock parts, and operate the drive to adjust the
stow lock. Bar joists are then uncrated, placed, and aligned, and holes are
transfer-punched and riveted. A total of 2.25 men are involved at the
station with the fractional man operating the overhead crane; thus the
number of laborers working on one heliostat is much less than it is for
ARCO. Since four such assemblies are ongoing at one time, a total of nine
men are involved in MMC's scenario at this point.

In the next stage, both ARCO and MMC unload, handle, and install the
mirror modules. ARCO uses twelve additional men while MMC uses the same
nine men.,

The final step is the mirror canting. Again, MMC uses the same nine

assemblers, but ARCO use 8 more workers. Four pairs of workers each cant
one-quarter of the facets.
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In summary, MMC uses 0.9 man per heliostat, while ARCO uses 1.8 men per
heliostat, for direct labor at the site assembly facility. MMC produces 20
heliostats per day in its scenario, and ARCO produces 48 heliostats per day.

BEC performs most of the same assembly operations as ARCO and MMC, but
does not mate the two reflector halves to the drive unit in the assembly
building. BEC uses twelve men to assemble the heliostat components in a
manner similar to MMC's operation, with a direct labor usage of 1.3 men per
heliostat. Twenty-seven heliostats per day are assembled.

The contractors estimates of the site assembly direct labor costs are:

Man-Hours Labor Rate Total Direct Labor
{#/Heliostat) ($/hr) Cost {$/Heliostat)
ARCO 16.5 20.00 330.00
BEC 10,67 11.44 122.03
MMC 7.2 12.23 88.06
MDAC - No Assembly Required -

Costs noted for BEC and MMC are slightly higher than those shown by the con-
tractors to account for integral numbers of workers. Contractors' estimates
were $117.60 for BEC and $85.61 for MMC.

For comparison, an attempt was made to separate those activities from
the MDAC CMF charges that are similar to the site assembly tasks of the
other contractors. An estimate of 1.21 man-hours of handling, assembly, and
inspection labor results. MDAC operations are more automated and the effi-
ciency factor is higher at the CMF than at the site, but these factors still
may not compensate for the large difference in assembly labor hours.

Direct Labor - Transportation, Installation, and Checkout

A1l of the contractors incurred direct labor charges for transporting
heliostat components from the site assembly building or staging area to the
individual heliostat foundation locations and for installing heliostat com-
ponents on the foundation/pedestal. Charges include final checkout, elec-
trical connections, and testing.

Both ARCO and MMC transport a single assembly to the foundation/pedes-
tal for installation. BEC and MDAC install a drive and support assembly and
two reflective assembly halves on the foundation/pedestal.

ARCO performs one step not used by the other contractors. Heliostats
are assembled on carts, then routed to a temporary storage or marshalling
yard. Eventually, they are rehandled onto trailers for transport to the
foundation/pedestal. This extra rehandling occurs on three shifts and uses
a total of four workers. Marshalling should be possible with a total of
three men, one per shift; another solution might be to eliminate marshalling
altogether by combining the carts and trailers or by eliminating the carts.

The marshalling activity as described by ARCO consumes as much as 0.68 man-
hours of direct Tabor per heliostat.
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Other than the marshalling activity, ARCO spends one shift per day on
loading the heliostats, transporting them to the foundation/pedestal, and
installing and checking out the controls and system. ARCO allows 20 minutes
to load the heliostats from the carts to the trailers; 30 minutes for trans-
port, with 8 minutes for actual round-trip travel time; 30 minutes to unload
and install the heliostats; and 50 minutes for controls installation, check-
out, and testing. Since all of these activities occur during the first
shift, ARCO rates the efficiency at 0.75.

MMC performs essentially the same tasks as ARCO but uses two shifts.
MMC assumes the high efficiency of 0.84 for both shifts. Heliostats are
assembled and installed during each work shift. The heliostat is removed
from the assembly building, transported to the foundation/pedestal, and
installed in 48 minutes. One transport vehicle delivers all of the helio-
stats; only twenty heliostats are installed during the 16-hour work day.
The transport scenario reduces the amount of handling to a minimum, with one
driver required and only one assembler at the foundation/pedestal.

MMC spends an additional 48 minutes to install the electronics, mate
cables, connect the ground wire, and perform a power check. MMC also per-
forms a functional check and test within that 48-minute period. Some checks
such as encoder bias adjustment and heliostat levelling settings are done
with the Beam Characterization System during daylight hours on individual
heliostats, while other checks are performed at night on twenty heliostats
at one time.

Controls installation and checkout times are almost identical for ARCO
and MMC, i.e., 48 and 50 minutes per heliostat. Transport and installation
time is longer for ARCO than for MMC (80 minutes vs. 48 minutes), but much
of this difference is in material handling. ARCO also has an additional
marshalling time of 27 to 35 minutes per heliostat depending on the shift
efficiency.

BEC spends an average of 57 minutes per heliostat in transporting the
heliostat parts to the foundation/pedestal. Each tractor-trailer load
carries enough reflective assembly halves for one heliostat and enough drive
units for four heliostats., Installation takes another 36 minutes per helio-
stat. BEC did not cost or account for controls hardware or labor. An esti-
mated 50 minutes per heliostat should be included for controls installation
and checkout, based on estimates made by ARCO and MMC. ATthough BEC's
installation time is similar to that consumed by ARCO and MMC, BEC installs
three major assemblies while ARCO and MMC install only one assembly. BEC
predicts a field labor efficiency of 0.81.

MDAC does not show any time for transport of heliostat parts to the
foundation/pedestal location in the field. Tractor-trailers travel directly
from the CMF to the site, but it is not clear how the tractor loads get to
individual foundation/pedestal locations, unless one assumes the trailers
will always be parked near empty foundations. Some time should be allocated
to move trailers, unload trailers, etc.

The installation of the MDAC pedestal/drive/main beam takes 18 minutes,

while the two reflective assemblies take an additional 27 minutes per
heliostat. Although the sum of these times, 45 minutes, is close to the
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times required for ARCO and MMC, MDAC is installing three major assemblies
compared to ARCO's and MMC's single assembly. MDAC assumes a field labor
efficiency of 0.67. MDAC also allows 32 to 36 minutes for controls
installation and checkout. These times are somewhat less than the ARCO and
MMC estimate.

The total number of direct laborers for each contractor is as follows:

Installed Heliostats Workers Per

No. of Workers Per Day Heliostat
ARCO 39 48 0.81
BEC 10+9* 27 0.70
MMC 12 20 0.60
MDAC 33 52 0.60

*Additional men added for controls instailation and checkout.

Total first-year man-hours of direct labor and their cost as estimated
by each contractor for site transportation, installation, checkout, and
system test (not including controls and field wiring or foundation/pedestal)
are as follows:

Total First-Year Field Total Direct
Man-Hours Labor Rate Labor Costs
(#/Heliostat) ($/hr) ($/Heliostat)
ARCO 6.5 20.00 130.00
BEC 3.9 14,11 55,03
MMC 4.8 15.68 75.26
MDAC 4,0 15.12 60,48
Burden

Site burden costs include charges for assembly buildings; equipment and
tooling that are used for assembly, transportation, and installation at one
site and then moved to the next (amertized); equipment and tooling that are
left at the site after use and retained by the site owner for field mainte-
nance (capitalized); rental equipment; capital equipment for heliostat main-
tenance; initial spare parts; utilities and consumables; relocation expen-
ses; and indirect labor costs.

Site burden costs can be divided into the following categories (these

costs include all charges except those for direct materials and direct
labor):
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» Assembly building -- Could be partially or completely paid for by
site owner.

« Assembly and installa- -- Amortized if removed to next site;
tion equipment capitalized if Teft at site;
rental expense.
« Site transportation -- Could be part of assembly or installation
equipment equipment.
* Maintenance equipment -- Heliostat washing equipment or other capital

item that lasts a significant part of the
plant lifetime; could be used for installation
and then left at site for maintenance use.

* Initial Spares -- Normally about two months of spare parts
initially provided to prevent shortages;
restocking of spare parts would be charged to

0 &M

*» Utilities/consumables -- Electricity, gas, and water for the assembly
building as well as fuel for various
vehicles.

* Relocation expenses ~-- Equipment relocation expenses, start-up, and

teardown; can be itemized separately or
included in amortization costs.

Indirect labor -- Field engineer, craft supervisors, etc.

Various site facility costs can be separately itemized or lumped into
an indirect charge based on direct labor. Most of the contractors use a
combination of itemized and indirect charges. The only way to compare
charges is to examine the costs of similar items, the total items that
should be considered, and the total indirect costs. Since the contractors
use both itemized and indirect charges, the indirect rates could be consid-
erably different yet be equally valid.

Some site facility costs can also be hidden in subcaontracts for the
field wiring, foundation/pedestal, and Heliostat Array Controller., These
subcontracts include charges such as direct materials, direct labor, all
indirects, and profit. Comparison of the costs of different heliostats is
difficult when one contractor states indirects costs separately while
another provides a single amount for each subcontract. A reconciliation of
the site facility costs for each category follows.

Site Assembly Building--ARCO uses a 7500 ft? site assembly building
that is paid for from an account of $65 per heliostat; this account _also
pays for capitalized equipment. A rough cost estimate for a $10/ft% build-
ing is $75,000 or $12.55 per heliostat. For a building this size, the site
owner could be expected to pay for the entire structure as part of his main-
tenance facility; however, ARCO includes this cost as part of the heliostat
expense.
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BEC requires a 6000 ft? site assembly building. Since BEC assumes that
the site owner pays for the entire building, the heliostat account is not
charged with any site facility cost.

MMC requires a much larger site facility building of 28,500 It and
assumes that the site owner will pay for half the area (14, 250 ft®). The
heliostat account is charged for the other half. A $1 million bu1ld1ng
($35.09/ft2) results in charges of $97.14 to the account. MMC charges part
of the facility cost to the account because the building size exceeds the
site owner's needs for maintenance and storage.

Large differences exist in required site assembly building areas.
Although ARCC, BEC, and MMC all perform similar assembly and canting activi-
ties, ARCO and BEC assemble heliostats using three shifts per day at higher
daily assembly rates than MMC and employ more people in smaller buildings;
MMC uses only two shifts per day in a much larger building. SNLL does not
understand these differences.

As a point of reference, the Barstow Pilot Plant site assembly building
used by MMC was a 25,600 ft? hangar, the average assembly rate on one shift
was roughly the same as that proposed by MMC on two shifts assembling its
Second Generation Heliostat. At Barstow, mirror modules and support struc-
tures that were awaiting assembly occupied a considerable amount of space.
This backlog could probably be eliminated and required floorspace reduced if
adequate mirror canting schemes are planned. On the basis of this observa-
tion, the site facility building area assumed by MMC appears to be exces-
sive. In add1t1on, the building cost rate of about $35/ft is probably
high. It is quite conceivable that the site owner would pay for the entire
building (if it were small enough), in which case no cost would be charged
to the heliostat account., If the site owner pays all building costs, then
both ARCO and MMC are conservative in their estimates.

MDAC uses a 4000 ftZ site building for personnel, general storage, and
maintenance, but it does no assembly work on site. MDAC does not charge the
heliostat account with any site building expense. The site owner finances
the entire maintenance and storage building.

Costs charged by the contractors for site assembly buildings in $/m2
are shown in Table 32.

Capitalized Site Equipment (Assembly, Site Transport, and Installa-
tion)--ARCO uses and then leaves at the site such equipment as a crane, a
truck, a tractor, a forklift, pedestal stands, carts, etc., that would be
paid for by the balance of the $65 per heliostat that is not charged to the
site assembly building. If the SNLL-assumed charge of $12.55 per heliostat
for the site assembly building is used, a remainder of $52.45 per heliostat,
or $313,336, would be available for capitalized site equipment. ARCO did
not detail the equipment left at the site.

BEC uses and then leaves the site owner with such equipment as one
Drott crane ($55,000), one lineman's truck ($50,000), two tow tractors
($15,000 total), and four trailers ($26,000 total). Some of this equipment
is used for assembly and installation and, subsequently, for maintenance.

BEC charges the heliostat account with $21.12 per heliostat, or $146,000
worth of capital equipment,
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TABLE 32

SITE BURDEN COST SUMMARY
(Contractors' Estimates, $/m?)

Components of Cost ARCO  BEC MMC MDAC

Assembly Building 0.24 0.00 1.69 0.00
Capitalized Equipment 0.99 0.48 0.78 0.63
Amortized Equipment * 0.03 0.69 *%
Rental Equipment 0.21 0.14 0.00 0.00

Maintenance Equipment 1.74 0.74 0.25 0.63

Initial Spares 0.06 0.11 0.11 0.16
Consumables * .01 0,14 *%
Relocation Expense * 0.12 Inc. okl
Indirect labor 1.45* 2.68 0.56 0.35
Other 1.16% - - 1.14%%*
Total Site 5.86 4,31 4,22 2.91
Burden Cost,
$/m*

*Part of overhead charge of $2.61/m> (30% of direct labor).

**Part of overhead charge of $1.14/m2 (70% of direct labor); Social
Security, FUI, SUI, Workman's Comgensation, etc. ($2.93/hr for 6.1
man-hours per heliostat = $0.31/m“)

.

MMC uses and then leaves at the site such equipment as special tools
($20,000), a transport vehicle ($150,000), and work platform vehicles
($60,000). In addition, pedestals are left in the maintenance building and
must be included in the special tools costs. Charges for an investment of
$230,000 amount to $44.69 per heliostat.

The MDAC on-site capital investment costs include a 10-ton mobile crane
($94,500), a 4,000 1b capacity fork 1ift ($21,400), a 2.5-ton hydraset
($4,870), a 3/4-ton pickup truck ($24,000), an electronic mini-level
($6,700), a portable control unit ($4,870), a service link 1ift to stabilize
the heliostat reflector during removal and replacement of the elevation jack
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($8,900), and other tools, slings, etc. ($29,000), for a total of about
$195,200. The charges per heliostat would be $36.07.

5 Costs charged by the contractors for capitalized equipment on site (in
$/m“) can be found in Table 32.

Amortized Site Equipment (Assembly, Site Transport, and Installation)--
ARCO uses some site equipment for six months and then moves the equipment to
the next site. The types of equipment in this category include a forklift,
at least 30 carts, and pedestal stands. No specific charge was found for
the amortization of these items. Return on investment would be 20 percent
after taxes.

BEC uses equipment at the site for about one year and then moves it to
the next site. This equipment includes reflective assembly tooling
($42,800), 36 trailers ($31,100), and office equipment ($2,500). Although a
5 to 10-ton crane 1s also required for the assembly building, no cost was
allotted for it. The depreciation expense was stated as $1.47 per helio-
stat.

MMC uses some site equipment and amortizes it over 1-1/2 years. -Equip-
ment includes a 15-ton bridge crane ($225,000), four assembly fixtures
($260,000 total), storage pedestals ($20,000), and miscellaneous tooling
($22,500)., Four counterweight 1ifts, which may be part of the assembly fix-
tures, are also needed. The cost associated with the amortized equipment
and tooling is based on a 15-year life for equipment and a 5-year life for
tooling. Costs amount to $14.35 per heliostat for depreciation and $25.19
per heliostat for gross income to pay an average 17.5 percent return to
investors after taxes.

MDAC uses equipment at each site for about half a year before moving it
to the next site. MDAC does not elaborate on the equipment; based on its
installation scenario, however, MDAC should need four hydraulic¢ loading sys-
tems for pedestal installation, one set of pedestal, drive, and main beam
installation equipment, two reflective assembly installation vehicles, three
cable plows, four augers, four forklifts, four cranes, and some tractors.
MDAC 1includes all of these charges in the site overhead charge.

Costs charged by the contractors for amortized site equipment and tool-
ing in $/m“ are contained in Table 32.

Site Equipment Rental--ARCO rents some equipment for assembly, site
transportation, and installation operations, including four cranes, two
trucks, and one tractor. A charge of $10 per heliostat is assessed. In
addition, a rental fee of $1 per heliostat is charged for controls installa-
tion and checkout.

BEC rents equipment for site transportation and installation, including
five tractors, one Drott crane, and one lineman's truck. The charge for
these rentals is $6.25 per heliostat.

MMC and MDAC do not rent any site equipment.

Costs charged by the contractors for site rental of equipment in $/m2
are shown in Table 32.
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Site Maintenance Equipment--ARCO estimates that $550,000 would have to
be invested for a heliostat washing system, including the washing rig
($250,000), control system ($100,000), guidance wire ($150,000), and deioni-
zer and storage tanks ($50,000). The capitalized cost per heliostat would
be $92.07. This washing system is considerably more elaborate than any pro-
posed by the other contractors.

BEC estimates that three washing trucks at $75,000 each will be required
gor site maintenance equipment. The capitalized cost per heliostat is
32.54,

MMC projects the need for a single washing truck at $75,000. The capi-
talized charge per heliostat would be $14.57.

MDAC's plan requires two washing trucks used in tandem, one for washing
and the other for rinsing with deionized water. The capitalized charge per
heliostat is $35.93, or an initial investment of $194,500 per site.

The site maintenance equipment cost charged by the contractors in $/m2
(normally included in 0 & M) appears in Table 32.

Site Initial Spares--ARCO does not specify any initial spares, but
based on ARCO's predicted failure rates and assuming a two-month supply of
replacement materials, the cost is about $3.28 per heliostat.

BEC costs some initial spare parts, including five reflective facets,
twenty-five motors, one drive repair kit, and one set of support system and
maintenance support equipment spares. Total initial spares cost is
$4.68 per heliostat.

MMC includes an initial spare parts inventory of 6 reflective assem-
blies, 1 drive, 26 motors, 16 encoders, 46 heliostat controllers, and 13
heliostat field controllers. The cost amounts to $6.08 per heliostat.

MDAC estimates an initial spares cost of $8.80 per heliostat. The
spares supply required is based on both annual failure rates and pipeline
quantities.

The cost charged by the contractors for initial spares in $/m? is
listed in Table 32.

Site Utilities and Consumables--ARCO does not break out a specific
account for utilities or consumables; however, the amounts spent are includ-
ed in indirect costs, which are 30 percent of the direct labor charges.

BEC records a specific charge for site utilities of $2800/yr. Charges
are broken down to include telephones ($600/yr), power and lights
($1200/yr), and miscellaneous allowance ($1000/yr). These charges total to
$0.40 per heliostat.

MMC charges $20,000 for utilities at the site assembly building and
$15,000 for consumables, particularly for vehicle operation at the site. A
charge of $5000 is also made for perishable tooling. The charges amount to
$7.77 per helijostat,
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MDAC 1includes the utilities and consumables costs in the indirect
charges and does not break them out separately.

Table 32 shows the costs charged by the contractors for site utilities
and consumables in $/mZ.

Site Facility Relocation Expenses--BEC is the only contractor to break
out the site facility process design and development costs, preactivation
and start-up costs, and teardown and relocation costs. These charges total
$5.22 per heliostat, or $0.12/m*. The other contractors might have included
these costs in other charges or inadvertently overlooked them.

Indirect Labor--ARCO uses eighteen support people (nondirect labor) per
day for site assembly, four per day for installation, and one per day for
cointiais checkout. An average of 48 heliostats are installed during the
three daily shifts. At fully loaded site labor wages of $20/hr, the three
tasks incur indirect labor charges of $60.19 per heliostat for assembly,
$13.20 per heliostat for installation, and $3.17 per heliostat for controls
installation and checkout. Indirect labor charges are only part of the
expenses included in the 30 percent overhead charge levied by ARCO on direct
labor.

BEC includes two categories that can be construed as indirect labor:
architectural and engineering (A&E) services ($701,360 or $101.44 per helio-
stat, based on 12 percent of site construction costs minus land costs), and
site construction management (based on two percent of the on-site costs of
$112,898 or $16.33 per heliostat).

MMC uses six indirect laborers per day for the site assembly and
installation of its heliostats. For the 20 heliostats produced per day, 2.4
indirect man-hours are spent per heliostat. The pay rate for this indirect
labor is not clear, since the site assembly facility rate is $12.23/hr and
the field installation rate is $15.68/hr. Most of the indirect labor is
probably associated with the site assembly facility.

If one assumes that four people support the site assembly facility and
two people support the heliostat field installation, a cost of $32.11 per
heliostat results.

MDAC has no assembly facility but does use a number of man-hours per
heliostat to support installation (management, supervision, records, field
coordination, personnel, quality control, and field engineering). At a
loaded site labor rate of $15.12/hr, the cost per heliostat is $19.66. The
number of indirect labor personnel is eight per day.

Costs charged by the contractors for site indirect labor in $/m2 are
included in Table 32.
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Heliostat Controls and Field Wiring

A heliostat requires not only power for its electrical needs (motors,
computers, etc.), but also a communication link with the control room so
that it can be directed to operate. The Second Generation Heliostat con-
tract deemphasized the contractors’ efforts in heliostat controls, both in
terms of design and cost estimates. The contractors therefore invested
varying amounts of time on this area. As a result, the information pre-
sented ip this section should be viewed as preliminary and possibly
incomplete.

The heliostat power system includes cabling from the power plant to a
field transfaormer, power distribution with cabling and circuit breakers to
the individual heliostat locations, and power distribution at or within the
heliostat. Costs of the power system are composed of direct material,
direct labor, indirects, and profit. The data distribution or communication
system includes such parts as a heliostat array controller (HAC), a helio-
stat field controiler (HFC), a heliostat controller (HC), and in some cases
a data distribution center (DDC).

These power and communication parts are linked by appropriate cabling
and connections. In addition, parts such as a beam characterization system
(BCS) may be supplied to help calibrate the entire system, Other system-
related items--software and program manuals, for instance--may be included,
but are not always itemized separately.

This section summarizes the cost data presented by the contractors for
controls and field wiring. Some of the contractors combined costs or
offered Tittle detail, but the overall data permit some understanding of
estimated costs. A summary of the controls and field wiring costs per heli-
ostat is found in Table 33.

Power System Costs

ARCO grouped power system costs and the data distribution system costs
as a subcontract. The total estimate was $200 per heliostat. No details
are provided, but ARCO believes the cost is sufficient to cover all required
expenses. BEC made no estimates.

Both MMC and MDAC estimated higher costs for the power system alone
than ARCO estimated for its entire field wiring system. MMC estimates the
subcontracted cost of installed power cabling at $235 per heliostat. This
total cost includes primary feeders, transformers, distribution panels, and
secondary feeders. For MMC, the power required at each HC is 120 V, single-
phase AC.
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TABLE 33

CONTROLS AND FIELD WIRING COST SUMMARY
(Contractors' Estimates, $/heliostat and $/m?)

Controls and Field

Wiring Parts ARCO BEC MMC MDAC
Power Systems 200,00 0 235.00 281.43
Data Distribution * 0 63.26 61.97
HAC 167.39 0 77.71 23.78
HFC ** 0 8.39 2.77
HC 328.27 0 448,84 203.04
BCS 25.11 0 38.86 9,32
Transport 0 0 0 0.50
Total Controls and 719.77 0 871.06 582.81
Field Wiring Cost,
$/heliostat
Total Controls and 13.63 0 15.18 10.24
Field Wiring Cost, $/m*
*Included with Power Systems.
**Included with HC,
o ® L L




The MDAC power supply system consists of the following:

Buried Feeder Cable to Transformer
#4 AWG, 3 Conductor, 5kV

Transformer

Distribution Panel, 480 V, 3 phase
w/100 Amp Circuit Breaker

Installation Labor for Transformer & Panel
Direct Labor, 0.031 man-hours
Overhead
Branch Circuit Breaker, 480 V, 40 Amp
Buried Branch Circuit Cable
#8 AWG, 3 Conductor, 600 V

Power Cable Installation (SNLL assumed
1/2 of Power/Data Total)

Direct Labor, 0.535 man-hours
Overhead

Power Cable Connect, Check (SNLL assumed
1/2 of Power/Data Total)

Direct Labor, 0.353 man-hours
Overhead

Circuit Breaker, 15 Amp

Junction Box, Mounting Panel, Terminal Strip,

Terminators, Cable Fittings

Power Cable, 165 in.
#20 AWG, 3 Conducter, 600 V

Control Cable, 312 in.
#24 AWG, 600 V

Total MDAC Power Supply System
Costs, $/heliostat

$ 9.40/heliostat

19.17
1.99

0.47
0.33
5.09
59.06

8.09
5.66

5,35
3.74
36.48
121.14
1.82

3.64

$281.43
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Communication System Costs

ARCO included data distribution costs in its estimate of $200 per heli-
ostat. BEC made no estimate.

MMC data distribution system cabling consists of 619,000 ft of fiber-
optic cable per 50 MWg plant, amounting to an average of 120.26 ft of
cable per heliostat and costing $36.65 per heliostat. Also included in the
data distribution system are two fiber-optic connectors per heliostat and
four per HFC. Since each HFC services 32 heliostats, the average number of
connectors per heliostat is 2-1/8 at a cost of $14.87 per heliostat. The
subcontracted site direct labor cost is $11.74 per heliostat. Thus the data
distribution system cost for cabling, connections, and labor is $63.26 per
heliostat.

Besides the HAC, BCS, field control system (DDC and HFC), and HC,
MDAC's data distribution system consists of the following:

Cable, 108 in. $ 3.29/heliostat
Terminators, 4 each 32.88
Connectors, 4 each 25.80

Data Cable Installation (SNLL assumed
1/2 of Power/Data Total)

Direct Labor, 0.535 man-hours ' 8.09
Overhead 5.66

Data Cable Connect, Check (SNLL assumed
1/2 of Power/Data Total)

Direct Labor, 0.353 man-hours 5.35
Overhead 3.74
Total MDAC Data Distribution $84,81

System Costs, $/heliostat

The MDAC description does not indicate if costs are included for the fiber-
optic cables between the HC and HFC, the HFC and DDC, and the DDC and HAC.

ARCO estimates spending $1,000,000 for a site-installed HAC, at a per-
heliostat cost of $167.39. This estimate is high compared to those esti-
mates made by MMC and MDAC. The MMC dual-redundant minicomputer HAC cost
estimate is $400,000 per site; the MDAC dual microcomputer HAC cost estimate
is roughly $129,000 per site. BEC did not make an estimate. Details of the
costs of MMC's and MDAC's HACs are presented below.
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HAC COST ($/site)

HAC Parts MMC MDAC
Computers Mod Comp Classic (2) DEC LSI II {2)
$118,000 $19,480
Shadow Memory Data Acquisition
$27,000 $4450
512 kbyte {2) Console Racks (2)
$50,400 $1203
Interfaces, Switches, Cables
$59,868
Storage 10 Mbyte Disc w/Controller Floppy Disc
$23,850 $9080
10 Mbyte Disc
$13,950
Magnetic Tape Unit
$10,170
Printer High Speed Line Printer 150¢cps
$7830 Printer (4)
$4930
150cps Printer
$3726
Terminal ISC-8001G Color CRT ISC-80001G
$4500 $5893
TI-820 KSR (2)
$4500
Display Graphics Terminal (2)
$46,800
WWY Clock $1800 $1864
Software $26,860 $1022
HAC Hardware, Software
Design, Installation, Check-
Qut- Labor* $80,768
Total Installed HAC, $400,000 $128,690
$/site
Total, $/heliostat § 77.71 $ 23,78

*Includes direct labor, overhead, and G & A,



MMC's HAC account does not separately 1ist the labor for hardware and
software design or for installation and checkout activities. The HAC is
similar to the unit installed at the Barstow Pilot Plant and uses available
software. The account includes a graphics display unit similar to one which
is proving useful at the pilot plant.

While MMC uses magnetic tape storage, MDAC uses a floppy disc memory.
The floppy disc may have to be replaced periodically as a result of normal
use; it may also be somewhat too slow for a large field.

When the cost of the various direct materials or labor invelved in a
control system is distributed over 5000 heliostats, the per-heliostat cost
is not greatly increased; however, for fields containing fewer heliostats,
HAC costs significantly affect total heliostat cost.

The field control system normally consists of a heliostat field con-
troller (HFC), but MDAC also has a data distribution center (DDC). The HFC
controls up to 32 HCs while the DDC, which is between the HFC and the HAC,
can contain as many as 8 HFCs.

ARCO does not incorporate a separate HFC in its control system. SNLL
estimates the cost of the ARCO HC/HFC at $328.27 per heliostat. The factory
burden portion for the HC/HFC could not be separated from the total burden
costs; however, the $328.27 per heliostat is based on the costs provided by
ARCO.

BEC does use an HFC in its design. However, it made no estimate for
HCs or HFCs.

The MMC heliostat design incorporates an HFC that costs $8.39 per heli-
gstat.

The MDAC HFC costs $1.53 per heliostat and consists of an optical
transceiver, relay, photo transistor, LED, and ceramic capacitor. The DDC
materials cost $1.14 per heliostat and includes pairs of optical trans-
ceivers, microcomputers, modular power supplies, and miscellaneous parts.
Direct labor costs $0.01 per heliostat and overhead costs $0.09 per helio-
stat, for a combined HFC/DDC cost of $2.77 per heliostat.

The MMC estimated cost for an HC is $412.15 per heliostat for materials
and $36.69 per heliostat for subcontracted labor for a total of $448.84 per
heliostat, No factory burden is allocated to the HC or HFC by MMC. No
charge was found for a transformer described in the design.

The MDAC HC is estimated to cost about $203.04 per heliostat, $176.04
for direct materials and $27.00 for labor and overhead. The tabulation in
Table 34 of the HC and HFC parts for MMC and MDAC illustrates some of the
cost similarities and differences.

ARCO estimates that a BCS would cost about $150,000 per field
installed, or $25.11 per heliostat. MMC estimates a BCS at $200,000 per
field installed or $38.86 per heliostat. MDAC estimates $7.47 per heliostat
for materials, $0.24 per heliostat for direct labor, and a total of $1.61

per heliostat for indirects. MDAC's total of $9.32 per heliostat equals
about $50,440 per field. BEC did not include an estimate for a BCS.
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TABLE 34

MMC AND MDAC CONTROLLER PARTS COSTS
(Contractors' Estimates, $/heliostat)

HC HFC

HC and HFC Parts MMC MDAC MMC MDAC
Package 4,00 0.62 0.19 0.00
Power supply 70.00 51.11 - 0.37

Rectifiers 45,00 -- -- --
Fiber-optic Transmitter/Receiver 70.00 41.66 4,38 1.64

Connectors - 4.04 ‘ — -
Labor, inc. overhead 36.69 27.00 0.99 0.10
Computer - 50,67 -- 0.36

Integrated Circuits 101.60 -- 2.39 --
Relays 100.00 - -- 0.11
Diodes, resistors, capacitors 16.07 2.02 0.31 0.06
Crystal, socket relay 5.48 -- 0.14 -
PCB, interfaces, etc. -- 25.92 - 0.13
Total Controller Parts Costs, 448,84 203.04 8.39 2.77

$/heliostat




MDAC charges $0.50 per heliostat to transport the transformers and
cabling to the site. This cost includes the pallet charge, direct labor,
overhead, and G & A, No charges are provided by the other contractors for
transporting controls and field wiring to the sites.

Contractors reported and combined such activities as controls installa-
tion, controls checkout, and systems tests under site installation labor;
alternately, they could have assigned these costs entirely or partially to
the controls and field wiring account,

MMC revised its estimate of the mass-produced HC/HFC and cabling costs
in September 1981 to be $0.87/m* less than estimated in its final report.
Revised controls and field wiring costs thus are $821.12 per heliostat or
$14.31/m2. The lower cost reflects the savings resulting from mass produc-
tion of the HC, HFC, and cabling.

Discussion

Since the contractors placed little emphasis on controls and field wir-
ing, their cost estimates should be considered preliminary. More effort
should be spent in this area on design and costing to arrive at credible
estimates. Even so, the overall cost differences do not appear to be very
significant; a range of $10 to $15/rn2 amounts to a difference of about 5
percent of the total installed heliostat price.

The estimates made by MMC and MDAC for power system costs are similar,
except that MMC's estimate does not include any circuit breakers. If an
allocation for circuit breakers were made by MMC similar to that made by
MDAC, both power system estimates would be about $280 per heliostat. The
ARCO estimate has no backup detail and appears somewhat optimistic.

The data distribution cost estimates provided by MMC and MDAC are some-
what unclear. The total MMC cost estimates for the fiber-optic cable, con-
nections (2-1/8 per heliostat), and labor are less than MDAC's cost esti-
mate, which apparently omitted fiber-optic cable. There are more MDAC con-
nections and terminations (8 per heliostat), resulting in higher costs. If
nominal cable costs are added to the MDAC estimate, the total cost is about
$120 per heliostat; in contrast, the MMC total cost is only about $63 per
heliostat. Use of a DDC by MDAC may account for these cost differences.

ARCO data distribution costs are included in its $200 per heliostat
cost. Since the power system alone would probably cost more than $200 per
heliostat, the inclusion of data distribution costs in this estimate seems
quite optimistic. ARCO and BEC propose to use conventional copper cables
for data distribution. Currently, copper wiring is at least as expensive as
fiber optics; its use could further add to the costs because of the ancil-
tary equipment required, e.g., lightning protection.

HAC costs per field appear to be extremely censervative for the ARCO
estimate ($1 million), slightly conservative for the MMC estimate
($0.4 million), but somewhat optimistic for the MDAC estimate
($0.13 million). A compromise estimate might range from $0.2 million to
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$0.3 million per field. The desires of the individual site owner may well
dictate the sophistication of HAC equipment and the eventual cost to the
system.

The cost of an HFC is small; when divided among the 32 heliostats it
services, it costs less than $10 per heliostat. MDAC costs were a fraction
of the MMC costs, since eight HFC's share common redundant parts in MDAC's
DDC. The two field control systems do have different capabilities, at least
in computer memory capacity. The MMC HFC contains 4096 bytes of ROM and
1152 bytes of RAM, while the MDAC DDC/HFC contains 2000 bytes of EPROM and
16,000 bytes of RAM. The dual redundant MDAC computers are shared by up to
eight HFCs in each DDC.

HC costs, which are significant, vary considerably among the three con-
tractor estimates. Differences of as much as $250 per heliostat occur.
Some of the difference is due to pricing philosophies. When MMC priced its
HC, volume discounts were not considered and essentially the same HC was
used in these heliostats as the Barstow Pilot Plant heliostats. MDAC's HC
computer costs much less than MMC's HC computer. Capabilities may, however,
vary enough to justify cost differences. For example, memory capabilities
for the MMC computer are 4096 bytes of ROM and 256 bytes of RAM compared to
those of the MDAC computer--1000 bytes of EPROM and 64 bytes of RAM,

When a large field is considered, BCS costs are small per heliostat.
They could become more significant if field size is reduced. Not enough
detail is provided by any contractor to present specific summary comments
about BCS costs.
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Heliostat Foundation/Pedestal Fabrication and Instaltlation

.. Just as each of the contractors designed different foundation/pedestal
parts, each plans to build or install them differently. Some of the choices
in fabrication location (CMF or site), basic materials (concrete or steel),
shipping, and installation method {pile driving, vibratory hammer, augering
and grout, or poured-in-place) affect foundation/pedestal installed costs.

® For all these reasons, comparison of foundation/pedestal costs is dif-

‘ ficult. In addition, three of the contractors used subcontracts to install
their foundations. Normally a subcontractor supplies only a single total
price which includes all direct materials, direct labor, all indirect costs,
and profit. However, because of a separate study by Kaiser Engineers and

. some partial breakdowns by the subcontracters, some comparisons can be made.

In general, all of the foundation/pedestal designs more than meet the
load-deflection requirements and could be redesigned to reduce both
materials and the resultant installed costs. A new code, PADLL (Pier
Analysis and Design for Lateral Loads),* developed by GAI Consultants, Inc.,
should assist designers to optimize future foundation designs.

Direct Materials Cost

The first cost area is the cost of direct materials. ARCO fabricates a

thin-walled (0.125 in.) steel cylinder in its CMF, with a resultant total

factory price of $341.98. This price, which contains raw materials and
‘ labor costs, essentially represents total direct materials cost and is com-

parable to the costs of those foundation materials which are installed on
site by other contractors. BEC purchases a prestressed concrete pile which
costs $618, including delivery to the site, The transportation cost from
the pile manufacturer to the site was not stated separately, but could be
estimated at $130 per pile (based on five 7200 1b piles per truck and $650
ger round-trip truckload)}. Direct material cost could thus approximate
488,

The MMC direct materials cost consists of a factory-made interface
adapter (total price $50.84) and the concrete, rebar cage, and electrical
conduit that are installed at the site. Total cost of the last three items
is roughly $253 for 3.55 cu yd of concrete, 320 1b of rebar, and 7 1b of
electrical conduit. MMC direct materials cost totals $303.84. The MDAC
. direct materials cost consists of a 436 1b steel pedestal made in the CMF

(total price $195.80) and the cost of site-installed materials, including a
rebar cage attached to a tapered pipe and concrete. The 296 1b rebar cage
and 86 1b tapered pipe cost about $213 including fabrication, and the con-
crete costs about $123. Total MDAC direct materials cost is $531.80.

¥ aterally Loaded Dri]led Pier Research," Electric Power Research

Institute, January 1982, EPRI EL-2197.
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A summary of the foundation/pedestal direct materials costs are shown:

ARCO $342
BEC $488
MMC $304
MDAC $532

Some of the cost differences can be accounted for by various rates,
but none of the rates seems inappropriate for the particular materials,
amount of Tabor etc., required. The actual rates charged at Barstow are
shown for comparison.

ARCO MMC MDAC Barstow
"Steel", $/1b 0.30 0.23 0.32-0.42 --
Rebar, $/1b - 0.22 0.30 0.22
Concrete, $/cu yd - 45,00 63,20 55,00

Transportation Cost

Another cost category to consider is the cost of shipping any material
from the CMF or subcontractor's facility to the site. The SNLL-estimated
cost of transporting ARCO's foundation/pedestal is based on 26 pedestals per
truckload and $650 per round-trip truckload, while ARCO's estimate is based
on $1.15 per mile. The SNLL-estimated cost amounts to roughly $25 per foun-
dation/pedestal compared to ARCO's estimate of $23. The BEC transportation
cost was estimated previously by SNLL at about $130 per foundation. MMC
ships only a pedestal interface adapter tube at 224 per truckload, which
SNLL estimated to cost $3.15 per adapter; MMC's estimate of $6.70 consists
of $4.79 to-site costs, $1.43 return costs, and $1.48 crate costs. MDAC
ships the pedestal tube from the CMF to the site at an SNLL-estimated cost
of about $20.80. The rebar cage, assembled and welded to the tapered pipe
by a subcontractor located about 100 miles from the site, costs about $23.20
to ship according to SNLL (MDAC estimates only $4.31). The MDAC scenario
does not identify how the tapered pipe gets from the CMF to the subcon-
tractor's location, but the added cost should be small, The MDAC estimate
for shipping the rebar and cone is $4.31, which includes $1.27 for direct
labor and $3.04 for overhead and G & A. The pedestal is shipped along with
the drive mechanism and main beam.

A summary of the foundation/pedestal transportation costs per heliostat
as normalized by SNLL are:

ARCO $25
BEC $130
MMC $3
MDAC $44

The higher transportation costs are a result of shipping both heavy
and bulky items, A tradeoff exists between transportation costs and site
labor charges.
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Site Labor Cost

In addition to direct materials and transportation-to-site caosts, site
labor costs must be included in the total foundation/pedestal costs. Site
labar cost is most easily defined in this report as direct labor cost.
Support personnel, temporary facilities, consumables, rentals, etc., are
often included in a single indirect charge that will be discussed in the
next section.

ARCO uses a seven-man crew to install 40 foundation/pedestals per day,
amounting to 1.4 man-hours per heliostat. In its documented scenario, ARCO
uses an additional seven-man crew to incorporate levelling shims for 48
foundation/pedestals per day, or 1.3 man-hours per heliostat. At the ARCO
site labor rate of $20/hr, these direct labor hours would total $54 per
heliostat. At 40 heliostats per day, only 12 minutes (including any ineffi-
ciency) are allowed for installing a foundation/pedestal., Even though a
vibratory hammer can operate very quickly {roughly 2 minutes per pile),
factors such as setup time and equipment movement time could make this pace
difficult to achieve on an average basis. ARCO notes that two or three
crews could increase the 40/day installation rate. The actual costed
installation includes augering the hole, installing the foundation/pedestal
pipe, and filling the annulus with grout. These activities could well con-
sume more time than the available 9 minutes. Up to 1.5 cu yd of Pole Set¥*
grout (with an assumed 6-in. annulus) could add an estimated $100 to the
cost of the direct materials. ARCO also notes that the foundation/pedestal
alignment could be performed using software rather than the shims; 1.3 man-
hours per heliostat would then be eliminated.

BEC did not provide a breakdown of labor hours since a subcontract was
used. An estimate by Kaiser Engineers shows 3.1 man-hours for driving the
pile. With a site direct labor rate of $15/hr, this activity would cost
$46.50 per pile. BEC also notes that an alternate installation procedure of
drilling, installing, and pole setting may be used. This alternate method
might require the same number of man-hours as the baseline pile-driving pro-
cedure.

MMC subcontracts several site labor activities, including drilling the
hole, fabricating the rebar cage and electrical conduit, installing the
rebar cage, forming the above-ground pedestal, installing the pedestal
interface adapter, and pouring all of the foundation/pedestal concrete.

With the data from Black and Veatch and Kaiser Engineers, an estimate of the
direct labor man-hours was made for some of these operations, including
augering a 1.3 cu yd hole using a two-man crew (~ 1.6 man~-hours); assembling
the rebar cage and the electrical conduit and installing the assembly in the
hole with a five-man crew (~ 3.6 man-hours); placing the foundation with a
two-man crew (~ 1.7 man-hours); and forming and placing the pedestal and
interface adapter with an eight-man crew (~ 6.5 man-hours). The total of
13.4 man-hours at a direct labor rate of $15.68/hr amounts to $210 per
heliostat. MMC proposes to install foundations using one crew per shift,
two shifts per day, for a total of 20 heliostats per day. Use of a second

*Trademark of Forward Enterprises of Texas.
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shift of workers necessitates nighttime installation for at least part of
the year. Field lighting which could be moved from site to site might be
used, and its cost could be amortized over the course of 11 years.

MDAC also has a number of site labor operations, including drilling a
1.8 cu yd hole with a six-man crew (~ 3.0 man-hours); fabricating the rebar
cage and tapered pipe at a subcontractor site (but at site labor rates) with
a seven-man crew {~ 3.5 man-hours); forming and bracing the foundation with
a four-man crew (~ 2.0 man-hours); pouring the foundation with a five-man
crew (~ 2.5 man-hours); and supporting the various operations with equipment
and vehicles using a five-man crew (~ 2.5 man-hours). A1l of the MDAC oper-
ations are done in 30 minutes; four crews are required to meet the predicted
foundation installation rate of 64 heliostats per day on one shift. MDAC
also identified 1 man-haur of direct labor, with a two-man crew, to perform
the surveying operations for the foundation location. (None of the other
contractors included any charges for surveying the foundation location as
part of the installed heliostat costs. BEC did, however, include charges of
0.25 man-hours to confirm the foundation/pedestal position after installa-
tion.) The total direct labor charge was based on 14.5 man-hours at
$15.12/hr or $219.

A summary of the direct labor costs and direct labor hours for
foundation/pedestal installation per heliostat follows, including nominal
surveying charges; as a point of reference, the Barstow Pilot Plant data for
foundations are also included. (The maximum time allowed by the contractor
for any single installation activity is also shown.)

Cost, $ Man-Hours Time (Minutes)
ARCO 69 3.7 12
BEC 61 4,1 18
MMC 225 14.4 48
MDAC 219 14,5 30
Barstow Pilot Plant 200 10.7

(foundation only)

Some of the cost differences may be the result of SNLL's effort to com-
pare information; that is, one contractor's single subcontracted costs are
subdivided for comparison with another contractor's itemized costs. One
observed difference is that the two factory-made foundations, i.e., those of
ARCO and BEC, require much Tess site labor for installation than the poured-
in-place foundations of MMC and MDAC. The latter foundations, however, use
about the same amount of site labor. Kaiser Engineers estimate fewer labor
hours for MDAC than MDAC predicted for its foundation installation (10.4
man~hours vs. 14.5 man-hours). MDAC appears conservative in its estimate.
An overestimate of 4 man-hours could contribute about $2/m2 to the installed
heliostat price. One other difference between MMC and MDAC is the rate of
installation. MDAC allows 30 minutes . for any single operation while MMC
aliows 45 to 50 minutes, (MMC uses smaller crews working longer hours on a
total of two shifts, while MDAC uses multiple larger crews on only one
shift.) Compared tec the maximum time allowances for MMC and MDAC, those for
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ARCO and BEC are much shorter (12 and 18 minutes, respectively, for any
single operation) and may be optimistic.

Indirect Costs

Besides direct materials and direct labor costs, all other site costs
can be considered indirect charges. Indirect costs, whether contractor or
subcontractor costs, include consumable supplies, equipment rental, super-
vision, field engineering, temporary facilities, amortization, capitaliza-
tion, and gross profit. The easiest way to assess these costs is as a pro-
portion of direct labor costs. If this method is used, the following ratios

apply:

Ratio of Indirect to Direct Labor Approximate Indirect

for Foundation/Pedestal, % Cost, $
ARCO 240 166
BEC 420 257
MMC 60 134
MDAC 72 157
Barstow Pilot Plant 69 139

(foundation only)

These ratios vary considerably; further information is required to
explain the differences. For point of reference, the Barstow foundation
contract had indirect costs amounting to 69 percent of the direct labor
costs. Barstow indirect costs did not include the pedestal but did include
foundation indirect charges of equipment rentals, overhead, temporary con-
struction, supervision, and profit. Since both the ARCO and BEC foundation
installations were subcontracted, neither contractor specified the direct
labor hours required. If the direct labor hours per foundation installation
are indeed as low as those estimated by Kaiser Engineers, one might conclude
that ARCO's and BEC's subcontracted indirect costs are high., These indirect
costs, and the resultant total heliostat costs, could be reduced if ARCC and
BEC performed their own foundation installations.

Foundation/Pedestal Cost Summary

Costs for the foundation/pedestal are noted in Table 35 as a function
of reflective area. All of the foundation/pedestals exceed the load defiec-
tion specifications and thus are overdesigned. The designs could reduce
costs, especially in direct materials, by using shorter or smaller diameter
foundations. The BEC foundation/pedestal is very expensive and could be
reduced in cost by changing design. The high costs of the MDAC direct
materials reflect not only the use of the steel pedestal, steel tapered
cone, and rebar cage (total of 818 1b of steel) but also the high cost rate
($/1b) for the steel. The MMC cost rates for steel are quite Jow; however,
the rebar cage that MMC costed was similar to that actually installed at
Barstow at a much lower consumption rate. The MMC rate for delivered con-
crete may be optimistic even for April 1980 dollars, but it may be
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TABLE 35

FOUNDATIGON/PEDESTAL COST SUMMARY
(Contractors' Estimates, $/m?)

Barstow
Component of Cost ARCO BEC MMC MDAC (foundation only)
L J
Direct Material $/m2 6.50 11.10 5.30 9.40 8.60
Transportation $/m? 0.50 3.00 ek 0.80 *%
Direct Labor $/m2 1.30 1.40 3.90 3.90 5.00
Indirect Costs $/m? 3.10 5.80 2,30 2.80 3.50
Total Foundation/ 11.40 21.30 11.50% 16.90 17.10

Pedestal Costs, $/m®

*Reduced by MMC (9/30/81 Review) to $10.46/m2.
**Not specifically called out.

possible. If so, the MDAC direct materials cost for concrete may be
conservative. At the September 1981 review, MMC estimated that $1. 04/m? or
$59,70 per heliostat could be saved on the foundation/pedestal over the cost
estimate made by Black and Veatch. This would revise the estimate for the
installed foundation/pedestal to $10.46/m.
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Operations and Maintenance Cost Estimate

As estimated in this study, the operations and maintenance (0 & M) costs
include only the periodic costs that occur over the 30-year 1ife of a
50 Mdg plant. The initial investment cost of maintenance equipment and
the cost of the initial inventory of spare parts are included in the capital
costs of the heliostat. These costs were not uniformly presented in the
contractors' reports. Another cost not identified by all of the contractors
is the additional cast of first-year 0 & M expenses over those of the peri-
odic subsequent years. These costs could be part of either the initial
investment or the levelized annual 0 & M cost.

Periodic costs are divided into several categories. One category
includes costs for heliostat replacement parts and the labor to implement
these changes. A second category includes costs for both the materials and
labor involved in miscellaneous repair. A third category includes costs for
replacing maintenance equipment that does not last 30 years. Other catego-
ries include costs related to reflective surface washing materials and the
associated Tabor, to heliostat field operations, and to the power consumed
by the helijostat field when the field is not producing usable power. In
this study, the heljostat account is not charged for the parasitic power
consumed by operating heliostats. However, power consumption could have
been charged to this account.

Heliostat Part Replacement

The heliostat part replacement account incurs costs from both the
replacement materials and the labor to replace these materials.

Materials--Estimates of replacement part costs, which are based on
failure rates for the various heliostat parts, are shown for each contrac-
tor:

ARCO - Reflective assembly $ 2.40/heliostat
- Drive mechanism
Gears, bearings, seals 1,00
Motors 0.80
Limit switches 0.08
Cables, connectors 0.20
- Controls 1.26
Total § 5.74/heliostat
BEC Total $14.17/heliostat
MMC - A1l except HAC $12.50/heliostat
- HAC (service contract) 4,86
Total $17.36/heliostat
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MDAC - Reflective assembly $ 0.47/heliostat
- Drive mechanism
Azimuth 0.11
Elevation 0.18
Motors 1.01
Position/Timit indicators 0.71
Power supply/distribution 0.11
- Controls 0.84
Total $ 3.44/heliostat

Labor--Estimates of the cost of labor to replace heliostat parts is
iependent on the time and labor rate used.

ARCO - Reflective assembly $ 0.24/heliostat
- Drive mechanism ‘

Gears, bearing seals 0.03

Motors 0.02

Limit switches 0.08

Cables, connectors 0.10

- Controls 3.15
Total $ 3.62/nheliostat ®

In addition, ARCO has a 100 percent overhead charge, which is equal
to the direct Tabor charge of $3.62 per heliostat for a total charge of
$7.24 per heliostat.

BEC Total $17.90/heliostat

MMC Total @ $15.08/hour $21.57/heliostat

The MMC labor excludes mirror washing and includes two men on the day
shift and two part-time men on the night shift.

®
MDAC - Reflective assembly $ 1.29/heliostat
- Drive mechanism
Azimuth 10.16
Elevation 2.59
Motors 4.23
Position/1imit indicators 0.37 @
Power supply/distribution 0.55
- Controls 0.96
- Pedestal 0.55
Total © $18.00/hour $20,70/heliostat °
Miscellaneous Repair Maintenance
The miscellaneous repair maintenance account includes repainting part
surfaces, changing o0il, lubricating, and repairing parts. °
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ARCO - Materials costs associated with cleaning and repainting mirror
module substrates, drive units, control unit housings, and pedestals and
support structures and with changing drive unit oil are estimated at $9.14
per heliostat. Labor and overhead costs associated with these activities
are estimated at $9.20 per heliostat for a total charge of $18.34 per helio-
stat.

BEC -~ A1l of the BEC cost estimates are included in other accounts.
MMC - A1l of the MMC cost estimates are included in other accounts.

MDAC - Several items are included in the miscellaneous repair mainte-
nance account, such as bench repair of defective azimuth and elevation drive
parts and repairing defective power transformers at an off-site facility.
Charges for these activities are $1.62 per heliostat. Another group of
expenses, totaling $6.39 per heliostat, includes parts and shipping costs
for replacing or repairing such items as mirror modules, reflective assembly
supports, azimuth or elevation drives, drive motors (including encoders and
motor controllers), power and data cables (both heliostat and field por-
tions), power transformers, power distribution panels, data distribution
interfaces, heliostat controllers, pedestal tube cap covers, and junction
boxes. Also included are expenses for crane, forklift, and pickup fuel;
lubrication for the azimuth and elevation drives; maintenance supplies; and
HAC service contract.

Labor costs associated with the above repairs totat $2.77 per helio-
stat, for a total expense of $10.78 per heliostat.

Maintenance Equipment Replacement

Maintenance equipment replacement costs are based on the initial cost
of the equipment lifetime, the maintenance inflation rate, and the discount
rate during the lifetime of the plant.

The present value of equipment replacement costs distributed over the

plant lifetime and based on a periodic cost (first-year cost estimate) can
be estimated by the following equation:*

n 1+g i
PV = PC  }
i=1,j \1+k

where
PV = present value
PC = periodic cost
n = plant lifetime, i.e., 30 years

*See Reference 8.

111



Jj = period of repeated replacement, i.e., 5 years for tooling and
10 years for equipment

g = escalation rate for maintenance cost, assumed at 0,08

k = discount rate for cost of money, assumed at 0,11

If the above variables are used, the ratic of PV to PC is 0.76 and 0.578 for
the two 10-year replacement periods typical for equipment. The ratios are
0.872, 0.760, 0.663, 0.578, and 0.504 for the five 5-year replacement
periods typical for tooling over the 30-year plant life.

The Tevelized annual cost (LAC) to provide for periodic equipment or
tooling replacement can be estimated by:

LACogm = PVogm(CRF)

where LACqgm levelized annual cost of 0 & M

CRF

capital recovery factor based on discount rate (k) and
ptant lifetime (n)

k
1

(1+k)"

1 -

The ratio of LACogm to PV is shown for various discount rates, k, over 30
years.

10% = 0.106 16% = 0.162
11% = 0.115 17% = 0.172
12% = 0.124 18% = 0.181
13% = 0,133 19% = 0.191
14% = 0,143 20% = 0.201
15% = 0,152

If the factors for the 10-year equipment replacement were combined, the
levelized annual cost of the present value would be:

PV (0.760 + 0.578)(0.115)

LACo&m
PV (0,154)

H o0

ARCO states that its $550,000 washing system has a 30-year life and
therefore is not replaced. Other initial equipment having a useful life
under 30 years was originally capitalized at $52.45 per heliostat. Since
the anticipated lifetimes were not given, the annualized cost of replacement
can only be estimated. An estimate of the levelized annual cost of the
present value--assuming a 10-year lifetime, 8 percent inflation, and an 11
percent discount rate--is $8.08 per heliostat.

BEC uses three mirror-cleaning trucks but does not specify the life of
the equipment. Each truck initially costs $75,000. BEC shows other main-
tenance equipment originally being capitalized at $21.12 per heliostat. The
levelized annual cost of the present value over 30 years, on the basis of
the same assumptions as those for ARCO, is estimated at $8.26 per heliostat.
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MMC projects & need for one $75,000 mirror washing truck having a 10-
year lifetime (costing $14.57 per heliostat) and capitalized equipment
having an initial expense of $230,000 (costing $44.69 per heliostat), Life-
times of ten years for equipment and five years for tooling were specified.
The levelized annual cost of the present value for replacing these mainte-
nance items is $9.13 per heliostat based on the same assumptions used by
ARCO. MDAC uses two wash trucks in tandem and initially charges $35.93 per
heliostat. MDAC also capitalizes other equipment and tools with an initial
cost of $36.07 per heliostat. An estimate of the levelized annual cost of
the present value of equipment replacement is $11.09 per heliostat based on
the assumptions used by ARCO.

Mirror Washing

A1l of the contractors make some assumptions on mirror washing sce-
narios but were not tasked with providing any detailed design. These
general assumptions are the basis of the estimate.

Mirror Washing Materials--Mirror washing materials were estimated by
the contractors,

ARCO - Mirror washing materials used by ARCO include supplies ($2.01
per heliostat), water ($0.67 per heliostat), deionizing chemicals ($1.67 per
heliostat), maintenance ($4.18 per heliostat), and electricity ($1.00 per
heliostat). Charges are based on the assumption that six washes per year
are required.

BEC - The only materials budget that could be associated with washing
materials is the repair materials budget, which amounts to $0.72 per helio-
stat. BEC proposes to wash heliostats eight times a year for the most cost-
effective approach., BEC recovers about 75 percent of the wash water.

MMC - Washing materials are costed at $2.80 per heliostat for deionized
water and wash truck operation.

MDAC - Scheduled maintenance materials are costed at $11.96 per helio-
stat., This amount includes the costs of washing solution, deionized wash
and rinse water, and diesel fuel for the washing trucks.

Mirror Washing Labor--Mirror washing labor estimates are shown for each
contractor.

ARCO - Mirror washing labor charges include direct labor ($7.50/hour),
benefits ($1.88/hour), and a G & A allowance ($1.67 per heliostat) for a
totat cost of $3.30 per heliostat. The loaded labor rate plus G & A is
$18.94/hour. The time allowed for the actual washing of each heliostat is
17 seconds; a total of 1.6 minutes is allowed for washing activities,
including travel, breaks, etc. On the average, one operator works one shift
half-time.

BEC - Scheduled maintenance labor costs $62.47 per heliostat. Of that

total, $52.50 is for mirror washing. The remainder is for vehicle mainte-
nance, instrument calibration, weed control, etc. Three cleaning crews
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operate on the day shift and two on the night shift. Each three-man crew
uses a cleaning truck. The heliostats are oriented so that one truck can
clean two heliostats at a time. Overall time for cleaning a heliostat is
about 10 minutes including travel, breaks, etc.

MMC - Every month, a two-man maintenance crew washes a complete field
of mirrors in about 80 nighttime hours. An overall time of 0.93 minute is
allowed per heliostat, including travel, breaks, etc. The $15.08/hr labor
rate used by MMC yields a labor cost of $2.80 per heliostat.

MDAC - Scheduled labor to wash MDAC mirrors costs $11.21 per heliostat
at a labor rate of $18.05/hr. Mirrors are washed twelve times a year, using
both a wash truck and a rinse truck. Each heliostat is washed or rinsed
for about 28 seconds. The average time allotted for travel, breaks, etc.,
is about 1.68 minutes per heliostat; although not specified by MDAC, the
time predictions require a two-man crew to operate the two trucks on a
single shift.

Heliostat Field Operations

Heliostat Field Operations Labor--Contractors estimated annual field
operations labor costs.

ARCO - ARCO assumes no operations labor costs. If three 40-hour man-
weeks are assigned to this cost account at ARCO's loaded labor rate plus a
G & A of $18.94/hr, the cost is $19.78 per heliostat.

BEC - Operations labor, requiring an average of two full-time opera-
tors, is estimated as $11.39 per heliostat. BEC plans to use a variable
operating schedule--seven days a week from June to September and five days a
week for the rest of the year. Average daily operating time is about 12
hours; thus the labor hours need to be supplemented by the part-time effort
of other workers if only two men will be employed on regular eight-hour
shifts. BEC does note that supervisory or monitoring duties may be the
normal responsibility of the collector field operators.

MMC - An equivalent of three 40-hr man-weeks is estimated for collector
field operation requirements. At an average wage rate of $14,08/hr, the
annual operations labor cost is $17.07 per heliostat.

MDAC - No budget for operations labor is included by MDAC. If three
40-hr man-weeks are assigned to this cost account at the MDAC labor rate of
$18.05/hr, the cost is $20.81 per heliostat. However, MDAC states that "the
design of plant control is such that the operator attention necessary to
monitor the collector field is within the capacity of station personnel
normally assigned to a utility operation regardiess of plant type"; there-
fore, no cost is assigned to this account for the contractor estimate.

Heliostat Field Power Consumption--Only BEC provides an estimate of the
power consumed by the heliostat field during nonoperational hours. Another
contractor lists the total power consumption expected during the year. Data
are also available on the power requirements of the motors and the heliostat

controllers on each of the Second Generation Heliostats at the CRTF. SNLL
uses these data to estimate heliostat power consumption.
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ARCO - Power consumption measured at the CRTF was 2.35 kWhr per helio-
stat during a ten-hour day. Based on 365 eleven-hour days of operation per
year, the operational power consumption cost is $47.18 per heliostat at
$0.05/kWhr. Nonoperational power consumption is assumed to be half the
operational power consumption, or $23.60 per heliostat. ARCO plans to
replace its Second Generation Heliostat motors with ones of lower power con-
sumption in subsequent design iterations.

BEC - The operations budget includes an estimated annual cost of
nonoperational power at $3.26 per heliostat. This is based on $0.04/kWhr.
The amount of estimated power consumed per heliostat can be itemized as
follows:

MOTORS -- 0.39 kW x 15 min = 0,10 kWhr/day (morning start-up)

HC -~ 0,010 kW x 1.5 hr = 0,015 kWhr/day (morning start-up)
0.010 kW x 11.5 hr = 0.115 kWhr/day (nighttime)

HFC -~ 7.0E-4 kW x 1.5 hr = 0.001 kWhr/day (morning start-up)
7.0E-4 kW x 11,5 hr = 0,008 kWhr/day (nighttime)

HAC -- 2.5E-5 kW x 1.5 hr = 3.7E-5 kWhr/day (morning start-up)
2,56-5 kW x 11.5 hr = 2,8E-4 kWhr/day (nighttime)

WIND -~ 5.8E-5 kW x 13 hr = 7.5E-4 kWhr/day (nonoperational)

MONITORS

Total nonoperational power consumed per heliostat totals 0.15 kWhr/day, or
54,8 kWhr for 365 days. Cost of this power at $0.05/kWhr is $2.74 per heli-
ostat.

Data from the CRTF indicates an average power consumption by the HC and
motors of 0.29 kWhr over a ten-hour day. Average operating time for the
motors can be estimated from the CRTF data and the BEC projections.

HC -- 0.01 kW x 10 hr = 0.10 kWhr
Motors -- 0.39 kW x 1 hr x 0.05* = 0.19 kWhr
0.29 kWhr
The operational power consumption cost can be estimated as follows:
Motors -- 0.39 kW x 11 hr X 0.05 = 0,215
HC -- 0,010 kW x 11 hr = 0,110
HFC == 7.0E~4 kW x 11 hr = 0,008
HAC -~ 2.5E-4 kiW x 11 hpr = 0,003
Wind -~ 2.5E-5 kW x 11 hr = 0,0003

0.336 kWhr/day/heliostat

At a cost of $0.05/kWhr, the operational power consumption per
heliostat per year is $6.14.

*Fraction of ten hours actually operating.
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MMC - Power consumption measured at the CRTF for a ten-hour day
was 0.257 kWhr, Based on 365 eleven-hour days of operation per year and
$0.05/kWhr, the operational power consumption cost is about $5.16 per helio-
stat. Nonoperational power consumption cost is estimated at about half the
operational power consumption cost, or $2.50 per heliostat.

MDAC - Power consumption measured at the CRTF for a ten-hour day was
0.63 kWhr. Operational power consumption cost, based on 365 eleven-hour
days of operation and $0.05/kWhr, totals about $12.05 per heliostat. Half
of this estimated cost, $6.42 per heliostat, rough]y represents the nonoper-
ational power consumption annual cost.

A summary of the various 0 & M charges that were estimated by each con-
tractor follows in Table 36.
TABLE 36

OPERATIONS AND MAINTENANCE COSTS
(Contractors' Estimates, $/m®)

Components of Cost ARCO BEC MMC MDAC

Replacement Components

Materials 0.11 0.32 0.30 0.06
Labor 0.14 0.41 0.38 0.36
Repair 0.17 inc. inc. 0.19
Equipment Replacement* 0.15 0.19 0.16 0.19

Mirror Washing

Materials 0.18 0,02 0.05 0.21
Labor 0.06 1.42 0.05 0.20
Field Operation 0.37* 0.26 0.30 0.00
Field Power* 0.45 0. 06 0.04 0.11
gg;g] 0 & M Costs, 1.63 2.68 1.28 1.32

*SNLL-estimated values. See text for explanation.
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Discussion

The cost analysis for the Second Generation Heliostat development study
charges the initial equipment and spare parts inventory to the heliostat
capital costs. Recurring costs are charged to 0 & M whether they come from
daily activities or from replacing equipment so that the utility can operate
for 30 years. Replacement costs are annualized over 30 years to represent
the present value required for continued use of the equipment. While 0 & M
costs increase at the annual inflation rate, the solar fuel costs remain
constant at zero.

A1l of the 0 & M costs are strictly estimates since heliostat fields
for a 50 MWy energy generation plant have not existed or been operated,
and comparable equipment has not been operated in similar configurations or
environments. The Barstow Pilot Plant will in time provide some data, but
even its field size and heliostat design are different from those in the
Second Generation Heliostat development study scenario.

The contractors make estimates in some areas, but most do not include
all the costs that SNLL expects to be in the 0 & M account. On the other
hand, some costs are included that are not part of the 0 & M account. Most
of the individual costs are small, but when the recurring costs are esca-
lated at inflation rates over the 30-year life, the levelized costs become
larger, For example, if the parameters used for equipment replacement were
applied to the annual 0 & M "replacement" cost over a 30-year plant life,
then the levelized annual cost would be about 2.32 times the initial year
cost. Different economic assumptions can give the G & M cost portion more
or less leverage than illustrated by this example.

Most of the O & M cost estimates come directly from the contractors'
data or are extracted from their data. In a few areas, estimates are pro-
vided by SNLL. Equipment replacement costs, which the contractors did not
include, are considered part of the recurring costs over the 30-year plant
life. Field power consumption costs, which some contractors estimated, are
estimated by SNLL to fit a common scenario. Operations labor cost is also
estimated by SNLL where not provided.

Total recurring 0 & M costs vary among the contractors. One major
cost difference is the estimate provided by BEC for mirror washing labor.
This task could be completed more quickly if more automation were incorpor-
ated in BEC's scenario. Perhaps, however, ARCO, MMC, and MDAC are too opti-
mistic in their projection that mirror washing can be completed in about
one-tenth the time estimated by BEC.

Another difference among the contractors' designs is the amount of
field power consumed during nonoperating hours. ARCO's system currently
requires considerably more power than the other systems. Maturation of
ARCO's design should reduce this value, making it more competitive.

Other 0 & M cost differences exist. In addition, the level of detail
presented and the experience available to the contractors make an evaluation
of a complete estimate difficult. Cost estimates for O & M will be improved
only after actual field installation and operation are conducted.
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Potential Cost Reductions By Contractors

Each Second Generation Heliostat contractor identified areas for reduc-
ing the cost of its design. The cost-reducing modifications were not imple-
mented into the heliostats built for this study or costed into the produc-
tion planning of 50,000 heliostats per year. Before the proposed changes
can be implemented, further technology development, or at least some demon-
stration of feasibility at specification standards, is required.

The effect of learning over a ten-year production span could provide
additional reductions (10 to 15 percent) in the installed heliostat cost
over the savings made by the design and process changes described by each
contractor. Only two of the contractors (ARCO and MDAC) addressed the
effect of learning. The effect of learning may or may not be real, but if
approgriate for heliostats, their cost may be reduced by as much as $15 to
$20/m~ by the end of the ten-year production schedule.

Atlantic Richfield Company (ARCO)

ARCO identifies areas for potential cost reduction in its reflective
assembly, support structure, drive unit, foundation/pedestal, and controls.
ARCO suggests three ways to save costs on the reflective assembly: elimi-
nate paint on the back surface of the mirrors, use thinner glass, and use
only one piece of glass instead of two for each reflective panel.

In the support structure account, ARCO projects eliminating cross
braces and lower braces, thereby reducing factory and field assembly costs.
A potential for cost reduction also exists in the drive unit through the use
of lighter weight castings, alternate motors to replace the D.C. stepper
motors, and longer life crankcase o0il.

Other potential ways of reducing costs include using control systems
which consume less parasitic power; using a longer 1ife paint for the sup-
port structure, drive housing, controls housing, and foundation; producing a
lower cost foundation/pile, thereby lowering field installation cost; shift-
ing field labor to the factory; and improving field labor planning.

If all the above changes are implemented, ARCO estimates that the price
of installed heliostats would be reduced by 21 percent.

Boeing Engineering and Construction (BEC)

BEC identifies several areas of potential cost reduction. For the
reflective assembly, BEC proposes switching to a commercially available
cellular glass core from the more costly Foamsil. Furthermore, BEC believes
that its initial estimate of $0.50/ft* for silvering was high and that
mirroring should cost only about $0.35/ft°.

In other cost accounts, BEC predicts that a smaller diameter pedestal

would be better than the original, unexpectedly stiff pedestal. If a more
slender pedestal were incorporated, the gimbal could have a smaller
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diameter, also lowering costs. BEC predicts that the drive specification
could be relaxed without jeopardizing performance; drive cost would decrease
not only as a result of that relaxation but also from the development of
competitive drive suppliers.

BEC estimates that the cost savings realized by implementing the above

measures could total about 10 percent of the price of an installed helijo-
stat.

Martin Marietta Corporation (MMC)

MMC identifies several areas for potential cost reduction. Costs can
be reduced by taking advantage of the depreciation effects on equipment
allowed by the new tax laws. Innovative manufacturing processes could also
reduce costs, particularly of the drive and mirror module assemblies. MMC
claims that a cost savings could result from eliminating the coat of paint
between the mirror back and the polyisobutylene layer on the facesheet and
by eliminating the associated equipment, personnel, and in-process storage
and cure area. MMC predicts that an investment of only $10 million
{instead of the $40 million originally predicted)} would be sufficient to
induce Corning to build a fusion glass plant in Albuquerque, resulting in
further cost savings.

In the cost account for the foundation/pedestal, MMC believes that
actual construction bids would be Tower than stated, based on a Black and
Veatch estimate. Further cost savings could result from different scenarios
for foundation installation and rebar cage fabrication. Significant cost
savings can be achieved in the controls area as well, through an optimized
field wiring scenario and as a result of reduced fiber-optic costs by 1984.

A cost savings of about 7 percent could be realized if all the above
changes were implemented into MMC's scenario.

McDonnell Douglas Astronautics Company (MDAC)

MDAC identifies potential cost reductions for all its heliostat cost
accounts except controls, both in processing and in materials reduction or
simplification, while still complying with specifications. In the reflec-
tive assembly accounts, MDAC predicts that the addition of two additional
mirror modules per heliostat would reduce costs by increasing reflective
area. MDAC is currently testing a "shimless" bond of the hat section to the
mirror using a rapid cure adhesive; this revision could cut costs for
materials, equipment, manpower, and floorspace. Similar cost reductions
could result from employing an adhesive lamination process, instead of auto-
claving the mirrors to a glass backing sheet. A reduction in the material
used in edge seals, or even their potential elimination, could have a cor-
responding cost savings. MDAC predicts that use of a hat section stringer
such as fiberglass, which has the same thermal expansion as mirrors, would
permit the use of thinner back laminate float glass and result in further
cost savings.
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In the support structure cost account, MDAC predicts potential cost
reductions for both the main box beam and the elevation support structure.
MDAC proposes that cost-reducing tradeoffs can be made between welding
complexity and part weights. The elevation support structures might be made
at less cost by casting rather than welding.

In the drive mechanism cost account, MDAC predicts several cost-saving
methods. These include standardizing fasteners and seals, combining func-
tions of parts, and increasing part size to minimize use of high-cost
materials. MDAC also proposes replacing some metal parts with molded
plastic parts.

In the foundation account, two alternate areas exist- for cost reduc-
tion. One approach reduces the volume of concrete in the current foundation
design by implanting a hollow tube inside the drilled hole and pouring the
concrete between the tube and the hole., The other approach adopts an alter-
nate foundation design--a hole is drilled and a preformed concrete or metal
tube is grouted in place with foamed-in-place urethane.

MDAC estimates that implementation of all these changes could mean
about 16 percent cost savings for its heliostat.
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Heliostat Cost Comparisons Using a Heliostat Cost Analysis Tool (HELCAT)

The HELCAT code (Reference 6) was developed to provide a consistent
structure for cost analysis. HELCAT calculates a representative installed-
heliostat price based on the contractors' direct input data (i.e., direct
materials and consumables, direct labor hours, and capital investment
requirements for land, facility areas, and equipment and tooling) and
various economic, financial, and accounting assumptions. Corrections have
been made where identified, and in some cases judgments have also been made
to translate the contractors' data into the HELCAT format. Default HELCAT
parameters were used when contractor data were not available.

An endless number of HELCAT calculations and comparisons could be made,
but this study concentrates on a best-effort representation of the contrac-
tors' estimates. Direct materials costs, direct labor hours, land areas,
building sizes, equipment and tooling costs, consumable costs, and other
applicable information were taken from the contractors' reports. Financial
parameters were also used to simulate the contractors' business method as
described in their reports. The remaining parameters were adjusted to
reflect the dollar values shown in the reports (e.g., the G & A fraction in
HELCAT was adjusted to provide the dollar value provided in the cost break-
down). In general, the total HELCAT-calculated installed price is within 1
to 2 percent of the contractor-calculated installed heliostat price.

HELCAT Input Parameters

In order to resolve the differences between the contractors' prices and
the HELCAT calculated prices to within 1 or 2 percent, some SNLL default
values had to be revised. (These default values were suggested by studying
other businesses of a similar nature.) Some adjustments were necessitated
because the HELCAT model does not represent each contractor's particular
method of conducting business. However, some price differences resulted
from underestimation or overestimation of costs. Table 37 shows the HELCAT
parameters which were used to fit the contractors' estimates. These values
may or may not be representative of a users' normal business practices.

Some wide varjations are apparent in Table 37. The cost rate of
improved land is low for ARCO and high for BEC. The factory cost rate is
low for ARCO and high for MDAC. ARCO, MMC, and MDAC probably assume blan-
ket insurance policies while BEC does not. The property tax alone, however,
probably costs more than the property tax and insurance totals estimated by
ARCO, MMC, and MDAC. Even so, these differences have small impact on the
final heliostat price. Since land is not depreciated, the price of the land
affects only the working capital., Buildings are depreciated over jong
periods of time {(at least ten years), and the property tax and insurance
amounts are small.

The contractors' factory labor rate estimates vary somewhat, as do the

number of labor hours per heliostat. If the labor hours required to
accomplish specific operations are actually those stated by the contractor,
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TABLE 37

HELCAT PARAMETERS USED TO FIT CONTRACTORS' COSTS

" HELCAT
ARCO BEC MMC MDAC DEFAULT
Parameter
Improved Land Cost_($/acre) 12,000 32,000 20,000 20,000 20,000
Factory Cost ($/ft2) 29.12 50.00 75.00 138.00 50.00
Property Tax/Insurance (%) 1.8 4.8 1.3 2.1 4.0
Factory Labor Rate ($/hr) 6.90 10.50 10.25 18.88 $.45
Site Labor Rate ($/hr) 20,00 11,44 15,68 15,12 15.00
Scrap Allowance (%)
Purchased Material 0.0 1.0* 0.7 3.0 1.0
Raw Material 0.0 3.0% 1.0 3.0 3.0
Indirect Fractions (%)
Capital Cost--Maintenance 2.0 2.0 2.8 2.0 2.0
Capital Cost--Other .0 0.6 0.0 0.5 0.6
Direct Materials Cost 0.4 0.4 0.6 0.3 0.35
Direct Labor Cost .
Factory 16,7 27.0*% 35,0 22,0 27.0
Site 30.0 30.0% 30.0 70.0 30.0
G & A, Fraction of Sales (%) 10.0 2.9 5.3 4.4 9.0
Transport Rate ($/Truckload) 613.40 395.00 719.20 725.00 650.00
Facility Life (yr) 20 45 33 40 30
Tax Life (yr) 10* 20* 10 20% 25
Equipment Life (yr) 10 10 15 10 10
Tax Life (yr) o* 10% 5 10* 8
Tooling Life {yr) 5 5 5 5 5
Tax Life (yr) 3* 5* 3 5* 3
Depreciation Method SL S0YD S0YD SL
Equity Fraction 0.8 0.8 0.8 1.0 0.8
Return (%) 25.0 9.5 20 15.0% 16.6
Bond Fraction 0.2 0.2 0.2 0.0 0.2
Return (%) 18.0 5.0 15.0 N/A 10.2
Start-up Fraction 0.0 0.30 0.0 0.0 0.1
Inflation {%) 10.0% 10.0* 10.0* 9.4 6.0

Note: Contractors' parameters were

cost data where possible.

*Default value or assumed by SNLL.

SL - Straight line.
SOYD - Sum of years digits,
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then the ARCO factory rate is low and the MDAC factory rate is high. How-
ever, if in actual practice the rates are different, the contractor might
choose a different operations scenario. Site labor rates do not vary as
much as factory rates, but ARCO appears somewhat high and BEC somewhat low.
This difference is compounded for ARCO since it employs a significant amount
of site direct labor.

Scrap rates can also be significant factors ($1 to $2/m2) since the
rate applies to the large direct materials charges. Direct materials costs
must be examined to assess whether a reasonable scrap rate is contained
within those values. For example, ARCO does not include a scrap rate, so
the scrap value is assumed to be included in the material cost.

Some of the indirect fractions vary somewhat among the contractors.
Fractions based on the capital costs are not very significant, since they
are amortized over 50,000 heliostats per year. Some fraction greater than
zero should be used by each contractor; ARCO and MMC, however, did not
include an allowance for indirect charges attributed to "other than the
maintenance account based on capital cost." These charges can be related to
janitors, yardmen, and security.

Indirect costs based on direct labors costs vary among the contrac-
tors. The rate used by ARCO in the factory appears low at only 16.7 per-
cent, while the others either use somewhat higher rates or, in the case of
BEC, the default va]ueé The Tower ARCO rate can represent a differential of
about $0.50 to $1.00/m“ in installed heliostat price. The MDAC site
indirect rate appears very high at 70 percent of direct labor, but only a
few direct labor hours are charged for the reflective assembly, drive
mechanism, and support structure. Since MDAC has few other specific site
charges, this category could compensate for the lack of MDAC's charges else-
where. (See the site discussion, Table 32.)

The G & A rate estimates vary from about 2.9 percent to 10 percent.
Differences amount to as much as $5/m® on the installed heliostat price.
The basis for these costs has no precedent, since no one has manufactured
and sold many heliostats. Except for the estimate used by ARCO, all of the
rates appear low.

Transportation cost rates seem reasonable for a]] contractors except
BEC. A more appropriate rate could add about $2. 50/m* to the BEC installed
heliostat price.

Different depreciation schedules and lifetimes have some effect on the
replacement costs charged to the heliostats account but affect income taxes
more significantly. Accelerated depreciation can reduce the installed heli-
ostat price by $1 to $2/m>.

The contractors describe the return to investors in different ways.
The rates in Table 37 are SNLL's interpretation of their scenarios. ARCO
has the highest return; MMC follows. BEC has some return, and profit at the
factory level would result in a higher comparable return than that shown.
MDAC's return is described as 15 percent at the end of ten years. The
dollar amount of return is not shown in the MDAC report, so an average
return of 15 percent is used.
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A start-up fraction in the HELCAT analysis accounts for the excessive
one-time costs incurred during the first months or year of manufacturing.
Depreciation charges by BEC require a 30 percent start-up fraction to simu-
late its charges. This effectively increases all capital costs of build-
ings, equipment, and tooling by 30 percent. Other contractors do not have
sufficient funds in the capital replacement account to cover any start-up
costs. Based on the SNLL default value, BEC overestimates while ARCO, MMC,
and MDAC underestimate. This difference amounts to about $1/m2 on the
installed heliostat price.

HELCAT Analysis Results

The HELCAT analysis was performed for each of the four designs using
the contractors' data where possible. Costs were then tabulated in a format
simitar to that shown in the comparative format sections. Costs are listed
by cost breakdown structure, by location, and by components of required
revenue in Tables 38, 39, and 40, respectively.

Costs by cost breakdown structure show that the contractors of the two
larger heliostats, MMC and MDAC, have the Towest costs for the reflective
assembly, drive mechanism, and support structure parts. Most of the small
difference in costs can be explained by differences in shipping scenarigs,
inverted or noninverted drives, and standardized or specialized structural
steel parts. ARCO spends a large amount of money on its drive mechanism but
a small amount on the reflective assembly. The BEC heliostat generally has
a high cost per unit area because of its low reflective surface area. SNLL
assumes BEC's controls and field wiring costs. The BEC foundation/pedestal
cost appears excessive by at least $10/m* because of the design choice.
MDAC foundation/pedestal costs can be reduced by as much as $5/m2 by revis-
ing the design.

ARCO has very cost-effective transportation costs, even when they are
increased to account for the slightly low transport rate that is assumed.
The BEC to-site transportation costs are Tow compared to MMC's because BEC
assumes transportation rates about at half the MMC rates. The BEC to-site
transportaton costs at the MMC transport_rate are $5. 46/m , while the ARCO
to-site transportation costs are $2. 23/m2 on a comparable basis.

ARCO has high site costs, partially because of the higher-than-average
site labor rates used, but also because of the large number of labor hours
incurred. MDAC site costs are small even if the estimated indirect fraction
on site direct labor, which is high, is considered. Site labor hours are
expended only on installation, and the resultant site burden costs are thus
less for MDAC than for the other contractors.

Costs by location show that the major portion of the installed helio-
stat price is incurred at the CMF. The main difference between the similar
reflective assembly, drive mechanism, and support structure costs of MMC and
MDAC are their to-site transportation and on-site costs.

Costs by components of required revenue for the reflective assembly,

drive mechanism, and support structure show some wide variations in indivi-
dual accounts. Some of the accounts include overestimates and some include
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TABLE 38
COSTS BY COST BREAKDOWN STRUCTURE FROM HELCAT ANALYSIS
(Contractors' Estimates, $/m“)

Heliostat Major Parts ARCO BEC MMC MDAC
Reflective Assembly - Factory* 22.23 36.66 29.00 32.56
& Transportation
Drive Mechanism - Factory* 34,46 33.60 27.54 23.97
& Transportation
Support Structure - Factory* 10.93 13.57 8.99 13.38
& Transportation
Other** Reflective Assembly, Drive 11.53 9.41 7.91 6.24
Mechanism, & Support Structure -
Factory
Reflective Assembly, Drive Mechanism, 14,57 10,69 6.85 3.85
& Support Structure - Site

Subtotal Reflective Assembly, 93.72 103.93 80.29 80.00

Drive Mechanism, & Support Structure

Price, $/m’
Controls and Field Wiring 13.51 17.62! 14.33 12.47
Foundation/Pedestal 11.45 23.74 10.53 14,75

Installed Heliostat Price, $/m2 118.68 145,29 105.15 107.22

L2t

*Includes direct materials, direct labor, replacement allowance, and gross profit.

**Includes indirect costs, consumables, property tax and insurance, G & A, other.

lassumed by SNLL.
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TABLE 39

COSTS BY LOCATION FROM HELCAT ANQLYSIS
(Contractors' Estimates, $/m“)

Location of Incurred Cost ARCO BEC MMC MDAC
Central Manufacturing Facility* 77 .26 ' 90.24 70.05 68.70
To-Site Transportation¥* 1.90 3.00 3.38 7.43
Site* 14,57 10.69 6.85 3.85

Subtotal Reflective Assembly, 93.73 103.93 80.28 79.98

Drive Mechanism, & Support
Structure Price, $/

Controls & Field Wiring 13.51 17.62} 14.33 12.47
Foundation/Pedestal 11.45 23.74 10.53 14,75
Installed Heliostat Price, $/m* 118.69 145.29 105.15 107.20

*Includes reflactive assembly, drive mechanism, and support structure.
Assumed by SNLL.
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TABLE 40

COSTS BY COMPONENTS OF REQUIRED REVENUE FROM HELCAT ANALYSIS

(Contractors' Estimates, $/m?)

Required Revenue Components

ARCO BEC MMC MDAC
Direct Materials 51.49 69.27 54.03 51.87
Direct Labor 11.73 8.25 4,41 4.84
Consumables 1.26 0.38 2,02 1.34
Indirects 4,99 3.77 2,40 2.60
G &A 6.57 2,36 3.21 2.64
Capital Replacement 1.96 3.05 0.71 1.44
Profit (Gross) 9.26 4,31 6.05 5.74
Property Tax & Insurance 0.42 1.41 0.16 0.41
Other 4,15 8.13 3.90 1.67
To-Site Transportation 1.90 _3.00 _3.38 7.43
Subtotal Reflective Assembly, 93.73 103.93 80.27 79.98
Drive Mechanjsm, & Sgpport
Structure Price, $/m
Controls and Field Wiring 13.51 17.62* 14.33 12.47
Foundation/Pedestal 11.45 23.74 10.53 14.75
Installed Heliostat Price, 118.69 145,29 105.15 107.20

$/m*

*Assumed by SNLL.



underestimates. The numbers can be studied from the viewpoint of the manu-
facturing analysis as well as the cost analysis. For example, the direct
materials account comparisons should consider make/buy ratios, scrap
allowances, and raw material rates., MDAC buys most parts but includes a 3
percent scrap rate for all materials and has at least average direct
material rates. This approach appears conservative compared to MMC, who
makes most of its parts, has about a 1 percent scrap rate, and has generally
low direct material rates. Although further analysis is reguired to answer
all of the questions, most of the deviations are expected to produce small
changes in the total installed heliostat cost unless more drastic modifica-
tions are made, that is, the design is changed, learning occurs, etc.

BEC does not account for all of the consumables, while BEC, MMC, and
MDAC underestimate G & A costs. MMC's estimate for capital replacement is
low, while ARCO pays a high rate of return tg its investors. BEC splits its
profit partly into a direct input (~ $2.75/m") gnd partly into a calculated
return ($4.31/m?), for a total of about $7.06/m*. ARCO, MMC, and MDAC
underestimate property tax and insurance while BEC is somewhat conserva-
tive. Other expenses are start-up cost for the factory, investment tax
credits, allowance feor land and factory financing during the assumed three-
year construction period, and subcontracts at the site. MDAC may be Tow, or
ARCG, MMC, and MDAC may all be low with their start-up costs.

One other cost hidden in the BEC cost breakdown is the contingency
added to various categories. This accounts for over $5/m? of the total
installed heliostat price. A specific contingency is not included by the
other contractors.

More details of the input and output of the HELCAT analysis can be

found in Appendix B. The details can be examined and compared to the con-
tractors' final reports or discussed with the contractors.,
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APPENDIX A--SNLL CENTRAL MANUFACTURING FACILITY (CMF) SITE SELECTION
ANALYSIS

In considering which locations may be suitable for a CMF, SNLL eval-
uated a variety of factors, among them potential market areas, i.e., areas
with high insolation and sufficient population to warrant the use of
50 MWa solar power plants. MDAC challenged the SNLL site specification by
stating that potential field sites would likely be distributed nonuniformly
within a 400-mile radius of the CMF, with the average site located a round-
trip distance of only 288 miles from the CMF. SNLL agrees that heliostat
fields would probably be located near centers of population, rather than
uniformly distributed as the study's ground rules indicated.

A CMF operating for a start-up year plus ten additional years would
supply 520,000 heliostats. Depending on heliostat design and insolation
level, between 75 and 101 50-MWy field sites could be built from this
supply. The location and distribution of these field sites are important in
the selection of the CMF site. While it can be argued that power can always
be transmitted from a generating station to the places of end use, the
initial 50 MWg salar plants would probably serve communities near the CMF
that have sufficient energy demands to consume the 50 MWe output. After
50 Mdg plants were constructed near the demand centers, plants would
Tikely be built near less populous communities which are in the area or,
perhaps, near cities farther than 400 miles from the CMF.

Potential Field Sites for 50 Mdo Power Plants

The number of potential field sites that are within a 400-mile radius
of the CMF and that could consume the output of a 50 MWe plant is
limited. Since a 50 MWy plant produces enough power for a community of
about 30,000 people, the 1980 census figures for the eight-state potential
market area were examined to find cities of at least 20,000 people {Refer-
ences 9 and 10). The population in these cities would probably increase
before a solar plant started producing power (e.g., 1985} and would consume
much of the plant's output. Since Albuquerque, Phoenix, and Tucson were the
three locations proposed by the contractors for the CMFs, the cities within
400 miles of these and having 20,000 or more people locations were exam-
ined. A summary of the results is in Table Al.

Phoenix is the CMF location from which the most plant sites--409--
could be served. Phoenix alone could consume the output of 23 power .
plants. Most of the power demand, though, would come from the greater Los
Angeles area, A CMF located in Tucson could serve as many as 146 field
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TABLE Al

NUMBER OF POTENTIAL FIELD SITE LOCATIONS WITH POPULATIONS > 20,000
AND WITHIN 40C MILES OF CMF

Total Potential
CMF Location AZ CA co NV NM 0K TX uT Sites Within 400
(Number of Potential Miles
Sites)

Albuquerque 49 0 54 0 19 1 38 0 163
(10)

Phoenix 50 322 0 8 15 0 14 0 409
(23)

Tucson 50 58 0 8 16 0 14 0 146
(11)

Number of Cities
of 20,000 or More 11 102* 18** 3* 9 1%%  10** 0
People Within 400 Miles
of CMF

*Phoenix CMF
**Albuquerque CMF




sites within 400 miles. Though Tucson alone could consume the output of
eleven 50 MWe plants, location of the CMF in Tucson eliminates Los Angeles
and most of its suburbs from the 400-mile radius of the CMF,

It can be argued that the solar plant sites would not be built in Los
Angeles and its suburbs in any case. Land costs are at a premium in the Los
Angeles area, space is probably not available, and insolation is lower on
the coast (both naturally and also from smog). Power plants would therefore
be located inland, and power would be transmitted to the coast by new or
existing transmission lines. [If 50 MW, fields were located east of Los
Angeles to serve the greater Los Angeles area, then Tucson could conceivably
serve more sites than stated in Table Al.

An Albuquerque CMF could serve 162 potential field sites within 400
miles. Albuquerque alone could consume the output of 10 sites. Twenty-four
of the potential fields would be in west Texas in areas of lower insolation
than sites west of Albuquerque. Those areas of lower inselation would re-
quire more heliostats per field to generate 50 MW and therefore may not
provide power as Cost-effectively as sites with higher insolation,

Insolation

An examiniation of average iso-contours for direct normal insolation in
the United States shows that, of the eight-state potential market area, the
average annual insolation is highest in Arizona, followed closely by New
Mexico (References 11 and 12). Southeastern California, southeastern
Nevada, and southern Utah also have large areas of high average insolation.
Arizona is centrally located among the states of highest insolation and may
be a logical location for a CMF,

For a CMF located near higher insolation field sites (e.g., Phoenix
compared to Albuquerque), the decreased transportation costs resulting from
locating the CMF nearer to potential field sites could more than offset
higher labor rates. This subject is discussed more quantitatively in "Cen-
tral Manufacturing Facility to Site Transportation.”

Land Use

The coast of California from Los Angeles southward is highly devel-
oped. Besides having lower insolation than inland areas, ccastal land is
too costly for heliostat field location. However, the portion of southern
California within 400 miles of Phoenix contains approximately 20,000 square
miles of inland desert shrubland, mostly ungrazed and with high insolation,
which would be suitable for solar plants. Neighboring lands in California
and Arizona are desert shrubland, both grazed and ungrazed. Arizona also
contains large regions of grasslands and semiarid grazing lands which could
provide suitable solar sites. New Mexico's land area contains large por-
tions of grassland and semiarid grazing land. Southwest Texas land area
consists primarily of grazed desert shrubland and grasslands. Oklahoma, the
remainder of Texas, and the eastern third of Colorado consist of cropland
and grassland, which are suitable for solar sites, but more costly to pur-
chase. Utah and the western two-thirds of Colorado contain large areas of
woodlands, which would be unsuitable land for solar sites.
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Terrain

Colorado is fairly mountainous over about two-thirds of the state,
making it the most mountainous of the eight potential market states. New
Mexico and Utah are less mountainous. Arizona and southern California con-
tain yet fewer mountainous areas. Nevada, Texas, and Oklahoma are the flat-
test states of the potential market area. The ideal arrangement for trans-
porting heliostats would be from one flat area to another with flat transit
in between. In addition to affecting heliostat transportation, the terrain
also affects prospective field site locations. A heliostat field for a 50
Mie plant and the associated facilities (e.g., receiver, turbine, admini-
strative areas, etc.) occupies almost a square mile. Such sites would be
difficult to find in mountainous areas. Regions in southern California,
Arizona, Nevada, and New Mexico appear to have the most suitable areas of
expansive flat terrain for field sites.

SNLL Selection

SNLL concludes that Phoenix may be the best location for a CMF on the
basis of its proximity to high insolation market areas, land use, and
terrain. Tucson might also be a reasonable choice for a CMF location, but
Tucson is located 120 miles further southeast and is closer to Mexico than
Phoenix. Within a 400-mile radius, a Tucson plant location would cover
approximately 250,000 square miles of potential U.S. market area whereas a
Phoenix location would cover about 300,000 square miles of U.S. market area.

The Phoenix area also has potential for using the 520,000 heliostats
produced by the CMF. A 50 MW, solar central receiver plant produces
enough power for a community of about 30,000 people. Residential and com-
mercial energy use accounts for about 40 percent of a typical utility's out-
put, while industrial energy use accounts for about 60 percent of the out-
put. Typical personal energy consumption is roughly 200 to 300 watts per
person per day (Reference 10).

Electrical energy produced by a solar power plant can be transmitted
reasonable distances to outlying areas, but transmission adds to the overall
cost of energy. Field sites would initially be located where they are most
cost-effective; transportation costs from the CMF (i.e., distance from the
CMF) would be minimized, and attempts would be made to keep transmission
lines as short as possible. Installing the initial field sites in the state
in which the CMF is located would produce minimum transportation costs. Use
of existing transmission lines may be possible and would minimize power
transmission costs.

The Phoenix area could consume the output of about twenty-three
50 MW plants. Arizona contains 1l cities each with at least 20,000
people, which could consume the output of fifty 50 Mg plants. Thus
Arizona could consume over half of the heliostat ocutput of the CMF. In New
Mexico, which has about nine cities of 20,000 people or more, the output of
about nineteen 50 MW plants could be used. New Mexico, then, could con-
sume only 20 to 30 percent of the heliostats produced by a CMF. There are
10 cities in western Texas with more than 20,000 people and within 400 miles
of Albuquerque; the total population of those areas is sufficient to consume
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the output of thirty-eight 50 MW plants. In southern California there

are 102 cities of over 20,000 people within 400 miles of Phoenix, with a
potential for consuming the output of 322 solar plants. Neither southern
California nor Nevada would be serviced by a CMF located in and shipping
within a 400-mile radius of Albuquerque. Las Vegas, Nevada, is within 400
miles of both Phoenix and Tucson and with its suburbs could consume the out-
put of about eight 50 MW, plants. At this time, there are no cities of
20,000 or more in Utah within a 400-mile radius of Albuguerque, Phoenix, or
Tucson,
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APPENDIX B--HELCAT PRINTOUTS BASED ON CONTRACTORS' INPUTS
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££3.400 $/TRKLOAD
130.000 8/TRKLOAD
e.cop
C.G00
t.03C
0.000
8.000
C.020

¢.004
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ARCO 2ZND GENERATICYX HELIOSTAT

4410 FACTORY CCSTS

KEY TQ ENTRY TYPES

M=Q AN MATERIALS P=PURCHASEL MATERIALS L=DIRECT LAEBOR HOURS
S=SUPPLIES AND CONSUMABLES T=VOCLINC E=EQUIPMENT
B=BUILDING CR FACILITY SIZE A=LAND FOR PROCUCTION FACILITY Q=QUANTITY
X=TRANSPCRTATION REGUIRENENTS Y=SITE-RETAINED CAPITAL Z=SUBCCNTRACTS AND FLOK-THRCUGH EXPENSES
ITEN QUANTITY UNITS UNIT TOTAL
cosT cosST
ENTRY TYPE=P L4410 FLCAT GLASS,.094 ‘ 576 SOfT 43 24T.68 / HELICSTAT

SOURCE- ARCO 4 FT x & FT FACETS,UNTRIVMED

ENTRY TYPE=P 4418 SILVERCOPPERSPAINT 576 SQFT «06 33.60 / HELIOSTAT
SOURCE=ARCCs1.440Z AG AT 15/0Z+1.2GAL FAINT AT 18.80/GAL,«%8 02 GU =ZERD

ENTRY TYPE=L 4419 MIRRCRING OF FLOAT GLASS o144QE+GL HRS / HELI(STAT
SOURCE~-ARCC AT 4.49/HR=6.48

ENTRY TYPE=M 4410 MIRRCR BACKING GALVANEALED STEEL 141.08 7/ HELIOSTAT
SOLRGE~-ARCC P/N 0116, .028 s 522 LB + .27/L8

ENTRY TYPE=L 4410 MIRRCR BACKING FABRICATICN »2000E~81 HRS / HELICSTAT
SOURCE-ARCO AT 4.49/HR=.10

ENTRY TYPE=P 4619 SILICONE . 98.T2 7/ HELIOSTAT
SOURCE-ARCO, 9.5C/LB, 10.5 LB

ENTRY TYPE=L 4010 SPREADING SILICOKNE ON GLASS «70CBE~01 HRS / HELICSTAT
SOLRCE-ARCO, AT 4.49/HR=.39

ENTRY TYPEzM 4410 SUBSTRATE WEBs 0,022 INCH 105.84 / HELIOSTAT
SOLRCE-ARCO 302. LB,0.35/L8,PREPAINTED

ENTRY TYPE=HM 4410 SUBSTRATE STIFFENER,0.C78 INCH : 5.52 / HELIOSIAT
SOURCE~ARGCO 17.LB+0.33/0L,PREPAINTED

ENTRY TYPE=M 4410 SUEBSTRATE BACKSHEET PREPAINTED 182.76 /7 HELIOSTAT

ENTRY TYPE=M 4410 SUBSTRATE RECTANGULAR TUBE 59.40 / HELIOSTAT
SOURGCE=-ARCO, 180. LB,0.33/LB,PREPAINTED

ENTRY TYPE=HM 4410 END CHANNEL 10.08 /7 HBELIOGSTAT
SOURCE-ARCO,PREPAINTED

ENTRY TYPE=P Lis10 SUBRSTRATE ASSEMELY 19.68 /7 HELIOSTAT
SOURCE-ARCG+RIVETS,FLOATING NUTS,ADHESIVE




4728

® . L e ‘

ENTRY TYPE=L 440 SURSTRATE ASSEMBLY LABOR
SOLRCE~ARCO,3.36 AT 4.49/HR

ENTRY TYPE=M 4410 ECGE MOLOING,0.022 INGH
SOLRCE=-ARCO+25%. LBy 0.35/L8
EMDsSIDE 4yCCRNER+ CENTER TRIM

ENTRY TYPE=L 44in ECGE MOLCING FABRIGATION
SCURCE-ARCO+1.32 AT 4.49/HR

ENTRY TYPE=P 4410 EDGE MOLDING FOANM,ADHESIVESEALANT
SOWRCE~ARCD~-

ENTRY TYPE=P 8410 MIRRCR MODULE ASSEMBLY
SQURCE-ARGCO, STUOL36) 4FLAT WASHER + JANE NUT{36),
SPHERICAL NUT-WASHER(72)

ENTRY TYPE=L 4410 MIRRCR MODULE ASSEMBLY LABOR
SOLRCE-ARCO+4.22 AT L4,L2/HR
ENTRY TYPE=A 4410 REFLECTIVE ASSEMBLY LAND
SOURCE-BLDG AREA FRAC--.355 X 66
ENTRY TYPE=R 4410 REFLECTIVE ASSEMELY FACILITIES
SCURCE~BLOG AREA FRAC-~.355 X 684K «24140E€SQFT
ENTRY TYPE=E L410 REFLECTIVE ASSEMBLY EQUIPMENT
SOLRCE~
ENTRY TYPE=T L4108 REFLECTIVE ASSEMBLY TOOLING
SOURCE
ENTRY TYPE=S 4410 SUPFLIES VUTILITIES
SOURCE~-BLDG AREA FRAC=~0.36 X 75.80
ENTRY TYPE=qQ 4410 REFLECTIVE ASSEMBLY GUANTITY/YEAR
TOTAL FURCHASED MATERIALS= 447.12 S/HELIOLTAY
TOTAL RAW MATERIALS= 513.24% S/HELIOSTAT
TOTAL {EBASE RATE CCST GATECORY) DIRECT LABOR= 3.5100
TOTAL CONSUMABLES= 27.C0 $/HELIOSTAY

LAXD REGQUIRED= 21.3086¢ ACRES

«TSR0E+CO

«29C0E+ 00

+«3400E+ 08

«213Q0E+C2

« 241 HE 06

«5000E% 85

HRS/HELIOQSYTATY

PRODUCTION FACILITY (BASE RATE COST CATEGORY) SIZE= 2k1400. Sg FT

TOTAL EQUIPMENT COST=z S161C0C. $
TOTAL TOCLING COST= G. 3
QUANTITY= 50000. / YEAR

TOTAL CIRECT LABOR COST= 24422 $/HELICETAT
TOTAL PRODUGCTIGN FACILITY CODST 7829568, $

HRS / HELIOQSTAT

8.66
HRS / HELICSTAT
3744
9.00
HRS 7/ HELIOSTAT
ACGRE
SGFT
31€1000.
G
27.00

/7 HELIOSTAT

7/ HELTIOQSTAT

/ HELIOQSTAT

/7 HELIOSTAT
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ARCO ZNK0D GENERATIOR HELIOSTAT

442¢ FACTORY CGSTS

KEY TO ENTRY TYPES

M=RAW MATERIALS

S=SUPFLIES ANC CONSLMABLES
B=BUILDING CR FACILITY SIZE
X=TPANSPORTATION RECUIREMENTS

ENTRY TYPE=M 4420
SOURCE~ARCC 297,

ENTRY TYPE=L 4420
SOQURCE-ARCO,2.0Q1

ENTRY TYPE=M 4420
SOURCE-ARCC,417E.

ENTRY TYPE=L 4420
SOURCE~-ARCO,43.67

ENTRY TYPE=H 4420
SOURCE-ARC0,229.

ENTRY TYPE=L L4200
SOURCE-ARGCO,2.03

ENTRY TYPE=M 4429
SOLRCE~ARCO4217.

ENTRY TYPE=sL 4620
SOURCE-ARCOI3C 89

ENTRY TYPE=M 4420

P=PURCHASED MATERIALS
T=TQOLING

A=LANQ FOR PROOUCTION FAGILITY
¥Y=SITE-RETAINED CAPITAL

ITEM

AZIMUTH HOUSING
LBy G.43/LE

AZIMUTH HOUSIKNG FABRICATION
AT 4.49/HR

<450 0E+0C
AZIMUTH GEAR
L8, 0.5(0/L8

AZIMUTH GEAR FABRICATICR
AT 4.49/HR

+8200E+ L0
ELEVATION HOUSING
LB, 0.43/L8

ELEVATION HOUSING FAER ICAT IOX
AT 4.43/HR

«4500E+00
ELEVATION GE&R
LBy0.E53/.8

ELEVATION GEAR FABRICGATION
AT 4a497HR

+8700E+ (0

GEAR COVER

GUANTITY UNITS

HRS

HRS

HRS

HRS

L=0IRECT LABOR HOURS

E=EQUI FRENT

Q=CGUANTITY

Z=SUGCONTRACTS AND FLOW-THRCUGH EXPENSES

UNIT
COST

TOTAL
COST

128.84 / HELIOSTAT

/ HELICSTAT

B87.42 7 HELIOSTAT

/ HELIOQSTAT

111,837 7 HELIGSTAT

/ HELICSTAT

114.80 /7 HELIOSTAT

/4 HELICSTAT

24.00 7/ HELTIOSTAY

SOLRCE=-ARGO,48. LB, 0.50/7LB

ENTRY TYPE=L 4420 GEAR GOVER FABRICATION
SOURCE-ARCO+1,14 AT 4. 49/HR

«2500E+80 HRS /7 HELICSTAT

ENTRY TYPE=M 4420 BEARING RIKG
SOURCE-ARCC+45+ LB.0.508/0L8

22,50 /7 HELTOSTAT

ENTRY TYPE=L 4520 EEARING RING FABRICATION
SOURCE=ARCO,1.€E8 AT 4.49/HR

«3700E+#00 HRS / HELICSTAT

ENTRY TYPE=NM 4420 PLANET CASTINGS
SOURCE=ARCO,88« LByO.4E/LB

40.32 7 HELIOSTAT

ENTRY TYPE=L 4420 PLANET CASTINGS FABRICAYICW
SOURGCE-ARCO,12.66 AT 4.49/HR

«2820E# 0L HRS /7 HELICSTAT

ENTRY TYPE=M 4420 WORM GEARS~BAR STEEL
SOURCE~ARCO.165.€ LB.0LE/LS

L ® ® L

TZe35 / HELIOSYAY
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ENTRY TYPE=2M 4420 GEARS=BAR SYEEL
SOLRCE-ARCO+48.6LBy0.42/18

ENTRY TYPE=L 4420 WORN GEAR FABRICATIOK
SOURCE~ARCO+10+3€ AT 4.49/HR

-2310E+ Q1

ENTRY TYPE=L 4420 GEARS FABRIGATION
SOURCE=~ARCO417472 AT b.43/7HR

+3950E+ 01

ENTRY TYPESM 4420
SOURCE-ARCO .

DRIVE ASSEMBLY,PAINT

ENTRY TYPE=L L4210 DRIVE ASSEMBLY,PAINT LABOR
SCLRCE=ARCO,16+14 AT 4.%9/HR

«3600E¢ 01

ENTRY TYPE=P 4420 STEPPER MOTORS 2
SOURCE-ARCO
ENTRY TYPE=P 4620 LIl s

SOURCE=ARCO

ENTRY TYPE=NM 4420
SCLRCE~ARCO

ENTRY TYPE=L LL20
SOURCE-ARCU42,25

ENTRY TYPE=M W42
SOURCE=-ARCO

ENTRY TYPE=P 4620

MOTOR-DRIVE ASSEMBLY
NOTCOR-ORIVE ASSEMALY LABOR
AT 4.49/HR

OTHER PARTS

QTHER PURCHASED PARTS

«5000E+ €0

SOURCE-ARCO
ENTRY TYPE=L 5420 OTHERK PARTS FABRICATICN «7200E+ 40
SOURCE~ARGO+32T7 AT 4.49/HR
ENTRY TYPE=A 4620 CRIVE ASSEMBLY LAND +2420E%02
SOLRCE-BLDG AREA FRAC--.403 X €0
ENTRY TYPE=B 4620 ORIVE ASSENMBLY FAGILITIES #2274 0E* 06
SOURCE-BLDG AREA FRAC--. 403 X 630K
ENTRY TYPE=E h420 DRIVE ASSEMBLY EGQUIPMENT
SOURCE-
ENTRY TYPE=T 4520 DRIVE ASSEMBLY TOOLING
SDIRCE~
ENTRY TYPE=S 4420 SUPPLIES UTILITIES
SOURCE~BLOG AREA FRAC--0.40 X 75.00
ENTRY TYPE=Q L4220 ORIVE ASSEMALY QUANTITY/YEAR +S000E+05
SOURCE-
TOTAL PURCHASED MATERIALS= 585,57 $/HELIDSTAT
TOTAL RAM MATERIALSE= 711.86 S/HELICSTAT
TOTAL {BASE RATE COST GATECORY) DIRECT LABCR= HRS/HELIOSTAT
TOTAL CONSUMABLES= 30.00 E/HELIOSTATY
LAND REQUIRED= 24,2000 ACRES
PRODUCTION FACILITY (BASE FATE CGOST CATEGOURY} SIZE= sQ FT
TOTAL EQUIPMENY CTOST= 54262000. $
TOTAL TOCLINE COST= 0. H
QUANTITY= 56000. / YEAR

TOTAL DIRECY LABOR

TOTHL PROMNUCTIONN FACTLITY COST

cosT= 118.06 $/HELIOSTAT
7930045, %

CUsieg
HRS 7 HELICSTAT
HRS /7 HELICSTAT
1.58
HRS 7 HELICSTAT
EACH 150.00 joa.an
Gat 0. 00 45.50
8G.00C
HRS / RELICSTAT
Sebl
250.07
HRS / HELICSTAT
ACRE
SOFY
S4ZE20004
O
3C.0¢C
/YR

4 NLLAVo bR

/ HELTIOSTAT

/ HELIOSTAT

/7 HELIOSTAT

/ HELIOSTAT

/ KELIOSTAT

7 HELIOSTAT

/ HELIOSTAT
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ARCTU ZNT GENERATION HELTOSTAT
4430 FACTORY CCSTS

KEY 7O ENTRY TYPES

M=RAW MATERIALS P=PURCHASE { MATERIALS L=0TRECT LABCR HOURS
S=SUPPLIES AND CONSUMABLES T=ToOL ING E=EQUIPMENTY
B=8UILDING (R FACILITY SIZE A=LAND FOR PROCUCTION FACTILITY G=RQUENTITY
X=TRANSPORTATION FEGUIREMENTS Y=SITE-RETAINED CAPITAL Z=SURCONTRAGTS AND FLOW-THROUGH EXPENSES
ITEM QUANTITY UNITS UNIT TOTAL
COsT cosT
ENTRY TYPE=P 4430 HG/HFC MICROPROCESSOR 30.00 7 HELIOSTAY
SOLRCE«ARCO
ENTRY TYPE=P 44390 HC/HFC TRANSLATORS 150.00 7/ HELTIOSTAT
SOURCE=ARCO
ENTRY TYPExP 4430 HC/HFGC POWER SUPPLY 4Z.00 7/ HELYIOSTAT
SOLRCE-ARCO
ENTRY TYPE=M 4a30 HC/HFC RACK ASSEMBLY 9.08 / HELIOSTAT
SOURCE-ARCO,308 LE+0.30/L8
ENTRY TYPE=L 4430 HC/HFC RACK ASSY FABFRICATION +G700E#ED HRS /7 HELICSTAT
SOURCE=AFRCD42.99 AT bk 43/HR
.ENTRV TYPE=P 5430 HC/HFC AS5Y.-PAINT 2.48 7 HELIOSTAT
SOURGE-ARGCO ’
ENTRY TYPE=L 4430 HG/HFC ASSY.=PAINT LABOR <16€0E+01 HRS / HELICSTAY
SOURCE=ARCO,T7+48 AT 4,.49/HR
ENTRY TYPE=A 4430 GONTROLS LAND +«3100E¢ (0t ACRE
SOLRCE-BLOG AREA FRAC--.052 X 60
ENTRY TYPE=8 4430 CONTROLS FAGILITIES +35TEE+QS  SOFT
SOURCE~BLDG AREA FRAGC«=,(052 X &80K
ERTRY TYPE=E 4430 CONTROLS EQUIPMENT 680000,
ENTRY TYPE=S LL30 SUPPLIES-UTILITIES 3.75 /7 HELIOSTAT
ENTRY TYPE=2Q 4430 CONTFOLS QUANTITY/YEAR «5000E#D5 /YR

TOTAL PURCHASED MATERIALS= 224,48 B/HELIOSTAT

TOTAL RAK MATERIALS= 9.080 S/HELIOSTAY

TOTAL (BASE RATE GCCST CATEGORY) DIRECT LAEBCR= 2.3300 HRS/HELIDSTAT
TOTAL CONSUMABLES= 3.75 $/HELIQSTAT

LAND REGUIREQ= 3.10490 ACRES

PRODUCTICN FACILITY (BASE RATE COST CATEGORY) SIiE= 35368, $Q FY
TOTAL EQUIPMENT CCST= EBGO00. 3

TATAL TOOLING COST= 0. H

QUANTITY= s00dn. f YEAR

TOTAL DIRECT LABCR COST= 1E.0G8 $/HELICSTAT
TOTAL PRODUCTION FACILITY COST 1029€83, §

e o
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ARCO 2ND GENERATION HELTOSTAT

L4490 FACTORY COSTS

KEY TO ENTRY TYPES

M=RaR HATERIALS P=PURCHASEL WATERIALS L=DIRECT LABOR HOURS
S=SUPPLIES AND CONSUMABLES T=TCOLINKG E=EQUT FMENT
2=BUILDING CR FACTILITY SIZE A=LAND FOR PROCLCTION FACILITY Q=QUANTITY
X*TRANSPORTATION REGUIREMENTS Y=SITE-RETAINEC CAPITAL Z=SUBGONTRACTS AND FLOW=-THROUGH EXPENSES
ITEM GUANTITY UNITS UNTT ToTAL
CosY GOsT
ENTRY TYPEzM 4440 FOUNCATION/PEDESTAL FIPEy.125 WALL. 295«56 7/ HELIOSTAT

SOURGE~ARGD.22 FT LENGTH,2 FT DIA
THIS DESIGN WAS NOT FVESTED.685 LB+0.30/L8
BECHTEL DESIGN .25 WALL JESTED

ENTRY TYPE=L L0 FOUNC/PED PIPE FABRICATICN +4Q00ESGE HRS / HELICSTAT
SOURCE=ARCOv148D AT &.49/HR

ENTRY TfPE=H Lh4d FOLNC/PEZ FLANGES 3E.40 7 HELIOSTAT
SOURCE-ARCO, 91. LB,0.LO/LB

ENTRY TYPE=L G440 FOUNC/PED FLANGES FAERICATICN «5000E~0t HRS / HELICSTAT
SOURCE~ARGO, 0430 AT 4.G49/7HR

ENTRY TYPE=L ki D FOUNC/PET ASSEMBLY LABOR «2700E# 63 MRS /7 HELIC(STAT.
SOURCE-ARCOy 1.2€ AT 4.49/HR

ENTRY TYPE=P 44459 FOUNC/PEC PRIME-PAINT 18,00 7/ HELIOSTAT
SOURCE~ARCOs D.6 GAL

ENTRY TYPEzL Lib0 FOUNC/PEC PRIME-PAINY LABOR «2T7J0E+DD HRS 7 HELICLSTAT
SOURCE~ARGOs 1.20 AT 4.49/HR

ENTRY TYPE=A LTTY ] FOUNG/PED LAND «3500E+01 ACRE
SOURCE-BLDG AREA FRAC--.558 X 60

ENTRY TYPE=E 44040 FOUNCATION/PEDESTAL FACILITIES «3SULE#BS SOFT
SOURLCE-BLDG AREA FRAC--.058 X 680K

ENTRY TYPE=E 4440 FOUNC/PED EGUIPMENT 14 €4000.

ENTYRY TYPE2T LY FOUNC/PEC TGOLING 0.

ENTRY TYPE=S LETY: SUPPLIES UTILITIES 4450 7 HELICSTAT
SOURCE-BLDG AREA FRAC--0.06 X 75.00

ERTRY TYPE=Q CLLY) FOUNC/PEL QUANTITY/YERR «SO00ELCS

TOTAL PURCHASED MATERIALS= 18.00 B/HELIOQSTAT

TOTAL RAW MATERIZLS= 24 %490 I/HELIOSTAT
TOTAL (EASE RATE CCST CATECORY) OIRECT LABCR= 1.0600 ‘HRS/HELTOSTAT

TOTAL CONSUMABLES= 4e 53 3/HELIOSTAT

LAND REQUIRED= 3.5000 ACRES

FRODUCTION FACILITY (BASE RATE GOST GATEGORYY S12E= 39448, sQ FT
TOTAL EGUIPMENT COST= 44564005, 3

TOTAL TCOLING COST= ' H

QUANTITY= £0000. 7 YEAR

TOTAL DIRECGT LABCR COST= €6.90 $/HELIOSTAT

TATAL PRODUGCTION FAGILITY COST 1148493, S
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ARCO 2ND GENERATIOPM HELIOSTAT

4450 FACTORY COSTS

KEY TO ENTRY TYPES

Mz=RAW MATERIALS

S=SUPFLIES ANC CONSUMABLES
B=BUILCIXG CR FACILIYY SIZE
X=TRANSPORTATION REQUIREMNENTS

ITEM QUANTITY
ENTRY TYPE=M Lub) SUPPCRYT STRUCTURE TORGUE TUEE
SOURGE-ARGO.620. LBs0.30/LB
ENTRY TYPE=L 4450 FORQUE TUBE FABRICATICN «SLODE+LD
SOURCE=-ARCO+2.40 AT &4.49/HR
ENTRY TYPEzM 4450 SUPPCRT BRAGKET
SOURGE~ARCO, 683. LBy 8.307LB
ENTRY TYPE=L 4458 SUFPCRT BRACKET FABRICATICN «3000E-01
SOURCE=ARGCOD.Q+1€ AT 4L.49/HR
ENTRY TYPEzZM 4450 FLANGE
SOURCE-ARCGC, 84. LB 4 0.230/7L%
ENTRY TYPE=L 4450 FLANGE FABRIGATICN «3000E-01
SOIRCE=ARCO0+46 AT %,G9/HR
ENTRY TYPE=P  W450 TORQUE TUBE ASSY-PATIM
SOURCE -ARCO
ENTRY TYPE=L 4450 TORQLE TUBE ASS5Y-PAIM LABCR «SLOUE+ 00
SOURC E<ARCO 2440 AT 4.49/7HR
ENTRY TYPE=M 4450 TOP CHORD
SOURCE-ARC(,178. LBy 0.30/LB
ENTRY TYPE=L L4450 TOP CHORE FAERIGCATION +T800E-D1
SOURCE-ARCO, 0.32 AT 4.49/HR
ENTRY TYPE=M Liu50 BO0TTCM CHGRD
SOURCE~ARCO, 148.4 LB, 0,30/LB
ENTRY TYPEzL 4450 ECTTCM CHORD FABRICAITCN «TOOQE-01
SOURCE=-ARCOs0432 AT 4.49/HR
ENTRY TYyPEz=M 4450 HES
SOURCE-ARCG,128. LBy0.30/LB
ENTRY TYPE=L 4450 WEB FABRICATION «3300E+0D
SOURCE=ARCO, 1.48 AT 4L, 0%9/7HR
ENTRY TYPE=P 4450 ASSEMBLY-PALKT
SOURGE~ARCG
| @ ® ®

P=PURCHASE [ MATERIALS
T=TOCLING

A=LAND FOR PRODUCTION FACILITY
Y=SITE~RETAINED CAPITAL

L=0IREGT LAECR HOURS

E=EQUT FHENT

C=QUANTITY

Z=SUECONTRACTS AND FLOW=-THROUGH EXFENSES

UNITS UNIT ToTAL
CcosT CosT
1686442 / HELIOSTAT
HRE / HELICSTAT
20.4%0 J/ HELIOSTAT
HRS /7 HELTI(STATY
33.60 /7 HELIOSTAT
HRS /7 HELICSTAT
12.00 / HELTOSTAT
HRS 7 HELI(STAT
53.40 /7 HELIOSTAT
HRS / HELICSTAY
44,52 ¢ HELICSTYAT
HRS /7 HELICSTAT
38.40 / HELIOSTAT
HRS / HELICSTAT
18.00 / HELTOSTAT
e @
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ENTRY TypE=L 4450 ASSENBLY<PAINT LABOR «5400E+L0 HRS

SOLRCE-ARCO

ENTRY TYPEzM 4450 TRUSS CRDSS BRACE

SOURCE=-ARCG,89.¢ LB+0.30/L8

ENTRY TYPE=L 4450 TRUSS CROSS BRACE FAERICATICN «BUBAE~-G1 HRS
SOURGE-ARGCOs Da3C AT 4.49/HR

ENTRY TYPE=P 4450 TRUSS CROSS BRACE PAIN1T
SOLRCE~ARCO

ENTRY TYPE=L 4450 TRUSST CROSS BRACE PAINT LABOR «1300E+00 HRS

SOURCE-ARCO+0.58 AT Lo43/7HR

ENTRY TYPE=M 5450 TRUSS LOKER BRACE

SQURGE-ARCO,42.8 LBy (.30/L8

ENTRY TYPE=L 4459 TRUSS LOWER BRACE FAERICAT ION «3IDODE-D1 HRES
SOURGE=ARCCs0.14 AT 4,.49/HR

ENTRY TYPE=P 4450 TRUSS LOWER BRACE PAINT
SOURCE<«ARCO

ENTRY TYPE=L 4550 TRUSS LOWER BRACE PAINT LABCR «TA00E~- 11 HRS
SOURGCE=-ARGO0,0.30 AT 4.49/HR

ENTRY TYPE=P 44551 RIVETS
SOLWRCE-ARCC

ENTRY TYPE=A 4450 SUPPCRT STRUCTURE LAND +«7900E#01 ACRE
SOARCE-BLOG AREA FRAC--0.132X 60

ENTRY TYPE=B 4459 SUFPCRY STRUCTURE FACILITIES «8376E+05 SOFT
SOWRCE-BLDG AREA FRAC--0.132X 6BLK

ENTRY TYPE=E 4450 SUFPCRY STRUCTURE EQUIPMENT
SOLRCE-ARCC

ENTRY TYPE=T 4450 SUFPCRT STRUCTURE TOOL ING
SOLRCE=ARCO

ENTRY TYPE=aS 4459

SUPPLIES UTILITIES
SOURCE-BLOG AREA FRAG--0.13 X 75.80

ENTRY TYPE=¢ 4450 SUPPORT STRUGTURE QUANTITY/YEAR «5000E+ 05

TOTAL PURCHASED MATERIALS= 34468 B/HELICETAT

TCTAL RAW MATERIALS= 41€.16 S/HELICSTAT

TCTAL (BASE RATE CCST CATECORY) DIRECT LABCR= 2.44400 HRS/HELIOSTAT
TOTAL CONSUMABLES= %.75 3/HELIOSTAT

LAND REQUIRED= 7.9000 ACRES

PRODUCTION FACILITY (BASE RATE COST CATEGORY) SIZE= 89760, St FT
TOTAL EQUIPMENT COST= &E40000. $

TOTAL TOOLING COST= 307600, L

QUANTITY= S0pes. /7 YEAR

TOTAL OIRECT LABCR COST= 1€6.84 S/HELIOSTAT
TOTAL PRODUCTION FAGILITY coSY 2613211, %

/ HELTICSTAT

7 HELI(STAT

7 HELIC{STAT

/ HELICSTAT

7 HELICSTAT

26488

2.40

12.84

!.zo

1'8

E6LT000.

307 Endl.

.75

/ HELTOSTAT

/ HELIOSTAT

/ HELIOSTAT

/ HELICSTATY

/ HELIOSTAT

/ HELIOSTAT
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ARCO 2NC GENERATICK HELIOSTAT

4ht0 TRANSPORTATION COSTS

KEY TG ENTRY TYPES

M=R AW MATERIALS P=PURCHASED MATERIALS ‘L=DIRECT LABCR HOURS
S=SUPPLIES AND CONSUMABLES T=TOOLING E=EQGUI FMENT
B=BUILOING OR FACILITY SIZE A=LAND FOR PROTUCTION FACILITY G=QUANTITY
X=TRANSPOQRTAT ION REGUIREMENTS Y=SITE~-RETAINEL CAPITAL Z=SUBCOKTRACTS AND FLOK-THROUGH EXPENSES
ITEM CUANT ITY UNITS UNIT TOTAL
cosT CosT
ENTRY TYPE=S La1Dd MIRRCR MODULE CUSTOM RACKS

0.00 / HELIOSTAT
SOURCE-IN TRANSPORT COST

ENTRY TYPE=zX k410 MIRRCR MCCULES TRANSFORT TO SITE «7500E-01 TRUCKLOACS
SPECIAL TRANSPORTATION COST CATEGORY 1
SOURCE~-ARCO.HE,0C TOTAL

ENTRY TYPE=Q 4410 «5974E+ 04y /STE
TOTAL PURCHASED MATERIALS= 0,00 $/HELIOESTAT
TOTAL RAW MATERIALS= .00 $/HELIOSTAT
TOTAL (BASE RATE CCSTY CATECORY) OIRECT LAECR= 8.0009 HRS/HELIOSTAT
TOTAL CONSUMABLES= G.L8 $/HELICSTAT
WEIGHTEC EQUIPMENT COST= C. $ YIFES YEARS USED 7/ SITE
QUANTITY= 5974, /7 SITE
SPECTAL TRANSPCRTATICN CCST CATEGORY 1 = «075 TRUCKLGADS
INPUT (NOT COMPUTEE) TRANSPORTATIOK COST 46401 $
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ARCO 2ND GENERATION HELICSTAT

4420 TRANSPORTATION COSTS

KEY TO ENTRY TYPES
M=RAW MATERIALS
S=SUPPLIES AND GONSUMABLES

B=BUILOING CR FACILITY SIZE
X=TRANSPCRTATION RECUIREMENTS

ITEN

ENTRY TYPE=S 44,20
SDURCE~IN TRANSPCRT COST

ENTRY TYPE=X 4420

DRIVE ASSEMBLY TRANSPORT TO SITE

P=PURCHASED MATERIALS
T=TOCGLING

A=LAND FOR PRODUCTION FACILITY
¥Y=SITE-RETAINED GAPITAL

L=DIRECT LABOR HOURS

E=EQUI FMENT

G=QUANTITY

Z=SUBLONTRACTS AND FLOW-THROUGH EXPENSES

QUANTIYY UNITS UNIT TOTAL

DRIVE ASSEMBLY CUSTOM $ACK

SPECIAL TRANSPORTATICN COST GATEGORY 1

SOURCE-ARCC,17.00 TOTAL

ENTRY TYPE=Q 4429 «5SSTLHE+ QL
TOTAL FURCHASED MATERIALS= .00 B/HELIOSTAT
TOTAL RAW MATERIALS= G«08 S/HELIOSTAT
TOTAL (EASE RATE CCST CATECORY) OIRECT LAEBGR= t.c000 HRS/HELIOSTAT
TOTAL CONSUMABLES= 0.08 $/HELICSTAY
WEIGHTED EGUIPMENT COST= G $ TIMES YEARS USED 7 SITE
QUANTITY= 5974, / SITE
SPECIAL TRANSPCRTATICN CCST CATEGORY 1 = «035 TRUCKLOADS
INPUT (NOT COMPUTEC) TRANSPORTATION COSY 21.16 $

coST cosT

0.0C /7 HELIOSTAY

«3450E~-81 TRUCKLOADS
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ARCO 2ND GENERATIO® HELIOSTAT

4430 TRANSPORTATION COSTS

KEY TO ERTRY TYPES
M=RAN MATERIALS
S=SUPPLIES AND CONSUMABLES

B=2UILDING CR FACILITY SIZE
X=TRANSPORTATION RECGUIREMENTS

ENTRY TYPE=Q L4430

TOTAL PURCHASED MATERIALS=

P=PURCHASED WATERIALS L=DIRECT LABOR HOURS
T=TOCLING E=EQUIPMENT
A=LAND FOR PRODUCTION FACILITY C=QUANTITY

Y=SITE~RETAINED CAPITAL

ITEM GUARTITY UNITS

«5874E+ 54 /STE

8.00 $/HELIOSTAT
0 $/7HELICSTAT

TOTAL (BASE RATE CCST CATEGORY) DOIRECT LAB(R= £.00¢0 HRS/HELIOSTATY

TOTAL RAW MATERIALS= 8.0
TOTAL CONSUMABLES= 0.00
WEIGHTED EQUIPMENT COST=
GUANTITY= 5374, / SITE

$/HELICSTAT
0. $ TIMES YEARS USED / SITE

UNIT
cosT

Z=SUBLCNTRACTS AND FLOK-THRCUGH EXPENSES

TOTAL
CosT
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ARCO 2ND GENERATICK HELIOGSTAT

4440 TRANSPORTATION COSTS

KEY TO ENTRY TYPES

M=RAN MATERIALS P=PURCHASED MATERIALS L=pIRECT LABOR HOURS
S=SUPPLIES AND CONSUMABLES T=TOGLING E=EQUTI FMENT
B=BUILDING CR FACILITY SIZE A=LAND FOR PRODUCTION FACILITY G=QUARTITY
X=TRANSPORTATION RECUIREMENTS Y=SITE-RETAINEDR CAPITAL Z=SUBCONTRACTS AND FLOHW~THROUGH EXPENSES
ITEN CUANTITY UNITS UNIY TOTAL
cosy CosY
ENTRY TYPE=S 4u6l FOUND/PED CUSTOM RACK 0.08 / HELIOSTAT

SOURCE=-IN TRANSPCRT COSY

ENTRY TYPE=X 4440 FOUNDC/PED TRANSPORT TC SITE «385DE=01 TRUCKLUADS
SPECIAL TRANSPORTATION COST GATEGORY 1
SOURCE~ARCO,23.00 TOTAL

ENTRY TYPE=Q 44410 «5974E+404  /STE
TCTAL PURCHASED MATERIALS= 9.00 B/HELICSTAT
TOTAL RAW MATERIALS= 0.00 S/HELICSTAT
TOTAL (BASE RATE COST CATEGORY) OIRECT LABLR= 0.000C HRS/HELIDSTAT
TOTAL CONSUMABLES® 0.00 $/HELIOSTAT
HEIGHTED EGUIPMEKRT COST= LI t TIXES YEARS USED / SITE
QUANTITY= 5974 /7 SITE
SPECIAL TRANSPORTATION CCST CATEGORY 1t = +039 TRUCKLOADS
INPUT (NOT GOMPUTEC) TRANSFDRTATION COSY 23.€2 1



A

ARCO 2ND GENERATION HELIOSTAT

4458 TRANSPORTATION COSTS

KEY TO ENTRY TYPES

M=RAW MATERIALS

S=SUPFLIES ANL CONSUMABLES
B=BUILDING CR FACILITY SIZE
X=TRANSPCRTATICN REGUIREMENTS

ENTRY TYPE=S 4450 SUPPCRT
SOURCE-IN TRANSPCRT COST

ENTRY TYPE=X 4459 SUPPCRT

P=PURGHASE[ MATERIALS L=DIRECT LABCR HOURS

T=TOOLING E=EQUI FMENT

A=LAND FOR PROCDUCTION FACILIYY G=QUARTITY

Y=SITE-RETAINED CAPITAL Z=SUBCONTRACTS AND FLOW-THROQUGH EXPENSES
ITEM QUANTITY UNITS UNIT TOTAL

COST CosT

STRUCTURE CUSTOM RACK 8.080 / HELIOSTAT
STRUCTURE XPCRT TO SITE «5380E-01 TRUCKLOACS

SPECIAL TRANSPORTATION COST CATEGORY i

SOWRCE~ARCG+33.00 TOTAL
ENTRY TYPE=Q 4450

TOTAL PURCRASED MATERIALS=

»53TLE+ D /STE

0.0 B/HELIOSTAT

TOTAL RAW MATERJIALS= .00 $/HELIOSTAT
TOTAL (BASE RATE C€CCST CATECDRY) OIRECT LAEBCR= g.0000 HRS/HELIOSTAT
TOTAL CONSUMABLES= .60 $/HELICSTATY
MEIGHTEC EQUIPMENT COST= Ga 3 TIKES YEARS USED / SITE
QUANTLITY= 5974, / SITE

SPECIAL TRANSPCRTATION CCST CATEGORY 1 = «G54 TRUCKLOADS
INPUT (NOT COMPUTEC) TRANSPORTATIOX COST 33.00 $
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ARCO 2ND GENERATIO! HELICSTAT

4430 SITE COSTS

KEY TO ENTRY TYPES

M=R AW MATERIALS P=PURCHASED MATERIALS L=CIRECT LABOR HOURS
S=SUPPLIES AND CONSUMABLES T=TOCLING E=EQUT FMENT
B=BUILDING CR FACILITY SIZE A=LAKD FCR PROCLCTION FACILITY G=QUANTITY
X=TRANSPOURTAT ICN REGUIREMENTS Y=SITE=-RETAINED CAPITAL Z=SUBCGONTRACTS AND FLOW-THROUGH EXFENSES
ITER QUANTITY UNITS UNIT TOTAL
COST cosT
ENTRY TYPE=2 4430 HELICSTAT ARFAY CONTRCLLER(HAC) 167.39 7/ HELIOSTAY
SOLRCE-ARCO YSEC 1E6 FOR FIELD
ENTRY TYPE=Z 4430 SIGRAL ODIST/POWER CABLE INC INSTL 200.08 7/ HELIOSTaAT
SOURCE-ARCC, 115 VOLTS + 6 WIRE DATA BUS
ENTRY TYPE=Z 4430 BEAM CHARACTERIZATIOPM SYSTEMN{(BCS) 25.11 7/ HELIOSTAY
SOURCE~ NONE ILENTIFIED BY ARCO,HAL USED 150000/FIELD
ENTRY YYPE=Q 4430 CONTROLS QUANTITY/ «5374E+ (4 /STE
TOTAL PURCHASEQ MATERIALS= 0.00 $/HELIOSTAY
TQTAL RAW MATERIALS= €.00 $/HELIOSTAT
TOTAL (BASE RATE COST CATEGORY) DIRECT LABCR= 0.0000 HRS/HELTOSTAT
TOTAL CONSUMABLES= .00 S/HELICSTAT
WEIGHTEC EQUIPMENT COST= [ $ TIMES YEARS USED /7 SITE
QUANTITY= 5974, / SITE
TOTAL SUBCONTRACTS AND FLOW-THROUGH EXPENSES= 3c2.5¢ $ ZJHELTIOSTAT



pal

ARCO 2ND GENERATIOM HELIOSTAT

444D SITE COSTS

KEY TO0 ENTRY TYPES

M=RAH MATERIALS P=PURCHASED WATERIALS L=DIRECT LABOR HOURS
S=SUPPLIES AND CONSUMABLES T=TOCLING E=EQUIPMENT
B=BUILDING CR FACILITY SIZE Azl AND FOR PRODUCTION FACTLITY D=QUANYITY
X=TRANSFORTATION RECUIRENENTS ¥=SITE-RETAIMED CAPITAL Z=SUBCCNTRACTS AND FLOW-THROUGH EXPENSES
ITEN QUANTITY UNITS UNIY TOTAL
GOoSsT cosT
ENTRY TYPE=Z Lu4 ) FOUNCATION LOCATION SURVEY 15.90 7/ HELIOSTAT
SOURCE-NONE ICENTIFIED BY ARCO,HAL USED .25 HR-EST 15.00
ENTRY TYPE=Z Lihd AUGER HOLE,INSTALL PIPE,GROUT 220.00 /7 HELIOSTAY
SOURCE~BECHTEL +NOT TESTEU» 1.5 YO GROUT ASSUNER
ENTRY TYPE=Q L44D FOUNC/PED QUANTITY/SITE «59TLE+ {4
TOTAL PURGHASED MATERIALS: 0,00 $/HELIOETAT
TOTAL RAW MATERIALS= 0,00 $/HELIOSTAT
TCTAL (BASE RATE CCST CATECORY) CIRECT LABOR= g.00¢2 HRS/HELTIOSTAT
TOTAL CONSUMABLES= 0.00 $/HELICSTAY
HEIGHTED EQUIPMENT COST= 0. $ TIFMES YEARS USEC / SITE
QUANTITY= 5974, /7 S1ITE
TOTAL SUBCONTRACTS AND FLOK-THROUGH EXPENSES= 235.108 $/HELICSTAT




ARCO 2ND GENERATIOK WELIGSTAT

4460 SITE CDSTS

KEY TO ENTRY TYPES

H=RAK MATERIALS

S=SUPPLIES ANC CONSUMABLES
B=BUILDING €R FACILITY SIZE
X=TRANSPORTATION RECQUIRENMENTS

ITEN

P=PURCHASEC MATERIALS
T=TCOLING

A=LAND FOR PRODUCTTION FACILITY
Y=SITE-RETAIMEC CAPITAL

L=DIRELT LABOR HOURS

E=EQUT FMENT

Q=QUANTITY

Z=SUBCONTRACTS AND FLOW~THROUGH EXPENSES

CUANTITY UNITS UNIT TOTAL

ENTRY TYPE=L 4461 HELICSTAT ASSEMBLY LABOR ~1EE0E+42

SOURCE~-HAL{ARCO X .85),ARC0 USES

39¢0.00

AT 20.00/H& WHICH INCLUBES INDIRECT LABOR

ENTRY TYPE=Y 4460 HELICSTAT ASSEMBLY FACILITY/ZEQUIP

SOURCE~ARCO,

ENTRY TYPE=L 4460 HELICSTAT INSTALLATICHN «453JE+ Q1

SQURCE~HALTARCD X .36),ARCO USES

184.040

AT 20.80/HR WHICH INCLUDES INDIREGCT LABOR

ENTRY TYPE=2 4460 HELICSTAT INSTALL EQUIFHMENT

SOURGCE~-ARCO,RENRTAL

ENTRY TYPE=L 44560 CONTROLS CHECKOUT ANC TEST «2000E¢ 01

SOURCE-HAL (ARCC X .92)4ARGCO USES

LT ]

AT 20.00/7HR WHICH INCLUDES INDIRECT LABOR

ENTRY TYPE=Z 4460 CONTROLS CHECKOUT AND TEST

SOURCE-ARCU,EQUIPHENT RENTAL

ENTRY TYPE=E 4460 AMORYIZED EQUIPMENT +5000E+T0
SOURCE=NONE IDENTIFIED.INCLUCES FORKLIFT 430# CARTS,
PEDESTAL STANDS,ETG., ASSUMED PART OF 30 FERCENT OVERHEAD.

ENTRY TYPE=S 4460 SUPPLIES UTILITIES,CONSUMABLES
SOURCE~NCNE IDENTIFIED.ASSUMED PART OF 30 PERGENY OVERHEAD.

ENTRY TYPE=Y 4460 INITIAL SPARE PARTS
SOURGE~NOT DETAILED BY ARCO.HAL BASED ON RRCO FAILURE RATES.

ENTRY TYPE=Y L6l FAINTENANCE EQUIPHENT
SOURGCE-ARCO,INCLUDES WASK RIG(25(K) . GUIDANCE WIRE(1S0K),
CONTROL SYSTEHM{200K) +DEICNIZER/STORAGE TANKSISOK),

30 YEAR LIFE AT 15 PERCEKT RETURN

CosT CosT

HRS 7 HELICSTAT

388210,

HRS / HELIKSTAT

10.00 / HELIOSTAT

HRS /7 HELI(STAT

1.00 7 HELIOSTAT

YRS O

8.00 7 HELIOSTAY

13 €05,

550000.

ENTRY TYPEEZQ 4460 HELICSTATS PER 50 MNE SITE «59TeE*QW /STE
TOTAL PURCHASED MATERIALS= 0.00 $/HELIOSTAT
TOTAL RAW MATERIALS= G«30 $/HELIOSTATY
Z; TOTAL {BASE RATE COST CATEGCRY) DIRECT LABCR= 23.088¢ HRS/HELIOSTAT
v TOTAL CONSUMARLES= 0.00 S/HELIOSTAT
HEIGHTED EQUIPHEXT COST= 0. 3 TIKES YEARS USEC 7 SITE
QUANTITY= 5974, /7 SITE

TOTAL SUBCCONTRACTS AND FLOW-THROUGH EXPENSES=
TOTAL SITE-RETAINED CAPITAL= 957910.10 $

TOTAL DIRECT LABOR COST= 460400 $/HELIOSTAT

11.00 $/HELIOSTAY
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HELIOSTAT COST MOCEL
DETAILED BREAKDOMWN

ARCO 2ND GENERATION HELIOSTAT
4410 - REFLEC T1IVE ASSEMELY
FACTGRY CCSTS

PROCUCTIOM YEAR 1

TOTAL REQUIRED REVENUE

DIREGT MATERIALS

PURGHASED MATERIALS W47.12
RAK MATERIALS 513.24
SCRAP .60

DIRECT LABOR
CONSUMABLES

IRCIRECT COSTS
MAINTENANCE, PLANT ENGINEERING
OTHER INOIREGTS

CAPITAL REPLAGEMENT ALLOWANGE

PROPERTY TAX AND INSURANCE

GENERAL a ADMINISTRATIVE
INTEREST EXPENSE

_INCOME TAXES

RETURR TO EQUITY HOLCERS

OTHER EXPENSES
ANNUALIZED ONE-TIME COSTS

B8
26461

13.53

960.3€

24, 22

27.00

33.09

16. 8¢

S5.81

$15.310
11.21
53.79

62.28

13.53

1322.43




HELTIOSTAY C (ST MGUEL
DETAILED EBREAKDOHN
ARCO 2ND GENERATION HELIOSTAT
L4290 = DRIVES

FACTORY CCSTS

PRODUCTION YEAR 1

TOTAL REQUIRED REVERUE

DIRECT MATERIALS 12407.43
PURCHASED MATERIALS 595.57
RAF MATERIALS 7T11.8%
SCRAP 0.00
DIRECT LABOR 118. 9%
CONSUMABLES 30.0¢
INDIRECT COCSTS 75. 34
MAINTENANCEs PLANT ENGINEERING 24450
OFHER INDIRECTS 504k
CAPITAL REPLACEMENY ALLOWANCE 76.36
PROPERTY TAX AND INSURANCE 13.73
GENERAL A ADMINISTRATIVE 176.38
INTEREST EXPENSE 27.46
INCOME TAXES 116.36
RETURN TO EQUITY HOLUERS 1£2.55
OTHER EXPENSES 2Tate7
ANNUALIZED ONE~TIME GOSTS 27.47

2121.14
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HELIOSTAT CCST MCLEL
DETAILED EBREAKDOMN

ARGCO ZND GENERATICN HELIOSTAT
4430 =~ CONTROLS

FACTGRY COSTS

PROCUCTIOM YEAR

TOTAL REQUIRED REVENYUE

DIRECT MATERIALS 233.48
PURGCHASED MATERIALS 224,48
RAW MATERIALS 9.50
SCRAP Jel1
DIRECT LABOR 16,08
CONSUMABLES 3.75
INCIRECT COSTS 8.86
MAINTENANCEs PLANT ENGINEERING «£8
OTEER INDIRECTS 8.17
CAPITAL REPLACEMENT ALLORANCE 1.47
PROPERTY TAX AND INSURANGE 1. 06
GEKERAL A ADMINISTRATIVE 28,55
INYEREST EXPENSE 2.12
INCOME TAXES 10.93
RETURN TC EQUITY HOLDERS 11.78
OTHER EXPENSES 2.69
ANKUALTIZED ONE-TIME COSTS 2.E9
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HELIOSTAT C(ST MOCEL
DETAILED €REAKDOWN

ARCO ZND GENERATION HELIOSTAT
4440 - FCULNDATION/PEDESTAL
FACTORY CCSTS

PRODUCTION YEAR 1

TOTAL REQUIRED REVENUE

DIRECT MATERIALS
PURCHASED MATERIALS

18.60

RAW MATERIALS 241 .90

SCRAP
DIRECT LABOR

CONSLMABLES

INDIRECT COSTS
MAINTENANCE, PLANT ENGINEERIKG
OTHER INOIRECTS

CAPITAL REPLACEMENT ALLOWANCE

PROPERTY TAX AND INSURANGCE

GENERAL A ADMINISTRATIVE
INTEREST EXPENSE

INGOME TAXES

RETURN TO EQUITY HOLDERS

GTHER EXPENSES
ANKUALIZED ONE-TIME COSTS

259.91

6.54¢

4,50

8.30

2.5¢8

Le2%

30.59
2.49
12. 4%

13.83

3. 05

345.85
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HELIOSTAT CtSY MODEL

DETAILED EREFKDOWN

ARCO 2ND GENERATION HELTOSTAT

4450 - SUPPCRT STRUCTURE ®
FACYCRY C(SYS

PROOCUCTIOM YEAR %

TOTAL REQUIRED REVENUE €3C.7¢
DIRECT MATERIALS L50.84
PURCHASED MATERIALS ELYN .2 ]
RAK MATERIALS L16.16
SCRAP 0.00
o
DIRECT LABOR 164 84
COKRSUMABLES 9.75
INUIRECT COSTS 17.23
MATNTENANGCE, PLANT ENGINEERING 1.82
QTHER INDIRECTS 13.41
CAPITAL REPLACEMENT ALLOWANCE 11.28
PROPERTY TAX AND INSURANGE 2,92
®
GENERAL a ADVFINISTRATIVE 55, 0¢
INTEREST EXPENSE 5. 83
INGOME TAXES 27.180
RETURN TO EQUITY HOLDERS 32.39
®
OTHER EXPENSES 662

ANNUALIZED ONE-TIME COSTS 6.62
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HELIOSYAT CCST MODEL
DETAILED BREAKDCHWN
ARCO 2ND GENERATION HELIOSTAT
4410 -+ REFLECTIVE ASSEMBLY
TRANSPCRTATION COSTS
PRODUCTION YEAR 1

TOTAL REQUIRED REVENUE

DIREST MATERIALS
PURGHASED MATERIALS
RAN MATERIALS
SCRAP

DIRECT LASBCR

CONSUMABLES

INDIRECT COSTS
MAINTENANCE, PLANT ENGINEERING
CTHER INDIRECTS

CAPITAL REPLACEMENT ALLORANGE

PROPERTY TAX AND INSURANCE

GENERAL A ADMINISTRATIVE
INTEREST EXPENSE

INCOME TAXES

RETURN TO EQUITY HOLDERS

CTHER EXPENSES
TRANSPORTATION CHARGES

0.00
.00
J.00

Lo.01

g.00

g.9¢0
0.00

.00
c.co

.08
g.0¢
8.00

.00

46,01

45.01
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HELIOSTAT GCST MODEL
DETAILED EREAKGOHN

ARCO ZNC GENERATION HELIOSTAT
4420 = DRIVES
TRANSPCRTATION GCSTS
PRODUCTION YEAR &

TOTAL REQUIRED REVENUE

DIRECT MATERIALS
PURCHASED MATERIALS
RAk MATERIALS
SCRAP

DIRECT LABOR

CONSUMABLES

INDIRECTY £CSTS
MAINTENANCE, PLANT ENGINEERING
GTHER INDIRECTS

CAPITAL REPLACEMENT ALLOWANGE

PROPERTY TAX AND INSURANCE

GENERAL A AODMINISTRATIVE
INTEREST EXPENSE

INCOME TAXES

RETURN TO EGLITY HOLLERS

OTHER EXPENSES
TRANSPORTATION CHARGES

162

.30
B.G0
0D.00

.00
0.00

21.16

0.08

.00

g.0C

G«0C

21e1€

21.1€




MELIOSTAT GOST MOCEL
DETAILED BREAKOGCKN

ARGO 2ND GENERATION HELIOSTAT
4530 - CONTROLS
TRANSPORTATION COSTS
PROCUCTION VEAR 1

TOTAL REQUIRED REVENUE

DIRECT MATERIALS
PURCHASED MATERIALS
RAK MATERIALS
SCRAP

DIRECT LABOR

CONSUMABLES

INDIRECT COSTS
MAINTENANCEs PLANT ENGINEERIKG
OTHER INDIREGTS

CAFITAL REPLACEMENT ALLOHANGE

PROPERTY TAX AND INSURANGCE

GENERAL & AOMINISTRATIVE
INTEREST EXPENSE

INCOME TAXES

RETURN TQ EQGUITY HOLDERS

OTHER EXPENSES

0.00
.00
0.08

.00
€.00

g.04

g.00
g.00

.00

0. 0¢C
0.0C

JaBG
0.00
B.C¢
g.a0¢

t. 00

8.00

163
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HELIOSTAT COSY MOGEL
DETAILED £REAKDCHN

ARCO 2ND GENERATIOK MELIOSTAT
Lk - FOUNDATION/PEDESTAL
TRANSPORTATION GOSTS

PROCUCTION YEAR 1

TOTAL REGUIRED REVENUE

DIRECT MATERIALS
PURGHASED MATERIALS
RAK MATERTALS
SCRAP

DIRECT LAEOR

CONSUMABLES

INCIRECT COSTS
MAINTENANCE, PLANT ENGINEERING
OTHER INDIRECTS

CAPITAL REPLACEMENT ALLCHANCE

PROPERTY TAX AND INSURANCE

GENERAL » ADMINISTRATIVE
INTEREST EXPENSE

INCOHE TAXES

RETURN TCO EQUITY HOLGCERS

OTFER EXPENSES
TRANSPORTATION CHARGES

2.0
1.00
0.00

Ca00
0.00

23.62

0. €C0
t.4¢

9.0¢C
0.00

9.00
0.0¢
0.50
2.00

23.62

23.62




HELICSTAT COST MOGEL
DETAILED EREAKDCHRN

ARCO 2ND GENERATION HELIOSTAT
4850 <« SUPPORT STRUCTURE
TRANSPORTATION COSTS

PROOUCTION YEAR &

TOTAL REQUIRED REVENUE

DIRECT MATERJALS

PURCHASED MATERIALS .00
RA¥ MATERIALS .08
SCRAP 0.00

DIRECT LABCR
GCONSUMABLES

INCIRECT COSTS
NAINTENANCE, PLANT ENGINEERING g.00
OT+ER INDIRECTS 0.90
CAPITAL REPLACEMENT ALLOWANCE

PRUPERTY TAX AND INSURANCE

GENERAL A ADNMINISTRATIVE
INTEREST EXPENSE
INCOME TAXES

" RETURN TO EQUITY HOLDERS

OTHER EXPENSES
TRANSPORTATION CHARGES 33.00

0.00

f.00

0.08

g.90¢
g.00

33.00

33.010
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HELIOSTAT CCST MGODEL
DETAILED EREAKDCNN

ARCO 2ND GENERATIGCK HELIOSTAT
4430 - CONTROLS

SITE COSTS

PROCUCTICK YEAR

TCTAL REQUIRED REVENUE 392.50
DIRECT MATERIALS f.00
PURCHASED MATERIALS 0,00
RAK MATERIALS 0.00
SCRAP o.00
DIRECT LABOR D.08 o
CONSUMABLES 0.8
INDIRECT GOSTS D. 80
MAINTENANCE, PLANT ENGINEERING B.00
OTHER INOIRECTS 1.80
CAFITAL REPLACEMENT ALLOMWANGE 0.084
PROPERTY TAX AND INSURANCE 0. 00
GENERAL A~ ADWINISTRATIVE 0,140 ®
INTEREST EXPENSE 8.00
INCOME TAXES 8.0¢
RETURN TO EQUITY HOLCERS p.0¢
L
OTHER EXPENSES 392.50
SUECONTRACTS » FLOK=THROUGH 392.5¢
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HELIOSTAT COST MODEL
DETAILED €REAKDCHN
ARCO 2ND GENERATION HELIOSTAT
4440 - FOUNCATICN/PECESTAL
SITE COSTS

PRODUCTION YEAR 1

TOTAL REQUIRED REVENUE

DIRECT HMATERIALS
PURCHASED HMATERIALS
RAY MATERIALS
SCRAFP

DIRECT LABOR

CONSUMABLES

INCIRECT COSTS
MAINTENANGE, PLANY EXGINEERING
OTHER INDIRECTS

CAPITAL REPLACENENT ALLOWANCE

PROPERTY TAX AND INSURANCE

GENERAL a ADRINISTRATIVE
INTEREST EXPENSE
INCOME TAXES

RETURN TO EQUITY HOLLERS

OTHER EXPENSES

B.00C
g.G0
0.00

SUBCONTRACTS & FLOW=-THROUGH 235.00

.10

0. 08

0.00

0.00
g. 0C
0.00
g.0¢

23%.00

235,00
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HELTOSTAT COST MOCEL
DETAILEC BREAKCOKN
ARCO 2ND GENERATION HELIOSTAT
4460 ~- ASSEMBLY/INSTALLATION
SITE COSTS

PROCUCTICH YEAR 1

TOTAL REGUIRED REVENUE

OIRECT MATERIALS

PURGCHASED MATERIALS 0.00
RAW MATERIALS 0.00
SCRAP g8.0p

DIRECT LA8COR
CONSUMNABLES

INCIREGCT COSTS
MAINTENANCEs PLANT ENGINEERIXG 2.00
OTHER INDIRECTS 138.08
GAPJITAL REPLACEMENT ALLCWANGE

PROPERTY TAX AND INSURANCE

GENERAL » ADMINISTRATIVE
INTEREST EXPENSE

INCCME TAXES

RETURN TO EQUITY HOLCERS

OTHER EXPENSES
SUBCONTRACTS A FLOW-THROUGH 11.00
SITE-RETAINEQ CAPITAL 163.35

460. 01
g.0¢0

138.010

d.00
f.0¢

9.0¢
g.0¢
g.0¢
0.0¢

172.35

769.35




691

FACTCRY
TRANSPORTAT IOR
SITE

TOTALS BY CCMPONENT

4418

132243

86.01

1368.44%

® ® ‘ll‘ L

C (ST SUMMARY By PROFIT CENTER

TOTAL REQUIRED REVENUE

ARCG 2NC GENERATION HELIOSTAT

PRODUCT ION YEAR 12

4420 4630 4448
2121.14 3z0.76 345,85
21.16 0.00 23.82
3592.50 235.84

2142.3¢ 733.2¢€ 6R4ek?

TOTAL FCR TOTAL REQUIRED REVENUE

4450

635.79

33.08

668,73

4460

0.00

7E9.35

769.35

62€6.61

TOTALS BY LOCATION

4745.97
123.79

1396+ 85



041

FACTORY
TRANSPORTAT ION
SITE

TOTALS BY COMPONENT

LLHS:

S€Q.36

960.36

b2

1307.43

0.0¢

1307.43

GOST SUMMARY BY PROFIT CENTER

DIRECT NATERIALS

PROCUCTION YEAR 1

4430

233.48

233.48

TOTAL FCR DIRECT MATERIALS

ARGCO 2M0 GENERATION HELIOSTAT

La4l

25%.9¢0
d.00
4.480

259.90

IYRT

450.84

0.00

450 .84

4460

0.00

1212.01

TOTALS

8Y LOGCATION

Ja212.01
0.70
0.08



11

FACTORY
TRANSPORTATION
SITE

TOTALS BY COMPONENT

4410

24422

® ® ‘ ®

CCST SUMMARY BY PROFIT CENTER

DIRECT LABOR

ARCO 2NC GENERATION HELIOSTAT

PROCLCTICN YEAR 1

4420 4430 G440
118.06 1€.08 6.90
L.00 .90 0.60¢
0.00 0. 080

118.06 16.58 €.20

TOTAL FCR DIRECT LARCR

Lu50

16.84

%.00

16.84%

4460

.00

460,00

460,00

E42.10

TOTALS BY LOCATION

182.10
0.00
460.00



¢Ll

FACTORY
TRANSPORTATION
SITE

TOTALS BY COMPONENT

COST SUMMARY BY PROFIT CENTER

CONSUMABLES

ARCD 2NC GENERATION HELICSTAT

PROCUCTION YEAR 1

4410 L4290 4439 440
27.490 30.0¢ 3.75 4.50
4.08 t.010 0.60 0.0¢

0.00 0.0
27.400 30.00 3.75 4.50

TOTAL FOR CONSUMABLES

4450

4460

75.00

TOTALS 8Y LOCATION

75.00
¢.00
0.00




£L1

FACTORY
TRANSPORTATION

SITE

TOTALS BY GCOMPONENT

L4l

33.09

o4&

CCST SUMHARY BY PROFIT GENTER

INDIRECT CCSTS
ARGO ZND GENERATION HELICSTAY

PROCUCTICN YEAR 1

44z 4430 4449
75434 8.8¢ Be 30
0.00 8.00 0.00

.00 .04
TS.34 8.8¢ 8.30

TOTAL FCR INDIRECT COSTS

4450

17.23

0.60

17.23

4460

138.080

138.08

280.82

TOTALS BY LCCATION

142,82
d.048

138.09



LT

FACTORY
TRANSPORTATION
SITE

TOTALS 8Y COMPONERT

COST SUMMARY BY PROFIT CENTER

CAPITAL REPLACEMENT ALLOWANGCE

ARCG 2ND GENERATION HELICSTAT

PRODUCTION YEAR 1

4410 4420 4430 4443
16.05 76.36 1.67 2.58
0.00 0.04¢ 0,00 .91

a.00 8.00
16.05 76436 1ets? 2.58

TOYAL FCR CAPITAL REPLACEMENT ALLOWARGE

44590

11.20
0.09

11 .20

446C

g.00

0.00

107.86

TOTALS BY LCCATION

107.566




S/7

FACTCRY
TRANSPORTAT IGN

SITE

TOTALS BY COMPONENT

Lu1g

® ‘ ] ..

C(ST SUMMARY BY PROFIT GENTVER

PROPERTY TAX AND INSURAXCE
ARGCO 2NL GENERATION HELICSTAT

PRODUCTION YEAR 1

Lu2t 45438 La4 L) 4450
13.73 1.06 1.24 292
2.00 g.00 0. 08 0.00
.00 8.017
13.73 1.06 1. 24 2492

TOTAL FOR PROPERTY TAX AND INSURANCE

44H€6

0.00

8.6C

24.59%

TOTALS BY LOCATION
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FACTORY
TRANSPORTATICN

SITE

TOTALS BY COMPONENT

4410

115.30

0.00

115.30

COSYT SUMMARY BY PROFIY CENTER

GENERAL A AOMINISTRATIVE

ARGD 2NT GENERATION HELIOSTAT

PROCUCTICN YEAR 1

4420 4430 4440
176.358 8,56 30.59
G.00 0.00 0.00
.00 0.0

176.38 8,55 30.5%

4450

55.06

55 .06

TOTAL FOR GENERAL & AQMINISTRATIVE

460

g.o¢

B.00

&05.88

TOTALS BY LOCATICN

405. 88
0.00

0.00
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FACTORY
TRANSPDRTATICN
SITE

TOTALS 8Y COMPONENT

COST SUMMARY BY PROFIT CENTER

INTEREST EXPENSE

ARCO 2ND GENERAY ION HELIGSTAT

PRDDUCT ION YEAR 1

4410 L4280 4430 4440 L450

11,21 27466 2.12 2+49 5.83

g.10 LT R .00 g8.C¢ 0.00
.00 8. 00

11.21 2745 2.12 2. 49 5.823

TOTAL FCR INTEREST EXPENSE

4560

.00

g.0¢

49.11

TOTALS 8Y LOCATION
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FAGTORY
TRANSPORTATION
SITE

TOTALS 8Y COMPONENT

4410

53.79

s.08

53.79

COST SUNMARY BY PROFIT CENTER

INGOME TAXES

ARGCO 2NB GENERATION HELIOSTAT

FROCUCTION YEAR 1

4420 4430 L4480
116.36 10.933 12.45
t-0¢C 0.08 0.0C
g.080 0.00

116.36 10.93 12.4€

TOTAL FOR INCOME TAXES

4450

27.10

Lu60

8.00

8.00

220.64

TGTALS BY LOGATION

220.E4
0.00

0.080
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FACTORY
TYRANSPORTAT ION

SITE

TOTALS BY GCCMPONENT

4410

62.28

COST SUMMARY RY PRCFIT CENTER

RETURN TO E£QUITY HOLDERS

ARCC 2NC GENERATION HELICGSTAY

PROCUCTION YEAR 1

4420 4430 (YNX 4430 4460

152,55 11.78 13.83 32.39 0.00
0.0¢ 0.00 8.00 t.00

9.00 .00 8.06

152.55 11.78 13.83 32.39 0.980

TOTAL FOR RETURN TG ECUITY HOLDERS 272,83

TOTALS 8Y LOCATION

272.83
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COST SUMMAKY BY PROFIV CENTER

OTHER EXPENSES

" ARCO 2ND GERERATION HELICSTAT

PRODUCTION YEAR 1

4410 4820 4430 G4 ad 4450 L460 TOTALS BY LOCATION
FACTORY 13.53 2747 2.69 3.05 6.62 0. 00 53.36
TRANSPORTATION 46.01 ei.16 g.oe 23.62 33.040 123.79
SITE 392.50 235.00 171.35 798.85
TOTALS BY COMPUNENT 59.54 48.63 395.19 261.67 39.€62 171.3%
TOTAL FCR OTHER E XPENSES 976.00




181

HELCAT

A HELIOSTAT COST ANALYSIS TOOL

VERSION 1.0

EDITION DATE AUGUST 13, 1981

REVISION SEPTEMBER 224 1981

BEC SECOND GENERATION HELIOSTAT

DESIGN (ConTrRACTORS' INPUTS)
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#420 FACTORY CCSTS

KEY TO ENTRY TYPES

M=RAW MATERIALS P=PURCHASEL MATERIALS L=DIPECT LABCR HOURS
S=SUPPLIES AND CONSUMABLES T=TQOLING E=EQLIFMERT
8=BUILDING OR FACILITY SIZE A=LAND FCR PRODUCTION FACILITY Q=QUANTITY
X=TRANSPCRTATION REQUIREMENTS ¥=SITE~-RETAINED CAPITAL Z=SUBCONTRACTS AND FLOW=THRCUGH EXPENSES
ITEM QUANTITY UNITS UNIT TOTAL
cosT cosT
ENTRY TYPE=P 4420 AZIMUTH DRIVE 171.09 / HELIOSTAT
SGLRCE~BEC
ENTRY TYPE=N 4420 AZIMUTH DRIVE 395.8t / HELIOSTAT
SCURGCE -BEC
ENTRY TYPE=L 4429 AZTMUTH ORIVE FABRICATIOK «HB7GE+01 HRS 7/ HELTCSTAT
SOURCE~BEC 356454 AT T.5C/HR
ENTRY TYPE=P 4420 AZIMUTH ORIVE MOTOR,1/6 HP 66,65 / HELIOSTAT
SOLRCE-BEC
ENTRY TYPE=P 4420 ELEVATION DRIVE 112.38 7/ HELIOSTAT
SOURCE~BEC
ENTRY TYPE=M 4420 ELEVATION ORIVE 70.70 7 MELIOSTAT
SOLRCE~BEC
ENTRY TYPE=L 4429 ELEVATION DRIVE FAEBRICATION «2E30E+GL HRS / HELICSTAT
SOURGE~-BEG,19. 01 AT 7.50/HR
ENTRY TYPE=P 4420 ELEVATION DRIVE MOTCGR,.1/3 HP 82.62 /7 HELIOSTAT
SOURCE-BEC
ENTRY TYPE=P ha2g AZ AKD EL DRIVE ASSEHMBLY 50.56 7 HELIOSTAT
SOURCE-BEC
ENTRY TYPE=H 4820 AZ AND EL DRIVE ASSEMELY 30.94% /7 HELIODSTAT
SOLRCE~BEC
ENTRY TYPE=L 44210 AZ AND EL DRIVE ASSY LABOR «1830E+01 HRS / HELICSTAT
SOURCE-BEC 13,73 AT 7.50/HR
ENTRY TYPE=P 4420 DRIVE CORROSION PROTECT/HANDLIKG 17,97 7 HELIOSTATY
SOURCE-BEC
ENTRY TYPE=L k420 ORIVE CORROSION/HANDLING LABOR +1510E4¢ 0% HWRS /# HELICSTAT

SOURGCE=BEC,11.31 AT 7.50/HR

ENTRY TYPE=P 4420 ORIVE UNIT ASSY.CHECKOLY 51.16 7/ HELIOSTAT
SOURGE-BEC, INC 0IL(ZOLB),.HIRE

ENTRY TYPE=L L4210 DRIVE UNIT ASSY,CHECKQUT LAEQR «3200E+00 HRS / HELICSTAT
SOLRCE~-P-C.2.38 AT 7.54/HR
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.0 ... @ ‘ e

ENTRY TYPE=P 4420 CONTINGENCY AT 0.0i=
ENTRY TYPEzHM 4420 CONTINGENCY AT 0.(1=
ENTRY TYPE=L 4420 CONTINGENGY AT §.0i= +1100E¢ 080 HRS / HELICSTAT
ENTRY TYPE=P 4420 PROFIT AT D.032
ENTRY TYPE=M 4420 PROFIT AT 0.032
ENTRY TVYPE=L 4420 PROF;T AT 0.032= +3500E+00 HRS /7 HELICSTAT
ENTRY TYPE=A 4429 CRIVE ASSEMBLY LAND o2 TS50E+02 ACGRE
SOLRCE~BLOG AREA FRAC-+a367 X 76
ENTRY TYPE=8 4420 DRIVE ASSEMBLY FACILITIES «2343F¢ 0B SQFT
SOURC {~BLDG AREA FRAC-~.367 X 63 8,4X
ENTRY TYPE=E 4422 CRIVE ASSEMBLY EQUIPMENY
SOURCE-BEC
ENTRY TYPE=£ 4420 PRCBUCTION SUPPORT EQUIPMENT

SOLRCE~BEC TABLE B-1

ENTRY TYPE=T 4420 DRIVE ASSEMBLY TOOLIXG
SCLRCE-BEC TABLE B8-1

ENTRY TYPE=T 4420 PECULTIAR TOOLING
SOURCE-BEC TABLES F-3 AND F-7,ITEMS 4-8,13-16

ENTRY TYPE=S LL YA SUPPLIES,UTILITIES AND REPAIRS
SOURGE-BEG TABLE F~5,DRIVE FRAC X G/F FRAC X AVG/HEL
0a703 X 0.E7 X 1£8,.23=6.50

ENTRY TYPE=Z 4420 PROCESS QESIGN,FACTORY STARTUP,
SOURCE-BEC TABLE 3-3,0ESIGN CHANGE AOMINISTRATION
B8LDG AREA FRAG «367 X 41.92%15.38

ENTRY T WE=Q 44290 ORIVE ASSEMBLY QUANTITY/YEAR «SO00DE+DS
TOTAL PURCHASED MATERIALS= S78.10 S$/HELTOSTAT
TOTAL RAW MATERIALS= 518,34 $/HELIOSTATY
TOTAL (BASE RATE COST CATEGORY) DIREGCT LABCR= 11.5200 HRS/HELIOSTAT
TOTAL CONSUMABLES= 6+50 $/HELIOSTAT

LAND REQUIRED= 27.5000 ACRES

PROBUCTION FACILITY (BASE RATE COST CATEGORY) SIZE= 234300, S@ FT
TOTAL EQUIPMENT £OST= 39589000. $

TOTAL TOOLING COST= 68120%0. $

QUANTITY= 54008 / YEAR

TOTAL SUBCONTRACTS AND FLOW=-THROLGH EXPENSES= 15.38 $/HELIOSTAT

TOTAL DIRECT LABGR COSY= 125.9%6 B/HELIOSTAT
TOTAL PROCUCTION FACILITY COST 11715000 §

.13

4.97

19.62

1€.92

272484880,

123410038,

€257 3908.

5541%q,

€.50

15.38

/ HELTIOSYAT
/ HELTOSTAY

/ HELIQSTAT

/ HELIGSTAY

/ HELIOSTAT

/ HELIOSTAT
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BEC 2ND CENERATICN HMELTIOSTAT

443¢ FACTORY COSTS

KEY TO ENTRY TYPES

M=RAN MATERIALS P=PURCHASED MATERIALS "L=DIRECT LABOR HOURS
S=SUPPLIES AND CONSLMABLES T=TOOLING E=EQUI FMENT
B=BUILDING QR FACILITY SIZE A=LAND FOR PROCUCTION FAGILITY G=QUANTITY
X=TRANSPORTATION RECUIREMENTS v=SITE-RETAINED CAPITAL 2=SUBCONTRACTS ANC FLOW~THROUGH EXPENSES
ITEM CUANTITY UNITS UNIT ToTAL
cosT CosT
ENTRY TYPE=P 4430 HC 0.88 7 HELIOSTAT
SOURCE=NONE
ENTRY TYPE=P 4430 HFGC D.00 7 HELIOSTAY
SOLRCE~NONE
ENTRY TYPE=A 4430 CONTROLS LAND g. ACRE
SOURCE~NONE
ENTRY TYPE=8 4430 GONTROLS FAGILITIES Be SQFfY
SOURCE-NONE
ENTRY TYPE=E 4530 CONTROLS EQUIPMENT O«
SOLRCE-NONE
ENTRY TYPE=S 4430 SUPPLIES 0.08 7/ HELIOSTAT
SOLWRCE~-BEC NONE
ENTRY TYPE=Q 44390 CONYROLS QUANTITY/YEAR +5000E¢ 05 /YR
TOTAL PURCHASED MATERIALS= ¢.00 F/HELIOSTATY
TOTAL RAW MATERIALS= .00 $/HELIOSTATY
TOTAL (BASE RATE GOCST GATEGORY) OIRECT LABOR= t.900C HRS/HELIOSTAT
TOTAL CONSUMABLES= 0. 00 $/HELIOSTAT
LAND REQUIRED= 0.0000 ACRES
PRODUCYTION FACILITY (BASE RATE COST GATEGORY) SIZE= 0. SQ FT
TOTAL EQUIPMENT COST= 0.
TOTAL TOOLING COST= 0. b3
QUANTITY= 590800. /4 YEAR
L ® o ® L |
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BEC 2NC GENERATION HELIOSTAT

444y FAGCTORY COSTS

KEY TQ ENTRY TYPES

M=R AW MATERIALS PzPURCHASEC MATERIALS L=DIRECT LABCR HOURS

S=SUPPLIES AND CONSUMABLES T=TOOLING E=EQUI FMENY

B8=BUILDING OR FACILITY SIZE A=LAKD FOR PRODLCTION FACILITY G=CUANTITY

X=TRANSPORTATION RECUIREMENTS Y=SITE-RETAINED CAPITAL Z=SUBGCONTRACTS AND FLONW-THROUGH EXPENSES
ITEM QUANTITY UNRITS UNIT ToTAL

GOST GCOST
ENTRY TYPE=Q Liu40 FOUNCATIONR/PEDESTAL GUARTITY/YEAR «5000E+05 /YR

TATAL PURCHASED MATERIALS= 8.08 $/HELTOSTAT

TOTAL RAW MATERIALS= 8.00 $/HELIOSTAT

TOTAL (BASE RATE CCST CATEGORY) DIRECT LABOR= g.00¢cC HRS/HELIDSTAT

TOTAL CONSUMABLES= .80 $/HELIOSTAT

LAND REQUIRED= g.0000 ACRES

PRODUCTICN FACILITY (BASE RATE COST CATEGORY) SIZE= Ce SQ FT

TOTAL EQUIPMENT COST= De

TOTAL TOCLING COST= D. $

QUANTITY= £0000. 7 YEAR



981

BEC 2ND GEMERATION HELIOSYAY

4450 FACTORY COSTS

KEY TO ENTRY TYPES

M=RAN MATERIALS P=PURCHASED WATERIALS L=BIFECT LABCR HOURS
$S=SUPPLIES AND CONSUMABLES T=TGOLING ESEGUI FMENT
8=BUILDING CR FACILITY SIZE A=LAND FOR PROOQUCTICN FACILITY C=QUANTITY
X=TRANSPORTATION RECUIREMENTS ¥Y=SITE=-RETAINED CAPITAL Z=SUBCCNTRACTS AND FLOW-THRCUGH EXPENSES
ITEM QUANTITY UNITS UNTT TOTAL
GosY cosT
ENTRY TYPE=M 4450 CENTER TORQUE TUBE.180 LB, 100 LesS «32 32.00 / HELTOSTAT
SOURCE-BECy D0.32/L8
ENYRY TYPE=L 4450 CENTER TORQUE TUBE FABRICATION »7TRODE=~01 HRS 7/ HELICSTAT
SOURCE-BEC,0.50 AT 7.50/HR
ENTRY TYPE=M 4450 CUTBCARD FLANGES(2) 21.74 / HELIOSTAT
SOURGCE=BEC
ENTRY TYPE=L 4450 CUTBCARD FLANGE FABRICATION «1500E4+C) MRS 7 HELIOSTAT
SCURCE-BEC+1.15 AT 7.50/HR
ENTRY TYPE=M 4450 ELEVATION ARM ADAPTEF RINGS{2) 21.74 / HELIOSTAT
SOURCE-BEC,NODULAR IRCK
ENTRY TYPE=L 4450 EL ARM ADPT RINGS FABRICAT YON «1500E+ 0D HRS /7 HELICSTAT
SOURCE-BEC,1+15 AT 7.50/HR
ENTRY TYPE=M 4450 ELEVATION AR¥ ASSY(10 GA STEEL} 33.44 / HELIOSTAT
SCURCE~BEC+0.1382 INCH
ENTRY TYPE=L 4450 €L ARM ASSY FABRICATICN «LTU0E+DE HRS 7 HELICSTAT
SQURCE=-BEC +3.47 AT 7.56/HR
ENTRY TYPE=L 4450 CENTER TORQUE TUBE ASSEMBLY LABOR +TSQ0E4(GD HRS / HELICSTAT
SOURCE-BEC-5.63 AT 7.548/HR, 185 LB
ENTRY TYPE=M 4450 CONTINGENCY ELEVATION ASSY AT .01= 1.15 /7 HELIOSTAT
ENTRY YYPE=L 4450 CONT INGENCY ELEVATIOM ASSY AT .01= »2G00E=01 HRS 7 HELICSTAY
SOLRGE=-BEC
ENTRY TYPE=P 44510 Z=FRAMES 4& EACH, 14 GAL(,D785) 740 LBS «34 253+60 7 HELIOSTAT
SOURCE~-BEC,SHIPPED DIRECT TO SITE
ENTRY TYPE=Z 4450 I-FRAME TRANSPORTATION 7T0.00 7/ HELIOSTAT
SOUYRCE-BEC FRON BETHLEHEM STEEL.LAGKAWAKKA4RY
ENTRY TYPE=M 4459 STRUTS AND BARS.STRUTS 36 L8, 58 Les 23 11.48 /7 HELIOSTAT
SOLRCE~BEC +BARS LBy 8 EACH,
STRUT,24Xe125%X63.9
ENTRY TYPE=L Wh50 STRUTS/BARS FABRICATIGN «340DE+HJ0 MRS /7 HELTCSTAT

SOURCE-BEG.2.58 AT 7.58/&R

.o o_.. ® Q ® .. °
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ENTRY TYPE=M

ENTRY TYPE=L

4458

4450

ANGLES 24 EAGH $2.X«125X19 SYEEL
SOURCE=-BEC» Z~FRAME STIFFENERS

ANGLE FAERICATION

SOLRCE-BEC,0.76 AT 7.50/HR

ENTRY TYPE=H

4450

TORQUE TUBES,OUTE0ARE{2)

SOURCE-BEC+16. 00 X 4105 NALL X600 IN

ENTRY TYPE=L

ENTRY TYPE=N

SDURCE-BEC

ENTRY TYPE=L

ENTRY. TYPE=M

SOURCE-BEC

ENTRY TYPE=L

4a50

4450

4450

4450

44590

TORQUE TUBE OUTBD FABRICATIQN
SOURCE~BEC,0.86 AT 7.50/HR

OUTACARD FLANGES(2)

OQUTBCARD FLANGE FABRICATION
SOLRCE ~BEGy1.58 AT 7.50/HR

INBOARD FLANGES(2)

INBOARD FLANGE FABRICATION

SOURCE-BEC+1.15 AT 7.50/HR

ENTRY TYPE=L

ENTRY TYPE=P
ENTRY TYPE=M
ENTRY TYPE=Z
ENTRY TYPE=L
ENTRY TYPE=P
ENTRY TYPE=M
ENTRY TYPE=L

ERTRY TYPE=Z

ENTRY TYPE=A

4459

4450
4458
4450
4459
4450
4usae
4450

Lus0

4450

TORQUE TUBE OUTBD ASSEMBLY LABOR
SOURCE=BEGC 4075 AT 7.50/HR (2 EAGH)
SOURCE=BEC+0.032 X 683.33= 21.87

CONTINGENCY FRAME ASSY AY
CONTINGENGY FRAME ASSY AT
GONTINGENRCY FRAME ASSY AT

CONTINGENCY FRAME ASSY AT

032
«03=
«03=
-03=

PRCFIT SUPPORT STRUCTURE AT .p32=

PROFIT SUPPCRT STRUCTURE AT .032=

PROFIT SUPPORT STRUCTURE AT ,p032=

PROFIT SUPPORY STRUCTURE AT .832=
SCURCE~BEC,0.03 X t23.%8=15.72

SUFPCRT STRUCTURE LAND

SOURGE=-BLDG AREA FRAC-=,155 X 75

ENTRY TYPE=B

ENTRY TYPE=E

4a5Q

4450

SUFPCRT STRUCTURE FACILITIES
SOURCE-BLOG AREA FRAG==-,155 X 63 8.4K
INCLUDES A/CsFURNISHINGSFEESeTURNOVER.IMPROVENENT S4SUBSTATION
SEE TABLE 3-1

SUPPCRT STRUCTURE EQUIPMENY

SOURCE~BEC TABLE B-1

ENTRY TYPE=E

4450

FRODUCTION SUPPORT EGUIPMENT

SOLRCE-BEC TABLE 8-1

ENTRY TYPE=T

SOURCE-BEC TABLE 8-+1

ENTRY TYPE=S

SQURCE-BEC TABLE F~5,SUPPORT STRUCTURE FRAC X G/F FRAC

4450

44510

SUPPORT STRUCTURE TOOLING

SUPPLIES,UTILITIES AND REPAIRS

X AVG/HEL £ 0,297 X Q.57 X 16.23

¢

<1J0CE+ L0

32

175

«1100E€00

«2108E+ 00

«1B0CE# DO

«100BE¢ D

«3000€-01

«8CCQE-0L

»11€0E+D2

«989BE+ 1S

Las

HRS

LBS

HRS

HRE

HRS

HRS

HRS

HRS

AGRE

SarT

HELT CSTAT

HELTI CSTAT

HELTIOSTAT

HELT CSTAT

HELT CSTAT

HELIOSTAT

HELIOSTAT

.2k

-32

7.64

55.48

21.7%

21.74

2430

2418

8412

2,72

2.24

2501700,

2006 406.

921000.

2475

7 HELIOSTAT

£ HELIOSTAT

f HELIOQOSTAT

/4 HELIOSTATY

/7 HELTOSTAT

/ HELICSTAT

/ HELIOSTAT

F HELIOSTAT

/ HELIOSTAT

7 HELTIOSTAT

7 HELIOSTAT
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ENTRY TYPE=Z 4459 PROCESS DESIGN,FACTORY STARTUP,
SOURGCE~BEC TABLE 3+3,DESIGN CHANGE ADMINISTRATICN
BLDG AREA FRAC .155 X 41.92z€.59

ENTRY TYPE=Q 4u50 SUPPCRT STRUCTURE QUANTITY/YEAR

TOTAL PURCHASED MATERIALS= 269.33 $/HELIOSTAY
TOTAL RAN MATERIALS= 2LEed7 S/HELIOSTAT

«5080E+05 /YR

TOTAL (BASE RATE COST CATEGORY) DIRECT LABCR= 2.7380 HRS/HELIOSTAY

TOTAL CONSUMABLES= 2275 S/HELT CSTATY

LANDO REQUIRED= 11.5000 ACRES

PRODUCTION FACILITY (BASE RATE COST CATEGORY) SIZE= 98950,
TOTAL EQUIPMENT COST= 4508100, 3

TOTAL TOOLING COST= 9310090. 3

QUANTITY= S00C0. 7/ YEAR

SQ FT

TOTAL SUBCONTRACTS AND FLOX=THROUGH EXFENSES= 80.86 $/HELIOSTAT

TOTAL DIRECT LABGR COST= 28.67 S/HELIOSTAY
TOTAL PRODAGTION FACILITY COST 4947500. 3

E.50 7/

HELIQOSTAT




681

BEC 2ND GENERATION HELIOQSTAT

441) TRANSPORTATION COSTS

KEY TOQ ENTRY TYPES

M=R AW MATERIALS P=PURCHASEL MATERIALS L=0IREGT LABCR HOURS
S=SUPPLIES AND CONSUMABLES T=TOOL ING E=EQUY FMENT
B=BUILDING CR FACILITY SIZE A=LAND FOR PROCUCTICN FACILITY Q=QUANTITY
X=TRANSPORTATICN REGUIREMENTS Y=SITE-RETAIANED CAPITAL Z=SUBCONTRACTS AND FLOW-THROUGH EXPENSES
ITEM QUANTITY UNITS UNIT TOTAL
COST CGCsT
ENTRY TYPE=E 4410 MIRROR MODULE CRATE «1289E400 YRS 703008,
SOURGE=-BEC TABLE F-lb
ENTRY TYPE=X 4s10 TRANSPORT=-TO-SITE MIRRCR MODULES +1258E¢# 00 TRUGKLOADCS

SPECIAL TRANSPORTATIGN COST CATEGORY 1
SOURGE~DEC, TB.S5{/HELIOSTAT

ENTRY TYPE=Q 4419 REFLECTIVE ASSEMBLY CUANTITY +691G4E+ 0L /STE
TOVAL PURCHASED MATERIALS= 0.00 $/HELIOSTAT
TOTAL RAH MATERIALS= G.00 S/HELIGSTAT
TOTAL (BASE RATE COST CATECORY} CIRECT LABOR= p.0000 HRS/HELIOSTAT
TOTAL CONSUMABLES= g.€0 S/HELICSTATY
HEIGHTER EQUIPMENT COST= 786600, $ TIMES YEARS USED /7 SITE
QUANTITY= 6914, 7 SITE
SPECIAL TRANSPCRTATICN CCST CATEGORY 1 = +125 TRUCKLGCADS
INPUT (NOT COMPUTEC) TRANSFORTATICN COST 49.38 $
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BEC 2HD GENERATION HELICGSTAT

46420 TRANSPORTATICGN COSTS

KEY TQ ENTRY TYPES

SCURCE-NONE IDENTIFIED

ENTRY TYPE=X 4420 TRANSPORT-TO-SITE DRIVE ASSY «12S0E+00 TRUCKLCACS

SPECIAL TRANSPORTATION COST CATEGORY 1
SOLRCE-BEC,20.90

ENTRY TYPE=Q 4420 DRIVE ASSEMBLY QUANTITY «BI14E4DL  /STE
TOTAL PURGHASED MATERIALS= 0.00 S/HELIOSTAT
TOTAL RAW MATERIALS= 0.00 $/HELIOSTAT
TOTAL (BASE RATE CCST CATEGORY) DIRECT LABCR= g.300C0 HRS/KHELIODSTAY
TOTAL CONSUMABLES= g.00 $/7HELIOSTAT
WEIGHTED EQUIPHERT COST= O $ TIMES YEARS USEC / SITE
QUANTITY= 6914, s SITE
SPECIAL TRANSPORTATION CCST CATEGORY 1 = +125 TRUCKLDADS
INPUT (NOT COMPUTEC) TRANSPORTVATICN COST 49.38 3

M=RAW MATERIALS P=PURCHATEL MATERIALS L=BIRECT LABOR HOURS
S=SUPPLIES AND CONSLMABLES T=TCOLING E=EQUT FMENT
B=BUILDING CR FACILITY SIZE A=LAND FOR PRODUCTION FACILITY C=QUANTITY
X=TRANSPORYATION REGUIREMENTS Y=SITE-RETAINED CAPITAL 2=SUBCONTRACTS AND FLOW-THROUGH EXPENSES
ITEN QUANTITY UNITS UNIT TOTAL
COST tosY
ENTRY TYPE=S L4420 ORIVE ASSEMBLY CRATE 0.80 7/ HELIOSTAT
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BEC 2ND GENERATION HELIOSTAT

® ¢

4430 TRANSPORTATION COSTS

KEY TO ENTRY TYPES

M=RAW MATERIALS

S=SUPPLIES AND CONSUMAELES
B=BUILDING OR FACILITY SIZE
X=TRANSPORTATION REGUIREMENTS

P=PURCHASET MATERIALS
T=TOCLING

A=LAND FOR PRODUCTION FACILITY
v=SITE-RETAINED CAPITAL

ITENM GUANT ITY
ENTRY TYPE=Q Lt30 CONTROLS QUANTITY «BYLHE ¢ (s
TOTAL PURCHASED MATERIALS= 0.00 S/HELTIOSTAT
TOTAL RAW MATERIALS= .00 $/HELIOSTAT
TOTAL (BASE RATE CCST CATECORY) DIRECY LABCR= 0.0800 HRS/HELYOSTAT

TOTAL CONSUMABLES= .80 $/HELICSTAT
WEIGHTED EQUIPMENT COST= e $ TIMES YEARS USED /7 SITE
QUANTITY= 6914, /s SITE

EEC 2ND GENERATICN HELIOSTAT

L4400 TRANSPORTATION COSTS

KEY TO ENTRY TVYPES

M=RAN MATERIALS

S=SUPPLIES AND CONSUMABLES
B=BUILDING CR FACILITY SIZE
X=TRANSPORTATION REQUIREMENTS

P=PURCHASE L MATERIALS

T=TOOL ING

A=LAND FOR PRODUCTION FACILITY
¥=SITE-RETAINED CAPITAL

ITeM

ENTRY TYPE=Q 4460 FOURCATIGN/PEDESTAL QUANTITY «6ILLES {4
TOTAL PURCHASED MATERIALS= 0«00 $/HELIOSTAT
TOTAL RAR MATERIALS= 9. G0 $/HELIDSTAT
TOTAL (BASE RATE COST CATEGORY) DIRECT LABCR= 0.0000 HRS/HELIGSTAT

TOTAL CONSUMABLES= 4.09 $/HELICSTAY
WEIGHTED EQUIPMENT COST= G. $ TIFES YEARS USED / SITE
QU ANTITY= 6914, /s SITE

GUANTITY UNITS

L=0IRECT LABCR HOURS

E=EQUIPMHENT

G=QUANTITY

2=SUBCONTRACTS AND FLOW-THRCUGH EXPENSES

UNITS URIT

COsST

TOTAL
COST

/STE

L=DTIRECT LABOR HOURS

E=ERUI FNENT

G=QUANTITY

Z=SUBCONTRACTS AND FLOW-THROUGH EXPENSES

UNTT
COST

TOTAL
COST

73TE
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ENTRY TYPE=S L4450

ENTRY TYPE=X 4450

ENTRY TWE=S 44510

ENTRY TYPE=X 4450

ENTRY TYPE=Q 4459

BEC 2ND GENERATICN HELIOSTAT

4450 TRANSPORTATION COSTS

KEY TO ENTRY TYPES

M=RAN MATERIALS P=PURCHASEL MATERIALS
S=SUPPLTES AND CONSUMABLES T=TOCLING

B=BUILDING OR FACILITY SIZE A=LAND FOR PRODUCTION FACILITY
X=TRANSPORTATION REGUIREMENTS ¥=SITE~RETAINED CAPITAL

L=0IRECT LABCR HOURS

E=EQUI FRENT

Q=QUANTITY

Z=SUBCONTRACTS AND FLOW-THROUGH EXPENSES

ITEN QUANTITY UNITS UNITY TOTAL

STRUTSyBARS+ANGLES GRATE
SOLRCE~NONE IDENTIFIED

TRANSPORY-TO-SITE,STRUTS4BARS.AGLS «1700E-02
SPECIAL TRANSPORTATICN COST CATEGORY i
SOURCE-BECL+2.5¢

TORQUE TUBE GRATES
SOURCE~NONE IDENTIFIED

TRANSPORT-Y0O-SITE TORGUE-TUBES 0.
SPECTAL TRANSPORTATICN COST CATEGORY 1
SOURCE=BEG+4.70 INC AEQVE

SUPPCRT STRUCTURE QUANTITY +B914E+DL

TOTAL PURCHASED MATERIALS=
TOTAL RAW MATERTALS=

C.00 F/HELIOSTAT
G.00 $/HELIOSTAT

TOTAL (BASE RATE COST CATEGORY) DIRECT LABCR= 0.0000 HRS/HELIOSTAT
TOTAL CONSUMRELES= 0.450 $/HELICSTAT
WE IGHTEDC EQUIPMENT COST= 9. $ TIMES YEARS USED / SITE
QUANTITY= 6914, 7 SITE

SPECIAL TRANSPCRTATICN CCST CATEGORY 1 = «017 TRUCKL OADS
INPUT (NOT CCMPUTEL) TRANSPORTATION COST Ea72 s

cosT CosT

0.00 7 HELIOSTAT

TRUCKLOACS

0.00 7 HELIOSTAT

TRUGKLOACS

/STE
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BEC 2ND GENERATICN HELIOSTAT

4430 SITE COSTS

KEY TO ENTRY TYPES

M=RAW MATERIALS P=PURCHASED MATERIALS L=DIRECT LABCR HOURS
S=SUPPLIES AND CONSUMABLES T=TOCLING E=ECUTIPMENT
B=BUTLDING GR FAGILITY SIZE AsLAND FOR PRODUCTION FAGILITY C=QUANTITY
X=TRANSPORTATION RECGUIREMENTS Y=SITE-RETAINED CAPITAL Z=SUBCONTRACTS AND FLOW-THROUGH EXPENSES
ITEM QUAKRTITY UNITS UNIT TOTAL
GOST caosT
ENTRY TYPE=2 4430 HC 200.90 7/ HELIOSTAY
SOURCE-NONE IDENTIFIED, 200.04 SUPPLIED BY HAL
ENTRY TYPE=Z 4430 HFC 5400 7 HELIOSTAT
SOLRGE<-NONE IDENTIFIED, S.00 SUPPLTIED BY HAL
ENTRY TYPEaZ H&30 HAC 3E.46 7 HELTOSTAT
SOURGE=-NCNE IDENTIFIED, Z5000C/F1ELD SUPPLIED BY HAL
ENTRY TYPE=Z 4430 SIGNAL DISTRIBUTION INSTALLED 350.60 / HELIOSTAT
SOURGCE-NONE IDENTIFYED, 350.00 SUPPLIED EY HAL
ENTRY TYPE=Z 4430 POYER CABLING INSTALLED D.G8 / HELIOSTAT
SOLRCE~NCME IDENTIFIED,LINC IN 350,00 ABOVE
ENTRY TYPREzZ 4430 GEAM CHARACTERIZAYIOM SYSTEM(BCSY 21.70 7/ HELIGSTAT
SOURCE~NONE IDENTIFIED, 150008/FIELD SUPPLIED BY HAL
ENTRY TYPE=Z 4430 GONT INGENCY ON HAL SUPPLIED CONTFL 61.29 7/ HELIOSTAT
SOURCE~-HAL AT 0.10 X 612,86
ENTRY TYPE=? 4430 PRCFIT ON HAL SUFPLIEC GONTROLS 19,61 7/ HELIQSTAT
SQURCE=HAL AT ,032 X 612.86
ENTRY TYPE=Z 4430 SITE SPECIFIC SOFTWARE 7.23 7/ HELIOSTAT
SOLRCE -BEC
ENTRY TYPE=Z 4430 TAPE/PROCRAMS/ MANUALS REPRO ONLY 1,23 /7 HELIOQSTAT
SOURCE~-BEC
ENTRY TYPE=L 4430 POMER LIGHTNING . SIGNAL CABLE CONN «1S00E4+G) HRS / HELIOSTAT

SOURCE=BECs2+41 AT 16405/HR

ENTRY TYPE=L 4430 FINMAL PECESTAL SURVEYSLONG,,LAT «Z50GE*Q0 HRS / HELICSTAT
SOURCE-BEC+2.00 AT 8.00/HR

ENTRY TYPE=L 4430 ZERC REFERENGE LABOR «1250E+01 HRS 7/ HELICSTAT
SOURCE-BEG+10.00 AT 8.00/HR

ENTRY TYPE=L 4439 VERIFY GIMBAL OPERATION «8300E=01 HRS 7 HELI{STAY
SQURCE-BEC+1.33 AT 16.,05/HR

ENTRY TYPE=Z 4439 INITIAL CALIBRATION 3€.16 / HELIOSTAY
SOURCE-BEC
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ENTRY TYPE:P LL30 CONTINGENCY

SOURCE=BEC 0.18 X 55.99=£,60

ENTRY TYPE=P 4420 CCNTINGENGY ON SCFTHARE

SOURCE~BECs0.20 X T+23=1.45

ENTRY TYPE=P 4430 PROFIT

SOURCE~BEC,0.06 X 55.99 + D.18 X 7.23=4.08

ENTRY TYPE=E 4430 CONTROLS EQUIPMENT de

SOURCE= NONE IDENTIFIED

ENTRY TYPE=Q 4430 CONTROLS QUANTITY/SITE «6314E+04 /STE

TOTAL PURCHASED MATERIALS= 11.13 F/HELIOSTAT

TOTAL RAW MATERIALS= Ge30 S/HELIOSTAT

TOTAL (BASE RATE COST CATECORY} DIRECT LABCR= 1.7330 HRS/HELIOSTAY
TOTAL CONSUMABLES= 0.63 $/HELICSTAT

WEIGHTED EQUIPMENT COST= [ $ TIFES YEARS USED / SITE
QUANTITY= 6914, / SITE

"TOTAL SUBCONTRACTS AND FLOW-THROUGH EXFPENSES= 738.38 $/HELICSTAT

TOTAL DIRECT LABOR COST= 19.83 $/HELTIOSTAT

5-6“

1.“5

L.08

7 HELIOSTAT

/ HELTIOSTAT

/ HELIOSTAT
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BEC 2ZND GENERATION HELIOSTAT

4440 SITE COSTS

KEY TO ENTRY TYPES

M=RAW MATERJIALS P=PURCHASED MATERIALS L=DIRECT LABOR HOURS
S=SUPPLIES AND CONSUMABLES T=TGOLING E=EQUY FHENT
8=8UILDING CR FACILITY SIZE A=LAND FOR PRODQUCTICN FACILITY A=GUANTITY
X=TRANSPORTATION REUGUIREMENTS Y=SITE-RETAINED GAPITAL I=SUBCONTRACTS AND FLOW-THROUGH EXPENSES
ITEN GUANTITY UNITS UKIY TOTAL
cosT cOsST
ENTRY TYPE=P L440 SOIL SAMPLES FCOR FOUNDATION DESIGN 0.00 7/ HELIOSTAT

SOLRCE~BEC CHARGED 21.7D

ENTRY TYPE=L S440 SURVEY FOR FOUNDATICM LOCATION +2500E+00 HRS 7 WELIOSTAT
SOURCE-BEC,2.00 AT 7.50/HR

ENTRY TYPE=Z 4440 FOUNCATION/PEDESTAL E18.00 / MELIOSTAT
SOURCE=-BEC, INCLUCES TRANSPORT=TO-SITE
HYDRO CONDUIT COFP QUOTE 11/14/80

ENTRY TYPE=Z 4440 FOUNCATION/PEDESTAL INSTALLATICK 31%0C / HELIOSTAT
SOURGE-BEC,PILE CRIVING

ENTRY TYPE=P Lu4b0 GONT INGENGY »FOUND/PEC, LIGHTNING 32.93 /7 HELICSTAT
SOURCE-BEC,0.05 X 658.69=32,93

ENTRY TYPE=P 4440 CONTINGENGCY »INSTALLATION 31.50 7/ HELIOSTAT
SCURCE-BEG40.10 X 315.00=31.50

ENTRY TYPE=P 4640 CONTINGENCY,SOIL SAMFLES 0.00 7 HELIOSTAT
SOURCE«BEC 0420 X 21+7074e 34

ENTRY TYPE=P LI LY PRCGFIT 42.27 7 HELIOSTAT
SOURCE-BEC, 032 X 658,69 ¢ .06 X 317.42
+ 0.10 X 2t.70=42.27

ENTRY TYPE=Q 4440 FOUNCATION/PEDESTAL CUANTITY/SITE «EILLE* 04 /STE
TOTAL PURCHASED MATERIALS= 106.70 $/HELICSTAT
TOTAL RAW MATERIALS= " 8400 $/HELIOSTAT
TOTAL (BASE RATE COST GCATEGORY) DIRECT LABCR= «2500 HRS/HELIOSTAT
TOTAL CONSUMABLES= .00 S/HELI OSTAT
WEIGHTED EQUIPMENT COST= 0. $ TIMES YEARS USED / SITE
QUANTITY= 6914, / SITE
TOTAL SUBCONTRACYS AND FLOW=-THROUGH EXPENSES= 933. 00 $/HELIOSTAT

TOTAL DIRECT LABOR COSTx 2«86 S/HELIOQSTAT
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BEC 2NU GENERATION HELIOSTAT

4460 SITE GOSTS

KEY TO ENTRY TYPES

=RAW MATERIALS P=PURCHASED MATERIALS
S=SUPFLIES AND CONSUMABLES T=TOCLING
B=BUILDING CR FACILITY SIZE

X=TRANSPORTATION REGUIREMENTS Y=SITE-RETAINED CAPITAL

ITENM

ENTRY TYPE=L 4460 REFLECTIVE ASSY,ASSEMBLY+CANT
SOLRCE-BEC 48421 AT 8.00/HR

ENTRY TYPE=L 44€9 REFLECTIVE ASSY TRANSPORY AT SITE
SOURGE-BECy2.67 IT 8.L07HR

ENTRY TYPE=L 4460 REFLEGTIVE ASSY INSTALLATION
SOURCE-BEG,12+ 40 AT 8.00/HR

ENTRY TYPE=L 4460 DRIVE ASSEMBLY TRANSPORY AT SITE
SOURCE-BEC,21.32 AT 8.00/HR

ENTRY TYPE=P 4460 CRIVE ASSY INSTALLATION HOWR
SOLRCE-BEC

ENTRY TYPE=L 4460 CRIVE ASSY INSTALLATION LABOK
SOURCE~BEGC,2.08 AT 8.00/HR

ENTRY TYPE=P 4460 SUPPORT STRUCGTURE ASSEMBLY HOMR
SOURCE-BEC

ENTRY TYPE=L 4460 SUFPCRT STRUCTURE ASSEMBLY LABOR

SOURCE-BEC,34.00 AT 8.00/HR

ENTRY TYPE=Z 4460 INITIAL CLEANING
SOURCE-BECs 82074276914

ENTRY TYPE=2Z 4460
SOURCE~BEC TABLE F-7

ASSY/INSTALL/MAINLEGUIP RENTAL
ENTRY TYPE=2Z #héﬂ CONSTRUCTION MANAGEMENT
SOLRCE-BEGC,y .02 X AT-SITE COST

ENTRY TYPE=2 4460 A AND E SERVICES
SOURCE~BEC,0.12 X ON-SITE COSTS(LESS LAND)

ENTRY TYPE=Y L4u60 INSTALLATION EQUIPMENT
SCURCE~-BEL TABLE F-7 DROTT CRANE(SS5K)
LINEMAN TRUCK{S0K)+2 TOM TRACTORS(15K) .+
4 TRAILEFS(26K)

ENTRY TYPE=Y 4uEQ MAINTENANGE EQUIP FOR WASH MACHINE

SOLRCE-8EC TABLE 3-3
® ® Il

A=LAND FOR PRODUCTION FACILITY

GUANT ITY

+6030EX 0L

«3300E+ 00

«1BENE+ 1

«1780€s 00

«2600E+ 00

«4250E+ (L

L=0DIRECT LABCR HOURS

E=
g=

EQUIPMENT
QUANTITY

2= SUBCCNTRACYS AND FLOW-THROUGH EXPENSES

UKNITS

HRS /

HRS 7

HRS /

HRS /

HRS 7

HRS 7/

HELICSTAT
HELT CSTAT
HELICSTAT

HELICSTAT

HELICSTAT

HELICSTAT

UNIT
CosY

JOTAL
COST

1.3%

T.77

3.00

€. 2E

1€.33

101.64

146600,

7500.

HELTIOSTAT

HELIOSTAT

HELTIGSTAT

HELTIOSTAT

HELIOSTAT

HELIOSTAT
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ENTRY T YPE=S 44560 UTILITIES z80C.00/YR
SQURCE-BEC TABLE 3-2
ENTRY TYPE=E 4460 OFFICE EQUIPMENT AT SITE «1000E+ L1
SOLRCE~-BEC TABLE 3-2
ENTRY TYPE=T 446D ASSY/INSTALL TOOLING «1000E+ (L
SOURCE-BEC TABLES F=b4F=T743-2
ENTRY TYPE=Y 4460 GONT IKGENCY AT 9.10
ENTRY TYPE=P L4460 CONTINGENCY AT (.18
ENTRY TYPExL L4610 CONTINGENCY AT 0.10 «12€0E+ (1
ENTRY TYPE=L 4460 FROFIT AT Q.032 «4O0GOE+ Q0
ENTRY TYPE=Y L4860 PRCOFIT AT 0,032
ENTRY TYPE=Z 4460 PROFIT AT (.06
ENTRY TYPE=2Z 4460 PROFIT AT 0.16
ENTRY TYPE=Y 4460 INITIAL SPARE PARTS
SQURCE-BEC,5 FACETS,25 MCTORS,1 ODRIVE REFAIR KIT,
MAINTENACE SUPPORT EQUIPRENT, SUPPORT SYSTEM
ENTRY TYPE=Y L4460 NAINTENANCE EQUIFMENY
SQURCE~BEC, 3 WASH TRUCKS
ENTRY TYPE=Y LYY-T REFLECTIVE ASSY MAINY EQUIP
SOURCE~-BEC
ENTRY TYPE=Y 4460 DRIVE ASSY MAINT EQUIP.
SOURCE=-BEC
ENTRY TYPE=Y 4460 FIELD CALIBRATION/ZALIGN MAINTY €Q.
SOLRCE-BEC
ENTRY TYPE=zZ 4450 SITE DESIGN/ENGINEERING
SOURCE-BEC TABLE 3-3{20QK/SITE)
ENTRY TYPE=Z L4680 RELOCATION EXPENSES
SOURCE=-BEC,SITE FACILITY PROCESS DESIGN/CEVELOPMENT,
PREACTIVATIUON/STARTUP, TEARDOWN AND RELOCATE.
ENTRY TYPE=Q L4569 HELICSTATS/S50 MWE SITE «6914E+ L6
TOTAL PURCHASED MATERIALS= 12,59 F/HELIOSTAT
TOTAL RAW MATERTIALS= G.00 B/HELIUSTAT
TOTAL (BASE RATE CCST GCATEGORY) DIRECT LABCR= 15.25¢00 HRS/HELIOSTAT
TOTAL CONSUMABLES= ] S/HELICSTAT
WEIGHTED EQUIPMENT COST= 2560. $ TIFMES YEARS USEDR /7 SITE
QUANTITY= 69164, / SITE
TOTAL SUBCONTRACTS AND FLOW-THROUGH EXPENSES= 171.31 $/HELTCSTAT

TOTAL SITE-RETAIMED CAPITAL= 49G3G0.(0 )

TOTAL DIRECT LABOR COST= 163.02 $/HELIOSTAT

« &0

250.

73900

L3288,

EXL Y4

HRS / HELICSTAT

HRS # HELICSTAT

13852,

7.26

2.89

32360,

2250C0.

LGOO.

100540,

8000.

28.93

S.22

/STE

7 HELIOSTATY

/ HELIOSTAT

/ HELIOSTAT
/ HELIOSTATY

/ HELIOSTAT

/ HELIOSTAT



HELTIOSTAT C(ST MODEL

DETAILED EREAKDOWN

BEG 2ND GENERATION HELIOSTAT

4410 - REFLECTIVE ASSENBLY

FAGTORY CCSTS

PROOQUCTION YEAR 4

TCTAL REQUIRED REVENUE

198

DIRECT MATERIALS
PURCHASED MATERIALS
RA¥ MATERIALS
SGRAP

DIRECT LABOR

CONSUMABLES

INCIRECT COSTS
MAINTENANCE, PLANT ENGINEERING
OTHER INDIRECTS

CAPITAL REPLACEMENT ALLOWANCE

PROPERTY TAX AND INSURANCE

GENERAL a ADMINISTRATIVE
INTEREST EXPENSE
INCOME TAXES

RETURN TQ EQUITY HOLDERS

OTHER EXPENSES
ANNUALLIZED ONE-TIME COSTS
SUECONTRACTS A FLOM=-THROLGH

1348.2¢
29.31
14.3¢€

1247
22.2€

«37
2t%.00

1391.93

50,51
6,98

34.72

28.23

2l.62

28.37

1665,55




HELIOSTAT COST MODEL
OETAILED EREAKDOWN

BEC 2NO GENERATION HELIODSTAT
4420 = ORIVES

FACTORY GQSTS

PRODUCTION YEAR 1

TOTAL REQUIRED REVENUE 1599.,98
DIRECT MATERIALS 1117.77
PURCHASED MATERIALS 578,10
RAW MATERIALS 518.34
SCRAP 21,33
DIRECT LAEBCR 1284 9¢€
CONSUMABLES Be58
INCIRECT CGSTS 66479
MAINTENANCE, PLANT ENGINEERING 23,25
OTHER INDIREGCTS 43,55
CAPITAL REPLACEMENT ALLUOWANCE 92.70
PROPERTY TAX AND INSURANCE 32.61
GENERAL A ADFINISTRATIE 41,88
INTEREST EXPENSE 6.79
INCOME TAXES 39,86
RETURN TO EQUITY HOLDBERS £1.63
OTHER EXPENSES 14,28
SUBCONTRAGTS & FLOR=-THROUGH 15,38

199
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HELCAT OPTIOKS AND MODEL PARAMETERS

MODEL OPTIONS
SUN OF THE YEARSt+ DIGITS DEPRECIATION
WITH NO LEARNING CURVE COST RECUGTION

PARAMETER MATRIX

FACTORY SITE TRANSPORTAT ION
1 OURATION OF COST PROJECTICN - YEARS 1d.000 ig.000 10.000
2 BASE RATE DIRECY L2BCR COST = 3$/HOUR 16.5¢¢ 11.4410 ics.ton
3 BASE RATE PRCD FACILITY COST - $/SQFT 50.000 B. 0080 0.00¢
b LAND COST FOR PRCD FACILITY - $/ACRE 32000.000 B«033 f.ooe
5 INFLATION RATE «10¢2 «100 « 860
6 RETURN TO BOND HOLCERS «050 <122 «102
7 RETURN TO EQUITY HOLDERS « 095 «1€6 +166
8 COMBINED INCOME TAX RATE «500 <500 -E00
9 INVESTMENT TAx CRECIY «180 +140 =100
10 EQUITY FRACTION «800 .«800 «800
11 PROPERTY TAX AND INSURANGE FRACTION <048 <040 « 050
12 PURCHASED MATERIAL SCRAP FRACTICN 018 <018 010
13 MAINTENANCE FRACTICN « 023 « 04D o« OL1
1% GENERAL .ANDC ADMIKISTRATIVE FRACTIOR «+029 g.008 4.000
15 WORKING CAPITAL FRACGTION «178 J.008 g.000
16 RAW MATERIAL SCRAP FRACTIOH 030 «030 .030
17 TOOLING LIFETIME (ACCOUNTING) -~ YEARS Se 0l 5.08040 S.00¢
18 EQUIPHMENT LIFETIME C(ACCOUNTING) - YEARS 1%.0¢00 1¢.000 18.390
19 FACILITY LIFETIME (ACCCUNTING) = YEARS' 45,000 30.009 30.000
20 FACILITY CONSTRUCTION PERICD - YEARS 3.008 0.000 0.060
21 FACILITY PLANT EXGINEERING FRACTIONK «300 G.008 0.000
22 FACILITY STARTUP GQLANTITY 24903.246 0.000 De.GOC
23 COST REDUCTICN COEFFICIENT - START upP «920 0.000 g.000
24 TCOLING LIFETIME (TAX) =~ YEARS S.00B 3.000 3.000
25 EQUIPMENT LIFETIME (TAX) - YEARS 1c.238¢C 8.500 8.500
26 FACILITY LIFETIME (TAX) - YEARS 27.060 25,909 25,0080
27 BASE RATE TRANS COST - /LB « 035 <235 « 035
28 INDIRECT FRACTION =« LAEGOR « 278 « 300 «300
29 INDIRECT FRACTION - MATERIAL 084 0.000 g.cn0
30 INDIRECT FRACTION - TOOL*GEQUIP*T.FACeY «OGE 4.000 0.000
SPECIAL COST MATRICES
CATEGORY FAGILITY LARBCR TRANSPORT
NUMBER $/5Q FY $/HR (UNITS VARY)
3 40. <. 00 395,000 $/TRKLOATD
2 €60. 12.00 130. 082 3/TRKLOAD
3 30. 18. 08¢ 0.000
& 100. 21.30 G.000
s 128. 2%.08¢ g. 000
6 140. 30. 00 0.008
T D. 0. 00 B.008
8 c. t. 00 g.000
9 0. 0.00 8.000
® L ® e o ®
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BEC 2ND GENERATICN MELIOSTAT
4410 FACTORY COSTS

KEY TO ENTRY TYPES

M=RAW NATERIALS

S=SUPPLIES AND CONSUMABLES
B=BUILDING CR FACILITY SIZE
¥=TRANSPORTATION RECUIREMENTS

P=PURCHASED MATERIALS
T=TOOLING

A=LAND FOR PRODUCTION FACILITY
Y=SITE-RETAINED CAPITAL

L=CIFECT LABOR HOURS

EZEQUI FMENT

G=QUANTITY

I=TUBLONTRACTS AND FLOR-THROUGH EXPENSES

ITEM GUANTITY UNITS UNIT TOTAL
CosT COST
ENTRY TYPE=P 4410 7809 FUSION GLASS FIRRCR.0.058 480 SQFT «76 362.88 7/ HELIOSTAT

SOURCE-PITT-CORNING,y .95 YLD,GLASS J.362/SQFT,
AG/CL/PRIMER 0.353/SQFT,XPORT TO FACTORY
O 04H/SQFT

ENTRY TYPE=P LLEN ] FOAMEIL-75 2 INCH
SOURCE=PITT=CORNING++95 YLD, 47/8DFT

ENTRY TYPE=P 4410 7809 FUSION GLASS BACK SHEET,0.058 &80
SOURCE-PITT-CORNINGy+95 YLO,GLASS .362/S0F T,
XPCRT TO FACTORY 0.044/SCFT,CORNING GLASS WORKS,BLACKSBURG.VA

ENTRY TYPE=P 4420 ADMESIVES FOR FUSION TO FOAM GLASS 34
SOLRCE-PITY-CORNING, .95 YLDL4INC XPORT

ENTRY TYPE=P 4410 ADHESIVE FOR FOAM GLASS JOINTS 22
SOURCE-PITT-CORNING,.95 YLD,

ENTRY TYPE=P hall BACKSHEET PAINT,.003 INCH
SOLRCE~PI¥T-CORNING,+ .95 YLD,

ENTRY TYPE=P W4l EDGE STRIPS.2& GAUGE,
SOURCE-PITT~CORNINGy .95 YLD,

ENTRY TYPE=P 4410 EDGE STRIP ACHESIVE 5
SQURCE-PITT-CORNINGs .95 YLD

ENTRY TYPE=P 4410 SEALANT.HOT MELT 8UTYL
SOURCE-PITT-CORNINGs 35 YLD,INC XPORT

ENTRY TYPE=L Lain MIRRCR MODULE FAB AND ASSEMBLY =354 0E+ 01
SOWRCE=PITT~CORNING/BEC CORRECTYIONS

ENTRY TYPE=zP 610 NIRRCR FACET ATTACH PLATES
SOURCE=-BEC+96 PLASTIC PALS

ENTRY TYPE=NM 4410 MIRRCR FACET ATTACH PLATES, 25
SOLRGE-BEC, 8 EACH=14,7 LE{HAL)

ENTRY TYPE=L 4410 FACET ATTACH PLTS FABRICATION «5000E+ 00
SOURCE=-BEC, 3.72 AT 7.50/HR

ENTRY TYPE=HM 4410 BRACKETS, 42 EACH=TT.6 LBUHAL) 66

SOURCE~BEL. B66h.4 LA CALCULATFN AY RFL

461.18 7/ HELIOSTAT

SQFT 41 19%.06 7/ HELIOSTAT
L8S 1.16 39.56 7/ HELIOSTAT
i8S <70 L1E«03 / HELIOSTAT
33.38 / HELIOSTAT
T0.88 7/ HELIOSTAT
GAL 5.26 2%.5€ 7/ HELIOSTAT

10.17 /7 HELIOSTAT

HRS F HELICSTAT

15.36 7 HELIOSTAT

LBs 25 €.48 / HELIOCSTAT

HRS 7 HELICSTAT

LBes <32 24.12 7 HELTOSTAT
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ENTRY TYPE=L 4410 BRACKEY FABRICATION +260GE+G0 HRS s HELIDSTAT
SOURCE~BEC,y 1.78 AT 7,50/HR

ENTRY TYPE=zpP 44310 ATTAGHHENT HARDHARE ¢NUT,BALL (96} 12,72 7 HELIOSTAT
SOURCE~BEC. SET SCREW, KASHERS (192)

ENTRY TYPE=P Wuit BRACKET~FRAME HARDWAFRE .00 / HELIOSTAT
SOURCE-BEC

ENTRY TYPE=P 4410 GALVANIZING MATERIAL 12.08 /7 HELIOSTAT
SOLRGE-BEG, INC REWORK OF PARTS

ENTRY TYPE=L L4100 GALVANIZING LABCOR «3580E+ 00 HRS /7 HELICSTAT
SOURCE~BECy 2.€2 AT 7.50/HR

ENTRY TYPE=P 5610 CONTINGENCY AT 0.03= 40«83 7/ HELTIOSTAT

ENTRY TYPE=M 4410 CONTINGENGY AT 0.03= +83 /7 HELIOSTAT

ENTRY TYPE=L 4610 CORTINGENGY AT 0.03= »1G4EBEFDD HRS 7 HELTLSTAT

ENTRY TYPE=P 4hi1D PROFIT AT g.032= 43,61 / HELIDSTAT

ENTRY TYPEzM 4410 PRCFIT AT D.032= «88 /7 HELIOSTAT

ENTRY TYPE=L 4610 PROFIT AT 0.032= «A1400Ee 00 HRS 7 HELICSTAY

ENTRY TYPEzA 4810 REFLECTIVE ASSEMEBLY LA «3530E#32 ACRE

SOLRCE-BLOG AREA FRAC--.477 X 75

EXRTRY TYPE=B 4410 REFLECTIVE ASSEMBLY FACILITIES «3045E+ L6 SQFT
SOURCE-BLDG AREA FRAC-~.477 X 638.4K
INGLUDES A/CyFURNISHINGSyFEES, TURNOVER, IMPROVEMENTS,,SUBSTATION
SEE TABLE 3-1

ENTRY TYPE=E 4610 REFLECTIVE ASSEHBLY EQUIPMENT 15231000,
SQURCE~BEC TABLE F-&

ENTRY TYPE=E us1g GLASS SHIPPING LRATES 450008,
SOURCE-BEC TABLE F=4

ENTRY TYPE=T LTSN ] REFLECTIVE ASSEMELY TOCLING 2€80C00.
SOLRCE-BEC TABLE F-7.ITEMS 1 AND 2

ENTRY TYPE=S 4410 SUPPLIES,UTILITIES AND REPAIRS 6.98 / HELIOSTAT
SOLWRCE-BEC TABLE F=5,.REFL. ASSY FRAC X AVG/HEL
a2 X 16,23=6.98

ENTRY TYPE=Z 4410 PROCESS DESIGN,F AGTORY STARTUP, 20«80 7/ HELIOSTAT
SOURCE-BEC TABLE 3-3,DFSIGN CHANGE ADMINISTRATICN
BLDG AREA FRAC 477 x 41,92

ENTRY TYPE=Q 4410 REFLECTIVE ASSY CUANTITY/YEAR «S000E+ 05
TOTAL FURCHASED MATERIALS= 13468.26 $/HELICSTAT

TOTAL RAM MATERIALS= 29.31 S/HELIOSTAT

TOTAL (BASE RATE CGCST TATECORY) DIRECT LABOR= 4,8180 HRS/HELIOSTAT
TOTAL CONSUMABLES= 6498 $/HELICSTAT

LAND REQUIRED= 35.8000 ACRES

PRODUCTICN FACILITY (BASE RATE COST CATEGORY) SIGE= 304500, S FT
TOTAL EQUIFMENT COST= 1S€81000. £

TOTAL TOOLING COST= 268600, 3

QUANTITY= 50066, / YEAR

"TOTAL SUBCONTRACTS AND FLOW=-THRDUGH -EXPENSES= 20.00 S/HELICETAT

TOTAL DOIRECT LABCR COST= €0.51 S/HELIOSTAT
TATAL PRODLCTION FACILITY COST i15225000. §
BEC 2ND GENERATICN HELIOSTAT




HELIOSYAT CCST MOCEL
DETAILED EREAKDOWN

BEC 2ND GENERATION HELIOSTAT
4430 =« CONTROLS

SITE COSTS

PROQUCTICHK YEAR 1

TOTAL REQUIRED REVENUE

DIRECT MATERIALS
PURCHASED MATERIALS
RAW MATERIALS
SCRAP

DIRECT LABOR

CONSUMASBLES

INDIRECT GOSTS
MAINTENANCE, PLANT ENGINEERING
OTHER INDIRECTS

CAPITAL REPLACEMENT ALLOWANGCE

PROPERTY TAX AND INSURANCE

GENERAL a ADMINISTRATIVE
INTEREST EXPENSE

INGOME TAXES

RETURN TO EQUITY HOLCERS

OTHER EXPENSES
SUBCONTRACTS a FLOW-THROUGH

11.24
11.13
d.00
<11

18,83

0.0

5.95
0.640
5.95

U« 020

0.00

DeOEC

0.4

0. C4

0. 00

738.38
738.38

775,39
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HELIOSTAT COST MOCEL
OETAILED EREAKDCHN

BEC 2ND GENERATION HELIOSTYAT
44D = FOUNDATION/PEDESTAL
SITE COSTS

PROOUGYION YEAR 1

TOTAL REQUIRED REVENUE

DIRECT MATERIALS 107.77
PURCHASED MATERIALS 106.70
RAW MATERIALS 0.00
SCRAP 1.07
DIRECT LABOR 2. 85
CONSUMABLES .08
INCIRECT GOSTS + 86
MAIRTENANCE, PLANT ENGINEERING g.00
OTHER INDIRECTS « 86
CAPITAL REPLACEMENT ALLOWANGCE 8. 01
PROPERTY TAX AND INSURANCE B.C¢0
GENERAL a ADMINISTRATIVE .00
INTEREST EXPENSE d.0¢
INCOME TAXES G. 08
RETURN TO EQUITY HOLDERS g. 00
OTHER EXPENSES 933.00
SUECONTRACTS A FLOW=THROUGH 933.3¢

204
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HELTOSTAT COST MOCDEL

DETAILED EREAKDCHN

BEGC 2ND GENERATIGN HELIOSTAT

4460 - ASSEMBLY/INKSTALLATION

SITE COSTS
PRODUGTIONM YEAR 1

TOTAL REQUIRED REVENUE

OIRECT MATERIALS
PURCHASED MATERIALS
RAW MATERIALS
SCRAP

DIRECT LABGR

CONSUMABLES

INDIREGT €CSIS
MAINTENANGCE, PLANT ENGINEERING
OTHER INDIRECTS

CAPITAL REPLACEMENT ALLOWANCE

PROPERTY TAX AND INSURANGE

GENERAL a ADMINISTRATIVE
INTERESTY EXPENSE

INCOME TAXES

RETURN TO EGUITY HOLCERS

OTFER EXPENSES
SUEGONTRACTS A FLOW-THROUGH
SITE-RETAINED CAPITAL

479.27

12.72
12.5%
0.0
13

16302

ok

43,35
b
48,91

1.66

o 15

g.00

+08

« 21

«51

242.18
171.31
78.87
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FACTORY
TRANSPORTAT ION

SITE

TOTALS 8Y COMPONENT

GOST SUMMARY Y PROFIT GCENYER

TOTAL REQUIRED REV¥ENUE

BEC 2MD GENERAYION HELICSTAT

PROQUCTION YEAR 1

4410 4420 4430 4440
1665,55 1590.,98 0.00 9.00
75.89 49,38 0.00 9.00
775.39 1044,.49

174144 16404356 775.39 1045449

TOTAL FOR TOTAL REQUIRED REVENUE

4450

7i4.16

6a.72

T20.88

4460

0.00

L7027

670.27

£392.83

TOTALS BY LOCATION

3970.69
131.3%

22%90.15




HELIOSTAT GCOST MOUDEL
DETAILED EREAKDOWN

BEG 2ND GENERATION HELIOSTAT
4430 - GCNTROLS

FACTORY COSTS

PRODUGTION YEAR 1

TOTAL REQUIREDC REVENUE

ODIRECT MATERIALS
PURCHASED MATERIALS
RAW MATERIALS
St 4P

DIRECT LAROR

CONSLMABLES

INDIRECT COSYS
MAINTENANGE, PLANT ENGINEERIKG
OTHER INDIRECTS

CAPITAL REPLACEMENT ALLOWANCE

PROPERTY TAX AND INSURANCE

GENERAL a ADFINISTRATIVE
INTEREST EXPENSE
INCOME TAXES

RETURN TO EQUITY HOLDERS

OTHER EXPENSES

0.00
G.00
.00

.00
0.00

g0.00
d.0¢

p.0¢

t.00
g.0¢

8.0
0.010
0. 040
.00

De 00
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HELIOSTAT COST MODEL

OETAILED RREAKDOWN

BEC 2N0 GENERATION HELIQSTAT

Luh) - FOINCATION/PECESTAL

FACTORY COSTS ®
PRODUCTIOM YEAR i

TOTAL REGUIRED REVENUE 0.00
DIRECT MATERIALS 0.00
PURGHASED MATERIALS 0.90
RAK MATERIALS 0.00
SCRAP g.08
DIRECT LABOR 8. 090
CONSUMABLES 0.0¢0 9
IRDIRECT COSTS 0.0a
MAINTENANCE, PLANT ENGINEERING 0.00
OTHER INDIRECTS 0.00
CAPITAL REPLACEMENT ALLOWANCE 8. 08¢
PROPERTY TAX AND INSURANCE 0.00
GENERAL A ADNINISTRATIVE 0.00
INTEREST EXPENSE c.4a0 P
INCOME TAXES 0. 00
RETURN TO EQUITY HOLDERS 0.0¢
OTHER EXPENSES 0. 08
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HELIOSYAT COST MODEL
DETAILED BREAKOCKN

QEC 2ND GENERATION HELIOSTAT
LuSE -~ SUPPCRT STRUCTURE
FACTORY CCSTS

PROTUCTIOX YEAR 1L

TOTAL RECGUIRED REVENUE

DIRECT MATERIALS
PURCHASED MATERIALS
RA® MATERIALS
SCRAP

OIRECT LABOR

CONSUMABLES

INCIRECT COSTS
MATNTENANCEy PLANT ENGINEERING
OTHEER IMOIRECTS

CAPITAL REPLACEMENT ALLCWANCE

PROPERTY TAX AND INSURANCE

GENERAL A ADMINISTRATIVE -
INTEREST EXPENSE

INCOME TAXES

RETURN TO EQUITY HOLDERS

OTHER EXPENSES
ANKUALIZED ONE-TIME COSTS
SUYECONTRACTS » FLON-~THROUGH

269.33
24E.17
10.08

4415
10.83

.18
80.84

825.5¢

28.67
2.75%

14,98

11.53
.85

17.2¢
1.63
18.53

12.062

81. 02

T14.16€



HELICSTAT COST MCDEL
DETAILED EREAKDCWN
BEC 2ND GENERATION HELIOSTAY
4410 - REFLECTIVE ASSENELY
TRANSPORYTATION COSTS
PROQUCTION YEAR t

TOTAL REQUIRED REVENUE

DIRECT MATERIALS
PURCHASED MATERIALS
RA¥ MATERIALS
SCRAP

DIRECT LABOR

CONSUMABLES

INDIRECT COSTS
MATNTENANCEys PLANT ENGINEERIMNG
OTHER INDIRECTS

CAPITAL REPLACEMENT ALLOWANCE

PROPERTY TAX AND INSURANCE

GENERAL a ADMINISTRATIVE
INTEREST EXPENSE
INCOME TAXES

RETURN T0 EQUITY HOLCERS

OTHER EXPENSES
TRANSPORTATION CHARGES

210

9.8
0.00
0.00

4,55
0.00

49.38

.80

g8.0¢0

4.5%

8.67

1.93

0.0¢
+99
3.9¢

Ee2

49,38

75.89




HELIOSTAT COST MODEL
CETAILED EREAKDCHWN

BEC 2ND GENERATION HELIOSTAY
L2 - DRIVES
TRANSPORTATION COSTS

PRODUGCTION YEAR 1

TOTAL REQUIRED REVENUE

DIRECT MATERIALS
PURCHASED MATERIALS
RAX MATERIALS
SCRAP

OIRECT LABOR

CONSUMABLES

INDIRECT COSTYS
MAINTENANCE, PLANT ENGINEERING
OTHER INDIRECTS

CAPITAL REPLACEMENT ALLOWANCE

PROPERTY TAX AND INSURAKNCE

GENERAL a ADMINISTRATIVE
INTEREST EXPENSE

INGOME TAXES

RETURN TO EQUITY HOLDERS

OTHER EXPENSES
TRANSPORTATICN CHARGES

43.38

0.00
g.00
J.040
.08

0. 080

d.00

0.03
8.00
00

0«00

g9.00

0. 00

0.0¢

0. 00

.00

49,38
49.38
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HELIOSTAT GOST MOOEL
DETAILED BREAKDONKN

BEC 2ND GENERATION HELIOSTAT
4430 <= CONTROLS
TRANSPORTATION COSTS
PROOUCTION YEAR 1

TOTAL REQUIRED REVENUE 0.00
DIRECT MATERIALS 0.00
PURCHASED MATERIALS .08 ®
RAX HATERIALS .00
SCRAP .00
DIRECT LAEOR 0.0¢
CONSUMABLES D.00
INDIRECT COSTS ¢.00
MAINTENANCE, PLANT ENGINEERING 0.080
OTHER INDIRECTS 0.00
CAPITAL REPLACEMENY ALLOWANCE 0.0¢0
PROPERTY TAX AND INSURANCE f.0¢C
 J
GENERAL a AQFINISTRATIVE C. 09
INTEREST EXPENSE .00
INCOME TAXES g.0¢€
RETURN TO EQUITY HOLDERS 0. 34 L
OTHER EXPENSES g. a8
L
¢
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HELIOSTAT COST MOOEL
DETAILED BREAKDOMWN

BEC 2KD GENERATION HELIOSTAY
44%0 =~ FOLNODATION/PEDESTAL
TRANSPORTATION COSTS

PRODUCTIOY» YEAR 1

TOTAL REGUIRED REVENUE g.00
DIRECT MATERIALS 0.00
PURCHASED MATERIALS 0.30
RAK NATERIALS 0.G0
SCRAP 0.00
DIRECT LAEOR 0. 00
CONSUMABLES g.n0¢
INDIRECT COSTS 6.00
MAINTENANCE, PLANT ENGINEERING 000
OTHER INODIRECTS 0.00
CAPITAL REPLACEMENY ALLOWANCE g.0¢
PROPERTY TAX AND INSURANGE g.00
GENERAL a ADMINISTRATIVE 8.00
INTEREST EXPENSE g.00
INCOME TAXES 0. 00
RETURN TO EQUITY HOLDERS 0.00
OTHER EXPENSES 0.0¢C
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HELIOSTAT GOST MODEL
DETAILED BREAKDOWN

BEC 2ND GENERATION HELIOSTAT
4450 - SUPPORY STRUCTURE
TRANSPORTATION COSTS

PRODUCTION YEAR 1

TOTAL REQUIRED REVENUE

DIRECT MATERIALS
PURCHASED MATERIALS
RAW MATERIALS
SCRAP

DIRECT LABOR

CONSUMABLES

INDIRECT CCSTS
MAINTENANGCE, PLANT ENGINEERING
OTHER INDIRECTS

CAPITAL REPLACEMENT ALLOWANCE

PROPERTY TAX AND INSURANCE

GEMRAL A ADMINISTRATIVE
INTEREST EXPENSE

INCOME TAXES

RETURN TO EQUITY HOLDERS

OTHER EXPENSES
TRANSPORTATION CHARGES

214

g.00
0.00
.00

B.00
0.00

.40

0,00

0.890

0.00

0. 04

0.00

0. 00
0.00
0. 08

0. 8¢

.72




ST¢

4610
FACTORY 1391.%3
TRANSPORTAT ION 0.08

SITE

TOTALS BY COMPONENT 1391.93

C (ST SUMMARY BY PROFIT CENTER

OIRECT MATERIALS

8EC 2ND GENERATICON HELIOSTAT

PROCUCTION YEAR 1

420 45433 4440 4550 4460

1117.77 t.00 0. 04 525.58 g.0L
Ga0L 0.08 8.0C 0.50

11.24 107.77 1Z.72

1117.77 11.2¢% 107.77 525.58 12.72

TOTAL FCR DIRECT MATERIALS 3167.01

TOTALS BY LOCATION

3035.28

0.00

131.73



91¢

COST SUMMARY BY PROFIT CENTER

DIRECT LABOR

BEC 2ND GENERATION MELIOSTAT

PROCUCTION YEAR 1

4410 H420 4430 44 40 4450 44E0 TOTALS BY LOCATION
FACTORY 50.51 126.9%6 0.00 g.00 28.67 0.880 200.14
TRANSPORTATION d.p8 8.00 .00 2.00 8.080 0.00
SITE 19.83 2. 86 163,82 185.74
TOTALS BY COMPONENT 50.51 120.96 19.83 24 86 28467 1€3.02
TOTAL FCR DIRECT LABOR 385.85




L12

FACTORY
TRANSPORTATICON
SITE

TOTALS BY COMPONENT

LAY

6+98

0.00

6.98

5423

6451

U0 ¢

6.50

CCST SUMMARY BY PROFIT CENTER

CONSUMABLES

BEC 2ND GENERATION HELIOSTAT

PRODUGTION YEAR

4430

0.0
g.09
0.00

1

44

9.00
9.0¢
.00

TOTAL FOR CONSUMABLES

4450

2475
.0t

LuU60

40

«40

16.63

TOTALS BY LOCATION

15.23
.00

o0
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FACTORY
TRANSPORTATION
SITE

TOTALS BY CCMPONENT

410

34.72

44,55

3%.27

421

66.79

COST SUMMARY BY PROFIT CENTER

INDIRECT COSTS

PROBUCTION YEAR ¢

4430

5.95

BEC 2NC GENERATION HELICSTAT

4440

0.00
0. 00

.86

+ 8€

TOTAL FCR INDIRECT GOSTS

5458

14.98

0.00

14 .38

4460

0.00

49,35

434,35

177.249

TOTALS BY LOCATIDN

116,49
4.55

56.186




612

FACTORY
TRANSPORTATION
SITE

TOTALS BY GOMPONENT

4410

36.90

COST SUMMARY BY PROFIT CENTER

CAPITAL REPLAGEMENT ALLOMWANGE

BEC 2ND GENERATION HELICSTAT

PROGUCT ION YEAR 1

4429 4430 4440 4450 5460

92.7¢ 8.60 0.06 11.53 6.0C
€.00 .00 0.00 0.90

0.00 2,00 1.66

92,76 .90 9.00 11.53 1.6€

TOTAL FCR CAPITAL REPLACEMENT ALLOWANCE 142,79

TOTALS BY LQCATICN

132.48
8,67

1.€6
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FACTORY
TRANSPORTATION
SITE

TOTALS 8Y COMPONENT

COST SUMMARY BY PROFIT CENTER

PROPERTY TAX AND INSURAKCGE

BEC 2ND GENERATION HELIOSTAT

"PRODUCTION YEAR 1

4h10 w429 430 44D
21.62 32.61 p.0o 0. 00
1.93 0.06 0.00 8.09

0.00 0.00
23.55 32.61 0.00 0.108

4u5Q

7485

8.00

785

TOTAL FOR PROPERTY TAX AND INSURANCE

4460

+15

+15

64e16

TOTALS

BY LOCATION

62,08
1.93

.15
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FACTORY
TRANSPCRTAT ICN

SITE

TOTALS BY COMPONENT

GCOST SUMMARY BY PROFIT CENTER

GENERAL A ADMINISTRATIVE

BEC 2ND GENERATICN HELIGSTAT

PRODUCT ION YEAR 1

4410 420 4430 4440
Wh.62 41.86 Y 2.00
.00 g.0C 8490 .00
0.00 0.00

4o 62 41486 0.00 0,00

4450

17.20
0.00

17.28

TOTAL FOR GENERAL a ADMINISTRATIVE

W60

0.00

103.70

TOTALS BY LOCATION

103.78
0.00
G.00
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FACTORY
TRANSPORTAT ION

SITE

TOTALS 8Y CCMPONENT

C{ST SUMMARY BY PROFIT CENTER

INTEREST EXPENSE

BEC 2ND GENERATION HELICSTAT

PROCUCTION YEAR 1

44140 4420 44390 L4440
4.50 6.79 0.00 o.00
«99 .01 2.00 t. 8¢
0.00 0.00

Se8s9 6.79 0.00 0.00

TOTAL FCR INTEREST EXPENSE

L4540

1.63
.00

ausl

0.00

+08

08

13.99

TOTALS BY LOCATION

12.92
« 99

»08




gee

FACTORY
TRANSPORTAT ION

SITE

TOTALS BY COMPONENT

G610

27 .86

2.36

31.82

COST SUMMARY BY PROFIT CENTER

INCOME TAXES

BEC 2ND GENERATION HELICSTAT

PRODUGT IGN YEAR 1

4420 4430 G440

39.0¢ 0.00 0.00
0.41 .00 .60

8.00 0.00

39.06 g.00 8. 00

TOTAL FCR INCOME TAXES

LuLSH

10.53

2.900

10.53

4560

0.00

«21

«21

81.62

TOTALS BY LOCATIGN

T7.4%
3.96

« 21
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FACTCORY
TRANSPORTATION
SITE

TOTALS BY COMPORENT

LR

I4.23
6.42

40.65

COST SUMMARY BY PROFIT CENTER

RETURN TO EQUITY HOLDERS

BEC 2ND CENERATION HELICSTAT

PRODUCTION YEAR ¢

&420 4430 LT
51.63 t.qeC 2. 00
t.00 0.00 0.00
0.080 g.0e

51.63 5.00 0.480

L4500

12.42
.00

12.42

TOTAL FLR RETURN TO EQUITY HOLDERS

4460

+51

«51

105.21

TOYALS BY LOCATION

98.28
Be b2

«5%




Gee

FACTORY
TRANSPORTATIGN
SITE

TOTALS BY COMPONENT

4410

20.37
49.38

€9.75

44,240

14.28

L9,38

63.66

CCST SUMMARY BY PROFIT CENTER

0 IHER EXPENSES

BEG 2ND GENERATION HELIOSTAT

PRODUCTION YEAR 1

L4300 CURY)
g.60 §. 40
0.08 0.00
738.38 933.00
T738.38 933. 01

TOTAL FOR OYHER EXPENSES

4450

Bl.02

6.72

87.7%

Lu6l

g.00

2L2.18

2642.18

Z134.71

TOTALS BY LOCATION

115.67
105.48
1913.56
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HELCAT

A HELIOSTAT COST ANALYSIS TOOL

VERSIOR 1.0

EDITICN CATE AUGUST 13, 1934

REVISION SEPTEMBER 22, 1981

MMC SECOND GENERATION HELIOSTAT

DESIGN (ContrAcTORS' INPUTS)




Lee

MODEL QPTIOMNS

SUM OF THE YEARSe DIGITS DEPREC
WITH NO LEARNING CURVE COST RED

PARAMETER MATRIX

OB®NOW N

i0
11

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
Eh]

DUFATION OF COST PROJECTION - YEARS
BASE RATE DIRECT LABOR CGST = $/HOUR
BASE RATE PROD FACILITY COST - $/SQFT
LAND COST FOR PROD FAGILITY = $7ACRE-
INFLAT 10N RATE

RETURN TO BOND HCLCERS

RETURN TC EGQUITY HCLOERS

COMBINED IKCOME TAX RAYE

INVESTMENT TAX CREDIT

EQUITY FRACTION

PROPERTY TAX AND INSURANCE FRAGTIGN
PURCHASED MATERIAL SCRAP FRAGTION
MAINTENANCE FRACTICN

GENERAL AND ACMINISTRATIVE FRAGTION
HORKING CAPITAL fRACYION

RAH MATERIAL SCRAP FRAGTIOK

TOOLING LIFETIME (ACCOUNTING) - YEARS
EGUIFMENT LIFETIME (ACCOUNTING) = YEARS
FACILITY LIFETIME (ACCGUNTING) = YEARS
FACILITY CONSTRUCTION PERIGQD =~ YEARS
FACILITY PLANY ENGINEERING FRAGTION
FACILITY STARTUP QUARTITY

COST RECUCTION COEFFIGIENT = START UuP
TOOLING LIFETIME (TAX) = YEARS
EQUIFMENT LIFETIVME (TAX) = YEARS
FACILITY LIFETIME (TAX) = YEARS

BASE RATE TRANS COST - S/LE

INDIRECT FRACTION « LAEQCR

INDIRECT FRACTION = MATERIAL

INODIFEGT FRACTIOKN =~ TOOL*G.EQUIP+T,FAC*Y

SPECIAL COST MATRICES
CATEGORY FACILITY

RUMBER $/5Q FT
‘.c.
60.
aﬂ.

1040,

120,

140.

Qe
n.
u.

O ~ONFE N

é

HEL

IATION
UCTICN

LABCR
$/HR
1¢.25
12.00
18.68
21.00
2. 00
Jc. 00

%.C0
0. 00
0. 00

C AT OPTIONS AND KODEL PARAMETERS

FACTORY
17. 860
10.250
75.006

20966.8200
+100

« 156
<200
«500
+186
<860
«00E
«007
«028
+5E3

- 170
010
5.000
15.0¢CF
33.000
3.000
0.08C
20000.0¢C6
228
3.000
5.880
10.000
035

« 258
«0QE
0.800

SITE
18.94990
15.680

8.000

8.000

«100
<150
«200
+«500
«103
+ 800
« 043
«014

8.000

g.000

2. 0032

-030

5.008
15.0800
30.008

0.000

d. €00

0.000

g.000

3.800

3,000
25.000

+035
« 300
0.50D

0.000

TRANSPORT
(UNITS VARY}

TRANSFORTAT 10N
10.200
15.000

T.000
0.800
« 360
1902
«166
«S00
»100
808

« 860

« 010
«Lug
0.000
0.000
«030
5.000
10.000
30.000
0.008
c.cot
0.000
e.000
3.000
8.040
25.000
«035
<200
0.300
0.080

719.200 #/TRKLOAD
130.000 $/TRKLOAO

0.800
0. 000
0.000
G.000
¢.30¢0
0. 000
0.000
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HMG 2ND GENERATION HELIOSTAT
4410 FACTORY COSTS

KEY TO ENTRY TYPES

H=RAN MATERIALS P=PURCHASE L MATERIALS L=DTRECY LABQR HGURS
S=SUPPLIES AND CONSUMABLES T=TOOL ING E=EQUIPMENT
B=BUILDING CR FACILITY SIZE As=LAND FOR PRODUCTION FAGILITY C=QUANTITY
X=TRANSPORTATION REQUIREMENTS YaSITE-RETAINED CAPITAL ZESUECONTRACTS AND FLOW=-THROUGH EXPENSES
ITEM QUANTITY UNITS UNIT TOTAL
COST coest
ENTRY TYPE=P 4410 FUSICN GLASS,. 063, 622 SQFT 45 280.1€6 7 HELIOSTAT

SOLWRCE-CORKINGs £X6 FT. LITES

ENTRY TYPE=Z 4410 FUSICN GLASS PLANRT ALLIED TGOOLING 38.00 / HELIOSTAT
ALLIED TOOLING GOST FOR GLASS PLANT

ENTRY TYPE=P 4410 SILVER.GCOPPERyPAINT, 622 SQFT 20 124452 7/ HELIOSTAT
SOLRCE=MISCs ESTINATE (. 07/FT*2 POSSIBLE)+AG=TOMG/SCFT,CU-20MG/SCF T,y
PPG UCLLLYS GRAY PAINT- 7 TO 9 MG/SQFT

ENTRY TYPEzP Q410 POLYISOBUTYLENE(PIB} a GAL 11.18 89.44 /7 HELIQSTAY
SOLRCE~3IN ECE354

ENTRY TYPE=L 4410 MIRRCR FASRICATICK «4COCE+Q8 HRS 7/ HELICSTAT
SOURCE-MMC AT 12.23/HR=4.89

ENTRY TYPE=P 5410 PAPER HONEYCOMB-20IP PHENOLIC 617 SOfT .27 169.15 7 HELIOSTAY
PERFORATEDIO.0ED) 30 v/0

ENTRY TYPE=P 4b10 ADDED COST OF AL HC 249.12 / HELIOSTAT
SOURCE-MHC AT 9/36/781 REVIEM

ENTRY TYPE=P L4410 BORDEN MJ=6 EPOXY ADHESIVE 7 GAL B84 63.88 / HELIOSTAT
SOURCE BASED ON BOSTIK

ENTRY TYPE=L held CORE FABRICATIGN «2408DE+ ) HRS /7 HELTOSTAT
SOURCE~MMC AT 12.23/HR=2.9%

ENTRY TYPEaN 4610 FACE AND BACK SHEETS,.024 STEEL 1256 SQFT =26 323.28 7 HELIOSTAT
SOULRCE~-ARMCO 121F% LB AT 0.267/L8, SAE 1010 STEEL

ENTRY TYPE=L 4410 FAGE AND BACK SHEET FABRICATION +B000E~01 HRS 7/ HELICSTAY
SOURCE-MNC AT~ 12.23/HR=0.98,SAE1010 STEEL

ENTRY TYPE=L &410 BONDED ASSEMELY «7T20GE+CH HRS / HELICSTAT
SOURCE=MMC AT 12.23/HR=8.81

ENTRY TYPE=M 4&10 EDGE STRIP 324 X 23125 X JE€SFT 68 LB8S «25 17.19 / HELIOSTAT
SOURCE~ARNCO 101¢ COIL STOCK

ENTRY TYPE=P Lal0 PIE 2,63 7/ HELIOSTAT
SOURCE-3M EC5354




642

¢ ® L L

¢

ENTRY TYPE=L 4410 EDGE STRIP FABRICATICN «2200E400 MRS / HELICSTAT
SOURCE~MMC AT 12.23/HR=2.69 :

ENTRY TYPE=zM 4410 CENTER STRIP (024 X 1.625 X B2,2FT 6 LBS +25 1.71
SOURCE=ARMCO 1010 COIL STOCK

ENTRY TYPE=L 4410 CENTER STRIP FARFRICATION «6080E-01 HRS 7 HELIUISTAT
SOURCE-MMC AT 12.23/HR=0.73

ENTRY TYPE=P LL10 SUPPCRT DOUBLERS 33 EACH CAST IRON 5t LBS « 31 15.96
SOURCE-MMC ESTIMATE-CAPTIVE FOUNDRY,1.55 LB EACH

ENTRY TYPE=L 4410 SUPPCRT DOUBLER FLATTEN,DRILL.TAP «8008E~CL HRS / HELICSTAY
SOLRCE-MMC AT 12.23/HR= 0.98

ENTRY TYPE=P 4410 RTV SEALANT GakE
SOURCE-~-DOW CORNING 795 RTY SILIGCNE

ENTRY TYPE=P 4410 SELF TAPPING HEX=HEAD SCREWS 33 EACH 03 82
SOURCE- A AND € BOLT NO.6 X 7/16 FOR CENTER STRIPS

ENTRY TYPE=P ab10 STAPLES-NOT IN PROD. DESIGN 369 EACH .01 ba.43
SOURCE=~ A AND E EBOLT

ENTRY TYPE=P 4410 SUFPCRT ANGLE +024X.75X363.3FT 22 L8S 25 550
SOURCE~HAL - 22 L8

ENTRY TYPE=P W41 ACRYLIC ADHESIVE,VERSILOK 204 5 LB 3.90 20.7%
SOURCE-MMC TEL CCN
SOLRCE=HAL FOR DOUBLERS AND EDGE STRIPS.CENTER STRIPS,SUPPORT ANGLES

ENTRY TYPE=P L2 ] POP RIVETS 400 EACH 1/8 AL 480 EACH .01 0.02
SOURCE~-HAL ROM= .01 EACH

ENTRY TYPE=P L410 PRIME AND FINISH PAINT COAT 1 GAL 20.00 0.00
SQLRCE~-HAL ROM=
PRIMER~KANSAS PAINT 63Y12.0005-.001 STROMIUM CHROMATE
FIKISH-KANSAS PAINT 84 SERIES,COLOR NO.25630 FED STO 595A 001-.0015
ACRYLIC HYPERTHANEONE CCAT

ENTRY TYPE=L Wt1d MIRRCR MODULE ASSEMBLY «4840E4+01 HRS 7 HELICSTAY
SOURCE~-MHC AT 12.23/HR= 12.72

ENTRY TYPE=A 4520 REFLECTIVE ASSEMBLY LAN «4U40E+ 02 ACRE
SOURCE-¥MC 95 ACRES X PRCD. SPAGE RATIO(SSH)
HMMC USES 28000./ACRE IMPROVEC LAND

ENTRY TYPE=8B 5410 REFLECTIVE ASSEMELY FACILITIES +2183E+06 SOFT
SOURCE S. WHITE

ENTRY TYPE=E 4610 REFLECTIVE ASSEMOLY EQUIPMENT €928080.
SOURCE-MMC

ENTRY TYPEsT 4410 REFLECTIVE ASSEMBLY TGCCOLING 565000.
SOURCE -MMC

ENTRY TYPE=S 4410 SUPPLIES (NON~-DURABLE TCOLING) 28
SOURCE~-MNC

ENTRY TYPE=S Lu10 SUPPLIES,UTILITIES 15.39

SOURCE-MMC BLDG AREA FRAC X 36.20=15.39

ENTRY TYPE=Q 4h10 REFLECTIVE ASSEMBLY GUANTITY/YEAR

«50C0E+T5

7 HELIOSTAT

/ HELIOSTAT

/7 HELIOSTAT

/ HELIOSTAT

/ HELTIOSTATY

7 HELIOSTAT

/ HELIOSTAT

7/ HELIOSTAT

7 HELIOSTAT

/ HELIOSTAT

/ HELIOSTAT



0ge

TOTAL PURCHASED MATERIALS= 1036.74 F/HELIOSTAT

TOTAL RAW MATERIALS= 342,80 "$/HELTOSTAT

TOTAL (BASE RATE CCST CATECORY) DIRECT LABCR= 2.84L0C HRSZHELIOSTAT
TOTAL CONSUMABLES= 15.59 $/HELICSTAT

LAND REQUIRED= 43.4090 ACRES

PRODUCTION FACILITY (BASE FAVE COST CATEGORY! SIZE= 215339. SQ FT .
TOTAL EQUIPMENT CGST= 6¢2e000.

TOTAL TCOLING COST= 565000, 3

QUANTITY= 5d400. / YEAR

TOTAL SUBCONTRACTS AND FLOW-THRDUGH EXFENSES= 38,00 B/HELIOSTAT
TOTAL DIRECT LABOR COST= 29.11 B/HELIQSTAT

TOTAL PROODUCTION FACILITY GOST 1615042%. §
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MMC 2NO GENERATION HELIOSTAT

4420 FACTORY COSTS

KEY TO ENTRY TYPES

M=RAW MATERIALS P=PURCHASEL MATERIALS L=BIRECT LABCR HOURS
ScSUPPLIES AND CONSUMABLES T=TOCLING E=EQUIFMENT
B=BUILDING CR FAGILITY SIZE A=LAKD FOR PRODUCTION FACILITY C=QUEINTITY
X=TRANSPORTATICN REGQUIREMENTS Y=SITE-RETAIKED CAPITAL Z=SUBCONTRACTS AND FLOW-THROUGH EXPENSES
ITEM " QUANTITY UNITS UNIT TOTAL
COsTY CosT
ENTRY TYPE=P 4520 AZIHUTH/ELEVATION DRIVE PARTS 19€.32 / HELIOSTAT

SOURCE-TELEPHONE QUOTES ANC CATALOGS
BEARIMGSGREASEySCREKS s WASHERS ¢ NUTS s SEALS4PINS, GASKETS.PAINT

ENTRY TYPE=M 4428 CAST IRON PARTS 207.17 7 HELIOSTAT
SOLRCE-ESTIMATE CAPTIVE FOUNCRY,0.31/L°
AZ SHIFTSEL COVER,OPEN CAP,CLOSED CAFyMOTOR BRACKETY 4GEAR HOUSING,ENCODER
SHAFY MOUNT,AZ CCVER, SLIDE TABLE

ENTRY TYPE=M Lu2g FORGED GEARS.(.8C/L8 AZ/EL 2 EACH E2.90 104.00 / HELTIOSTAY
SOURCE-TELEPHONE QUOTES,130 L&y 8620 STEEL

ENTRY TYPE=M 4420 INTERMETCIATE GEAR CASTING 2 EACH T.28 1440 7 HELIOSTAT
SOURCE-MMC,14.0 LB,0.B3/LB4MN BROMZE,
SAE CA863

ENTRY TYPEzM 4420 BAR STKy +%2/L8 AVG 4{-.53 RGE 101.8% /7 HELIOSTAT

SOURGCE=TELEPHONE QUOTESs 243 LBS
EL SHAFT,HORM GEAR4INT. FINICN.STOW SLIDE

ENTRY TYPE=P 4420 AZ AND EL MOTORS.DC KWITH 120-1 RED 252.00 / HELIOSTAT
SOLRCE~BODINE TEL. QUOTE

ENTRY TYPE=P 4420 A2 ENGODER 157.20 7/ HELIOSTAT
SOURCE-TEL QUOTE,BALOWIN ELECYRONICS.SERVOMETE F,A+E BOLT

ENTRY YYPE=M 442¢ AZ EMCODER GOUPLING FRCM STEEL STK 175 / HELIOSTAT
SOLRGCE=JORGENSEN TEL GUOTE

ENTRY TYPE=P 4420 €l ENCODER 157.08 7 HELIOSTAT
SOLRCE-TEL QUOTE.BALDNIN ELECTRONICS ySERVOMETE F,A AND E BOLT

ENTRY TYPE=M 4429 FL ENCODER GCOUPLING FRCM STEEL 1.50 /7 HELIOSTAT
SOURCE-GORGENSEN TEL QUOTE

ENTRY TYPE=P 4420 ELECTRICAL POWER HARNESS Gh,34 / HELIOSTAT
SOURCE-TEL QUOTE,CATALOG,CANNON,BURNDY CORPyRAVCHEM4AMP,T AND B4CONS-ELECT
INCLUDES 22.84 CONTRACTEC LABOR

ENTRY TYPE=2P 4420 EL/AZ LOGK LIMIT SWITCH 32.70 7/ HELIGSTAY
SOWRCE-TEL QUOTE+CATALOGsCANNONSCONS ~ELECTsMICROSHITCH.T AND 8
INCLUCES 18.00 CONTRACTET LABOR
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ENTRY TYPE=P 4420 EL/AZ LIMIT SWITCH

SOURCE=TEL QUOTE.CATALCG,CANNON+GOKS-ELECTyMICROSNITCH,T AND &
INGLUDES 18.00 CORTRACTEL LABOR

ENTRY TYPE=P h420 PAINT4.125 GAL

SCURCE~- PREVIOUS ESTINATE

ENTRY TYPE=L 4420 CAST IRON FABRIGATION +1785E+01

SOURCE~MMC AT 12.23/HR=21.83

ENTRY TYPE=L 4620 FORGED GEAR FABRICATICN «5860E+ LD

SOLRCE-MNC AY 12.23/HR=T7.16

ENTRY TYPE=L 4420 BAR STOCK FABRICATION «8800E+ 8D

SOURCE=MMC AT 12.23/HR=10.75

ENTRY TYPE=L 4420 AZ AND EL ENCOCER FABRICATICN «443BEHCD

SOLRCE=MNC AT 12.23/HR=5.%40

ENTRY TYPE=L L4290 ASSEFBLY AND PAINT OF ERIVE «1920€4+ 01

SOURCE~MHC AT 12.23/HR=23.48

ENTRY TYPE=A 4420 CRIVE ASSEMBLY LAND +4340EJ2

SOLRCE-MMC 95 ACRES X PRCD. SPACE RATIC(SSH)
MMC USES 20C00.7/ACRE IMPROVED LAND

ENTRY TYPE=B 4420 DRIVE ASSEMBLY FACILITIES «231T7ECQH
ENTRY TYPE=E 4420 ORIVE ASSEMBLY EQUIPMENT
SOLRCE~MMNC
ENTRY TYPE=T h420 ORIVE ASSEMBLY TOCGLIMNG
SOURCE=-MNMG
ENTRY TYPE=S 4620 ORIVE ASSEMBLY SUPPLIES

SCURCE-MMC 4sNON-CURABLE TCOLING

ENTRY TYPE=S 4420 SUPPLIES,UTILITIES

SOURCE-MMC BLDG AREA FRAC X 36.2(=16.5%

ENTRY TYPE=Q 4420 CRIVE ASSEMBLY QUANTITY/YEAR «5000E+05

TOTAL PURCHASED MATERIALS= 878.29 S/HELIOSTAT

TOTAL RAW MATERIALS= 530.71 $/HELICSTAT
TOTAL (BASE RATE COST CATEGORY) DIRECT LABCR= 5.6108 HRS/ZHELIOSTAT
TOTAL CONSUMABLES= 87.14 $/HELIOSTAT

LAND REQUIRED= 43.4000 AGRES

PRODUGCTION FACILITY (BASE RATE COST CATEGORY) SIZE= 231694, SQ FT
TOTAL EQUIPMENT GOST= 19E2E000. 3

YOTAL TOOLING COST= 62500, 5

QUARTITY= 50000. / YEAR

TOTAL CIRECY LABCR COST= 57.51 S/HELIOSTAT
TOTAL PRODUCTION FACILITY COST 173770%0. &%

HRS 7/

HRS /

HRS 7

HRS 7/

HRS 7/

ACRE

SQFT

1YR

HELI CSTAT

HELI (STAT

HELY CSTAT

HELT CSTAT

HELTCSTAT

34430

3.75

19625049040,

62%00.

70.68

1 Ee54%

/ HELTIOSTAT

/ HELIOSTAT

s HELIOSTAT

7 HELIOSTAT
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MNC 2ND GENERATION HELIGSTAT

W30 FACTORY COSTS

KEY TO ENTRY TYPES

M=RAW MATERIALS P=PURCHASED MATERIALS L=DIRECY LABCR HOURS
S=SUPPLIES ANC CONSUMABLES T=TCOLING E=E£QUYFHENT
B=BUILDING CR FACILITY SIZE A=LAND FOR PROCUCTION FACILITY Q=QUANTITY
X=TRANSPORTATION REGUIREMENTS Y=SITE=-RETAINEC CAPITAL Z=SUBCONTRACTS AND FLOK-THROUGH EXPENSES
ITEM QUANTITY UNITS UNIT TOTAL
CosT COsST
ENTRY TYPE=E 4430 CONTROL SYSTEM EQUIPHENT 108920,
SOURCE-
ENTRY TYPE=T L430 CCNTROL SYSTEM TOCLING ic833.
ENTRY TYPE=Q 4630 GUANTITY «5080E+05 /YR
TOTAL PURCHASED MATERIALS= 0.00 S/HELIOETAT
TOTAL RAW MATERIALS= 0.00 $/HELIGSTAT
TOTAL (BASE RATE CCST CATEGORY) OIREGT LABUR= 0.060C HRS/HELIOSTAT
TOTAL CONSUMABLES= .00 $/HELIOSTAT
LAND REQUIRED= 0.0034 ACRES
PRODUCTICN FAGCILITY (BASE RATE COST CATEGORY) SIZE= 0. SG FT

TOTAL EQUIFMENT COST= 108920, s
TOTAL TOOLING COSTs 1p813. L
QUANTITY= 50000. 7 YEAR
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MMC 2ND GEWERATION HEL IOSTAT

4440 FACTORY COSTS

KEY TO ENTRY TYPES

M=RAW MATERIALS P=PURCHASED NATERIALS L=DIRECT LAEQOR HOURS
S=SUPPLIES AND GCONSUMABLES T=TOGLING E£EQUIPMENT
8=BUILDING CR FAGILITY SIZE A=LAND FOR PRODUCTTION FAGILITY Q=QUANTITY
X=TRANSPORTATION RECQUIREMENTS Y=SITE-RETAINEO CAPITAL Z=SUBCGNTRACTS AND FLOW-THROUGH EXPENSES
ITEN QUANTITY UNITS UNIT TOTAL
cosT Cosy
ENTRY TYPE=N Llels D INTERFACE TUBE 18.0 CD X 32.% L 31.69 / HELICSTAY

SOURCE-ARNCO40.2% WALL 4132 LBye 3.4 LD SCRAP40.23/LE

ENTRY TYPE=P 4440 1~INCH 8 UNC STUOS THREADED 8 EACH T2 5.79 7 HELIOSTAT
SOURCE -JORGENSEN STEEL+A AND BOLT
SOURCE=-STUDS 0.58 EA.NLTS 1,2508),
LOCK WASHERS 0.5418) 7/8-3 NC

ENTRY TYPE=P &440 CORCRETE ANCHORS .5 X 145 6 EACH 15 «88 /7 HELIOSTAT
SOURGE~ A AND EOLT

ENTRY TYPE=M Lhi ACCESS COVER 14 X 18 X .03¢€ 1L FEACH -89 «89
SOURCW-JORGENSEN STEEL+2.56 LB+ .35/LB

-

HELIOSTAT

ENTRY TYPE=L 4aul INTERFAGE TUBE/COVER FASRICATICN +1TUBECLD HRS /7 HELICSTATY
SOURCE~MHC AT 12.,23/HR=Z.08

ENTRY TYPE=P 4440 1/4-20 X 3/4 BOLTY & EACH 0.00 «05 7/ HELIOSTAT
SOURCE-A AND BOLT,FOR AGCESS COVER

ENTRY TYPE=zA 4440 FOUNDAYION/PEDES TAL LAND 2. AGRE
ENTRY TYPE=B b i FOUNCATION/PEDESTAL SBUILDINGS 0. SGFT

ENTRY TYPE=E Lubo FOUNCATION/PEDESTAL EQUIPMENT 5£1920.
SOURCETKO-INGLUDES TCOLING

ENTRY TYPE=T kkké FOUNCATION/PEDESTAL TOCLING 10833,
INCLUDED WITH EQUIPMENRT

ENTRY TYPE=S Luko FOUNCATION/PEDESTAL SUFPLIES 000 7 HELIOSTAT
ENTRY TYPE=Q [TYY ] FCUNCATION/PEDESTAL CGUANTITY/YEAR «5C0BE*(5 /YR

TOTAL PURCHASED MATERIALS= 672 S/HELIOSTAT

TOTAL RAW MATERTALS= 32.58 S/HELIOSTAY

TCTAL (BASE RATE CCST CATECGORY) DIRECT LABCR® «1780 HRS/HELIOSTAT
TOTAL CONSUMABLES= 0.00 S/HELIOSTAT

LAND REQUIRED= g.goac ACRES

PRODUCTION FACILITY (BASE RATE COST CATEGORY) SYIZE= Qe sa FT
TOTAL EQUIFMENT COST= 561920, L4

TOTAL TCOLING £OST= 10813, $

QUANTITY= 53660, /7 YEAR

TOTAL DIRECT LABOR COST= 1.74 $/HELTIOSTAT

° ° Q
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MMC 2ND GENERATION HELIOSTAT

4450 FACTORY COSTS

KEY TO ENTRY TYPES

M=RAH MATERIALS

S=5UPPLIES AND GONSUMABLES
8=BUILOIMG CR FACILITY SI2€
X=TRANSPORTATION REQUIREMENTS

T=TOOLING

ITEM

ENTRY TYPE=N 4450 EL BEAM-COIL STOCK 3€X.1875,649 LB
SOURCE~-JORGENSEN STEEL .20/4B

ENTRY TYPE=L 4450 EL BEAM FABRIGATION
SOLRGE~-MMC AT 12.23/HR=0,.98

ENTRY TYPE=M 4450 CONTFOL ARM CASYINGS 114 L8
SOURCE-MMC EST CAPTIVE FCUNDRY .31/L8

ENTRY TYPE=L LTA-1] CONTROL ARM FABRICATION
SOURGE=MNC AT 12.23/HR=1.96

ENTRY TYPE=M 4450 CONTROL ARN CAP-STEEL BAR
SOURCE~JORGENSEN STEEL.437L8

18 L8

ENTRY TYPE=L 4450 GONTROL ARM CAP FABRICATION
SOURCE-MNC AT 12.23/HR=D.98

ENTRY TYPE=M 4450 INBOARD/OUTBOARDG BRACKETS
SOURCE~JORGENSEN STEEL4,.35/1L8
4X (25 1040 STEEL BAR STCCK

334 LB

ENTRY TYPE=xL 4450 INEOARD/CUTECARD 8KT FABRICATICN
SOURCE-MMC AT 12,23/HR=0.49

ENTRY TYPE=M L4550 STOW DISK,3.5 OIA 1018 STEEL BAR
SOURCE~JORGENSEN STEEL.0.40/LBs3.2L8

ENTRY TYPE=L LLSD STOW DISK FABRICATION
SOURCE-MMC AT 12.23/7HR=1.30

ENTRY TYPE=P 4458 STOW TUBE,2 DIA 1818 STEEL RCD
SOURCE~JORGENSEN STEEL,.43/LB, 12 LB

ENTRY TYPE=L L4508 ELEVATION BEAM ASSEMELY
SOLRCE-MMC AT 12.23/HR=3,.91

ENTRY TYPE=M u450 BAR JOIST CHORD,2 SHORT.2 LONG
SOULRCE-ARMCO,4.875X. 1875 COIL STOCK
SHORT=258.ILB4LCKG=303.8LB, .203/LB

ENTRY TYPE=M 4450 QAR JOIST WEB42 SHORT.2 LONXNG
SOURCE=-AKMCO.11/16 ROD BAR
SHORT=79.41LB,LCNG=99.0LB, .20/LB

¢

P=PURCHASEC MATERIALS

A=LAND FCR PROULCTION FACILITY
¥=SITE-RETAIMED CAPITAL

GUANT ITY

«8J00€-01

«+1E00E+0D

«8U00E- ¢4

+10B4Ee 00

«3200E+00

L=DIRECT LAECR HOURS

E=EQUI PHENT

G=QUANTITY

L=SUBCONKTRACTS AND FLOW-THROUGH EXFENSES

UNITS UNIT  TOTAL
cosT cosT
129.80 7 HELIOSTAT
HRS 7 HELILSTAT
35.34 /7 HELIOSTAT
HRS 7 HELICSTAT
9.54 / HELIOSTAT
HRS 7 HELICSTAT
11455 7/ HELTOSTAT
HRS / HELI(STAT
1.28 / MELIOSTAT
HRS / HELICSTAT
4.8L / HELIOSTAT
HRS / HELTCSTAT

109.61 /7 HELIOSTAT

35,67 /7 HELIOSTAT
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ENTRY TYPEzN 4450 BAR JOIST CHANNEL,2 SHORT,2 LONG
SOURCE~ARMCC+MC3IXT.1 ASTMN A36
SHORT=29.4LE+LONG=29.4L8y .25/LB

ENTRY TYPE=P L450 BAR JOIST PAINT, .2GAL SHORT, +3LONG
SOURCE~-PREVIOUS PURCHASE+30.00/GAL

ENTRY TYPEsL 44590 BAR JOIST FABRICATION
SOURCE-MMC AT 12.23/HR=1(.56

ENTRY TYYPE=M 4450 CROSE BAR.2 EACH FOR SMALL NIRROR
SOWRCE-ARMCO,4,875X., 1875 COIL STOCK
T4 LBy +207LE

ENTRY TYPE=L 4450 CROSS BAR FAERICATIOM
SOLRCE-MHC AT 12.23/HR=8.68

ENTRY TYPE=M 4450
SCLRGE~-UNKNONWN

HIRRCR MCUNT BRACKETS.33 EACH

ENTRY TYPE=L 4458 MIRRCR MCUNT BRACKET FABRICATION
SOLRCE-MNC AT 12.23/HR=0.24%

ENTRY TYPE=A 4450 STRUCTURAL SUPPORT LAKRD
SOURCE-MMC 95 ACRES X PRCD. SPACE RATIO(SSH)
MMC USES 20000./ACRE TMPROVED LAND

ENTRY TYE=B 4450
SOLRCE~-MMC

STRUCTURAL SUPPORT FACILITIES

ENTRY TYPE=E 4450
SOURCE<MMC

STRUCTURAL SUPPORT EGUIPMENT

ENTRY TYPE=T 4450 STRUGCTURAL SUPPCRT TOOLING
ERTRY TYPE=S 4450 SUPPLIES,UTILITIES
SOURCE=MHC BLOG AREA FRAC X 36.20=4.27

ENTRY TYPE=S 4550 STRUCTURAL SUPPORT SUPFLIES

ENTRY YYPE=Q 4450 STRUCTURAL SUPPORT QUANTITY/YEAR

TOTAL FURCHASED MATERIALS= 19.80 $/HELICSTAT
TOTAL RAW MATERIALS= 362.99 S$/HELIOSTAT
TOTAL {BASE RATE CCST CATEGORY) DIRECT LAEBCR=
TOTAL CONSUMABLES= 5.E7 $/HELIOSTAT

LAND REQUIRED= 11.2008 ACRES

PRODUCTION FACILIYY (BASE RATE COST CATEGURY) SIZE=
TOTAL EQUIPKENT COST= 2375600, 3

TOTAL TCOLING COET= 100833. $

QUANTITYs= 50000. / YEAR

1.7T2E4

TOTAL BIRECT LABOR COST= 17.70 $/HELIGSTAT
TOTAL PROCLCTION FACILITY COST 4497600, 3

59968,

«8640E+0Q

«5608E~01

«1120E+92

+599TECQS

«5000E+ 85

HRS/HELIOSTAT

3¢ FT

14.71
15.00
HRS /7 HELICSTAT
13.73
HRS / HELICSTAT
1.75
HRS /7 HELICSTAT
ACRE
SarfT
2375600.
100833,
427
1.40
/YR
@

7 HELIOSTAY

/ HELIOSTAT

7/ HELIOQSTAT

/ HELIOSTAY

/ HELIOSYAT

/ HELIOSTAT
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MMC 2ND GENERATION HELIOSTAT

L4600 FACTORY CCSTS

KEY TO ENTRY TYPES

M=RAW MATERIALS PzPURCHASE [ MATERIALS
S=SUPPLIES ANDO GONSUMABLES T=TOCL ING
8=BUILDING OR FACILITY STZE A=LAND FOR PRODUCTION FAGCILITY
X=TRANSPORTATION FEGQUIREMENTS y=SITE~RETAINEC CAPITAL
ITEM GUANT ITY
TOTAL PURCHASED MATERIALS= 0.00 $/HELIOSTAT
TOTAL RAW MATERIALS= 0.00 B/HELIOSTAT
TOTAL (@ASE RATE COST CATEGORY) DIRECT LABCR= g8.00a¢e HRS/HELIOSTAT
TOTAL CONSUMABLES= 8.00 $/HELIOSTAT
LAND REQUIRED= 0.00080 ACRES
PRODUCTION FACILITY (BASE RATE COST CATEGORY) SIZE= 2. sa fT
TOTAL EQUIPMENT COST= %. 3
TOTAL TOOLING COST= G. ]
QUANTITY= t. /7 YEAR

DEFAULT QUANTITY USED IN PROFIT CENTER CALCULATION
DEFAULT QUANTITIES = 500GQ.(FACTORY),y 5400.{TRANSPORT/SITE)

L=0IRECT LABGCR HOURS

E=EQUIPMENT

Q=QUANTITY

Z=SUBCONTRACTS AND FLOHW-THROUGH EXPENSES

UNITS UNIT TOTAL
cosT CosT
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NMC 2ND GENERATICKR HELIOSTAT

4410 TRARSPORTATION COSTS

KEY TO ENTRY TYPES

M=RAH MATERIALS

S=SUPPLIES AND CONSUMABLES
B=BUILDING CR FACILITY SIZE
X=TRANSPORTATION REQUIREMENTS

=PURCHASED MATERIALS
T=TOOLING

A=LAND FOR PRODUCTICON FACILITY
¥=SITE-RETAINED CAPITAL

ITEM QUANTITY

ENTRY TYPE=S 4410 LARGE MIRROR MOODULE CRATE

SOLRCE-MMC
ENTRY TYPE=S 4410 SMALL MIRROR MODULE CRATE
SOURCE~MMNC
ENTRY TYPE=X 4420 TRANSPORT Y0 SITE~LARGE MIRRCRS «1190£+00
SPECIAL TRANSPORTATION COST CATEGORY 1
SOURCE~-MMC $71.78 TO SITE + 3$10.10 RETURN
ENTRY TYPE=X L410 TRANSPORT TO SITE-SMALL MIRRORS 400 0E~ G2
SPECIAL TRANSFORTATION COST CATEGORY 1
SCURCE-MHC 33,83 TO SITE + $0.00 RETURN
ENTRY TYPE=Q 4410 QUANTITY «S14TES (4
TOTAL PURCHASED MATERIALS= G.08 B/HELIOETAT
TOTAL RAW MATERIALS= .00 $/HELIOSTAT
TOTAL (BASE RATE COST CATECORY) OIRECT LABCR= 0.006¢0 HRS/HELIOSTAT
TCTAL CONSUMABLES= 12.15 $/HELIOSTAT
WEIGHYTED EGUIPMENT COST= 1% $ TIMES YEARS USED /7 SITE
QUANTITY= S147. /7 SITE
SPECIAL TRANSPORTATICN CCST GATEGORY 1 = +123 TRUCKLOCADS
INPUT (NOT GCGMPUTEL) TRANSPORTATICN COST 88.46 $
® ¢ ® ®

L=DIRECT LABCR HDURS

E=EQUI FMENT

G=QUANTITY

2=SUBCCONTRACTS AND FLOW-THROUGH EXPENSES

UNITS UNIT ToTAL
COsT GCOST

11.85 / HELIOSTAT

«60 /7 HELIOSTAT

TRUGKLOALS

TRUCKL CACS

/STE
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MMC 2ND GENERATICN HELIOSTAT

4420 TRANSPORTATION COSTS

KEY Y0 ENTRY TYPES

M=RAN MATERIALS P=PURCHASEC MATERIALS L=0IRECT LABOR HOURS
S=SUPPLIES ANC CONSUMAZLES T=TOOLING E=EQUI PMENT
B=BUILDING CR FACILITY SIZE A=LAND FOR PROOUCTION FACILITY G=GUANTITY
X=TRANSPORTATION RECUIREMENTS V=SITE-RETAIMEC CAPITAL Z=SUBCCNTRACTS AND FLOW=THROUGH EXPENSES
ITEM SUANTITY UNITS UNIT TotaL
cosY cosT
ENTRY TYPE=S 4429 DRIVE ASSEMBLY CGRATE 1.00 7 HELIOSTAT
SOLRCE~MHC
ENTRY TYPE=X 44290 TRANSPORT TO SITE-DRIVE «313GE-01 TRUCKLCACS

SPECIAL TRANSPCRTATICN COST CATEGORY 1
SOURCE-MMC $31.27 TO SITE ¢ $3.04 RETURN

ENTRY TYPE=Q 44290 QUANTITY «514TE+ I /STE
TOTAL PURCHASED MATERIALS= 0«00 S/HELIOSTAT
TOTAL RAW MATERIALS= L. 00 $/HELIOSTAT
TOTAL (BASE RATE CCST CATEGORY) DIRECT LABCR= 0.0000 HRS/HELIOSTAT
TOTAL CONSUMABLES= 1.60 S/HELICSTAY
WEIGHTED EQUIPMENT COST= Qe $ TIMES YEARS USED s SITE
QUANTITY= 5147 / SITE
SPECIAL TRANSPORTATICN CCSY CATEGORY 1 = «031 TRUCKLOADS
INPUT (NOT COMPUTEL) TRANSFORTATION COST 22.51 s
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MMC 2ND GENERATICN HELIOSTAT

4430 TRANSPORTATION COSTS

KEY TO ENTRY TYPES

M=RAW MATERIALS

S=SUPPLIES AND CONSUMABLES
8=BUILDING CR FACILITY SIZE
X=TRANSPORTATION REGUIREMENTS

TOTAL PURCHASED MATERIALS=

ITEN

P=PURGCHFASEC NATERIALS L=0IRECT LABOR HOURS
T=TOOLING E=ECUIPMENT
AzLAND FOR PRODUCTION FACILITY G=QUANTITY
Y=SITE-RETAINEC CAPITAL 2= SYUBCONTRACTS AND FLOW-THRCUGH EXPENSES
QUANTITY UNITS UNIT TOoTAL
CoST CosT

0+08 $/HELIOSTAT

TOTAL RANW HATERIALS= B.00 S/HELTIOSTAT

TOTAL {BASE RATE CCST CATEGORY)} OIRECT LABOR= G.0800 HRS/HELTIOSTATY
TOTAL CONSUMABLES= 0.C0 $/HELIOSTAY

WEIGHTED EQUIPMENT GOST= Ge $ TIFES YEARS USED 2 SITE

QUANTITY= f. 7 SITE

DEFAULT QUANTITY USED IN FROFIT GCENTER CALCULATION
DEFAULT QUANTITIES = S00B0.(FACTORY)s 5400. (TRANSPORT/SITE)
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MMC 2ND GENERATION HELIQSTAT

444§ TRANSPORTATION COSTS

KEY TO ENTRY TYPES

M=RAW MATERIALS P=PURCHASEL MATERIALS =0IRECT LABOR HOURS
S=SUPPLIES AND CONSUMABLES T=TCCLINE E=EQUIPMENT
B=BUILCING OR FACILITY SIZE A=LAND FOR PROCUCTION FACILITY Q= QUANTITY
X=TRANSPCRTATION RECUIREMENTS Y=SITE-RETAINED CAPIYAL Z=SUBCCNTRACTS AND FLOK-THROUGH EXPENSES
ITEN GUANTITY UNITS UNIT TOTAL
COST CasT
ENTRY TYPE=S LY PECESTAL INTERFACE TUBE CRATE «48 /7 HELIOSTAT
SOURCE~MNC
ENTRY TYPE=X b4y TRANSPORT TOD SITE~-INTERFACE TYEE +4560E-(2 TRUCKLCALS

SPEGIAL TRANSPORTATION COST CATEGCRY 1
SOURCE=-MMC $4.79 TO SITE ¢ 1.53 RETURN

ENTRY TYPE=Q 4440 GUANTITY «B14TE+0L /STE
TOTAL PURCHASED MATERIALS: 0.08 S/HELIQETAT
TOTAL RAW MATERIALS= .00 $/HELIOSTAT
TOTAL (BASE RATE CCST CATEGORY) OIRECT LABCR= 9.0000 HRS/HELIOSTAT
TOTAL CONSUMABLES= 48 3/HELICSTAT
WEIGKTED EQUIPMENT COST= D $ TIMES YEARS USED 7 SITE
GUANTITY= 5147. s SITE
SPECIAL TRANSPCRTATICN CCST CATEGORY 1 = «00S TRUCKLOADS
INPUT (NOT COMPUTEL) TRANSPORTATION COST k1] 3
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MMC 2ND GENERATICN HELIOSTAT

4450 TRANSPORTATION GOSTS

KEY TO ENTRY TYPES

M=RAW MATERIALS

SaSUPPLIES AND CONSUMABLES
B=BUILDING CR FACILITY SIZE
X=TRANSPORTATION REQUIRENMENTS

T=TOCLING

ITEN

ENTRY TYPE=S 4aS0
SOURCE~NMC

ELEVATION BEAM CRATE

ENTRY TYPE=S 4450
SOURCE-MMC

BAR JDIST CRATE

ENTRY TYPE=X 4450 TRANSPORT TQO SITE-ELEVATION BEAM
SPECIAL TRANSPORTATION COST CATEGORY 1
SOURCE-MMG $26.8t TO SITE + 51.43 RETURN

ENTRY TYPE=X 4459 TRANSPORT TO SITE-BAR JOIST
SPEGIAL TRANSPOGRTATION COST CATEGORY 1
SOURCE=-MMC $23.82 TO SITE + $1.79 RETURN

ENTRY TYPE=Q 445§ QUANTITY

TOTAL PURCHASED MATERIALS=
TOTAL RAW MATERIALS=

0.00 $/HELIOSTAT
G.00 S/HELIOSTAT

P=PURCHASED WATERIALS

A=LAND FOR PROCUCTION FACILITY
Y=SITE-RETAINED CAPITAL

L=0IRECT LABCR HOURS

E=EQUIPMENT

C3QUANTITY

Z=SUBCONTRACTS AND FLOW-THRQUGH EXPENSES

QUANTITY UNITS UNIT TOTAL
COST CosT

1.25 / HELIOSTAT
2.80 / HELIOSTAT

«#17B8E~-Q01 TRUCKLOALS

+SUC0E-01 TRUCKLOALS

«S14TE+ G4 /STE

TOTYAL (BASE RATE CCSY CATEEORY) DIRECT LABCR= 0.0000 HRS/HELIOSTAT
TOTAL CONSUMABLES= 4.05 $/HELIQSTAT
WEIGHTED EQUIPMENTY COSY= [ $ TIMES YEARS USED / SITE
QUANTLITY= s1u?. /7 SITE

SPECIAL TRANSPCRTATICN CCST CATEGORY 1 = 092 TRUCKLOADS
INPUT (NOT COMPUTELY TRANSPORTATION COST 65.95
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MMC 2ND GENERATION HELIOSTAT

4430 SITE COSTS

KEY TO ENTRY TYPES

M=R AW MATERIALS P=PURCHASE L MATERIALS  L=DIRECY LAEOR HOURS
S=SUPPLIES ANDC CONSUMABLES T=TOOLING E=EQUI FMENT
B=8BUILCING CR FACILITY SIZE A=LAKD FCR PRCCUCTION FAGILITY G=QUANTITY
X=TRANSPORTATION REQUIREMENTS Y=SITE=RETAINED CAPITAL Z=SUBCONTRACTS AND FLOW-THROUGH EXPENSES
ITEM QUANRTITY UNITS UNIT TOTAL
COST CosT
ENTRY TYPE=2 4430 HC 44 8.,8% 7 HELIOSTAT

SOURCE~MMC BASED ON SARSTOM

INC 3€.69 CONTR. LARQR .
ICS-101.€0,PONER SUPP-70.00+RELAYS-101,84,FIBER CPTICS XMIT,REGC-79,.00C,
RECT-45.00+PKG=4.B04RESsCAP+GRYSTAL,DIDDE=20451

ENTRY TYPE=Z LL30 HFC INCLUDES 0,99 COMTR. LA®CR 8.38 / HELIOSTAT
SOURCE-MMC BASEC ON BARSTOW 1 PER 32 HCS
IGS-Z-39.FIEER OPTICS XH!T’REG'“.3T’PKG“n-191RE$:C‘P;CR'STAL’UIDDE‘“O““

ENTRY TYPE=Z L4380 REQUCT ION IN COST FRCM MASS PROD. -49.9% / HELIOSTAT
SOURCE-XKC AT 8/30/8) REVIENW

ENTRY TYPE=Z 4430 HAG T7.7t / HELIOSTAT
SOURCE-MMC EASED GR EARSTOM
SOFTHARE ,INSTALL

ENTRY TYPE=Z 4430 SIGNAL ODISTRIBUTICN INC 11.74 63,26 7/ HELIGSTAT

INSTALLATION SUECONTRACTED LABOR,FIBEROPTIC
CABLE 12({.2¢& FEET/HELIGSTAY
SOURCE-MMC ESTIMATE

ENTRY TYPE=Z 4430 POMER CABLING INSTALLED 235.00 / HELIOSTAT
SOURCE-MNC
ENTRY TYPE=Z2 4430 BEAM CHARACTERIZATI(N SYSTEM(ECS) 38.86 / HELIOSTAT
SOURCE-MMC
ENTRY TYPE=E 4430 ¢. 8.
ENTRY TYPE=Q 4430 «514T7E¢CH  /STE
TOTAL PURCHASED MATERIALS= 0400 $/HELIOSTAT
TOTAL RAW MATERIALS= G« 00 B/HELIOSTAT
TOTAL {(BASE RATE COSY CATEGORY) DIRECY LABOR= U.0000 HRS/HELTOSTAT
TOTAL CONSUMABLES= g.C0 S/HELICSTATY
WEIGHTED EQUIPMENT COST= Oa $ TIMES YEARS USED / SITE
QUANTITY= B147. / SITE

TOTAL SUBCOMTRACTS AND FLOW-THROUGH EXPENSES= 822.144 $/HELICSTAT



ve

MMC 2ND GENERATION HELIOSTAT

4440 SITE COSTS
KEY TO ENTRY TYPES

M2RAN MATERIALS P=PURCHASED MATERIALS
SxSUPPLIES ANL CONSLMABLES T=TOOL ING
BE=BUILDING CR FAGCILITY SIZE #=LAND FOR PROODUCTION FACILITY
X=TRANSPORTAT ION SECUIRENENTS ¥Y=SITE-RETAINED GAPITAL
ITEM
ENTRY TYPE-L Lhé0 FOUNEATION/PEDESTAL COMGRETE

SOURCE-BLACK AND VEATGH,4008 PSI YLD
10 PERCENT EXCESS

ENTRY TYPE=Z L4400 FOUNCATION/PEDESTAL REBAR CAGE
SOURCE-BLACK AND VEATGH,FABRIGATED
320 LE+ABOUT 3 MAN-HRS+TCOLING
REBAR MATERIAL AT 0.22/7L8=370.40

ENTRY TYPE=Z 44450 FOUNCATION/PECESTAL ELECT CONDUIT
SOURCE-BLACYX ANC VEATCH, 7 L2

ENTRY YYPE=Z Likp PECESTAL FORNS
SOIWRCE-BLACK AND VEATCH,LABOR INC W/ PED INST

ENTRY TYPE=Z 1LY INTERFACE TUBE FORMS
SOURGE~BLACK AND VEATCH

ENTRY TYPExZ LLTY:) FOUNCATION TNSTALLATION SUBCONTR.
SOURCE-BLACK AND VEATCHaCRILL HOLE .25 HRS,
PLACE REBAR .25 HRS.PLACE CONGRETE .5 HRE,
INC EQUIP,TCOLING

ENTRY TYPE=Z LLLY] PECESTAL INSTALLAYION SUBCONTR.
SOURCE~-BLACK AND VEATCHs SET FORM4AL IGN REBARs

ENTRY TYPE=Z L LT INTERFACE TUBE INSTALLATION SUEC.
INSTALL INTERFACE TUBE 1.0HR INC EQUIP/TCOLING

ENTRY TYPE=xZ G449 ELECTRICAL GONDULT INSTALL
SOURCE-BLACK AND VEATCH

ENTRY TYPE=Z L1 FOUNCATION LOCATION SURVEY
SOURCE =MAL .25 HRS. ESTe ONLY

ENTRY TYPE=Z Lt4 CRANE W/OPERATOR
SOURCE=-8LAGK AND VEATGH :

ENTRY TYPE=2 4449 CONGRETE PUNP W/OPERATOR
SOLRCE-BLACK AND VEATCH

ENTRY TYPE=Z Lok RECUCTION OF SUBS ESTIMATE
SOYRCE-MMC AT 9/30/81 REVIENW

ENTRY TYPE=Q CLLY FOUNCATION/PEDES TAL GUANTITYZYERR 2514 TEr D&

TOTAL PURCHASED MATERIALS= 0.00 S/HELICSTAT

TOTAL RAW MATERIALS= 0e00 $/HELIQSTAT

TOTAL (BASE RATE CCSY CATECORY) DIRECT LABCR=2 8.0008 HRS/HELIOSTAT
TOTAL CONSUHABLES= 0.00 $/HELIOSTAT

WEIGHTED EQUIPMENT COST= D. § TIFES YEARS USED / SITE
QUANTITY= Bl47. ¢ SITE

TOTAL SUBCONTRACTS AND FLOR-THROUGH EXPENSESs 551,30 $FHELIOSTAT

L e o o

L=DIRECT LABOR HOURS
ExEQUYL FMENT
G=QUANTITY

Z=SUECONTRACTIS AND FLOW-THROUGH EXPENSES

CUANTITY UNITS UNIT
cosy

i60.90

1%0.80

.00

1%.00

5«00

90.00

120.00

1%.00

12.00

1%.00

15.08

11.08

-5 5.70

TOTAL
CosT

7 RELIOSTAT

7/ HELIOSTAT

/ HELIGSTAT

7 HELIOSTAT

/ HELIOSTAT

/ HELIOSTAT

/ HELIQSTAT

7 HELIGSTAT

/ HELIOSTAT

/ HELIOSTAT

7 HELTIOSTAT

/ HELTOSTAT

/ HELIOSYAT




MMC 2N0 GENERATION HELTIOSTAT
4460 SITE COSTS
KEY TO ENTRY TYPES
M=RAW MATERIALS P=PURCHASEL MATERIALS L=DIRECT LABOR HO
S=SUPPLIES AND CONSUMRBLES T=TOOLING E=EQUIPMENT urs
B=2UILDING GR FACILITY SIZE A=LAND FOR PROTUCTION FACILITY Q=QUANTITY
X=TRANSPORTATION RECUIREMENTS ¥=SITE-RETAINEL CAPITAL
ITEM GUANTITY UNITS
ENTRY TYPE=P 4460 RIVETS FOR SUPPORY STRUGT. ASSY 39 EACH
SOURCE=-MMC
ENTRY TvPe=P L460 HIRRCR MOUNT STUBS 33 EACH
SOURCE-NMC
ENTRY TYPE=L 4460 HELICSTAT ASSEHMBLY.9 MEN X 2 SHFTS «7200E+ 01 HRS / HELI(STAY

S¥e

SPECIAL LABOR COST CATEGDRY KNUMBER 1
SOURCE-HAL CORRECTED FROF 7.8 TO 7.2 HRS
MMC WAS $85,61 AT 12.23/HR
MOVE COMPCNENTS FRCM STORAGE TO ASSY AREALASSEMBLE SUPPORT STRUCTURE,
MIRRCR HCDULES ,DRIVE AND CHEGXOUY

ENTRY TYPE=L 4460 HELICSTAT INSTALL ON PEDESTAL «200E+GL
SOURCE=MAL CORRECTED FRON 2.03 TG 2.4 HRS
MMC WAS 231,83 AT 15.68/HR, 3 MEN X 2 SHIFTS
MOVE HELIDSTAT FROM ASSEMSLY AREA TQ PEDESTAL,INSTALL HELICSTAT

ENTRY TYPE=L 4460 INSTELL AND CHECKOUT ELECTRONICS «2400E+D2
SOURCE-HAL GORRECTED FROF 2.03 TO 2.4 HRS
MMC WAS 331.83 AT 15.68/HR,3 MEN X 2 SMIFTS
TEST HELIOSTAT USING HAC AND BCS

ENTRY TYPE=E 4463 ERIDGE CRANE.ASSY FIXTURES.PED «15Q00E+0L
SOURCE-MNC

ENTRY TYPE=T 4460 MISC. TOOLING «1500E+ (2
SOLRCE~MKC

ENTRY TYPE=Y 4660 BUILCING(500K) 4XPORY VEHICLE (150K)

SOURCE =MMC 4MORK PLATFCRM VEHIGLES{B0K) 4SPECIAL TCOLS(29K)
ASSY/MAIN BUILCING=28,58C SQFT AT 1000K,TUWNER PAYS HALF

ENTRY TYPE=Y LA ) INITIAL SPARES
SOURCE~MMC+6& FACETS,1 ORIVE.26 MOTORS.186 ENCODERS,
46 HC413 HFC

ENTRY TYPE=Y G460 MRINTEMANCE EQUTPMENT
SOURCE=MMC,HASE TRUCKS
ENTRY TYPE=S 44610 SUPPLIES,UTILITIES,CCNSUMABLES
SQURCE~-NMC
ENTRY TYPE=0Q “L60 HELICSTATS PER SOMWE SITE «S14TE+ 00
TOTAL PURCHASED MATERIALS= 5.25 $/HELIOSTAT -
TOTAL RAW MATERTALS= .00 S/HELIQSTAT
TOTAL (BASE RATE COST CATEGORY) DIRECT LABCR= 4.8000 HRS/HELIOSTAT
SPECIAL DIRECT LABCR CCST CATEGORY 1 = 7.2600 HRS /HELICSTAT
TOTAL CONSUMAGLES= T.77 $/HELICSTAT
WEIGHTED EQUIPMENY COST= 757500, § TINES YEARS USED s SITE
QUANTITY= 5147« / SITE

TOTAL SITE-RETAINED CAPITAL= B836300.00 $

TOTAL DIRECT LABOR COST= 149.06 S/HELIOSTAT

HRS /7 HELICSTAT

HRS / HELYICSTAY

YRS

YRS

/STE

Z=SUBCONTRACTS AND FLOW~-THROUGH E£XPENSES

UNIT TOTAL
CosY COST
+ 05 1.%95 / HELIOSTAT

«10 3.38 / HELIOSTAT

505080,

22E00.

730000,

31300.

750680,

T.77 / HELIOSTAT



HELIOSTAT COST MOCEL

DEVAYLED BREAKDUWN

MMG 2ND GENERATION HELIOSTAT

4410 - REFLECTIVE ASSEMBLY

FACTQRY C(STS
PROCUCTIOMN YEAR 1

TOTAL REGUIRED REVENUE

246

DIRECT MATERIALS
PURCHASED MATERIALS
RAKW MATERIALS
SCRAP

DIRECT LABCR

CONSUMABLES

INDIREGT COSTS
MAINTENARCE, PLANT ERGINEERING
OTHER INDIRECTS

CAFITAL REPLACEMENT ALLOWANCE

PROPERTY TAX AND INSURANCE

GENERAL A ADMINISTRATIVE
IRTEREST EXPENSE

INCOME TAXES

RETURN TO EQUITY HOLEERS

DTHER EXPENSES
ANNUALIZED CONE-TIME COSTS
SUBCONTRACTS & FLOW-THROUGH

103674
342.88
10.69

13.24
18.53

%.9%
38.01

1398.23

29.11
15,59

31.77

11.31
2473

79.1¢€
12,78
t2.2t

68.1€

47.99

1744401




‘®

HELTOSTAT COST MOOEL

OETAILED EREAKGCKN

MHKGC 2ND GENEFATION HELIOSTAT

4428 = DRIVES
FACTORY COSTS
PROCUCTIOK YEAR 1

TOTAL REQUIRED REVENUE

OIREGT MATERIALS
PURCHASED MATERIALS
RA¥ MATERIALS
SCRAP

OTRECT LABCR

CONSUMABLES

INDIRECT COSTS
MAINTENANCEs PLANT ENGINEERING
CTHER INDIRECTS

CAPITAL REPLACEMENT ALLOWANGCE

PROPERTY TAX AND INSURANCE

GENERAL A ADFINISTRATIVE
INTEREST EXPENSE

INCO¥E TAXES

RETURN TO EGUITY HOLOERS

CTHER EXPENSES
ANNUALIZED ONE-TIME CGSTS

1789.3%

13i2.46
878.29
430,71
10.46

57.51

87.1%

48.89
20.786
28.0¢

19,78

Jeds3

824 2E

16. 85

58.62

85,63

10.71
10.71

247



HELIOSTAT COST HOCEL
DETAILED EREAKOCWN ]
MMC 2ND GENERATION HELIOSTAT
4430 - CGNTROLS

FACTORY CCSTS

PROCUCTION YEAR 1t

TOTAL REQUIREG REVENUE 42
DIRECT MATERIALS p.0@
PURCHASED MATERIALS 9.00 9o
RA% MATERIALS 0.00
SCRAP 0.00
DIRECT LABOR o.0¢
CONSUMABLES g.0¢
INDIRECT COSTS .07
NMATNTENANGE, PLANT ENGINEERING 07
OTKER INDIREGTS 0.00
CAPITAL REPLACEMENT ALLOKANGE .12
PROPERTY TAX ANO INSURANCE .01 °
GENERAL » ADMINISTRATIVE .01
INTEREST EXPENSE .03
INCOME TAXES 2 05 °
RETURN TO EQLITY HOLODERS + 15
OTHER EXPENSES 8,060
@
®

248 ®



HELIOSTAT G{ST MOOEL
DETAILED EREAKDQWN
MNG 2ND GENERATION HELIOSYAT
L4460 <« FOLNCATICN/PEOESTAL
FAGTORY COSTS

PROLUCTICN YEAR 1

TOTAL PEGUIRED REVENUE

DIRECY MATERIALS
PURCHASED MATERIALS
RAW MATERIALS
SCRAP

OIRECT LABOR

CONSLNABLES

INDIRECT COSTS
MAINTENANCEs PLANT ENGINEERING
OTHER INDIRECTS

CAFITAL REPLAGEMENT ALLOWANCE

PROPERTY TAX AND INSURANCE

GEBMERAL » ADNINISYRATIVE
INTEREST EXPENSE
INCOME TAXES

RETURN TO EQULYY HOLODERS

OTFER EXPENSES
ANNURLIZED ONE-TIME COSTS

672
32.58
«37

«32
«85

21

39.67

174

0.00

46
» 07

2=39
35
1.37

1.85

221

49,20

249



HELIOSTAT CCST MOOEL
DETAILEC BREAKDOWN

MMC 2ND GENERATION HEUIOSTAT
4450 - SUPPORT STRUCTURE
FACTORY GOSTS

PROGUCTION YEAR 1

TOTAL REQUIRED REVENUE

DIRECT MATERIALS
PURCHASED MATERIALS
RAX MATERIALS
SCraAP

DIRECT LABOR

CONSUMABLES

INDIRECT COSTS
MAINTENANCE,s PLANT ENGINEERING
OTHER INDIRECTS

CAPITAL REPLACEMENT ALLOWANCE

PROPERTY TAX AND INSURANGCE

GENERAL a ADXINISTRATIVE
INTEREST EXPENSE

INCCME TAXES

RETURN TO EGUITY HOLOERS

OTHER EXPENSES
ANNUALIZED ONE-TIME COSTS

250

19.80
362.99
3.77

3.91
8.51

2485

386456

i7.7¢
5.67

12,42

332
« 79

22.480
3.72
15. 05

19.83

2435

4390.71




‘e

HELIOSTAT CCST MQCEL
DETVAILED BREAKODWN

MHGC 2ND GENERATION HELIOQSTAT
4460 <~ ASSEMBLY/INSTALLATION
FAGTORY GCSTS

PRODUGCTIOM YEAR 1

TOTAL REQUIRED REVENUE

OIRECT MATERIALS

PURCHASED MATERIALS f.00
RA® MATERIALS .08
SCRAP 0.00

DIRECT LABOR
CONSUMABLES

INBIRECT COSTS
MAINTENANGEs PLANT ENGINEERING 0.04
CTHER INDIRECTS 2.00
CAPITAL REPLACEMENT ALLOWANCE

PROPERTY TAX ANC INSURANGE

GENERAL » ADMINISTRATIVE
INTEREST EXPENSE
INCOME TAXES

RETURN TO EQUITY HOLDERS

OTHER EXPENSES

D.00

0. 00

8. 040

0. 00
0.8

.40
0.00
g.0¢

ulon

0. 03

251



HELIOSTAT COST MOODEL
DETAILED BREAKDOWN
MHG 2ND GENERATION HELIOSTAT
4410 ~ REFLEGTIVE ASSEMWBLY
TRANSPORTATIOK COSTS
PRODUCTION YEAR 1

TOTAL REQUIREC REVENUE 100,61
DIRECT MATERIALS 0.040
PURCHASED MATERIALS 1.00.
RAN MATERIALS 0.00 ®
SCRAP .30
DIRECT LABOR 0,00
CONSUMABLES 12.15
INOIRECT GOSTS 0. 00
MAINTENANGE, PLANT ENGINEERING 0.00
OTHER INDIRECTS 0,00
CAPITAL REPLACEMENT ALLOWANGE 0. 0¢
PROPERTY TAX ANC INSURANGE 0. 00
®
GENERAL A ADMINISTRATIVE 0. 90
INTEREST EXPENSE p.00
INCOME TAXES 0.00
RETURN TO EQUITY HOLCERS s 0C ®
OTHER EXPENSES 88,46
TRANSPORTATICN CMARGES 88,46
L J
@
252



HELIOSTAT COST NODEL
DETAILED BREAKDOWN

MMC 2ND GENERATION HELIOSTAT
4120 = DRIVES
TRANSPORTATION COSTS
PRODUCTION YEAR 1

TCTAL REQUIRED REVENUE

DIRECT MATERIALS

PURCHASED MATERIALS 0.00
RAW MATERIALS 0.00
SCRAP 0.00

DIRECT LABOR

CONSULMABLES

INOCIRECT COSTS
MAINTENANGE, PLANT ENGINEERING
GTHER INDIRECTS

- -]
o e
X -]

CAPITAL REPLACEMENT ALLOWANCE

PRCPERTY TAX AND INSURANCE

GERERAL A ADPINISTRATIVE
INTEREST EXPENSE

INCOME TAXES

RETURN YO EQUITY HOLDERS

OTHER EXPENSES
TRANSPORTATICN CHARGES 22.51

g.0¢

0.00
1.300

G.400

0.080
.00

3. 8¢
g.4¢
g9.0¢
9.08

22,51

23,51

253



HELIOSTAT CCST MOCEL
CETAILED EREAKDOWN

MHC 2ND GENKERATION HELIOSTAT
4430 = CONTROLS
TRANSPORTATICN COSTS
PROCUCTIOr YEAR 1

TOTAL REQUIRED REVENUE

DIRECT MATERIALS
PURCHASED MATERIALS
RAN MATERIALS
SCRAP

OIRECT LABOR

CONSUMABLES

INBIRECT COSTS
MAINTENANCEs PLANT ENGINEERING
OTHER INDIRECTS

CAPTITAL REPLACEMENT ALLOWANCE

PROPERTY TAX AND INSURANCE
GENERAL » ADFINISTRATIVE
INTEREST EXPENSE

INCOME TAXES

RETURN TO EQUITY HOLDERS

OTHER EXPENSES

254

t.00
G.d8
0.00

9. 08
G.0¢

0. 080

8.00
9.C8

.00
0.08
G017
0. 03

0.00




HELIOSTAT COSY MODEL
DETAILED BREAKDOWN

MMC 2ND GENERATION HELIOSTAT
4440 - FOUNCATICON/PEDESTAL
TRANSPORTATION GOSTS

PROLUCTIOKN YEAR 1
TOTAL REQUIRED REVENUE

DIRECT MATERIALS
PURGHASED MATERIALS
RAw MATERIALS
SCRAP

DIRECT LABOR

CONSUMABLES

INDIRECT COSTS
MAINTENANGE, PLANT ENGINEERING
OTHER INDIRECTS

CAPITAL REPLACEMENT ALLOWANCE

PROPERTY TAX AND INSURANCE

GENERAL & ADMINISTRATIVE
INYERESY EXPENSE

INCOME TAXES

RETURN TO €GLITY HOLLERS

OTHER EXPENSES
TRANSPORTATICN CHARGES

0.00
¢.00
0.00

3.2k

D.00

b.0%9

+ 48

g.8¢
0. 00

de 24

3.72

il

L0

h



HELIOSTAT COST MODEL
DETAILED BREAKDOWN
MMC 2ND GENERATION HELIOSTAT
4450 =~ SUPPORT STRUCTURE ®
TRANSPORTATION COSTS
PROCUCTION YEAR 1

TOTAL REGUIRED REVENUE 70.00
OIRECT MATERIALS 0400
PURCHASED MATERIALS 0.00
RAR MATERIALS 0.00
SCRAP 3.00
DIRECT LABOR 0,00 @
CONSUNASLES 4. 85
INDIRECT GOSTS 8.00
FAINTENANCE, PLANT ENGINEERING 0.00
OTHER INDIRECTS 0.00
CAPITAL REFLACEMENT ALLOWANCE 9.00
PROPERTY TAX AND INSURANCE 0.0¢C
GENERAL & ADMIRISTRATIVE 0. 80 °
INTEREST EXPENSE .60
INCOME TAXES 0. 08
RETURN TO EQUITY HOLDERS 9.04q
®
OTHER EXPENSES 65,95
TRANSPORTATION CHARGES 65,95

256 PY



HELIOSTAT GOST MOCEL
OETAILED EREAKOCWN
MMC 2ND GENERATION MELIOSTAT
4430 -~ CONTROLS

SITE GOSTS

PROCUCTIOM YEAR 1

TOTAL REQUIREDQ REVENUE

DIRECT MATERIALS
PURCHASED MATERIALS
RAW MATERIALS
SCRAP

OIRECT LABCR

CONSUMABLES

INDIRECT COSTS
MAINTENANCE, PLANT ENGIKEERING
OTHER INDIRECTS

CAPITAL REPLACEMENT ALLOWANCE

PROPERTY TAX AND INSURANCE

GENERAL » ADMINISTRATIVE
INTEREST EXPENSE

INCOME TAXES

RETURK TO EQUITY HOLDERS

OTHER EXPENSES
SUBCONTRACTS A FLOW-THROUGE

.00
0.08
0.00

.00
g.00

822,11

g.4ae
8. 00

8.89

0.00
0.8¢

g.00
0.00
0.0¢
0.08

822.14

822.11

257



HELIOSTATY GOST MODEL
DETAILED EREAXDOWN

MMC 2ND GENERATION HELIOSTAT
boa4d =~ FOUNDATION/PEDESTAL
SITE COSTS

PRODUCTION YEAR %

TOTAL REQUIRED REVENUE 551,30
DIRECT MATERIALS 9.00
PURCHASED MATERIALS e.00
RAW MATERIALS 0430
SCRAP D.00
®
DIRECT LABCR 8.400
CONSUMABLES 0. 88
INCIRECT COSTS 9.00
MAINTENANCE, PLANT ENGINEERING 0.00
OTHER INDIRECTS 0.00
CAPTTAL REPLACEMENT ALLONANCE 0400
PROPERTY TAX AND INSURANGE 0.00
GENERAL A ADMINISTRATIVE Ba0 .
INTEREST EXPENSE g.00
INCCME TAXES 0«08
RETURN TC EQUITY HOLCERS ' 0.090
®
OTHER EXPENSES 561.38
SUECONTRACTS A FLOW=THROUGH €51,30

258 ®



HELIOSTAY COSY MOGEL
DETAILED EREAKOCHN

MHG 2ND GENERATION HELIOSTAY
4460 -~ ASSEMBLY/INSTALLATION
SITE COSTS
PROCUCTICN YEAR 1

TOTAL REQUIRED REVENUE

DIRECT MATERIALS

PURCHASED MATERIALS 5.25
RAW MATERIALS 8.00
SCRaP «0%

DIRECT LABOR
CONSUMABLES

INDIRECT COSTS
MAINTENANCE, PLANT ENGINEERING B.00
OTHER INDIRECTS La,.72
CAPITAL REPLACEMENT ALLOWANGE

PROPERTY TAX AND INSURANCE

GENERAL » ADMINISTRATIVE
INTEREST EXPENSE

INCOME TAXES

RETURN TO ECUITY HOLDERS

OTHER EXPENSES

SITE-RETAIMD CAPITAL 162.48

149, 0¢
1.77

44,72

6,55
2, 2¢

.82
1.69
h.56
9, 02

162.48

393.42

259



09¢

FACTORY
TRANSPORTAT ICN

SITE

TOTALS BY COMPONENT

4410

1764101
i100.61

1841462

CCST SUMMARY BY PROFIT CENTER

TOTAL REQUIRED REVENUE
MMC 2NC GENERATION HELICSTAT

PRODUCTION YEAR 1

4420 4430 440
1789.39 b2 49.20
23.51 a.00 3.72
872.11 551, 30

1812,90 822.53 604 22

TOTAL FCR TOTAL REGUIREC REVENUE

4450

499.71

70.00

560.71

4460

g.00

393,42

393.42

6035.40

TOTALS 8Y LOCATION

L070.73
197 .84

1766.83




19¢

FACTORY
TRANSPORTAT 10N
SITE

TOTALS BY GOMPONENT

L4149

1398.23

13%0.23

CoST SUMMARY AY PROFIT CENTER

OIRECT MATERIALS

MNC 2ND GENERATION HELIOSTAT

PRODUCTION YEAR 1

L 420 4338 444l 6450 4460

1319.46 g.00 39.67 336.56 B.00
8.010 g.60 0.00 0.08

0.00 0.08 5430

1319.46 8.04 39.£7 386.5¢ 5.30

TOTAL FOR DIRECT MATERIALS J141.22

TOTALS BY LOCATION

313%.92
0.a8

5.30



292

FACTORY
TRANSPORTAT ICN
SITE

TOTALS BY CCHFONENT

4410

29.11%

2.03

29111

CCST SUMMARY BY PROFIT CENTER

DIRECT LABCR

MHBC 2NO GENERATION HELIOQOSTAT

PROCGUCTION YEAR 1

4420 4430 4440

57.51 f.00 174
0.0¢ .07 g0.0¢

0.00 8. 00

57.51 d.00 1.74

TOTAL FCR DIRECT LABCR

L4590

17.70

.00

17.70

4460

.00

149,086

149.06

2%5.12

TOTALS BY LOCATION

105.106
B' un

149.0E




£9¢

FAGTORY
TRANSPOURTATICN

SITE

TOTALS BY COMPONENT

44610

15.59
12.15

27.74

COST SUMMARY 2Y PROFIT CENTER

CONSUPMABLES

MMC 2NC GEKERATION HELIOSTAT

PRODUCTION YEAR 4

4420 4430 G &l
87.14 g.00 g.0¢
1.0¢ 8.0¢ « 48

0.00 8. 00
88.14 2.08 « 48

TOTAL FCR CONSUMABLES

4490

5.67

4.05

9.72

L1

T-T7

Ta77

133.85%

TOTALS BY LOCATION

108.40
i7.68

Ta77



vac

CCST SUMMARY BY PROFIT CENTER

IKDIRECT COSTS

MMC 2ND GENERATION HELIOSTAT

PRODUCTION YEAR 1

4410 4420 4430 L4540 4459 4460 TOTALS BY LOCATION
FACTORY 31.77 48.80 «07 1.17 12.42 G.0¢0 94,23
TRANSPORTATION 8.00 g.08 0.0 G.08 4.048 g.00
SITE 8.00 B. 10 G4.72 L .72
TOTALS BY COMPONENT 31.77 48.80 07 1.17 12.h2 L, 72
TOTAL FCR INDIRECT COSTS 138.9%




§9¢

FACTORY
TRANSPORTAT ION
SITE

TOTALS BY CCMPONENY

64510

11.31
0.00

11.31

CCST SUMMARY BY PROFIT CENTER

CAPITAL REFLAGEMENT ALLOWANCE

MMGC 2ND GENERATION HELIOSTAT

PRODUCTION YEAR 1

4420 4430 YY) 8450
19.78 .12 86 3.3z
B.0¢ 0.00 0.6¢ 0.00
2.00 8.00
19.78 12 hf 3.32

TOTAL FOR CAPITAL REPLACEMENY ALLOMANCE

4LED

6455

41.54

TOTALS BY LOCATICN

3%.99
0.0
E.55



99¢

CCST SUMMARY 3Y PROFIT CENTER

PROPERTY T2X AND INSURAMNCE

MHC 2ND GENERATION HMELIOSTAT

PRODUCTION YEAR 1

45410 4420 &430 4440 8450 446D TOTALS BY LOCATION
FACTORY 2.73 3.43 =01 -C7 «79 0.5¢0 7.03
TRANSPORTATION 0.00 0.08 0.00 0. 00 0.00 .00
SITE 0.00 3.00 2426 2.26
TOTALS BY COMPONENY 2.73 3.43 «01 -7 79 2.26
TCTAL FCR PROPERTY TAX AND INSURANCE %.29




£9¢

® e I

40414

FACTORY 79.16

TRANSPORTATION 0.080
SITE

TOTALS BY COMPONENT 79.16

CCST SUMMARY BY PROFIT GENTER

GENERAL A ADMINISTRATIVE

MMC 2ND GENERATION HELIGSTAT

PRODUCTION YEAR {

4420 4430 4440 44540 4460

82.2€ o0t 2.30 22.80 G.08
.00 0.00 8.00 0.00

g.00 .98 g.00

82426 +01 2.3¢0 22.80 g.0L

TOTAL FOR GENERAL A ADMINISTRATIVE 186453

TOTALS BY LOCATION

186.53
0.00
t.00



89¢

FACTORY
TRANSPORTATION

SITE

TOTALS BY COMPONENT

CCST SUMMARY BY PROFIT CENTER

INTEREST EXPENSE

MMC 2ND GENERATION HELIOSTAT

PROCUCTION YEAR 1

L0410 4420 4430 Luil
12.78 16.05 -03 »35
t.08 0.0¢C .60 o.02
0.98 8.010

12.78 16.05 -23 +35

TOTAL FOR INTEREST EXPENSE

5450

T.72

b.90

J.72

L4UE0

.08

1.€9

J4.62

TOTALS BY LOCATION

32.93
0.00

1.69
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FACTORY
TRANSPORTATION

SITE

TOTALS BY COMPONENT

hbtd

52.210

COST SUMMARY B8Y PROFIT CENTER

INCOME TAXES

MMC Z2ND GENERATION HELICSTATY

PROCUCTION YEAR 1

4u20 4430 4hi0

£6.62 «05 1.37
D.010 0.0 0.00

4.00 g.o0

58.62 «06 1.37

TOGTAL FCR INGOME TAXES

4450

15.485

4460

4.56

131.85

TOTALS BY LOCATION
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FACTCORY
TRANSPORTAT ICN

SITE

TOTALS BY COMPONENT

GOST SUMMARY B8Y PROFIT CENTER

RETURN TO EQUITY HOLDERS

MMC 2NO GENERATION HELIOSTAT

PROCUCTION YEAR 1

4410 L4290 4436 444
68.186 85.63 15 1.8%
¢.00 0.00 0.00 2.00
0.00 g.010

68.16 85.63 15 1.85

LLS0

19.83

TOTAL FCR RETURN TC EQUITY HOLDERS

Gu60

G.00

g.uz

2.02

184,84

TOTALS 8Y LOCATION
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FAGCTORY
TRANSPORTATION

SITE

TOTALS BY COMFONENT

4410

4%7.9¢

88.48

136.45

4420

10.71

22.51

33.22

COST SUMMARY BY PROFIT CENTER

CTHER EXPENSES

MMC 2NO GENERATION HELIOSTAT

PRODUCTION YEAR 1

4430 Lh 4l
0.00 21
.30 3.24
822.11 551,38
8:2.11 554475

TOTAL FOR QTHER EXPENSES

4450

248%

£65.95

68.80

4uEl

1€2.48

1€2.48

1777.81

TOTALS BY LOCATION

El.76
180.16

1535. 389
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A HELIOSTAT COST ANALYSIS TaoL

VERSION 1.8

EDITION CATE AUGUST 13, 1981
REVISIGN  SEPTEMBER 22, 1961

MDAC SECOND GENERATION HELIOSTAT

DESIGN (ConTRACTORS' INPUTS)
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HELCAT OPTIOKS ANC MODEL PARAMETERS

MODEL OPTIOMNS

STRAIGHT LINE DEPRECIATION
WITH NO LEARNRING CURVE COST RED

PARAMETER MATRIX

D RNO N E N

1)
11
12
13
14
15
16
17
18
i9
20
21
22
23
24
25
26
27
28
29
39

OURATION OF COST PROJECTION - YEARS
BASE RATE DIRECT LABOR COSY -« $/HOUR
BASE RAYE PROO FACILITY COST - $/SOFY
LAND COST FOR PROD FACILITY - $/ACRE
INFLAT ION RATE

RETURN TO BOND HCOLCERS

RETURR TO EQUITY HOLDERS

COMBIRED INKCOME TAX RATE

INVESTMENT TAX CREODIT

ECUITY FRACTION

PROPERTY TAX AND IMSURANCE FRACTION
PURCHASED MATERIAL SCRAP FRACTION
MAINTENANCE FRACTICN

GENEFRAL AND AOMINISTRATYIVE FRACTIOK
WORKING CAPITAL FRACTION

RAW MATERIAL SCRAP FRACTICNK

TOOLING LIFETIME (ACCOUNTING)} = YEARS
EQUIPMENT LIFETIME (ACCOUNTING) - YEARS
FACILITY LIFETIME (AGCOUNTING) - YEAFRS
FACILITY GONSTRUCT JGCN PERICD - YEARS
FACILITY PLAKT ENGINEERING FRACTIONM
FACILITY STARTUP GQUANTITY

COST RECUCTICN CCEFFICIENT ~ START uUP
TOOLING LIFETIME (TAX) - YEARS
ECUIPNENT LIFETIME (TAX) - YEARS
FACILITY LIFETIME (TAX) - YEARS

BASE RATE TRANS £OST - $/LF

INCIRECT FRACTIGN - LAROR

INDIRECT FRACTIOR - MATERIAL

INDIRECY FRACTIOK - TOOL*G+EQUIP+TFAC+Y

SPECIAL COST MATRICES
CATEGORY FACILITY

NUMBER £/30 FT
ba.
60.
82.

100.

120.

148.

8.
De
g.

W NN NN

UGTI ON

LAEOR
$/HR
S.00
12.00
18.C0
21. 00
25.00
3G.00
. CO
0.00
g, 00

FACTORY
19.80C
18.880

138.0C0

2808%.0¢¢
«0%4&
-102
o150
<500
«100
1.00¢
o021
030
«020
<044
«170
«030
5.000
10.042
4o.080
3.000
0.088
29800.0020
229
5.000
15.000
20.008
<025
«2208
+B03
«00F

SITE
10.0080
15.120

c.000

.0900

« 094
=il2
«16€
«500
«100
- 800
« Q40
« 010
~0&0
¢.0390
g.000
«030

Se«000
19.03040
3t. 030

t. 008

g.000

8.000

B.3350

3.000

8.000
25.4060

«£3%
+709

0.000

0.000

TRANSPORT
{UNITS VARY)

TRANSPORTATION
10.869
15.009

0.080
0.000
060
2102
+166
<500
«100

« 800
+0u0
+018
«0410
9.800
G.088¢C
« 930D
c.000
10.800
3t.800
n.ono
9.000
0.000
£.4040
3.000
8.000
25.000
-« £325
«300
0.000
0.600

725,000 $/TRKLDAD
120,000 $/TRKLOAD

. 000
0. 000
0.090
0.000
6.00¢0
0.000
0. 008
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MCAC - SECOND GENERATION

W10 FACTORY CGCSTS

KEY TO ENTRY TYPES

M=RAH MATERIALS P=PURGHASED MATERIALS L=RTRECT LABUR HOURS
S=SUPPLIES AND CONSUMABLES T=TQOLING E=EQUIPMERT
B=BUILDING OR FACILITY SIZE : A=LANO FOR PROCUCTION FACILITY A=QUANTTITY
X=TRANSPORTATION FEQUIREMENTS Y=SITE-RETAINEC CAPITAL Z=SUBGONTRAGTS AND FLOK-THRCUGH EXPENSES
ITEM QUANT ITY UNITS UNIT TOTAL
casT COST
ENTRY TYPE=P 410 MIRRCR.+059 FUSICN/TIO22428-3 1% 33.00 462.00 7 HELIOSTAT

SOLRCESGM (EINSNANGER FIRROR, GCORNING GL 2SS}y $.75/5Q FT INCLURING AGs CU,
PAINT ANO TRANSPORTATICN

ENTRY TYPE=P 44193 BACK LITE».190 FLOAT/IC22428-5 14 15.40 21%.68 / HELIOSTAT
SOURCEIGH (PPG), 3.34/7SQ FT

ENTRY TYPE=P 4410 ADHESTVE ¢ SHEET.PVB 16 10.56 147.87 / HELIOSTAT
SOURCE:GM, $.247SQ FT , AUTOCLAVE CURE

ENTRY TYPE=P 4413 STIFFENERyHAT SECT/ID22462-3 28 8.33 233.20 7/ HELIOSTAT
SOURCE-HAL,8.35/18, «0EL GALV STEEL
MDAC HAD ,22/LE CR 386,62 LESS/HEL,
SOLRCEIGM, $£.22/18, 064 GALV STEEL

ENTRY TYPE=P 1% ] SHIN sI022462-7 28 1.48 Gi.44 # HELICSTAT
SOLRCESGM )

ENTRY TYPE=P  Li1d ECGE MEMBER /ID22462-11,-11 28 .9 26,18 # HELIOSTAT
SOULRCEIGM

ENTRY TYPE=P 410 CLINCH FASTENER /S~0¢18~1-7 56 02 1.12 7 HELIOSTAT
SOLRCEIGN

ENTRY TYPE=P 4410 BONDS , SEALS,PRIMERS 98.31 /7 HELIGSTAT
SOLRCEYHDAC-HFK/8. %

ENTRY TYPE=P 44610 REFL PANEL ASSY HAROWARE 39.46 / HELIOSTAT
SOURCE 1MOAC=HFN/ (.9

ENTRY TYPE=L WL10 ASSEVMBLE MOOLULES <ATHAES I} HRS / HELIOSTAT
SOURCE tMDAC-HF R/ G« 82

ENTRY YYPE=L L410 ASSEMBLE REFL PANEL «<80EBE#+0f HRS /7 HELIODSTAT
SOURCEIMDAC-HFN/L. 82

ENTRY TYPE=L Liui MATERI AL HANULING +1130E+80 HRS 7 HELICSTAT

. SOURCE tMDAC-HFN/2.82

ENTRY TYPE=L 441D INSPECTION «i4EQE+0D HRS / HELICSTAT
SOLRCE tMDAC-HF N/ .82

ENTRY TYPE2A  4nio LAND +1S80E+02 ACRE

SOURCE-MDAC-SSW BLDG AREA FRAC-.39% ¥ &0
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ENTRY TYPE=B Wuig BUILTINGS +1827E+C6  SQFT
SOLRCE-MOAC~SSW BLDG AREA FRAC+4395 X 260K

ENTRY TYPE=E L4418 EQUIPMENT
SOURCE 1GM

ENTRY TYPE=T 4418 TOOLING
SOURCE tGM

ENTRY TYPE=T 4410 OPERATIONS FIXTURES

SOLRCE~MDAG-SSK BELDS AREAR FRAC .395 X 2.97€6

ENTRY TYPE=S 4410 CONSUMABLES ySUPPLIES
SOURCEIGF$ SUPPLIES, UTILITIES AND SUNCRY ALLOCATED TO PROFIT GENTERS
USING FAGTORY FLCOR SPACE FRACTIONS.

ENTRY TYPE=Q L3N] CUANTITY +SPBRE+CS  JYR

TOYAL PURCHASED MATERIALS=E 1265.18 $/HELIOSTAY

TOTAL RAW MATERIALS= .20 $/HELICSTAT
TOTAL (BASE RATE COST CATECORY) DIRECT LABCR= 1.93490 HRS/HELIOSTATY
TOTAL COMSUMABLES= ‘25.51 $/HELICSTAT

LAND REGUIRED= ~ 15,8008 ACRES

PRODUCTION FACILITY (BASE RATE COST CATEGURY) SIZE= 102700, SC FT
TOTAL EQUIPHMENT CDST= 724€000. s

TOTAL TOOLING COST= 1%54%200. $

QUANTITY= 59000. / YEAR

TOTAL DIRECT LABCR COST= 3R.h1 S/HFLTOSTAT
TOTAL PRODUCTION FACILITY COSY 14172600, ¢

1246000,

372000,

1173200.

25.51

/ HELIOSTAT
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MODAC - SECOND GENERATION

4420 FACTORY COSTS

KEY TO ENTRY TYPES
M=R AW MATERIALS PzPURCHASE L MATERIALS L=DIRECT LABCR HOURS
S=SUPPLIES AND CONSUMABLES T=TOOLING E=EQUI FMENT

B=BUILLDING QR FACILITY SIZE A=LAKD FCR PRORUCTION FACILITY Q=QUANTITY
X=TRANSPORTATION REQUIREMENTS Y=SITE~-RETAINED CAPITAL Z=SUBGCONTRACTS AND FLOMW-THROUGH EXPENSES

ITEN GUANTITY UNITS UNIT YOTAL
cosT cosT

ENTRY TYPE=P 4420 AZ MCTOR 1 60.93 60493 7/ HELIOSTAT
SOURCEIGM (EMERSCN ELECTRICY!, 1/ HP. 208 V, 60 CYCLE, 3 PHASE

ENTRY TYPE=M 4620 HARMCNIC DRIVE PARTS 87.91 / HELIOSTAT
SOLRCE sMUAC=-HFN/B.96

"ENTRY TYPE=P 4429 HARMCNIC DRIVE PARTS 44,24 / HELIOSTAT
SOLRCESMDAC (USH) = HFN/L.9

ENTRY TYPE=L 4420 FAB HARMORIC DRIVE PARTS «9760E+00 HRS / HELICSTAT
SOURCE tMDAC-HFR/0.82

ENTRY TYPE=P L4420 BEARING KIT,LUBE PAN,TUSE ASSY 28,47 / HELIGSTAT
SOURCE tMDAC-HFN/0.9

ENTRY T YPE=P 44210 AZ DRIVE ASSY PARTS 106.72 / HELIAGSTAT
SGURCESMDAC-HFN/0.9

ENTRY TYPE=L Wh20 HARMCNIGC CRIVE ASSY «1090E+01 HRE / HELICSTAT
SOURCEIMBAC~HFN/0.82

ENTRY TYPE=p Lh20 AZ WIRE,SENSOR PARTS 42.11 7 HELIOSTAT
SOLRCETMOAC-HFR/0.9

ENTRY TYPE=L 4420 AZ KIRING «30%BEeB0 MRS /7 HELICSTAT
SOURCE *NOAC-HFN/0.82

ENTRY TYPE=P 4420 " ELEV MDTOR 60493 / HELIOSTAT
SOURCEIGM, 1/3 WP

ENTRY TYPE=M W420 SUPPCRY ASSY.ELEV DRIVE 163,70 /7 HELIOSTAT
SOLRCEt MOAC-HFM/D.96

ENTRY TYPE=P 4427 SUPPCRT ASSY.ELEV CRIVE 17.84 / HELIGSTAT
SOURCESMDAC-HFN/C.9

ENTRY TYPE=L 4429 FAR ELEV DRIVE SUPPORT «J420E490 HRS / HELICSTAT
SOURCEINOAC-HF R/ Q.82

ENTRY TYPE=P 4420 ELEV JACK ASSY 300.38 /7 HELIOSTAT
SOURCEtMOAL (DUFF-NORTCN) - HFN/J.9

ENTRY TYPE=L 4620 AZ-ELEV ASSEMBLY 22870E+0L HRE / HELICSTAT

SOLRCE INDAC-HFR/ (. 82
® ® I
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ENTRY TYPE=M 4420 POS=LIM INDICATOR
SOLRCE IMBAC=-HF X/ (.96

ENTRY TYPE=P 4420 POS-LIM INDICATOR
SOURCESHDAC-HFN/D. 9

ENTRY TYPE=L 4420 POS-LIM INDIGATOR ASSY +5240€+00 HRS / HELICSTAT
SOLRCEtMCAC~-HFN/0.82

ENTRY TYPE=P 4420 DRIVE/PED ELECTRONIGS
SOLRCESMDAC-HFN/(.9

ENTRY TYPE=L 4420 DRIVE/PEL ELECTRONICS ASSY +9150E+00 HRS / HELYI(STAT
SOURCE tMCAC-HFN/(, 82

ENTRY TYPE=A 4620 LAND «1210Ee¢(2 ACRE
SOURCE=-MDAC-SS® BLDG AREA FRAC-,.303 X &0

ENTRY TYPE=B 4420 BUILCINGS +7878E+05 SOFT
SOLRCE-MCAC~-SSH BLDG AREA FRAC~.3D3 X 260K

ENTRY TYPE=E 4420 EQUIPMENT
SOURGE tGM

ENTRY TYPE=E 5420 STAMFING TOOLS/OIES (B0 SSERT)
SOLRCE-MDAC )

ENTRY TYPE=T 4420 TQOLING
SCLRCEGM

ENTRY TYPE=T 4420 GPERATIONS FIXTURES

SOURCE~MCAC~-SSW BLDG AREA FRAC 303 X 2.97E6

ENTRY TYPE=S 4420 CONSUMABLESy SUPPLIES
SOURCEIGMS] SUPPLIES, UTILITIES AND SUNORY ALLOCATEC YO PROFIT CENTERS
USING FACTORY FLCOR SPACE FRACTIONS,

ENTRY TYPE=Q Wa2o QUANTITY «S00DE* D5 /YR

TOTAL PURCKASED MATERIALS= 759.29 $/HELIOSTAT

TOTAL RAW MATERIALS= 255436 $/HELIOSTAT
TOTAL {BASE RATE CGST CATECORY) DIRECT LABOR= 6.2220 MRS/HELIOSTAT
TOTAL CONSUMABLES= 34. €5 $/7HELIOSTAT

LAND REQUIRED= 12.1000 ACRES

PRODUCTION FACILITY (BASE RATE COST GCATEGORY) SIZE= 78783, sq FT
TATAL EQUIPMENT COST= 181088006, 3 :

TOTAL TOGLING COST= 4909990, 3

QUANTITY= 5p08¢s. / YEAR

TOTAL DIRECT LABCR COST= 117.47 $/HELIOSTAT
TOTAL PROCLCTION FAGCILITY COST 10871 €40. &

3.75

/ HELIOSTAT

56.16 / HELIOSTAT

40.51

17600000,

Sp8sg00.

4012000,

899300,

34.65

/ HELIGSTAT

/ HELIOSTAT
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MDAC - SECOND GENERATICN

4430 FACTORY COSTS

KEY TO ENTRY TYPES

M=RAW MATERIALS P=PURCHASED MATERIALS L=DIRECT LABCR HOURS

S=SUPPLIES ANC CCGNSUMABLES T=TOCLING E=EQUI FMENT

B=BUILDING OR FACILITY SIZ2€ A=zLAND FOR PROCUCTION FACILITY Q=QUANTITY

X=TRANSPCRTATION RECUIREMENTS V=SITE~RETAINED CAPITAL Z=SUBCONTRACTS AND FLOW-THRQUGH EXPENSES

ITEM GUANTITY UNITS UNRIT TOTAL
COSsY COST

ENTRY TYPE=P 4430 8cs 6+80 7/ HELIOSTAT
SOURGE-MCAG/.92

ENTRY TYPE=P L4439 FIELC CONTROLLER 2+6T £ HELIOSTAT
SOLRCEIMDAG-HFN/G.9

ENTRY TYPE=P 430 HELICSTAT CONTROLLER 176483 / HELIOCSTAT
SOURGE tMDAC~HFN/J.9

ENTRY TYPE=P 4430 FIELD PWR / TATA DIST 319.7T6 / HELIGSTAT
SOURCE t MCAC=-HFN/0.9

ENTRY TYPE=L 4430 ASSEPBLE CALIB EQP «2400E-01 HRS /7 HELILSTAT
SOURGESHMDAC~-HFN/D. 82

ENTRY TYPE=L “430 ASSEMBLE HEL GCONTROLLER #36ENE+ND HRS / HELICSTAT
SOURCE tMDAC~HFN/(.82

ENTRY TYPE=L 4430 ASSEMBLE FIELD PWR/DATA OISY «3270E#00 HRS 7/ HELICSTAT
SOLRCE YMDAC~HFN/ (.82

ENTRY TYPE=zA 4430 LAND +EGUCGE*G0 ACRE
SOURCE-MDAC-SS% BLDG AREA FRAC-.015 X 49

ENTRY TYPE=8 4430 BUILCINGS +398GE+ D4 SOFT
SOURCE =MDAC=55% BLDG AREA FRAC=.D15 X 268K

ENTRY TYPE=E 4439 EQUIPHENT &300000.
SOURCEINDACS THE 12 PERCENT BURDEN INCREASE ASSUMED 8Y MDAC RESULTING FRCM
COATROLLER MANUFACTURE/ASSEMBLY CORRESPOKCS TO A 12 PERCENT TNCREASE IN
FACTORY EQUIPMENT COST 0R $4.3 MILLICN.

ENTRY TYPE=T 44340 TOOLING 860000,
SOURGCEMDAGS THE 12 PERCENT BURDEN INGREASE ASSUMEC BY MUAG RESULTING FROM
CONTRILLER MANUFACTURE/ASSEMBLY GORRESFONDS YO A 12 PERCENT INCREASE IN
FACTORY TOOLING COST OR $0.88 MILLION.

ENTRY TYPE=T 4430 QOPERATIONS FIXTURES 44600,
SOLRCE-MDAC~-SSK BELDG AREA FRAC 4015 X 2.97€6

ENTRY TYPE=S 44390 CONSUMABLES 4y SUFPLIES 9.48 /7 HELIOSTAT
SOURCEtMOACS THE 12 PERCENT CURDEN IMKREASE ASSUMED BY MDAC RESULTING FRCHM
CONRCLLER MANUFAGTURE/ZASSEMELY CORRESPONDS TO A 12 PERCENT INGREASE IN
FACTORY CONSUMAPLES OR $%.48 PER HELIOSTAT,

® ® Q
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ENTRY TYPE=Q 4438 QUANTLITY «S0n0Ee0s

TOTAL PURCHASED MATERIALS= 505.26 S/HELIOSTAT

TOTAL RAW MATERIALS= G.00 3/HELTIOSTAY

TOTAL (BASE RATE CCST CATECGORY) DIRECT LABOR= 1.317¢ HRS/HELIQSTAT

TOTAL CONSUMABLESs S.48 $/ZHELIOSTAT

LAND REGUIRED= «6000 ACRES

PRODUCTION FACILITY (BASE RATE COST CATEGORY) SIZE= 3900, sQ FT

TOTAL EQUIPMENT CGST= 4300000. 3
TOTAL TODLING COST= 904600, 3

QUANTITY= 53000 / YEAR
TOTAL DIRECT LABOR COST= 24486 S/HELIOSTAT
TOTAL PRODUCTION FACILITY COST 538200. $

YR
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MDAC - SECOND GEMNERATIOR

L4408 FACTORY CCSTS

KEY T0 ENTRY TYPES

M=RAH MATERIALS P=PURCHASE [ MATERIALS
S=SUPPLIES AND CONSUMABLES T=TOOLING
B=BUILDING OR FACILITY SIZE E=LAND FOR PROQUCTION FACTLITY
X2 TRANSPORTATION FEQUIREMENTS Y=SITE-RETAIMED GAPITAL
ITEN QUANTITY
ENTRY TYPE=P 4440 TURE /1D22464+3 1

SOWRCE-GM (PACIFIC UNION METAL) 443 €.3 LBS, $0.32/LE8, 139 IN LONG
COST/LB INCLUDES & ITEMS BELOW

ENTRY TYPE=P 4440 PLATE 71D224&1+5 1
SOURCEIGM

ENTRY TYPE=P 4440 CONE /1IDZ2461-9 1
SOURCE tGM

ENTRY TYPE=P 4440 RING 7ID22461+%1 1
SOURCE tGHM

ENTRY TYPE=P 4440 NUT 71.00-8 &
SOURCEIGN

ENTRY TYPE=L 4440 FAE (WELD,MACHINE) «19C0E+ 080
"SOURCE tMDAC=-HFN/0.82

ENTRY TYPE=L 4440 PAINT «T300E~-DL
SOURCE tHDAC=-HF N/, 82

ENTRY TYPE=L 4440 MATL HANDLING,INSPECTION «2€80E+ €D
SOURGE tHDAC~-HFN/G. 82

ENTRY TYPE=A 460 LAND «1E00E+ 01
SOURCEtNDAC~SSH

ENTRY TYPE=B 4440 BUILLINGS «6I00E+ B4
SO LRCE tMCAC-S5W

ENTRY TYPE=E H440 EQUIPHENT
SOLRCEIGM

ENTRY TYPE=T 4440 TQOLING
SOURCE tGM

ENTRY TYPE=T 4440 OPERATIONS FIXTURES

SOLRCE~MDAC-SSK BLDG AREA FRAC .040 X 2.%7E6

ENTRY TYPE=S 4549 CONSUMABLESs SUPPLIES
SOWRCEIGMS SUPPLIES, UTTLITIES AND SUNDRY ALLOCATED TO PROFIT CENTERS
USING FACTCRY FLCDR SPACE FRACTICNS.

ERTRY TYPE=Q G540 GUANTITY «S0BDE+QS

UNT

HRS

HRS

HRE

ACRE

SQFT

7YR -

L=DIRECT LABOCR HOURS

E=EQUIPMENT

CaQUANTITYY

Z=SUBCONTRACTS AND FLOW-THROUGH EXPENSES

TS UNIT TOYAL
cosT CosT
£2.15% 62.15 / HELYOSTAT
48,28 48.28 / HELIOSTAT
2i.58 21458 /7 HELIOSYAT
T7.30 7-30 / HELIOSTAT
24 1.16 / HELIOSTAT
7/ HELICSTAY

/7 HELTICSTAT

/ HELIOCSTAT

14€0000.

2830280,

1138808,

2293 /7 HELIDSTYAT
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TOTAL PURCHA SED MATERIALS= 140. 47 $/HELIOSTAT

"TOTAL RAH MATERIALS= 0.00 $/HELIQSTAT

TOTAL (BASE RATE COST CATEGORY) DIREGT LABCR= «53ED HRS/HELIOSTAY
TOTAL CONSUMABLES= 2.93 $/HELIOQOSTAY

LAND REQUIRED= 1.6000 AGRES

PRODUCTION FACILITY (BASE KATE COST CATEGORY) SYIZE= €3L0. SQ FT

TOTAL EQUIPMENT COST= 14E0000. $
TOTAL TOCLING COST= 401800, $

QUANTITY= 500090. 4 YEAR
‘TOTAL DIRECT LABCOR COST= 10.12 S/HELTOSTAT
TOTAL PROCLCTION FAGILITY COST 869400. 3
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MOAC - SECOND GENERATION

4450 FACTORY GCSTS

KEY TO ENTRY TYPES

M=RAN MATERJALS P=PURCHASEC MATERIALS L=DIRECT LABCR HOURS
S=SUPPLIES ANG CONSUMABLES T=TOOLING E=EQUT FMENT
B=BUILDING CR FACILITY SIZE A=LAND FOR PROCUCTION FACILITY Q=OUANTTTY
X=TRANSPORTATION RECUIREMENTS Y=SITE-RETAINEC GAPITAL Z=SUECONTRACTS AND FLOW-THROUGH EXPENSES
ITEN QUANTITY UNITS UNIT  TOTAL
cosT cosT
ENTRY TYPE=P 4450 MAIN BEAN /ID22hEk=1 1 B.00  105.86 / HELIOSTAT
SOURCE TGN (324.2 L8 AT .225/L8)
ENTRY TYPE=P 4450 INEGARD CROSS BEAM /ID2245 £=1 2 66.49 132,98 / HELTOSTAT
SOLRCETGM (385.2 LB TOTAL AT .345/LB)
ENTRY TYPE=P 4450 CUTBOARD CROSS BEAM /I(22467-1 2 59.25  118.50 / HELTIOSTAT
SOLRCESGN (315.6 L8 TOTAL AT .375/L8)
ENTRY TYPE=P 4450 DIAGCNAL BEANS /ID22466-1,-2 5 38.92 155,68 7 HELIOSTAT
SOLRCEIGN (406.8 LB TOTAL AT .383/L8)
ENTRY TYPE=P 4450 ANGLE BRAGES/ID22470 16 1.1 17.7€ 7 HELTOSTAT
SOURCESGM £125.4 L8 TOTAL AT .14270L8)
ENTRY TYPE=P 445D DOUBLER o PLATE ,BAR,0BLR ANGLES 55,28 / HELIOSTAT
SOLRCE tMOAC-HFN/0.9 (91,4 LB TOTAL AT «605/L8}
ENTRY TYPE=L 4450 MAIN BEAM FAE «1740E¢ 01 HRS / HELICSTAT
SOURCE 1 MCAC-HF N/, 82
ENTRY TYPE=L 4450 STRUCTURE FAE L3780E400 HRS / HELICSTAT
SOLRCE 1MGAC-HF N/ Q. 82
ENTRY TYPESA 4450 LAND .9900E+ 0L ACRE
SOURCE-MDAC-SSK ELOG AREA FRAC-.248 X 40
ENTRY TYPEZ8 4450 BUILCINGS 6448ECES SOFT
SOURCE ~MOAC-SSK BLOG AREA FRAG~.248 X 260K
ENTRY TYPESE 4450 EQUIPMENT 91€1000.
50 LRGE tGH
ENTRY TYPEZE 4450 ROLLING MILL TOOLS/SCOTCHBRITE EQ 132000.
ENTRY TYPE=T 4450 TOOLING 2503000,
SOLRCE 1GM
ENTRY TYPE=T 4450 GPERATIONS FIXTURES 736600,

SOLRCE-MCAC~SSH BLOG AREA FRAC .284 X 2.97E6
ENTRY TYPE=S 4450 CONSUMABLES, SUPPLIES 15.93 7 HELIOSTAT

SOURCEIGM: SUPPLIES, UTILITIES AND SUNORY ALLOCATED TO PROFIT CENTERS
USING FACTORY FLCOR SPACE FRACTICNS.

° ® Q
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ENTRY TYPE=Q 4450 GUANTITY =5000E ¢05

TOTAL PURCHASED MATERIALS= 585.60 $/HELIOSTAT

TOGTAL RAW MATERIALS= 0.00 $/HELICSTAY

TOTAL (BASE RATE GOCST CATECGORY) DIRECT LABCR= 2.1180 HRS/HELICGSTAT
TOTAL CONSUMABLES= 15.93 S/HELICSTAT

LAND REQUIRED= 9.9000 ACRES

PRODUGTION FACILITY {BASE RATE COST CATEGORY) STiE= 64480, SQ FT
TOTAL EQUIPMENT COST= 9293000,

TOTAL TOOLING COST= 3239600. 3

QUANTITY= 500C0. / YEAR

TOTAL DIRECT LABOR COST= 33.99 $/HELIDSTAT
TOTAL PROOUCTION FACILITY COST 8898240, $

YR
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MDAC -~ SECOND GENERATIOK

4460 FACTORY COSTS

KEY TO0 ENTRY TYPES

M=RAR MATERIALS

S=SUPPLIES AND CONSUMABLES
B=BUILDING OR FACILITY SI2E
X=TRANSPORTATION FEQUIREMENTS

TOTAL PURCHASED MATERIALS=

TOTAL CONSUMABLES= .08

LAND REQUIRED= 0.0000

ITEM

P=PURCHASED MATERIALS
T=TOOLING

A=LAND FOR PROCUCTION FACILITY
Y=SITE-RETAINEC CAPITAL

QUANT ITY

C+00 B/HELIQESTAT

TOTAL RAWM MATERIALS= 0.08 B/HELIOSTAYT

TCTAL (BASE RATE COST CATEGORY) DIRECT LABOR= a.0600 HRS/HELIOSTAY
$/HELTOSTAT

ACRES

PROBUCTION FACILITY (BASE SATE COST CATEGCRY) SI2E= 0. $Q FY

TCTAL EQUIPMENT COST=

TOTAL TOCLING COST= G
QUANTITY= g, / YEAR

Q.

DEFAULT QUANTITY USED IN PROFIT CENTER CALCULATION
DEFAULT QUANTITIES = 500004 (FACTORY) s 5430+ (TRANSPORT/SITE)

L=BIRELT LABCR HOURS

E=EQUIPNENT

G=QUINTITY

Z=SUBCONTRACTS AND FLOK-THROUGH EXFENSES

UNITS UNIT TOTAL
cosY CosT
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MOAC - SECOND GENERATION
4410 TRANSPORTATION COSTS

KEY TO ENTRY TYPES

M=RAW HATERIALS

S=SUPPLIES AND CONSUMABLES
Bz BUILDING CR FACILITY SIZE
X=TRANSPORTATION RECUIREMENTS

P=PURCHASE ( MATERIALS
T=TOOLING

¥=SITE-RETAINED CAPIT

ITEM

ENTRY TYPE=S 4410
SORCE=MDAC

PALLET FOR PANEL TRANSPORT

ENTRY TYPE=X 4410 REFLECTIVE PANEL TRAMSPORT
SPECIAL TRANSPORTATION COST CATEGORY 1
SOURCESMDAC

ENTRY TYPE=Z Wu1g
SOURCE tMDAC

ROAD PERHMIT FOR WIDE LOACS

TOTAL PURCHASED MATERIALSE
TOTAL RAW MATERIALS=

B0 S/HELTGSTAT
G-00 $/HELIOGSTAT

TOTAL (BASE RATE GCOST CATECORY) OIRECT LABCR= 2.0000
TOTAL CONSUMABLES= 11.13 S/HELIOSTAT
WE IGHTED EQUIPHENT COST= 9. % TIMES YEARS USED 7/
QUANTITY= De f SITE

SPECIAL TRANSPORTATICN CCST CATEGORY 1 = 500 TRUC
TOTAL SUBCONTRACYS AND FLOX-THRQUGH EXPENSES= 6.50
INPUT (NOT COMPUTEL) TRANSPORTAYIOK GOST 362.50 $

DEFAULT QUANTITY USED IN PROFIT GENTER CALCULATION
DEFAULT QUANTITIES = E0000.(FACTORY), 5488.(TRANSPORT/SITE}

A=LAKE FOR PRGOUCTION FACILITY

L=0TRECT LABOR HOURS
E=EQUIPMENT
OG=QUANTITY
AL 2=SURGONTRACTS AND FLOW-THROUGH EXPENSES
GUANTITY UNITS UNIY TOTAL

COsT COST

11.13 /7 HELTOSTAY

«S5CCCGE#DO0 TRUCKLOADS

6.50 /7 HELIGSTAT

HRS/HELIOSTAT
SITE

KL 0ADS
S/HELIOSTAT
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MDAC ~ SECOND GENERATION

4420 TRANSPORTATION COSTS

KEY TO ENTRY TYPES

M=RAN MATERIALS

S=SUPPLIES AND CONSUMABLES
B=8UILDING CR FAGILITY SIZE
X=TRANSPORTATION RECUIREMNENTS

P=PURCHASED MATERJIALS
T=TOOLING

A=LAKND FCR PRODUCTION FACILITY
¥=SITE-RETAINED CAPITAL

L=0IRECT LABOR HOURS

E=EGQGUI FMENT

Q= QUANTITY

Z=SUBCONTRACTS AND FLOKW~THROUGH EXPEKRSES

ITEN QUAKTITY UNITS UNIT TOTAL
CosT CosT

ENTRY TYPE=S 4429 PALLET FOR DRIVE VRAKSPORT 1.50 7 HELIOSTAT
SOURGE=MDACs .42 OF 3,56 EASED ON WEIGHT
ENTRY TYPE=X 4420 DRIVE TRANSPORT «3500E-01 TRUCKLOCACS
SPECIAL TRANSPORTATICN COSY CATEGORY 1
SOURGE*NCAGT PED/ODRIVE/MAIN BEAM TRUCKLOAD ALLOCATED BY WE IGHT

TOTAL PURCHASED MATERIALS= Cad0 $/7HELIOSTAT

TOTAL RAW MATERIALS= 0.00 S/HELIOSTAT

TOTAL (BASE RATE COSYT CATEGORY) DIRECY LABCR= f.00800 HRS/HELIOSTAT
TOTAL CONSUMABLES= 1.E0 $/HELTOSTAT

WEIGHTED EQUIPMENT COST= e $ TIMES YEARS USED /7 SITE
QUANTITY= . / SITE

. SPECIAL TRANSPCRTATION CCST CATEGORY 1 = =035 TRUCKLOADS

INPUT {NOT GGMPUTEC) TRANSPORTATION COSY 25,28 ]

DEFAULT QUANTITY USED IN PROFIT GENTER CALCULATION
DEFAULT QUANTITIES = 50000« {FACTORY), SiC.(TRANSPORT/SITE)
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MDAC - SECOND GENERATIOR
%430 TRANSPORTATION CQSTS
KEY TO ENTRY TYPES
M=RAW MATERIALS P=PURCHASED WATERIALS L=DIRECT LABCR HOURS
S=SUPPLIES AND CONSUMABLES T=TOCLING ESEQUI FMENT
B=BUILDING CR FACILITY SIZE A=LAND FOR PRODUGTION FAGILIYY G=GUANTITY
X=TRANSPORTATICN REQUIREMENTS ¥=SITE-RETAIMED CAPITAL Z=SUBCONTRACTS AND FLOK-THROUGH EXPENSES
ITEN GUANTITY UNITS UNIT TOTAL
COST COST
EMTRY TYPE=S w430 PALLET FOR TRANSFORMER.CABLE XPORT «05 7 HELTOSTAT
SOURCE-MDAC
ENTRY TYPE=X 4430 TRANSFORMER.CABLE TRANSPORT «1240E-02 TRUCKLCADS
SPECIAL TRANSFORTATICN COST GCATEGGRY 1
SOLRCE-MCAC,EQUIVALENT TRUCKLDADS
SEE REPORT FOR ACTUAL LOADRING
TOTAL PURCHASED MATERIALS= 0.00 $/HELIQSTAT
TOTAL RAW MATERIALS= C.30 S/HELIOSTAT
TOTAL (BASE RATE CGST CATEGORY) DIREGT LAEOR= $.0008 HRS/HELTOSTAT
TOTAL CONSUMABLES= «05 $/HELTICSTAT
HEIGHTED EQUIPMENT COST= 0. $ TIFES YEARS USEQ 7 SITE
QUANTEITY= 8. ¢ SITE
SPEGIAL TRANSPCORTATION CCST CATEGORY 4 = «101 TRUCKLGADS
INPUT (NOT GOMPUTEC) TRANSPORTATION COST «90 $

OEFAULT QUANTITY USED IN PROFIT CENTER CALGULATION
DEFAULT GUANTITIES = E0000.(FACTORY)y S400.(TRAMNPORT/SITE)
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MOAC - SECONC GENERATIOK

4440 TRANSPORTATION COSTS

KEY TD ENTRY TYPES

M=RAW MATERIALS P=PURCHASED MATERIALS L=0IRECT LABCR HOURS
S=SUFPLIES AND CONSUMARLES T=TQCLING ExfQUIFMENT
B=BUILDING (R FACILITY SIZE A=zLAND FOR PROOUCYION FAGILITY G=QUANTITY
X=TRANSPORTATION REQUIREMENTS ¥=SITE-RETAINEC CAPITAL I=SUBCCNTRACTS AND FLOW=-THRCUGH EXPENSES
ITEN GUANTITY UNITS UNIT TOTAL
CosT cost
ENTRY TYPE=S L3 1 1] PALLET FCR PEDESTAL TRANSPCRT

1.17 /7 HELIOSTAT
SOLRCE-MDAC,,33 OF 3.56 BASED DN WEIGHT

ENTRY TYPE=X 4440 PECESTAL TRAKSPORY «2760€E~01 TRUCKLOACS
SPECIAL TRANSPORTATION GOST CATEGCRY i
SOURCE1MDAC, PED/DRIVE/MAIN BEAM TRUCKLOAD ALLOCATED BY WEIGHT

ENTRY TYPE=X L4540 REBAF CAGE TRANSPORT «3STOE~01 TRUCKLOACS
SFECIAL TRAKNSFCRTATICN TOST CATEGORY 2
SOURGCEtMCAC, CAGE ASSENMBLED CLOSER TO SITE THAN FACTORY

TOTAL PURCFASED MATERIALS= 0.00 $/7HELIOSTAT
TOTAL RAM MATERIALS= C.00 $/HELIOSTAT
TOTAL {(BASE RATE COST CGATEGCORY) DIRECT LASOR= 0.008C HRS/HELIOSTAT
TOTAL CONSUMABLES= 1.17 $/HELICSTAT
WEIGHTED EQUIPMENT COST= Oa % TIMES YEARS USED / SITYE
QUANTITY= 0. / SITE
SPECIAL TRANSPORTAYION COST CATEGORY 3 = +028 TRUCKLOADS
SPECIAL TRANSPCRTATION CCST CATEGORY 2 = 03¢ TRUCKLOADS
INPUT (NOT COMPUTEC) TRANSPORTATION COST 244,22 s

DEFAULT QUANTITY USEDC IR PROFIT CENTER GCALCULATION
DEFAULT QUANTITIES = 50008, (FACTORY), S40D. (TRANSPORT/SITE)
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MDAC -~ SECOND GENERATION

4450 TRANSPORTATION COSTS

KEY TQ ENTRY TYPES

M=RAW MATERIALS P=PURCHASE{ MATERIALS L=DIRECT LABCR HOQURS
S=SUPPLIES AND CONSUMARBRLES T=TOCLING E=EQUI EMENT
8=QUILDING CR FACILITY SIZE AzLANE FCR PROCLCTION FAGILITY G=QUANTITY
=TRANSPORTATION REGUIREMENTS y=SITE-RETAINEC CAPITAL Z=SUBGONTRACTS AND FLOW-THROUGH EXPENSES
ITENM CUANTITY UNITS unIT TOTAL
cosY GosT
ENTRY TYPE=S 4450 PALLET FOR BEAM TRANSPORY «89 7/ HELTIOSTAT

SQURCE~MDAC,+25 OF 3.56 BASED ON WEIGHT

ENTRY TYPEaX 4450 RAIN BEAM TRANSFPORT «2083€-01 TRUCKLOADS
SPECIAL TRANSPGRTATION COST CATEGORY 1
SOURCE tMOAC, PECJ/DRIVE/MRIN BEAM TRUCKLGAD ALLOCATED 8y REIGHT

TOTAL PURCHASED MATERIALS= D.00 S/HELIOSTAT
TOTAL RANW MATERIALS= 0.00 S/HELICSTAY
TOTAL {BASE RATE COST CATEGORY) DIRECT LABOR= 8.0000 HRS/HELTOSTAT
TOTAL CONSUMABLES= «89 S/HELICSTAT
HEIGHTED EQUIPMENT COST= 8 $ TIMES YEARS USED 7/ SITE
QUARTITY= Qe 7/ SITE
SPECIAL TRANSPORTATICN CCST CATEGORY 1 = »021 TRUCKLOADS
INPUT (NOT COMPUTEL) TRANSPORTATION GOSY 15. 10 3

DEFAULT QUANTITY USED IN PRCFIV GENTER CALCULATIOK
DEFAULT QUANTITIES = 50000+ (FACTCRY)s 5480+ (TRANSPORT/SITE)
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HDAGC - SECOND GENERATION

4430 SITE COSTS

KEY TO ENTRY TYPES

M=RAW MATERIALS P=PURCHASEC MATERTALS L=DIRECT LAECR HOQURS
S=SUPFLIES AND GONSUMABLES T=TCCLING E=EGLIPHMENT
B=BUILDING CR FACILITY SIZE A=LAND FOR PRODUCTION FACILITY Q= GUANTITY
X=TRANSPORTATICN REQUIREKENTS V=SITE-RETAINED CAPITAL Z=SUECONTRACTS AND FLOW-THROUGH EXPENSES
ITEM GUANTITY UNITS URIT TOTAL
CosY CosT
ENTRY TYPE=M 4430 HAG MATERIALS 8.66 / HELIOSTAY
SOLRCE=-NBAC/.92
ENTRY TYPE=L L4390 HAG ASSEMBLY «34080E¥ 00 HRS / HELICSTAT
SOLRCE-MDAC/.92 BASED ON 15.12/HR AVERAGE
ENTRY TYPE=L 4439 CABLE INSTALLATICN «18€5E+61 HRS 7 HELICSTAY
SOLRCEITNDAC-HFN/D.32
ENTRY TYPE=L 4430 POWER TRANSFORMER INSTALLATICN +33J0E-{1 HRS / HELICSTAT
SOURCE tMDAC-HFN/ (.92
ENTRY TYPE=L 44,30 CABLE CHECKOUT,CLOSEGUT «7O70E+06 HRS / HELICSTAT
SOURCE tMDAC-HFN/J,92
ERTRY TYPE=Q 4430 QUANTITY «5412E+0h /STE
TOTAL PURCHASED MATERIALS= 0.00 3/HELIOSTAT
TOTAL RAW MATERIALS= 8e66 S/HELIOSTAT
TOTAL (BASE RATE CCST CATEGORY) OIRECT LABLR= 2.1450 HRS/HELIOSTAT
TOTAL CONSUMABLES= 0e80 $/HELTIOSTAT
HETGHTEC EQUIPMENT COST= 8. $ TIFES YEARS USED / SITE
QUANTITY= 5412. / SITE
TOTAL OIRECT LABOR COST= 32.43 $/HELIOSTAT
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MDAC - SECOND GENERATIOM

4440 SITE COSTS

KEY TO ENTRY TYPES

M=R AN MATERIALS PzPURCHASED MATERIALS L=CIRECT LABCR HOURS
S=SUPPLIES ANCG CONSUMABLES T=TGOLING E=EQUI FMENT
B=BUILDING CR FACILITY SIZE A=LAND FGOR PROOULCTION FACILITY Q=QUANTITY
X=TRANSFORTATION REGCUIREMENTS Y2SITE-RETAINED CAPITAL Z=SUBCONTRACTS AND FLODW-THROUGH EXPENSES
ITEHR QUANTITY UNITS UNIT ToTAL
COsY GOsST
ENTRY TYPE=P Lund REEAS CAGE 87.67 7 HELIOSTAT
SOURCEtMCAC/0.90, 29€ LBy 3.30/LE
ENTRY TYPE=P L4iL 0 TAPERED PIPE 35.70 7/ HELIOSTAT
SOLRCE!HDAGC/0.904 86 LBy $.427L8
ENTRY TYPE=P LT3 ] CONCRETE 123442 7/ HELIOSTAT
SOtRCEIMCAC/0.90, 2.32 €U YO, $53.20/CU YD
ENTRY TYPE=L LhtD SURVEY +1000E+ft HRS / HELICSTAT
SOURCEWMBAC/D,.92

NOTEIBASED ON OTHER CATA THIS TIME CCULD BE REDUCED TO APPROX. 0.2F% HR

ENTRY TYPE=L L440 CRILLIKG +2930E+01 HRS / HELIC(STATY
SOURCEYMCAC/0.92 » 2 FT CIA BY 15 FT DEEFy 1.7% CU YD
NOTEIBASED CN CTFER DATA THIS TIME CCULD BE RECUCER TO APPROX. D0.25 HR

ENTRY TYPE=P LT ] FORMS,BRAGING S5e423 7 HELIOSTAT
SOURCE*HOAG/0.90

ENTRY TYPE=L Gl PREFAB REBAR+TAPERED PIPE «3450E+01 HRS / HELICSTAT
SOLRCEtMDAG/D.92

ENTRY TYPE=L 4460 SET CAGES.FORMS »1930E4#01 HRS / HELIOSTAT
SOURCE tMDAC/0. 92

ENTRY TYPE=L 44aLQ POUR AND FINISH «24%0E¢ 01 HRS /7 HELICSTAT
SOLRCEINCAC/G.92

ENTRY TYPEaL G440 EQUIPMENT OPERATION «2490E+ D1 HRS / HELT(STAT
SOURCE SMDAC/Da92

ENTRY TYPEzQ 44460 QUARTITY 25L12E+Q4 /STE

TOTAL PURCHASED WATERTALS= 252.02 S/HELTOSTAT

TOTAL RAW MATERIALS= .09 B/HELTIOSTAT '

TOTAL (BASE RATE GCST GATEGORY) DIRECT LABOR= 144500 HRS/HELIOSTAT
TOTAL CONSUMABLES= 0. 00 S/HELIOSTAT

WEIGHTED EQUIPHMENT COST= ' $ TIMES YEARS USED / SITE
QUANTITY= 5412. s SITE

TOTAL DIRECT LABGR COST= 218.48 $/HELIOSTAY
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MDAC ~ SECONO GENERATION
4460 SITE COSTS

KEY TO ENTRY TYPES

M=RAM MATERIALS

STSUPPLIES ANG CONSUMABLES

82 BUILDING OR FACILITY SIZE
X=TRANSPORTATION REQUIREMENTS

P=PURCHASE [ MATERIALS

T=TOOL ING

A=LAND FOR PRODUCTION FAGILITY
Y=SITE-RETAINED CAPITAL

ITEM

ENTRY TYPE=L L460
SOURCE tMDAC~-HFX/0.90

FIELD SUPPORT LAEOR +13GCE* 0L

ENTRY TYPE=zL 4460
SOURCE tHDAC=HFN/D.90

HELIGSTAT INSTALLATICN «3310E¢ G2

ENTRY TYPEzL 4460 ALIGN HELIOSTATS

SCURCESHFN/0.98

«7780DE+ 00

ENTRY TYPE=Y L4560 INITIAL SPARES
SOURCE~-MDAC INCLUDES PIPELINE QUANTITIES

ENTRY TYPE=Y 4460 HAINTENANCE EQUIPMENT
SOURCE-MDAGC, THD WASH TRUCKS

ENTRY TYPE=ZY 4460 CAPITALIZED EQUIPHENT
SOURCE~MCAC,INCLUDES CRANE (94.5K )y FORKLIFT (21, 4K) 4
HYRDASET{4.87K) 3 PICKUP(24K)  OTHER(L A, 4TK)

ENTRY TYPE=E 4460 AMCRTIZEC EQUIFMENT .
SOURCE-NOT DEFINEO.ASSUMED PART OF 70 PERGENT OVERHEAD,
To INGLUGE FOUR HYORAULIC LOAD SYSTEMS,PEDESTAL INSTALL
EQUIPMENT,THO REFLECTIVE ASSEMBLY INSTALL VEHIGLES,
THREE CABLE PLOWS,FOUR ALUGERS,FOUR FORKLIFTS,FCUR GRANES,
TRACTORS +ETC.

ENTRY TYPExS G460 SUPPLIES,UTILITIES 4CONSUNABLES
SOURGCE~NOY DEFINER,ASSUMED PART OF 70 PERCENT OVERKEAD

ENTRY TYPE=Z 4460 RELOCATION EXPENSES
SOURGE~-NOT DEFINED.ASSUMED PART CF 70 PEWGENT OVERHEAD
ENTRY TYPE=Q QUANTITY

44690 5412E¢ (4

TOTAL PURCHASED MATERIALS= G.08 $sHELIOSTAT
TOTAL RAN MATERIALS= .00 $/HELIGSYAT
TOTAL {BASE RATE COST CATEGORY) DIREGT LABOR=

Ee3880 HRS/HELIOSTAT

YOTAL CONSUMABLES= 0.60 $/HELTQSTAY
WEIGHTED EQUIPMENT COST= Ge $ TIFES YEARS USED 7 SITE
QUANTITY= 5412, / SITE

TOTAL SITE-RETAINED CAPITAL= 43732E.8D $

TOTAL DERECT LABCR COST= 81.47 S/HELIOSTAT

QUANTITY UNITS

HRES

HRS

HRS

/STE

L=0TRECT LABOR HOURS

E=EGUI FMENT

Q=QUANTITY

Z=SUBCONTRACTS AND FLOW-THROUGH EXPENSES

UNIT
COST

TOTAL
COoST

7 HELICSTAT

/ HELIOSTAT

7 HELIOSTAT

LTE25.

194500.

195200.

0.00 7 HELIOSTAT

000 /7 HELIOSTAT




HELIOSTAT COST MOCEL
OETAILED BREAKDOMN

MDAC - SECOND GENERATION
4410 - REFLECTIVE ASSEMBLY
FACTORY GOSTS

PRODUCTICN YEAR 1

TOTAL REGUIRED REVENUE 1597.93
OLRECT MATERIALS 1303 14
PURGHASED MATERIALS 1265.18
RAH MATERIALS .00
SGRAP 37.986
OIRECY LABOR 36.61
CONSUMABLES 25.51
INDIRECT CCSTS 2345
MAINTENANCE, PLANT ENGINEERING 9.19
QTHER INGIRECYS 126
CAPITAL REPLACEMENT ALLOWANCE 17.0¢
PROPERTY TAX AND INSURANGE 4,26
GENERAL »~ AOMINISTRATIV¥E 62,22
INTEREST EXPENSE 0. 00
INCCME TAXES 5€.,52
RETURN TO EQUITY HOLODERS £8.99
OTHER EXPENSES 6. 18
ANKUALTZED ONE-TIME COSTS 6.18

293
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HELIOSTAT GCCST HOCEL
DETAJLED BREAKDOWN

HOAG - SEGOND GENERATION
4520 = DRIVES

FACTORY COSTS

PROCUCTIOM YEAR £

TOTAL REGUIRED REVENUE

DIREGT HATERTALS
PURCHASED MATERIALS
RA¥ MATERIALS
SCRAP

DIRECT LABOR

GONSUMABLES

INCIRECT COSTS
HAINTENANGEs PLANT ENGINEERING
OTHER INDIREGTS

CAPITAL REPLACEMENT ALLOMWANGE

PROPERTY TAX AND INSURANCE

GENERAL » AOMINISTRATIVE
INTEREST EXPENSE

INGOMKE TAXES

RETURN TO EQUITY HOLDERS

OTFER EXPENSES
ANNUALIZED ONE-TIME COSTS

TE9.23
255.3¢
3064

13.56
32.37

1045, 09

11T 47
34.65

45,92

41.07

9.46

56,92

0.0¢
65.67
67T.56

LTS L]

1488.96




HELIOSTAT COST MODEL

DETALILED EREAKOCHN

MDAC =~ SECOND GENERATION

4430 = CONTROLS
FACTORY CCSTS
PRODUCTIAGN YEAR 1

TOTAL REQUIRED REVENUE

OIRECT MATERIALS
PURCHASED HATERIALS
RA% MATERIALS
SCRAP

OIREGY LABOR

CONSUMABLES

INDIRECT COSTS
MAINTENANCE, PLANT ERGINEERIMG
OTHER INDIRECTS

CAPITAL REPLACEMENT ALLOKANGE

PROPERTY TAX AND INSURANGE

GENERAL » ADFINISTRATIVE
INTEREST EXPENSE

INCOME TAXES

RETURN TC EQUITY HOLDERS

DTHER EXPENSES
ANKUALIZED ONE-TIME COSTS

520.42
505.28
0.5
15,16

26, 86

.k

9.910
2430
Ta61

8. 56

2. 89

28.35

9.00

20.53

20.63

1.95
1.95

€44,58
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HELIQSTAT C(ST MOBEL
CETAILED 6REAKDOHN

HDAGC - SECOND GENERATION
4440 -~ FOUNTCATION/PEOESTAL
FAGTORY CCSTS-

PROCUCTIOM YEAR %

TOTAL REQUIREQ REVENUE

DIRECT MNAYERIALS

PURCHASED MATERIALS 16047
RAK MATERIALS 0,00
SCRAP Y.21

DIRECT LABCR
CONSLUMABLES

INCIRECT COSTS
MAINTENANCE, PLANT ENGINEERIKG 1.09
OTHKER INDIRECGTS 2.93
CAPITAL REPLACEMENT ALLOWANGE

PRCPERTY TAX AND INSURANCE

GENERAL A ADMINISTRATIVE
INTEREST EXPENSE

INCOME TAXES

RETURN TO EQUITY HOLOERS

OTHER EXPENSES
ANNUALIZED ONE-TIME COSTS 63

P UTY -

13,12

2493

4. 03

T.31
g.00
be 88

T+ 83

» €3

187,92




HELIOSTAT €0ST MOCEL .
DETAILED EREAKOOWN

MDAGC = SECOND GENERATION
4450 <= SUPPORT STRUGTURE
FACTOGRY CCSTS

PROBUCYION YEAR 1

TOTAL REQUIRED REVENUE 822,33
DIRECT MATERIALS 603.17
PURCHASED MATERIALS 585.60
RAN MATERIALS 0.00
SCRAP 17.57
DIRECT LABOR 39.99
CONSUMABLES 15,93
INDIRECT €OSTS 21.32
MAINTENANGE, PLANT ENGINEERIKG 8.57
OTHER INDIRECTS 12.75
CAPITAL REPLAGCEMENT ALLOWANGE 23.97
PROPERTY TAX AND INSURANGE 5.57
GENERAL » ADMINISTRATIVE 31424
INTEREST EXPENSE 0.00
INCOKE TAXES 38,24
RETURN TO EQULTY HOLDERS 39.7¢
OTHER EXPENSES 3.13
ANRUALIZED ONE-TIME COSTS 3.13
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HELIQOSTAT GOST MOCEL ®
DETAILED BREAKDONN

HDAC - SECOND GERERATION

4460 = PASSEMBLY/INSTALLATION
FACTORY COSTS

PROCUCTION YEAR 1

TOTAL REQUIRED REVENUE .00
DIRECT MATERIALS 0.00
PURCHASED MATERIALS 85.00
RAW MATERIALS 0,00 @
SCRAP 0.00
DIRECT LABOR g.0c
CONSUMABLES g.00
INDIRECT €OSTS .00
MAINTENANGE, PLANT ENGINEERING 5.50
GTHER INDIREGTS .00
CAPITAL REPLACEMENT ALLOWANCE 1, 60
PROPERTY TAX AND INSURANCE 8. 00
GENERAL A AQKINISTRATIVE g.0¢C ) L]
INTEREST EXPENSE 0,00
INCONE TAXES 0,00
RETURN TG EQUITY HOLDERS g. 0o
OTHER EXPENSES .00 o
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HELIOSTAT CCST HODEL
DETAILED €REAKDOKWN

HOAGC - SECOMD GENERATION
4%10 = REFLECTIVE ASSEMELY
TRANSPORTATION COSTS
PRODUCTIOKN YEAR 1

TOTAL REQUIRED REVENUE 380.43
DIRECT MATERTALS 8.00
PURCHASED MATEFIALS g.00
RAW MATERIALS 0.00
SCRaAP 0.08
DIRECT LABOR g.4¢
CONSUMABLES 11.13
INDIRECT COSTYS 9.00
MAINTENANGEy PLANT ENGINEERING 0.380
OTHER INDIRECTS 8.00
GAPITAL REPLACEMENT ALLOWANCE .04
PROPERTY TAX AND INSURANCE .00
GENERAL » ADMINISTRATINE 8.00
INTEREST EXPENSE G.00
INCOME TAXES .00
RETURN TO EQUI¥Y HOLDERS 0.00
OTHER EXPENSES 369,00
SUEGONTRACTS » FLOW-THROUGH 650
TRANSPORTATIGN CHARGES 362.50
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HELIOSTAT COST MOCTEL
DETAILED BREAKDOWN

MDAC - SECOND GENERATION
LL2¢ - ORIVES
TRANSPORTATION GOSTS

PRODUCTION YEAR 1

TOTAL REQUIRED REVENUE 26088
DIRECT MATERIALS 5.00 ®
PURGHASED MATERIALS 0.00
RAK MATERIALS 0,00
SCRAP 0.00
DIRECT LABOR 3. 00
CONSUMABLES 1.50
INDIRECT GOSTS 9.08
MATNTENANCE, PLANT ENGINEERING 0.88
OTHER INDIRECTS 0.00
CAPITAL REPLACEMENT ALLOWANCE 0.06
PROPERTY TAX AND INSURANGE 0.00 e
GENERAL A ADMINISTRATIVE 0.00
INTEREST EXPENSE 9,00
INCONE TAXES t.00 ®
RETURN TO EQUITY HOLDERS 9. 00
ODTHER EXPENSES 25. 38
TRANSPORTATICN CHARGES 25.38
®
o
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HELIOSTAT COST MOOEL
DETAILED EREAKDOKN

HMDAC - SECOND GENERATION
4436 - CONTROLS
TRANSPORTATION COSTS
PRODUCTION ¥EAR 8

TCTAL REQUIRED REVENUE

DIRECT MATERIALS
PURCHASED MATERIALS
RAH MATERIALS
SCRAP

OIRECT LABCR

CONSUMABLES

INCIRECT COSTS
MAINTENANCE,s PLANT ENGINEERING
. OTHER INDIRECTS
CAPITAL REPLACEMENT ALLOWANCE

PROPERTY TAX AND INSURANCE

GENERAL » AONINISTRATIVE
INTEREST EXPENSE
INCOME TAXES

RETURN TO EQUITY HOLDERS

OTHER EXPENSES
TRANSPORTATICN CHARGES

0.00
0.030
0.00

«90

g.00
+ 05

0.6
4. 60

.08
0.00
b. 00

J.00

-390

«95
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HELIOSTAT COST MOCLEL
DETAILED BREAKDOKN
MOAC - SECOND GENERATION ®
4440 =~ FOUNDATICN/PEDESTAL
TRANSPORTATION COSTS
PRODUCTION YEAR 1

TOTAL REQUIRED REVENUE 25.39
DIRECT MATERIALS .90
PURCHASED MATERIALS 0.00
RAW MATERIALS 0.08
SCRAP 0.00 ®
DIRECT LABCR Ne0d
CONSUMABLES 1.1417
INDIRECT GCSTS B.ce
NAINTENANCE, PLANT ENGINEERING ©0.00
OTHFER INDIREGTS 0.00
CAPITAL REPLACEMENT ALLOWANCE 0.0
PROPERTY TAX AND INSURANGE .00
@
GENERAL A ADMINISTRATIVE 0.00
INTEREST EXPENSE g.0¢
INCOME TAXES 0. 00
RETURN TO EQUITY HOLDERS 2.00
®
QTHER EXPENSES 24.+.22
TRANSPORTATION CHARGES 24.22
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HELIOSTAT GcCSY MOCEL
DETAILEQ EREAKDCHWN

MDAC « SECOND GENERATION
4459 = SUPPORY STRUCTURE
TRANSPORTATION GOSTS
PROLCUCTIOX YEAR 3

TOTAL REQUIRED REVENUE 15.99
DIRECT MATERIALS G. 00
PURCHASED MATERIALS 0.00
RAX MATERIALS 0.00
SCRAP 0.00
DIRECT tARBOR faB0OQ
CONSUMABLES « 89
INDIRECT CGSTS g.00
MATNTENANGE, PLANT ENGINEERINKG s.00
OTHER INDIRECTS 0.00
CAPITAL REPLAGEMENY ALLOWANCE g.4¢
PROFPERTY TAX AND INSURANCE .00
GENERAL a ADMINISTRATIVE f.00
INTEREST EXPENSE 0. 00
INCOME TAXES .0
RETURN TC EQUITY HOLLCERS 0. 02
OTHER EXPENSES 15.170
TRANSPORTATICN CHAFRGES 15.10
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HELIOSTAT CCST MODEL
DETAILED BREAKDOKNW

MOAC -~ SECOND GENERATION
4430 =~ CONTROLS

SITE COSTS

PRODUCTION YEAR ¢

TOTAL REQUIRED REVENUE

OIRECT MATERIALS
PURCHASED MATERIALS
RAK MATERIALS
SCRAP

OIRECT LASOR

CONSUMABLES

INDIRECT C0STS
MAINTENANCEs PLANT ENGINEERING
CTPER INDIRECTS

CAPITAL REPLAGEMENT ALLOWANCE

PROPERTY TAX AND INSURANCE

GENERAL ~ ADMINISTRATIVE
INTEREST EXPENSE
INCOME TAXES

RETURN TQ EQUITY HGLDERS

OTHER EXPENSES

.99
Be68
26

0.08
22.78

6. ge

32.43
6. 08

22.70

e.08
.00

.04
f.00
8.0C
0. 80

64,05

L




HELIOSTAT C(ST WOGEL
DETAILED EREAKDOHWN

MRDAG - SEGOND GENERATION
44kl < FOUNDATION/PEOQESTAL
SITE COSTS

PROCUCTIOM YEAR i

TOTAL REQUIRED REVENUE €25.96
DISECT MATERIALS 284,54
PURCHASED MATERIALS 252482
RAK MATERIALS 9.00
SCRAP 2.52
DIRECT LABOR 218,43
CONSUMABLES 0. 00
INGIRECT COSTYS 152,94
MATHTENANCE, PLANT ENGINEERING 6.00
OTHEER INDIREGTS 15294
CAPLITAL REPLACEHENT ALLOWANCE .00
PROPERTY TAX AND INSURANCE g.0C
GENERAL A ADFINISTRATIVE 0.00
INTEREST EXPENSE v.00
INCOME TAXES 0.00
RETURN TO EQUITY HOLDERS .00
OTHER EXPENSES .00
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HELIOSTAT COST MOCEL
DETAILED EREAKDOWN
HDAC - SECOND GENERATION ®
L4BD - ASSEMBLY/INSTALLATION
SITE COSTS

PRODUCTION YEAR &

TOTAL REGUIRED REVENUE 219.30
DIRECT MATERIALS 0.00
PURCHASED MATERIALS 1.00
RA® MATERIALS 0.0¢0
SCRAP 0,00 9
DIRECT LABOR 8187
CONSLNABLES 0.0¢
INCIRECT GESTS 57.83
MAINTENANCE, PLANT ENGINEERING D.08
OTFER INDIRECTS 57.93
CAPITAL REPLAGEMENT ALLOMWANCE 0. 00
PROPERTY TAX AND INSURANCE 0.8L
@
GENERAL A ADNINISTRATIVE 5.00
INTEREST EXPENSE 8. 00
INCOME TAXES 9.860
RETURN TO EQUITY HCLOERS 0. 00
®
OTHER EXPENSES 40.81
SITE-RETAINED GAPITAL 80.01
]
®
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L0E

FACTORY
TRANSPORTATICN
SITE

TOTALS BY COMPONENT

LTER ]

1597.93

380.13

1978.06

L4210

1488.96
26.88

1515.84

COST SUMMARY 8Y PROFIT CENTER

TOTAL REQUIRED REVENUE

MOAC - SECOND GENERATIGN

PRODUCT ION YEAR 1

4430 L4 40
644,55 187,92
9% 25,39
64.05 625.36
7 (9.55 439,27

TOTAL FCR TOTAL REQUIRED REVENUE

L4450

822.33
1%.99

8438.32

4460

219.30

219.30

6100.3%

TOTALS 8Y LOCATION

4761.69
L59,34

909.31



80¢

FACTORY
TRANSPOQRTATIGN

SITE

TOTALS BY GCMPDNENT

L4810

1203.14

B.G0

1303.14%

COST SUMMARY 8Y PROFIT CENTER

OIRECT NATERIALS
MDAC - SECCND GENERATICK

PRCOUGTION YEAR 1

4420 4439 4k
1045.09 510,42 144. €8
8.0¢ 5.00 £.00
8.92 254454

1845.09 539.34 399,22

TOTAL FCR DIRECT MATERIALS

L450

603.17

0.a8

603.17

LLED

0.08

0.060

3879.86

TOTALS BY LOCATION

2E3. 46




60€

FACTORY
TRANSPORTAT ION

SITE

TOTALS BY COMPORENT

4410

3€.61

4420

117.47

CCST SUMMARY BY PROFIT GENTER

DIRECY LABOR
MDAC - SECCND GENERATICK

PRODUCTION YEAR 1

44390 (2L )
4.86 10.12
.00 0.09
i2.43 218.48
€7.29 228.610

TOTAL FCR CIRECY LABOR

Lusp

39.99

.00

39.99

A4ED

0.00

81.47

8i.47

S61.43

TOTALS BY LOCATIGN

229.0%



01€

COST SUMNARY BY PROFIT CEMNTER

CONSUMAEBLES

MCAC - SECCND GENERATICN

PRODUCTION YEAR 1

huip 4420 L4390 4440 L4450 4460 TOTALS BY LOCATION
FACTORY 25,51 34.65 S.48 2493 15.93 0.6GC 88.50
TRANSPORTATION 11.13 1.5¢C «0% 1.17 +39 14.74
SITE .00 2.00 g.0¢C .00
TOTALS BY COMPONENT 36.604 36415 9.53 4410 16.82 G.T0
TOTAL FOR EONSUMABLES 103.2%




11¢

FACTORY
TRANSPORTATION
SITE

TOTALS 8Y COMPONENT

4410

23.45
6.00

23.45

Lu2d

%5.92

.01

45,92

COST SUNNARY BY PROFIT CENTER

INDIRECT COSTS

MDAG - - SEGCND GENERATICN

PRODUCTION YERR A

4330 4449
9.98 .33
.00 0. 00
2+780 152.9%
i2.60 156. 97

JOTAL FGR INDIRECT COSTS

4450

21.32

L1314

g.00

57.03

£7.03

337,29

TOTALS BY LOCATION

106.62
0.00
232.67



¢1e

FACTORY
TRANSPORTATICN
SITE

TOTALS BY COMPOMNENT

lted 0

17.0¢

17.0¢

W42

41.07
g.0¢

Li.07

COST SUMMARY BY PROFIT CENTER

CAPITAL REPLACEMENT ALLOW INCE

KDAC - SECCND GENERATICN

PROCUCTION YEAR 1

4439 4449 4450
8.54 3.33 23.97
8.00 B0t 0.60
0.00 0.08

8.54 3.33 23.97

TOTAL FCR CAPITAL REPLACEMENT ALLOWANCE

LLED

0.08

93.97

TOTALS B8Y LOCATION




43

FACTORY
TRANSPARTATION
SITE

TOTALS BY COMPONENT

LetD

8.26

4420

9.4b
del ¥

.46

COST SUMMARY BY PROFIT CENTER

PROPERTY TAX AND INSURANCE

MOAGC < SECCNGO GENERATICN

PROCUCTION YEAR I

8430 o440 %%50 L4860

2.89 «38 557 g.00

g.6¢ g.oc 2.00

0.00 0. 00 0.00

2.89 -« 98 5.57 g.C8
TOTAL FOR FPROPERTY TAX AND INSURANGE 2T.16

TOTALS 8Y LCCATIGN



ALS

FACTORY
TRANSPORTATION
SITE

TOTALS 8Y CCMPONENT

4u18

62.22
0.00

62.22

4420

56.92
g.0¢

5692

COST SUMMARY 8Y PROFIT CENVER

GENERAL » ADMINISTRATIVE

MDAC - SECCND GENERATICN

"PRODUCTION YEAR 1

443 40
5.35 T.31
0.00 04380
0.00 0.00
£, 3¢ 7.31

L4450

31.2%
f.00

31424

TOTAL FCR GENERAL & ADHI“ISTRATIVE

L&60

0.08

183.04

TOTALS BY LOCATION

183.04
.00
0.08




G1t

FACTORY
TRANSPORTATION
SITE

TOTALS BY COMPONENT

4410

0.00

0.80

56420

0.01

C{ST SUMMARY BY PROFIT CENTER

INTEREST EXPENSE

MOAE ~ SECOND GENERATICK

PRODUCTION YEAR 1

4430 4443
.00 .80
D.00 0.G¢
-0.00 0. 00
0.00 0.00

TOTAL FOR INTEREST EXPENSE

8450

8.00

4460

2.490

0.08

g8.00

TOTALS BY LOCATION

0.38
6.04
0.00



91€

FACTORY
TRANSPORTAT IaN
SITE

TOTALS BY COMPONENT

4410

56.52

0.45

56.52

4420

65.67
D.8¢

65.67

COST SUMMARY BY PROFIT CENTER

INCOME TAXES

MDAC - SECCNT GENERATION

PRODUCTION YEAR 1

4430 4440
i0.53 €.88
g.08 t. 00
0.03 .00
©0.53 6. 88

TGTAL FCR INCOME TAXES

4450

38.24

.00

38.24

4460

2.00

187.84

TOTALS 8Y LOCATION




LTE

FAGTORY
TRANSPORTATICN

SITE

TOTALS BY COMPONENT

bhu10

58.99

6.09

58.99

4420

67.56

8.0¢

67.56

CCSY SUMMARY BY PROFIT CENTER

RETURN TC EQUITY HOLDERS

MDAC - SECCND GENRERATICN

PRODUCTION YEAR |

4430 46440 4459 uLED
20.63 7.03 39.79 0.00

g.0¢ s.t¢ g.00
0.00 0. 93 0.00
.63 7.03 39.79 1.00
TOTAL FOR RETURN TQO EQUITY HOLDERS 194,00

TOTALS BY L OCATIGN

194,00
0.00
8.00



81¢

FACTORY
TRANSPORTATICN
SITE

TOTALS BY COMPONENT

L4210

375.18

4420

Sell

2%.3 8

30.52

COST SUMMARY BY PROFIT CENTER

O THER EXPENSES

MCAC - SECCND GENERATICN

PROCUGTION VEAR 1

4430 Luag
1.95 «63

« 990 2h.22
0.00 0. D00
2.8% 24, 85

TOTAL FCR OTHER EXPENSES

4450

18.23

4463

g.00

8h.81

80.81

532.414

TOTALS BY LOCATION

17.03
43%.60

60.81
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