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ABSTRACT 
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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 assembly 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 ~er 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 heliostat 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
cant 1y lower than those for the other three cont ractors (1. 8 compa red with 
2.8 to 5.0 he1iostats 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 he1iostats 
per day at each of four sites. The other two contractors planned to 
assemble and install about half as many he1iostats 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" he1io
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 he1iostat parts of 
a detailed design. The level of detail in the designs included bolts, lock
nuts, 10ckwashers, 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 cont ractors' fi na 1 reports (References 1-4). 

Estimates of the capital price range from about $100/m2 to $150/m2 in 
1980 dollars. These estimates are significantly lower than previously pro
duced he1iostats 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 
he1iostats 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/m2 • 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/m2 for all the Second Generation 
He1iostat 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 
requi red to arri ve at a 1 eve 1 i zed 0 & M cost a re best 1 eft 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 refl ect i ve assembly, dri ve mechani sm, and support structu re 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 9 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 ~rojected 
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 ~ 
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 period 
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 MWe (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. All 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 MWe (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 mirror 
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 0 & M costs. 

• Heliostat 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: 
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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 resultant 
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 layout and associated facilities, tradeoffs 
involved 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; therefore, 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 • 

19 



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 
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, $/m2 comparisons are more 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 ~ontractors, 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 Reguirements--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. 
All 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 provided as purchased parts and through 
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TABLE 1 

SPACE REQUIREMENTS FOR CMF AND SITE 

Facility Location ARCO BEC* MMC* MDAC 
====================================================================== 
Central Manufacturing Facility 

Land Area, acres 

Manufacturing Floorspace, ft2 
(not including aislespace) 

Total Enclosed Floorspace, ft2 
(includes support facilities) 

Site Facility 

Total Enclosed Floorspace, ft2 

60 

482,000** 

620,000 

7,500 

*Space requirements for colocated facilities not included here. 
**Aislespace included. 

***Building not costed in capital estimates. 

75 

281,000 

638,000 

6,000*** 

- • • - • • 
, 

• 

95 40 

186,000 155,000 

507,000 260,000 

28,500 4,000*** 

.- • .- • 
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TABLE 2 

MASS PRODUCTION OF SECOND GENERATION HELIOSTATS 
MAJOR MAKE/BUY DECISIONS 

Heliostat Major Parts ARCO BEC MMC 

Reflector Assembly M M M 

Float/Fusion Glass B B B* 
Mi rrori ng M B** M 
Core/Backing M/M B*/B M/M 

Drive Assembly M M M 

Motors B B B 
Gears/Shafts M B M 
Finished Castings M M M 
Bearing Assembly M M B 

Support Structure M M M 

Torque Tubes/Main Beams M B M 
Cross Beams M B M 

Controls Assembly B B B 

Foundation/Pedestal M B B 

M-Make 
B-Buy 
*Colocated captive facility. 

**In-line mirroring at Corning Glass Works. 

• •• • 

MDAC 

M 

B 
B** 
B 

M 

B 
B 
B 
B 

M 

B 
B 

B 

M/B 



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 include 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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Hel iestat Parts 

Hi rror Modul e 

Drive Mechanism 

Foundationj 
Pedestal 

ARCO 

TABLE 3 

CENTRAL MANUFACTURING FACILITY MAJOR PRODUCTION OPERATIONS 

AACO 

Edge glass 
Clean and sil ver glass 
Copper coat glass 
Paint glass 

fabricate steel parts 
Assemble steel substrate 
Assemble mirror IOOdule 
Mount edge molding 

Machine 14 major parts 
Gear cover 
Bearing ring 
Elevation gear 
Az gear 
Worm 
Elevation hOllsing 
Frame, cover 
Housing, web 
Ring gear 
Planetary gear 
Pinion 

Assemble drive 
Pai nt 

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

Fabri cate pil e for 
foundation 

Paint 

Inspect purchased parts 
Assemble board~ submodule. 

{..able 
Perform final assembly 
Test 
Fabricate control box 

BEC 

C1 ean 10; rrors and 
back sheets 

Machine core blocks 
Join core blocks 
Assemble mirror IOOQule 
Seal edges 

Machine azimuth casting 
Machine elevation casting 
Assemble azimuth bearing 

assembly 
Assemble elevation drive 

assembly 
Paint 

Form stampings except for 
Z beams and torque tube 
Gal vani ze 

Subcontracted 

Not addressed 

TABLE 4 

MMe 

Clean and silver glass 
Copper coat glass 
Paint glass 
PIB coat glass 

Fabricate paper honeycomb 
core 

Shear face sheet 
Machine doublers 
Fabricate edge frame 
Assemble mhror module 

Machine 14 major parts 
Stow lock 
Wonn gear 
Intermediate gear 
Pinion 
Motor bracket 
Caps. open and closed 
Encoder shaft lOOunt 
Gear housing 
Elevation shaft 
Elevation/azimuth gear 
Elevation cover 
Azimuth cover 
Azimuth shaft 

Assemble drive 
Paint 

Fabricate bar joists 
Fabricate hat sections 
Roll torque tube 
Weld torque tube 
Paint 
Fabricate controls cover 

Fabricate interface tube 
Paint 

Fonn electronics 
cover/package 

SITE ASSEMBLY BUILDING OPERATIONS 

BEC MMC 

MDAC 

C1 ean mi rrors 
Adhesive coat glass 
Laminate glass 
Assemble into reflective 

units of 7 panels each 

Fabricate azimuth drive 
hous i ng 

Fabricate elevation 
drive support 

Machi ne 5 major parts 
Drive shaft 
Flex spline 
Wave generator 
Bearing retainer 
Circular spline 

Assemole azimuth and 
elevation drives 

Form braces 
Support structure frames 
Fabricate rnain beam 
Join main beam to drive 

Taper steel cap for 
foundat ion 

Join pedestal to drive 
Pai nt 

Fabricate electronics 
.l(ld power cable 

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. 

Assemb 1 e one 
drive/support 
structure unit. 

Mount 10 full
size facets, and 
one half-size 
facet. Cant 
facets. 

None 
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TABLE 5 

DIRECT LABOR HOURS COMPARISON 
(Excludes Controls and Field Wiring, and Foundation/Pedestal) 

Direct Labor Requirements ARCO BEC MMC 

CMF Direct Labor, 
Hours/Hel iostat 23.06 18.19 10.18 

Site Direct Labor, 
Hours/Heliostat 21.17 14.17 9.6 

Total Direct Labor, 
Hou rs/He 1 i ostat 44.23 32.36 19.78 

Total Direct Labor, 
Hours/m2 0.84 0.74 0.34 

• - • • 
, 

• .-

MDAC 

10.28 

3.24 

13.52 

0.24 
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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 requi rements 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. All other support personnel are considered 
"indirect." A comparison of daily personnel requirements for the contrac
tors is given in Table 6, excluding those laborers involved with controls 
and field wiring or foundation/pedestals. In 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 requi rements are about the same as those of MDAC, whi ch pu rchases 
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 eMF 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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Labor Location 

TABLE 6 

DAILY PERSONNEL REQUIREMENTS* 
(Number of Employees) 

ARCO BEC 

Central Manufacturi ng Facil ity 

Direct -688 476 

Indirect -157 536 

Total CMF Personnel* -845 1012 

On Site 

Di rect 126 54 

Indi rect 21 26 

Total Site Personnel* 147 80 

He 1 i ostats installed/ 48 27 
day/site 

MMC 

-254 

-232 

-486 

30 

6 

36 

20 

*Not including laborers associated with controls and field wi ri ng 
foundation/pedestal. 

MDAC 

-271 

-212 

-483 

-33** 

-8** 

-41 

52 

or 

**Some laborers are on site for the duration of only one specific task. 
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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 

• Shi ft 2 0.80 0.88 0.85 0.92 
Shift 3 0.80 0.83 ** ** 

• 
Site 

Assembly 

• Shi ft 1 0.75 0.83 0.84 N/A 
Shi ft 2 0.67 0.79 0.84 N/A 
Shi ft 3 0.58 0.63 ** N/A 

Installation .. Sh i ft 1 0.75 0.81 0.84 0.67 
Shift 2 ** ** 0.84 ** 

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

• 

• 
• 
• 

• 
• 
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CMF To Sites 
Transportation Results 

TABLE 8 

TRANSPORTATION COMPARISON* 

ARCO BEC MMC MDAC 
================================================ 
Average Packing Density 
(Heliostats/Truckload) 

Truckloads From 
CMF/Day 

Truckloads to 
Nominal Site/Day*** 

6.06 

33 

9 

2.74 4.07 

73 50 

11 6 

*Excludes controls and field wlrlng and foundation/pedestal. 
**Special 10 ft wide oversize truck used. 

1.80** 

112 

28 

***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 
likely 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 million 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 comparison 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 9 

CMF CAPITAL EXPENSE COMPARISON (M$) 

Capital Requirements ARCO BEC MMC MDAC 

Improved Land 0.7 2.4 2.5 0.6 

CMF Buil di ngs 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$ 

*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 
(Heliostats/Year) 

25,000 2* 1 

50,000 3* 2 

67,500 3*a 3 

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

MMC 

1 

2 

2a 

MDAC 

1 

2 

2b 

fringes than would overtime for on-roll employees. Employment of low-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 vi ewed from different angl es. 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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Heliostat 
Major Parts 

• • • • 

ARCO 

fI • •• • •• 
TABLE 11 

SNLL COST BREAKDOWN STRUCTURE 

BEC MMC MDAC 
====================================================================== 

Reflective 
Assembly 

Dri ve 
Mechanism 

Cont ro 1 sand 
Field Wiring 

Foundation/ 
Pedestal 

Support 
Structure 

Mi rror Assy. 
Substrate Assy. 
Edge Molding 

Az Drive 
Stepper Motors, 
Limit Switches 

HC/HFC 
HAC 
Power & Data 
Cabling, BCS 

Foundation/ 
Pedestal 

Torque Tube 
Truss Assy. 

Mirror Modules 
Facet Attachment 
Brackets,Pads,Plates 

Az Drive, Motor 
El Drive, Motor 

HC, HFC, HAC 
Field Power, Data 
Di str., BCS 

Foundation/Pedestal 

Torque Tubes 
Z-Beams 
Struts, Bars, Flanges 
E 1 evat i on Arms 

Mirror Modules 
Doubler Attachments 

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

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

Foundation/Pedestal 
Pedestal Interface 
Access Cover 

El Beam 
Barjoists, crossbar 
Control Arms/Caps 
Stow Di sc 
Mirror Mount Brackets 

Mirror Modules 
w/Hel. Support 
Structure 

Az Dri ve, Motor 
El Drive, Motor 
paS/LIM Indicators 
Power Supply,Distr. 

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

Foundation/Pedestal 

Main Beam 
Crossbeams 
Di agona 1 Beams 

• 
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Heliostat Major Parts 
= 

Reflective Assembly - Factory* 
& Transportation 

Drive Mechanism - Factory* 
& Transportation 

Support Structure - Factory* 
& Transportation 

Other** Reflective Assembly, Drive 
Mechanism & Support Structure -
Factory 

Reflective Assembly, Drive Mechanism, 
Support Structure - Site 

TABLE 12 

COSTS BY COST BREAKDOWN STRUCTURE 
(Contractors' Estimates, $/m2) 

ARCO BEC 

21.86 38.37 

36.76 33.90 

10.90 15.79 

11. 09 5.85 

14.97 9.16 

Subtotal Reflective Assembly, Drive 
Mechanism & Support Structure, $/m2 

95.58 103.07 

Controls and Field Wiring 13.63 *** 

Foundation/Pedestal 11.40 23.72 

MMC 

28.44 

27.49 

8.74 

7.35 

7.15 

79.17 

14.31 

10.46 

Total Installed Heliostat Price, $/m2 120.61 126.79 103.94 
(w/o control s 

and field wiring) 

*Includes direct materials, direct labor, replacement allowance, and gross profit. 
**Includes indirect costs, consumables, property tax and insurance, G & A, other. 

***Not addressed. , - .-• • • • • • 

MDAC 

29.95 

23.17 

13.62 

8.04 

3.98 

78.76 

10.24 

16.90 

105.90 

.- • 
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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 allocated 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 
• Su bcont racts 
• Consumables 
• Indirect Costs - plant and other 
• G & A 
• Capital Replacement Allowance 
• Property Tax and Insurance 
• Annual i zed One-Ti me. Capi tal Costs 
• Return to Investors - equity holders, bondholders 
• Income Taxes 

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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Location of Incurred Cost 
= 

Central Manufacturing Facility* 

To-Site Transportation* 

Site* 

Subtotal Reflective Assembly, 
Drive Mechanism, & Support 
Structure, $/m2 

Controls and Field Wiring 

Foundation/Pedestal 

Tot~l Installed Heliostat Price, 
$/m 

TABLE 13 

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

ARCO BEC 

79.89 90.03 

1.82 4.22 

14.97 9.16 

96.68 103.41 

13.63 ** 

11.40 23.72 

121. 71 127.13 
(w/o control s 
and field wiring) 

MMC 

68.69 

3.33 

7.15 

79.17 

14.31 

10.46 

103.94 

*Includes reflective assembly, drive mechanism, and support structure. 
**Not addressed. 

• • - • • , • .--

MDAC 

67.26 

7.47 

3.98 

78.71 

10.24 

16.90 

105.85 

• .- • 
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TABLE 14 

COSTS BY COMPONENTS OF REQUIRED REVENUE 
(Contractors' Estimates, $/m2 ) 

Required Revenue Components 

lli rect Materi a 1 s 

Direct Labor 

Consumab 1 es 

I ndi rects 

G & A* 

Capital Replacement & Capitalization 

Property Tax & Insurance* 

Other 

Transportation to Site 

Gross Profi t* 

Subtota 1 Insta 11 ed Pri ce for Refl ect i ve 
Assembly, Drive Mechanism, Support 
St ructu re, $/m2 

Controls and Field Wiring 

Foundation/Pedestal 

Total Installed Heliostat Price, $/~ 

ARCO BEC 

52.11 68.50 

11. 71 10.36 

1.42 0.63 

4.38 3.07 

6.48 2.65 

6.01 5.31 

0.46 1.45 

1.16 1.06 

1.82 4.22 

10.02 4.49** 

95.57 101. 74 

13.63 *** 

11.40 23.72 

120.60 125.46 
(w/o control s 

•• 

MMC 

53.97 

4.66 

2.33 

2.28 

3.27 

4.96 

0.17 

-0-

3.33 

4.20 

79.17 

14.31 

10.46 

103.94 

and field wiring) 

• 

MDAC 

49.16 

4.48 

3.57 

1.43 

2.90 

3.34 

0.43 

1.14 

7.47 

4.79**** 

78.71 

10.24 

16.90 

105.85 

*Incurred only at CMF. 
**BEC has $2.73/m2 described as profit on material, labor, etc. included in those accounts; see text. 

***Not addressed. 
****Estimate 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 labor 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 di rect 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. 
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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 he1iostat 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 
he1iostats at the site. The costs incurred by the contractors varied from 
about 4 to 6 percent of the installed he1iostat 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 
pu rchase. Subcont racts were used by most of the he 1 i ostat manufactu rers. 
Examples included transportation from the factory to the site, as well as 
the manufacture or insta11acion 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 subcontract 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 supplies, 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 less 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 nond; rect 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.g., 
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. 

E very company treats the content of G & A differently; the groupi ng 
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, 
tool ing, 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 city 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
up • 

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 life 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 

• 

.. 
• 

• 
• 
• 

• 
• 
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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 scenario 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 contractors' production 
scenarios include: 

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

• Vertical vs. horizontal 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 GMF 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, ARGO and MMG, chose Albuquerque, New Mexi co, as the 
site for the GMF. ARGO selected Albuquerque because of the available 
natural resources; adequate labor supply; favorable costs for labor, taxes, 
and transportation; and access to highways and railways. MMG selected 
Albuquerque 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 BEG for its GMF and colo
cated cellular glass plant. Among the reasons BEG 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. 

MDAG chose Tuscon, Ari zona, for the site of its GMF. "Reasons ci ted 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 
performed a site selection analysis. 
Appendix A. 

Generation Heliostat contract, SNLL 
Results of that analysis appear in 

Facility Design--Each contractor provided a conceptual design of a GMF 
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, support facilities to accommodate the plant processes and the 
employees, and colocated facilities to supply materials. 

ARGO proposes to locate its GMF on 60 acres. The improved land cost is 
$0.72 million, or $12,000 per acre. Its GMF 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. ARGO has recently 
constructed similar buildings equipped with heating, cooling, and auxiliary 
equipment for other purposes for only about $20 per square foot. Therefore 
ARGO believes that its building cost estimate is a conservative one. 

BEG proposes to locate its GMF 
$2.4 million, or $32,000 per acre. 
turing plant is adjacent to the GMF 
includes two separate manufacturing 
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on 75 acres. The improved land cost is 
An independent cellular glass manufac
but not within the 75 acres. The GMF 
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the other for gimbals and frames. It also includes parking lots 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 plant layout but does 
allocate floorspace to various categories such as processing heliostat 
parts, aislespace, and support facilities. The cost of the 507,OOO-square
foot facility is about $38 million, or $75 per square foot. 

MDAC requires 40 acres for its CMF. The improved land cost is $0.8 
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 million 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. Although 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 (ft2) 

Heliostat Major Parts ARCO BEC* 

Reflective Assembly 30,000 Mi rroring 134,400** 
120,000 Assembly 

Drive Mechanism 170,000 94,500 

Support Structure 54,800 39,900 

Controls and Field Wiring 22,100 Not Included 

Foundation/Pedestal 24,800 0 

Other 60,000 Painting 12,600 Galv. Bldg. 
Penthouse 

Mfg Floor Space, ft2 482,000** 281,000 

Total Enclosed Space, 
ft2 

620,000 638,000 

*Floorspace in colocated captive facilities not included. 
**Includes aislespace. Otherwise aislespace is excluded. 

***Included in total. 

- • • - • • ~ • .-

MMC* MDAC 
= 

79,000 61,400 

85,000 46,700 

22,000 38,300 

*** 2,200 

*** 6,300 

186,000 155,000 

507,000 260,000 

• .- • 
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Heliostat Major Parts 

Reflective Assembly 

Dri ve Mechani sm 

Support Structure 

Controls and Field Wiring 

Foundation/Pedestal 

Equipment Cost, M$ 

Special and Durable 
Tooling Cost, M$ 

Total Equipment and 
Special and Durable 
Tooling Cost, M$ 

*Estimate not included. 
**Subcontracted • 

• 4 • •• • •• • 

TABLE 16 

CMF CAPITAL COST FOR EQUIPMENT AND TOOLING (M$) 

ARCO BEC MMC MDAC 
-

9.2 15.2 6.9 7.2 

54.3 40.8 19.6 17.6 

6.6 3.3 2.4 9.2 

0.7 * 0.1 4.3 

1.5 ** 0.6 1.5 

72.2 59.4 29.6 39.8 

0.3 8.5 0.8 7.9 

72 .5 67.9 30.3 47.7 



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
est.al. 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 equi pment does not necessa rily imply that more di rect 1 abor 
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. 

Dri ve 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, fOllowed by support structure production. The exception to this 
generalization is MDAC, which spends more time and equipment dollars on its 
support structure than on its mirror modules. The hours per heliostat 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. 

48 

• 

• • 
• 

• • 
• 

• 

• 

• 
• 

• 
• 

• 



• 

~ 

• • • • • 

Heliostat Major Parts 

Reflective Assembly 

Drive Mechanism 

Support Structure 

Controls and Field Wiring 

Foundation/Pedestal 

Total CMF Direct Labor, 
Hours/Heliostat 

*Estimate not included. 

• 4 • •• • 

TABLE 17 

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

ARCO BEC 

3.51 4.53 

17.11 11.06 

2.44 2.60 

2.33 * 

1.00 Purchased 

26.39** 18.19 

MMC 

2.84 

5.61 

1. 73 

Purchased 

0.17 

10.35 

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

•• • 

MDAC 

1.94 

6.22 

2.12 

1.32 

0.54 

12.14 



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--Each 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, janitors, 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 MDAC 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 
operations 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 he1iostats. To decide that 
strategy, the contractors considered using co10cated 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 tosks. 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. 

Co10cated Facilities vs. Outside Supp1iers--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 co10-
cated with MMC's CMF. Both facilities are sized to produce only enough 
materials for 50,000 he1iostats per year. MMC's rationale for using co10-
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 co10cated captive facilities might necessitate 
partial capital funding by the CMF, BEC and MMC concluded that such facili
ties are still cost effective. Costs of co10cated facilities are amortized 
in the costs of castings ($/lb) and glass ($/ft2) for MMC and in the cost of 
cellular glass ($/board ft) for BEC. 

Benefits of co10cated 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 he 1 i ostat manufactu rer is there
fore quite dependent on its co10cated facility as a sole source supplier. 

The co10cation 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 example, 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 full 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 
facil ity. 

Horizontal vs. Vertical Inte ration Bu in vs. Makin Com on
entsl--ARC elects to make most of its heliostat parts in a rather large, 
but lnexpensive, 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 float 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 heliostats 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
factu ri ng. 

On the other extreme is MDAC which buys almost 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 inc i dences 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 gl ass mi rrori ng and support st ructu res than BEC, whi!,:h 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 requi red 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-i ntensi ve 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 requi red to produce the requi red 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 tempora rily or permanently employed by the he 1 i ostat manufacturer. 
While a subcontractor mayor 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 i neffi ci enci es, 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 

53 



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 categories, 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 
recei ved at the factory vary from raw goods to fi ni shed parts. Si nce 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 
equi va 1 ent part in the factory. 

Contractors' sources of supply vary as widely as prlclng scenarios; 
consequently, different prices are charged for similar materials, with each 
price being equally val ida This study wi 11 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 heliostat. 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 di rect materi a 1 s 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, a 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 low-iron float glass at 
a cost of about $5.50/m2

• 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 production. 

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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Heliostat Major Parts 

Reflective Assembly 

Drive Mechanism 

Support Structure 

Total CMF Direct 
Materials Costs, $/m2 

• fI • 

TABLE 18 

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

ARCO BEC 

18.19 31.31 

24.97 24.90 

8.54 11.98 

51. 70 68.19 

•• • •• • 

MMC MDAC 

24.24 20.67 

22.80 17.83 

6.84 10.66 

--
53.88 49.16 
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m 

• 

Reflective Assembly Parts 

Mirror 

Glass 

Silver/Cu/Paint 

Stiffening 

Sealing 

CMF Reflective Assembly 
Direct Materials Costs, 
$/m2 

*Included in total. 

- • • - • 

TABLE 19 

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

ARCO BEC 

5.33 8.79 

(4.69) (4.73) 

(0.64) (4.06) 

11.83 19.84 

0.87 2.68 

18.03 31.31 

MMC 

7.71 

(5.54) 

(2.17) 

15.25 

1.28 

24.24 

• 
, 

• .-

MDAC 

8.12 

* 

* 

9.69 

2.90 

20.71 

• .- • 
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TABLE 20 

CMF DRIVE MECHANISM DIRECT MATERIALS COSTS 
(Contractors' Estimates, $m2) 

Drive Mechanism Parts ARCO BEC MMC 
= 

Castings 10.02 3.61 
($0.48/1b avg) * ($0.31/1 b) 

Steel Parts 1.81 3.84 
($0.45/1b avg) * ($0.57/1b avg) 

Azimuth Drive ** 13.45 ** 

Elevation Drive ** 4.35 ** 

Motors 5.68 3.54 4.39 

Other Electrical, Sensors 0.49 1.26 7.48 

Other Miscellaneous 6.97 2.30 3.48 

CMF Drive Mechanism 24.97 24.90 22.80 
Direct Materials Costs, 
$/m2 

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

• •• • 

MDAC 

* 

* 

4.20 

8.47 

2.14 

2.52 

0.50 

17.83 
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Support Structure Parts 

Torque Tube/ 
Main Beam 

Framework 

CMF Support Structure 
Direct Materials Costs, 
$/m2 

TABLE 21 

CMF SUPPORT STRUCTURE DIRECT MATERIALS COSTS 
(Contractors' Estimates, $/m2) 

ARCO 

4.78 
($0.30/lb) 

3.76 
($0.30/lb) 

8.54 

BEC 

4.87 
($0.32/lb) 

6.20* 
(-$0.33/lb avg) 

11.07 

MMC 

3.35 
(-$0.23/lb avg) 

3.32 
(-$O.20/lb avg) 

6.67 

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

- • • • • • 
, 

• .- • 

MDAC 

1.85 
($0.32/lb) 

8.44 
(-$0.36/lb avg) 

10.29 

.- • 
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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 in cost among the four contractors from 
around $10/m2 (MDAC) to almost $19/m2 (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 relatively 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 
produci ble core material is faced both top and bottom by sheet steel. The 
top steel face sheet backs the mirrored glass. 

Costs for edge-sealing materials for the reflective assemblies are 
small: from less than $1/m2 for ARCO to over $3/m2 for MDAC. Each design 
requires an edge seal between the mirrored glass and the edge of the mirror 
support. ARCO and MMC a 1 so seal a center st ri p between two of the mi rror 
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/lb, while the ARCO castings cost 
an average of $0.48/lb. 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 ($/lb) of the torque tube or main 
beam are quite similar for ARCO, BEC, and MDAC at about $0.30/lb. Direct 
materials used in the MMC torque tube cost an average of about $0.23/lb. 
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/lb. Again, MMC's cost estimate 
was lower at about $0.20/lb. Both ARCO and MMC manufacture their entire 

• 
truss support structures, while BEC and MDAC purchase preformed metal frame- • 
work and perform some assembly ope rat ions. • 

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 
st ructu re components are a few penni es per pound lower than. BEC' s or MDAC' s 
estimates for preformed components. MMC estimates significantly lower costs 
than any of the other contractors for its support structu re: materi a 1 s. • 

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

Table 22. 
Table 23. 
Table 24. 
Table 25. 
Table 26. 
Table 27. 
Table 28. 

CMF DIRECT LABOR 
CMF CAPITAL REPLACEMENT ALLOWANCE 
CMF GROSS PROFIT 
CMF PROPERTY TAXES AND INSURANCE 
CMF CONSUMABLES 
CMF INDIRECT LABOR 
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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Heliostat Major Parts ARCO 

Reflective Assembly 0.44 

Drive Mechanism 2.20 

Support Structure 0.31 

CMF Di rect Labor 2.95 
Costs, $/m2 

• fI • 

TABLE 22 

CMF DIRECT LABOR COSTS 
(Contractors' Estimates, $/m2) 

BEC 

1.52 

2.75 

0.65 

4.92 

•• • •• 

MMC MDAC 

0.51 0.64 

1.00 2.06 

0.31 0.70 

1.82 3.40 

- .. -.- --. --.--.----------------

Base Wage 5.3.9* 7.50 5.90 8.06 

Premiums 
Overtime 0 ** 0.41 0.36 
Shift Differential 0.16* ** 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 
Rate, $/hour 

~ *Includes factor of 1.2 to account for inefficiency. 
**Includes premiums. 
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Heliostat Major Parts 
= 

Reflective Assembly 

Facilities 

Equipment/Tooling 

Drive Mechanism 

Facil ities 

Equipment/Tooling 

Support Structure 

Facilities 

Equipment/Tooling 

CMF Capital 
Rep!acement Costs, 
$/m 

TABLE 23 

CMF CAPITAL REPLACEMENT ALLOWANCE COSTS 
(Contractors' Estimates, $/m2) 

ARCO BEC* 

0.48 ~0.92 

(0.13) (**) 

(0.35) (**) 

2.19 ~2.60 

(0.14) (**) 

(2.05) (**) 

0.31 -0.33 

(0.06) (**) 

(0.25) (**) 

2.98 3.85 

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

- • • - • • 
, • 

MMC MDAC 

0.46 0.41 

(0.23) (0.13) 

(0.23) (0.28) 

0.84 0.94 

(**) (0.10) 

(**) (0.84) 

0.14 0.58 

(**) (0.08) 

(**) (0.50) 
--

1.44 1. 93 

.- • .- • 
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Heliostat Major Parts 

Reflective Assembly 

Dri ve Mechani sm 

Support Structure 

Total Gross Profit 
Cos~s (ROI + taxes). 
$/m 

Return On Investment (ROI) 
After Taxes 

• ~ • 

TABLE 24 

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

ARCO BEC 

1.87 2.99 

7.04 3.17 

1.11 1.06 

10.02 7.22 

20%.*** * 
or > 15%**** 

•• • 

MMC 

1.54 

2.23 

0.44 

4.21 

17.5% 

*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. 

***Value in ARCO report. 
****Pri vate communi cat i on 8/81. 

•• • 

MDAC 

1.53 

1.96 

1.30 

4.79 

** 
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ARCO 

TABLE 25 

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

BEC MMC MDAC 
============================================================ 

0.46 

• - • 

1.45 

(includes 
0.34 insurance) 

• 
, 

0.17 0.48 

• .- • .- • 
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Components of Consumables 

Util ities 

Scrap 

Perishable Tooling 

Supplies 

Sundry 

Total CMF Consumables 
Costs, $/m2 

*Included in material costs. 

• 

ARCO 

1.42 

* 

* 

* 

1.03** 

2.45 

fI • 

TABLE 26 

CMF CONSUMABLES COSTS 
(Contractors' Estimates, $/m2) 

BEC 

0.37 

*** 

*** 

0.11 

*** 

0.48 

**Assumed by SNLL to be part of "Sundry." 
***No specific entry. 

•• • •• • 

MMC MDAC 

0.68 0.65 

0.22 1.54 

1.26 0.34 

0.09 0.75 

*** 0.29 

2.20 3.57 
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Components of Indirect Labor ARCO 
= 

Fixed, Overhead, Salaried 1.12 

Variable, Indirect, Hourly 0.58 

Total CMF Indire~t 1.70 
Labor Costs, $/m 

TABLE 27 

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

BEC* 

** 

** 

0.21 

MMC 

0.30 

1.42 

1. 72 

*Design change administration = 0.08, power utilities and facility maintenance = 0.13. 
**Included in total. 

- • • - • • 
, 

• .- • 

MDAC 

0.90 

0.18 

1.08 

.- • 
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TABLE 28 

CMF GENERAL AND ADMINISTRATIVE (G & A) & ONETIME COSTS 
(Contractors' Estimates, $/m2) 

Cost Components ARCO BEC MMC 

G & A 7.58 2.65 3.27 . 

Onetime Costs (Contractor's Estimate, $/m2) 

Onetime Costs ** 1.06* ** 

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

Plant design, construction fees 
Plant turnover, acceptance 
Process des i gn 
Plant start-up 

**Not specifically called out. 

= 0.17 
= 0.01 
= 0.27 
= 0.60 

• •• • 

MDAC 

2.90 

** 



0'1 co 

• -

Components of Required Revenue 
= 

Direct Materials 

Di rect Labor 

Consumables 

Utilities 
Other 

Indirects 

G & A 

Capital Replacement 

Property Tax + Insurance 

Onetime Costs 
Return-On-Investment and 
Income Tax 

Total CMF Re~uired 
Revenue, $/m 

TABLE 29 

CMF REQUIRED REVENUE* 
(Contractors' Estimates, $/m2) 

ARCO BEC 

51.70 68.19 

3.00 4.92 

1.42 0.37 
1.03 0.11 

1.70 0.21 

7.58 2.65 

2.98 3.85 

0.46 1.45 

** 1.06 
10.02 7.21 

79.89 90.02 

MMC MDAC 

53.88 49.16 

1.82 3.41 

0.63 0.65 
1.56 2.92 

1.72 1.08 

3.27 2.90 

1.44 1.92 

0.17 0.43 

** ** 
4.20 4.79 

68.69 67.26 

*Reflective assembly, drive mechanism, support structure (does not include controls and field wiring or 
foundation/pedestal). 

**Not specifically called 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 located 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 in. 

• maximum total height of 13.5 ft above ground 

• maximum 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 lb for weight of tractor, 
trailer(s), and load 

• maximum single-axle load of 20,000 lb 

• maximum tandem-axle load of 34,000 lb 

A two-axle cab-over-engine tractor (used by ARCO and MDAC, for 
instance) typically might weigh 13,000 lb dry and 14,500 lb with fuel and 
driver. A three-axle conventional style tractor (proposed by BEC) typically 
might weigh 15,000 lb dry and 16,500 lb 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 lb for a 24 ft single-axle semi up to 10,000 lb for a 
45 ft tandem-axle semi. A "doubles" combination, weighing about 11,000 lb 
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 lowboy trailer (pre
ferred by MDAC) might weigh 10,000 lb or more. 
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Such transportat i on schemes would accommodate the following payloads: 

Max Gross Loaded Trailer = Potential 
wt,lb Tractor wt,l b Payload 

wt,l b wt,l b 

• 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 i6,5Oo 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 lb 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 
limited. MDAC may need to obtain oversize permits to ship four reflective 
assemblies per truck from its CMF in Tucson to the 50 MWe 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 loads: 

"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 
loads (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 phil osophy 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 limited or weight limited, and the eventual transportation 
cost. Both ARGO 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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scenarios for transportation by truck/trailer. 
scenario figures, 0.244 trucks are required per 
other hand, requires an average of 0.157 trucks 

According to MMC trucking 
heliostat. ARCO, on the 
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 Z 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 assembles 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 
he 1 i ostat. MDAC proposes to use speci a 110ft wi de trucks to ship the 
reflecti ve assembly hal yes to the sites. If standard 8 ft wide trucks were 
used, the shipping density would be further reduced to 0.723 trucks per 
he 1 i ostat. 

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 MWe 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 lb of freight for a one-way distance of 
roughly 300 miles. These rates are nearly equivalent 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 cargo 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 lb 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 lb) 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. 
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The transportation costs stated by each contractor are as follows: 

• ARCO - $96.00 per heliostat. ARCO proposes to use a private fleet of 
80 tractors ($S4,OOO 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 heliostat figure results from: 

S33 miles round trip x $l.lS/mile x 
0.lS7 truckloads per heliostat 

The $l.lS/mile cost breaks down in the following manner: 

Depreciation 
Fuel (S mpg @ $1.00/gal) 
Tires (18 @ $330 for 60,000 miles) 
Maintenance 
Insurance, taxes, etc. 
Driver ($11.00/hr + 0.30 fringe) 

$ 0.14/mile 
0.20/mile 
0.10/mile 
0.16/mile 
0.19/mile 
0.36/mile 

$l.lS/mile 

This total can be compared to a recent American Transportation 
figure, which indicated an average truck transportation cost of 
$0. 91S/mil e. 

If the $96.00 per heliQstat price is distributed over the major 
heliostat parts, the following results: 

• BEC -

Reflecti ve assembly facets 
Drive mechanism 
Support structure 

$46.00 
17.00 
33.00 

Total $96.00 

$18S.S6 per heliostat. BEC proposes to employ a co,mmercial 
trucki ng fi rm and to use rail shipment for support--structure 
beams. Cost distribution among heliostat parts is as follows: 

Reflective assembly facets 
Crates ($S,700,OOO) = $10.96 per 

heliostat 
Drive mechanism 
Support structure 

Beams by rail ($70.00) 
Torque tubes ($4.70) 
Beam struts, bars, angles ($2.S0) 

Total 

$76.S0 

10.96 
20.90 
77 .20 

$185.56 
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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 lb. 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 

Heliostat Major Parts To Site 

Reflective assembly facets $ 75.61 

Large (71.78) 

Small ( 3.03) 

Drive mechanism 31.27 

Support st ructu re 50.62 

Elevation beam (26.80) 

Bar joist (23.82) 

is as follows: 

Return Crate 

$ 10.18 $ 12.15 

(10.18) (11.55) 

( 0.00) 0.60) 

3.04 1.00 

3.22 4.05 

( 1. 43) 1. 25) 

( 1.79) ( 2.80) 
Total 

Total 

$97.94 

35.31 

57.89 

$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 cost~ 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. 

73 



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 Di rect 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 Cost 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, $/m2 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 limited (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/m2 • 

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 limit has not been reached. 
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Sandia projects that BEC transportation from the CMF to the sites costs 
about $5.39/m2 (BEC estimated about $4.22/m2 ), 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 lb. BEC plans to ship only about 25,000 lbof 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 result would be a shipping cost savings of over $0.50/m2 • 

Compared to the other drive mechanisms, BEC drive mechanisms are very 
lightweight--about 680 lb each. A 250 lb shipping pallet brings the total 
unit weight to 930 lb. BEC ships only eight units, or 7440 lb, on a truck. 
Since the truck/trailers can accommodate at least 50,000 lb, the cost per 
unit shipped is very high. Double stacking the units would reduce the c~st 
by roughly a factor of two, resulting in a cost savings of about $O.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 length and width dimensions of the two 25 ft trailers. However, the 
proposed 60 in. load height is far short of the load height limit of about 
114 in.; the payload weight limit of about 45,500 lb (allowable gross weight 
through PA, IN, IL, and MO is 73,000) is approached by a 37,500 lb load of Z 
beams and pallets. Adding one more stack to each trailer would make the 
height about 72 in. and the weight about 45,000 lb. This savings would 
amount to about $0.20/m2 • 

Torque tubes (two required per heliostat) are also volume limited in 
the BEC estimate. BEC ships 120 torque tubes, weighing 14,400 lb, 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/m2 • 

The potential cost savings resulting from increased packing densities 
could amount to $1.70/m2 or more. The comparable transportation cost for 
BEC would then be $5.40/m 2 minus $1.70/m2 , or $3.70/m2 • 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/m2 

are only somewhat higher than the ARCO costs. MMC investigated both truck
ing and rail shipment and concluded that rail shipment was less expensive, 
at $3.45/m2 • However, the rail shipment rate used by MMC of $2.68/100 lb 
does not appear to be cost competitive when compared to a truck shipment 
rate of roughly $1.30/100 lb (corresponding to $650 per truckload with a 
payload weight of about 50,000 lb 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 saving~ 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 lb. The payload on a single 40 ft truck with 
tandem axles could be as high as 53,500 lb assuming 16,500 lb for the 
tractor, another 10,000 lb for the trailer, and a gross combination weight 
of 80,000 lb. This higher limit 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 lb. The packing 
would still be weight limited. Potential cost savings wo~ld 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 Sandia's com
parative format, the MDAC transportation costs are about $6.35/m2 (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/m2 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 limited 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 lowboy design; since the assembly is 132 
in. high without the shipping crate, no more than 30 in. can be allowed 
between the load 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. long, 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 
labor 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)J. 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, 
Installation, and Checkout 

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

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

No. of Heliostats 
Required per 50 MWe Field 

ARCO 
BEC 
MMC 
MDAC 

5974 
6914 
5147 
5412 

No. of Possible Fields 
Completed Per Year* 

8.37 
7.23 
9.71 
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 heliostats 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 lead 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). 
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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 amor
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. 

All 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. 
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Components of Cost 
-, 

Di rect Materials 

Di rect Labor 
Assembly 
Transportation. Installation. 

& Checkout 

Burden 

fI • 

TABLE 31 

SITE-RELATED COST SUMMARY* 
(Contractors' Estimates. $/m2) 

ARCO BEC 

0.41 0.39 

6.25 2.77 
2.46 1.25 

5.85 4.31 

Total Site-Related Costs. $/m2 14.97 8.72 

•• 

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

• •• • 

MMC MDAC 

0.09 0.00 

1.53 0.00 
1.31 1.07 

4.22 2.91 

7.15 3.98 



Direct Labor - Assembly 

ARCO, BEC, and MMC incur direct labor charges for on-site assembly. 
(MDAC does not use site assembly activity in its scenario.) 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 r1MC 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. 

tors 
then 

ARCO and MMC plan to assemble major parts at the 
assemble the support structure and drive units. 
attached, and finally the facets are canted. 

site. Both contrac
The mirror modules are 

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: 

ARCO 
BEC 
MMC 
MDAC 

Man-Hours 
(#/Heliostat) 

16.5 
10.67 
7.2 

- No 

Labor Rate 
($/hr) 

20.00 
11.44 
12.23 

Total Direct Labor 
Cost ($/Heliostat) 

330.00 
122.03 
88.06 

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 

All 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 labor 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 
effi ci ency. 

BEC spends an average of 57 mi nutes per hel i ostat in transport i ng 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. Although 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 installation 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: 

ARCO 
BEC 
MMC 
MDAC 

Burden 

Total Fi rst-Year 
Man-Hours 

(#/Heliostat) 

6.5 
3.9 
4.8 
4.0 

Fi el d 
Labor Rate 

( $/hr) 

20.00 
14.11 
15.68 
15.12 

T ota 1 Di rect 
Labor Costs 

($/Heliostat) 

130.00 
55.03 
75.26 
60.48 

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 (amortized); 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 

• Assembly and installa
t ion equ i pment 

• Site transportation 
equipment 

• Maintenance equipment 

• Initial Spares 

• Utilities/consumables 

• Relocation expenses 

• I ndi rect 1 abor 

Could be partially or completely paid for by 
site owner. 

Amortized if removed to next site; 
capitalized if left at site; 
rental expense. 

Could be part of assembly or installation 
equipment. 

Heliostat washing equipment or other capital 
item that lasts a significant part of the 
plant lifetime; could be used for installation 
and then 1 eft at site for ma i ntenance use. 

Norma lly about two months of spa re pa rts 
initially provided to prevent shortages; 
restocking of spare parts would be charged to 
o & M 

Electricity, gas, and water for the assembly 
building as well as fuel for various 
vehicles. 

Equipment relocation expenses, start-up, and 
teardown; can be itemized separately or 
included in amortization costs. 

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 subcontracts 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 ft2 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/ft2 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 ft2 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 ft 2 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 building 
($35.09/ft 2) 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 ARCO, 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 t'eference, the Barstow Pilot Plant site assembly building 
used by MMC was a 25,600 ft2 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 addition, the building cost rate of about $35/ft2 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 ft2 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, $/m2) 

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 

Rental Equipment 

* 0.03 0.69 ** 

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 

Relocation Expense 

Indirect labor 

Other 

Total Site 
Burden Cost, 
$/m2 

* 0.01 0.14 ** 

* 0.12 Inc. ** 

1.45* 2.68 0.56 0.35 

1.16* 1.14** 

5.85 4.31 4.22 2.91 

*Part of overhead charge of $2.61/m2 (30% of direct labor). 
**Part of overhead charge of $1.14/m2 (70% of direct labor); Social 

Security, FUI, SUI, Workman's ComRensation, 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 lb capacity fork lift ($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 lift to stabilize 
the heliostat reflector during removal and replacement of the elevation jack 

88 

• 

• 

• • 
• 

• 

• 
• 

• 

• 
• 

• 



• 

• 

• • 

• 

• 

• 
• 
• 

• 
• 

• 

($8,900), and other tools, slings, etc. ($29,000), for a total of about 
$195,200. The charges per heliostat would be $36.07. 

Costs charged by the contractors for capitalized equipment on site (in 
$/m2) 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 is 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 lifts, 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 includes all of these charges in the site overhead charge. 

Costs charged by the contractors for amortized site equipment and tool
ing in $/m2 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 Eguipment--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 
for 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 failu~ rates and pipeline 
quantities. 

The cost charged by the contractors for initial spares in $/m2 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 heliostat. 
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MDAC includes 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 $/m2• 

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/m2. 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 
controls 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 in this section should be viewed as preliminary and possibly 
incomplete. 

The heliostat power system includes cabling from the power plant to a 
field transformer, 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 controller (HFC), a heliostat controller (HC), and in some cases 
a data distribution center (DOC). 

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 little 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 $/m2) 

Controls and Field 
Wi ri ng Parts 

Power Systems 

Data Distribution 

HAC 

HFC 

HC 

BCS 

Transport 

Total Controls and 
Field Wiring Cost, 
$/heliostat 

Total Controls and 
Field Wiring Cost, $/m2 

*Included with Power Systems. 
**Included with HC. 

• - • • 

ARCO BEC MMC 

200.00 0 235.00 

* 0 63.26 

167.39 0 77.71 

** 0 8.39 

328.27 0 448.84 

25.11 0 38.86 

0 0 0 

719.77 0 871.06 

13.63 a 15.18 

, 
• .-

MDAC 
= 

281.43 

61.97 

23.78 

2.77 

203.04 

9.32 

0.50 

582.81 

10.24 

• .- • 



• 

• 

• • 

• 

.. 
• 

• 

• 
• 

• 
• 

• 

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 MWe 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. 

Terminators, 4 each 

Connectors, 4 each 

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

Direct Labor, 0.535 man-hours 

Overhead 

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

Direct Labor, 0.353 man-hours 

Overhead 

Total MDAC Data Distribution 
System Costs, $/heliostat 

$ 3.29/heliostat 

32.88 

25.80 

8.09 

5.66 

5.35 

3.74 

$84.81 

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 Parts 

Computers 

HAC COST ($/site) 

MMC 

Mod Comp Classic (2) 
$118,000 

Shadow Memory 
$27,000 

512 kbyte (2) 
$50,400 

Interfaces, Switches, Cables 
$59,868 

MDAC 

DEC LSI II (2) 
$19,480 

Data Acqui sit ion 
$4450 

Console Racks (2) 
$1203 

Storage 10 Mbyte Disc w/Controller Floppy Disc 
$23,850 $9080 

Pri nter 

Terminal 

Display 

WWV Clock 

Software 

10 Mbyte Disc 
$13,950 

Magnetic Tape Unit 
$10,170 

High Speed Line Printer 
$7830 

150cps Pri nter 
$3726 

ISC-8001G Color CRT 
$4500 

TJ-820 KSR (2) 
$4500 

Graphics Terminal (2) 
$46,800 

$1800 

$26,860 

HAC Hardware, Software 
Design, Installation, Check
Out Labor* 

Total Installed HAC, $400,000 
$/site 

Total, $/heliostat $ 77.71 

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

150cps 
Printer (4) 

$4930 

ISC-80001G 
$5893 

$1864 

$1022 

$80,768 

$128,690 

$ 23.78 
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MMC's HAC account does not separately list 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 involved 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 (DOC). The HFC 
controls up to 32 HCs while the DOC, 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 MM~ heliostat design incorporates an HFC that costs $8.39 per heli
ostat. 

The MDAC HFC costs $1.53 per heliostat and consists of an optical 
transceiver, relay, photo transistor, LED, and ceramic capacitor. The DOC 
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. 

98 

• 

• 

• • 
• 

• 

• 
• 

• 

• 
• 

• 



• • • • • • 

HC and HFC Parts 

Package 

Power supply 

Rectifiers 

Fiber-optic Transmitter/Receiver 

Connectors 

Labor, inc. overhead 

Computer 

Integrated Circuits 

Relays 

Diodes, resistors, capacitors 

C rysta 1, socket relay 

PCB, interfaces, etc. 

Total Controller Parts Costs, 
.0 $/heliostat 
.0 

• fI • 
TABLE 34 

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

HC 
MMC MDAC 

4.00 0.62 

70.00 51.11 

45.00 

70.00 41.66 

4.04 

36.69 27.00 

50.67 

101.60 

100.00 

16.07 2.02 

5.48 

25.92 

448.84 203.04 

•• • •• • 

HFC 
MMC MDAC 

,-

0.19 0.00 

0.37 

4.38 1.64 

0.99 0.10 

0.36 

2.39 

0.11 

0.31 0.06 

0.14 

0.13 

8.39 2.77 



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/m2 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/m2 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 
he 1 i ostat. Use of a DDC by MDAC may account for these cost di fferences. 

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
lary equipment required, e.g., lightning protection. 

HAC costs per field appear to be extremely conservative 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 
DOC. 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 DOC. 

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--l000 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 Installation 

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 subcontractors, 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 GAl Consultants, Inc., 
should assist designers to optimize future foundation designs. 

Direct Materials Cost 

The fi rst cost area is the cost of di rect materi a 1 s. ARCO fabri cates a 
thin-walled (0.125 in.) steel cyl inder. 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 lb piles per truck and $650 
per 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 lb of rebar, and 7 lb of 
electrical conduit. MMC direct materials cost totals $303.84. The MDAC 
direct materials cost consists of a 436 lb steel pedestal made in the CMF 
(total price $195.80) ana the cost of site-installed materials, including a 
rebar cage attached to a tapered pipe and concrete. The 296 lb rebar cage 
and 86 lb tapered pipe cost about $213 including fabrication, and the con
crete costs about $123. Total MDAC direct materials cost is $531.80. 

*"Laterally Loaded Drilled 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 
BEC 
MMC 
MDAC 

$342 
$488 
$304 
$532 

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

"Steel", $/lb 
Rebar, $/lb 
Concrete, $/cu yd 

Transportation Cost 

ARCO 

0.30 

MMC 

0.23 
0.22 

45.00 

MDAC 

0.32-0.42 
0.30 

53.20 

Barstow 

0.22 
55.00 

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 
BEC 
MMC 
MDAC 

$25 
$130 
$3 
$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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S1 te Labor Cost 

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

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 1 eve 11 i ng shi ms 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); assembl ing 
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). All 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-hour 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 3D 
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 less 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 
allows 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 to 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 
app ly: 

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 

(foundat ion 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 ARCO 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 deflec
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 lb of steel) but also the high cost rate 
($/lb) for the steel. The MMC cost rates for steel are quite low; 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 del ivered con
crete may be optimistic even for April 1980 dollars, but it may be 

107 



TABLE 35 

FOUNDATION/PEDESTAL COST SUMMARY 
(Contractors' Estimates, $/m2 ) 

Component of Cost ARCO BEC MMC MDAC 

Direct Material $/m2 6.50 11.10 5.30 9.40 

Transportation $/m2 0.50 3.00 ** 0.80 

Direct Labor $/m2 1.30 1.40 3.90 3.90 

Indirect Costs $/m2 3.10 5.80 2.30 2.80 

Total Foundation/ 11.40 21.30 11. 50* 16.90 
Pedestal Costs, $/m2 

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

Barstow 
(foundation only) 

8.60 

** 

5.00 

3.50 

17.10 

possible. If so, the MDAC direct materials cost for concrete may be 
conservative. At the September 1981 review, MMC estimated that $1.04/m2 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/m2 • 
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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 life of a 
50 MWe 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 cost 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 labor, to heliostat field operations, and to the power consumed 
by the heliostat field when the field is not producing usable power. In 
this study, the heliostat 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 
fa il u re rates for the vari ous he 1 i ostat parts, are shown for each cont rac
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 - All except HAC $12.50/heliostat 
- HAC (service contract) 4.86 

Total $17.36/heliostat 
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MDAC - Reflective assembly 
- Drive mechanism 

Azimuth 
Elevation 
Motors 
Position/limit indicators 
Power supply/distribution 

- Control s 

Total 

$ 0.47/heliostat 

0.11 
0.18 
1.01 
0.71 
0.11 
0.84 

$ 3.44/heliostat 

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

ARCO - Reflective assembly 
- Drive mechanism 

Gears, bearing seals 
Motors 
Limit switches 
Cables, connectors 

- Control s 

Total 

$ 0.24/hel iostat 

0.03 
0.02 
0.08 
0.10 
3.15 

$ 3.62/heliostat 

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

BEC 

MMC 

Total 

Total @ $15.08/hour 

$17.90/heliostat 

$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 
- Drive mechanism 

Azimuth 
Elevation 
Motors 
Position/limit indicators 
Power supply/distribution 

- Control s 
- Pedestal 

Total @ $18.00/hour 

Miscellaneous Repair Maintenance 

$ 1.29/heliostat 

10.16 
2.59 
4.23 
0.37 
0.55 
0.96 
0.55 

$20.70/heliostat 

The miscellaneous repair maintenance account includes repainting part 
surfaces, changing oil, 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 All of the BEC cost estimates are included in other accounts. 

MMC - All 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 total $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:* 

where 

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

*See Reference 8. 
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j = 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 = di scount rate for cost of money, assumed at 0.11 

If the above variables are used, the ratio 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 levelized annual cost (LAC) to provide for periodic equipment or 
tooling replacement can be estimated by: 

LACo&m = PVo&m(CRF) 

where LACo&m = levelized annual cost of 0 & M 

CRF = capital recovery factor based on discount rate (k) and 
plant lifetime (n) 

k = 
1 - 1 

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

10% = 0.106 
11% = 0.115 
12% = 0.124 
13% = 0.133 
14% = 0.143 
15% = 0.152 

16% = 0.162 
17% = 0.172 
18% = 0.181 
19% = 0.191 
20% = 0.201 

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

LACo&m = PV (0.760 + 0.578)(0.115) 
= PV (0.154) 

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 ARGO, is estimated at $8.26 per heliostat. 
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MMC projects a 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 

~ All 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. 

• 

.. 
• 

• 
~ 
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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 requi red • 

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 
total 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 $15.08jhr 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 $18.05jhr. 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 $18.94jhr, 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 $14.08jhr, 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 
$18.05jhr, 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 regardless 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 $47.1B 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 
foll ows: 

MOTORS 

HC 

0.39 kW x 15 min = 0.10 kWhr/day (morning start-up) 

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 

WIND 
MONITORS 

2.5E-5 kW x 1.5 hr = 3.7E-5 kWhr/day (morning start-up) 
2.5E-5 kW x 11.5 hr = 2.BE-4 kWhr/day (nighttime) 

5.BE-5 kW x 13 hr = 7.5E-4 kWhr/day (nonoperational) 

Total nonoperational power consumed per heliostat totals 0.15 kWhr/day, or 
54.8 kWhr for 365 days. Cost ofthi s power at $0.05/kWhr is $2.74 per hel i
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 

D. 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 = O.OOB 
HAC 2.5E-4 kW x 11 hr = 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, roughly 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. 
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TABLE 36 

OPERATIONS AND MAINTENANCE COSTS 
(Contractors' Estimates, $/m2) 

Components of Cost 

Replacement Components 

Materials 

Labor 

Repair 

Equipment Replacement* 

Mirror Washing 

Materials 

Labor 

Field Operation 

Field Power* 

Tot~l 0 & M Costs, 
$/m 

ARCO 

0.11 

0.14 

0.17 

0.15 

0.18 

0.06 

0.37* 

0.45 

1.63 

BEC 

0.32 

0.41 

inc. 

0.19 

0.02 

1.42 

0.26 

0.06 

2.68 

MMC 

0.30 

0.38 

inc. 

0.16 

0.05 

0.05 

0.30 

0.04 

1.28 

*SNLL-estimated values. See text for explanation. 

MDAC 

0.06 

0.36 

0.19 

0.19 

0.21 

0.20 

0.00 

0.11 

1.32 
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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. 

All of the 0 & M costs are strictly estimates since heliostat fields 
for a 50 MWe 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 3D-year plant life, 
then the levelized annual cost would be about 2.32 times the initial year 
cost. Different economic assumptions can give the 0 & M cost portion more 
or less leverage than illustrated by this example. 

Most of the 0 & 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 0 & 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 hel iostat 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 mayor may not be real, but if 
approRriate 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 su rface of the mi rrors, use thi nner gl ass, 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 oil. 

Other potential ways of reducing costs include using control systems 
which consume less parasitic power; using a longer life 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 implement-ed, 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 $O.50/ft2 fo~ silvering was high and that 
mirroring should cost only about $O.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 helio
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 lower 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 .fost Analysis ..Iool (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 i.nput data (i.e., direct 
materials and consumables, direct labor hours, and capital investment 
requi rements for 1 and, facil ity areas, and equi pment and tool i ng) 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 avai lable. 

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 
va 1 ues had to be revi sed. (These default values were suggested by studyi ng 
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 
mayor may not be representative of a users' normal business practices. 

Some wide variations 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 long 
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 hel i ostat. If the labor hours requi red to 
accomplish specific operations are actually those stated by the contractor, 
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Parameter 

Improved land Cost ($/acre) 
Factory Cost ($/ft2) 
Property Tax/Insurance (%) 

Factory labor Rate ($/hr) 
Site labor Rate ($/hr) 

Scrap Allowance (%) 
Pu rchased Materi a 1 
Raw Materi al 

Indirect Fractions (X) 
Capital Cost--Maintenance 
Capital Cost--Other 
Direct Materials Cost 
Direct labor Cost 

Factory 
Site 

G & A, Fraction of Sales (X) 

Transport Rate ($/Truckload) 

Facility life (yr) 
Tax life (yr) 

Equipment life (yr) 
Tax life (yr) 

Tooling life (yr) 
Tax life (yr) 

Depreciation Method 

Equity Fraction 
Return (X) 

Bond Fraction 
Return (X) 

Start-up Fraction 

Inflation (X) 

TABLE 37 

HElCAT PARAMETERS USED TO FIT CONTRACTORS' COSTS 

ARCO 

12,000 
29.12 
1.8 

6.90 
20.00 

0.0 
0.0 

2.0 
0.0 
0.4 

16.7 
30.0 

10.0 

613.40 

20 
10* 

10 
5* 

5 
3* 

Sl 

0.8 
25.0 

0.2 
18.0 

0.0 

10.0* 

BEC 

32,000 
50.00 
4.8 

10.50 
11.44 

1.0* 
3.0* 

2.0 
0.6 
0.4 

27.0* 
30.0* 

2.9 

395.00 

45 
20* 

10 
10* 

5 
5* 

SOYD 

0.8 
9.5 

0.2 
5.0 

0.30 

10.0* 

MMC 

20,000 
75.00 
1.3 

10.25 
15.68 

0.7 
1.0 

2.8 
0.0 
0.6 

35.0 
30.0 

5.3 

719.20 

33 
10 

15 
5 

5 
3 

SOYU 

0.8 
20 

0.2 
15.0 

0.0 

10.0* 

MDAC 

20,000 
138.00 

2.1 

18.88 
15.12 

3.0 
3.0 

2.0 
0.5 
0.3 

22.0 
70.0 

4.4 

725.00 

40 
20* 

10 
10* 

5 
5* 

Sl 

1.0 
15.0* 

0.0 
N/A 

0.0 

9.4 

HElCAT 
DEFAULT 

20,000 
50.00 
4.0 

9.45 
15.00 

1.0 
3.0 

2.0 
0.6 
0.35 

27.0 
30.0 

9.0 

650.00 

30 
25 

10 
8 

5 
3 

0.8 
16.6 

0.2 
10.2 

0.1 

6.0 

Note: Contractors' parameters were used where stated in report. Parameters were fitted to contractor 
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 hi gh. 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. 

Indi rect costs based on di rect 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 value~ The lower 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/m2 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 all contractors except 
BEC. A more appropriate rate could add about $2.50/m2 to the BEC installed 
he 1 i ostat pri ce • 

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/m2• 

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 hi ghest 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 retu rn is desc ri bed as 15 percent at the end of ten yea rs. The 
dollar amount of return is not shown in the MDAC report, so an average 
return of 15 percent is used • 

125 



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 
suff; ci ent funds in the capi tal rep 1 acement account to cover any sta rt-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 
similar 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 lowest 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 scenarios, 
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/m2 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 low 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/m2 , 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, $/m2) 

Heliostat Major Parts ARCO BEC 

Reflective Assembly - Factory* 22.23 36.66 
& Transportation 

Drive Mechanism - Factory* 34.46 33.60 
& Transportation 

Support Structure - Factory* 10.93 13.57 
& Transportation 

Other** Reflective Assembly, Drive 11. 53 9.41 
Mechanism, & Support Structure -
Factory 

Reflective Assembly, Drive Mechanism, 14.57 10.69 
& Support Structure - Site 

Subtotal Reflective Assembly, 93.72 103.93 
Dri ve Mechani sm, & Support Structure 
Price, $/m2 

Controls and Field Wiring 13.51 17.621 

Foundation/Pedestal 11.45 23.74 

Installed Heliostat Price, $/m2 118.68 145.29 

*Includes direct materials, direct labor, replacement allowance, and gross profit • 
**Includes indirect costs, consumables, property tax and insurance, G & A, other. 

1Assumed by SNLL. 

• •• • 

MMC MDAC 

29.00 32.56 

27.54 23.97 

8.99 13.38 

7.91 6.24 

6.85 3.85 

80.29 80.00 

14.33 12.47 

10.53 14.75 

105.15 107.22 



..... 
N 
00 

• 

Location of Incurred Cost 
= 

Central Manufacturing Facility* 

To-Site Transportation* 

Site* 

Subtotal Reflective Assembly. 
Drive Mechanism, & Support 
Structure Price, $/~ 

.Controls & Field Wiring 

Foundation/Pedestal 

Installed Heliostat Price, $/m2 

TABLE 39 

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

ARCO BEC 

77 .26 90.24 

1.90 3.00 

14.57 10.69 

93.73 103.93 

13.51 17 .621 

11.45 23.74 

118.69 145.29 

*Includes reflective assembly, drive mechanism, and support structure. 
1Assumed by SNLL. 

- • • - • • ~ • .-

MMC MDAC 

70.05 68.70 

3.38 7.43 

6.85 3.85 

80.28 79.98 

14.33 12.47 

10.53 14.75 

105.15 107.20 

• •• • 
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TABLE 40 

COSTS BY COMPONENTS OF REQUIRED REVENUE FROM HELCAT ANALYSIS 
(Contractors' Estimates, $/m2) 

Required Revenue Components ARCO BEC MMC 

Direct Materials 51.49 69.27 54.03 

Di rect Labor 11.73 8.25 4.41 

Consumables 1.26 0.38 2.02 

Indi rects 4.99 3.77 2.40 

G & A 6.57 2.36 3.21 

Capital Replacement 1.96 3.05 0.71 

Profit (Gross) 9.26 4.31 6.05 

Property Tax & Insurance 0.42 1.41 0.16 

Other 4.15 8.13 3.90 

To-Site Transportation 1.90 3.DO 3.38 --
Subtotal Reflective Assembly, 93.73 103.93 80.27 
Drive Mechanism, & S~pport 
Structure Price, $/m 

Controls and Field Wiring 13.51 17.62* 14.33 

Foundation/Pedestal 11.45 23.74 10.53 

Installed Heliostat Price, 118.69 145.29 105.15 
$/m2 

*Assumed by SNLL. 

•• • 

MDAC 

51.87 

4.84 

1.34 

2.60 

2.64 

1.44 

5.74 

0.41 

1.67 

7.43 

79.98 

12.47 

14.75 

107.20 



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 required 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 t~ its investors. BEC splits its 
profit partly into a direct input (-$2.75/m ) ~nd partly into a calculated 
return ($4.31/m2), 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 for land and factory financing during the assumed three
year construction period, and subcontracts at the site. MDAC may be low, or 
ARCO, MMC, and MDAC may all be low with their start-up costs. 

One other cost hidden in 
added to various categories. 
installed heliostat price. A 
other contractors. 

the BEC cost breakdown is the contingency 
This accounts for over $5/m2 of the total 
specific contingency is not included by the 

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 MWe 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 C~1F 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-MWe 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 MWe solar plants would probably serve communities near the CMF 
that have sufficient energy demands to consume the 50 MWe output. After 
50 MWe plants were constructed near the demand centers, plants would 
likely 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 MWe 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 MWe 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 AI. 

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 400 MILES OF CMF 

CMF Location 
(Number of Potential 
Sites) 

Albuquerque 
(10) 

Phoenix 
(23) 

Tucson 
(11 ) 

Number of Cities 
of 20,000 or More 
People Within 400 Miles 
of CMF 

*Phoenix CMF 
**Albuquerque CMF 

• • -

AZ CA 

-
49 0 

50 322 

50 58 

11 102* 

• • 

CO NV NM OK TX UT 

54 0 19 1 38 0 

0 8 15 0 14 0 

0 8 16 0 14 0 

18** 3* 9 1** 10** 0 

, 
• .-

Total Potential 
Sites Within 400 

Miles 

-
163 

409 

146 

• .- • 
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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 subu rbs from the 400-mil e radi us 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 MWe 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 AI. 

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 insolation would re
quire more heliostats per field to generate 50 MWe 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 Facil ity to Site Transportation." 

Land Use 

The coast of California from Los Angeles southward is highly devel
oped. Besides having lower insolation than inland areas, coastal 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-thi rds 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 
MWe 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 MWe 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 MWe plants. Arizona contains 11 cities each with at least 20,000 
people, which could consume the output of fifty 50 MWe plants. Thus 
Arizona could consume over half of the heliostat output of the CMF. In New 
Mexico, which has about nine cities of 20,000 people or more, the output of 
about nineteen 50 MWe 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 MWe 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 MWe plants. At this time, there are no cities of 
20,000 or more in Utah within a 400-mile radius of Albuquerque, Phoenix, or 
Tucson. 
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HElCAT 

A HELIOSTAT COST ANALYSIS TOOL 

VERSION 1.0 

EDITICN OATE AUGUST 13. 1981 

REVISION SEPTEHBER 22. 1981. 

ARCQ SECOND GENERATION HELIOSTAT 

DESIG~ (CONTRACTORS' INPUTS) 

• tt • .- • .- • 



• • • • • 4 • •• • • • •• • 
H E LeA T OPTIOIIS AND MODEL PA~A"ETERS 

MODEL OPTIOto:S 
STRAIGHT LINE CEP~ECIATIO~ 
HITH NO LEA~NING CURVE COST REOUCTION 

PARAHETER HATRIX 
FACTORY SITE TRANSPORTATIO~ 

1 DURATION OF COST PROJECTIOto: - YEARS 10.000 10.000 10.000 
2 BASE RATE DIRECT LABOR ceST - $/HOUR 6.'900 20.000 15.C~0 
3 BASE RATE PROO FACILITY COST - $/SQFT 29.120 0.000 0.000 
4 LAND COST FOR PROD FACILIT' - $/ACRE 12000.000 O.GOO O.nUD 
5 INFLATION RATE .HO .100 .060 
& RETURN TO BOND HOLCERS .180 .102 .102 
7 RETURN TO EQUITV HOLDERS .250 .166 .166 
8 COMBINED I~COHE TAX RATE • ~ DC • SeD .seD 
9 INVESTMENT TAX C.EOIT .1 C C .100 .100 

10 EQUITY FRACTION .800 .800 .800 
11 P~OPERTY TAX AND I~SURANCE FRACTlO); .018 • 0 ~o • Dtt.O 
12 PURCHASED HATERIAL SCRAP F.ACTION Q.OOO .010 .010 
13 MAINTENANCE FRACTICN .n2C .0"0 .0L.n. 
14 GENERAL AND ADMI~ISTRATIVE FRACTION .107 0.000 0.000 
15 HORKING CAPITAL FRACTION .170 0.000 0.000 
16 RAW MATERIAL SCRAP FRACTIO. ~.OOO .030 .C30 
17 TOOLI~G LIFETIME (ACCCUt\THG' - YEARS 5.000 5. nco 5.con 
18 EQut FHENT LIrHI ~E /ACCOUNT! NG, -YEARS 10.000 10.000 10.000 
19 FACILITY LIFETIME (ACCOUNTING' - YEARS 20. DOD 30.000 30.000 
20 FACIUTYCONSTRUCT ION PERICD - YEARS 3.00C 0.000 0.000 
21 FACILITY PLANT ENGINEERING FRACTtO~ O.llaC o.oca o. a a 0 
22 FACILITY STARTUP C~ANTITY 20000.000 0.000 0.000 
23 COST REDUCTICN COEFFICIENT - START UP .920 0.000 o. noD 
24 TOOLING LIFETIME (TAXI - YEARS 3.000 3.000 3.000 
25 EQUIFMENT LIFETI~E (TAX' - YEARS s.aco 8.000 8.0CO 
26 FACILITY LIFETIME (TAX' - YEARS 10.000 25.000 25.000 
27 BASE RATE TRANS COST - S/LE .035 .035 .035 
28 INDIRECT FRACTIO~ - LAECR .167 .300 .JOO 
29 INOI.ECT FRACTIO~ - HATE RIAL .02" c.ooo t.Qoa 
30 INDIRECT FRACTIOt\ - TOOL~G.EQUIP~T.FAC.Y o.oeo 0.000 0.000 

SPECIAL COST MATRICES 
CATEGORY FACILITY LABOR TRANSPORT 

NUMBER $/sa fT $/t< " (UNITS VARY' 
1 "0. q.oo 613."00 $/TRKLOAO 
2 60. 12.CD 130.000 S/TRKLOAO 
3 80. 18.00 0.000 .. 100. 21.00 o.COO 
<; 12U. 2~.OO c.on 
6 1"0. 3D. DO o.oon 

I-' 7 O. 0.00 0.000 w 
\£) 8 O. 0.00 c.coo 

9 O. O. ijO 0.000 
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ARCO 2ND GENERATIOf; HELIOSlAT 

~~10 FACTORY ceSTS 

KEY TO ENTRY TYPES 

H=RAII HATERIALS P=PURCHASE[ HATERIALS 
T=TOOLIN~ 

L=DIRECT LAeOR HOURS 
E=EQUIPMENT 
Q=QUANTITY 

S=SUPPLIES AND CONseHABlES 
B=eUILDI~G OR FACILITY SIZE 
X=TRANSPORTATION RECUIREMENTS 

A=lANO FOR PRODUCTION FACILITY 
Y=SITE-RETAHEO CAPITAL Z=SUBCONTRACTS ANO FLOW-THROUGH EXPENSES 

ITEM QUANTITY UNITS 

ENTRY TYPE=P .... 10 FLOAT GLASS,.O'l" 576 SOFT 
SOURCE- ARCO .. FT X 6 FT FACETS,UNTRHHED 

ENTRY TYPE:P "~10 SILVER,COPPER.PAINT 57G SQFT 
SOURCE-ARCC.l.4 .. 0Z AG AT 15/0Z.1.2GAL FAINT AT lD.OO/GAL .... a 01 CU =ZERO 

ENTRY TYPE=L .... 10 MIRRCRING OF FLOAT GLASS .1 .... 0E+01 HRS I HELl (STAT 
SO~~CE-ARCO AT ..... 9/HR=6 ... a 

ENTRY T 'PE=H .... 10 HIRRCR BACKING GALVA~~ALED STEEL 
SOlRCE-ARCC PIN 0116 •• 028 , 522 LB •• 211LB 

ENTRY TYPE=L .... 10 MIRRCR BACKING FABRICATION .2000E-01 HRS I HELl CSTAT 
SOURCE-ARCO AT ..... 'l/HR=.10 

ENTRY TYPE=P .... 10 SILICONE 
SO~'RCE-ARCO. 9.5 ULB, 10.5 LB 

ENTRY TYPE=L .... 10 SPREADING SILICO~E ON GLASS .10COE-Ol HRS / HELI CSTAT 
SO~RCE-ARCO, AT ..... 9/HR=.30 

ENTRY TYPE::" .. "10 sueSTRATE HEB.0.022 INCH 
SOlRCE-ARCO 302. lB,O.35/LB.PREPAINTED 

ENTRY TYPE=" 4 .. 10 SUBSTRATE STIFFENER,a.e78 INCH 
SOURCE-ARCO 17.LB.o.33/Le.PREPAINTED 

ENTRY TYPE=H .... 10 SUBSTRATE BACKSHEET PREPAINTED 
SOLRCE-ARCO, 522. LB,O.3~/LB 

ENTRY TYPE:H .... 10 SUBSTRATE RECTANGULAR TUBE 
SOURCE-ARCO. 180. LB.0.33/LB,PREPAINTEO 

ENTRY TYPE:H .... 10 EHD CHANNEL 
SOURCE-A~CO.PREPAIHTED 

ENTRY TYPE=P 4 .. 10 SUBSTRATE ASSEHBlY 
SOURCE-ARCC.RIVETS.FlOATIHG NUTS. ADHESIVE 

- - tt .-• • • • • 

UNIT 
COST 

... 3 

.06 

• 

TOTAL 
COST 

2"7.68 I HELIOSTAT 

33.60 I HELIOSTAT 

1"1.00 I HELIOSTAT 

'39.12 I HELIOSTAT 

105.8 .. I HELIOSTAT 

5.52 I HELIOS1AT 

182.16 I HELlOS1AT 

59.-'0 I HElIOS1AT 

10.08 I HELIOSTAT 

19.68 / HELIOSlAT 

.- • 



• 

..... 

.j::, ..... 
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ENTRY TYPE=L ~410 SU!lSTRATE ASSEI1BLY LA!lOR 
SOlRCE-A~CO,3.36 AT 4.49/HR 

ENTRY TYPE=11 4410 EOGE HOLOING.0.022 I~~H 
SOURCE-A~CO,25. LB. n.3S/LB 
END.SIDE.ceRNER+ CENTER TRIN 

ENTRY TYPE=L 4410 EDGE MOLeING FABRICATION 
SOURCE-ARCO.l.3l AT 4.Io9/HR 

4 

ENTRY TYPE=P 4410 
SOlRCE-ARCO-

EDGE HOLDING FOAH,ADHESIVE,SEALANT 

ENTRY TYPE=P 101010 MIRR(R HODULE ASSEHBLY 
SOURCE-ARCO,ST~D(361.FLAT WASHER + JAKE NUT(361. 
SPHERICAL NUT-WASHER(121 

ENTRY TYPE=L 4410 MIRROR NODULE ASSEHBLY LABOR 
SOURCE-ARCO.4.ll AT 4.49/HR 

ENTRY TYPE=A 4410 REFLECTIVE ASSEHBLY lA~U 
SOURCE-BLDG AREA FRAC--.355 X GO 

ENTRY TYPE=9 4410 REFLECTIVE ASSEHELY FACILITIES 
SOURCE-BLDG AREA FRAC--.355 X 680~ .24140E6SQFT 

ENTRY TYPE=E 
SOlRCE-

ENTRY TYPE=T 
SOURCE 

10410 

10410 

REFLECTIVE ASSEHBLY EQUIPMENT 

REFLECTIVE ASSEHBLY TOOLING 

ENTRY TYPE=S 10410 SUPPLIES UTILITIES 
SOURCE-BLDG AREA FRAC--O.36 X 75.00 

ENTRY TYPE=Q 41010 REFLECTIvE ASSEHBLY CUANTITY/YEAR 

TOTAL FURCHASED HATERIALS= 447.12 $/HELIO!TAT 
TOTAL RAW HATERIALS= 513.24 $/HELIOSTAT 

• 

.7500E+00 

.2'300£+00 

.9400E+00 

.2130E+C2 

.241IoE+06 

.5000E.o5 

TOTAL (eASE RATE COST CATEGORY I DIRECT LABOR= 3.5100 HRS/HELIOSTAT 
TOTAL CONSUHABLES= 27.CD S/HELIOSTAT 
LAND REQUIRED= 21.3000 ACRES 
PRODUCTION FACILITY (BASE ~ATE COST CATEGORY) SIlE= 241~OO. sa FT 
TOTAL EQUIPHE~T COSTz 91610DO. $ 
TOTAL TOCLING COST: O. S 
QUANTITY: 50000. / YEAR 

TOTAL DIRECT LABOR COST= 2~.ll S/HELIOSTAT 
TOTAL P~OOUCTION fACILITy COST 7029568. $ 

•• • •• • 

MRS I HEll OSTAT 

8.6/0 / HELlOSTAT 

HRS I HElICSTAT 

37.4/0 I HEllOS TAT 

9.00 I HELIOSTAT 

HRS I HELIOSTAT 

ACRE 

SOFT 

91E1.000. 

O. 

21.00 I HELlOSl AT 
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A~CO 2ND GENE~ATIOt HELIOSTAT 

4420 FACTO~Y COSTS 

KEY TO ENTRY TYPES 

M=RAW MATERIALS P=PURCHASEO MATERIALS 
T=TOOLING S=SUPFLIES ANC CONSlMABLES 

B=BUILOING OR FACILITY SIZE 
~=TPANSPORTATION REGUIREMENTS 

A=LANO FOR PRODUCTION FACILITY 
V=SITE-RETAINEC CAPITAL 

ITEH QUANT ITY 

ENTRY TYPE=" 4420 AZIMCTH HOUSING 
SOURCE-ARCO,297. LB, O.4J/LB 

ENTRY TYPE=L 4420 AZIMUTH HOUSING FABRICATION ."500E+00 
SOURCE-ARCO,2.01 AT 4.49/HR 

ENTRY TYPE=M ~420 .ZIMUTH GEAR 
SOURCE-ARCO,176. LB, O.SO/LB 

ENTRY TYPE=L 4420 AZIHCTH GEAR FAB~ICATICN .8200E+'0 
SOt~CE-ARCO,3.67 AT ~.~9/HR 

ENTRY TYPE=!! ~4Z0 ELEVATION HOUSING 
SOURCE-ARCO,229. L8,Q.49/LB 

ENTRY T YPE=L 4420 ELEVATION HOUSING FAERICATIO~ .4500E+ 00 
SOURCE-ARCO,2.03 AT 4.49/HR 

ENTRY TYPE:M 4420 ELEVHION GE~R 
SOLRCE-ARCO,217. LB,O.53/L8 

ENTRY TYPE=L 4420 ELEVATION GEAR FABRICATION .8700E+ GO 
SOURCE-ARCO,3.8g AT 4.49/HR 

ENTRY TYPE=M 4420 GEAR COVER 
SOlRCE-ARCO.48. LB, a.SO/LO 

ENTRY TYPE=L 4420 GEAR COVER fABRICATION .250 OE+ 00 
SOURCE-A~CO,1.14 AT ~.49/HR 

ENTRY TYPE=" 4420 BEARING RING 
SOURCE-ARCO,45. LB,Q.SO/LS 

ENTRY TYPE=L 4420 EEARING RING FAeRICATIDN .370 DE> CO 
SOURCE-ARCO,1.E8 AT 4.49/HR 

ENTRY TYPE=" 4420 PLANET CASTINGS 
SDURCE-A~CO,88. lB.O.46/LB 

ENTRY TYPEzL 4420 PLANET CASTINGS FABRICATION .2820E+ C1 
SOURCE-ARCO,lZ.66 AT ~.49/HR 

ENTRY TYPE~H 4420 WORM GEARS-BAR STEEL 
SOURCE-ARCO.16~.E LB,0.4E/LB 

• • • • • • tt 

L=OIRECT LABOR HOURS 
E=EOUIFI'EN7 
g=QUANTITY 
Z=5UeCOMTRACTS AND FLOW-THROUGH E~PENSES 

UNITS UNIT TOTAL 
COST COST 

128.84 I HELIOSTAT 

HRS I HELl CSTAT 

87."2 I HELIOSTAT 

HRS f HELIOSTAT 

111.07 I HELICSlAT 

HRS I HELICSTAT 

114.80 I HELIOSTAT 

HRS I HELICSTAT 

Z".OO I HELIOSTAT 

HRS I HElICSTAT 

22.5C I HELIOSTAT 

HRS I HEL ICSTAT 

40.32 I HELIOSTAT 

HRS I HElICSTAT 

7 s. 3~ I HELIOSlAT 

• •• • .- • 
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ENTRY TYPEs" 4~ZO Gf~RS-BAR STEEL 

SO~RCf-ARCO,4e.6LB,0.42/LB 

ENTRY TYPE=L 4420 NORM GEAR FABRICATIO~ 
SOURCE-ARCO,10.3E AT ~.4q/HR 

ENTRY TYPE=L 4420 GEAR~ FABRICATION 
SOCRCE-A~CO,17.72 AT 4.49/HR 

ENTRY TYPE=H 4420 
SO~RCE-ARCO, 

ENTRY TYPE=L 4420 

DRIVE ASSEMBlY,PAINT 

DRIVE ASSEMBLY,PAINT LABOR 
SO~RCE-A'CO,16.14 AT 4.49/HR 

ENTRY HPE=P 4420 STEPPER MOTORS 
SOURCE-ARCO 

ENTRY TYPE=P 4420 OIL 
SOURCE-ARCO 

ENTRY TYPE=" 4420 "OTO,-DRIVE ASSE"B~Y 
SOUlCE-ARCO 

ENTRY T YP E-L 44Z0 "OTO~-DRIVE ASSEMBLY LABOR 
SOURCE-ARCO,2.25 AT 4.49/HR 

ENTRY TYPE=M 4420 
SOURCE-ARCO 

ENTRY TYPE=P 4~20 
SOURCE-ARCO 

OTHn PARTS 

OTHER PURCHASED PARTS 

ENTRY TYPE=L 4420 OTHER PARTS FABRICATION 
SOURCE-A'CO.J.27 AT 4.4Q/HR 

ENTRY TYPE=A 4420 DRIVE ASSEMBLY LAND 
SO~CE-BLDG AREA FRAC--.403 X 60 

ENTRY TYPE=B 4420 DRIVE ASSEflBLY FACILITIES 
SOURCE-BLDG AREA FRAC--.4C3 X 6aOK 

ENTRY TYPE=E 
SOURCE-

ENTliiY TYPE=T 
SOlRCE-

4420 

4420 

DRIVE ASSEMBLY EQUIPMENT 

DRIVE ASSEMBLY TOOLI~G 

ENTRY TYPE=S 442Q SUPPLIES UTILITIES 
SOURCE-BLDG AREA fRAC--O.40 X 75.00 

" 

ENTRY TYPE=Q 4420 DRIVE ASSE"BLY QUANTITY/YEAR 
SOURCE-

TOTAL PURCHASED MATERIALS= 595.57 t/HELIOSTAT 
TOTAL RAN MATERIALS= 711.86 S/HELIOSTAT 

4 
.231OE' 01 

.3950E.Ol 

.3600E.01 

Z 

5 

.5000E>(0 

.7200EHo 

.2420E.02 

.274DE> 06 

.5000£+05 

TOTAL IBASE RATE COST CATEGORY) DIRECT LABOR. 17.1100 HRS/HELIOSTAT 
TOTAL CONSU"A8LES= 30.00 t/HELIOSTAT 
LAND REQUIRED= 24.2000 ACRES 
PRODUCTION FACILITY IBASE FATE COST CATEGO~YI SIZE= 274040. SQ FT 
TOTAL E~UIPHENT COST= 54262000. $ 
TOTAL TOeLING COST= O. $ 
QUANTITY= 50000. I YEAR 

TOTAL DIRECT LABOR COST- 118.06 '/HELIOSTAT 
Tnr~1 PQ"nl!~TlnN FftC1LTTY COST 7Qa0045.' 

• •• • •• • 
~U.~~ , ML~.V~I~' 

HRS / HElICSTAT 

HRS / HElICSTAT 

1.50 / HELIOSlAT 

HRS I HELI CST AT 

EACH 150.00 300.00 / HELIOSlAT 

GAL 0.00 45.50 / HELlOSTAT 

8O.0C I HELlOSTAT 

HRS I HElICSTAT 

5.64 / HELIOSlAT 

250.07 I HELIOSTAT 

HRS I HELICSTAT 

ACRE 

SQFT 

5426Z0DO. 

O. 

3e.oo I HELIOSlAT 

IYR 
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4430 FACTORY ceSTS 

KEY TO ENTRY TYPES 

H=R AN HATER IALS P=PU~CHASE( MATERIALS 
T=TOOlING S=SUPPLIES AND CONSUHABlES 

e=eUILDING (1'1 FACILITY SIZE 
X=TRANSPORTATION FECUIREHENTS 

A=LAND FOR PROCUCTIOl< FACIlITY 
V=SITE-RETAINED CAPITAL 

ITEM 

ENTRY TYPE=P 4430 HC/HFC MICROPROCESSOR 
SOURC£-A~CO 

ENTRY TYPE=P 4430 HC/HFC TRANSLATO~S 
SOURCE-ARCD 

ENTRY TYPE=P 4430 HC/HFC POWER SUPPLY 
SOtRC£-ARCO 

ENTRY TYPEs" 4430 HC/HFC RACK ASSEMBLY 
SOL~CE-A~CO.30 LB.0.30/Le 

ENTRY TYPE'L 4430 HC/HFC RACK ASSY FABFICATION 
SOURCE-A~CO.2.99 AT 4.49/HR 

ENTRY TYPE.P 4430 
SOURCE-ARCO 

HC/HFC ASSY.-PAINT 

ENTRY TYPE=L 4430 HC/HFC ASSY.-PAINT'LABOR 
SOURCE-ARCO.7.48 AT 4.49/HR 

ENTRY TYPE=A 4430 CONT~OLS LAND 
SOLRCE-BLDG AREA FRAC--.052 X 60 

ENTRY TYPE=B 4430 CONT~OLS FACILITIES 
SOURCE-BLDG AREA FRAC--.C52 X 680K 

ENTRY TYPE=E 

ENTRY TYPE=S 

ENTRY TYPE=Q 

4430 

~~30 

4~30 

CONTFOLS EQUIP"ENT 

SUPPLIES-UTILITIES 

CONT~OLS QUANTITY/YEAR 

TOTAL PURCHASED MATERIALS. 224.48 I/HELIOSTAT 
TOTAL RAM MATERIALS= 9.00 S/HELIOSTAT 
TOTAL lEASE RATE ceST CATEGORY) DIRECT LABeR: 2.3300 
TOTAL CONSUMA8LES= 3.75 I/HELIOSTAT 
LAND REQUIRED' 3.1000 ACRES 
PRODUCTION FACILITY IBASE RATE COST CATEGORY) SI1£= 
TOTAL EQUIPMENT eeST= 68eooo. S 
TOTAL TOOLING COST. D. S 
QUANTITY= 50000. I YEAR 

TOTAL DIRECT LABeR COST= 16.08 S/HELIOSTAT 
TOTAL PRODUCTION FACILITY COST 102ge83. S 

• • - • • 

QUANTIH 

.6700E+00 

.16EOE+Ol 

.3100E.Ot 

.3536E+05 

.5000E+05 

HRS/HELIOSTAT 

35360. SQ FT 

, 

L=DI~ECT LABCR HOURS 
E=EQUIPHENT 
QsQU'NTITY 
z·sueCONTRACTS AND FLOW-THROUGH EXPENSES 

UNITS UNIT TOTAL 
COST COST 

30.00 / HELIOSTAT 

150.00 / HELIOSTAT 

"2.00 / HElIOSTAT 

9.00 / HELIOSTAT 

HRS I HELI (STAT 

2.48 / HELIOSTAT 

HRS I HELl CSTAT 

ACRE 

SOFT 

680000. 

3.75 I HElIOSTAT 

IYR 

• .- • .- • 



• • • • • AReo 2ND GENERATlON HElIOSTAT 

~~~O FACTORY COSTS 

KEY TO ENTRY TYPES 

M=R AM MATERIALS 
S=SUPPLIES AND CONSUMABLES 
e=BUIlDING OR FACILITY SIZE 
X.TRANSPORTATION REQUIREMENTS 

• • 

P=PURCHASE[ "ATERIAlS 
T=TCOlING 

4 

A'LA~D FOR PRoeLCTION FACILITY 
Y=SITE-RETAINEO CAPITAL 

• 

L=OIRECT LABOR HOURS 
E=EOCI F~ENT 
Q=QUANTITV 

•• • 

I=SUBCONTRACTS AND FLOW-THROUGH EXPENSES 

ITE" QUANT ITY UNtlS UNIT 
COST 

TOTAL 
COST 

ENTRY TYPE-" ~~~o FOCNCATION/PEOESTAL FIPE,.125 MAll 
SOURCE-ARCO.22 FT lENGTH.2 FT OIA 
THIS DESIGN HAS NOT TESTEO.&85 lB.0.30/LB 
BECHTEL DESIGN .25 WALL TESTED 

ENTRY TYPE=L 4~40 FO~NC/PEO PIPE FAB~ICATICN 
SOURCE-ARCO.l.ao AT 4.~9/HR 

ENTRY TYPE=H 4440 FCLHe/PEe FLANGES 
SOURCE-ARCO, 91. L8.0.40/L8 

ENTRY TYPE=l 4 .... 0 FOUND/PED FLANGES FAERICATICK 
SOURCE-ARCO. O.H AT ..... ~/HR 

ENTRV TVPE=L .. 440 FOLNC/PEt ASSE"BLY LABOR 
SOURCE-ARCO, 1.2' AT 4.49/HR 

ENTRY T YPE=P .. 4 .. 0 FOCNC/PEe PRIME-PAINT 
SOURCE-ARCO. 0.6 GAL 

ENTRY TYPE.L 4440 FOUNt/PED PRIME-PAINT lABOR 
SOURCE-ARCO. 1.20 AT 4.49/HR 

ENTRY TYPE:A 44 .. 0 Foum/PED LAND 
SOURCE-BLDG AREA FRAC--.C58 X 60 

ENTRY TYPE'S .. 440 FOUNtATION/PEDESTAL FACILITIES 
SOURCE-BLDG AREA FRAC--.058 X 680K 

ENTRY TYPE=E 44~0 FOUNe/PEO EQUIP"ENT 

ENTRY TYPEsT 4440 FOUNe/PED TOOLING 

ENTIH TYPE=S 4 .... 0 SUPPLIES UTILITIES 
SOURCE-BLDG AREA FRAC--O.O& X 75.00 

ENTRY TYPE=Q .. 440 FOI:NtlPEC QUANTI TYIYEA R 

TOTAL PURCHASED MAlERIALS- 18.00 SlHELIO!TAT 
TOTAL RAw HATERI'LS= 2~1.90 S/HELIOSTAT 

...... TOTAL lEASE RATE ceST CATEGORY' DIRECT LASCh 1.0eoo HltS/HELIOSTAT 

.". TOTAL CONSCHABlES= 4.~: S/HELIOSTAT 
'" lAND REOUIRED= 3.5000 ACRES 

PRODUCTION FACILITY IBASE ~ATE COST CATEGO~Y' SIZE= 
TOTAL EQUIPHE~T COST= 14&4~OG. $ 
TOTAL TCOlING COST= C. $ 
QUANTITY= 50000. / YEAR 

TOTAL DIRECT lABCR COST= 6.90 S/HELIOSTAT 
TOTAL PRODUCTION FACILITY COST 11 .. 8493. $ 

3'3440. SO FT 

205.50 / HELtOSTAT 

.40COHOO HRS / HELl CSTAT 

H."O / HELIOSTAT 

.& 00 OE- 01 HRS / HEll CSTAT 

.2700E>60 HRS I HEll (STAT 

18.00 , HELlOSlAT 

.270of+00 HRS I HELICSTAT 

.350 DE. 01 ACRE 

.39 .... £+05 seFT 

14E4000. 

O. 

4.50 / HELIOSTAT 

.5000HQ5 

•• • 
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ARCO 2ND GENERATIO. HElIOS1AT 

4450 FACTORY COSTS 

KEY TO ENTRY TYPES 

M=R~W MATERIALS P=PU.CHASEI MATERIALS 
T=TOOl!NG S=SUPFlIES ANC CONSUHABlES 

B=8UIlDI~G tR FACILITY SIZE 
X=TRANSPORTATION REQUIREMENTS 

A=LAND FOR PROOUCTION FACILITY 
'=SITE-RETAINED CAPITAL 

ITEH 

ENTRY TYPE=H 4450 suppeRT STRUCTURE TORGL~ TU6E 
SOURCE-ARCO.G20. lB.0.30/LB 

ENTRY TYPE=L 4450 TORQUE TUBE FABRICATICN 
SOURCE-A~CO.2.40 AT 4.49/HR 

ENTRY TYPE:H 4450 SUPPORT BRACKET 
SOURCE-A~CO. 68. LB, O.3D/LB 

ENTRY TYPE=L ~~50 SUFPCRT BRACKET FABRICATION 
SOURCE-ARCO.O.1E AT 4.49/HR 

ENTRY TYPE=H 4456 FLANGE 
SOURCE-ARCO. 84. LB , D.~a/Le 

ENTRY TYPE=L 4450 fLANGE FABRICATION 
SOIRCE-ARCO.D.16 AT 4.49/HR 

ENTRY TYPE=P 4450 
SOURCE -ARCO 

TORQ~E TUBE ASSY-PAI~T 

ENTRY TVPE=l ~450 TO~Q~E TUBE ASSY-PAI~T lABOR 
SOURCf-ARCO.Z.40 AT 4.49/HR 

ENTRY TYPE=" 4450 TOP CHORD 
SO~RCE-ARCC,178. LB,O.JO/LB 

ENTRY TYPE=l 4450 TOP CHORD FAeRICATIO. 
SOURCE-ARCO. 0.32 AT 4.4g/HR 

ENTRY TYPE=H 4450 80TTOM CHORD 
SOURCE-ARCO, ~48.4 LB. 0.30/lB 

ENTRY TYPE=L 4450 eOTlCH CHORD FAB~lCATtCN 
SOURCE-ARCO.O.32 AT 4.49/HR 

ENTRY T'PE=H 4450 WEB 
SOURCE-ARCO.128. LB.0.30/LB 

ENTRY TYPE=L 4450 WE8 fABRICATION 
SOL~CE-A~CO. 1.~8 AT 4.4~/HR 

ENTRY TYPE=P ~450 
SOURCE-ARCO 

• • 

ASSHBLY-PAINT 

- • • 

QUANTITY 

.5400E·00 

.3000E-01 

.3000E-01 

.5400E+ DO 

.7000E-01 

.71100E-01 

.3300E+ 00 

, 

L=OIRECT lAEOR HOURS 
E=EQUI FHENT 
G=QUANTITY 
z=SUeOONTRACTS AND FLOW-THROUGH EXPENSES 

UNITS UNIT TOTAL 
COST COST 

166.12 I HElIOS1AT 

HRS I HElICSTAT 

ZO.40 I HEl IOSTAT 

HRS I HEll (STAT 

33.60 I HElIOS1AT 

HRS I HHI CSTAT 

12.00 I HELIOSTAT 

HRS I HEL reST AT 

53.40 I HEllOS TAT 

HRS I HELl CSTAT 

44.52 I HELIOSTAT 

HRS I HEll CSTA T 

38.40 I HEl lOST AT 

HRS I HELICSTAT 

18 .00 I HELIOSTAT 

• .- • .- • 
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ENTRY T'PE=L ~~SD 

SOUCE-ARCO 

ENTRY TYPE=H ""50 

• • .S~E~9LY·PAINT LABOR 

TRUSS CROSS BRACE 
SOURCE-ARCC,89.6 LB.D.3D/LB 

• 

ENTRY TYPE=L " .. 50 TRUSS CROSS BRACE fAERICATIC~ 
SOURCE-ARCO. 0.30 AT ... .,9/HR 

ENTRY TYPE=P "450 TRUSS CROSS BRACE PAIN' 
SOlRCE-ARCO 

ENTRY TYPE=L ~~50 TRUSS CROSS BRACE PAINT LABOR 
SOURCE-ARCO.0.~8 AT ~.49/HR 

ENTRY TYPE=" 4450 TRUSS LONER BRACE 
SOURCE-ARCO,42.8 LB,e.30/lB 

ENTRY TYPE=L 4"50 TRUSS LOWER BRACE fAERICATION 
SOURCE-ARCO.O.14 AT 4."9JHR 

ENTRY TYPE=P ""50 
SOURCE·ARCO. 

TRUSS lOWER BRACE PAINT 

ENTRY TYPEel 4450 TRUSS lONER BRACE PAINT LABOR 
SOURCE-ARCO.G.30 AT ... lt9/HR 

ENTRY TYPE=P 4450 
SOlRCE-ARCO 

RIVETS 

ENTRY TYPE=A 4450 SUPPORT STRUCTURE lAND 
SOlRCE-BLOG AREA fRAC--O.132X 60 

ENTRY TYPE=B 4450 SUPPORT STRUCTURE FACILITIES 
SOLRCE-OLDG AREA FRAC--D.132X 68CK 

ENTRY TYPE=E 4450 
SOlRCE-ARCC 

ENTRY TYPE=T 4450 
SOCRCE-ARCO 

SUFPORT STRUCTURE EQUIPNENT 

SUFPCRT STRUCTURE TOOLING 

ENTRY TYPE=S ~"50 SUPPLIES UTILITIES 
SOURCE-OLOC AREA fRAC--0.13 X 15.00 

ENTRY TYPE=Q 4450 SUPPORT STRUCTURE QU~NTITY/YEAR 

TOTAL PURCHASED MATERIAlS= 34.68 $/HElIO~TAT 
TOTAL RAW MATERIALS= 'lE.1& t/HELIOSTAT 
TOTAL IBASE RATE CCST CATEGORY' DIRECT LABeR: 2.~_00 
TOTAL CONS~MABlES= 9.75 t/HELIOSTAT 
LA~O REQUIREO= 1.9000 ACRES 
PRODUCTION FACILITY IBASE ~ATE COST CATEGORVI SIZE= 
TOTAL EQUIPMENT COSTs 6f~0000. $ 
TOTAL TOOLING COST= 301600. $ 
QUANTITY= 50000. I YEAR 

TOTAL OIRECT LABOR COST= 16.84 t/HELIOSTAT 
TOTAL PRODUCTION FACILITY COST 2613e11. $ 

4 • •• • •• • 
.5"00E+00 HRS I HELICSTAT 

26.88 I HELIDSlAT 

.6GDOE-Gl HRS I HELl (STAT 

2.40 I HELIOSlAT 

.1300E+ 00 HRS I HELI (SlAT 

12.8 .. I HEllOSTAT 

.3000E-Ol HR S I HELI CST AT 

1.20 I HELIOSTAT 

.1000E-11 HRS I HElICSTAT 

1.08 I HELIOSTAT 

.7900E+01 ACRE 

.897&E+05 SOFT 

E6 .. 0000. 

301 fDB. 

9.15 I HELIOSTAT 

.5000E+ 05 

HRS/HEllOSTAT 

897&0. sa FT 
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ARCO ZND GENE RATIO. HE~IOSTAT 

4410 TRANSPO~TATION COSTS 

KEY TO ENTRY TYPES 

M=R _M HATERIALS P=PURCHASED MATERIALS 
T=TOOLING 

L=DIRECT LABOR HOURS 
E=EQUIFHENT 
Q=QU~NTITY 

S=SUPPLIES AND CONSL"ABLES 
B=BUILDING OR FACILITY SIZE 
X=TRANSPORTAT ION REIOUIREHENTS 

A=LAND FOR PROt~CTION FACILITY 
Y=SITE-RETAINEO CAPITAL z=SUeCON1RACTS AND FLOM-THROUGH EXPENSES 

ITEI1 

ENTRY TYPE=S 4410 MIRRCR "ODULE CUSTOM RACKS 
SOURCE-IN TRAN~PORT COST 

ENTRY TYPE=X 4410 I1IRRCR 110CULES TRANSFORT TO SITE 
SPECIAL TRANSPORTATION COST CATEGORY 1 
SO~RCE-ARCO.4E.0( TOTAL 

ENTRY TYPE=Q 41010 

TOTAL PURC~ASEO HATERIALS= 0.00 $/HELIO~TAT 
TOTAL RAW HATERIALS= O.OC S/HELIOSTAT 

QUANT ITV UNITS 

.7500E-01 TRUCKLOACS 

.5 971tE. Cft ISTE 

TOTAL IBASE RATE COST CATEGORY' DIRECT LAeCR= 0.0000 HRS/HELIOSTAT 
TOTAL CONSUI1AelES= D.GD S/HELICSTAT 
WEIGHTED EQUIP"ENT COST= O. $ TaES YEARS ~SEO / SITE 
QUANTITY= 591ft. I SITE 

SPECIAL TRANSPCRTATION CCST CATEGORY 1 = .015 TRUCKLOADS 
INPUT INOT COHPUTED' TRANSPORTATION COST 46.01 S 

• • - • • ~ • .-

UNIT 
COST 

• 

TOTAL 
COST 

0.00 I HELIOSTAT 

.- • 
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ARCO 2ND GENERATION HELIOSTAT 

4420 TRANSPORTATION COSTS 

KEY TO ENTRY TYPES 

M=RAIC MATERIALS 

• 4 

P=PURCHASEO MATERIALS 
T=TOOLING 

• •• • 

L=DIRECT LABOR HOURS 
E=E{lUI'''ENT 
Q=QUANTITY 

•• 

S=SUPPLIES AND CONSUMABLES 
B=BUILDING OR FACILITY SIZE 
X=TRANSPCRTATION RECUIREHENTS 

A=LAND FOR PROOLCTION FACILITY 
Y=SITE-RETAINED CAPITAL Z-SUBCONTRACTS AND FLOW-THROUGH EXPENSES 

ITEM 

ENTRY TYPE=S 4420 DRIVE ASSEMBLY CUSTOM fACK 
SOURCE-IN TRANspeRT COST 

ENTRY TYPE=X 4420 DRIVE ASSEMBLY TRANSPORT TO SITE 
SPECIAL TRANSPORTATION COST CATEGORY 1 

SOURCE-ARCO,i7.00 TOTAL 

ENTRY TYPE=Q .... 20 

TOTAL FURCHASED MATERIALS= 0.00 t/HELIOSTAT 
TOTAL RAil MATERIALS= G.CO t/HELIOSTAT 

QUANTITY UNITS 

.3"5 DE- 81 TRUCKLOADS 

.5'17 .. Eo 0.. ISTE 

TOTAL lEASE RATE ceST CA1E~ORYI DIRECT LABOR= 0.0000 MRS/HELlOSTAT 
TOTAL CONSUHAELES= 0.00 t/HELICSTAT 
WEIGHTED EQUIPMENT COST= O. $ TI~ES YEARS USED I SITE 
QUANTITY= 5974. I SITE 

SPECIAL TRANSPCRTATIDN DCST CATEGORY 1 = .035 TRUCKLOADS 
INPUT (NOT COMPUTEe) TRANSPORTATIO~ COST 21.16 • 

UNIT 
COST 

TOTAL 
COST 

D.OO I HELIOSTAT 

• 
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ARCO 2ND GENERATIO. HELIOSTAT 

~~30 TRANSPO"TATION COSTS 

KEY TO ENTRY TYPES 

M=RAII MATERIALS P=PURCHASEO HATEPIALS 
T=TOCLING 

L=OIRECT LABOR HOURS 
E=EOUIPMENT 
C=OUANTITY 

S=SUPPLIES AND CONSUMABLES 
B=BUILDING OR FACILITV SIZE 
X=TRANSPORTATION REQUIREHENTS 

A=LAND FOR PQODUCTION FACILITV 
Y=SITE-RETAINED CAPITAL Z=SUBCONTRACTS AND FLOW-THROUGH EXPENSES 

ITEM QUANTITY UNITS 

ENTRY TYPE=Q 4430 .S'l7ltE+GIt ISTE 

TOTAL PURCHA~ED HATERIALS= 0.00 $/HELIOSTAT 
TOTAL RAW MATERIAL~= 0.00 t/HELIOSTAT 
TOTAL IBASE RATE ceST CATEGORY) DIRECT LABeR: o.ooeo HRS/HELIOSTAl 
TOTAL CONSUMABlES= 0.00 $/HElIOSTAT 
WEIGHTED EQUIPMENT COST: O. $ lUES YEARS l)SEO I StTE 
QUANTITY: 5'171t. I SITE 

• • • • tt • •• 

UNIT 
COST 

• 

TOTAL 
COST 

.- • 
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ARCO 2ND GENERATIO~ HELIOSTAT 

4440 TRANSPORTATION COSTS 

KEY TO ENTRY TYPES 

H=RAII MATERIALS 

• 4 

P=PURCHASED MATERIALS 
T=TOOLING 

• •• • 

L=DIR~CT LABOR HOURS 
E=EOUIFHENT 
Q=QUANTITY 

• • 

S=SUPPLIES AND CONSUHABLES 
B=6UILDING CR FACILITY SIZE 
X=TRANSPORTATION ~E'UIREMENTS 

A=LAND FOR PRODUCTION FACILITY 
Y=SITE-RETAINEO CAPITAL Z:SUBCONTRACTS AND FLOII-THROUGH EXPENSES 

ITEM 

ENTRY TYPE=S 4440 FOUND/PED CUSTOM RAC~ 
SOURCE-IN TRANspeRT COST 

ENTRY TYPE=X 4440 FOUNC/PED TRANSPORT TO SITE 
SPECIAL TRANSPORTATION COST CATEGORY 1 
SO~RCE-ARCO.Z3.DD TOTAL 

ENTRY TYPE=Q 4440 

TOTAL P~RCHA~ED MATERIALS= 0.00 $/HELICSTAT 
TOTAL RAW MATERIALS= 0.00 S/HELIeSTAT 

CUA "'1 !TV UNITS 

.3850E-01 TRUCKLOADS 

.5974E.04 /STE 

TOTAL (BASE RATE ceST CATEGORY) DIRECT LABeR= G.OOOC HRS/HELIOSTAT 
TOTAL CONSUMABLES= 0.00 $/HELIOSTAT 
WEIGHTED EQUIPMENT COST= O. $ TI~ES YEARS USED I SITE 
QUANTITY= 5974. / SITE 

SPECIAL TRANSPORTATION ceST CATEGORY 1 s .839 TRUCKLOADS 
INPUT (NOT COMPUTED) TRANSPORTATIOK COST 23.62 $ 

UNIT 
COST 

TOTAL 
COST 

0.00 I HELIOSTAT 

• 
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ARCO 2ND GENERATIOl' HELIDSTAT 

4450 TRANSPO~TATION COSTS 

KEY TO ENT~Y TYPES 

H=RAII MATERIALS P=PU~CHASE[ NATERIALS 
T=TOOLING 

L=DIRECT LABOR HOURS 
E=EOUI FMENT 
C=QUANTITY 

S=SUPFLIES ANC CONS~MABLES 
B=8UILOING OR FACILITY SIZE 
X=TRANSPCRTATICN RECUIREHENTS 

A=LANO FOR PRODUCTION FACILITY 
Y=SITE-RETAINEO CAPITAL Z=~UBCONTRACTS AND FLO II-THROUGH EXPENSES 

ITEM 

ENTRY TYPE=S 4450 SUPPORT STRUCTURE CUSTOM R.CK 
SOURCE-IN TRANSPORT COST 

ENTRY TYPE=X 4~50 suppeRT STRUCTURE XPC~T TO SITE 
SPEOIAl TRANSPORTATION COST CATEGORY 1 

SOlRCE-ARCO.33.00 TOTAL 

ENTRY nPE=Q ~450 

TOTAL PURC~ASED MATERIALS: 0.00 $/HElIO~AT 
TOTAL RAW MATERIAlS= c.ao S/HElIOSTAT 

QUANTITY UNITS 

.5380E-01 TRUCKLOADS 

.5974E. D4 /STE 

TOTAL (eASE RATE COST CATE~ORY' OIRECT lABOR= 0.0000 HRS/HElIOSTAT 
TOTAL CONSUNA8lES= G.OG S/HElIOSTAT 
WEIGHTED EQUIPME~T COST. C. S TIMES YEARS USED / SITE 
QUANTITY: 5974. / SITE 

SPECIAL TRANSPORTATION ceST CATEGORY l' .054 TRUCKLOADS 
INPUT (NOT COMPUTEt. TRANSPORTATIO. COST 33.00 S 

• - • tt • • • .-

UNIT 
COST 

• 

TOTAL 
COST 

0.00 / HElIOSTAT 

•• • 
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ARCO 211D GEIIERATIO. HELICSTAT 

4430 SITE COSTS 

KEY TO ENTRY TYPES 

M=IUW MATERIALS 
S=SUPPLIES AND CONSUMABLES 
B=eUILOING CR FACILITY SIZE 
X=TRANSPORTAT 1011 REQUIREMENTS 

• fI 

P=PURCHASEO MATERIALS 
1'=TOOLING 
A=LA~D FOR PRODLCTION FACILITY 
Y=SITE-RETAIt.ED CAPITAL· 

• •• • 

L=DIRECT LA80R HOURS 
E=EQUIF~ENT 
Q=QUANTITY 

•• 

1=SU8COIITRACTS AND FLOW-THROUGH EXPENSES 

IT Ell QUANTITY UNITS UNIT 
COST 

TOTAL 
COST 

ENTRY TYPE=Z 4430 HElICSTAT AR~AY CONTRCLLERCHAC) 167.39 I HELlOS TAT 
SO~RCE-ARCO USED lE6 FOR FIELD 

ENTRY TYPE=Z 4430 SIGNAL DIST/POWER CABLE INC IIiSTL 200.00 I HELIOSTAT 
SOURCE-ARCO, 115 VOLTS t 6 WIRE DATA 8US 

ENTRY TYPE=Z ~430 BEAM CHARACTERIZATIOt SYSTEI1(BCS) 25.11 / HELIOS1AT 
SOURCE- NONE IDENTIFIEO BY ARCO.HAL USED 150000/FIELO 

ENTRY TYPE=Q 4430 CONTROLS QUANTITYI .5971tEtC4 ISTE 

TOTAL PURCHASEO MATERIALS- 0.00 S/HElIOSTAT 
TOTAL RAW MATERIAlS= C.OO S/HELIOSTAT 
TOTAL (eASE RATE COST CATEGORY) DIRECT LA8eR= 0.0000 HRS/HELIOSTAT 
TOTAL CCNSUHA8LES= 0.00 $/HELICSTAT 
WEIGHTED EQUIPMENT COST= n. $ TI~ES YEARS USED / SITE 
QUANTITY= 5974. I SITE 
TOTAL sueCONTRACTS AND FLO~-THROUGH EXPENSES= 3~2.5C $/HELIOSTAT 

• 
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AReo 2ND GENERATIO. HElIOSTAT 

4 .. 4D SITE COSTS 

KEY TO ENTRY TYPES 

H=RAW MATERIALS 
S=SUPPLIES AND CONSUMA'3t.ES 
B=8UII.DING CR FA'CllITY SIZE 
X=TI<AtlSPORTATION RECUIREMENIS 

P=PURCHASED ICATERIAlS 
T=TOOLING 
A=lANO FOR P~OOt;CTION FACILITY 
Y=SITE-RETAHED CAPITAL 

l=DIRECT lABOR HOURS 
E=EOUIPHENT 
O=OUANTITY 
Z=SUBCCNTRACTS AND FlOW-TH~OUGH EXPENSES 

ITEM QUANTITY UNITS UNIT 
COST 

TOTAL 
COST 

ENTRY TYPE=Z 4440 FOUNCATION lOCATION SURVEY 15.GO / HElIOSTAT 
SOURCE-NONE IDENTIFIED 8Y ARCO.HAl USED .25 HR-EST 15.00 

ENTRY TlPE=Z 4440 AUGE~ HOLE. INSTALL PIPE.GROUT 220.00 / HELIOSTAT 
SOURCE-BECHTEl,NOT TESTED. 1.5 YO GROUT ASSUMED 

ENTRY TYPE=Q 4 .. 40 FOUNe/PED QUANTITY/SITE .5974E+04 

TOTAL PURCHASED MATERIALS: 0.00 S/HELIOSTAT 
TOTAL RAW HATERI~LS= 0.00 S/HElIOSTAT 
TOTAL ceASE RATE COST CATEGORY' CIRECT LABOR= 0.00(0 HRS/HElIOSTAT 
TOTAL CONSUHABlES= 0.00 S/HElIOSTAT 
WEIGHTED EQUIPMENT COST= O. $ TUES YEARS USED / SITE 
QUANTITY= 5974. I SITE 
TOTAL SUBCONTRAOTS AND FlO~-THROUGH EXPENSES= 235.00 S/HELICSTAT 

• • • • • 
, 

• •• • .- • 



• • • • • ARCO 2~D GE~ERATIO ~ HEllOSl AT 

~~6D SITE COSTS 

KEY TO ENTRY TYPES 

M=RAW MATERIAlS 

• • 

P=PURCHASEO MATERIALS 
T=TOOLING 

fI 

S=SUPPLIES ANC COHSUMABLES 
e=BUILDI~G tR FACILITY SIZE 
X=TRANSPORTATION RECUIREMENTS 

A=LAND FOR PRODUCTIO~ FACILITY 
Y'SITE-RETAI~EC CAPITAL 

ITEM 

ENTRY TYPE=L 4460 HELICSTAT ASSEMBLY LABOR 
SOURCE-HALeARCO X .851,A.CO USES 390.0Q 
AT 20.aO/HR WHICH INCLUDES INDIRECT LABOR 

ENTRY TVP E=Y ~460 
SOURCE-ARCO, 

HELIOSTAT ASSEMBLY FACILITY/EQUIP 

ENTRY TYPE=L ~~60 HELICSTlT INSTALLATItN 
SOURCE-HALeARCO X .861,4RCO USES 1U~,OO 
AT 20.00/HR WHICH INCLUDES INDIRECT LABOR 

ENTRY TYPE=Z 4~60 HELICSTAT INSTALL EQLIPMENT 
SOURCE-ARCO,RE~TAL 

ENTRY TYPE=L ~460 CONTROLS CHECKOUT ANC TEST 
SOURCE-HAlIARCO X .921 ,ARCO ~SES ~~.OO 
AT 20. Oo~HR WHICH INCLUDES IND,IRECT LABOR 

ENTRY TYPE=Z ~460 CONTROLS CHECKOUT AND TEST 
SOURCE-ARCO.EQUIPMENT REHAL 

ENTRY TYPE=E 4460 AMORTIZED EQUIPMENT 
SOURCE-NONE IDENTIFIED.HCLUOES FORKLIFT ,HO CARTS, 
PEDESTAL STANDS,ETC" .SSU~ED PART OF 30 FERCENT OVEfHEAD. 

ENTRY TYPE=S ~460 SUPPLIES,UTILITIES,CONSUHABLES 
SOURCE-NONE IDENTIFIEO,ASSUMEO PART OF 30 PERCENT OVERHEAD. 

ENTRY TYPE=Y ~460 INITIAL SPARE PA~TS 
SOURCE-NOT DETAILED BY ARCO,HAL BASEO ON ARCO FAILURE RATES. 

ENTRY TYPE.Y 4460 ~AINTENANCE EQUIPMENT 
SOURCE-ARCO,INCLUOES NAS~ RIGIZ5GKI,GUIOANCE NIREI150KI, 
CONTROL SYSTEHel00KI,DEICNIlERISTORAGE TANKse50KI, 
3D YE.R LIFE AT 15 PERCEKT RETURN 

QUANTITY 

.lE!:DE+G2 

.4509£>01 

.2000E>01 

.5"00 DE> 80 

• •• 
L=OIRE CT LAB OR HOURS 
E=EOCI FMENT 
Q=QUANTITY 

• 

l=SUBCONTRAC1S ANO FLOW-T~ROUGH EXPE~SES 

UNITS UNIT TOTAL 
COST COST 

HRS ~ HELI CSTAT 

388310. 

HRS ~ HELI (STAT 

10.00 ~ HELIOS1AT 

HRS I HELICSTAT 

1.00 IHELIOSTAT 

VAS O. 

0.00 I HELIOSTAT 

1HOO. 

550000. 

ENTRY TYP£<Q 4460 HELICSTATS PER 50 "ME SITE .591~E>0~ ISlE 

TOTAL PURC~ASEO "ATERIALS= 0.00 S/HELIOSTAT 
TOTAL RAW HATERIALS= a.~o S/HILIOSTAT 

~ TOTAL IBASE RATE ceST CATEGORYI DIRECT LABeR= 23.000& HRS/HELIOSTAT 
U1 TOTAL CCNSUHABLES= 0.00 $~HELIOSTAT 

WEIGHTED EQUIPHE>T COST= O. $ TI~ES YEARS USED ~ SITE 
QUANTITY= 5974. ~ SITE 
TOTAL SUBCONTRACTS ANO FLOW-THROUGH EXPENSES= 11. 00 $/HE110STAT 
TOTAL SITE·RETAINEO CAPITAl= Q57Q10.00 S 

TOTAL DIRECT LABOR COST= 460.00 $/HELIOSTAT 

•• • 
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TOTAL REQUIRED REVENUE 

DIRECT MATERIALS 

HeLIOSTAT COST HOCEL 

UtTAILED BREAKDOHN 

ARCO 2MD GENERATIO~ HELIOSTAT 

4410 - REFLEC1IVE ASSEM8LY 

FACT ORY C CSTS 

PROCUClIO~ YEAR 1 

PU~CHASEO MATERIALS 
RAW MATERIALS 

447.12 

SC~AP 

DIRECT LABOR 

CONSUHA8lES 

INDIRECT COSTS 
MAINTEMANCE, PLANT ENGINEERI~G 
OTHER INOIRECTS 

CAPITAL REPLACEMENT AllOWANCE 

PROPERTY TAX AND INSURANCE 

GEHERAl A ADMINISTRATIVE 

INTEREST EXPENSE 

INCOME TAXES 

RETURN TO EQ\;ITY HOltERS 

OTHER EXPENSES 
ANNUALIZED ONE-TIME COSTS 

513.24 
0.00 

6.48 
26.61 

13.53 

• 

• • 
• 

1322.43 • • 960.36 

24.22 

27.00 • 
33.09 

1&. C!! 

5.61 

115.30 

11.21 • 
53.79 

62.28 

13.53 • 
• 
• 

• 
• 

• 
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HELIOSTAT C(ST HOeEL 

DETAILED eREAKDOWN 

ARCO 2ND GENERATION HELtOSTAT 

TOTAL REQUIRED REVENUE 

DI~ECT MATERIALS 

'+'+20 DRIVES 

FACTORY C(STS 

PRODUCTIO~ YEAR 1 

PURCHASED MATERIALS 
RA~ MATERIALS 
SCRAP 

DIRECT LABOR 

CONSUMABLES 

IND IRECT COSTS 
MAINTENANCE, PLANT ENGINEERING 
OTHER INDIRECTS 

CAPITAL REPLACEMENT ALLOHANCE 

PROPERTY TAX AND INSURANCE 

GENERAL A ADMINISTRATIVE 

INTEREST EXPENSE 

INCOHE TAXES 

RETURN TO EDUTY HOLDERS 

OTHER EXPENSES 
AN~UALIZED ONE-TIME COSTS 

595.57 
711.as 

0.00 

24.90 
SO. 4" 

27.47 

2121.14 

1307."3 

118.06 

30. Q C 

7S.3 .. 

76.36 

13.7J 

176.38 

21."6 

116.36 

1:2.55 

27."7 

157 



HELIO ST AT C CST Me CEl 

DETAILED BREAKDOMN 

ARCO 2ND GENERATICN HELIOSTAT 

4430 CONTROLS 

FACTORY COSTS 

PROCUCTHH 'EAR 1 

TOTAL REQUIRED REVENUE 

158 

DIRECT MATERIALS 
PURCHASED MATERIALS 
RAM MATERIALS 
SCRAP 

DHECT LABOR 

CONSLMABLES 

INDIRECT COSTS 
MAINTENANCE, PLANT ENGINEE~ING 
onER INOIRECTS 

CAPITAL REPLACEMENT ALLO~ANCE 

PROPERTY TAX AND INSURANCE 

GENERAL A ADHtNISTRATIVE 

INTEREST EXPENSE 

INCOME TAXES 

RETURN TO EQUITY HOLDERS 

OTHER EXPENSES 
ANNUALIZED ONE-TIME COSTS 

224.48 
9.00 
J.QC 

.68 
8.17 

2.6'1 

• 

• • 
• 

3 2Q. 76 • • 
233. It" 

16.06 • 
3.15 

8.86 

1."7 

1.06 

28.55 • 
2.12 

in. ''l3 

11.18 

• 
2.69 • 

• 

• 
• 

• 



• 

• • 

• 

• • 

• 

.. 
• 

• 
• 
• 

• 
• 

• 

HELIOSTAT CCST HOrEL 

DETAILED eREAKDOWN 

ARCO 2ND GENERATION HElIOSTAT 

4440 FClNDA1ION/PEOESTAl 

FACTORY CCSTS 

PROOUCTtO~ ~EAR 1 

TOTAL REQUIRED REVENUE 

DIRECT HATERIALS 
18.00 PURCHASED MATERIALS 

RAW MATERIALS 241.90 
SCRAP 

DII<ECT LABOR 

CONS LHABlES 

INDIRECT COSTS 
MAINTENANCE. PLANT ENGINEERING 
OTHER INOIRECTS 

CAPI1AL REPL~CEHENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GENER~L A ADMINISTRATIVE 

INTEREST EXPENSE 

INCOME TAXES 

RETURN TO EQUITY HOLDERS 

OTHER EXPENses 
ANNUALIZED ONE-TIME COSTS 

0.00 

1.0 .. 
7.26 

3.05 

3"5.85 

259.90 

&.90 

4.50 

8.30 

2.5 e 

1.2" 

30.59 

2."9 

12.46 

13.83 

3.05 

159 



TOTAL REQUIRED REVENUE 

DIRECT MATERIALS 

HELIOSTAT CesT MOOEL 

DETAILED eREtKDoHN 

ARCO 2ND GENERATION HELIOSTAT 

~~50 - SUPPORT STRUCTURE 

FACTORY ceSTS 

PRODUCTIO~ YEAR 1 

3~.68 PURCHASED MATERIALS 
llA~ MATERIALS 41&.16 

160 

SCRAP 

DIRECT LAeOR 

CONSUNABLES 

INDIRECT COSTS 
~AINTENANCE. PLANT ENGINEERING 
OTHER INDIRECTS 

CAPITAL REPLACEMENT ALLOMANCE 

PROPERTY TAX AND INSURANCE 

GENERAL A AD~INISTRATIVE 

INTEREST EXPENSE 

INCOME TAXES 

RETURN TO EQUITY HOLDERS 

OTHER EXPENses 
ANNUALIZED ONE-TIME COSTS 

0.00 

3.82 
13.41 

6.62 

• 

• • 
• 

• • 
"50.8" 

• 16.84 

9.75 

17.23 

11.20 

2.92 

• 55.06 

5.83 

27.10 

32.39 • 
6.62 • 

• 

• 
• 

• 
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TOTAL REQUIRED REVENUE 

DI~ECT MATERIALS 

HELIOSTAT CCST MODEL 

DETAILED ~REAKDOWN 

ARCO 2ND GENERATION HELIOSTAT 

4410 - REFLECTIVE ASSEMBLY 

TRANSPORTATION COSTS 

PRODUCTIO. YEAR 1 

PU"CHASED MATERIALS 
RAW MATERIALS 
SC~AP 

DIRECT LABOR 

CONSUMABLES 

INDIRECT COSTS 
MAINTENANCE, PLANT ENGINEERING 
OTI'ER INOIRECTS 

CAPITAL REPLACEMENT ALLOMANCE 

PROPERTY TAX AND INSURANCE 

GENERAL A ADMINISTRATIVE 

INTEREST EXPENSE 

INCOME TAXES 

RETURN TO EQCITY HOLDERS 

OTHER EXPENSES 
TRANSPORTATION CHA~GES 

46.01 

0.00 
0.00 
4.00 
0.00 

0.00 

0.00 

0.08 
0.00 
0.00 

0.00 

0.00 

0.00 

0.0 e 
0.00 

0.00 

46.01 
46.01 
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HEL IOSTAT C (sT MODEL 

DETAILED EREAKDOWN 

ARCO 2ND GENERATIO~ HELIOSTAT 

""20 DRIVES 

TRANSPO~TATIOH COSTS 

PRODUCTIO~ YEAR 1 

TOTAL REQUIRED REVENUE 

162 

DI~ECT MATERIALS 
PURCHASED MATERIALS 
I;A~ MATERIALS 
SCRAP 

DIRECT LABOR 

CONSUHABLES 

INDIRECT COSTS 
MAINTENANCE, PLANT ENGINEERI~G 
OTHER INDIRECTS 

CAPITAL REPLACEMENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GENERAL A AD~INISTRATIVE 

INTEREST EXPENSE 

INCOME TAXES 

RETURN TO EQlITV HOLCERS 

OTHER EXPENSES 
TRANSPORTATION CHA~GES 

• 

• • 
• 

• o. DO • 
0.00 
0.00 
0.00 

0.00 

c.oe • 
u. 0 C 

0.00 
0.00 

9.00 

0.00 

o. c c 

o. DO • o. CO 

o. 10 

21.1 E 
21.16 • 

• 
• 

• 
• 

• 



• 

• • 

• 

• • 

• 

.. 
• 

• 
• 
• 

• 
• 

• 

TOTAL REQUIRED REVENUE 

DI~ECT MATERIALS 

HELIOSTAT COST HODEL 

DETAILED SREAKDO~N 

ARCO 2ND GENERATIOK HELIOSTAT 

.. ,.30 - COI\TROLS 

TRANSPORTATION COSTS 

PRlICUCTIOII' YEAR 1 

PURCHASED MATERIALS 
RAW MATERIALS 
SCRAP 

DIRECT LASOR 

CONSCHABLES 

INDIRECT COSTS 
MAINTENANCE, PLANT ENGINEERING 
OTHER INDIRECTS 

CAPITAL REPLACEMENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GENERAL A AD~INISTRATIVE 

INTEREST EXPENSE 

INCOME TAXES 

RETURN TO EQUITY HOLDERS 

OTHER EXPENSES 

o.no 
0.00 
0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

D. 00 

O. Q G 

0.0 C 

0.00 

G. C t 

0.0 G 

0.00 

0.00 
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HELIOSTAT COST HOOEL 

DETAILED €REAKDCHN 

ARCO 2ND GeNERATID~ HELIOSTAT 

~440 FOUNDATION/PEDESTAL 

TRANSPORTATION COSTS 

PRO CUCTI O~' YEAR 1 

TOTAL RECUIRED RE~ENUE 

DIRECT MATERIALS 
PURCHASED MATERIALS 
RAN MATERIALS 
SCRAP 

DIRECT LABOR 

CONS~MA8LES 

INOIRECT COSTS 

0.00 
0.00 
0.00 

~AINTENANCE. PLANT ENGINEERING C.OO 
OTHER INOIRECTS 0.00 

CAPITAL REPLACEMENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GENERAL A AD~tNISTRATIVE 

INTEREST E)PENSE 

INCOHE TAXES 

RETURN TO EQUITY HOLDERS 

OT~ER EXPENSES 
TR.NSPORTATION CHARGES 23.62 

• 

• • 
• 

23.&2 

o. DO • • 
o. GO 

G.Ge 

• 0.00 

0.00 

0.00 

0.00 

0.0 C 

0.00 

0.00 • 
23.62 

• 
• 
• 

• • 
• 



• 

• • 

• 

• • 

• 

.. 
• 

• 
• 
• 

• 
• 
• 

TOTAL REQUIRED REVENUE 

DIRECT "ATERIALS 

HELIOSTAT COST "OtEL 

DETAILED EREAKDCWN 

ARCO 2ND GENERATION HELIOSTAT 

4_50 - SUPPOR1 STRUCTURE 

TRANSPORTATION COSTS 

PROOUCTIO~ YEAR 1 

PURCHASED MATERIALS 
RAI< "ATERIALS 
SCRAP 

DUEeT LAeOR 

CONSU"ABLES 

INDIRECT COS'TS 
~AINTENANCE. PLANT ENGINEERING 
OHER INDIRECTS 

CAPITAL REPLACE"ENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GENERAL A AD"INISTRATIVE 

INTEREST EXPENSE 

INCO~E TAXES 

RE1URN TO EQUITY HOLDERS 

OTHER EXPENSES 
TRANSPORTATION CHARGES 

33.00 

0.00 
0.00 
0.0 a 
0.00 

D. DO 

0.00 

0.00 
0.00 
0.00 

0.00 

o. a a 

0.00 

o.u 

o. cc 
0.00 

33.00 
33.00 
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HELIOSTAT ceST MODEL 

DETAILED EREAKDCNN 

ARCO 2ND GENERAT 101\ HELIOSTAT 

4430 CONTROLS 

SITE CQSTS 

PRQCUCT!(a" YEAR 1 

TOTAL REQUIRED REVENUE 

166 

DIRECT MATERIALS 
PURCHA~ED MATE~IALS 
RAW MATERIALS 
SCRAP 

DIRECT lABOR 

CONSUHABlES 

INDIRECT COSTS 
MAINTENANCE. PLANT ENGINEERI~G 
OT~ER INOIRECTS 

CAPITAL REPl.CEHENT AllOWANCE 

PROPERTY TAX AND INSURANCE 

GENERAL A AO~INISTRATIVE 

INTEREST EXPENSE 

INCOME TAXES 

RETURN TO EQLITY HOlCERS 

OTHER EXPENses 
sueCONTRACTS ~ FLOH-TH~OUGH 

• 

• • 
• 

392.50 • • 
0.00 

o.oc 
0.00 
0.00 

0.00 • 
0.00 

O. De 
0.00 
0.00 

0.00 

O. 00 

O. 00 • 
0.00 

O. 00 

0.00 

• 
• 
• 

• 
• 

• 



• 

• • 

• 

• • 

• 

.. 
• 

• 
• 
• 

• 
• 
• 

HElIOSTAT COST MOOEl 

DETAILED E~EAKDCHN 

ARCO 2ND GENERATION HELIOSTAT 

4440 FOUNCATICN/PEDESTAl 

SITE COSTS 

PRODUCTIOfi YEAR 1 

TOTAL REQUIRED REVENUE 

DIRECT MATERIALS 
PURCHASED MATERIALS 
RAil MATERIALS 
SCRAP 

DIRECT LABOR 

CONSUMABLES 

INDIRECT COSTS 
MAINTENANCE, PLANT E ~"GINEERING 
OTIIER IND IRECTS 

CAPITAL REPLACEMENT ALLOWANCE 

PROPERTY TAX AND INSU~ANCE 

GENERAL ~ ADMINISTRATIVE 

INTEREST EXPENSE 

INCOME TAXES 

RETURN TO EQl:ITY HOLCERS 

OTHR EXPENSES 

0.00 
0.00 
0.00 

Q.OO 
0.00 

SU~CONTRACTS .. FLOH-TH~OUGH 235.00 

235.00 

0.00 

O.OU 

a.lIo 

0.00 

0.00 

0.00 

0.00 

O. 00 

0.0 D 

Q.O t 

235.00 

167 
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HELIOSTAT COST HOCEL 

OETAILED BREAKDOWN 

ARGO 2NO GENERATION HELIOST~T 

4460 ASSEMBLY/INSTALLATION 

SITE COSTS 

PROOUCTIO~ YEAR 1 

TOTAL RECUIREO REVENUE 

DIRECT MATERIALS 
PURCHASED MATERIALS 
RAN MATERIALS 
SCRAP 

OIRECT LABOR 

CONSCHABLES 

INDIRECT COSTS 
MAINTENANCE. PLANT ENGINEEQI~G 
OTHER INOIRECTS 

CAPITAL REPLACEMENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GENERAL ~ ADMINISTRATIVE 

INTEREST EXPENSE 

INCOHE TAXES 

RETURN TO EQUITY HaltERS 

OTHER EXPENSES 
sueCONTRACTS ~ FLOW-TNROUGH 
SITE-RETAINEO CAPITAL 

0.00 
0.00 
0.00 

D.Og 
138.0Q 

11.00 
160.35 

• 

• • 
• 

• • 
0.00 

• 
460.0U 

0.00 

138~OO 

0.00 

O. GC 

• 
O. Q 0 

0.0 e 
0.0 C 

O. De • 
171. 35 • 

• 

• 
• 

• 



• 

~ 
0\ 

'" 

• • 

FACTORY 

TRANSPORTAT ION 

SITE 

TOTALS 8'1' CCMPONENT 

• • • 

4410 4'20 

1322.43 2121.1 .. 

46.01 21.16 

1368.44 2142.3G 

• 4 • •• • •• • 

C{ST $U"HA~Y 8'1' P~OFIT CENTER 

TOTAL REQUIRED REVENUE 

ARCO 2ND GENERATION HELIOSTAT 

PRODUCTION yEAR 1 

""30 44toQ " .. 50 .... e.o TOTALS BY LOCATION 

3 ~O. 76 3 .. 5.85 635.79 0.00 .. 71,5.97 

0.00 23.62 33.00 123.79 

392.50 235. CO 71:9.35 1396.85 

713.2£ 604.41 668.79 769.35 

TOTAL FOR TOTAL REQUIRED REVENUE 62£6.61 



I-' ...... 
o 

• 

FACTORY 

TRANSPORTAT ION 

SITE 

TOTALS BY COMPONENT 

- • 

ItltlD 

9EO.36 

0.00 

960.36 

• -

Itltla 

1307.43 

0.0 n 

1307.103 

• 

COST S~HMA~Y ey PROFIT CENTER 

DIREC1 MATERIALS 

AReo 2~D GENERATION HELIDSTAT 

PROt~CTION YEAR 1 

1t1t30 

lZ3.1t8 

0.00 

O.OQ 

Z~3."'8 

ItItItO 

259.90 

0.00 

Q.4C 

l59.90 

TOTAL FeR DIRECT HATERIALS 

• tt • 

10450 10 .. 60 TOTALS BY LOCATION 

450.84 0.00 3212.01 

0.00 O.OD 

0.00 0.00 

.. 50.84 0.00 

~212.01 

.- • .- • 



..... 

...... ..... 

• • • • 

FACTORY 

TRANSPORTATION 

SITE 

TOTALS BY COMPONENT 

• • 

4 .. 10 4420 

24.22 118.06 

0.00 c.oo 

2".22 118.06 

• fI • •• • •• • 

CCST SUHHA~Y BY PROFIT CENTER 

DIRECT LABOR 

AReo 2ND GENERATION HELIOSTAT 

PROCUCTION YEAR 1 

1f1f30 4440 4/050 4'60 TOTALS BY LOCATION 

16.06 6.90 16.8/0 0.00 182.10 

0.00 c.ot c.oo 0.00 

0.00 0.00 "60.00 460.00 

16.08 6.90 16.8/0 460.00 

TOTAL FeR DIRECT LABOR 642.10 



..... 

...... 
N 

• 

FACTORY 

TRANSPORTATION 

SITE 

TOTALS BY COMPONENT 

- • • 

.... 10 .. 420 

21.00 30.00 

0.00 c.oo 

21.00 30.00 

- • 

COST SUHHA"Y BY PROf'IT CENT ER 

CONSUHABLES 

ARCO 2ND GENERATION HELIOSTAT 

PRODUCTION YEAR 1 

.. 430 ...... 0 .. 450 .... &0 TOTALS BY LOCATION 

3.15 ".50 '1.15 0.00 75.00 

0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 

3.75 ... 50 '1.15 0.00 

TOTAL FOR CONSU"ABLES 75.00 

• tt • .- • .- • 



• 

..... 
" w 

• • • 

FACTORY 

TRANSPORTATION 

SITE 

TOTALS BY COMPONENT 

• • 

4410 4102a 

33.09 75.34 

0.00 0.00 

33.09 75.34 

• • • •• • •• • 

CCST SUMMARY BY PROFIT CENTER 

INDIRECT COSTS 

ARca 2ND GENERATION HELIOSTAT 

PROCUCTICN YEAR 1 

4430 4440 .. 450 4460 TOTALS BY LOCATION 

a.8f 8.3e 17.23 0.00 142.112 

0.00 0.00 0.00 O.GO 

0.00 0.00 138.00 138.00 

a.8f 8.30 17.23 138.00 

TOTAL FOR INDIRECT COSTS 280.82 



...... 

...... 

.p. 

• 

FACTORY 

TRANSPORTAT ION 

SITE 

TOTALS BY COMPONENT 

- • • 

.. 410 .... 20 

16.05 76.36 

0.00 0.00 

16.05 16.36 

- • 

COST SUMMA.Y ey PROFIT CENTER 

CAPITAL REPLACEMENT ALLOWANCE 

ARCO 2ND GENERATION HELICSTAT 

PRODUCTION YEAR 1 

10 .. 30 10 .... 0 " .. 50 .. 46C TOTALS BY LOCATION 

1.41 2.58 11.20 0.00 107.66 

0.00 o. on 0.00 0.00 

~.oo 0.00 0.00 0.00 

1.47 2.58 11.20 0.00 

TOTAL FOR CAPITAL REPlACEMENT ALLOWAHCE 101.66 

• tt • .- • .- • 



• 

..... ...., 
<.T1 

• • • 

FACTORY 

TRANSPORTAT ION 

SITE 

TOTALS BY COMPONENT 

• • 

.... 10 " .. 20 

5.61 13.73 

0.00 0.00 

5.61 13.73 

• , • •• • •• • 

C (ST SUMMA'" n PROFIT CENTER 

PROPERTY TAX AND INSURa~CE 

ARCO 2ND GENERATION HELICSTAT 

PRODUCTION YEAR 1 

4"30 """D .... 50 .... 6Q TOTALS BY LOCATION 

1.06 1.24 2.'32 1), DC 2".56 

0.00 O. DO 0.00 0.00 

0.00 0.00 0.00 0.00 

1.06 1.24 2.'12 O. G 0 

TOTAL FOR PROPERTY TAX AHO INSURANCE 2".56 



~ ...... 
0\ 

• 

FACTORY 

TRANSPORTATICN 

SITE 

TOTALS BY COMPONENT 

- • • 

.... 10 .... 20 

115.3D 176.311 

0.00 0.00 

115.30 176.38 

- • 

COST SCHMA~. av PROFIT CENTER 

GENERAL. ADMINISTRATIVE 

ARCO 2ND GENERATION HELICSTAT 

PRODUCTION YEAR 1 

.... 30 ...... 0 .... 50 

a.55 30.59 55.06 

0.00 0.011 11.00 

0.00 O.GO 

~8.5S 30.59 55.06 

TOTAL FOR GENERAL • ADMINISTRATIVE 

• tt • 

.... 60 

0.00 

c.nc 

0.00 

1005.88 

.- • 

TOTALS BY LOCATION 

"05.88 

0.00 

0.00 

.- • 



• 

..... ...... 

...... 

• • 

FACTORY 

TRANSPORTATION 

SITE 

., 

TOTALS BY COMfONENT 

• • 

.. 410 .... 20 

11.21 27.46 

0.00 G.O C 

11.21 27.46 

• fI • •• • •• • 

COST SUHMARY BY PROFIT CENTER 

INTEREST EXPENSE 

ARCO 2ND GENERATION HElIOSTAT 

PRODUCTION YEAR 1 

""30 4""0 .... 50 
"" 60 

TOTALS BY LOCATION 

2.12 2.109 5.83 0.00 49.11 

0.09 o. C, 0.00 0.00 

0.00 0.00 0.00 0.00 

2.12 2.49 5.83 0.00 

TOTAL FOR INTEREST EXPENSE "'1.11 



..... ..... 
co 

• 

FACTORY 

TRANSPORTATION 

SITE 

TOTALS BY COHPONENT 

• • • 

.... 10 .... 20 

53.n 116.36 

0.00 c. 0 C 

53.19 116.36 

• • 

COST SUHH.~Y BV PROFIT CENTER 

H'COHE TAXES 

ARCO 2ND GENERATION HELIOSTAT 

PRODUCTION YEAR 1 

.... 30 .... 40 41050 10 .. 60 TOTALS BY LOCATION 

10.93 12."& 21.10 0.00 220.610 

0.00 o.uc 0.00 0.00 

0.00 0.00 0.00 0.00 

10.93 12.46 27.10 0.00 

TOTAL FOR INCOME TAXES 220.6" 

• • • •• • .- • 



• 

..... 
-.J 
0.0 

• • • 

fACTORY 

TRANSPORTAT ION 

SITE 

TOTALS BY COMPONENT 

• 

.... 14 

62.28 

0.00 

62.Z8 

• 

.. 420 

152.55 

0.0 e 

152.55 

• 4 • 

COST SUMMARY ~Y PROfIT CENTER 

RETURN TO EQUITY HOLDERS 

ARCO 2NO GENERATION HELIOSTAT 

PRODUCTION YEAR 1 

""3D 

11.18 

0.00 

a.oo 

21.78 

It" 100 

13.83 

o. ao 
o.oc 

13.83 

It"5~ 

32.3'1 

0.00 

32.3'1 

TOTAL fOR RETURN TO EQUITY HOLDERS 

•• • 

""60 

O. DO 

0.00 

0.00 

272.83 

•• • 

TOTALS BY LOCATION 

212.83 

0.00 

0.00 



..... 
00 
o 

• 

FACTORY 

TRANSPORTATION 

SITE 

TOTALS BY COMPONENT 

- • • 

.. 1010 .... 20 

13.53 21,,,, 

"6.01 21.16 

59.5 .. "8.63 

- • 

COST ~UHHA~Y BY PROFIT CENTER 

OTHER EXPENSES 

ARCO 2ND GENERATION HELIOSTAT 

PRODUCTION YEAR 1 

.. ,.30 .. ,. .. 0 .... 50 .. 460 TOTALS BY LOCATION 

2.69 3.05 6.62 0.00 53.36 

0.00 23.62 33.00 123.79 

392.50 235.00 171.35 7ge.85 

395.19 2f> 1. 67 39.62 17l.35 

TOTAL FCR OTHER DPENSES 976.00 

• ~ • .- • .- • 
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HELCAT 

A HElIOSTAT COST ANALYSIS TOOL 

VERSION 1.0 

EOIlION DATE AUGUST 13. 1981 

REVISION SEPTEHBER ZZ. 1981 

BEC SECOND GENERATION HELIOSTAT 

DESIGN (CONTRACTORS' INPUTS) 

•• • •• • 



_420 FACTORY ceSTS 

KEY TO ENTRY TYPES 

K=RAH HATERIALS P=PURCHASEC ~ATERIALS L=DIPECT LABOR HOURS - S=SUPPLIES AND CONSUMA8LES T=TOOLING E=EQlIFMENT 
(Xl B=BUILDING OR FACILITY SIZE A=LA~O FOR PROCUCTION FACILITY Q=QUANTITY 
N X=TRANSPCRTATION PEQUIREMENTS Y=SITE-RETAINEO CAPITAL z=sueCONTRACTS AND FLOW-THROUGH EXPENSES 

ITEM QU ANT ITY UNITS UNIT TOTAL 
COST COST 

ENTRY TYPE=P 4420 AZIMUTH 1lRIVE 171.09 I HELIOSlAT 
SOlRCE-BEC 

ENTRY TYPE=H 4420 AZIMUTH DRIVE 3"15.81 I HEL! OST AT 
SOURCE -BEC 

ENTRY TYPE=L 442C AZIMUTH DRIVE FABRlCATIO~ .4870E>01 MRS I HELl (STAT 
SOURCE-BEC.36.54 AT 7.5C/HR 

ENTRY TYPE=P 4420 AZIMUTH ORIVE MOTOR.1/6 HP 66.65 I HELIOS1AT 
SOlRCE-BEC 

ENTRY TYPE=P 4420 ELEVATION DRIVE 112.30 I HEll OS TAT 
SOURCE-BEC 

ENTRY TYPE= M 4420 ELEVATIO~ DRIVE 70.70 I HEllOSTAT 
SOlRCE-BEC 

ENTRY TYPE=l 4420 ELEV~TIO~ D~IVE FABRICATION .H~ DE' 01 HRS / HEll CSTAT 
SOlRCE-BEC.19.01 AT 7.50/HR 

ENTRY TYPE=P .. 420 ELEVATION DRIVE HOTOR.l/3 ~p 82.62 I HELIOSTAT 
SOURCE-BEC 

ENTRY TYPE=P .... 24 AZ AND EL DRIVE ASSE~8lY 5 o. S6 I HELIOSTAT 
SOURCE-BEC 

ENTRY T'PE=" 4 .. 20 AZ A~D EL DRIVE ASSEHBLY ~0.9" I HELIOSTAT 
SOCRCE-BEC 

ENTRY TYPE=L 4 .. 20 AZ AND EL DRIVE ASSY LABOR .1830H01 HRS I HELICSTAT 
SOURCE-BEC,13.73 AT 7.50/HR 

ENTRY TYPE=P 4420 DRIVE CORROSION P~OTECT/HANDlI~G 17.97 I HELIOSTAT 
SOURCE-BEC 

ENTRY TYPE=L .... 20 DRIVE CORROSION/HA~DLING LABOR .1510E' 01 HRS , HEll CST AT 
SOURCE-BEC,11.l1 AT 7.50/HR 

ENTRY TYPE=P ~"20 DRIVE UNIT ASSY.CHECKOlT 51.16 / HELIOSTAT 
SOURCE-BEC.INC OILIZOlB'.WIRE 

ENTRY T VPE=L .... 20 DRIVE UNIT ASSY,CHECKCUT LAEOR .320 OE. 00 HRS I HELl (STAT 
SOlRCE-P~C.2.38 AT 7.50/HR 

- -• • • • • • • .- • .- • 



• 

...... 
():) 
W 

• • • • • • 
ENTRY TVPE=P 4420 CONTINGENCY AT o.Ot-

ENTRY TYPE=" 4420 CONTINGENCY AT 0.01= 

ENTRY TYPE=L 4 .. 20 CONTINGENCY AT 0.01= 

ENTR Y TYPE=P 4420 PROFIT AT 0.032 

ENTRY TYPE=" 4420 PROFIT AT 0.032 

ENTRY TYPE=L "420 PROFIT AT 0.032= 

ENTRY TYPE=A "420 CRIVE ASSEMBLY LAND 
SOlRCE-BLDG AREA FRAC--.367 X 75 

ENTRY TYPE=B 4 .. 20 DRIVE ASSEMBLY FACILITIES 
SOURCE-BLDG AREA FRAC--.367 X 63e.4K 

ENTRY TYPE=E .... 20 DRIVE ASSEMBLY EQUIP~ENT 
SOURCE-BEC 

ENTRY TYPE=E .... 20 PRODUCTION SUPPORT EQUIPMENT 
SOURCE-BEC TABLE B-1 

ENTRY TVPE=T 4420 DRI~E ASSEMBLY TOOLI~G 
SOURCE-BEC TABLE B-1 

ENTRY TYPE=T .... 20 PECULIAR TOOLING 
SOURCE-BEC TABLES F-3 AND F-7.ITEMS 4-8.13-16 

ENTRY TYPE=S 4420 SUPPlIES.UTILITIES AND REPAI~S 
SOURCE-BEC TABLE F-S,ORIVE FRAC X G/F FRAC X AVG/HEL 
0.703 X 0.57 X 16.23=6.50 

ENTRY TYPE=Z 4420 PROCESS DESIGN.FACTORY STARTUP. 
SO~RCE-8EC TABLE 3-3,DESIGN CHANGE ADMINISTRATION 
BLDG AREA FRAC .367 X ~1.92=15.38 

ENTRY T II'E=Q ""20 DRIVE ASSEMBLY QUANTITY/YEAR 

TOTAL PURCHASED MATERIALS= 518.10 S/HELIOSTAT 
TOTAL RAW MATERIALS= 518.34 t/HELIOSTAT 

4 

.1100E.00 

.3500E·00 

.Z750E'02 

.2343 E>1l6 

.5000E+05 

TOTAL IBASE RATE COST CATEGORY I DIRECT LABOR= 11.5200 HRS/HELIOSTAT 
TOTAl CONSUHA8LES= &.50 $/HELIOSTAT 
LANO REQUIRED= 27.5000 ACRES 
PRODUCTION FACILITY IBASE UTE COST CATEGO~YI SIZE= Z34300. SO FT 
ToTAL EQUIPMENT COST= 39589000. S 
TOTAL TOOLING COST= 68120~0. $ 
QUANTITY= SCDOC. / YEAR 
TOTAL SUBCONTRACTS AND FLON-THROLGH EXPENSES= 15.38 SlHELIOSTAT 

TOTAL DIRECT LABOR COST= 120.96 J/HELIOSTAT 
TOTAL PRODUCTION FACILITY COST 11715000. $ 

• •• • • • • 

6.13 / HELIOSlAT 

".97 I HELIOSTAT 

HRS I HEll CSlAT 

19.62 / HELIOST AT 

115.92 I HELIOSTAT 

HRS I HELl CSTAT 

ACRE 

SOFT 

21248000. 

123~10DO. 

E2S7 900. 

554150. 

6. SO I HElIOSTAT 

15.38 / HELIOSTAT 



..... 
co 
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BEC 2ND GENERATION HELIOST~T 

443C FACTORY COSTS 

KEY TO ENTRY TYPES 

M=RAW MATERIALS P=PURCHASED MATERIALS 
T=TOOLING S=SUPPLIES AND CONSLMABLES 

B=eUILDING OR FACILITY SIZE 
X=TRANSPORTATION REQUIREMENTS 

A=LA~O FOR p~OrlCTION FACILITV 
Y=SITE-RETAINEC CAPITAL 

ITEM aUANT ITY 

ENTRY TYPE=P .... 30 HC 
SOURCE-NONE 

ENTRY TYPE=P "1030 HFC 
SOl:RCE-NONE 

ENTRY T YPE=A 4430 CONTIiOLS LAND o. 
SOURCE-NONE 

ENTRY TYPE=B 4430 CONTROLS FACILITIES o. 
SOURC E -NONE 

ENTRY TVPE=E .... 30 CONTIiOLS EQUIPMENT 
SO tRCE-NONE 

ENTRY TYPE=S 10 .. 30 SUPPLIES 
SOlRCE-BEC NONE 

ENTRY TYPE .. Q .... 30 CONTIiOLS QUANTITY/YEAR .5000E.05 

TOTAL PURCHASED MATERIALS= 0.00 S/HELIOSTAT 
TOTAL RAW MATERIALS= 0.00 S/HELIOSTAT 
TOTAL (BASE RATE COST CATEGORY) DIRECT LABOR= o.ooc~ HRS/HELIOSTAT 
TOTAL CONSUMABLES= 0.00 S/HELIOSTAT 
LAND REQUIRED= 0.0000 ACRES 
PRODUCTION FACILITY IBASE IiATE COST CATEG~Y) SIZE= D. SQ FT 
TOTAL EQUIPMENT COST= O. S 
TOTAL TOOLING COST= O. $ 
QUANTITY= 50000. I YEAR 

• • - • • tt • 

L=Ot~ECT LABOR HOURS 
E=EQUIFMENT 
Q=QUANTITY 
Z=SUBCONTRACTS ANe FLOW-THROUGH EXPENSES 

UNITS UNIT TOTAL 
COST COST 

0.00 / HELIOSlAT 

0.00 I HELIOSTAT 

ACRE 

SOfT 

o. 

0.00 I HELIOSTAT 

IYR 

.- • .- • 
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BEC 2NO GENERATION HELIOSTAT 

4440 FACTORY COSTS 

KEY TO ENTRY TYPES 

M=RAII MATERIALS 
S=SUPPLIES AND CON5UMABLES 
B=BUILDI~G OR FACILITY SIZE 
X=TRANSPORTATION RECUIREHENTS 

• • 4 

P:PU~CHASEC MATERIALS 
T=TOOLING 
A=LAND FOR PRODCCTION FACILITY 
Y=SITE-RETAINED CAPITAL 

• •• • 

l=OIRECT LABOR HOURS 
E=EQUr fMENT 
Q=CUANTITY 

•• 

z=SUeCONTRACTS AND FLOM-THROUGH EXPENSES 

ITEM QUANT ITY UNITS UNIT 
COST 

TOTAL 
COST 

ENTRY TYPE=Q 4""0 FOUNDATION/PEDESTAL QUANTITY/YEAR .5000£+05 /YR 

TOTAL PURCHASED MATERIAlS= 0.00 $/HELIOSTAT 
TOTAL RAM MATERIALS= 0.00 $/HELIOSTAT 
TOTAL (BASE RATE COST CATEGORY) DIRECT LABOR: O.Dooe HRS/HELIOSTAT 
TOTAL CONSUMABLES= 0.00 S/HElIOSTAT 
LAND REQUIRED= 0.0000 ACRES 
PRODUCTICN FACILITY IBASE RATE COST CATEGORY) SIZE: o. SQ FT 
TOTAL EQUIPMENT COST= o. $ 
TOTAL TOOLING COST= o. S 
QUANTITY= 50000. / YEAR 

• 
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00 
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BEC 2ND GENERATION HELIOSTAT 

4450 FACTORY COSTS 

KEY TO ENTRY TYPES 

H=RAM MATERIALS P=PCRCHASEO "ATERIALS 
T=TOOLING S=SUPPLIES AND CONSUHABLES 

e=BuIlDING CR FACILITY SIZE 
X=TRANSPORTATION REtUIRENENTS 

A=LA~O FOR P~ODCCTION FACILITY 
Y=SITE-RETAINED CAPITAL 

ITEM 

ENTRY TYPE=" 4450 CENTER TORQUE TUBE,100 LB, 
SOURCE-BEC. O.3Z/LB 

ENTRY TYPE=L 4450 CENTER TORQUE TUBE FABRICATION 
SOURCE-BEC,O.50 AT 7.50/HR 

ENTRY TYPE=M 4450 
SOURCE-BEC 

OUTBOARD FLANGESIZI 

ENTRY TYPE=L 4450 OUTBCARD fLANGE fABRICATION 
SOURCE-BEC,l.15 AT 7.50/HR 

ENTRY TYPE-" 4450 ELEVATION ARM ADAPTE~ RINGSI21 
SOURCE-BEC,NODULAR IRO~ 

ENTRY TYPE=L 4450 EL ARM ADPT RINGS FABRICATION 
SOURCE-BEC,l.lS AT 7.50/HR 

ENTRY TYPE=H 4450 ELEVATION ARr ASSYll0 GA STEELI 
SOURCE-BEC.O.1382 INCH 

ENTRY TYPE=L 4450 EL A~M ASSY FABRICATICN 
SOlJRCE-BEC,3.47 AT 7.50/HR 

ENTRY TYPE=L 4~50 CENTER TORQUE TUBE ASSEMBLY LABOR 
SOURCE-BEC-!i.&3 AT 7.50/HR. 185 LB 

ENTRY TYPE=" .... 50 

ENTRY TVPE=L .. 45D 
SOLRCE-BEC 

CONTINGENCY ELEVATION ASSY AT .01= 

CONTINGENCY ELEVATIO~ ASSY AT .01= 

ENTRY TYPE=P .. 450 Z-FRAMES.4 EACH,l" GAI.07851 
SOURCE-BEC,SHIPPED DIRECT TO SITE 

ENTRY TYPE=Z .. 450 Z-FRAHE TRANSPORTATION 
SOURCE-BEC FROM BETHLEHEM STEEL,LACKAWANNA,NY 

ENTRY TYPE=" .... 50 STRUTS AND BARS, STRUTS 3& LB. 
SOLRCE-BEC.eARS Le. 8 EACH. 
STRUT,Z.X.1Z5K63.9 

ENTRV TVPE=L .... 50 STRUTS/BARS FABRICATION 
SOURCE-BEC.Z.58 AT 7.50/HR - - • • • • 

QUANTITY 

100 

.7000E-Ol 

.15D OE. GO 

.150 OE> GO 

.47~OE+OC 

.7500E>00 

.UOOE-Ol 

7 .. 0 

50 

.3 .. 00HOO 

~ 

L=DI~ECT LABOR HOURS 
E=ECUI FNENT 
C=QUANTITY 
Z=SUBCCNTRACTS AND FLOW-THROUGH EXPENSES 

UNITS UNIT TOTAL 
COST COST 

LBS .32 32.00 I HEL lOST AT 

HRS I HEll (STAT 

Zl.1It I HELIOSTAT 

HRS / HELIOSTAT 

Zl.74 I HELIOSTAT 

HRS I HELI (STAT 

39.44 I HELlOSlAT 

HRS 1 HELl (STAT 

HRS 1 HELl CSTA T 

1.15 I HELIOSTAT 

HRS 1 HElICSTAT 

LBS .34 253.60 I HELIOSTAT 

70.00 I HELIOSTAT 

LBS .23 11."8 / HELIOSTAT 

HRS I HEll (STAT 

• .- • .- • 
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ENTRY TYPE. H ~450 ANGLES,24 EACH.2.x.125X19 STEEL 32 LBS 

SOURCE-BEC, Z-FRAME STIFFENERS 

ENTRY TVPE=L ~"50 ANGLE FAERICATION .100 OEHO HRS I HELl CSTAT 
SOURCE-BEC,O.76 AT 7.50/HR 

ENTRY TVPE=M 4450 TORQUE TUSES,OUTEOARDCZI 176 LBS 
SOURCE-BEC.16. 00 X .105 WALL X6Q IN 

ENTRV TYPE=L 4450 TORQCE TUSE OUTSD fABRICATION .1100EoOO HRS I HELICSTAT 
SOURCE-BEC.0.S6 AT 7.50/HR 

ENTRY TYPE=H ~~5Q OUTBOARD FLANGESC21 
SOURCE-BEC 

ENTR Y T 'PE=L .... 50 euTBCARD FLANGE fABRICATION .2108E+00 HRS I HELIOSTAT 
SO~RCE-SEC.l.58 AT 7.50/HR 

ENTRV. TYPE=" 4450 INBOARD FLANGESC21 
SOURCE-BEC 

ENTRV TVPE=L "~50 INeOARD FLANGE fAB~ICATION .1500E>OO HRS I HElICSTAT 
SOURCE-BEC.l.15 AT 7.50/HR 

ENTRY TYPE=L 4450 TORQCE TUBE OUTSO ASSEMBLY LABOR .1000E+OO HRS I HELICSTAT 
SOURCE-BEC.0.75 AT 7.50/HR (2 EACHI 
SOURCE-SEC.0.032 X 683.38= 21.87 

ENTRY TVPE=P 4450 CONTINGENCY F~AME ASSY AT .C3= 

ENTRY TYPE=" ,,450 CONTINGENCY FRAME ASSY AT .03= 

ENTRY TYPE=Z ~450 CONTINGENCV FRAME ASSY AT .03: 

ENTRY TYPE=L ~"50 CONTINGENCY FRAME ASSY AT .13= .3000E-01 HRS I HELIOSTAT 

ENTRY TYPE=P ""58 PReFIT SUPPORT STRUCTURE AT .032:= 

ENTRY TYP E=N .... 58 PROFIT SUPPORT STRUCTU~E AT .032= 

ENTRV TYPE=L .... 50 PROFIT SUPPORT STRUCTURE AT .032= .8COOE-01 HRS I HEltOSTAT 

ENTRY TVP E=Z 4 .. 50 PROfIT SUPPORT STRUCTURE AT .032= 
SOURCE-BEC,0.03 X ~23.98=15.72 

ENTRV TYPE=A .... 50 suppeRT STRUCTURE LAND .1HOE'02 ACRE 
SOURCE-BLDG AREA fRAC--.155 X 15 

ENTRY TYPE=B ~"50 SUPPCRT STRUCTURE FACILITIES .9895E'05 SOFT 
SOURCE-BLDG AREA FRAC--.155 X 63~.4K 
INCL UOES A IC. HR NISH INGS ,FEES, TURNOVER, IHPROVEHE NT S ,SUBSTA T ION 
SEE TABLE 3-1 

•• • 
.2~ 7.6~ I HELIOSlAT 

.32 55.t18 I HELIOSTAT 

21.7, I HELIOSTAT 

21.74 I HELIOSTAT 

7.61 I HELIOSTAT 

2.90 I HElIOSTAT 

2.10 I HELIOSTAT 

8.12 I KELIOSTAT 

8.72 I HELIOSTAT 

2.2' I HELIOSTAT 

ENTRY TYPE=E 4450 suppeRT STRUCTURE EQUIPMENT 2501700. 
SOURCE-BEC TABLE 8-1 

ENTRV TYPE2E 4450 PRODUCTION SUPPORT EQUIPMENT 
SO~CE-BEC TABLE 8-1 

ENTRY TYPE=T ~"50 SUPPORT STRUCTURE TOO~ING 
SOURCE-BEC TABLE B-1 

ENTRY TYPE=S 4450 SUPPLIES.UTILITIES AND REPAI~S 
SOURCE-BEC TABLE F-5,SUPPORT STRUCTURE FRAC X G/f FRAC 

X AVG/HE~ = 0.297 X 0.57 X 16.23 

20n&~oo. 

931000_ 

2.75 I HELIOSTAT 

•• • 
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ENTRY TYPE=Z 4450 PROCESS DESIGH,FACTORY STARTUP, 
SOURCE-BEC TABLE 3-3,DESIGN CHANGE ADMINISTRATION 
BLDG AREA FRAC .155 X 41.9Z=E.50 

ENTRY TYPE=Q 4~50 suppeRT STRUCTURE QUANTITY/YEAR 

TOTAL PURCHASED MATERIALS= 269.33 S/HELIOSTAT 
TOTAL RAW MATERIALS= 24E.17 S/HELIOSTAT 
TOTAL (BASE RATE COST CATEGORY) DIRECT LABOR= 2.7380 
TOTAL CONSUNABlES= 2.75 S/HELICSTAT 
LAND REQUIREO= 11.6000 ACRES 
PRODUCTION FACILITY (BASE RATE COST CATEGORY) SI2E= 
TOTAL EQUIPMENT COSTa 450e100. $ 
TOTAL TOOLING COST= 931000. S 
QUANTITY= SOOCD. / YEAR 
TOTAL SUBCONTRACTS AND FLOW-THROUGH EXFENSES= 80.84 

TOTAL DIRECT LABOR COST= 28.67 S/HELIOSTAT 
TOTAL PRODlCTION FACILITY COST 49~7500. $ 

.500 OE+ 05 IYR 

HRS/HELIOSTAT 

98950. sa FT 

S/HELIOSTAT 

- -• • • • ~ • 

6.50 I HElIOSTAT 

.- • .- • 
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BEC 2ND GENERATION HElIOSTAT 

~~1D TRANSPORTATION COSTS 

KEY TO ENTRY TYPES 

M=R AW MATER IALS 

• 4 

P=PUFCHASE£ MATERIALS 
T=TOOlING 

• •• • 

l=OI~ECT lABeR HOURS 
E:EQUI Ft<ENT 
Q=QUANTITY 

• • 

S=SUPPlIES AND CONSUMABlES 
B=BUIlDING CR FACILITY SIZE 
X=TRANSPORTATICN ~EQUIREMENTS 

A=LAND FOR PROQCCTICN FACILITY 
Y=SITE-RETA INEO CAPITAL Z=SUBCONTRACTS AND FLOW-THROUGH EXPENSES 

ITEM 

ENTRY TYPE=E ~1a MIRROR MODULE CRATE 
SOURCE-BEC TABLE F-~ 

ENTRY TYPE=X ~410 TRAN~PORT-TO-SITE MIRROR MOCCLES 
SPECIAL TRANSPORTATION COST CATEGORY 1 

SOURCE-BEC. 76.5Q/HELIOSTAT 

ENTRY TYPE=Q ~~1D REFLECTIVE ASSEMBLY eUANTITY 

TOTAL PURC~ASEO MATERIALS= 0.00 $/HELIOSTAT 
TOTAL RAW MATERIALS: G.OO S/HELIOSTAT 

QUANTITY UNITS 

.1380E+00 YRS 

.1250£000 TRUCKLOADS 

.6914E+ 04 ISTE 

TOTAL (BASE RATE COST CATEGORY I DIRECT LABOR= 0.0000 HRS/HElIOSTAT 
TOTAL CONSUMABlES= 0.00 S/HElICSTAT 
WEIGHTED EQUIPMENT COST= 786600. $ TI~ES YEARS USED I SITE 
QUANTITY: 691~. I SITE 

SPECIAL TRANSPCRTATION ceST CATEGORY 1 = .125 TRUCKLOADS 
INPUT (NOT COMPUTEtl TRANSFORTATIO~ COST ~9.38 $ 

UNIT 
COST 

TOTAL 
COST 

5700000. 

• 
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BEC 2ND GENER4TION HELIOST~T 

4420 TRANSPORTATION COSTS 

KEY TO ENTRY TYPES 

M=RAW HATERIALS P=PURCHASEC MATERIALS 
T=TeCLING 

L=DI~ECT LABOR HOURS 
E=EOLIFMENT 
G=QUANTITY 

S=SUPPLIES AND CONSlHABLES 
B=BUILDING OR FACILITY SIZE 
X=TRANSPORTATION REOUIREMENTS 

A=LAND FOR PRODUCTION FACILITY 
Y=SITE-RETAINEC CAPITAL Z=SUBCONTRAC1S .1'10 FLOW-THROUGH EXPENSES 

ITEM QUANT ITY UNITS 

ENTRY TYPE=S 4420 URIVE ASSEM8LY CRATE 
SOURCE-NONE IDENTIfIED 

ENTRY TYPE=X ~420 TRANSPORT-TO-SITE ORIVEASSY .12~OE+00 TRUCKLOACS 
SPECIAL TRA~SPORTATION COST CATEGORY 1 

SO lRCE-8EC, 20.90 

ENTRY TYPE=Q ~420 DRIVE ASSEMBLY QUANTITY .6'114£+ 04 ISTE 

TOTAL PURCHASED MATERIAlS= O.JO S/HELIOSTAT 
TOTAL RAW MATERIALS= 0.00 t/HELIOSTAT 
TOTAL (eASE RATE ceST CATEGORY' DIRECT LABOR= o.~nOD HRS/HELIOSTAT 
TOTAL CONSUHABLES= D.DD t/HELIOSTAT 
WEIGHTED ECUIPMENT COST= O. $ TI~ES YEARS USED I SITE 
QUANTITY= 6Q14. I SITE 

SPECIAL TRANSPORTATION COsT CATEGORY 1 = .125 TRUCKLOADS 
INPUT (NOT COMPUTED) TRANSPORTATIO~ COST 49.38 $ 

• • - • • tt • .-

UIIIT 
COST 

• 

TOTAL 
COST 

0.00 I HELIOSTAT 

.- • 
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• • • • BEC 2ND GENERATION HELIOSTAT 

~43a TRANSPORTATIO~ COSTS 

KEY TO ENTRY TYPES 

H=RAW MATERIALS 

• • 

P=PURCHASEC MATERIALS 
T=TOOLING 

4 • •• 
l=DIRECT LABOR HOURS 
E=EOUIPHENT 
Q=OUANTITY 

• 

S=SUPPLIES AND CONSUHA8lES 
B=eUIlOING OR FACILITY SIZE 
X=TRANSPORTATION REGUIRE~ENTS 

A&LANO FOR P~ODUCTION FACILITY 
v=SITE-RETAINED CAPITAL Z=SUBCONTRAClS AND FLOW-THROUGH EXPENSES 

ITEM CUANT ITY UNITS 

ENTRY TYPE=Q 4430 CONT~OLS QUANTITY .&914E+C4 ISTE 

TOTAL PURC~ASEO MATERIALS= 0.00 S/HELIOSTAT 
TOTAL RAW MATERIALS= C.OQ $/HElIOSTAT 
TOTAL (BASE RATE COST CATEGORY) OIRECT LABOR= 0.0000 HRS/HElIOSTAT 
TOTAL CONSUMABlES= 0 •• 0 $/HELIOSTAT 
WEIGHTED EQUIPMENT COST= O. $ TIMES YEARS USED / SITE 
QUANTITY= 6914. / SITE 

EEC 2ND GENERATION HELIOSTAT 

4440 TRANSPORTATION COSTS 

KEY TO ENTRY TYPES 

M=RAW MATERIALS 
S=SUPPLIES AND CONSUMABLES 
B=BUILOING OR FACILITY SIZE 
X=TRA~PORTATION REQUIREMENTS 

P=PURCHASEC MATERIALS 
T=TOOlING 
A=LAND FOR P~OOCCTION FACILITY 
V=SITE-RETAI~ED CAPITAL 

UNIT 
COST 

TOTAL 
COST 

L=OIRECT LABOR HOURS 
E=EQUI FHENT 
Q:QU~NTITV 

Z=SU8CONTRACTS AND FLOW-THROUGH EXPENSES 

ITEM QUANTITY UNITS UNIT 
COST 

TOTAL 
COST 

ENTRY TYPE=Q ...... 0 FOUNCATION/PEDESTAL QUANTITY • (, 91 .. £+ (4 ISTE 

TOTAL PURCHASED MATERIALS= 0.00 $/HELIOSTAT 
TOTAL ~AW MATERIALS= O.GO S/HELIOSTAT 
TOTAL (BASE RATE COST CATEGORY) DIRECT LAseR= 0.0000 HRS/HElIOSTAT 
TOTAL CONSUMA8LES= 0.00 $/HELICSTAT 
WEIGHTED EQUIPMENT COST= O. S TUES YEARS CSED / SITE 
QUANTITY= &914. / SITE 

•• • 
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eEC 2~D GENERATICN HELIOSTAT 

445D TRANSPORTATION COSTS 

KEY TO ENTRY TYPES 

M=RAW MATERIALS P=PURCHASEt MATERIALS 
T=TOCLING S=SUPPLIES AND CONSUMABLES 

8=8UILDING OR fACILITY SIZE 
X=TRA~SPORTATION "ECUIREHENTS 

A=LAND fOR PRODUCTION FACILITY 
Y=SITE-RETAI~EC CAPITAL 

ITEM 

ENTRY TYPE=S 4450 STRUTS.BARS.ANGLES CRATE 
SOlRCE-NONE IDENTIfIED 

ENTRY TYPE=X .... 50 TRANSPORT-TO·SITE.STRUTS.BARS.AGLS 
SPECIAL TRANSPORTATIOH COST CATEGORY 1 

SOURCE-eEc.2.st 

ENTRY TlPE=S .. 450 TORQUE TUBE CRATES 
SOL~CE-NCNE IOENTIFIED 

ENTRY TYPE=X 4450 TRANSPORT-TO-SITE TORQUE-TUBES 
SPECIAL TRANSPORTATION COST CATEGORY 1 

SOURCE-BEC.4.10 INC ABOVE 

ENTRY TYPE=Q 4450 SUPPORT STRUCTURE QUANTITY 

TOTAL PURCHASED MATERIALS: o.co !/HELIOSTAT 
TOTAL RAW MATERIALS= G.OO !/HELIOSTAT 

QUANT lTY 

.1100E-01 

O. 

.691 .. E+04 

TOTAL leASE RATE COST CATEGORY' DIRECT LABOR= 0.0000 HRS/HELIOSTAT 
TOTAL CONSUMAeLES= D.DO $/HELICSTAT 
WEIGHTED EQUIPMENT COST= Q. $ TI~ES YEARS C~ED I SITE 
QUANTITY= &914. I SITE 

SPECIAL TRANSPCRTATICN ceST CATEGORV 1 = .011 TRUCKLOADS 
INPUT CNOT CCMPUTEt) TRANSPORTATION COST 6.72 $ 

• • • • 
, 

• 

L=OIRECT LABOR HOURS 
E=EQUI F'MENT 
Q=QUANTITY 
Z=SUBCCNTRACTS AND FLOW-THROUGH EXPENSES 

UNITS UNIT TOTAL 
COST COST 

0.00 I HELIOSTAT 

TRUCKLOACS 

0.00 I HELIOSTAT 

TRUCKLOADS 

ISTE 

•• • .- • 
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.. 430 SITE COSTS 

KEY TO ENTRY TYPES 

I1=RAW MATERIALS 

• fI 

P=PURCHASED MATERIALS 
T=ToeLING 

• •• 
L=OIRECT LABOR HOURS 
E=EOUIPHENT 
O=QUANTITY 

• •• 
S=SUPPLIES AND CDNSUMA8LES 
B=BUILDING OR FACILITy SIZE 
X=TRANSPORTATION RECUIREHENTS 

A=LA~D FOR PROD~CTION FACILITY 
Y=SITE-RETAI~ED C.PITAL Z=SUBCONTRACTS AND FLOW-THROUGH EXPENSES 

ITEM 

ENTRY TYPE=Z 4 .. 30 HC 
SOURCE-NONE IDENTIFIED, zao.oc SUPPLIED BY HAL 

ENTRY TYPE=Z .... 30 HFC 
SOlRCE-NONE IDENTIFIED. s.oo SUPPLIED BY HAL 

ENTRY TYPEsZ .... 30 HAC 
SOURCE-NONE IDENTIFIED. ~500CC/FIELD SUPPLIED BY HAL 

ENTRY TYPE=Z .... 30 SIGNAL DISTRIBUTION INSTALLED 
SOURCE-NONE IDENTIFIED. 35D.DC SUPPLIED EY HAL 

ENTRY TYPE=Z .. 430 PONE. CABLING INSTALLED 
SOlRCE-NONE IDENTIFIED.INC IN 350.00 ABOVE 

ENTRY TYPE=Z .... 30 BEAM CHARACTERIZATIO~ SYSTENIBCSI 
SOURCE-NONE IDENTIFIED. 15aOOC/FIELD SUPPLIED BY HAL 

ENTRY TYPE=Z .... 3D CONTINGENCY ON HAL SUPPlIED CONTPL 
SOURCE-HAL AT 0.10 X &12.8& 

ENTRY TYPE=Z 4430 PROFIT ON HAL SUFPLIEO CONTROLS 
SOURCE-HAL AT .032 X 612.86 

ENTRY TYPE=Z .. 430 
SOl'RCE -BEC 

ENTRY TYPE=Z .... 3D 
SOURCE-BEC 

SITE SPECIFIC SOFTNA~E 

TAPE/PROGRAMS/MANUALS REPRO ONLY 

ENTRY TYPE=L 4 .. 30 POWE~,LIGHTNING.SIGNAL CASLE ceNN 
SOURCE-BEC,Z ... t AT 16.05/HR 

ENTRY TYPE=L 4~30 FI~AL PEOESTAL SURVEV,LONG.LAT 
SOURCE-BEC.l.OO AT 8.0C/HR 

ENTRY TYPE=L .... 3D ZERO REFERENCE LABOR 
SOURCE-BEC.l0.00 AT 8.00/HR 

ENTRY TYPE=L ~"30 VE~IFY GIMBAL OPERATION 
SOURCE-BEC.l.3l AT 16.05/HR 

ENTRY TYPE=Z 4 .. 30 
SOURCE-BEC 

INITIAL CALIBRATION 

QUA NT ITY UNITS UNIT TOTAL 
COST COST 

200.00 / HELIOSTAT 

5.00 I HELIOSTAT 

3 E.l& / HELIOSTAT 

350.00 / HELIOSTAT 

0.00 / HElIOSlAT 

21.10 I HELIOSTAT 

01.2'1 I HELlOS TAT 

1 ~.&1 / HELIOSTAT 

7.23 / HELIOSTAT 

1.23 I HELIOSlAT 

.1500E+GO HRS I HELIOSTAT 

.2500E>00 HRS I HELICSTAT 

.1250E+01 HRS I HELICSTAT 

.8300E-01 HRS I HELl {STAT 

3!.16 / HELIOSTAT 

• 



...... 
'" """ 

• - • 

ENTRY TYPEcP 4430 CONTINGENCY 
SOURCE-BEC 0.10 X 55.99.~.&O 

ENTRY TYPE=P 4430 CONTINGENCY ON SOFTWARE 
SOURCE-8EC.0.20 X 7.23=1.45 

ENTRY TYPE=P ~430 PROFIT 
SO~~CE~BEC.O.06 ~ 55.99 + O.le X 7.23=4.08 

ENTRY T1PE=E 4430 CONT~OLS EQUIPMENT o. 
SOURCE- NONE IDENTIFIED 

ENTRY TVPE=Q 4430 CONT~OLS QUANTITYISITE .&91"E+O~ ISTE 

TOTAL PURCHASED MATERIALS= 11.13 $/HELIOSTAT 
TOTAL RAM MATERIALS= a.aD l/HELIOSTAT 
TOTAL tBASE RATE COST CATEGORY I DIRECT LABeR= 1.7330 HRS/HELIOSTAT 
TOTAL CONSUMA8lES= D.OD t/HELIeSTAT 
WEIGHTEO EQUIPHENT COST= o. ~ TI~ES YEARS USED I SITE 
QUANTITY= &914. I SITE 
TOTAL SUBCONTRACTS AND FLOW-THROUGH EXPENSES= 138.38 S/HELIOSTAT 

TOTAL DIRECT LABOR COST= 19.83 S/HElIOSTAT 

• - • • tt • 

5.&0 I HELIOSTAT 

1.~5 I HELIOSTAT 

~.D8 I HElIOSTAT 

o. 

.- • .- • 
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BEC lND GENERATION HELIOSTAT 

",. .. 0 SITE COSTS 

KEY TO ENTRY TYPES 

M=RAW MATERIALS 

• I 

P=PURCHASED MATERIALS 
T=TOOLING 

• 

S=SUPPLIES AND CONSUMABLES 
B=BUILDING CR FACILITY SIZE 
X=TRANSPORTATION REQUIREMENTS 

A=LANO FOR Pl<OOCCTICN FACILITY 
Y=SITE-RETAINED CAPITAL 

ITEH 

ENTRY TYPE=P " .... 0 SOIL SAMPLES FOR FOUNOATION DESIGN 
SOlRCE-BEC CHARGED 21.70 

ENTRY TVPE=L 4""0 SURVEY FOR FOUNOATIo~ LOCATION 
SOURCE-BEC.2.00 AT 7.5D/HR 

ENTRY TYPE=Z " .... 0 FOCNCATION/PEDESTAL 
SOURCE-BEC.INCLUCES TRANSPORT-TO-SITE 
HYDRO CONDUIT COFP QUOTE 11/14/80 

ENTRY TYPE=Z 44"0 FOCNCATION/PEDESTAL IN~TALLATIC~ 
SOURCE-BEC,PILE DRIVING 

ENTRY TVPE=P ...... 0 CONTINGENCY.fOUND/PEC.lIGHTNING 
SOURCE-BEC.O.05 X 658.69=32.93 

ENTRY TYPE=P ""40 CONTINGENCY .INSTALLATION 
SOL~CE-BEC.O.I0 X 315.00=31.50 

ENTRY TYPE=P ""40 CONTINGENCY.SOIL SAMFLES 
SOURCE-BEC.O.20 X l1.70=~.34 

ENTRY TYPE=P 4"40 PROFIT 
SOURCE-BEC •• 032 ~ 658.69 • • 06 X 317.D4 
+ 0.10 X 21.70=42.27 

ENTRY TYPEzQ 4"40 FOUNCATION/PEOESTAL QUANTITY/SITE 

TOTAL PURCHASED HATERIALS: 10G.70 $/HELIOSTAT 
TOTAL RAW HATERIALS= 0.00 $/HELIOSTAT 

QUANTITY 

.2500HOO 

.6 914E> 04 

TOTAL IBASE RATE COST CATEGORY) DIRECT LABOR: .2500 HRS/HELIOSTAT 
TOTAL CONSUMABLES= 0.00 $/HELIOSTAT 
WEIGHTEO EQUIPMENT COST= O. i TI~ES YEARS USED I SITE 
QUANTITY= 6914. / SITE 
TOTAL SUBCONTRACTS AND FLaM-THROUGH EXPENSES= 933.00 S/HELIOSTAT 

TOTAL DIRECT LABOR COST .. 2.86 $/HEl IOSTAT 

•• • 

L=DIRECT LABOR HOURS 
E=EQUIFMENT 
Q=CUANTITY 

• • 

z=SUeCONTRACTS AND FLOW-THROUGH EXPENSES 

UNITS UNIT TOTAL 
COST COST 

0.00 I HELIOSTAT 

HRS I HEL lOST AT 

618.00 / HELIOSTAT 

31 ~. DC / HELIOSTAT 

32.93 I HELICSTAT 

31.50 / HELIOSTAT 

0.00 / HELIDSTAT 

"2.27 I HELIOSTAT 

ISTE 

• 
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BEC ZND GENERATION HELIOSTAT 

.... 60 SITE COSTS 

KEY TO ENTRY TYPES 

H=RAII HATERIALS 
S=SUPFLIES AND CONSUMABLES 
B=BUILDING CR FACILITY SIZE 
X=TRANSPORTATION ~EGUIREHENTS 

P=PURCHASEO HATERIALS 
T=TOCLING 
A=LANO FOR PRODUCTION FACILITY 
Y=SITE-RETAINED CAPITAL 

L=DIRECT LAeeR HOURS 
E=EOlIPHENT 
Q=QUANTITY 
Z=SUBCCNTRACTS AND FLOII-THROUGH EXPENSES 

ITEM QUANTITY UNITS UNIT 
COST 

TOUL 
COST 

ENTRY TYPE=L .. 460 REFLECTIVE ASSY.ASSEMBLY.CANT 
SOLRCE-BEC."8.Z1 AT 8.00/HR 

ENTRY TYPE=L .... 60 REFLECTIVE ASSY TRANSPORT AT SITE 
SOURCE-BEC, 2. 6 7 IT 8. U'HR 

ENTRY TYPE=L .. 460 REFLECTIVE ASSY INSTALLATION 
SOURCE-BEC,1Z.40 AT 8.00/HR 

ENTRY TYPE=L 4460 DRIVE ASSEMBLY TRANSPORT AT SITE 
SOURCE-BEC,1.32 AT 8.DD/HR 

ENTRY TYPE=P .. 460 
SOlRCE-BEC 

DRIVE ASSY INSTALLATION HDIIR 

ENTRY TYPE=L 4460 DRIVE ASSY INSTALLATION LABOR 
SOURCE-BEC.2.0e AT 8.00/HR 

ENTRY TYPE=P 4460 
SOURCE-BEC 

SUPPORT STRUCTURE ASSEMBLY HDNR 

ENTRY TYPE=L .... 60 SUPPCRT STRUCTURE ASSEMBLY LABOR 
SOURCE-BEC,34.00 AT 8.00/HR 

ENTRY TYPE=Z .... 60 INITIAL CLEANING 
SOURCE-BEC, S2D7_2/6ql~ 

ENTRY TYPE=Z 4460 ASSY/INSTALL/MAIN.ECUIP RENTAL 
SOURCE-BEC TABLE F-7 

ENTRY TYPE=Z 4~&0 CONSTRUCTION HANAGEMENT 
SOlRCE-BEC •• Q2 X AT-SITE COST 

ENTRY TYPE=Z 4460 A AND E SERVICES 
SOURCE-BEC,O.lZ X ON-SITE COSTSILESS LANDI 

ENTRY TYPE=Y 4460 
SOURCE-8EC TA8LE F-7 
LINEMAN TRUCKI50Kl,2 
4 TRAILHSC2&KI 

INSTALLATIO~ EQUIPMENT 
OROTT CRANEC55KI 
TOW TRACTORSI15KI. 

ENTRY TYPE=Y 4460 MAINTENANCE EQUIP FOR WASH MACHINE 
SO~RCE-eEC TABLE 3-3 

• • - • • tt 

.603 DE' 01 HRS I HEll CSTAT 

.HOGE' aD HRS , HELItSTAT 

.15~OE'G1 HRS I HELICSTAT 

.1700E·00 HRS I HELI CST AT 

1.35 I HELIOSlAT 

.2600E'00 MRS I HEL reST AT 

7.77 I HELIOSTAT 

.USOE. 01 HRS , HELICSTAT 

3.00 , HELIOSTAT 

E.2S I HELIOSTAT 

1 E.33 I HELIOSTAT 

101.44 , IlELIOSTAT 

146000. 

7509. 

• .- • .- • 
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ENTRY T YPE=S 4460 UT!LITIES 2e~G.OOIYR 

SOURCE-BEC TABLE 3-2 

ENTRY TYPE=E .. 460 OFFICE EQUIPMENT AT SITE • toO OE+ G1 
SOlRCE-BEC TABLE 3-2 

ENTRY TYPE=T .... 60 ASSY/INSTALL TOOLING .100 OE+ 01 
SOURCE-BEC TABLES F-6,F-7,3-2 

ENTRY TYPE= Y 4460 CONTINGENCY AT 0.10 

ENTRY TYPE=P 4460 CONTINGENCY AT 0.10 

ENTRY TIP E=L 4460 CONTINGENCY AT 0.10 .12(OE+ 01 

ENTRY TYPE=L 4460 PROFIT AT 0.032 ."OOOE+QO 

ENTRY TYPE:Y 4 .. 60 PROFIT AT 0.032 

ENTRY TYPE=Z 4460 PROFIT AT C.06 

ENTRY TYPE=Z .... 60 PROFIT AT 0.10 

ENTRY TYPE: Y 4460 INITIAL SPARE PARTS 
SOURCE-BEC,S FACETS.25 MeTORs,l DRIVE REf AIR KIT. 
HAINTENACE SUPPORT EaUIPMENT, SUPPORT SYSTeM 

ENTR Y TYPE= Y 4 .. 60 MAINTENANCE EQUIPMENT 
SOURCE-BEC. 3 MASH T~UCKS 

ENTRY TYPE"Y 4460 REFLECTIVE ASSY MAINT EQUIP 
SOURCE-BEC 

ENTRY TYPE=Y 4460 DRIVE ASSY MAINT EQUIP. 
SOURCE-BEC 

ENTRY TYPE: Y 4"&0 FIELD CALIBRATIONIALIGN MAINT EG. 
SOlRCE-BEC 

ENTRY TYPE=Z ""&0 SITE DESIGN/ENGINEERING 
SOURCE-BEC TABLE 3-31200KISITE) 

ENTRY TYPE=Z .... 60 RELOCATION EXPENSES 
SOURCE-BEC,SITE FACILITY PROCESS OESIGNIOEVELOPHENT, 
PREACTIVATIONISTARTUP, TEARDOWN AND RELOCATE. 

ENTRY TYPE=Q .... 60 HELICSTATSISO "WE SITE .&91 .. E+ D4 

TOTAL PURCHSEO· MATERIAlS= 12.59 S/HELIOSTAT 
TOTAL RAW MATERIALS: C.DO S/HElIOSTAT 
TOTAL leASE RATE COST CATEGORY) DIRECT LASCR: 1".2500 HRS/HELIOSTAT 
TOTAL CONSUHABLES= .~o SIHELICSTAT 
WEIGHTED EQUIPME~T COST= 25CO. $ TI~ES YEARS USED / SITE 
QUANTITY: 6914. I SITE 
TOTAL SUBCONTRACTS AND FLOW-THROUGH EXPENSES= 171.31 S/HELICSTAT 
TOTAL SITE-RETAI~ED CAPITAl= 49C~OO.CD S 

TOTAL DIRECT LABOR COST= 1&~.02 SIHELIOSTAT 

• •• • •• • 
."0 I HELIOSlAT 

2500. 

73900. 

43288. 

3.47 / HELIOSTAT 

HRS I HEll (STAT 

HRS I HElICSTAT 

13852. 

7.25 I HELIOSTAT 

2.69 I HELIOSTAT 

32360. 

2250CO. 

It 0 00. 

10 000. 

8000. 

211.93 I HELIOSTAT 

5.22 I HELIOSTAT 

ISTE 



HELIOSTAT CeST MODEL 

DETAILED e~EAKOCWN 

BEC 2ND GENER~TIO" HEL!OSTAT 

4410 REFLECTIVE ASSEMBLY 

fACTORY ceSTS 

PRDDUCTIO~ YEAR 1 

TOTAL REQUIRED REVENUE 

DXPECT MATERIALS 
PURCHASED MATERIALS 
RAI( MATERIALS 

1348.26 

198 

SCRAP 

DHECT LASOR 

CONSUMABLES 

INDIRECT COSTS 
MAINTENANCE, PLANT E~~INEERING 
OTHER INDIRECTS 

CAPITAL REPLACEMENT ALLOWANCE 

PROPERTY TAX AND INS~RANCE 

GENERAL A ADMINISTRATIVE 

INTEREST EXPEHSE 

INCOME TAXES 

RETURN TO EQUITY HOLDERS 

OTHER EXPENSES 
ANNUALIZED ONE-TIME COSTS 
SUEGONTRACTS A fLOW-THROlGH 

29.31 
14.36 

12.47 
22.25 

.37 
20.00 

• 

• • 
• 

• • 
1665.55 

13'1l.93 

• 
50.51 

6.98 

34.72 

28.23 

21.&2 

• 
410. &2 

4.50 

27.86 

34.23 • 
20.37 • 

• 

• 
• 

• 
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HELIOSTAT COST HODEL 

DETAILED EQEA~DOWN 

BEC 2~O GENERATION HELIOSTAT 

44Z0 DRIVES 

FACTORY COSTS 

PRO Ducno ~ YEAR 1 

TOTAL REQUIRED REVENUE 

DI~ECT MATERIALS 
PURCHASED MATERIALS 
RAW MATERIALS 
SCRAP 

DIRECT LAllOR 

CONSIJHASLES 

INDIRECT ceSTS 
MAINTENANCE. PLANT ENGINEERING 
OTHER INOIRECTS 

CAPITAL REPLACEHENT ALLOWANCE 

PROPERTY TAX ANO INSURANCE 

GENERAL A AD~INISTRATI\E 

INTEREST EXPENSE 

INCOME TAXES 

RETURN TO EQ~ITY HOLDERS 

OTHER EXPENSES 
sueCONTRACTS A FLow-THROUG~ 

15911.98 

1117.77 
578.10 
518.3~ 

21.33 

120.96 

6.50 

6f>. 7 9 
23.25 
43.55 

92.70 

32.&1 

41.88 

6.79 

39.06 

!1.63 

14.28 
15.38 

199 
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H E L CAT oPTIo~S AND MODEL PARAMETERS 

MODEL oPTIo~S 
SUM OF THE YEARS- DIGITS DEPRECIATION 
WITH NO LEARNING CURVE COST REDUCTION 

PARAMETER MATRIX 

1 DURATION Of COST P~OJECTIot, - YEARS 
2 BASE RATE DIRECT LABOR COST - S/HOUR 
3 BASE RATE PROD fACILITy COST - S/SQFT 
~ LAND COST FOR PROD FACILITY - SIACRE 
5 INFLATION RATE 
& RETURN TO BONO HOLtERS 
7 RETURN TO EQUITY HOLDERS 
8 COM8INED I~COME TAX RATE 
OJ INVESTMENT TAX C~ECIT 

10 EaUITY fRACTION 
11 PROPERTY TAX AND INSURANCE FRACTIo~ 
12 PURCHASED MATERIAL SCRAP F~ACTICN 
13 MAINTENANCE FRACTICN 
1~ GENERAL .AND AOMI~ISTRATIVE FRACTIO~ 
15 WORKING CAPITAL FRACTION 
1& RAW MATERIAL SCRAP FRACTIO~ 
11 TOOLING LIFETINE (ACCOUNTING) - YEARS 
18 EQUIPMENT LIFETIME (ACCOUNTING) - YEARS 
19 FACILITy LIFETINE (ACCOUNTING) - YEARS 
20 FACILITY CONSTRUCTION PERICD - YEARS 
21 FACILITY PLANT E~GINEERING FRACTIO~ 
22 FACILITY STARTUP GLANTITY 
23 COST REDUCTICN COEFFICIENT - START UP 
2~ TOOLING LIFETINE (TAX) - YEARS 
25 EQUIPMENT LIFETIME (TAX) - YEA~S 
2& FACILITY LIFETIME (TAX) - yEARS 
27 BASE RATE TRANS COST - S/LB 
28 INDIRECT FRACTIo~ - LAeOR 
29 INDIRECT fRACTION - MATERIAL 
30 INDI~ECT F~ACTION - ToOL9G.EQUIP9T.FAC9V 

SPECIAL COST 
CATEGORY 

NUMBER 
1 
2 
3 
~ 

5 
& 
1 
8 
OJ 

• -

MATRICES 
FACILITY 
I/SQ FT 

~O. 
60. 
80. 

• 

100. 
120. 
1~0. 

D. 
O. 
O. 

• 

LA80~ 
S/HR 
~. DO 

12. GO 
16.00 
21.00 
2~.0( 

30.00 
O. co 
o. 00 
0.00 

, 

fACTORY SITE TRANsponATION 
13. OOC 10.000 10. COO 
10. SOC 11.10"0 15.MO 
50.000 0.000 0.000 

32000.000 C.Don 0.000 
0100 .100 .060 
.050 .102 .10Z 
.095 .166 .166 
.soc .500 .500 
.HC .100 .100 
.800 .• 800 .800 
.0 .. 6 .o~o .040 
.010 .HO .01C 
.020 .0 .. 0 .0 .. 0 
.02'1 0.000 0.000 
.170 0.000 0.000 
.030 .030 .030 

5.000 5.800 5.000 
10. Q CO 10.000 10.000 
IoS.OOD 30.000 30.000 

3.000 0.000 0.000 
.3 ell 0.000 ~.ooo 

2000m.QOO 0.00 D 0.000 
.920 O. 000 0.000 

5.000 3.000 3.000 
10. CCC 8.000 8.000 
21.000 25.~00 25.000 

.035 .035 .035 

.210 .300 .300 

.00" o.ooa 0.000 
.OOE 0.000 0.000 

TRANSPORT 
(UNITS VARY) 

395.000 S/TRKLoAU 
130.00C I/TRKLOAD 

0.000 
0.000 
0.000 
0.000 
o. 000 
0.000 
0.000 

• .- • •• • 
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• • • • BEC 2ND GENERATICN HELIOSTlT 

4410 FACTORY COSTS 

KEY TO ENTRY TYPES 

H=RAW MATERIALS 

• • fI 

P=PURCHASEO MATERIALS 
T=TOOLING 

• •• 
L=OI~ECT LABOR HOURS 
E=EOU1 F~ENT 
Q=QUANTITY 

• 

S=SUPPLIES AND CONSUHABLES 
B=BUILDING CR FACILITY SIZE 
~=TRANSPORTATION REGUIREHENTS 

~=LAND FOR PRODUCTION FACILITY 
YaSITE-RETAI~EO CAPITAL Z-SUBCONTRACTS AND FLOW-THROUGH EXPE~SES 

ITEH 

ENTRY TYPE=P '410 7809 FUSION GLASS tIRROR.O.056 
SOURCE-PITT-CO~NING,.9S YLD,GLASS n.362/SQFT. 
AG/Ce/PRIHER 0.3S0/SQFT.XPORT TO fACTORY 
O.044/SQFT 

ENTRY TYPE=P 4410 FOAHSIL-75 2 INCH 
SOURCE-PITT-CORNING,.95 YLO •• 47/BOFT 

ENTRY TYPE=P 4410 7809 FUSION GLASS BACK SHEET,D.OS8 
SOURCE-PITT-CO~NING,.95 YLO,GLASS .362/SDFT, 
XPORT TO fACTO~Y Q.D44/SCfT.CORNING GLASS WORKS.BLACKSBURG,VA 

ENTRY TYPE=P 4410 AOHESI~ES FOR FUSION TO FOAM GLASS 
SOlRCE-PITT-CORNING,.95 YLD,INC XPORT 

ENTRY TYPE=P 4410 ADHESIVE FOR FOA" GLASS JOINTS 
SOURCE-PITT-CO~NING,.95 YLO, 

ENTRY TYPE=P 4410 eACKSHEET PAINT,.003 INCH 
SOlRCE-PITT-CORNING •• 95 'LO. 

ENTRY TYPE=P ~~ID EDGE STRIPS,2~ GAUGE, 
SOURCE-PITT-CORNING •• 9S YLD, 

ENTRY TVPE=P 4410 EDGE STRIP ADHESIVE 
SOURCE-PITT-CO~NING,.9S YLO 

ENTRY T'PE=P ~410 SEALANT.HOT HELT BUTYL 
SOURCE-PITT-CO~NIHG,.95 YLD,INC KPORT 

ENTRY TYPE=L ~~10 MIRRCR HOOULE FAB AND ASSEMBLY 
SOlRCE-PITT-CD~NING/BEC CORRECTIONS 

ENTRY TYPE=P ~410 HIRRCR FACET ATTACH PLATES 
SOURCE-BEC,go PLASTIC PAtS 

ENTRY TYPE=" 4410 HIRRCR FACET ATTACH PLATES. 
SOlRCE-BEC,8 EACH=14.7 LEIHALI 

ENTRY TYPE=L 4410 FACET ATTACH PLTS FABRICATION 
SOURCE-BEC. 3.72 AT 7.50/HR 

ENTRY TYPE=" 4410 BRACkETS. 4~ EACH=77.6 L8(HAll 
SOURCE-REf:. 6n.4 LA CAlCUI.ATFO RY RFC 

CUAt(TITY urUTS 

480 SOFT 

.. 110 saFT 

3/0 US 

22 lBS 

5 GAL 

.3440E+Ol HRS I HELlCSTAT 

25 Les 

.5000E+00 HRS I HELICSTAT 

66 19S 

UNIT 
COST 

.76 

.41 

1.16 

.70 

5.26 

.Z5 

.32 

TOT~L 

COST 

362.88 I HELIOSTAT 

461.18 I HELIOSTAT 

19~.06 I HELlOSTAT 

39.56 I HELlOSTAT 

lE.03 I HELIOSTAT 

33.38 I HELIOSTAT 

TO.86 I HELlOSTAT 

29.56 I HELlOSTAT 

10.17 I HELIOSTAT 

15.36 I HELIOS1AT 

E.~8 I HELIOSTAT 

21.12 I HELIOS1AT 

•• • 
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ENTRY TYPE=L ~410 BRACkET fAeRICATION 
SOURCE-BEC, 1.78 AT 7.50/HR 

.240GE-tOO HRS I HElIOSTAT 

ENTRY TYPE=P 4410 ATTACHMENT HAROWARE,NUT.B.Ll,1961 
SOURCE-BEC. SET SCRE~,WASHERSC1q2' 

ENTRY TYPE=P 4410 eRACkET-FRAHE HARCIIAFE 
SOURCE-BEC 

ENTRY TYPE=P 4HO GALVANIZING MATERIAL 
SOtRCE-BEC, INC fEWOR. OF PARTS 

ENTRY TYPE=L 4410 GALVANIZING LABOR .. l500E+IlQ MRS I HELl CSTAT 
SOURCE-BEC, Z.EZ AT 7.50/HR 

ENTRY TYPE=P 4410 CONTINGENCY AT 0.03= 

ENTRY TlPE=1I '.1118 CONTINGENCY AT 0.03= 

ENTRY TVPE=L .. ,.U CONTIIiGENCY AT 0.03= .1480UM HRS I HELItSTAT 

ENTRY TYPE=!' .... 10 PROFIT AT U.032= 

ENTRY TYPE=M 4410 PRCfIT AT 0.032= 

ENTRY TYPE=L 4410 PROFIT AT 0 .~32= .1400E.DO HRS I HELI (STAT 

ENTRY T YPE=A 4410 ~EFlECTIVE ASSEMBLY LA ID .3580E_02 ACRE 
SOtRCE-BLDG AREA FRAC--.477 X 75 

ENTRY TYPE=B 4410 REFLECTIVE ASSEMBLY FACILITIES .3045E_C& SQFT 
SOURCE-BLDG AREA FRAC--.477 X &3e.~K 
INCLUDES A/C,FURNISHINGS,FEES,TURNOVER,IHPROVEHENTS,SUBSTATION 
SEe TABLE 3-1 

12.12 I HEL IOSTAT 

S.OO I HELIOSTAT 

12.DO I HELIOSHT 

40.69 I HELIOSTAT 

.63 I HELIOSTAT 

"3.61 I HELIOSTAT 

.88 I HELIOSTAT 

ENTRY TYPE=E 4410 REFLECTIVE ASSEHBLY EQUIPHENT 15231000. 
SOURCE-SEC TABLE f-4 

ENTRY TYPE=E 4410 GLASS SHIPPI~G CRATES 450000. 
SOURCE-BEC TABLE f-4 

ENTRY TYPE=T 4410 REfLECTIVE ASSEHELY TOOLING 2Eaoco. 
SOtRCE-BEC TABLE F-7.ITE~S 1 AN~ Z 

ENTRY TYPE-S 4410 SUPPLIES,UTILITI,S AND REPAI.S 
SOtRCE-BEC TABLE F-5.REFL. ASSY FRAC X AVG'HEL 
C.43 x 1&.23=6.98 

ENTRY TYPE=Z 4410 PROCESS DESIGN.FAGTORY STARTUP, 
SOURCE-BEC TABLE J-J.DESIGN CHANGE ADHINISTRATIO~ 
BLDG AREA fRAG .477 x 41.92 

ENTRY TYPE=Q 4410 REFLECTIVE ASSY CUANTITY/YEAR 

TOTAL FURCHASED MATERIALS= 1348.26 S/HELIO~AT 
TOTAL RAW MATERIALS= Zq.J1 $/HELIOSTAT 

.5000E-05 

TOTAL (eASE RATE ceST CATE(ORY' DIRECT LABOR= 4.81UO HRS/H!LIOSTAT 
TOTAL CCNSUMABLES= &.Q6 t/HELI(STAT 
LANa REQUIRED= 35.8UOO ACRES 
PRODUCTION FACILITY IBASE RATE COST CATEGORY' SI.E= J04500. SO FT 
TOTAL EQUIPMENT CCST: 15£81000. $ 
TOTAL TOOLING COST= 268~ao. $ 
QUANTITY= 500CO. I YEAR 

·TOTAl SUBCO~TRACTS AND FLO"-THROUGHE'PENSES~ zo.o~ t/HELICSTAT 

TOTAL DIRECT LABeR COST= 50.51 S/HELIOSTAT 
TOTAL PRODlCTION FACILITy caST 1522~OOO. $ 
BEC 2NO GENE~ATICN HELIOSTAT - • • - • • tt 

6.98 I HEUOSTAT 

ZO.OO I HELIOSTAT 

• .- • .- • 
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HELIDSTAT CCST MOtEL 

DETAILED e~EAKDOH~ 

BEC 2ND GENERATION HELIDSTAT 

.... 30 CONTROLS 

SITE COSTS 

PROOUCTIO~ YEAR 1 

TOTAL REQUIRED REVENUE 

DIRECT HATE~IALS 
PURCHASED MATERIALS 
RAW MATERIALS 
SCRAP 

DIRECT LABOR 

CONSUMABlES 

INDIRECT COSTS 
~AINTENANCE, PLANT ENGINEERING 
OTHER INDIRECTS 

CAPITAL REPLACEMENT ALLOHANCE 

PROPERTY TAX AND INSURANCE 

GENERAL A ADMINISTRATIVE 

INTEREST EXPENSE 

INCOME TAXES 

RETURN TO EQUITY HOLDERS 

OTHER EXPENSES 
SUBCONTRACTS A FLDH-THROUGH 

175.39 

11.24 
11.13 

0.00 
.11 

19.83 

O.CO 

S.95 
0.00 
5.95 

0.00 

0.00 

0.0 C 

O. O~ 

O. 011 

0.00 

738.38 
738.38 

203 



HELIOSTAT COST HOtEL 

DETAILED EREAKDCNN 

BEC 2ND GENERATION HELIOSTAT 

4440 FOUNDATION/PEDESTAL 

SITE COSTS 

PRODUCTIO~' YUR 1 

TOTAL REQUIRED REVENUE 

204 

DIRECT HATERIALS 
PURCHASED MATERIALS 
RAW HATERIALS 
SCRAP 

DIRECT LABOR 

CONSUHABlES 

INDIRECT COSTS 
MAINTENANCE, PLANT E~~INEERIHG 
OnER INDIRECTS 

CAPITAL REPLACEMENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GENERAL A AD~INISTRATIVE 

INTEREST EXPENSE 

INCOHE TAXES 

RETURN TO EQUITY HOLDERS 

OTHER EXPENSES 
SUECONTRACTS A fLOW-THROUGH 

106.70 
0.00 
1.07 

0.00 
.86 

'333.00 

• 

• • 
• 

• 107.77 • 
2.86 

'.00 

• 
.86 

O.OG 

0.00 

0.00 

o. a c 
0.00 • 0.00 

933. GO 

• 
• 
• 

• 
• 

• 
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HELIOSTAT COST MODEL 

DETAILED E~EA~OCWN 

BEC 2ND GENERATION HELIOSTAT 

4460 ASSEMBLY/INSTAllATION 

SITE COSTS 

PROOUCTIO~ YEAR 1 

TOTAL REQUIRED REVENUE 

DIRECT MATERIALS 
PURCHA~EO MATERIALS 
RAW MUEIUAlS 
SCRAP 

DIRECT LABOR 

CONSUMABLES 

INDIRECT ceSTS 
MAINTENANCE. PLANT ENGINEERING 
OHER ItiDIRECTS 

CAPITAL REPLACEMENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GENERAL A AD~INISTRATIVE 

INTEREST EXPENSE 

INCOME TAXES 

RETURN TO EOUITY HOltERS 

OHER EXPENSES 
SUECONTRACTS A FLOW-TH~OUGH 
SITE-RETAINED CAPITAL 

12.S9 
a.oa 
.13 

.44 
48.91 

171.31 
70.87 

470.27 

12.72 

163.02 

... 0 

49.35 

1.66 

.113 

0.00 

.08 

.21 

.51 

242.18 

205 
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FACTORY 

TRANSPORTAT ION 

SITE 

TOTALS BY COMPONENT 

- • 

4410 41020 

1665.55 1590.98 

75.89 49.38 

1741.41t 1640.36 

• - • 

COST SUHK_RY BY PROFIT CENTER 

TOTAL REQUIRED REVENUE 

BEC 2ND GENERATION HELICSTAT 

PRODUCTION YEAR 1 

4430 4440 4450 4 .. 60 TOTALS BY LOCATION 

0.00 0.00 71".16 0.00 3970.&9 

0.00 0.00 6.72 131.99 

775.39 10104.409 ,+7g.27 2290.15 

715.39 10 ....... 9 720.88 470.27 

TOTAL FOR TOTAL REQUIRED REVENUE E392.83 

• tt • .- • .- • 
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HELIOSTAT COST HODEL 

DETAILED ERE~KOOWN 

BEC 2ND GENERATION HElIOSTAT 

4430 COIITROLS 

FACTORY COSTS 

PROOUCTIO~ YEAR 1 

TOTAL REQUIRED REVENUE 

DIRECT MATERIALS 
PURCHASED MATERIALS 
RA~ MATERIALS 
SC AP 

DIRECT LASOR 

CONSlMABLES 

INDIRECT COS1'S 
MAINTENANCE, PLANT ENGINEERI~G 
OTtlER INDIRECTS 

CAPIT_L REPLACEMENT ALlOW_NCE 

PROPERTY TAX AND INSURANCE 

GENERAL A AD~INISTRATIVE 

INTEREST EXPENSE 

INCOHE TAXES 

RETURN TO EOCITY HOLCERS 

OTHER EXPENses 

0.00 
0.00 
D.OO 

D.D~ 
0.00 

0.00 

0.00 

0.0 C 

0.00 

0.00 

0.00 

0.00 

O.OG 

0.00 

0.00 

0.00 

207 



HELtOSTAT COST HODEL 

DETAILED e~EAKDOWN 

BEC 2ND GENERATION HfLI0STAT 

%440 FOlNCA1ION/PEOESTAL 

FACT OilY COSTS 

PROOUCTIO~ YEA~ 1 

TOTAL REQUIRED REVENUE 

208 

DIRECT MATERIALS 
PURCHASED MATERIALS 
RAW MATERIALS 
SCRAP 

DIRECT LABOR 

CDNSUMABLES 

INDIRECT COSlS 
MAINTENANCE, PLANT ENGINEERING 
OTHER INOIRECTS 

CAPITAL REPLACEMENT ALLOHANCE 

PROPERTY TAX AND INSURANCE 

GENERAL A AO~INISTRATIVE 

INTEREST EXPENSE 

INCOME TAXES 

RETURN TO EQUITY HOLDERS 

OTHER EXPENSES 

• 

• • 
• 

0.00 • • 0.00 
0,00 
0.00 
0.00 

D. 08 

O. II 0 • 
0.011 

0.00 
o.OG 

0,01 

0.0 C 

0.00 

0,00 • 0.88 

0.00 

0.08 • 
• 
• 

• 
• 

• 
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HELIOSTAT COST HODEL 

DETAILED BREAKOCWN 

eEC 2ND GENERATION HELIOSTAT 

~~50 SUPPORT STRUCTURE 

FACTORY ceSTS 

PROtUCTIO~ YEAR 1 

TOTAL RECUIRED REVENUE 

DIRECT HATERIALS 
PURCHASED MATERIALS 
RAW MATERIALS 
SCRAP 

DIRECT LABOR 

CONSUHABlES 

INDIRECT COSTS 
MAINTENANCE, PLANT ENGINEERING 
onER INDIRECTS 

CAPITAL REPLACEHENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GENERAL A ADMINISTRATIVE 

INTEREST EXPENSE 

INCOHE TAXES 

RETURN TO EOUITY HOLDERS 

OTHER EXPEtiSES 
ANNUALIZED OtiE-TIME COSTS 
SUECONTRACTS A FLOW-THROUGH 

714.16 

525.5e 
26'1.33 
2~6.11 

10.0e 

2e.67 

2.75 

1~.98 
~.15 

10.83 

11.53 

1.85 

11.2. 

1.63 

lD.S3 

12 ... 2 

81.02 
.18 

80.8~ 

209 



HELIOSTAT COST MODEL 

DETAILED ERE~KDCWN 

BEC 2ND GENERATION HElIOSTAT 

10410 REFLECTIVE ASSEHfLY 

TRANSPORTATION COSTS 

PROOUCTION YEAf! 1 

TOTAL REQUIRED REVENUE 

210 

DIRECT MATERIALS 
PU~CHASED MATERIALS 
RA~ MATERIALS 
SCRAP 

DIRECT LABOR 

CONSUMABLES 

INDIRECT COSTS 
MAINTENANCE, PLANT ENGINEERI~G 
OTHER INOIRECTS 

CAPITAL REPLACEMENT ALLOHANCE 

PROPERTY TAX AND INSURANCE 

GENERAL A AO~INISTRATIVE 

INTEREST EXPENSE 

INCOME TAXES 

RETURN TO EQUITY HOlCERS 

OTHER EXPENses 
TRANSPORTATION CHARGES 

• 

• • 
• 

75.8'1 • • 
0.40 

0.00 
0.00 
0.00 

C.OO • 
0.00 

It. 55 
1t.55 
0.00 

8.&7 

1.93 

c.oe • .99 

3.'16 

&.142 

4'1.38 • 
10'1.38 • 

• 

• 
• 

• 



• 
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• 
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• 
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• 
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• 
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• 

• 

TOTAL REQUIRED REVENUE 

DIRECT MATERIALS 

HELIOSTAT COST MODEL 

OETAILED eREAKDCHN 

BEC 2ND GENERATION HELIOSTAT 

"1+20 - ORIVES 

TRANSPORTATION COSTS 

PR6DUCTIO~ YEAR 1 

PURCHASED MATERIALS 
RAN MATERIALS 
SC~AP 

OIRECT LABOR 

CONSUMABLES 

INDIRECT COSTS 
MAIMTENANCE. PLANT ENGINEERIIG 
OTHER INDIRECTS 

CAPITAL REPLACEMENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GENERAL ~ ADMINISTRATIVE 

INTEREST EXPENSE 

INCOME TAXES 

RETURN TO EQUITY HOLDERS 

OTHER EXPENSES 
TRANSPORTATICN CHA~GES 

o.oe 
0.00 
0.00 

0.00 
0.00 

0.00 

0.00 

O. GO 

O. DO 

0.0 Q 

0.00 

o. DD 

0.00 

0.00 

49.38 

1+9.38 

211 
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TOTAL REQUIRED REVENUE 

DIRECT MATERIALS 

HELIOSTAT COST MODEL 

DETAILED eREAKDOWN 

BEC 2ND GENERATION HELIOSTAT 

4430 - CONTROLS 

TRANSPORTATION COSTS 

PRODUCTIO~ YEAR 1 

PURCHASED MATERIALS 
RA~ MATERIALS 
SCRAP 

DIRECT LAeOR 

CONStJMABLES 

INDIRECT COSTS 
MAINTENANCE. PLANT ENGINEEQI~G 
OTt!ER INDIRECTS 

CAPITAL REPLACEMENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GENERAL A AD~INISTRATIVE 

INTEREST E~PENSE 

INCOME TA~ES 

RETURN TO EQUITY HOLDERS 

OT kER EXPENSES 

0.00 
0.00 
0.00 

O.OD 
0.00 

0.00 

0.00 

0.08 

D.OD 

0.00 

O. om 

0.0 C 

0.00 

G.O 0 

O. DO 

0.80 

o. a 0 

• 

• • 
• 

• • 
• 

• 

• 
• 
• 

• 
• 

• 



• 

• • 

• 

• • 

• 

.. 
• 

• 
• 
• 

• 
• 

• 

TOTAL REQUIRED REVENUE 

DIRECT HATERIALS 

HELIOSTAT COST HODEL 

DETAILEO BREAKDOWN 

BEC 2ND GENERATION HELIOSTAT 

~440 FOlNOATION/PEDESTAL 

TRANSPORTATION COSTS 

PRDDUCTIO~ YEAR 1 

PU"CHASEO MATERIALS 
RAIl HATE RIALS 
SCRAP 

DIRECT LAeOR 

CONSUHAaLES 

INDIRECT COSTS 
MAINTENANCE. PLANT E~~INEE~ING 
OTHER INDIRECTS 

CAPITAL REPLACEMENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GENERAL A AO~INISTRATIVE 

INTEREST EXPENSE 

INCOME TAXES 

RETURN TO EQUITY HOLDERS 

OHER EXPENSES 

0.00 

0.00 
0.00 
C.GO 
0.00 

0.00 

0.0 C 

0.00 
o.CO 
0.00 

0.00 

0.0 D 

a.oo 
G. 0 0 

0.011 

O.GO 

a.Ot 

213 



HF.LIOSTAT COST MCOEl 

DETAILED BREAKDOWN 

BEC 2NO GENERATION HELIOSTAT 

~~50 SUPPORT HRl:CTURE 

TRANSPORTATION COSTS 

PRODUCTIO~ YEAR 1 

TOTAL RECUIRED REVENUE 6.72 

214 

DIRECT MATERIALS 
PURCHASED MATERIALS 
RAW HATERIALS 
SCRAP 

DIRECT LABOR 

CONSlMABlES 

INDIRECT COSTS 
MAINTENANCE. PLANT ENGINEE~I~G 
OT~E R INO IRECTS 

CAPITAL REPLACEMENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GE~ERAL ~ AD"INISTRATIVE 

INTEREST EXPENSE 

INCOME TAXES 

RETURN TO EQUITY HOLDERS 

OTHER EXPENSES 
TRANSPORTATION CHA~GES 

o.OG 
0.00 
0.00 
B.DO 

0.00 

O. co 

O. 00 
0.00 
D. DO 

0.00 

0.00 

0.00 

0.00 

0.00 

o. 00 

&.72 
6.72 

• 

• • 
• 

• • 
• 

.. 
• 

• 
• 

• 

• 
• 

• 
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N ...... 
U1 

• • 

FACTORY 

TRANSPORTATION 

SITE 

TOTALS BY COHPONENT 

• • • 

""10 ""20 

1391.93 1117.77 

D.DO C.Dt 

1391.93 1117.17 

• 4 • 

C CST SUHHAn BY PROFIT CENTER 

DIRECT MATERIALS 

BEC 2ND GENERATION HELIOSTAT 

PRODUCTION YEAR 1 

""30 ...... 0 

0.00 0.00 

0.00 o.oe 

11.2" 107.77 

11.2" 107.71 

TOTAL FeR DIRECT HATERIALS 

•• 

.... 50 "~60 

525.58 0.00 

0.0'0 

12.72 

525.58 12.72 

3167.01 

• •• 

TOTALS BY LOCATION 

3035.26 

0.00 

131.73 

• 



N ..... 
0'\ 

• 

FACTORV 

TRANSPORTATION 

SITE 

TOTALS BV COMPONENT 

- • • 

4410 

50.51 

0.00 

50.51 

- • 

4420 

120.96 

0.00 

120.96 

COST SUMMARY ev PROfIT CENTER 

DIRECT LABOR 

eEC 2ND GENERATION HELIOSTAT 

PRODUCTION VEAR 1 

.. 430 

0.00 

0.00 

1"1.83 

19.83 

...... 0 

0.00 

0.00 

2.86 

2.86 

TOTAL FeR DIRECT LABOR 

• ~ • 

.... 50 4460 TOTALS BY LOCATION 

28.67 0.00 200.14 

0.00 0.00 

163.02 185.71 

28.67 tE3.02 

385.85 

.- • .- • 



• 

N ..... ..... 

• • 

FACTORY 

TRANSPORTATION 

SITE 

TOTALS BY COMPONENT 

• • • 

.... 10 ""2D 

6.98 6.50 

0.00 11. G C 

6.98 6.50 

• 4 • 

CCST SUMMA~Y BY PROFIT CENTER 

CONSUMABLES 

BEC 2ND GENERATION HELIOSTAT 

PRODUCTION YEAR 1 

.... 30 ...... 0 

0.00 0.00 

D. 00 a.ot 
0.00 o.oa 

G.OO O.GlI 

TOTAL FOR CONSUHABLES 

•• • •• • 

.... 50 4460 TOTALS BY LOCATION 

2.75 0.00 16.23 

0.11 0 0.00 

... 0 ... 0 

2.75 ... 0 

16.63 



N ...... 
et:J 

• 

FACTORY 

TRANSPORTATION 

SITE 

TOTALS BY C CH PONENT 

- • • 

.... 1.0 4420 

34.72 1>1>.79 

4.55 0.00 

39.~7 1>1>.79 

- • 

COST ~UH"HY BY PROFIT CENTER 

INDUECT COSTS 

eEC 2NC GENERATION HELIOSTAT 

PRODUCTION YEAR 1 

.. 430 .. 440 .... 50 44&0 TOTALS BY LOCATION 

0.00 0.00 14.98 0.00 1U.49 

0.00 0.00 0.00 4.55 

5.95 • e6 49.35 5&.1& 

5.95 .86 14.98 49.35 

TOTAL FOR INDIRECT COSTS 177.20 

• ~ • .- • .- • 
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N 
~ 

'" 

• • • 

FACTORV 

TRANSPORTATION 

SITE 

lOTALS BY COMPONENT 

• • 

.... 10 .... ZO 

28.23 9Z.7Q 

11.67 0.00 

36.90 9Z.70 

• 4 • 

COST !UMMARY BY PROFIT CENTER 

CAPITAL REPLACEMENT ALLOHANCE 

BEC 2ND GENERATION HELICSTAT 

PRODUCTION YEAR 1 

" .. 30 ...... 0 

0.00 0.00 

0.00 o. DO 

0.00 0 •. 00 

0.00 c.oo 

.... 50 

11.53 

0.00 

11.53 

TOTAL FeR CAPITAL REPLACEMENT ALLOMANCE 

•• • •• • 

" .. 60 TOTALS BY LOCATION 

D.IIC 132. "6 

8.67 

1.66 1.66 

1.66 

142.79 
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• 

FACTORY 

TRANSPORTATION 

SITE 

TOTALS BY COHPONENT 

- • • 

4 .. 10 4 .. 20 

21.62 32.61 

1.93 0.00 

23.55 32.61 

- • 

COST SUMMARY BY PROFIT CENTER 

PROPERTY TAX AND INSURA~CE 

BEC 2ND GENERATION HELIOSTAT 

. PRODUCT ION YEAR 1 

4 .. 30 4440 4 .. 50 4460 TOTALS BY LOCATION 

0.00 0.00 7.85 0.00 62.08 

0.00 0.00 0.00 1.93 

0.00 O. DO .15 .15 

0.00 0.00 7.85 .15 

TOTAL FOR PROPERTY TAX AND INSURANCE 64.16 

• ~ • .- • .- • 
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N 
N ..... 

• • • 

FACTORY 

TRANSPORTATICN 

SITE 

TOTALS BY COI1PONENT 

• • 

.... 10 .... 20 

.. 4.&2 "1.88 

D.OD g.o C 

..... 62 41.88 

• fI • • • • • • • 

COST SUI1HA~Y BY PROFIT CENTER 

GENERA,L .. ADMINISTRATIVE 

BEe 2ND GENERATION HELIOSTAT 

PRODUCTION YEAR 1 

" .. 30 ...... 0 ""50 .... &0 TOTALS BY LOCATION 

0.00 0.00 17.20 0.00 103.70 

0.00 o.Ge 0.00 0.00 

0.00 0.00 0.00 0.00 

0.00 0.00 17.20 0.00 

TOT AL fOR GENERAL .. AOI1INISTRA TIVE 103.70 



N 
N 
N 
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FACTORY 

TRANSPORTATION 

SITE 

TOTALS BY COMPONENT 

- • • 

.... 10 

... 50 

.'39 

5.49 

- • 

.... 20 

6.79 

0.0 C 

6.79 

C CST ruMMARY IlY PROFIT CENTER 

INTEREST EXPENSE 

BEC 2ND GENERATION HELIOSTAT 

PRODUCTION YEAR 1 

.. 430 .... 40 

0.00 O. DO 

c.oe o. va 

0.00 0.00 

0.00 0.00 

TOTAL FOR INTEPEST EXPENSE 

• tt 

.... 50 4"60 TOTALS BY LOCATION 

1.63 0.00 12. '32 

0.00 .99 

.08 .08 

1.63 .08 

13.9'3 

• .- • .- • 
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N 
N 
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• • 

FACTORY 

TRANSPORTATION 

SITE 

TOTALS BY COHPONENT 

• • • 

.... 10 4420 

21.86 3'3.06 

3.'36 0.00 

31.82 3'3.06 

• 4 • •• • • • • 

COST WHHARY ey PROFIT CENTER 

I~'COHE TAXES 

BEC 2ND GENERATION HELIOSTAT 

PRODUCT ION YEAR 1 

4 .. 30 ...... 0 .... 50 .... 60 TOTALS BY LOCATION 

0.00 O. DO 10.53 0.00 77.45 

o .oe O.CD 0.00 3.96 

0.00 0.00 .21 .21 

0.00 D. DO 10.53 .21 

TOTAL FeR INCOME TAXES e1.62 



N 
N 

"'" 

• 

FACTORY 

TRANSPORTATION 

SITE 

TOTALS BY COMPONENT 

• • • 

.. UD .... 20 

3".23 51.63 

6.42 0.00 

"0.65 51.63 

• • 

COST ~UM"ARY BY PROFIT CENTER 

RETURN TO EQUITY HOLDERS 

t:EC 2ND GENERATION HELICSTAT 

PRODUCTION YEAR 1 

~"30 

o.GO 

0.00 

0.00 

0.00 

4 .... 0 

O. a Q 

0.00 

0.00 

o.GO 

.... 50 

12."2 

0.00 

12."2 

TOTAL FeR RETURN TO EQUITY HOLDERS 

• tt • 

.... 60 TOTALS BY LOCATION 

0.00 CJ8.Z8 

6."2 

.51 .51 

.51 

105.21 

.- • .- • 
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N 
N 
0'1 

• • 

FACTORY 

TRANSPORTAT ION 

SITE 

TOTALS BY COMPONENT 

• • " 

""10 ""20 

2D .31 1".28 

"9.38 "9.36 

69.75 &3.6& 

• 4 • •• • •• • 

CesT ~UMMARY BY P~OFIT CENTER 

o lHER EXPENSES 

eEC 2ND GENERATION HELIOSTAT 

PRODUCTION YEAR 1 

.... 30 .. ",.0 ""50 "460 TOTALS BY LOCATION 

0.80 o. CO 81.02 0.00 115.&1 

0.00 0.00 &.72 105. 1t8 

138.38 933.0D 242.18 1913.56 

7!8.38 933.00 81.1" 242.18 

ToTAL FOR OTHER EXPENSES 213".71 
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HElCAT 

A HELIOSTAT COST ANALYSIS TOOL 

VERSION 1.0 

EOITleN DATE AUGUST 13. 1981 

~EVISION SEPTEMBER 22. 1981 

MMC SECOND GENERATION HELIOSTAT 

DESIGN (CONTRACTORS' INPUTS) 

• ~ • .- • .- • 
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H E L CAT OPTIONS AND MODEL PARAMETERS 

HODEL OPlIO~S 
SUM OF THE YEARS. DIGITS DEPRECIATION 
WITH NO LEARNING CU~VE COST REDUCTICN 

PARAMETER MATRIX 

1 DUFATION OF COST PROJECTIO~ - YEARS 
2 BASE RATE DIRECT LABOR COST - S/HOUR 
3 BASE RATE PROD FACILITY COST - S/SQfT 
~ lAND COST FOR PROD FACIlIT' - S/ACRE 
5 It/FLAT ION RATE 
6 RETURN TO eOND HOLtERS 
7 RETURt/ TO EQUITY HelDERS 
8 COMBINED INCOME TAX RATE 
9 INVESTMENT TAX C~EDIT 

lQ EQUITY FRACTION 
11 PROPERTY TAX AND I~SURANCE FRACTION 
12 PURCHASED MATERIAL SCRAP F~ACTION 
13 MAINTENANCE fRACTICN 
lit GENERAL ANC ACMIt<ISTRATIVE FRACTION 
15 WORKING CAPITAL FRACTION 
16 RAW MATERIAL SCRAP FRACTION 
17 TOOLING LIFETIME (ACCOUNTI~GI - YEA~S 
18 EQVIFMENT LIFETIME (ACCOUNTINGI - YEARS 
19 FACILITY LIFETIHE (ACCOUNTINGI - YEARS 
20 FACILITY CONSTRUCTION PERIOD - YEARS 
21 FACILITY PLAIH E~GINEERING FRACTIOII 
22 FACILITY STARTUP QUANTITY 
23 COST RECUCTION COEFFICIENT - START UP 
24 TOOLING LIFETIME (TAXI - YEARS 
25 EQUIFMENT LIFETI~E (TAXI - YEARS 
26 FACILITY LIFETIME (TAXI - YEARS 
27 BASE RATE TRANS COST - S/Le 
28 INDIRECT FRACTIO~ • LAEOR 
29 INOI~ECT F~ACTION - MATERIAL 
3a INDIRECT FRACTION - TOOL.G,EQUIP.T.FAC.' 

SPECIAL COST 
CATEGORY 

NUMBER 
1 
2 
3 
It 
5 
6 
7 
a 
9 

"ATRICES 
FACILITY 
S/SIl FT 

.. C. 
60. 
80. 

100. 
120. 
1ltO. 

O. 
O. 
o. 

LAeOR 
S/HR 
10.25 
12.00 
18. GO 
21.00 
2~. 00 
30.00 

D. CO 
0.00 
0.00 

FACTORY 
H.OGO 
10.250 
15.006 

2uao.~ DO 
.1 DO 
.150 
.200 
• SOil 
.100 
.8GC 
.OOE 
.007 
.028 
.c !:3 
.170 
.010 

5.DOC 
15.0 cr 
33.000 
3.000 
O.OUC 

20000.0CO 
.920 

3.000 
5.0£0 

10.000 
.035 
.!sa 
.CD6 

0.000 

SITE 
to.OOO 
15.61)0 

0.000 
0.000 
.100 
.IS0 
.200 
.500 
.100 
.aoo 
.0 .. 0 
.010 

o.oOQ 
0.000 
0.000 
.030 

5.000 
15.000 
30.000 

0.000 
O.~OO 
0.000 
0.000 
3.000 
a.DQC 

25.000 
.035 
.300 

D.GOO 
0.000 

TRANSPORT 
(UNITS VARYI 

TRANSFORTATlON 
10.000 
15.000 

0.000 
0.000 

.060 

.102 

.166 

.500 

.100 

.800 

.0100 

.010 

.c .. o 
0.000 
0.000 

.030 
5.000 

10.000 
30.000 

O.GCO 
O.COC 
0.000 
0.000 
3.000 
8. Oil 0 

25.000 
.035 
.~DO 

0.000 
0.000 

71g.200 S/TRKLOAD 
130.000 S/TRKLOAO 

C.DOD 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

• • • 
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MMC 2ND GENERATION HELtOSTAT 

~~la FACTORY COSTS 

kEY TO ENTRY TYPES 

H=R All MATERIALS 
SzSUPPLIES AND CONSUMABLES 
!=euILDING CR FACILITY SIZE 
X=TRANSPORTATION ~EQUIRE"ENTS 

PzPURCHASE[ MATERIALS 
TaTOOLING 
AaLAND FOR PRODUCTION FACILITY 
Y=SITE·RETAINED CAPITAL 

L=D!RECT LABOR HOURS 
E=EQUIPHENT 
C"aUANTITY 
Z=SU!CONTRACTS AND FLOW· THROUGH EXPENSES 

ITEM QUANTITY UNITS UNIT 
COST 

TOTAL 
COST 

ENTRY TYPEzP 4410 FUSICN GLASS •• DGO. 622 SQFT ... 5 280.16 I HELIOSTAT 
SO\.RCE·CORnNG. ~X6 FT. LITES 

ENTRY TYPE"Z 4 .. 10 FUSICN GLASS PLANT ALLIED TOCLING 38.00 I HELIOSTAT 
ALLIED TOOLING COST FOR GLASS PLANT 

ENTRY TYPE=P .... 10 SILVER.COPPER,PAINT. 622 SOFT .20 124.52 I HELlOS TAT 
SDI.'RCE·MISC.ESTIMATE C.07/FT.Z POSSIBLE) ,AG·7DMGlSCFT .CU-20MGlSCFT. 
PPG UC ...... 09 GRAY PAINT- 7 TO 9 MG/SOFT 

ENTRY TYPE=P .... 10 POLYISOBUTYLENECPIBI a GAL 11.18 89.oIt-4 I HELIOSTAT 
SOLRCE·3M EC535 .. 

ENTRY TYPE"L .... 10 MIRRCR FABRICATICN ."OOOE+OO HRS I HELI [STAT 
SO~RCE-MHC AT lZ.23/HR= ... e9 

ENTRY TYPE-P .... 10 PAPER HONEYCOHB·2DIP PHENOLIC 617 SOFT .27 169.15 I HELIOSlAT 
PERFORATEDIO.OEDI,3Q V/O 

ENTRY TYPE-P .... 10 ADDED COST OF AL HC 2"9.12 I HELIOSTAT 
SOURCE-HHC AT 9/30/81 RE~IEII 

ENTRY TYPE=P .... 10 BORDEN "~-6 EPOXY ADHESIVE 7 GAL 8.8 .. 69.80 I HELlOST AT 
SOURCE BASED ON BOSTIK 

ENTRY TvPE"L .... 10 CORE FAB~ICATION .2"00E+00 HRS I HELtOSTAT 
SO~~CE-""C AT 12.23/HRa 2.9 .. 

ENTRY T VPE= M .. 1010 FACE AKD BACK SHEETS •• oZ" STEEL 1256 SOFT .26 323.90 I HELIOSTAT 
SO~RCE·ARHCO Ill! Le AT 0.267/LB. SAE 1010 STEEL 

ENTRY TYPE=L .... 10 FACE AKD BACK SHEET FABRICATION .8000E-Ol HRS I HfLICSTAT 
SOURCE-HMC AT" 12 .23/HR=0.98.SAEI GiO STEEL 

ENTRY TYPE-L .... 10 eONDED ASSEHBLY .7200E+CO HRS I HELl CSTAT 
SOURCE-HHC AT 12.23/~R=8.81 

ENTRY TYPE:M .... 10 EDGE STRIP .~2" X 2.3125 X 369FT 68 LBS .25 17.19 I HELIOSUT 
SOURCE-ARMCO 1010 COIL STOCK 

ENTRY TYPE=P .... 10 PIe 2.63 I HELIOSTAT 
SOURCE-3M EC535 .. 

- - • ~ .- • • • • • .- • 
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ENT~Y TYPE=L 4410 EDGE STRIP fABRICATICN .2200E+00 HRS I HELICSTAT 

SOURCE-MHC AT 12.23/HR=2.&9 

ENTRY TYPE:" 4410 CENTER STRIP .024 X 1.625 X 52.2FT '" LBS SOURCE-ARMCO 1010 COIL SlOCK 

ENTRY TYPE=L 4410 CENTER STRIP FAB~ICATION .6000E-01 HRS I HELICSTAT 
SOURCE-HHC AT 12.23/HR=0.73 

ENTRY TYPE=P 4410 suppeRT DOUBLERS 33 EACH CAST IRON 51 L8S 
SOURCE-HMC ESTIMATE-CAPTIVE FOUNDRY,l.se LB EACH 

ENTRY TYPE=L 4410 SUPPCRT OOUBLER fLATTEK,DRILL,TAP .8000E-01 HRS I HELICSTAT 
SOlRCE-H"C AT 12.23/HR= 0.98 

ENTRY TYPE=P 4410 RTV SEALANT 
SOURCE-DON CORNING 795 RTV SILICCNE 

ENTRY TYPE=P 4410 SELF TAPPING HEX-HEAO SCREWS 33 EACH 
SOURCE- A AND E BOLT NO.6 X 7116 FOR CENTER STRIPS 

ENTRY TYPE=P 4410 STAPLES-NOT IN PROD. 0 ESIGN 369 EACH 
SOURCE- A AND E eOLT 

ENTRY TYPE=P 4410 SUFPeRT ANGLE .024X.75X363.3FT 22 LBS 
SOURCE-HAL 22 LB 

ENTRY TYPE=P 4410 ACRYLIC ADHESIVE,VERSIlOK 204 5 LB 
SOCRCE-M~C TEL CCN 
SOlRCE-HAL fOR DoueLERS AND EDGE STRIPS,CENTER STRIPS. SUPPORT ANGLES 

ENTRY TYPE=P 4410 POP ~IVETS 400 EACH 1/8 AL 400 EACH 
SOURCE-HAL ROME .01 EACH 

ENTRY TVPE=P 4410 PRIME AND FINISH PAIn COAT 1 GAL 
SOl~CE-HAL ROM= 
PRIMER-KANSAS PAINT 63Yl!.OOC5-.CCl STRO~TIU" CHRUHATE 
FIHISH-KANSAS PAINT 84 SERIES.COLOR NO.25630 FED STD 595A .001-.0015 
ACRYLIC HYPERTHANE.OHE CCAT 

ENTRY TYPE=L 4410 MIRRCR HODULE ASSE~BLY 
SOURCE-HMC AT 12.23/HR= 12.72 

ENTRY TYPE=A 4~10 REfLECTIVE ASSEMBLY LAN) 
SOURCE-HHC 95 AC~ES X PReD. SPACE RATIOISSN) 
HHC USES 20coe./ACRE IHP~OVEC LAND 

ENTRY T VPE:e 4410 
SOURCE S. IIHITE 

ENTRY TYPE=E 4410 
SOURCE-HHC 

ENTRY TYPE=T 4410 
SOURCE-HHC 

ENTRY TYPE=S 4410 
SOURCE-HHC 

REFLECTIVE ASSEHELY FACIlITIES 

REFLECTIVE ASSEM8L Y EQUIPHENT 

REfLECTIVE ASSEH8LY TeelING 

SUPPLIESINON-DURAeLE TCOlING) 

ENTRY TYPE=S 4410 SUPPLIES,UTILITIES 
SOURCE-HHC BLDG AREA FRAC X 36.20:15.39 

ENTRY TYPE=Q 4410 REfLECTIVE ASSEMBLY QUANTITY/TEAR 

.1840E'01 HRS I HELICSTAT 

.40'OE. 02 ACRE 

.2153Eo06 SQFT 

.5000E+85 

•• • •• • 

.25 1.71 / HELIOSTAT 

.31 15.96 I HELIOSTAT 

4.46 I HELIOSTAT 

.03 .82 I HELIOSTAT 

.01 4.43 I HELIOSTAT 

.25 5.50 I HELlOS TAT 

3.90 20.75 I HELIOSTAT 

.01 0.00 I HELIOSTAT 

20.00 0.00 I HELIOSTAT 

£928000. 

565000. 

.20 I HELIOSTAT 

15.39 I HELIOSTAT 
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TOTAL PURCHASED MATERIALS: 1036.7~ S/HELIOSTAT 
TOTAL RAil MATERIALS: 3lt2.80S/HELIOSTAT 
TOTAL (BASE ~ATE ceST CATEGORYI DIRECT LAeOR: 2.84CG HRS/HELIOSTAT 
TOTAL CONSUHAeLES= 15.59 ~/HELICSTAT 
LAND REQUIRED= 4~.4000 ACRES 
PROOUCTION FACILITY (BASE FATE COST CATEGO~Y' SIZE: 215339. SQ FT 
TOTAL EQUIPMENT COST= &~2eooo. $ 
TOTAL TOOLING COST= 565000. $ 
QUANTITY= 5aOQQ. I YEAR 
TOTAL SUBCONTRACTS AND FLO~-THROUGH EXPENSES= 38.00 S/HELIOSTAT 

TOTAL DIRECT LABOR COST= 29.11 $/HELIOSTAT 
TOTAL PROOUCTION FACILITY COST 16150425. $ 

• • - • • tt • .- • .- • 
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• • • • HMC 2ND GENERATION HELIOSTAT 

4420 FACTORY COSTS 

~EY TO ENTRY TYPES 

H=RAH HATERIALS 
S~SUPPLIES AND CONSUMABLES 
B=eUILDING OR FACILITY SIZE 
X=TRANSPORTATION ~EaUIREHENTS 

• • ., 
P=PUPCHASEC MATERIALS 
T~TOOLING 
A=LA~O FOR pqODUCTION FACILITY 
Y=SITE-RETAI~ED CAPITAL 

• •• 
l=DIRECT LAECR HOURS 
E=EOUIFMENT 
e=ou tHTllY 

• • • 

2=sueCONTRACTS AND FLOW-THROUGH EXPENSES 

ITEM QUA liT ITY UNITS UNIT 
COST 

TOTAL 
COST 

ENTRY TYPE=P 4420 AZIH~TH/ELEVJTION DRIVE PAPTS 
SOURCE-TELEPHONE aUOTES AND CATALOGS 
BEARI~GS.GREASE.SCREWS.MASHERS.NUTS.SEALS.PINS.GAS~ETS.PAINT 

ENTRY TYPE:H 4420 CAST IRON PARTS 
SOLRCE-ESTIMATE CAPTIVE FOUNeRY. C. 3l/Le 
AZ SHIFT.EL COVE~.OPEN CAP. CLOSED CAF,MOTOR BRAC~ET.GEAR HOUSING.ENCODER 
SHAFT MOUNT,AZ ceVER, SLIDE TABLE 

ENTRY TYPE=M 4420 FORGED GEARS.C.8~/LB AZ/El 2 EACH 
SOURCE-TELEPHONE QUOTES.130 LB. 8620 STEEL 

ENTRY TYPE=H 442Q INTERMECIATE GEAR CASTING 2 EACH 
SOURCE-MMC,14.C LB,C.BO/LB.MN BRONZE. 
SAE CA863 

ENTRY TYPE~H 4420 eAR ST~, .42/L6 AVG .4(-.5~ RGE 
SOURCE-TELEPHO~E QUOTES, 243 Les 
EL SHAFT,WORM GEAR, INT. FINICN,STOW SLIDE 

ENTRY TYPE=P 4420 A2 AND EL MOTDRS,DC WITH 120-1 RED 
SOlRCE-BOOINE TEL. QUOTE 

ENTRY TYPE=P 4420 AZ ENCODER 
SOURCE-TEL QU01E,BALDWIN ElECTRONICS,SERVOMETEf,A.E aOLT 

ENTRY TYPE=" 442~ AZ EIiCODER COUPLING FRtM STEEL STK 
SOlRCE-JORGENSEN TEL QUOTE 

ENTRY TYPE=P 4420 EL ENCODER 
SOlRCE-TEL QUOTE.BALDWIN ELECTRONICS,SERVOMETEI.A AND E BOLT 

ENTRY TYPE=M 4420 El ENCODER COUPLING FRCH STEEL 
SO~RCE-GORGENSEN TEL QUOTE 

ENTRY TYPE=P 4420 ELECTRICAL POWER HAR~ESS 
SO~~CE-TEL QUOTE,CATALOG.CANNON,BURNOY CORP,RAYCHEH.AHP,T AND a.CONS-ELECT 
INCLUDES 22.84 CONTRACTEC LABOR 

ENTRY TYPE=P 4420 EL/Al LOCK LIMIT S~ITCH 
SOURCE-TEL QUOTE.CATALOG,CANNON.CONS-ELECT,HICROSWITCH,T AND B 
INCLUDES 18.00 CONTRACTEC LABOR 

19f.32 I HELIOSTAT 

207.17 I HELIOSTAT 

~2.00 104.0 Q I HELIOSTAT 

7.2D 14.40 I HEL I05TAT 

101.89 I HELIOSTAT 

252.00 I HEtIOSHT 

151.20 I HELIOSTAT 

1.75 I HELIOSTAT 

157.08 I HELIOSTAT 

1.50 I HELIOSTAT 

44.34 I HELIOSTAT 

32.70 I HELIOSTAT 

• 



ENTRY TYPE~P ~"20 EL/Al LIMIT SWITCH 34.90 I HELIOSTAT 
SOURCE-TEL QUOTE.CATALCG.CANNON,COIlS-ELECT,HICROSIIITCH,T AND 8 
INCLUDES 18.00 CONTRACTEt LABOR 

IX> 
w ENTRY TYPEsP 4420 PAINT •• ll5 GAL 3.75 I HELIOSTAT N 

SOURCE- PREVIOUS ESTIHAT£ 

ENTRY TYPE=L 4428 CAST IRON FABRICATIO~ .1785E·01 HRS I HELItSTAT 
SOURCE-HHe AT 12.l3/HR=21.83 

ENTRY TYPEsL 4"20 FORGED GEAR FABRICATION .5860E.08 HRS I HELl (STAT 
SOlRCE-HMC AT 12.23/HR-7.16 

ENTRY TYPE=L 4420 eAR STOCK FA8RICATIO~ .880 OE+ 00 HRS I MELICSTAT 
SOURCE-H"C AT 12.l3/HR=10.75 

ENTRY TYPE=L "" lO AZ AND EL ENCOCER FABRICATIC~ .44DOEHO HRS I HEltesTAT 
SOlRCE-HHC AT 12.l3/HR=5.ltO 

ENTRY T YP E=L 4420 ASSE~BLY AND PAINT OF (RIVE .1920E+ 01 HRS I HELICSTAT 
SOURCE-HHC AT 12.23/HR=23.48 

ENTRY TYPE-A 10420 DRIVE ASSEMBLY LAND .434 OE+ 02 ACRE 
SOlRCE-HHC 95 AC~ES X PRCD. SPACE RA TIOISSIII 
HMC USES lOOGU./ACRE I"P~OVED LAND 

ENTRY TYPE=B 101020 DRIVE ASSEMBLY FACILITIES .2U7E+C6 SQFT 

ENTIn' TYP E=E "420 DRIVE ASSEMBLY EQUIPHENT 19625000. 
SOl'RCE-MHC 

ENTRY TYPE=T 4420 DRIVE ASSEHBLY TOOLHG 62 sao. 
SOURCE-HIIC 

ENTRY TYPE=S " .. 20 DRIVE ASSEMBLY SUPPLIES 70.60 I HELIOSTAT 
SOURCE-HMC,NON-DURABLE TeOLING 

ENTRY TYPE=S 4420 SUPPLIES,UTILtTIES 1 E.54 I HELIOSTAT 
SOURCE-MMC BLDG AREA FRAC X J6.2C=1&.5~ 

ENTRY TYPE"'Q .... 20 CRIVE ASSEMBLY QUANTITY/YEAR .5000E+05 lYR 

TOTAL PURCHASED HATERIALS= 878.29 t/HEllOSTAT 
TOTAL RAW MATERIALS= ~3Q.71 S/HELIOSlAT 
TOTAL IBASE RATE COST CATEGORY) DIRECT LABeR: 5.6108 HRS/HELl OST AT 
TOTAL CONSUHABLES= 87.14 S/HELIOSTAT 
LA NO REQUIREO= 43."000 ACRES 
PRODUCTION FACt'LlTY IBASE ~ATE COST CATEGORY) SIZE:: 2J169~. sa FT 
TOTAL EQUIPMENT ceST= 1ge2~OOO. $ 
TOTAL TOOLING COST= 62500. $ 
QUANTITY= 50000. I YEAR 

TOTAL DIRECT LABOR COST: 57.51 t/HELIOSTAT 
TOTAL PROD~CTIOH FACILITY COST 17377050. $ 

- - tt .- .-• • • • • • • • 
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"MC 2NO GENERATION HELIOST.T 

~~3D FACTORY COSTS 

KEY TO ENTRY TYPES 

M .. RAW MATERIALS 
S=SUPPLIES ANC CONSlMABLES 
B=BUILOI~G CR FACILITY SIZE 
X-TRANSPORTATION RE'UIREMENTS 

• • *' 

P=PURCHASED MATERIALS 
T=TOOlING 
A=LANO FOR P~OCUCTION FACILITY 
l z SIlE-RETAINEO CAPITAL 

• •• 

L=DrRECT LABOR HOU~S 
E=ECUr FHENT 
Q=QUANTITY 

• •• 

z=SUeCONTRACTS AND FLOW-THROUGH EXPENSES 

ITEM QUA NT IT Y UNITS UNIT 
COST 

TOTAL 
COST 

ENTRY TYPEzE 
SOI.'RCE-

ENTRY TYPE=T 

ENTRY T lP E= Q 

~uo 

~~30 

~1030 

CONT~OL SYSTEM EQUIPMENT 

CCNnOL SYSTEM TOOLHG 

QUANTITY 

TOTAL PURCHASEO MATERIALS= 0.00 S/HELIO!TAT 
TOTAL "AN MATERIALS= 0.00 S/HELIOSlAT 
TOTAL (BASE RATE ceST CATEGORY' DIRECT LABORa 0.0000 
TOTAL CONSUHABLES= 0.00 S/HELIOSTAT 
LAND REQUIRED- 0.0000 ACRES 
PRODUCTION FACILITY (BASE ~ATE COST CATEGORY' SIZE= 
TOTAL EQUIFMENT COST- 108920. S 
TOTAL TOOLING COST- 10833. S 
QUAHTITY: 50000. I YEAR 

106920. 

1D833. 

.5000E'05 IYR 

HRS/HELlOSTAT 

o. SQ FT 

• 
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""C 2ND GENERATION HELIOSTAT 

~~~D fACTORY COSTS 

KEY TO ENTRY TYPES 

H=RAW HATERIALS 
S=SUPPLIES AND CONSU"ABLES 
a=eUILDING CR fACILITY SIZE 
X=TRANSPORTATION REQUIREHENTS 

P=PURC~ASED "ATERIALS 
T=TOOLING 
bLAND fOR PRODIJCTION FACILITY 
'=SITE-RETAnED CAPITAL 

L=DIRECT LABOR HOURS 
E=EDCIPMENT 
a=QUANTITY 
z=sueCONTRACTS ANO fLOW-THROUGH EXPENSES 

ITEN QUANTITY UNITS UNIT 
COST 

TOTAL 
COST 

ENTRY TYPE=" ~~~D INTE~FACE TUBE 18.D 00 X 32.! l 31.69 / HELIOSTAT 
SOURCE-A~"CO.0.2! WALL.1!2 LB.' 3.4 LB SCRAP.O.2!/lB 

ENTRY TYPE=P 4440 1-INCH 8 UNC STUDS THREADED a EACH .72 5.79 / HELIOSTAT 
SOURCE-JORGENSEN STEEL.A AND BOLT 
SOURCE-STUDS 0.50 EA.NUTS 1.25181. 
LOCK MASHERS 0.54181 7/8-9 NC 

ENTRY TYPE=P 4~40 CONC~ETE ANCHORS .5 X 1.5 & EACH .15 .88 / HELIOSTAT 
SOURCE- A AND BOLT 

ENTRY TYPE=" ~~~O ACCESS COVER 14 X 18 X .0lE 1 EACH .8'! ,8'1 I HELIOSTAT 
SOURCW-JORGENSEN STEEL.2.56 LB •• 35/LB 

ENTRY TYPE=L 4~40 INTEGFACE TUBE/COVER FABRICATICH .HooE.CO HRS , HELI CSTAT 
SOURCE-HHC AT 12.2l/HR'2.08 

ENTR' TYPE=P ~4~0 1/4-2D X 3/4 BOLT " EACH D .OD .05 / HELIOSTAT 
SOURCE-A AND BOLT,fOR ACCESS COVER 

ENTRY TVPE2A 44 .. 0 FO~NDATION/PEDESTAL LAND •• ACRE 

ENTRY TYPE.B ~440 FOUNDATION/PEDESTAL BUILDINGS O. SQfT 

ENTRY TYPE=E 4440 fOLNCATION/PEDESTAL EQUIPMENT 5£1920. 
SOURCE'KD-INCLUDES TOOLING 

ENTRY TYPE=T 4440 FOUNtATION/PEDESTAL TOClING 10833. 
INCLUDED WITH EQUIPMENT 

ENTRY TYPE=S 4~"0 FOUNDATION/PEDESTAL SUFPLIES 0.00 / HELIOSHT 

ENTRY TYPE=Q 4440 FOUNDATION/PEDESTAL GUANTITY/YEAR .5000E+(5 /YR 

TOTAL PURCHASED "ATERIALS= &.72 S/HELIOgAT 
TOTAL RAW HATEqIALS= 32.58 t/HELIOSTAT 
TOTAL IBASE ~ATE ceST CATEGORY) DIRECT LABOR= .1700 HRS/HELIOSTAT 
TOTAL CONSUHABLES= 0.00 $/HELIOSTAT 
LAND RECUIRED' O.OODO AC~ES 
PRODUCTION FACILITY IBASE ~ATE COST CATEGORYI SIZE= D. SO fT 
TOTAL EQUIPMENT COST. 551920. S 
TOTAL TOOLING COST: 10833. S 
QUANTITY, 5.000. / YEAR 

TOTAL DIRECT tABOR COST= 1.74 S/HELIOSTAT 

- • • - • • tt • .- • .- • 



• 

'" w 
c.n 

• • • • 
HHC 2ND GENERATION HELIOST_T 

~~50 FACTORY COSTS 

KEY TO ENTRY TYPES 

H=RAW HATERIALS 

• • 4 

P=PU~CHASEC MATERIALS 
T=TOOLlNG S=5UPPLIES AND CONSUHABLES 

B=BUILDItG OR FACILITY SIZE 
X=TRANSPORTATION REgUIREMENTS 

A=LANO FeR PRDeLCTION FACILITY 
Y=SITE-RETAI~ED CAPITAL 

ITEM 

ENTRY TYPE=H 4450 EL BEAM-COIL STOCK 36X.1875,649 Le 
SO~~CE-JORGENSEN STEEL .20/LS 

ENTRY TYPE=L 4450 EL BEAH FABRICATION 
SOlRCE-HHC AT 12.23/HR=0.98 

ENTRY TYPE:H 4450 CONT~OL ARH CASTINGS 114 LB 
SOURCE-MHC EST CAPTIVE FrUNORY .31/LB 

ENTRY TYPE=L 4450 CONTqOL ARH FABRICATION 
SOURCE-HHC AT 1Z.Z3/HR=1.9& 

ENTRY TYPE"H .... so CONTROL ARK CAP-STEEL BAR 18 L8 
SOuPCE-JORGENSEN STEEL •• 43/L9 

ENTRY TYPE=L 4~50 COHT~OL ARK CAP FABRICATION 
SOURCE-HHC AT 12.23/HR=0.98 

ENTRY TYPE=M 4450 INBO_RO/OUT80A50 BRACKETS 33.4 LB 
SOURCE-JORGENSEN STEEL,.36/LB 
4Xt.25 1010 STEEL 8AR STCCK 

ENTRY TYPEsL 4450 INEO~RO/OUTeOARD BKT FABRICATIO~ 
SOURCE-HHC AT 12.23/HRsO.~9 

ENTRY TYPE=H ~450 STOW DIS~,3.5 OIA 1018 STEEL BA~ 
SOURCE-JORGENSEN STEEL.O.~0/LB,3.2L8 

ENTRY TYPE=L ~~5Q STOM DISK FA8RICATIO~ 
SDCRCE-HMC AT 12.23/HR=1.30 

ENTRY TYPE=P 4450 STOW TU8E.2 OIA 1018 STEEL ROO 
SOURCE-JORGENSEN STEEL,.~O/LB, 12 LB 

ENTRY TYPE=L ~~50 ELEV_TION BEAH ASSEH6LY 
SOLRCE-HHC AT 12.23/HR=3.91 

ENTRY TYPE=" ~450 BAR JOIST CHORD,2 SHORT,Z LONG 
SOlRCE-ARHCO.4.87SX.1875 COIL STOCK 
SHORT=25e.3LB,LCNG=3C3.8lB •• ZO/LS 

ENTRY TYPE=H 4450 BAR JOIST WE8,Z SHORT,2 LONG 
SOtRCE-A~HCO.11/16 ROO BAR 
SHORT=79.4L8,LCNG=99.0LB, .20/L8 

QUANTITY 

.8000E-01 

.1600E>00 

.eOO.CE-U 

.~00OE-C1 

.1064E' CO 

.3200EfOO 

• •• 
l=OIRECT LAECR HOURS 
E=EQUI PHENT 
ll=oUANTIT'I' 

• 

Z=SUBCONTRACTS AND FLOW-THROUGH EXFENSES 

UNITS UNIT TOTAL 
COST COST 

129.80 I HELIOSTAT 

HRS I HELICSTAT 

35.34 I HELIOSTAT 

HRS I HELICSTAT 

9.54 I HEL IOSTAT 

HRS I HELICSTAT 

11.55 I HELIOSTAT 

HRS I HEL ICSTIT 

1.29 I HELIOSTAT 

HRS I HELICS1'AT 

1t.8G I HELIOSTAT 

HRS I HELI CSTA T 

109.Dl I HELIOSTAT 

35.&7 I HEL IOSTAT 

•• • 
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ENTRY TYPEsH 4450 BAR JOIST CHANNEL.2 SHORT.2 LONG 
SOURCE-ARHCC.HC3X7.1 ASTM A3& 
SHORTs29.4Le.LONG=Z9.4LB •• 25/LB 

ENTRY TYPE=P ~~50 BAR JOIST PAINT •• 2GAL SHORT •• 3LONG 
SOURCE-PREVIOUS PURCHASE.30.00/GAL 

ENTRY TYPE=L ~"50 BAR JOIST FABRICATIOll 
SOURCE-MHC AT 12.23/HR=1G.56 

ENTRY TYPE=H .. 450 CROSS BAR.Z EACH FOR SHALL MIRROR 
SOlRCE-ARHCO .... 875X.1875 COIL STOCK 
70.4 LB •• 'G/Le 

ENTRY TYPE:L .... SO CROSS BAR FAERICATIO~ 
SOlRCE-HHC AT 12.23/HR=I.&8 

EIlTRY TYPE=H 4 .. 50 
SOlRCE-UNKNOWN 

NIRROR HOUNT BRACKETS.33 E'CH 

ENTRY TYPE=L "~58 MIRRCR HCUNT BRACKET FABRICATION 
SOLRCE-MMC AT 12.23/HR=0.Z" 

ENTRY TYPE=A ~~SO STRUCTURAL SUPPORT LAND 
SOURCE-HMC 95 AC~ES X PReD. SPACE RATIOCSSWI 
MMC USES 20000./ACRE IMPROVED LANO 

ENTRY T 'PE=B "~50 STRUCTURAL SUPPORT FACILITIES 
SOlRCE-HHC 

ENTRY TYP E=E "~50 STRUCTURAL SUPPORT ECUIPMENT 
SOCRCE-HMC 

ENTRY TYPE=T ~ft50 STRUCTURAL SUPPORT TOOLING 

ENTRY T YPE=S ~"50 SUPPLIES,UTILITIES 
SOURCE-MMC BLDG AREA FRAC X 3&.2C=It.27 

ENTRY TYPE=S .. 450 STRUCTURAL SUPPORT SUPFlIES 

ENTRY TYPE= Q .... 50 STRUCTURAL SUPPORT QUANTITY/YEAR 

TOTAL FURCHASED MATERIALS: 19.80 S/HELIO ITAT 
TOTAL RAW MATERIALS= 362.99 S/HELIoSTAT 
TOTAL CBASE RATE ceST CATEGORVI DIRECT LAeCR= 1.726" 
TOTAL CoNSUHABlES= 5.E7 I/KELleSTAT 
lAND REQUIRED= 11.20CO ACRES 
P~OOUCTION FACILITY CBASE ~ATE COST CATEGORY I SIZE= 
TOTAL EQUIPMENT £05T= Z37~&00. $ 
TOTAL T(olING COST= 100833. S 
QUANTITY= 50000. I YEAR 

TOTAL DIRECT LABOR CoST= 17.70 S/HElIOSTAT 
TOTAL PRDCLCTIoN FACILITY COST .... 97600. S 

- - • • • • 

.86ftOE+ 00 

.560 OE- 01 

.2.00E- U 

.112DEH2 

.5997E+05 

.5000E+05 

HRS/HELtOSTAT 

59968. SO FT 

~ • 

14.71 / HELIOSHT 

15.00 / KELIoSTAT 

HRS I HELt CST AT 

13.73 / HELloSTAT 

HRS / HEll CSTAT 

1.75 I HEltoSTAT 

HRS / HELl CSTAT 

ACRE 

SQFT 

2375600. 

100833. 

4.27 I HELIOSTAT 

1.~0 I HEltDSTAT 

IYR 

.- • .- • 
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"HC ZND GENERATION HElIOSTAT 

~~OO FACTORY CeSTS 

KEY TO ENTRY TYPES 

H=RAH MATERIALS 
S=SUPPlIES AND CONSUNABlES 
B=BUllDING OR FACILITY SIZE 
X=TRANSPORTATION ~EQUIRENENTS 

• • 4 

P:PU~CHASE[ HATERIAlS 
T=TOCL ING 
A=LAND FOR PRODUCTION FACILITY 
Y:SITE-RETAI~ED CAPITAL 

• •• 

L=DIRECT lA~OR HOURS 
E=EOUIPNENT 
Q=OUJNTITY 

• •• 

z=sueCDNTRACTS AND FlaW-THROUGH EXPENSES 

ITE" QUA 1';T ITY UNITS UNIT 
COST 

TOTAL 
COST 

TOTAL PURCHASED HATERIALS= 0.00 S/HELIDSTAT 
TOTAL RAW HATERIAlS= 0.00 !/HELIOSTAT 
TOTAL IBASE RATE COST CATEGORY) DIRECT LASCR: O.COG~ HRS/HELIOSTAT 
TOTAL DONSUNABLES= 0.00 $/HELIOSTAT 
LAND REQUIRED= 0.0000 ACRES 
PRODUCTION FACILITY teASE ~ATE COST CATEGORY) SIZE= O. SQ FT 
TOTAL EQUIPMENT COST3 O. $ 
TOTAL TOOLING COST= O. $ 
QUANTITY= O. I YEAR 

DEFAULT QUANTITY USEO IN PROFIT CENTER CAlCULATIO~ 
DEFAULT QUANTITIES = 500GO.IFACTORY). 5~OO.tTRANSPORT/SITE) 

• 
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MMC 2ND GENERATICN HELIOST.T 

~410 TRANSPO~TATION COSTS 

KEY TO ENTRY TYPES 

M=RAW MATERIALS P=PURCHASED MATERIALS 
TsTOOLING 

L=DIRECT LASCR HOURS 
E= EaUI fMENT 
(l=QUANTITY 

S=SUPPLIES AND CONSUNABLES 
B=8UIlDING CR FACILITY SIZE 
X=TRANSPORTATION REQUIREMENTS 

A=LAND FOR PRODUCTION FACILITY 
VsSITE-RETAINED CAPITAL 2=SU8CONTRACTS ANO FLOW-THROUGH EXPENSES 

ENTRY TYPE=S 4410 
SO LRCE - M IIC 

ENTRY T~PE=S 4410 
SOURCE-MMC 

ITEM 

LARGE MIRROR MODULE CRATE 

SMALL MIRROR MODULE CRATE 

ENTRY TYPE=X 4410 TRANSPORT TO SITE-LA.GE MIRRORS 
SPECIAL TRANSPORTATION COST CATEGORY 1 

SOL~CE-HMC $71.75 TO SITe. $10.10 RETURN 

ENTRY TYPE=X 4410 TRANSPORT TO SITE-SMALL MIRRORS 
SPECIAL TRANSFO"TATION COST CATEGORY 1 

SOURCE-NMC $3.83 TO SITE + $0.00 RETURN 

ENTRY TYPE=Q 4~10 QUANTITY 

TOTAL PURCHASED MATERIALS= C.OO S/HELIOSTAT 
TOTAL RAW MATERIALS= C.OO $/HELlaSTAT 

QUANT lTY UNITS 

.1190E+00 TRUCKLOACS 

.400 OE- 62 TRUCKlOADS 

.5141E+[4 ISTE 

TOTAL IBASE RATE ceST CATEGORY) DIRECT LAsCR= 0.0000 HRS/HELlaSTAT 
TOTAL CONSUMABLES= 12.15 S/HELIOSTAT 
WEIGHTED EQUIPMENT COST= O. $ TI~ES YEARS USED I SITE 
QUANTITY= 51'1. I SITE 

SPECIAL TRANSPORTATION OCST CATEGORY 1 = .123 TQUCKLaADS 
INPUT (NOT COMPUTEt) TRANSPORTATION COST 88.46 S 

- • • - • • ~ • 

UNIT 
COST 

.-

TOTAL 
COST 

11.55 I HELIOSTAT 

.60 I HELI OS TAT 

• .- • 
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MMC 2ND GENERATI~N HELlOSTAT 

4420 TRANSPORTATION COSTS 

KEY TO ENTRY TVPES 

M=R AN MATERIALS 
S=SUPPLIES ANO CONSUNABLES 
B=BUILDING CR FACILITy SIZE 
X=TRANSPORTATION RECUI~EHENTS 

• 4 

P=PURCHASEC ~ATERIALS 
T=TOOLING 
A=LAND FOR P~OOUCTION FACILITY 
'=SITE-RETAI~ED CAPITAL 

• •• • 

L=OIRECT LASOR HOURS 
E=EQUI PMENT 
Q=aUANTITY 

•• 

z=SUeCCNTRACTS AND FLaM-THROUGH EXPENSES 

ITEM QUANTITY UNITS UNIT 
COST 

ToTAL 
COST 

ENTRY TYPE=S 4420 
SOlRCE-MMC 

DRIVE ASSEMBLY CRATE 

ENTRY TYPE=X ~~20 TRANSPORT TO SITE-DRIVE 
SPECIAL TRANSPCRTATION COST CATEGORY 1 

SOURCE-MHC $31.27 TO SITE • $3.04 RETURN 

ENTRY TYPE=Q 4420 QUANTITY 

TOTAL PURCHASED MATERIALS= O.CO S/HELIOSTAT 
TOTAL RAW MATERIALS= C.OO S/HELIOSTAT 

.3130E-01 TRUCKLOAUS 

.5147E+ Olt 'STE 

TOTAL CBASE RATE ceST CATEGORY) DIRECT LABOR= 0.0000 HRS/HELIOSTAT 
TOTAL CONSUMABLES= 1.GO S/HElICSTAT 
WEIGHTED EQUIPMENT COST= O. $ TUES YEARS USED / SITE 
QUANTITY= 5147. , SITE 

SPECIAL TRANSPORTATICN ceST CATEGORY 1 = .031 TRUCKLOADS 
INPUT CNOT COMPUTEt) TRANSPORTATIO~ COST 22.51 $ 

1.00 I HELIOSTAT 

• 
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HHC ZND GENERATION HELIOSTAT 

~~30 TRANSPORTATION COSTS 

KEY TO ENTRY TYPES 

H=R AM HAT ER IALS 
S=SUPPLIES AND CONSUHABlES 
B=BUILDING OR FACILITY SIZE 
X=TRANSPORTATION ~EQUIREMENTS 

P=PURC~ASEC MATERIALS 
T=TOOLING 
AzLAND FOR PRODCCTION FACILITY 
Y=SITE-RETAINED CAPITAL 

L=DIRECT LABOR HOURS 
E=ECCIPIIENT 
Q=QUANTITY 
Z=~UBCDNTRACTS AND FLOW-THROUGH EXPENSES 

ITEM QUANTITY UNITS UNIT 
COST 

TOTAL 
COST 

TOTAL PURCHA~ED MA1ERIALS: a.co $/HELIO!TAT 
TOTAL RAW HATERIALS= 0.00 $/HELIOSTAT 
TOTAL (BASE RATE ceST CATEGORY) DIRECT LABOR= 0.0000 HRS/HELIOSTAT 
TOTAL CONSUMABLES= a.CD $/HELIOSTAT 
WEIGHTEO EQUIPMENT COST: G. $ TIYES YEARS USED / SITE 
DUANTITY= O. I SITE 

DEFAULT QUANTITy USED IN PROFIT CENTER CALCULATION 
DEFAULT QUANTITIES = soaOD.IFACTORY). S~OO.ITRA~~PORT/SITE) 

- tt - • • • • • .- • .- • 
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MMC 2ND GENERATION HElIOSTAT 

4440 TRANSPORTATION COSTS 

KEY TO ENTRY TYPES 

N=RAII MATERIALS 
S=SUPPLIES AND CONSUNAalES 
B=BUILOING OR fACILITY SIZE 
X=TRANSPORTATION ~ECUIRE"ENTS 

• 4 

P=PURCHASE[ MATERIALS 
T=TOOLING 
A=LAND fOR PRODUCTION FACILITY 
Y=SITE-RETAINED CAPITAL 

- •• • 

l=DIRECT LABOR HOURS 
E=EQUIPMENT 
Q=QUA1HITY 

-. 

Z=SUBCONTRACTS AND FLOW-THROUGH EXPENSES 

ITEN QUANTITY UNITS UNIT 
COST 

TOTAL 
COST 

ENTRY TYPE=S 4448 
SOURCE-NNC 

PEDESTAL INTERFACE TU8E CRATE 

ENTRY TYPE=X 4440 TRANSPORT TO SITE-INTERFACE TUfE 
SPECIAL TRANSPORTATION COST CATEGORY 1 

SOURCE-NNC $4.19 TO !ITE • 1.43 RETURN 

ENTRY TYPE-Q 4440 QUANTITY 

TOTAL PURCHASED MATERIALSa 0.00 S/HELIOSTAT 
TOTAL RAil NATERIALS= 0.00 S/HELIOSTAT 

.~51l0E-C2 TRUCKLOACS 

.5147E+04 ISTE 

TOTAL (BASE RATE ceST CATEGORY) DIRECT LABCR= 0.0000 HRS/HELIOSTAT 
TOTAL CONSUNABLES= .48 S/HELICSTAT 
IIEIGHTED EQUIPMENT COST= O. S TINES YEARS USED I SITE 
QUANTITY= 5147. I SITE 

SPECIAL TRANSPORTATION ceST CATEGORY 1 = .GOS TRUCKLOADS 
INPUT (NOT COMPUTEe) TRANSPORTATION COST 3.<4 S 

.48 I HELIOSTAT 

• 
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NHC 2ND GENERATION HELIOSTAT 

4450 TRANSPORTATION COSTS 

KEY TO ENTRY TYPES 

H=RAW HATER IALS P=PU~CHASED "ATE~IALS 
T=TOCLING S~SUPPLIES AND CONSUHABLES 

B=BUILDING CR FACILITY SIZE 
X=TRANSPORTATION REQUIREMENTS 

A=LAND FO~ PROCUCTION FACILITY 
Y=SITE-RETAINED CAPITAL 

ENTRY TYPE=S 4450 
SOURCE-HNC 

ENTRY TYPE=S 4450 
SO~CE-NMC 

ITEM 

ELEVATION BEAM CRATE 

I!AR JOIST CRATE 

ENTRY TYPE=X 4450 TRANSPORT TO SITE-ELEVJTION 
SPECIAL TRANSPORTATION COST CATEGORY 1 
SOURCE-M~C $2&.8t TO SITE. 11.43 RETURN 

ENTRY TYPE=X 4450 TRANSPORT TO SITE-BA~ JOIST 
SPECIAL TRANSPORTATION COST CATEGORY 1 

SOURCE-MMC $23.82 TO SITE. 51.79 RETURN 

ENTRY TYPE=Q 4450 QUANTITY 

TOTAL PURCHASED MATERIALS= 0.00 S/HELIOSTAT 
TOTAL RAW MATERIALS= 0.00 $/HELIOSTAT 

QUANTITY 

BEAM .4170E-Q1 

.5 CC OE- C1 

.5147H Cit 

TOTAL (BASE RATE CCST CATEEORY) DIRECT LABCR: 0.0000 HRS/HELIDSTAT 
TOTAL CONSUHABLES= 4~C5 S/HELIOSTAT 
WEIGHTED EQUIPHENT COST= C. $ TI~ES YEARS USED / SITE 
QUANTITY= 51~7. / SITE 

SPECIAL TRANSPCRTATICN ceST CATEGORY 1 = .092 TRUCKLOADS 
INPUT (NOT COHPUTEC) TRANSPORTATIO~ COST &5.95 S 

• • - • • tt • 

L=OI~ECT LABCR HOURS 
E=ECt:IPHENT 
C=OUANTITY 
z=SUeCONTRACTS AND FLOw-THROUGH EXPENSES 

UNITS UNIT TOTAL 
COST COST 

1.25 I HELIOSTAT 

2.80 / HELIOSTAT 

TRUCI<1.0ACS 

TRUCKLOADS 

ISTE 

.- • .- • 
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• • • • • HHC 2ND GENERATION HELIOSTAT 

.... 30 SITE COSTS 

KEY TO ENTRY TYPES 

H=RAII HATERIALS 
S=SUPPLIES AND CONSUHABLES 
B=8UILDING OR FACILITY SIZE 
X=TRANSPORTATION REQUIREHENTS 

• 4 

P=PURCHASEC HATERIALS 
T=TOOLING 
A=LA~D fOR PRODUCTION FACILITY 
l=SITE-RETAI~ED CAPITAL 

• • • • 

L=DIRECT LAeOR HOURS 
E=EQUl FHENT 
Q=QUANTITY 

•• 

Z=SUBCONTRACTS ANO fLOW-THROUGH EXPENSES 

ITE" QUANTITY UNITS UNIT 
COST 

TOTAL 
COST 

ENTRY TYPE=Z .... 30 HC 
SOURCE-HHC eASED ON BARSTOII 
INC 3~.69 CONTR. LABOR 
ICS-101. ED .POIIER SUPP-10 .DC. RELAYS -lU.O". FlBER [PTICS' XI1IT .REC-7a. a c. 
RECT-"S.OO.PKG-4.0n.RES.CAP.CRYSTAL.DIOOE-20.51 

ENTRY TVPE=Z .. 430 HfC INCLUDES 0.99 COWfR. LAeCR 
SOURCE-NHC eASEC ON BARSTOII 1 PER 32 HCS 
ICS-2.39.fIeER OPTICS XHIT.REC-... 37.PKG-C.19.RES.CAP.CRYSTAL.DIODE-O.4 .. 

ENTRY TYPE=Z .. 430 REDUCTION IN COST FRCH "ASS PROD. 
SOURCE-HHC AT 9/30/81 REVIEII 

ENTRY TYPE=Z .. 430 HAC 
SOURCE-HHC EASED ON BARSTOII 
SOfTIIARE.I~STALL 

ENTRY TYPE=Z "UO SIGUL DISTRIBUTICN INC 11.74 
INSTALLATICN sueCONTRACTED LABOR.FIBERCPTIC 
CABLE 12C.26 fEET/HELIOSTAT 
SOURCE-HHC ESTIHATE 

ENTRY TVPE=Z 4430 
SOURCE-HHC 

ENTRY TYPE=Z .. 430 
SOI.'RCE-HHC 

POIIER CABLING INSTALLED 

BEAH CHARACTERIZATICN SYSTEHCBCS) 

448.8' I HELIOSTAT 

8.38 I HELIOSTAT 

-49.9~ I HELIOSTAT 

11.71 I HELIOSTAT 

63.26 I HELIOSTAT 

23 ~. 00 I HEL lOST AT 

38.86 I HELIOSTAT 

ENTRY TYPEaE .... 30 .. o. D • 

ENTRY TVPE=Q "~30 • 5141E>04 ISTE 

TOTAL PURCHA!EQ MATERIALS= D.ca S/HEI.IOSTAT 
TOTAL ~AW MATERIALS= C.Da $/HELIOSTAT 
TOTAL CBASE RATE COST CATEGORY' DIRECT LABOR= 0.0000 HRS/HELlOSTAT 
TOTAL CONSUMAeLES= a.co S/HELICSTAT 
WEIGHTEO EQUIPMENT COST= D. S TI~ES YEARS USEO I SITE 
QUANTITY= 51'1. I SITE 
TOTAL SUBCOHTRACTS AND fLOM-THROUGH EXPENSES= 822.11 S/HELICSTAT 

• 



'" ... ... 

• 

"Me 2ND GENERATION HELIOST.T 

~~~O SITE COSTS 

KEY TO ENTRY TYPES 

"=RAW HATERIALS P=PURCHASEO MATERIALS 
T=TOOLING S-SUPPLIES ANC CONSCHABLES 

e=eUILOING CR FACILITY SIZE 
X.TRANSPORTATION ~EGUIRE"ENTS 

_=LANO FOR pqOOUCTIO, FACILITY 
Y=SITE-RETAI'ED CAPITAL 

ITEM 

ENTRY TYPE'. ~440 FOCNCATION/PEOESTAL CO.~RETE 
SOURCE-SLACK AND VEATCH,~OOD PSI YLO 
10 PERCENT EXCESS 

ENTRY TYPE=Z 4440 FOCNCATION/PEDESTAL REBAR CAGE 
SOURCE-BLACK AND VEATCH,FABRICATED 
320 LB,ABOUT 3 HAN-HRS'TeOLING 
REBAR MATERIAL AT 0.22/Le=$70.40 

ENTRY TYPE=l 4440 FOCNCATION/PECESTAL ELECT CONDUIT 
SOL~CE-BLACK ANC VEATCH, 7 LB 

ENTRY TYPE-l 4440 PECESTAL FORMS 
SOIRCE-eLACK AND VEATCH,LABOR INC KI PED INST 

ENTRY TYPE=Z 4440' INTE~FACE TUBE FORHS 
SOURCE-BLACK AND VEATCH 

ENTRY TYPE.Z 4440 FOCNCATION INSTALLATION SU8CONTR. 
SOURCE-BLACK AND VEATCH,CRILL HOLE .25 HRS, 
PLACE REBAR .2~ HRS,PLACE CONCRETE .5 HRS, 
INC EQUIP,TOOLING 

ENTRY TYPE=Z 4440 PECESTAL INSTALLATIO~ SUSCONTR. 
SOURCE-BLACK AND VEATCH, SET FORM.ALIGN REBA~. 

ENTRY TYPE:Z 4440 INTERFACE TUBE INSTALLATION $U£C. 
INSTALL INTERFACE TUBE t.OHR I~ EQUIP/TeOLING 

ENTRY TYPE-Z 4440, ELECTRICAL CONDUIT I~STALL 
SOURCE-BLACK AND VEATCH 

ENTRY TYPE-Z 4~40 FOCNDATION LOCATION SURVEY 
SOURCE-HAL .25 HRS. EST. ONLY 

ENTRY TYPE:Z 44~0 CRANE K/OPERATOR 
SOURCE-BLACK AND VEATCH 

ENTRY TYPE-Z 4440 CO~~ETE PUMP K/OPERATOR 
SOlRCE-BLACK AND VEATCH 

ENTRY TYPE=l 4440 RECUCTIO~ Of SUBS ESTIMATE 
SOURCE-MHC AT ~/30'81 RE~IE" 

ENTRY TYPE-Q 4440 FOUNCATIOItIPEDES TAL QUAHTtTlIYEAR 

TOTAL PURCHASED MATERIALS=' 0.00 "HELIO!TAT 
TOTAL RAW MATERIALS= 0.00 S/HELIOSTAT 

• 51 .. 7E • .,.. 

TOTAL (SASE R.ATE ceST CATEGORY' DIRECT LABeR= O.OOCO HRS/HELIOSTAT 
TOTAL CONSUHABLE!= 0.00 t/HELIOSTAT 
WEIGHTED EQUIPMENT COST= O. $ TI~ES YEARS USrD I SITE 
QUANTITY= 51~7. ,SITE 
TOTAL SUBCONTRACTS AND FLO~-THROUGH EXPENSES= 551.30 $/H~LIOSTAT 

- -• • • • tt 

L=IlIRECT LABOR 
E=ECUI FHENT 
G=oe.NTIlY 
z=sueCONTRACTS 

CUA ~T ITY UNITS 

• 

HOURS 

AND FLOM-THROUGH EXPENSES 

UNIT TOTAL 
COST COST 
160.00 'HELIOSTAT 

150.00 I HELIOSTAT 

~.oo I HELIOSTAT 

1~.00 I HELIOSTAT 

5.00 / HELIOSTAT 

90.00 I HELIOSTAT 

1Z0.DO / HELIOSTAT 

1 !.oo I HELIOSTAT 

12.00 / HELIOSTAT 

1 !:.oo / HELIOSTAT 

15.00 I HEL lOST AT 

11.00 I HELIOSTAT 

-5 ~. 70 / HElIOSTAT 

.- • .- • 



• • • HHC 2ND GENERATION HELIOST.T 

.. 460 SITE COSTS 
KEY TO ENTRY TYPES 

M'RAW MATERIALS 

• • • 
P=PURCHASEC MATERIALS 
T=TOOLING 

• 4 • 

L=DIRECT LABOR HOURS 
E=EQUIPMENT 
Q·QUANTITY 

•• • 

S=SUPPlIES AND CONSUNAUlES 
B=eUIlDING OR FACILITY SIZE 
X=T~ANSPORTATION RECUIREHENTS 

A=lANO FOR PRODUCTION FACILITY 
Y=SITE-RETAI~EC CAPITAL Z=SUBCONTRACTS ANO FLOW-THROUGH EXPENSES 

ENTRY TYPE'P ~460 
SOURCE-NNC 

ENTRY TYPE=P 4460 
SOURCE-HHC 

ITEM 

RIVETS FOR SUPPORT STRUCT. ASSY 

HIRRCR HOUNT STues 

QUANT ITY UNITS 

39 EACH 

33 EACH 

ENTRY TYPE=L 4460 HELICSTAT ASSEHBLY,9 HEN X 2 SHFTS .7200E+01 HRS I HELI(STAT 
SPECIAL LABO~ COST CATEGORY HUMBER 1 

SOURCE-HAL CORRECTED FRO~ 7.G TO 7.2 HRS 
MHC WAS $85.61 AT 12.23/HR 
HOVE COHPONENTS FRCM STO~AGE TO ASSY AREA.ASSEHeLE SUPPORT STRUCTURE, 
MIRROR MCDULES,DRIVE AND CHECKOUT 

EMTRY TYPE=L 4460 HELICSTAT INSTALL ON PEDESTAL .2~OOE+Ol HRS I HELICSTAT 
SOURCE-HAL COR~ECTED FRO~ 2.03 TO 2.4 HRS 
MHC WAS 131.83 AT 15.68/~R, 3 HEN X 2 SHIFTS 
MOVE HELIOSTAT F~OH ASSEMBLY AREA TO PEDESTAL,INSTALL HELICSTAT 

ENTRY TYPE=L "~60 INSTALL AND CHEC~OUT ELECTRONICS .2~00E+01 HRS I HElICSTAT 
SOURCE-HAL CORRECTED F~or 2.03 TO 2.~ HRS 
HMC WAS 531.83 AT 15.68/HR.3 HEN X 2 SHIFTS 
TEST HELIOSTAT USING HAC AND DCS 

ENTRY TYPE=E 4460 
SOURCE-MMC 

ENTRY TYPE=T ~~60 
SDlRCE-HMC 

BRIDGE CRANE.ASSY FIXTURES,PED 

MISC. TOOLHG 

ENTRY TYPE=Y 446~ BUILCINGC500KI.XPORT VEHICLEC1~0~1 
SOURCE-MNC,WORK PLATFCRM VEHICLESC60KI.SPECIAL TCOLSCZ~~I 
ASSY/HAIN 8UILCI~G=28.50C SQFT AT 1000~,OMNER PAYS ~ALF 

ENTRY TYPE=Y 4460 INITIAL SPARES 
SDURCE-HHC,6 FACETS,l DRIVE,26 MOTORS.16 ENCODERS, 
46 HC,13 HFC 

ENTRY TYPE.Y ~460 MAINTENANCE EQUIPMENT 
SOURCE-MMC,WAS~ TRUCKS 

ENTRY TYPE=S 4~60 
SOURCE-HMC 

SUPPLIES,UTILITIES,CCNSUHABlES 

.150GE+01 YRS 

.1500E+01 YRS 

ENTRY TYPE~o. 4460 HELICSTATS PER 50MWE SITE .51~7E+C4 ISlE 
TOTAL PURCHASED HATERIALS= 5.25 I/HELIOSTAT 

N TCTAl RAW MATERIALS= C.OO SlHELIOSTAT 
"'" TOTAL CBASE RATE COST CATEGORY I DIRECT LABCR. ...8000 HRS/HElU)STAT 
'" SPECIAL DIRECT LABOR ceST CATEGORY 1 = 7.2GOO HPS/HELICSTAT 

TOTAL CONSlHAelES' 7.77 $/HElICSTAT 
WEIGHTED EQUIPMENT COST= 757500. $ TI~ES YEARS USED I SITE 
aUANTITY: 51~7. I SYTE 
TOTAL SITE-RETAINED CAPITAL= 8J~JOO.oo $ 

TOTAL DIRECT LABOR COST. 149.06 S/HELIOSTAT 

UNIT TO~AL 
COST COST 

.05 1.95 I HELIOSTAT 

.10 3.3~ I HELIOS~AT 

505000. 

22 SOD. 

730000. 

31300. 

75000. 

7.77 I HELIOSTAT 

•• • 



HELIOSTAT COST MOtEL 

DETAILED BREAKDOWN 

"MC 2ND GENERATION HElI05TAT 

~~10 REFLECTIVE ASSEMBLY 

FACTORY CeSTS 

PROCUCTIO~ YEAR 1 

TOTAL ~EGUIRED REVENUE 

246 

DI~ECT MATERIALS 
PU~CHASED MATERIALS 
RAW MATERIALS 
SCRAP 

DIRECT LABeR 

CONSCMABlES 

INDIRECT COSTS 
MAINTENANCE, PLANT ENGINEERING 
OTI'E RIND IREC T5 

CAPITAL REPL~CEMENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GENERAL A AO~INISTRATIVE 

INTEREST EXPEHSE 

INCOME TAXES 

RETURN TO EQUITY HOltERS 

OTHER EXPENSES 
ANNUALIZED ONE-TIME COSTS 
sueCONTRACTS A FLOW-THROUGH 

1036.74 
342.80 
10.69 

13.24 
18.53 

9.99 
36.00 

• 

• • 
• 

• • 1741.01 

1390.23 

• 
29.11 

15.59 

31.77 .. 
11.31 

2.73 

19.1E • 
12.78 

S2. 2 C 

68.16 

• 
47.99 • 

• 

• • 
• 



• 

• • 

• 

• • 

• 

•• 
• 

• 
• 
• 

• 
• 

• 

TOTAL REQUIRED REVENUE 

01~ECT MATER!ALS 

HElIOSTAT COST HODEL 

DETAILED e~EA~DCWN 

"He 2ND GENE FAT ION HELIOSTAT 

""2~ D~IVES 

FACTO~Y COSTS 

P~OCUCTIO" YEAR 1 

PU~CHASEO MATERIALS 
RU MATERIALS 
SCRAP 

OIRECT LABOR 

CONSUHABlES 

[NDIRECT COSTS 
"AINTENANCE, PLANT ENGINEERI~G 
OTHER ! NO IRECTS 

CAPITAL REPLACEMENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GENERAL • AD~INISTRATIVE 

INTEREST EXPENSE 

INCOME TAXES 

RETURN TO Eaun HOLDERS 

OTHER EXPENSES 
ANNUALIZED ONE -TIME COSTS 

878.29 
430.71 
10.~6 

2D .76 
28.05 

10.71 

1789.39 

57.51 

87.1~ 

"8.80 

19.78 

3.43 

82.2E 

16.05 

58.62 

85.63 

10.71 

247 



HELIDSTAT COST HODEL 

OETAILED eREA~DCWN 

MHe 2ND GENERATION HELIOSTAT 

4430 - CONTROLS 

FACTORY ceSTS 

PRO wcnOK YEAR 1 

TOTAL REQUIRED REVENUE 

248 

DIRECT MATERIALS 
PURCHASED MATERIALS 
RA~ MATERIALS 
SCRAP 

DIRECT LABOR 

CDNl;CI1ABLES 

INCIRECT COSTS 
MAINTENANCE. PLANT ENGINEERING 
OTHR INDIRECTS 

CAPITAL REPLACEHENT ALLOWANCE 

PROPERTY TAX ANO INSURANCE 

GENERAL A AD~INISTRATIVE 

INTEREST OPENSE 

INCOKE TAXES 

RETURN TO EQLITY HOLDERS 

OTHER EXPENSES 

a.oo 
0.00 
0.00 

.07 
0.00 

• 

• • 
• 

• • 
0.00 • 
0.0 C 

0.0 C 

.07 .. 

.12 

.01 • 

.01 

.05 • 
0.00 • 

• 

• 
• 

• 



• 

• • 

• 

• • 

• 

• 

• 
• 
• 

• 
• 
• 

HELIOSTAT C <ST MODEL 

DETAILED EREAKOOWN 

HHC 2ND GENERATION HELIOSTAT 

FOlNCATICN/PEDESTAL 

fACTORY COSTS 

PRO eUClIO ~ YEAR 1 

TOTAL PEQUIRED REVENUE 

DIRECT "ATE~IALS 
PURCHASED HATE RIALS 
RAW "ATERIALS 
SCRAP 

DIRECT LABOR 

CONSlHABLES 

INDIRECT COSTS 
MAINTENANCE, PLANT E~GINEEqI~G 
OTHER INDIRECTS 

CAPITAL REPL_CEMENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GE ~ERAL " ADI'INISTRATI VE 

INTEREST EXPENSE 

INCOME TAXES 

RETURN TO EQUITY HOLDERS 

onER EXPENSES 
ANNUALIZED ONE-TIHE COSTS 

&.12 
32.58 

.37 

.32 

.85 

.21 

39.61 

1.710 

o. 00 

1.17 

.01 

2.30 

.35 

1.37 

1.85 

.21 

109.20 

249 



HELIOSTAT CeST MODEL 

DETAILED BREAKDOWN 

NNC 2ND GENE~ATION HElIOSTAT 

4450 SUPPORT STR~~TURE 

FACTO Iii' COSTS 

PROOUCTIO~ YEAR 1 

TOTAL REQUIRED REVENUE 

250 

DIRECT HA TER IAlS 
PU.CH~SEO MATERIALS 
RAW MATERIALS 
SC~AP 

DIRECT LABO~ 

CONSUHABLES 

INDIRECT COSTS 
MAINTENANCE, PLANT ENGINEE~IHG 
OnER itlOIRECTS 

CAPITAL REPLACEMENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GENERAL A AD~INISTRATIVE 

INTEREST EXPENSE 

INCCME TAXES 

RETURN TO EQUITV HOLOERS 

OTHER EXPENSES 
ANNUALIZED ONE-TIME COSTS 

19.8Q 
362.99 

3.77 

3.91 
8.51 

2.85 

• 

• • 
• 

• • 
490.71 

386.56 • 
17.70 

!;.67 

12.42 

3.32 

.79 • 
22.80 

3.72 

15.05 

19.83 • 
2.85 • 

• 

• 
• 

• 



• 

• • 

• 

• • 

• 

•• 
• 

• 

• 
• 

• 
• 

• 

HELIOSTAT ceST ~OCEL 

DETAILED eREA~DOWN 

MIIC 2ND GENERATION HELtOSTAT 

44&0 - ASSEMBLY/INSTALLATION 

FACTORY ceSTS 

PRODUCTIO~ YEAR 1 

TOTAL REQUIRED REVENUE 0.00 

DIRECT HATEQULS 
PURCHASED IIATERIALS 
RA. HATERIALS 
SCRAP 

DIRECT LABOR 

CONSUHABLES 

INDIRECT COS1S 
MAINTENANCE, PLANT ENGINEEQING 
OTl'ER INDIRECTS 

CAPITAL REPLACEHENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GENERAL A AD"INISTRATIVE 

INTEREST EXPENSE 

INCOIIE TAXES 

RETURN TO EQUITY HOLDERS 

OTHER EXPENSES 

0.00 
0.00 
G.oo 
0.00 

D.IlO 

O. 00 

0.00 
0.00 
0.00 

O. DO 

0.00 

0.00 

0.00 

0.0 C 

0.00 

0.00 

251 



HELIOSTAT COST MODEL 

DETAILED BREAKDOHN 

HMC 2ND GENERATION HELIOSTAT 

4410 REFLECTIVE ASSEMBLY 

TRANSPCRTATIOt; COSTS 

PRODUCnOI< YEAR 1 

TOTAL REQUIRED REVENUE 

252 

DIRECT MATERIALS 
PURCHASED MATERIALS 
RAW MATERIALS 
SC~AP 

DIRECT LABOR 

CONSlMABLES 

INOIRECT COSTS 
"AINTENANCE, PLANT E~GINEERING 
OTHER INDIRECTS 

CAPITAL REPLACEMENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GE~ERAL ~ AD~INISTRATIVE 

INTEREST EKPENSE 

INCOME TAXES 

RETU~N TO EQUITY HOLCERS 

OTHER EXPENSES 
TRANSPORTATICN CHA~GES 

0.00 . 
0.00 
O.DO 

0.00 
0.00 

811.46 

• 

• • 
• 

• • 
100.61 

0.00 

• 
0.00 

12.15 

O. GO •• 
O. DC 

0.00 

• 
0.00 

0.00 

0.00 

0.0 C • 
88."6 • 

• 

• 
• 

• 



• 

• • 

• 

• • 

• 

.. 
• 

• 
• 
• 

• 
• 
• 

HELIOSTAT COST HODEL 

OETAILED a~EAKDOWN 

HMC 2ND GENE~ATION HELIOSTAT 

41+20 - DRIVES 

T~ANSPORTATION COSTS 

PROOUCTI05 VEAR 1 

TOTAL REQUIRED REVENUE 

DUECT MATERIALS 
PU~CHASED HATERIALS 
~U MATERIALS 
SCRAP 

DIRECT LASOR 

CONSLMABLES 

INDI~ECT COSTS 
MAINTENANCE. PLANT ENGINEERI~G 
OTHER INDIRECTS 

CAPITAL REPLACEMENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GE~ERAL A AO~INISTRATIVE 

INTEREST EXPENSE 

INCOME TAXES 

RETURN TO EQUITY HOLDERS 

OT .. ER EXPENSES 
TRANSPORTATIC" CHA~GES 

0.00 
0.00 
0.00 

D.no 
0.00 

22.51 

0.0 C 

O. Q Q 

1.00 

O. DO 

0.00 

G.DC 

0.00 

O. a Q 

0.00 

22.51 

253 



~-.-

HELIOSTAT ceST HoeEL 

DETAILED EREAKDOWN 

HHC 2ND GENER_TION HELIOSTAT 

4~30 CO~TROlS 

TRANSPORTATIO~ COSTS 

PROCUCTIOt YEAR 1 

TOTAL REQUIRED REVENUE 

254 

DIFiECT MATERIALS 
PU~CHASED MATERIALS 
RAW MATERIALS 
SC~AP 

DIRECT LABOR 

CDNSUMABlES 

INDIRECT COSTS 
MA INTENANCE, PLANT ENGINEERING 
OTHER INDIRECTS 

CAPITAL REPLACEHENT ALLOHANCE 

PROPERTY TAX AND INSURANCE 

GENERAL A AO~INISTRATIVE 

INTEREST EXPENSE 

INCOHE TAXES 

RETURN TO EOUITY HOLDERS 

OTHER EXPENSES 

0.00 
0.00 
O.OD 

0.00 
0.00 

0.00 

O.DU 

0.0 a 

o. O' 

O. DO 

D.OO 

0.00 

0.00 

0.011 

G. £ Q 

0.00 

0.00 

• 

• • 
• 

• • 
• 

• 

• 
• 
• 

• 
• 
• 



• 

• • 

• 

• • 

• 

• 

• 
• 
• 

• 
• 

• 

TOTAL REQUIRED REVENUE 

DIRECT HATERIALS 

HELtOSTAT COST HODEL 

DETAtLED 6REAKDOWN 

MHC 2ND GENERATION HELIOSTAT 

4~40 - FOUNCATICN/PEDESTAL 

TRANSPORTATION COSTS 

PRO lUCTIO ~ YEAR 1 

PURCHASED MATERIALS 
RA~ MATERIALS 
SCRAP 

DIRECT LABOR 

INDIRECT COSTS 
MAINTENANCE. PLANT ENGINEERIKG 
OTHER INDIRECTS 

CAPITAL REPLACEMENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GENERAL • AD~INISTRATIVE 

INTEREST EXPENSE 

INCa tiE TAXES 

RET\;RN TO EDtITY HOLDERS 

OTHER EXPENSES 
TRANSPORTATION CHA.GES 

3.72 

0.00 
0.00 
0.00 
0.00 

0.011 

... 8 

0.00 
0.00 
0.00 

o. e c 

0.00 

0.00 

0.00 

0.00 

o. a c 

3.24 
3.2/0 



256 

TOTAL RECUIREO REVENUE 

DIRECT MATERIALS 

HELIOSTAT COST HOOEL 

OETAILED 8REAKDOWN 

MHe 2ND GENERATION HELIOSTAT 

~450 - SUPPORT STRUCTURE 

TRANSPORTATION COSTS 

PROCUCTIO~ YEAR 1 

PURCHASED HATERIALS 
RAil MATERIALS 
SCRAP 

DIRECT LABOR 

CONSlHABLES 

INDIRECT COSTS 
'AINTENANCE. PLANT ENGINEERI~G 
OTHER INDIRECTS 

CAPIlAL REPLACEMENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GENERAL A AD~INISTRATIVE 

INTEREST EXPENSE 

INCOME TAXES 

RETURN TO ECUITY HOLDERS 

OTHER EXPENSES 
TRANSPORTATION CHARGES 

• 

• • 
• 

70.00 • • 
0.00 

0.00 
0.00 
a .110 

0.00 • 
It. 05 

a. 00 
0.00 
0.00 

0.00 

0.0 Q 

Q.OO • O. C Q 

0.00 

O. C Q 

65.95 • 
65.95 • 

• 

• • 
• 



• 

• • 

• 

• • 

• 

.. 
• 

• 
• 
• 

• 
• 

• 

TOTAL REQUIREO REVENUE 

OI~ECT MATERIALS 

HELIOSTAT COST MOtEL 

DETAILED EREAKDCWN 

MKG 2ND GENERATION HELIOSTAT 

.... 30 - CONTROLS 

SITE COSTS 

PROCUCTIO ~ YEAR 1 

PURCHASED MATERIALS 
RAN MATERIALS 
SCRAP 

DIRECT LAseR 

CONSUMABLES 

INOIRECT COSTS 
MAINTENANCE, PLANT ENGINEERI~G 
OTNE R INDIRECTS 

CAPITAL REPLACEMENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GENERAL ~ ADMINISTRATIVE 

INTEREST EXPENSE 

INCOME TAXES 

RE1URN TO EQUITY HOLDERS 

OTHER EXPENSES 
sueCONTRACTS A FLON-THROUG~ 

822.11 

0.00 
0.00 
0.00 
0.00 

o.ou 
0.00 

0.00 
0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

0.0 a 
a.oa 

822.11 
822.11 

257 



258 

HELIOSTAT COST J10DEl 

DETAILED EREA~DOWN 

J1J1C 2ND GENERATION HELIOSTAT 

4440 FOUNDATION/PEDESTAL 

SIT e COSTS 

PROOUCTIO~ YEAR 1 

TOTAL REQUIRED REVENUE 

DIRECT J1ATERIALS 
PU~CHASED MATERIALS 
RA" MATERIALS 
SCRAP 

DIRECT LABOR 

CONSUMA8lES 

INCIRECT COSTS 
MAINTENANCE, PLANT ENGINEERING 
OnER INDIRECTS 

CAPI1Al REPLACEMENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GENERAL A AD~INISTRATIVE 

INTEREST EXPENSE 

INCOME TAXES 

RETURN TO EQ~ITY HOLCERS 

OTHER EXPENSES 
SUeCONTRACTS A FLOW-THROUG~ 

0.00 
0.00 
0.00 

0.00 
0.00 

5S1.JD 

G.oa 

O.QO 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.0 C 

D. DO 

551. J 0 

• 

• • 
• 

• • 
• 

• 

• 
• 
• 

• 
• 

• 



• 

• • 

• 

• • 

• 

• 

• 
• 
• 

• 
• 
• 

HELIOSTAT COST HOOEL 

DETAILED EREAKDCNN 

MMe 2ND GENEfATION HELIOSTAT 

4460 ASSEMBLY/INSTALLATtON 

SITE COSTS 

PRODUeTIO~' YEAR 1 

TOTAL REQUIRED ~EVENUE 

DIRECT MATERIALS 
PU~CHASED MATERIALS 
RAk MATERIALS 
Se~AP 

DIRECT LABOR 

eONSUMABLES 

INDIRECT COS1S 
MAINTENANCE, PLANT E~GINEERIKG 
OTHER INOIRECTS 

CAPITAL REPLACEMENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GENERAL A AD~INISTRATIVE 

INTEREST EXPENSE 

INCOME TAXES 

RETURN TO EQUITY HOLDERS 

aT HER EX PENS ES 
SIlE-RETAH£O CAPITAL 

5.25 
0.00 

.OS 

0.00 
44.72 

162.48 

5.3C 

14'.1.06 

7.71 

44.72 

6.SS 

2. tE 

D.O C 

1.6'3 

4.56 

9.02 

162. '*8 

2!i9 



N 
0\ 
o 

• 

FACTORY 

TRANSPORTAT ION 

SITE 

TOTALS BY COMPONENT 

- • • 

.. 410 .... 20 

17 .. 1.01 1789.39 

100.61 23.51 

111'+1.62 1812.90 

- • 

ceST SUM"A~Y BY PRO~IT CENTER 

TOTAL REQUIRED REVENUE 

MMC 2NC GEt>ERATJON HELICSTAT 

PRODUCTION YEAR 1 

.... 30 ...... 0 .... 50 .... 60 TOTALS BY LOCATION 

.'+2 "9.20 490.71 o.oe 10070.73 

0.00 3.72 70.00 197.8 .. 

8 ~2.11 551. ;'0 393 ... 2 1766.83 

822.53 60 ... 22 560.71 3'13."2 

TOTAL FeR TOTAL REQUIREC REVENUE 6035."0 

• • • .- • .- • 



• 

f\) 

~ .... 

• • 

FACTORY 

TRANSPORTAT ION 

SITE 

TOTALS BY COMPONENT 

• • • 

It/tiO lt4Z 0 

1390.23 1319.lt6 

0.00 0.00 

1390.23 1319.lt6 

• 4 • •• • •• • 

COST ~UMMARY 9Y PROFIT CENTER 

OIRECT MATERIALS 

MMC 2ND GENERATION HELIOSTAT 

PRODUCTION YEAR 1 

It .. 30 ltltltO .... 50 .. 460 TOTALS BY LOCATION 

0.00 39.67 386.56 0.00 3135.92 

0.00 0.00 o .0lI 0.00 

0.00 0.08 5.30 5.30 

0.00 39.67 386.56 5.30 

TOTAL FOR DIRECT MATERIALS ~1"1.2Z 



N 
0'1 
N 

• 

FACTORY 

TRANSPORTlT ION 

SITE 

TOTALS BY CCMFONENT 

- • • 

4410 4 .. 20 

29.11 57.51 

D.DlI o.G' 

29.11 57.51 

- • 

ceST SUMMARY BY PROFIT CENTER 

DIRECT LABOR 

MHC 2ND GENERATION HELtOSTAT 

PROOUCTION YEAR 1 

.... 30 ...... 0 4 .. 50 4460 TOTALS BY LOCATION 

0.00 1.74 17.70 0.00 106.06 

O.DC 0.00 0.00 0.00 

0.00 0.00 149.06 14'1.DE 

D. CO 1.7 .. 17.10 H9.Q6 

TOTAL FOR DIRECT LABOR 255.12 

• 
, 

• .- • .- • 
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N 
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W 

• • 

FACTORY 

TRANSPORTATION 

SITE 

TOTALS BY COMPONENT 

• • • 

41010 4.,20 

15.59 87.14 

12.15 1.0 [ 

27.74 66.14 

• fI • 

COST SU~HARY ~Y PROFIT CENTER 

CONSU ~A BLES 

MHC 2ND GENERATION HELIOSTAT 

PRODUCTION YEAR 1 

" .. 30 4 .... 0 

0.00 o. a t 

n.oe .48 

0.00 0.00 

0.00 .48 

TOTAL fOR CONSUHABLES 

4 .. S0 

5.67 

4.05 

9.72 

•• 

,+ .. 60 

0.00 

7.77 

7.17 

133.85 

• • • • 

TOTALS BY LOCATION 

106.40 

17 .68 

7.77 



"" 0\ 
.j:> 

• 

FACTORY 

TRANSPORTATION 

SITE 

TOTALS BY COMPONENT 

- • • 

.... 10 .... 20 

31.77 "8.80 

0.00 0.11 C 

31.77 "S.80 

- • 

ceST SUHHA~Y BY PROFIT CENTER 

It.UlR ECT COSTS 

HHC 2ND GENERATION HELIOSTAT 

PRODUCTION YEAR 1 

.. 430 ...... 0 .... so .... 60 TOTALS BY LOCATION 

.07 1.17 12."2 0.00 9".23 

o.oc G.OO 0.00 0.00 

0.00 0.00 ..... 72 ,,".12 

.07 1.17 12."2 ..... 72 

TOTAL feR INDIRECT COSTS 1311.95 

• tt • .- • .- • 



• 

N 
0'1 
U1 

• • 

FACTORY 

TRANSPORTAT ION 

SITE 

TOTALS BY CCMPONENT 

• • • 

"4to 1t .. 20 

11.31 19.78 

D.OU 8.0t 

11.31 19.78 

• 4 • •• • •• • 

ceST SUHHA5Y BY PROFIT CENTER 

CAPITAL REPLACEMENT ALLOWANCE 

MMC 2ND GENERATION HELIOSTAT 

PRODUCTION YEAR 1 

4430 ...... 0 ,.450 .. 460 TOTALS BY LOCATION 

.12 .46 3.32 0.00 310.99 

0.00 0.00 0.00 0.00 

0.00 0.00 6.55 e.5; 

.12 ... 6 3.32 6.55 

TOTAL FOR CAPITAL REPLACEKENT ALLOWANCE 101.5" 



N 
0'> 
0'> 

• 

FACTORY 

TRANSPORTATION 

SITE 

TOTALS BY COMPONENT 

- • • 

.... 10 4420 

2.73 3.43 

0.00 O.OG 

2.73 3."3 

- • 

CCST SUMMARY 9Y PROFIT CENTER 

PROPE ~TY TAX AND INSURAtlCE 

MMC 2NO GENERATION HELIOSTAT 

PRODUCTION YEAR 1 

10430 4""0 .... 50 ""60 TOTALS BY LOCATION 

.C1 .07 .79 D.oe 7.03 

0.00 0.00 0.00 0.00 

0.00 D. CC 2.26 2.26 

.01 .07 .79 2.26 

TCTAL FeR PROPERTY TAX AND INSURANCE 9.29 

• ~ • .- • .- • 



• 

N 
0'1 ...... 

• • • 

FACTORY 

TRANSPORTAT ION 

SITE 

TOTALS BY COMPONENT 

• • 

.. Io1D .... 20 

79.16 82 •. 2E 

0.00 0.00 

79.16 82.26 

• I • •• • •• • 

CCST SU"HA~Y BY PROFIT CENTER 

GENERAL A AOHINISTRATI.E 

"He 2ND GENERATION HELI05TAT 

PRODUCTION YEAR 1 

""30 "" .. 0 ""50 "460 TOTALS BY LOCATION 

.01 2.30 22.80 G.Oll 186.53 

0.00 8.00 0.00 0.00 

0.00 O.lUI 0.00 0.00 

.01 2.3~ 22.80 D.DC 

TOTAL FOR GENERAL A ADMINISTRATIVE 186.53 



'" en 
00 

• 

FACTORY 

TRANSPORTATION 

SITE 

TOTALS BY COMPONENT 

• • • 

.... 10 .. 1020 

12.78 16.05 

0.00 0.0 C 

12.78 16.05 

• • 

CCST SUMMARY BY PROFIT CENTER 

INTEREST EXPENSE 

MMe 2ND GENERATION HELIOSTAT 

PRODUCTION YEAR 1 

" .. 30 """a ""50 .... 60 TOTALS BY LOCATION 

.03 .35 ~.72 0.00 32.93 

0.00 0.011 0.00 0.00 

0.00 0.00 1.6'3 1.69 

.03 .315 3.72 1.E9 

TOTAL FOR INTEREST EXPENSE 34.62 

• ~ • .- • .- • 



• 

N 
0'1 
.0 

• • • 

FACTORY 

TRANSPORTATION 

SITE 

TOTALS BY COI1PONENT 

• • 

.... 10 "~2C 

52.20 58.62 

0.00 0.08 

52.20 58.62 

• 4 • •• • •• • 

COST SUMMARY BY PROFIT CENTER 

INCOME TA)ES 

HMC 2ND GENERATION HElICSTAT 

PRODUCTION YEAR 1 

.... 30 ...... 0 .... 50 .... 60 TOTALS BY LOCATION 

.05 1.37 15.05 D.Ct 127.29 

0.08 0.00 0.00 0.00 

a.DO 0.80 4.56 4.56 

.05 1.37 15.05 ".56 

TOTAL FeR INCOME TAXES 131.85 



N ...... 
o 

• 

FACTORY 

TRANSPORTAT ION 

SITE 

TOTALS BY COMPONENT 

- • • 

4410 .... 20 

68.16 85.63 

0.00 0.00 

68.16 85.63 

- • 

COST SUMMARY BY PROFIT CENTER 

RETURN TO eQUlTY HOL'OERS 

MHC 2ND GENERATION HELIOSTAT 

PROCUCTION YEAR 1 

4430 ...... 0 .. 450 446D TOTALS BY LOCATION 

.15 1.85 19.83 0.00 175.62 

0.00 0.00 0.00 0.00 

0.00 0.00 9.02 9.02 

.15 1.85 19.83 9.02 

TOTALFCR RETURN TO EQUITY HOLDERS 18".64 

• ~ • .- • .- • 



• 

N ....., 
...... 

• • • 

FACTORY 

TRANSPORTATION 

SITE 

TOTALS BY COMFONENT 

• • 

.... 10 .... 20 

"7.'3'3 10.71 

88."6 22.51 

136."5 33.22 

• • • •• • •• • 

COST ~UH"A~Y BY PROFIT CENTER 

OTHER EXPENSES 

MMC 2ND GENERATION HELIOSTAT 

PRODUCTION YEAR 1 

""3D .. " .. 0 .... 50 .... 00 TOTALS BY LOCATION 

0.00 .21 2.85 o.no E1.76 

u .00 3.Z .. 65.95 180.16 

822.11 551.30 tEZ ... 8 1535.8'3 

8.2.11 55".75 68.80 lE2."8 

TOTAL FOR OTHER EXPENSES 1717.81 



N ...... 
N 

• - . • - • 

HElCAT 

A HELIOSTAT COST ANALYSIS TOOL 

VERSION 1.8 

EOI1ION CATE AUGUST 13, 1981 

REVISION SEPTEHBER 22, 1981 

~1DAC SECOND GENERATION HELIOSTAT 

DESIGN (CONTRACTORS' INPUTS) 

• ~ • .- • .- • 
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H E L CAT OPTIO~S AND MODEL PARAMETERS 

MODEL OPTIOl-S 
STRAIGHT LINE DEPRECIATIO~ 
NITH NO LEARNING CURVE COST REDUCTION 

PARAMETER MATRIX 
FACTOI1Y SITE TRA NS PORTATION 

1 DURATION OF COST PROJECTIO~ - YEARS l~.CCC 10.000 10.000 
2 BASE RATE DIRECT LA80~ COST - S/HOUR 111.880 15.120 15.000 
3 BASE RATE PROD FACILITY COST - S/SOFT 1311.000 0.000 0.000 
~ LAND COST FOR PROD FACILITY - SIACRE 200CO.OGO 0.000 0.000 
5 INFLAT ION RATE .09" .094 .06D 
& RETURN TO BOND HOLCERS .102 .102 .102 
7 RETURN TO EQUITY HOLDERS .15~ .1&6 .16& 
II COMBINED I~COME TAX RATE .~OO .500 .500 
9 INVESTMENT TAX CREDIT .100 .100 .100 

10 ECUITY FRACTION 1.e CD .800 .800 
11 PROPERTY TAX AND I~SURANCE FRACTIO~ .021 .040 .0 .. 0 
12 PURCHASED MATERIAL SCRAP F~ACTION .030 .010 .DID 
13 HAINTENANCE FRACTIeN .020 .O~D .040 
1 .. GENEUL AND ADMINISTRATIVE FRACTIOI( .Il 4 .. 0.000 O.COO 
15 WORKING CAPITAL FRACTION .170 c.oeo O.DOC 
1& RAW MATERIAL SCRAP FRACTIO~ .03D .OJO .030 
17 TOOLING LIFETIME (ACCOUNTING) - YEARS 5.000 5.000 ~.OOD 
18 EQUIPMENT LIFETI~E (ACCOUNTINGI - YEARS 10.0ao 10.000 10.000 
19 FACILITY LIFETIME (ACCOUNTING) - Y£A~S 40.000 3e. aGO 30.~QO 
2n FACILITY CONSTRUCTlON PERICD - YEARS 3.000 0.000 0.000 
21 FACILITY PLANT ENGlNEERING FRACTION o.ooa 0.000 0.000 
22 FACILITY STARTUP QUANTITY 20800.0DO 0.000 0.000 
23 COST REDUCTIC" CCEFFICIEhT - START UP .920 C.llno 0.000 
2~ TOOLING LIFETIME (TAX) - YEARS 5.000 3.000 3.000 
25 EQUIPMENT LIFETIME (TAXI - YEARS 10.000 6.000 6.000 
2& FACILITY LIFETIME (TAXI - ~EARS 20.CDO 25.000 25.000 
27 BASE RATE TRANS COST - tiLe .1J~5 .1135 .t35 
28 INCIRECT FRACTION - LAPOR .220 .700 .300 
29 INDIRECT F~ACTION - MATERIAL .003 0.000 0.000 
30 INDIRECT FRACTIO~ - TOOL.G.EQUIP.T.FAC.Y .DO!: 0.000 0.000 

SPECIAL COST MATRICES 
CATEGORY FACILITY LAEOR T~ANSPORT 

NUMBER $Isa FT S/HR (UNITS VARYI 
1 "0. 9.00 725.000 S/TRKLOAO 
2 60. 12. 00 120.000 t/TRKLOAO 
3 80. te.C' c.OOO 
/t 100. 21. DO 0.000 
5 120. 25. DO 0.000 
& l/tO. 3D.00 0.000 

N 7 II. O. CO c.noa ""-' w 8 O. 0.00 O. 00 0 
9 O. 0.00 O. ODD 
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MOAC - SECOND GENERATION 

~41Q FACTORY ceSTS 

KEV TO ENTRV TYPES 

I1=RAW I1ATERIALS P=PURCHA~ED MATERIALS 
T=TOOLING 

L=OI~ECT LABOR HOURS 
E=EOUIPHENT 
O=QUANTtTV 

S=SUPPLIES AND CONSUI1ABLES 
a=BUILOING DR FACILITV SIZE 
X=TRANSPORTATION ~EQUIREMENTS 

A=LAND FOR P~OCUCTION FACILITY 
Y=SITE-RETAINEC CAPITAL Z=SUBCONTRACTS AND FLOW-THRoUGH EXPENSES 

ITEH OU AlIT lTv UNITS 

ENTRV TVPE=P 441U MIRRCR •• D59 FUSICN/IDZ2428-3 14 
SO~RCE'GI1 IBINSNANGER ~IRROR. CORNING GLISSI. $.15/SQ FT INCLUDING AG. CU. 
PAINT ANO TRANSPORTATION 

ENTRY TVPE=P 441U BACK LITE •• 19Q FLOAT/IQ22428-S 1 .. 
SOURCE'GI1 IPPGI. $.34/S0 FT 

ENTRV TVPE=P 4410 ADHESIVE.SHEET.pva 14 
SOURCE.GM. $.24/SQ FT • AUTOCLAVE CURE 

ENTRV TVPE=P 4410 STIFFENER.HAT SECT/I022462-3 28 
SO~RCE-HAL .s. 35/LB •• Of4 GAL V STEEL 
HOAC HAD .22/L£ OR $86.62 LESS/HEL. 
SO~CE'GH. $.22/L8 • • 064 GAL V STEEL 

ENTRV TYPE=P 4410 SHII1 II022~62-7 28 
SOlRCE'GH 

ENTRY TYPE=P 4410 EDGE I1EHeER IID2Z462-11.-1~ 28 
SOlRCE 'GI1 

ENTRY TYPE=P 4ft10 CLINCH FASTENER IS-Of18-1-Z ~6 
SOLRCE.GH 

ENTRY TYPE=P .. 410 BONOS.SEALS.PRIHERS 
SOlRCEtHDAC-HFH/O. 9 

ENTRV TYP£=P 4410 REFL PANEL ASSY HAROWA~ 
SOURCE.HOAC-HFN/D.9 

ENTRY TYPE=L .. 410 ASSH8LE MODCLES .87118Et aD HRS I HELIOSTAT 
SOURCE' HCAC'-HFN/ll. 82 

ENTRY TYPE=L 4410 ASSH,8LE REFL PUEL .805DEtOO HilS 1 HELIOSTAT 
SOCRCE.MOAC-HFN/O.82 

ENTRY TYPE=L 4410 HATERIAL HANDLING .110 DE> 00 HRS 1 HELl CSTAT 
SOURCEIHOAC-HFN/D.82 

ENTRV T VPE=L loUD INSPECTION _14EOE>QO HRS 1 HElICSTAT 
SOlRCE.110AC-HFN/D.82 

ENTRY TYPE:A 4410 LAND .1580E+02 ACRE 
SOURCE-MOAC-SSW BLDG A~EA FRAC-.395 ~ 40 

UNIT 
COST 

33.00 

15.40 

10.56 

8.33 

1.48 

.94 

.02 

• • - • • tt • .-

TOTAL 
COST 

"62.DO 1 HELIOSTAT 

215.60 I ~ELIOSTAT 

1"7.87 I HELIOS1AT 

233.20 1 HELIOSTAT 

41.4_ I HELICSTAT 

26.18 I HELIOSTAT 

1.12 I HELIOSTAT 

98.31 I HELIOSTAT 

39.46 I HELIOSTAT 

• .- • 
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ENTRY TYP E=B ~"10 BUlltINGS .1II27EtU 
SOlRCE-MOAC-SSN BLDG AREA FRAC-.395 X 26DK 

ENTRY TYPE=E 10"14 EQUIPMENT 
SOURCEIGH 

ENTRY TYPE=T .... 10 TOOLING 
SOURCEIGN 

ENTRY TYPE=T .. 1t1D OPE~ATIONS FIXTURES 
SOlRCE-MOAC-SSW eLDG AREA FRAC .395 X 2.97E6 

ENTRY TYPE=S 4"10 CONSUNABlES,SUPPlIES 
SOURCEIG~: SUPPLIES, UTILITIES AND SUNtRY ALLOCATED TO PROFIT CENTERS 
USING FACTORY FLeOR SPACE FRACTIONS. 

ENTRY TYPE=Q .. 410 eUANUTY .500 OE. 05 

TOTAL PURCHASED "ATERIALS~ 1265.18 t/HELIOSTAT 
TOTAL RAM MATERIALS= 1.30 S/HELIeSTAT 
TOTAL IBASE RATE COST CATEGORY) DIRECT LA8eR: 1.9390 HRS/HELIOSTAT 
TOTAL CONSUMABLES= 'Z5.S1 $/HELIOSTAT 
LAND REQUIRED= 15.8000 ACRES 
PRODUCTION FACILITY leASE ~ATE COST CATEGORY) SIZE= 102700. SO FT 
TOTAL EQUIPMENT COSTa 72 .. eOOO. S 
TOTAL TOOLING COST= 1S4S2GO. S 
QUANTITY: 50000. I YEAR 

TOTAL DIRECT LABOR COST= ,3.Il,fLi _$/HEt,,-TJl.~,TAT 
TOTAL PRODUCTION FACILITY COST 1"172600. $ 

•• • •• • 

SOFT 

72106000. 

372000. 

1173200. 

25.51 I HELIOSTAT 

IYR 
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HDAC - SECOND GENERATION 

~2a FACTORY COSTS 

KEY TO ENTRY TYPES 

H"R AM MATERIALS 
S=SUPPLIES AND CDNSUHABLES 
B=BUILDING OR FACILITY SIZE 
X=TRANSPORTATION RECUIREMENTS 

P=PU~C~ASE[ MATERIALS 
T=TOOLING 
A=LA~O FOR PROD~CTIO~ FACILITY 
Y=SITE-RETAtNEO CAPITAL 

l=DI~ECT LABCR ~OURS 
E=£QUI FMEHT 
Q=QUANTITY 
Z=SUBCONTRACTS AND FLOM-1HROUGH EXPENSES 

ITEM QUA lIT ITY UNITS UNIT 
COST 

TOTAL 
COST 

ENTRY TYPE=P ~~20 AZ HOTOR 1 60.93 60.93 I ~ELIOSTAT 
SOURCE'G~ (EMERSCN ELECT~IC'. 1/ HP. 20e V. 6C CYCLE. 3 PHASE 

ENTRY TYPE:M 44Z0 HARHCNIC DRIV£ PARTS 
SOl~CE'HDAC-~FN/a.96 

87.91 I HEl~OSTAT 

ENTRY TYPE=P 4~20 HARMCNIC DRIVE PARTS 44.2~ I HELIOSTAT 
SOlRCE'HDAC lUSH' - HFN/C.9 

ENTRY TYPEal ,'ZO FAB HARMONIC DRIVE PARTS .9760E.00 HRS I HEll CSTaT 
SOURCE'MDAC-HFN/O.82 

ENTRY TYPE=P 4420 BEARING KIT.LUBE PAN,TUBE ASSY 28 .... 7 I HElIOSTAT 
SOURCE,MDAC-HFN/D.9 

ENTRY T 'PEap 4~ZO Al DRIVE ASSY PARTS 10 6.72 I HELIOSTAT 
SOURCE'HDAC-HFN/G.9 

ENTRY TYPE"l '~20 HARMONIC DRIVE ASSY .1090E>01 HRS I HElICSTAT 
SOURCE'MOAC-HFN/G.8Z 

ENTRY T YPE=P ~4Z0 Al MIRE,SENSOR PARTS 43.1.1 I HELIOSTAT 
SO~'RCE'NDAC-Hfll/ •• CJ 

ENTRY TYPE=L 4420 Al MIRING .30~OE>OO HRS I HEl I CSTA T 
SOURCE'NDAC-HFN/O.8Z 

ENTRY TYPE=P 4~ZO ELEV NOTOR 60.93 I HElIOSTAT 
SOURCEIGM. 1/3 HP 

ENTRY TYPE-N "~20 suppeRT ASSY,ElEV DRIVE 163.70 I HELIOSTAT 
SO~CE' NOAC-HfN/O.CJ6 

ENTRY TYPE=P 4"20 SUPPCRT ASSY.ELEV CRIVE 11.8~ I HElIOSlAT 
SOURCEINOAC-HfN/D.9 

ENTRY TYPE=l "~ZO FAe ELEV DRIVE SUPPORT .J~2!lE>GO HRS I HELI CSTAT 
SO~~CE'HOAC-HfM/G.82 

ENTRY TYPE-P 4"20 ElEV JAC. ASSY 300.38 I HEltOSTAT 
SOCRCE'MOAC (DUFF-NORTON' - ~FN/~.CJ 

ENTRY TYPE"L .... ZO Al-ELEV ASSEM8LY .2070£> 01 HRS I HflItSTAT 
SOlRCEIMDAC-HFN/G.ez 

- • • - • • 
, 

• .- • .- • 
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ENTRY TYPE=M 4~20 POS-LIM INOICATO~ 

SOlRCEIHOAC-HF~/G.96 

ENTRY TYPEap 4~20 POS-LIM INDICATOR 
SOURCEIHDAC-HFN/G.9 

ENTRY TYPE=L 4420 POS-LIM INDICATOR ASSY .52~OE'OO HRS / HELICSTAT 
SOlRCEIHCAC-HF~/O.82 

ENTRY TVPE=P 4420 ORIVE/PED ELECTROftICS 
SOlRCEIHDAC-HFN/O.9 

ENTRY TYPE=L ~420 DRIVE/PEt ELECTRONICS ASSY 
SDURCEtHCAC-HFN/0.82 

ENTRY TYPE=A 4~20 LAND 
SOURCE-HOAC-SSM BLDG AREA FRAC-.3C3 X 40 

ENTRY TYPE=8 4420 BUILtINGS 
SOlRCE-HCAC-SSM BLDG AREA FRAC-.303 X 260K 

ENTRY TYPE=E 4420 
SOURCEIGH 

ENTRY TYPE~E 4420 
SOlRCE-HOAC 

EHTRY TYPE=T 4420 
SOlRCE IGI' 

EQUIP"ENT 

STAHFING TOOLS/OIES ceo ~SERT) 

TOOLING 

ENTRY TYPE=T 4420 OPEPATIONS FIXTURES 
SOURCE-HOAC-SSM BLDG AREA FRAC .303 X 2.~7E6 

ENTRY TYPE=S ~420 CONSUHABLES. SUPPLIES 

.9150E+00 HRS / HELICSTAT 

.12lOE.02 ACRE 

.7878E+05 SQFT 

SOURCEIGH; SUPPLIES. UTILITIES AND SUNDRY ALLOCATED TO PROFIT CENTERS 
USING FACTORY FLeOR SPACE FRACTIONS. 

ENTRY TVPE=Q 4~20 QUANTITY .5000E.o5 IYR 

TOTAL PURC~ASEO MATERIALS= 759.29 S/HELIDSTAT 
TOTAL RAW HATERIALS= 255.36 S/HELIOSTAT 
TOTAL IHASE RATE ceST CATEGORY' DIRECT LABOR= 6.22Z0 HRS/HELIOSTAT 
TOTAL CONSUHABLES= 34.E5 S/HELIOSTAT 
LAND REQUIREO= 12.1000 ACRES 
PRODUCTION FACILITY IBASE RATE COST CATEGORYI SIZE= 78780. SQ FT 
TOTAL EQUIPHENT COST= 18108800. S 
TOTAL TOOLING COST= ~909900. S 
QUANTITY= 50000. / YEAR 

TOTAL DIRECT LABeR COST= 117.47 S/HELIOSTAT 
TOTAL PROClCTION FACILITY COST 10871E40. S 

• •• • 

3.75 / HELIOSTAT 

56.1& / HELIOSTAT 

40.51 I HELIOSTAT 

17600000. 

508800. 

40UOOO. 

S'l'lqoo. 

34.65 I HELlOS TAT 
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MOAC - SECOND GENERATION 

4430 fACTORY COSTS 

KEY TO ENTRY TYPES 

M=RAW MATERIALS P=PU"CHASEO MATE~IALS 
T=TOOLING 

L=DIRECT LABOR HOURS 
E=EQUI FHENT 
Q=QUANTI1'Y 

S-SUPPLIES ANC CONSUMABLES 
e=BUILOING OR fACILITY SI2E 
X=TRANSPCRTATION RECUIREHENTS 

A=LA~D FOR PROCCCTION FACILITY 
l=SITE-RETlINEO CAPITAL z=sueCONTRACTS ANa FLOW-THROUGH EXPENSES 

ITEM aUAnITY UNITS UNIT TOTAL 
COST COST 

ENTRY TYPE=P 4430 BCS 6.80 / HELIOSTAT 
SOURCE -HCAC/. 92 

ENTRY TYPE=P 4430 FIELD CONTROLLER 2.61 I HEUOSTAT 
SOLRCEIMDAC-HFN/G.9 

ENTRY TlPE=P 4430 HELICSTAT CONTROLLER 176.03 I HELIOSTAT 
SDURCEIMDAC-HFN/G.9 

ENTRY TYPE=P 443D fIELD PWR I DATA 01ST 319.16 / HELIOSTAT 
SOURCEIHCAC-HFN/D_9 

ENTRY TYPE=L 4430 ASSE~BLE CALle EOP .2400E-Q1 HRS I HELICSTAT 
SOURCEIMOAC-HFN/D.B2 

ENTRY TYPE=L 4430 ASSE~8LE HEL CONTROLLER .36EOE+00 HRS I HELICSTAT 
SOURCEIMOAC-HFN/O.B2 

ENTRY TYPE=L 4430 ASSE~eLE FIELD PWR/OATA OIST .9270£+00 HRS / HELICSTAT 
SOLRCEIHOAC-HFN/O.B2 

ENTRY TYPE:A 4430 LAND .6GDGE+OO ACRE 
SOURCE-HOAC-SSW BLDG AREA FRAC-.C1S X 40 

ENTRY TYPE=8 4430 BUILCINGS .3900E+1I4 SOFT 
SatRCE-HOAC-SSW 8LOG AREA FRAC-.D1S X 260K 

ENTRY TYPE=E 443~ EQUIPMENT 4300000. 
SO~~CEIHOAC; THE 12 PERCENT BURDEN INCREASE ASSUMED BY HOAC RESULTING FRCM 
CO~TROLLER MANUFACTU~E/ASSEMBLY CORRESPO~DS TO A 12 PERCENT INCREASE IN 
fACTORY EQUIPMENT COST O~ $4.3 MILLleN. 

ENTRY TYPE=T 4430 TOOLING 860000. 
SOURCEIMOAC; THE 12 PERCENT BURDEN INCREASE ASSUMED BY HOAC ~ESULTING FROM 
CONTR(LLER MANUFACTURE/ASSEMBLY CORRESFONOS TO A 12 PERCENT INCREASE IN 
fACTORY TOOLING COST OR fO.86 HILLION. 

ENTRY TYPE=T 4430 OPERATIONS FIXTURES 44600. 
SOLRCE-HDAC-SSW BLDG AREA FRAC .015 X 2.97E6 

ENTRY TYPE=S 4430 CONSlMABLES.SUFPLIES 9.48 / HELlOSTAT 
SOURCEIMDAC; THE 12 PERCENT BURDEN I~C~EASE ASSUMED BY HOAC RESULTING FRCM 
CO~TRC~lER MANUFACTURE/ASSEMBLY CORRESPONDS TO A 12 PERCENT INCREASE IN 
FACTORY CONSUHAeLES OR S9.48 PER HELIOSTAT. 

- • • - • • ~ • .- • .- • 
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ENTRV TYPha 4430 QUANTITY .5000E+05 IYR 

TOTAL PURCHA~ED MATERIALS- 505.26 $/HELIDSlAT 
TOTAL RAW MATERI_LS= 0.00 $/HELIOSTAT 
TOTAL (BASE RATE ceST CATEGORY I DIRECT LABOR= 1.311~ HRS/HElIOSTAT 
TOTAL CONSUMABLES= 9.~a S/HELIOSTAT 
LAND REQUIRED= .6000 ACRES 
PRODUCTION FACILITY (SASE 'ATE COST CATEGORYI SIZE: ~qOO. sa FT 
TOTAL EQUIPMENT COST: 4300000. $ 
TOTAL TOOLING COST- qO~600. $ 
QUANTITY: 5ijQQO. I VEAR 

TOTAL DIRECT LABOR COST= 24.86 S/HELIOSTAT 
TOTAL PRODUCTION FACILITY COST 538200. $ 

•• • •• • 
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HOAC - SECOND GENERATIOft 

~440 FACTORY ceSTS 

KEY To ENTRY TYPES 

M=R All MATERIALS 
S=SUPPLIES AND CONSUMABLES 
8=8UILOING OR FACILITY SIZE 
X=TRANSPORTATION ~EQUIREMEN1S 

P=PU~CHASE[ MATERIALS 
T=TOOLING 
'=LANO FOR P~OOUCT!ON FACILITY 
Y=SITE-RETAI~ED CAPITAL 

L=OI~ECT LABOR HOURS 
E=EaUIPMENT 
G"QU~NTITY 
Z=SUBCONTRACTS AND FLOM-THRQUGH EXPENSES 

ITEM QUANTtTY UNITS UNIT 
COST 

TOTAL 
COST 

ENTRY TYPE=P 4440 TUBE 11022461-3 1 
SOlRCE-GM (PACIFIC UNION HETALI.43E.3 LBS. $o.32/Le. 139 IN LONG 
COST/lB INCLUDES 4 ITEMS BElOII 

ENTRY TYPE=P .... 40 PLATE IIOZZ4El-5 
SOURCE IGM 

ENTRY T YPE=P ""40 CONE IIOZZ4&1-9 
SOURCE tGM 

ENTRY TYPE=P 4 .... 0 RING 1102Z461-11 
SOURCEtGM 

ENTRY TYPE=P 4440 NUT 11.00-S 
SOIJRCE IGM 

ENTRY TYPE=l 4~"0 FAB (MElD,MACHINEI 
SOURCEIMOAC-HFN/0.82 

ENTRY TYPE=l ~440 PAINT 
SOCRCEIMOAC-HF~/G.82 

ENTRV TYPE=L 4440 "ATL HANDLING. INSPECTION 
SOIJRCEIMCAC-HFN/G.82 

ENTRY T YPE=A 44 .. 0 
SOIJRCEI "CAC-SSW 

ENTR Y TYP E= B .. 440 
SO lRCE I MCAC-SS M 

ENTRY TYPE=E 4440 
SOl'RCE IGM 

ENTRY TYPE=T 44 .. 0 
SOURCEIG" 

LAND 

BUILCINGS 

EQUIPHENT 

TOOLING 

ENTRY TYPE=T .. 440 OPE~ATIONS FIXTURES 
SOlRCE-HoAC-SSN BLCG .~EA FRAC .040 X 2.~7E6 

ENTRY TVPEzS 4440 CONSUHABLES. SUPPLIES 

1 

1 

1 

.. 
.1 9~OE. 00 

.7300E-01 

.zeson eo 

.1600E+ 01 

.6300E+04 

SOURCEIGMI SUPPLIES. UTILITIES ANC SUNDRY ALLOCATED TO PROFIT CENTERS 
USING FACTORY FleOR SPACE FRACTICNS. 

HRS I HElICSTAT 

HRS I HELl CSTAT 

HRS I HELICSTAT 

ACRE 

SOFT 

ENTRY TYPE=~ 4440 1lU ANTI TY .5000E+05· IVR 

- tt - • • • • • 

EZ.15 62.15 I HELIOSTAT 

"8.28 48.28 I HELIOSlAT 

21.58 21058 I HELIOSTAT 

7.30 7.30 I HELIOSTAT 

.24 1.16 I HELIOSTAT 

1 .. EO oeD. 

283000. 

118800. 

2.93 I HEL IOSTAT 

.- • .- • 
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TOTAL PURCHHED MATERIALS" 140. ~7 !/HELIOSTAT 
TOTAL RAN MATERIALS.. 0.00 t/HELIOSTAT 
TOTAL IBASE RATE COST CATEGORY) DIRECT LABeR- .S3ED 
TOTAL CONSUMABLES= 2.g3 S/HELIOSTAT 
LAND REQUIRED= 1.6000 ACRES 
PRODUCTION FACILITY IBASE ~ATE COST CATEGORY) SI2E= 
TOTAL EQUIPMENT COSTz 1460000. $ 
TOTAL TOOLING COST= 401800. $ 
QUANTITy: 50000. I YEAR 

TOTAL DIRECT LABOR COST= 10.12 S/HELIOSTAT 
TOTAL PROClCTION fACILITy COST 869~OO. S 

4 • •• • •• • 

HRS/HElIOSTAT 

E3CO. SQ fT 
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MOAC - SECOND GENERATION 

~~50 FACTORY CCSTS 

KEY TO ENTRY TYPES 

M:R _II MATERIALS P=PURCHASEC MATERIALS 
T=TOOLING 

l=OIRECT LABeR HOURS 
E=EOUI FHENT 
O=OUANTITY 

S:SUPPLIES AND CONSUHABLES 
B=BUILOING CR FACILITY SIZE 
X=TRANSPORTATION RECUIREMENTS 

A=LAND FOR PROteCTION FACILITY 
Y=SITE-RETAI~EO CAPITAL z=sueCONTRACTS AND FLOW-THROUGH EXPENSES 

ITEM 

ENTRY TVPE=P .... 50 ItAIN BEAIt IID22 .. H.,1 
SOURCEtGH 132".2 La AT .~2!i/LBI 

ENTRY TVPE=P .... 50 INEOARD CROSS BEAIt ItD22"6!-1 
SOlRCEtGH (385.2 LB TOTAL AT .3 .. 5/LBI 

ENTRY nPEcp .... 50 OUTBOARD CROSS BEA" II [22"67-1 
SOlRCEtGH (315.6 LB TOTAL AT .375/LBI 

ENTRY T YPE=P .... 50 OIAGeNAL BEAMS IID22466-1.-2 
SOlRCEtGM ("06.8 LB TOTAL AT .383/LBI 

ENTRY TYPE=P .... 50 ANGLE BRACES/ID22 .. 70 
SOURCEtGH 1125 ... LB TOTAL AT .1 .. 2/LBI 

ENTRY TYPE=P .... 50 DOUBLER,PLATE.BAR,DBLR A~GLES 
SOlRCEIHOAC-HFN/0.9 (91." LB TOTAL AT .60S/LSI 

ENTRY TYPE=L .... 50 MAIN SEAM FAE 
SOURCEIMCAC-HFN/G.82 

ENTRY TYPE=L 4~50 STRUCTURE FAt 
SOlRCEIHOAC-HFN/0.82 

ENTRY TYPE=A 4450 LAND 
SOURCE-HOAC-SSW BLDG AREA FRAC-.Z48 X 40 

ENTRY TYPE~e 4450 eUILCINGS 
SOURCE-MOAC-SSW BLDG AREA FRAC-.Z"8 X 260K 

ENTRY TYPE=E 4 .. 50 
SO lRCE IGII 

ENTRY TYPE=E 4~50 

ENTRV T'PE=T "~50 
SOlRCE.GM 

EQUIPIIEHT 

ROLLING HILL TOOLS/SCOTCH8RITE EQ 

TOOLING 

ENTRY TYPE=T .... 50 CPE~ATIONS FIXTURES 
SOlRCE-HCAC-SSW BLOG AREA FRAC .28" X 2.~7E6 

ENTRY TYPE=S 4450 CONSUHA8LES. SUPPLIES 

QUA NT ITY UNITS 

1 

Z 

2 

.. 
16 

.17~OE+Gl HRS I HELICSTAT 

.3780E+00 HRS I HELICSTAT 

.990 OE+ 01 ACRE 

.644I1E+ 05 SCFT 

SOURCEIG"; SUPPLIES, UTILITIES AND SUNDRY ALLOCATED TO PROFIT CENTERS 
USING FACTORY FLCOR SPACE FRACTICNS. 

- • • - • • tt • 

UNIT TOTAL 
COST COST 

G.OO 105'''0 I HELlOSTAT 

66.49 132.98 I HELIOSTAT 

59.25 118.511 I HELIOSTAT 

311.92 155.68 I HELIOSTAT 

1.11 17.7e I HEL lOST AT 

5S.ZS I HELIOSTAT 

9H1000. 

13Z000. 

2503000. 

736600. 

15.93 I HELIOS1AT 

.- • .- • 
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ENTRY TYPEaQ ~~50 QUANTITY 

TOTAL PURC~ASED MATERIALS= 585.60 t/HELIOSlAT 
TOTAL RAW MATERIALS= 0.00 $/HELIOSTAT 
TOTAL IBASE RATE ceST CATEGORY) DIRECT LABeR: 2.1180 
TOTAL CONSUMAELES= 15.93 S/HELICSTAT 
LAND REQUIRED= 9.9000 ACRES 
PRODUCTION FACILITY (BASE .ATE COST CATEGORY) SItE= 
TOTAL EQUIPMENT COST= 9293000. $ 
TOTAL TOOLING COST= 3239600. $ 
QUANTITY= SOOCO. I YEAR 

TOTAL OIRECT LABOR COST= 39.99 S/HELIOSTAT 
TOTAL PRODUCTION FACILITY COST 8898240. $ 

4 • •• • •• • 

.5000E+05 IYR 

HRS/HELlOSTAT 

6~480. SQ FT 
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MDAC - SECOND GENERATION 

44&0 FACTORY COSTS 

KEY TO ENTRY TYPES 

M=RAII MATERIALS 
S=SUPPLIES AND CONSUMABlES 
e=EUILDING OR FACILITY SIZE 
X=TRANSPORTAT ION ~EQUIREMENTS 

P=PUQCHASEO MATERIALS 
T=TOOLING 
A=LAND FOR PRODUCTION FACILITY 
Y=SITE-RETAINED CAPITAL 

L=OIRECT LAeCR HOURS 
E=EQUIPNENT 
Q=QUtNTITY 
Z=SUECONTRACTS AND FLO II-THROUGH EXFENSES 

ITEM QUANT ITY UNITS UNIT 
COST 

TOTAL 
COST 

TOTAL PURCHA~ED ~ATERIALS= G.uC $/HELIO~TAT 
TOTAL RAil MATERIALS= 0.00 S/HELIOSTAT 
TOTAL (e_SE RATE COST CATEGORY) DIRECT LABOR= o.~ooo HRS/HELIOSTAT 
TOTAL CONSUMABLES= 0.00 I/HELIOSTAT 
LAND REQUIRED= 0.0000 ACRES 
PRODUCTION FACILITY (eASE ~ATE COST CATEGD.YI SI2E- O. SQ FT 
TOTAL EQUIPMENT COST= O. I 
TOTAL TOOLING COST= o. S 
QUANTITY= O. I YEAR 

DEFAULT QUANTITY USED IN PROfIT CENTER CALCULATION 
DEFAULT QUANTITIES = 50~QO.(FACTORYI. 54GO.(TRANSPORT/SITE) 

- • • - • • tt • .- • .- • 



• 

N 
00 
<.n 

• • • • • 
HOAe - SECONO GENERATION 

~~10 TRANSPO~TATION COSTS 

KEY TO ENT~Y TYPES 

M=RAH MATERIALS 

• 4 

P=PU~CHASE[ MATE~IALS 
T=TOOLING 

• •• 

L=OIRECT LAEOR HOURS 
E=EOUIPMENT 
a=QUANTITY 

• 

S=5UPPLIES AND CONSUHA8LES 
8=BUILDING CR FACILITY SIZE 
X:TRANSPORTATION RECUIREMENTS 

A=LANO !'OR PROCCCTION FACILITY 
~:SITE-RETAI~EO CAPITAL Z=SUBCONTRACTS AND FLOW-T~DUGH EXPENSES 

ENTRY TYPE=S ~~lQ 
SO LIlCE -MDAC 

ITEM 

PALLET FOR PANEL TRUSPCRT 

ENTRY TYPE=X 4410 REFLECTIVE PANEL TRA.SPORT 
SPECIAL TRANSPORTATION COST CATEGORY 1 

SOURCEtMDAC 

ENTRY TYPE=Z 4410 
SOURCEtMDAC 

ROAD PERMIT FOR WIDE LOACS 

TOTAL PURCHASED HATERIALSc C.CO S/HELIOSTAT 
TOTAL RAW "ATERIALS: C.OO $/HElIOSTAT 
TOTAL (BASE RATE COST CATEGORY) DIRECT LABeR: 
TOTAL CONSUHABLES= 11.13 S/HElIOSTAT 

OUANTITY UNITS 

.500DE+00 TRUCKLOADS 

0.0000 HQS/HELIOSTAT 

HEIGHTED EQUIPMENT COST= O. S TIMES YEARS USED / SITE 
QUANTITY= O. / SITE 

SPECIAL TRANSPORTATION ceST CATEGORY 1 = 
TOTAL SUBCONTRACTS AND FLOW-THROUGH EXPENSES: 
INPUT (NOT COMPUTEt) TRAHSFDRTATIO~ COST 36Z.50 

DE!'AULT QUANTITY USED IN F~OFIT CENTER CALCULATIO~ 

.500 TQUCKlOADS 
6.50 S/HELI05TAT 

$ 

DEFAULT QUANTITIES • fO~OO.(F'CTORYI. 5400.(TRANSPORT/SITEI 

UNIT 
COST 

TOTAL 
COST 

11.13 I HELlOSTAT 

6.50 / HELIOSTAT 

•• • 
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HDAC - SECOND GENERATION 

~42Q TRANSPORTATION COSTS 

KEY TO ENTRY TYPES 

H:RAW HATERIALS P=PURCHASED MATERIALS 
TsTOOLING 

L:OIRECT LA80R HOURS 
E=EQUI FIIENT 
a=aU~NTITY 

S=SUPPLIES AND CONSUHABLES 
B=BUILDING CR FACILITY SIZE 
X=TRANSPORTATION RECUIREHENTS 

A=LA~D fOR PRODUCTION fACILITY 
V=SITE-RETAINED CAPITAL Z=SUBCONTRACTS AND FLOW-THROUGH EXPE~SES 

ITEII QUA~1'ITY UNITS 

ENTRY TYPE=S 44ZQ PALLET FOR DRIVE TRUSPORT 
SOURCE-HDAC •• ~2 OF 3.56 EASED ON WEIGHT 

ENTRY TYPE=X 4420 DRIVE TRANSPORT .35QOE-01 TRUCKlOACS 
SPECIAL TRANSPO~TATION COST CATEGORY 1 

SOURCEIHCAC; PED/DRIVE/HAIN BEA" TRUCKLOAD ALLOCATED BY HEIGHT 

TOTAL PURCHASED MATERIALS: 0.00 t/HELIOSTAT 
TOTAL RAW MATERIALS: 0.00 t/HELIOSTAT 
TOTAL IBASE RATE COST CATEGORY' DIRECT LABOR- 0.0000 HRS/HELIOSTAT 
TOTAL CONSUHABLES= 1.~O t/HELIOSTAT 
wEIGHTED ECUIPHE~T COST: O. S TI~ES YEARS USED I SITE 
QUANTITY= C. I SITE 

SPECIAL TRANSPCR1ATION CCST CATEGORY 1. .035 TRUCKLOlDS 
INPUT INOT COMPUTEr, TRANSPORTATIO~ COST 25. ~8 $ 

DEFAULT QUANTITY USED IN PROFIT CENTER CALCULATION 
DEfAULT QUANTITIES. saooa.IFACTORY'. 5~Da.'TRA.SPORT/SITE' 

• - • • tt • 

UNIT 
COST 

.-

TOTAL 
COST 

1.50 I HELIOS1AT 

• .- • 
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MOAC - SECOND GENERATION 

4430 TRANSPORTATION COSTS 

KEY TO ENTRY TYPES 

H=RAW MATERIALS 

• 4 

P=PURCHASED HATE~IALS 
1=TOCLING 

• •• 

L=DIRECT LABOR HOURS 
E~EaCIFMENT 
G=G~ANT!TY 

• 

S=SUPPLIES AND CONSUHABLES 
B=BUILDI~G CR FACILITY SIZE 
X=TRANSPOR1ATION REQUIREMENTS 

A=LANO FOR PRODUCTION FACILITY 
l=SITE-RETAI~EO CAPITAL Z.SUBCONTRACTS AND FLO~-THROUGH EXPENSES 

ENTRY TYPE=S .43D 
SOURCE-MOAC 

ITEM 

PALLET FOR TRANSFORMER.CABLE XPORT 

ENTRY TYPE=X .430 TRANSFORMER.CABLE TRANSPORT 
SPECIAL TRA~SFORTATICN COST CATEGORY 1 

SOlRCE-MCAC.EQUIVAlENT T~UCKLOADS 
SEE REPORT fOR ACTUAL LOADING 

TOTAL PURCHASED MATERIAlS= 0.00 $/HELIOSTAT 
TOTAL RAW MATERIALS= C.OC $/HELIOSTAT 

eUANT ITl UNITS 

.124 OE- 02 TRUCKLOADS 

TOTAL IBASE RATE ceST CATEGORY) DIRECT LAeOR: O.Goot HRS/HElIOSTAT 
TOTAL CONSUMABlES= .05 $/HElIOSTAT 
WEIGHTED EQUIPMENT COST= o. S TIrES YEARS CSED I SITE 
QUANTITy: O. I SITE 

SPECIAL TRANspnRTATICN ceST CATEGORY 1 .001 TRUCKLOADS 
INPUT INOT COMPUTEt) TRANSPORTATION COST .90 $ 

OEFAULT QUANTITY USEO IN PROFIT CENTER CALCULATION 
OEFAULT QUANTITIES • ~OOOO.IFACTORV). 5~Oo.ITRA'SPORT/SITE) 

UNIT 
COST 

TOTAL 
COST 

.05 I HELIOSHT 

•• • 
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MOAC - SEC ONe GE"ERATIOk 

~,~e TRANSPo~TATIOk COSTS 

KEY TO ENTRY TYPES 

H.RAW HATER IALS P=PU~C~ASEO MATERIALS 
T=TOCLING 

L=OIRECT LABeR HOURS 
E=ECtIFMEtlT 
Q=QUANTITY 

S=SUPPLIES AND CONSUHABlES 
a-eUILDING eR FACILITY SIZE 
X=TRANSPORTATION ~EQUIREHENTS 

A=LAND FOR pqOD~CTION FACILITY 
'=SITE-RETAINEO CAPITAL Z=SUBCONTRACTS AND FLO~-THRCUGH EXPENSES 

ITEM QUANTITY UNITS 

ENTRY TYPE=S 44~0 PALLET FeR PEDESTAL TRANSPORT 
SOLRCE-HOAC,.33 OF 3.56 EASED ON WEIGHT 

ENTRY TYPE=X ~~40 PECESTAL TRA~SPO"T .2750E-Ol TRUCKLOADS 
SPECIAL TRANSPORTATION COST CATEGCRY 1 

SOURCE'HDAC, PED/DRIVE/MAIN BEAM TRUCKLOAD ALLOCATED BY WEIGHT 

ENTRY TYPE=X ~~40 REBAR CAGE TRANSPORT .3510E-01 TRUCKlOADS 
SPECIAL TRANSFO~TATION COST CATEGORY 2 

SOURCE'MOAC, CAGE ASSEMBLED CLOSER TO SITE THAN FACTORY 

TOTAL PURC~ASEO MATERIALS= 0.00 $/~ELIOSTAT 
TOTAL RAN MATERIALS- c •. OO t/HELIOSTAT 
TOTAL leASE RATE COST CATEGORY' DIRECT LABOR= 0.0000 HRS/HELIOSTAT 
TOTAL CONSU"AeLES= 1.11 S/HELleSTAT 
WEIGHTED EQUIPMENT COST= ~. S TI~ES YEARS USED I SITE 
QUANTITY= O. I SITE 

SPECIAL TRANSPORTATION COST CATEGO~Y 1 
SPECIAL TRaNSPORTATION ceST CATEGORY z. 

INPUT INOT COMPUTEtl TRANSPORTATION COST 

.OZ8 TRUCKLOADS 
.O!E TRUCKLOADS 

2~. 22 t 

DEFAULT QUANTITY USEe IN PROFIT CENTER CALCULATION 
DEFAULT QUANTITIES • 50000.IFACTO~Y', 540D.ITRANSPORT/SITrl 

• • • • ~ • 

UNIT 
COST 

.-

TOTAL 
COST 

1.11 I HELIOSTAT 

• .- • 
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MOAC - SECOND GENERATION 

4450 T~ANSPORTATION COSTS 

KEY TO ENTRY TYPES 

M:R AN MATERIALS 

• 4 

P'PU~CHASE( ~ATERIALS 
T=TOOLING 

• •• 

LcDIRECT LABC~ HOURS 
E=£GUIIKENT 
G=QUANTITY 

• 

S:SUPPLIES AND CONSCMABLES 
B=eUILOING C~ FACILITy SIZE 
X=TRANSPORTATION REQUIREMENTS 

A:LANe FCR PROOlCTION FACILITY 
Y-SITE-RETAI~EC CAPITAL I.SUBCONT~ACTS AND FLOW-THROUGH EXPENSES 

ITEM CUANTITY UNITS 

ENTRY TYPE:S 4450 PALLET FOR BEAM TRANSPORT 
SOURCE-KDAC •• 25 OF 3.56 eASED ON WEIGHT 

ENTRY TYPE=X 4450 KAIN BEAM TRANSPORT .2083E-01 TRUCKLOADS 
SPECIAL TRANSPORTATIO~ COST CATEGORY 1 

SOCRCE.MDAC. PEe/DRIVE/HAIN BEAM TRUCKLOAD ALLOCATED BY WEIGHT 

TOTAL PURCHASED MATERIAlS- 0.00 S/HELIOSTAT 
TOTAL RAW MATERIALS: 0.00 S/HELIOSTAT 
TOTAL leASE RATE COST CATEGORY) DIRECT LABOR: 0.0000 HRS/HELIOSTAT 
TOTAL CONSUMAeLES: .69 S/HELICSTAT 
WEIGHTED EQUIPMENT COST- O. S TI"ES YEARS USED I SITE 
QUANTITY= o. I SITE 

SPECIAL TRANSPORTATION ceST CATEGORY 1 = .021 TRUCKLOADS 
INPUT INOT COMPUTEt) TRANSPORTATIO~ COST 15.10 $ 

DEFAULT QUANTITY USED IN PROFIT CENTER CALCULATIOK 
DEFAULT QUANTITIES. 500GO.IFACTORY). 5410.llRAISPORT/SITE) 

UNIT 
COST 

TOTAL 
COST 

.6~ I HElIDSTAT 

•• • 
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"DAC - SECOND GENERATION 

4"30 SITE COSTS 

KEY TO ENTRY TYPES 

H=RAM HATERIALS P=PURCHASEC MATERIALS 
T=TOCLING S=SUPFLIES AND COI/SUMABlES 

B=BUILDING CR FACILITY SIZE 
X=TRANSPORTATION REQUIREMENTS 

A=LAND FOR PRODUCTION FACILITY 
Y=SITE-RETAI~ED CAPITAL 

ENTRY TYPE=H 4"30 
SO lRCE-HOAC/.n 

IT Ell 

HAC IIATERIALS 

ENTRY TYPE=L 4430 HAC ASSEMBLY 
SOI.RCE-HDAC/.92 eASED ON 15.12/HR AVERAGE 

ENTRY TYPE=L 4,,30 CABLE INSTALLATICN 
SOlRCEIHDAC-HFN/O.92 

ENTRY TYPE=L 4"30 POMER TRANSFORMER INSTALLATICN 
SOURCEIMCAC-HFN/O.9Z 

ENTRY TYPE=L 4430 CABLE CHECKOUT, CLOSEouT 
SOURCEIHDAC-HFN/G.92 

ENTRY T YPE=Q 101030 QUANTITY 

TOTAL PURCHASED MATERIALS= 0.00 $/HELIOSTAT 
TOTAL ~Aw MATERIALS= B.66 "HELIOSTAT 

COANTITV 

.3 .. 0 DE. 00 

.1GE5E+U 

.33QOE- U 

• 7070E+ 00 

.5412E+01o 

TOTAL IBASE RATE COST CATEGORV) DIRECT LABCR= 2.1450 HRS/HELIOSTAT 
TOTAL CONSUHABLES= O.OG S/HElIOSTAT 
WEIGHTEC EQUIPMENT COST= O. S Tlr.ES YEARS USED I SITE 
QUANTITY= 5~12. I SITE 

TOTAL DIRECT LABOR COST= 32.~3 $/HELIOSTAT 

• • - • • , • 

L=DIRECT LAeOR HOURS 
E=EGI.IPHENT 
G=QUANTITY 
2=SUeCONTRAC1S AND FLOW-THROUGH EXPENSES 

UNITS UNIT TOTAL 
COST COST 

8.66 I HELIOSlAT 

HRS I HEll CST AT 

HRS I HEL ICSn T 

HRS I HELl CSTAT 

HRS I HELICSTAT 

ISTE 

.- • .- • 



• 

N 
<CJ ...... 

• • • • • 
HOAC - SECOND GENE.ATIO~ 

~~40 SITE COSTS 

KEV TO ENTRV TVPES 

M=R AW HATERIALS 

• 4 

P:PURCHASEO HATERIALS 
T-TOOLING 

• •• 

L=CIRECT LABOR HOURS 
E=ECllt fMENT 
Q=QUANTITY 

• 

S=SUPPLIES ANC CONSUHA8LES 
B=8UILOING OR FACILITV SIZE 
X=TRANSPORTATION REGUIREHENTS 

A=LAND FOR PQODUCTION FACILIT. 
V'SITE-RETAIKED CAPITAL Z'SUBCONTRACTS AND FLOW-THROUGH EXPENSES 

ITEH QUANTIH UNITS 

ENTRV TVPE=P ~~~O QEeA~ CAGE 
SOURCEINOAC/O.90. 29£ LB. $.~O/L! 

ENTRV TVPE'P 4~40 TAPERED PIPE 
SOlRCEIHDAC/O.90. 86 LE. S.42/L8 

ENTRY TVPE.P ~440 CONC~ETE 
SOLRCEIHDAC/O.~O. 2.32 cu YD. S53.20/CU YO 

ENTRV TVPE'L ~~40 SURVEY .lDDDE+01 HRS I HELICSTAT 
SOURCEINOAC/D.9Z 
NOTEIBASEO ON OTHER CATI THIS TIME CCULD BE REDUCED TO APPROX. D.25 HR 

ENTRV TYPE=L ~4~0 ORILlI~G 
SOURCEIHCAC/G.92 • 2 FT CIA BY 15 FT DEEP. 1.7~ CU YO 
NOTEISASED CN CT~ER DATA THIS TIHE CCULD BE RECUCED TO 

ENTRV T'PE=P 4440 
SOURCEIHOAC/0.90 

ENTRV TYPE&L 4~~D 
SOlRCEIMOAC/0.92 

ENTRV TYPE=L 4440 
SO~~CEIMOAC/D.92 

ENTRV TVPE=L ~~40 
SOlRCEIHOAC/0.92 

ENTR' TYPE2L 4440 
SOURCE INOAC/O. 92 

ENTRV TYPE.Q 4440 

FORHS.BRACING 

PREF~B REBAR. TAPERED PIPE 

SET CAGES.FORMS 

POUR AND FINISH 

EQUIPMENT OPERATION 

QUANUTV 

TOTAL PURCHASED MATERIALS' Z5Z.n2 I/HELIO!TAT 
TOTAL RAW MATERIALS: 0.00 I/HELIOSTAT 

.2990E>01 

APPI!OX. D.25 HI! 

.3~~0E> 01 

.1990£+01 

.2490B D1 

.2490E> 01 

.5~12E+04 

TOTAL IBASE RATE COST CATEGORYI DIRECT LABOR= 14.450~ HRS/HELIOSTAT 
TOTAL CONSUHABLeS& 0.00 I/HELIOSTAT 
WEIGHTED EQUIPMENT COST' G. I TI~ES YEARS USED I SITE 
QUANTITV= 5412. I SITE 

TOTAL DIRECT LABCR COST. 21B.48 I/HELIOSTAT 

HRS I HELI (STAT 

HRS I HEl I CS'l" AT 

HRS I HELIOSTAT 

HRS I HELICSTAT 

HRS I HELt (STAT 

ISTE 

UNIT 
COST 

TOTAL 
COST 

87.67 I HELIOSTAT 

35.70 'H£LIOSTAT 

123.42 I HELIOSTAT 

5.23 I HELIOSTAT 

•• • 
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MOAC - SECOND GENERATION 

.... 60 SITE COSTS 

KEV TO ENTRY TYPES 

M:RAII MATERIALS P=PU5CHASEC MATEPIALS 
T=TOOlING 

L=CIRECT LABOR HOURS 
E=EGUI FI'EI!T 
Q=QC.NTITY 

S-SUPPLIES AND CONSUNABlES 
B-BUILDING OR FACILITY SIZE 
X-TRANSPORTATION ~EQUIREMENTS 

A:LAND FOR PRODliCTION FACILITY 
V-SITE-RETAINED CAPITAL ZzSUBCONTRACTS AND FLOW-THROUGH EXPEI!SES 

ITEM 

ENTRY TYPE'l .... 60 FIELD SUPPORT lAEOR 
SOIiRCE'MDAC-HFN/0.90 

ENTR' TYPE=L .... 60 HElIOSTAT INSTALlATltl! 
SOURCE'MDAC-HFN/0.90 

ENTRY TYPEzL .... 60 
SOURCE'HFN/0.98 

ALIGN HElIOSTATS 

ENTRY TYPEzY .... eo INITIAL SPARES 
SOIiRCE-MDAC INCLUDES PIPELINE QUANTITIES 

ENTRY TYPE:Y .... eo MAINTENANCE EQUIPMENT 
SOCRCE-MDAC. TWO MASH TRlICKS 

ENTRY nPE:Y .... eo CAPITALIZED EQUIPMENT 
SOURCE-HOAC.INCLUDES CRUE (94.5K I. FORKLIFT '21. 'KI. 
HY5DASET .... 87KI.PICKUP(2 .. KI.OTHER."9 ... 7KI 

QUANTITY UNITS 

.1300E.01 HRS I HEliCSTAT 

.3310E>81 HRS I HEliOSTAT 

.778DE.OI HRS I HElIOSTAT 

ENTRY TYPE=E .... eo AMCRTIZED EQUIPMENT O. 
SOU~CE-NOT DEFINED.ASSUMEO PART OF 70 PE~CENT OVER~EAO. 
TO I"CLUCE FOUR HYDRAULIC LOAD SYSTEMS. PEDESTAL INSTALL 
EQUIPMENT.TWO ~EFLECTIVE ASSEMBLY INSTALL VEHICLES. 
THREE CABLE PLOIIS.FOUR A~GERS,FOUR FOR~LIFTS.FCU~ C~ANES, 
TRACTORS.ETC. 

ENTRY T'PEaS , .. 60 SUPPLIES.UTILITIES.CONSUMABLES 
SOURCE-NOT DEFINED,ASSUMED PART OF 70 PERCENT OVERHEAD 

ENTRY TYPEaZ ~"6U RELOCATION EXPENSES 
SOURCE-NOT DEFINED,ASSUMED PART ~F 70 PEqCENT OVERHEAD 

ENTRY TYPE-Q "~61 QUANTITY 

TOTAL PURCHASED MATERIALS= G. CO "HELIO rrAT 
TOTAL RAW MATERIALS- C.OO ,/HElIOSTAT 

.51012£+ C.. ISTE 

TOTAL .BASE RATE COST CATEGORY 1 DIRECT lABO~= 5.3880 H~S/HElIOSTAT 
TOTAL CONSUMABLES= O.CD I/HELIOSTAT 
WEIGHTEO EQUIPMENT COST= C. $ TI~ES YEARS USED I SITE 
QUANTITY: 5 .. 12. I SITE 
TOTAL SITE-RETAINED CAPITAL- "3732~.GO S 

TOTAL DIRECT LABOR COST- 81,"7 S/HElIOSTAT 

- • • - • • , • 

UNIT 
COST 

TOTAL 
COST 

.. 7625. 

191t5QO. 

195200. 

O. 

0.00 I HELIOSlAT 

0.00 I HELIOSTAT 

.- • .- • 



• 

• • 

• 

• • 

• 

.. 
• 

• 
• 
• 

• • 
• 

HELIOSTAT COST MO[EL 

DETAILED BREAKDOWN 

HOAC - SECOND GENERATION 

4"10 - REFLECTIVE ASSEMBLY 

TOTAL REQUIRED REVENUE 

DIRECT MATERIALS 

FACTORY COSTS 

PRODUCTION YEAR 

PURCHASeD MATERIALS 
RAN MATERIALS 
SCRAP 

DIRECT LABOR 

CONSUMA8LES 

INDIRECT COSTS 
"AIHTENANCE. PLANT ENGINEERl~G 
OTHER INOIRECTS 

CAPI1AL REPLACEMENT ALLOWANCE 

PROPERTY lAX AND INSURANCE 

GENERAL A AO"INISTRATI~E 

INTEREST EXPENSE 

INCOME TAXES 

RETURN TO EGUITY HOLDERS 

OTHER EXPENSES 
ANNUALIZED ONE-TIME COSTS 

1265.18 
8.00 

37.96 

9.19 
14.26 

6.1& 

1597.93 

13 O~. 14 

36.61 

25.51 

23 .. 45 

11.06 

a.26 

62.22 

0.00 

5f.S! 

5a.99 

6.18 

293 
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HELIOSTAT CCST HOeEL 

DETAILED B~E~KDOHN 

HDAC - SECOND GENERATION 

4420 - DRIVES 

FACTORY COSTS 

PROCUCTIO~ YEAR 1 

TOTAL REQUIRED REVENUE H88.96 

DIRECT HATERIALS 
PURCHASED MATERIALS 
RU HATERIALS 
SCRAP 

DIRECT LASOR 

CONSUHABlES 

INCIRECT COSTS 
~AINTENANCE. PLANT ENGINEE~ING 
OHER INDIRECTS 

CAPITAL REPLACEMENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GENERAL • AOHINISTRATIVE 

INTEREST EXPENse 

INCOKE TAXES 

RETURN TO EQUITY HOLDERS 

OT ~ER EXPENSES 
ANNUALIZED ONE-TIHE COSTS 

159. Z 9 
2155.3e 

30."" 

45.92 

41.07 

56.92 

0.00 

65.61 

• 

• • 
• 

• • 
• 

• 

• 
• 
• 

• 
• 

• 



• 

• • 

• 

• • 

• 

.. 
• 

• 
• 
• 

• 
• 
• 

HELIOSTAT COST MODEL 

DETAILED EREAKOCWN 

MOAC - SECOND G~N~RATION 

~430 CONTROLS 

FACTORY ceSTS 

PRODUCTIQI( YEAR 1 

TOTAL REQUIRED REVENUE f44.55 

DI.ECT MATERIALS 
PU~CHASED MATERIALS 
RA' MATERIALS 
SCRAP 

CUECT LABOR 

CONS~HABLES 

INCIRECT COSTS 
HAINTENANCE, PLANT ENGINEERI~G 
OTHER INDIRECTS 

CAPITAL REPLACEMENT ALLOWANCE 

PROPERTY TAK AND INSURANCE 

GENERAL • AO~INISTRATIVE 

INTEREST EXPENSE 

INCOME TAXES 

RETURN TO EQUITY HOLDERS 

OTHER exPENSES 
ANNUALIZED ONE-TIHE COSTS 

505.26 
D.OO 

15.16 

2.30 
1.61 

1.95 

520.~2 

9.90 

8.5t. 

2.89 

25.35 

0.00 

20.53 

20.63 

1.95 

2':J5 
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HELIOSTAT t CST HODEL 

DETAILED eqF.AKDOWN 

HDAe - SECOND GENE~ATtON 

4440 FOUNCATION/PEDESTAL 

FACTORf CCSTS 

PRO[UCTtO~ YEAR 1 

TOTAL REQUIRED REVENUE 

DIRECT HATERIALS 
PU~CHASED MATERIALS 
R .. MATERIALS 
SCUP 

DIRECT LASOR 

CONS~MABLES 

INCIRECT COSTS 
MAINTENANCE. PLANT ENGINEERI~G 
OTHER INDIRECTS 

CAPITAL REPLACEMENT ALLOWANce 

PROPERTf TAX AND INSURANCE 

GENERAL • ADMINISTRATIVE 

INTEREST EXPENSE 

INCO~E TAXES 

RETURN TO EQ~ITY HOLDERS 

OTHER EXPENSES 
ANNUALIZED ONE-TIME COSTS 

HO.H 
0.80 
«. .. 21 

1.09 
2.q3 

.63 

• 

• • 
• 

• • 
187.92 

1 ..... 6~ • 
U.12 

2.q3 

4.03 

3.33 

.98 

1.31 • 
0.0(1 

6. e8 

7.03 

• .63 

• 
• 

• 
• 

• 



• 

• • 

• • 

., 

• 
• 

• 
• 
• 

• • 
• 

HELIOSTAT COST HOtEL 

DETAILED EREAKOowN 

HDAC - SECOND GENERATION 

4450 SUPPORT STR~C1URE 

FACTORY ceSTS 

PRODUCTIO~ veAR 1 

TOTAL REQUIRED REVENUE 

DI~ECT MATERIALS 
PURCHASED MATERIALS 
RAW MATERIALS 
SCRAP 

DIRECT LABOR 

CONSUMAeLES 

IND IRECT COSTS 
MAINTENANCE. PL'.HT ENGINEEqUG 
OTHER INOIRECTS 

CAPITAL REPLACEHENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GENERAL • AD~INISTRATIVE 

INTEREST eXPENSE 

INCOHE TAXES 

RETURN TO EQ~ITY HOLDERS 

OTHfR EXPENSES 
ANNUALIZED ONE-UHE COSTS 

822.33 

603.11 
58 •• 60 

0.00 
17.57 

3~.99 

15.93 

21.32 
8. S 7 

12.75 

23.97 

5.51 

31. 2~ 

o.ou 
38.2~ 

3CJ.71! 

3.13 
3.13 

297 



HELIOSTAT COST HOtEL 

DETAILED 8 •. EA~DO~N 

HDAC - SECOND GENERATION 

4~60 ~SSEMBlYIINSTAlLATION 

FACTORY COSTS 

PRO[UCTIO~ YEAR 1 

TOTAL REQUIRED REVENUE 

298 

DIRECT MATERIALS 
PU~CHASEO MATERIALS 
RAN MATERIALS 
SCRAP 

DIRECT LABOR 

CONSUHAeLES 

INDIRECT COSTS 
MAINTENANCE. PLANT ENGINEERING 
OlMER INO IRECTS 

CAPITAL REPLACEMENT ALLOWAftCE 

PROPERTY TAX AND INSURANCE 

GENERAL A ADMINISTRATIVE 

INTEREST EXPENSE 

INCOME TAXES 

RETURN TO EQUITY HOLDERS 

OTHER EXPENSES 

Q .00 
0.00 
0.00 

0.1)0 
0.00 

• 

• • 
• 

• • 
0.00 

0.00 

• 
o.oe 
0.00 

0.00 • 0.00 

0.00 

0.0 C • a.oo 

o. on 
U.OO 

0.00 • 
• 
• 

• • 
• 



• 

• • 

• 

• • 

• 

• 

• 
• 
• 

• 
• 
• 

HELIOSTAT C CST 1I00EL 

DETAILED eREAKDOHN 

HDAC - SECONO GENERATION 

4410 - REFLECTIVE ASSEHELY 

TRANSPORTATION COSTS 

PRODUCTIO~' YEAR 1 

TOTAL REQUIRED REVENUE 

DIRECT MATERIALS 
PU~CHASED HATE~IALS 
RAW IIATERIALS 
SCRAP 

DIRECT LABOR 

CONSUIlAeLES 

INOIRECT COSTS 
HAINTENANCE. PLANT ENGINEERlIiG 
OTt'ER INDIRECTS 

CAPITAL REPLACEMENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GENERAL A AD~INISTRATIV£ 

INTEREST EXPENSE 

INCOHE TAXES 

RETUR!! TO EQt'lTV HOLDERS 

OT HER EXPENSES 
SU ECONTRAcrs A FLO"-THROt:GH 
TRANSPORT AT! ON CHUG es 

o.no 
0.00 
0.00 

D.ac 
0.00 

6.50 
362.50 

38Q.13 

0.00 

0.00 

11.13 

t.OO 

0.00 

0.00 

0.00 

o. CO 

8.00 

0.00 

369.00 

299 



HELlOSTJlT COST MOtEL 

DETAILED BREAKDOWN 

MDAC - SECOND GENERATION 

4420 DRIVES 

TRANSPORTATION COSTS 

PRODUCTIO~ YEAR 1 

TOTAL REQUIRED REVENUE 

300 

DIRECT "ATERIALS 
PURCHASED MATERIALS 
RAN "ATERIALS 
SC~AP 

DIRECT LABOR 

CONSC"AeLES 

INDIRECT COSTS 
"AINTENANCE. PLANT E~GINEERIHG 
OTHER INDIRECTS 

CAPITAL REPLACEMENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GENERAL A ADMINISTRATIVE 

INTEREST EXPENSE 

INCOME TAXES 

~ETURN TO EQUITY HOLDERS 

OHlER EXPENS ES 
TR~NSPORTATICN CHA~GES 

• 

• • 
• 

• • 
26.88 

o. G 0 
0.00 
0.00 
0.09 

O.GO 

1.50 .. 
0.00 

a.oo 
0.00 

0.00 

0.00 • 
0.00 

0.00 

0.00 • 
0.00 • 25.38 

25.38 

• 

• 
• 

• 



• 

• • 

• 

• • 

• 

• 

• 
• 
• 

• • 
• 

TOTAL REQUIRED REVENUE 

DIRECT MATERIALS 

HELIOSTAT COST MODEL 

OETAILED E~EAKDOWN 

HDAC - SECOND GENERATION 

~430 - CONTROLS 

TRANSPORTATION COSTS 

PRODUCTION \EAR 1 

PU~CHASED MATERIALS 
RAW MATERIALS 
SC~AP 

DIRECT LABeR 

CONSCMABlES 

INDIRECT COSTS 
MAINTENANCE, PLANT E~GINEE~I~G 
OTHER rNDIRECTS 

CAPI1AL REPLACEMENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GENERAL A ADMINISTRATIVE 

INTEREST EXPEtlSE 

INCOME TAXES 

RETURN TO EQUITr HOLDERS 

OTHER EXPENSES 
TRANSPORTATICN CHA~GES 

a.DD 
0.00 
0.00 

O.DO 
O.H 

.qO 

0.00 

0.00 

• 05 

o. aD 

0.00 

0.00 

0.00 

0.00 

0.00 

.~o 

.qS 

301 



302 

HElIOSTAT COST HoeEl 

DETAILED BREAKDOHN 

HDAC - SECOND GENERATION 

444Q FOUNOATICNJPEDESTAL 

TRANSPORTATION COSTS 

PROOUCTJOt; YEAR 1 

TOTAL REQUIRED REVENUE 

DIRECT MATERIALS 
PU~CHASEO MATERIALS 
~AW MATERIALS 
SCRAP 

onEeT LAIlOR 

CONSUMAeLES 

INO IRECT C OS15 
MAINTENANCE. PLANT E~~INEERING 
onER INDIPECTS 

CAPITAL REPL~CEHENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GENERAL A AD~INISTRATIVE 

INTEREST EXPENSE 

INCOME TAXES 

RETURN TO EQUITY HOLDERS 

OTHER EXPENSES 
TRANSPORTATION CHARGES 

• 

• • 
• 

• • 
D. 0 C 

o.~ 0 
0.00 
0.00 • 

D.OO 

1.11 

D. G C 
. 0.00 

0.00 .. 
D. 0 ~ 

0.00 

• 0.00 

0.0 C 

O. to 

0.00 

• 
24.22 

24.22 • 
• 

• • 
• 



• 

• • 

• 

• '. 
• 

.. 

• 

• 
• 

• 
• 
• 

HElIOSTAT ceST MoeEl 

OETAILEO EREAKDCWN 

MOAC - SECOND GENERATION 

445~ SUPPORT STRCCTURE 

TRANSPORTATION COSTS 

PROCUCTIO~ YEAR 1 

TOTAL REQUIREC REVENUE 

DIRECT MATERIALS 
PURCHASED MATERIALS 
RAW MATERIALS 
SCRAP 

DIRECT lAIlOR 

CONSUMA8LES 

INDIRECT COSTS 
~AINTENANCE, PLANT ENGINEERI~G 
OTtlER IN DIRECTS 

CAPITAL REPl_CEHENT ALLOMANCE 

PROPERTY TAX AND INSURANCE 

GENERAL A AD~INISTRATIVE 

INTEREST EXPENSE 

INCOME TAXES 

RETURN TO EQUITY HOltERS 

OTHER EXPENSES 
TRANSPORTATICN CHA~GES 

0.00 
0.00 
0.00 
0.00 

0.00 

.89 

8.00 
0.00 
0.00 

0.00 

0.00 

0.00 

o. 00 

o. C( 

o. 00 

15.10 
15.10 

303 
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TOTAL REQUIRED REVENUE 

DIRECT HUERIALS 

HELlOSTAT C CST 1I0DEL 

DETAILED eqE.~DOWN 

HOAC - SECOND GEHERATIOH 

.... 30 - CONTROLS 

SITE COSTS 

PRODUCTID~ YEA~ 1 

PURCHASED HATE RIALS 
RAW HATERIALS 
SCRAP 

DIRECT LABOR 

CONSUHABLES 

IIIDIRECT COSTS 
HAINTENANCE, PLANT ENGINEER[HG 
OHER INDIRECTS 

CAPITAL REPLACEMENT ALLOWANCE 

PROPERTY TAX AND INS~RANCE 

GENERAL • ADrINISTRATIVE 

INTEREST EXPENSE 

INCOME TAXES 

RETURN TO EQUITY HOLDERS 

onER EXPENSES 

U .00 
8.66 

.26 

0.00 
22.70 

• 

• • 
• 

• .' 
64.05 

8.1)2 • 
32.43 

0.00 

22.7 U 

a. DC 

OoGO 

0.00 

OOUO 

D. C C 

O. DO 

• 0.00 

• 
• 

• 
• 

• 



• 

• • 

• 

• • 

• 

• 
• 

• 
• 
• 

• • 
• 

HELIOSTAT C (ST MODEl 

DETAILED EREAKOOWN 

HOAe - SECOND GENERATION 

44~O - FO~flDlTIONJPEOESTAL 

SITE COSTS 

PRO[UCTIO~ YEAR 1 

TOTAL REQUIRED REVENUE EZ5.9E 

DIRECT MATERIALS 
PURCHASED MATERIALS 
U~ MATERIALS 
SCRAP 

DIRECT LA90R 

CONSUMA9LES 

INDIRECT COSTS 
HAINTENANC£. PLANT ENGINEERING 
OTHER INDIRECTS. 

CAPITAL REPLACEMENT ALLONANCE 

PROPERTY TAX AND INSURANCE 

GENEPAl • AD~INISTRATIVE 

INTEREST UPENSE 

INCOME TAXES 

RETURN TO EQUITY HOLDERS 

OTHER EXPHISES 

2 !H" 54 
Z52.02 

0.0 D 
2.92 

21e.48 

0.00 

152.~ .. 
0.0 a 

152.94 

0.00 

o. Dt 

O. 00 

O. 00 

0.00 

D. DO 

a. DB 

305 



HELIOSTAT COST MOtEL 

DETAILED EREAKDOWN 

MDAC -" SECOND GENERATION 

4460 ASSEMBlY/INSTALLATION 

SITE COSTS 

PRODUCTIO) YEAR 1 

TOTAL REGUIRED REVENUE 

306 

DIRECT MATERIALS 
PURCHASED MATERIALS 
Rh MATERIALS 
SCRAP 

DIRECT LABOR 

CONS~HA8LES 

INCIRECT COSTS 
MAINTENANCE, PLANT ENGINEERING 
onER INDIRECTS 

CAPITAL REPLACEHENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GENERAL A ADMINISTRATIVE 

INTEREST EXPENSE 

INCOME TAXES 

RETURN TO EQUITY HOLDERS 

OTHER EXPENSES 
SITE-RETAINED CAPITAL 

0.00 
O. ~ 0 
0.00 

O.OD 
57.03 

80 .81 

• 

• • 
• 

• • 219.30 

0.00 

• 
81.1t 7 

o.oe 

57.03 .. 
o. DO 

O.ll C 

• 0.00 

0.00 

o. G Q 

O. 00 

• 
80.81 • 

• 

• • 
• 



• 

w 
o ......, 

• • 

FACTORY 

TRANSPORTATION 

SITE 

TOTALS BY COMPONENT 

• • • 

""10 " .. 20 

1597.93 11088.'16 

38D.1 J 26.88 

1978.06 1515.84 

• fI • •• • •• • 

COST SUHMAn flY PROFIT CENT ER 

TOTAL REQUIRED ~EVENUE 

MDAC - SECOND GENERATION 

PRODUCTION YEAR 1 

4430 " .... 0 4450 ""60 TOTALS ey LOCATION 

6"".55 187.92 822.33 D. DO 47 .. 1.69 

.95 25.39 15.99 .... 9.3" 

6 ... 05 625.'36 219.30 909.31 

7 (9.55 839.27 838.32 219.30 

TOTAL FeR TOTAL REQUIRED REVENUE 6100.3" 



w 
o 
00 

• 

FACTORY 

TRANSPORTATICN 

SITE 

TOTALS ev CCMPONENT 

• • • 

loUD 101020 

1303.110 10 .. 5.09 

D.aa 0.0 c 

1303.1" 10 .. 5.09 

- • 

COST SUMMA~V BY PROFIT CENTER 

DIRECT MATE~IAlS 

"O.C - SECCND GENERATI~~ 

PRODUCTION YEAR 1 

.... 38 ItIt 100 .... 50 .... 60 TOTALS BY LOCATION 

5;0.102 1101o.E8 603.17 0.00 3616.50 

0.00 D.OO 0.00 0.00 

8.92 2510.510 0.00 263 ... 6 

519.310 399.22 603.11 0.00 

TOTAL FOR DIRECT MATERIALS 31179.96 

• ~ • .- • .- • 



• 

w 
o 

'" 

• • • 

FACTORY 

TRANSPORTAT ION 

SITE 

TOTALS BY COMPONENT 

• • 

.... 10 .... 20 

36.61 117."7 

0.00 0.0 e 

3fl. Ei1 117.47 

• ~ • •• • •• • 

COST ~UMNA~Y BY PROFIT CENTER 

DIRECT LABOR 

NOAC - SECCHO GENERATIO~ 

PROOUCTION YEAR 1 

.... 30 ...... u .... 50 .... 60 TOTALS BY LOCATION 

.4.86 10.12 39.99 0.00 229.05 

0.00 0.00 0.00 0.00 

;2."3 218 ... 8 81.47 332.38 

H.29 228.60 39.99 81."7 

TOTAL FtR DIRECT LABOR 561 ... 3 



w ..... 
o 

• 

FACTORV 

TRANSPORTATION 

SITE 

TOTALS BV COHPONENT 

• • • 

"~10 .... 20 

25.51 34.65 

11.13 1.5£ 

36.6" 36.15 

- • 

COST SUMMARY BV PROFIT CENTER 

CCNSUHA8LES 

l'!tAC - SEetND GENERATICN 

PRODUCTION VEAR 1 

4 .. 30 

9.48 

.05 

0.00 

'1.53 

4,.,.0 

2.93 

1.17 

0.00 

... 10 

ToTAL FOR CONSUHA8lES 

• tt • 

.. 450 .... 60 TOTALS BY LOCATION 

15.93 D.oe 88.50 

.69 1".74 

o.oe 0.00 

16.82 0.00 

103.Z" 

.- • .- • 



• 

w ...... 
...... 

. - • 

FACTORY 

TRANSPORTATION 

SITE 

TOTALS BY COMPONENT 

• -

4410 .. 4iZD 

23.105 1t5.92 

0.00 0.0 t 

23."5 45.92 

• , 

COST ~UM"ARY BY PROFIT CENTER 

nUlR ECT COSTS 

"!JAC • SECCNO GENERATION 

PROOUCTION YEAR 1 

4"30 44ltO 

9.90 4.03 

0.00 D. DO 

,2.70 152.94 

i2.6Q 156.97 

TOTAL FOR INDIRECT COSTS 

- -. • •• • 

4450 "460 ToTALS BY LOCATION 

21.32 D.O~ U4.62 

0.00 0.00 

57.03 232.67 

21.32 57.03 

337.29 



w ...... 
N 

• 

FACTORY 

TRANSPORTATICN 

SITE 

TOTALS BY COMPONENT 

-. • 

4410 4420 

17.0e 41.01 

0.00 0.0 ~ 

17.0e "1.07 

- • 

COST SU"MA~Y BY PROFIT CENTER 

CAPITAL REPLACEMENT ALLOW mCE 

MOAC - SECOND GENERATION 

PROCUCTION YEAR 1 

4'+30 

8.5" 

c.oo 
0.00 

8.54 

4 .... 0 

3.3! 

o. 00 

D.OO 

3.33 

.... 50 

23.97 

0.00 

23.97 

TOTAL FeR CAPITAL REPLACEMENT ALLOWANCE 

• 
, 

• 

.... 60 TOTALS BY LOCATION 

0.00 93.97 

0.00 

0.00 0.00 

0.00 

93.97 

.- • .- • 



• 

w ..... 
w 

• • 

FACTORY 

TRANSPORTATION 

SITE 

TOTALS BY COMPONENT 

• • • 

41t! 0 ""20 

8.26 9 ... 6 

G.GO iI.O i 

8.26 9."6 

• fI • •• • •• • 

COST ~U"MA~Y BY PROFIT CENTER 

PROPERT Y T AX AND INSURANCE 

MOAe • SECOND GENERATION 

PRODUCTION YEAR 1 

.. 430 ...... 0 .. 4S0 .... 60 TOTALS BY LeCATION 

2.89 .98 5.57 0.00 27.16 

a.oo 0.0 t c.oo 0.00 

0.00 D.OO 0.00 0.00 

2.89 .98 5.57 0.00 

TOTAL FOR PROPERTY TAX AND INSURANCE 27.16 



w ...... 
.p. 

• 

FACTORY 

TRANSPORTATION 

SITE 

TOTALS 8Y CCHPONENT 

- • • 

"1010 

62.22 

0.00 

62.22 

- • 

""20 

56.92 

O.DC 

56.92 

COST ~UHHARY ey PROFIT CENTER 

GENERAL A AOHINISTR.TIVE 

HOAe - SECONO GENERATION 

PROOUCTIONYEAR 1 

""3D ""40 ""50 4460 TOTALS BY LOCATION 

.5.35 7.31 31. lCo 0.00 163.04 

n.co 0.00 C.DD o.~o 

0.00 0.00 0.00 0.00 

r~.J~ 7.31 31.24 0.00 

TOTAL FClR GENERAL .. AOMINISTRATIVE 183.0" 

• tt • .- • .- • 



• 

w ...... 
U1 

• • 

nCTO~Y 

TRANSPORTATION 

SITE 

TOTALS BY COMPONENT 

• • • 

.... 10 ""20 

0.00 o.oc 

D.GO G.a, 

0.00 O.OQ 

• , • •• • • • • 

ceST SU""ARY BY PROfIT CENTER 

INTE~EST EXPENSE 

HOAS - SECOND GENERATIO~ 

P~OOUCTION YEAR 1 

"430 " .... a .... 50 .... 60 TOTALS BY LOCATION 

0.00 O.OD 0.00 0.00 D.ao 

0.00 0.00 c.oo 0.00 

0.00 0.01 0.00 0.00 

0.00 0.00 0.00 O. DO 

TOTAL FOR INTEREST EXPENSE 0.00 



w 
~ 

0'1 

COST ~UMMARY ev PROFIT CENTER 

II«:OM£ TAXES 

MOAC - SEetNO GENERATION 

PRODUCTION YEAR 1 

.... 10 .... 20 "'+30 "" .. 0 "'+'50 .... 60 TOTALS BY LOCATION 

FACTORY 56.52 6'5.61 40.53 6.ee 38.2" 0.00 187. elt 

TRANSPORTAT IOIC O.OD 0.11 , 0.00 0.00 c.oo 0.00 

SITE O.OD 0.00 0.00 0.00 

ToTALS BY COMPONENT '56.'52 65.67 «0.53 6.88 38.21t 0.00 

TOTAL FeR INCOME TAXES 181.8 .. 

• • • • - • • 
, 

• .- • .- • 



• 

w ...... ...... 

• • • 

FACTORY 

TRANSPORTATICN 

SITE 

TOTALS BY COMPONENT 

• • 

.... 10 .... zo 

58.99 67.56 

0.00 0.0' 

58.99 67.56 

• ~ • -. • •• • 

CeST SUMMARY BY PROFIT CENTER 

RETURN TO EQUITY HOLDERS 

MOAC - SECCHO GENERATICN 

PRODUCTION YEAR 1 

.... 30 ...... e .... so .... EO TOTALS BY LOCATION 

20.63 7.03 39.79 0.00 19".00 

o.oe a.oc 0.00 0.00 

0.00 0.00 0.00 0.00 

~0.63 7.03 39.79 0.00 

TOTAL fOR RETURN TO EQUITY HOLDERS 1'3".00 



w ...... 
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fACTORY 

TRANSPORTAT ION 

SITE 

TOTALS BY COMPONENT 

• • • 

.. uo .... 20 

6.18 5.110 

369.00 25.3 e 

375.18 30.52 

• • 

COST SUMMARY BY PROFIT CENTER 

OTHER EXPENSES 

MCAe - SECCND GENERATIC~ 

PROOUCTION YEAR 1 

10430 10 .... 0 10'+50 10 .. 60 TOTALS BY LOCATION 

1.95 .63 3.13 0.00 17. a 3 

.90 2".22 15.10 43'+.60 

0.00 O. DO 80.61 60.81 

2.8'5 210.85 18.23 80.81 

TOTAL F~ OTHER EXPENSES 532 ..... 

• -- • •• • .- • 
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