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ABSTRACT 

This report provides complete documentation of the M&D computer 
model. The purpose is to estimate the costs of selling and 
transporting photovoltaic solar energy products from the 
manufacturer to the final customer. The model adjusts for 
the inflation and regional differences in marketing and 
distribution costs. The model consists of three major 
components: the marketing submodel, the distribution sub­
model, and the financial submodel. Information concerning 
the availability of the FORTRAN computer program can be 
obtained from the sponsoring organization: Sandia National 
Laboratories, Photovoltaic Division 9723. This document 
explains the computer program including the input require­
ments, output reports, subprograms and operating environment. 
The program specifications discuss maintaining the validity 
of the data and potential improvements. An example for a 
photovoltaic concentrator collector demonstrates the appli­
cation of the model . 
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Theodore 
National 
project. 

PREFACE 

Barray & Associates (TB&A) was contracted by Sandia 
Laboratories to perform a Solar Energy Costing Standards 

The primary objectives of this study were to: 

• Expand the SAMIS manufacturing cost estimating model 
capabilities to include concentrator technologies and 
selected balance of system (BOS) components. 

• Develop a uniform construction cost accounting struc­
ture consistent with PV program requirements and 
objectives for test and application projects. 

• Automate the Marketing and Distribution (M&D) model to 
estimate the costs of selling and delivering solar 
energy products to the factory customer. 

The results of this have been documented in five reports: 

• Photovoltaic Subsystem Production Cost Model (SAMIS) - An 
overview of the SAMIS model with instructions on input 
requirements and output reports. (SAND81-7049) 

• Photovoltaic Subsystem Marketing and Distribution Model: 
Programming Manual - A complete listing of all computer 
documentation necessary to run the program, including a 
description of the operating environment, program speci­
fications, subprograms, input options, and output reports. 
(SAND81-7048) 

• Photovoltaic Subsystem Marketing and Distribution Model -
A description of the M&D model, input options, and output 
reports, geared towards management. (SAND8l-7047) 

• Cost Accounting and Reporting System Manual for Photovoltaic 
Project Management - A uniform construction cost accounting 
structure for photovoltaic test and application projects 
including instructions and forms. (SAND81-7046) 

• Photovoltaic System Costing Methodology Development - An 
overview of the entire project, detailing the project back­
ground, study objectives, and technical approach, as well 
as, SAMIS, M&D, and Costing System results. (SAND8l-70S0) 

This document, the marketing and distribution model programming 
manual, is intended primarily for the individual involved in 
running the M&D computer code. The report entitled Photovoltaic 
Subsystem Marketing and Distribution Model (SAND81-7047) provides 
a more succinct description of the model capabilities without 
going into the code details. The interpretation of the results 
of the example calculation is contained in the overall project 
final report (SAND8l-70S0) • 
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FOREWORD 

This report was prepared for the Photovoltaic Systems Definition 
Project of Sandia National Laboratories under contract number 
46-5760. The project is part of the National Photovoltaics 
Program sponsored by the U.S. Department of Energy (DOE). The 
report documents the M&D model to estimate marketing and distri­
bution costs for photovoltaic solar energy products. 

The work at Theodore Barry & Associates was performed by many 
i ndi viduals under the supervision of James B. Ayers. Several 
people worked on the computerization of the model including 
Robert Bullemer, Valerie Frank, Alex Guttman, and Jeanne 
Steinhauer. Many other people provided valuable assistance in 
the formulation of the model which was initiated for the Jet 
Propulsion Laboratory (JPL) under the direction of Robert 
Chamberlain with the help of Chet Borden and Robert Aster. 
Baldwin Klep and Diane Ronnigen of TB&A performed manual calcula­
tions and analyzed the model results. 

Dr. Gary Jones of Sandia served as technical monitor for the pro­
ject. Patricia Allen debugged and installed the program on the 
Sandia computer and made numerous contributions to the reports. 
Several others at Sandia assisted in the enhancement and documen­
tation of the model. 

TB&A extends our sincere appreciation for the courtesy and 
cooperation from the many individuals from both JPL and Sandia 
who participated in the development of the M&D computer program. 
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I INTRODUCTION 

This report documents a computer program of a photovoltaic sub­
system marketing and distribution model to support the National 
Photovoltaics Program of the United States Department of Energy 
(DOE). 

The overall objective of this national program is to promote the 
development of low cost, reliable, terrestrial photovoltaic (PV) 
systems, and to stimulate creation of a viable industrial and 
commercial capability to manufacture and distribute these systems 
for widespread use in residential, commercial, industrial, agri­
cultural, and governmental applications. 

Sandia National Laboratories is actively involved in this program 
as manager of the DOE Systems Definition Project. Specific goals 
of this effort are to evaluate alternative applications of PV 
technology and define the most promising system designs for 
demonstration experiments. 

Many companies are currently analyzing system design, prototype 
fabrication, production planning, installation procedures, main­
tenance approaches, and life-cycle cost estimates. The installed 
system price and system operating and maintenance costs are being 
estimated by each of the system design companies. However, cost 
estimates are not always comparable due to differences in econo­
mic and financial accounting assumptions and because the eva­
luations have not been made 'in the context of a complete 
manufacturing process sequence in an automated factory. 

Cost reductions per unit may result from increasing the area, 
simplifying the design, sharing components, minimizing field 
labor, automating fabrication, producing large volumes, and 
reducing labor through learning. The complexity of these 
assessments for a variety of competing technologies requires 
sophisticated models capable of simulating an entire industry to 
evaluate high volume processes and to calculate probab.1e manufac­
turing costs in the future. 

Consequently, the development of a standard cost estimating 
methodology and performance reporting system is an important part 
of the DOE Systems Definition Project at Sandia. These standards 
unify economic and financial accounting assumptions providing 
comparable cost estimates for the alternative photovoltaic system 
technologies under development. 
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These standards include the following economic models which can 
be applied to analyze performance and to evaluate costs !for 
alternative PV systems. 

SAMIS 

component 
manufacturing 

cost 

PHOTOVOLTAIC E~ONOMIC MODELS 

M&D 

marketing & 
distribution 

cost 

PV COST 

on-site 
installation 

cost 

SAMIS - estimates manufacturing costs for PV system components 
based on input data describing the component design, manufac­
turing equipment costs, capacit~es, and direct requirements for 
the production processes such as labor, materials, supplies and 
utilities. These inputs are selected for a complete sequence of 
manufacturing processes from a standard cost account catalog 
which contains prices versUS quantities. The output reports 
include a solar product price estimate, income statement, 
key financial ratios, and an initial capital cost summary. 
Prices are FOB plant. 

M&D - estimates the costs of selling and transporting PV system 
components from the factory to the site. Three submodels compute 
marketing expenses, distribution costs, general and administra­
tive expenses, taxes, and profit. Output reports present deli­
vered solar product price estimates, projected income statements, 
key financial indicators, transportation modes, and warehouse 
sizes and locations. The model forecasts are adjusted for both 
inflation and regional differences in marketing and distribution 
costs. 

PV COST - estimates on-site installation costs for all PV system 
components. The estimating data base contains costs for on-site 
labor and materials. 

This report provides complete documentation of the M&D computer 
modeL Information concerning the availability of the FORTRAN 
computer program can be obtained from the sponsoring 
organization: Sandia National Laboratories Photovoltaic Division 
4723. The documentation explains the input requirements, output 
reports, subprograms, and operating environment. The program spe­
cifications discuss maintaining validity of the data and poten­
tial improvements. An example for a PV concentrator collector 
demonstrates the use of the model. 
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II PROGRAM DESCRIPTION 

A. Overview of the Model 

1. System Schematic - The purpose of the M&D model is to esti­
mate the costs of selling, warehousing, and transporting solar 
energy products from the factory to the final customer. The user 
can analyze the implications of alternative distribution channels 
and transportation modes. The impact of economies of scale can 
be evaluated with high volume production in national, regional or 
local factories. The impacts of a diversion of demand from con­
ventional energy sources to solar can be measured in terms of the 
delivered product price estimate ($/watt). 

On the supply side, separate models of marketing, distribution, 
and finance are combined in a modular representation of the 
geographic sales territory. Demand for the solar products is not 
forecast~ rather it is treated parametrically via the total 
megawatt capacity and the average order quantity by customer 
type. Although this approach ignores the interaction of supply 
and demand, it does provide information about the economies and 
productivity of operating alternative distribution systems at 
various production levels. 

As shown in the system schematic Exhibit II-A, the M&D program con­
sists of a main program, a set of four subprograms and twelve 
subroutines. 

Starting with the main program, the user input data is 
run options are established for all of the subprograms. 
checked for validity and error reports are printed. 

read and 
Data is 

Depending on the run options specified as input, the main program 
calls one or more of the subprograms in the following sequence: 

• Marketing Subprogram: MARKET 
• Distribution Subprogram: DISTRB 
• Finance Subprogram: FINANC. 

The marketing and distribution subprograms are independent of one 
and other although they use some of the same input data. The 
finance subprogram requires results from either the marketing or 
distribution subprogram, or both of them. 

All input data is read by READ statements in the main program. 
The values of all standard parameters are initialized by data 
statements in the block data subprogram. These values, which are 
used by the other subprograms, are passed through common blocks. 
All output reports are generated by the marketing, distribution, 
and finance subprograms. 
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The major inputs to the model are the manufacturing cost of the 
solar products and the demand distribution by customer type and 
geographic region. Output reports present delivered solar pro­
duct price estimates, projected income statements, key financial 
indicators, transportation modes, warehouse sizes and locations. 
Three submodels compute marketing, distribution and fianancial 
parameters. 

The marketing submodel computes the cost of selling solar pro­
ducts. These costs include: 

• Sales personnel salaries 
• Office facilities cost 
• Sales expenses 

travel and entertainment 
commu nications 
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 customer. 
Customers are described by their average order quantity. The 
model allows for up to three classes of customers, although fewer 
can be specified. For example, small (residential), intermediate 
(commercial), and large (utilities). In the example case pre­
sented in this report for photovoltaic concentrator collectors, 
the average residential customer purchases photovoltaic solar 
systems in orders of 5 kilowatts, commercial 500 kilowatts and 
utilities 5 megawatts. 

The user inputs total sales by customer, total sales by region, 
and 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. 

The distribution submodel computes the cost of transporting, 
warehousing, and delivering the solar arrays from the' factory to 
the final customers. The country is divided into seven distribu­
tion regions. For each region, there are two distribution alter­
natives for each type of customer: 

• Direct shipments from the factory to the customer 

• Transshipments from the factory through a regional 
warehouse to the customer • 

5 



The model computes the alternative which minimizes the total 
annual distribution cost. In a given region, some types of 
customers may be supplied directly from the factory and others 
from a regional warehouse. There will not necessarily be a ware­
house in every region, unless it is calculated to be economical 
to have one. 

If there is a warehouse, the model computes the optimal warehouse 
size which balances the number of shipments required with the 
cost of operating the warehouse, thereby minimizing the cost of 
the delivered solar products. 

The financial submodel of the firm consists of the equations used 
to compute sales revenues, taxes, and profits based on the 
marketing and distribution expenses. The model parameters are 
expressed in standard financial statement terms to facilitate 
preparation of projected income statements for each region. 

The inputs include demand distribution by region, the annual 
distribution expense by region, the annual marketing expense by 
region, the manufacturing cost of goods sold, and the manufac­
turing year. 

Several 
required 
effective 

financial parameters are used, inclu<'ling the minimum 
rate of return on equity, financial leverage ratio, 
income tax rate, and the risk coverage period. 

The model specifies the working capital required for inventories 
and a cash reserve to cover fixed expenses. Profits are computed 
to earn the minimum required return on equity. Product prices 
are derived from the required revenue condition that annual reve­
nues equal annual costs including profit. 

The output consists of projected income statements, delivered 
product price estimates, and three key financial indicators. The 
key financial indicators are the cost of capital, mark-up, and 
the profit margin. 

The income statements are generated by region for a s±eady-state 
manufacturing year. The prices are computed by dividing the 
annual sales revenue by the demand in each region for each pro­
duct type. The price estimates include all manufacturing, 
marketing, and distribution expenses as well as a reasonable 
profit. 

The model forecasts are adjusted for both inflation and regional 
differences in marketing and distribution costs. 

The equations and standard values used for the model parameters 
are presented in Appendix B. 
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2. Design Constraints - The M&D model was orginally developed to 
evaluate marketing and distribution costs for flat-plate 
photovoltaic solar arrays. Although later expanded to evaluate 
other solar energy products such as concentrator collectors and 
pCMer conditioning units, the model has not yet been extended 
to other industries. 

Assumptions used in the model have been predicated on the sales 
requirements for an established product. This was necessary due 
to the infancy of the solar energy field. Another limitation 
placed on the model is that component manufacturing has not been 
allowed. In reality, this may be the most logical method to 
develop complete photovoltaic solar energy systems. The result 
of this is a more conservative estimate by the model. 

As previously stated, the marketing submodel ignores the interac­
tion of supply and demand. However, input data can be varied 
parametrically to receive comparable results. Out of the 
necessity to simplify the model, salesman productivity is assumed 
to be independent of advertising. Also, no manufacturing price 
discounts are offered for large orders. 

Several suppositions were also made with regard to the ware­
housing and storage of component parts. It is assumed that all 
warehouses are leased - none are owned. This again provides for 
a conservative estimate. In addition, there is no allowance for 
the sharing of a warehouse with regard to other products or other 
manufacturers. In the case where a warehouse is needed for small 
volumes, the storage cost per unit is higher than one of the 
afore mentioned solutions. The model also does not allow for 
stockouts and assumes that there is only a single factory. 

Eleven test cases were run varying all input parameters over 
ranges. It was found that at very low values of demand, 
model does not yield realistic results. 

wide 
the 

The computer program has been designed so that the compile/link 
edit functions are separate from the input data and report print 
out. This allows input data to be easily and inexpensively mani­
pulated. 

3. Maintaining validity of data - The block data suhprogram con­
tains data statements which initialize the values of all standard 
parameters. These values which are used by the other 
subprograms, are passed through common blocks. In all, there are 
more than fifty standard parameters. The following six pages 
list each parameter and the standard values contained in the 
block data subprogram. 

These inflation rates are standard parameters whose values are 
also set in the block data subprogram and can be easily modified 
by the user . 

7 



While the program does inflate the 
year, the dollar values should be 
maintain the validity of the data. 
items should be updated: 

values from the base price 
reviewed once each year to 

Specifically the following 

AC = Annual compensation rate for direct sales support 
personnel (base price year $/year/person). 

CS = Annual compensation rate for salesman 
(base price year $/year/person). 

RHOO = Office utilities cost rate 
($/square meter/year). 

FC = Annual fixed cost per vehicle 
($/vehicle/year). 

VC = Variable operating cost per vehicle 
($/kilometer) • 

OP = Warehouse order prooessing cost 
($/order) • 

RHOW = Utility cost rate 
($/square meter/year). 

SALD = Annual oompensation rate for warehouse personnel 
(base price year $/year/person). 

In addition to these block data subprogram parameters, there are 
four subroutine functions used by the marketing and distribution 
subprograms that contain cost coefficients expressed in 1981 
dollars. 

KO Subroutine - Determine the office facilities capital cost, KO 
in 1981 dollars, as a function of the office size 0 in square 
meters. 

C SUbroutine - Determine the interregional transportation cost, C 
in 1981 dollars, as a function of the average shipment weight, 0, 
in kilograms and the shipping distance, S, in kilometers. 

KE Subroutine - Determine the equipment capital cost, KE in 1981 
dollars, as a function of the warehouse size, F in square meters. 

KB Subroutine - Determine the building and land capital cost, KB 
in 1981 dollars, as a function of the warehouse size, F in square 
meters. 

These values should be reviewed periodically and updated if 
necessary in order to maintain the validity of the standard data. 
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M&O PROGRAM ST"NMRO O"T" 

C *** lOGIC"l ~ITS SPECI FYIN; lOC"TION OF O"T" ".pUT NID (lJTPUT 
O"T" IN, OUT 

/5, 6/ 
C *** lABOR OOST I ftIlEX FOR REG I ON J 

O"T" lJ(II, lJ(2), lJ(31, LJ(4), LJ(51, LJ(6I, LJ(71 
I /1.103, 1.088, 1.014, 1.161,0.998,0.858,0.9371 

C *** UTILITIES OOST IftIlEX FOR REGION J 
O"T" UJ(I), UJ(21, UJ(3), UJ(41, UJ(51, UJ(61, UJ(7) 

1 /1.32, 0.82, 0.90, 0.90, 1.30, 0.95, 1.20/ 
C ••• F"CILITIES OOST IftIlEX FOR REGION J 

O"T" BJ(II, BJ(2), BJ(3I, BJ(4), BJ(5I, BJ(6), BJ(7) 
1 /1.062, 0.969, 1.052, 1.000, 1.114, 0.938, 0.927/ 

C ••• OONSTRUCT I ON OOST I ftIlEX FOR REG I ON J 
O"T" CJ(I), CJ(2), CJ(3), CJ(4), CJ(5), CJ(61, CJ(7) 

1 /1.062, 0.969, 1.052, 1.000, 1.114, 0.938, 0.927/ 
C ... EQUIPMENT OOST IftIlEX FOR REGION J 

O"T" EJ(I), EJ(2), EJ(3I, EJ(4), EJ(5), EJ(6), EJ(7) 
I /1.062, 0.969, 1.052, 1.000, 1.114, 0.938, 0.927/ 

C ... G" 'THROUGH GT ME INFL"TlON RflTES (J/YEAA) FOR 'THE FOLLOWIN;: 
C G"-R"" MflTERI "LS, GB-LflBOR oosT, GC-CHEMI C"L OOST, GD-COMMOOI-
C TIES, GE-ENERGY & UTILITIES, GG-L"ND oosT, GH-F"CILITIES, 
C GI-CONSTRUCTION OOST, GJ-EQUIPMENT, GF-RESOURCES, GT-TR"NSPOR-
C T"TION, OG IS THE SOLAA PRODUCTS OEFL"TlON RflTE (S/YEAA) 

O"T" G", GB, GC, GO, GE, GG, GH, GI, GJ, GF, GT, OG 
1 10.11,0.08,0.13,0.08,0.12,0.04,0.09,0.08,0.07,0.15,0.07,0.06/ 

C ••• "NNU"L COMPENS"TION RflTE FOR OIRECT SALES SUPPORT PERSONNEL 
C (B"SE PRICE YEAA S/YEAA/PERSON) 

OAT" AC(I), "C(2), AC(3), "C(4), "C(5), "C(6) 
1 /35917., 16761., 34284., 25713., 25713., 23809./ 

C * •• REQUIREMENT OOEFFICIENT FOR OIRECT S"LES SUPPORT PERSONNEL 
OAT" RC(I), RC(2), RC(3), RC(4), RC(S), RC(6) 

12.0, 0.1, 0.4, 0.2, 0.2, 0.1/ 
C •• * ANNU"L COMPENSATION RflTE FOR S"LESMEN TYPE 
C (B"SE PRICE YEAA S/YEAA/PERSON) 

OAT" CS(I), CS(2), CS(3) 
1 /24570., 32652., 43427./ 

C *** ANNU"L COMPENSATION RflTE FOR INDIRECT SALES PERSONNEL 
C (BASE PRICE YEAA S/YEAA/PERSON) 

O"T" SAL(I), SAL(2), SAL(3), SAL(4), SAL(5), S"L(6), SAL(7), SAL(8), 
1 /81357 .. 52243 .. 52243., 52243 .. 52243., 18571., 19809., 21618./ 

C .** AOVERTISIN; RflTE FOR CUSTOMER TYPE I (S OF MflNUFACTURIN; PRICE) 
OATA ADE(II, ADE(2), ADE(3) 

I 10.02, 0.01, 0.0011 
C *.* SPP IS THE AMOUNT OF OFFICE SPACE PER PERSON (SQ. METERS/PERSON) 
C GAMMAO IS THE OFFICE FACILITIES LEASE RflTE (J OF CAPITAL OOSTIYEAA) 
C RHOD IS THE OFFICE UTILITIES OOST RflTE (S/SQ. METER/YEAA) 
C OM IS THE OFFICE MflINTENANCE COST RflTE (S OF CAPITAL COST/YEAR I 
C BETA IS THE PROPERTY TAX RATE (S OF CAPITAL OOST/YEAR) 
C MU IS THE INSURANCE RflTE (S OF CAPITAL COST/YEAR) 
C TIl IS THE BASE PRICE YEAA 

OATA SPP, GAIot4AO, RHOO, OM, BETA, MU, TB 
1 /12.45,0.126, 1.89,0.01,0.04,0.01, 19811 
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M&D PROGRAM STANDARD DATA 

C *** INDIRECT PERSONNEL STAFFING REQUIREMENTS MATRIX 
DATA AM( I ,1>, RM<I ,2), AM( I ,3), RM( 1,4), RM<I ,5), AM( I ,6), 

I AMII,7), RM(I,S) /S * 0.00/ 
DATA AM(I,9), AMCI,IO), AM(1,"), AM<I,I2), AM(1,13), AM(1,I4), 

AM(I,IS) /7 * 0.00/ 
DATA AM(I,16), RMII,17) 

I /2. 0.00/ 
DATA AM(2,I), RMI2,2), AMI2,3), RM(2,4), AM(2,5), AM(2,6), 

I AM(2,7), AMI2,S) /S* 0.00/ 
DATA AMI2,9), AM(2,IO), AM(2,II), RM(2,I2), AM(2,I3), RM(2,I4), 

I AM(2,IS) /7 * 0.00/ 
DATA AM(2,I6), RM(2,I7) 

I /2 * 0.00/ 
DATA AM(3,I), AM(3,2), AMI3,4), AM(3,5), AM(3,6), 

I AM(3,7), AM(3,S) /S· 0.00/ 
DATA AM(3,9), AM(3,IO), AMI3,II), AM(3,I2), AM(3,I3), AMI3,I4), 

I AM(3,I5) /7 * 0.00/ 
DATA AM(3,I6), AM(3,I7), 

/2 * 0.00/ 
DATA AM(4,I), AM(4,2), AM(4,3), AMI4,4), AM(4,5), AM(4,6), 

I AM(4,7), AMI4,S) /S * 0.00/ 
DATA AM(4,9), AM(4, 10), AM(4, 11), AM(4, 12), AM(4, 13), AM(4, 14), 

I AM(4,I5) /7 * 0.001 
DATA AM(4,16), RM(4,I7) 

/2 * 0.00/ 
DATA AM(5,I), AMI5,2), AMI5,3), AM(S,4), AM(5,S), AM(5,6), 

AM(5,7), AM(S,S) /8 • 0.00/ 
DATA AM(5,9), AM(5,IO), AM(S,II), AM(S,12), AM(S,13), AM(5,14), 

I AM(S,I5) /7 * 0.00/ 
DATA AM(5,I6), AM(S,I7) 

I /2 * 0.00/ 
DATA AM(6,I), AM(6,2), AM(6,3), AM(6,4), RM(6,5), AM(6,6), 

I AM(6,7), AM(6,S) /S * 0.001 
DATA RM(6,9), AM(6,IO), RM(6,11), RM(6,I2), RM(6,I3), AM(6,I4), 

I AM(6,I5) /7 * 0.00/ 
DATA AM(6,I6), RM(6,I7) 

I /2 * 0.00/ 
DATA RM(7,I), AM(7,2), AM(7,3), AM(7,4), AM(7,S), RM(7,6), 

I AM(7,7), AM(7,S) /S * 0.00/ 
DATA AM(7,9), AM(7,IO), AM(7,II), AM(7,I2), AM(7,I3), AM(7,14), 

I AM(7,I5) /7 • 0.00/ 
DATA AM(7,I6), AM(7,I7) 

I /2. 0.00/ 
DATA AM(S,I), RM(S,2), AM(S,3), AM(S,4), AM(S,5), AM(S,6), 

I AM(S,7), AM(S,S) /8 * 0.00/ 
DATA RM(S,9), AM(S,IO), AM(S,II), AM(S,12), AM(S,13), AM(S,14), 

I RM(S,I5) /7 • 0.00/ 
DATA AM(S,16), AM(S,17) 

'/2 • 0.001 
DATA AM(9,1), AM(9,2), RM(9,3), RM(9,4), AM(9,5), AM(9,6), 

I AM(9,7), AM(9,S) /8 • 0.00/ 
DATA AM(9,9), AM(9,IO), AM(9,11), RM(9,12), RM(9,I3), RM(9,14), 

I AM(9,IS) /7 • 0.00/ 
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M&D PROGRAM STANDARD DATA 

DATA RM(9,16), RM(9,17) 
12 * 0.001 

DATA RM(IO,I), RM(10,2), RM(10,3), RM(IO,4), RM(10,5), RM(IO,6), 
RM(10,7) 17 * 0.001 

DATA RM(10,8), RM(10,9), RM(10,10), RM(10,11), RM(10,12), RM(10,13), 
I RM(10,I4) 13 * 0.00, 4 * 0.251 
DATA RM(IO,15), RM(10,16), RM(IO,17) 

1 13 * 0.001 
DATA RM(I',1l, RM(Il,2), RM(l1,3), RM(lI,4), RM(fl,5), RM(fl,6), 

I RM(II,7) 14 * 0.00, 0.1111, 2 * 0.001 
DATA RM(lI,8), RM(Il,9), RM(II,IO), RM(II,I1l, RM(fl,12), RM(II,13), 

1 RM(Il,14) 10.00, 0.1667, 5 * 0.001 
DATA RM(Il,I5), RM(II,16), RM(fl,17) 

/3 * 0.001 
DATA RM(12,I), RM(12,2), RM(I2,3), RM(I2,4), RM(I2,5), RM(12,6), 

RM(12,7) 15 * 0.00, 0.1667, 0.001 
DATA RM(12,8), RM(12,9), RM(12,10), RM(12,lll, RM(f2,12), RM(12,13), 

RM( 12,14) 17 * 0.001 
DATA RM(f2,15), RM(12,16), RM(f2,17) 

I 13 * 0.001 
DATA RM(13,1) RM(13,2), RM(13,3), RM(13,4), RM(13,5), RM(13,6) 

1 RM(13,7) 10.1111, 0.1667, 0.25,4 * 0.001 
DATA RM(13,8), RM(f3,9), RM(f3,10), RM(f3,lll, RM(13,12), RM(13,13), 

RM(I3,14) 17 * 0.001 
DATA RM(13,15), RM(13,16), RM(13,17) 

/3 * 0.001 
DATA RM(14,ll, RM(14,2), RM(f4,3), RM(14,4), RM(14,5), RM(14,6), 

I RM(14,7) /3 * 0.00, 0.1111, 2 * 0.00, 0.11111 
DATA RM(14,8), RM(14,9), RM(14,10), RM(14,lll, RM(14,12), RM(14,13), 

RM( 14 ,14) 10.1111, 6 * 0.00/ 
DATA RM(f4,15), RM(14,16), RM(14,17) 

1 13 * 0.00/ 
DATA RM(15.1), RM(15,2), RM(15,3), RM(15,4), RM(f5,5), RM<15,6), 

1 RM(15,7) 10.1111,0.1667,0.25,2 * 0.00,0.25,0.00/ 
DATA RM115,8), RM(15,9), RM(f5,10), RM(f5,11), RM(15,12), RM(f5,13), 

RM(15,14) 10.00, 0.25, 5 * 0.00/ 
DATA RM(15,15), RM(15,I6), RM(15,17) 

1 13 * 0.001 
DATA RM(16,1), RM(16,2), RM(16,3), RM(I6,4), RM(I6,5), RM(16,6), 

RM(16,7) 17 * 0.001 
DATA RM(16,8), RM(16,9), RM(16,IO), RM(16,lll, RM(16,12), RM(16,13), 

I RM(16,14) /3 * 0.00, 4 * 0.50/ 
DATA RM(16,15), RM(16,16), RM(16,17) 

1 /3 * 0.001 
DATA RM(17,I), RM(17,2), RM(17,3), RM(17,4), RM(17,5), RM(17,6), 

I RM(17,7) 17 * 0.00/ 
DATA RM(17,8), RM(17,9), RM(17,10), RM(17,lll, RM(17,12), RM(17.13), 

1 RM(17,14) /2 * 0.00, 1.00,4 * 0.00/ 
DATA RM(17,15), RM(17,16), RM(17,17) 

13 * 0.00/ 



N&D PROGRA14 ST~NDARD D~T~ 

C u. INTERREGION~L SHIPPltG DISTANCE ~TRIX IKILOMETERS) 
D~T~ S(1,Il, 511,2', 511,3', 5(1,4), 511,5), 511,6), 5(1,7) 

1 /000.0, 640.0, 2788.0, 3057.0, .34 •• 0, 3540.0, 2293.0/ 
D~T~ 5(2,1), 5(2,2), 512,3), 512,4), 5(2,5), 5(2,6), 5(2,7) 

1 /640.0, 000.0, 2100.0, 2782.0, 3595.0, 3036.0, 1652.0/ 
D~T~ 513,1), 513,2), 513,3', 5(3,.', 513,5), 513,6), 513,7) 

1 /2788.0, 2100.0, 000.0, 644.0, 1770.0, 1609.0, 1064.0/ 
D~T~ S(4,Il, 5(4,2), 51. ,3), 514,4), 5(4,5', 5(4,6), 514,7) 

1 13057.0, 2782.0, 644.0, 000.0, 1287.0, 965.0, 1207.0/ 
D~T~ 515,1, 515,2', 5(5,3), 5(5.4), 515,5', 5(5,6', 5(5,7) 

1 /4344.0, 3595.0, 1770.0, 1287.0, 000.0, 1527.0, 2414.0/ 
D~T~ 5(6,1), 5(6,2), 516,3), 516,4), 5(6,5), 516,6), 516,7) 

1 /3540.0, 3036.0, 1609.0, 965.0, 1529.0, 000.0, 1287.0/ 
D~T~ 5(7,1), 517,2), 5(7,3), 517,4), 517,5), 5(7,6', S(7,7' 

1 12293.0, 1652.0, 1064.0, 1207.0, 2414.0, 1287.0, 000.0/ 
C ••• INTRAREGIONAL SHIPPltG DISTANCE ~TRIX - THE AVERAGE DISTANCE AROM 
C WAREHOUSE TO CUSTOMER ~ THE AVERAGE DISTANCE BETWEEN CONSECTUVIE 
C CUSTOMERS ON DELIVERY TRIPS (KILOMETERS) 

DATA Y(I,Il, YII,2), YII,3), YII,4), YII,5), YII,6), Y(I,7) 
In· 50.0/ 

DATA Y(2,Il, Y(2,2), Y(2,3), Y(2,4', Y(2,5), Y(2,6', Y(2,7) 
In· .50.0/ 
D~T~ Y(3,1), Y13,2), Y(3,3), Y13,4), Y(3,5', Y(3,6), Y(3,7) 

n • 50.0/ 
C ••• we IS THE VEHICLE LOAO CAP~CITY (KILOGRAMS/VEHICLE) 
C Me IS THE VEHICLE DISTANCE CAPACITY (KILOMETERS/VEHICLE/yE~R) 

C FC IS THE ANNUAL FIXED COST PER VEHICLE (S/VEHICLE/YEAR) 
C VC IS THE VARIABLE OPERATltG COST PER VEHICLE (S/KILOMETER) 
C OP IS THE WAREHOUSE ORDER PROCESS I tG COST (S/ORDERI 
C 
C 
C 
C 

~LPHA IS THE WAREHOUSE SPACE UTILIZATION FACTOR 
(CUBIC METERS OF PRODUCT/SQUARE METER WAREHOUSE) 
PHI IS THE ANNUAL INVENTORY CARRYltG CHARGE RATE 
(' OF PRODUCT VALUE/YEAR) 
DATA we, Me, FC, VC, OP, ALPHA, PHI 

I /8000.0, 75000.0, 31510.2, 0.125, 68.0,0.25, 0.3775/ 
C u. GNflAE IS THE ANNUAL LEASE RATE FOR EQUIPMENT 
C (' OF CAPITAL COST/YEAR) 
C GNflAB IS THE ANNUAL LE~SE RATE FOR BUILDltGS 
C (' OF CAPITAL COST/YEAR) 
C RHOW IS THE UTILITIES COST RATE (S/SQUARE METER/yEAR, 
C BETAW IS THE PROPERTY T~ RATE (' OF CAPITAL COST/YEAR) 
C IIlIW IS THE INSURANCE RATE (S OF CAPIT~L COST/YEAR) 
C M IS THE ~INTEN~NCE COST RATE I' OF CAPIT~L COST/YEAR, 

DAT~ GAIoWIE, GNflAB, RHOW, BETAW, IIlIW, M 
1 /0.25, 0.126, 1.89, 0.04, 0.01, 0.01/ 

Cu. MATRIX FOR CUSTOMER TYPE ~ REGION; ~RR~Y OF DISTRIBUTION OPTIONS 
DATA XXII,I', XX(I,2), XX(I,3), XX(I,4) 

1 10.0, 1.0, 0.0, 0.0/ 
DAT~ XX(I,5), XX(I,6), XX(I,7', XX(I.8) 

1 /1.0, 1.0. 0.0, 1.0/ 
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M&D PROGRAM STANDARD DATA 

DATA XX(2,1), XX(2,2), XX(2,3), XX(2,4) 
1 10.0, 1.0, 1.0, 0.01 

DATA XX(2,5), XX(2,6), XX(2,7), XX(2,8) 
1 11.0, 0.0, 1.0, 0.01 

DATA XX(3,1), XX(3,2), XX(3,3), XX(3,4), 
1 10.0, 1.0, 0.0, 1.01 

DATA XX(3,5), XX(3,6), XX(3,7), XX(3,8) 
1 10.0, 1.0, 1.0, 0.01 

C *.. I NVENTORY CARRY I N3 RATE (. OF PROOUCT VALUE/YEAR) 
DATA PHI Fl. 37751 

C *** EFFECTIVE INCOME TAX RATE (. OF NET PROFIT/YEAR) 
DATA TAU/.511 

C * .. MINIMUM REQUIRED RATE OF RETURN ~ EQUITY 
DATA RHO/.1721 

C *** FINANCIAL LEVERAGE RATIO (TOTAL CAPITAL/EQUITY CAPITAL) 
DATA LAMDA/l.2/ 

C *** AVERAGE INVENTORY TURNOVER TIME (MONTHS) 
DATA ALFA/l.51 

C *** AVERAGE EXPENSE COVERAGE TIME(MONTHS) 
DATA BETAF/6.01 

C *** DEBT INTEREST RATE (./YEAR) 
DATA DIB/.1291 

C *** MODES OF TRANSPORTATION 
DATA TRUCK (1), RAIL (1), DIRECT(I) 

1 /4HTRUC, 4H RAI, 4HDIRE/ 
DATA TRUCK(2), RAIL(2), DIRECT(2) 

/4HK ,4HL , 4HCT I 
C *** GEOGRAPHIC AREAS 

DATA REGION(I,I), REGION(I,2), REGI~(I,3), REGION(I,4), REGION(I,5) 
1 14H , 4HWEST, 4H COA, 4HST ,4H / 

DATA REGION(2,1), REGION(2,2), REGION(2,3), REGION(2,4), REGION(2,5) 
/4H , 4HROCK, 4HY MO, 4HUNTA, 4HI N I 

DATA REGION(3,I), REGION(3,2), REGION(3,3), REGION(3,4), REGION(3,5) 
/4H , 4HNORT, 4HH CE, 4HNTRA, 4HL I 

DATA REGION(4,1), REGION(4,2), REGION(4,3), REGION(4,4), REGION(4,5) 
14H , 4HGREA, 4HT LA, 4HKES , 4H I 

DATA REGION(5,1), REGION(5,2), REGION(5,3), REGION(5,4), REGION(5,5) 
/4H , 4HNORT, 4HH EA, 4HSTER, 4HN I 

DATA REGION(6,1), REGION(6,2), REGION(6,3), REGION(6,4), REGION(6,5) 
14H , 4HSOUT, 4HH EA, 4HSTER, 4HN / 

DATA REGION(7,1), REGION(7,2), REGION(7,3), REGIDN(7,4), REGION(7,5) 
/4H , 4HSOUT, 4HH CE, 4HNTRA, 4HL I 

C *** MARKETIN3 AND DISTRIBUTION CENTERS 
DATA CITY(I,I), CITY(I,2), CITY( 1 ,3) 

1 /4HLOS , 4HANGE, 4HLES / 
DATA CITY(2,1), CITY(2,2), CITY(2,3) 

14HPHOE, 4HNIX , 4H I 
DATA CITY(3, I), CITY(3,2), CITY(3,3) 

1 14HOMAH, 4HA , 4H: I 
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M&D PROGRAM STANDARD DATA 

DATA CITY(4,I', CITY(4,2', CITY(4,3' 
/4HSPRI, 4HtGFI, 4HELD / 

DATA CITY(5,I), CITY(5,2', CITY(5,3) 
1 /4HSYRA,4HCUSE,·4H / 

DATA CITY(6,I', CITY(6,2), CITY(6,3) 
1 /4HATLA, 4HNTA , 4H / 

DATA CITY(7,1), CITY(7,2', CITY(7,3' 
1 /4HDALL, 4HAS , 4H / 

C *** CUSTOMER TYPE 
DATA CUST(I,I), CUST(I,2', CUST(I,3), CUST(1,4' 

1 /4HRESI, 4HDENT, 4HI AL , 4H / 
DATA CUST(2,I), CUST(2,2), CUST(2,3', CUST(2,4' 

1 /4HINTE, 4HAMED, 4HIATE, 4H / 
DATA CUST!3,I', CUST(3,2', CUST(3,3', CUST!3,4) 

/4HCENT, 4HRAL , 4HSTAT, 4HION / 
C *** ANNUAL COMPENSATION FOR WAREHOUSE PERSONNEL 

DATA SALD(I', SALD(2', SALo(3', SALD(4', SALo(5' 
1 /29182,5, 14965.4, 18380.2, 22856.2, 18648.21 

C *** DISTRIBUTION ALTERNATIVES 
DATA FACTRYCI" FACTRY(2), FACTRY(3), FACTRY(4) 

1 /4HFACT, 4HORY , 4HDIRE, 4HCT / 
DATA WAREHS(l), WAREHS(2), WAREHS(3), WAREHS(4) 

1 /4HWARE, 4HHOUS, 4HE ,4H / 
C *** GEOGRAPHIC AREAS 

DATA REGIN!l,l), REGIN(I,2), REGIN(1,3', REGIN(I,4) 
I /4H W, 4HEST, 4HCOAS, 4HT / 
DATA REGIN(2,1', REGIN!2,2), REGIN(2,3), REGIN!2,4) 

1 /4H ROC, 4HKY M, 4HOUNT, 4HAIN / 
DATA REGIN!),1), REGIN(),2), REGIN(),3), REGIN(3,4) 

1 /4H NO, 4HRTH , 4HCENT, 4HRAL / 
DATA REGIN(4,1), REGIN(4,2), REGIN(4,3), REGIN!4,4) 

1 /4H G, 4HREAT, 4H LAK, 4HES / 
DATA REGIN(5,1), REGIN!5,2), REGIN!5,3), REGIN(5,4) 

1 /4H NO, 4HRTH, 4HEAST, 4HERN/ 
DATA REGIN(6,1), REGIN(6,2), REGIN(6,3), REGIN(6,4) 

1 /4H SO, 4HUTH, 4HEAST, 4HERN/ 
DATA REGIN(7,1), REGIN(7,2), REGIN(7,)), REGIN(7,4) 

1 /4H SO, 4HUTH, 4HCENT, 4HRAL/ 
C *** CUSTOMER TYPE 

DATA CUSTOM!1,I), CUSTOM(1,2), CUSTOM(1,)), CUSTOM!1,4), 
1 CUSTOM(1,5), CUSTOM!1,6) 
2 /4H RE,4HSIDE, 4HNTIA, 4HL HO, 4HUSEH, 4HOLD/ 

DATA CUSTOM(2,1', CUSTOM(2,2), CUSTOM(2,3), CUSTOM!2,4), 
CUSTOM(2,5), CUSTOM(2,6) 

2 4HINTE, 4HRMED, 4HIATE, 4H COM, 4HMERC, 4HIAL/ 
DATA CUSTOM!),1', CUSTOM(3,2', CUSTOM(3,), CUSTOM!),4), 

1 CUSTOM(),", CUSTOM(),6' 
2 /4HCENT, 4HRAL, 4HSTAT, 4HION, 4HUTIL, 4HITY/ 
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The standard parameters listed above are contained in the block 
data subprogram to facilitate the changing of values to represent 
the specific circumstances of the user. These values are then 
passed to other subprograms through common blocks. 

Many of the standard parameters like salaries are expressed in 
dollar units for a base price year. The year is currently set at 
1981 for all of these parameters measured in dollars. 

In processing the data, the program adjusts these dollar values 
from the base price year to the manufacturing year using the 
appropriate inflation rate: 

GA 
GB 
GC 
GD 
GE 
GG 
GH 
GI 
GJ 
GF 
GT 

INFLATION RATES 

Raw Materials 
Labor 
Chemicals 
Commodities 
Energy & Utilities 
Land 
Facilities 
Construction 
Equipment 
Resources 
Transportation 

11% 
B% 

13% 
8% 

12% 
4% 
9% 
B% 
7% 

15% 
7% 

4. Future Contingencies/Improvements - The M&D model using a 
macroanalytic approach makes possible the cost effective eva­
luation of a wide range of alternative marketing strategies and 
distribution programs. It has benefits for both government 
policy analysis and corporate strategic planning. This utility 
could be enhanced by the following future contingencies and 
imp roveme nt s : 

• 

• 

Muleiple Products - The program is designed for 
single product companies, but could be expanded to 
handle vertically integrated companies suppling a 
variety of solar products or distributors handling 
many components. 

International Markets - The program is currently 
limited to domestic United States markets. The 
seven geographic regions could be extended to include 
intelnational markets in other countries of the 
world . 
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Distribution Channels - The model currently assumes 
that the company salesman sell directly to the final 
customer. The product is shipped either from the 
factory or from a regional warehouse· to the 
installation site. The model could be modified to 
cover other distribution channels such as wholesa­
lers, retailers, architects, and construction 
cont ractors. 

Warehouse Utilization - The hypothetical company 
leases warehouse space exclusively for the single 
product. Another alternative might be to share 
warehouse space by storing several system components 
such as optical systems, PV receivers, inverters, 
regulators, batteries and frames. 

Code Subroutine Data - The subroutine functions 
could be coded with symbolic coefficients in the 
equations to facilitate maintaining the data and 
changing values. 

Overlay Structure - No overlay structure has been 
imposed at the cost of greater storage requirements. 
The users may wish to implement a dynamic overlay 
structure to reduce the storage required by the 
subroutines. This is more important on non-virtual 
memory machines since it is done to some extent 
automatically by a virtual operating system. 

With these improvements and additional ideas from users, the M&D 
model .would become a more useful analytical tool capable of sup­
porting detailed parametric investigation of integrated marketing 
and distribution options in a variety of hypothetical or real 
scenarios. 

B. ProgramSpecifications 

The program has been written using straightforward programming 
techniques. Twelve subprograms other than library routines are 
employed to compute repetitive model calculations. Common blocks 
are used to permit the sharing of memory by two or more program 
units and to specify the dimensions of arrays that occupy these 
areas. This memory is conserved by avoiding more than one allo­
cation of memory for variables and arrays used by several program 
units: and arguments can be transferred implicitly between the 
calling program and a subprogram. 
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The amount of memory required and the units of measurement are 
extremely dependent on the type of hardware. The units used 
throughout this manual are bytes for IBM hardware. Each byte 
consists of eight bits and four byters or 32 bits make up one 
word. Users on non-IBM machines must translate the memory 
requirements given in this manual by an appropriate conversion 
factor provided by the equipment manufacturer. 

The arrangement of variables and arrays in the M&D program common 
blocks is summarized on the following pages. There are 15 
labeled common blocks ranging in size from 12 bytes to 2312 
bytes. The total memory occupied is 8736 bytes assuming 4 bytes 
per word. 

The following charts show the variable names and array dimensions 
in order by memory location for each common block. A checklist 
of the subprograms Which share these common block memory areas is 
also shown. The labeled common blocks are the same size, and the 
same variables are specified in each subprogram. 

The variahles appearing in labeled common blocks are all input 
parameters for the marketing, distribution, and financial 
subprograms. The block data subprogram sets these variables equal 
to their standard values using data initialization statements. 
These statements are non-executahle, and blank: common variables 
are not allowed in them. 

The variables IN and OUT refer to the card reader and line 
printer logical unit numbers, respectively. These variables are 
used in all read and write statements in the program, and are ini­
tialized in the hlock data subprogram. The standard values are 5 
for the card reader and 6 for the line printer. 

The type of variable corresponds to the type of data the variable 
represents. The following predefined type specifications apply 
to all variables Which are not explicity defined in the program: 

• if the first character of the variable name is L, J, K, 
L, M, or N, the variable is integer of full word length. 

• if the first character of the variable name is any other 
alphabetic character, the variable is real of full word 
length. 

In addition to these impliCit type specifications, the following 
variables are explicitly defined in the main program: 

REAL *4 
REAL *8 
INTEGER *4 

where *4 indicates single precision. 
where *8 indicates double precision. 
where *4 indicates single precision • 

17 
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M&D PROGRAM COMMON BLOCK USAGE 

COMMON BLOCK NAME REGIND • 
BLOCK SIZE 144 Bytes* 

SUBROUTINES MARKET • WHICH SHARE THE DISTRB 
MEMORY BLOCK 

VARIABLE NAMES LJ(8) = regional labor 
AND cost index 

ARRAY DIMENSIONS • 
(in order by UJ(7) = regional utilities 
memory location) cost index 

BJ(7) = regional facilities 
cost index • CJ(7) = regional construction 
cost index 

EJ(7 ) = regional equipment 
cost index 

• *Assum1ng 4 bytes per word. 

• 

• 

-. 
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M&D PROGRAM COMMON BLOCK USAGE 

COMMON BLOCK NAME 

BLOCK SIZE 

SUBROUTINES 
WHICH SHARE THE 
MEMORY 

VARIABLE NAMES 
AND 
ARRAY DIMENSIONS 
(in order by 
memory location) 

*Assum~ng 4 bytes per word . 

INFLTE 

48 bytes* 

MARKET 
DISTRB 
FINANC 
BLOCK 

GA = raw materials 
inflation rate 

GB = labor 
inflation rate 

GC = chemicals 
inflation rate 

GD = commodities 
inflation rate 

GE = energy & utilities 
inflation rate 

GG = land 
inflation rate 

GH = facilities 
inflation rate 

GI = construction 
inflation rate 

GJ = equipment 
inflation rate 

GF = resources 
inflation rate 

GT = transportation 
inflation rate 

DG = deflation rate 
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M&D PROGRAM COMMON BLOCK USAGE • 

COMMON BLOCK NAME MKTDST • 
BLOCK SIZE 216 Bytes* 

MAIN 
SUBROUTINES MARKET 
WHICH SHARE THE DISTRB • MEMORY FINANC 

BLOCK 

VARIABLE NAMES D(5,9) = total annual demand in 
AND region (J) by customer (I) 
ARRAY DIMENSIONS PRICE(3)= manufacturing price 
(in order by for customer (1 ) • 
memory location) TB = base price year 

TM = manufacturing year 
TR = report year 
IN = logical unit specifying 

location of data input 
OUT= logical unit specifying • location of data output 
RUNTYP = specifies which subprograms 

to run 

• *Assum1ng 4 bytes per word. 

• 

• 

•• 

20 • 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

M&D PROGRAM COMMON BLOCK USAGE 

COMMON BLOCK NAME 

BLOCK SIZE 

SUBROUTINES 
WHICH SHARE THE 
MEMORY 

VARIABLE NAMES 
AND 
ARRAY DIMENSIONS 
(in order by 
memory location) 

MKT 

140 Bytes* 

MARKET 
FINANC 

AC(6) 

RC(6) 

CS(3) 

= 

= 

= 

SAL(8)= 

SAE(3)= 
ADE(3)= 
SPP = 

GAMMO = 

RHOO = 

OM = 

BETA = 

annual compensation rates 
for direct sales personnel 
requirement coefficients for 
direct support personnel 
annual compensation rates 
for salesmen 
annual compensation rates for 
indirect personnel 
sales expense rates 
advertising rates 
amount of office space 
per person 
sales office facilities 
lease rate 
sales office utilities 
cost rate 
sales office maintenance 
cost rate 
sales office property 
tax rate 

MU = sales office insurance rate 

*Assum~ng 4 bytes per word. 
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• M&D PROGRAM COMMON BLOCK USAGE 

COMMON BLOCK NAME MAIN'M • 
BLOCK SIZE 12 Bytes* 

SUBROUTINES MAIN' 
WHICH SHARE THE MARKET • MEMORY BLOCK 

VARIABr.E NAMES AOQ(3) = average order quantity 
AND for customer (1) 
ARRAY DH1ENSIONS • (in order by 

memory location) 

• 

• *Assum1ng 4 bytes per word. 

• 

• 

-. 
• 22 
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• M&D PROGRAM COMMON BLOC~ USAGE 

• COMMON BLOC~ NAME MAIND 

BLOCK SIZE 52 Bytes* 

SUBROUTINES MAIN 
WHICH SHARE THE DISTRB • MEMORY FINANC 

BLOC~ 

VARIABLE NAI~ES ADO(3) = average delivery quantity 
AND for customers (I ) 

• ARRAY DIMENSIONS 
(in order by WT = product weight 
memory location) 

V = product volume 

XXX(7) = array specifying how to 
choose distribution options 
for each region • 

JR = factory location region 

• 
*Assum~ng 4 bytes per word . 

• 

• 

. -
• 23 



M&D PROGRAM COMMON BLOCK USAGE 

COMMON BLOCK NAME 

BLOCK SIZE 

SUBROUTINES 
WHICH SHARE THE 
MEMORY 

VARIABLE NAMES 
AND 
ARRAY DIMENSIONS 
(in order by 
memory location) 

*Assuming 4 bytes per word. 

MKTFIN 

368 Bytes* 

MAIN 
FINANC 
BLOCK 

MPRICE(3,8) = marketing price as a 
function of customer 
type (1) and region (J) 

DSC(9) = total direct sales 
personnel cost in 
region (J) 

CIS(9) = annual indirect sales 
personnel cost in 
region (J) 

SEC(9) = annual sales expense 
cost in region (J) 

ORC(8) = sales office rental 
expenses in region (J) 

OUC(8) = sales office utilities 
expense in region (J) 

OMC(8) = sales office main-
tenance expense in 
region (J) 

OOC(8) = other office expenses 
in region (J) 

SAC(9) = annual advertising 
cost in region (J) 
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M&D PROGRAM COMMON BLOCK USAGE 

COMMON BLOCK NAME 

BLOCK SIZE 

SUBROUTINES 
WHICH SHARE THE 
MEMORY 

VARIABLE NAMES 
AND 
ARRAY DIMENSIONS 
(in order by 
memory location) 

DISFIN 

98B Bytes* 

DISTRB 
FINANC 
BLOCK 

DC(7,9) = annual distribution cost in 
region (J) for customers 
supplied directly from the 
factory in region (JR) 

T(7,4) = annual transportation cost 
for shipments from the 
factory to the warehouse in 
region (J) 

L(7,4) = total annual local or inter­
regional delivery cost in 

PC(8) 
UC(B) 
MCC(8) 
XSC(8) 

region (J) 
= warehouse personnel cost 
= warehouse utilities cost 
= warehouse maintenance cost 
= other warehouse operating 

cost 
LC(9,4)= warehouse leasing cost 
CC(9,4)= annual inventory carrying 

cost as a function of the 
warehouse order quantity in 
region (J) 

DPRICE(3,8) = distribution price 
estimates by customer (I) 

*Assum~ng 4 bytes per word. 
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• M&D PROGRAM COMMON BLOCK USAGE 

COMMON BLOCK NAME RQMT • 
BLOCK SIZE 1156 Bytes* 

SUBROUTINES TOTPER 
WHICH SHARE THE BLOCK • 
MEMORY 

VARIABLE NAMES RM(17,17} = indirect personnel 
AND requirements matrix 
ARRAY DIMENSIONS • (in order by 

memory location) 

• 

• 
*Assuming 4 bytes per word. 

• 

• 

• 

• 26 
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• M&D PROGRAM COMMON BLOCK USAGE 

• COMMON BLOCK NAME INV 

BLOCK SIZE 1156 Bytes* 

SUBROUTINES INVERT 
WHICH SHARE THE MATMUL • 
MEMORY BLOCK 

VARIABLE NAMES ENVERS (17,17) = resulting matrix 
AND from INVERT 
ARRAY DIMENSIONS subroutine • (in order by 

memory location) 

• 
*Assum1ng 4 bytes per word . 

• 

• 

• 

••• 

• 
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M&D PROGRAM COMMON BLOCK USAGE 

COMMON BLOCK NAME ENV • 
BLOCK SIZE 2312 Bytes* 

SUBROUTINES INVERT • WHICH SHARE THE ROWCHK 
MEMORY BLOCK 

VARIABLE NAMES ENVRTR(17,34) = matrix used to 
AND invert a matrix in 
ARRAY DIMENSIONS INVERT subroutine • 
(in order by 
memory location) 

• 

• 
*ABsum~ng 4 bytes per word. 

• 

• 

••• 

• 
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M&D PROGRAM COMMON BLOCK USAGE 

• COMMON BLOCK NAME MINRM 

BLOCK SIZE 1156 Bytes* 

• SUBROUTINES INVERT 
WHICH SHARE THE BLOCK 
MEMORY 

VARIABLE NAMES RO(l7,l7) = indirect personnel 
AND staffing matrix used in 
ARRAY DIMENSIONS subroutine TOTPER • 
(in order by 
memory location) 

• 

o 
*Assumlng 4 bytes per word. 

• 

• 

• 
29 



M&D PROGRAM COMMON BLOCK USAGE 

COMMON BLOCK NAME 

BLOCK SIZE 

SUBROUTINES 
WHICH SHARE THE 
MEMORY 

VARIABLE NAMES 
AND 
ARRAY DIMENSIONS 
(in order by 
memory location) 

. 

DISTRI 

752 Bytes* 

MATMUL 
FINANC 

S(7,7) = average shipping distance 
from region (JR) to region (J) 

Y(3 , 7) = intraregional shipping 
distance matrix 

WC = vehicle load capacity 
MC = vehicle distance capacity 
FC = annual fixed cost per vehicle 
VC = variable operating cost 

per vehicle 
OP = warehouse order processing 

ALPHA 

GAMMAE 

GAMMAB 

RHOW 
BETAW 
MUW 
M 

cost 
= warehouse space utilization 

factor 
= annual lease rate for 

equipment 
= annual lease rate for 

building 
= warehouse utility cost rate 
= warehouse property tax rate 
= warehouse insurance rate 
= warehouse maintenance 

cost rate 
PHI = annual inventory carying 

charge rate 
XX(3,8)= array of distribution options 
FACTRY(4) = literal facto~y direct 
WAREHS(4) = literal warehouse 
REGION(7,5) = literal array of 

region names 
CITY(7,3) = literal warehouse city 

for each region 
CUST(3,4) = literal array of customer 

types 
SALD(5) = annual compensation for 

warehouse personnel 

*Assum1ng 4 bytes per word. 
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M&D PROGRAM COMMON BLOCK USAGE 

• COMMON BLOCK NAME TRANS 

BLOCK SIZE 24 Bytes· 

• SUBROUTINES DISTRB 
WHICH SHARE THE BLOCK 
MEMORY 

VARIABLE NAMES TRUCK(2) = shipping mode TRUCK 

• AND 
ARRAY DIMENSIONS RAIL(2) = shipping mode RAIL 
(in order by 
memory location) DIRECT(2)= shipping mode DIRECT 

• 

• 

• 
*Assum1ng 4 bytes per word • 

• 

• 

• 
11 
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M&D PROGRAM COMMON BLOCK USAGE 

• COMMON BLOCK NAME FIN 

BLOCK SIZE 212 Bytes* 

• SUBROUTINES FINANC 
WHICH SHARE THE BLOCK 
MEMORY 

VARIABLE NAMES PHIF = financial inventory 
AND carrying rate • 
ARRAY DIMENSIONS TAU = effective income tax rate 
(in order by RHO = rate of return on equity 
memory location) LAMDA= leverage ratio 

ALFA = average inventory • 
turnover time 

BETAF= average expense coverage time • DIB = debt interest rate 
REGIN(7,4) = literal array of 

region names 
CUSTOM(3,6)= literal array of 

customer types 

*Assuming 4 bytes per word. 

• 

• 

... 

• 
32 
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C. Operating Environment 

Hardware: The program was developed and tested at Universal 
Studios in Hollywood, California on an IBM 3033 computer with an 
MVS operating system and 4 megabytes of "real" core memory and 16 
megabytes of virtual memory. The program has also been designed 
to be compatible with the CDC 6600 machine at Sandia National 
Laboratories. This machine is a product of Control Data 
Corporation, and has a 60 bit word configuration, while the IBM 
computer is a 32 bit word machine. Hence, the program should 
compile on any machine with at least 32 bits per word and 6 bits 
per character. 

To be compatible with many different compilers, the program has 
been written in standard ANSI FORTRAN IV and tested using the 
following compilers: IBM FORTRAN (Levels G and H extended), 
WATFIV, and CDC FTN4. The program is written in the 49-character 
set accepted by FORTRAN. Thus, it can be run using several dif­
ferent language processors with little or no reprogramming. 

Machine Components: The source program statements are stored on 
a 9-track magnetic tape at 1600 BPI using the EBCDIC character 
codes. The records are unblocked. All input data is read in 
card format via either a card reader or terminal. All output is 
sent to a line printer. No files are created on tape or disk. 

Memory Requirements: On the IBM 3033 at Universal Studios, the 
program requires l28K bytes of memory to execute, while using the 
IBM FORTRAN IV Level Ii extended language processor with the no­
optimization option. At 4 bytes per word, this is equivalent to 
32K words. The memory storage allocations are: 

M&D PROGRAM MEMORY 

Main Program 
Market Subprogram 
Distribution Subprogram 
Finance Subprogram 
Subroutines 

Total Coded 
Canned Routines 

Total Program 
Labeled Common 
I/O Buffers 
Total 
Total 

User 
IBM 
Total 

Data 
Core 

25 K words 
7 K words 

32 K words 

REQUIREMENTS· 

1 K bytes 
24 K 
34 K 
27 K 

7 K 
9'3 K bytes 
23 K 

116 K 
9 K bytes 
3 K 

12 K 
128 K bytes 

*Based on 4 bytes per word using an IBM FORTRAN H Extended 
Compiler with the no-optimization option. 
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The total data size including Ilo buffers is 12K bytes. When the 
optimization option of the FORTRAN H compiler was used, the 
memory required to execute was reduced from l28K to l12K bytes, 
or 28K words. The program needs more memory on the CDC 6600 
which is not a .virtual memory machine. 

Run Time: The M&D program required 2 minutes 51 seconds to com­
pile, and an additional 1 minute 11 seconds to execute on the IBM 
3033 computer using the IBM FORTRAN IV Level H extended language 
processor with the no-optimization option. Run time is extremely 
machine and compiler dependent and will vary substantially. 

Library Routines: Three FORTRAN-supplied library routines are 
called by the program. These are standard mathematical 
functions, and are well-documented in many FORTRAN IV language 
publications. 

SQRT (x) = Square root of x. 

AINT (x) = Next higher integer value to x. 

FLOAT(X) = Floating point value of integer x. 
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III SUBPROGRAMS 

A. Marketing Subprogram 

The marketing subprogram computes the costs of selling solar 
energy products. These include: 

• Sales personnel salaries 

• Office facilities cost 

• Sales expenses 

- travel and entertainment 
- communications 
- office supplies 

• Advertising expenses. 

This section presents the marketing subprogram assumptions, input 
data requirements, and output reports. Following are the key 
assumptions of the marketing subprogram summarized in Exhibit 
III-A . 

The marketing submodel is strictly a supply side model. 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, sales volume is 
assumed to be completely inelastic or independent of the product 
prices. The manufacturing costs are specified as input by the 
user. The use of different input data allows the measurement of 
the impact on costs of increased or reduced volume. 

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

Harketing costs are assumed to vary for different types of custo­
mers. 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 sales volume 
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 sales volume is greater than zero. Marketing costs 
vary with customer location. The distribution submodel, however, 
computes the cost of warehousing and delivering the product to 
the customer • 
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I!FUT DATA 

• Average order size for each 
customer type 

• Dalend for each customer type In 
each region 

• Price of manufactured product for 
each customer 

• Manufacturing year, reporting year 
• Run type I nd I cator 

STAN>N«l DATA - MARKET I NG PARAMETERS 

• Logical units specifying location of 
data for Input and output 

• Labor cost Index for each region 
• UtIlities cost Index for each region 
• FacIlitIes cost Index for each region 
• Construction cost Index 
• Equipment cost Index for each region 
• Inflation rates for raw materials, 

labor cost, chemical cost, commodities, 
energy, utilities, land cost, facilities, 
and transportation 

• Solar products deflation rate (S/year) 

• Base pr I ce year 
• Annual eompensatlon rate for direct ... 

sales personnel 
• Requirement coefficient for direct 

sales support personnel 
• Annual compensation rate for each type 

of salesman 
• Annual compensation rate for Indirect 

• 
sales personnel 
Sales expense rate for each type of 
customer 

• Advertising rate for each type of custome 
• Amount of office space per person (square 

meters/person) 
• Office facilities lease rate (S of 

caplt"l cost) 
• Office utilities cost rate ($/squ"re 

meter/year) 
• Off Ice ma I nten"nce . cost rate (S of 

capital cost) 
• Property tax rate (l' of cap Ita I cost) 
• Insurance rate (S of capital cost) 
• Base pr I ce year 
• Indirect staHlng requirements matrix 

( l1x17) 

~ e • 

~KETING SUBPROGRAM SYSTEM SCHEMATIC EXHI BIT III-A 

MARKET SUBPROGRAM OOTPUT REParrS 

Compute costs of seiling solar • MSR-l: M8rket DaMnd Dlstrlbu1'lon 
enargy products • MSR-2: Marketing Expense S...,-y 

• Sales personnel salaries • MSR-}: M8rketlng Personnel S.......,.y 
- salesman • MSR-4: Sales Office Facilities 
-'direct support • MSR-5: Marketing Price Estl.ates 
- Indirect staff Ie MSR-6: M8rket I ng Subnoode I ParaMeters 

• Office facilities cost 
- rent 
- maintenance 
- uti Iities 
- other 

• Sales expenses 
- travel 
- enterta I nment 
- communIcation 

• Advertlsng expenses 

TOTPER SU~OUTI NE MATMUL SUIlROUTI NE 
i 

i - Given the direct sales personnel Compute the total personnel vector 
vector DV and the Indirect TV given the direct personnel vector I 

staffing matrix RM compute the DV and the Inverter matrix I-RM wher1 
"'otal personnel vector TV RM Is the l1xl1 Indirect staffing 

requirements matrix 
-

KO SU~OUTINE INVERT SUI3ROUTI NE 

~ Determine the office facilities -Invert the I-RM matrix where I Is 
capital cost, KO, as a function the l1xl1 Identity matrix and RM Is 
of the office size the l1x17 Indl.rect staffing IIIBtrlx 

T 

MWS S~UTINE RllDlK SUI3ROUT I NE 

Determine salesman productivity Switch rows In the MBtrlx ENVRTR to - In megawatts/year/person as a jBSSISt In the Inversion of the 
function of average order size Indirect st"fflng requlr_nts matr", 
In megawatts per order 

SSI SU~UTINE 

Determine salesman support Index 
SSI as a function of the average 
order size A In megawatts 

• ' . .. ~ . ' • '1 
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Following is a list of input variables for the marketing submodel: 

AOQ(I) = Average order quantity for customer type I 
(in megawatts per order). 

for I = 1, 2, and 3. 

D(I,J) = Total annual demand in region J by customers 
of type I (in megawatts per year). 

for I = 1, 2, and 3. 

and J = 1, 2, ••• , and 7. 

PRICE(I)= Manufacturing price for customers of type 
I (manufacturing year dOllars/watt). 

for I = 1, 2, and 3. 

TM = Manufacturing year for which marketing 
costs are computed. 

TR = Report year for which dollars are reported 
on output reports. 

RUNTYP = Indicates whether or not the marketing 
subprogram should be executed. 

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

Marketing Expense 

Salaries and Benefits 
• Direct Personnel 
• Indirect Personnel 

Sales Expenses 
• Office Supplies 
• Travel and Entertainment 
• Communications 

Office Facilities Costs 
• Office Rental 
• Utilities 
• Maintenance 
• Other Expenses (e.g., insurance) 

Advertising Expense 
• Household Products 
• Commercial Products 
• Utility Products 
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DSC(J) 
CIS(J) 
SEC (J') 

OFC(J) 

SAC(J) 



Salaries and Benefits: To compute salaries and benefits for the 
regional sales and marketing office, personnel are divided into 
three categories: 

• Salesmen 
- household products 
- commercial products 
- central power stations 

• Direct Support Personnel 
- field engineers 
- market research analysts 
- technical writers 
- commercial artists 
- technical illustrators 

advertising salesman 
• Indirect Support Personnel 

- regional vice president 
- manager, customer engineering 
- manager, advertising 
- manager, market research 
- manager, product sales 
- secretary level I 
- secretary level II 
- secretary level III 

The number of salesmen required 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 salesmen and average order size for each type of 
customer recognizing that different classes of customers have 
different support requirements. 

The remainder of the people are considered to be indirect support 
personnel. The number required is computed from the number of 
salesman and direct support personnel. 

Sales Expense: Sales expenses for supplies, travel, entertainment 
and communications are computed separately for each type of pro­
duct based on the number of salesman. 

Office Facilities Costs: The size of the office. facilities 
required is determined from the number of people. Based on this 
size, costs are computed for rent, utilities, maintenance, and 
other office expenses. 

Advertising Expense: Similarly, advertising expenses are computed 
as a percent of the cost of goods sold for each type of product. 
This percentage varies to allow different advertising strategies 
for different products. 
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Common block segments utilized by this marketing subprogram 
include: 

MARKETING SUBPROGRAM 

SUBROUTINES WHICH 
SHARE THE MEMORY 

COMMON BLOCK VARIABLE NAMES AND M T I R M 
BLOCK SIZE ARRAY DIMENSIONS A 0 N 0 A 
NAME (BYTES)* (In Order by R T V W T 

Memory Location) K P E C M 
E E R H U 
T R T K L 

REGIND 144 IJ (a ), UJ (7 ) , BJ(7), x 
eJ(7), EJ(7) 

INFLTE 4a GA, GB, Ge, GD, GE, GG, X 
GH, GI, GJ, GF, GT, DG 

MKTDST 216 D(5,9), PRICE (3) , TB, X 
TM, TR, IN, OUT, RIJNTYP 

MKT 140 AC (6) , RC (6 ), CS ( 3 ) , X 
SAL(a) , SAE (3) , ADE(3) 
SPP, GAMMAO, RHOO, OM, 
BETA, MU 

MAINM 12 AOQ(3) X 

MKTFIN 368 MPRICE(3 ,a), DSC(9), X 
CIS(9), SEC(9), ORC (8) , 
oue (8 ), OMC (8 ) , ooc(a) , 
SAC(9) 

RQMT 1156 RM(17,17) X 

INV 1156 ENVERS (17,17) X X 

ENV 2312 ENVRTR(17,34) X x 

MINRH 1156 RO(17,17} X 

TOTAL 
MEMORY 6708 

*assumes 4 bytes per word. 
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The market subprogram uses seven subroutines with the following 
statistics: 

MEMORY 
SUBROUTINE NUMBER OF SOURCE PROGRAM SIZE REQUIREMENTS 

NAME STATEMENTS (BYTES) (BYTES) 
KO 16 474 63 
TOTPER 26 970 63 
MWS 10 332 63 
INVERT 34 1150 67 
SSI 10 336 63 
ROWCHK 19 622 63 
MATMUL 10 480 63 
TOTAL 125 4364 445 

The market subprogram itself consists of 402 source statements. 
The program size is 25,408 bytes and 368 bytes of memory are 
required with 4 bytes per word. 

Output generated by the marketing subprogram consists of the 
following variables: 

SR(I,J) 

DSP(KD,J) 

DSC{J) 

ISP(KI,J) 

CIS(J) 

OS{J) 

CAPO{J) 

ORC (J) 

OMC(J) 

OOC{J) 

OFC(J) 

= Total number of salesman required in region 
J for customers of type I. 

= 

= 

= 

= 

= 

= 

= 

Total direct sales support personnel type KD 
required in region J. 

Total direct sales personnel cost in region J 
(manufacturing year $/year). 

Number of indirect sales support personnel of 
type KI required in region J. 

Annual indirect sales personnel cost in region 
J (manufacturing year $/year). 

Sales office size in region J (square meters). 

Office capital cost (manufacturing year $/year). 

Office rental expense in region J 
(manufacturing year $/year). 

= Office maintenance expense in region J 
(manufacturing year $/year). 

= Other office expenses in region J 
(manufacturing year $/year). 

= Total annual office facility costs in region J 
(manufacturing year $/year). 
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SEC(J) 

SAC(J) 

TSC(J) 

OUC(J) 

= Annual sales expense cost in region J 
(manufacturing year $/year) • 

= Annual advertising cost in region J 
(manufacturing year $/year). 

= Total indirect sales cost in region J 
(manufacturing year $/year). 

= Office utilities expense 
(manufacturing year $/year). 

SPRSN(J) = Total sales personnel in region J. 

MPRICE(I,J) Marketing 
customer 
$/watt) • 

price per watt as a function of 
type and region (manufacturing year 

The marketing subprogram generates the following six output 
reports: 

• MSR-l Market Demand Distribution Report: total 
annual demand in megawatts by customer type and 
region. This report also lists the average order 
quantity in megawatts for each customer type. 

• MSR-2 - Marketing Expense Summary Report: annual cost 
for salaries and benefits, sales expenses, office 
facilities and advertising for each regional marketing 
office. 

• MSR-3 - Marketing Personnel Summary Report: number of 
people required for salesman, direct support staff, 
secretaries and management in each regional marketing 
office. This report also lists annual compensation 
rates for each position. 

• MSR-4 - Sales Office Facilities Re ort: office size 
square meters , . total people, initial capital 'cost, 

annual operating expenses including lease, utilities, 
maintenance and other for each regional marketing 
office. 

• MSR-S - Marketin Price Estimates Re ort: total cost 
of marketing expressed in watt by customer type and 
market region. 
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The model computes the alternative which minimizes the total 
annual distribution cost. In a given region, some types of custo­
mers may be supplied directly from the factory and others from a 
regional warehouse. There will not necessarily be a warehouse in 
every region, unless it is calculated to be economical to have 
one . 

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 ware­
house. Transportation costs are reduced by having larger ware­
houses requiring fewer shipments. However, warehouse operating 
and inventory holding costs are higher. The problem is to compute 
the warehouse order quantities for each customer to minimize the 
total annual distribution cost. 

The model assumes a single factory whose regional location is spe­
cified 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 spe­
cified as input. The demand is described in total megawatts per 
year in each region J by customer type I, (D(I,J», and in 
megawatts per shipment by customer type I (ADO(I». Following is 
a list of input variables for the distribution submodel: 

ADO(I) 

for I 

D(I,J) 

for I 

and J 

PRICE(I) 

for I 

V 

W 

JR 

XXX(J) 

for J 

= 

= 
= 

= 
= 
= 

= 
= 
= 
= 
= 
= 

Average delivery quantity for customer 
type I (megawatts/shipment). 

1,2, and 3. 

Total annual demand in region J by all customers 
of type I (megawatts/year). 

1,2, and 3. 

1, 2, 3, ••• , and 7. 

Manufacturing price for customers of type I 
(manufacturing year dOllars/watt). 

1, 2, and 3. 

Solar product volume (cubic meters/megawatt). 

Solar product weight (kilograms/megawatt). 

Factory location region. 

Warehouse constraint indicator for region J. 

1,2,3, ... , and 7. 
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INPUT D"T" 

• "verage de II very quant I ty for each 
customer type 

• Demand for each customer type I n each reg I on 
• Pr I ce of .... nufactured product for 

each customer 
• Product weight and vol ...... 
• Warehouse constraInt IndIcator for each regIon 
• Factory I ocat Ion 
• Manufacturing year. reporting year 
• Run type I nd I cator 

ST~AAD D"TA - DISTRIBUTION PMAMETERS 

• LogIcal units specifying loc"tlon of 
data for Input and output 

• Labor cost I ndex for each reg I on 
• utlll1·les cost Index for each region 
• Facl Iities cost Index for each region 
• Construction cost Index for each region 
• Equipment cost Index for each region 
• Inflation rates for raw .... terlals. 

labor cost. c"-Ical cost. coamodltle. 
energy. utilities. land cost. facilities. 
and transportation 

• Solar products def latlon rate (ll/year) 
• Base price year 
• Interregional shipping dlst"nce matrix 
• I ntrareg I ona I shipping distance matrix 
• Yehlcle load capacity (kilograms/shipment) 
• Yehlcle distance capacity (kilometers/ 

vehicle/year) 
• "nnual fixed cost per vehicle (S/vehlcle/year) 
• Y"rlable operatIng cost per vehicle (S/kllometer) 
• Warehouse order processIng cost (S/shlpment) 
• Warehouse space utIlization factor 
• "nnual Inventory carrying charge rate 

(S product value) 
• "nnual lease rate for equIpment 

(ll of capital cost) 
• "nnual lease rate for warehouse buildIng 
• Warehouse ut III ty cost rate (S/square 

meter/year) 
• Warehouse property tax rate (S of 

capital cost/year) 
• Warehouse Insurance rate (S of capital 

cost/year) 
• Warehouse maintenance cost rate (ll of 

capital cost/year) 
• Annual compensation rates for warehouse personnel 
• DistributIon optIons matrIx for each 

custOlllBr type and region 

t\ • • 

D I STR I BUT I ON SUBPROGRAM SYSTEM SCHEMATI C EXHI BIT "I-B 

D I STRB SUBPROGRAM WTPUT REPaUS I 
Compute distribution expenses • DSR-I: Customer Demand D I str I but I on 

I • salaries • DSR-2: Distribution Expense Summary 
• transportation costs 

~ 
• DSR-3: Distribution Network Configuration I 

• w~ehouse operating costs • DSR-4: Warehouse File I I I ties , 
• I nventory carry I ng charges • DSR-5: "Iternatlve Distribution Costs i 

Compute network configuration • DSR-6: EconOlllI c W .... ehouse Order Quant I ty 
• warehouse locat Ion • DSR-7: DistributIon PrIce Estl .... tes I 
• Inventory levels • DSR-8: Distribution Subnoodel Par"meters , 
• distribution alternatives 
• tr"nsport"tlon modes 

PEOPLE SUBROUTI tE 

Det ...... lne total warehouse personnel 
(PEOPLE) as " funct Ion of the warehousE 
size F In square meters 

KE SUIROUTItE 

Determine the eqUipment capital cost 
KE as a function of the ..... ehouse size 
Fin sq uare meters .. 

KB SUBROUTI t£ 

Detennlne the building and land capital 
cost KB lIS a funct Ion of the w .... ehouse 
size F In square meters 

P SUBROUTI tE 
lIJit"l'ennTne ~e warenouse personnel COST 
P as a functIon of the warehouse size 
F In square meters 

C SUBROUTINE 

Detennlne the InterregIonal transpor-
tat Ion cost C as a funct Ion of the 
average shipment weight Q In kilograms 
and the shipping distance S In 
kilometers 

• '. • .. " I • • • 
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TM 

TR 

RUNTYP 

= 
= 
= 

Manufacturing year. 

Reporting year. 

Run type indicator. 

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

The total consists of the following components: 

Distribution Expense 

• Salaries and benefits 

• Transportation costs 
- direct factory shipments 
- warehouse shipments 
- local delivery 

• Warehouse facility costs 
- building lease 
- utilities 
- other expenses 

• Inventory carrying charges 

Model Symbol 

PC(J) 

DC(J) 
T(J,O) 
L(J) 

W(J,O) 

CC(J,O) 

Transportation costs depend more on weight than on volume. 
However, at low weights volume becomes the determining factor. 
For a given weight, the model determines the least cost transpor­
tation mode: rail or truck. 

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

It is assumed that the manufacturer has finished goods storage 
space at the factory and that the associated costs ar& part of the 
manufacturing price. 

The warehouse inventory model for the regional distribution cen­
ters 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. 
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The optima 1 warehouse order quantity, 0* (J) is determi ned by 
varying the order quantity parametrically (over a broad range), 
computing the corresponding warehouse size and distribution costs 
for each quantity, and selecting the quantity which yields the 
lowest annual distribution cost. This is repeated for all 
possible combinations of direct and indirect shipments, X(1,J). 
The optimal value X* (I ,J) is the combination which yields the 
lowest total cost. The corresponding warehouse order quantity is 
the optimal value, Q*(J). Symbolically, the total annual distri­
bution cost is computed as follows: 

X*(1,J) 

F*(J) 

O*(J) 

Total Annual 
Distribution 

= 

= 

= 

Cost = 

where 

1C(JR,J,O*(J) )= 

DC(JR,J) = 

0 

1 

if customers of type I 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. 

Optimal warehouse size in region J 
(square meters). 

Optimal warehouse order quantity in region J 
(megawatts/shipment). 

DC(JR,J) + 1C(JR,J,Q*(J» 

Annual distribution cost in region J for 
customers supplied from a regional warehouse in 
region J with transshipments of size 0 from the 
factory in region JR (manufacturing year 
dollars/year. 

Annual distribution cost in region J for custo­
mers supplied directly from the factory in 
region JR (manufacturing year $/year). 
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Common block segments utilized by the distribution subprogram 
include: 

COMMON 
BLOCK 
NAME 

REGIND 

INFLTE 

MKTKST 

MAIND 

DISFIN 

OISTRI 

TRANS 

TOTAL 
MEMORY 

DISTRIBUTION SUBPROGRAM COMMON BLOCK USAGE 

BLOCK 
SIZE 

(BYTES)* 

144 

48 

216 

52 

988 

752 

24 

2224 

VARIABLE NAMES AND ARRAY DIMENSIONS 
(IN ORDER BY MEMORY LOCATION) 

LJ(8), UJ(7), BJ(7), CJ(7), EJ(7) 

GA, GB, GC, GO, GE, GG, GH, GI, GJ, GF, 
GT, DG 

0(5,9), PRICE(3), TB, TM, TR, IN, OUT, 
RUNTYP 

ADQ(3), WT, V, XXX(7), JR 

DC(7,9), T(7,4), L(7,4), PC(S), UC(8), 
MCC(8), XSC(8), LC(9,4), CC(9,4), 
DPRICE(3,8) 

5(7,7), Y(3,7), WC, MC, FC, VC, OP, ALPHA, 
GAMMAE, GAMMAS, RHOW, BETAW, MUW, M, PHI, 
XX(3,8), FACTRY(4), WAREHS(4), REGION(7,5), 
CITY(7,3) CUST(3,4), SALD(5) 

TRUCK(2), RAIL(2), DIRECT(2) 

*assumes 4 bytes per word. 

The distribution subprogram uses five subroutines with, the 
following statistics: 

MEMORY 
SUBROUTINE NUMBER OF SOURCE PROGRAM SIZE REQUIREMENTS 

NAME STATEMENTS (BYTES) (BYTES) 
C 23 664 67 
KE 10 336 63 
KB 12 374 63 
P 14 412 63 

PEOPLE 14 416 63 
TOTAL 73 2202 319 
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The distribution subprogram itself consists of 576 source state­
ments. The program size is 35,800 bytes and 534 bytes of memory 
are required assuming 4 bytes per word. 

Output generated by the distribution subprogram consists of the 
following variables: 

IK = 

QQ = 

DC(J,K) = 

KM(J) = 

TK(J) = 

FDC(J,KK)= 

VDC(J,KK)= 

L(J,KK) = 

SHPCST(J,KK) 

OPC(J,KK)= 

F(J) = 

LC(J,KK) = 

KC(J,KK) = 

PC(J) = 

Indicator for distribution run option to specify 
which alternatives should be evaluated. 

1/26th of the annual demand supplied from the 
warehouse. 

Annual cost in region J for direct shipments for 
each distribution K alternative (manufacturing $/year). 

Local delivery travel distance in region J 
(kilometers/year). 

Vehicle fleet size in region J (vehicles). 

Fixed delivery cost in region J for distribution 
alternative KK (manufacturing year $/year). 

Variable delivery cost in region J for distribution 
alternative KK (manufacturing year $/year). 

Total annual local or intraregional delivery cost 
in region J for distribution alternative KK 
(manufacturing year $/year). 

Transportation costs for shipping from the factory 
to the warehouse in region J for distribution 
alternative KK (manufacturing year $/year). 

Order processing cost in region J (manufacturing 
year $/year). 

Warehouse size in region J (square meters). 

Warehouse leasing cost in region J for distribution 
alternative KK (manufacturing year $/year). 

Building, land, and equipment capital cost in 
region J for distribution alternative KK 
(manufacturing year $). 

Warehouse personnel cost in region J 
(manufacturing year $/year). 
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UC(J) = 

MCC(J) = 

XSC(J) = 

OC(J,KK) = 

CC(J,KK) = 

W(J,KK) = 

IC(J,KK) = 

TAC(J,K) = 

Warehouse utilities cost in region J 
(manufacturing year $!year). 

Warehouse maintenance cost in region J 
(manufacturing year $!year). 

Other warehouse operating costs for taxes and 
insurance in region J 
(manufacturing year $!year). 

Annual warehouse operating cost in region J for 
distribution alternative KK 
(manufacturing year $!year). 

Annual inventory carrying cost in region J for 
distribution alternative KK 
(manufacturing year $!year). 

Annual warehousing cost in region J 
(manufacturing year $!year). 

Total annual distribution cost for region J ware­
house transshipments from the factory in region JR 
(manufacturing year $!year). 

Total annual distribution costs in region J for 
distribution alternative K 
(manufacturing year $!year. 

SMODE(J,KK,LLL) Factory shipping mode to region J. 

TWP(J) 

FREQ(J) 

AIL(J) 

= 

= 

= 
DPRICE(I,J) = 

WTDUSE = 
TRKUSE = 

Total warehouse personnel in region J. 

Factory shipping frequency to region J (years). 

Average inventory level in region J (megawatts). 

Distribution price per watt as a function of 
customer type and region 
(manufacturing year $!watt) • 

Weighted average use of warehouse facility. 

Weighted average use of trucks. 
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The distribution subprogram generates the following eight output 
reports: 

• DSR-l - Customer Demand Distribution Report: total 
annual demand In megawatts by customer type and 
geographic region. This report also lists the average 
delivery quantity in megawatts for each customer type 
and the number of deliveries per year. 

• DSR-2 - Distribution Expense Summary Report: annual 
cost for transportation, warehouse operations, ware­
house lease expense and inventory carrying charges for 
each regional distribution center. 

• DSR-3 - Distribution Network Configuration Report: 
regional warehouse locations, factory shipping mode, 
shipping frequency, warehouse size in square meters, 
average inventory level in megawatts, number of deli­
very trucks, and number of warehouse personnel. 

• DSR-4 - Warehouse Facilities Report - warehouse size in 
square meters, total people, initial capital cost main­
tenance and other, lease expense and inventory carrying 
charges for each regional distribution center. 

• DSR-5 - Alternative Distribution Costs Report: annual 
cost for direct shipments, annual cost for transship­
ments and total annual distribution cost for each of 
the eight combinations of distribution alternatives for 
a given distribution region. 

• DSR-6 - Economic Warehouse Order Quantity Function: as 
a function of four different levels of warehouse order 
quantity in megawatts, this report lists annual 
transportaion costs, annual warehousing cost and annual 
delivery cost for a given region. 

• DSR-7 - Distribution Price Estimates Re ort: total cost 
of distribution expressed in $ watt by customer type 
and geographic region. 

• DSR-8 - Distribution SUbmodel Parameters Report: this 
report lists various parameters used by the distribu­
tion submodel such as warehouse personnel requirements, 
annual compensation rates, warehouse space utilization 
factor, maintenance cost rate, utility cost rate, 
insurance cost rate, property tax rate, equipment lease 
rate, and building lease rate. 
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C. Financial Subprogram 

The financial subprogram consists of the equations to compute 
sales revenues, taxes, and profit based on manufacturing costs and 
M&D expenses. The model parameters are expressed in standard 
financial statement terms to facilitate the preparation of pro­
jected income statements for each region. These terms include: 

• Sales 

• Cost of goods sold 

• Expenses 

- distribution 

- marketing 

• Income tax 

• Net profit after tax 

This section presents the financial subprogram assumptions, input 
data requirements, and output reports. The financial subprogram 
is summarized in Exhibit III-C. 

Following is a list of input variables for the financial submodel: 

• D(I,J) = total annual demand in region J by all 
customers of type I (megawatts/year). 

• PRICE(I) = manufacturing price of product for customers 
of type I (manufacturing year $!watt). 

• JR 

• TM 

• TR 

• RUNTYP 

= factory location region. 

= manufacturing year. 

= report year for which dollars are reported on 
output reports. 

= run type indicator 
(=1 for distribution only) 
(=2 for marketing only) 
(=3 for both marketing and distribution). 

The financial submodel combines the user specified cost of goods 
sold with marketing and distribution expenses from the marketing 
and distribution submodels. Marketing and distribution costs con­
sist of the following components: 
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INPUT DATA 

• Demand for 8I!Ich custamer type 
In 8I!Ich reg I on 

• Price of manufactured product 
for IIIIch customer type 

• Factory location 
• Manufacturing Yllllr 
• Report I ng year 
• Run type I nd I cator 

I 
STNI>ARo DATA - FINANCIAL PARAMETERS 

• Logical units specifying location of 
data for Input and output 

• Base pr I ce Y8l!lr 
• Inflation rates for raw materIals, 

I abor cost, cham I ca I cost, commod I tIes, 
energy, utilItIes, land cost, 
facilities, and 1ransportatlon 

• Solar products def latlon rate (%/year) 
~ FI nance I nventory carry I ng rate 

(J product value) 
~ Effective Income tax r-ate (% of Income) 
~ Min I mum r-equ I red rate of return 00 

equity 
~ Financial lever-age ratio (total 

capltal/equlty) 
I- Average Inventory turnover time (months) 
I- Average expense coverage time (months) 
~ Debt Interest rate (%/yeer) 

, • • 

FINANCIAL SUBPROGRAM SYSTEM SCHEMATIC 

FI NANC SUBPROGRAM 

Compute projected Income statements 
• Revenues 

~ 
• Cost of goods ~Id 
• Gross prof It 
• M&o expenses 
• I ncome taxes 
• ProfIt 

Compute solar product prl ce estlmatE15 
• By customer type 
• By geographic region 

Compute key financial Indicators 
• Markup'by customer 
• Profit margin 

~ET SUBPROGRAM 

~ I CE - market I ng pr I ce per watt as a 
function of customer type and 
region (manufacturIng year 
S/watt) 

OSC - total direct sales personnel 
cost by regIon (manufacturing 

,year S/year) 
SEC - annual sales expense cost by 

region (manufacturing year 
S/yeer) 

CRC - oft I ce renta I expense by 
region (manufacturing yeer 
S/year) 

OUC - office utilities expense by 
region (manufacturing year 
S/yeer) 

OIC - office maintenance expense 
by region (manufacturing 
year S/yeer) 

OOC - ather office expenses by 
region (manufacturing yeer 
S/yeer) 

CIS - annual Indirect sales 
personnel cost by region 
(manufacturing year S/year) 

SAC - annual advertising cost by 
region (manufacturing year-
S/yean 

• • • 

EXHI BIT III-C 

OOTPUT REPOUS 

• FSR-l: Consollcktted Incoooe st~t 
• FSR-2: Schedule A - ols1rlbutlon 

Expenses 
• FSR-3: Schedule B - Marketing Expense! 
• FSR-4: Regional I ncoone Statements 
• FSR-5: Delivered Price EstImates 
• FSR-6: DelIvered Price Estimates 
• FSR-7: Key FInancIal IndIcators 
• FSR-8: General M&o Model Parameters 

I 
01 STRB SIJIlPRlGIW4 

oc- annual dls1r1 but Ion cost by region 
for custamers supplIed dIrectly from 

T - the factory (manufacturIng yeer Slyeer 
annUa I 1ransportat Ion cost for 
shl~ts from the factory to the 
warehouse by region (manufacturing 
year S/yeer) 

L - tota I annua I local or Intrareglonal 
delivery cost by region 
(manufacturing yeer S/yeer) 

PC- warehouse personnel cost 
(manufacturing yeer S/yeer) 

uc- warehouse utilities cost 
(manufacturing yeer S/yeer) 

ICC- warehouse maintenance cost 
(manufacturing yeer S/yeer) 

XSC- other warehouse operating cost -
taxes and Insurance (manufacturing 
yeer S/yeer) 

LC - warehouse lees I ng cost (manufectur I ng 
Yllllr S/yeer) 

CC- annual Inventory carrying cost as a 
function of the warehouse order 
quantity by region (manufacturing 
yllllr S/Yllllr) 

IJPRICE-dls1rlbutlon price est I metes by 
customer (manufacturing year S/watt) 

. ' • .' • • 
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Market Subprogram Expenses 

• marketing price per watt as a function of 
customer type and region 
(manufacturing year $/watt). 

• total direct sales personnel cost 
by region (manufacturing year $/year). 

• annual sales expense cost by region 
(manufacturing year $/year). 

• office rental expense by region 
(manufacturing year $/year). 

• office utilities expense by region 
(manufacturing year $/year). 

• office maintenance expense by region 
(manufacturing year $/year). 

• other office expenses by region 
(manufacturing year $/year). 

• annual indirect sales personnel cost 
by region (manufacturing year $/year). 

• annual advertising cost by region 
(manufacturing year $/year). 

Distrb Subprogram Expenses 

• distribution price estimates by customer 
(manufacturing year $/watt). 

• annual distribution cost by region for 
customers supplied directly from the factory 
{manufacturing year $/year). 

• annual transportation cost for shipments from 
the factory to the warehouse by region 
(manufacturing year $/year). 

• total annual local or intraregional delivery 
cost by region (manufacturing year $/year). 

• warehouse personnel cost 
(manufacturing year $/year). 

• warehouse utilities cost 
(manufacturing year $/year). 

• warehouse maintenance cost 
(manufacturing year $/year). 

• other warehouse operating cost - taxes and 
insurance (manufacturing year $/year). 

• warehouse leasing cost 
(manufacturing year $/year). 

• annual inventory carrying cost as a function 
of the warehouse order quantity by region 
(manufacturing year $/year). 
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Model Symbol 

MPRICE 

DSC 

SEC 

ORC 

OUC 

OMC 

OOC 

CIS 

SAC 

Model Symbol 

DPRICE 

DC 

T 

L 

PC 

UC 

MCC 

XSC 

LC 

CC 



Working capital requirement: The financial submodel computes the 
amount of working capital required for inventories and a cash 
reserve to cover fixed expenses. 

Average 
Working = 
Capital 

Average 
Inventory + BETAF x 

Value 

Monthly 
M&D 

Expenses 

where BETAF = risk coverage period (months). 

Normative profit equation: Profit after tax is computed to earn a 
minimum required return on equity. 

Profit 
After = 

Tax 
RHO 

LAMDA 

Average 
x Working 

capital 

where RHO 
and LAMDA 

= minimum required rate of return on equity. 
= financial leverage ratio 

(total capital/equity). 

Required revenue condition: Product prices are derived from the 
required revenue condition that annual revenues equal annual 
costs. 

Annual Annual 
Revenue = Costs 

Product Production Cost Annual Income Profit 
Price x Quantity = of Goods + M&D + Tax + After 

($/watt) (watts) Sold Expenses Tax 

Income TAU Profit 
Tax = 1=TAU x After 

Tax 

where TAU = effective income tax rate. 

These equations are solved for delivered product price. 

Projected income statements: The financial submodel prepares pro­
jected income states listing the following items: 

• revenues 

• cost of goods sold 
• gross profit 

• M&D expenses 

• income taxes 
• profit after tax 

The income statements are generated separately for each region and 
are also consolidated over all regions. 
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Delivered product prices: Delivered product prices are com-
puted by dividing the annual sales revenue by the demand in each 
region for each product type. The result is expressed in dollars 
per watt for customer type I in region J. The price estimates 
include all manufacturing, marketing, and distribution expenses 
as well as taxes and a reasonable profit. 

Key financial indicators: The model computes three key 
financial indicators: 

Markup 

Profit 
Margin 

Cost of 
Capital 

= 

= 

= 

Revenue - Cost of Goods Sold 
Cost of Goods Sold 

Profit After Tax 
Revenue 

( I-T AU) x ( l-l!LAMDA) + (RHO !LAMDA) A D r0.> 
DIB = debt interest rate 

where TAU = effective income 
tax rate 

LAMDA = financial leverage 
rate 

RHO = minimum required rate 
of return on equity 

Common block segments utilized by the financial subprogram 
include: 

FINANCE SUBPROGRAM COMMON BLOCK USAGE 

COMMON BLOCK VARIABLE NAMES AND ARRAY DIMENSIONS 
BLOCK SIZE (IN ORDER BY MEMORY LOCATION) 
NAME (BYTES)* 
INFLTE 48 GA, GB, GC, GD, GE, GG, GH, GI, GJ, GF, 

GT, DG 

MKDST 216 D(5,9) , PRICE (3), TB, TM, TR, IN, OUT, 
RUNTYP 

MAIND 52 ADQ(3), WT, V, xxx (7), JR 

MKTFIN 368 MPRICE (3,8), DSC(9), CIS(9), SEC (9) , 
ORC(8), OUC(8), OMC(B), OOC(8), SAC(9) 

DISFIN 988 DC(7,9), T(7,4), L(7,4), PC(8), UC(8), 
MCC(8), XSC(8), LC(9,4), CC(9,4), 
DPRICE(3,8) 

FIN 212 PHIF, TAU, RHO, LAMDA, ALFA, BETAF, DIB, 
REGIN(7,4), CUSTOM(3,6) . 

TOTAL 
MEMORY 1884 

* assumes 4 bytes per word. 
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The finance subprogram does not use any subroutines. It consists 
of 566 source statement. The program size is 27494 bytes and 203 
bytes of memory are required with 4 bytes per word. 

Output generated by the financial subprogram consists of the 
following variables: 

TSB = total annual sales personnel cost 
(manufacturing year $/year). 

STE = travel expense cost (manufacturing year $/year). 

SCC = communications expense cost 
(manufacturing year $/year). 

SOS = supplies expense cost (manufacturing year $/year). 

TSC(J) = total indirect sales cost in region J 
(manufacturing year $/year). 

TT = total transportation and distribution costs 
(manufacturing year $/year). 

TAC(J,K)= total annual distribution cost in region J for 
distribution alternative K 
(manufacturing year $/year). 

A CAP = after tax cost of capital (%/year). 

AREGN = integer number equal to one plus the number of distri­
bution regions. 

ACUST = integer number equal to one plus the number of 
customer types. 

APRICE = weighted average manufacturing price over all customer 
types (manufacturing year $/watt). 

DSUM = sum of annual demand over all regions and customers 
(megawatts/year). 

CGS(I,J)= annual manufacturing cost of goods sold for customer 
type I in region J (manufacturing year $/year). 

TMX(I,J)= annual marketing expense for customer type I in 
region J (manufacturing year $/year). 

TDX(I,J)= annual distribution expense for customer type I in 
region J (manufacturing year $/year). 

NPA(I,J)= annual net profit after tax for customer type I in 
region J (manufacturing year $/year). 
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TAX(I,J)= annual income tax expense for customer type I in 
region J (manufacturing year $!year). 

REV(I,J) = total annual revenue from customer type I in region J 
(manufacturing year $!year). . 

PPRICE(I,J)delivered product price estimates for customer type I 
in region J (manufacturing year $!watt) • 

MARK(J) 

PROF(J) 

GROSS 

TEXPEN 

NPBT 

= markup in region J (ratio of revenue less manufac­
turing cost to manufacturing cost). 

= profit margin in region J (ratio of net profit after 
taxes to total revenue. 

= gross profit (manufacturing year $!year). 

= total expenses (manufacturing year $!year). 

= net profit before taxes. (manufacturing year $!year). 

The financial subprogram generates the following eight output 
reports: 

• FSR-l - Consolidated Income Statement Report: annual sales 
revenue by product class, cost of goods sold by product 
class, total marketing expenses, total distribution expen­
ses, income tax and net profit after tax consolidated over 
all geographic regions. 

• FSR-2 - Schedule A: Distribution Expenses Report: 
transportation warehouse operations, warehouse lease 
expense, inventory carrying charges, and total distribution 
expenses consolidated over all geographic regions. 

• FSR-3 - Schedule B: Marketing Expenses Report: salaries and 
benefits, sales expenses including travel, entertainment, 
communications, and office supplies, office facilities, 
advertising and total marketing expenses consolidated over 
all geographic regions. 

• FSR-4 - Regional Income Statements Report: sales revenues, 
cost of goods sold, marketing expenses, distribution 
expenses, income taxes, and net profit for each regional 
marketing office. 

• FSR-S - Delivered Price Estimates Re ort: delivered product 
prices expressed in $ watt and broken down by cost of goods 
sold, expenses, income taxes and net profit after tax con­
solidated over all geographic regions. 
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• FSR-6 - Delivered Price Estimates Re ort: delivered product 
prices expressed in watt for each type of customer by 
market region. 

• FSR-7 - Key Financial Indicators Report - product markup for 
each type of customer by market region. This report also 
lists profit margins as a percent of sales for each market 
region. Other financial parameters include rate of return on 
equity, after tax cost of capital, financial leverage, cor­
porate income tax rate, cost of debt capital, deflation rate, 
average inventory turnover time, average expense coverage 
time and inventory carrying charge rate. 

• FSR-B - General M&D Model Parameters Report: input data 
reported includes product manUfacturing cost, manufacturing 
year, product volume, product weight, factory location 
region. Standard data reported includes base price year, 
deflation rate for solar products and inflation rates for 
raw materials, labor, chemicals, commodities, energy, 
facilities, construction, equipment, resources and transpor­
tation. 

D. Block Data Subprogram 

The block data subprogram contains values for all standard para­
meters used by the main program and marketing, distribution, and 
finance subprograms. The block data subprogram contains no exe­
cutable statements. The data values are initialized in DATA sta­
tements and passed to the other subprograms through common 
blocks. Following is a list of the standard parameters: 

IN = logical unit number specifying the locatiOn of input data 
for READ statements, e.g. card reader. 

OUT = logical unit number specifying the location of output data 
for WRITE statements, e.g. line printer. 

LJ(J)= labor cost index for region J. 

UJ(J)= utilities cost index for region J. 

BJ(J)= facilities cost index for region J. 

CJ(J)= construction cost index for region J. 

EJ(J)= equipment cost index for region J. 

GA = raw materials inflation rate (%/year). 

GB = labor cost inflation rate (%/year). 

GC = chemical cost inflation rate (%/year). 
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GD = commodities cost inflation rate (%/year). 

GE = energy and utilities cost inflation rate (%/year). 

GG = land cost inflation rate (%/year). 

GH = facilities cost inflation rate (%/year). 

GI = construction cost inflation rate (%/year). 

GJ = equipment inflation rate (%/year). 

GF = resources inflation rate (%/year). 

GT = transportation inflation rate (%/year). 

DG = solar products deflation rate (%/year). 

AC(KD) = annual compensation rate for direct sales personnel 
type KD (base price year $/year). 

RC(KD) = requirement coefficient for direct sales support 
personnel type KD. 

CS(I) = annual compensation rate for salesman type I 
(base price year $/year/person). 

SAL(KI) = annual compensation rate for indirect sales personnel 
(base price year $/year/person). 

SAE(I) = sales expense rate for customer type I 
(% of salaries). 

ADE(I) = advertising rate for customer type I 
(% of manufacturing price). 

Spp = amount of office space per person 
(square meters per person). 
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GAMMAO 

RHOO 

OM 

BETA 

MU 

TB 

RM(I,J) 

S(JR,J) 

Y(I,J) 

WC 

MC 

FC 

VC 

OP 

ALPHA 

= sales office facilities lease rate 
(% of capital cost/year). 

= sales office utilities cost rate 
($/square meter/year). 

= sales office maintenance cost rate 
(% of capital cost/year). 

= sales office property tax rate 
(% of capital cost/year). 

= sales office insurance rate 
(% of capital cost/year). 

= base price year. 

= indirect staffing requirements matrix 
(17 rows x 17 columns). 

= interregional shipping distance matrix 
(kilometers from region JR to region J). 

= intraregional shipping distance matrix - average 
distance from warehouse to customer and the average 
distance between consecutive customers on a single 
delivery trip (kilometers to customer type I in 
region J). 

= vehicle load capacity (kilograms/shipment). 

= vehicle distance capacity (kilometers/vehicle/year). 

= annual fixed cost per vehicle ($/vehicle/year). 

= variable operating cost per vehicle ($/kilometer). 

= warehouse processing cost ($/order). 

= warehouse space utilization factor (cubic meters 
of product per square meter of warehouse). 

PHI = annual inventory carrying charge rate 

GAMMAE 

GAMMAB 

RHOW 

(% of product value). 

= annual lease rate for equipment 
(% of capital cost/year). 

= annual lease rate for building 
(% of capital cost /year). 

= warehouse utility cost rate ($/square meter/year). 
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BETAW 

M 

SALD(KW) 

XX(I,J) 

PHIF 

T~ 

RHO 

LAMDA 

ALFA 

BETAF 

DIB 

TRUCK 

RAIL 

= warehouse property tax rate (% of capital cost/year). 

= warehouse insurance rate (% of capital cost/year). 

= warehouse maintenance cost rate 
(% of capital cost/year). 

= annual compensation rate for warehouse personnel 
type KW (base price year $/year). 

= distribution options matrix for customer type I in 
region J. 

= finance inventory carrying rate (% of product 
value/year). 

= effective income tax rate (% of net profit/year). 

= minimum required rate of return on equity (%/year). 

= financial leverage ratio 
(total capital/equity capital). 

= average inventory turnover time (months). 

= average expense coverage time (months). 

= debt interest rate (%/year). 

= literal print label for mode of transportation. 

= literal print label for mode of transportation. 

DIRECT = literal print label for mode of transportation. 

REGION(J) = literal print label for geographic region J. 

CITY(J) = literal print label for distribution center J. 

CUSTOM(I) = literal print label for customer type I. 
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IV INPUT REQUIREMENTS 

User specified input for the M&D model is grouped together to 
facilitate alterations by user programmers. This also allows 
more cost efficient running of the program, by enabling the com­
pile and link-edit functions to be separated from the actual exe­
cution of the program and report processing. 

Exhibit IV-A M&D Model Input Sheet lists all data that must be 
specified by the user. It is organized into three sections: 

• General Information - input data required for all options. 
• Marketing - input data required for marketing 
• Distribution - input data required for distribution. 

Note, however, that even if the user does not desire all three 
options, all of the input data must be completed, using zeros 
where appropriate. This is also necessary in cases where there 
are less than three customer types and less than seven regions 
-zeros must be entered for the demand. 

The information provided on the input sheet must then be trans­
ferred to computer cards in the format defined in Exhibit IV-B • 

.:Cc.::a:..;r:,dc:-s=-..:1:"';''-r.::2",,---,a::.:.:n.::d';,=-3 specify the demand for each customer type in 
each region, and are listed in the following order: West Coast 
residential, intermediate, and public utility; Rocky Mountain 
residential, intermediate, and public utility; etc. for each 
region in the order listed on the model input sheet. 

Cards 4, 5 and 6 are for the average order 
delivery quantity, and manufacturing price 
intermediate, and public utility customers, in 

quantity, average 
for residential, 

that order. 

Card 7 provides five types of information: the manufacturing 
year, report year, solar product weight, solar product volume, 
and the factory location. The factory location is specified 
using a "1" for West Coast, "2" for Rocky Mountain region, etc. 

Card 8 specifies determination of a warehouse in each region. A 
"0" is listed for each region in which the program should deter­
mine a warehouse, "1" for each region which is forbidden to have 
a warehouse, and "2" for each region which must have a warehouse. 
Column 1 is for the West Coast, column 2 for the Rocky Mountain 
Region, etc. 

Card 9 is used to select the run option: 
only, "2" is for marketing only, and 
distribution, and finance. 

"1" is for distribution 
"3" is for marketing, 

Card 10 is used to establish the product type: "1" is for power 
conditioning units and "2" is for photovoltaic collectors. 
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EXHIBIT IV-A 
M&D MODEL INPUT SHEET - page 1 of 2 

GENERAL INFORMATION 

• Manufacturing Year 1986 Card 7 
(the steady-state year for which the marketing costs are computed) 

• Report Year 1980 Card 7 
(the year in which dollars are expressed on the output reports) 

• Ru n Type (check one) Card 9 

1. Distribution only 

2. Marketing only 

X 3. Marketing, Distribution, & Financial 

• Demand by Customer Type and Region (megawatts per year) Cards 1,2,&3 

CUSTOMER TYPE 

MARKET REGION RESIDENTIAL COMMERCIAL 
HOUSEHOLD INTERMEDIATE 

WEST COAST 5.0 2.5 

ROCKY MOUNTAIN 6.0 3.0 

NORTH CENTRAL 1.0 0.5 

GREAT LAKES 1.0 0.5 

NORTH EASTERN 2.0 1.0 

SOUTH EASTERN 1.0 0.5 

SOUTH CENTRAL 4.0 2.0 

• Manufacturing Price by Customer Type 
(manufacturing year dollars per watt) 

Residential/Household .9929 

Commercial/Intermediate .9929 

Public Utility/Central Station .9929 
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PUBLIC UTILITY 
CENTRAL STATION 

5.0 

5.0 

0.0 

0.0 

5.0 

0.0 

5.0 

Card 6 



EXHIBIT IV-A 
M&D MODEL INPUT SHEET - page 2 of 2 

MARKETING 

• Average Order Quantity by Customer Type 
(megawatt per order) 

Residential/Household 

Commercial/Intermediate 

Public Utility/Central Station 

DISTRIBUTION 

• Solar Product Volume 
(cubic meters per megawatt) 

• Solar Product Weight 
(kilograms per megawatt) 

• Factory Location Region (check one) 

West Coast 

x Rocky Mountain 

North Central 

Great Lakes 

.005 

.500 

5.00 

10,200 

462,800 

North 

South 

South 

Card 4 

Card 7 

Card 7 
Card 7 

Eastern 

Eastern 

Central 

• Average Delivery Quantity by Customer Type 
(megawatts per shipment) 

Card 5 

Residential/Household 

Commercial/Intermediate 

Public Utility/Central Station 

.005 

.500 

5.00 Card 8 

• Use of a Warehouse (put a 0 in each region for which the 
program should determine if a warehouse is wanted: ·1 for each 
region Which is forbidden to have a warehouse: and 2 for each 
region which must have a warehouse) 

0 West Coast o North Eastern 

0 Rocky Mountain o South Eastern 

0 North Central o South Central 

0 Great Lakes 

• Solar Product Type 1- Power Conditioning Unit 
2. x Collector Card 10 
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EXHIBIT IV-B 
INPUT DATA CARD SPECIFICATIONS 

Card Parameter Format Columns Description Edit Criteria 

1 D(I,J) F8.2 

2 D(I,J) FB.2 

3 D(I,J) F8.2 

4 AOO(I) F6.3 

5 ADO(I) F6.3 

6 PRICE(I) F5.3 

7 TM I6 

TR 16 

WT F8.0 

v F9.3 

JR 12 

8 XXX(J) Il 

9 RUNTYP 14 

o PRODUC I4 

1-80 Demand for each customer 0.0~D(1,J)~100000.0 
type (I) in each region 
(J) (megawatts/year) 

1-80 Demand for each customer 0.O~D(I,J)~100000.0 
type (I) in each region 
(J) (megawatts/year) 

1-8 Demand for each customer 0.O~D(1,J)~100000.0 
type (I) in each region 
(J) (megawatts/year) 

1-18 Average order quantity 0.O~AOO(1)~100.0 
for customer type (I) 
(megawatts/order) 

1-lB Average delivery 
quantity for customer 
type (I) 
(megawatts/shipment) 

0.0~ADO(1)~100.0 

1-15 Manufacturing price for 0.0~PRICE(1)~10.0 
customer type (I) 
(manufacturing year 
dollars/watt) 

1-6 Manufacturing year 

7-12 Report year 

13-20 Solar product weight 
(kilograms/megawatt) 

19BO<TM<2000 

1980<TR<2000 

1000<WT<10000000 

21-29 Solar product volume 100.0<V<100000.0 
(cubic meters/megawatt) 

30-31 Factory location region l<JR< 7 

1-7 

4 

4 

Use of a warehouse in 
each region (J) 

Program run type 

Product type 
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Following is the card image 
concentrator collector used 
Section VII. 

CARD 1 

5.0 2.5 5.0 6.0 3.0 

CARD 2 

0.5 0.0 2.0 1.0 5.0 

CARD 3 

5.0 

CARD 4 

0.005 0.500 5.000 

CARD 5 

0.005 0.500 5.000 

CARD 6 

0.9929 0.9929 0.9929 

CARD 7 

input data format for the photovoltaic 
for the sample case described in 

5.0 1.0 0.5 0.0 1.0 

1.0 0.5 0.0 4.0 2.0 

1986 1980 10200. 462800. 2 

CARD 8 

0000000 

CARD 9 

3 

CARD 10 

2 

The program edits all input data for validity within the ranges 
shown on Exhibit IV-B. Values outside of the range causes imme­
diate termination of the program with an error message stating the 
variable, the valid range and the user input value. If all input 
data is read within the edit ranges, then the data is printed out 
in two formats. The first is a mirror image of the input data 
card format. The second is a more user friendly listing with 
labels similar to those on the M&D model input sheet shown in 
Exhibit IV-A. 
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• V OUTPUT REPORTS 

A. MARKET Subprogram Reports 

The market subprogram generates the following six output reports: 

• • MSR-I: Market Demand Distribution Report 

• MSR-2: Marketing Expense Summary Report 

• MSR-3: Marketing Personnel Summary Report 

• • MSR-4: Sales Office Facilities Report 

• MSR-5: Marketing Price Estimates Report 

• MSR-6: Marketing Submoc'lel Parameters Report 

• 

• 

• 

• 

• 
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~KET REGION 

WEST CDAST 

ROCKY MOUNTAIN 

NCRTH CENTRAL 

GREAT LAKES 

NCRTH EASTERN 

SOUTH EASTERN 

SOUTH CENTRAL 

TOTAL I4W 

(S) 

AVERAGE CRDER 
QUANTITY (MW) 

M\RKET OE~NO DISTRIBUTION .u 
(MW/YR) 

CUSTOMER TYPE 

RES I DENTI AL CXlIot4ERCIAL PUBLIC UTI LITY 
HOUSEHOLD INTERMEDIATE CENTRAL STATI 01 

. 

5.00 2.50 5.00 

15.00 3.00 5.00 

1.00 0.50 0.00 

1.00 0.50 0.00 

2.00 1.00 5.00 

1.00 0.50 0.00 

4.00 2.00 5.00 

20.00 10.00 20.00 

(40.0) (20.0) (40.0 ) 

0.005 0.500 5.000 

•• Demand dIstrIbutIon assumed as Input to the model 

MSR-I 

TOTAL ANNUAL 
DEW-NO 

I4W (J) 

12.50 (25.0) 

14.00 (28.0) 

1.50 ( 3.0) 

1.50 ( 3.0) 

8.00 (16.0) 

1.50 ( 3.0) 

11.00 (22.0) 

50.00 

(100.0) ( 100.0) 

MSR-l Market Demand DIstrIbutIon - ThIs Is an arrey of the demand by regIon and 
customer type lIS specIfIed by the user for Input data. Total megawatt demand 
and parcentages oyer all customers and all raglons are calculated by the model. 
The ayerage order quantIty by customer type Is also lIsted. AgaIn, thIs Is 
Input data to the model. As can be .. en for thIs SKample concentrator manufac­
turer, the demand dIstrIbutIon Is 40S resIdentIal, 20S commercIal and 40S utIlIty. 
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WEST 
COAST 

SALARIES & BENEFITS 
Direct Personnel 5637 

Support Staff 289 

GENERAL & ADMIN 
Sales & Expenses 94 
-travel/entertain 
-communications 
-office supplies 

OFFICE FACILITIES 32 
-lease 
-utilities 
-ma I ntenllnce 
-other expenses 

ADVERTlSI~ 91 

TOTAL $1,142 

ROCKY 

MARKET I ~ EXPENSE SlMotARY 
(1980 SI,OOO/YEAR) 

NCRTH GREAT NCRTH 
MOUNTAIN CENTRAL LAKES EASTERN 

$733 $97 5112 5289 

332 44 50 131 

108 15 17 42 

33 6 6 19 

109 18 18 9 

51,315 5180 5202 5519 

MSR-2 

SOUTH SOUTH ALL 
EASTERN CENTRAL REGIONS 

51,000 (.) 

582 $451 $2,401 (55.4 ) 

37 204 1,087 (25.1) 

12 66 353 ( 8.2) 

6 23 124 ( 2.9) 

18 74 364 ( 8.4) 

5155 5819 54,331 (100.0 

MSR-2 Marketing Expense Summary - Salaries and benefits, as .ell as general and administrative expenses, are 
listed by region and consolidated over all regions. These lire calculated from standard parameters and 
the Indirect requIrements matrix. For this example concentrator manufacturer, salaries lind benefits 
account for the largest portion of marketing expenses, comprising 80.5. of the cost. Total marketing 
expenses are $4,331,000 per year oyer al I regions • 
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JOB TITLE 

SALESW,N 
-ResIdentIal 
-CommercIal 
-UtIlity 

DIRECT SlPPORT 
-FIeld EngIneer 
-ArtIst 

ANNUAL 
CXM'ENSA TI ON 

(198OS)* 

S23267 
30920 
41124 

34012 
15872 

-Market Research 32465 
-Illustrator 24349 
-TechnIcal WrIter 24349 
-AdvertIsIng 22546 

SECRETAR I ES 
-Level 
-Level II 

17586 
18756 

-Level III 20471 

MANAGEMENT 
-vp 
-AdvertISing 
-Market Research 
-Sales 
-Sales Engineer 

TOTAL ** 

77042 
49472 
49472 
49472 
49472 

WEST 
COAST 

10 
3 , 

4 , , 
1 
1 , 

2 
2 
1 

1 , 
1 
2 
1 

26 

W,RKETING PERSONNEL SUNMARY 

ROCKY NORTH GREAT 
IClNTAIN CENTRAL LAKES 

12 2 2 
4 1 , , 0 0 

5 1 , , , , 
1 1 , 
1 1 , 
1 , 1 
1 I , 
3 , , 
2 , , 
1 , 1 

1 , 1 , 0 0 
1 1 1 
3 1 1 
1 1 , 

30 4 4 

•• Totals may not aqua I sum of numbers due to rounding. 

MSR-3 

NORTH SOUTH SOUTH ALL •• 
EASTERN EASTERN CENTRAL REGIONS 

I (.) 

4 2 6 40 (38.') 
2 1 3 11 ( 9.9) 
1 0 1 4 ( 3.7) 

3 , 4 '6 (14.5) 
1 1 , , ( 0.7) 
1 1 , 4 ( 2.9) 
1 1 , 2 ( '.5) 
1 1 1 2 ( '.5) , , , , ( 0.71 

1 , 2 9 ( 7.7) 
1 , 2 5 ( 4.7) 
1 1 1 3 ( 2.4) 

, , , 3 ( 2.4 ) 
1 0 1 1 ( 0.2) , , 1 1 ( 0.5) 
1 1 2 8 ( 6.6) , 1 1 3 ( 1.9) 

'3 4 22 104 ( '00) 

MSR-3 MarketIng Personnel Summary - This lIstIng of all personnel needed to markat the three product lInes 
Includes salesman, direct support staff. secretaries and management. Annual compensation rates 

• 

• 

• 

• 

• 

• 

• 

• 

In report year dollars, .Include wages and 40. benefIts, averaged over all regIons. These average .. 
rates are adjusted by labor IndIces to compute annual sales personnel costs by 
regIon. The number of salesman requIred Is computed from the demand by each type of customer and a 
salesman productIvIty functIon. The number of support personnel Is computed from the number of 
salesman and the IndIrect staff rBqulr_nts matrIx. In thIs eKamplefor the concentrator company 
resIdentIal product salesman account for 38. of the total personnel. "total of 104 marketIng person-
nel are requIred over all regIons. 
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OFFICE SIZE 
(square meters) 

TOTAL PEOPLE 

CAPITAL OOST 
(1980 $) 

OPERATI NG COSTS 
(f 980 $/year) 
-Lease 
-uti IItles 
-Ma I ntenance 
-Other 

TOTAL ANNUAL 
OPERATI NG OOSTS 

(1980 $/YEAR) 

WEST 
COAST 

324 

26 

$164461 

20772 
1004 
1645 
8223 

31593 

ROCKY 
I()UNTAIN 

379 

30 

173974 

21921 
731 

1740 
8699 

33090 

SALES OFFICE FACILITIES 

ImTH GREAT ImTH 
CENTRAL LAKES EASTERN 

56 56 157 

4 4 13 

32821 31199 98140 

4135 3931 12366 
117 117 479 
328 312 981 

1641 1560 4907 

6222 5920 18733 

MSR-4 

SOUTH SOUTH ALL 
EASTERN CENTRAL REGIONS 

56 268 1295 

4 22 104 

29264 121371 651231 

3687 15293 82055 
124 756 3328 
293 1214 6512 

1463 6069 32562 

5567 23331 124457 

MSR-4 Sales Office Facilities - This report lists various statistics related to the regional 
sales office facilities Including offIce size, total people, capital cost and total annual 
operating costs In report year dollars. Total personnel agrees with report NSR-3. In this 
case, the Rocky Mountain Region has the largest staff of 30 people which Is approximately 
29% of the total of 104. The demand Is 14 megawatts which Is 28% of the total of 50 
megawatts • 
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~RKET REGION . RES I DENTf AL 
H)lJSEHOLD 

WEST COAST 0.126 

ROCKY MOUNTAIN 0.124 

NCRTH CENTRAL 0.118 

GREAT LAKES 0.132 

NCRTH EASTERN 0.116 

SOUTH EASTERN 0.102 

SOUTH CENTRAL 0.109 

AVERAGE 0.120 

~RKETf I(; PR I CE ESTf ~ TES 
(1980 SIWATT) 

CUSTOMER TYPE 

COIot4ERCIAL PUBLIC UTILITY 
INTERMEDIATE CENTRAL STATION 

0.087 0.027 

0.086 0.026 

0.081 0.000 

0.091 0.000 

0.080 0.024 

0.070 0.000 

0.075 0.023 

0.082 0.025 

MSR-5 

TOTAL ANNUAL 
DEMAND 

MW (.) 

12.50 (25.0) 

14.00 (28.0) 

1.50 ( 3.0) 

1.50 ( 3.0) 

8.00 (16.0 ) 

1.50 ( 3.0) 

11.00 (22.0) 

MSR-5 Marketing PrIce EstImates - The estImated marketIng prIce per watt for each type of 
customer In each regIon Is also averaged overall regions. These prIces are for 
marketing only and do not Include manufacturIng cost, distribution cost, Income tax or 
profit. For the example concentrator company the hIghest price Is $0.132 for residential 
customers In the Great Lakes region and lowest Is 0.023 for utilIty customers In the 
South Central regIon. 
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M.\RKETI JoG SUBMODEL PARAMETERS MSR-6 

SALES AND ADVERTISIJoG EXPENSE RATES 
CUSTOMER/PRODUCT AVERAGE SALES ADVERT I S I JoG 

TYPE !RDER EXPENSE EXPENSE 
QUANTITY RATE RATE 

MW • • 
Sma II Househo I d Products 0.005 20.0 2.000 

Intermediate Commercial Products 0.500 25.0 1.000 

Large Central Power Stations 5.000 30.0 0.100 

OFFICE FACILITIES COST PARAMETERS 

Office Space Per Person 12.45 Square Meters Per Person 

Office Capital Cost $502.81 Per Square Meter (1980S) 

Lease Rate 12.60 Percent of Captlal Cost 

Utilities Cost Rate $1.69 Per Square Meter (1980S) 

Maintenance Cost Rate 1.00 Percent of Capital Cost 

Property Tax Rate 4.00 Percent of Capital Cost 

MSR-6 Marketing Submodel Parameters - This report Is basically a recapitulation of the Important 
elements of standard data. Sales ~pens.s for travel, entertainment, office supplies and c0m­

munications are computed as a percent of salaries and benefits for marketing personnel. 
Similarly, advertising expenses are computed as a percent of the cost of goods sold. The per­
centages vary with the type of product • 



B. DISTRB Subprogram Reports 

The DISTRB Subprogram generates the following eight output 
reports: 

• DSR-l: Customer Demand Distribution Report 

• DSR-2: Distribution Expense Summary Report 

• DSR-3: Distribution Network Configuration Report 

• DSR-4: Warehouse Facilities Report 

• DSR-5: Alternative Distribution Costs Report 

• DSR-6: Economic Warehouse Order Quantity Function Report 

• DSR-7: Distribution Price Estimates Report 

• DSR-8: Distribution Submodel Parameters Report 
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MARKET REGION 

WEST COAST 

ROCKY MOUNTA I N 

NCRTfi CENTRAL 

GREAT LAKES 

NCRTfi EASTERN 

SOUTfi EASTERN 

SOUTfi CENTRAL 

TOTAL MIl 

(%) 

AVERAGE DELIVERY 
QUANTITY (MW) 

NUMBER OF DELIVERIES 
PER YEAR 

CUSTOMER DEMAND DISTRIBUTION ** 
(MW/YR) 

CUSTOMER TYPE 

RES I DENT! AL COIfotERCIAL PUBLIC UTI LlTY 
HOUSEfiOLD INTERMEDIATE CENTRAL STAT! ON 

5.00 2.50 5.00 

6.00 3.00 5.00 

1.00 0.50 0.00 

1.00 0.50 0.00 

2.00 1.00 5.00 

1.00 0.50 0.0 

4.00 2.00 5.00 

20.00 10.00 20.00 

(40.0) (20.0) (40,0) 

0.005 0.500 5.000 

4000.00 20.00 4.00 

** Demand distribution assumed as Input to the model 

Factory Location: Rocky Mountain 

DSR-I 

TOTAL ANNUAL 
DEMAND 

MIl (~) 

12.50 (25.0) 

14.00 (28.0) 

1.50 ( 3.0) 

1.50 ( 3.0) 

8.00 (16.0) 

1.50 ( 3.0) 

11.00 (22.0) 

50.00 

(100.0) (100.0) 

DSR-l Customer Demand Distribution - The demand distribution array Is the same as the one 
generated In MSR-I. Also Included Is the average delivery quantity, and from this the 
number of deliveries per year are calculated. For example, the total utility demand Is 
20 MW, delivered In shipments of 5 MW, requiring 4 deliveries per year. 
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D I STR I BUTI ON EXPENSE SUMMARY 
(1980 $I,OOO/YEAR) 

DSR-2 

WEST ROCKY NORTH GREAT NORTH SOUTH SOUTH ALL 
COAST NOUNTAIN CENTRAL LAKES EASTERN EASTERN CENTRAL REGiONS 

$1,000 (J) 

TRANSPORTATION 537 346 215 271 1655 292 1089 4404 (90.9 
- DIrect S h I pments 
- TransshIpments 
- Local DelIvery 

WAREHOUSE OPERATIONS 57 0 43 49 45 37 46 276 ( 5.7 
- SalarIes & BenefIt 
- UtIlItIes 
- MaIntenance 
- Other Expenses 

WAREHOUSE LEASE EXPENSE 28 a 9 8 12 8 20 85 ( 1.8 

INVENTORY CARRYING CHARG 25 0 8 8 10 8 20 79 ( 1.6 

TOTAL 647 346 274 336 1722 344 1175 4844 (100.0 

DSR-2 DistrIbution Expense Summary - An annual breakdown by regIon for transportatIon 
costs, warehouse operations, warehousa leasIng expenses, and Inventory carryIng 
charges may be found In thIs report. For the example concentrator company, the 
total distrIbution expe,nse Is $4,844,000 per year. The bulk of the distribution 
expense Is for transportation - 90.9J, with the North Eastern region IncurrIng the 
largest share of the total expense. 
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DISTRIBUTION NETWORK CONFIGlR'TlON DSR-3 

FACTORY AVERAGE 
REGIONAL SHIPPING WAREHOUSE INVENTORY DELIVERY WAREHOUSE 

WAREHOUSE I«lDEI SIZE LEVEL TRUCKS PERSONNEL 
LOCATION FREQUENCY (SQUARE IETERS) (MW) 

West Coast Rail 490 0.10 1 
Los Angeles 2.0 Weeks 

Rocky Mountl!l I n Direct 0 0.00 0 
Phoenix 0.0 Weeks 

North Centra I Rail 147 0.03 1 
~aha 2.0 Weeks 

Great Lakes Rail 147 0.03 I 
SprIngfIeld 2.0 Weeks 

North Eastern Rail 196 0.04 I 
Syracuse 1.0 Weeks 

South Eastern Rail 147 0.03 I 
Atlanta 2.0 Weeks 

South Central Rail 
0111 las 2.0 Weeks 392 0.08 I 

ALL REGIONS 1520 0.30 6 

DSR-3 Distribution Network Configuration - The program determines which factory 
shipping modes - direct, truck, or rail - Is most cost effective for each 
region, as well as the frequency of delIvery. In addition, warehouse sIzes 
are calculated according to the average Inventory level, and from this. the 
number of delivery trucks and warehouse personnel are determIned. Since the 
concentrator manufacturIng factory Is In the Rocky MountaIn region, a ware 
house Is not needed - there are only direct shIpments. Every other region 
requires one delivery truck and two warehouse personnel. 
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WAREHOUSE FACILITIES OSR-4 

WEST ROCKY tmTH GREAT tmTH SOUTH SOUTH ALL 
COAST MOUNTAIN CENTRAL LAKES EASTERN EASTERN CENTRAL REGIONS 

WAREHOUSE 51 ZE 
(Square Meters) 

TOTAL PEOPLE 

490 

2 

0 147 

0 2 

147 196 147 392 1520 

2 2 2 2 12 

CAPITAL COST 
( 1980$) 

S207229 SO S63501 S60362 S89657 $56619 SI45881 S623249 

OPERATII'~ COSTS 
(1980 S/Year) 
-Salaries & 
Benefits 

-Utilities 
-Maintenance 
-Other 

LEASE EXPENSE 
(1980 $fYear) 

Carrying Charges 
(1980 Sf Year) 

TOTAL ANNUAL 
FACILITIES COSTS 

(1980 Sf Year) 

42611 
1520 
2072 

10361 

28288 

25410 

S 110263 

0 39173 
0 311 
0 635 
0 3175 

0 8648 

0 7623 

SO S59565 

44852 38555 33147 36199 
311 599 328 1105 
604 897 566 1459 

3018 4483 2831 7294 

8221 12210 7711 19901 

7623 10164 7623 20328 

S64628 S66908 S52206 S86286 

OSR-4 Warehouse Facilities - This report Is a breakdown of the total annual f~cl Iities 
costs In report year dollars, The warehouse sizes and number of personnel are 
listed for each region. and the capital cost Is derived by the program. Operating 
costs for salaries and benefits. utilities. maintenance, and other are given. as 
well as lease expenses and carrying charges, For the example ooncentrator c0m­

pany. the highest costs are Incurred on the West Coast. and the lowest In the 
South Eastern region. with the exception of the Rocky Mountain regIon. where there 
Is no warehouse because thIs Is the factory location, 
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CUSTOMER TYPE 

1 Residential 0 
2 Intermediate 0 
3 Central Station 0 

1 Residential 1 
2 I ntermed I ate 1 
:5 Central Station 1 

1 Residential 0 
2 Intermediate 1 
3 Central Station 0 

1 Residential 0 
2 Intermediate 0 
3 Central Station 1 

1 Residential 1 
2 Intermediate 1 
3 Central Station 0 

1 Residential 1 
2 I ntermed I ate 0 
3 Cent ra I Stat Ion 1 

1 Residential 0 
2 Intermediate 1 
3 Central Station 1 

1 Residential 1 
2 Intermediate 0 
3 Central Station 0 

ALTERNATIVE DISTRIBUTION COSTS 
FOR WEST COAST REGION 

(1980$ ) 

DISTRIBUTION ANNUAL COST 
ALTERNATIVE FOR 

ANNUAL COST 
FOR 

DIRECT SHIPMENTS TRANSSHIPMENTS 

Factory Direct $566367 $ 0 
Factory Direct $ 99233 $ 0 
Factory Direct 5198466 5 0 

Warehouse S 0 $311660 
Warehouse $ 0 $155830 
Warehouse $ 0 $311660 

Factory Direct $566367 $ 0 
Warehouse $ 0 $ 178943 
Factory Direct $198466 $ 0 

Factory Direct $566367 S 0 
Factory Direct S 99233 $ 0 
Warehouse $ 0 $343427 

Warehouse S 0 $321973 
Warehouse $ 0 $160987 
Factory Direct $198466 $ 0 

Warehouse $ 0 $308132 
Factory Direct S 99233 $ 0 
Warehouse S 0 5308132 

Factory Direct $566367 $ 0 
Warehouse $ 0 $ 158929 
Warehouse $ 0 $317857 

Warehouse $ 0 $349600 
Factory Direct $ 99233 S 0 
Factory Direct $ 198466 $ 0 

DSR-5 

TOTAL ANNUAL 
DISTRIBUTION 

COST 

5864066 

$779150 

$943776 
$ 

$ 
1009027 
$ 

5 
$681426 
S 

5 
$715497 
S 

$ 
1043153 
$ 

$ 
$647300 
$ 

DSR-5 Alternative DIstribution Costs - A separate report Is generated for each region 
wIth the exception of the regIon where the factory Is located because there can only 
be direct Shipments, there Is no warehOUSe. As can be seen for the example con~ 
centrator company, annual shipment costs for each customer type are calculated for 

both factory direct and warehouse dIstribution to determine the lowest total annual 
distribution cost. In the case of the West Coast region, It was found that the use 
of a warehouse was most cost effectIve for residential whose total demand Is 5 
megawatts per year. However, for Intermediate and central station customers direct 
shipments from the factory are more economical with only 6 deliveries per year • 
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ECONOMIC WAREHOUSE (JIDER QUANTITY FUNctiON 
FOR WEST Q)AST REGION 

WAREHOUSE (JI~ QUANTITY 

- Shipping Mode 
- O~der P~ocesslng Cost 
- Cost Pe~ Shipment 

ANNUAL TRANSPORTATION Q)ST 

- Inventory Ce~rylng Cost 
- We~ehouse Operating Cost 
- Warehousa Leasing Cost 

ANNUAL WAREHOUSING Q)ST 

- Fixed Delivery Cost 
- Variable Delivery Cost 

ANNUAL DELIVERY Q)ST 

TOTAL DISTRIBUTION COST 
FOR TRANSSHIPMENTS 

Major Assumptions 

Factory Location: 
Warehouse Location: 
Shipping Distance: 
Order P~ocesslng Cost: 
Minimum Shipping Frequency: 
All Costs ere In 1980 $ 

<1980$) 

0.1923 MW 0.3846 MW 

Rail 
$1748 

198466 

200214 

25410 
56565 
28288 

110263 

31156 
7967 

39123 

349600 

Rocky Mountll I n 
Los Angeles 
640. K I lometers 
$62. 96 Per 5 h I pment 
Two Weeks 

Rail 
$ 874 

198466 

199340 

50819 
70116 
55731 

176666 

31156 
7967 

39123 

415129 

OSR-6 

0.5769 MW 0.7692 MW 

Rail Rail 
$ 583 $ 437 

198466 198466 

199049 198903 

76229 101638 
82710 95268 
80753 105689 

239692 302596 

31156 31156 
7967 7967 

39123 39123 

477864 540622 

DSR-6 Economic Wa~ehou8e Order Quantity Function - A separate report Is generated for each region 
with the eKceptlon of the ~eglon where the factory Is located; because there can only be 

• 

• 

• 

• 

• 

• 

• 

• 

direct shipments, there Is no warehouse. As can be seen for the example concentrator com- • 
pany, total annual distribution costs are computed for four different levels of warehouse 
order qUantity. This order quantity, given the annual demand determines the number of ship-
ments to.the warehouse and the Inventory level required to avoid stockouts. In this eKample 
for the concentrator company, the most economical order quantity Is 0.1923 MW with 26 deli-
veries per year which Is equivalent to one delivery every 2 weeks. 
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DISTRIBUTION PRICE ESTI~TES 
( 1980$/WAIT> 

CUSTOMER TYPE 

DSR-7 

~KET REGION RESIDENTIAL ClM4ERCIAL PUBLIC UTI LITY TOTAL ANNUAL 
HOUSEHOLD INTERMEDIATE CENTRAL STATI ON DE~ND 

MW 

WEST COAST 0.069920 0.039693 0.039693 12.50 

ROCKY MOUNTAIN 0.042460 0.004462 0.004462 14.00 

NORTH CENTRAL 0.193533 0.161619 0.000000 1.50 

GREAT LAKES 0.234451 0.202537 0.000000 1.50 

NORTH EASTERN 0.253860 0.202361 0.202361 8.00 

SOUTH EASTERN 0.240152 0.208238 0.000000 1.50 

SOUTH CENTRAL 0.126793 0.095402 0.095402 11.00 

AVERAGE 0.114369 0.079198 0.085480 

DSR-7 DIstrIbutIon PrIce EstImates - The estimated prIce per watt Is lIsted 
for each type of customer In each regIon. For the example con­
centrator company. the hIghest prIce Is $0.253860 per watt for resI­
dentIal customers In the North Eastern regIon. The lowest prIce Is 
$0.004462 per watt for commercIal and publIc utIlIty customers In the 
Rocky MountaIn regIon. 
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DISTRIBUTION SUBMOOEL PARAMETERS DSR-8 

WAREHOUSE 
SIZE 

(SQUARE METERS) 

I<F<2000 
2000 < F < 5000 
5000 < F <15000 

15000 < F 

WAREHOUSE STAFFING RELATIONSHIPS 

TOTAL TOTAL 
PERSONNEL PERSONNEL 
REQUIRED PERCENTAGE 

2.00 10J 
0.66 + 0.00067 * F 50J 
1.00 + 0.00060 * F 20. 
2.50 + 0.00050 * F 20. 

PERSONNEL ANNUAL 
TITLE COST* 

(1980$ 

Wa~ehouse Supe~vlso~ $27021 
Fork II ft Ope~ato~ 13857 
Inventory Cle~k 17019 
Nate~lal Handle~ 21163 

1oOi""" ---Weighted o\yerage 517267 

* The annual cost for warehouse pe~sonnel Includes both wages and benefIts and Is based on a nation­
wide su~yey. The costs should be multiplied by the approp~late labo~ cost Index to reflect regional 
conditions. 

WAREHOUSE FACILITIES COST PARAMETERS 

Warehouse Space Utilization Factor 0.25 CubIc Metars of Product Par Square Matar Wa~ehous 

Maintenance Cost Rate 1.00 Percent of Capital Cost 

Utility Cost Rata $1.69 Per Squa~e Metar (1980$) 

Insurance Cost Rata 1.00 Pe~cent of CapItal Cost 

Property Tax Rate 4.00 Parcent of Capital Cost 

Equipment Lease Rate 25.00 Percent of CapItal Cost 

Building Laase Rate 12.60 Percent of Capital Cost 

Inventory Carrying Charge 37.75 Percent of Unit Value 

DSR-8 Distribution Submodel Parameters - There are two sections to this report. The 
first part shows the warehouse staffing ~elatlonshlps: I) the total personnel 
requl~ed dependIng on the warehouse slza, and 2) the breakdown of personnel typas 
and their annual costs. The second sectIon Is a listIng of soma of the more 
Important standard data used by the program, Including: warehouse space utilIza­
tIon factor, maintenance cost ~ate, utility cost rate (In base price year 
dolla~s), Insurance cost rate, prope~ty tax rate, equipment lease rate, building 
lease ~ate, and Inventory ce~rylng charge. 
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• 
C. FINANC SubEro~ram ReEorts 

• The FINANC Subprogram generates the following eight output 
reports: 

• FSR-l: Consolidated Income Statement Report 

• • FSR-2: Schedule A-Distribution Expenses 

• FSR-3: Schedule B-Marketing Expenses 

• FSR-4: Regional Income Statements 

• FSR-5: Delivered Price Estimates • • FSR-6: Delivered Price Estimates 

• FSR-7: Key Financial Indicators 

• FSR-8: General M&D Model Parameters 

• 

• 

• 

• 

... 
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M\RKETIPG AN> DISTRIBUTION OOM>ANY 
CONSOLIDATED INCOME STATEMENT ••• 

FOR THE YEAR END I PG OECEteER 3 I, 1986 

FSR-I 

(1980 $000) C. SALES) 
SALES: 

- Residential Products $19878 
- IntermedIate Products 9109 
- Central Power Stations 17047 

TOTAL SALES 

COST OF GOODS SOLD: 
- Residential Products 14001 
- Intermediate Products 7000 
- Central Power Stations 14001 

TOTAL COST 

GROSS PROF I T 

EXPENSES: 
- Distribution (Schedule A) 4789 
- Marketing (Schedule B) 3719 

TOTAL EXPENSES 

NET PROFIT BEFORE TAX 

NET INCOME TAX 

NET PROFIT AFTER TAX 

•• ·Consolldated oYer all geographic raglons. 
Based on an average manufacturing price of $0.70 per watt, 
a manufacturing facility In the Rocky Mountain Region, 
and a particular assumed demand distribution. 

$46034 

$35001 

$11032 

$ 8508 

$ 2524 

$ 1287 

$ 1237 

43.2' 
19.8' 
37.0~ 

10.4. 
8.1' 

18.5. 

FSR-I Consolidated Incoma Statement - A typical Incoma statement showing 
sales, cost of goods sold, gross profit, expenses, net profit before 
tax, and net profit after tax Is generated based on an average manu­

, facturlng price of $.70/watt, a factory In the Rocky Mountain 
region, an assumed demand distribution given as Input by the user, 
and standard data specified In the program. For the concentrator 
company residential products comprise 43.2 percent of salas, 
Marketing & distribution expanses contribute about 18.5. to the 
final prl'ce of the collector wIth 10.4' for marketing and 8. I' for 
distributIon. 
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~RKETING AND DISTRIBUTION COMPANY 
SCHEDULE A: DISTRIBUTION EXPENSES··· 
F~ THE YEAR END I NG DECEIoSER 31, 1 Sl86 

(1S180$) 

TRANSP~TATION: 

- DIrect ShIpments $2525351 
- TransshIpments 166S1172 
- leal I DelIver, 2097S16 

TOTAL TRANSP~T 

WAREHOUSE OPERATIONS: 
- SalarIes & BenefIts 234537 
- UtIlItIes 4174 
- MaIntenance 6232 
- Other 31162 

TOTAL WAREHOUSE 

WAREHOUSE lEASE EXPENSE 

INVENTORY CARRYING CHARGES 

TOTAL DISTRIBUTION EXPENSES 

·*Consolldat~d over all dIstrIbution regIons 
For all types of customers, 
Based on a sIngle manufacturing facilIty 
located In the Rocky MountaIn Region 
and a partIcular assumed demand distributIon 

$4404320 

S 276106 

84980 

78770 

$ 4844176 

FSR-2 

(STOTAl) 

90. SIS 

5.7S 

1.8S 

1.6S 

100.0S 
---= 

FSR-2 SChedUle A: DistributIon Expenses - In thIs report, transpor­
tatIon costs are broken down by dIrect shIpments, transshIp­
ments, are local delIverIes; and warehouse operatIons are 
broken down for salarIes and benefIts, utIlItIes, maIntenance, 
and other. For the example concentrator company 9O.SIS of 
total distrIbutIon expenses are transportatIon. WarehousIng 
costs Including lease and carrying charges are only SI.IS of 
the total. 
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MAAKETING AND DISTRIBUTION IXlM'ANY 
SOiEDULE B: W.RKETI NG EXPENSES ... 

FOR THE YEAR END I NG DECEIIIER 3 I, 1986 

SALARIES & BENEFITS: 
- Oll"ect Stllff 
- Suppo.-t Stllff 

TOTAL SALAR I ES 

SALES EXPENSES: 
- Tl"lIvel/Entel"tlllnment 
- CClIIIIIIIInlcetlons 
- OffIce SupplIes 

TOTAL EXPENSES 

OFFICE FACILITIES: 
- L8IIse 
- UtIlItIes 
- MaIntenance 
- Other Expenses 

TOTAL FACI LlTI ES 

ADVERTI SING 

TOTAL MARKETING EXPENSES 

••• Consolldllted over 1111 marketIng I"eglons 
for 1111 types of customers. 

(1980 $) 

$2401255 
1087481 

176710 
106026 
70684 

82055 
3328 
6512 

32562 

Based on a partIcular assumed demand dIstrIbutIon. 

$3488736 

$353420 

S 124457 

$364014 

$4330626 

FSR-3 

(' TOTAL) 

80.6' 

8.2, 

2.91 

-M 
100.0, -

FSR-3 Schedule B: Mal"ketlng Expenses - In thIs repOl"t, marketIng 
expenses are broken down by salarIes & benefIts, sales expen­
ses, office facIlItIes, and advertIsIng. For the example 
concentrator company, salarIes and benefIts compl"lse 80.6' of the 
total marketIng expenses. AdvertIsIng represents 8.4' of the 
total fo.- the concentl"ator company. 
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WEST 
COAST 

SALES 10935 

COST OF GOODS SOLD 8750 

EXPENSES: 
- Marketing 980 
- Dlstrl but Ion 647 

I NCOME TAXES 285 

NET PROFIT 273 

WlRKETlfIG AND DISTRIBUTION COfof'ANY 
REGIONAL INCOME STATEMENTS *** 

FOR lHE YEAR END I fIG DECEMBER 3 I. 1986 
(1980 $000) 

ROCKY NffiTH GREAT NffiTH 
~NTAIN CENTRAL LAKES EASTERN 

11789 1584 1677 8277 

9800 1050 1050 5600 

1132 158 177 435 
290 274 336 1722 

289 52 58 265 

278 50 56 255 

SOUTH 
EASTERN 

1640 

1050 

137 
344 

55 

53 

*** Based on an average manufacturing price of $0.70 per watt In 1980 dollars. 
a manufacturing facility In the Rocky Mountain region. 
and a particular assumed demand distribution. 

FSR-4 

SOUTH ALL 
CENTRAL REGIONS 

10132 46034 

7700 35001 

700 3719 
1175 4789 

283 1287 

272 1237 

FSR-4 Regional Income Statements - This report lists Income statements for each regional 
office. For the e~ample concentrator company. the Rocky Mountain region Is the 
highest profit center earning $278.000 net profit after ta~. In this case the 
Great Lakes region has the highest profit margin of 3.3. of sales while the Rocky 
Mountain region yields the lowest margin of 2.4. after ta~ • 
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MARKETING AND DISTRIBUTION COMPANY 
DELIVERED PRICE ESTIMATES *** 

(1980 $/WATT) 

COST OF GOODS SOLD I 
- Residential Products $0.700 
- Intermediate Products 0.700 
- Central Power Stations 0.700 

TOTAL COST $0.700 

EXPENSES 
- Distribution 0.096 
- Marketing 0.074 

TOTAL EXPENSES 0.170 

I NCOME TAXES 0.026 

NET PROF I T AFTER TAX 0.025 

DELIVERED PRODUCT PRICES: 
- Residential Products 0.994 
- Intermediate Products 0.911 
- Central Power Stations 0.852 

ALL PRODUCTS $0.921 
-===== 

*** Based on an average manufacturing price of $0.70 per watt, 
s manufacturing facility In the Rocky Mountain region, 
and a particular assumed demand distribution. 

FSR-5 

76.0S 

10.4S 
8.1S 

18.5. 

2.8. 

2!lL 

100.OJ 
= 

FSR-5 Delivered Price Estimates - This report lists the components of the 
delivered product price In report year $ per watt and as a percent of 
the total price. These figures are consolidated oyer all regions. 
For the example concentrator company, the cost of goods sold or manu­
facturing cost Is 76.0. of the average price of $0.921 per watt oyer 
all customers. Residential prices are the highest at $0.994 per watt 
and public utility prices are lowest at $0.852 per watt for the 
example concentrator company. 
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MARKET REGION 

WEST OOAST 

ROCKY MOUNTAIN 

N<RTH CENTRAL 

GREAT LAKES 

N<RTH EASTERN 

SOUTH EASTERN 

SOUTH CENTRAL 

ALL REGIONS 

PRICE RANGES: 

MARKETING 00 DISTRIBUTION O)If>ANY 
DELIVERED PRICE ESTIMATES ••• 

FOR EACH TYPE OF CUSTOMER BY REG I ON 
(1980 S/WATTI 

RESIDENTIAL INTERMEDIATE CENTRAL STATION 
HOUSEHOLD CXMIERCIAL PUBLIC UTI LITY 
PRODUCTS PRODUCTS PRODUCTS 

SO.950 SO.871 So. 802 

0.916 0.829 0.761 

1.082 1.004 0.000 

1.146 1.062 0.000 

I. I 50 1.049 0.986 

1.118 1.044 0.000 

0.996 0.921 0.861 

SO. 994 $0.911 $0.852 

MINIMUM z SO.761/Watt for Centrel Stetlon UtilIty 
In the Rocky Mountain Region 

MAXIMUM. SI.150/Watt for Resldentlel Household 
In the North Eestern Region 

AVERAGE = $0.921/Watt Over All Products and Regions 

••• Based on an average manufacturing price of $0.70 per watt, 
a manufacturing facility In the Rocky Mountain region. 
and a particular assumed demand distribution. 

FSR-6 

ALL 
CUSTOMER 
PRODUCTS 

SO.875 

0.842 

1.056 

1.118 

1.035 

1.093 

0.921 

$0.921 

FSR-6 Delivered Price EstImates - In this report, delivered price estimates 
In report year $/watt are listed by region and customer type. The 
minimum Is S.761/watt for utIlity customers In the Rocky Mountain region, 
and the m3xlmum Is SI.150/watt for residential customers In the North 
Eastern region • 
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MARKETING AND DISTRIBUTION COMPANY 
KEY FINANCIAL INDICATORS 

CUSTOMER TYPE 

FSR-7 

MARKET REG ION RESIDENTIAL COMMERCIAL PUBLIC UTI LlTY MARK-UP PROFIT MARGIN 
HOUSEHOLD I NTERMED I ATE CENTRAL STATION (REVENUE - CGS)/CGS) (NPAT /REVENUE) 

WEST CXlAST 35.7J 24.4J 

ROCKY MOUNTA I N 3O.9J 18.4J 

NORTH CENTRAL 54.6J 43.4J 

GREAT LAKES 63.6% 51.7% 

NORTH EASTERN 64.3% 49.9J 

SOUTH EASTERN 59.7% 49.2J 

SOUTH CENTRA L 42.3% 31.5% 

ALL REGIONS 42.0S 3O.1J . 

FINANCIAL PARAMETERS: 
Rate of Return on Equity 
After Tax Cost ot Capital 
Financial Leverage 
Corporate Income Tax Rate 
Cost of Debt Capital 
Deflation Rate 

.. .. 

.. .. 
Average Inventory Turnover Time .. 
Average Expense Coverage Time .. 
Inventory Carrying Charge Rate .. 

14.5J 25.0' 

8.7J 2O.3J 

O.OJ 50.9J 

0.0% 59.7S 

40.8% 47.8S 

O.OS 56.2% 

23.0S 31.6. 

21.8. 31.5% 

17.20% ( Input) 
15.39J (derived) 
1.20 (Input) 
51.00% (standard data) 
12.90% (standard data) 
6.00% (standard data) 
1.50 months (standard data) 
6.00 months (standard data) 
37.75J (standard data) 

FSR-7 Key Financial Indicators - An array by region and customer type Shows mark-up percan­
tages, tor all products. A listing of financial parameters Is provided at the bottom 
ot the report, specifying whether the Information Is part of the user Input, derived, 
or part of the standard data bese which can also be modified by the user. For the 
example concentrator company, the North Eastern region posted the highest markup of 
64.3% for residential products and a profit margin of 3.1% over all products. The 
lowest markup Is 8.7% for public utility customers In the Rocky Mountain raglon clo­
sest to the factory. 

90 

2.5. 

2.4. 

3.1% 

3.3. 
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~RKETING AND DISTRIBUTION COMPANY FSR-8 
GENERAL M&D NODEL PARAMETERS 

INPUT DATA: 

• Product ManufacturIng Cost $0.993 
(Mfg Yeer S/Wett) 

• ManufacturIng Year 1986 

• Product Vol ume 10200.0 
(CubIc Meters/MW) 

• Product Weight 462800.0 
(k Ilograms/MW) 

• Factory Location Region Rocky 
Mountain 

STANDARD DATA: 

• Base Price Yeer 1981 

• Def lat Ion Rate 
Solar Products 6.00~ 

• Inflation Rates 
- Raw Materials 11.00% 
- Labor 8.00~ 

- Chemlcels 13.00% 
- Commodities 8.00% 
- Energy 12.00. 
- Land 4.00% 
- Facilities 9.00% 
- Construction 8.00~ 

- Equipment 7.00% 
- Resources 15.00% 
- TransportatIon 7.00~ 

FSR-8 General M&D Model Parameters - There are two sections to this financial 
report: 1) Input data Including the product manufacturIng cost, manu­
facturIng year, volume, w.lght, and factory locatIon region, and 2) 
standard data In eludIng the bese prIce year, deflatIon rate, and ele­
ven Inflation rates. The numbers listed here are for the e~ample con­
centrator company • 



VI SUBROUTINES 

A. MWS Subroutine 

This subroutine determines the salesman productivity (MWS in 
megawatts/year/person) as a function of the average order size (A 
in megawatts/order). 

REAL FUNCTION MWS(A) 
REAL A 
IF (A.LT.0.001) MWS = 1000.0 * A 
IF (A.GE.0.001) MWS = .999 + 1.902 * A 
IF (A.GE.10.000) MWS = 2 * A 
RETURN 
END 

B. S81 Subroutine 

This subroutine determines the salesman support index (SSI) as a 
function of the average order size (A in megawatts/order). 

C. 

REAL FUNCTION SSI(A) 
REAL A 
IF(A.LT.0.001) S81 = 50.00 * A 
IF(A.GE.O.OOl) S81 = 0.05 + 0.045 * A 
IF(A.GE.10.000) SSI = 0.2778 + 0.0222 * A 
RETURN 
END 

KO Subroutine 

This subroutine determines the office facilities 
in 1981$) as a function of the office size (Oin 

REAL FUNCTION KO(O) 
REAL 0 
IF(O.LE.185.00) KO = 517.33 
IF(O GT.185.00) KO = 40107.13 + 300.53 
IF(O.GT.278.00) KO = 7598.52 + 417.46 
IF(O.GT.372.00) KO = 30625.99 + 355.56 
IF (0 .GT. 557". 00) KO = 4636.98 + 402.23 
IF(O.GT.1115.00) KO = 34980.74 + 375.01 
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D. TOTPER Subroutine 

This subroutine computes the total personnel vector (TV) given 
the direct personnel vector (DV) and the indirect staffing matrix 
(RM) • 

500 

561 

C**** 
C**** 

560 
570 

C**** 

C**** 
C**** 
C**** 

C**** 

580 

SUBROUTINE TOTPER (SRT, ISP) 
COMMON/RQMT/RM/MINRM/RO 
REAL TV(17), DV(17}, ISP(8), RO(17,17), RM(17,17), SRT(9) 
DO 500 I = 1, 17, 1 
TV (I) = 0.0 
DV (I) = 0.0 
CONTINUE 
DO 561 I = 1, 9, 1 
DV(I) = SRT(I) 
CONTINUE 
DO 570 I = 1, 17, 1 
DO 570 J = 1, 17, 1 
IF (I.EQ. J) GO TO 560 
RO (I, J) = -RM (I,J) 
GO TO 570 
SUBTRACT INDIRECT STAFF REQUIREMENTS MATRIX (RM) FROM 
IDENTITY MATRIX (I) 
RO (I,J) = 1.00 - RM (I,J) 
CONTINUE 
CALL INVERT SUBROUTINE TO INVERT THE MATRIX RO = I - RM 
CALL INVERT 
CALL MATMUL SUBROUTINE TO MULTIPLY THE INVERTED MATRIX (RO) 
TIMES THE DIRECT REQUIREMENTS VECTOR (DV) TO COMPUTE THE 
TOTAL PERSONNEL VECTOR (TV = INVERSE (I-RM) *DV) 
CALL MATMUL (DV,TV) 
COio.fPUTE THE INDIRECT PERSONNEL (ISP) FROM THE TOTAL 
PERSONNEL VECTOR (TV) 
DO 580 I = 1, 8, 1 
J = 9 + 1 
ISP (I) = TV(J) 
CONTINUE 
RETURN 
END 

• E. INVERT Subroutine 

• 

.. 
• 

This subroutine is called by the TOTPER Subroutine to invert the 
I-RM matrix where I is the 17x17 identity matrix and RM is the 
17x17 indirect staffing matrix. 

SUBROUTINE INVERT 
REAL ARIGNL (17,17), ENVERS (17,17), ENVRTR(17,34) 
COMMON/MINRM/ARIGNL/INV/ENVERS/ENV/ENVRTR 

C**** GIVE THE LEFT HALF OF THE INVERTER MATRIX THE 
C**** SAMES VALUES AS THE ORIGINAL MATRIX, GIVE THE 
C**** RIGHT HALF THE VALUES OF THE IDENTITY MATRIX 

DO 600 I = 1,17 
DO 590 J = 1,17 
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590 

600 
C**** 
C**** 
C**** 
C**** 
C**** 

C**** 
C**** 
C**** 
C**** 

610 

620 
630 

640 

ENVRTR (I,JCOLM) = 0.0 
CONTINUE 
INCOLM = I + 17 
ENVRTR (I, ICOLM) - 1.0 
CONTINUE 
SEARCH FOR GREATEST VALUE IN NCOLM, SWITCH 
CORRESPONDING ROW WITH NCOLM ROW, DIVIDE 
NCOLM ROW BY VALUE OF NCOLM ENTRY TO GET 
1 ON THE DIAGONAL, ZERO ALL OTHER VALUES IN 
COLUMN 
DO 630 NCOLM = 1,17 
CALL ROWCHK SUBROUTINE TO FIND THE LARGEST 
VALUE IN NCOLM OF THE MATRIX ENVRTR AND SWITCH 
ROWS SO THAT THE LARGEST VALUE OF NCOLM IS ON 
THE DIAGONAL OF ENVRTR 
CALL ROWCHK (NCOLM) 
DIVR = ENVRTR (NCOLM, NCOLM) 
DO 610 J - NCOLM, 34 
If (DIVR.NE.O.O ENVRTR (NCOLM, J) = ENVRTR (NCOLM,J)!DIVR 
CONTINUE 
DO 630 1=1,17 
If (I.EQ.NCOLM) GO TO 630 
CONST = ENVRTR (I,NCOLM) 
DO 620 J = NCOLM, 34 
ENVRTR (I,J) = ENVRTR (I,J)-CONST * ENVRTR (NCOLM,J) 
CONTINUE 
CONTINUE 
DO 640 1=1,17 
DO 640 J=1,17 
KOLM = J + 17 
ENVERS (I,J) = ENVRTR (I,KOLM) 
CONTINUE 
RETURN 
END 

F. ROWCHK Subroutine 

This subroutine is called by the INVERT subroutin~ to 
assist in the inversion of the Indirect Staffing Require­
ments Mat~ix. 

SUBROUTINE ROWCHK (NCOLM) 
REAL ENVRTR (17,34) 
COMMON ! ENV ! ENVRTR 

C**** FIND THE LARGEST VALUE IN NCOLM OF THE 17 x 34 
C**** MATRIX ENVRTR 

N = NCOLM 
IF (NCOLM.GT.16) RETURN 
DO 50 I = NCOLM, 16,1 
IF (ABS(ENVRTR(I+l,NCOLM».GT.ABS(ENVRTR(I,NCOLM»)N=N+l 

50 CONTINUE 
IF (N.EQ.NCOLM) RETURN 
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C**** SWITCH ROWS SO LARGEST VALUE IN NCOLM 
C**** IS ON DIAGONAL OF MATRIX ENVRTR 

G. 

DO 60 I = 1,34,1 
SAVE = ENVRTR (NCOLM,I) 
ENVRTR (NCOLM,I) = ENVRTR (N,I) 
ENVRTR (N,I) = SAVE 

60 CONTINUE 
RETURN 
END 

MATMUL Subroutine 

This subroutine is used by TOTPER subroutine to compute 
the total personnel vector, TV, given the direct personnel 
vector, DV, and the inverted matrix (I-RM) where RM is 
the 17 x 17 indirect staffing requirements matrix. 

SUBROUTINE MATMUL (DV,TV) 
REAL ENVRS (17,17), DV ( 17), TV (17) 

'. COMMON / INV / ENVERS 
C**** SET TOTAL PERSONNEL VECTOR EQUAL TO ZERO 

DO 650 I = 1,17 
TV (I) = 0.00 
DO 650 J = 1,17 
TV (I) = TV (I) + ENVERS (I,J) * DV (J) 

• 650 CONTINUE 

H • 

• 

• 

• 

.. 
• 

RETURN 
END 

C Subroutine 

This subroutine determines the interregional transpor­
tation cost (c in 1981$) as a function of the average 
shipment weight (Q in kilograms) and the shipping 
distance (S in kilometers.) The transportation cost 
is computed in 1981 dollars per year • 

REAL FUNCTION C(S,Q) 
Real S,Q 
IF (Q.LT. 225.0) C = 
If (Q.GE. 225.0) C = 
IF (Q.GE. 450.0) C = 
IF (Q.GE. 900.0) C = 
IF (Q.GE.2250.0) C = 
IF '(Q.GE.4500.0) C = 
IF (Q.GE.I0800.0lC = 
IF (Q.GE.18000.0lC = 
IF (Q.GE.36000.0)C = 

27.3170 + 0.02418 
21.3791 + 0.02603 
17.4~60 + 0.02557 
15.0479 + 0.02325 

9.2791 + 0.02418 
7.7363 + 0.02464 
7.1202 + 0.01488 
0.9752 + 0.01203 
0.0252 + 0.01232 
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C**** MULTIPLY COST PER 100 KILOGRAMS BY THE 
C**** NUMBER OF KILOGRAMS AND DIVIDE BY 100 

C = C * 0 / 100.0 
RETURN 
END 

I. KI Subroutine 

J. 

K. 

This subroutine determines the equipment capital cost (KI in 
1981 $) as a function of the warehouse size (F in square meters) 

REAL FUNCTION KE(F) 
REAL F 
IF ( F.LE. 1000.0) 
IF (F.GT. 1000.0) 
IF ( F.GT. 2500.0) 
RETURN 
END 

KB SUbroutine 

KE = 34.1 * F 
KE = 27.5 *F + 6554.0 
KE = 24.9 * F + 1310R.O 

This subroutine determines the building and land 
capital cost (KB in 1981 $) as a function of the 
warehouse size (F in square meters) 

REAL FUNCTION KB(F) 
REAL F 
IF (F.LE. 250.0) KB = 347.19 * F 
IF (F.GT. 250.0) KB = 5825.17 + 323.89 * F 
IF (F.GT.1000.0) KB = 29102.23 + 300.61 * F 
IF' (F.GT.2500.0) KB = 154060.02 + 250.63 * F 
RETURN 
END 

P Subroutine 

This subroutine determines the warehouse personnel 
cost (P in 1981 $/year) as a function of the ware­
house size (F in square meters) 

REAL FUNCTION P(F) 
REAL F 
IF (F.EO. 0.0) 
IF (F.GT. 0.0) 
IF (F.GT. 2000.0) 
IF (F.GT. 5000.0) 
IF (F.GT.15000.0) 
RETURN 
END 

p 
P 
P 
P 
P 

= 
= 
= 
= 
= 

0.00 
37296.44 
12432.15 + 12.4321 * F 
18648.22 + 11.1889 * F 
46620.56 + 9.324 * F 
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PEOPLE Subroutine 

This subroutine determines the total number of warehouse 
personnel (PEOPLE) as a function of the warehouse size 
(F in square meters) 

REAL FUNCTION PEOPLE (F) 
REAL F 
IF (F.LT. 1.00) PEOPLE = 0.00 
IF (F.GE. 1.00) PEOPLE = 2.00 
IF (F.GE. 2000.00) PEOPLE = 0.66 + 0.00067 * F 
IF (F.GE. 5000.00) PEOPLE = 1.00 + 0.00060 * F 
IF (F.GE.15000.00) PEOPLE = 2.50 + 0.00050 * F 
RETURN 
END 
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VII PROGRAM USE 

A. Example Case Description 

The following example will be used to demonstrate the use of the 
M&D program. 

The case involves a hypothetical manufacturer of photovol taic 
concentrator collectors with a factory in Phoenix, Arizona. The 
company sells systems of three standard sizes: 5 kilowatts for 
residential customers, 500 kilowatts for commercial customers and 
5 megawatts for public utility customers. 

It is 1980 and the company anticipates rapid growth over the next 
five years due to technological advances and cost reductions of 
its photovoltaic solar energy systems. As the cost per watt 
declines, demand is expected to grow exponentially. 

The company plans to expand its production capacity to supply the 
increased demand. The target capacity is 50 megawatts per year 
for all types of products by 1986. Demand is expected to be 
distributed over three major product lines: 40% residential, 20% 
commercial and 40% public utility. 

The engineering department has just completed a detailed manufac­
turing cost analysis for the new plant. Using the SAMIS model, 
they estimate an average manufacturing cost of $0.9929 per watt 
in 1986 dollars including overhead and profits. These systems 
weigh 462,800 kilograms per megawatt and occupy 10,200 
cubic meters per megawatt. 

The marketing department has just performed a long range sales 
forecast for the next five years. They predicted the following 
total sales in 1986 by general customer category: 

Residential 
Commercial 
Public Utility 

4000 systems 
20 systems 

4 systems 

The president of the company would like to estimate its annual 
marketing and distribution costs, number of sales people, where 
to locate its warehouses, how much inventory to store in each 
warehouse, and what price to charge for each major product in 
order to cover all expenses and earn a net profit after tax of 3% 
of sales. 

This analysis can be performed quickly and easily with the M&D 
program. To do this, the quantitative information is compiled in 
the following format for input to the computer. 
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B. M&d Model User Data Sheet 

GENERAL INFORMATION 

• Manufacturing Year 1986 
(the steady-state year for which the marketing costs are computed) 

• Report Year 1980 
(the year in which dollars are expressed on the output reports) 

• Ru n Type (check one) 

1. Distribution only 

2. Marketing only 

x 3. Marketing, Distribution, & Financial 

• Demand by Customer Type and Region (megawatts per year) 

CUSTOMER TYPE 

MARKET REGION RESIDENTIAL COMMERCIAL 
HOUSEHOLD INTERMEDIATE 

WEST COAST 5.0 2.5 

ROCKY MOUNTAIN 6.0 3.0 

NORTH CENTRAL 1.0 0.5 

GREAT LAKES 1.0 0.5 

NORTH EASTERN 2.0 1.0 

SOUTH EASTERN 1.0 0.5 

SOUTH CENTRAL 4.0 2.0 

• Manufacturing Price by Customer Type 
(manufacturing year dollars per watt) 

Residential/Household .9929 

Commercial/Intermediate .9929 

Public Utility/Central Station .9929 

99 

PUBLIC UTILITY 
CENTRAL STATION 

5.0 

5.0 

0.0 

0.0 

5.0 

0.0 

5.0 



MARKETING 

• Average Order Quantity 
(megawatts per order) 

by Customer Type 

Residential/Household 0.005 

Commercial/Intermediate 0.500 

Public Utility/Central Station 5.000 

DISTRIBUTION 

• Solar Product Volume 
(cubic meters per megawatt) 10,200 

• Solar Product Weight 
(kilograms per megawatt) 462,800 

• Factory Location Region (check one) 

West Coast North Eastern 

x Rocky Mountain South Eastern 

North Ce ntral South Central 

Great Lakes 

• Average Delivery Quantity by Customer Type 
(megawatts per shipment) 

Residential/Household 0.005 

Commercial/Intermediate 0.500 

Public Utility/Central Station 5.000 

• Use of a Warehouse (put a 0 in each region for which the 
program should determine if a warehouse is desired~ 1 for 
each region which is forbidden to have a warehouse~ and 
2 for each region which must have a warehouse) 

0 West Coast 0 North Eastern 

0 Rocky Mountain 0 South Easter.n 

0 North Central 0 South Central 

0 Great Lakes 

• Solar Product Type: 1. Power Conditioning Unit 
2. x Collector 
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C. Input Card Deck Structure 

The deck/tape set-up to run the M&D model is listed below: 

• Control Cards -

• Source Cards 

• Data Cards 

these are installation-dependent and must 
include the control language to compile 
and execute a FORTRAN IV program. 

the M&D Model source code written in 
FORTRAN IV is available at cost from 
Sandia National Laboratories. 

the user specified input data cards 
detailing the options desired • 

Following is the card image for the photovoltaic concentrator 
collector example case. 

CARD 1 
5.0 2.5 5.0 6.0 3.0 5.0 

CARD 2 
0.5 0.0 2.0 1.0 5.0 1.0 

CARD 3 
5.0 

CARD 4 
0.005 0.500 5.000 

CARD 5 
0.005 0.500 5.000 

CARD 6 
0.9929 0.9929 0.9929 

CARD 7 
1986 1980 10200. 462800. 2 

CARD 8 
0000000 

CARD 9 
3 

CARD 10 
2 

1.0 0.5 0.0 1.0 

0.5 0.0 4.0 2.0 
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D. Output Reports 

MARKET REG I ON RESIDENTI"L 
HOUSEHOLD 

WEST OOAST 5.00 

ROCKY MOUNTAIN 6.00 

NCRTH CENTRAL 1.00 

GRE"T L,t.KES 1.00 

NCRTH EASTERN 2.00 

SOUTH EASTERN 1.00 

SOUTH CENTRAL 4.00 

TOTAL MW 20.00 

(JI (40.0) 

AVERAGE CRDER 
QUANTITY (MW) 0.005 

MARKET DEMAND DISTRIBUTION ... 
(MW/YR) 

CUSTOMER TYPE 

CCJMIo4ERCI"L PUBLIC UTILITY 
INTERMEDI"TE CENTRAL ST"TION 

2.50 5.00 

3.00 5.00 

0.50 0.00 

0.50 0.00 

1.00 5.00 

0.50 0.00 

2.00 5.00 

10.00 20.00 

(20.0) (40.0 I 

0.500 5.000 

*. Demand distrIbution assumed as Input to the model 

TOT"L ,t.NNU"L 
DEMAND 

MW (J) 

12.50 (25.0) 

14.00 (28.0) 

1.50 ( 3.0 I 

1.50 ( 3.0) 

8.00 II 6.0) 

1.50 ( 3.0) 

11.00 (22.0) 

50.00 

(100.0) (100.0 I 

MSR-l Market Demand DistributIon - This Is an array of the demand by region 
and customer type as specified by the user as Input data. Total 
megawatts and percentages are calculated. In additIon, the average 
order quantity by customer type Is also listed. "gain, this Is Input 
to the model. ". can be .. en, the demand distribution In thIs example 
case for the hypothetical concentrator manufacturer Is 40J resIden­
tIal, 20J commercIal, and 40J utIlIty. 
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WEST 
COAST 

SALARIES & BENEFITS 
DIrect Personnel 5637 

Support Staff 289 

GENERAL & ADMIN 
Sales & Expenses 94 
-travel/entertaIn 
-commun I cat Ions 
-offIce supplies 

OFFICE FACILITIES 32 
-lease 
-utIlIties 
-maintenance 
-other expenses 

ADVERT I SI 1«3 91 

TOTAL $1,142 

ROCKY 

~RKETI1«3 EXPENSE SUMMARY 
(1980 51,OOO/YEAR) 

N<RTH GREAT N<RTH 
MOUNTAIN CENTRAL LAKES EASTERN 

$733 597 5112 5289 

332 44 50 131 

108 15 17 42 

33 6 6 19 

109 18 18 39 

51,315 51S0 $202 $519 

~R-2 

SOUTH SOUTH ALL 
EASTERN CENTRAL REGIONS 

51,000 (S) 

582 $451 $2,401 (55.4 ) 

37 204 1,087 (25.1 ) 

12 66 353 ( 8.2) 

6 23 124 ( 2.9) 

IS 74 364 ( 8.4) 

$155 5S19 54,33 I (100.0 

MSR-2 Marketing Expense Summary - Salaries and benefits, as weI I as general and administrative expenses, are 
listed by region and consolidated over all regions. These are calculated from standard parameters and 
the Indirect requirements matrix. For this example concentrator manufacturer, salaries and benefits 
account for the largest portIon of marketing expenses, comprising SO.5J of the cost. Total marketing 
expenses are $4,331,000 per year over al I regions • 
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ANNUAL 
JOB TI TlE OJIoPENSA TI ON 

( 1980$)* 

SALESMAN 
-ResIdentIal $23267 
-CommercIal 30920 
-UtIlIty 41124 

DIRECT SlPPORT 
-FIeld EngIneer 34012 
-ArtIst 15872 
-Market Research 32465 
-Illustrator 24349 
-TechnIcal WrIter 24349 
-AdvertIsIng 22546 

SECRETARIES 
-level 17586 
-Level II 18758 
-Level III 20471 

MANAGEMENT 
-vp 77042 
-AdvertIsIng 49472 
-Market Research 
-Sales 
-Sales EngIneer 

TOTAL ** 

49472 
49472 
49472 

WEST 
COAST 

10 
3 
1 

4 
1 
1 
1 
1 
1 

2 
2 
1 

1 
1 
1 
2 , 
26 

MARKETING PERSONNEL SUMMARY 

ROCKY MIRTH GREAT 
II«lUNTA I N CENTRAL LAKES 

12 2 2 
4 1 1 
1 0 0 

5 I 1 
1 1 1 
1 1 1 
1 I 1 
1 I I 
I 1 I 

3 1 1 
2 I 1 
I I I 

I I 1 
I 0 0 
I 1 I 
3 1 I 
I 1 1 

30 4 4 

** Totals may not equal sum of numbers due to rounding. 

MSR-3 

MIRTH SOUTH SOUTH All ** 
EASTERN EASTERN CENTRAL REGIONS , (~) 

4 2 8 40 (38.1) 
:i 1 3 11 ( 9.9) 
1 0 1 4 ( 3.7) 

3 I 4 16 (14.5) 
1 1 1 1 ( 0.7) 
1 1 1 4 ( 2.9) 
1 1 1 2 ( 1.5) 
I 1 I 2 ( 1.5) 
1 I I 1 ( 0.7) 

1 1 2 9 ( 7.7) 
1 1 2 5 ( 4.7) 
1 I I 3 ( 2.4) 

1 1 1 3 ( 2.4) 
1 0 I 1 ( 0.2) 
I 1 I I ( 0.5) 

. I I 2 8 ( 6.8) 
1 I 1 3 ( 1.9) 

13 4 22 104 ( 100) 

MSR-3 MarketIng Personnel Summary - This listing of al I personnel needed to market the three product lInes 
Includes salesman, dIrect support staff, sacretarlesand management. Annual compensatIon rates 

• 

• 

• 

• 

• 

• 

• 

• 

In report year dollars, *Include wages and 40. benefIts, averaged over all regIons. These average 4t 
rates are adJusted by labor IndIces to compute annual sales personnel costs by 
regIon. The number of salesman requIred Is computed fram the demand by each type of customer and a 
salesman productIvIty functIon. The number of support personnel Is computed fram the number of 
salesman and the IndIrect staff requIrements matrIx. In thIs exemple for the concentrator company 
resldantlal product salesman account for 38. of the total personnel. II total of 104 marketIng person­
nel are requIred over all regIons. 
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SALES OFFICE FACILITIES MSR-4 

WEST ROCKY NCRTH GREAT NCRTH SOUTH SOUTH ALL 
COAST "'I1NTAI N CENTRAL LAKES EASTERN EASTERN CENTRAL REGIONS 

OFFICE SIZE 324 379 56 56 157 56 268 1295 
(square meters) 

TOTAL PEOPLE 26 30 4 4 13 4 22 104 

CAP I TAL roST $164461 173974 32821 31199 98140 29264 121371 651231 
(1980 $) 

OPERATI N; COSTS 
(1980 $/year) 
-Lellse 20722 21921 4135 3931 12366 3687 15293 82055 
-lItllltles 1004 731 117 117 479 124 756 3328 
-Maintenance 1645 1740 328 312 981 293 1214 6512 
-other 8223 8699 1641 1560 4907 1463 6069 32562 

TOTAL ANNUAL 
OPERATIN; COSTS 31593 33090 6222 5920 18733 5567 23331 124457 

(1980 S/YEAR) 

MSR-4 S~les Office Facilltles- This report lists varIous statistics related to the regional 
sllies office fllcilities Including office size, total people, cllpltal cost and total annual 
operating costs In report year dollars. Total personnel agrees with report MSR-3. In thIs 
case, the Rocky Mountain Region has the largest staff of 30 people which Is approximately 
291 of the total of 104. The demand Is 14 megawatts which Is 28% of the total of 50 
megawatts. 
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MARKET REG I ON RESIDENTIAL 
I«lUSEHOLD 

WEST OJAST 0.126 

ROCKY MOUNTAIN 0.124 

NORTH CENTRAL 0.118 

GREAT LAKES 0.132 

NORTH EASTERN 0.116 

SOUTH EASTERN 0.102 

SOUTH CENTRAL 0.109 

AVERAGE 0.120 

MARKETI rG PRICE ESTIMATES 
(1980 StwA TT) 

CUSTOMER TYPE 

COIIMERCIAL PUBLIC UTILITY 
INTERMEDIATE CENTRAL STATION 

0.087 0.027 

0.086 0.026 

0.081 0.000 

0.091 0.000 

0.080 0.024 

0.070 0.000 

0.082 0.023 

0.082 0.025 

MSR-5 

TOTAL ANNUAL 
DEMAND 

MW (J) 

12.50 (25.0) 

14.00 (28.0) 

1.50 ( 3.0) 

1.50 ( 3.0) 

8.00 (16.0 ) 

1.50 ( 3.0) 

11.00 (22.0) 

MSR-5 Marketing ~Ice Estimates - The estimated marketing price per watt tor each type of 
customer In each region Is also averaged oyer all regions. These prices are for 
marketing only and db not Include manufacturing cost, distribution cost, Income tax or 
profit. For the example concentrator company the highest price Is SO.132 for residential 
customers In the Great Lakes region and lowest Is 0.023 for utility customers In the 
South Central region. 
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Kf.RKETI"; SUBMODEL PARAMETERS /oISR-6 

SALES AND ADVERTISI"; EXPENSE RATES 
CUSTOMER/PRODUCT AVERAGE SALES ADVERTISI"; 

TYPE CRDER EXPENSE EXPENSE 
QUANTITY RATE RATE 

MW J J 

Small Household Products 0.005 20.0 2.000 

Intermediate Commercial Products 0.500 25.0 1.000 

Large Central Power Stations 5.000 30.0 0.100 

OFFICE FACILITIES COST PARAMETERS 

Office Space Per Person 12.45 Square Meters Per Person 

Ott Ice CapItal Cost $502.81 Per Square Meter (1980S) 

Lease Rate 12.60 Percent of Captlal Cost 

utilities Cost Rate $1.69 Per Square Meter (1980$) 

MaIntenance Cost Rate 1.00 Percent of CapItal Cost 

Property Tax Rate 4.00 Percent of CapItal Cost 

MSR-6 MarketIng Submodel Parameters - ThIs report Is basically a recapItulation of the Important 
elements of standard data. Sales expenses for travel, entertainment, offIce supplies and com- -
munlcatlons are computed as a percent of salarIes and benefits for marketing personnel. 
SImIlarly, advertIsIng expenses are computed as a percent of the cost of goods sold. The per-
centages vary ~Ith the type of product. . 
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MARKET REG ION 

WEST COAST 

ROCKY MOUNTAIN 

NORTH CENTRAL 

GREAT LAKES 

NORTH EASTERN 

SOUTH EASTERN 

SOUTH CENTRAL 

TOTAL MW 

(~) 
. 

AVERAGE DELIVERY 
QUANTI TY (MW) 

NUMBER OF DELIVERIES 
PER YEAR 

CUSTOMER DEMAND D I STR I BUT I ON ** 
(MWIYR) 

CUSTOMER TYPE 

RES I DENTI AL CXlt4IERCIAL PUBL IC UTI LlTY 
HOUSEHOLD I NTERMED I ATE CENTRAL STATION 

5.00 2.50 5.00 

6.00 3.00 5.00 

1.00 0.50 0.00 

1.00 0.50 0.00 

2.00 1.00 5.00 

1.00 0.50 0.0 

4.00 2.00 5.00 

20.00 10.00 20.00 

(40.0 ) (20.0) (40.0) 

0.005 0.500 5.000 

4000.00 20.00 4.00 

** Demand dIstrIbution assumed as Input to the model 

Factory LocatIon: Rocky MountaIn 

DSR-l 

TOTAL ANNUAL 
DEMAND 

MW (~) 

12.50 (25.0) 

14.00 (28.0) 

1.50 ( 3.0) 

1.50 ( 3.0) 

8.00 ( 16.0) 

1.50 ( 3.0) 

11.00 (22.0) 

50.00 

(100.0) (100.0 ) 

DSR-I Customer Demand DistrIbutIon - The demand distrIbutIon array Is the same as the one 
generated In MSR-l. Alia Included Is the average delivery quantIty, and from thIs the 
number of deliverIes per year are calculated. For example, the total utIlIty demand Is 
20 MW, delivered In Shipments of 5 MW, requirIng 4 deliveries per year. 
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WEST • COAST 

TRANSPCRTATI ON 537 
- Direct Shipments 

• - TransshIpments 
- Local Oellvery 

WAREHOUSE OPERATIONS 57 
- Salarle. & BenefIt 
- UtilitIes 

• - Maintenance 
- Other Expenses 

WAREHOUSE LEASE EXPENSE 28 

DISTRIBUTION EXPENSE SUMMARY 
(1980 $1,OOOIYEAR) 

ROCKY NCRTH GREAT NCRTH 
MOUNTAIN CENTRAL LAKES EASTERN 

346 215 271 1655 

0 43 49 45 

0 9 8 12 

0SR-2 

SOtJT\oI SOU'TH ALL 
EASTERN CEN'mAL REGIOOS 

$1,000 (.> 

292 1089 4404 (90.9 

37 46 276 ( 5.7 

8 20 85 ( 1.8 

• I NVENTCRY CAARY I fIG OiARG 25 0 8 8 10 8 20 79 ( 1.6 

• TOTAL 

• 

• 

• 

. ' 

• 

647 346 274 336 1722 344 1175 4844 (100.0 

OSR-2 DIstrIbution Expense Summary - An annual breakdown by regIon for transportatIon 
'costs, warehouse operatlonl, warehouse leasIng axpenses, and Inventory carryIng 
charges may be found In thll report. For the example concentrator company, the 
total distribution expense II $4,844,000 per year. The bulk of the dIstrIbution 
expense Is for trlnsportatlon - 9O,~, wIth the North Eastern region IncurrIng the 
largest share of the total eXPlnse, 
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DISTRIBUTION NETWMK CONFIGLRATION OSR-3 

FACTORY AVERAGE 
REGIONAL SHIPPltG WAREHOUSE INVENTORY DEL I YERY WAREHOUSE 

WAREHOUSE fClOEI SIZE LEVEL TRIJCf(S PERSONNEL 
LOCATION FREQUENcY (SQUARE METERS) (NW) 

West Coest Rail 490 0.10 I 
Los Angeles 2.0 Weeks 

Rocky MountaIn DIrect a 0.00 a 
PhoenIx 0.0 Weeks 

North Centra I RIIII 147 0.03 I 
Omehll 2.0 Weeks 

Graat Lakes RIIII 147 0.03 I 
SprIngfIeld 2.0 Weeki 

North Ellstern RIIII 196 0.04 I 
Syracuse 1.0 Weeks 

South Ellstern RIIII 147 0.03 I 
Atlanta 2.0 Weeks 

South Centrll I RII II 
DIll las 2.0 Weeks 392 0.08 I 

ALL REGIONS 1520 0.30 II 

DSR-3 DIstrIbutIon Network Conflgurlltlon - Thll program determInes whIch fllctory 
shippIng modes - dIrect, truck, or rill I - Is most cost effectIve for .. ch 
regIon, 8S weI I .. the frequency of delIvery. In addItIon, warehouse sIzes 
are calculated accordIng to the avarllge Inyentory leyel. and from thIs the 
number of delIvery truck. and wllrehouse personnel are determIned. Sln08 the 
concentrlltor IIIIInufacturlng factory II In the Rocky Mounteln regIon, II ware 
house Is not needed - there lire only direct Ihlpments. Every other regIon 
requires one delIvery truck lind two warehouse perlonnel. 
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WAREHOUSE FACILITIES 

WEST ROCKY NMTH GREAT NMTH SOUTH SOUTH ALL 
COAST MOUNTAIN CENTRAL LAKES EASTERN EASTERN CENTRAL REGIONS 

WAREHOUSE SIZE 490 0 147 147 196 147 392 l520 
(Squllre Meters) 

TOTAL PEOPLE 2 0 2 2 2 2 2 12 

CAPITAL CXlST $207229 So $63501 $60362 $89657 $56619 $ 145881 $623249 
(1980$) 

OPERAT I p(; CXlSTS 
( 1980 $/Year) 
-SalarIes & 
BenefIts 42611 0 39173 44852 38555 33147 36199 2345" 

-UtIlItIes 152O 0 311 311 599 328 1105 4174 
-Ma I ntenance 2072 0 635 604 897 566 1459 6232 
-other 10361 ° 3175 3018 4483 2831 7294 31162 

LEASE EXPENSE 28288 ° 8<j48 8221 12210 7711 19901 84980 
(1980 $/Year) 

CarryIng Charges 25410 ° 7623 7623 10164 7623 20328 78770 
(1980 $/Year) 

TOTAL ANNUAL 
FACILITIES CXlSTS $ 110263 $0 $59565 $64628 566908 $52206 $86286 $439856 

(1980 $/Year) 

DSR-4 Warehouse FacIlItIes - ThIs report Is a breakdown of the total annual facIlitIes 
costs In report year dollars. The warehouse sizes and number of personnel are 
lIsted for each region, and the capital cost Is derIved by the program. Operating 
costs for salarIes and benefIts, utIlities, maIntenance, and other are given, lIS 

well as lease expenses and carryIng charg~s. For the example concentrator c0m­

pany, the hIghest costs are Incurred on the West Coast. and the lowest In the 
South Eastern regIon, wIth the exceptIon of the Rocky MountaIn region, where there 
Is no warehouse because thIs Is the factory location. 
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CUSTOMER TYPE 

1 Residential 0 
2 I ntenned late 0 
:5 Centrel Station 0 

I ResIdential I 
2 I ntel"1ll8d late 1 
3 Central StatIon I 

I ResidentIal 0 
2 Interlll8dlate 1 
3 Central StatIon 0 

I Residential 0 
2 Intennedlate 0 
3 Centrel Stetlon 1 

1 ResIdential I 
2 Intennedlate 1 
3 Central StatIon 0 

1 Residential 1 
2 I ntermed late 0 
3 Centrel Station I 

1 ResIdentIal 0 
2 Intermedlete I 
3 Central StatIon 1 

1 Resldentlel 1 
2 Intermedlete 0 
3 Centre I Stetlon 0 

ALTERNATIYE DISTRIBUTION COSTS 
FCR \EST COAST REGION 

(1980$ ) 

DISTRIBUTION ANNUAL COST ANNIlAL COST 
ALTERNATIYE FCR FCR 

DIRECT SHIPMENTS TRANSSHIPMENTS 

Factory Direct S566367 $ 0 
Factory Direct $ 99233 $ 0 
Fectory DIrect 5198466 $ 0 

Warehoule $ 0 5311/i60 
Warehouse $ 0 5155830 
Warehou.e $ 0 5311660 

Factory DIrect $566367 $ 0 
Warehouse $ 0 $ 178943 
Factory DIrect $ 1984615 $ 0 

Factory DIrect $566367 $ 0 
Factory DIrect $ 99233 $ 0 
Warehouse $ 0 $343427 

Warehouse S 0 $321973 
Warehouse $ 0 $160987 
Factory DIrect $198466 $ 0 

Warehouse $ 0 $308132 
Factory DIrect $ 99233 $ 0 
Warehouse $ 0 $308132 

Factory Direct $566367 S 0 
Warehouse $ 0 $158929 
Warehouse $ 0 $317857 

Warehouse $ 0 $349600 
Factory Direct $ 99233 $ 0 
Fectory Direct $ 1984615 $ 0 

OSR-5 

TOTAL ANNUAL 
DISTRIBUTION 

COST 

$864066 

$779150 

$943776 
$ 

$ 
$1009027 
$ 

$ 
$681426 
$ 

$ 
$715497 
$ 

$ 
$1043153 
$ 

$ 
$647300 
$ 

DSR-5 Alternative DIstrIbution Cost, - A seperate report II generated for each region 
.Ith the 8KCeption of the region .here the factory Is loceted beceuse there cen only 
be direct Ihlp~nt., there Is no .arehouse. As can be .. en for the example con­
centrator company, annual shipment cost. for eech cultolll8r type are calculated for 
both factory direct and warehouse dIstribution to determine the lo ... t total annual 
distribution cost. In the caSe of the West Coast region, It was found that the use 
of a warehouse:.a. IIIOlt cost effective for residential .hose tote I demand Is 5 
megawatts per yeer. However, for Intermediate and central st.tlon custolll8rs direct 
shipMent. from the factory are IIIOre economlcel .,th only 15 deliveries per yeer. 
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ECONOM I C ""REHOUSE GlDER QUANTI TY FUNCT I ON 
FGl WEST COAST REGION 

WAREHOUSE GlDER QUANTITY 

- Shipping Mode 
- O~de~ P~ocesslng Cost 
- Cost Pe~ Shipment 

ANNUAL TRANSPORTATION COST 

- Invento~y Ce~~ylng Cost 
- Wa~.hous. Ope~atlng Cost 
- Wa~.house Leasing Cost 

ANNUAL WAREHOUSING COST 

- Fixed Dellv.~y Cost 
- Va~lable Dellv.~y Cost 

ANNUAL DELIVERY COST 

TOTAL DISTRIBUTION COST 
FGl TRANSSHIPMENTS 

Major Assumptions 

Facto~y Location: 
Wa~ehouse Location: 
Shipping Distance: 
O~de~ Processing Cost: 
Minimum Shipping F~.quency: 
A I I Costs are In 1980 $ 

(1980$) 

0.1923 Mil' 0.3845 Mil' 

Rail 
$1748 

198456 

200214 

25410 
56565 
28288 

110263 

31 156 
7967 

39123 

349600 

Rocky Mountain 
Los Angeles 
640. Kllometars 
562.96 Pe~ Shipment 
Two Weaks 

Rail 
$ 874 

198466 

199340 

50819 
70116 
55731 

176666 

31156 
7967 

39123 

415129 

DSR-5 

0.5769 Mil' 0.7692 Mil' 

Rail Rail 
$ 583 $ 437 

198466 198466 

199049 198903 

76229 101638 
82710 95268 
80753 105689 

239692 302596 

31156 31156 
7967 7967 

39123 39123 

477864 540622 

DSR-6 Economic Wa~ehous. O~der Quantity Function - A separate ~ep~t 15 gene~ated for each region 
with the exception of the region where the factory Is located; because the~e can only be 
direct shipments, the~e 15 no wa~ehouse. As can be seen f~ the example concant~ato~ c0m­

pany, total annual distribution costs are computed f~ four different .Ievels of wa~ehouse 
orde~ quantity. This ~de~ quantity, given the annual demand determines the number of ship­
ments to the wa~ehouse and the Inventory level ~equlred to avoid stockouts. In this example 
for the concent~ato~ company, the most economical ~de~ quantity Is 0.1923 MW with 26 deli­
veries pe~ yae~ which Is equivalent to one dallve~y ave~y 2 weeks • 
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DISTRIBUTION PRICE ESTIMATES 
( 1980S/WATT) 

CUSTOMER TYPE 

DSR-7 

I4\RKET REG I ON RESIDENTIAL ~ERCIAL PUBLI C UT I LI TY TOTAL ANNUAL 
HOUSEHOLD INTERMEDIATE CENTRAL STATION DEMAND 

MW 

WEST COAST 0.069920 0.039693 0.039693 12.50 

ROCKY NOUNTAIN 0.042460 0.004462 0.004462 14.00 

NalTH CENTRAL 0.193533 0.161619 0.000000 1.50 

GREAT LAKES 0.234451 0.202537 0.000000 1.50 

NalTH EASTERN 0.253860 0.202361 0.202361 8.00 

SOUTH EAS TERN 0.240152 0.208238 0.000000 1.50 

SOUTH CENTRAL 0.126793 0.095402 0.095402 11.00 

AVERAGE 0.114369 0.079198 0.085480 

DSR-7 Distribution Price Estimates - The estimated price per watt Is listed 
for each type of customer In each region. For the example con­
centrator company. the highest price Is $0.253860 per watt for resi­
dential customers In the North Eastern region. The lowest price 15 
SO.004462 per watt for commercial and public utility customers In the 
Rocky Mountain region. 
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DISTRIBUTION SUBMOOEL PARAMETERS DSR-8 

WAREHOUSE STAFFING RELATIONSHIPS , 

WAREHOUSE TOTAL TOTAL PERSONNEL ANNUAL 
SIZE PERSONNEL PERSONNEL TITLE COST* 

(SQUARE METERS) REQUIRED PERCENTAGE ( 1980$ 

1 < F < 2000 2.00 '0' Warehouse Supervisor $27021 
2000 < F < 5000 0.66 + 0.00067 * F 50J Fork II ft Operator 13857 
5000 < F <15000 1.00 + 0.00060 * F 20J Inventory Clerk 17019 

15000 < F 2.50 + 0.00050 * F 20' Naterlal Handler 21163 
1'O'OT Weighted Average $17267 

* The annual cost for warehouse personnel Includes both wages and benefits and Is based on a nation­
wide survey. The costs should be multiplied by the appropriate labor cost Index to reflect regional 
conditions. 

WAREHOUSE FACILITIES COST PARAMETERS 

Warehouse Space Utilization Factor 0.25 Cubic Meters of Product Per Square Mater Warehous 

Maintenance Cost Rate 1.00 Percent of Capital Cost 

Utility Cost Rate $1.69 Per Square Matar (1980$) 

Insurance Cost Rate 1.00 Percent of Capital Cost 

Property Tax Rate 4.00 Percent of Capital Cost 

Equipment Lease Rate 25.00 Percent of Capital Cost 

Building Lease Rate 12.60 Percent of Capital Cost 

Inventory Carrying Charge 37.75 Percent of Unit Valua 

DSR-8 Distribution Submodel Parameters - There are two sections to this raport. The 
first part shows the warehouse staffing relatlQnshlps: 1) the total personnel 
required depending on the warehouse size, and 2) the breakdown of personnel types 
and their annual costs. The second section Is a listing of some of the more 
Important standard data usad by the program, Including: warahouse space utiliza­
tion factor, maintenance cost rate, utility cost rate (In base price year 
dollars), Insurance cost rate, property tax rate, equipment laase rata, bUilding 
laase rate, and Inventory carrying charge • 
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MARKET! ~ AN) D I STR I BUT I ON COMPANY 
CONSOLIDATED INCOME STATEMENT ••• 

FOR THE YEAR END I ~ DECEteER 31, 1986 

(1980 SOOO) 
SALES: 

- Residential Products 519878 
- Intermediate Products 9109 
- Central Pover Stations 17047 

TOTAL SALES 

COST OF GOOOS SOLD: 
- Residential Products 14001 
- Intermediate Produsts 7000 
- Central Paver Stations 14001 

TOTAL ooST 

GROSS PROF I T 

EXPENSES: 
- Distribution (Schedule A) 4789 
- Marketing (Schedule B) 3719 

TOTAL EXPENSES 

NET PROFIT BEFORE TAX 

NET INCOME TAX 

NET PROFIT AFTER TAX 

••• Consolldated oyer all geographic regions. 
Based on an average manufacturing price of SO.70 per vatt, 
a manufacturing facility In the Rocky Mountain Region, 
and a particular assumed demand distribution. 

$46034 

$35001 

$11032 

S 8508 

S 2524 

S 1287 

S 1237 

FSR-I 

(J SALES) 

43.2% 
19.8J 
37.0J 

3O.4J 
15.2J 
30.4% 

76.0J 

24.0% 

10.4J 
8.IJ 

18.5J 

5.5J 

2.8% 

2.7J 

FSR-l Consolidated Income Statement - A typical Income statement showing 
sales, cost of goods sold, gross profit, expenses, net profit before 
tax, and net profit after tax Is generated basad on an average manu­
facturing price of S.70/vatt, a factory In the Rocky Mountain 
region, an assumed demand distribution given as Input by tha user, 
and standard data speclflad In the program. For tha concentrator 
company residential products comprise 43.2 percent of sales. 
Marketing & distribution expenses contribute about 18.5J to the 
final price of the collector with 10.4J for marketing and 8.IJ for 
distribution. 
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""-RKET I N; All> D I STR I BUT I ON COIPANY 
SCHEDULE A: DISTRIBUTION EXPENSES·** 
FOR lliE YEAR END I N; DECEI4BER 31, I 986 

(1980$ ) 

TAANSPORTATION: 
- DI~ect Shipments $2525351 
- T~Bnsshlpments 1669172 
- local Dellve~, 209796 

TOTAL 1RANSPORT 

WAREHOUSE OPERATIONS: 
- SBla~les & Benefits 234537 
- lttilities 4174 
- "alntenance 6232 
- Othe~ 31162 

TOTAL WAREHOUSE 

~REHOUSE lEASE EXPENSE 

INVENTORY CARRYIN; CHARGES 

T9TAl DISTRIBUTION EXPENSES 

**Consolldated ove~ all dlst~lbutlon ~eglons 

For all types of custome~s, 
Based on a single manufactu~lng facilIty 
located In the Rocky Mountain Region 
and a pa~tlcula~ assumed demand dls~lbutlon 

$4404320 

$ 276106 

84980 

78770 

$ 4844176 

FSR-2 

(STOTAl) 

9O.9S 

5.7S 

1.8S 

1.6S 

100.OS 
---== 

FSR-2 Schedule A: Dls~lbutlon EKpenses - In this ~epo~t, t~anspor­
tatlon costs B~e ~oken down by dl~ect shIpments, ~ansshlp­
Ments, B~e local dellve~les; Bnd wB~ehouse ope~Btlons ~e 
b~oken down for salarIes Bnd benefits, utllltlBs, maintenance, 
end othe~. For the eKample concentrator company 90.91 of 
total dlst~lbutlon eKpenses a~a ~anspo~tatlon. Wa~ehouslng 

costs Including lease Bnd ca~~ylng cha~ges I~e only 9.IS of 
the total. 
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~RKETING AND DISTRIBUTION COMPANY 
SCHEDULE B: ~RKETI NG EXPENSES ••• 

FDR 'THE YEAR END I NG DECEIoIlER 31. 1986 

SALARIES & BENEFITS: 
- 01 rect Staff 
- Support Staff 

TOTAL SALARIES 

SALES EXPENSES: 
- Travel/Entertainment 
- Communications 
- Office Supplies 

TOTAL EXPENSES 

OFFICE FACILITIES: 
- Lease 
- Utilities 
- Maintenance 
- Other Expenses 

TOTAL FACI LIT! ES 

ADVERTISING 

TOTAL ~RKETI NG EXPENSES 

.--Consolldated over all marketing regions 
for al I types of customers. 

(1980 $) 

$2401255 
1087481 

176710 
106026 
70684 

82055 
3328 
6512 

32562 

Based on a particular assumed demand distribution. 

$3488736 

$353420 

S 124457 

$364014 

$4330626 

FSR-3 

C. TOTAL) 

80.6. 

8.2~ 

2.9S 

~ 

100.0. 
---= 

FSR-3 Schedule B: Marketing Expenses - In thiS report. marketing 
expenses are broken down by salaries & benefits. sales expen­
ses. office facilities. and advertising. For the example 
concentrator company. salaries and benefits comprise 8O.6~ of the 
total marketing expenses. Advertising represents 8.4. of the 
total for the concentrator company. 
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WEST 
COAST 

SALES 10935 

COST OF GOODS SOLD 8750 

EXPENSES: 
- Market I n9 980 
- Distribution 647 

I NCOME TAXES 285 

NET PROFIT 273 

~RKETING AND DISTRIBUTION COMPANY 
REGIONAL INCOME STATEMENTS •• * 

FOR THE YEAR END I NG DECEMBER 31, 1986 
(1980 SOOO) 

ROCKY NCflTH GREAT NCflTH 
I«)lJNTAIN CENTRAL LAKES EASTERN 

11789 1584 1677 8277 

'9"/'99 .888Q 1050 5600 
qSoo 1050 

1132 158 177 435 
290 274 336 1722 

289 52 58 265 

278 50 56 255 

SOUTH 
EASTERN 

1640 

1050 

137 
344 

55 

53 

*** Based on an average manufacturing price of $0,70 per watt In 1980 dollars, 
a manufacturing facility In the Rocky Mountain region, 
and a particular assumed demand distribution. 

FSR-4 

SOUTH ALL 
CENTRAL REGIONS 

10132 46034 

7700 35001 

700 3719 
1175 4789 

283 1287 

272 1237 

FSR-4 Regional Income Statements - This report lists Income statements for each regional 
office. For the example concentrator company, the Rocky Mountain region Is the 
highest profit center earning $278,000 net profit after tax. In this case the 
Great Lakes region has the highest profit margin of 3.3J of sales while the Rocky 
Mounteln rag Ion yl.lds the .Iowest margin of 2.4, ·after tax, 
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KIIRKETII>G ANO DISTRIBUTION OlMPANY 
DELIVERED PRICE ESTIMATES *** 

(1980 S/WATT> 

COST OF GOODS SOLD: 
- Residential Products 10.700 
- Intermediate Products 0.700 
- Central Power Stations 0.700 

TOTAL OOST SO.700 

EXPENSES 
- Distribution 0.096 
- Marketing 0.074 ---

TOTAL EXPENSES 0.170 

I NCOME TAXES 0.026 

NET PROFIT AFTER TAX 0.025 

DELIVERED PROQUCT PRICES: 
- Residential Products 0.994 
- Intermediate Products 0.91 I 
- Central Power Stations 0.852 

.. L L PROOUCTS SO.921 
-= 

*** Based on an average manufacturing price of $0.70 par watt, 
a manufacturing facility In the Rocky Mountain region, 
and a particular assumed demand distribution. 

FSR-5 

(. PRICE) 

10." 
8. tJ 

76.0% 

18.5' 

FSR-5 Delivered Price Estimates - This report lists the components of the 
delivered product price In report year S par watt and as a percent of 
the total price. These figures are consolidated over all regions. 
For the example concentretor company, the cost of goods sold or manu­
facturing cost Is 76.0' of the average price of SO.921 per watt over 
all customers. Residential prices are the highest at $0.994 par watt 
and public utility prices are lowest at $0.852 per watt for the 
example concentrator company. 

120 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

. -
• 

MARKET REGION 

WEST COAST 

ROCKY MOUNTA I N 

NCRTH CENTRAL 

GREAT LAKES 

NCRTH EASTERN 

SOUTH EASTERN 

SOUTH CENTRAL 

ALL REGIONS 

PRIr,E RANGES: 

MARKETING 00 DISTRIBUTION OOIf'ANY 
DELIVERED PRICE ESTIMATES •• -

FOR EACH TYPE OF CUSTOMER BY REG I ON 
(1980 S/WAn) 

RESIDENTIAL INTERMEDIATE CENTRAL STATION 
HOUSEHOLD CXN4ERCIAL PUBLIC UTI L ITY 
PRODUCTS PRODUCTS PRODUCTS 

$0.950 $0.871 $0.802 

0.916 0.829 0.761 

1.082 1.004 0.000 

1.146 1.062 0.000 

1.150 1.049 0.986 

1.118 1.044 0.000 
() 
--..996 0.921 0.861 

$0.994 SO.911 SO.852 

MINIMUM = SO.761/Wett for Centre I Stetlon Utility 
In the Rocky Mountain Region 

MAXIMUM = SI.150/Wett for Residential Household 
In the North Eastern Region 

AVERAGE = $0.921/Watt Over AI I Products end Regions 

*** Based on an average manufacturIng price of $0.70 per watt, 
a manufacturing facility In the Rocky Mounteln region, 
and a particular assumed demand distribution. 

FSR-6 

ALL 
CUSTOMER 
PRODUCTS 

$0.875 

0.842 

1.056 

1.118 

1.035 

1.093 

0.921 

$0.921 

FSR-6 Delivered Price Estimates - In this report, delivered price estimates 
In report yeer $/watt are listed by region and customer type. The 
minimum Is $.761/watt for utility customers In the Rocky Mountain regIon, 
end the maximum Is $1.150/watt for resIdential customers In the North 
Eastern region • 
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W,RKET!~ AND DISTRIBUTION COIof'ANY 
KEY FINANCIAL INDICATORS 

CUSTOMER TYPE 

FSR-7 

W,RKET REG I ON RES I OENT! AL COMMERCIAL PUBLIC UTILITY W,RK-UP PROF IT W,RGI N 
HOUSEHOLD INTERMEDIATE CENTRAL STATION (REVENUE - CGS)/CGS) (NPAT /REVENUE) 

WEST COAST 35.7~ 24.4% 

ROCKY MOUNTAIN 30.9% 18.4% 

NORTH CENTRAL 54.6% 43.4% 

GREAT LAKES 63.6% 51.7% 

NORTH EASTERN 64.3% 49.9% 

SOUTH EASTERN 59.7~ 49.2% 

SOUTH CENTRAL 42.3~ 31.5% 

ALL REGIONS 42.0% 3O.1~ 

FINANCIAL PARAMETERS: 
Rate of Return on Equity • 
After Tax Cost of Capital 
Financial Leverage 
Corporate Income Tax Rate a 

Cost of Debt Capital • 
Deflation Rate • 
Average Inventory Turnover Time = 
Average Expense Coverage Time 
Inventory Carrying Charge Rate • 

14.5% 25.0~ 

8.7% 20.3% 

O.OJ 50.9% 

0.0% 59.7% 

40.8% 47.8% 

0.0% 56.2% 

23.0~ 31.6% 

21.8% 31.5% 

17.20% (I nput) 
15.39% (derived) 
1.20 (Input 
51.00% (standard data) 
12.90% (standard data) 
6.00% (standard data) 
1.50 months (standard data) 
6.00 months (standard data) 
37.75% (standard data) 

FSR-7 Key Financial Indicators - An array by region and customer type shows mark-up percen­
tages, for all products. A listing of financial parameters Is provided at the bottom 
of the report, specifying whether the Information Is part of the user Input, derived, 
or part of the standard data base which can also be modified by the user. For the 
example concentrator company, the North Eastern region posted the highest markup of 
64.3~ for residential products and a profit margin of 3.1~ over all products. The 
lowest markup Is '8.7% for public utility customers In the Rocky Mountain region clo­
sest to the factory. 
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""RKETI~ "NO DISTRIBUTION COMPANY fSR-8 
GENERAL N&D MODEL PARAMETERS 

IIf'UT OATA: 

• Product Manufacturing Cost $0.993 
(Mfg Year S/Watt) 

• Manufacturing Year 1986 

• Product Va I ume 10200.0 
(Cubic Meters/MW) 

• Product Weight 462800.0 
(ld lograms/MW) 

• factory Location Region Rocky 
Mountain 

STANDARD DATA: 

• Base Price Year 1981 

• Deflation Rate 
Solar Products 6.00. 

• Inflation Rates 
- Raw Materials 11.00. 
- Labor 8.00S 
- Chemicals 13.00% 
- Commodities 8.00:1 
- Energy 12.00% 
- Land 4.00:1 
- facilities 9.00. 
- Construction 8.00:1 
- Equipment 7.00. 
- Resources 15.00:1 
- Transportation 7.00:1 

fSR-8 General M&D Model Parameters - There are two sections to this financial 
report: I) Input data Including the product manufacturing cost, manu­
facturing year, Yolume, weight, end factory location region, and 2) 
standard data In cludlng the base price year. deflation rate, and ele­
yen Inflation rates. The numbers listed here are for the example con­
centrator company • 
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E. Example Case Summary 

The example case involves a hypothetical photovoltaic concentrator 
manufacturer with a factory in Phoenix, Arizona. The company 
sells photovoltaic concentrator systems of three standard sizes: 
5 kilowatts for residential customers, 500 kilowatts for commer-
cial customers and 5 megawatts for public utility customers. In 

• 

• 

1986, sales are predicted to be 50 megawatts distributed as -. 
follows: 

1986 SALES FORECAST 

Residential 
Commercial 
Public Utility 

Units 
4000 

20 
4 

4024 

Megawatts 
20 
10 
20 

50 

Based on a manufacturing cost analysis, the company estimates an 
average manufacturing cost including overhead and profit of 
$0.9929 per watt in 1986 dollars. This is equivalent to $0.70 
per watt in 1980 dollars. 

Using the M&D model, the company estimates average marketing 
expenses of $0.074 per watt and distribution expenses of $0.096 
per watt in 1980 dollars. After adding in taxes and profit, the 
following delivered product prices were obtained: 

DELIVERED PRODUCT PRICER 

Residential 
Commercial 
Public Utility 

Weighted Average 

(1980 $/Watt) 
0.994 
0.911 
0.852 
0.921 

Based on the demand forecast for 1986, these prices will generate 
the following sales revenues: 

SALES REVENUES 

Residential 
Commercial 
Public Utility 

All products 

(1980 $000) 
$19878 

9109 
17047 

$46034 

43.2% 
19.8% 
37.0% 

100.0% 

Distribution costs will total $4,789,000 and marketing costs will 
total $3,719,000 in 1980 dollars. Together these costs represent 
18.5% of sales. Net profit after tax is estimated at $1237 or 
2.7% of sales. 
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Markup, defined as revenue less cost of goods manufactured 
divided by cost of goods manufactured, varies by region and type 
of customer. 

MARK-UP 

Residential 
Commercial 
Public Utility 

(Revenue - CGS/CGS) 
42.0% 
30.1% 
21.8% 

All Products 31.5% 

The M&D model projects a sales force of about 104 people for this 
level of sales and productivity. About 52% consist of salesman 
and the balance are support staff and management 

SALES FORCE SIZE 
SALESMAN 

- Residential 40 
- Commercial 10 
- Public Utility 4 

DIRECT SUPPORT STAFF 
- Field Engineer 15 
- Commercial Artist 1 
- Marketing Research Analyst 3 - Technical Illustrator 1 
- Technical Writer 1 
- Advertising Salesman 1 

SECRETARIES 
- Level I 8 
- Level II 5 
- Level III 2 

MANAGEMENT 
- Vice Presinent 2 
- Advertising Manager 1 
- Marketing Research Manager 1 - Sales Manager 7 
- Sales Engineering Manager 2 

TOTAL 104 
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To minimize shipping costs, the company determined that it would 
be economical to supply its residential and commercial customers 
from regional warehouses in the following locations: 

REGIONAL WAREHOUSE CONFIGURATION 

Inventory Delivery Warehouse 
(kilowatts) Trucks Personnel 

West Coast - Los Angeles 100 1 2 

North Central - Omaha 30 1 2 

Great Lakes - Springfield 30 1 2 

North Eastern - Syracuse 40 1 2 

South Eastern - Atlanta 30 1 2 

South Central - Dallas 80 1 2 

Customers in the Rocky Mountain region around the factory will be 
supplien directly from the factory in Phoenix. The four public 
utility units sold each year will also be shipped directly. 

These results for the hypothetical photovoltaic inverter manufac­
turer of course would vary substantial~y with production level. 
The nu~ber of sales people, the location of the warehouses and 
the average inventory mix all depend on the level of sales, 
geographic distribution and product mix.. The M&D model is a use­
ful tool to analyze all of these interdependent variables 
simultaneously. 
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0. A = 

AC(KD) = 

ACAP = • ACC = 

ACUST = 

ADE( I) = 

ADQ(I) = 

• AIL(J) = 

AINT(X)= 

ALFA = • ALPHA = 

ALT = 

c' AOQ(I} = 

APRICE = 

AREGN = • 
AWC(I,J}= 

~>. 

APPENDIX A 

GLOSSARY OF SYMBOLS 

A A A A 

ADO or Q dummy variable for MWS function and SII function. 

annual compensation rate for direct sales support 
personnel type KD (base price year $/year/person) 

after tax cost of capital (percent/year). 

average capital cost for the marketing office facility 
($/square meter). 

integer number equal to one plus the nUMber of 
customer types. 

advertising rate for customer type I (percent of manu­
facturing price). 

average delivery quantity for customer type I 
(megawatts/shipment) • 

average inventory level in region J (megawatts). 

FORTRAN IV library routine for next higher integer 
value to X. 

average inventory turnover time (months). 

warehouse space utilization factor 
(cubic meters of product/square meter of warehouse). 

va.1ue of column in array of distribution alternative 
which has lowest total cost of alternative tested. 

average orrer quantity for customer type I (megawatts 
per order). 

weighted average manufacturing price over all customer 
types (manufacturing year S/watt) • 

integer number equal to one plus the number of distri­
bution regions. 

average working capital for customer type I in region 
J (manufacturing year dollars). 

t 
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BETA = 

BETAF = 
BETAW = 

BJ(J) = 

GLOSSARY OF SYMBOLS 

B B B B 

sales office property tax rate (percent of capital 
cost/year) • 

average expense coverage time (months). 

warehouse property tax rate (percent of capital 
cost/year) . 

facilities cost index for region J. 
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C(O,S) 

CAPO(J) 

CC(J,KK) 

CGS(I,J) 

CIS(J) 

GLOSSARY OF SYMBOLS 

C C C C 

= interregional transportation cost as a function of 
the average shipment weight 0 in kilograms, and the 
shipping distance S in kilometers ($/shipment) 

= office capital cost (manufacturing year $/year). 

= annual inventory carrying cost in region J for 
distribution alternative KK (manufacturing year 
$/year). 

= annual manufacturing cost of goods sold for 
customer type I in region J (manufacturing year 
dollars/year) • 

= annual indirect sales personnel cost in region J 
(manufacturing year $/year). 

CITY(J,3) = literal array containing city of warehouse location 
for each distribution region. 

CJ(J) 

CONST 

eS{I) 

CUSTOM 

= construction cost index for region J. 

= dummy variable in INVERT subroutine. 

= annual compensation rate for salesman type I 
(base price year $/year/person). 

= literal printing label for customer types. 
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D(I,J) = 

DC(J,K) = 

DC(JR,J) = 

DELIV(I) = 
DFLATE = 

DG = 

DIB = 
DIRECT = 

DIST(I,K,N) 

DISTRB = 
DIVR = 
DPRICE (I,.1) = 

DSC(J) = 

DSP(KD,J) = 

DSR(l-S) = 
DSUM = 

DV(J) = 

GLOSSARY OF SYMBOLS 

DOD 0 

total annual demand in region J by all customers of 
type I (megawatts per year). 

annual cost in region J for direct shipments for 
each distribution alternative K 
(manufacturing year $/year). 

annual distribution cost in region J for customers 
supplied directly from the factory in region JR 
(manufacturing year dollars/year). 

average number of deliveries per year. 

function to deflate (or inflate) the argument from 
manufacturing year to report year dollars. 

solar products deflation rate (as a decimal 
fraction/year) • 

debt interest rate (percent/year). 

shipping mode DIRECT. 

literal distribution alternative. 

distribution subprogram. 

dummy variable in subroutine INVERT. 

distribution price estimates by customer and region 
($/watt). 

total direct sales personnel cost in region J 
(manufacturing year $/year). 

total direct sales support personnel type KD 
required in region J. 

distribution reports. 

sum of annual demand over all regions and customers 
(megawatts/year). 

direct sales personnel vector (17,1) for region J. 
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EJ{J) 

ENVRS 

ENVRTR 

= 

= 

= 

GLOSSARY OF SYMBOLS 

E E E E 

equipment cost index for region J. 

matrix resulting from INVERT subroutine. 

matrix used to invert matrix in INVERT subroutine. 
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F(J) = 

FACTRY = 
FC = 
FDC(J,KK)= 

FF = 

FINANC = 

FLOAT (X) = 

FREQ(J) = 

FSR(1-8) = 

GLOSSARY OF SYMBOLS 

F F F F 

warehouse size in region J (square meters). 

literal FACTORY DIRECT. 

annual fixed cost per vehicle ($/vehic1e/year). 

fixed delivery cost in region J for distribution 
alternative KK (manufacturing year $/year). 

dummy variable to convert F(J) from array element 
to variable for use with functions. 

finance subprogram. 

FORTRAN IV library routine for floating point value 
of integer X. 

factory shipping frequency to region J (years). 

financial reports. 
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G = 

•• GA = 

GAMMAB = 

GAMMAE = • 
GAMMAO = 

GB = 
• 

GC = 

GO = 
• 

GE = 

GF = 

• GG = 

GH = 

• GI = 

GJ = 

• GRO(I,J) = 

GROSS = 

GROW{G) = 

GT = 

• 

GLOSSARY OF SYMBOLS 

G G G G 

dummy argument for inflation rate in MARKET subroutine. 

raw materials inflation rate (as a decimal 
fraction/year) • 

annual lease rate for buildings (percent of capital 
cost/year) • 

annual lease rate for equipment (percent of capital 
cost/year) • 

sales office facilities lease rate (% of capital 
cost/year). 

labor cost inflation rate (as a decimal 
fraction/year) • 

chemical cost inflation rate (as a decimal 
fraction/year) • 

commodities cost inflation rate (as a decimal 
fraction/year) • 

energy and utilities inflation rate (as a decimal 
fraction/year) • 

resources inflation rate (as a decimal 
fraction/year) • 

land cost inflation rate (as a decimal 
fraction/year) • 

facilities cost inflation rate (as a decimal 
fraction/year) • 

construction cost inflation rate (as a decimal 
fraction/year) • 

equipment inflation rate (as a decimal 
fraction/year) • 

annual gross profit for customer type I in region J 
(manufacturing year dollars/year). 

annual gross profit (manufacturing year $/year). 

growth factor for inflation rate. 

transportation inflation rate (as a decimal 
fraction/year) • 
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GLOSSARY OF SYMBOLS 

H H H H 

'. 
• 

.' 
• 

• 

• 
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• 

• 

I = 

IC(JR,J,Q)= 

• ICC (III) = 

ICOLM = 

II = 

• III = 

IJ = 

IK = 

• I MAX = 

IMIN = 

IN = 

• 
INVERT = 

ISP(KI,J) = 

• ISPT(KI) = 

IV(J) = 

• 

•• 

• 

GLOSSARY OF SYMBOLS 

I I I I 

type of customer (I=1,2,3)~ index for loops. 

total annual di~tribution cost in region J for 
customers supplied from a regional warehouse in 
region J with transshipments of size Q from the 
factory in region JR (manufacturing year $!year) • 

four lowest transshipment costs indentified. 

index in INVERT subroutine. 

index for loops. 

index for loops. 

index for loops. 

indicator for distribution run option to specify 
which alternatives should be evaluated . 

largest integer value assigned to customer type. 

smallest integer value assigned to customer type. 

logical unit number specifying the location of 
input data e.g. card reader. 

subroutine to invert a matrix. 

number of indirect sales support personnel of type 
KI required in region J. 

array used to pass rows of ISPT in subroutine TOTPER. 

indirect sales personnel vector (17xl) for region J. 
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• 

GLOSSARY OF SYMBOLS • 
J J J J 

•• 
J = type of region (J = 1,2, ... ,7): index for loops. 

JCOLM = index in INVERT subroutine. 

JMAX = largest integer value assigned to regions. 

JMIN = smallest integer value assigned to regions. • 
JR = factory location region. 

• 

• 

• 

• 

• 

•• 
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• 

.-
K = 
KB(J) = 

• KC(J,KK) = 

KD = 

• KE(F) = 

KI = 
KK = 

• KKK = 
KM(J) = 

• KO(J) = 

KOLM = 

• 

• 

•• 

• 

GLOSSARY OF SYMBOLS 

KKK K 

index for distribution alternative. 

building and land capital cost in base price year 
dollars as a function of the warehouse size F in 
square meters. 

building, land, and equipment capital cost in 
region J for distribution alternative KK 
(manufacturing year $). 

index of direct support personnel K=l, ••• ,6. 

equipment capital cost in base year $ as a function 
of the warehouse size F in square meters. 

index of indirect support personnel K=1, ••• ,8. 

index for rank of Q the warehouse order quantity. 

index for loops. 

local delivery travel distance in region J 
(kilometers/year). 

office facilities capital cost function in region J 
($!year) • 

dummy variable in INVERT subroutine. 
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L(J,KK) = 

LAMDA = 
LC(J,KK) = 

LJ(J) = 

LL = 
LLL = 

GLOSSARY OF SYMBOLS 

L L L L 

total annual local or intra regional delivery cost 
in region J for distribution alternative KK 
(manufacturing year dollars/year). 

financial leverage ratio (total capital/equity capital). 

warehouse leasing cost in region J for distribution 
alternative KK (manufacturing $/year). 

labor cost index for region J. 

dummy variable used as indicator within loop. 

index for loops. 
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• 
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M = 

MARK(J) = 

MARKET 

MARKUP 
(I t J) 

MATMUL 

MC 

MCC(J) 

MCOLM 

MM 

MPRICE 
(I t J) 

= 

= 

= 

= 
= 

= 

= 

= 

MSR(l-6) = 

MU = 

MUW = 

MWS (I) = 

GLOSSARY OF SYMBOLS 

M M M M 

warehouse maintenance cost rate (percent of capital 
cost/year). 

markup in region J (ratio of revenue less manufac­
turing cost to manufacturing cost). 

marketing subprogram. 

markup for customer type I in region J. 

subroutine to multiply two matrices. 

vehicle distance capacity (kilometers/vehicle-year). 

warehouse maintenance cost in region J 
(manufacturing year $/year). 

dummy variable in INVERT subroutine. 

dummy variable used as indicator within loop. 

marketing price per watt as a function of customer 
type and region (manufacturing year $/watt). 

marketing reports. 

sales office insurance rate (percent of capital 
cost/year) • 

warehouse insurance rate (percent of capital cost/year). 

annual megawatt sales per salesman to customer type 
I (megawatts/salesman/year). 
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N = 
NCOLM = 
NCUST = 
NPA(I,J) = 

NPBT = 
NREGN = 

GLOSSARY OF SYMBOLS 

N N N N 

(manufacturing year) - (base price year). 

dummy variable in ROWCHK subroutine. 

number of customer types. 

net profit after income tax for customer type I in 
region J (manufacturing year $/year). 

net profit before taxes (manufacturing year $/year), 

number of regions. 
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a = 

OC(J,KK) = 

OFC(J) = 

OM = 

OMC(J) = 

OOC(J) = 

OP = 

OPC(J,KI<)= 

ORC(J) 

OS(J) 

OUC(J) 

OUT 

= 

= 

= 

= 

GLOSSARY OF SYMBOLS 

a 0 0 a 

OS(J) dummy variable for KO function. 

annual warehouse operating cost in region J for 
distribution alternative (manufacturing year 
dollars/year) • 

total annual office facility costs in region J 
(manufacturing year $/year). 

sales office maintenance cost rate (percent of 
capital cost/year). 

office maintenance expense in region J 
(manufacturing year $/year). 

other office expenses in region J (manufacturing 
year $/year). 

warehouse order processing cost ($/order). 

order processing cost in region J for distribution 
alternative KK (manufacturing year $/year). 

office rental expense in region J (manufacturing 
year $/year). 

sales office size in region J (square meters). 

office utilities expense (manufacturing year 
$/year) • 

logical unit number specifying the locabion of out­
put data e.g. line printer. 
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p(J) = 

PC(J) = 

PEOPLE(J)= 

PERCEN = 
PHI = 

PHIF = 

PMAX = 

PMIN = 
PPRICE(I,J) 

PRICE(I) = 

PRODUC = 

PROF(J) = 

GLOSSARY OF SYMBOLS 

P P P P 

warehouse personnel cost function (manufacturing 
year $/year). 

warehouse personnel cost in region J (manufacturing 
year $/year). 

total warehouse personnel (persons). 

percent. 

annual inventory carrying charge rate (percent of 
product value/year). 

financial inventory carrying rate (percent of 
product value/year>. 

maximum product price (manufacturing year $/watt). 

minimum product price (manufacturing year $/watt). 

delivered product price estimates for customer type 
I in region J (manufacturing year S/watt). 

manufacturing price of product for customers of 
type I (manufacturing year dollars per watt). 

product type indicator 1 = PCU or inverter 
2 = collector 

profit margin in region J (ratio of net profit 
after taxes to total revenue). 
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• 

Q(J) = 

QC( III) = 

QCC = 

QQ = 

QSTAR = 

GLOSSARY OF SYMBOLS 

Q Q Q Q 

warehouse order quantity in region J (megawatts per 
shipment) • 

Q{J) corresponding to four lowest transshipment 
costs identified • 

QC{III) storage corresponding to four lowest 
transshipment costs identified. 

1/26th of the annual demand supplied from the 
warehouse • 

optimal Q{J) which corresponds to best distribution 
alternative identified. 
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RAIL = 

RC(KD) = 

REGIN = 

REGION = 

REV(I,J) = 

RHO = 

RHOO = 

RHOW = 

RM(17, 17) = 

ROC17,17)= 

ROWCHK = 

RUNTYP = 

GLOSSARY OF SYMBOLS 

R R R R 

literal printing label for shipping mode RAIL. 

requirement coefficient for direct sales support 
personnel type KD. 

literal printing label for geographic region names. 

literal printing label for geographic region names. 

total annual revenue from customer type I in region 
J (manufacturing year dollars/year). 

minimum required rate of return on equity 
(percent of equity/year). 

sales office utilities cost rate 
($/square meter/year). 

• 

• 

'. 
• 

• 

warehouse utilities cost rate ($/square meter/year). • 

indirect personnel staffing requirements matrix. 

indirect personnel staffing matrix used in 
subroutine TOTPER: matrix to be inverted in 
subroutine INVERT. 

subroutine performing function with INVERT 
subroutine. 

determines which subprograms should be executed: 
1. - marketing only, 2. - distribution only, 
'3. - both marketing and distribution. 
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• 

. -
• 
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• 

S (JR,J) = 

SAC(J) = 

SAE( I) = 

SAL(KI) = 

SALD(K) = 

SAVE = 
SC = 

SCC = 

SEC(J) = 

SHIP(Z) = 

GLOSSARY OF SYMBOLS 

S S S S 

interregional shipping distance matrix containing 
the average shipping distance from region JR to region 
J (kilometers) . 

annual advertising cost in region J (manufacturing 
year $/year). 

sales expense rate for customer type I (percent of 
marketing salaries). 

annual compensation rates for indirect sales per­
sonnel type KI (base price year $/year/person). 

annual compensation rate for warehouse personnel 
(base price year $/year). 

dummy variable in ROWCHK suhroutine. 

S(JR,J) dummy variable for C function. 

communications expense cost (manufacturing year 
$/year) • 

annual sales expense cost in region J 
(manufacturing year $/year). 

function to determine Shipping mode. 

SHPCST(J,KK) transportation costs for shipping from the factory to 
warehouse in region J for distribution alternative 
KK (manufacturing year $/year). 

SMODE(J,KK,LLL) factory shipping mode to region J. 

SOS = 
SPERSN(J)= 

Spp = 

SQRT(x) = 
SR(I,J) = 

SRT( I) = 
SSI(I) = 

STE = 

supplies expense cost (manufacturing year $/year). 

total sales personnel in region J. 

amount of office space per person (square meters/person). 

FORTRAN IV library routine for square root of X. 

total number of salesmen required in region J for 
customers of type I. 

array to pass rows of SR and DSP to subroutine TOTPER. 

salesman support index for customer type I. 

travel expense cost (manufacturing year $/year). 
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T(J) = 

TAC(J,K) = 

TACSTR = 

TAU = 
TAX(I,J) = 

TB = 
TDX (I, J) = 

TEXPEN = 
TK(J) = 
TM = 
TMX (I, J) = 

TOT = 

TOTPER = 
TR = 

TRANS(J) = 
TRKUSE = 
TRUCK = 
TSB = 

GLOSSARY OF SYMBOLS 

T T T T 

annual transportation cost for shipments from the 
factory to the warehouse in region J 
(manufacturing year $/year). 

total annual distribution costs in region J for 
distribution alternative K (manufacturing year $/year). 

lowest total annual cost achieved with alternatives 
already analyzed. 

effective income tax rate (percent of net profit/year). 

annual income tax expense for customer type I in 
region J (manufacturing year dollars/year). 

base price year. 

annual distribution expense for customer type I in 
region J (manufacturing year dollars/year). 

total expenses (manufacturing year $/year). 

vehicle fleet size in region J (vehicles). 

manufacturing year. 

annual marketing expense for customer type I in 
region J (manufacturing year $/year). 

used as a dummy variable in calculation of inven­
tory carrying costl total number of units passing 
through warehouse during year. 

subroutine to calculate total personnel. 

report year for which dollars are reporced on 
output reports. 

total transportation costs for distribution. 

weighted average use of trucks. 

literal printing label for shipping mode TRUCK. 

total annual sales personnel cost (manufacturing 
year $/year). 
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• 

• TSC(J) = 

TT = . -

TV(J) = 

TWP (J) = 

• 

• 

• 

• 

• 

• 

• 

• 

GLOSSARY OF SYNBOLS 

T T T T 

total indirect sales cost in region J 
(manufacturing year $/year). 

total transportation and distribution 
(manufacturing year $/year) • 

costs 

total sales personnel vector (1 7x1) for region 

total warehouse personnel in region J. 
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UC(J) = 

UJ(J) = 

GLOSSARY OF SYMBOLS 

U U U U 

warehouse utilities cost .. in region J 
(manufacturing year $/year). 

utilities cost index for region J. 

148 

• 

• 

-. 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

e· 

• 

v = 

VC = 

VDC(J,KK)= 

GLOSSARY OF SYMBOLS 

v v v v 

solar pro~uct volume (cubic meters/megawatt). 

variable operating cost per vehicle ($/kilometer). 

variable delivery cost in region J for distribution 
alternative KK (manufacturing year $/year) 
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W(J,KK) = 

WAREHS = 
WC = 
WT = 
WTDPRC = 

WTDUSE = 

GLOSSARY OF SYMBOLS 

W W W W 

annual warehousing cost in region J for distribu­
tion alternative KK (manufacturing year $/year). 

literal WAREHOUSE. 

vehicle load capacity (kilograms/vehicle). 

product weight (kilograms/megawatt). 

weighted average price of product stored in ware­
house ($/watt). 

weighted average use of warehouse facility. 
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x(r,J) = 

XREV = 

XSC(J) = 

xx(r,J) = 

XXX(J) = 

GLOSSARY OF SYMBOLS 

x X X X 

indication for customer type I, in region J whether 
supplied directly from the factory or from a ware­
house in region J. 

total annual revenue (manufacturing year $!year). 

other warehouse operating costs for (taxes and 
insurance in region J) (manufacturing year $!year). 

array of distribution options for customer type I 
in region J. 

warehouse constraint indicator for region J. 
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Y(I,J) = 

GLOSSARY OF SYMBOLS 

Y Y Y Y 

intraregional shipping distance matrix containing 
the average distance from the warehouse to the 
customer and the average distance between con­
secutive customers on a local delivery trip 
(k ilometers) . 
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• 

• GLOSSARY OF SYMBOLS 

z z z z 

.- z = product weight class (kilograms). 

• 

• 

• 

• 

• 

• 

•• 
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APPENDIX B 

ALGORITHMS AND CALCULATIONS 

MARKETING SUBMODEL EQUATIONS 

Following are the algorithms and calculations for the marketing 
submodel. 

Direct Sales Requirements: The primary determinant of selling 
requirements is the average order quantity per customer expressed 
in megawatts per order. Sales requirements are implicitly 
assumed to vary for different types of customers. It is assumed 
that this variation can be modeled through the average order 
size. 

AOQ(I) = 

Note: 

Average order quantity in megawatts for customer 
type I. 

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

Salesman Productivity Assumptions: The first step in deter­
mining how many salesmen are required for a particular product­
market scenario is to identify the number of orders an individual 
salesman can obtain per year 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 
obtain more orders than if the order size were larger. At the 
same time, at larger values of AOQ, the overall productivity of 
each salesman will be greater. 

The basic assumptions used for computing salesman producti vi ty 
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 steady-state assumption. 

To simplify the analysis, the interaction between advertising and 
salesman productivity is not modeled explicitly. That is, pro­
ductivity 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 adver­
tising expense rates and the salesman productivity rates for dif­
ferent types of customers. 
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The specific productivity assumptions are as follows: 

At very low levels of AOQ (one kilowatt per order) it is assumed 
that the order-taking ability of salesmen for collectors will be 
comparable to that of account representatives for industrial pro­
ducts firms, namely that each salesman can make an average of 
1750 calls per year ana 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 per order 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 AOQ. 

AOQ Annual 
Average Orders 

Order Quantity Per Salesman 
(MW) (Order!YR) 

.000 0.00 

.001 500.00 

.qlO 51. 00 

.100 5.90 

1.000 1.45 

10.000 and above 1.00 
Note: the intermediate points in 

polations, not break-points on 
tion. 

Megawatts 
Sales 

Per Salesman 
(MW!YR) 

.00 

.50 

.51 

.59 

1.45 

10.00 or more 
this table are inter­

a piece-wise linear func-

The size of a typical residential unit could range from 1 
kilowatt (.OOI MW) to 10 kilowatts (0.010 MW), dependi·ng upon the 
application. 

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

Solar collectors of 5 MW or more would be purchased by public or 
private utilities for subfields in central power stations. Based 
on experience with the utility industry, a single salesman can 
typically make one large sale per year. 

For the salesman of inverters, it is assumed that the produc­
tivity is twice as high. Clearly, once a customer has decided to 
buy a solar collector, he needs to buy a peu too. This simpli­
fies the sales effort. 
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Annual Megawatt Sales Per Person: Assuming a piece-wise linear 
relationship between annual megawatt sales per salesman and the 
average order quantity per customer, the following equations 
correspond to the data presented in the table above. 

MWS(AOQ(I» = Annual megawatt sales per salesman to customer 
type I (megawatt/year) 

PRODUC = Product type indicator 1 = PCU or inverter 
2 = Collector 

Collector 
= 0 for 0 > AOQ 
= 500*AOQ for 0 -< AOQ < .001 

MWS(AOQ(I» = .4999 + .950l*AOQ for 0.001< AOQ <10.000 
PRODUC = AOQ for AOQ >10.000 

Power Condi tioni ng Unit 
0 for 0.0> AOQ 

= 1000*AOQ for 0.0< AOQ < 0.001 
MWS(AOQ(I» = .999 + 1.902*AOQ for 0.001 <AOQ <10.000 

PRODUC = 2*A for -AOQ >10.000 

The coefficients are expressed to 4 decimal digits so that 
substitution will yield the results presented in the table. They 
do not reflect the degree of accuracy of the linear productivity 
assumptions. 

Size of Sales Force: The number of salesmen required is computed 
separately for each type of customer based on the total annual 
demand and the salesman productivity ratio. The total annual 
demand in each region and the average demand per customer are 
assumed to be known and constant over time for each customer 
type. 

D(I,J) = Total annual demand in region J by customers of type 
I (MW/Year) 

PRODUC = Product type indicator 1 = PCU or inverter 
2 = Collector 

SR(I,J) = Total number of salesmen required in regipn J for 
customers of type I 

SR(I,J) = D(I,J)/(MWS(AOQ(I»*PRODUC 

Salesman Support Index: Direct sales support personnel include: 

• Field Engineers 
• Market Research Analysts 
• Technical Writers 
• Commercial Artists 
• Technical IllUstrators 
• Advertisi~g Salesmen. 

The amount of direct support per salesperson in the solar collec­
tor industry is assumed to depend on the type of customer. For 
power conditioning units(PCu), it is assumed to be half as large. 
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PRODUC 

AOO 
Average 
Order 

Ouantity (MW) 
0.000 

.001 
1.000 

10.000 
100.000 

SSl 
Salesman 

Support Index. 
Collector PCU 

0.00 0.000 
0.10 0.050 
0.19 0.185 
1.00 0.500 
5.00 2.500 

= Product type indicator 1 = PCU or inverter 
2 = Collector 

SSl(AOO(I» = Salesman support index for customer type r 

Collector 
.. 0 for 0 > AOO(l) 
= 100*AOO(I) 

PRODUC*SSl(AOO(l» = .0999+.0900*AOO(I) 
= .sss6+.0444*AOO(I) 

for 0 < AOO(l)< .001 
for O.OOl<AOO(l)<lO.OOO 
for -AOO(I)~lO.OOO 

Power Conditioning Unit 
= 0 for 0 > AOO ( I ) 
= sO*AOQ(I) for 0 < AOO(I) < .001 

PRODUC*SSI(AOO(l» = 0.05+0.045 *AOO(I) for O.OOl<AOo(r) <10.000 
= 0.2778+0.0222*AOQ(I)forlO.000<AOO(l) 

These equations correspond to the data presented in the table 
above assuming a piece-wise linear relationship. The coef­
ficients are expressed to 4 decimal digits so that the linear 
segments intersect at the breakpoints. This does not indicate 
the degree of accuracy in the estimates. 

The number of direct sales support personnel required is computed 
by multiplying the number of salesmen by the support index by a 
requirement coefficient for each type of personnel • 

DSP(KD,J) = Total number of direct sales support personnel 
type KD required in region J 

where, 

RC(KD) 

= ~=~C(KD)*SSI(AOQ(I»*SR(I'J) *PRODUC 

= Requirement coefficient for direct support per­
sonnel of type KD 
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Index 
KD Description Requirement Coefficient RC(KD) 

Collector PCU 

"I Field Engineer 2.0 1.00 
2 Commercial Artist .1 • 05 
3 Market Research Analyst .4 .20 
4 Technical Illustrator .2 .10 
5 Technical Writer .2 .10 
6 Advertising Salesman .1 .05 

The requirement coefficients indicate the number of direct sup­
port personnel required per salesman when the salesman support 
index is one. This corresponds to an average order quantity per 
customer of 5 MW. It is assumed that the sales support required 
for customers of this size is equivalent to that for a small 
public utility. 

Total Direct Sales Personnel Cost: From the number of salesman 
and the number of direct support personnel, the total direct 
sales personnel cost is computed. 

DSC(J)- Total direct sales cost in reaion J 
(in manufacturing year dollars per year) 

- LJ(J)*(l+GB)N(~_lSR(I'J)*CS(I) + ~_lDSP(KD'J)*AC(KD» 

• 

• 

-. 
• 

• 

• 

where, • 

LJ(J)- Labor cost index in region J 

GB - Labor cost inflation rate 

N - (Manfacturing year) - (base price year) 

AC(KD)- Annual compensation rate for direct sales personnel 
type KD (base price year $/year) 

CS(I) - Annual compensation rate for salesman type I 
(base price year $/year) 

The following standard values to be used for these parameters are 
contained in the block data subprogram. 
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Direct Sales Personnel Compensation Rates 

Annual 
Index Description Compensation* 

I CS(I) 
1 Salesman, Household Products ~24,570 
2 Salesman, Commercial Products $32,652 
3 Salesman, Central Power Stations $43,427 

*Compensation rates inclune all wages and benefits expressed 
in 1981 dollars per year, and based on nationwide averages. 

Annual 
Index Description Compensation* 

KD AC(KD) 
1 F~eld Engineer ~35,9l7 
2 Commercial Artist $16,761 
3 Market Research Analyst $34,284 
4 Technical Illustrator $25,713 
5 Technical Writer $25,713 
6 Advertising Salesman $23,809 

Indirect Sales Support Personnel: Indirect sales support person­
nel include the following: 

• Regional Vice President, Sales and Marketing 

• Manager, Advertising 

• Manager, Marketing Research 

• Manager, Sales 

• Manager, Sales Engineering 

• Secretary I (lower management) 

• Secretary II (middle management) 

• Secretary III (upper management) 

The number required is determined from the number of salesman and 
direct sales staff following the line-staff relationships indi­
cated on the organization chart and the indirect requirements 
matrix as follows: 

TV = Total sales personnel vector (17 x 1) 

DV = Direct sales personnel vector (17 x 1) 

ISP = Indirect sales personnel vector (17 x 1) 

RM = Indirect personnel requirements matrix (17 x 17) 

I = Identity matrix (17 x 17) 
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Step 1: Compute total personnel from direct personnel vector, 
DV, and the indirect requirements matrix RM. 

TV = (I - RM)-l * 

where, DV = 

DV 

SR(l,J) 
SR(2,J) 
SR(3,J) 
DSP(l,J) 
DSP(2,J) 
DSP(3,J) 
DSP(4,J) 
DSP(S,J) 
DSP(6,J) 

o 
o 
o 
o 
o 
o 
o 
o 

(17 x 1 vector) 

(Last 8 rows = O) 

Step 2: Subtract direct from total to get indirect personnel. 

ISP = TV 

where, ISP = 

DV 

o 
o 
o 
o 
o 
o 
o 
o 
o 

ISP(l,J) 
ISP(2,J) 
ISP(3,J) 
ISP(4,J) 
ISP(S,J) 
ISP(6,J) 
ISP(7,J) 
ISP(8,J} 

(First 9 rows = 0) 

(17 x 1 ve.ctor) 

The elements in row I and column J of the indirect requirements. 
matrix ri~; indi.cates the amount of indirect personnel type I 
required ~y direct personnel type J. The coefficients of this 17 

• 

• 

• 

• 

• 

• 

• 

• 

• 

x 17 matrix are presented on the following pages. - • 
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INDIRECT SALES SUPPORT STAFF RELATIONSHIPS* 

Matrix 
I ndirect Staff Required By Staff Element 

RM(I,J) 

Vice President, Manager, Sales Engineering RM(lO, 11 )=1/4 
Sales and Marketing Manager, Sales RM(10,12)=1/4 

Manager, Advertising RM(10,13)=1/4 
Manager, Marketing Research RM(10,14)=1/4 

Manager, Field Engineer RM(1l,4) =1/9 
Sales Engineering Technical Writer RM(11,8) =1/9 

Technical Illustrator RM(1l,7) =1/9 

Manager, Salesman, Household ProductsRM(12,1) =1/9 
Sales Salesman, Commercial RM(12,2) =1/6 

Salesman, Central Stations RM(12,3) =1/4 

Manager, Commercial Artist RM(13,5) =1/9 
Advertising Salesman, Advertising .RM(13,9) =1/6 

Manager, Marketing Research Analyst RM(l4,6) =1/6 
Marketing Research 

Secretary I Salesman, Household ProductsRM(15,1) =1/9 
(Lower .Management) Salesman, Commercial RM(15,2) =1/6 

Salesman, Central Stations RM(lS,3) =1/4 
Market Research Analyst RM(lS,6) =1/4 
Salesman, Advertising RM(lS,9) =1/4 

Secretary II Manager, Sales Engineering RM(16,11)=1/2 
(Middle Management) Manager, Sales RM(16,12)=1/2 

Manager, Advertising RM(16, 13 )=1/2 
Manager, Market Research RM(16,14)=1/2 

Secretary II Vice President, RM(17,10)=1/2 
(Upper Management) Sales and Marketing 

*RM{I,J) is the number of "Indirect Staff" type I required for each 
one of direct staff type J. For example, one Secretary I (Lower 
Management) is required for every nine salesman of household pro­
ducts. R(I,J) is the element in the Ith row and Jth column of the 
17x17 indirect requirements matrix. Only the nonzero elements of 
the matrix are listed in this table. All other elements are zero. 
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Total Indirect Sales Personnel Cost: The compensation rates for 
all indirect sales support personnel are listed below. These 
rates are used to compute indirect personnel costs as follows: 

CIS(J) = Annual indirect sales personnel cost in region J 
(manufacturing year dollars/year) 

= ~ ISP(KI,J)*SAL(KI)*LJ(J)*(l+GB)N 
KI=l 

where, 

LJ(J) = labor cost index in region J 

GB = labor cost inflation rate 

N = (manufacturing year) - (base price year) 

SAL(KI) = annual compensation rate for indirect sales 
personnel type KI (base price year $/year) 

ISP(KI,J) total number of indirect sales support personnel 
type KI required in region J 

The following standard values to be used for these parameters are 
contained in the block data subprogram. 

Indirect Sales Personnel Compensation Rates 

Index Description 
KI 

1 Vice President, Sales and Marketing 
2 Manager, Sales Engineering 
3 Manager, Sales 
4 Manager, Advertising 
5 Manager, Marketing Research 
6 Secretary I (Lower Management) 
7 Secretary II (Middle Management) 
8 Secretary III (Upper Management) 

Annual 
Compensation* 

SAL(KI) 

81,357 
52,243 
52-,243 
52,243 
52,243 
18,571 
19,809 
21,618 

* compensation rates include all wages and benefits expressed in 
1981 dollars per year, and based on nationwide averages. 
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Office Facilities Cost: Office facility costs include: 

• Office rental 
• Utilities 
• Maintenance 
• Other expenses (e.g., insurance). 

Office rental consists of the buildings, furniture, fixtures, and 
equipment. The amount of space required is determined by the 
number of people. 

OS(J) = Sales office size in region J (square meters) 

~ere, 

spp 

= [~=l (OSP(KD,J) + K~ ISP{KI,J) + ~lSR{I'J)J*SPP 

= Amount of office space per person 
(square meters/person) 

Note that the amount of office space per person has been 
expressed as a constant for all types of personnel. Actually, 
different personnel require different amounts of space. However, 
these differences are not significant. For the purposes of this 
model, an average figure will provide a good enough estimate of 
the office space because the personnel mix remains homogeneous at 
all levels of sales. 

The total annual office facility costs in region J are computed 
from the following relationship: 

OFC{J) = Total annual sales office facility costs in region J 
(manufacturing year dollars/year) 

= ORC(J) + OUC(J) + OMC{J) + OOC{J) 
where, 

ORC(J) = Sales office rental expense in region J 
(manufacturing year $/year) 

OUC(J) = Sales office utilities expense in region J 
(manufacturing year $/year) 

OMC(J) = Sales office maintenance expense in region J 
(manufacturing year $/year) 

OOC(J) = Other sales office expenses in region J 
(manufacturing year $/year) 

These four variables are computed as follows: 
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SALES OFFICE FACILITIES COST PARAMETERS 

SPP = Amount of office space per person = 12.45 
(Square meters/person) 

GAMMAO = Sales office utilities cost rate = 12.6% 
(% of capital cost/year) 

RHOO = Sales office utilities cost rate = $1.B9 
(1981 $/square meter) 

OM = Sales office maintenance cost rate = 1.0% 
(% of capital cost/year) 

BETA = Sales office property tax 
(% of capital cost/year) 

rate = 4.0% 

MU = Insurance rate = 1.0% 
(% of capital cost/year) 

• Office Rental Expense-ORC(J) 

ORC(J) = GAMMO*CAPO(J) 

CAPO(J) = BJ(J)*KO(OS(J»*(l+GH)N 

where, 

GAMMAO 
! 

BJ(J) 

OS(J) 

= Office facilities lease rate (% of capital cost) 

= Facilities cost index for region J 

= Sales office size in region J (square meters) 

KO(OS(J»= Sales office facilities capital cost function 

GH . = Facilities inflation rate (%/year) 

N = (Manufacturing year) - (base price year) 

SALES OFFICE CAPITAL COST FUNCTION 

Sales Office Size Total Office Capital Cost 
(Square Meters) (1981 $) 

OS K(OS) 

0 < OS < 185 K (OS) = + 517.33*05 
185 < OS < 278 K (OS) = 40,107.13 + 300.53*05 
278 < OS < 372 K (OS) = 7,598.52 + 417.46*OS 
372 < -OS < 557 K (OS) = 30,625.99 + 355.56*OS 
557 < OS <1115 K (OS) = 4,636.98 + 402.23*OS 

1115 < OS K (OS) = 34,980.74 + 375.01*05 
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• Office Utilities Expense - OUC(J) 

OUC(J) 

where, 
UJ(J) 

RHOO 

OS(J) 

GE 

N 

= UJ(J)*RHOO*OS(J)*{l+GE)N 

= Utilities cost index for region J 

= Sales office utilities cost rate 
($/square meter) 

= Sales office size in region J (square meters) 

= Utilities inflation rate (%/year) 

= (manufacturing year) - (base price year) 

• Office Maintenance Expense - OMC(J) 

OMC(J) 

where, 
OM 

= OM*CAPO(J) 

= Sales office maintenance cost rate 
(% of capital cost/year) 

Although maintenance costs are more labor intensive than capital 
cost, it is assumed that the total maintenance requirement 
depends on the capital cost of the office facilities. Capital 
costs include materials, construction labor, and architectural 
and engineering design fees. Furthermore, office maintenance 
represents a relatively small portion of the total sales office 
facilities cost. Thus, the office maintenance expense is not 
adjusted by the labor cost index for differences in regional 
labor costs or by the labor cost inflation rate. 

• Other Office Expense - OOC(J) 

OOC(J) 

where, 
BETA 

MU 

= (BETA + MU)*CAPO(J) 

= Sales office property tax rate 
(% of capital cost/year) 

= Sales office insurance rate 
(% of capital cost/year) 

Sales Expenses: Sales expenses include: 

• Office supplies 
• Travel and entertainment 
• Communications. 
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These expenses are assumed to vary with the type of customer and 
are computed as a function of the direct cost of salesmen. 

SEC(J) = Annual sales expense cost in region J 
(manufacturing year dollars per year) 

= ~ SAE(I)*SR(I,J)*CS(I)*LJ(J)*(l + GB)N 

where, 
SAE(I) = Sales expense rate associated with the salesmen 

who sell to customer type I 

The following standard values for SAE are contained in the block 
data subprogram. 

SALES AND ADVERTISING EXPENSE PARAMETERS 

Average Order Sales 
Customer/Product Quantitt Range Expense Advertising 

Type AOQ(I) Rate Cost Rate 
(I) (Megawatts/Order) SAE(I) ADE(I) 

COLL. PCU COLL. PCU 
Household Products 0.00 - .05 20% 10% 2.0% 0.2% 

Commercial Products 0.05 - 1.00 25% 12.5% 1.0% 0.1% 

Central Power Stations 1.00 - 500 30% 15% 0.1% 0.01% 

Advertising Expense: Since this is a supply side model, the 
intent of the advertising expenses submodel is to prescribe a 
reasonable estimate of the advertising budget rather than to 
model the optimal 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 func­
tion of the cost of the product for each customer type. This 
allows the user to specify different advertising rates for dif­
ferent types of customers. 

SAC(J) = Annual advertising cost in region J 
(manufacturing year dollars per year) 

= ~ADE(I)*PRICE(I)*106*D(I'J) 
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where, 

ADE(J) = 

PRICE( I) = 

D(I,J) = 

106 = 

Advertising rate (% of manufacturing price) for 
customer type I 

Manufacturing price for customer product type I 
(manufacturing year $/watt) 

Annual demand in region J by all customers of type 
I (megawatts/year) 

Conversation factor (watts/megawatt) 

Standard values to be used for the advertising rate, ADE, are 
contained in the block data subprogram. 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 central power station customers. For inverters it is assumed 
that the advertising level is significantly lower, namely at 10% 
of the solar collector level. The following rules of thumb were 
used to establish the standard values: 

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

Total Annual Sales Costs: The total annual sales costs are com­
puted as the sum of direct personnel, indirect sales personnel, 
office facility, sales expense, and advertising cost in region J . 

TSC(J) = 

TSC(J) = 
where, 
DSC (J) = 

CIS(J) = 

OFC(J) = 

SEC(J) = 

SAC(J) = 

Total annual sales cost in region J 
(manufacturing year dollars/year) 

DSC(J) + CIS(J) + OFC(J) + SEC(J) + SAC(J) 

Annual direct sales personnel cost in region J 
(manufacturing year dollars/year) 

Annual indirect sales personnel cost in region J 
(manufacturing year dollars/year) 

Annual office facility cost in region J 
(manufacturing year dollars/year) 

Annual sales expense cost in region J 
(manufacturing year dollars/year) 

Annual advertising cost in region J 
(manufacturing year dollars/year) 
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Total Sales Personnel: This is computed as the sum of salesman, 
direct support personnel, and indirect support personnel. 

SPERSN(J) = ~lSR(I'J) + ~=lDSR(KD'J) +~=l ISP(KI,J) 

= Total sales personnel in region J 

Marketing Price Estimate Calculation: r-1arketing prices in 
dollars per watt are computed as follows: 

Step 1: Set MPRICE(I,J) = 0 

Step 2: Salaries & Benefits (direct sales) 

• 

• 

MPRICE(I,J) = LJ(J)*(l+GB)N[SR(I,J)*{CS{I}+SSI(AOQ(I»* • 

i&=l RC{KD)*AC(KD)] 

Ste12 3: Salaries & Benefits (Indirect Sales) • 
MPRICE(I,J) = MPRICE(I,J)*[l + CIS(J) ] 

DSC(J) 

Ste!2 4: Office Facilities Expenses 

MPRICE(I,J) - MPRICE{I,J)*[l+ OFC(J) J • 
DSC(J) + CIS(J) 

Step 5: Sales Expenses 

MPRICE(I,J) = MPRICE(I,J) + SAE(I)*SR{I,J)*CS(I)*LJ(J)*(l+GB)N ~ 

Ste12 6: Advertising Expenses 

MPRICE(I,J) = MPRICE{I,J) + ADE(I)*D(I,J)*PRICE{I)*106 

Step 7: Total Marketing Price 

At this point, 

MPRICE(I,J) = Total annual marketing expenses for 
customer type I (manufacturing year $/year) 

To get price, divide by annual demand in watts/year 

MPRICE(I,J) = MPRICE{I,J)/(D(I,J)*106) 
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2. Distribution Submodel Equations 

Following are the algorithms and calculations for the distribu­
tion submodel. 

Annual Cost for Direct Factor to Customer Shi ments: If there 
is a warehouse in region J this 1S, 1f X I,J =1 , all deliveries 
to customers of type I in region J go through the warehouse. All 
other customers (that is, if X(I,J)=O) are supplied directly from 
the factory. 

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

DC(J) 

~en, 
DC(J) 

D(I,J) 

X(I,J) 

GT 

N 

ADQ(I) 

WT 

= ~~(D(I'J)/ADQ(I)]*[l-X(I'J)]*[C(S(JR'J)'(ADQ(I)*WT)] 
* (l+GT)N 

= Annual distribution cost in region J for customers 
supplied directly from the factory in region JR 
(in manufacturing year dollars/year). 

= Annual demand in region J by all customers of type 
I (megawatts/year).· 

= 

= 

o 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. 

= Transportation inflation rate (%/year). 

= (manufacturing year) - (base price year) 

= Average delivery quantity for customers of type I 
(megawatts/delivery). 

= Product weight (kilograms/megawatt).· 

Z=ADQ(I)*WT = Average shipment weight to a customer of type I 
(kilograms/delivery). 

S{JR,J) = Average shipping distance from region JR to region 

C(Z,S) = 
C(S(JR,J),Z) 

J (kilometers). This is a table look-up function pre­
sented on the second page following this one. 

Interregional transportation cost as a function of 
the shipment weight, Z, and distance, S. This is 
a table look-up function presented on the next page. 
The transportation mode is optimized by quantity 
ordered, but regional geography is not considered. 
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INTERREGIONAL TRAN8PORTATION C08T FUNCTION 

Weight Class Transportation Freight Charge Rate 
(kilograms) Mode (1981 $ Per 100 Kilograms) 

Less than 225 Truck 27.3170 + 0.02418*8 

225 to 450 Truck 21.3791 + 0.02603*8 

450 to 900 Truck 17.4860 + 0.02557*8 

900 to 2250 Truck 15.0479 + 0.02325*8 

2250 to 4500 Truck 9.2791 + 0.02418*8 

4500 to 10800 Truck 7.7363 + 0.02464*8 

10800 to 18000 Truck 7.1202 + 0.01488*8 

more than 18000 Rail 0.9752 + 0.01203*8 

Where 8 = 8hippingdistance in kilometers 

*Rai1 rates have been adjusted to include delivery to and from 
the train depot and to reflect differences between rail distance 
and road distance. Thus, the freight charges represent door-to-
door transportation costs. .. 
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Destlnatlo 
Region 

Origin Region 

• I West Coast 
Los Angeles 

II Rocky Mountain 
Phoenix 

• III North Centra I 
Omaha 

IV Great Lakes 
Sprlngtreld 

• V North Eastern 
Syracuse 

VI South Eastern 
Atlente 

VII South Ce~t,.al 
Dallas 

• 

• 

• 

INTERREGIONAL SHIPPING DISTANCES 
(kilometers) 

I II III IV 
West Rocky North Great 

Coast Mountain Central lakes 

V 
North 

Eastern 
Los Angeles Phoenix Omaha Springfield Syracuse 

---- 640 2788 3057 4344 

640 ---- 2100 2782 3595 

2788 2100 _ ... - ... 644 1770 

3057 2782 644 -.-- 1287 

4344 3595 1770 1287 ----

3540 3036 1609 965 1529 

2293 1652 1064 1207 2414 
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VI VII 
South South 

Eastern Central 
Atlanta Dallas 

3540 2293 

3036 1652 

1609 1064 

965 1207 

1529 2414 

---- 1287 

1287 ----



Annual Cost for FactOry-Warehouse Transshipments: The cost of 
supplying demand in region J from a regional warehouse is com­
posed of three parts: 

• 
• Factory-Warehouse Transportation Cost: The cost of 

transporting the product in bulk from the factory in region 
JR 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 Costs: This consists 
costs, warehouse operating costs, 
costs. 

of 
and 

inventory 
warehouse 

carrying 
capital 

• Local Delivery Costs: This is the cost of distributing indi­
vidual units from the warehouse to the customers. 

Given the total demand in region J by each type of customer, 
D(I,J), the first two cost functions must be optimized to deter­
mine 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 suf­
ficiently high that stockouts are not allowed. (This would 
be the likely case, for example, if the customer - not merely the 
sale - were lost if the product could not be delivered on time.) 

The annual demands, D(I,J), the average delivery quantities, 
ADO(I), and the product weight, WT, are input variables whose 
values are specified by the user. 

The transportation cost function is a piecewise linear function 
of the quantity shipped and the distance traveled. X(I,J) 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 the 
regional warehouse. 

• 

• 

• 

IC(J) = Total aninual distribution cost for region.J warehouse ~ 
transsh pments from the factory in region JR as a 

= 
where, 

T(J,O(J»= 

function of the warehouse order quantity O(J) (in 
manufacturing year dollars/year). 

T(J,O(J» + W(J,O(J» + L(J) 

Annual transportation cost 
factory to the warehouse in 
the order quantity (O(J) 
dollars/year) . 
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W(J,O(J» = Annual warehousing cost in region J as a function of 
the order quantity O(J) (in manufacturing year $/year). 

L(J) = Annual local delivery cost in region J 
(in manufacturing year dollars) 

These three transshipment cost parameters are computed as 
follo~s: 

• Factory-Warehouse Transportation Cost 

T{J,O(J»=~r(D(I,J)*X(I,J»/O(J)]* COP + C(Q(J)*(JR,J»WT,S] 
~ *(1 + GT)N 

where, 
O(J) = Factory warehouse shipment quantity in region J 

(megawatts/shipment). 

D(I,J) = Annual demand by all customers of type I in region J 
(megawatts/year). 

= 0 if customers of type I region J are supplied 
X(I,J) directly from the factory. 

OP 

= 1 if customers of type I in region J are supplied 
from a warehouse in region J. 

= Order processing cost ($/shipment). 

WT = Product weight (kilograms/megawatt). 

S(JR,J)= Average shipping distance from region JR to region J 
(kilometers). 

C(O(J)(JR,J»*WT,S = Interregional transportation cost as 
a function of the shipment weight and 
distance. 

GT = Transportation inflation rate (%/year). 

N = (manufacturing year) - (base price year). 

• Warehouse Costs 

W(J,Q(J»= Annual warehousing cost in region J as a function 
of the order quantity Q(J) 
(in manufacturing year dollars/year). 

= CC(Q(J» + OC(J,Q(J» + LC(J,Q(J» 

CC(O(J» = Annual inventory cost as a function of the ware­
house order quantity in region J 
(in manufacturing year dollars/year). 
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OC(J,Q(J»= Annual warehouse operating cost in region J as a 
function of the warehouse order quantity, Q(J) 
(in manufacturing year dollars/year). 

LC(J,Q(J»= Annual warehouse leasing cost in region J as a 
function of the warehouse order quantity, Q(J) 
(in manufacturing year dollars/year). 

Inventory Carrying Cost: Q(J)/2 = Average inventory level 
assuming zero safety stock and uniform demand over time. Given 
a deterministic demand, this assumption minimizes the warehouse 
costs. 

CC(J) = (Q(J)/2)* PRICE(I)*D(I,J)*X(I,J) *PHI*106 

ttl D(I,J)*X(I,J) 

where, 
Q(J) = Factory-warehouse shipment quantity in region J 

(megawatts) . 

PRICE(I) = Manufactured product price for customer type I 
i.e., the unit value of inventory 
(manufacturing year dollars/watt). 

PHI 

6 

= Annual inventory carrying charge 
(% of u ni t va lue) . 

10 = Conversion factor (watts/megawatt). 

Inventory Carrying Charge Rate: Inventory carrying charges repre­
sent the cost of capital tied up in inventories. The model com­
putes this cost by multiplying the average inventory value by the 
carrying charge rate, PHI. The standard value of PHI is computed 
as follows: 

PHI = Inventory Carrying Charge Rate 

= DIS [LAMDA - 1] + RHO [ 1 ][ 1 ] 
LM1DA LAMDA 1 - TAU 

+ MUW 

where, 
DIS = debt interest rate = .105 

LAMDA = Leverage ratio = Total caEital = 1.2 
Total equity 

RHO = Rate of return on equity = .21 

TAU = Effective income tax rate = .51 

MUVI = Inventory insurance rate = .01 

The values listed above yield PHI = 37.75% 
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Warehouse Operating Cost: Operating costs include personnel, 
utilities, maintenance, property tax, and insurance on the 
building and equipment. 

OC(J,O(J»= PC(J) + UC(J) + MCC(J) + XSC(J) 

PC(J) 

UC(J) 

XCS(J) 

MCC(J) 

where, 
LJ(J) 

GB 

UJ(J) 

GE 

EJ(J) 

GJ 

BJ(J) 

GH 

RHOW 

M 

F(J) 

P(F(J» 

= Personnel cost. 

= LJ(J)*(l + GB)N *P(F(J» 

= Utilities cost. 

= UJ(J)*(l + GE)N*RHOW*F(J) 

= Other warehouse operating cost 

= (BETAW + MUW) *[EJ(J)*KE(F(J»*(l +GJ)N+ 
BJ(J)*KB(F(J»*(l + GH)N] 

= Maintenance cost. 

= M* [EJ(J)*KE(F(J»*(l + GJ)N+ BJ(J)*KB(F(J»* 
(1 + GH)NJ 

= Labor cost index for region J. 

= Labor inflation rate (%/year). 

= Utility cost index for region J. 

= Utilities inflation rate (%/year). 

= Equipment cost index for region J. 

= Equipment inflation rate (%/year). 

= Building cost index for region J. 

= Facilities inflation rate (%/year). 

= Utility cost rate ($/square meter/year). 

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

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

= Warehouse size in region J as a function of the 
warehouse order quantity (square meters). This 
is a piecewise linear function of the order 
size, 0, and is derived below. 

= Personnel cost function ($/year) includes both 
wages and benefits. 
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KE(F(J» = Equipment capital cost function. 

KB(F(J» = Building capital cost function. 

N = (manufacturing year) - (base price year) 

Warehouse Size: The size of the regional warehouses is a func­
tion of the economic or optimal factory-warehouse order quantity, 

. Q*, the physical volume of the solar product, V, and the 
warehouse space utilization factor. 

F(J) 

.where, 

Q(J) 

V 

ALPHA 

= Warehouse size in region J (square meters). 

= ALPHA*V*O(J) 

= Factory-warehouse shipment quantity in region J. 
(megawatts) 

= Solar product volume (cubic meters/megawatt) 

= 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 products. 

The multiplier includes the 
cu1ation and office areas. 
following assumptions: 

stacking height and allows for cir­
The standard value is based on the 

• The inventory is stacked on pallets five meters high. 

• 

• 

.. 
• 

• 

• 

• A single factory shipment occupies 80% of the total ware- ., 
house 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. 

ALPHA = 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 construc-
tion of a warehouse depends on the size and location of the faci- 1l 
lity. A TB&A engineering cost analysis yielded the following 
average 1981 warehouse construction costs for Springife1d, 
Illinois. 

• 
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Warehouse Size 
(Square Meters) 

250 
1000 
2500 

25000 

Average Construction Cost* 
($!square meter) 

334.51 
317.67 
300.85 
247.41 

*Expressed in 1981 dollars for Springfield, Illinois. 

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

BUILDING CAPITAL COST FUNCTION 

Warehouse Size F Total Land and Builr'ling Cost 
(Square Meters) (1981$) 

0 < F < 250 KB(F) 347.l9*F 
250 < F <1000 KB(F) = 5,825.17 + 323.89*F 

1000 < F <2500 KB(F) = 29,102.23 + 300.6l*F 
2500 < F KB(F) = 154,060.02 + 250.63*F 

Equipment Capital Cost Function: Warehouse equipment consists of 
forktrucks, conveyors, lifts, carts, pallets, and other materials 
handling equipment. The cost of items are approximated as a 
function of the size of the warehouse. The function yields eco­
nomies of scale (that is, decreasing costs per square meter) for 
larger warehouses. The rationale for this phenomena is that 
larger warehouses are able to sUbstitute capital for labor making 
automated equipment more economical. 

EQUIPMENT CAPITAL COST FUNCTION 

Warehouse Size F Equipment Capital Cost 
(Square Meters) (1981$) 

0< F ( 1000 KE(F) = 34.l*F 
1000< F <25000 KE(F) = 6,554 + 27.5*F 
2500< F KE(F) = 13,108 + 24.9*F 
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Warehouse Personnel Cost: The number of warehouse personnel 
required per square meter of space varies with the size of the 
warehouse. This reflects the assumption that larger warehouses 
will operate more efficiently and hence require fewer people per 
square meter. The following tables indicate the type of person­
nel and the quantity required for different warehouse sizes. 

WAREHOUSE PERSONNEL COST 

Percent of Annual 
Personnel Total Cost* 

Description Personnel (1981$) 

Warehouse Supervisor 10% $29,182.5 

Forklift Operator 50% 14,965.4 

I nventory Clerk 20% 18,380.2 

Material Handler 20% 22,856.2 

Total Weighted Average 100% $18,648.2 

*The annual cost for personnel includes poth wages and benefits 
and is based on a nationwide survey. The costs should be 
multiplied by the appropriate labor cost index to reflect 
regional conditions. 

Warehouse Size F Total 
(Square Meters) Personnel 

F< 1 PEOPLE = 0.00 
1<F<2000 PEOPLE = 2.00 

2000<F<5000 PEOPLE = 0.66 + 0.00067 * F 
5000<F<15000 PEOPLE = 1.00 + 0.00060 * F 

l5000<F PEOPLE = 2.50 + 0.00050 * F 

The annual cost for personnel includes both wages and benefits 
based on a nationwide survey. The amounts are expressed in 1981 
dollars and should be multiplied by the appropriate labor cost 
index to reflect regional conditions. The following table pre­
sents equations (corresponding to the above table) for computing 
the annual personnel cost as a function of the warehouse size. 
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PERSONNEL COST FUNCTION 

Warehouse Size F 

0< F < 2000 
2000< F < 5000 
5000< F <15000 

15000< F 

Annual Personnel Cost 
(1981 $) 

P(F) = 37,296.44 
P(F) = 12,432.15 + l2.432l*F 
P(F} = 18,648.22 + 11.1889*F 
P(F) = 46,620.56 + 9.324l*F 

F = Warehouse size (square meters). 

P(F) = Annual warehouse personnel cost (1981 $/year). 

Maintenance Cost Rate: Maintenance costs for a warehouse can be 
approximated as a percent of the capital cost of the building and 
equipment. 

M = Maintenance cost rate (% of capital cost/year). 

M = l%/year 

Utility Cost Rate: For a warehouse, the major utility expense is 
the electric power cost. Hence, only electricity costs are com­
puted 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 por­
tion of the total warehouse operating cost, this simplifying 
assumption will not affect the end results significantly. 
Following are the assumptions for computing the annual utility 
cost rate per square meter of warehouse space: 

Electric Power Cost: 

Capacity =[.5 watts ] * [1 square foot ] 
square foot .0929 square meters 

= 5.38 watts/square meter 

Demand = 40% [365 days ] [24 hours] 
year day 

= 3504 hours/year 

Rate = $.052/kilowatt-hour (in 1981 dollars) 

Cost = 5.38 3504 * ($.052) 
1000 

= $.980/square meter 
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Total Utility Cost: 

RHOW = Warehouse Utility Cost 

RHOW = 1.93*(electric power cost) 

RHOW = $1.89/square meter/year 

The electricity cost rate is from Springfield, Illinois in Region 
II in 1981. The utility cost index must be used to obtain the 
cost for other regions, and the utility inflation rate must be 
used to adjust for other years. 

Insurance Rate: 
to be 1% of the 
equipment. 

The cost of insurance for a warehouse is assumed 
original book value of the warehouse building and 

MUW = Insurance Rate (% of capital cost/year) 

MUW = l%/year 

Warehouse Leasing Cost: Annual warehouse leasing costs are com­
puted separately for plant and equipment based on the economic 
lives and the lessor rate of return. 

LC (J, Q (J) ) 

EJ(J) 

BJ(J) 

GAHMAE 

GJ 

N 

GAMMAB 

GH 

F(J) 

KE(F (J» 

KB(F(J» 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

Annual warehouse leasing cost in region J as 
a function of the warehouse order quantity, 
Q (J) • 

GAMMAE*KE{F(J»*EJ(J)*(l + GJ)N 
+ GAHMAB*KB(F(J»*BJ(J)*(l + GH)N 

Equipment cost index for region J. 

Building cost index for region J. 

Annual lease rate for equipment 
(percent of capital cost/year). 

Equipment inflation rate (%/year). 

(manufacturing year) - (base price year) 

Annual lease rate for building 
(percent of capital cost/year) 

Facilities inflation rate (%/year). 

Warehouse size in region J (square meters) as 
a function of the order quantity Q{J). 

Equipment capital cost function. 

Building and land capital cost function. 
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Equipment Lease Rate 

GAMMAE= 

where, 
s = 

(l-s) = 

n = 

i = 

GAMMAE= 

(l-s) 
1 - (l+i)t1 

i 

Salvage value fraction of purchase price = .10 

Effective replacement cost fraction (that is, purchase price 
minus salvage value) 

Economic life = 5 years 

Lessor's rate of return = 12.5% 

.25 

Building Lease Rate 

GAMMAB= (l-s) 
1 - (l+i)P 

i 
where, 
s = Salvage value fraction = 0 

n = Economic life = 40 years 

i = lessor's rate of return = 12.5% 

GAMMAB= .126 

• Customer Delivery Costs 

Based on an analysis of local freiqht carriage costs in different 
regions of the U.S., transportation costs from the warehouse to 
the customers can be minimized when the company owns and operates 
a fleet of delivery trucks. The costs of owning and-operating a 
delivery truck are divided into fixed and variable components. 
Fixed costs include drivers' wages and benefits, vehicle capital 
charges, depreciation, and insurance. Variable costs per kilo­
meter consist of gas, oil, and maintenance. The following are 
formulas for computing these costs and fleet size required • 

L{J) 

where, 
TK(J) 

= Total annual local or intraregional delivery 
cost in region J (in manufacturing year 
dollars) 

= [TK(J)*FC + VC*KM]*(l + GT)N 

= Vehicle fleet size in region J • 
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FC 

VC 

KM 

GT 

N 

= Annual fixed cost per vehicle ($/vehicle-year). 

= Variable operating cost per vehicle-kilometer 
($/kilometers) . 

= Total distance traveled by all vehicles 
(kilometers/year). 

= Transportation inflation rate (%/year). 

= (manufacturing year) - (base price year) 

Fleet Size Submodel: The fleet size and total distance traveled 
are given by the following relationship: The number of regional 
delivery trucks required is computed by dividing the total travel 
distance by the vehicle distance capacity. 

TK =KM 
MC 

(rounded up to an integer value 

Travel Distance Submodel: The total travel distance by all deli­
very trucks in a given region is computed as follows: 

KM 

#Customers 

#Customers/ 

= Total distance traveled by all vehicles 
(kilometers/year) 

= (#Tours) * (Distance per tour) 

= (#Customers) 
(#Customers!Tour) 

-~ D(I,J)*X(I,J) 
-:&1 ADQ(I) 

* (Distance per tour) 

Tour = we ~ WC 
~--~A~D~Q7(~I~)7*W~T---Q (r) *WT 

Distance/ 
Tour = Y(I,J)*( we )+ Y(I,J) 

KM 

ADQ (I) *WT 

= ~1[(D(I'J)/ADQ(I)J*X(I'J)*Y(I'J)*[(I+ADQ(I»*WT/WCJ 

= 0 if customers of type I in region J are 
X{I,J supplied directly from the factory. 

= I if customers of type I in region J are 
supplied from a warehouse in region J. 

WC = Vehicle load capacity (kilograms/shipment). 

WT = Product weight (kilograms/megawatt). 

11012 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Y{I,J~ Average distance from the warehouse to the 
delivery location and between consecutive 
customers for customer type I in region J 
(k i lometers) 

The average delivery distance, Y(I,J), is specified as input by 
the user and can be used to model differences in the customer 
location distribution between regions and/or types of customers. 

Following is a list of delivery cost parameters for a conven­
tional truck. A heavy duty truck with a capacity of 4,000 kg of 
low density collectors (3 Ib/ft or 49 kg/m) was selected for the 
base case. 

• Vehicle Distance capacity 
Assuming 250 days per year and 300 kilometers per day 
MC = 75,000 kilometers/vehicle/year 

• Vehicle Load eap acit7 we - 8,000 kilograms delivery 

• Annual Fixed Cost Per Vehicle 
Purchase cost, net $50,000 

Capital recovery (5 year life, 20% salvage) 
Annual interest (@12%) 
Annual return of equity 
Where Financial = 

Leverage 

(17.2% of equity) 
Total Capital =1.2 
Equity Capital 

Debt = Total capital /6 

Annual amortization of tax saving @51% 

Net capital cost 
Insurance 
Driver's wages and benefits 

FC = Annual Fixed Cost per Vehicle = 

• Variable Operating Cost per Vehicle Kilometer 

$ 8,000 
1,000 
7,200 

$16,200 

(4,590) 

$11,610 
6,700 

13,700 
$31,510 

Gas 
Oil and maintenance 

$ .096/kilometer 
.029/kilometer 

VC = variable operating cost 
per vehicle kilometer 

= $ .125/kilometer 

* All costs are expressed in 1981 dollars per year. 
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Total Annual Distribution Cost: The total annual distribution 
cost is found by minimizing the following function over all 
possible shipping combinations indicated by X(I,J) which equals 0 
if customers of type I in region J are supplied directly from the 
factory and equals 1 if they are supplied from the warehouse. 

TAC(J) = MINIMUM [DC(J) + MINIMU~I (IC(J»] 
X{I,J) Q(J) 

The cost of direct factory to customer shipments is DC(J) and the 

• 

• 

-e 

cost of indirect factory-warehouse transshipments is IC (J). The 
latter is minimized over all possible values of W*(J) to deter- e 
mine the economic factory warehouse shipping quantity. 

• 

• 

• 

• 

• 

• 
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3. Financial Supmodel Equations 

Followi!}g are the algorithms and calculations for the financial 
submodel: 

Chart of Accounts - Income Statement: The purpose of the finan­
cial submoqel is to compute the delivered price per watt for the 
solar pt:oducts. 'fo do t;his, it is necessary to prepare a pro­
forma income statement to arrive at sales revenues. The 
resulting revenues can then be divided by the quantity sold to 
compute the delivered price. The income statement consists of 
the following chart of accoupts. 

Sale~: 
Household Products 
Commeroial ProduCtS 
Central Powel' Stc;l.tions 

Tqtal sales 
Cost of Goods Sold: 

Household PrQducts 
COjllll1ercial PrQducts 
Central Power -Stations 

Total, Cost 
GrOElE1Pro:l;it 

Expenses: 
Distribution (Schedule A) 
MarKeting (Schedule B) 

Total Expenses 
Net Profit Before Tax 
Net I n~Qme Tax 

Net Profit After Tax 

Schedule l\: Distributiqn Expenses 

Sal.aries and l'Ienefits 
Transportation· 
Warehouse Facilities: 

Lease 
Utilities 
Other Expenses 

Total Warehouse Expenses 
Inventory carrying Charges 

Total Distribution Expenses 

Schedule B: Marketing Expenses 

Salaries and Benefits 
Sales Expenses 
Office Facilities: 

Lease 
Utilities 
Other Expenses 

Total Office Expenses 
Advertising 

Total Marketi"-g Expense§ 

The cost of goods sold represents the manufacturing cost, com­
puted as the product of the manufacturing costs and the demand 
distribution. These are specified as inputs by the model user • 

The annual marketing and distribution expenses listed in 
Schedules A and B are provided by the marketing and distribution 
models • 
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Income taxes and the net profit after tax are computed from the 
working capital requirement and normative profit equation based 
on the required revenue condition. 

Required Revenue Condition: The required revenue condition sta'­
tes that the revenues must equal costs where costs include a 
reasonable return on equity. The only capital invested in the 
firm is working capital reqIJired for inventories and for cash to 
cover expenses during slump periods. Facilities and equipment 
are assumed to be renten. 

Annual Revenue = Annual Cost 

Price * Quantity = Manufacturing Cost o£Goods Sold 
+ Marketing Expenses 
+ Distribution Expenses 
+ Income Taxes 
+ Net Profit After Tax 

This equation is solved fo~ price to derive price estimates for 
delivered product. First, net profit after tax 'is computed 
from the normative Profit equation based on the working capital 
requirement. 

Working Capital Requirement: Working capital is, requi'red for 
cash tied-up in invento;riel:j and for cash to cover expenses during 
slump periods. 

AVERAGE. 
WORKING = 
CAPITAL 

AVERAGE 
IWENTORY 

VALUE 
+ 

AVERAGE 
CASH 

RESERVE 

AWC(I,J) = Average working capital for customer type I in 
region J (1l1anufacturing year dollars); 

where, 

ALFA 

BETAF 

= ALFA 
"""'I2 

* CGS(I,J) + BETAF *(TDX(I,J) + TMX(I,J» 
12 

= Average inventory turnover time in months (ratio 
of inventory value to manufacturing cost of goods 
sold per month). 

= Average expense cqverage time in months (ratio of 
cash reserve to marketing and distribution expen­
ses per month). 

CGS(I,J) = Annual manufacturing cast of goads sold for 
customer type I in region J (manufacturing year 
dollars per year). 
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TDX(I,J) = Annual di$tribution expense for customer type I in 
region J (manufacturing year dollars per year). 

TMS(I,J) = Annuql ~rketing e~pense for customer type I in 
region. J (manufacturing year dollars per year. 

Normative Profit Equation: The normative profit equation assumes 
that net profit after taxes ~ust provide a specified rate of 
return on the equity p.ortion of workin<;; capital. 

NPA(I,J) = Net profit after inco~e tax for customer type I in 
region J. 

= RHO * AWC(I,J) 
LAMDJ\, 

where, 

AWC(I,.J) = Average working capital in region J (manufacturing 
year dollars). '" 

RHO = Required minimum rate of return on equity. 

LAHDA 

Revenue 

REV (I, J) 

REV (I, J) 

where, 

TDX (I, J) 

TMX(I,J) 

TAX(I,J) 

NPA(I,J) 

= Financial leverage ratio = Total Capital 
Total Equity 

= Total ann~al revenue from customer type I in 
regionJ (manufacturin<;; year dollars/year). 

= CGS(I,J) +- TpX(r,J) + TM){(I,J) + 
TAX ( I , J ) + NPA ( I., J ) 

= Annual distribution expense for customer type I 
in regic:>n J (manufacturing year dollars/year). 

= Annual marketing expense for customer type I in 
region J (manufacturing year dollars/year). 

= Annual income tax expense for customer type I in 
region J (manufacturing year dollars/year). 

= Net profit after income tax for customer type I 
in region J {manufacturing year dollars/year . 
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Cost of Goods Sold 

CGS(I,J) 

where, 

D(I,J) 

PRICE(I) 

Gross Profit 

GRO(I,J) 

Income Tax 

TAX(I,J) 

TAX(I,J) 

where, 

TAU 

NPA(I,J) 

= Total annual manufacturing cost of goods sold in 
region J (manufacturing year dollars/year). 

= O(I,J) * PRICE(I) * 106 

= Annual demand in region J by all customers of 
type I· (megawatts/year). 

= Manufacturing price for customer type I 
(manufacturing year dollars/watt). 

= Annual gross profit for customer type I in region 
J (manufacturing year dollars/year). 

= REV(I,J) - CGS(I,J) 

= Annual income tax expense for customer type I in 
region J (manufacturing year dollars/year). 

= TAU * NPA(I,J) 
I-TAU 

= Effective income tax iate. 

= Net profit after income ;tax in region 
J (manufacturing year dollars/year). 

Delivered Price Estimates: The delivered solar equipment prices 
expressed in dollars per watt are computed by dividing the 
total annual revenues by the total annual demand and deflating to 
report year dollars • 

. The prices include the manufacturing cost, marketing expense, 
distribution expense, income tax, and profit. 

PPRICE(I,J)= Delivered price estimate for customer type I in 
region J (1980 dollars/watt). 

where, 
REV (I, J) 

D(I,J) 

= REV (I, J) /D( I, J) 

= Annual sales revenue for customer type I in 
region J (manufacturing year dollars/year). 

= Total annual demand for product I in region J 
(megawatts per year). 
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Key Financial Indicators: Four key financial indicators are pro­
vided to assist the financial community in interpretation of the 
results. 

• Rate of Return of Eqity (I nput) 

The rate of return on. equity is the minimum required spe­
cified as input. 

RHO = Minimum required rate of return on equity. 

It is related t9 profit, leverage, and working capital as 
follows: 

RHO = NPA(I,J) * LAMDA * 1 
. AWC{I,J) 

• After Tax Gost of Capital (Computed from Input) 

• 

The after tax cost of capital is .the weighted average of 
debt and equity. This is computed from input parameters. 

ACAP 

where, 

= (1 - TAU) [1 - 1 ] + DIB 
LAMDA 

TAU = Effective income tax rate. 

DIB = Debt interest rate. 

* RHO 
LAMDA 

l/LAMDA = Equity fraction of total capital. 

Markup (Computed from Output) 
Markup is the ratio of revenue less manufacturing cost to 
manufacturing cost. 

MARK(J) = f (REV(I,J) - CGs(I,J» 
1=1 

3 

k CGS (I, J) 

• Profit Margin (Computed from Output) 
The profit margin is the ratio of net profit after taxes to 
total revenue. 

k NPA( I,J) 
PROF(J)= 

i. REV{I,J) 
;r ... l 
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FIN~NCIALSUBMOOEL STANDARD PARAMETERS .. 
TAU Effective income tax rate 51% 

{% / ye4:r::> 
RHO Min.i:mum liequired rat~ of return on equity 21% 

(%Jy~ar) , 
F~nal'lcLal 1eNerage ratio 1.2 
(total, c~pital/eql.!it.y I=:ap~tal) 

Ll\.MDA • ALFA A\lerage:i,nv~l'l1;ory turnover time 1. 5 
(months) . 

BETAF AVe~a,ge eXP\i!n~e· coveNge time 6.0 
(months) 

DIB Debt interest ra,t,e 10.5% 
(%jyea,r) . • PHIF Inventory carry:i,ng ohiirge vata 37.75% 
( %/Y\i!ar) 

. 

• 

• 

• 

• 

• 

• 
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INFLATION RATES 

CODE INFLATION CLASS MEASURE 
ANNUAL 

RATE 

GA Raw Materials Crude materials price index 11% 

GB Labor Manufacturing labor 8% 

GC Chemicals Industrial chemicals 13% 

GD Commodities Producer finished goods 8% 

GE Energy & Utilities Electric power 12% 

GG Land Springfield real estate 4% 

GH Facilities Factory and commercial buildings 9% 

GI Construction Construction and contract labor 8% 

GJ Equipment Machinery and equipment 7% 

GF Resources Natural resources 15% 

GT Tra nsporta tion Tra nsporta tion 7% 

Sources: (a) Survey of Current Business Statistics (1967 = 100) 
published by the U.s. Department of Commerce. 

(b) Bureau of Labor Statistics. 

(c) Springfield Illinois Chamber of Commerce. 
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REGIONAL COST INDICES 

Energy .. 
and 

REGION Labor Utilities Facilities Construction Equipment 
J LJ UJ BJ CJ EJ 

West Coast 1.103 1.320 1.062 1.062 1. 062 

Rocky Mountain 1.088 • 820 .969 .969 .969 • 
North Central 1.014 .900 1.052 1.052 1. 052 

Great Lakes 1.161 .900 1.000 1. 000 1. 000 

North Eastern .998 1.300 1.114 1.114 1.114 • 
South Eastern .858 .950 .938 .938 .938 

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 New Record, 
Census of Wholesale Trade, California Bureau of Labor 
Statistics, and Site Selection Handbook. 

• 

• 

• 
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• Variable Array 
Name Dimension 

D(I,J) I=1,3 
J=1,7 

• 
MO(1) 1=1,3 

• 
ADO(1) 1=1,3 

• 
PRICE (I ) I=1,3 

• TM 

TR 

• 
WT 

• 

• 

• 

APPENDIX C 
ERROR MESSAGES 

Variable 
Definition 

total annual deman<i 
in region J by all 
customers of type I 
(megawatts per year) 

average order 
qtlantity for 
ctlstomer type I 
(megawatts per order) 

average d~livery 
qtlantity for 
customer type I 
(megawatts per 
shipment) 

manufacturing price 
of product for 
customers of type I 
(manufacturing year 
$/watt) 

manufacturing year 

report year for 
which dollars are 
reported on output 
reports 

product weight 
(kilograms/ 
megawatt) 
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Lower Upper Data 
Bound Bound Format 

0.0 100000.0 FB.2 

0.0 100.0 F6.3 

0.0 100.0 F6.3 

0.0 10.0 F5.3 

1980 2000 16 

1980 2000 16 

1000.0 10,000,000 F8.0 



Variable Array 
Name Dimension 

V 

JR 

XXX(J) J=1,7 

RUNTYP 

PRODUC 

APPENDIX C 
ERROR MESSAGES 

Variable Lower 
Definition Sound 

product volume 100.0 
(cubic meters/ 
megawatt) 

factory location 1 
region 

warehouse oonstraint a 
indicator for region J 
0 :;< compute optimal 

alterna,tive. 
1 = cannot have 

warehouse 
2 - must have 

warehous~ 

determines which 1 
subprograms should 
be executed: 
1 = marketing only 
2 = distribution only 
3 = both marj<;eting and 

distribution 

product type 1 
indicator 
1 = PCU or inverter 
2 = collector 
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Bound Format 

100,000.0 F9.3 • 
7 I2 

• 
2 II 

• 

3 I4 

• 

• 
2 I4 

• 

.. 
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APPENDIXD: INPUT DATA FORMS 

M&D MODEL INPUT D~T~ 

GENERAL INFORMATION 

• Manufacturing Year 
(the steady-state year fQI;' which the marketing costs are 
computed) 

• Report Year 
(the year in which dollars are expressed on the output 
reports) 

• Run Type (check one) 

1. Distribution only 

2. Marketing only 

3. Marketing, Distribution, & Financial 

• Demand by Customer Type and Region (meC]!'awatts per year) 

CP'STOMER TYP~ 

MARKET REGION RESIDENTIAL COMMERCIAL PjJBLIC UTILITY 
HOUSJ;:HOLD INTERMEDIATE CENTRAL STATION 

WEST COAST 

ROCKY MOUNTAIN 

NORTH CENTRAL ----
GREAT LAKES , 

NORTH EASTERN . 

SOUTH EASTERN 

SOUTH CENTRAL 

• Manufacturing Price by Customer Type 
(manufacturing year dollars per watt) 

Residential/Household 

Commercial/Intermediate 

Public utility/Central Station 
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MARKETING 

• Average Order Quantity by Customer Type 
(megawatts per order) 

Residential/Household 

Commercial/Intermediate 

Public Utility/Central Station 

DISTRIBUTION 

• Solar Product Volume 
(cubic meters per megawatt) 

• Solar Product Weight 
(kilograms per megawatt) 

• Factory Location Region (check one) 

West· Coast ------'-- . North Eastern ----
Rocky Mountain South Eastern 

____ r</orth Central South Central 

Great Lakes ----
• Average Delivery Quantity by Customer Type 

(megawatts per shipment) 

Residential/Household 

Commercial/Intermediate 

Public Utility/Central Station 

• Use of a warehouse (put a 0 in each region for 'which the 
program should determine if a warehouse is wanted; 1 for 
each region which is forbidden to have a warehouse; and 2 
for each region which must have a warehouse) 

West Coast North Eastern 

Rocky Mountain South Eastern 

North Central South Central 

Great Lakes 

• Solar Product Type 1. Power Conditioning Unit 
2. Collector 
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APPENDIX E: INTERREGIONAL TRANSPORTATION COST FUNCTION 

Objectives: 

To analyze the interregional transportation cost function used 
for direct shipments from the factory to the customer. 

Assumptions: 

• The model assumes that the product is picked up at the 
factory and delivered to the final customer's site. 
The cost varies with shipping distance and shipment 
weight, but not with the number of shipments per year. 

• The same rates are applied for all products including 
power conditioning units, flat-plate photovoltaic 
collectors and concentrator photovoltaic collectors. 
However, the rates do vary with the different weights 
of these products. 

• The model assumes that a common or route carrier uses 
trucks for all shipments under 18,000 kilograms (40,000 
lbs) independent of the origin and destination. Rail 
is the mode for all shipments exceeding 18,000 kg. 

Results: 

Pages 58 and 59 present the equations and a graph of the cost 
function. The lines on the graph of shipping cost ($/kilogram) 
versus shipping distance (kilometers) represent the cost 
equations for different weight levels. Note that two of the 
lines do intersect. This implies that the cost per kilogram will 
be slightly less for a smaller shipment of the same distance. 

The tables on Page 60 show how the direct shipping cost function 
varies with shipping distance and shipment weight for three types 
of products: power conditioning unit, concentrator collector and 
flat-plate collector. The tables show the economies of scale for 
heavier shipments while the results are strictly linear for 
longer distances. 
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The four graphs of cost per ship~ent versus shipment weight 
for four different distances display the pi~cewise linear func­
tion. As the g~aphs indicate, in some c~ses the cost per shipment 
is less for larger shipments of the same distance. For example, 
consider the case of Phoenix to Los AQgeles. A distance of 640 
kilometers (397.7 miles): 

10,000 kg 
12,000 kg 
18,000 kg 

22,000 lbs 
~6.400 lbs 
3;1,600 lbs 

$235l/shipment 
$1997/a,hipment 
$156l/shipment 

Thus, it is more economical to ship 39,600 Ibs tha~ 22,000 lbs. 
This may not be a realistic representation of the economies of 
scale. 

Conclu sions: 

The shipping rates should be updated at some point in the future 
to eliminate the intersecting equations i'lnd the excessive econo­
mies of scale. However, these anornallies wi~l not distort the 
results significantly. 
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INTERREGIONAL TRANSPORTATION COST FUNCTION 

Shipping Shipment 
Mode Weight 

(Kilograms) 

TRUCK Q < 225 

TRUCK Q > 225 -
TRUCK Q > 450 -
TRUCK Q > 900 -
TRUCK Q~ 2250 

TRUCK Q > 4500 -
TRUCK Q >10800 -
RAIL Q >18000 -

CONVERSION FACTORS: 
2.200 Ibs!kilogram 
0.6214 miles/kilometer 

SYMBOLS: 

Equation 
1981 $/100 Kilograms 

C(S,Q) = 27.3170 + 0.02418 

C(S,Q) = 21.3791 + 0.02603 

C(S,Q) = 17.8960 + 0.02557 

C(S,Q) = 15.0479 + 0.02325 

C(S,Q) = 9.2791 + 0.02418 

C(S,Q) = 7.7363 + 0.02464 

C(S,Q) = 7.1202 + 0.01488 

C(S,Q) = 0.9752 + 0.01203 

C(S,Q} = Cost Per Shipment Function ($/100 kilograms) 
S = Shipping Distance (km) 
Q = Shipment Weight (kg) 
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Shipping 
Cost 

INTeRREGIONAL TRANSPORTATION COST FUNCTION 

1.60 

(198) $/Kilogram) 

1.40 

1.20 

1. 00 

0.60 

0.40 

0.20 

0.0°1r--------,(r--------,1---------,�---------,1--------~1 

• 

Shipping 
Weiaht 

• 
(Kilograms 

Q > 225 
Q "( 225 
Q > 450 -. 

Q ) 
Q ) 
Q > 

900 
2250 
4500 • 

• 

• 10800 

Q > 18000 • 

• 

• 

• 
o 1000 2000 3000 4000 5000 

SHIPPING DISTANCE (Kilometers) 
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INTERREGIONAL TRANSPORTATION COST FUNCTION 

Four example cases of different shipment distances were analyzed to 
illustrate how the interregional cost function is applied for direct 
shipping for three different solar products. 

Case A "hoenix to 
Cas·· oenix to 
Ca, hoe nix to 
CaSt j,J. Phoenix to 

Shipment 
Size 

Distance 
A. 31.07 miles 
B. 397.70 miles 
C. 1026.6 miles 
D • 1886.6 miles 

Shipment 
Size 

Distance 
A. 31. 07 miles 
B. 397.70 miles 
C. 1026.6 miles 
D. 1886.6 miles 

Shipment 
Size 

Distance 
A. 31.07 miler:l 
B. 397.70 miles 
C. 1026.6 miles 
D. 1886.6 miles 

SHIPPING DISTANCES 

KILOMETERS 
Phoenix 50.0 
Los Angeles 640.0 
Dallas 1652.0 
Atlanta 3036.0 

POWER CONDITIONING UNIT 
1981 $!shipment 

0.006 MW 0.060 MW 0.600 MW 

611 lbs 6109 lbs 61090 lbs 
$ 62.87 $290.73 $ 437.06 
105.62 687.38 2408.71 
178.77 1366.86 5789.28 
195.73 2296.12 10412.52 

CONCENTRATOR COLLECTOR 
1981 $!shipment 

0.005 MW 0.050 MW 0.500 MW 

5091 lbs 50908 Ibs 509080 lbs 
$242.69 $364.85 $1483.74 

572.81 2007.26 18303.74 
1139.05 4824.40 47154.32 
1913 .44 8677.10 86610.06 

FLAT-PLATE COLLECTOR 
1981 $!shipment 

0.005 MW 0.050 MW 0.500 Mlv 

1715 lbs 17152 lbs 171516 lbs 
$146.29 $699.19 $ 499.89 

263.91 1832.57 6166.79 
465.65 3776.60 15886.97 
741. 55 6435.24 29180.18 

MILES 
31. 07 
397.7 

1026.6 
1886.6 

6.000 MW 

610896 lbs 
1777.41 

21964.49 
56585.19 
03862.09 

5.000 M~v 

090800 lb~ 
14837.37 
83037.40 
71543.22 
66100.58 

5.000 MW 

715164 1b~ 
4998.92 

61667.94 
58869.72 
91801.79 

The cost per shipment functions corresponding to each shipping 
distance are also presented graphically on the following four pages . 
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INTERREGIONAl- TR1\NSPQRTATION COST FUNCTION 

CASE A: Distance = SO Kilometers 
31.07 miles 

ego Phoeni~ to Phoenix 
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o 6000 12000 
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Cost Perl 
Shipment 
(1981$) 
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INTERREGIONAL TRANSPORTATION COST FUNCTION 

CASEB; Distance = 640 Ki10meters 
397.7 miles 

e9' Phoenix to Los Angeles 

6000 12000 18000 24000 30000 

SHIPMENT WEIGHT (Kilogram) 
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INTERREGIONAL TRANSPORTATION COST F1JNCTION 

. CASE C: 'Distance ... 16·52 Kilometers 
·'1026.6 miles 

ego Phoenix to Dallas 
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INTERREGIONAL TRANSPORTATION COST FUNCTION 

These ta1;:lles contain the data point$ that are plotted on the pre­
ceeding four graphs • 

CASE A' S = DISTANCE", 50 Ki~ometers (31 07 miles) . . 
Q C(S,Q) Q C(,S,Q) 

$/k9 kg $/ship kg $/ship 
.28 100 28 225 64 
.23 225 51 450 102 
.19 450 84 900 169 
.16 900 146 2250 365 
.10 2250 236 4500 472 
.09 4500 404 10800 969 
.08 10800 849 18000 1416 
.02 18000 284 36000 568 

CASE B: S '" DISTANCE'" 640 Kilometers (397,7 miles) 
Q C{,S,Q) Q qS,Q) 

$/kg kg $/ship kg $/ship 
.43 100 43 225 96 
.38 225 85 450 171 
.34 450 152 900 305 
.30 900 269 2250 673 
.25 2250 557 4500 1114 
.24 4500 1058 10800 2539 
.17 10800 1797 18000 2996 
.09 18000 1561 36009 31,23 .. 

C ASE c: S I '" D STANCE '" 1652 K;L1omElters . m~ (1026 6 'I es 
Q C <,S,C) Q qS,Q) 

$/kg kg . $/ship kg $/ship 
.67 100 67 225 151 
.64 225 145 450 290 
.60 450 269 900 538 
.53 900 481 

I 
2250 1203 

.49 ;2250 1108 4500 2215 

.48 4500 2180 10800 5232 

.32 10800 3424 18000 5706 

.21 18000 3753 36000 7506 

CASE D: S = DISTANCE'" 3036 Kilometers (1886.6 miles) 
Q C (.5,Q) Q C(S,Q) 

$/kg kg $/ship kg $/ship 
1.00 100 100 225 225 
1.00 225 225 450 450 

.95 450 428 900 856 

.86 900 771 2250 1927 

.83 2250 1861 4500 3721 

.82 4500 3714 10800 8915 

.52 10800 5648 18000 9413 

.37 18000 6750 36000 13500 
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APPENDIX F: LOCAL DELIVERY COST FUNCTION 

Objectives: 

To analyze the local delivery cost function for shipments within 
a region from the warehouse to the customer. 

As sumptions: 

• The model assumes the purchase of trucks and the hiring 
of drivers to handle all local deliveries. 

• Values of the following standard parameters have a 
significant impact of the results: 

-Fixed cost per vehicle - $3l,5l0.20/year 
-Variable cost - $0.125/kilometer 
-Vehicle distance capacity - 75,000 kilometers/year 
-Vehicle load capacity - 8000 kilometers/shipment 

These parameters can be modified by the model user to 
represent a specific situation. 

• The average shipping distance from the warehouse to the 
customer is assumed to be 50 kilometers (31 miles). 
This is also a standard parameter which can be changed 
by the user. 

Page 68 presents the M&D model equations for the local delivery 
cost function. 

Result: 

An example case for a photovoltaic concentrator demonstrates the 
use of the model. The detailed results presented on pages 69 and 
70 are summarized below. 

• For low shipping volumes (below 10 shipments per year), 
the cost per shipment is extremely high due to the high 
fixed cost of $31,510.20 per year for the driver and 
truck. For the concentrator example, the cost per 
shipment is as follows: 

1 shipment 
10 shipments 
50 shipments 

$31,697 
3,338 

817 

In this case, fifty shipments per year is the capacity 
limit of a single truck. Consequently, $817 per ship­
ment is the minimum cost • 
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~ For high shipping volumes (over SOD shipment/year), the 
cost per shipment is constant or independent of volume, 
as the function approaches the minimum cost 
cOrresponding to the capacity limit of the truck. That 
is, as volume increases more trucks are added with a 
decreasing impact on cost per shipment. For this 
example, the capacity limit is $8l7/shipment. The cost 
is relatively const<;int above SOO shipments per year 
with 10 or more trucks • 

• At intermediate volumes (between 50 and 500 
shipments/year), the discontinuity of the function 
causes some diseconomies of scale at the points where 
the function adds another truck. For the example, one 
truck is required for up to 50 shipments per year. The 
cost per shipment is $817. For 51 shipments, two 
trucks are required and the cost per shipment is $1423. 

Conclusions: 

At 1~ volumes, it is more economical to ship via common carrier 
directly from the factory than to employ a local delivery truck. 

The results are extremely dependent on the values of the standard 
parameters used. The type a~d size of delivery truck used should 
be modified to match the product, average delivery size, and 
total demand. Also, the average shipping distance of customers 
from the warehouse may vary significantly from one region to the 
next. 
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LOCAL DELIVERY COST FUNCTION 

Annual Cost = Fixed Cost + Variable Cost 

LC = FC * TK + VC * KM 

where 

LC = annual cost for local deliveries 

TK = number of delivery trucks 

TK = integer (KM + .9) 
Me 

KM 

KM 

= total delivery distance (kilometers/year) 

= D * Y * 
ADQ 

(1 + ADQ * WT ) 
WC 

FC = fixed cost/vehicle/year = $3l,5l0.20/year 

VC = variable cost = $0.125/kilometer 

MC = vehicle distance capacity = 75000 kilometers/vehicle/year 

we 

= 46605 miles/vehicle/year 

= vehicle load capacity = 8000 kilograms/shipment 
= 17600 lbs/shipment 

Y = average shipping distance = 50 kilometers/shipment 
= 31 miles/shipment 

D = annual dema nd (megawatts) 

ADQ = average delivery quantity (megawatts/delivery) 
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LOCAL DELIVERY COST FUNCTION 

The following example case for a photovoltaic concentrator collector 
illustrates the local delivery cost function. 

VOLUHE 

KM 

TRUCKS 

COST/sHIP 

SHIPMENTS 
PER YEAR 

1 

10 

50 

100 

500 

1000 

TRUCK 
CAPACITY 
(SHIPMENTS 
PER YEAR) 

CONCENTRATOR COLLECTOR 

Weight = WT = 462,800 kg/MW (1018 Ibs/kilowatt) 
Average delivery = .500 MW (509,080 Ibs) 

(29 truckloads/customer) 

KM = V * 50 (1+ .5 * 462,800) kilometers/year 
8000 

= 1496.25 kilometers/shipment * V 

1 10 100 1000 shipments 

1,49625 14,9625 149,625 1,496,25C kilometers 

1 1 2 20 trucks 

$31697 $3338 $817 $817 1981 $1 shipme nt 

COST (1981 $/SHIPMENT) 

1 TRUCK 2 TRUCKS 10 TRUCKS 20 TRUCKS 

31697 63207 315289 630391 

3338 6489 31716 63207 

1447 6489 12791 

3338 6489 

1447 

817 

50 100 501 1002 
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LOCAL DELIVERY COST FUNCTION 

CASE E: CONCENTRATOR ~OLLECTOR 

Weight = 462,800 Kilograms/megawatt 
1018 lbs/Kilowatt 

Average 
Delivery = 0.500 MW/shipment 
Quantity 

509,080 Ibs/shipment 

Distance = 50 Kilometers/shipment 
31 miles/shipment 

"Minimum" Cost Curve 

C~pacity Limit Line 
($817/shipment) 

~~~~~~~~~~~~~~~~ ________ ~~::~~~ ___ 20. trucks 
, "---

100 

", '- . ----...... . -_ ... _ ---- - -----10 trucks 
-- -------- -5 ____ ________ --------------. trucks -_ ---------------------2 t k --------------------------. 1 t~g}c; s 

500 

VOLUME 
(Shipment/Year) 
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APPENDIX G: WAREHOUSE TRANSSHIPMENT COST FUNCTION 

Obiectives: 
« 

To analyze economic order quantity and shipping frequency for 
transshipments from the factory through a warehouse to the 
customer. 

Assumptions: 

Given the total demand in a particular region, the model computes 
the economic order quantity to be shipped from the factory to the 
warehouse and the corresponding warehouse size. The economic 
order quantity is selecten to minimize the total annual distribu­
tion cost which consists of three components: 

• factory/warehouse transportation cost 
• warehousing cost 
• local delivery cost 

The first component decreases with increasing order quantities as 
the cost per shipment is lower for larger less frequent ship­
ments. It also includes an order processing cost which is a 
fixed charge for handling and paperwork. This charge is assumed 
to be independent of the order size. The interregional transpor­
tation cost function is used for shipping to the warehouse. 

The second component involves warehouse operating costs and 
inventory carrying charges. These increase with the order quan­
tity because the average inventory level is assume~ to be higher 
for less fre1uent shipments. 

The third component, local delivery cost, depends only on the 
total demand and the average delivery quantity. It is assumed to 
be independent of the quantity shipped to the factory. This 
represents the cost of shipping from the warehouse to· the final 

.. customer. The local delivery cost function is used. 

• 

• 

• 

Results: 

The following results reveal the interrelationship between these 
variables for three different solar products: a power 
conditioning unit, a flat-plate photovoltaic collector and a con­
centrator collector. 

For each product the following assumptions hold: 

• Factory in Phoenix 
• Warehouse in Dallas 
• Average Delivery Size 0.005 MW/delivery 
• Manufacturing Year = Report Year = 1981 

209 



The model generated the following results for two levels of 
annual dema nd: 5 MW and 50 MW. 

ANNUAL ORDER SHIPPING WAREHOUSE COST PER 
DEMAND QUANTITY FREQUENCY SIZE DELIVERY 
(MW) (MW) (ft2) 1981$ 

POWER CONDITIONING UNIT 

5 0.417 monthly 157 $139 
50 0.962 weekly 362 $ 84 

FLAT-PLATE COLLECTOR 

5 0.192 biweekly 731 $268 
50 0.192 daily 731 $202 

CONCENTRATOR COLLECTOR 

5 0.096 weekly 2635 $591 
50 0.192 daily 5270 $530 

Conclusions: 

At high volumes, the economic shipping frequency becomes 
unrea1isticly short because the factory-warehouse transportation 
cost is relatively constant. Meanwhile, warehousing costs 
increase significantly with less frequent shipments or larger 
orders. Consequently, the model indicates that shipments should 
be made daily or even more frequently. Two things can be done to 
modify this situation. Number one, the model can be constrained 
with a minimum shipping frequency of two weeks so tha~ more fre­
quent shipments are not allowed. Second, the order processing 
cost can be increased to $6000 per order in high volume 
situations. 

The computer program currently constrains the shipping frequency 
to a minimum of two weeks and uses an order processing cost $68 
per order. 
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SHIPMENTS/YEAR 

ORDER QUANTITY 

N 
~ POWER CONDITIONING UNIT 

• 

Factory-Warehouse Cost 
Warenousing Cost 
Local Delivery Cost 
Total Annual Cost 

FLAT-PLATE COLLECTOR 

Factory-Warehouse Cost 
Warehousing Cost 
Local Delivery Cost 
Total Annual Cost 

CONCE~TRATOR COLLECTOR 

Factory-Warehouse Cost 
Warehousing Cost 
Local Delivery Cost 
Total Annual Cost 

• ~ • 

Totall}emand= 5 MW!Year . 
F-actory inPl'toi!nix = 165,2 ltilo~tcers 

Warebou-scei·[J na ila'S 
Averaqe-t>rder .Size'"' 0.005 MWjOrder 

1080·· Delivceries/Year 
Manufacturing Year=1981!Report Year = l~l 

260 52 2.6 12 
' .. 

6 

0.0192MW 0.0962MW 0.192MW 0.417MW o • .833MW 

4-

1. 25MW 

( .. " ! --- --,--- .~~..1-"." .0.""" 3j - -_.0. -I ••••• - __ -- / T ... - - I •• --, 
Dail;t Weekly Biweekl;t Monthly Bimonthly Quarterly 

155890 117441 114058 49060 48652 48516 
35721 38819 41916 51725 68503 85281 
37941 37941 37941 37941 37941 37941 

229552 194201 193915 138726 155096 171738 

1 2 / ~ •• - - - - - - - •. , - - - - - I ••••• - -----.- 3/ $ - - _.- - - - - --- I - - - - -- I - - /wa.tt) 
Daily Weekly Biweekly Monthly Bimonthly Quarterlj 

401446 250692 164310 163358 162950 162814 
37977 50099 65252 100607 166087 231155 
38369 38369 38369 38369 38369 38369 

"477793 339161 267931_ __ ~Q2 31...~ __ . 367406 ... -.1.32_338 _ 

. - 462,800 . / 1 10200 m3 / . ..... - - -- $.70/ "" ) 

I Daily Weekly Biweekly Monthly Bimonth1vi Quarter1.Y1 
1138618 485976 484208 483256 482848 482712 I , 

41015 65288 94663 162778 285163 412049 I 

39568 39568 39568 39568 39568 39568 j 
1219201 590832 618440 685602 807580 934329_ 

• • • • • • • • 
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WAREHOUSE TRANSSHIPMENT COST ANALYSIS 

Total Demand = 50 MW/Year 
Factory in Phoenix = 1652 kilometers 

Warehouse in Dallas 
Average Order Size = 0.005 Mw/Order 

10000 Deliveries/Year 
Manufacturing Year = 1981/Report Year 1981 

• , 

~ 

SHIPMENTS/YEAR 260 52 26 12 6 4, 

ORDER QUANTITY 0.0192MW 0.0962MW 0.192MW 0.417MW 0.833MW 1.2SMW I 

'-- '- ____ .. _ _ __ ~_ ___ L---- - - L- __ - - I 

POWER CONDITIONING UNIT ( 1 31 1 __ - - w 

Factory-Warehouse Cost 
Warehousing Cost 
Local Delivery Cost 
Total Annual Cost 

FLAT-PLATE COLLECTOR 

Factory-Warehouse Cost 
Warehousing Cost 
Local Delivery Cost 
Total Annual Cost 

CONCENTRATOR COLLECTOR 

Factory-Warehouse Cost 
Warehousing Cost 
Local Delivery Cost 
Total Annual Cost 

Dailx: Weeklx: 
1138618 485976 

42691 73666 
284879 284879 
1466188 844521 

( - - - - . 1 r ---

Dailx: Weeklx: 
1643102 1628957 

65252 186108 
320672 320672 

2029025 2135738 

. 'ht 462.800 .. - - - - -- - - ~ - - 1 - - # ----

Daily Week Ix: 
4842084 4827939 

94663 326181 
364170 364170 

5300917 5518290 

Biweeklx: 
484208 
112384 
284879 
881472 

- -

Biweek1x: 
1627189 

336264 
320672 

2284126 

---.- -

Biweeklx: 
4826171 

611317 
364170 

5801658 

Monthlx: Bimonthly Quarterly! 
483256 482848 482712 
202728 370342 537538 I 

284879 284879 284879 
, 

, 

970864 _1138070 _ 1305130 
- -

31 . . 
Mo nth Ix: Bimonthly Quarterl:l 
1626238 1625830 1651563 

683810 1332640 1977970 
320672 320672 320672 

2630720 3279142 3924337 

o 3/ $.70/ 
Monthlx: Bimonthfv Quarterly 
4825219 4824811 4824675 
1268992 2479260 3681883 

364170 364170 364170 
6458381 7668241 8870728 

• • 

tt) 



APPENDIX H: COMPARISON OF INTERREGIONAL AND 
LOCAL DELIVERY COST FUNCTION 

Objectives: 

To compare the interregional cost function with the local deli­
very cost model for shipments to customers in the same region as 
the factory. 

As sumptions: 

• The local delivery model purchases a truck and hires a 
driver. The si~e of the truck and cost of owning and 
operating it are standard data parameters to be spe­
cified by the user. For this analysis the following 
values were used: 

- vehicle load capacity = 800 kilograms/shipment 
= (17600 lbs) 

- vehicle distance capacity = 75000 kilometers/year 
= (46800 miles) 

- fixed cost = $3l,5l0.20/vehicle/year 

- variable cost = $0.125jkilometer ($.20jmile) 

• The a~erage shipping distance per customer is 50 kilo­
meters or about 31 miles from the factory. 

• The interregional cost function for direct shipments 
assumes that a common carrier is used and the cost per 
shipment varies with the shipping distance and the 
shipping weight but not with the volume of shipments 
per year. The same rates are applied for all products. 
Rail is assued for all shipments over 18,000 kilograms 
(40,000 lbs) and truck for higher shipments. 

Results: 

Following are the breakeven volumes of shipments per year at 
which the local delivery model becomes more cost effective than 
the interregional cost function. 
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Power Conditioning Unit 

average delivery quantity (row) 
shipment weight (lbs) 
breakeven volume (shipment/year ) 

0.006 0.060 
611 6109 
920 204 

Concentrator Collector 

average delivery quantity (row) 
shipment weight (lbs) 
breakeven volume (shipment/year ) 

0.005 0.050 
5091 50908 
354 99 

Flat-Plate Collector 

average delivery quantity (row) 
shipment weight (lbs) 
breakeven volume (shipment/year 

Conclusions: 

) 

0.005 
1715 
658 

0.050 
17152 

88 

0.600 6.000 
61090 610896 

97 75 

0.500 5.000 
509080 5090800 

76 8 

0.500 5.000 
171516 1715164 

96 10 

Since the breakeven volumes are relatively high, the model should 
aSS'Jme that a common carrier is used for all shipments within the 
factory region. Stated another way , the interregional transpor­
tation cost function is more appropriate for the shipping of pho­
tovoltaic products to customers close to the factory. 

215 



N 
I-' 
1I1 
II> 

• 

.:o .. t/Shipment 
(19131$) 

150 

'00 

~!jO 

!OO 

1.50 

00 

50 

o . 

COMPARISON OP IN'l't:RREGIONAL AND LOCAL OELIVt:K¥ cos'r ~'UNC'l'IONS 

POWER CONDI'rlONING UNI'I' 
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LOCAL DELIVERY COST FUNCTION 

Standard Data: 
8000.0 Kilograms/Shipment = Vehicle Load Capacity 
75000.0 Kilometers/Vehicle = Vehicle Distance Capacity 
$31510.20/Year = Fixed Cost/Vehicle/Year 
$0.125/KM = Variable Cost = $.20/Mile 
50 Kilometers/Customer = Average Distance = (31.07 miles) 

Shipment 
Size 

Annual 
Volume 
A. 1 shipment 
B. 10 shipments 
C. 100 shipments 
D. 1000 shipments 

Shipment 
Size 

Annual 
Volume 
A. 1 shipment 
B. 10 shipments 
C. 100 shipments 
D. 1000 shipments 

Shipment 
Size 

Annual 
Volume 
A. 1 shipment 
B. 10 shipments 
C. 100 shipments 
D. 1000 shipme nts 

CONVERSION FACTORS: 

POWER CONDITIONING UNIT 
46,280 kilograms/megawatt 

1981 $/shipment 

0.006 MW 0.060 MW 0.600 MW 

611 Ibs 6109 Ibs 61090 Ibs 
$31516.67 $31518.62 $31538.14 

3157.49 3159.44 3178.96 
321. 57 323.52 343.05 

37.98 39.93 122.47 

CONCENTRATOR COLLECTOR 
462,800 kilograMs/megawatt 

1981 $/shipment 

0.005 MW 0.050 MN 0.500 M\'l 

5091 Ibs 50908 Ibs 509080 Ibs 
~31518.26 l?31534.53 $31697.23 

3159.08 3175.35 3338.05 
323.16 339.43 817.24 
39.57 118.89 817.24 

FLAT-PLATE COLLECTOR 
155,924 kilograms/megawatt 

1981 $/shipment 

0.005 MW 0.050 MW 0.500 MW 

1715 Ibs 17152 Ibs 171516 Ibs 
$31517.06 $31522.54 $31577.36 

3157.88 3163.36 3218.18 
321. 96 327.44 382.26 
38.37 75.36 319.24 

2.200 Ibs!kilogram 
0.6214 miles/kilometer 
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6.000 Ml'l 

610,896 Ibs 
$31733.39 

3374.21 
1168.49 

979.43 

5.000 Ml'l 

5090800 Ibs 
$33324.26 

8116.10 
8116.10 
7927.04 

5.000 MW 

1715164 Ibs 
$32125.53 

3766.35 
2821.04 
2695.00 
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INTERREGIONAL TRANSPORTATION COST FUNCTION 

Local Distance 
Phoenix to Phoenix 50 kilometers or 31.07 miles 

Shipment 
Size· 

Annual 
Volume . 

A. 1 shipment· 
B. 10 sh*pments 
C. 100 shipments 
D. 1000 shipments 

Shipment 
Size .. 

Annual 
Volume 
A. 1 sh~pment 
B. 10 shipments 
C. 100 shipments 
D. 1000 shipments 

Shipment 
Size 

Annual 
Volume 
A. 1 shipment 
B. 10 shipments 
C. 100 shipments 
D. 1000 shipments 

CONVERSION FACTORS: 

POWER CONDITIONING UNIT 
46,280 kilograms/megawatt 

1981 $/shipment 

0.006 MW 0.060 MW 0.600 MW 

611 1bs 6109 1bs 61090.1bs 

$62.87 $290.73 $473.06 

6.000 HW 

610,896 1bs 

$1777.41 
(indepen~ent of V01uJe of shiPmen,s/year 

CONCENTRATOR COLLEC~OR 
462,800 kilograms/megawatt 

1981 $/shipment 

0.005 MW 0.050 .M\v 0.500 

5091 1bs 50908 Ibs 509080 

MW 

Ibs 

$242.69 $364.95 $1483.74 

5.000 MW 

5090800 1bs 

$14837.37 
(indepenjent of V01uJe of ShiPmentt/year) 

FLAT-PLATE COLLECTOR 
155,924 Kilograms/megawatt 

1981 $/shipment 

0.005 MW 0.050 MW 0.500 

1715 1bs 17152 1bs 171516 

MW 

1bs 

$146.29 $699.19 $499.89 

5.000 HW 

1715164 1bs 

$4998.92 
(indepe,dent of V01,me of shipme,ts/year) 

2.200 1bs/ki1ogram 
0.6214 miles/kilometer 

~17 



APPENDIX II COMPARISON OF DIRECT SHIPPING WITH TRANSSHIPPING 

Ogjecti ves I 

To compare cost~ for direct shipping with transshipping from the 
factory through a regional wa):"ehouse to the customer. 

As sumetions: 

• For dire~t shipping the model assumes that the product is 
picked up at the factory and delivered to the final 
customer's site. The cost varies with shipping distance and 
shipment weight, but not with the number of shipments per 
year. The same freight rates are applied to all types of 
solar products. The model assumes a rail carrier for all 
~hipments weighing more than 18,000 kilogr&ms (40,000 lbs). 

• Tran$shipping costs consist of three components: 

- transportation from the f&ctory to the w&rehouse 
- w&rehouse cost 
- loc&l delivery cost 

The transl?ortation coml?onent is exactly the same function &s 
for Qirect shipping except that an order processing cost is 
added On. The cost varies with the order quantity. This 
order qua,ntity also determines the warehouse size required 
anJ the associated warehousing costs. The local delivery 
cost funct~(;>n assumes th<;it drivers are hired &nd trucks are 
purchased to deliver the product from the warehouse to the 
customers. The following parameters d.etermine the number 
required anq the cost: 

- vehicle load capacity 8000 kilogr&ms/load 
- vehicle diE:ltance c&pacity 75, 000 kilometers/year 
- average distance per customer SO kilometers 

fixed cost per vehicle $3l,5l0.20/year 
- v&riable operating cost;. $0.125/kilometer 

Different values of these parameters c&n be specified by the 
user and the results will V&ry accordingly. 

Results: 

The following results compare the two distribution alternatives 
for three types of products: 

• Power Conditioning Unit 
• Flat-Plate Collector 
• Concentrator Collector 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

.. 
• 

• 

• 

• 

• 

• 

The analysis is based on a factory in Phoenix, Arizona and two 
warehouse locations. The first case involves a warehouse in 
Atlanta, Georgia. The corresponding shipping distance is 3036 
kilometers (1887 miles). The second case examines a warehouse in 
Los Angeles 640 kilometers (397.7 miles) from the factory. 

The following breakeven volumes (shipments/year) indicate the 
level at which transshipping through a warehouse becomes more 
economical than direct shipping. 

CASE X: Phoenix to Atlanta 

System Delivery Size 

PCU 
(46,280 kg/mw) 

Flat-Plate 
(155,924 kg/mw) 

Concentrator 
(462,800 kg/mw) 

BREAKEVEN VOLUMES 
0.001 MW 

100,000 

989 

602 

CASE Y: Phoenix to Los Angeles 

System Delivery Size 

PCU 
(46,280 kg/mw) 

Flat-Plate 
(155,925 kg/mw) 

Concentrator 
(462,800 kg/mw) 

Conclusions: 

BREAKEVEN VOLUMES 
0.001 MW 

--

7954 

979 

/ sh~pments 'year 
0.010 MW 0.100 MW 

635 75 

96 79 

72 --

( / shipments 'year ) 
0.010 MW 0.100 MW 

989 509 

680 295 

464 -

The breakeven volume for warehousing to be cost effective 
decreases significantly as the distance of the warehouse from the 
factory increases. 

Transhipments through a warehouse are never more economical for 
large systems over 18,000 kg (4000 lbs). For example it is more 
economical to ship large concentrator systems over 100 kw 
directly from the factory to the customer. 
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CASE X: COMPARISON OF DIRECT SHIPPING WITH TRANSSHIPPING COST 
Distance: Phoenix to Atlanta 3036 kilometers (1887 miles) 

POWER CONDITIONING UNIT 

• 

• 
(Weight = 46,280 kilograms/megawatt, Volume 140 m3/mw, Price =$.20/watt) 

Shipments 
Per Year 

10 
100 

1000 
10000 

100000 

Shipments 
Per Year 

10 
100 

1000 
10000 

100000 

o 001 · MW/ h' s ~p o 010 · M\ / h' Ij s ~r o 100 · / M\v sh~p' • Indirect Direct Indirect Direct Indirect Direct 
$/ship $/ship $/ship $/shiI> $/ship $/ship 

3286 47 3725 440 6740 3820 
378 47 680 440 2699 3820 
105 47 276 440 1965 3820 • 52 47 221 440 

47 47 
102 1bs 1018 1bs 10182 1bs 

FLAT-PLATE COLLECTOR • 
Weight = 155,924 kilograms/megawatt, Price = $.70/watt) 

o 001 · MW/ h' s ~p. o 010 · MW/ h' s ~p o 100 · / h' M\v s ~p. 
Indirect Direct Indirect Direct Indirect Direct 
$/ship $/ship $/ship $/ship $/ship $/ship 

• 3425 157 4752 1335 11540 8154 
481 157 1159 1335 7125 8154 
153 157 718 1335 6562 8154 

96 157 681 1335 
92 157 

343 1bs 3430 1bs 34303 Ibs • 
CONCENTRATOR COLLECTOR 

(Weight = 462,800 kilograms/megawatt, Volume = 10200, Price = $.70/watt) 

• 
Shipments 
Per Year 

10 
100 

1000 
10000 

100000 

o 001 · Indirect 
$/ship 

3706 
656 
269 
217 
214 

1018 

MW/ h' s ~p 

Direct 
$/ship 

440 
440 
440 
440 
440 

1bs 

*A11 costs stated in 1981$ 

o 010 · Indirect 
$/ship 

6507 
2633 
1929 
1896 

10182 

220 

MN/ h' s ~p o 100 · s ~r 

Direct Indirect Direct 
$/ship $/ship $/ship 

3820 23119 17354 
3820 19236 17354 • 3820 18722 17354 
3820 

1bs 101816 1bs 
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CASE Y: COMPARISON OF DIRECT SHIPPING WITH TRANSSHIPPING COST 
Distance: Phoenix to Los Angeles 640 kilometers (397.7 miles) 

POWER CONDITIONING UNIT 
(Weight = 46,280 kilograms/megawatt, Volume 140 m3 /mw, Price =$.20/watt) 

Shipments 
Per Year 

10 
100 

1000 
10000 

100000 

o 001 · Indirect 
$/ship 

4173 
444 

94 
40 
33 

102 

m/ h' ., S l.f 
Direct 
$/ship 

20 
20 
20 
20 
20 

lbs 

o 010 · / h' MW s 1P o 100 . MN/ h' S 1]: 
Indirect Direct Indirect Direct 
$/ship $/ship $/ship $/ship 

4382 157 5670 1088 
573 157 1459 1088 
152 157 642 1088 

89 157 

1018 Ibs 10182 Ibs 

FLAT-PLATE COLLECTOR 
weight = 155,924 kilograms/megawatt, Price = $.70/watt) 

Shipments 
Per Year 

10 
100 

1000 
10000 

100000 

o 001 · / MW Sh1j: 000 · 1 / MW Sh1P. 
Indirect Direct Indirect Direct 
$/shiE. $/ship $/shiI' $/ship 

4245 67 4800 467 
486 67 807 467 
118 67 279 467 

52 67 233 467 
48 67 

343 Ibs 3430 Ibs 

CONCENTRATOR COLLECTOR 

o 0.1 0 / MW Sh1]: 
Indirect Direct 
$/ship $/ship 

8010 2595 
2735 2595 
2090 2595 

34303 lbs 

(Weight = 462,800 kilograms/megawatt, Volume = 10200, Price = $.70/watt) 

Shipments 
Per Year 

10 
100 

1000 
10000 

100000 

o 001 · Indirect 
$/ship 

4367 
568 
147 

86 
82 

1018 

M / h' W S 1]: 
Direct 
$/ship 

157 
157 
157 
157 
157 

Ibs 

*Al1 costs stated in 1981$ 

o 010 · Indirect 
$/ship 

5621 
1410 

614 
574 

10182 

221 

/ MW Sh1r ·0 100 . / MW shu: 
Direct Indirect Direct 
$/ship $/ship $/ship 

1088 10890 4015 
1088 6083 4015 
1088 5491 4015 
1088 

lbs 101816 Ibs 



• 
RESIDENTIAL REPORTS DISTRIBUTION 

• DISTRIBUTION: 

• 

• 

• 

• 

• 

• 

• 

• 

• 

L. A. Barrett (25) 
Department of Energy 
Division of Photovoltalc Energy Systems 
Forresta I Bldg. 
1000 Independence Ave. SW 
Washington, DC 20585 
Attn: ~. B. Prince 

V. RIce 
A. Krantz 

Depertment of Energy 
Division of Active Heating end Cooling 
Office of Solar Applications for Bldgs. 
Washington, DC 20585 
Attn: Robert D. Jordon, Director 

Department of Energy 
Division of Passive and Hybrid 
Office of Solar Applications 
Washington, DC 20585 
Attn: ~Ichael D. Maybaum, Director 

Jet Propu I s Ion Laboratory (15) 
4800 Oak Grove Drive 
Pasadena, CA 91103 
Attn: R. V. Powell (4) 

R. Ferber 
K. Volkmer 
W. Ca Ilaghan 
R. Ross 
R. S. Suglmura 
R. Weaver 
S. Krauthamer 
A. LlIWson 

Jet Propulsion Laborat~ry 
Solar Data Center 
loiS 502-414 
4800 Oak Grove Drive 
Pasadena, CA 91103 

SERI, library (2) 
1536 Cole Boulevard, Bldg. 14 
Golden, CO 80401 

Dlst-l 

SERI 
~II Stop 15-3 
1617 Cole Blvd. 
Golden, CO 80401 

FlorIda Solar Energy Center 
300 State Road 401 
Cape Canaveral, FL 32920 
Attn: S. Chandra 

EPRI (3) 
P.O. Box 10412 
Palo Alto, CA 94303 
Attn: Frank Goodman 

Edgar Demeo 
Roger Taylor 

House Science and Technology Committee 
Room 374-B 
Rayburn Building 
Washington, DC 20515 
Attn: Don Teague 

MIT-Lincoln Laboratory (6) 
P.O. Box 73 
Lexington, MA 02173 
Attn: M. Pope 

M. Russell (2) 
E. Kern (3) 

Office of Technology Assessment 
U.S. Congress 
Washington, DC 20510 

New ~xlco Solar Energy Inst. (25) 
New Mexico State UniverSity 
Box 3S0L 
Las Cruces, NM 88003 
Attn: John Schaeffer 

Aerospace Corporation (2) 
Attn: S. Leonard 
Attn: B. Siegel 
P.O. Box 902957 
Los Angeles, CA 90009 



• 
2525 D. L. Caskey 
2525 R. P. Clark 
9700 E. H. Beckner 
9720 D. G. Schueler • 
9720 W. P. Schinunel 
9723 H. H. Baxter, Jr. 
9723 K. L. Biringer 
9723 D. Chu 
9723 G. J. Jones (30) 
9723 T. S. Key • 9723 H. N. Post 
9723 C. B. Rogers 
9724 L. C. Beavis 
9724 E. C. Boes 
9724 M. W. Edenburn 
9724 A. B. Maish • 
9724 M. Rios 
9724 C. B. Stillwell 
3141 L. J. Erickson (5) 
3151 w. L. Garner (3) 
8214 M. A. Pound 
3154-3 C. H. Dalin (25 ) • 

for DOE/TIC (Unlimited Release) 

• 

• 

• 

• 

• 
Dist. 2 

• 




