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EXECUTIVE SUMMARY

Al

Introduction

The Jet Propulsion Laboratory (JPL) is currently managing a research- .
and development project sponsored by the Department of Energy to re-
duce the cost of photovoltaic solar collectors. JPL has subcontracted

the technology development to over 50 universities and manufacturing
fiprms. . ‘

An important part of the program is +the development of the Solar Array
Manufacturing Industry Costing Standards (SAMICS). ‘These standards
unify econcmic and financial assumptions to provide comparable cost
estimates for the alternative manufacturing technologies under develop-
ment by the subcontractors.

Theodore Barry & Associates has been contacted to provide industrial
management consulting and facilities engineering support for the
development and implementation of SAMICS.

SAMICS has been formulated as a computer simulation model. Given a
proper description of the manufacturing technolegy as input, this
model computes the manufacturing price of solar arrays for a broad
range of production levels. However; the ending point of the model is
the loading dock of the final manufacturer. That is; the SAMICS model
does not include the cost of marketing and distributing the product to
the final customer and the costs of preparing the site and installing
the arrays. This report presents .a model for computing these marketing
and distribution costs. Other models will be developed to compuie the
site installation and goperations costs.

This marketing and distribution model is & simplification ifitended to
recognize the added gosts of marketing and transporting the solar
arrays from the factory to the customer. The model covers selling,
transportation, and storage costs jn transit from the loading dock to
the point of use.

This section presents an executive summary of the model equations and
the test’ case results. The test case exercised the equations 4in the -
model and provides a clearer understanding of the magnitude of mar—
keting and distribution tosts in deciding the economic feasibility of
photovoltaic solar collectors. '

Marketing Model

The marketing model computes the cosi of selling solar arrays. These
costs include: :

° Sales personnel salaries
° Office facilities cost

-1
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o Sales expenses
- Travel and entertainment
- Communications
- Office supplies

. Advertising expenses

It is assumed that these costs vary for.different types of customers,
and the model computes the costs by type of custamer. Custamers are
described by their average order guantity. The model allows for up to
three clagses of customers. For example, small residential, inter-.
mediate commercial, and large utilities. In the test case, the
average residential customer purchases solar arrays in orders of
10,000 peak watts, commercial 500,000 peak watts, and utilities 50
megawatts.

The mcdel user inputs total sales by customer by region and the average
sales per unit. From these the model calculates costs. The model,
restricted to the supply side, does not attempt to measure the impact
on demand in a region from lower prices in that region. However, the
user can measure the impact on costs of increased or reduced volume
through iterations using different input data.

-1 [ .

bistribution Modei

The distribution model computes the cost QE 'transﬁortingf warehousing ,

and delivering the solar arrays frem the factory to the £inal cusw

tomers,
(=)

The country i8S «<livided irto seven-distiibution regions shown in
Exhibit I~3: There are two distribution alternatiwves for each Type

:of .eustomer - o

2, Direct sh:hpments from the factory to the customet.

2. Transshlguents from the factory thtough a rega.cnai warehouse ta
the customet.

T

The fodel ccmputes the alternative whmh minimizes the total annual

disttdibution cost: Ir & given region, scme types .of customets may

be supplied directly from the factory and others from a fegional
warehouse. There will not necessarily be a warehouse dn severy region,
unless it is caleulated to be economical & have ones

If there is a warehouse, the model computes the optimal warehouse
size which balances the number of shipments :r:ecm:.rec‘xl with the ost
of operating the warehouse, thereby minimizing the cost of delmered
solar medules.

I=2
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Test Case -
The validity of the model was checked laycperfonning a test case analysis.
To do this, a factory capable of producing 500 megawatts/year was assumed
to be located in Region II: Rocky Mountain corresponding to Phoenix,
Arizona, Exhibit I-2 shows the customer demand distribution:

Test Case Demand Distribution

) 40% residential
® 20% commercial
® 40% utility

For the test case, the manufacturing price for the solatr BYYrays was
assumed to be $.50 per peak-watt expressed ‘in 1975 dollars. As shown
ir Bxhibit T=3, the model results in a computed markup of “about $.31 per
peak watt for marketing and distribution. The results vary from region

.to regicn and by customer type.

Exhibit I-4 shows the variation in solar array price estimates for
different customers by region. Since the factory was assumed to be
located in the Rocky Mountain Region, the lewest cost’ ( $.72/peak watt)
would be to utility customers in the Rocky Mountain Region, while the
highest cost of $.91/peak watt would be to residential customers in
the Great Lakes Region. Overall, utility customers would enjoy the
lowest prices ($.75/peak watt}), comercial ext ($.82), and finally
tesidential ($.86) due to economies of scale in both marketing aud
distribution. _ ° ‘

=]
w

Ixhibits I-5 ahd f~6 present pro forma Encome Statements for SELECO,
the hypothetical solar array sales and distribution wompany. The
medel £orecasts were made for 1986, the test case manufacturing
year, The results show gross profit of 38% and & net profit after
tax of 14% eompared to 40% and 14% for the SAMICS manufacturing.
cost estimates, E

The model forecasts are adjusted for both infﬂ;até,bn and i‘egionz;iﬂ.
differences ih marketing and distribution costs .

I
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Exhibit I-2

TEST CASE INPUT DATA

Market
Region
J

di T =

Custcmer Demand ,DiJstribution (MW/YR) )

‘ S Total |

Residential Commereial | Public Utility | Annual

Household | Intermediate | Central Station | Demand
L 2 3 ] W

I West Coast

II Rocky Mountain
III North Central
IV Great Lakes |

North Eastern

<

| VI South Eastern

50.9 [ 250 | 50.0 - 125.0
60.0 f 3000 f 50.0 | 140.0
10.0 5.0 | 0.0 | 15.0
0.0 | 50 | 0.0 [ 15.0

20.0 | w0 | s0.0 " 80.0
10.0 [ - 5.0 | 0.0 | 15.0
20,0 . | 20,0 . 50.0 | 110.0

Total,

200.0 i o16.0 | 20000 | 500.0
(40%) [ ¢20%) N (40%) . (100%)- ¢
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TEST CASE RESULTS

SELLCO

SOLAR ARRAY SALES AND DISTRIBUTION COMPANY

Cost of goods sold

Expenses:
Distribution
Marketing

Total experiées

Inccome tax

Net profit

Solar array prices:
Household products
Commergial products
“Central power stations

A11 products

PRICE ESTIMATES

$.020

$.864

.820

747

1975 $/Watt

$,500

»077
.118

.113

3.808

% OFf 'Price‘

61.9%

9.5%
14.6%
14.0%

100.0%

e
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Exhibit I-4

EREQEDING. PAGE BLANK NoT FILMED

TEST CASE RESULTS

SOLAR ARRAY PRICE ESTIMATES
(1975 §/Wattk)

Customer

Markef™~._ i
Region
A

Residential | Commercial Public Utility ALl
Household Intermediate | Central Station Customers
1 2 3 '

I West Coast

IT Rocky Mountain |

IFI North Central

IV Great Lakes

- V  Horth Eastern

VJ; South Bastern
VII South Central

$.8595 $.8127 | $.7316 $.7990
.8408 .8007 7204 1 7892
.8839 -+8376 - .8685
.9144 8634 - ! .8o7a
.9036 8599 | 7869 8252
.8857 .8424 - .8713
8596 | .8180 7486 .8016

17

All regions

$.8636 $.8201 $.7469 $.8082

=

.4

NN
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TEST CASE. RESULTS

SELLCO

SOLAR ARRAY SALES AND :DISTRYBUTION COMERNY -

INCOME. STATEMENT FOR THE YEAR ENDING DECEMBER 31, 1986

Sales:
Housghold products
Commercial products
Central power stations
Total sales
Cost of goocds sold:
Household products
Commercial products
Central power stations
Total cost
Gross profit
Expenses:
Distribution (Schedule a)
Marketing {Schedule B)
Total eypenses
Net profit before tax
Net income tax

Net profit after tax

$331,251,931
157,295,662

286,492,674

$191.,800,000
95,900,000

191,800,000

$19,661,719
54,438,472

1986 § ' % Sales

42,7

20.3

37.0
$775,040,267 100.0%
24.7

12,5

24.7

479,500,000 61.9%
$295,540,267 38.1%
2.6

7.0

74,100,191 9.6
$221,440,076 - 28,5%
112,934,438 14.5
$108,505,638 14.0%

e e
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Schedule A:

bDistribution expenses:
Salaries and henefits
Transportation
Warehouse  facilities:
Lease ;
Utilities
Lther expenses

TEST CASE RESULTS

Total warehouse expenses

Inventory carrying charges

Total distribution expenses

Schedule B:

O
Marketing expenses:
Salaries and benefits
Sales expenses
Office facilities:
Lease
Utilities
Maintenance.
Other expenses

L

Advertising

$892,162
42,339
70,807
354,067

Total office expenses

Total marketing expenses

Exhibit I-6

1986 $ 3
$ 629,095 3%

18,650,303 95

118,071 1
264,250 1

$19,6G1,719 100%

1986 8

| o

$43,771,892 80%

4,320,405 9
1,359,375 2
4,986,800 9

$54,438,472 100%

N S



IT. MARKETING MODEL

= 5 A. General Description
g_ B. Direct Sales Requirements

1. Average Order Quantity
o 2. Salesman Productivity Assumptions
4 P 3. Annual Megawatt Sales Per Salesman
_ 4, Size Of The Sales Force
= 5. Salesman Support Index

Total Direct Sales Personnel Cost

A 6.

. 1.
' 30
4'
5.

C. Indirect Sales Requirements

Indirect Sales Support Personnel Submodel
Office Facilities Cost Submodel

Sales Expenses Submodel

Advertising Expenses Submodel

Total Indirect Sales Costs
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MARKETING MODEL

A.

General Description

This section presents the solar array marketing model assumptions and
equations. Standard values £o be used for the model parameters are
given in Appendix B. Test case calculations and results are presented
in Section V. Following are the key assumptions of the model.

The marketing model is strictly a supply side mocdel. No attempt is

made to model the interaction of supply and demand., If demand in all
categories is assumed known, this procedure gives the associated marketing
costs. Hence, demand is assumed to be completely inelastic or indepen—
dent of the solar array price. The manufacturing cost of the solar

arrays is specified as input by the user.

The country is divided into seven market regions and the total annual
demand in each region is specified as input by the user. The total
annual demand is assumed to be constant in each region.

Marketing costs are assumed to vary for different types of customers.
Customers are described completely by their location and average order
size in megawatts. The model allows for a maximum of three types of
customers or products. The total demand for each customer type in each
region is specified as input by the user along with the average order
quantity for each customer type. '

Regional sales offices are assumed to be located in every region where
the demand is greater than zero. Marketing costs vary with customer
location, but are assumed to be independent of the factory location.
The distribution medel, however, computes the cost of warehousing and
delivering the product to the customer. Following is a list of input
variables for the marketing model:

The following input data must be specified by the user:

AOQi = Average order quantity for customer type i
{in megawatts per order)

fori= 1, 2, and 3.

dij = Total annual demand in Region j by customers of type 1
(in megawatts per year)

“fori= 1, 2; and 3

and 4= 1, 2, vesy and 7

P = SAMICS Ma'nufacturing Price for Solar Arrays
{manufacturing year dollars/watt)
t . = Manufacturing Year
IT-1
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The manufacturing year is the steady-state year for which the marketing

costs are computed.

Given this input data, the model computes the total annual marketing
cost in each region. The total cost consists of the following com-
ponents:

Marketing Expenses Model Symbol
Salaries and Benefits
) Direct personnel ' DSC j
. Indirect personnel CIs;
Sales Expenses SEC j

[ Office supplies
. Travel and entertainment
™ Communications

Office Facilities Costs OFC .
. Office rental J
- Utilities
™ Maintenance
. Other expenses (property tax and insurance)

Advertising Expenses SAC j
® Product A
e Prcduct B
) Preduct C

Exhibit II-1 shows the model personnel organization structure for the
region sales and marketing office. Persomnel are divided into three
categories:

] Salesman
. Direct Support Personnel
e Indirect Support Personnel

The number of salesman reguired is determined by the total demand and
average order size separately for each customer type.

The number of direct support personnel is determined by the number of
salesman and average order size for each type of customer recognizing
that different classes of customers have different support require—
ments. These include:

Field Engineers

Market Research Analysts

Technical Writers

Commercial Artists ‘ S
Technical Illustrators

Advertising Salesman

II-2




PERSONNEL: ORGANIZATION CHART

Regional Sales And Marketiﬁg Office

Regional
Vice President
Sales And Marketing

Sales And
Marketing
Office Staff
Manager Manager
Sales ' B Manager Manager ' Marketing
Engineer : Sales Advertising Research
o _ Market
Technical Field Technical | Cammercial Advertising Research
Illustrator Engineer; Writer Artist - _Salesman Analyst
Salesman Salesman Salesman
Household Intermediate Central
Products - Commercial Power
Prducts Stations

T-II JTArYXE
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The number of indirect support personnel are computed from the number
of salesman and direct support personnel using an indirect require-
ments matrix.

The total annual sales cost is the sum of direct and indirect com-
penentse

DSC; = Total Annual Direct Sales Cost in Region j
(manufacturing year dollars)

ISC; = Total Annual Indirect Sales Cost in Region j
{manufacturing year dollars)

The direct sales costs consist of salaries and benefits for the
salesman and direct support perszonnel.

The indirect sales costs consist of:

Indirect Sales Support Personnel Cost
Office Facilities Cost

Sales Expenses

Advertising Expenses

Following is a description of the parameters and underlying assumptions
for the medel equations to compute these costs.

Direct Sales Requirements

The primary determinant of selling requirements is the average order
guantity per customer expressed in megawatts per order. Sales require-—
ments are implicitly assumed to vary for different types of customers.
It is assumed that this variation can be modeled through the average
order size.

1. Average Order Quantity

A0Q; = Average order quantity in megawatts for customer type i.

Note: This is specified as input by the user and is not
necessarily the same as the physical delivery
quantity or the total sales contract which may
extend over several years, It is defined as the
total sales contract for one year.

2, Salesman Productivity Assumptions

The first step in determining how many salesmen are required for
a particular procduct-market scenario is to identify the number
of orders an individual salesman can obtain per vear at various
levels of AOQ. Clearly, when the order quantity is small, less
sales effort will be devoted to each order and each salesman
will be expected to cbtain more orders then if the order size
were larger. At the same time, at larger values of AOQ the
overall productivity of each salesman will be greater.

I1-3
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The basic assumptions used for computing salesman productivity
are outlined below. The assumptions are predicated on the sales
requirements for an established product. Although the photo-
voltaics industry is far from established today, this is con-
sistent with the SAMICS steady-state assumption.

To simplify the analysis, the interaction between advertising
and salesman productivity is not modeled explicitly. That is,
productivity is assumed to be independent of advertising. The
impact of advertising is extremely difficult to model even for
established products and is beyond the scope of this model,

The user could test different relationships by varying the
advertising expense rates and the salesman productivity ratesg

for different types of customers. However, the usefulness of
such results is dubious. )

The specific productivity assumptions are as follows:

At very low levels of AXQ (one kilowatt per order) it is assumed
that the order~taking ability of salesmen will be comparable to
that of account representatives for industrial products firms,
nemely that each salesman can make an average of 1750 calls per
year and obtain one order for every 3.5 calls, Hence, for an
average order quantity of .001 MW, each salesman averages 500
orders per year.

It is further assumed that at the level of 10 MW rer oxder and
above, approximately one salesman is required for every order
obtained. Through linear interpolation an equation is thus
designed to yield the value for any level of 200,

ACD OPS WS
Average Orders egawatt
Order Quantity Per Salesman Sales Per
{MW) : (Orders/YR Salesman (MW/YR)
.000 — 0.00 .00
.001 © 500.00 .50
.010 51.00 .51
.100 5.90 .59
1.000 - 1.45 .45 -
10.000 and above 1.00 10.00 or more

Note:

The size of a typical residential wnit could range from 1 kilowatt
(-001 MW) to 10 kilowatts (0.010 MW
- For. example, 1 kilowatt would
while 10 kilowatts would be r
hold's electrical needs.

The intermediate points in this table
- points on a_piece_wise linear function.

114

b i it i s DL Ll e e e a e L

are interpolations, not break- _

) depending upon the application.
provide electricity for a water heater
equired to supply all of the house-

e e e At kA L ..Ah.m_u....,.._....,,_.a.u-m..-_-..‘......-;...nm..ﬂ‘
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4,

5.

Thus, the productivity relationships imoly that a salesman could
sell 500 solar water heating units in a year or 50 larger house-
hold electrical units. '

Solar units of 10 MW or more would be purchased by public or ,
private utilities for central power stations. Based on experience
with the utility industry, a single salesman can typically make
one large sale per year.

Annual Megéwatt Sales Per Salesman
Assuming a piece-wise linear relationship between annual megawatt
sales per salesman and the average order quantity per custcomer,
the following equations correspond to the data Presented in the fable
above,
MAWS = Annual megawatt sales per salesman to customer type 1
('500%200 for 0 200 < .001 £
MAS  =1%.4999 + ,9501*ACQ for 0.001 A0Q < 10.000
AQ for AQ) ?/, 10.000
The coefficients are expressed to 4 decimal digits so that substi-
tution will yield the results presented in the table., They do not
reflect the degree of accuracy of the linear productivity assumptions.
Size Of The Sales Force
The number of salesmen required is computed separately for each
type of customer based on the total anmnual demand and the salesmen
productivity ratio. The total annual demand in each region and
the average demand per customer are assumed to be Known and con-
stant over time for each customer type.
d;; = Total annual demand in Region j by customers of type i
J
(MW/Year) . _
SRij = Total number of salesman required in Region 4 for customers
of type i
SR-j_j = dij
VIS 1
Salesman Support Index
Direct sales support personnel include:
e Field Engineers
® Market Research Analysts
e Technical Writers
e Comvercial Artists
® Technical Illustrators.
®

Advertising Salesman

II-5
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The amount of direit SUppOEt per salesperson ig assumed to depend
on the type of customalj:-.as': follows:

R Yo%) SSIT
y ' Average | Salesman
. . Order Support
. Quantity (MW) Index
| 0.000 0.00
i : .001 J 0.10
o 1.000 0.19
10.000 | 1.00
i | 100.000 5.00 -
L

S5I = Salesman support index for customer Lype i

o 100*200; for 0<£ Aoy £ .001
R »0999 + .0900*20Q; For .001< g £ 10
, : SSL = .5556 + .0444%0Q; for ACQ > 10

"+ These equations correspond to the data presented in the table above
(assuming a piece-wise linear relationship). The coefficients are
expressed to 4 decimal digits so tha. the linear segments intepw
sect at the breakpoints., This does not indicate the degree Qf

accuracy in the estimates.)

" e ST P
e . ik o

The number of direct sales Support personnel require& is computed o
by multiplying the number of salesmen by the support index by a ‘ 1
requirement coefficient for each type of personnel. '

DSPJ. = Total direct sales support personnel required in Region j
6. 3 |

= 3 5 RO, * SSI. %SR..
k=1 1= © N
where
- Rck = Requirement coefficient for direct Support personnel of type k

| _ _ _ - II-e
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R ‘ i Annual " Reguirement
Index |- ' _ o " Cqupensatio@&-i “Coefficient

k. Description ,: ACK o ‘ RCE;

1 Field Engineer - : $26,400 . 2.0

2 | Commercial Avtist - 12,320 - .1

3 Market Research Analyst _ 25,200 .4

4 . Technical Illustrator - 18,900 2

5 Technical Writer 18,900 o2

6 Advertising Salesman 17,500 wl

*Bxpressed in 1977 dollars.

1

The requirement coefficients indicate the number of direct sup-
poet personnel required per salesman when the salesman support
index is one. This corresponds to an average order guantity per
customer of 10 MW. It is assumed that'the sales support required
for customers of this sizs is eguivalent to that for a small
public utility.

Total Direct Salés Personnel Cost -

1l

DSCj Total direct sales cost in Region j

(in manufacturing year dollars)

3 n
2_ SRyj ¥CS; *1; *(1tg )
i=1 .
6 3 " n
<. T Rey *SSI; *1: *SR;: *AC, *{ltgw)
+ Y - i Py
ksl i=1 % 1 T3 TRE K B
This can be expressed more simply as:

]

3 &
DSC = E SR ij *(CSi +SSI._;_ ®: ﬁ RCk. *Ack)]
i=] k=1

n
*
_ * lj (l+q@

Labor cost index in Region j

Labor cost inflation rate

(Manufacturing Year)-(Base Price Year)

Annual compensation rate for direct sales personnel type k
. (Base Price Year $/Year) _ S

Annual compensation rate for salesman type i (Base Price
Year $/Year) '

nuwgn

Standard values to be used for these.paéameters are presented in
Appendix B, '

I1-7
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Indirect Sales Requirements

1. Inéi];ect Sales Support Persomnel Sgbmodel - -

Indirect sales support persomnel are assumed to include the following:

Regional Vice President Sales and Marketing
Manager, Advertising :

Manager, Marketing Research

Manager, Sales :

Manager, Sales Engineering

Secretary T  (lower management:)

Secretary II (middle management)

Secretary IIT (upper management),

[}

The nimber required is deteminedf—romfhe number of salesmen and

direct sales staff following the lins-staff relationships indicated
on-the organizatjon chart and the indirect requirements matrix as

follows: . :
ISP = Total indirect sales su rf persomnel (a vector) -tequifed-: in
Reqion 3 5 : - s .
= D+R D+R (R D) +R3p+, _,
where
R = Indirect perscnnel ¥equirements matrix

D Direct personnel requirements vector for Region j
The indirect requirements matrix coefificients are presented in’
Appendix B. L

The compensation rates for all indirect sales support personnel are
also given in Appendix B to b& used for computing indirect personnel
costs. ' T ‘

CISj Annual indirect sdles personnel cost in Regioh j

(in manufacturing year dollars)

' n
= &, (I8P5; * salary;) * 1; * (1+gp)

2. Office Facilities Cost Submodel

Office facility coste include:

Office rental

Utilities

Maintenance

Other expenses (property tax and insurance)

DEfice rental consists of the buildings, furniture ; fixtures, and
equipment. The amount of space required is determined by the
mumber of people. The equations for Sales Office Facility Costs
are presented belcw. Standard values to be used for each of the
parameters are given in Appc:-:-&déx B. : :

|
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0s.

; Sales office size in Recion 3. (square meters)

{DSp; # 18Py J*SEP -

itom

W

where
Spp

1

mount bf office space per éerson «j:sqt_seare meters/persch).

The total .annual office facilty uh st ih Region j Are -computed
- £fom the following ‘relationships, TR ,

al:

. Total annual -office facility wosts in Region 3
. (Manufacturing Year Dollars)-

L = Och’FrOUCj*"OMCj,-{- CDCJ

- e o ORC 5 % Office Rental Expense in Region j.

" (Manufacturing Year $/¥ear)’ - oo
OUCJ’«":-.- Office Utilities Expense if Regioh. 3 - e
" (Manufacturing Year §/¥ear)” S
j= Office Maihtehahce Ezpense ifi Regidn §.
tManifadturing Year $/Year)
: , OC)C:l = Other Offite Expenses in Regiom
b {Manufacturing Year $/¥ear) :

o - s ot

jaj
. [n} 3
r.} Do o

; .
a o @ ]

o R Note that the ameunt & office space per persen had heen expresssd
i _ ,-'as a constant For &ll types of perdonnel. Actuslly, ¢ifferent pefs

‘sonpel feduirer aiffie¥ent amounts :of space; However, these dif-
; ferences are not important.® For the purposes of this model, an
2 o o - average figure will provide @ good enough westiiate of the wfFfidce
~'Space dbecause ‘the persomnel mix remaifis homogeneous gt gl Tevels
of sales. .

® Office Rental Expense ‘BubmodeT

- . = B 7 ‘ A% g bt

- whers .' . - g .
- - by = Facilities Cost Index for Region J

08 = Bales Office Size in Region j

) Kol0S3) = -Office Facﬂiﬁ;i.es Capital Cost Function
K.D . = Office Facilities Tease Rate

g 'H = Facilities Inflation Rate (%/yeat)

- no = (Manufacturing Year) - (Base Price Year)

fole]
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e Office Utilities Expense Submodel

! . n
CUCj = Uy */5*055 *(lwg E)

Where )
U i = Utilities Cost Inder for Region §

A, = Office Utilities Cost Rate

{$/square meter)

ch = 'Sales Office Size in Fagion 7
{square meters)
9 = Ufilities Inflation Rate (%/year) i
n = (Manufactuting Year) - (Base Price Year}
.’7-) 3

. Cffice Maintenance Expense Submodel

= ikl | % - 1y 123
OMCj ?ml::j K, (osj}. ‘gl%gH)

where
m = Office Maintenance Cost Rate -
(% of Capital Cost)

bj . ¥ Fatilities Capital Cpst Index for Region j: ..
K {8 51 = @ffice Facilities Ca"pitgﬂ Los€ Funetion
g . 5 Facilifies Tnflation Rate (%/year)

C\ o
n = (Manufaeturing Year) « (Base Brice Year)

Note: Althouglr mainfenance tosts are more labor intensive than capital
costs, it is assumed that fhe total maintenance requirement dex
Berds on the vapital cost of the ©ffice facilities, Capital
¢osts include faterials, ¢onstruction labor, and architectural
and engifeering design fees. Purthermore s office maintenance
represents a relatively small portion of the total sales LOffice
facilities-cost. oThus, the office mainfenance expense is not
gdjustéd by the labor fost ipdex for differences in tegional
dabor costs or by the Tabor tost iBfiation rate.

e  Other'Office .éjxpenses_‘submo&e]_.

S O0E = Bl ogr - Y do g 3 T
: ooc;ﬁ_- {2 +1)) B;* % (Qsj) "-Q;L,-A!:g,Hi o
where : l ",7 )
f = iﬁ’rﬁjﬁgmﬁy- Tax Rate o by o ©
(% of Capital Gost) D

'_\_.l = Insurance Rafe
(%o of Gapital Gost)

TI-10
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3.

Sales Expense Submodel

Sales expenses include:

e Office supplies
e Travel and entertainment
a Commanications

- These expenses are assumed to vary with the type of customer and

are computed as a function oFf the direct cost of salesmen.

SEC; = Annual Sales Expense Cost in Region j |
(Manufacturing Year Dollars) b
3 : n

]

§1 SAE; %SRygj *CS; ¥1; *(ltgp)

where

SAE; = Sales Expense Rate associated with the salesmen who sell to
Customer Type i

Mvertising Expenses Submodel

Bince this:i<a supply side model, the intent of the advertising ex-
penses submodel is to prescribe a reasonable estimate of the advertising
budget ¢athef than o model the cptimal advertising budget., The impact
of advertising is extremely difficult to model even for established
Products and is beyond the scope of this model.

Thus, the size of the advertising budget is computed as a function of _
the cost of the product For each customer type. This allows the user
to specify different advertising rates for different types of customers.
The submodel is expressed symbolically as follows: ..
SAC. = Annual Advertising Cost in Region j

1 (Mamufacturing Year Dollars)

3 .
6 '
«:Z ADE, ¥*p %43, * 10 :
i=] 1 1]
where : _ o o
ADE; &= Advertising Rate (% of Manufacturing Price)
for Customer Type i

P = BSAMICS Manufacturing Price for Solar Arrays |

(Manufacturing Year $/watt)

dij - = Annual Demand in Region 3 by all cmtome._rs of type &

(megawattsdyear) .

106 = Conversion Factor (watts/megawatt)

II-11
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5.

Stardard values to be used for the advertising rate, ADEjy are
given in Appendix B. The standard rates vary inversely with
the cost of the product. That is, the advertising budget rate
for small residential customers is higher than for large cen-
tral power station customers.

The following rules of thumb were used to establish the standard
values:

Firms typically allocate between 1% and 2% of sales to adver—
tising, Of course this varies among industries. The percentage
was nearly 5% for tobacco companies and .7% for food retailers
in 1977.

Total Indirect Sales Costs

The total annual indirect sales costs are computed as the sum of
indirect sales personnel, office facility, sales expense, and
advertising costs in Region j.

ISC:\ = Total Indirect Sales Cost in Region j
(in manufacturing vear dollars)

= CIS, +0OFC, -+SEC, +SAC.
J J J J

where
CISJ- = Annual indirect sales personnel cost in Region j
(manufacturing year dollars}

OFC; = Annual Office Facility Costs in Region j
{manufacturing year dollars)

SEC. = Annual Sales Expense Cost in Region j
J (manufacturing year dollars)

SAC: = Annual Advertising Cost in Region J
(manufacturing year dollars)

IT-12
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A. General Description IrI-1 :1
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ITI.

DISTRIBUTICN MODEL

A,

General Description

This section presents the solar array distribution model assumptions
and equations. Standard values to be used for the medel parameters are
given in Appendix C. Test case calculations and results are preszented
in Section V.

The purpose of the distribution model is to compute the cost of distri-
buting solar arrays from the manufacturing plant to the final customer.

To do this, the country is divided into seven geographic areas with one
regional warehouse distribution center in each area. Exhibit III-1 gives
the location of the distribution centers.

The model assumes a single factory whose regional location is specified
by the user., Multiple factory locations can be modeled by restricting
the distribution demand and making separate runs for each factory.

For a given manufacturing factory the distribution demand is specified as
input. The demand is described in total megawatts per year in each Region
j by customer type i, (d;;}, and in megawatts per shipment by custcamer type
i, (g;). The model allows for a maximum of three types of customers and
seven distribution regions.

For each combination of customer type and distribution region, there are
two distribution alternatives:

) Direct shipments from the factory to the custamer.

s Transshipments from the factory through a regional warehouse to the
customer.

The model computes the least cost distribution alternative for each type
of customer in each region based on their assumed demand. Thus, some
regions may have warehouses and others may not. Furthermore, scme
customers in a region may be supplied directly from the factory and others
from a local warehouse. _

The size of the regional warehouses is optimized by computing the economic
warehouse order quantity based on their assumed demand. This balances
the number of shipments with the size of the warehouse. Transportation
costs are reduced by having larger warehouses requiring fewer shipments.
However, warehouse coperating and inventory holding costs are higher. The
problem is to compute the warehouse order quantities for each customer

to minimize the total anmual distribution cost. :

oI-1
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REGIONAL WAREHOUSE DISTRIBUTION CENTERS

Region Geographic Distribution
Area Center

I West Coast Ios Angeles
iI Rocky Mountain Phoenix
IIT North Central Qnaha |

IAT2 Great Lakes Spr_ingfie_ld
v North Edsterh Syrécuse

VI South Bastern Atlanta

VIT South Central Dallas

Exhibit II1-1
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- Distribution costs consist of the following componentss

Distribution Expenses

. Salaries and benefits =
[ Transportation costs
. Warehouse facility costs
- Building lease .
- Utilities
- Other expenses
™ _Invéntory carrying charges

Transportation costs vary with weight rather than volume. For a g_iven

‘weight, the model determines the Ieast cost transportation mode.

Exhibit TIT-2 illustrates the relationship between cost, mode, and ship~

ment weight. Transportation costs are assumed to depend only on distance
and weight and are indepetident of the geographic relationship between the
origin and destination. '

It is assumed that the manufacturer has a f£inished gocds warehouse at the
factory and that the associated costs are part of the manufacturing price.

The warehouse inventory model for the regional distribution centers assumes
uniform, deterministic demand over time. Penalty costs for stockouts are
assumed to be sufficiently high so that stockouts are not allowed. This
implies that the warehouse must be large enough to supply all demand on
time. Furthermore, there are no manufacturing price discounts for large
order quantities, although the distribution price is lower. R

The distribution model requires the following input data from the user:

Input Data
v = PBolar array volume
(cubic meters/megawatt)
W = ©BSolar array weight
(kilograms/megawatt)
bty = Manufacturing year
P = SAMICS Manufacturing Price for solar arrays
- (manufacturing year dollars/watt) '
k = Factory Location Region
9y = Bverage delivery quantity for customers of type i
3 {megawatts/shipment) Ny

fori= 1, 2, and 3_

Ir-2
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Exhibit 11-2

FACTORY-CUSTOMER TRANSPORTATION COSTS
From Region k to Region j

Build factory in Region j
Cost /
C .
kj o
()
I
!
1
1
1
t R
: o
1 .
]
Rail — :
E
7 ‘ t
. : 1
I
: :
[ ! ;
1 1 5
Truck ! i
: :
I 1
I !
: ;
! i
Air = ! ;
I
I 1
Transportafion mode selected i
o : - : i !
o - mm Y¢S P SO Truckec-mcmom e ———— o EE Rail--vn.
1 1
- ! :
: '
! i
r- Quantity shipped
L g*w (kilograms)
The numerical details of this function depend on the average distance between

k and j and the weight of the product shipment,




ey

d ij = Annual demand in Region j by all customers of type i

{(megawatts/year)
for i= 1, 2, and 3 o
and j= 1; 2, 3;.4.,7
¥ij =. Average distance from the warehouse to the délivery location

for customer type i in Region j (kilometers)

From this input, the model computes the total annual distribution cost for
each region. This corresponds to the least cost combination of direct
shipments and warehouse transshipments and the economic warehouse size.

Cutput

* 0 if customers of type i in Region j are supplied directly from
£:: = the factory

1 if customers of type i in Region j are supplied from a warehouse
in Region 4

*
P ; = Optimal warehouse size in Region j
: (square meters): '
% _
Qj = Optimal warehouse order quantity in Region j
(megawatts/shipment)
* .
Total cost = ICy;(Q ;) + DCy;
where _ _
Dckj = Annual Distribution Cost in Region j for custamers supplied
directly from the factory in Region k
(manufacturing year dollars)
* . o -

IC kj (Qj) = Annual Distribution Cost in Region j for customers supplied
from a regional warehouse in Region j with transshipments from
the factory in Region k
(manufacturing year dollars)

The optimal warehouse order quantity, O i *) is detemmined by varying the order
quantity parametrically (over a broad range), computing the corresponding ware—
~ house size and distribution costs for each quantity, and selecting the quantity
which yields the lowest annual distribution cost. fThis is repeated for all
possible combinations of direct and indirect shipments, X i3 « The optimal
value X ;5 * is the combination which yields the lowest totdl cost. The corre—
sponding ‘warehouse order quantity is the optimal value, Qs ®, :

Following is a 'description of the parameters and underlying assumptions for
the model equations to compute these. costs, _ . :

1
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B.

Direct Factory - Custcmer Shipments

If there is a warehouse in Region j (that is, if Xij = 1), all deliveries

to customers of type i in Region j go thru the warehouse., All other cus-
tomers (that is, if X = 0) are supplied directly from the factory.

The cost of supplying customers directly from the factory is given by
the following relationship:

n
DG = L dig* (1-X55 )¥C (2,55 ) (Lg )
i=1 d;
wherea
Dckj = Annual distribution cost in Region j for customers supplied

directly from the factory in Region k
(in Manufacturing Year Dollars/year)

Annual demand in Region j by all customers of type i
(megawatts/year)

0 if customers of type i in Region j are supplied directly
from the factory

1 if customers of type i in Region j are supplied from a
warehouse in Region j

T .1sportation inflation rate

{(Manufacturing Year) - (Base Price Year)

Average delivery quantity for customers of type i

(megawatts/delivery)

Solar array weight (kg/megawatt)

Average shipment weight to customers of type i
(kilograms/delivery)

q *w

Average shipping distance from Region k to Region j (kilometers)

Interregional transportation cost as a function of the ship-
ment weicht, Z, and distance, s,.. This is a table lock-up
function presented in Appendix éq The transportation mode is
optimized by quantity ordered, but regional geography is not
considered.

IIi-4

.
B A L T N T TS T T VPR

e o s e




C.

Factory-Warehouse Transshipments

The cost of supplying demand in Region j from a regional warehouse is
composed of three parts:

. Factory-Warehouse Transportation Cost

The cost of tramsporting the product in bulk from the factory in
Region k to the warehouse in Region j. This is a function of the
distance and the economic shipment quantity and includes the cost of
processing the order. - ' :

™ Warehousing Coéts

This consists of inventory carrying costs, warehouse cperating costs, .

and warehouse capital costs.

] Delivery Costs

This is the cost of distributing individual units from the warehouse
to the customers. '

" Given the total demand in Region j 'by each type of custower, d ij  the

£irst two cost functions must be optimized to determine the economic
warehouse order quantity. This balances the number of shipments with

the size of the warehouse. It is assumed that the penalty cost. associated
with stockouts is sufficiently high that stockouts are not allowed. (This
would likely be the case, for example, if the customer — not merely the
sale — were lost if the product could be delivered on time.)

The annual demands, dii the average delivery quantities, g;, and the
solar array weight, w, are input variables whose values are specified
by the user. : :

The interregional shipping distances and the transportation cost function
are standard data whose values are listed in Appendixz C. The cost func-
tion is a piecewise linear function of the quantity shipped and the dis-

. tance traveled. Xj; is a decision variable whose value is determined to

minimize total annual distribution costs. This determines which customers
are supplied from the factory and which are supplied from a regional

- warehouse. _ _ R _
' Iij" (Qj) = Total annual distribution cost for' Region j warehouse
_ transshipments from the factory in Region k as a func~
tion of the warehouse order quantity Qj (in Manufacturing
Year Dollars) o ' C
D= om L (Q) +W, (Q) +I,
o K ! __J).-_ i _(QJ) ]
Tkj (Q-j) = Annual transportation cost for shipments from the factory

" in Region k to the warehouse in Region j as a function of
the order quantity 'Q-j “(in Manufacturing Year Dollars} =

11I~-5
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o At bT

v o 7

W; (Qj )

Lj

1.

2.

Annual warehousing cost in Region j {in Manufacturing
-Year Dollars)

= Annual delivery cost in Region j (in Manufacturing Year
Dollars)

Factory-Warehouse Transportation Cost
3

T (Q3) =

where
Q

ClQ5*W,Sy4)

I

n

L 35 "y

i=] 5 [OP + C (Qj * Wy Skj)] (l-i'g']_’)n
i

Factory Warehouse Shipment Quantity in Region j (megawatts)

- Annual demand by all customers of type i in Region j
(megawatts/vear)

0 if customers of type i in Region j are supplied
directly from the factory
=31 if custamers of type i in Region j are supplied
from a warehouse in Region j
= Order processing cost ($/shipment)
= Solar array weight (kilograms/megawatt)

= Average shipping distance from Region k to Region j
(kilometers)

= . Interregional transportation cost as a function of
the shiprent weight and distance

= Transportation Inflation Rate

= (Mainufacturing Year) ~ (Base Price Year)

Warehouse Costs

Wi (Q;)

cc (Qj )

oc;(Q;)

IC; (Q))

il

Annual warehousing cost in Region j as = function of
the order quantity Qj (in manufacturing year dollars)

= CC{Qf) + OG;(Qy) + IG (Q;)

= Amual inventory carrying cost as a function of the
warehouse order quantity in Region j (in manufacturing
year dollars)

= Annual warehouse cperating cost in Region j as a func-
tion of the order quantity, Qj{ in manufacturing year
dollars)

= Annual warehouse leasing cost in Region j as a func-
tion of the warehouse order quantity Q5 {in manufac-
turing year dollars)

1.6
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Inventory Carrying Cost
: 6
CCIQ) = (Q/2) *p*. &% 107  ($/year)
where
Qj = Factory-warehcuse shipment quantity in Region j _
Note: (Qj/Z) = Average inventory level assuming
zere safety stock and uniform demand
over time. Given a deterministic .
demand, this assumption minimizes the
warehouse costs. . 3
P = SAMICS manufacturing price for Solar Arrays ($/watt) |
' i.e., the unit value of inventory in manufacturing ]
year dollars : 4
£ = Annual inventory carrying charge as & % of unit value
106 = Conversion factor (watts/megawatt)
Warehouse Operating Cost - !
Operating costs include personnel, utilities, maintenance, 3
property tax, and insurance en the building and equipment. . e i
. L) . 2, . . . ;
OCJ (QJ) PCJ + Ut:’J + XCJ + SCJ + MCJ i
PCj = Persommel Cost = 1 *B(E )*(ligp)"> |
. .' - S oay a . - /* ‘* ..* : I ;
uc i Utilities Cost W QJ E'J (l+gJE) |
. o= = L0 ke *R (P )* . . & ~ o ?
XC; = Property Tax Cost ,fé, le "R (R )% (igy) by Ky (R ) (LigyP |
‘ :
SCy = Insurange Cost = W*[ej *k {F5)¥(14g j )+bj*Kb(F_}-)(l+gH)n] i
. . [ n A
MCr = i © m¥le. ¥ LIOET N ¥ . '
HCj = Maintemance Cost » m¥[e; K, (F) ) (L4g;) b %5, (F ) (L4gyy ] §
where :
1 j = ILabor Cost Index for Region 4
9B - = Labor Inflation Rate (%’/jrear)
us; = Utility Cost indéx for Region j
‘g E = 'Ut'ilities Inflation Rate (3/vear)
e'j = Pquipment Cost Index for Region j
g =" Equipment Inflation Rate (l%/'year)'
b = Building Cost Index for Region j
g __ ' = Facilities Inflation Rate (%/year)
H. :

I1-7
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,ﬁ w = Property Tax Rate
B

/gw = Utility Cost Rate ($/square meter/year) .

(% of capital cost/year)
w = Insurance Rate (% of capital cost/year)
m = Maintenance Cost Rate (% of capital cost/year)

F. = Warehouse size in Region j as a function of the warehouse
J order quantity (square meters)

Note: This is a piece-wise linear function of the order size, Q ¢
and is derived in Appendix C.

P(F;) = Persomnnel Cost Function ($/year) inclides both wages
and benefits

K e{Fj) = HEguipment Capital Cost Function
Kb(Fj) = Building Capital Cost Punction
i = (Manufacturing Year) - (Base Price Year)

Warehouse Size

The size of the regional warehouses is a function of the edonomic or
optimal factory-warehouse order quantityy OF; ; the physical volume
of the solar array modules, §, and the warehouse space u¥ilization
factor,%X. This is a piece~wise linear function of Q and is derived
in Appendix C. _

Fj = Warehouse size in Region j (Square meters)

F? = = *V*Q-j (Table look-up function of Q )

where ' : |

Q = Factory-warehouse shipment quantity in Region j (megawatis)
v = -Solar fér:ray volume (cubic meters/megawatt)
©< = Warehouse space utilization factor

The utilization factor adjusts for the stacking height and the
amount of space yequired for circulation and offices. A standard _

..value for this parameter is derived in Appendix C.

Warehouse Leasing Cost

Annual warehouse leasing cgsts are computed separately for plant

and equipment based on the economic Iives and the lessor's rate of
retumm.

I‘Ci (Q.) = Annual warchouse leasing cost in Region 7 as a func~
J tion of the warehouse order guantity Qj -

{I1-8
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c, {0) = B'B*K..ewj Ye, (g p ) + ¥ *K(E ¥ *(l+g o3

J

e, = Hquipment Cost Index

,bj = Building Cost Index

2{ = Annval lease Rate for Equipment

& (fraction of capital ecst/year)

gj = Baquipment Inflation Rate (%/year)

n = (Manufacturing Year} = (Base Price Year)

b’b = Annual lease Rate for Building
(fraction of capital cost/year)

gy = .Facilities Inflation Rate (%/yeax)

E. = Warehouse size in Region j (square meters} as a function

3 of the order quantity Q ' -

K (F j) = PFquipment Capital Cost Function

Building and Land Capital Cost Function

i

Customer '?,Tjgliyery Costs

Based on an analysis of local freight carriage costs in different
vegions of the U.5.; transportation costs from the warehouse to the
customers can be minimized when the company wwns and operates a fleet
of delivery trucks. The costs of owning and operating g-delivery
truck are divided into fixed and variable components. Fixed costs
include drivers' wages and benefitsy vehitle capifal charges, depre=
ciation, and insurance. Variable dosts peﬁ%‘fkilm\eter consist ‘of
das, oil, and maintenance. The following are formulas ~for Zeomputing
these costs and the fleet size required.
'y
L. = Total Annual Local or Intraregional Belivery Costs jm ‘Region 3
1 {in manufacturing year dollarsy i -
; n T a [

-

= [TR % EC+ VG * KM (149 )

TK = Vehicle Fleet Si;.e;. :if{-tgéhidles ) | o

FC = Annual Fized Cost perivehicle {$/vehiclg-yeat) |
V& = Variable Operating Cost per vehicle-—}éilomgter gﬁﬂ;ildneters)
KM = Total distance traveled (kilometers/year}? by__ _agtlf've'hioles-

g = Transportation Inflation Rate (%/year)

‘1= (Menufacturing Yesx) ~ (Base Price Year)

IIL-9
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The fleet size and total distance traveled are given by the following
relationships:

Fleet Size Submodel O

The number of regional delivery trucks required is camputed by dividing
the total travel distance by the vehicle distance capacity,

TR = RM ({rounded up to an integer value)
MC

Travel Distance Submodel

The total travei distance by all delivery trucks in a given region is
camputed as follows:

o

KM = Total Distance Traveled by all vehicles
(kilometers/year)

= (# Tours) * (Distance per tour)

= (# Customers) ¥ (Distance per tour)
{#Customers/Tour)

# Customers = g j *X s j

a.
-

WC R o
# Customers/Tour = q.*w

WC
Distance/Tour = ¥y ® (q : *w) + ¥i

KM = é A43%% 34 (i*w 1+ _WC Yy
i= gy T WC q*w

3
KM = 3 ii;;*xij'(l*?'gim * vij
if custorers of type i in Region J are supplied directly
xij from the factory :

if customers of type i in Region j are supplied from a
warehouse in Region j

WC = Vehicle Load Capacity (kilograms/shipment)
w = OB5olar Array Weight (kilcgrams/me_gawatt)

¥ij = Averagé distance from the waréhouse to the delivery location
for customer, type i (kilometers) in Region j

III-10




The average delivery distance, y;; , is specified as input by the
user and can be used to mcdel diferrences in the custamer location
distribution between regions and/or types of customers. A constant

value of 50 kilcmeters for all regions and custcmers was used for
the test case presented in Section V.

Appendix C contains standard values for the fixed cost ¢ variable

operating cost, distance -capacity, and load capacity for medium
sized trucks,

III-11
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General Description

Proj ected Income Statéments

Revenue

Cost of Goods Sold
Gross Profit
Distribution Expense

- Marketing Expense

Net Profit Before Tax
Income Tax
Net Profit After Tax

Solar Array Price Estimates

FINANCIAL, MODEL
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General Description

The financial model of the firm consists of the equations used to compute
sales revenues, taxes, and profit based on the marketing and distribution
eXpenses.

The model parameters are expressed in the standard financial statement
temms to facilitate the preparation of projected income statements for
each region.

The inputs include the demand distribution hy region, the manufacturing
price, the effective income tax rate, and the net after tax profit margin.
With this data and the marketing and distribution costs, projected income
statements and solar array price estimates are produced.

The income statements are generated for a steady-state manufacturing year.
The solar array prices (expressed in dollars per peak watt) are computed
by dividing the annual array sales revenues by the demand. The price
estimates include all manufacturing, marketing, and distribution expenses
as well as a reasonable profit margin. The profit margin is a model para—
meter whose standard value is preseftted in Appendix A.

For camparisons with the JPL project price goals which are stated in 1975
dollars, a price level adjustment is made to deflate the prices to 1975
base year dollars.

Following is a more detailed description of the model parameters and equa-
tions.

Projected Income Statements

Exhibit IV-1 shows the income statement accounts for SELLCO, the hypothe-
tical solar array sales and distribution company.

The costs and revenues on this statement are expressed in manufacturing year
dollars.

The cost of goods sold is computed from the SAMICS manufacturing price and
the demand distribution. These are specified as inputs by the model user.

Following are the financial model equations defining each of the income
statement variables.

P
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SELLCO

Exhibit IV-1

SOLAR ARRAY SALES AND DISTRIBUTION COMPANY

INCOME STATEMENT FOR ‘THE YEAR ENDING

Sales:

tiousehold products
Cameroial products
Central power stations

Matal sales

Cost of goods solds
Household products
Commarcial products
Central power stations

Total cost
Gross profit
Eypenses:

Distribution (Schedule A)
Marketing (Schaedule B)

Total expenses

Net profit before tax
Net incone tax

Net profit after tax

Schedule A

Distribution expenses:
Salaries and benefits
Teansportation
Warchouse facilities:

Laase
Utilities _
~Qther expenses:

Total wavehouse expenses

- Inventory carrying charges

Motal distreibution expanses

.

Schedule B

Marketing expenses:
Salaries and benefits
Sales expenses
Office facllities:

Leage
Utilities
. Maintenance -
- Other expenses

Total office expenses

' Aﬁﬁéi*fiéing

Total marketing expenses

4
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PRECEDING PAGE BLANK NOT FUMELD

EAE
o
Lo Revenue
1 REV. = Total Annual Revenue in Region j

o ] (manufacturing year dollars)

i E
e rl = (l_’r’ [CGSJ + TDXj + TMXJ ] ]
o E L --2
= where

GS. = Total AnnualCost of Goods Sold in Region j

(manufacturing year dollars)

Tij = Total Annual Distribution Expense in Region j
(manufacturing year dollars)

%‘ _ K. = Total Annual Marketing Expense in Region j
‘ i} .
; (manufacturing year dollars)
?’ A’ = Effective Income Tax Rate
: A = Net Profit Margin Rate
L
) . Cost of Goods Sold
- [
f 0GS. = ‘Total Annual Cost of Goods Sold in Region j
J (manufacturing year dollars)
3 6
= ;z di.j * P * 10

i=1 :
: _ where :
' |- dy; = Annual Demandin Region j by all customers of type i o
] ’ (megawatts/year) %

5 l P = SAMICS Manufacturing Price for Solar Arrays
' (manufacturing year dollars/watt)

E _ Gross Profit

Total Annual Gross Profit in Region j
’ : ] (manufacturing year dollars)

:

5 I = Rav; - 0GS;

Distribution Expense

5 TDX , Total Annual Distribution Expense in Region J
~ J (manufacturing year dollars)

|
e E]
I

i




C K = Annual Distribution Cost in Region j for customers supplied
i : directly from the factory in Region k '
- (manufacturing year dollars)

, IC Kj (Qj ) = Mnnual Distribution Cost in Region j for customers supplied
R _ _ from a regional warehouse in Region j with transshipments
o from the factory in Region k

(manufacturing year dollars)

(megawatts/shipment)

. o © Marketing Expense

a2 : K ; = Total Annual Marketing Expense in Region j
}) (manufacturing year dollars)
c = DSC; + ISCj
e _ where : _

DSC; - = Total Annual Direct Sales Cost in Region j
y (manufacturing vear dollars)

o R I8C; Total Annual Indirect Sales Cost in Region j

|
|
|
1
j
!
:
F
|
]
3
%

s *

e Qj = Optimal warehouse order quantity in Region j ' ' -'
!
;
;
1
|
|
1
!
|
‘!

(manufacturing year dollars) 1’

- Net Profit Bef_ore Tax

T I S T T ST T .

| NEB. = Net Profit Bafore Income Taxes in Region j
. 3 J (manufacturing year dollars) _
é, § NPB; = GROj - TDXj - TMX; |
Income Tayx .
- o TAXj = Total Annual Income Tax Expense in Region j
T (manufacturing year dollars) _ L
mx; = T * nes;
J J A
_ where o _ : . -
L. L = Effective Income Tax Rate : B ' ' D

NPB; = WNet Profit Before Taxes in Region j

- o ' ' V-3
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-

o

C.

di; = Total Annual Demand for product i in Region J
i = Deflator
1976 -~ t
= (1 + i) m
t ., = Steady-State Manufacturing Year
i = Deflation Rate

Net Profit After Tax

NPA = Net Profit After Income Tax in Region j
(manufacturing year dollars)
= NPBB j - TAXj
= /‘ * .
REVJ

where

il

After Tax Profit Margin
(Fraction of Total Revenues)

Solar Array Price Estimates

The solar array prices expressed in dollars per peak watt are computed
separately for each customer product. The annual array sales revenues
are divided by the demand.

The prices include the manufacturing cost, marketing expense, distribu-
tion expense, income tax, and profit.

SAP,. = Solar Array Price for Custamer Type i in Region j
J (1975 dollars/watt)

6 _
= REVi; * € * 10 -
43
where
REVj; = Total Annual Sales Revenues for product i in Region j
{(manufacturing year dollars)

The standard value for the deflation rate is presented in Appendix A.
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V. TEST CASE

Test Case Input Data

1. Supply Side Description
2. Demand Side Description

Marketing Model Results

1. Sales and Marketing Personnel Requirements

2. Sales and Marketing Expense Summary
3. Solar Array Marketing Costs Per Watt

Distribution Model Results

1. Distribution Network Configuration

2. Distribution Expense Summary
3. Solar Array Distribution Costs Per Watt

E‘inancial Model Results

1. SELLCO Projected Income Statements
2. 5Bolar Array Price Estimates '
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V.

TEST CASE

A. Test Case Input Data

1.

-
It

o
1]

Supply Side Description

Production level =
Manufacturing year =
Manufacturing price =

Deflation multiplier =
Solar array weight =
Array dimensions - =
Packaged in wood crates

Array volume (packaged) =
Array performance =

Bfficiency =

500 Mi/year
1986
$.50 (1975 dollars)
$.959/watt (1986 dollars)
.5214
55 lb/array = 24.948 kg/arrxay

14.6 £t2x 2 in thick = 1.36m x 5.09 cm

8 ft¥/array = .2265 m¥array
1le0 watts/array
11.8%

' MODEL JNPUT PARAMETERS

<
|

Factory location

tm ' Manufacturing year

Solar array unit Weight
Solar array unit volume

Solar array unit price

155,925 kg/mw

1415.805 m3/r:1w

$.959 /watt
1986 dollars

It

= Region II: Phoenix
Rocky Mountain
Region

= 1986

T T
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2. Demand Side Description

Average Order Average Deliveryl Total Number Numbexr
Quantity Quantity Demand Of Of
BOQ; d; Dy Orders Deliveries
i Customer Type {MW) {MW) {MW) Per Year Per Year
1l | Residential .01 .01 200 (40%) | 20,000 20,000
Household
2 | Commercial :
Intermediate .50 <50 100 (20%) 200 200
3 | Public Utility
Central Station 50.00 5.00 200 (40%) 4 40
' d..
Customer 1
Type Customer Demand Distribution (MW/YR) Total
Market i Residential Commercial Public Utility Annual
Region Household Intermediate Central Station Demand
i 1 2 3 (M)
I West Coast 50.0 25.0 50.0 125.0
IT Rocky Mountain 60.0 30.0 50.0 140.0
IIT North Central 10.0 5.0 - 0.0 15.0
IV Great Lakes 10.0 5.0 0.0 i5.0
V  North Eastern 20.0 10.0 50.0 80,0
VI South Eastern 10.0 5.0 0.0 15.0
VII South Central 40.0 20.0 50,0 110.0
Total 200.0 100.0 200.0 500.0

T
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B. Marketing Model Results

l. Sales and Marketing Personnel Requirements

: . Direct Sales Indirect Sales | Total Sales
Market Region Salesman Support Staff Support Staff Perscnnel
I. West Coast 125 50 60 235
II. Rocky Mountain iSG 58 | 72 280
ITI. North Central 25 18 1 44
IV. Great Lakes 25 8 11 44
V. North'Eastern 50 25 26 101
VI. BSouth Eastern 25 | 8 1i 44
VII. South Central 100 41 49 190
211 Regions 500 198 240 938
(53%) (213} {26%) (100%)
V-3
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2. Sales and Marketing Expense Summary®

Salaries Office “Total i

and ‘Bales Facilities | - Advertising{ Marketing |

Market Regicn Expenses Expenses Expenses | ' Expenses BExpenses |

i |
I. West Coast $11,600,665 |$1,144,634 $357,015 $1,246,700 } $14,349,014
II. Rocky Mountain| 13,585,452 | 1,350,541 380,565 1,486,450 - 16,803,008
_ IIT, North Central 1,996,253 206,411 69,525 239,756 2,511,939
IV. Great Lakes 2,285,647 236,333 66,169 239,750 2,827,899
. V. North Eastern 4,603,451 426,200 168,483 527,450 5,725,584
VI. BSouth Eastern 1,689,135 174,657 62,261 239,750 2,165,803
VII. South Central 8,011,289 781,629 255,357 1,006,950 10,055,225
All Regions $43,771,892 |$4,320,405 | $1,359,375 | $4,986,800 | $54,438,472

*Expenses are expressed in 1986 (manufacturing year) dollars.
|
-

!

A

= 1

’ |
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3. Sclar Array Marketing Costs Per Watt

Customer i
Matket i Residential Commercial Public Utility ALl
Region: Household Intermediate Central Station . {ustomers
I  West Coast $.1004 $.0174 $.0136 $.0599
II Rocky Mounkain .0994 .0708 .0135 -0626
M IIT North Central .0966 .0687 - .0873
IV Great Lakes .1086 0776 - .0983
V  North Eastern 0895 .0634 .0112 .0373
VI South Eastern .0834 .0590 - 0753 |,
b VII South Central .0862 .0611 -0114 0477 {f]
i : o o 3
ALl Regians $.0955" $.0679 $.0124 $.0568 )
- e
“Expressed in 1975 $/watt.
V-5
. \7)
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C. Distribution Model Results

l. Distribution Network Configuration

Delivery
Warehouse Average Truck Warehouse
Factory-Warehouse | Size (Square | Enventory Fleet Personnel
Region Shipping Mode Meters) Level (MW) Size Level
I West Coast Raii 353,95 «50 4 2
IT Rocky Mountain Direct Shipping - - 6 0
EIT North Central Rail 70.79 .10 1 2
IV Great Lakes Rail 70.79 .10 1 2 :
V  North Eastern Rail 141.58 .20 T 2 2
VI South Eastern Rail 70.79 .10 1 2
VII South Central Rail 283.16 40 4 2
L All Regions 991,06 1.40 19 12
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2. Distribution Expense Summary®

Customer
Market i Residential Commereial Public Utility All
Region Household Intermediate Central Station Customers
X 1 2 3
I st Coast $1,296,406 §432,523 $865,050 $2,593,979
II Rocky Mountain 127,947 63,974 106,623 208,544
ITT North Central 665,811 | 283,217 0 949,028
IV Great Lekes 852,920 75,104 0 1,228,024
V  North Eastern 2,145,472 974,241 4,871,208 7,990,921
VI South Eastern 944,205 409,328 0 1,353,533
VII South CEntral 2,127,709 £91,423 2,228,558 5,247,690
E All Regions $8,160,470 $3,429;810 58,071,439 $1,966,719
5 |
| *Expenses are expressed in 1986 (manufacturing year) dollars.
|
|
|
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3. Solar Array Distribution Costs Per Watt

Qustomer
Market i Residential Commercial Public Utility All
Region Household Intermediate Central Station Customers
i 1 2 3
I West (wast $.0135 $.0090 $.0090 $,0108
II Rocky Mountain .0011 .0011 .0011 .0011
ITE North Central .0347 .0295 - .0330
IV Great Lakes .0445 .0391 - .0427
V  North Eastern .0559 .0508 .0508 0521
VI South Eastern .0492 .0427 - .0470
VII South Central 0277 .0232 0232 0249
A1l Regions $.0213 $.0179 $.0210 $.0205

*Expressed in 1986 (manufacturing year) dollars.:

o
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Statements for the vear ending December 31, 1986

Lol Sellco Projected Income

: —Total Cost OF Net Profit Fet Profit
Cok , Sales Gocds Gross Before Income After
e i Regiqn_' Rev_enues Sold Profit Expenses Tax Tax Tax
| I ﬁgst Coast 191,545,190 | 119,875,000 71,670,190 | 16,942,993 | 54,727,197 27,910,870 | 26,816,327
i_ IT Rocky Mountain 211,906,173 | 134,260,000 | 77,646,173 | 17,101,552 60,544,621 | 30,877,757 | 29,666,864
| IIT North Central 24,984,354 | 14,385,000 | 10,599,354 | 3,460,967 7,138,387 3,640,577 | 3,497,810
| IV Great Lakes 25,817,292 14,385,000 1_1-,432,292 4,055,923| 7,376,369| 3,761,948 | 3,614,421

<|;_] V  Torth Eastern | 126,51;,107 76,620,000 | 49,891,107 | 13,716,505 | 36,174,602 18,449,047 | 17,725,555
P v South Eastern 25,066,070 | 14,385,000 | 10,681,070 | 3,519,336 7,161,734| 3,652,484 | 3,509,250
VII South Central | 169,110,081 | 105,490,000 63,620,031 15,302,915 48,317,166 | 24,641,755 | 23,675,411
Overall Regions | 775,0'40,267 479,500,000 | 295,540,267 | 74,100,191 221,440,076 112,934,438 | 108,505,638

o i e b Ak
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2. Solar Array Price Estimates

(1975 $Matt)

o ad
,-\._.x

Customer
Type
Market i Residential Conmercial Public Utility all
Region Household Intermediate Central Station Customers
i 1 2 3
I West Coast $.8595 $.8127 $.7316 $.7990
II Rocky Mountain .8408 8007 .7204 .7892
ITT North Central .8839 .8376 - .8685
IV Great Lakes .0144 .8634 - .8974
V  North Eastern .9036 .8599 .7869 8252
Vi South Eastern .3857 .8424 - .8713
VII South Central -8595 .8180 . 7486 .8016
All Regions $.8636 $.8201 $.7469 $.8082
V10
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APPENDIX A

Gensral Model Data

MARKETING AMD DISTRIBUTION GECGRAPHIC REGIONS
REGIONAL MARKETING AND DISTRIBUTION CENTERS
INFLATICN RATES

RAGIONAL COST INDICES

FINANCIAL, PARAMETERS

A

A2




MARKETING AND DISTRIBUTION GEOGRAPHIC REGIONS




2

REGICNAL MARKETING AND DISTRIBUTION CENTERS

MARKETING AND

REGION GECGRAPHIC AREA DISTRIBUTION CENTER
I West Coast Los Angeles
II Rocky Mountain Pheoenix
II1 North Central Omaha
v Great lakes Springfield
v North Eastern Syracuse
Vi Scuth Eastern Atlanta
ViI South Central Dallas

A-2
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INFLATION RATES

o CODE INFLATTION CLASS MEASURE RATE
| A Raw materials Crude materials price index 11%
a B Labor Manufacturing labor 8%
: : c Chemicals Industrial chemicals 13%
: U Commodities Producer f£inished goods 8%
¥ B Energy & Utilities | Electric power 12%
G Land Springfield Real Estate 4%
H Facilities Factory and commerical buildings 9%
I Construction Construction and contract labor 8%
J Equipment. Machinery and equipment 7%
F Resources Natural resources 15%
T Transportation | Transportation 7%
i

T L L. " Ty U J P S L

Sources: (a)

(b)
{c)

Survey of current business statistics (1967
by the U.S. Department of Commerce.

Bureau of Labor Statistics.

Springfield Illinois Chamber of lommerce.

= 100) published
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REGICNAL, COST INDICES

Enerqy
and
Labor |Utilities |Facilities |Construction | Equipment

I West Coast 1.103 1.320 1.062 1.062 1.062
IT Rocky Mountain 1.088 .820 969 .969 .969
ITI North Central 1.014 .900 1.052 1.052 1.052
IV Great Lakes 1.161 .900 1.000 1.000 1.000
V  North Eastern .998 1.300 1.114 1.114 1.114
VI South Eastern .858 .950 .038 .938 .938
VII South Central .937 1.200 927 927 927
National Average 1.000 1,000 1.041 1.041 1.041

Sources: Forbes, Business Week, Bureau of Labor Statistics, Data Resource Institute,
National Bureau of Economic Research, Business School Professional, Engineering
News Record, Census of Wholesale Trade, Caifornia Bureau of Labor Statistics,
and Site Selection Handbook.
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FINANCIAL PARAMETERS

Effective income tax rate = 51z -

Financial leverage = Total Capital =
Total Bquity

annual return on equity = 21%

Deflation Rate = 6%

After Tax Profit Margin = 14%

1.20

P
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APPENDIX B
MARKETING MODEL DATA

SALESMAN PRODUCTIVITY AND SUPPORY INDICES
DIRECT SALES PERSONNEL COMPENSATION RATES
INDIRECT SALES SUPPORT STAFF RELATTCONSHIES
INDIRECT SALES PERSONNEL COMPENSATION RATES

SALES OFFICE FACILITIES COST PARAMETERS

SALES AND ADVERTISING EXPENSE PARAMETERS

B-3
B-4
B-5

B-6




I

SALESMAN PRODUCTIVITY AND SUPPORT INDICES

Average
Ordexr
Quantity

(157) ACQ

Megawatt
Sales Per
Salesman
w(hﬁbﬁﬁn MWS

Salesman
Support
Index
58T

001 .
010
+100
1.000
10.000
100.000

150
|51
59
1.45
10.00
95.51

.lm '.
.101
.109
.190
1.000
5.000

B-1
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DIRECT SALES PERSCNNEL, COMPENSATION RATES
- - Salesman , o
' - =TT Annual
Index Compensation®
- i Description ol o 083 ol
1 | Salesmag, Household Products $18,060
2 Salesman, Intermediate Commercial Products $24,000
. 3 Salesman, Central Power Stations 531,920
N
N
[ K _ Direct Sales Support Persomnel . . s
b T Requirewent | Bondal
Index Coefficient Compensatlon* o
. k Description RC 1c ACr . . %
i . R
3 1 Field Engineer 2.0 $26,400
2 Commercial Artist A $12,320
| 3 Market Research Analyst | . 4 £25,200
‘k 4 Technical Tllustrator 2 $18,900
- 5 Technical Writer 2 518,900
o 6 Avertising Salesman .1 $17,500
- *lepensatlon rates include al) wages and benef;e,ts, are éxpressed in 1977 doJ,la:s
per year, and based on nat:l.onmde averages. i
52 ©
l;'_'“
i
- B2
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one Secretary ¥ (Lower Managementy: s

o

required for

B3

»
INDIRECT SarES SUPPORT S?%FF RELATTONSHIPS*
. -
o Tndirect Staff Required By Staff oy i)
% Secretary I (Tower Management) Saleé‘man, Household Products 9 1
b- . Salesman, Intermediate Commexcial 6 1
) - Salesman, Central Power Stations | 4 1
| . Market Research analyst 4 1
¢ Salesman, Advertising 4 1
Seapetary IT (Middle Management) Manager, Sales Engineering 2 1
Manager, Sales 2 K
4 Manager, Advertising 2 1
s + Manager, Market Research 2 1
Secretary TIT £ Upper Management) | Regicnal Vice President,
1 Sales and Marketing 1 1
D -, o = _
Manager; Advertising * ‘Commercial Artist 9 =1
Salesman. Advertising 6 1
Manager, Marketing Research Marketing Research Analyst 6 1
’ Manager, Sales Salesman, Househola;} Products 9 1
¢ Salesman, Intermediate Commerecial 6 1
‘-‘ Salesman, Central Station 4 1
- Manager, Sales Engineering. 1 Field Engineer Q i
b _ _ ' . - Technical Writer 9 1
. _ Technical Illustrator ‘9 1
| ice President, Sales and
© Marketing, -~ & Manager, Sales 4 1
— 1 Manager, Sales Engineerin 4 1
Et o ' Manager:, Advertising ' 4 1 |
e Manager, Marketing Research 4 1 |
) @ j (U ) N e L. - . 5 . ) I‘
r“ [ [ T =T T T T— Pl B THe = = RS = o N =
E;*ii‘ is %®he numbers of "Indirect Btaff’ for Di of the "Required by Staff". For ex le,

it

‘ - i
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INDIRECT SARLES PERSCNNEL COMPENSATION RATES

Job Title

Annual Corpensation
{Wages + Benefits)

(1977 $/Year)}

Vice President, Sales and Marketing
Manager, Sales Engineering

Manager, Sales |

Manager, Advertising

Manager, Marketing Research

Market Research Analyst
Technical Tllustrator
Commercial Artist
Technical Writer

Field Engineer
Saleaman, Advertising

Saleeman, Household Products
Salesman, Intermediate Comnercial Products

Salesman, Central Power Stations

Secretary I (Lower Management)
Secretary II {Middle Management)

Secretary TII (Upper Management)

$59,800

$38,400

$38,400

$38,400

$38,400

$25,200
$18,900
$12,320
$18,900
$26,400

$17,500

$18,060
$24,000
$31,920

$13,650
$14,560
$15,890

B-4
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SALES OFFICE FACILITILS COST PARAMETERS

Amount of office space per person

(square meters/person)

Office Facilities Iease Rate

(% of capital cost)

Office Utilities Cost Rate

(1977 $/square meter)

Office Maintenance Cost Rate

(% of capital cost)

Property Tax Rate
(% of capital cost)

Insurance Rate
(% of capital cost)

12.45

12.6%

It

$1.20

= 1.0%

= 4.0%

1.0%

SALES OFFICE CAPITAL COST FUNCIION

s e

Sales Office Size

Total Office Capital Cost

{Square Meters) (1977 &)
s Ka(S)

0 < s £ 185 K (S) = 366.49*%S
185 < s £ 218 K (S) = 28412.90 + 212.90%S
218 < s £ 32 Ko(S) = 5382.98 +  295.74%G
372 £ s é_ 557 K(S) = 21696.22 + 251.89*S
551 s £ 1115 Ky(8) = 3284.95 + 284.95%S
1115 £ s K (S) = 24781.24 +  265.67%S

B-5
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SALES AND ADVERTISING EXPENSE PARAMETERS

0=
FES

: Avorage Order Sales
Customer/Product Quality Range Expense Advertising
Type 004 Rate Cost Rate

i (Megawatts/Order) SAE; ADE
~ 1., Small Household Products 0.00~ .05 20% 2.0%
2. Intermediate Commercial Products 0.05-1.00 25% 1.0%
i
3. lLarge Central Pcwer Stations . 1.00-500 30% 0.1%

B-G




APPENDIX C

DISTRIBUTION MCDEL DATA

INTERREGICNAL SHIPPING DISTANCES

INTERREGICNAL TRANSPORTATION COST FUNCTION

INTRAREGIONAL: TRANSPORTATICN COSTS

WAREHOUSE COST PARAMETER STANDARD VALUES

Warehouse Space Utilization Factor
Building Capital Cost Function
Equipment Capital Cost Function
Warehouse Personnel Cost
Maintenance Cost Rate

Utility Cost Rate

Insurance Rate

Property Tax Rate

Equipment Lease Rate

Building Lease Rate

Inventory Carrying Charge Rate

C-3

C-4

C-5
C-5
C-6
C-6
C-8
C-8
c-9
C-9
C-10
C-10
C-10

P
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TABLE C-1
INTERREGTICNAL SHIPPING DISTANCES
(Kilometers)
Destination i it IiT v v VI VIL
- Region West Rocky North Great - North South South
Origin Coast Mountain Central Lakes Easterm FPFastern Central
Region Los Angeles Phoenix Cmaha Springfield Syracuse Atlanta Dallas
I West Coast — 640 2788 3057 4344 3540 2293
Los Angeles ' :
II Rocky Mountain 640 — 2100 . 2782 3585 3036 1652
- Phoenix '
III North Central | 2788 2100 —_— 644 1770 1609 1064
Cmatha
IV Great Lakes 3057 2782 644 e 1287 965 1207
Springfield :
V North Eastern | 4344 3595 1770 1287 e — 1529 2414
___Syracuse : '
VI South Eastern 3540 3036 1609 965 1528 — 1287
Atlanta
VII South Central 2293 1652 1064 1207 2414 1287
" Dpallas _

=
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TABLE C-2
INTERREGIONAL TRANSPORTATION COST FUNCTION

8]
B

Weight Class Transportation Freigh‘t Charge Rate
(Xilograms) Mode (1977 $ Per 100 Kilograms)
Less than 225 Truck 20.8400 + .01845*s |
225 to 450 Truck 16.3100 + .01986*3 :
450 +to 900 Truck 13.3400 + .01951%s '
900 to 2250 Truck 11.4800 + .01774%S é
2250 to 4500 Truck 7.0790 + .01845%3
4500 to 10800 Truck 5.8020 + .01880%*s
10800 to 18000 Tirruck 5.4320 + .01135*s
18000 +to 36000 Rail 0.7440 + .00918*s
More than 36000 Rail 0.0192 + ,00940%s :

Where S = Shipping distance in kilometers

*Rail rates have been adjusted to include delivery to and from the train depot

and to reflect differen

ces between rail distance and road distance.

freight charges represent door—-to-door transportation costs.

Thus, the

R SN AR "

e am




TABLE C-3

INTRARRGIONAL TRANSPORTATION COSTS*

Followmg is a list of delivery cost paramaters for a medium duty conventional
truck. A medium duty truck with a capaclty of 80,000 kg was selected for the
base case since it is capable of carrying a load of 500 kw of solar collectors.
This wouuld correspond approximately to 50 res1dent1al customers or to one
commereial customer.

¢ Vehicle Distance Capacity

Assuming 250 days per year and 320 kilometers per day
MC = 75,000 kilometers/vehicle-year

» Vehicle Lozd Capacity

WC = 80,000 kilograms/delivery

e Annual Fixed Cost Per Vehicle

Purchase cost, net 512,500

Capital recovery (5 year life, 20% salvage) ' 52,000
Annual interest (@ 10.5%, A =_1.2) 219
Annual return on equity (21%, A = 1.2) 2,188
Tax on equity 2,188
Where , = Financial = Total Capital -

' Leverage Equity Capital 56,595

Present value of tax savirigs $484
Assuming accelerated depreciation at 18.37%

Annual amortization of tax saving {156)

Net capital cost o : $6,439

. Insurance : _ 2,000

Driver's wages and benefits o 15,600

FC = Amual Fixed Cost pel. Vehlcle = $24,039

® Variable Operating Cost Per Vehicle Filoweter |
Gas

0il and maintenance : c © - $.075/kilometer
- ' .'020/kilcmeter"

VC = Variable Operating Cost = $.095/kilometer

per vehicle kilcmeter
*All costs are expressed in 1977 dollars per year.
=3
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WAREHOUSE COST PARAMETERS STANDARD VALUES

Warehouse space utilization factor = .25
Building capital cost function (Table C-4)

Equipment capital cost function (Table C-5)

Personnel cost function (Table C~6)

Maintenance cost rate = 1%/year
(% of capital cost/year)

Warehouse utilities cost rate = $1.20/square meter/year

Property tax rate = 4%/vear
(% of capital cost/year)

Insurance rate = 1%/year
(% of capital cost/year)

Equipment lease rate = .25/vear
{fraction of capital cost/year)

Building lease rate = .l126/vear
(fraction of capital cost/year)

Inventory carrying charge rate = 37.75%/year

T P T T S T Ty




TN

Warehouse Space Utilization Factor

The warehouse space utilization factor is used to compute the total amount

of warehouse space required, based on the maximum inventory quantity and
the physical volume of the solar array units.

The multiplier includes the stacking height and allows for circulation and
office areas. ‘the standard value is based on the following assumptions:

— The inventory is stacked on pallets five meters high.

= A single factory shipment occupies 80% of the total warehouse area. -
This is the maximum inventory level with no space for safety stock.
The remaining 20% of the warehouse is occupied by aisles, office
areas, and restrooms.

R

Warehouse space utilization factor

100% 1 square meter of warehouse floor)
80% 5 cubic meters of product

=  .25/meter

Building Capital Cost Function

The capital cost for construction of a warehouse depends on the size and
location of the facility., A TBgA engineering cost analysis yvielded the
following average 1977 warehouse contruction costs for Springfield, Illinois.

Warehouse Size Average Construction Cost®
(Square Meters) (8/square meter)
250 245,96
1000 233.58
2500 - 3 221.21
25000 181.92

*Expressed in 1977 dollars for Springfield, Illinois in Region Iv.

These point estimates were used to develop a piecewise linear function to

compute building capital costs. The relationships, tabulated on the following
page were adjusted to include land costs. Since land costs vary considerably
from one location to another and do not represent a major portion of the total
cost, a simplifying assumption was made. The cost of land is taken to be 10%

of the total warehouse cost. This value may actually range from 5% to 18%
depending on the location.

To account for regional differences in construction costs, the cost relations
should be adjusted using the regional construction cost index.

C-5
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- the quantity required for different warehouse sizes.

TARLE C-4
BUILDING CAPITAL COST FUNCTION

Warehouse Size ¥ Total Land And Building Cost
(Square Meters) {1977 $)
0<r L 250 Ky (F) = 0.00 + 245.96 *F
250 < F é 1000 R (F) =  4126.70 + 220.45 *p
1000 £ F £ 2500 K (F) = 20616.75 + 212.96 *F
2500 £ F | K (F) = 109140.00 + 177.55 *F

Bquipment Capital Cost Function

Warehouse equipment consists of forktrucks, conﬁreyors, lifts ,' carts r Pallets,

and other materials handling equipment. 'The cost of items are approximated
as a function of the size of the warehouse. The following table gives the
approximated capital cost relationships. The function yields economies of
scale (that is, decreasing costs per square meter) for larger warehouses.
The raticnale for this phenomena is that larger warehouses are able to sub—
stitute capital for labor making automated equipment more aconamically,

TABLE C-5
Warehouse Size F Equipment Capital Cost
(Square Meters) (1977 8) '
0 F é 1000 K (F) = | 26*F
Woo < F g 2500 R (F) = 5000 + 21*F
2500 < F - K (F) = 10000 + 19*F

Warehouse Personnel Cost 7

The number of warechouse perscnnel required per square meter of space varies -

with the size of the warehouse. This reflects the assutption that larger
warehouses will operate more efficiently and hence require fewer pecple
pPer square meter. The following tables indicate the type of personnel and

C-6
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Percent OFf
Personnel Total Amnmual
Description Personnel Cost®
Warehouse Supervisor 10% $21.,450
Forklift Operator 50% 11,000
Inventory Clerk 20% 13,510
Material Handler 20% 16,800
Total weighted average 100% 13,707

*The anmual cost for persomnel includes both wages and benefits and is

based on a nationwide survey.

appropriate labor cost index to reflect regional conditions.

The costs should be multiplied by the

Persconnel
Warehouse Size Total Per 1000
{Square Meters) Personnel Scquare Metery
1 2
2000 2 1.00
5000 4 .80
10000 7 .70
15000 10 67
25000 15 .60

The annual cost for personnel includes both wages and benefits based on a
nationwide survey., The amounts are expressed in 1977 dollars and should

be multiplied by the appropriate labor cost index to reflect regional

conditions. The following table presents equations (corresponding to the
above table) for computirg the annual personnel cost as a function of the

warehouse size.

Cc-7
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TARLE C-6
PERSONNEL COST FUNCTION

Warehouse Size Annual Personnel Cost _

0 < F < 2000 B(F) = 27,414 {
2000 < F £ 5000 P(F) = 9,138  + 9.1380*F
5000 £ F £ 15000 B(F) = 13,707  + 8.2242*F
15000 £ F P(F) = 34,267.50 + 6.8535%F

F = Warehouse size (square meters)

Il

P(F) Anmal warehouse persomnel cost (1977 $/year)

Maintenance Cost Rate

Maintenance costs for a warehouse can be aporoximated as a percent of the
capital cost of the building and equipment. '

m = Maintenance Cost Rate (% of capital cost/year)
= 1%/year

Utility Cost Rate

—a g

.
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For a warchouse the major utility expense is the electric power cost. Hence,
only electricity costs are computed directly. Other utility expenses
(telephone, water, sewage disposal, fuel oil, etc.) are assumed to be a
multiple of the total electricity cost. Since utility expenses are a small -
portion of the total warehouse operating cost, this simplifying assumption .
will not affect the end results significantly. Following are the assump—
tions for computing the annual utility cost rate per square meter of ware-
house space:

P T P M-MMM._A
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Electric Power Cost: .
+5 watts 1 square foot
Capacity = square foot ,0929 square meters

5.38 watts/square meter

365 days 24 hours’
40% year day

Demand =
= 3504 hours/year
Rate = $.0319/kilowatt-hour (in 1977 dollars)
Cost = 5.33(_3_5%)* ($.0319)
. 1000/

i $.60/square meter
Total Utility Cost:

A

/& 2 (electrig power cost) )

Wareshouse Utility Cost Rate.

|

W

= $.20/square meter/year

The"selectriciﬁr cost rate is from Springfield, Illinois in Region IT in 19%7.
The utility cost index must be used to obtain the cost For Other 2&gions, and
the utility inflation rate must be used to adjust for other years.

Insurance Rate

The cost of insuranceffor a warehouse is assumed to he 1% of the Originak
bock value of the warehouse building and equipment.

nn

Insurance Rate (% of capital cost)year)
1%/year -

Broperty Tax Rate

Property taxes are assumed to be 4% of the market value Qf the warehouse
building and equipment. o

£

The annual leasing cost for both the warehouse building and equipment is
computed to yield the lessor a gross return of 12.5% on the capital invest-
ment. The economic lives are assumed to be five years For equipment and

Property Tax Rate (% of capital dbst/year)
4%/year :

o

40 years for buildings.
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® Fouipmend Lease Rate

Y

8 = (i~g)
€ T ayn
_ B
where

5 = Salvage Value Fraction = 107 that is (1 -~ s) = Effective replacenent
cost (that is, purchase
price minus salvage value)

fraction of the purchase
#3 price

- = Fconomic Life = § years
i = Jessor's Rate of Return = 12,5%

g

e
® Building Iease Rate

«25

|

= (I-s)
1 = (1+i)
i

where
s
n
i

0
40 years
12.5%

nun

Xb = 126

© Inventory f;:alr:m_;il}f;;§ Charge Rate

Inventory earrying charges vepresent the gost of capital tied up in inven-
- tories, The model computes this cost hy multiplying the average inventory

x value by the carrying charge tate, 8. The standard value of A is somputed
as xollows: '

A" = Inventory Cafrying ‘Charge Rate
€ () ()
= N\ A E Ad-T

where
i = Lost of debt capital: = L105
L A <= Ievefage Fatio = Total capital = .2
- » Taotal, equity
= Rate of pefufn onwequity = .21
e T = Effective dnceme Tax Rate = .51

t) = Inveritory Insurance Rate & ()

The values Fisted akwve vield & = 37.75%
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APPENDIX D

TEST CASE CALCULATIONS.

1, MARKETING MODEL CALCULATICNS INDEX
2.  DISTRIBUTION MODEL CAI.CULATIONS INDEX

3.  FINANCIAL MODEL CALCULATIONS
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MARKETING MODEL CALCULATIONS
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Marketing Expense Summary (For All Products by Region)
Salaries and Benefits (By Product and Region)

Sales Expenses (By Product and Region)

Office Facilities Expenses (By Product and Region)
Advertising Expenses (By Product and Region)

Yotal Marketing Expenses (By Product and Regiion)
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Marketing Expense Summary
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Marketing Expense SummAry
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Sales and Marketing Persaimel Cost Summary
(By Personnel Category and Region)

Salesman Costs (By Product and Region)
Direct Sales Support Personnel Costs
Indirect Sales Support Personnel Costs

Sales and Marketing Personnel Summary
(By Peersonnel Category and Region)

Sales Force Size (By Product and Region)
Salesman Productivity and Support Indices

Direct Sales Support Personnel Requirements
(By Personnel Type and Regicn)

Indirect Sales Support Personnel Requirements
(By Personnel Type and Regiomn)

Sales and Merketing Office Facilities Expenses
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MARKETING EXPENSE SUMMARY*
(For All Products by Region)

Salaries Office Total
And Sales Facilities Advertising Marketing
Market Region Benefits Expenses Expenses Expenses Expenses

I West Coast $11,600,665 | $1,144,634 $357,015 | $1,246,700 $14,349,014
IT Rocky Mountain 13,585,452 1,350,541 380,565 1,486,450 16,803,008
III North Central 1,996,253 206,411 69,525 239,750 2,511,939
IV Great Lakes 2,285,647 236,333 66,169 238,750 2,827,899
V  North Eastern 4,603,451 426,200 168,483 527,450 5,7%5,584
VI South Eastern 1,689,135 174,657 62,261 239,750 2,165,803
VII South Central 8,011,289 781,629 255,357 1,006,950 10,055,225

All Regions $43,771,892 | $4,320,405 $1,359,375 | $4,986,800 $54,438,472

*Costs are expressed in 1986 fanufacturing year) gocllars,

D-3
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SALARTES AND BENEFTTSH
(By Product and Region)

Residential Intermediate| Central Total
Household Commercial Fower Balaries
Market Region Products Products Stations and Benefits
I West Coast $7,667,142 $2,765,895 | $1,167,628 $11,600,665
ITI Rocky Mountain 9,127,576 3,293,462 1,164,414 13,585,452
IIT North Central 1,466,447 529,806 0 1,996,253
IV Great Lakes 1,679,036 606,611 0 2,285,647
V  North Eastern 2,683,643 966,761, 853,047 4,063,451
VI South Eastern 1,240,838 448,297 0 1,689,135
VII Scuth Central 5,169,816 1,864,431 977,042 8,011,289
All Regions $29,034,498 $10,475,263 | $4,262,131 $43,771,892

*Expressed in 1986 (mamfactu
regional labor cost indices.

D4

ring year) dollars and adjusted by the
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SALES EXPENSES*
(By Product and Region)

i e

Residential Intermediate Central Total
Householad Commercial Power Advertising

Market Region Products Products Stationsg Expense
I West Coast $783,094 $339,547 $21,993 51,144,634
II Rocky Mountain 926,936 401,912 21,693 1,350,541
IIT North Central 143,984 62,427 0 206,411
IV Great Lakes 164,857 71,476 0 236,333
V  North Eastern 283,417 122,885 15,898 426,200
VI South Eastern 121,833 52,824 0 174,657
VII South Central 532,189 230,757 18.683 781,629

All Regions $2,956,310 $1,281,828 $82,267 $4,320,405

*Expressed in 1986 (manufacturing year) dollars.

supplies, travel and entertainment, and communication.

D-5
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OFFICE FACILITIES EXPENSES
(By Product and Region)

Residential Intermediate Central Total Office
Household Commercial Pewer Facilities
Market Products Products Stations Expense
I West Coast $214,178 $80,364 $62,473 $357,015
IT Rocky Mountain 235,165 88,238 57,162 380,565
III North Central 50,556 18,969 0 69,525
IV Great Lakes 48,116 18,053 0 66,169
V  BNorth Eastern 8l,185 30,461 56,837 168,483
VI South Eastern 45,274 16,987 0 62,261
VII South Central 146,770 55,072 53,515 255,357
All Regions $821,244 $308,144 $229,987 $1,359,375

*Expressed in 1986 (manufacturing year) dollars and adjusted by the regional
facilities cost indices.
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ADVERTISING EXPENSES*
(By Product and Region)

Residential Intermediate Central Total
Household Commercial Power Advertising
Market Region Products Products Stations Expense
I West Coast $959,000 $239,750 $47,950 $1,246,700
II Rocky Mountain 1,150,800 287,700 . 47,950 1,486,450
IIX North Central 191,800 47,950 0 238,750
IV Great Lakes 191,800 47,950 0 239,750
V  North Eastern 383,600 95,900 47,950 527,450
VI South Easterﬁ 191,800 47,950 0 239,750
VII South Central 767,200 191,800 47,950 1,006,950
All Regions $3,836,000 $959,000 $191,800 54,986,800

*Expressed in 1986 (manufacturing year) dollars.

D-7
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TOTAL MARKETING EXPENSES
(By Product and Region)

Residential Intermediate Central Total
Household Commercial Power Advertising

Market Region Products Products Stations Expense
I West Coast $9,263,414 $3,425,556 $1,300,044 |$14,349,014
II Rocky Mountain 11,440,477 4,071,312 1,291,219 16,803,008
I1I North Central 1,852,787 659,152 0 2,511,939
IV Great Lakes 2,083,809 744,090 0 2,827,899
VvV  North Eastern 3,431,845 1,216,007 1,077,732 5,725,584
V1 South Eastern 1,599,745 566,058 0 2,165,803
VII South Central 6,615,975 2,342,060 1,097,190 10,055,225
All Regions $36,648,052 $13,024,235 $4,766,185 | $54,438,472
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MARRETING EXPENSE SUMMARY*
(For Household Products by Region)

Salaries Office Total
Ang Sales Facilities Advertising Marketing
Benefits Expenses Expense Expenses Expenses
'%I West Coast $7,667,142 $783,094 $214,178 $959,000 $5,623,414
w; II Rocky Mountain 9,127,576 926,936 235,165 1,150,800 11,440,477
MIII North Central 1,466,447 143,984 50,556 1191,800 1,852,787
IV Great Lakes 1,679,036 164,857 48,116 191,800 2,083,809
-V North Eastern 2,683,643 283,417 81,185 383,600 3,431,845
' VI South Eastern 1,240,838 121,833 45,274 191,800 1,599,745
~ VII South Central 5,169,816 532,189 146,770 767,200 6,615,975
‘ A1l Regions $29,034,498 | $2,956,310 $821,244 $3,836,000 $36,648,052

*Expressed in 1986 (manufacturing year) dollars.
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MARKETING EXPENSE SUMMARY#® :
(For Intermediate Commercial Products by Region)

Salaries Office Total

And Sales Facilities Advertising Marketing

Market Region Benefits Expenses Expense Expenses Expenses

T est Coast $2,765,895 $339,547 $80,364 $239,750 $3,425,556
. II Rocky Mountain 3,293,462 401,812 88,238 287,700 4,071,312
:;111 North Central 529,806 62,427 18,969 47,950 659,152
IV Great ILakes 606,611 71,476 18,053 47,950 744,090
.-V North Fastern 966,761 122,885 30,461 95,900 1,216,007
5“v1 South Eastern 448,297 52,824 16,987 47,950 566,058
VII South Centyral 1,864,431 230,757 55,072 191,800 2,342,060
A1l Regions §10,475,263 | $1,281,828 | $308,144 $959,000 |$13,024,235

Ef *Expressed in 1986 (manufacturing year) dollars.
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MARKETING EXPENSE SUMMARY*

(For Central Power Station Products By Region)

. \%-5‘:,- To
\ o
H .. N ‘l,l

i

. *Expressed in 1986 (manufacturing year) dollars.

D-11

i Salaries Office Total
o ' and Sales Facilities 2dvertising Marketing
Market Region Benefits Expenses Expenses Expenses Expanses
I
ii I Vest Coast $1,167,628 $21,993 $62,473 $47,950 51,300,044
- IT PRocky Mountain 1,164,414 21,693 57,162 47,950 1,291,219
L. IIT North Central 0 0 0 0 0
ri IV Great ILakes 0 0 0 0 0
'V North Eastem 953,047 | 19,808 56,837 47,950 1,077,732
ié VI  South Eastern 0 0 0 0 0
B VII South Central 077,042 18,683 53,515 47,950 1,097,190
IR _
A1l Regions $4,262,131 $82,267 $229,987 $191,800 54,766,185




SALES AND MARKETING PERSONNEL COST SUMMARY*

(By Personnel Category and Region)

B Direct Sales indirect Sales Total Sales
Market Region Salesman Support Staff Support Staff Personnel
—1 I West Coast $5,346,964 $2,674,567 $3,579,134 $11,600,665
ITI Rocky Mountain 6,314,644 3,073,567 4,197,241 13,585,452
ITI North Central 969,632 405,687 620,934 1,996,253
IV  Great Lakes 1,110,200 464,500 710,947 2,285,647
i | v  North Eastern 1,974,954 1,222,062 1,406,435 4,603,451
i VI South Eastern 820,458 343,274 525,403 1,685,135
' vII south Central 3,646,254 1,897,294 2,467,741 8,011,289
l 
: A1l Regions $20,183,106 $10,080,951 $13,507,835 $43,771,892

=

PERa

La
)

*Costs are expressed in 1986 {manufacturing year) dollars and adjusted by the
regional labor cost indices.

banefits.

B-12

Compensation includes both salaries and

Y

. e e el bae s i

e



e£T-a

-

s U T - T T T - T - N 3
SALESMAN COSTS*
(By Product and Region)
Market
Region
Personne
Description West Rocky North Great North Sonth South
{Base Compensation) Coast Mountain Central Lakes Fastern Eastern Central
1977 Dollars I I1 ITY v v Vi VIt
Salesman, Household $3,915,472 $4,634,686 $719,922 $824,290 | $1,417,488| $609,165| $2,660,947
Products ($18,060)}
Salesman, Inter— 1,358,184 1,607,646 249,710 | 285,910 491,537 211,293 923,032
mediate Commercial
($24,000)
Salesman, Central 73,308 72,312 0 0 66;329 0 62,275
Power Stations
{$31,220)
Total Salesman Cost $5,346,964 | $6,314,644 $969,632 | $1,110,200 | $1,974,954| $820,458| $3,046,254

*Expressed in 1986 (manufacturing year)dollars/year and adjusted by the regicnal labor cost indices base
compensation includes both salary and benefits.
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DIRECT SALES SUPPORT. PERSONNEL, COSTS*
) Market | L
Region T
Personnel™ '
Description West Rocky North Great North South South
(Base Compensation) Coast Mountain Central | Lzkes Eastern Eastern Central i
1977 Dollars I I IIT | I v | w VIT i
Field Engineer $1,923,414 | $2,230,239 $291,751 $324,046 $878,820 1 $246,865 | $1,364,347 &
($26 1400) 1 . J
Commercial Artist 44,876 51,580 6,817 7,806 20 ,‘498' 52769 31,844
($12,320) o b
Market Research Analyst| 367,163 | 421,966 55,676 63,748 167,764 47.132 | 260,356
($25,200) i I . ; ¥
Technical Illustrator 137,685 158,257 20,880 23,906 62,931y 17,667 | 97,707 |
($18,900) < | ; o5 b
Technical Writer 137,685 158,257 | 20,886 23,906 62,931 17,667,) 97,907
{$18,900) | : .
R i1l f s
Advertising Salesman 63,744 | 73,268 9,683 11,088 29,118 § 8,194 45,233
($17,500) | | . AV S 2 °
Total Direct Sales : N o 4o b b ‘
Support Personnel Cost | $2,674,567 | $3,073,567 $405,687 | $464,500 ’$l,222,062_.‘ 35343,;274 151,897,294

*Expressed in 1986(manufacturing year)dollars/year and adjusted by the rxeqgional labor cost indices base
compensation includes both salary and benefits.
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INDIRECT SALES SUPPORT PERSCNNEL (OSTS*

Market
_ Region
Personne
Description West Rocky North Great North South South
(Base Compensation) Coast Mountain Central Lakes Eastern Eastern Central
1977 Dollars I IY IIT v Vv V1 VII
Regional Vice President $706,204 $827,702 $122,063| $139,758 $278,927 | $103,285 $487,353
($59,800)
Manager, Advertising 38,439 44,682 5,915 6,773 17,773 5,006 27,548
{$38,400)
Manager, Market Research 93,220 107,153 14,167 16,220 42,595 11,9856 66,171
($38,400)
Manager, Sales 1,309,224 1,545,313 236,700t 271,015 485,772 200,284 893,461
($38,400) i
Manager, Sales
Engineering 372,964 428,693 56,666 | 64,880 170,377 47,948 264,686 )
($38,400) )
Secretary I (Lower
Management) 527,539 620,739 93,547 107,109 201,052 79,155 361,702
{$13,650)
Secretary II (Middle .
Management) 343,891 403,023 59,438 68,056 135,824 50,295 237,320
($14,560)
Secretary III (Upper )
Management) 187,653 219,936 32,434 37,136 74,115 27,444 123,500
($15,890) :
;_-_'.‘ !.
S,
Total Indirect Sales * Vf
Support Personnel Costs [$3,579,134 | $4,197,241 $620,934 | $710,947 | $1,406,435 | $525,403 $2,467,741
*Expressed in 1986 (manufacturing year)dollars/year ard adjusted by the regional labor cost indices. Base
compensation inciudes both salary and benefits.,




SALES AND MARKETING PERSONNEL SUMMARY
(By Personnel Category and Region)

5
Direct Sales Indirect Sales | Wotal Sales
gi Market Region Salesman Support Staff Support Staff Perscnnel
'] I West Coast 125,036 49.563 60.375 234.974
. II Rocky Mountain 149.834 57.744 71.818 279.396
IIT North Central 24,799 8.178 11.346 44.413
IV Great Lakes 24,799 8.178 11.346 44,413
V  North Eastern 50.638 25.029 26.088 101.755
VI South Fastern 24.799 8.178 11.346 44.413
VII South Central 100,237 41.389 48.956 190.582
} All Regions 500.142 198.259 241,545 939,946
; [ (53%) (21%) (26%) {100%)
. .
D-16
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SALES FORCE SIZE

- (By Product and Region)
i -")j
b #
¢
1
i
. Custcmer Total Number Of Salesmen Reguired _
1 Type In Region j For Custcmer Type i (SRj ) C
| Market . i Residential Commercial Public Utility All
.| Region Household Intermediate | Central Station | Custcmers !
_;. 3 1 2 3 a
L3 |
| I West Coast 98.328 25.666 1.0415 125.036 i
!l II Rocky Mountain 117.9%4 30.795 1.0415 149.834
| III North Central 19.666 5.133 0.0000 24.799
|
| IV Great Lakes 19.666 5.133 0.0000 24.799
| v North Eastern 39.331 10.266 1.0415 50,638 |
VI South Eastern 19.666 5.133 0.0000 24,799 1
;!“- 3
i | VII South Central 78.662 20,533 1.0415 100.237 (
All Regions 393.313 102.663 4.1664 500.142 B
: |
3
|
C
%
o
i
&
“ 1
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SALESMAN PRODUCTLVITY AND SUPPORT INDICES

Number Of | Average Order| Megawatt Sales| Salesman Total
Customers Quantity Per Salesman | Support Salesmen
Custamer Bll Regiong A0Q; MWS3 Index For Customer
Tope i Per Year (M) (MW/YR) 5SI; |i In All Regions
1 Residential
Household 22,000 .01 50.850 .1008 393.313
2 Commercial
Intermediate 200 .50 1.948 .1449 102.663
3 Public Utility
Central Station 4 50.00 +960 48.0040 4.1606
All Regions 20,204 .025 40.408 .997 500.142
P o N \‘\. o - —N.u‘
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DIP®CT SALES SUPECRT PERSCNNEL REQUIREMENTS
(By Personnel Type and Region)
Perscnnel Total Direct
Type Market Sales Support
Market k Field Cammercial | Research Technical | Technical|{ Advertising Personnel
Region Engineer Artist Analyst | Illustrator| Writer Salesman In Region j
| 1 2 3 4 5 6 TSP
I West Coast 332,043 1.652 6.608 3.304 3.304 1.652 49.563
ITI Rocky Mountain 38.495 1,925 7.699 3.850 3.850 1.925 57.744
III North Central 5.452 «273 1.090 545 545 273 8.178
IV Great Lakes 5.452 «273 1.090 .545 545 273 8.178
v North Eastern 16.686 .834 3.337 1,669 1.669. .834 25,029
VI South fastern 5.452 273 1.090 545 .545 273 8.178
VII South Central 27.591 1.380 5.518 2.760 2.760 1.380 41.389
All Regions 132,171 6.610 26.432 13.218 13.218 6.610 198.259
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INDIRECT SALES SUPPORT PERSCHNEL REQUIREMENTS
(By Personnel Type and Region)
Market
Region West Rocky North Great North South South
Personnel 3 Coast Mountain Central Lakes Eastern Eastern Central All
Description 1 iT IIT v v VI VII Regions
Regional Vice President 5.356 6.364 1.007 1.007 2.338 1.007 4.351 21,430
Manager, Advertising .454 .535 .076 .076 .232 076 .383 1.832
Manager, Market Research 1.101 1.283 .182 182 556 .182 920 4.406
Manager, Sales 15.463 18.503 3.041 3.041 6.341 3.041 12.422 61.852
Manager, Sales Engineering 4.405 5.133 .728 .728 2,224 .728 3.680 17.626
Scretary I (Lower Mgmt.) 17.528 20.90° 3.381 3.381 7.383 3.381 14.147 70.110
Secretary II (Middle Mgmt.)} 10.712 12.727 2.014 2.014 4,676 2.014 8.702 42.859
Secretary III (Upper Mgmt.) 5.356 6.304 1.007 1.007 2.338 1.007 4,351 21.430
Total Indirect Sales
Support Personnel 60.375 71.818 11..436 11.436 26.088 11.436 43,956 | 241.545
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SALES AND MARKETING OFFICE FACILITIES EXPENSES
Sales

Office | Facilities| Office OFfice OFfice Cther Total

Facilities | Utilitles Total Size Capital Lease Dtilities | Maintenance OFfice Office
Cost Gost Sales {Square Value Expense Expense Expense Expenses| Expenses
Index Index personnel | Meters)| (1986 $) | (1986 %) {1986 $) (1986 $) {1986 S$)| (1986 $)
I West Coast 1.062 1.320 235 2,926 | $1,850,836 { $233,118 E $12,853 $18,502 $92,542 | $357,015
'-? ¥1 PRocky Mountain 0.969 0.820 279 3,475 1,995,073 | 251,379 | 9,481 19,951 99,754 380,565
= III Horth Central 1.052 0.900 44 548 364,963 | 45,986 1,642 3,649 18,248 69,525
IV Great [akes 1.000 0.900 44 548 346,923 43,712 1,642 3,469 17,346 66,169
V¥  Forth Eastern 1.114 1.300 102 1,270 876,287 | 110,412 5,493 8,764 43,814 168,483
VI Scuth Eastern 0.928 0.950 44 548 325,415, 41,003 1,733 3,254 16,271 62,261
VII South Central 827 1.200 191 2,378 1,321,826] 166,552 9,495 13,218 66,002 255,357
All Regions 1.041 1.000 939 11,693 | $7,081,333 | $892,162 $42,329 $70,807 $354,067 {%$1,359,375
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PISTRIBUTION MODEL CALCULATIONS

INDEX

Total Annual Distribution Cost Calculations for the West Coast Region
Direct - Factory West Coast Customer Shipments Cost Calculations
Warehouse Cost Calculation For Region I West Coast

Annual Distribution Cost For West coast Warehouse Transshipments

Direct — Factory Rocky Mountain Customer Shipments Cost Calculations
Total Annual Distribution Cost Calculations for the North Cen&d Region
Direct — Factory North Central Customer Shipments Cost Calculations
Warehousing Cost Calculation For Region IIT North Central

Annual Distribution Cost For North Central Warehouse Transshipments
Total Annual Distribution Cost Calculations for the Great Lakes Region
Direct — Factory fireat Lakes Customer Shipments Cost Calculations
Warshousing Cost Calculation For Region IV Great Lakes

Annual Distribution Cost For Great Lakes Warehouse Transshipments

Total Annual Distribution Cost Calculations for the North Fastern Region
Direct — Factory North Eastern — Customer Shipments Cost Calculations
Warehousing Cost Calculation For Region V North Eastern

Annual Distribution Cost For North Eastern Warehouse Transshipments
Total Annual Distribution Cost Calculations for the South Eastern Region
Direct ~ Factory South Eastern Customer Shipments Cost Calculations
Warehousing Cost Calculation For Region VI South Eastern .

Annual Distribution Cost For South Eastern Warehouse Transshipments
Total Annual Distribution Cost Calculations for the South Central Region
Direc:t - Factory South Central Customer Shipments Cost Calculations
Warehousing Cost Calculation For Region VII South Central .
Annual Distribution Cost For South Central Warehouse Transshipments

D-22

- D42

Page
D-23

D-24
D25
D-26
D-27
D28
D29
D-30
D-31
D-32
D-33
D-34
D-35
D-36
D-37
D-38
D-39
D-40

D-41

D-43
‘D-44
D-43
D-46

D47

e e e




TOTAL AMNUAL DISTRIBUTION COST CALCULATIONS
FROM THE FACTORY IN REGION k
TO CUSTOMERS IN REGION j

II ROCKY MOUNTAIN
I  WEST COAST

P

Annual Direct Annual Distribution Total Annuval
Qusteomer Shipping Shipping Cost Costs For Distribution Cost
Type Indicator {1986 $) Transshipments (1986 $) | Region j (1986 §)
i Xij DCkj ICL§ TCki
1 1 0.00
2 1 0.00
3 1 0.00
Total 0.00 2,856,572.00 2,856,572.00
1 0 3,272,805.70 0.00 3,272,805.70
2 1 0.00
3 1 0.00 .
Total 3,272,805.70 1,627,026.00 4,895,831.70
1 1 .00
2 0 432,523.67 0.00 432,523.67
3 1 .00
Total 432,523,67 2,333,564.00 2,766,087.67
1 1 0.00
2 1 0.00
3 0 865,049.73 0.00 865,049.73
Total 865,049.73 1,817,623.00 2,682,672.73
1 0 3,272,805.70 0.00 3,272,805.70
2 0 432,523.67 0.00 432,523.67
3 1 0.00 1,105,809.00 1,105,809.00
Total 3,705,329.30 1,1065,809.00 4,811,138.30
1 0 3,272,805.70 0.00 3,272,805.70
2 1 0.00 587,513.00 587,513.00
3 0 865,049.73 0.00 865,049.73
Total 4,137,855.4 587,513.00 4,725,368.40
i 1 0.00 1,296,406.00 1,296,406.00
2 0 432,523.67 0.00 432,523.67
3 0 865,049.73 0.00 865,049.73
Total 1,297,573.40 1,296,406.00 2,593,979.40%
1 0 3,272,805.70 0.00 ' 3,272,805.70
2 0 432,523.67 0.00 432,523.67
3 0 865,049.73 0.00 865,049.73
Total 4,570,379.10 0.00 4,570,379.10

Region j

D-23

+ Ickj = Total Distribution Cost in Region 3§ (1986 §)

if customers of type i in Region j are supplied directly fram the factory

if custamers of type i in Region j are supplied from a warchouse in

Bl




DIRECT ~ FACTORY-CUSTCMER SHEPHENTS COST CALCULATICHS

Factory Region k =
Harket Region j =

II Rocky Mountain

I West Coast
Annual Average
Demand Delivery Numbe's Shipment Shipping Shirment
Customer In Region j| OQuantity Shipments Weight Distance Cost Annual Cost
Type {MH/¥R) {+4/ship) Per Year {kg) (km) {) (1986 5/¥R)
i dij g ds; /gj % = gy tw 51j C{Zj_s5kj ) DClej
1 Residential
Household 50.0 0L 5000 1559.25 640 $356.03 3,272,805.70
(Truck)
2 Intermediate
Commereial 25.0 +50 50 77,962.50 640 54,705.19 432,523.67
{Rail}
3 Central Station
Utility 50.0 5.00 10 779,625.00 640 $472051.93 865,049.73
. Rail)

Solar Array Unit Weight {kaAMw)

{in manufacturing year dollars)

1986 -1977

dij  * (1=Xjj 1*CL35 + s 5 MiHgT)

w -
= 155,925 ka/ MW
mkj =
=L qj
where
o
X:s =
ij i
Transportation

Inflation Rate

Iy = 7%/year

if customers of type in Region j are supplied directly from the factory
if customers of type i in Region j are supplied from a warehouse in Region J

Annual distribution cost in Region j for customers supplied directly fram the factory in Region k

;
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1
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WAREHOUSING COST CALCULATION FOR REGICH j

I WEST QOAST

Shipment OTY Qi (MW) .25 .50 1.00 1.50 2.00 2.50
Warehouse size F = 353.95 Qj m 2 88.4875 | 176.975 353.95° | 530.925| 707.9C | BB4.875
Equipment Cost
E = {1.07)7 #*Ke (Fj )¥ej 4,492 8,984 17,968 26,952 35,936 47,919
Facilities Cost
B = (1.09)9 *kp (F; }*bj 50,201 | 100,401 196,845 290,508| 384,171 | 477,835
Warehouse Iease Cost (1986 $/YR) 7,448 14,897 29,294 43,342 57,389 71,437
IC; (03) = .25E + .126B
Personnel Cost
(1.08)2 *P(Fj )*1] 60,445 60,445 60,445 60,445) 60,445 60,445
Utilities Cost
{1.12)9 *1,20*%uj*Fj 389 777 1,555 2,332 1,310 3,887
Property Tax, Maintenance and Insurance 3,282 6,563 12,889 19,0481 25,206 31,365
.06*(E + B) -

Warehouse Operating Cost (1986 $/YR) 64,116 67,785 74,889 81,825| 86,961 85,697
oC_ (0 ) _ ___
Inventory Carrying Cost (1986 $/¥YR) 23,504 47,188 94,375 141,562| 188,750 | 235,938
CC(Q3j) = 94375*Qj
Warehousing Cost (1986 $/¥YR) 95,158 { 129,870 198,558 266,729} 333,100 | 403,072
Wi(Dij)= CCOj)+0CCi(0]) +IC{(Dj)
Regional Cost Indices Inflation Rates
ej = Equipment = 1.062 o] I = BEguipment = 7%
by = Facilities = 1.062 g H= Facilities = 9%
lj = Labor = 1,103 g B= Labor = 8%
u, = Utilities = 1.320 g = Utilities = 12%
3
g = Transportation= 7%
T
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ANNUAL DISTRIBUTION COST FOR WAREHOUSE TRANSSHTEMENTS
INREGION j = I WEST OOAST

FACTORY LCCATION RESICN k = IT BOCKY MOUNTATH

1 Household 1 50.0 50.0 01 298,726.56 50.0
2 Intermediate 0 25.0 0.0 =80 0.00 50.0
3 Central Station 0 50.0 0.0 5.00 0.00 50.0
Z 125.0 _50.0 KM = 298,725.56
Warehouse — custamer distance = Yij BC = $24,039/year
Factory-warehouse distance = Sy; = 640 km W = $.095/km

Solar Array Unit Weight = 9 = 155,925 kgMW MC = 75,000 kn/vehicle

WC_= 8,000 kg/delivery
Warehouse Order Quantity Q; {MW) «50 1.00 1.50 5.00
Weight = g j Fog 17,962,35] 155,925 233,881.5 779,625
Deliveries/Year dij  x ij 100 50 33.33 10
0.
]

Order processing cost 8550/delivery 5,000 2,500 1,667 500
Cost/delivery C(Qj *W,Skj )

Inflation Factor = {1 + 07) 4,705 9,410 14,116 47,052
Annual Transportation Cost T,. Q:)

(1986 Dollars) kj ) 874,223 | 869,606 | 868,095 865, %9
Inventory Carrying Cost 0c(Q; ) 41,188 94,375 141,562

Warehouse Operating Cost DCj (Qj } 67,785 74,889 81,825

Warehouse Leasing Cost  LC;(0 i) 14,897 29,294 43,342

Annual Warehousing Cost W ; ©@5) 125,870 198,558 266,729 721,769 |
(1986 Dollars)

Fixed bBelivery Cost FC % 1 176,028 176,028 176,028 176,028

MC
Variable Ielivery Cost VC*EM 52,174 52,174 52,174 52,174
Annual Local Dalivery Costs L j 228,202 228,202 228,202 228,202
(1986 Dollars)
Total Annual, Distributirn Cost :
for Region j Transshipments {1586 %) 1,232,295 1,296,406 | 1,363,026 1,815,940
IG;0(04)

ICy; (Q; ) =Ty Qj;) +W,; Q; ) + Lj

P P TN PR




DIRECT — FACTORY-CUSTCHMER SHIPMENTS COST CALCULATICNS

Factory Region k
HMarket Region j

o

II Rocky Mountain
II Rocky Mountain

Annual Average Average Average
Demand Delivery Nurnber Shipment Shippirg Shirment Total
Custamer In Region j | Quantity Shipments Weight Distance Cost annual Cost
Type (M/¥R) (MA/Ship) | Per Year (kg) {Xm) {1336 $) (1986 $/YR)
i dij q3 d; /g5 | %3 = di*¢}  ¥ij DCy;
Residential
Household 60.0 .01 600 1559.25 50.0 213,245 127,947
Intermediate .
Camrercial 30.0 .50 60 77,962.50 50.0 1,066,233 63,974
Central Station
DEility 50.0 5.00 10 779,625.00 50.0 10,652.330 196,623
Tokals 140.0 21 670 32,581,348 50.0 445,588 298,544
DC g Bnnual distribution cost in Region k for customers supplied directly from the factory in Regilon k

(in Manmufacturing Year Dollars)

g : §__ gtﬁ_* l+g%*¥ij*% Ve ® {1+gT)“
i=l
w = 155,925 kg/MW Fleet size = 6 Trucks
FC = $24,039/year Distance = 390,806,266 km/yr
vC = §.095/kn Fixed Cost = $230,288
MC = 75,000 km/vehicle Variable cost = $6B,256
we = 8,000 kg/delivery Total cost = $298,544
9y = fTransportation inflation rate = 7%
n = 1986=-1977 = 9
jos s e
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g TOTAL ANNUAL DISTRIBUTION COST CALCULATIONS
SO FROM THE FACTORY IN REGICN k = II  ROCKY MOUNTATN
TO CUSTCMERS IN REGION j = III NORTH CENTRAL

:
~ i,
= Bnnual Direct 2nnual bPistribution Total Annual i
CQustomer Shipping Shipping Cost Costs For Distribution Cost]
Type Indicator {1986 S} Transshipments (1586 $) | Region § (1986 5)
i i X-i_i DCuj_ ICt(j 'I'Cu-j
f 1 1 0.00 :
;- 2 1 0.00 |
8~ 3 0 0,00 0.00 ___0.00
- } ‘ Total 0.00 955 ,263.00 955,283.00 1
3 1 0 1,397,039.30 0.60 1,397,039.30
' ] 2 1 0.00 376,536.00 376,536.00
; 3 0 0.00 0.00 0.00
‘ Total 1,397,039.30 376,536.00 1,773,575.30
T 1 1 0.00 665,811.00 §65,811.00
z 2 o 283,216.62 0.00 283,216.62 ,
3 0 0.00 0.00 0,00
Total 283,216.62 §65,811.00 949,027.62
1 0 1,397,039.30 0.00 1,297,038.30
2 0 283,216.62 0.00 283,216.62
3 0 0.00 0.00 0.00
Total 1,680,225.90 0.00 1,680,225.90
' ¢y = X, + I, = Total Distritution Cost in Region j (1986 §)

kj kj
{0 if customars of type i in Region j are supplied directly from the factory

P
]

1 if custamers of type i in Region j are supplied from a warehouse in
Region j




r T DIRECT - FACTORY~CUSTOMER SHIFWENTS COST CALCULATICNS
— T

Factory Region k

IT Rocky Mountain
Market Region j

IIT North Central

nw

Annual Average Average Average
, Demand Delivery Number Shipment Shipping Shimment Total
£ Custemer In Regicn j| Quantity shipments Welght Distance Cost Ennual Cost
R Type (M/YR) (M4/Ship) | Per Year (kg) {km) (32 (1986 S/YR)
| i dij =] 835 /9 | 23 = gi*w Skj C(Z3, 5kj) X
1 Residential
” Heusehold 10 .01 loco 1,559,25 2100 759.88 1,397,039.30 ;
(Truck) .
: 2 Intermediate ]
) . Camercial 5 .50 10 77,962.50 2100 15,404.76 283,216.62
_ i {Rail)
- - 3 Central Station
Utility 0.0 .00 a 0.00 2100 0.00 0.00
- W = Solar Array Unit Weight (kg/MW) o
: = 155,925 kg/MW 1
! Dckj = Annual distribution cost in Region § for customers supplied directly foom the factery in Region k \i
{in manufacturing year dollars) o
J
3 dij *OQKy5)CE;, Sgg Ml p) 198671977 i
i = Z '1
‘ i=l g L
y where ;
T 0 if custamers of type in Region j are supplied directly from the factory .
K X.. = ;
i H 1 if customers of type i in Region j are supplied from a warehouse in Region j ‘l
E

Transportation
Inflation Rate ’

9y = 7%/year




WARESJOUSING COST CALCULATION FOR REGION j = III NORTH CENTRAL

Shipment OFF 03 (VW) 1) ~20% 30
| Warchouse size F = 353,95 Qj (m9) 35,395 70,790 106,185 s
x ; Bauipment Cogt -
4 E = (1.07)7 *Ke (Fj )¥ej 1,780 3,560 5,340
Facilities Cost
B = (1.00)9 *Kp (F3 )*b]j 19,891 39,782 59,674
Warchouse Lease Cost: (1980 S/¥R) 3,951 5,902 8,854

IC;(0:) = ,25E + L126B
} Parsomiel Cost

(1.08) 9 *p(F; }*1j 55,568 55,568 55,568
1 : Utilities Cost
s {1.12)9 *1.20%uj*Fj 106 212 318
e Property Tax, Maintenance and Insurance 1,200 2,600 3,900
F - 06%(E + B)
5 : Warehouse Operating Cost (1986 5/¥YR) 56,974 58,380 59,786
oCif{0j)
Inventory Carrying Cost (1986 S/iR) 9,438 18,875 28,312
CC{R; ) = 94375%g
Waretousing Cost (1986 S/YR) 69,363 83,157 96,952

Wil0y) = CClo;) +0C{(0;) +IC; (@) :

Regicnal Cost Indices Inflation Rates
ey = Equipment = 1,052 q I = PBauipment = 7%
| b, = Facilities = 1.052 g, ° Facilities = 98
1l = ILabor = 1.014 9= Labor = B%
x ]
u, = Utilities = ,900 g = Utilities = 12%
i 3 E
g = Transportation = 7%
Fil
i g
oy b
o5 it
i
:
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ANNUAL DISTRIBUTICON (COST FOR WAREBCUSE TRANSSHIPHMENTS
IN REGION § = III NORIH CENTRAL
FACTORY LOCATION REGICH kK = II ROCKY HOUNTAIN
Custcmer Type 1 X, d.. X.. *d__ ta *x TR TR
ij i} ij ij qi ij ij lqi WwC U b
1 Household 1 50.0 10.0 01 59,745.31 50.0
2 Intermediate 0 25.0 0.0 .50 0.00 50.0
3 Central Station 0 50.0 0.0 5.00 Q.00 50.0
Z 125.0 10.0 KM = 59,745.31
Warehouse ~ customer distance =y FC = $24,039/year
Factory-warehouse distance = By = 2, 100km Y& = $.095/km
Solar array Unit Weight =y = 155,925 kg/mr B¢ = 75,000 km/vehicls
W = 8,000 kn/delivery
Warehouse Order Quantity Q (MW) «10 +20 «30
Weight = q, i 15,592.3 31,185.0 46,777.5
o Peliveries/Year =& &: x;; /0 100 50 33,33
r.l.u ' Order processing cost 8550/delivery 5,000 2,500 1,667
[
Cost/delivery C(Q; *W,5); )
Inflation Factor "= (1 1 .07) 4,563 6,244 5,243
Annual Transportaticn Cost Tkj [&y] j }
(1986 Dollars) 848,165 578,550 569,485
Inventory Carrying Cost CC(Qj ) 9,438 18,875 28,312
Warehouse Operating Cost QO (QJ. } 56,974 58,380 59,786
Warehouse Leasing Cost - IC {Qj } 2,951 5,902 8,854
Anmual Warehousing Cost W, (Q. § 69,363 83,157 96,952
{1986 Dollars) 1
Fixed Delivery Cost FC ¥ KM 35,206 35,206 35,206
MC
Variable Delivery Cost VC*RM 10,435 10,435 10,435
Inflation Factor = {l4+gy7i® = 1.83846
Annual Local Pelivery Costs L 45,641 45,641 45,641
(1986 Dollars)
Total Annnal Distribution Cost
for Region j Transshipments (1986 $) 921,632 665,811 670,541
ICK3(03)
ICkj (R =Ty (Q3) +W; Q) + Iy




TOTAL ANNUAL DISTRTBUTION COST CATCULATIONS
FROM THE FACTORY IN REGIGN k
TO CUSTOMERS IN REGION j

IT ROCKY MOUNTAIN
IV GREAT LBKES

Region 3

D-32

Annual Direct Bnnual Distribution Total Annual
) Customar Shipping Shipping Cost Costs For Distribution Cost
Type Indicator {1386 %) Transshimments (1986 $) | Region j (1986 $)
i Xij BClej ICL§ i
1 1 0.00
2 1 0.00
3 0 0.00 0.00 0.00
Total 0.00 1,238,369.00 1,238,369.00
1 0 1,743,872.40 0.00 1,743,872.40
2 1 0.00 473,909.00 473,909.00
3 g 0.00 0.00 0.00
’“ Total 1,743,872.40 473,509,00 2,217,781.40
1 1 0.00 852,920.00 852,920.00
2 0 375,103.63 0.00 375,103.63
3 0 0.00 0.00 0.00
Total 375,103.63 852,920.00 1,228,023.63
1 0 1,743,872.40 .00 1,743,872.40
2 0 375,103.63 0.00 375,103.,63
- 3 0 0.00 .00 0.00
Total 2,118,976.00 0.00 2,118,976.00
'I'ij Dckj + I(:kj = Total Distribution Cost in Region j (1986 $)
a if custamers of type i in Region j are supplied directly from the factory
X.. =
) H 1 if custemers of type i in Region j are supplied from a warehouse in
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DIRECT — FACTORY-CUSTCMER SHIPMENTS COST CALOULATIONS
Factory Region k¥ = II Rocky Mountain
Market Region j = IV Great Lakes
-Annual Average Average Average
: . Demand Delivery Humber Shipment Shipping Shipmant Total
Custaner In Region §| Quanktity Shipments| = Weight Distance Cost annual Cost
- Type {M/¥R) {¥%/Ship) Per Year (ka} {Xm) C{S) (1986 $/¥R)
i dg qi dii /ai i _Zi = gi*w] Sk C{Zi. Sei) DCy}
1l Residential .
Household 10.0 01 1000 1,559.25 2782 848,53 1,743,872.40
o {"Truck)
2 Intermediate -
Commercial 5.0 «50 10 77,962,590 2782 20,402.79 375,103.63
{Bail)"
3 Cén'tral Station
Utility 0.0 .00 0 - 0.00 2782 D.00 0.00

ge~a
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155,925 kg/ MW
Dckj =

=l qgj
where
Xis =

Transportation

Inflaticp Rate

Do = 7%/year

Solar Array Unit Weight (kg/MW)

23: 8iy . * (1-Xi3 1*C(3L » Siy Mlvgp)

0  if customers of typei in Region j are supplied directly from the factory

1 if custamers of type i1 in Region j are supplied from a warehcuse im Region j

Annual distribution cost in Region j for customers sumlled directly from the factory in Region k
(in manuEacturing year dollars)
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Vo WAREHOUSING COST CALCUEATICON FOR REGION § = IV GREAT LAKES

- Shipment 03¢ 0 () .10 2 30
: - Warehouse size Fy = 353,95 03 m* 35,395 70,790 106,185
! : Equipment Cost
E = [L07) *Ka (F3 Yrei 21,692 3, 384 5,076
Facilities Cost
ST B = (1.09)% *Ky (Fi)*bj 18,908 37, 816 56, 724
. ‘ Warehouse Lease Cost (1986 §/¥YR) 2,805 5, 611 8, 416
A O Ic (0y) = .258 + .126B
Personnel Cost .
S (1.08)7 *P(F3 )*1] 63, 624 63, 624 63, 624
;L L ; Utilities Cost
(1.12)1 *1L.20*uj*F} 106 212 318
L Property Tax, Maintenance and Insurances
P .06% (E + B) 1,236 2,472 3, 708
. ‘ ‘ &rel?ous? Operating Cost (1986 S/¥R) 64, 966 66,308 67,650
' 3 {0g
o [ Inventery Carrying Cost (1986 $/YR) 9,438 18,875 28,312
- ccly) = 94375%0) _ . A
P Warehousing Cost (1986 $/YR) 77,209 90, 794 104, 378
l W {03} = Cco(Q3 ) +0Ca(03) +ICH (05)
' Regicnal Cost Indices : Inflation Rates
' l . e; = Bquipment = 1,000 gy = Bquipment = 7%
by = Facilities = 1.000 g, = Facilities = 9%
E 13 = Eabor = 1,161 gg = Labor = B%
L uj = Utilities = .900 gg = Utilities = 12%
- g9, = Transportation = 7%
g
=
! D-34
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ANNUAL DISTRIBUTICN COST FOR WAREHCUSE TRANSSHIDMENTS
IN REGION j = IV GREAT LAKES

FACTORY LOCATICN RBGICH k = IY ROCKY MOUNTATN

i ] LX) s .. . +n .y 3 k> . -

Custarner T}[pe i - xu dIJ xu ;dlé q (d'.l *x,_! /a} l-igW, cw *Yu Y'.I
1 Household 1 10.0 10.0 01 59,745.31 50.0
2 Intermediate 0 5.0 0.0 50 0.a0 50.0
3 Central Station ) 0 0.0 0.0 0.00 G.00- 50.0
Z. ' 15,0 10.0 .51 KM = 58,745,31
Warehouse - customer distancs = i} FC = §24,03%/yaar
Factory-warchouse distance = sn:‘ =2, 782km YC = $.095/lm

Solar Array Unit Weicht =y = 155,925 kg/MW MC = 75,000 Im/frshicle

' _ WC = 8,000 ke/delivery
Warehouse Order Quantity Qy (W) .10 «20 <30

Weight = gy *w _ 15,592.5 31,185.0 46,777.5

Deliveries/Year =L dyy %, /0 100 50 33,33

QOrder processing cost @$50/delivery 5,000 2,500 1,667

Cost/delivery C(Qj *W,Sy; )

Inflation Factor = (1 ¥ .07} 5,770 8,126 12,242

Annual Transportation Cost Ty (Q i ) . .

{1986 Dollars) 1,070,062 758,022 753,258

Inventory Carrying Cost CC(03) 9,438 18,875 28,312

Warehcuse Operating Cost OC{{(Q 3} 64,966 66,308 67,650

Warehouse Leasing Cost  LC3{Qj) 2,805 5,611° ‘B,416

aAnnual Warehousing Cost W 3 Q J ) F1 209 90,704 104,378

{1986 Dollars)

Fixed Delivery Cost F - ®H 35,2086 35,206 35,206

MC

Variable Delivery Cost VC*&(M 10,435 10,435 10,435

Inflation Factor = (l+gs)” = 1.83846

Annual Local Delivery Costs L:‘ 45,641 45,641 45,641

{1986 Dollars) ' '

Total Anmuwal Distribution Cost

for Region j Transshipments (1986 §) 1,151,375 852,920 861,740

ICk; () :

O () = Ty %) + Wy ) + L
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TOTAL, ANNUAL DISTPIBUTION COST CALCULATIONS

FROM THE FACTORY IN REGION k
70 CUSTCMERS IN REGION j

{1

ITI ROXY MOUNTAIN
V NORIY] EASTERN

Annual Direct Annnal Distribution Total Annual
CQustomer Shipping Shipping Cost Costs For Distribution Cost
Type Indicator (1986 S) Transshipnents (1986 $)] Region j (1986 5)
i Xij ECyd . ICk) Cxi
1 1 0.06
2 1 0.00
3 0 (.00
Total 0.00 8,173,641.00 8,173,641.00
1 ] 4,314,665.30 0.08 4,314,665.30
2 1 0.00
3 0 0.00
Total 4,314,665.30 6,088,514.00 10,403,179.30
1 1l 0.00
2 ] 974,241.37 .00 974,241.37
3 ] .00
Total 974.241,37 7,168,512.00 B,142.753.37
1l 0 0.00
2 0 0.00
3 0 4,871,207,70 0.00 4,87),207.70
Total 4,871,207.70 3.151,074,00 8,022,281.70
1 0 4,314,665,30 0.00 4,314,665.30
2 0 974,241.37 0.00 974,241.37
3 1 0.00 5,083,373.00 5,083,379.00
Total 5,288,506.67 10,372,285.67
1 0 4,314,665.30 0.00 4,314,665.30
2 1 0.00 1,063,053.00 1,063,053.00
3 0 4,871,207.70 0.00 4,871,207.70
Total 9,185,873.00 1,063,053.00 10,248,926.00
1 1 0.00 2,145,472.00 2,145,472.00
2 0 974,241.37 ¢.00 974,241.37
3 o 4,871,207.70 0.00 4,871,207.70
Total 5,845,449.07 2,145,472.00 7,980,521.07%
1 0 4,314,665.30 0.00 4,314,665.30
2 0 974,241.37 ¢.00 974,241.37
3 0 4,871,207.70 0.00 4,871,207.70
Total 10,160,114.37 0.00 10,160,114.37
TCpy = DCgy + ICyj = Total Distributicn Cost in Regiocw j (1986 $/Year)

{D if custamers of type i in Region j are supplied directly from the factory

i if customers of type i in Region j are supplied fram a warchouse in

. Region J
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DIRECT — FACTORY-

Factory Region k =
Market Regionk =

CUSTOMER SHIPMENTS QOST CALCULATIONS

IT Rocky Mountain
V North Eastern

Annual Average . Average Average
Demand Delivery Number Shipment Shirping Shipment Tatal
Customer In Region ji Quantity Shipments Weight Distance Qust Annual Cost
Type (MW/YR, (M/Ship) Per Year (kg) {km} (5} {1286 $/¥R)
i dij ai dii/q Zi= gi*w | Sik; Gz, 3y) DCL;
1 Residential
Houseghold 20.0 .01 2000 1,559.25 3595 1,173.42 4,314,665.30
(Truck)
2 Intermediate
Commercial 10.0 .50 20 77,962.50 3595 26,495,55 974,241.37
{Rail)
i 3 Central Station
Utility 50.0 5.00 10 179,625.00 3595 264,955.55 4,871,207.70
v
; ) W = Solar Array Unit Weight (lg/asw)
‘ ~ = 155,925 kg/MW
DCkxj = Annual distribution cost in Region j for customers supplied directly from the factory in Bagion k
! {in manufacturing year dollars)
3 diy * (=X ;3 Yciz; ., Sgy Mitgq)
= =
i=1 q;
where
o if custaomers of type in Region j are supplied directly From the factory
Xew ==
H 1 if customers of type i in Region § are supplied from a warehouse in Region j

Transportation
Inflation Rate

9r = T/year

P T




e

7)

k.

“k
——

. 0%
WAREHOUSING COST CALCOLATTON FOR RESION i = V NORMH EASTERN

o Shipment QT 0 {17) <20 L40% .60 1.00 1,20 1.40 1,60

a Warehouse size p; = 353.95 0 m® 70,790 | 141,58 212.37| 353.95| 424.74 495,53 566.32
Equipment Cost

i E = (1.0Mm7 *g (F3 Y*ej 3,770 7,539 11,309 18,848 | 22,617 26,387 30,156

i Facilities Cost

; B _=_(1.08) *K\, (F3 )1*bj 42,127 | 84,254 | 125,381 206,483 | 245,783 285,083 | 324,383
Warehouse Lease Cost (1986 S/YR) 6,250 | 12,501 18,7511 30,729 36,623 ] 43,517 48,411

. ICy (03 ) = .25E + .12gR

] Personpel Cost

! (1.08)9 *B(Fj }*15 54,691 | 54,691 54,691 54,691 54,601 54,6091 54,6891
Utilities Cost
(1.12)% *1,20%u54p 306 612 861l 1,531 1,837] 2,144 2,445

[ ' Property Tax, Maintenance and Insurance 2,754 5,508 8,201] 13,520 16,104 18,688 21,272
LO06*(E + B)

; Warehouse Cperating Cost (1946 S/YR) 57,751 | 80,811 63,813 ] 85,742 72,632 75,533 78,408
OCi (o)

; Inventory Carrying Cost (198€ $/¥R} 18,875 1 37,750 56,6251 94,375 113,250 | 132,175 151,000
CC(03 ) = 94375%q;

j Warehousing Cost (1986 S/YR) 82,876 {111,062 139,189 154,845 222,505 | 250,165 277,818
Wy(04) = CCloi) +o0C; Qi)Y +1£5(05)

j’"f Regional Cost Indices Inflation Rates
) = BEguipment = 1,114 95 = Bquipment = 7%

e bj = Facilities = 3,114 9, = Facilities = 9%

I, 1 = rlabkor = ,998 9y = Labor = B%

P uj = Utilities = 1.300 9¢ = Utilities = 1%

. 9, = Transportation = 73

D-38
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ANNUAL DISTRIBOTION COST FOR WAREHOUSE TRANSSHIPHMENTS

IN REGION j = V NORTH EASTERN

FACTORY LOCATION REGIGN k

II ROCKY MOONTATN

Custamer Type i x4 d-‘j i3 *di_'s qi" (d;j *'x,'_i/qi) 3 1-!3‘;{, c*w *Yij YU
1 Household 1 20.0 20.0 01 119,490.63 50.0
2 Intermediate 0 10.0 0.0 .50 0.00 50.0
3 Central Station 1] 50.0 0.0 0.00 0.00 50.0
80.0 20.0 ! KM = 59,745.31
Warehouse - custamer distance = ¥; 3 FC = $24,039/year
Factory-warehouse distance = siy; = 3,595km V = $.095/kn
Solar Array Unit Weight =y = 155,925 kg/MWw MC = 75,000 km/vehicle
WC = B,000 kg/delivery
Warehouse Order Quantity 0O 3 (MW) 10 15 20 «25 .40 1. 00
Weight = q; Ty 15,592.5 23,388,75 31,185 38,981 62,370 155,925
Deliveries/Year = a;; xij /0 200 133,33 100 80 50 20
Order processing cost @550/delivery 10,000 6,667 5,000 4,000 2,500 1,000
Cost/delivery C{Q} *W,Sy; )
Irflation Factor = (1 ¥ .07)% 7,209 7,893 10,544 13,180 21,089 52,722
Annual Transportation Cost T K (Q i ) .
{1986 Dollars) 2,669,160 |1,947,000 1,947,725 |1,945,887 1,943,129 1,940,371
Inventory Carrying _Cost [s's{{s] 3 } 9,438 14,158 18,875 23,554 37,758 94,375
Warehouse Operating Cost 0OC _i(Q3 ) 56,221 56,986 57,751 58,516 60,811 69,742
Warshouse Leasing Cost cimy) 3,125 4,688 6,250 7,913 12,501 30,729
aAnnual Warehousing Cost W3 (Qj ) 68,784 75,830 82,876 89,923 111,062 194,846
{1986 Dollars) _
Fixed Delivery Cost FC * EM 70,411 70,411 70,411 70,411 70,411 70,411
Mo
Variable Delivery Cost VC*HM 20,870 20,870 20,870 20,870 20,870 20,870
Inflaticn Factor = {l4gr)" = 1.83846
Annual Local Delivery Costs Lj 91,281 91,281 91,281 91,281 91,281 91,281
(1986 Dollars)
Total Annual Distribution Cost
for Region j Transshipments (1986 $) 2,829,225 |2,114,111 2,121,882 | 2,127,001 2,145,472 2,226,498
IG13 (03)

g ) =Ty () + W (Q) + L
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- |
D a
RVEE T TOTAL ANNUAL DISTRIBUFTON OOST CALOULATIONS
S FROM THE FACTORY IN REGI(N k = II ROCKY MOUNTATN
y [ 0 CUSTCMERS IN REGION 5 = VI SOUTH EASTERN
v !
= Annual Direch Annual Distribution Total Annual
- Custcmer Shipping Shipping Cost Costs For Distribution Cost
- Type Indicator (1586 $) Transshipments (1986 $) | Region j (1986 $)
' i Xij BCui ICk: TCki
' 1 1 0.00
2 1 0.00 1
i 3 0 0.00 0,00 0.00 |
Total 0.00 1,369,336.00 1,369,336.00 :
!
1 0 1,873,050,30 0.00 1,873,050.30 |
2 1 0.00 490,236.00 490,236.00
; 3 0 8.00 0.00 0.00
Total 1,873,050.30 490,236.00 2,363,286.30
1 1 0.00 944,205,00 944,205,00
2 0 409,327.64 0.00 409,327.64
3 0 0.00 0.00 0.00
p Total 409,327.64 944,205,000 1,353,53Z,64*
1 0 1,873,050.30 0.00 1,873,050.30
2 0 409,327.64 0.00 409,327.64 _
& 3 0 0.00 0.00 _ 0.00 -
. Total 2,282,371.94 0.00 2,282,377.94 P

Tigy = DCk; + ICy; = Total Distribution Cost in Region 3§ (1986 $)

v =

{0 if customers of type i in Region § are supplied directly firom the factory i

1 if customers of type i in Region j are supplied from a warehouse in

Region j

#
Iy

i D-40
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DIRECT -~ FACTORY~CUSTCMER SHIPMENTS COST CALCULATIONS

IT Rocky Mountain
VI South Eastern

Factory Region k
Market Region j

o AT

Annual Avarage Average Average
Demand Delivery Nurber Shipment Shipping Ehipment Total
Custamar In Region j| Quantity | Shipments Weight Distance Cost Annnal Cost
Type (MRI/¥R) (MA/ship) | Per Year (kq) (Jm) (% {1986 $/¥R)
i dij aji djs /ai | Zi= ai*w] Sy Cl{Z.Sxj) DCx3
1 Residential
Household 10.0 .01 1040 1,559.25 3036 1,173.42 1,873,050.30
(Truck)
2 Intermediate
Cemmercial 5.0 .50 10 77,962.50 3036 22,264.22 405,327.64
(Rail}
3 Central Station
Utility 0.0 .00 0 0.00 3036 0.00 0.00
w = Solar Array Unit Weight (ka/MW)
= 155,925 kg/MW
Xy = Annual distribution cost in Region j for custamers supplied directly from the factory in Region k
{in manufacturing year dollars)
3 dip Fo(1-%j3)%CUB; s Ska Mlvge)
il q;
where
0 if custcmers of type in Regicn j are supplied directly fresu the factory
i
' 1 if customers of type i in Region j are supplied from a wi.g-fouse in Region j

Transportation
Inflation Rate

g = 7Ti/year

I



s
‘ - _ WAREHOUSING COST CALCULATION FOR RBGION § = VI SOUTH EASTERN ;
] :
> Shirment QTY 03 (M) .10 L 20% +30 240 i
v Equipment Cost
L E = (L07)1 *K, (F} )*ej 1,587 3,174 4,761 6,338
o Facilities Cost
| B = {1.09)1 *Ry (F3 )*bj 17,736 35,473 53,207 | 70,831
; E WarehCuse Lease CoSt (1986 S/YR) 2,631 5,263 7,894 | 10,509
£ ICi(Qi) = .25E + L1268
- t Personnel Cost
{1,08)% *p(Fj )*1j 47,019 47,019 47,019 | 47,018
o Utilities Cozt
P {1,12)7 *1,20%uj*Fj 112 224 336 447
P i Property Tax, Maintenance and Insurance 1,159 2,319 3,478 4,630
. . .06%(E + B)
- Warehouse Cperating Cost (1986 S/YR) 48,290 49,562 50,833 | 52,096 ,
’ ¢ eCcji (o) ;
,! Inventory Carrying CoOSt (1986 $/YR) 9,438 18,875 28,312 | 37,750 .
o CC{as) = 84375%04 !
i Warehousing Cost (1986 5/YR) - 60,359 73,700 87,039 | 100,355
o Witdyl= CC(O5) +0CH(03) +1C5(03)

*Optimal Levael

e o Regional Cost Indices Inflation Rates I

] e} = HEpuiprent = 938 9y = Hauipment = 7%
kg

Facilities

.938 9y = Facilities = 9%

! 13 Labor

+858 gB = TLabor = B%

uj Btilities

+950 g = Utilities = 12%

1
|
1
Warehouse size Pj = 353.95 Qi m® 35,395 70,790 106,185 | 141,358 4%
|
1
?
;
:
;
!
’5
!
i
:
S % g, = Transportation = 7% %

T

D-42
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ANIMUAL DISTRIBOTICN COST FOR WAREBOUSE TRANSSHIPMENTE
IN REGION j = VI South Eastern
FACTORY LOCATICN REGION k = If Rocky Mountain
Custamer Type 1 %ij ;5 X di q; @5 %5 /q; 1 i) W il ¥
woC
1 Household 1 10.0 10.0 .01 59,745.31 50.0
2 Intermediate 0 5.0 0.0 .50 0.00 50.0
3 Central Station 0 0.0 0.0 3.00 0.00 50.0
15.0 10.0 5.51 KM = 59,745.31
Warehcouse - customer distance = Yij FC = $24,039/year
Factory-warehouse distance = g k} = 3,036 km VC = $.095/knm
‘Solar Array Unit Weight = W = 155,925 kgMw MC = 75,000 kn/vehicle
We = B,000 kg/delivery

Warehouse Order Quantity Q § (MW) 10 «20 -
Weight = qj W ]5,592.5 31,185&0 46'777-5
Deliveries/Year =& d;j xjj /0j 100 50 33.33
Order processing cost @550/delivery 5,000 2,500 1,667
Cost/delivery C(Q 1Sk )
Inflation Factor = {1+ .07} 6,220 8,923 13,359
Annnal Transportation Cost Ty (Q3) N
{1986 pollars) 1,152,703 824,864 821,619
Inventory Carrying Cost CC{o J ) 2,438 18,875 28,312
Warehouse Operating Cost ociQ ;) 48,290 49,562 50,833
Warehouse Leasing Cost  LC3(Q) ) 2,631 5,263 7,894
Anmual Warehousing Cost Wi{Qj3) 60,359 73,700 87,0639
(1986 Dollars)
Fized Delivery Cost FC * Rl 35,208 35,206 35,206
Variable Delivery Cost VC*EM 10,435 10,435 10,435
Inflation Factor = (lige)® = 1.83846
Annual Local Delivery Costs L 45,641 45,641 45,641
{1986 Dollars) .
Total Annual Distribution Cost
for Region j Transshipments (1986 §) 1,258,703 944,205 954,299
: Lok (g;)
Ickj [%} = TkJ- {Qj} + Wj (Qj) + Lj

R T o o SR vttt e i



TOTAL ANNUAL DISTRIEUTION COST CALOULATICNS
- FROM THE FACTORY IN REGION k = II ROCKY MOUNTAIN
10 CUSTCMERS IN REGION j = VIX SCUTH CENTRAL

By

TR AT
PR

Mgy = gy + Iy =

Total Distribution Cost in Region j (1986 §)

annual Direct Annual Distribution Total Annual,
Qustomar Shipping Shipping Cost Costs For Distribution Cost
Type " Indicator {1986 %) Transshipments {1986 $) | Region j (1986 §)
i iy ks TCuy TCrY
1l 1 0.00
2 1 0.00
K| 0 0.00 .
Tokal 0.00 5,448,280.00 5,448,280.00
1 0 4,676,873.10 0.00 4,676,873.10
2 1 0.00
3 0. 0.00 :
Tokal 4,676,873.10 3,378,060.00 8,054,933.10
1 X 0.00 N :
2 i 891.,423.12 0.00 831,423.12
3 0 0.00 :
1 0 0.00
2 0 0.00
3 \ 2,228,557.80 : 0.00 2,228,557.80
Tatal 2,228,557.80 3,087,954.00 5,316,511,80
L 0 4,676,873.10 0.00 4,676,873.10
2 | 8291,423.12 0.00 891,423.12
3 1 .00 2,417,814.00 2,417,814.00
Tatal : 5,288,906.67 ) 7,922,495.50
1 0 4,676,873.10 a.00 4,676,873.10
2 1 0.00 1,017,065.00 1,017,065.00
3 0 2,228,557.80 0.00 - 2,228,557.80
Total 9,185,873.00 1.063,053.00 10,248,926.00
1 1 0.00 2,127,709.00 2,127,170%2.00
2 0 891,423.12 0.00 891,423,12
.3 0 2,228,557.80 . 0.00 2,228,557.80
Tokal - 3,119,980.90 2,127,709.00 - 5,247,689,50% :
1 0 4,676,873.10 0,00 4,676,873.10 %
2 0 891,423.12 0.00 891,423.12 ;
3 0 2,228,557.80 0.00 2,228,557.80 3
Total 7.,7596,854.02 0.00 7,796,854.02 3
;
!
;

[
x;s = .1

D44

iE customers of type i in Pegion j are supplied divectly from the Factory:
if custcmers of type i in Region j are supplied from a warehouse in
Region j

L

g A i

T
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DIRECT —« FACTORY - CUSTOMER SHIEMENTS COST CALCULATIONS

Factory Region k =
Market Regionj =

II Rocky Mountain
VII South Central

[ Annuat Average Number
i Customer Damand Delivery | Shipments | Shipment | Shipping | Shipping Annoal
Type In Region J| Quantity | Per Year Weight bistance Cost Cost
i (MW /yr) (MW / ship) ﬂij fa; 2 = gj¥w 51:3 G2y, Skj) Dckj
. di3 a3
13 Residential
¥ Household 40.0 .01 4000 1559.25 1652 635.96 | 4,676,873.10
' Ll Intermediate
Commercial 20.0 .50 40 77,962,580 1a52 12121.61 89%,423.12
L 111 Central .
1 Station 50.0 5,00 10 779.625.00 1652 121216.10 | 2,228,557.80
: Utility
P w = Solar Array Unit Weight {kg/MW)
b = 155,%25 kgAiw
. BCy; = Annual distribution cost in region j
: for customers supplied directly
from the factory in Region k
{in manufacturing year >llars)
86-
S8y * Xy % O(2y, Sightagr) 70619
I CYRE 1)
0 if costomers of typei in region j
are supplied directly from the Factory
s Whare xij = INFLATION RATE

ey
iyl

if customers of type i in region j

are -supplied from a warehouse in region j

D-45
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- _ WAREHCUSING QOST CALCULATION FOR REGION j = VII SQUTH CENTRAL
_'_',if" - [ Shipwent Q¥ 03 (&) A0 .80 1.00 1.20 1.40 | 1.80 2,20 ;
. T Warehcuse size Fj = 353,95 03{m3) 141.58 283.36 | 353.95 | 424.74| 495.53| 637.11 | 778.89 j
x N Bquipment. Cost i
o o E = (L.07)7 *K¢ (Fj3 J*ef 6.273 12,547 | 15,684 | 18,820f 21,957 ] 28,231 | 34,504
- Facilities Cost “
- _ B = (1.09)! *=R}(F] b 70,111 139,120 | 171,822 |204,525) 237,228 | 302,633 | 368,039
3 ~ Warehcuse Lease Cost (1986 S/YR) 10,402 20,666 | 25,57L | 30,475| 35,380 | 45,189 | 54,509
2l ICy{03) = .258 + L1968 - ' _
Personnel Cost !
(1,08)% *B{F )*1j 51,348 51,348 | 51,348 | 51,348| 51,348 51,348 | 51,348 o
b Utilities Cost }
» iy (1.12) *1,20%uj*Fj : 565 1,131 1,413 1,696| 1,879 2,544 3,109 :
] Property Tax, HMaintenance and Insurance 4,583 9,100 | 11,250 | 13,401| 15,551 | 19,852 | 24,153 |
: L06*(E + B) ‘!
Warehcuse Operating Cost {1986 S/YR] 56,496 61,579 | 64,011 | 66,445 68,878 | 73,744 | 78,610
y oCy (03) :
P Inventary Carrying Cost (1086 S/%R) 37,750 75,500 | 94,375 |[113,250] 132,125 | 169,875 | 207,625 .
CCl04) = 94375%0; ' ' y
. Warehousing Cost {1986 S/YR) 3
Wal(03) = CC(Q3I) + OC) (03 + IC (041 ] 104,648 157,745 183,957 }210,170] 236,383 | 288,808 | 341,234 |
| *Ookimal Leval
[ Regicnal Cost Indices Inflation Rates '_
: : ej. = Bquipment = 927 gy = Equigment = 7% ;
: { bj = Facilities = ,027 gy = PFacilities = 0% k
i 4
. lj = [Labor = ,837 9g = Laboy = B% 1:
o uj = Utilities = ,200 . - _ : gp = Utilities —~ = 12% g
! 9., = Transportation = 7% ' |
'i.
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ANNUAL DISTRIBUTION COST FOR WAREHOUSE TRANSSHIPMENTS
IN REGION § = I ROCKY MOUNTAIN

FRCTORY LOCATION REGION k = VII SOUTH CENTRAL
Custamer Type 1 ' Xt a:: E T d: (d:y Tx: V¥ Tigy W .| T

13 'y 3 3 1 (A 1) e (X} il
1 Household 1 40.0 40,0 .01 238,981.250 50.0
2 Intermediate 0 20.0 0.0 «50 4.000 50.0
3 Central Station 0 50.0 0.0 0.00 0.000 50.0

1ig.0 40.0 5.51 KM = 238,981.250
Warehouse ~ customer distance = y; i FC = 524,03%/y=ar
JFactory-warehouse distance = Sy; = 1,652 km W = £.095/km
Solar Array Unit Weight = = 155,925 kg/MW Be = 75,000 lkn/vehicle
WC = 8,000 lg/delivery
Warehouse Order Quantity Qj (MW) +40 .80 1.00
Weight = qj *w 62,370 124,740 155,925
Deliveries/Year = djji xiy /0] 100 50 40
Order processing cost @550/delivery 5,000 2,500 2,000
Cost/delivery C(Q} *W,5kj3)
inflation Factor = (1 + .07 9,697 19,395 24,243
Ennual Transportation Cost Ty (03 ) .
{1986 Dollars) 1,791,959 | 1,787,402 1,786,484
Inventory Carrying Cost CC{Q.; ) 37,750 75,500 94,375
Warehouse Operating Cost 0C3(Q ;) 56,496 61,579 64,011
Warehcuse Ieasing Cost  LC3(Q ) 16,402 20,666 25,571
Annual Warehousing Cost W j (Q 3 ) 104,648 157,745 183,557
(1986 Pollars)
Fixed Delivecy Cost EC * KM 140,823 35,206 140,823
MC
Variable Delivery Cost VC*KM 41,739 41,739 41,739
Inflation Factor = (l4g)h = 1.83846
Annual Local Pelivery Costs Lj 182,562 182,562 182,562
{1986 Dollars}
Total Annual Pistribution Cost
for Region j Transshipments (1986 $) 2,079,200 | 2,127,709 2,153,003
IOk {0 ) :

s ) =Ty @) +¥; &) * Iy

9
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FINANCIAL, MODEL, CALCULATIONS
_ E INDEE
Co rece
”/ _ [ Sales Revenues (By Praduct and Raghon) D-49
" Cost of Goods Sold (By Prcduct and Region) D-50
| Marketing Expsnses (By Product znd Rsgion) D-51
é Distribution Expansss {By Prcduchk and Region) ' D-52
; Income Taxes (By Product and Region} _ | D~53
A Net Profit After Téxes (By Prcduct and Region) D-54
o Solar Array Price Estimates (By Froduct and Rzgion} _ B-55
|-
i
|
i ;
g D-£38 3
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SALES REVENURS:
(By Product and Region)

Customer Residential | Commercist E Public Utility All
Type Household | Intermediate : Central Products
Market i : St ation
Region 2 2 ? 3
J s [
! !
1 West Coast $82,417,748 538,966,310 i $70,161.132 $191,545,190
11 Rocsy Mountain 96,751,794 46,067,400 69,035,979 211,906,173
111 North Central 16,952,037 8,032,317 ¢ 24,984,354
LV Great Lakes 17,537,420 8,279,872 0 25,817,292
v North Eastern 34,660,244 16,492,347 75,458,516 126,611,107
V1  South Eastern 16,987,530 8,078,540 0 25,066,070
V1l South Central 65,945,158 31,378,876 71,786,047 169,110,081
All Regions $331,251,931 ' $157,205,662 $286,492,674 $775,040,267
(42.7%) i (20.3%) (37.0%) (100.0%)

. *Expressed in 1986 Manufacturing Year $/¥ear

.49
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COST OF GOODS SOLD*

(By Product and Region)

Residential Intermediate Central Total
Market Region Household Commercial Utility Cost of
Products Products Stations Good Sold
il West Coast $47,950,000 $23,975,000 $47,950,000 $119,875,000
11  Rocky Mountain 57,540,000 28,770,000 47,950,000 134,260,000
111 North Central 9,590,000 4,795,000 0 14,385,000
IV Great Lakes 9,590,000 4,795,000 0 14,385,000
:V North Eastern 19,180,000 | 9,590,000 47,950,000 76,720,000
Vi  South Eastern 9,590,000 4,795,000 0 14,385,000
V1l South Central 38,360,000 19,180,000 47,950,000 105,490,000
All Regions $191,800,000 | $95,900,000 $191,800,000 | $479,500,000

1

K

b

"*Expressed in 1986 Manufacturing Year Dollars
— Based on a Manufacturing Price of $.959/Peak Watt
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MARKETING EXPENSES*

{Bv Product and Region)

. Customer Residencial Commercial Public Utility AL
1 _ Household Intermediate | Central Station| Products
;; 3 1 2 3
b west Coast $9,623,414 $3,425,556 | $1,300,044 $14,349,014
. 11  Rocky Mountain 11,440,477 4,071,312 1,291,219 16,803,008
| 111 North Central 1,852,737 659,152 0 2,511,939
E 1V  Great Lakes 2,083,809 744,090 0 2,827,899
| v North Eastern 3,431,845 1,216,007 1,077,732 5,725,584
vl South Eastern 1,599,745 566,058 0 2,165,803
W1l South Central 6,615,975 2,342,060 1,097,190 10,055,225
All Regions $36,648,052 $13,024,235 $4,766,185 $54,438,472

| *Expressed in 1986 Manufacturing Year Dollars/Vear
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DISTRIBUTION EXPENSES*
(By Product and Region)

All Regions

Customer Residential Commercial Public Utility all

_ Type Household Intermediate Central Station Products

Market Region 1 2 3
. From Warehouse Direct Direct

I West Coast $1,296,406 $432,523 $856,.050 $2,593,979

II Rocky Mountain 127,947 63,974 106,623 298,544

III North Central 665,811 283,217 0 949,028

IV Great Lekes 852,920 375,104 0 1,228,024

'V North Eastern 2,145,472 974,241 4,871,208 7,990,921

VI South Eastern 944,205 409,328 0 1,353,533

' VII South Central 2,127,709 891,423 2,228,558 5,247,690

$8,160,470 $3,249,810 $8,071,439 519,661,719

*Expressed in 1986 Manufacturing Year Dollars/Year.




INCOME TAXES*
(By Product and Region)

Customer Regidancial Commarcial Public Utility All
Type 1 Household Intermediate | Central Station Products
Market 1 2 3
Region
N
I West Zoast $12,009,443 $5,677,947 $10,223,480 $27,910,870
IT Rocky Mountain 14,098,118 6,712,679 10,066,960 30,877,757
IIT North Central 2,470,154 1,170,423 0 3,640,577
IV Great Lakes 2,555,453 1,206,495 0 3,761,948
V North Eastern 5,050,493 2,403,171 10,995,383 18,449,047
VI South Eastern 2,475,325 1,177,159 0 3,652,484
VII South Central 9,609,152 4,572,351 10,460,252 . 24,641,755
5 All Regions $48,268,138 [ $22,920,225 841,746,075 $112,934,438
, _
R

*Expressed in 1986 (manufacturing year) dollavs. | a

¢ zmany

,
v
1
($2
w
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NET PROFIT AFTER TAXES*
(By Product and Region)

Customer Residential Commarcial Public Utility ALl
Type i Household Intermediate ; Central Station Products
Market 1 2 3
Region
3
I West Coast $11,538,485 $5,455,283 $9,822,559 $26,816,327
IT Rocky Mountain 13,545,251 6,449,436 9,672,177 29,666,864
III North Central 2,373,285 1,124,525 ¥ 3,497,810
IV Great Lakes 2,455,239 1,159,182 0 3,614,421
V North Eastern 4,852,434 | 2,308,929 10,564,192 17,725,555
VI Scuth Eastern 2,378,254 1,130,9% 0 3,509,250
VII South Central 9,232,322 4,393,043 10,050,046 23,675,411
All Regions $46,275,270 |$22,021,394 $40,108,974

108,505,638

*Eypressed in 1986 (manufacturing year) dollars.
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SOLAR ARRAY PRICE ESTIMATES®
{By Product and Region)

[

PREZ)

(1975 $/Watt)}

Residential

Commercial

Public Utility

All

Household | Intermediate | Central Statio Products :

Matket 1 2 3 : :

Region

I West Coast $.860 $.813 $.732 $.799 l

i‘

IT Rocky Mountain .841 .801 .720 .789 i
IIX North Central .864 .838 - .868
IV Great Iskes 914 .863 - «897
V North Eastern .904 .860 .787 .825
VI South Eastern .886 .842 - 871
VII South Central .860 .818 . 749 .801
All Regions $.864 $.820 $.,747 $.808

*Expressed in deflated 1975 dollars per watt.
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