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ABSTRACT 

Estimated production costs of solar energy systems serve as guides for 
future component development and as measures of the potential economic via
bility of the technologies. The analysis of heliostat costs is particularly 
important since the heliostat field is the largest cost component of a solar 
central receiver plant. A heliostat cost analysis tool (HELCAT) that pro
cesses manufacturing, transportation, and installation cost data has been 
developed to provide a consistent structure for cost analyses. HELCAT cal
culates a representative product price based on direct input data (e.g. 
direct materials, direct labor, capital requirements) and various economic, 
financial, and accounting assumptions. The characteristics of this tool and 
its initial application in the evaluation of second generation heliostat 
cost estimates are discussed. A set of nominal economic and financial para
meters is also suggested. 
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AOEP 
AEQR 
AIDC 
AINT 
AOTe 
ARPL 
ATXINS 
Co 

CACRE 
CBS 
CEQPP 
CEQP 
CFAC 
CFACP 
CLNOP 
CNM 
COLA 
CRC 
CRSU 
CSQFT 
CTL 
CTLP 
DB 
OL 
OLC 
OLH 
OM 
OMP 
OMR 
EGA 
EMTN 
EQR (. ) 
ESCP 
FAC 
FACSU 
FCR 
FEQ 
FGA 
FIDC 
FINOC 
FINOL 
FINOM 
FITC 

NOMENCLATURE 

- annualized depreciation allowance 
- annualized return to equity holders 
- allowance for interest during construction 
- annualized interest expense 
- annualized one-time costs 
- annualied capital replacement allowance 
- annualized property tax and insurance allowance 
- required revenue (for factory) before taxes at the end of the 

startup period 
- cost of improved land per acre 
- Cost Breakdown Structure 
- equipment cost per heliostat 
- total equipment cost 
- facil ity cost 
- facility cost per heliostat 
- land cost per heliostat 
- consumables 
- cost of living allowance 
- cost reduction coefficient 
- startup learning coefficient 
- facility cost per·square foot 
- tooling cost 
- tooling cost per heliostat 
- double declining balance depreciation 
- direct labor cost 
- fully loaded labor rate 
- direct labor hours 
- direct materials 
- purchased materials 
- raw materi a 1 s 
- general and administrative expense 
- maintenance and plant engineering expense 
- return to equity 
- expense due to scrap 

production facility size in square feet 
- excess cost during factory startup 
- cost reduction factor 
- equity financing fraction 
- general and administrative fraction 
- interest during construction fraction 
- indirect fraction - capital 
- indirect fraction - labor 
- indirect fraction - materials 
- investment tax credit fraction 
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WC(·) 
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- maintenance fraction 
- facility initial engineering fraction 
- scrap rate for purchased materials 
- scrap rate for raw materials 
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- indirect costs 
- other indirect costs 

return to bond holders 
- equipment life in years 
- equipment tax life in years 
- facility life in years 
- facility tax life in years 

land for the production facility in acres 
- cost of land financing 
- tooling life in years 
- tooling tax life in years 
- one-time costs 
- other expenses 
- present value operator 
- basis quantity in heliostats/year or heliostats/site 
- cumulative number of units produced 
- reference quantity for learning curve reduction 
- facility startup quantity 
- after-tax cost of capital 
- return to equity holders 
- required revenue 
- i nfl at i on rate 
- return to bond holders 
- capital replacement allowance 
- real discount rate 
- straight line depreciation 
- sum of the years' digits depreciation 
- site retained capital 
- subcontracts and flow-through expenses 
- combined federal and state income tax rate 
- combined federal and state income taxes 
- facility construction period in years 
- investment tax credit 
- taxable income 
- special transportation charges 

property taxes and insurance 
- total book value 
- working capital 
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A HELIOSTAT COST ANALYSIS TOOL 

1. Summary 

Designs and prototype hardware for the latest generation of qlass-metal 
heliostats have been completed by four second generation heliostat contrac
tors (ARCO, Boeing, Martin Marietta, and McDonnell Douglas). As a part of 
the design process, the installed cost of heliostats produced at rates near 
50,000 units annually was estimated by each contractor. Sandia National 
Laboratories, Livermore (SNLL) has the responsibility of evaluating the de
sign, prototype performance, and costs of the second generation heliostats. 
The HELiostat Cost Analysis Tool, HELCAT, has been developed to assist in 
the evaluation-and comparison of helistat cost estimates. 

HELCAT serves several roles in the cost evaluation process. It provi
des a standard format within which costs and assumptions can be examined for 
omissions, abnormal estimates, or other irregularities. It employs a compu
ter algorithm to process cost information, hence allowing easy computation 
of the effects of changes in component costs or financial and economic as
sumptions. HELCAT performs an independent calculation of various burden, 
tax, and profit items to yield a fully loaded price for each of several hel
iostat profit centers. The total installed cost from HELCAT includes item
ized factory costs, site costs, and transportation costs from factory to 
site. 

HELCAT processes input data (e.g. direct material costs, direct labor 
quantity, capital costs) using an internal cost accounting model to yield an 
installed heliostat price. The primary determinants of installed price are 
the direct data inputs to HELCAT •. However, the price also depends on the 
structure and parameters employed in the internal cost model. Achieving 
credible results using HELCAT requires a thorough understanding of both the 
cost model and the estimates being used as a basis for the input data. 

This report explains the detailed structure of the model and proposes 
a nominal set of financial and accounting parameters. The nominal scenario 
provides a basis for comparing estimates rather than a projected market 
price for a particular manufacturer. Since business practices (and hence 
costs) will differ among firms producing heliostats, the nominal scenario 
represents only a typical firm in the heliostat business and should not be 
considered a norm for all heliostat suppliers. 

The HELCAT description contained here provides only a partial picture 
of the second generation cost evaluation process. The work done to under
stand and validate the various input cost data is documented in references 
[1] and [2]. 

11 



2. Purpose and Structure of HELCAT 

2.1 Second Generation Cost Evaluation 

12 

The goal of the second generation cost evaluation is to compare 
and, whenever possible, validate the mass production cost estimates 
provided by the second generation contractors. An adequate comparison 
of the estimates requires that they be examined within a uniform cost 
accounting structure. A key task in the evaluation process is to 
define a consistent structure and to place the contractors' estimates 
into that structure. Validating cost estimates is difficult due to 
the diversity of the designs and production concepts and the lack of 
an accepted cost data base for the wide range of components used in 
heliostat manufacture. In the absence of actual production cost data 
or a uniform data base for estimates, the individual elements of heli
ostat cost must be examined to determine whether each is reasonable 
within the hypothetical production and installation scenario. Such an 
examination requires an item-by-item review of the bill of materials 
and a detailed analysis of the manufacturing plans. 

A computerized heliostat cost model can serve an important role 
in the cost evaluation process. A well-documented model provides the 
uniform structure needed for cost comparisons. By explicitly defining 
the factors that make up the estimates, each contractor's costs are 
made more understandable and hence more useful to the other contrac
tors and to potential users of the solar central receiver technology. 
With a single cost model one can identify the differences in the manu
facturing concepts and costs for each contractor. A clear summary of 
the heliostat cost elements can highlight those cost components that 
fall outside reasonable bounds and can identify areas in which cost 
reduction would be most beneficial. Finally, such a tool can provide 
a means for understanding the sensitivity of heliostat price to the 
assumptions underlying the cost estimates. 

The existence of a computerized cost accounting tool does not re
duce the need for a detailed examination of the determinants of helio
stat cost (e.g. direct materials costs, direct labor required, capital 
costs). A cost model can provide a means for clearly displaying and 
processing cost data, hence insuring that all major cost elements are 
considered. However, any cost model must be used with caution. The 
prices calculated in the model are based on a particular set of finan
cial and economic assumptions that might not accurately represent a 
manufacturer's production scenario. It is the combination of an ex
plicit cost model with a thorough understanding of the inputs that is 
necessary for a complete analysis of any product cost estimate. 



2.2 Structure of HELCAT 

A HELiostat Cost Analysis Tool (HELCAT) provides an estimate of 
installea-heliostat price based-on a buildup of elemental cost compon
ents. HELCAT is a computerized model that structures and processes 
direct input data and calculates an estimate of those remaining costs 
(burden costs) necessary to determine a nominal price. It does not re
place the detailed analysis and production design activities that were 
a part of the second generation contracts. Instead, it permits easy 
and consistent use of the information generated by the detailed analy
ses. The major functions of the model are: 

1. To provide a standardized format for use in comparing the individ
ual elements that make up heliostat price. 

2. To structure a data bank consisting of the inputs required to es
timate heliostat price. 

3. To compute an independent estimate of burden costs using an inter
nal accounting model and the input direct material, labor, and 
capital cost data. 

4. To provide a fully loaded price for major factory, site, and tran
sportation profit centers. 

5. To provide an effective means of performing sensitivity studies 
that relate possible changes in cost inputs and economic factors 
to the resulting change in estimated overall price. 

The role of the cost analysis tool is not to redesign the helio
stat, production facility, or installation process. The model takes 
certain direct inputs (direct materials, direct labor, consumables, 
capital costs) from the contractors' estimates and computes from them a 
price for the installed heliostat. The internal computational algo
rithm solves only the problems of adding burden costs to the direct in
puts. The difficult task of insuring the credibility of the heliostat 
design and production processes remains outside the model. In this way 
it differs from production models such as SAMICS [3] which serves as a 
design tool for production facilities. 

The costs associated with he1iostat production and installation 
are allocated to specific profit centers for processing in HELCAT. 
Table 2-1 lists the profit centers that are defined for use in the 
second generation evaluation. Those potential profit centers not in
cluded in the evaluation are areas in which insignificant costs are in
curred. For example, reflective assembly and drive fabrication are 
charged to factory profit centers, and installation is included in the 
overall assembly/installation (Cost Breakdown Structure number 4460) 
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profit center. Hence site profit centers are not required for the re
flective assembly and drives. HELCAT is structured so that profit cen
ters are easily added or deleted in the future if needed. 

All costs necessary to support an independent business producing 
the specified product or service make up each profit center total. 
This includes direct costs, all burden costs, and a reasonable allow
ance for taxes and profit. The profit center total price, which will 
also be called the required revenue, is therefore the price at which 
the component would be sold under normal business conditions. In some 
cases, a cost that applies to several profit centers will appear in the 
contractor estimates. These costs must be allocated to a particular 
profit center before being input to HELCAT. In other cases, it will be 
useful to aggregate profit center calculations for purposes of discus
sion. Comparisons involving total factory costs and total site costs 
will be made later in this report. 

TABLE 2-1 
Second Generation Profit Centers 

Factory to Site 
Factory Transportation Site 

Number Component Description Costs Costs Costs 

4410 
4420 
4430 
4440 
4450 
4460 

*Cost 
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Reflective Assembly x x 
Dri ves x x 
Control/Power/Data Distribution x x x 
Foundation/Pedestal x x x 
Support Structure x x 
Assembly/Installation x x 

Breakdown Structure 

The outputs generated by HELCAT for each profit center are shown 
in Table 2-2. These output cost elements encompass all expenses that 
are normally included in the price of a product. A more detailed defi
nition of each entry is contained in Appendix A. The symbols used to 
represent the output cost categories are shown in the right hand col
umns of Table 2-2. ' The set of accounts chosen for HELCAT is not 
unique. Other equally valid cost estimation structures may break costs 
into finer detail, aggregate costs into larger categories, or even al
locate costs among categories diferently. However, a single structure 
must be chosen for consistent comparisons to be made. The chosen 
breakdown matches the level of resolution of most second generation es
timates and, taken together with the inputs that determine each cost 
element, provides an understanding of the basis for heliostat costs. 



TABLE 2-2 
HELCAT Output 

Cost Account Structure 
(Costs expressed in $/heliostat) 

COST ELEMENT 

Direct Materials 
Purchased Materials 
Raw Materials 
Scrap 

Direct Labor 
Consumables 
I ndi rect Costs 

Maintenance/Plant Engi neeri ng 
Other Indirects 

Capital Replacement Allowance 
Property Tax and Insurance 
General and Administrative Expense 
I nterest Expense 
Income Taxes 
Return to Equity Holders 
Other Expenses 

Annualized One-time Costs 
Subcontracts and Flow-Through Expenses 
Site-retained Capital 
Special Transportation Charges 

Required Revenue (Price) 

SYMBOL 

DM 
DMP 
DMR 
ESCP 

DL 
CNM 
IND 

EMTN 
INDO 

ARPL 
ATXINS 
EGA 
AINT 
TAX 
AEQR 
OTHEXP 

AOTC 
SUBC 
STCAPP 
TRIN 

REV 
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The structure of the inputs required by HELCAT is illustrated in 
Figure 2.1. These user-specified inputs are divided into two groups. 
The fi rst cons i sts of the di rect inputs. They include di rect materi a 1 s 
costs, consumables costs, direct labor hours, and capital costs. Some 
of these costs flow directly through to the overall heliostat price 
(e.g., direct materials, consumables) while the others must be pro
cessed in HELCAT to determine their impact on price. The second input 
group consists of the cost model parameters. These are the financial, 
accounting and other cost assumptions that permit estimation of a price 
from the direct inputs. 

As illustrated in Figure 2-1, the direct inputs are unchanged by 
the cost model while the derived cost components depend, at least in 
part, on assumptions within the model. Specification of a particular 
cost component as either a direct input or derived cost is somewhat ar
bitrary. For example, consumables might be considered a fixed fraction 
of direct material and hence could be a derived cost. Similarly, the 
contributors to indirect labor could be modeled and costed in detail by 
the contractors and hence included as a direct input. The structure 
outlined in Figure 2-1 is a reasonable one for heliostat cost analysis 
because the critical production cost elements are retained as direct 
inputs and because the structure corresponds to the level of detail 
available in the second generation estimates. 

The HELCAT model takes the values of the direct inputs as given. 
There is no provision for modeling the direct resource requirements of 
production and installation. The analysis of the direct inputs has 
been another major focus of the second generation cost evaluation 
[1 ,2J. 

In the sections that follow, the algorithm used to derive price 
from the direct inputs and model parameters is explained in detail. A 
nominal set of HELCAT financial and accounting parameters is then pro
posed. 



USER-SPECIFIED INPUTS PRICE COMPONENTS 

Direct Inputs 

Purchased and Raw Materials --------r-_Materials 
Consumables Consumables 
Direct Labor Quantity 
Capital Requirements (land area, facility 

size, tooling and equipment cost) 
Other Expenses -----------...;..,1 

Cost Model Parameters 

Labor Unit Cost 
Land Unit Cost 
Facility Unit Cost 
Indirect Loading Factors 
Maintenance/Plant Engineering Fraction 
Scrap Fractions 
Property Tax/Insurance Fraction 
Working Capital Fraction 
General and Administrative Fraction 
Inflation Rate 
Return to Bond Holders 
Return Equity Holders 
Equity Financing Fraction 
Combined Income Tax Rate 
Investment Tax Credit Rate 
Facility, Equipment, Tooling Lifetimes 
Facility, Equipment, Tooling Depre-

ciation Lifetime and Type 
Facility Construction Period 
Startup Learning Coefficient 
Materials, Labor Cost Reduction 

Coefficients (Learning Curves) 

Other Expenses 

Scrap 
H Loaded Direct Labor 

Indi rect Costs 
E Capital Replacement 

All owance 
Property Tax/Insurance 
General and Administrative 

C Interest 
Return to Equity Holders 

A Income Taxes 

T 

REQUIRED REVENUE (PRICE) 

Figure 2-1. Structure of the Heliostat Cost Model 
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3. Descriptions of HELCAT Cost Models 

3.1 Direct Inputs 

The direct inputs needed for each profit center price calculation 
are shown in Table 3-1. More detailed descriptions of these input cost 
accounts are contained in Appendix A. Since these data are used with
out modification in HELCAT, they must be derived and verified extern
ally. In most cases the entries in Table 3-1 represent a much larger 
list of cost components. For example, the materials costs represent 
the total of all purchased and raw materials required by a profit cen
ter. An example of an expanded direct input list is shown in Appendix 

. D. 

TABLE 3-1 
Direct Input Categories 

Description Units 

Purchased Materials $/he1iostat 
Raw Materials $/he1iostat 
Consumab1es $/he1iostat 
Direct Labor hrs/he1iostat 
Land (production facility) acres 
Facility Size (production facility) sq ft 
Equipment Cost $ 
Tooling Cost $ 
Basis Quantity he1iostat/yr or he1iostat/site 
Other* 

Symbol 

DMP 
DMR 
CNM 
DLH 
LND 
FAC 
CEQP 
CTL 
Q 

*Certain direct expenses categories such as site-retained capital, 
subcontracts and flow-through expenses, and direct transportation 
charges are also permitted. 

3.2 Required Revenue (Price) 
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The price that a purchaser might expect to pay for the components 
or services produced within a profit center is called the required re
venue (REV). It includes all expenses normally encountered in the op
eration of a firm. The required revenue is equal to the sum of all 
cost categories shown in Table 3-2: 

REV = DM + DL + CNM + IND + ARPL + ATXINS + EGA + AINT 
+ TAX + AEQR + OTHEXP (3.1) 

Most of the cost components in equation (3.1) are derived within HELCAT 
based on both direct inputs and the internal cost model. The expenses 



that make up required revenue are discussed individually in the sec
tions that follow. 

COST ELEMENT 

Direct Materials 
Direct Labor 
Consumables 
I ndi rect Costs 

TABLE 3-2 
Components of Required Revenue 

Capital Replacement Allowance 
Property Tax and Insurance 
General and Administrative Expense 
Interest Expense 
Income Taxes 
Return to Equity Holders 
Other Expenses 

SYMBOL 

OM 
DL 
CNM 
IND 
ARPL 
ATXINS 
EGA 
AINT 
TAX 
AEQR 
OTHEXP 

3.3 Direct Material, Direct Labor, Consumables, Land, and Facility Cost 

The input direct material 
addition of a scrap allowance. 
sumed to experience fractional 
tively. The resulting expense 

costs, DMP and DMR, are increased by the 
The purchased and raw materials are as

scrap rates of FSCPP and FSCPR respec
for scrap is given by: 

ESCP = (FSCPP)*(DMP) + (FSCPR)*(DMR). (3.2) 

The scrap expense is added to the input material costs, DMP and DMR, to 
yield the total direct material charge OM: 

OM = OMP + OMR + ESCP. 

The direct labor cost OL is given by the hourly rate OLC times the 
direct labor input OLH (in hours). The rate OLC is a fully loaded rate 
that includes all fringe benefits such as payroll taxes/insurance, pen
sion and benefits, premiums (overtime, shift differential, cost of liv
ing allowance), vacation, holidays, and personal leave: 

OL = OLC * OLH. 

The input consumables cost CNM remains unchanged in the HELCAT 
cost model. 

19 



The cost of improved land CACRE ($ per acre) for the production 
facility is a HELCAT parameter. The improved land acreage LND 
multiplied by the unit cost CACRE yields total land cost. The land 
cost per heliostat CLNDP is obtained by dividing by the basis quantity 
Q. 

CLNDP = (LND * CACRE)/Q 

The facility cost CFAC is obtained by multiplying the unit 
facility cost CSQFT ($ per square foot) by the input facility size 
FAC. A fractional increase FPLENG in facility, equipment, and tooling 
cost due to design and engineering costs during construction is allowed 
in HELCAT. These expenses are also expressed per heliostat by dividing 
by the basis quantity Q. 

CFACP = (1. + FPLENG)*(FAC*CSQFT)/Q 
CEQPP = (1. + FPLENG)*(CEQP)/Q 
CTLP = (1. + FPLENG)*(CTL)/Q 

3.4 Indirect Costs 

The indirect accounts encompass a wide range of activities. These 
include plant supervision, plant maintenance and engineering, quality 
control, shipping/receiving, and some plant administrative services. 
The indirect expenses are estimated as fractions of various direct 
charges. Table 3-3 indicates the loading assumed for particular 
indirect expenses. 

TABLE 3-3 
Loading Assumptions for Indirect Costs 

Estimated as a 
Expense Fraction of Fraction 

Maintenance/ Facility, Equipment, Tooling FMTN 
Plant Enginering 

Quality Control/Inspectors 
Supervision Direct Labor FINDL 
Production Control/Scheduling 
Materi~l Handling 

Shipping/Receiving Direct Materials FINDM 
Purchasing/Accounting 

Security Facility, Equipment, Tooling FINDC 
Janitorial 
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The total indirect cost is separated into two categories: 1) 
maintenance and plant engineering EMTN, and 2) other indirects INDO. 
The indirect cost is the sum of the indirect loading fractions times 
the appropriate direct costs as shown in equation (3.3). 

EMTN 
~------.~~ .... ------~ ,-' '"'-

IND = (FMTN*(CTLP+CEQPP+CFACP)) 

+ (FINDL*DL) + (FINDM*DM) + (FINDC*(CTLP + CEQPP+ CFACP)) (3.3) 
'---- --..........-= -INDO 

3.5 Capital-related Expenses 

There are several profit center costs that depend on the value of 
the capital facilities. The replacement cost ARPL is the amount al
located for amortization of the initial investment. Property taxes and 
insurance ATXINS depend on the value of the capital stock. The return 
to investors, AINT and AEQR, depends on the value of the capital stock 
being financed by them. 

The book value of the capital stock as a function of time is cal
culated as shown in Figure 3-1. The initial costs of land, facilities, 
equipment and tooling are taken from the direct inputs. The time hori
zon is the facility lifetime LFCA, after which the book value is equal 
to the land value. Both equipment and tooling are replaced at the ends 
of their lifetimes (LEQA and LTLA, respectively). The replacement cost 
is equal to the initial cost times a factor for inflation. An allow
ance for working capital WC is also included in the book value. The 
value of working capital· in the ith year is approximated by the 
yearly direct plus indirect expense (corrected for inflation) times the 
fraction FWC of the year that cost must be financed by the investors. 

WC(i) = FWC * (DM + CNM + DL + IND)*(1 + RI)i (3.4) 

The total book value in the ith year, VBK(i), is the sum of the 
land, facility, equipment, tooling and working capital costs in that 
year expressed on a per heliostat basis. 

The capital replacement allowance RPL(i) is the difference between 
the book value in year (i-I) and year (i) not attributable to the dif
ferences in working capital. 

RPL(i) = VBK(i-l) - VBK(i) - (We (i-I) - we (i)) 

The capital replacement allowance is equivalent to a straight line de
preciation allowance over the economic life. This does not preclude 
the use of accelerated depreciation in the calculation of income taxes 
(to be discussed below). 
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1. Land and Working Capital 

~ 
Inflation Trajectory 

(CLNDPL __ ~~-------------
+ We) ------------- .... ---

Time + 

2. Facility 

3. 

Time + 

Equipment LInflation Trajectory 
..,--

~-CEQ - ---

LEQA 2*LEQA 
Time + 

4. Tooling 

Inflation Trajectory 

LTLA 2*LTLA 3*LTLA 

Time + 

Figure 3-1. Calculation of Book Value Trajectory. 

l Working 
} Capital 

Land 

LFCA 

LFCA 

LFCA 

LFCA 

Book Value = Current Value of: (Land) + (Working Capital) + (Facilities) + 
(Equipment) + (Tooling) 



Land is not depreciated in HELCAT. However, a constant land value 
is included in the working capital and hence is financed by the inves
tors over the lifetime of the facility. 

Property taxes and insurance are a fraction FTXINS of the current 
book val ue. 

TXINS(i) = FTXINS * VBK(i) 

The return to bond and equity holders is given respectively by the 
cost of the debt RINT and the cost of equity REQR times that portion of 
the book value financed by each. The fraction of equity financing is 
FEQ. 

INT(i) = (l-FEQ) * RINT * VBK(i) 
EQR(i) = FEQ * REQR * VBK(i) 

In order to obtain a single cost that escalates at a fixed infla
tion rate rather than a stream of costs that are proportional to book 
value, the time varying expenses that depend upon book value are annua
lized. An annualized cost is a cost that is constant in real terms and 
whose present value over the facility lifetime is equal to the present 
value of the actual cost stream. For example, if AC is the annualized 
equivalent to cost stream C(i) over lifetime L then equation (3.5) pro
vides a way of finding AC. 

PV (k, {AC*(l+RI)i}~=l' L) = PV (k, {C(i)}~=l' L) (3.5) 

where 

PV(· ,.,.) = present value operator 

PV(k, {C(i)}~=l' L) -
L 
L 1 C( i) 

i=l (l+k)' 

k = discount rate 

L = lifetime 

RI = inflation rate 

The discount rate used for annualizing is the after-tax cost of 
capital RATCC. The combined (federal plus state) income tax rate is 
TAU. 

RATCC = (1 - TAU)*(l - FEQ)*(RINT) + (FEQ)*(RINT) (3.6) 
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The annualized values for replacement expense ARPL, property taxes 
and insurance ATXINS, and return to investors (AINT and AEQR) are de
fined by the following equations. Annualized costs are expressed in 
terms of dollars per heliostat and are calculated according to equa
tions (3.7)-(3.10). 

PV (RATCC, {ARPL*(l + RI)i}, LFCA) = PV (RATCC, {RPL(i)}, LFCA) 
(3.7) 

PV (RATCC, {ATXINS*(l + RI)i}, LFCA) = PV (RATCC, {TXINS(i)}, LFCA) 
(3.8) 

PV (RATCC, {AINT*(l + RI)i}, LFCA) = PV (RATCC, {INT(i)}, LFCA) 
(3.9) 

PV (RATCC, {AEQR*(l + RI)i}, LFCA) = PV (RATCC, {EQR(i)}, LFCA) 
(3.10) 

3.6 General and Administrative Expense 

The general and administrative expense EGA is modeled in HELCAT as 
a fraction of the total before-tax profit center cost. The only ex
cluded costs are income taxes and return to equity holders which are 
not yet considered as expense items when the G & A loading factor FGA 
is applied. 

EGA = FGA * (DM + DL + CNM + IND + ARPL + AINT + ATXINS) (3.11) 

The general and administrative category includes a wide variety of 
expenses and is discussed in more detail in Appendix A. 

3.7 Income Taxes and Other Expenses 
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The taxable income TI that must exist in order to yield a return 
to equity holders of AEQR is given as: 

TI = (AEQR + ARPL - ADEP)/(l. - TAU). (3.12) 

The annualized depreciation ADEP can be calculated using straight 
line, double declining balance, or sum of the years' digits schedules 
within HELCAT. The excess deduction over straight line depreciation is 
given by (ARPL-ADEP) and is assumed to reduce required taxable income. 
For example, when straight line depreciation is elected and the tax 
life is equal to the accounting life, ARPL=ADEP so the amount expensed 
to the profit center is equal to the tax deduction and there are no tax 
benefits. When accelerated depreciation is employed or when the tax 
life is less than the accounting life, ARPL(ADEP so (ARPL-ADEP) is a 



deduction that offsets other taxable income. The after tax income is 
assumed to be returned to the equity holder through either dividends or 
retained earnings which increase equity value. Hence net (after-tax) 
income is equal to AEQR. The income tax paid per heliostat TAX is 
equal to the taxable income times the combined (federal plus state) tax 
rate. 

TAX = TI * TAU 

Another expense category that is allowed for factory profit cen
ters is a one-time cost that represents the costs of factory construc
tion and startup. This cost includes land and factory financing during 
construction, investment tax credits and excess production costs during 
startup. Since all HELCAT inputs are in startup year dollars, the real 
discount rate (corrected for inflation) rather than the nominal dis
count rate is used to compute the allowance for financing expenditures 
that occur prior to startup •. The real discount rate RR is given by: 

1 + RATCC 
I+RI 

(3.13) RR = - 1. 

If the construction period has length TC and the land is purchased at 
the beginning of construction, the cost of land financing LNDSU (as
suming continuous compounding) is given by: 

LNDSU = (eRR*TC - 1) * CLNDP. (3.14) 

The factor for interest during construction FlOC assumes expenditures 
follow a sinusoidal trajectory during the construction period. The 
factor FlOC is the ratio of the present value at startup of this stream 
of cash flows to the sum of the cash flows. 

FlOC = ~ 

2*TC 

1 + eRR*TC 
(3.15) 

(RR)2 + ( ~c) z 

The allowance for interest during construction AIDC is the cost of fi
nancing plant construction. 

AIDC = (FlOC - 1)*(CFACP + CEQPP + CTLP) 

An investment tax credit TCINV is allowed on tooling and equipment at a 
rate FITC. 

TCINV = FITC * (CEQPP + CTLP) 
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UNIT 
COST 

Co = Cost at end of startup period 

QSU = Quantity produced during startup 

Startup Cost 

Learning Curve 

QUANTITY PRODUCED 

I 
I 
I 
I 

QSU 

Figure 3-2 Excess Costs During Factory Startup 

The change in factory costs during the startup period consisting of QSU 
units of production is modeled by a learning curve. The excess cost 
due to startup is illustrated in Figure 3-2 as the shaded area between 
the learning curve and the Co cost line. This excess cost during 
factory startup is given by: 

where 

F ACSU = C * QSU * [ 1 - 1 ] 
o (K+l) 

Co = required revenue (for factory) before taxes at the 
end of the startup period 

Co = DM + DL + CNM + IND + ARPL + AINT + ATXINS + EGA 
+ AEQR 

(3.16) 

CRSU = learning (cost reduction) coefficient during startup 

K = ln CRSU 
ln 2 

The total one-time cost OTC is given by: 

OTC = LNDSU + AIDC + FACSU - TCINV. (3.17) 



The one-time cost is annualized over the facility lifetime using the 
methodology described earlier to obtain the annualized one-time cost 
per heliostat AOTC. 

Several other cost categories are included in HELCAT for special 
applications. Subcontracts and other flow-through expenses can be in
put and are added directly to the profit center required revenue. 
Site-retained capital charges are added to site profit center costs 
when facilities (such as a site assembly building) or equipment are 
left at the construction site. These costs are allocated as a lump sum 
over the site heliostats rather than being depreciated. Finally, 
transportation requirements can be input in terms of pounds or truck
loads and an itemized transportation expense will appear in the profit 
center cost tabulation. HELCAT currently adds these other expenses to 
the profit center total without applying a further loading factor. 
Multiplication by an additional loading factor must be done before in
puting these expenses into HELCAT if additional loading is appropriate. 

3.8 The Effects of Learning 

For quantities produced above some reference quantity QL, the 
direct materials and direct labor costs are allowed to decline along a 
learning curve. In the learning curve model, costs decline by a factor 
equal to the cost reduction coefficient CRC each time production 
doubles above the reference quantity. QCUM is the cumulative number of 
units produced and FCR is the factor by which the initial (reference) 
cost is multiplied to obtain the cost of the QCUMth unit. 

1.0 QCUM<QL 

FCR = 
CRCP where p = __ 1 __ (In QCUM) , QCUM>QL 

1 n2 QL 

Different reference quantities and cost reduction coefficients are 
permitted for materials and labor and for factory and site profit cen
ters. The set of inputs required to employ the learning model is shown 
in Table 3-3. 

Materials 

Labor 

TABLE 3-3 
QL, CRC Pairs Employed 

in Learning Model 

Factory 

(QLFM, CRCFM) 

(QLFL, CRCFL) 

Site 

(QLSM, CRCSM 

(QLSL, CRCSL 
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4. Nominal Model Parameters for HELCAT 

4.1 Role of Nominal Parameters 

The validity of the costs derived within HELCAT depends on the de
gree to which the model parameters reflect the actual production and 
installation scenario. A default set of model parameters is suggested 
in this chapter. These values were derived from the available informa
tion and are intended to represent a typical heliostat supplier. The 
actual economic environment faced by specific firms may be signifi
cantly different than that described here. However, in the absence of 
detailed information on the operation of a particular company, the de
fault values should yield reasonable expense levels for all derived 
components of the profit center required revenue. 

The nominal parameters reflect a steady-state, normal business en
vironment. In the early stages of a heliostat market, it is likely 
that fi rms wi 11 devi ate from "norma 1" pri ci ng for strategi c reasons. 
For example, a firm might price early heliostats well below cost in an 
attempt to capture a larger .share of a growing market. Such strategies 
are not reflected in the nominal HELCAT scenario. 

4.2 Nominal Parameter Values 
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The set of nominal, default cost parameters used in HELCAT is 
listed in Table 4-1. The basis for these parameter choices is dis
cussed in Appendix C. 

Several caveats should be attached to the nominal parameter set. 
First, these represent initial values. As more data become available 
it is expected that both the model structure and parameters will be ad
justed accordingly. Second, these parameters should be shifted for 
very capital-intensive or labor-intensive production scenarios. Appen
dix C contains suggested shifts for a few parameters. Caution should 
be exercised when the model is applied to manufacturing environments 
that are significantly different than that of the second generation 
heliostat estimates. Finally, care must be taken when applying the 
model to existing estimates that particular costs are not missed or 
double counted. For example, many estimates include an allowance for 
scrap in the direct materials cost. If these costs are used in HELCAT 
without adjusting the internal scrap fractions to zero, scrap will be 
double counted in the final price. The same is true, for example, for 
the plant design and engineering factor that multiplies input capital 
cost. If an allowance for plant design and engineering during con
struction has been made in the inputs, the appropriate HELCAT internal 
factor should be set to zero. Achieving credible results using HELCAT 
requires a thorough understanding of both the HELCAT model and the 
estimates being used as a basis for the input. 



TABLE 4-1 
HELCAT Nominal Cost Model Parameters Values 

Parameter S~mbol Factor~ Site TransEortat ion 

Oirect Labor Cost ($/hr)* OLC 9.45 15.00 15.00 
Factory Cost ($/sq ft)* CSQFT 50. 
Land Cost ($/acre)* CACRE 20000. 
Scrap Fraction (Purchased Mat'l) FSCPP .01 .01 .01 
Scrap Fraction (Raw Mat'l) FSCPR .03 .03 .03 
Maintenance Fraction FMTN .02 .04 .04 
Indirect Fraction-Labor FINOL .27 0.3 0.3 
Indirect Fraction-Material FINOM .0035 0.0 0.0 
Indirect Fraction-Capital FINOC .006 0.0 0.0 
Working Capital Fraction FWC .17 0.0 0.0 
Property Tax and Insurance FTXINS .04 .04 .04 
General and Administrative FGA .09 0.0 0.0 
Inflation Rate RI .06 .06 .06 
Equity Fraction FEQ .8 .8 .8 
Return to Bond Holders RINT .102 .102 .102 
Return to Equity Holders REQR .166 .166 .166 
Combined Income Tax Rate TAU .5 .5 .5 
Investment Tax Credit TCINV .1 .1 .1 
Facility Construction Period 

(yrs) TC 3. 
Facility Initial Engineering 
Fraction FPLENG .1 

Facility Startup Quantity QSU 20000. 
Startup Learning Coefficient CRSU .92 
Facility Life (yrs) LFCA 30. 
Equipment Life (yrs) LEQA 10. 10. 10. 
Tooling Life (yrs) LTLA 5. 5. 5. 
Facility Tax Life (yrs) LFCT 25. 
Equipment Tax Life (yrs) LEQT 8. 8. 8. 
Tooling Tax Life (yrs) LTLT 3. 3. 3. 

*Labor, factory, and 1 and costs are assumed to be in early 1981 
doll ars. 
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Appendix A 
HELCAT Account Structure 

Input Cost Accounts 

Direct Material - All purchased supplies, parts and materials that are 
raw stock or component parts of the profit center product. 
Purchased materials are those that are assembled without further 
processing. Raw materials undergo one or more manufacturing steps 
before assembly into the next higher level. 

Direct Labor - All production employees whose working time is dedicated 
to the manufacture of the profit center product or its component 
parts. 

Consumab1es - All purchased supplies and materials that are necessary 
in the manufacturing process but do not appear in the finished 
product. Consumables include utilities, processing supplies and 
perishable tooling. 

Production Facility Land - The improved land on which the heliostat 
manufacturing facility is sited. 

Facility - The structure that houses the heliostat manufacturing oper
ations. Included are heating, air conditioning and other utility 
systems, provisions for product transportation, and all necessary 
warehouse and office space. 

Equipment, Tooling - Production machinery used in the manufacture of 
the profit center product. Tooling has a shorter useful life than 
equipment and can thus be depreciated more rapidly. 

Site-retained Capital - Capital facilities and equipment that are used 
at the site for heliostat installation and then are retained by 
the site owner. These costs are expensed over the site heliostats 
rather than being amortized over their useful life. 

Subcontracts and Flow-through Expenses - Expenses for manufacturing, 
transportation or installation services that are purchased rather 
than performed by the heliostat manufacturer. These expenses are 
added directly, without further loading, to the profit center 
required revenue. 

Transportation Requirements - HELCAT has the option of computing trans
portation costs on a simple $/lb or $/truckload basis. If this 
option is employed, the transportation requirements in pounds or 
truckloads is a required input. 
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Profit Center Expense Accounts 

34 

Direct Materials (OM) - The direct materials account includes both the 
input purchased and raw materials as well as an allowance for 
scrap. 

Direct Labor (DL) - Direct labor is a fully loaded direct labor cost 
including Social Security payments, unemployment insurance, Work
men's Compensation, company contributions to insurance policies 
and pension funds, vacations, holidays, premiums (overtime, shift, 
cost of living allowance) and other fringes. Labor productivity 
is not included in direct labor rates and hence should be included 
in the number of labor hours required. 

Indirect Costs (IND) - This category is subdivided into plant main
tenance and engineering (EMTN) and other indirects (INDO). 

Plant Maintenance and Engineering (EMTN) - This account includes all 
labor and material needed to maintain the production facility and 
to make routine changes in the manufacturing process or equipment. 

Other Indirects (INDO) - The other indirects account encompasses all 
indirect functions except maintenance and plant engineering. 
These include the following: 

Quality Control and Inspectors 
Supervision 
Production Control and Scheduling 
Material Handling 
Shipping and Receiving 
Purchasing and Accounting 
Security 
Janitori al 
Other (personnel services, medical, cafeteria, etc) 

Capital Replacement Allowance (ARPL) - The internal charge assessed for 
depreciation of capital equipment. This is not necessarily the 
same depreciation as charged on the corporate income tax return. 

General and Administrative Expense (EGA) - This account includes both 
marketing and administrative expenses. Typical marketing expenses 
are: 

Advertising 
Sales Expenses and Promotion 
Sales Engineers 
Traffic 
Billing and Customer Accounting 



.. 

Administrative expenses include: 

Corporate Management 
Public Relations 
Legal Services 
Research and Development 
Contingency 

Interest and Return to Equity Holders (AINT and AEQR) - Capital invest
ments are financed in HELCAT with a combination of bond and common 
stock issues. The interest expense is the interest paid to bond 
holders. The return to equity holders includes both dividends 
paid and retained earnings used to increase equity value. 

One-time Costs (AOTC) - Certain costs associated with the construction 
and startup of the heliostat production facility are collected as 
one-time costs and annualized over the entire production run. 
These costs iclude: 

Allowance for land and factory financing during construction 
Investment tax credits 
Excess factory startup costs 

35 



Appendix B 
A Review of Second Generation Cost Data 

A major role for HELCAT is to provide an independent calculation of 
derived or burden costs in heliostat production. For the costs to be real
istic, the parameters used in the calculations must reflect actual operating 
practices of heliostat manufacturing firms. One source of comparison data 
for the burden calculations is the group of second generation cost est
imates, [6, 7, 8, 9J. This appendix examines the second generation burden 
costs and, where possible, identifies comparison data in the HELCAT format. 

It is often difficult to infer HELCAT cost model parameters directly 
from second generation estimates. The large differences in the estimation 
structures and procedures used by the contractors reflect the diversity of 
the business practices within the involved organizations. Tables B-1 
through B-4 itemize contractor burden cost data. The tables are intended to 
illustrate the broad range of burden accounts employed and the large differ
ences in detailed burden costs. (For a more complete analysis of heliostat 
costs see references [lJ and [2J.) In order to place contractor estimates 
into the HELCAT format, contractor burden costs would have to be broken down 
and reallocated within the new cost structure. In most cases, this cannot 
be achieved with the level of information included in the estimates. The 
specific contractor burden costs are therefore of limited value in defining 
HELCAT cost model parameters." Comparing the aggregate burden cost from 
HELCAT and the second generation estimates is more meaningful than comparing 
specific burden accounts. Aggregate burden comparisons are done as a part 
of the general analysis of second generation costs using HELCAT [lJ. 

Some second generation data that are more directly comparable to HELCAT 
data are tabulated in Table B-5. The data show significant differences in 
the costs and assumptions used in the contractors estimates. Further dis
cussion of appropriate cost model parameters for HELCAT along with a pro
posed set of nominal parameters is included in Appendix C. 
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TABLE B-1 
ARCO/NORTHRUP BURDEN COST DETAIL a 

($/HELIOSTAT) 

FACTORY PROFIT CENTERS 

Direct Costs 

Direct Materials 
Direct Labor b 
Consumables c 

Burden Costs 

Variable Indirect Labor and Premiums 
Fixed Indirect Labor 
Depreciation 
Property Taxes 

Capital Costs 

Land 
Facil ities 
Equipment 

SITE PROFIT CENTERS 

0.72 M 
19.8 M 
72.2 M 

Direct Materials d 
Direct Labor 
Indirect Labor 
Facilities/Equipment 

OTHER EXPENSES (to be allocated over profit centers) 

General and Administrative 
Research and Development 
Income Taxes 
Profit 

Notes to Table B-1 

a Does not include field wlrlng and HAC. 
b Direct unloaded labor (no fringes included). 
c Includes indirect materials and utilities. 
d Includes subcontracted pile installation. 

3272. 
118. 
140. 

86. 
59. 

164. 
24. 

220. 
498. 
149. 
76. 

300. 
100. 
200. 
400. 
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TABLE B-2 
BOEING BURDEN COST DETAIL a 

($/HELIOSTAT) 

FACTORY PROFIT CENTERS 

Direct Costs 

Direct Materigls 
Direct Labor 
Consumables c 

Burden Costs 

Variable Burden 
Warranty Service 
Average one-time Costs 
Depreciation 
Property Taxes 
Insurance 
Design Change Administration 
General and Administrative 

Capital Costs 

Land (Improved) 
Facilities d 
Equipment 

SITE PROFIT CENTERS 

Direct Material e 
Direct Labor 
Subcontracts 
Site Assembly Building 
Equ i pment Rental 

5.8 M 
26.1 M 
75.8 M 

OTHER EXPENSES (to be allocated over profit centers) 

Contingency 
Profit 

Notes to Table B-2 

a Does not include HC, HAC, HFC, BCS or field wiring. 
b Direct unloaded labor (no fringes included). 

2921. 
159. 

6. 

396. 
13. 
46. 

169. 
49. 
15. 
3. 

103. 

618. 
120. 
572. 

8. 
8. 

169. 
371. 

c Includes utilities and maintenance supplies. Perishable tooling 
and other supplies not included. 

d Includes utility substation, A&E fees, permits, facility turnover, 
etc. 

e Pedestal cost is assumed to be a site material cost. 
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TABLE B-3 
MARTIN MARIETTA BURDEN COST DETAIL 

($/HELIOSTAT) 

FACTORY PROFIT CENTERS 

Direct Costs 

Direct Materi a 1 
Direct Labor a 
Consumab1es b 

Burden Costs 

Direct Labor Fringes a 
Indirect/Overhead Labor 
Scrap 
Depreciation c 
Property Taxes 
General and Administrative 
Income Taxes 
Return to Investors 

Capital Costs c 

Land 
Facilities 
Equipment 

SITE PROFIT CENTERS 

Di rect Costs 

Di rect Materi a1 s 
Direct Labor d 

2.5 M 
58.3 M 
30.3 M 

Site Assembly Building 
Consumab1es 

Burden Costs 

Equipment and Tooling 
Indirect Labor 
Income Taxes 
Return to Investors 

Notes to Table B-3 

3292. 
6l. 

114. 

66. 
99. 
13. 

10l. 
14. 
22. 

181. 
229. 

1018. 
122. 
97. 
8. 

45. 
49. 
10. 
15. 

a Direct labor is unloaded cost (at $5.90/hr). Fringes include pay
roll taxes and insurance, benefits, premiums and absences due to 
vacations, holidays, etc. 

b Includes perishable tooling, supplies, and utilities. 
c Does not include outside tooling. 
d Fully loaded labor cost. 
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TABLE B-4 
MCDONNELL DOUGLAS BURDEN COST DETAIL 

($/HELIOSTAT) 

FACTORY PROFIT CENTERS 

Direct Costs 

Direct Materials a 
Direct Labor a,b 
Consumables c 

Burden Costs d 

Labor Fringe 
Indirect Labor 
Maintenance 
Scrap 
Depreciation (including special tools) 
Property Taxes 
Production Engineering (plant startup) 
General and Administrative 

Capital Costs d 

Land 
Facilities 
Equipment/Tooling 

0.8 M 
36.0 M 
47.8 M 

3425. 
117. 
88. 

112. 
55. 
34. 
13. 

140. 
31. 
15. 

185. 

SITE PROFIT CENTERS 

Di rect Costs 

Direct Material a 
Direct Labor a,e 

Burden Costs 

227. 
299. 

Components of site burden were not itemized. Burden is assumed by 
MOAC to be 0.70 of the direct labor cost. 

Notes to Table B-4 
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a Direct costs are first year costs rather than tenth year costs as 
reported by MOAC. 

b Partially loaded direct labor cost. Includes $19. for overtime, 
shift and COLA premiums. The resulting direct rate is $9.64/hr. 

c Includes supplies, sundry, perishable tooling, utilities. 
d MOAC increased most burden costs (from GM estimates) by a factor 

of 1.12 to approximate the effect of heliostat controller 
fabrication. 

e Based on a labor rate of $15.12/hr. 
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TABLE B-S 
COMPARISON OF FACTORY COST ASSUMPTIONS 

ARCO BEC 

Direct Labor Cost ($/hr) 4.49k 7.S0b 
Production Facility Land Cost (K$/acre) 12. 32. 
Production Facility Cost ($/sq ft) 30. SO. 

Material Scrap ($/heliostat) n. i. n.a. 
MaintenJnce/Plant Engineering ($/heliostat) n.a. h n.a. 
Other Indirects ($/heliostat) S9.12 n.a. 
Product ion Facil ity Startup ($/hel i ostat) n.i. 46. e 
General and Administrative ($/heliostat) 400.1 103. 

Depreciation Assumptions f 

- Facilities 20yr-SL 30yr-DB 
- Equi pment 10yr-SL 12yr-DB 
- Tooling 

Property Tax Rate .0234 n.a. 
Combined Income Tax Rate n.a. n.a. 
Rate of Return to Investors .20m • 06d 

MMC MDAC 

12.23 9.64c 
20. 20. 
7S. 138. 

12.60 87.S1 i 
n.a. 31.04i 

98.62 49.10i 
n. i. 12j 
22. 18S. 

33yr-1S0%DB 40yr-SL 
lSyr-SOYD lOyr-SL 

Syr-SOYD Syr-SL 

.0126 n.a. 

.SO n.a • 

.17S9 .1S 



Notes to Table B-5 
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a n.i. = not included, n.a. = not available. Costs that are "not 
available" are apparently included in the estimates but are not 
easily separated from other costs. 

b Unloaded labor cost. Fringes are included in indirect costs. 

c Partially loaded labor cost. Loaded with overtime, night shift 
and COLA premiums only. 

d BEC also requires an additional 3.2% return on materials and 
1 abor. 

e Total facility startup costs are 24.1 million or approximately 22% 
of the total facility cost. 

f DB = Declining Balance, SOYD = Sum-of-the-Years Digits, SL = 
Strai ght Li nee 

g Derived from a 0.15 return on debt, 0.20 return on equity, and 0.8 
equity fraction. 

h Maintenance labor included in Indirect Labor. 

i Taken from GM report. Controller costs not included. 

j Facility startup costs included under product engineering in GM 
report. 

k Unloaded labor is charged at $4.49/hr. If the variable indirects 
and shift premium are added to approximate the effect of labor 
loading, the resulting rate is $7.76/hr. 

1 Included in this amount is a $100. allowance for R&D. 

m A minimum 6% return on sales is also an ARCO requirement. 



Appendix C 
Derivation of HELCAT Nominal Parameter Set 

The cost model parameters used in HELCAT depend on a wide range of fac
tors, many of which are determined by the unique characteristics of the 
firm, location and production scenario. An accurate representation of all 
possible applications in a single set of parameters is impossible. However, 
it is useful to provide a baseline parameter set against which specific 
estimates can be compared. This appendix derives such a parameter set. The 
model parameters are discussed individually below and are summarized in 
Chapter 4 in the text. 

One of the major variables affecting cost parameter values is the de
gree of automation chosen for heliostat production and installation. Where 
appropriate, parameter sets applicable to capital and labor intensive pro
cesses will be dicussed. 

Direct Labor Costs 

The base wage rate as reported by the US Department of Labor is shown 
in Table C-1. This rate represents an aggregation of many different job 
classifications having a range of wage rates. Based on Table C-1 a nominal 
early 1981 rate of $6.50/hour is used as the HELCAT default value. The in
dustrial wage rate generally declines in labor intensive, assembly opera
tions and increases in capital intensive, automated environments. 

State 

Arizona 
New Mexico 

TABLE C-1 
LABOR RATE DATA [4J 

Manufacturing Rate ($/hr)* 

7.24 
5.75 

*1978 rate escalated by 20% to approximate the impact of inflation. 

The variation of wage rate with industry characteristics is illustrated by 
local wage surveys from Albuquerque and Phoenix. (Sources: Albuquerque In
dustrial Development Service, Inc. and Arizona Department of Economic Secur
ity, July, 1981). The labor intensive electronic assembler job classifica
tions have median rates of $4.50-$5.00/hour while machine/equipment opera
tors in automated industries are in the range of $7.00-$8.50/hour. Hence, 
HELCAT inputs should be modified as illustrated in Table C-2 as the nature 
of the production process changes. 
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TABLE C-2 
HELCAT BASE FACTORY LABOR RATES 

Labor intensive assembly 
Nomi nal 
Capital intensive assembly 

$5.00/hour 
$6.50/hour 
$B.OO/hour 

The HELCAT model uses a fully loaded labor rate to compute direct labor 
costs. The adders assumed for loading the base labor rate are shown in 
Table C-3. 

TABLE C-3 
LABOR LOADING FACTORS 

Fringe Benefits [5J Nomi nal (%) Range (%) 

Social Security 6.65 6.65 
Unemployment Insurance 4.5 1.5 - 6.0 
Workmens' Compensation 1.0 0.5 - 3.5 
Payroll Taxes 0.3 0.0 - 1.0 

Voluntar~ Benefits [5J 

Holidays (B days/year) 3.1 2.3 - 5.0 
Vacations (2.5 weeks/year) 4.B 2.0 - 7.7 
Health Insurance 2.5 0.0 - 12. 
Life Insurance 0.1 0.0 - 0.2 
Pension Contribution 4.0 0.0 - 10. 
Other 2.0 0.0 - 14. 

Premiums 

Overtime 5.0 5.0 
Shift Differential 4.0 4.0 
Cost of Living Allowance 7.0 7.0 

44.95 2B.95 - 82.05 

Based on the data of Table C-3 a nominal loading factor of 45% was chosen 
for HELCAT although factors in the range 25%-B5% are possible. The result
ing loaded factory rates are shown in Table C-4. 
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TABLE C-4 
HELCAT LOADED FACTORY LABOR RATES 

Labor intensive assembly 
Nominal 
Capital intensive assembly 

A nominal estimate of $15.00/hour for the loaded site 
used based on information from the R.S. Means Co. as shown 
These data may significantly underestimate labor costs for 
since a travel allowance is frequently required. 

Phoenix, AZ 
Albuquerque, NM 

TABLE C-5 
TYPICAL SITE LABOR RATES 

$ 7.25/hour 
$ 9.45/hour 
$ 1l.60/hour 

labor rate is 
i n Tab 1 e C- 5 • 
remote sites 

Rate 

$ 14.85/hour 
$ 12.59/hour 

Source: Skilled Trade Average (Jan. 1, 1980) from Means Cost Data, 
R.S. Means Co., Kingston, Mass. 

Facility and Land Costs 

Default values of $50/sq ft and $20K/acre are used for faeility and im
proved land costs in HELCAT. These approximate median values from the 
second generation studies (see Appendix B). As was the case with direct la
bor costs, facilities designed for capital intensive production processes 
tend to be more expensive per square foot than those designed for labor in
tensive processes. 

Indirect Costs 

The two major categories of indirect costs in HELCAT are maintenance/ 
plant engineering costs and other indirects. HELCATcomputes indirect costs 
as fractions of direct labor, direct materials, or capital costs (facilities 
plus equipment plus tooling). In order to specify accurately the indirect 
loading fractions for any manufacturing scenario, the specific number and 
costs of the personnel associated with each functional area should be iden
tified. An approximate value for indirect costs can be computed in HELCAT 
using the default indirect fractions shown in Table C-6. For manufacturing 
concepts that di ffer wi de ly from the second generation scenari 0, these frac
tional loadings may require modifiction. 

45 



TABLE C-6 
HELCAT INDIRECT LOADING FACTORS [5J 

On Direct Labor 

Quality Control/Inspectors 
Supervision 
Production Control/Scheduling 
Material Handling 

Total Direct Labor Loading Fraction 

On Direct Materials 

Shipping/Receiving 
Purchasing/Accounting 

Total Direct Material Loading Fraction 

On Facilities, Equipment, and Tooling 

Security 
Janitori a1 

Total Capital Loading Factor 

Maintenance/Plant Engineering Loading Factor 

Nominal 
Factors 

.06 

.08 

.03 

.10 
-:27 

.002 

.0015 

.0035 

.002 

.004 

.006 

.020 

An appr~ximate indirect headcount corresponding to the parameters of 
Table C-6 applied to a representative factory is shown in Table C-7. The 
representative factory purchases (50,000)($3000) = $150 million in direct 
material annually, has 400 direct employees, and has facilities, equipment 
and tooling with an initial cost of $80 million. The base loaded wage is 
$9.45/hr and the relative wage is shown in the table. Note that Table C-7 
is intended only to illustrate the personnel levels associated with the nom
inal parameters in Table C-6. HELCAT does not employ the relative wage as
sumptions or estimate the personnel required as shown in Table C-7. 
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TABLE C-7 
REPRESENTATIVE FACTORY INDIRECT LABOR 

Function 

Quality Control/Inspector 
Supervision 
Production Control/Scheduling 
Material Handling 
Shipping/Receiving 
Purchasing/Accounting 
Security 
Janitori al 
Maintenance/Plant Engineering 

Relative Wage 

1.1 
1.3 
1.1 
O.S 
O.S 
1.2 
O.S 
0.7 
1.2 

Personnel Reguired 

22 
25 
11 
50 
21 
10 
11 
26 
74 

Indirect loading fractions are expected to shift from their nominal 
values for very capital or labor intensive production processes. Insuffi
cient information is currently available to estimate loading fractions for 
other production scenarios. The interface between direct and indirect costs 
must also be examined when applying the nominal loading factors to specific 
estimates. For example, some material handling is often included as a part 
of direct labor although the indirect costs also include a significant mate
rial handling allowance. Finally, some cost estimation systems apply in
direct loading fractions to direct labor charges only. These methodologies 
are compatible with HELCAT if the nominal labor loading fraction is in
creased appropriately and the material and capital loading fractions are set 
to zero. 

General and Administrative Expenses 

A breakdown of the general and administrative expense category into 
functional areas having specified costs is impossible with current data. 
Instead, historical G & A fractions taken from recent annual reports have 
been used to derive the HELCAT nominal fraction. A summary of sales, gen
eral and administrative expense data as a fraction of net sales is shown in 
Table C-S. The companies in Table C-S are representative of those in the 
manufacturing sector whose products (and services) are similar to those of a 
heliostat manufacturer. However, all of the companies listed have a variety 
of business products and services, many of which bear little relationship to 
the "typical" heliostat business. 
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· TABLE C-8 
SELLING, GENERAL AND ADMINISTRATIVE EXPENSES 

FOR VARIOUS FIRMS (1979) 

Firm 

Allis Chalmers 
Bendix Corp 
Caterpi 11 ar 
Cincinnati Milacron 
E. Systems 
General Electric 
International Harvester 
Westinghouse Electric 
Whirlpool Corp 

Ratio of 
S,G t & A Expenses 

to Net Sales 

0.148 
0.135 
0.087 
0.152 
0.113 
0.165 
0.092 
0.156 
0.115 

The general and administrative fraction chosen for the nominal HELCAT 
parameter set is 0.09. While this is relatively low compared to the values 
of Table C-8, it reflects the small marketing and sales forces that would 
likely be associated with heliostat manufacturing and installation. 

Financial Parameters 

The return required to attract investment funds in a competitive finan
cial market depends on the type of financial instrument (e.g. common stock, 
bonds), the underlying inflation rate and the perceived riskiness of the en
terprise. In specifying HELCAT nominal parameters, it is assumed that in
vestors require a fixed real (net of inflation) return on stocks and bonds. 
Thus, the costs of financing capital investments increases with the infla
tion rate. The real return required on equity will, under actual market 
conditions, depend on the risk associated with the firm's future earnings. 
The nominal HELCAT required rates of return are shown in Table C-9. If the 
inflation rate were assumed to be 0.12 (more representative of recent eco
nomic conditions), the nominal HELCAT parameters would be 0.144 and 0.21 for 
bonds and equity respectively. 

Real Rate 

.04 (Bonds) 

.10 (Common Equity) 
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TABLE C-9 
HELCAT NOMINAL RATES OF RETURN 

Inflation Rate 

.06 

.06 

Nominal Rate 

.102 

.166 
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Examples of recent achieved rates of return on equity for various in
dustrial groups and several second generation contractors are shown in Table 
C-10. These rates illustrate the wide range of returns that can exist 
across industries. Comparison of the actual rates with the nominal rates 
('" 0.20 for current inflation rates) indicates that the real return required 
by HELCAT would be sufficient to attract the capital for production facil ity 
const ruct ion. 

TABLE C-10 
EXEMPLARY ACHIEVED RETURNS ON EQUITY (1980) 

(SOURCE: BUSINESS WEEK, MARCH 16, 1981) 

Industries Return on Equity 

General Machinery 
Special Machinery 
Electrical, Electronic Equipment 
Aerospace 

All Manufacturing 

Companies 

Boeing 
McDonnell Douglas 
Martin Marietta 

Other Parameters 

0.153 
0.134 
0.193 
0.195 

0.163 

0.301 
0.103 
0.186 

A variety of other parameters is required for HELCAT computation of 
total profit center cost. Some such as the accounting and tax lifetimes or 
tax rates are relatively uncontroversial and will not be discussed here. 
Remaining parameters are reviewed briefly below. 

Material Scrap - HELCAT assumes that the input direct materials costs 
do not include a scrap factor. Materials costs are increased 
within the model by a factor of (1 + FSCPP) for purchased mate
rials and (1 + FSCPR) for raw materials. Purchased materials are 
assigned a nominal scrap rate of .01 to cover scrapped higher 
level assemblies that cannot be reworked. Raw materials are as
signed a higher nominal rate of .03 that reflects the additional 
scrap during the manufacturing process • 
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Working Capital - The working capital fraction is that portion of the 
yearly expenses (including direct materials, direct labor, consum
ables, and indirects) that must be financed during heliostat manu
facture, transport and installation. It is assumed that progress 
payments on heliostats installed in the field will be made to the 
heliostat manufacturer. Hence the working capital financing 
period will be relatively short. A nominal period of two (2) 
months is assumed in HELCAT which results in a working capital 
fraction of 0.17. 

Property Tax and Insurance - Property tax rates are expected to be 
.015-.03 of book value. Insurance rates are expected to be in the 
.01-.02 range. Hence a nominal capital loading factor of .04 was 
chosen. 

Factory Startup Parameters - The heliostat factory construction period 
is assumed to be three years. A plant design and engineering sur
charge of 10% is added to the input facility, equipment and tool
ing costs. The factory startup period is assumed to include the 
production of the first 20,000heliostats. During the startup 
period, heliostat costs are assumed to decline along a learning 
curve with a cost reduction coefficient of 0.92. 
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Appendix 0 
Example of HELCAT Input List and Output Charts 

The direct inputs used in each profit center price calculation are us
ually derived from a much larger list of detailed direct inputs. Table 0-1 
contains atypical input list that is processed in HELCAT to yield the 
direct inputs. In the case illustrated, only material and labor accounts 
are broken down into a finer structure. It is also possible to list the 
specific components that make up the building size, equipment, tooling, and 
consumables categories. 

The detailed cost accounting breakdown within each profit center is re
ported by a series of charts. The first type of chart provides a breakdown 
of cost components within a profit center and is illustrated in Table 0-2. 
The second type of chart shows how a particular cost component is allocated 
over all of the profit centers. Table 0-3 illustrates the breakdown of re
quired revenue by profit center. The costs provided in all of the tables in 
this appendix are exemplary and should not be associated with a particular 
second generation contractor. The complete computer listing for this gen
eric heliostat is provided in Appendix E on microfiche • 
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TABLE D-2 
EXAMPLE OF THE COST ACCOUNTING BREAKDOWN WITHIN A PROFIT CENTER 

4410 - REFLECTIVE ASSEMBLY 
FACTORY COSTS PER HELIOSTAT 

PRODUCTION YEAR 1 

Total Required Revenue 1636.83 

Di rect Materials 1302.10 
Purchased Materials 939.62 
Raw Materi a 1 s 342.80 
Scrap 19.68 

Direct Labor 26.84 

Consumables .20 

Indirect Costs 21.24 
Maintenance, Plant Engineering 7.26 
Other Indirects 13.98 

Capital Repl acementAll owance 17.13 

Property Tax and Insurance 16.61 

General & Administrative 125.33 

Interest Expense 8.47 

Income Taxes 52.89 

Return to Equity Holders 55.14 

Other Expenses 10.88 
Annualized One-Time Costs 10.88 

I. 
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TABLE D-3 
EXAMPLE OF THE INSTALLED HELIOSTAT PRICE BY PROFIT CENTER 

TOTAL REQUIRED REVENUE PER HELIOSTAT 
PRODUCTION YEAR 1 

Total s by 
4410 4420 4430 4440 4450 4460 Location 

Factory 1636.83 1858.67 0.00 0.00 744.62 0.00 4240.12 
Transportation 48.75 22.43 0.00 25.03 92.41 188.62 
Site 0.00 689.20 162.07 851.27 

Total s by 
Component 1685.58 1881.10 0.00 714.23 837.03 162.07 

TOTAL REQUIRED REVENUE 5280.01 
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