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Abstract approved:

In this study, three main issues are discussed: possibie bias
arising when inflation effects are neglected in engineering economy
studies, capital projects authorization forms which are not designed
to include inflation effects in the calculations, and the introduc-
tion of a new graphical technique‘for capital expenditure sensitivity
analysis.

Approaches are described which include inflation in economic
studies by the use of current and constant dollars. Theé partitioning
of cost into individual components is proposed in order tc include
differential price trends. Numerical examples are presented. A
current dollar analysis using partitioned factors is recommended.

Capital authorization forms were obtained from industries in
“order to analyze the characteristics of in7’ormation actually used
in these orgarizations. By extracting the more relevant elements
from them and adding improvements, a new sat of forms is developed.
The set incluced worksheets for the calculation of the cash flow
in current and constant dollars that are aialyzed to determine the

present worth, rate o7 return, and payu... ;eriod. Space for a



graphical sensitivity analysis display is also provided.

A graphical technique, the trilinear chart, is adapted to
represent the different elements in economic studies. Its charac-
teristics are discussed with numerical examples which focus on
capital projects. A sequence of charts is constructed to analyze
the sensitivity of investment proposals with respect to possible
deviations from expected values. SENSOR, a computer program, is
developed to assist in the plotting of the charts on a flatbed
plotter or in a time sharing terminal.

It is concluded that the cost partitioning gives a more realistic
measurement of the inflation effects for the evaluating of investment
proposals. The forms presented can be implemented in most industries
with minor changes and will be helpful in minimizing calculation
errors. Trilinear charts have considerable potential for use in
customized sensitivity analysis in standard situations and for

presentation of recommendations.
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IMPROVED JUSTIFICATIONS AND SENSITIVITY
ANALYSIS FOR CAPITAL EXPENDITURES

I. INTRODUCTION

During the last decade, economies throughout the world have
suffered from unexpected surges in inflation and declines in pro-
ductivity. The industrial engineering profession has responded
by devoting greater attention to productivity improvement. Conven-
tional ways to increase productivity include increasing production
capacity, making processes more efficient, and reducing production
costs. All require capital.

Inflation and other uncertainties tend to obscure whether an
investment is recovered with an adequate return for the investors.
Engineering Economics is concerned with the practical applications
of economic principles in the evaluation of technically feasible
productivity improvements, so as to select the optimal alternative.

The traditional engineering economic methods are incapable of
distinguishing between returns representing increases in intrinsic
value and returns reflecting inflation. In industrial practice,
capital investment decisions are among the most critical decisions /
that a manager must make. Typically, these decisions involve vast
amounts of funds committed for relatively long periods.

Managers have to deal with lack of information, uncertainty, and
calculation errors while the decision is analyzed. To cope with this

situation, the characteristics of the traditional analysis methods
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are discussed in this study and the possible consequences of ignoring
the effects of inflation in the analysis are described with numerical
examples.

Some evidence exists that investors include an element in their
return requirements to protect themselves against anticipated in-
flation. The suggestion of some writers as to how to include
inflation in the calculations are presented.

Uncertainty arises when future cash flows are estimated. During
periods of inflation, the amount of goods that can be bought for a
particular amount of money decreases as the time of purchase occurs
further in the future. However, the creation of indexes of specific
costs is suggested in this study in order to enable the analyst to
consider the tendencies of prices. It is recognized that the
creation of such indexes requires an additional amount of calculation
and their accuracy is questionable; nevertheless, it is at Teast a
feasible way to trace price changes.

Economic analyses of proposals are often standardized by a set
of forms. A new format is proposed to include inflation in the cal-
culations by means of simple tableaus. Characteristics of the forms
were obtained from actual capital expenditure authorization forms
used in several industries. A visual aid is included in the new
version to analyze the sensitivity of a proposal.

Sensitivity analysis is useful when an economic study is to
give consideration to possible future price changes. Thereby, the

risks involved in accepting a given investment proposal can be
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identified. The analysis of the sensitivity can become discouraging
because of the proliferation of numbers. However, graphic displays
assist decision making by presenting the information in a compact
form.

A trilinear chart is a graphical device where the relationships
among three variables can be analyzed. This kind of chart is not
new, but their adaptation for use in capital expenditure analysis
is original. In this study, characteristics of the charts are pre-
sented. The possiblie use of the trilinear charts in economic analyses
is to portray grapnically the sensitivity of a proposal to unex-
pected changes in the conditions, providing the decision maker with

maximum information and understanding of the analysis.



IT. INFLATION EFFECTS AND ENGINEERING ECONOMY

Engineering Economics proposes quantitative methods to measure
the attractiveness of capital investments. Among the proposed tech-
niques, the payback period, rate of return, and present worth are
the most commonly used in practice. Each one of these methods
represents a different analysis criterion. For instance, the payback
period is a rough measure of the speed with which invested funds are
returned to the firm. The rate of return measures the break even
point of the cost of money in a particular project. The present
worth criterion provides today's value of the project's estimated
cash flow.

Even though these measurements are consistent under assumed
conditions, some problems arise when inflation is taken into consid-
eration. There is some evidence that inflation and the cost of
capital and, therefore, the discounting rate at which the present
worth is calculated, are positively related.

In this chapter some characteristics of the engineering economy
techniques and the suggestions by some writers as to how to incorporate
inflation effects in these techniques will be discussed.

For illustrative purposes, two example problems are used through-

out the study to allow convenient comparisons of the concepts presented.



Example Problem A

A well known company is considering the prospect of buying a
new machine in order to increase production output. They estimate
that there is a very good market for these products because in the
western part of the country, no one is producing them yet.

The price of the machine is $450,000, payable within 12 months
(a $150,000 down payment and two semestral payments of $150,000 each).
Installation of the equipment takes 12 months. Start up costs during
the first six months of operations are $70,000. Working capital re-
quirements are $60,000 and are needed in the first year of operations.
Periodical maintenance is required every two years, with a current
cost of $2,000.

After making a study of the process and the market, the company

estimates that the annual operating costs are going to be $250,000:

Labor $ 70,000
Energy 120,000
Raw Material 60,000

$250,000

The revenues from sales will be $500,000 per year. The life of the
project is estimated to be six years. The tax rate for the company
is 50%. The salvage value of the machine is $50,000.

Summarizing with an arrow diagram:



($x1000)
Salvage Value 50
,f
Working Capital Recovery 60
,f
Revenues 500/yr
A: ............................ ol
Vears 0 1 2 3 4 5 & 7
¥ ¥
Investment 150 300
¥
Working Capital 60
¥
Start Up Cost 70
¥ ¥
Maintenance Cost 2 2
NI ]
Operating Cost 250/year

The before tax cash flow for each year of the useful life of
the project is shown in Table I. Note that all of the expenses and
revenues are assumed to be at the end of the year. The useful life
of the machine is estimated at six years but because of the installa-

tion period of 12 months, the project Tife is seven years.



Amounts ($x1000)

End of Year lo 1 !'213]als|e6] 7 |
Receipts: { | |
Revenues - | - 1500|500 500|500 500|500
Working Capital Recovery ' 60 3
Salvage Value ; , 50 ﬁ
Total Receipts i - | - 1500|500 500 500 500 610 f
Disbursements: é é
Investment 150 | 300 i 1
Working Capital . 60 . i
Start Up Cost E 70 ? E
Maintenance g ; 2 2 |
Operating Costs: | E '
Labor 70| 70| 70| 70| 70| 70
Energy ! 120|120 | 120 | 120 | 120 | 120
Material | | 60| 60| 60| 60| 60| 60
Total Disbursements ' 150; 430 ' 250 | 252 | 250 | 252 | 250 | 250 f
: ' i
Before Tax Cash Flows -150é-430; 250 | 248 | 250 | 248 | 250 360‘J

Table I. Before Tax Cash Flow Example Problem A.



Example Problem B

A company is considering the purchase of an accessory for a
machine in the production line. The accessory's price is $7,500.
The accessory is expected to save operating costs but not increase
productivity. At the present time, the operating cost is $15,000
and the estimated operating cost with the accessory would be $10,600.
The expected life of this equipment is three years. There is no
salvage value on this equipment once it is removed. The tax rate
for this company is 50%.

Summarizing in an arrow diagram,

Annual Savings 4,400
-4 4 4
Years 0 T 2 3
v

Investment 7,500



Basic Concepts of Engineering Economy

Traditionally, the most common decision criteria in Engineering
Economy are the payback period, the internal rate of return, and the
net present worth. There have been many criticisms of these methods.
I will just present the basic fundamentals of these criteria and
some of their characteristics.

Payback Period Criterion. This criterion is widely used in

the United States and throughout the world [23] because it is rela-
tively easy to calculate and because a manager, intuitively, would
Tike to recover capital as quickly as possible. The payback period
(sometimes called the payout period) is the number of years required
for the cost (savings) and receipts from an investment to equal the
amount of the investment, disregarding depreciation and interest
changes. It is a rough measure of the speed with which invested
funds are returned to the firm. The payback period is calculated

by dividing the required investment by the net annual revenues (i.e.,
annual receipts minus annual disbursements); then,

required investment
annual receipts - annual disbursements

Payback Period =

or,

first cost
net annual savings

Payback Period =

In this method, the data is the actual estimations, not dis-

counted, and salvage values are not included. This criterion will
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recommend any project having a payback period of less than a speci-
fied, Tow number of years. Where several alternatives are available,
it would recommend choosing the one with the shortest payback period.

However, when the payback period criterion is used as the sole
criterion for evaluating projects, an "uneconomical" alternative may
be chosen over a more "economical" one. For example, if an alter-
native has high cash flows in its early years and nothing more there-
after, it will have a relatively small payback period. On the other
hand, if another investment promises to return a smaller cash flow
but over a longer period of years, it will be more profitable than
the first alternative, although it will have a longer payback period.

The payback period criterion is used as a supplementary criterion
when funds are very limited and where a fast recovery allows capital
to be reallocated again.

Rate of Return Criterion. The rate of return criterion (some-

times called the internal rate of return or the return on investment)
is the criterion that provides a percentage figure which represents
the critial cost of money at which a project breaks even. That is,
the interest rate at which the present value of receipts equals the
present value of the disbursements. There is no single formula to
solve it, therefore, the only procedure is one of cumbersome trial
and error.

When the selection criterion is based on the rate of return, and
one has to choose among several alternatives, an incremental rate of

return is required. That it, each alternative is compared against
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the last acceptable alternative on an incremental basis. The in--
cremental rate of return can be defined as the interest rate which
causes the present value of the incremental cash flow between two
projects to be zero (i.e., the break even cost of money for incre-
mental investment).

Some problems may arise from the use of the rate of return
technique. One critical assumption is that all cash flows can be
reinvested at that calculated rate of return. That is, this method
assumes that, for the period between the base point and the time when
the funds are spent or collected, the funds are or could be invested
at the rate of return being calculated for the proposal.

This reinvestment assumption has caused many criticisms of the
method and some modifications have been proposed. R.H. Baldwin
(1], pp- 185-187, and [20] p. 212) has proposed the Baldwin Rate of
Return Method in order to calculate a more realistic rate. This
method includes an interest rate that the organization earns, on the
average, on its assets.

Another problem may arise when the cash flow of an investment
proposal follows a certain pattern (i.e., the cash flow sign changes
two or more times) provoking multiple rates of return. In order to
eliminate this possibility, another variation of the rate of return
has been derived and is called the modified rate of return ([2]
pp. 317-321).

Some authors have related both problems to the same cause. This

is: the multiple rates of return are the result of the assumed
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reinvested rate of return ([23] pp. 271-274). The author proposes
the application of an explicit reinvestment rate of return to a
1imited portion of the cash flow in order to eliminate one of the
sign reversals, affecting as 1ittle as possible the cash flow pat-
tern. The explicit reinvestment rate may be the minimum attractive
rate of return employed by the organization or a rate suggested by
the present worth profile.

Present Worth Criterion. The present worth criterion is the

one that provides the today's value of the estimated cash flow for
a proposal. It can be used for comparing expenditures, annual cost
savings, and income producing outlays.

This kind of analysis requires that assets' economic Tives, or
increments thereof, be equal. It also reguires an interest rate at
which the estimated cash flow will be discounted. (This interest rate
js called the discount rate.)

The present worth is defined as the value, today, of a future
payment or stream of payments discounted at the appropriate discount
rate.

Some experts consider the present worth criterion theoretically
superior to the rate of return criterion (described in the preceding
section) when the discount rate to be used in the present worth
method reflects the cost of money; but there is no agreement as to
now to define the discount rate.

Discount Rate. As mentioned before, there is no agreement among

the experts on how the discount rate is to be defined. The discount
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rate should reflect the cost of money, but there have been many
approaches suggested. These approaches are not going to be examined
in detail in this research because considerable controversy exists
and the author feels there is no conclusive answer. Nevertheless,

for purposes of information, the following references are recommended:

[1]1, [61], and [30].

Depreciation

Tangible fixed assets are subject to depreciation. Other assets
and intangibles with limited periods of usefulness (such as trademarks,
patents, goodwill, etc.) are subject to amopftization. The best de-
finition for depreciation accounting is the one used by accountants.
According to the American Institute of Certified Public Accountants,
"Depreciation accounting is a system of accounting which aims to
distribute cost or other basic values of tangible capital assets,
less salvage value (if any), over the estimated useful Tife of the
unit in a systematic and rational manner. It is a process of allo-
cation not of valuation."

In other words, instead of charging the price of a tangible
fixed asset as an expense in that period's income, it is spread over
the 1ife of the asset in the accounting records as an expense of
operations. There are two allocation processes. The most commonly
used is book-entry depreciation, the accumulated depreciation account
appears in the record as "other assets". This is when the deprecia-
tion accrual stays within the company as a source of funds because

they are reinvested. The funds can be invested anywhere within the
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company. Usually, it is not possible to know exactly where they are.

The other kind of allocation process, seldom used in practice,
is the sinking fund. Here, a separate fund is posted to accumulate
the depreciation funds and invést them outside the company at an in-
terest rate. This fund is dedicated to the replacement of the asset
in study.

The rate of depreciation, regardless of the process of allocation
used, depends on the 1ife assigned to a particular asset and the
estimated salvage value at the end of its useful life. Unfortunately,
it is related to the original price of the asset, not to the replace-
ment price; and because money depreciates every day, by the time the
asset should be replaced (end of its useful life), the replacement
cost becomes more expensive than the accumulated depreciation due to
high inflation rates.

The regulatory body (the Internal Revenue Service in the United
States) allows different kinds of depreciation methods. As long as
they are consistently applied, the organization can choose any one,
depending on its convenience.] The most commonly used are the
straight 1ine, the sum-of-the-years digits, and the declining balance
methods.

Before describing the depreciation methods, it is necessary to

]Consistency requires that any one of these methods can be used but
in infrequent cases, the generally accepted accounting principle
allows switching from one method to another. It has to be noted in
the auditor's opinion and justified in the financial statement’s
footnotes.
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define some terms and notations that will be used:

Depreciable Base (DB): Purchasing price minus salvage value.

Purchasing Price (PP): The actual amount paid for the asset,
not including installation costs.

Salvage Value(SV): The net amount that can be realized when
the asset is disposed of.

Useful Life (N): The time elapsed from the date on which the
asset is first placed in use until its final disposition.
(Note that 1PWref¢rs to the usefulness to the firm and not
§9w§he total 1iferqf the asset.) The Internal Revenue Ser-
vice has set some guidelines to determine the service life
of an asset (see Publication 534 (revised October 1974),
Department of the Treasury, Internal Revenue Service).

Annual Depreciation Charge (ADC): The amount to be charged to
the period's income as an operating cost. Used specifically
for tax purposes.

Book Value (BV): For assets, refers to the net valuation ac-
count. That is, the purchasing price--cumulative depreciation.

Straight Line Depreciation Method. In this method, the annual

depreciation charge (ADC) is constant. It is calculated by dividing
the depreciable base (DB) by the useful life (N).

_PP - sV

ADC N

Sum-of-the-Years Digits Method. This method is one of the accel-

erated methods allowed. It provides a larger annual depreciation

charge (ADC) during the early years of the asset's life than in the
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later years. The annual depreciation charge varies each year. It is
calculated by the ratio of the remaining years of the asset's life
(i.e., N - n+1) to the sum of the digits corresponding to the number
of years of the estimated useful life (i.e., 1+2+3...N), times the
depreciable base (D8).

o - 2l O o,

Declining Balance Depreciation Method. Another accelerated de-

preciation method allowed by the Internal Revenue Service is the
declining balance method. The only restriction is that the salvage
value has to be greater than zero. Under this method, a fixed per-
centage rate is applied each year to the book value of the asset at
the beginning of the year. In the final year, sufficient depreciation
is taken to reduce the book value to, but not below, salvage value.
The annual depreciation charge (ADC) is calculated by multiplying the
book value (BV) of the asset by the depreciation rate (%). The fixed
depreciation rate can arbitrarily be chosen or calculated by the

formula ([18], p. 225)

Depreciation Rate (%) = ]_§>/7Net salvage Value | , 1gg

Purchasing Price

As mentioned earlier, the depreciation rate can be chosen arbi-
trarily, not taking into consideration the salvage value. One of the
many declining balance methods is the double-declining balance. It
is merely a declining balance method using, as a depreciation rate,
200% of the straight line rate.

The book values of the asset in Example Problem A, for each of
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the years of its useful 1ife, are graphed in Figure 1. It compares
the methods described in the preceding paragraphs. The annual de-

preciation charges are plotted in Figure 2.
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FigUre 1. Comparison of Book Values for Different
Depreciation Methods.
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Charges for Different Methods.
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Depreciation and Taxes. For engineering economic analysis,

depreciation is important because depreciation charges are considered
to be an operating expense and are therefore tax deductible; taxes
directly alter cash flows (in after tax analysis). However, the
effect in the after tax cash flow depends on the schedule for depre-
ciation; Also it is necessary to note that in the case where the
actual salvage value is lower or higher than the book value, for tax
purposes it is considered as a loss or a gain, respectively. In gen-
eral, if the asset has been held less than six months, it is a short
term loss or gain and is taxed at the regular rate. If it is held
more than six months, it is a long term loss or gain and the maximum
taxation rate is 30%.

There is a new tax depreciation procedure in the United States.
It is known as the Asset Depreciation Range System. It has a
special advantage, under certain circumstances, to firms which use
group depreciation accounting. Under the Asset Depreciation Range
System, the taxpayers are allowed to‘elect a fixed tax life, which is
different from the guidelines life, for a group of assets.2

The tax law is very complex. For simplicity purposes, it is
going to be assumed that a corporate income tax of 50% is applicable.
The other aspect of the tax law that is going to be relevant for this
study is the Investment Tax Credit.

The Investment Tax Credit is a direct subsidy given by the

2For more details on the Asset Depreciation Range System, see [2],
pp.187-194.
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Federal Government in the form of a tax deduction. This incentive
allows the deduction of a certain percentage amount of dollars on
a new investment as a credit against income taxes. The Investment

Tax Credit allowances depend on the useful 1ife of the asset as

follows:
Asset With a Tax Credit Allowed
Useful Life of Up To
8 years or more 10%
6 to 8 years 2/3 of 10%
4 to 6 years 1/3 of 10%
Less than 4 years 0%

The Investment Tax Credit also has the characteristic that it can be
carried forward or backward for a lTimited number of years to apply
against tax liabilities in those years.

Another feature of the tax regulations is that the interest paid
for funds borrowed are tax deductible. This has an important effect
on the source of funds for a project because some other sources are
not tax deductible.

After Tax Economic Analyses. Sometimes before tax studies give

appropriate solutions for the project under analysis, but when tax
considerations are introduced, their attractiveness may differ greatly.
The degree of effect will vary based on the estimation of the
amount and the timing of some particular elements of the future cash
flow. These particular elements are depreciation schedule, tax in-
centives (when applicable), and interest payment deductions. To

illustrate this effect, the present worth, the payback period, and
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the rate of return for the investment period in Example Problem A is
going to be calculated.

Recalling the before tax cash flow from Table I (page 7) and
calculating the after tax cash flow, using the straight line depre-

ciation method, the cash flow would be as follows:

{$x1000) |

| End | Before Tax Depreciation Taxable Taxes fAfter Tax

. of | Cash Flow Charges Income {[(4) x Tax Rate] Cash Flow
Year [(2) - (3)] [(2) - (5)]
@ (3) (4) (5) (6) |
10 1 -150 . -150 |
L1 =430 - 70 - 35 =395
2 | 250 67 183 91.5 158.5
3 248 67 181 90.5 157.5 |
4 | 250 67 183 91.5 . 158.5 |
5 | 248 67 181 9.5 . 157.5 |
6 250 67 183 91.5 | 158.5 |
L7 250 67 183 91.5 | 288.5 |

Table II. Cash Flow for Example Problem A
Using Straight Line Depreciation

Calculating the after tax present worth, assuming i=15%: PWAT = $68.30.

Calculating the after tax rate of return: RoRAT = 19.36%.

If, instead, the after tax cash flow is calculated using the
sum-of-the-years digits depreciation method, the cash flow would be
as follows:

(See Table III on following page)
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($x1000)

; - T

End 'Before Tax |Depreciation Taxable Taxes §After Tax

Cash Flow Charges Income |[(4) x Tax Rate]|Cash Flow

Year | | [(2) - (3)] [(2) - (5)]
@ @ (4) (5) (6)
0 -150 -150
1 -430 - 70 - 35 -395.0
2 250 114.3 135.7 67.85 | 102.15
3 248 | 95.5 152.5 76.25 | 171.75
4 2%  76.2 173.8 86.90 | 163.10
5 248  57.1 L 190.9 95.45 . 152.22
6 250 381 2119 105.95  144.05
7 250 - 19.1 E 230.9 115.45 é 244 .55

Table III. Cash Flow for Example Problem A Using
Sum-of-the-Years Digits Depreciation

Calculating the after tax present worth, assuming i = 15%: PwAT = $80.50
Calculating the after tax rate of return: RoRAT = 19.3%

If the double-declining balance depreciation method is used, then
the after tax cash flow would be:

(See Table IV on following page)
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$x1000)
End |Before Tax {[Depreciation Taxable Taxes After Tax
of Cash Flow Charges Income |[(4) x Tax Rate]|Cash Flow
Year [(2) - (3)1} [(2) - (5)]
(1) (2) (3) (4) (5) (6)
0 -150 -150
1 -430 - 35 -395
2 250 150 100 50 200
3 248 100 148 74 174
4 250 67 183 91.5 158.5 j
5 247 a4 203 102 146
6 250 30 220 110 140 j
7 | 250 9 241 120.5 | 239.5 .
Table IV. Cash Flow for Example Problem A Using

Double-Declining Balance Depreciation

Calculating the after tax present worth, assuming i=15%: PUpT = $85.93.

Calculating the after tax rate of return:

accelerated method.

RoR

AT = 21.4%.

In summary, it is advantageous to depreciate the asset using an

In some circumstances, switching from one method

to another is more profitable, especially when the group depreciation

is being used ([2])pp. 189).

Inflation in Engineering Economic Analysis

vestment proposal studies were discussed.

estimated cash flows remain constant throughout the project's life.

First, some engineering economic techniques for before tax in-

One assumption was that all

If

it were assumed that all the cash flows are inflated at the same rate,

the selection of alternatives would be the same.
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In the preceding section, tax considerations were introduced and
it was illustrated that they influence the attractiveness of proposals.
Unfortunately, there is another factor that can affect the attractive-
ness of the projects; it is called inflation.

Inflation is a rising general level of prices. It has been of
great concern during the last half of this decade because the rate
has been much higher than ever before.

It is necessary to distinguish between two types of price changes;
inflation and differential price changes. Inflation price change is
really a change in the purchasing power of the monetary instrument,
whereas differential price change refers to the difference between
the price trends of the goods or services and tne general price trend.
That is, during inflation some prices decrease while others remain
fairly constant or exceed the general trend.

Two causes of inflation have been identified ([13] p. 36). One,
the so called "demand-pull inflation”, is caused by the demand for
goods and services increasing much more than the available supplies.
Most of the time, the government is blamed for this kind of inflation
because it often occurs when large government expenditures are under-
taken. However, individuals and businesses also contribute to this
inflation by demanding more than the supply available. The other
kind of inflation is caused because wages increase more than the labor
productivity; it is called "cost-push inflation". There is some con-
troversy about the relative effects of cost-push and demand-pull

causing inflation, but inflation would have been less severe during
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the last years if wages had not increased more rapidly than the pro-
ductivity of labor.

Indexes. Indexes are developed to measure the historical rate
of price changes in portions of the economy. Inflation is usually
described in terms of an annual percentage that represents the rate
at which the current year's prices have increased over the previous
year's prices. It has a compound effect that can be quite severe
when applied over an extended period of time.

Historical rates of price changes in different portions of the
economy are measured by government organizations such as the Depart-
ment of Labor, Bureau of Labor Statistics, in the United States; the
Banco de Mexico, in Mexico; and some private organizations. An index
is developed by sampling that segment of the economy that the index
is designed to measure. The sample is called "market basket". The
index is the ratio of the cost of the goods in one year divided by
the cost of the same goods in some base year.

Some representative indexes of price changes in the United States
are the Consumer Price Index, the Wholesale Price Index, and the
Implicit Price Index for the Gross National Product. These indexes,
and some others, are compiled by the Department of Commerce, Bureau
of Economic Analysis; and the Department of Labor, Bureau of Labor
Statistics.

(See Figure 3 on following page)
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Figure 3. Consumer Price Index for the Last 38 Years.
[Source: Economic Report of the President, 1979.]

It is important to be aware that these indexes are a reasonable
measure for their purpose; but goods included in the index, and the
weight assigned to each, may not accurately reflect the buying habits
of a business enterprise. The Consumer Price Index is the most com-
monly used measure of prices in the United States. It is designed to
show the effect of retail price changes on a selected fixed standard
of Tiving. The Wholesale Price Index measures the impact of inflation
at the wholesale level for both consumer goods and industrial products.
The Implicit Price Index for the Gross National Product is a measure
of the effect of general price level changes on the Gross National
Product. The Gross National Product is the total market value of
final goods and services produced in the economy during a certain

period of time.
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Including Inflation in Capital Expenditure Decisions

In evaluating capital expenditure decisions, an analyst must
consider not only the possible effects of inflation but also the
effects of long run trends on the relative prices of his products
on his important categories of expenditures. Perhaps the best way
to illustrate the inflation component is by means of an example.

Consider the investor as a consumer who is willing to postpone
present consumption in order to gain additional consumer goods in
the future. This gain in goods is his/her real return or profit.
Ignoring any income tax, for simplicity, if the prices of the goods
are increasing because of inflation, the investor must earn a rate
of return equal to the rate of inflation just to stay even, so he/she
will be able to buy the same amount of goods in the future. To
illustrate this, assume the investor has $10,000 which could be
used, now, to buy 100 units of goods at $100 each. However, this
investor may be willing to invest the $10,000 and forego buying
these goods for five years. If prices increase at a rate of, say
five percent, then, this investor will need $12,763 to buy the same
100 units in five years. (That is, now the price is $100; five years
hence the price would be $100(1 + .05)5 = $127.63; then, $127.63 x
100 = $12,763.)

There has been no real gain if the investor gets only $12,763.
However, the investor expects a reward for foregoing consumption.
Assume that this investor wants to acquire a ten percent gain in

goods each year, then the investor will need to receive $16,100 if
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the price of goods were not increasing. That is, now he/she can buy
100; five years from now, he/she would like to buy 100(1 + .1)5 = 161,
at $100 each then, 161 x 100 = $16,100.

This is just a ten percent rate of return. To achieve the same
result when the rate of inflation is seven percent, the investor must
have $20,548 (161 x $127.63 = $20,548). The apparent rate of return

is,

10,000(F/P,i,5) = 20,548

(F/P,i,5) = 20,548/10,000 = 2.0548
With the help of an interest table or a pocket calculator, it is
found that the rate of return equals 15.5%.

The reason is that a portion of the $20,548 is needed to compen-
sate for the decrease in the purchasing power of those future dollars.
Furthermore, this is the return the investors will demand to assure
the additional compensation needed for protection against inflation.
This return (15.5% in the example) is the cost of money and will be
called the nominal rate of return (i), whereas the inflation-free
rate, this means the effects of inflation are removed (ten percent
in the example) will be called the real rate of return (r).

Several authors have built this relationship to add to the
original work of Irving Fisher. He demonstrated, by means of numer-
ical examples, that the real rate of return from an asset fixed in
monetary terms would fall short of the real rate of return from a
comparable asset fixed in real terms by an amount equal to the infla-

tion rate. His illustrations were made with the assumptions of
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unanticipated inflation, certainty, and perfect market adjustments.
For a continuous compounded rate of inflation k, market interest i,
and real interest r:

r=1i-k or
i=r+Kk.

In [3] the author discusses the work done by other authors, who
have verified Fisher's equation, such as Ralph Jones. Also, it
discusses the case of discrete inflation. Some writers, such as
Reisman and Rao, have developed the relationship between purchasing
power, P(T), and a discrete rate of inflation concluding that:

P 1+k)T

1+1 = Pol
where T = number of periods.

Other authors ([4],[5]) have expressed Fisher's equation for

the discrete form as:
i=r+I+rl
where I = inflation rate, r = real rate, and i = nominal rate,

suggesting that the nominal rate of return (i) should contain two
components: one related to inflation (I) increases and the other
to intrinsic values increases.

Most of the authors mentioned have based their studies consid-
ering two types of monetary units, dollars in this case. The
money that is exchanged for goods and services at the actual time
of purchase is called Current Dollars, and the money that would
be exchanged for the same goods and services in some reference year

is called Constant Dollars; hereafter, they will be denoted CR$ for
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Current Dollars and CN$ for Constant Dollars.

The expected cash flow of a project is also affected by infla-
tion in several ways. Future cash flows simply are estimated on the
basis of existing prices. However, due to a reduction in purchasing
power, the consumer is unable to buy the same amounts of goods as
before. The cash inflows generally arising from the sale of products
are affected by expected future prices. In cash outflows, inflation
affects both expected future wages and material costs. In some
cases, cash inflows through price increases will rise faster than
cash outflows while in other cases, the opposite will hold. Note
that inflation does not affect depreciation charges on existing
assets or income taxes.

The problem here is how to relate one kind of dollars to the
other kind of dollars. An author ([4], p.84) has developed a very
useful table (see Table V) that is used when the information avail-
able is the nominal rate of return or the real rate of return, and
the inflation rate. He based his calculations for this table upon
the relationship that if he chooses the reference year for constant
dollars as the year zero in the rate of return calculations, then
the present worth in current dollars is the same as the present
worth in constant do]]ars.‘ The table first converts a cash flow in
constant dollars to the corresponding present worth and then converts
this present worth to the desired quantity in current dollars.

{See Table V on following page)
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Pe e s

Table V. Factors for Converting Quantities in Constant
Dollars to Quantities in Current Dollars.

It is important to note that this table has limitations because

e et
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it is assumed that the inflation rate is constant, and the author

concludes that in the case where the inflation rate changes are

arbitrary, as often happens in real life, then the results in the

table involving a uniform flow or a gradient would be invalid because

it should be given a unique rate of return for the corresponding

dollar flow in a given year.

To illustrate the effects of inflation in after tax analysis,

N T

{
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consider Example Problem A (page 5), again. Using the before tax
cash flow from Table I and constructing the table for after cash
calculations using the double-declining balance depreciation method,
assuming no inflation, the present worth was calculated as $85,930,000.
The internal rate of return is equal to 21.4% considering a discount
rate of 15%.

Suppose that the general price level is increasing at 11% per
year and that this price change is reflected in receipts as well as

in disbursements. Then, the before tax cash flow will be modified

as follows:

Years 0 1 2 3 1 4 1 5 i 6 i 7

i :
Total Receipts 616.0{683.8 | 759.0,842.5 935.2}1292:0j
P

Disbursements 150 | 430 2.7 3.4 |
Operational Costs %
Labor 86.2 | 95.7 ; 106.3:118.0/130.9 145.3%
Energy 147.8 |164.1 | 182.2|202.2|224.4! 249.1
Material 73.9 | 82.11 91.1{101.1{112.2 124.6§
Total Disbursements 307.9 {344.7 | 379.6;424.7 467.54 519.0"
! ; |
Before Tax § , ’ |
Cash Flow -150 |-430 (308.1 {339.2 379.4;417.85467.7: 683.0;

The after tax cash flow will be calculated as follows (Note that
the depreciation charges are the same as using the double-declining
balance method; also, the tax rate is the same):

(See Table VI on following page)
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($x1000)
|
- End  'Before Tox - LCepraciation Taxable Taves After Tar !
‘Cash Flew  Charges incoime  {[{4) x Tax Ratel:Cash Ficw
Year ; {2y - (3)3, L2y - (&),
L2 @ (@ | (6)
3 -150 § | -150
1430 t -70.0 | -3 | -395
2 | 308.1 | 150 158.1 | 79.1 | 229.0
3 ; 339.2 100 239.2 | 119.6 2196 |
4  379.4 : 67 312.4 156.2 223.2
5 478 . M 373.8 | 186.9 230.9
6 | 467.7 i 30 437.7 218.9 248.9
7 g 454.6 . 9 445.5 222.8 460.2

Table VI. After Tax Cash Flow for Example Problem A Using
the Double-Declining Balance Depreciation Method.

If only the values in current dollars are compared, it can be

concluded that inflation is beneficial to the project because the

after tax cash flows have increased.

But with 11% per year infla-

tion, the current dollars cash flow does not have the equivalent

purchasing power referred to in a base year. Therefore, it is

necessary to compare the same kind of dollars.

Many authors have proposed different ways to make economic

analysis under these circumstances.

cussions on two basic techniques.

They have based their dis-

The first technique, which is

the simplest to understand, is to explicitly define future cost that

reflects relevant cost trend.

Then the cash flows in current dollars

can be converted to present worth by using time value factors based



33
on the firm's cost of money rate; this is the nominal rate. Earlier,
it was pointed out that the cost of money already includes a compo-
nent to protect investors against inflation. Then in this case, both
the cash flow and the discount rate will have included inflation,
otherwise it would exist as a bias in the calculations of the
present worth [11].

The other basic technique is to remove inflation from the cash
flows (i.e., convert the cash flow to constant dollars with reference
to a base year), then the real cost of money must be used in studies.
However, the real cost of money cannot be determined exactly. For
the last two decades, financial analysts, statisticians, mathemati-
cians, and economists have analyzed the relationship between inflation
in the economy and the performance of the stock and bonds markets
with no absolute conclusions drawn.

Among the authors that discuss these techniques are [2], [4],
[51, [9], [11], [12], and others. Some of the writers have discussed
a special case where the base year refers to the constant dollars in
year zero. Therefore, the present worth in current dollars is the
same as the present worth in constant dollars ([4], [5], [01l).

A discussion suggests the possibility of two rates of return
in a mixed mode computation. Because all estimates in the cash flow
have both current and constant dollars components it is possible to
choose between current present worth or constant present worth.

In [2] a mathematical short cut for the first basic technigue

has been discussed. It derives a "convenient rate" to apply to the
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cash flow that will be inflated by the rate I and discounted to the
present worth by the rate i, then the convenient rate is:

Convenient rate = {1 + 1
+ 1

A word of caution to avoid the possible misuse of this rate
points out that it is used to find the present worth of an inflating

series. It is not a discount rate. It assumes a geometrical cost

increase.
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IIT. ECONOMIC METHODS AND DIFFERENTIAL PRICE TRENDS

In the preceding chapter, troubling aspects of monetary
depreciation and possible bias arising from ignored effects of
inflation were discussed. Two types of price changes were defined:
inflation and differential price change.

To be discussed in this chapter are the problems encountered
in a technique called COPAT and the advantages of using a customized
price index to reflect inflation in the economic analysis.

For these considerations, the following assumptions are made:

-The cost of money is determined by one of various methods,
and is 15% after taxes.

-No technological advances are expected to occur during the
useful T1ife of the project.

-Investment is internally financed.

-Perfect capital market.

-Revenues, variable costs, and salvage value are fixed in
real terms and grow with inflation.

-Depreciation charges are fixed in constant terms and do not
grow with inflation

-Tax rate is 50%.

Cash Operating Profit After Tax as a Percentage of Gross Investment
Capital

A measurement called’cash operating profit after tax as a per-

centage of gross investment capitaf'(COPAT/GIC) is used by some
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ompanies. It is based on an internal publication of the Chase

anhattan Corporation, "Analitical Methods in Financial Planning"
3

The calculation is a percentage of cash operating income after ;

axes divided by the average investment capital during the period,
hen

COPAT/GIC = 100 x COPAT for the period
Average GIC.

here Average GIC = Beginning of year GIC + End of year GIC
2

COPAT is an after tax cash flow excluding interest; tax depre-
iation is used rather than book depreciation. GIC is defined as
nvestment in fixed assets at cost plus total working capital.

The purpose of this measure is to emphasize the impact of the
ash operating profit after taxes during specific periods, as
pposed to the rate of return and present worth techniques which
onsider the timing of the cash flow over the 1ife of the project.

To illustrate the use of COPAT/GIC, consider Example Prob]em A
page 5). Recalling from Table IV, the after tax cash flow using
ouble-declining balance depreciation is:

Year After Tax Cash Flow

-150.
-395.
200.
174.
158.
146.
140.
239.

~SNSooaPkwnn— 0O
OO VOO OO

3

The author could not obtain the original publication
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and these are considered to be the COPAT for each year. Then, the
average GIC is calculated as follows:

GROSS INVESTMENT CAPITAL
Project Years

0 1 2 3 4 5 6 7

Fixed Asset at Cost 150 450 450 450 450 450 450 450

Management Funds - 70 70 72 72 74 74 74
Working Capital - 60 60 60 60 60 60 60
Total GIC 150 580 580 582 582 584 584 584
Beginning of the

Year Capital - 150 580 580 582 582 584 584
End of the Year

Capital 150 580 580 582 582 584 584 534
Average GIC 150 365 580 581 582 583 584 584

COPAT, as a percentage of GIC, is computed to be:
Project Years

0 1 2 3 4 5 6 7

COPAT/GIC (%) - - 3.5 29.9 27.2 25.0 24.0 41.0

However, if the straight line depreciation method is used, in-
stead, the COPAT would be (from Table II):
Project Years

0 1 2 3 4 5 6 7

COPAT/GIC (%) - - 158.5 157.5 158.5 157.5 158.5 268.5

and calculation of COPAT/GIC, using the same average GIC as previously
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computed is:

Project Years

0 1 2 3 4 5 6 7

COPAT/GIC (%) - - 27.1  27.1  27.2 27.0 27.1 45.9

Recalling from Table III, the after tax cash flow using the sum-
of-the-years digits depreciation method is:
Project Years

0 1 2 3 4 5 6 7

COPAT ($x1000) - - 182.1 171.7 163.1 152.2 144.1 244.6

which leads to a COPAT/GIC of:
Project Years

0 1 2 3 4 5 6 7

COPAT/GIC (%) - - 31.3 29.5 28.0 26.1 24.7 41.9

Figure Four displays the values of the COPAT/GIC for each of
the depreciation methods. Note that the double-declining balance
method makes the COPAT/GIC higher at the beginning of the project's
1ife than the other two methods. As a consequence, the straight line
depreciation method has a higher COPAT/GIC than the other two methods
in the final years. The results are logical because the double-
declining balance method deducts the biggest part of the investment
in the early years; therefore, thé cash flow, after tax, is higher.
Also, it is important to note that because COPAT/GIC does not take
into consideration the time value of money, the average of COPAT/GIC

for each depreciation method is the same, 25.9%.
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Ficure 4. COPAT/GIC for Example Problem A Using
Different Depreciation Methods.

Some deficiencies are apparent in this method. The COPAT/GIC
assumes that the same amount of GIC will be reinvested each year of
the project's life. Therefore, the method does not consider that
the money has a cost (Cost of Capital or Opportunity Cost).

If a modification of the method is proposed to reflect the
cost of money in the GIC, as well as in the COPAT, the problem be-
comes a regular rate of return exercise in which a different interest
rate can be assessed each year. However, it would be a time consum-
ing operation.

It is concluded that modifying the COPAT/GIC does not justify
the extra work reflecting the cost of money and causes the method
to lTose its simplicity. The COPAT/GIC is a rough measure of the
rate of return in a given period and can be useful if the decision
maker is aware of the significant difference that exists between
the real return and the return shown by the unmodified COPAT/GIC.

The real rate of return is necessarily lower because the cost of
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money has been considered.

Including Inflation in the Analysis

In the preceding chapter, possible ways to include inflation
in economic analyses were discussed. An illustration was presented,
assuming an inflation rate of ten percent per year, which identically
affected the cash flows.

However, the effect of general price level changes will vary
for each type of cash flow. That is, cash inflows are affected
by expected future prices whereas cash outflows are affected pri-
marily be expected future wages, material costs, and energy costs.

At present, there is no reliable technique to predict the
inflation rate. Although, as mentioned earlier, some indexes have
been developed by sampling the segments of the economy that the
index is designed to measure. But these indexes may not accurately
reflect the buying patterns of an organization. For instance,
geographic location can make a big different (i.e., highly developed
metropolitan areas are more affected by inflation than rural areas).
Also, the cash flow components for a particular organization may
not be the same as those considered in the market basket used to
develop the index; thus, it is suggested here that each organization
should build its own price indexes.

The trend that a particular price has followed for the last
ten years can be traced using the accounting records of an organi-
zation. Five main components should be distinguished: capital,

labor expenses, material costs, energy expenses, and product selling
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price.

Capital will probably follow the general inflation rate. Labor
wages can be considered to have a steady growth. Material cost
trends will be unique for each organization. Energy expenses have
recently increased at a rate higher than the inflation rate and
depends on the proportion and type of this component used within
the organization. The product selling prices could be highly
sensitive to inflation but are sometimes restriced by regulations.
In the case where a component does not represent a significant por-
tion of the total cost, there is no need to construct its index,

a general inflation rate is sufficient because the impact is small.

An index is calculated by dividing the price or cost of the
goods in one year by the price or cost of the same goods in some
base year. For example, if the base year is 1970 and the price of
the product in the base year was $50.00, last year the price was
$85.00, and this year the price is $90.00 then, last year's index
is 170 (i.e., 85/50 x 100 = 170) and this year's index is 180.

The cost trend change implied by an index is the rate of change
in that index. For instance, in the example above, the cost trend
rate is:

180 - 170 = 10 = .059 or 5.9%
170 170

A one-year cost trend rate is not very useful for measuring
price inflation. The average cost trend rate for a period of time

is better. For instance, if the same index as above was 116 seven
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years ago, the cost trend (CT) rate for the last seven years has

been:

116(1+¢T)’

180

(1+¢T)’ = 1.5512

cT =Y[1.5512 - 1

CT = .065 or

6.5%

If the index was 133 four years ago, the cost trend rate has

been:

133(1+cT)?

180

CT = 7.86%

One of the two cost trends can be used to represent the his-

torical trend in th

e index.

To illustrate the importance of these considerations, assume

that in Example Problem A (page 5), even with no change in general

price level--no inflation--the

labor expenses will increase nine

percent yearly. This modifies the before tax cash flow as follows:

($x1000)  Year 0 | 1 2 i 3 i 4 i 5 1 6 7 4

| i

Total Receipts 500 1500 |500 |500° ;500 610
Disbursements 150 | 430 2 | 2 | §
Operational Costs: § ;
| '

Labor 83.2! 90.6| 98.8!197.7{117.4; 128

Energy 120 {120 (120 120 1120 . 120

Material 60 | 60 L 60 |60 | 60 | 60

Total Disbursements| 150 1 430 | 263.21270.6|278.8:287.7/297.4 ' 308
Before Tax Cash ! | §

Flow -150 | -430 | 236.8{229.4|221.2 212.3'202.5g 302.

L.Q
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Then, the after tax analysis table using double-declining

balance depreciation would be as follows:

($x1000)
End |Before Tax [Depreciation Taxahle Taxes !After Tax
Cash Fliow Charges t Income ([{4) x Tax Ratej.Cash Flow -
Year (2 - (33 [(2) - (5)]
0L (1 _{3) () g5 b8
0 =150 | | -150 |
1 -430 - 70 - 35.0 | 395 |
2 236.8 150 86.8 43.4 L1952
3 229.4 100 129.4 64.7 164.7
2 221.2 67 154.2 77.1 144.1
5 1 212.3 44 162. 3 % 84.2 128.1 §
5 202.6 | 30 172.6 | 86.3 116.3
7 192.0 g 9 183.0 i 91.5 210.5

Table VII. Modified After Tax Cash Flow for Example
Problem A Using the Double-Declining
Balance Depreciation Method.

Note that before tax cash flow has decreased, taxes have de-
creased, and after tax cash flow was reduced.

Now suppose that labor cost will increase at nine percent, the
price level is increasing at eleven percent per year, and this
change is reflected in proportional changes in the product's price
and the material cost. Then, modifying the before tax cash flow
and calculating the after tax cash flow using double-declining

balance depreciation, the following figures are:

(See Table VIII on following page)
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Table VIII.

Modified After Tax Cash Flow for Example Problem A
Using the Double-Declining Balance Depreciation
Method and Including Inflation.

Now suppose that inflation is still eleven percent, labor

expenses increase at nine percent, but material costs actually are

increasing at fourteen percent, energy costs are rising at twenty

percent, and selling price increases at the inflation rate.

Fol-

lowing the same procedure as before, the after tax cash flow is:

End of Year

o

~N Oy O AW N -

After Tax Cash Flow

-150.
-395.
216.
197.
188.
180.
178.
397.9

0o o0 »n — O O O

($2000)
tnd Before Tax [Denreciation Taxab'e Taxes 'After Tax
of Cash ~low Charges Income [[{4) X Tax Rate]'Cash Flo
fear ! [{2) - (31 fzy -
ey (3 (4) | (5) L (8)

0 -150 : -150
1 -430 - 70 - 35 i -395
b2 338.8 150 139.8 94.4 | 2044
3 389.1 100 289.1 ; 144.6 i 244.5
4 449.1 67 382.1 ; 191.1 258.0
5 511.6 44 467.6 j 233.8 | 277.8
6 | 585.5 30 555.5 ! 277.8 307.7
71 437 9 428.1 i 214.1 451.5
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Summarizing in Table VII, the five cash flows are compared in
current dollars. This means that the cash flow is the actual amount
that is expected to be paid or received in those years.

The total cash flow is discounted at a zero percent rate for
comparison purposes. Note that when inflation is not considered, the
total cash flow is higher than the situation where labor is assumed
to be inflating at a nine percent rate. However, when the selling
price is considered to increase at the inflation rate, labor and
material are increasing, too, at different rates--the price is
higher. The more realistic situation is presented in the fourth
column where the cost components are assumed to inflate at different
rates. Note that when inflation is considered to affect all costs

equally, a considerable deviation arises.



Assumptions

Selling Price No Change No Change 11% Increase 11% Increase 11% Increase
Labor Cost No Change 9% Increase 9% Increase 9% Increase 11% Increase
Energy Cost No change No Change No Change 20% Increase 11% Increase
Material Cost No Change No Change 11% Increase 14% Increase 11% Increase
Inflation No Change No Change 11% Increase 11% Increase 11% Increase

After Tax Cash Flow

($x1000)
Year
0 -150.0 -150.0 -150.0 -150.0 -150.0
1 -395.0 -395.0 -395.0 -395.0 -395.0
2 200.0 195.2 244.4 216.0 229.0
3 174.0 164.7 244.5 197.1 219.0
4 158.5 144.1 258.0 188.5 223.2
5 146.0 128.1 277.8 180.6 230.9
6 140.0 116.3 307.7 178.8 248.9
7 239.5 210.5 451.5 397.9 460.2
513.0 413.9 1,238.9 813.9 1,066.2

Table IX. Comparisons of Cash Flows When Inflation is Included Individually by Cost Components

9v
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IV. INVESTMENT ANALYSIS FORMS AND SENSITIVITY ANALYSIS TECHNIQUES

Most managers consider the calculation of economic justifications
as a drain on their time. When engineering judgment has produced
a technically sound proposal, there is reluctance to expend addi-
tional effort preparing back up data for economic analysis. Engi-
neers and managers need quick estimating techniques which will
easily detect an economically unsound proposal.

Discussed in the first section of this chapter are investment
analysis forms provided by several companies for this study. They
are not going to be criticized as to whether they are good or bad.
Each organization has its own systems and their forms may be suit-
able for their objectives. The forms are to be analyzed as to the
kind of information they employ and how they are utilized.

In the second section, sensitivity analysis techniques are dis-
cussed. These techniques are not unique to this study. The graphic
techniques have not changed for many years, although some have been
adapted for other purposes. In this study, they will be applied to

capital investment expenditure decision problems.

Investment Analysis Forms

Possible mistakes in a report are calculation errors while
making the report and estimation errors in forecasting future cash
flows. The former are caused mainly by eye fatigue ([16], p. 174),
and can be minimized-if the investment analysis form is well designed

and easy to process. For the latter, there is no single solution
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because many uncontrollable factors affect future values; therefore,
it is advisable to make sensitivity analysis in order to answer
"what if" type questions. Some graphic sensitivity analysis tech-
niques are discussed in the next section.

The 13 forms available for this study are not necessarily a
representative sample. Some organizations did not send their forms
for this study because they either did not want to participate or
they did not have one. However, some conclusions can be drawn from
the sample.

Decision makers 1like to have a short form to analyze, concentrat-
ing relevant information in one or two pages, with supporting infor-
mation attached. The summary page(s) will be called Tetters of
justification"and the support information will be called "worksheets".
In a few cases, an additional questionnaire is required, especially
when analyzing expenditures exceeding $25,000.

Table Ten summarizes the information included in the forms. Most
forms do not include information about space availability (facilities
considerations) for the new equipment, nor if it is necessary to
have additional personnel to operate the equipment (personnel consid-
erations), or if there is any other alternative to the problem.

(See Table Ten on following page)
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Q §"’ ”é q",;
Project's Letter of é-? §§ : S
IINE L cofe [58
Justification 55 5'\: S'&;’E :§ gé $§
<[ SO & ] 5
(5) / (6} /{7) 10 (1D (12}
Project Title/Name X v/ v/ X v/ / X v/
Project Number X / / / / X / /
Originator/Extension X X {/x) o x o 1x o xt Y
Locat ion/Department / v/ v/ v/ / / / v/
|Expenditure Groups X X X / / v/ v/ /
Budget Information / / v/ v/ / X / v/
[Expected Dates Y % / X x | ¢ M X
Type of Justifi.cation('El N.A. |E.§,iF.I.]| E.SJ E.S!E.S.IN.A.,| F.I F.1.}E.5.] E.SIF.I,
Investment Summary N.A. / / / / Y IN.A, / / / A A
|Economic Analysis Summagy N x v v/ x| /I x X X / x! /
|Assumptions MaA L x L/ A A A I X Al Y x 1 x
lSuggested Sources N.A. 4 X / X X A X v/ X X X
A X X X v/ X Al X v/ X X X
A X X v/ v/ X LAl X v/ X X X
Make/lLeage/Buy Optjiong j¥.a. / X / / X X X / X X X
Table X. Project's Letter of Justification
General Xey for All Tables
v included within the form NLE. ot specifiea
b Mot included within tne form AL Not available

ey for Tabie X - Latter of Justification

Zssay type
Fi11-in {including nonquantitative cption)

(a)

L}
4

Table XI summarizes the worksheets. It can be noticed that the
rate of return technique is the most widely used, and the payback
period is preferred over the present worth technigue. o other tech-
niques or indexes are used besides the ones mentioned above.

Only two companies use graphical devices for calculations and
none of them make an explicit sensitivity analysis. Three companies
out of thirteen include inflation factors in the analysis and after

tax analysis is used more than before tax analysis. The tax rate is
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is self explanatory.
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Worksheet £ ,is
I3 @ o)
< 3 < [re}
< < &
(1) ( N ] (5 {8}/ (9) /(100 (111 /(13)
Form Name/Number 4 4 v/ / v/ v/ v/ v/ % v/ v/ v/ v/
Type of Study 2 AT |[ql | BT | AT [BT/AT| AT | BT| AT | BT |N.A.| AT [N.E.|AT
Return on Investment 4 X / v/ v/ / IN.A. / 2 1 Y Y X /
Payback Period X X X 4 / 28 NN 4 /o |nalp Y X /
Present Worth / X X /| X /o|Nn.A X X |n.A /X v/
Other Economic Analysis} X X X X X X [N.A. X X |[N.A. X X X
Includes Inflation X X v/ / X X X X / INA] X X X
Maximum Life Allowed ™| 6 [n.e.] 6] 8 | 5 [10 |ve.| s |10 [ve.|10 h.e [10
Operating Cash Detail X X 4 / / / / / 20 | V.V / /
Expenditure Detail X X 4 4 4 / / / /oA Y / /
Graphs / X X X X X X X X [N.A] X X /
Sensitivity Analysis X X X X X X X X X |N.A. X X X
Discount Rate '°’ X X xi v x| v x| x § x |naf /| x | x
Tax Rate (%) 48 N.E. {N.E.] 48 N.E. | 48 |N.E.| 50 N.E. [N.E.| 50 N.E. |50
Additional Questions N.A. / X / / X X X X / X X X
Amounts in WToe ke T $ |T/S| T $ T $ $ T $ $
Cash Flow Worktable 4 X v/ / Y v/ v 4 v/ X v/ X v/
Input Device () we | ww | ww] ww| Ewi tw | ww| W ew | Ew| EW| EW | uw
Printed Formulas v/ X X /1 X X v/ /1 7/ |N.af X X v/
Printed Factors/Units / X / /1 ox X v/ / / |n.a] x X /
Additional Instructions} X X v/ X 4 X X X / v/ X X v
|E.0.p. 170 © x | x |l /] x Px ol ox | x |wad x| ox |vx

Table XI. Worksheet Summary

ey for Table XI - dorksheet

¢

‘.\a)

AT
8T
a
In
Th

-
i

S
0
HW
™
=2

After tax analysis
3efore tax analysis
Qualitative analysis (questioner)
years
e discount rate has been specified
Thousands
Amounts in dollars, cents omitted
It is optional
Handwritten
Typewritten
Zither way (hand or type written)
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Table XII is a summary of the physical characteristics of the
forms. Most of them are printed on letter size, 8-1/2 x 11 inch,
bond paper or carbonless copy paper (when extra copies are needed).

Four of these forms are in Appendix A.

Physical Characteristic

N

CRO
Pa

6)
Form Title & Number /
Number of Pages 3
Number of Copies/Page N.E. |[N.E
Rep duction (2 P N.E
Size (S) (&) N.A LT LT LT LT T/LG|LT LT LT LT LT LT/LG|LT
paper () N.A. | w/i Jesu | wLNea. w/L Jo/n | w/L bW/ Jo/L |nea. fw/L [e/L
Input Device (& N.A EW EW EW EW | TW EW TW | EW EwW TW EW ™
Distribution Order NAL L x| x s xlx |/ x x|/ el /| /

Table XII. Physical Characteristics Summary

Key for Table XII - Physical Characteristics

fay » Printad AC With carbon paper
Ph  Photocopies included
c Carbon paper rsguirad to resroduce i E:;ggcegaper not
(b) LT Letzer size, 8-1/2 x 11
LG Legal size, 8-1/2 x 14
e} € Colored paper H Heavy paper

A Ahite paper L Light paper
(a) HW Handwritten ’
W Typewritten

EW  Zither way {(hand or type written)
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Calculating Rate of Return and Payback Period Graphically

The two graphical aids for calculating the rate of return
and the payback period are the profitability index method and the
payback plot. The former is based on a method developed in 1954 [22].
It is an accurate and dependable guide which is capable of straight
forward calculations of rate of return for any type of investment.
The latter is a simple, two-dimensional graph in which is plotted
the ratio of the cumulative after tax cash flow divided by the
initial investment. The cash flow is not discounted ([60], p. 404].

To illustrate the use of these graphical aids, consider Example
Problem A (page 5). Recalling from Table IV, the after tax cash
flow using double-declining balance depreciation is:

Year After Tax Cash Flow
0 -150.0
-395.
200.
174.
158.
146.
140.
184.

~NOY O BN~
o O O o O O O

and the initial investment is $450,000.00. Then, different values
for the ratio,

Initial Investment (II)
Discounted Present Worth at i (DPW)

where i = discount rate
are calculated and plotted in the interpolation chart, Figure 5.

At the point where the line connecting the II/DPW ratios crosses the
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vertical line at II/DPW = 1.0, the value of i that makes the initial

investment equal to the present worth is identified as the rate of

return.

INTERPOLAT ION CHART
(PLOT T1/Y RATIO FOR EACH TRIAL)

w

C
~
W

1.¢

o
<

TI/Yn RATIC
INTERSECTING A”
F wn

\

DISC RATEZ
. )
wn
X
3l

(-

0f 5% ing 158 208 258 308 358 40f 45f 50

«L  DISCOUNT RATE ¥
EQUIVALENT RATE OF RETURN %

Figure 5. fGraphical Interpolation to Obtain
‘the Rate of Return.

Note that, in this case, the entire investment outlay is
assumed to take place at time zero; when the investment cash outflows
are over a period of years, the discounted present worth of the in-
vestment is used.

The payback period plot is similarly calculated, but here the
ratio used is:

Cumulative After Tax Cash Fiow
Initial Investment

After the ratios are calculated, they are plotted on a chart,
Figure 6. At the point where the line connecting the plotted

ratios crosses the horizontal line, the payback period is found on

the horizontal axis.



54

N
(-]

o
o]

(o))
(@]
A

~
(e}

CUMULATIVE PERCENTAGE

)
(@]
RN

2 3 41 6 7 8§ 9
YEARS

Figure 6. Graphical Calculation of the
Payback Period.
Note that the cash flow is not discounted in this example.
However, a discounted cash flow payback period is easily computed
when a value for i can be decided upon in order to discount the

cumulative cash flow in the numerator.

Sensitivity Analysis Techniques

As mentioned earlier, one possible error in making economic
analyses is to make an incorrect forecast of future cash flow.

There are many technigues used to forecast. Some of these
techniques are based on subjective predictions, others on historical
records, and others on underlying causes (i.e., models that include
all relevant causal re]ationships)4. But because some factors cannot
always be anticipated, 1ike inflation, there is always a possibility
that the data will be misleading or inaccurate.

In such circumstances, it is convenient to measure the relative

%For more detail, see [23], p. 304-321
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change in the decision parameters while varying one or more critical
factors in the model. This is called "sensitivity analysis". It
is possible to create a proliferation of numbers which will cause
confusion, rather than clarification, for the decision maker.
Therefore, it is advisable to create visual aids to assist the
interpretation of the sensitized data.

One sensitivity analysis technique is the optimistic-pessimistic
approach. Here, one or more variables are changed in a favorable
outcome direction (optimistic) and in an unfavorable outcome direc-
tion (pessimistic). The effects of these changes on the decision
are investigated.

For instance, recalling from Example Problem B (page 8), the
most 1ikely estimates and calculating the present worth on a before
tax basis, for simplicity, a present worth of $491 results. If the
optimistic viewpoint is assumed, the present worth is $4,691; with
the pessimistic viewpoint, the present worth is $-2,950. Table XIII

summarizes these results.

Optimistic Most Likely Pessimistic
Investment $7,500 $7,500 $ 7,500
Salvage Value 50 0 0
Useful Life 5 years 3 years 1 year
M.A.R.R. 30% 30% 30%
Annual Savings $5,000 $4,400 $ 3,500
Present Worth $4,691 $ 491 $-2,950

Table XIII. Optimistic-Pessimistic Approach

However, these are narrow outcomes because the optimistic
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present worth assumes that all variables turn out to be favorable
and the, pessimistic present worth assumes all variables turn out
to be unfavorable. There are ways to make combinations of the
pessimistic and optimistic estimates in tabular form, but if there
are many variables to be analyzed, the matrix becomes discouragingly
complex.

Managers may be interested in exploring the sensitivity of the
decision parameters over a wide range of estimates for one or more
variables, not only the extreme outcomes. An effective way of
displaying and examining sensitivity is to graph it. Figure 7
shows, in a two-dimensional graph, the present worth for each of
the annual savings estimates in the optimistic-pessimistic approach

for a range of possible useful life.
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Figure 7. MNet Present Worth for
Different Annual Savings.
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A graph 1ike Figure 7 has to be constructed for each vari-
able that warrants analysis. A more effective procedure, when a
single proposal is to be analyzed, is to construct a dimensionless
graph. Then, the abscissa is the percentage deviation from original
value, generated by substituting various values for one factor in
the present worth formula, while holding constant the values of all
other factors. The sensitivity graph in Figure 8 reveals that
deviations up to 50% in annual savings can give a present worth

of $3,600, instead of $500.

SEHSITIVITY ANALYSIS. |
PLOT NET PW WHEN FACTORS DEVIATE FROM ORIGINAL ESTIMATES).

90
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60
50
40

0 \Q:fk of reelrm e
= . ’ﬁﬁb Aife
g 1o [~ ==
" 1 =1
5_‘0 _50% -40%1 -308 —o#®-i0f 0% 0% 207 308 d0f 50%
£ 2 .
b s ////

~40 {itfe

PERCENT DEVIATION FROM ESTIMATED VALUE

Figure 8. Sensitivity Graph on the Effects of
Net Present Worth When Factors
Deviate From Original Estimates

The 1life of the asset and the size of annual savings are the

most sensitive factors in the evaluation of the proposal and also are
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essentially uncontrollable. If it is desired to explore possible
combinations of these factors' variations that will make the present
worth of the proposal equal to zero, an isoquant should be constructed.
The isoquant in Figure 9 forms the indifference line that shows
the possible combinations of the project's 1ife and annual receipts
at which the present worth is zero (indifference condition). A
project should be acceptable if the actual combination falls above

the indifference 1line, when other factors are maintained constant

([23], po. 321-326).

25
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Figure 9. Isoauant for Annual Savings
and Years of Useful Life That
Make the Present Worth Equal Zero.
In the case where more than one alternative exists, a sensitiv-

ity analysis for each one has to be performed, changing the same

parameters in order to examine the sensitivity of each alternative
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to a specific factor.

Other types of charts to assist the decision maker have been
discussed in ([34], p.671). A chart is developed to evaluate ini-
tial investment amounts and annual savings. Figure 10 shows a
similar chart assuming the cost of capital to be 12%. For instance,
if the Example Problem B (page 8) is to be analyzed using this
chart, it reveals that for an investment of $7,500, if the esti-

mated useful life is three years, the minimum annual savings required

is $3,100.
10 7/ s 3 yrs .
L1 yrs
; / AL
L1 L]
8 /,/// A ’ d - 5 yrs
~ % [
S 4 L1 pd v d | |
ST 6 yrs
o’ 7 % T -
Z ) P L1 |1
6 7 = [~
3 |1 | |_1+718 yrs
8 % =dp
= / // 1 A L1110 vrs
3’ A » LT LA 1
—4 // /’/ //,z/,z// - 1 L1115 yrs
< L1 11 L1 _+1 1] |
2 L] ] L L1130 yrs
§ 111 - / //C/ /ﬁ/\ /‘// /// Y
' 1 LT 4 >
YRpzZe s E=y 2
% ! L
0 }
o 5 15 10 15 20 25 30
INITIAL INVESTMENT (3'000)
( Cost of Capital = 12%)

Figure 10. Graphical Annual Savings for
a Given Investment

Where several alternatives exist, a chart similar to Figure 10

can be used.
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In [24], a graphical display of useful concepts in evaluating
alternatives is discussed. It is called the Acceptable Investment
Diagram (AID). Figure 11 shows an example.

The Acceptable Investment Diagram is based on the assumption
that attitude toward risk can be defined roughly by two points.

The loss coefficient is the desired probability that the rate of
return will exceed a specified minimum percentage. The other point,
the payoff coefficient, is the desired probability that the rate of
return of an investment will exceed a preselected percentage.

In Figure 11, the loss coefficient is shown as 95% probability
that the investment will not lose more than 5%; while the payoff
coefficient is 30% probability that the investment rate of return
will be greater than 15%. The straight line connecting the two
coefficeints is called the aspiration level. This is a linear com-
bination between the given limits.

The other entries on the chart are curves representing alterna-
tive investment. To illustrate the usefulness of the Acceptable
Investment Diagram two curves are assumed, each represents two
theoretical investments. Project A should be accepted and Project B
rejected because it does not meet the requirements.

(See Figure 11 on following page)



61

|

0.9 \ =
<
0.8 A\
0.7 %% \\ ﬂxs
. {p B
0.6 ‘YIEO,I\/ \ \V CCLPT
0.5 ;} K\
0o ° \
: REJECT N
0.3 \\
- A N
0.1 \\ ‘;\\N
N
0.0 \\q

L v T T 1 T L T
-25-2045 410 -5 0 5 10 15 2025 30 35 40 45 50

Figure 11. Acceptable Investment Diagran.

Trilinear Charts

As mentioned earlier, graphic techniques have not changed much
but they have been adapted to different purposes. The so called
"trilinear chart" or "100% triangle" is a good example.

This triangle is based upon the same trigonometric principles
as are nomographs. The theorem in the trilinear chart is that in
an equilateral triangle, the sum of the three perpendiculars extended
from a point within the triangle to the side of the triangle is con-
stant and always equal to the altitude of the triangle. Since this
rule is limited to equilateral triangles, these types of charts are
>

always made in equilaterals® ([14], p.588).

5Any other triangular form can be used, but the intersection of the
three sets of coordinates becomes less sharp and well-defined. See
[14], Chapter 43.
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Figure 12. Trilinear Chart Theorem

The scale used for the axes of the chart may have any range,
but the customary scale is an arithmetic one, calibrated in percen-
tages and ranging from zero to one hundred percent. Data to be
charted upon it must first be turned into precentages of the total
of the three elements charted. It is an additive chart, the three
elements are combined by addition to form a total.

The classical use of the chart is when interest is not in the
whole but in the proportions of the three elements. For instance,
the analysis of food values in terms of calories of fats, proteins,

and carbohydrates.
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Figure 13. Analysis of Food Values

As far as the author knows, the only attempt to use this tri-
linear chart in capital investment decision problems is discussed in
[27], p. 268-275. Here, the procedure to construct a single triangle
in a Tinear relationship is developed. Figure 14 shows a trilinear
chart that analyzes the relationship among return on investment,
selling price, and raw material price. They are based on a factory

the produces coconut oil at a capacity rate of 7,500 tons per year.
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Figure 14. Trilinear Chart for a Linear Relationship

In Figure 15 a chart with a nonlinear relation case if presented.
The variations of the unitary profit are analyzed as a function of
selling prices and raw material price. An illustrative example
is given. When the 0il selling price is $pesos 6,040 per ton (1),
and the paste price is $ pesos 360 per ton (2), from the base scale
a unitary loss of $140 per ton of raw material processed is obtained
(3). When raw material price is $pesos 1,975 per ton (4) a unitary
profit increment of $90 is obtained (5); therefore, the loss of

$50 is expected (i.e., 90 - 140 = -50).
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Figure 15. Trilinear Chart for a Nonlinear Relationship.

The other application found for these charts is in an adver-
tising brochure of a Mexican bank (Multibanco Comermex s.a.). In
this case, the chart is used to analyze the growth rate in a company.
Figure 16 shows the chart with an example.

(See Figure 16 on following page)
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Figure 16. Graphical Representation of
the Growth Rate.

1. Profit/Sales = 10% Sales/Assets = 100% Return on Investment= 10%

2. Debt Equity = 1 Potential Growth = 20%
3. Dividends/Profits = 50% Growth Rate = 10%
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V. CAPITAL EXPENDITURE ANALYSIS FORMATS

Reports are the most expensive class of paperwork within an
organization. Therefore, it is convenient for time and cost pur-
poses to standardize the report formats. If the format is simple
and easy to complete, the procedure is likely to be efficient and
economical. On the other hand, a format that is difficult to pro-
cess or poorly planned will lead to higher procedural cost and a
higher probability of mistakes.

In this chapter, a form is presented for capital expenditure
authorization analysis that includes possible effects of inflation
and a graphical sensitivity analysis.

A capital expenditure analysis format is designed to facilitate
the decision by providing the decision maker with relevant and
accurate information. The characteristics of the forms designed in
this study are described below in the sequence that they should be
completed.

For identification purposes, a form title and a form number
are given;

Capital Project Authorization, Form Number CPA-1 (Figure 17)

Economic Analysis Worksheet, Form Number CPA-2 (Figure 18)

Cash Flow Worksheet, Form Number CPA-3 (Figure 19)

The physical appearance of the forms is important because the
workers' attitude may vary depending on the design and the process

used to reproduce the forms. It is suggested to print the form set
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on letter size (8-1/2 x 11 inch) bond paper, but for space reasons,
they have been reduced in this study.

Sufficient writing space is allowed for typewriting or hand-
writing. It is advisable to type Form Number CPA-1, because it is
the summary used for authorization. The worksheets are designed
for calculations and data tabulations.

Project identification is common information shared by all the
forms. The project name is given by the originator in a short,
descriptive sentence. The name and extension number of the person
who prepares the forms is given in case additional information is
needed.

The completion of the forms is an interactive process. First,
the worksheets (Figures 18 and 19) are completed by hand and then the
Capital Project Authorization Request form (Figure 17) can be typed
summarizing information generated in the worksheets.

The first step is to define the assumptions on the lefthand
side of the Economic Analysis worksheet (Figure 18). A1l items are
self-explanatory, but care should be exercised with discount rates
and with inflation factors for each of the cost components (labor,
material, and energy). Generally speaking, the nominal rate is the
one that will be known in most cases; therefore, it is necessary to
calculate the real rate using the formula

r=N-1
1 I

where r = real rate, N = nominal rate, I = inflation.

The next step is to complete the Cash Flow Worksheet (Figure 19).



72
Constant dollars (CN$) are dollars that do not include inflation.
That is, these amounts will be at today's prices; therefore, the
most likely to be known. It is enlightening to work in both kinds
of dollars; constant (CN$) and current (CR$) dollars.

To convert constant dollars into current dollars, it is necessary
to multiply the amount in current dollars times one plus the factor
that applies to that kind of prices to the nth power. That is,

Constant Dollars x (1 + Factor)™ = Current Dollars
where n = number of periods after year zero, Factor = inflation rate
that applies.

For instance, to convert CN$ 100.0 in labor costs into CR$, five
years hence, assuming a nine percent per year increase in labor wages:

CN$100 x (1 + .09)° = CR$ 153.86

Also, CR$ can be converted into CN$ by dividing the amount in

CR$ by one plus the factor to the nth power. That is,

Current Dollars = Constant Dollars
(1 + Factor)"

or
Current Dollars x 1/(1 + Factor)"
where n = number of periods after year zero, Factor = inflation rate
the applies.

The present worth for the cash flows is calculated in the last
six rows within the form. It is important to distinguish between the
real rate and nominal rate. The real rate is the constant dollars'
discount rate, whereas the nominal rate is the current dollars' dis-

count rate. In the last column of the Cumulative Discounted Cash
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Flow, rows 20 and T, are the present worths for current dollars
and constant dollars, respectively. These values are entered in
the summary table (Form MNumber CPA-2, lines 1 and 2).

The third step is to calcualte the rate of return on the Eco-
nomic Analysis Worksheet. From the Cash Flow Worksheet (Form Number
CPA-3) the current dollars' and constant dollars' after tax cash flows
(rows 17 and Q) are entered in the "Trail 1" columns (see Figure 20).
Because the discount rate is assumed to be zero, a direct summation
for each column is made and the profitability ratio (Total Investment/
Summation of Cash Flow) is calculated. Two additional present worths
are calculated, discounting the cash flow at 10% and 25%.

Then, the profitability ratios are plotted on the interpolation
chart and connected with straight 1ines. At the point where the line
connecting the plotted ratios crosses the horizontal 1.0 line, the
rate of return is obtained by reading across from that intersection
to the discount rate axis. This value is entered in the summary

table (Form Number CPA-2, lines 3 and 4).

TRIAL 1. & 0%
YEAR CRY [pl3}
-1
4]
]
2
3
3
S
6
7
8
9
10
TOTAY(Y).
Ti/Y

Figure 20. Trail 1
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The payback period is calculated in the fifth step. The cumulative
amount is the summation of the constant dollars column in Trial 1;
when the ratio, Cumulative Constant Dollars/TI, is equal to or
greater than 100%, the year in which this takes place is entered in
the summary table (Form Number CPA-2, line 5). That is, the payout
will occur during this period.

Finally, the senstivitiy of the project is analyzed in Step Six.
The sensitivity analysis is very important whenever uncertainty
exists. In most of the capital expenditure problems, the expected
values assumed have some degree of uncertainty, especially when
inflation is included.

The procedure is simple but cumbersome. The final purpose of
the analysis is to provide the decision maker with a range of pos-
sible outcomes in order to facilitate the decision.

A table can be used to calculate manually the sensitivity of the
project. Since there are several ways to perform the calculations,
no form is included in the Capital Project Authorization set. A
computer program could be developed to calculate the sensitivity for
factors, and from the printout, the graph could be drawn.

The purpose of the sensitivity analysis is to identify the pos-
sible changes in the net present worth when the value of one factor
is varied while the values of the other factors are held constant.
The most prominent factors that can affect the net present worth are
receipts, disbursements, salvage value, useful 1ife, and discount

rate. However, the analyst can determine which factors are the most
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sensitive and analyze just these factors.

The last step is to complete the Request Form (Form Number CPA-1).
Most of the information has been calculated in the worksheets. This
is the form which will be submitted for authorization consideration.
The worksheets should also be sent as supporting documents.

Prior to final authorization, a staff review and approval is
necessary. Only in the cases where additional personnel or layout
rearrangements are needed will approval from the responsible depart-
ment be needed.

The level of final authorization may vary from one organization

to another. In general, the following levels are used:

Project Total Level of Authorization
Up to $10,000 Chief, Requesting Unit
from $10,000 to $25,000 Division Manager

from $25,000 to $50,000 Chief Executive Officer
from $50,000 and up Board of Directors

To illustrate the use of the set of forms, Example Problem A
(page 5) will be used. The data used to complete the forms are

hypothetical.
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VI. EXTENSIONS

To be discussed in this chapter are extensions of analysis
methods for investments that reduce total production cost, particular-
1y when the effects of inflation are incorporated. Also, the
characteristics of trilinear charts and their uses are presented.

A computer program is developed to graph the charts.

Cost Reduction Proposals

The traditional manner to analyze cost reduction proposals,
using the present worth criterion, is to discount to the present
the net yearly savings, at the nominal rate, and subtract from them
the initial investment. That is, with a uniform series of savings;

Present Worth = -Investment + Net Yearly Savings (P/A,i,n)

where i = discount rate, n = periods

However, during inflation periods, a bias may arise because the
net savings does not reflect the inflation. Even if the savings
were considered to be in constant dollars and the real rate of return
was used as the discount rate, considerable deviations would exist.
This is especially true due to changes in the weights of various com-
ponents in the inflation index provoked by the nature of the inflation
function.

In Chapter II it was proposed that production costs be classified
into labor cost, material cost, and energy cost. It was suggested

that they should have their own index because each one will have
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different price change rates.

Cost reduction proposals are no exception; savings should be
increased at the inflation rate of the specific cost component
affected by the investment. That is, an jnvestment will be more
attractive if the savings are produced in a cost component with high
inflation index, than in a component with a lower inflation rate.

To illustrate these concepts, consider the following example.

A new investment of $50,000 will lead to a reduction in Tlabor
cost of $30,000 per year and an increase of $5,000 per year in energy
costs for five years. The components of total production cost are:

Labor cost $ 500,000
Material cost 300,000
Energy cost 200,000
Total cost $1,000,000

Assuming the inflation rates to be constant throughout the
project's Tife and the indexes are known to be:

General Inflations 11%

Labor Inflation 9%
Material Inflation 14%
Energy Inflation 20%

the weighted average inflation rate for the production cost for the

next year will be:

Cost Component Weight Inflation Wx I
Labor Cost 50% 9% 4.5%
Material Cost 30% 14% 4.2%
Energy Cost 20% 20% 4.0%

100% 12.7%
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Assuming a nominal rate of 23% and a rounded inflation rate of 13%,
the real rate must be 10%.
Then, if in the preceding example, the present worth is calcu-

lated assuming the discount rate to be the nominal rate, we have:

Net Present Worth = -50,000 + 25,000 (P/A,23%,5)

-50,000 + 25,000 (2.8035)

Net Present Worth

Net Present Worth = $20,087.00

Now, if the discount is assumed to be the real rate of ten
percent, the present worth would be,

-50,000 + 25,000 (P/A,10%,5)

Net Present Worth

Net Present Worth = $44,769.00

However, the attractiveness of the proposal may vary depending
upon which cost component is affected. For instance, in the example
above, the investment will reduce labor cost by 6% and increase
energy cost by 2.5%. The attractiveness of the proposal should be
different if the investment would, instead, reduce energy cost by
15% and increase material cost by 1.7%, even though in both situations,
the overall saving will be $25,000.

The savings will effectively increase when inflation increases.
Actually, the savings and the cost will be increasing at different
inflation rates. Consider the present situation in the example where
the total cost is increasing for the next five years according to

the given inflation rate for each cost factor.
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Present 1 2 3 4 5
Labor 500 545 594 648 706 769
Material 300 342 390 445 507 578
Energy __ 200 240 288 346 415 498
Total 1,000 1,127 1,272 1,439 1,628 1,845

Assuming the investment is realized, then the labor cost is
reduced by $30,000 or 6% and energy cost is increasedby $5,000 or
2.5%. Then the total cost will be increasing as follows:

Present with

Investment 1 2 3 4 5
Labor 400 512 558 609 663 723
Material 300 342 390 445 507 578
Energy 205 246 295 354 425 510
Total 975 1,100 1,243 1,408 1,595 1,811

If the savings are calculated year by year, the following

results are obtained:

1 2 3 4 5

Total Cost (Present) 1,127 1,272 1,439 1,628 1,845
Total Cost (Investment) 1,100 1,242 1,408 1,595 1,811

Savings (Current Dollars) 27 29 31 33 34

Now assume the investment will, instead, reduce energy cost by
$30,000 or 15% and increase material cost by $5,000 or 1.7%. Then,

the total cost and annual savings would be:
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Present with

Investment 1 2 3 4 5
Labor 500 545 594 648 706 769
Material 305 343 396 452 515 587
Energy 170 204 245 294 353 423
Total 975 1,097 1,234 1,394 1,574 1,779
Savings in
Current Dollars 30 37 45 54 66

Now, consider the situation in which the investment will, in-
stead, reduce energy cost by $20,000 or 10%, reduce labor cost by
$10,000 or 2.0%, and increase material cost by $5,000 or 1.7%. Then,
the total cost and annual savings would be:

Present with

Investment 1 2 3 4 5
Labor 490 534 582 635 692 754
Material 305 348 396 452 515 587
Energy 180 216 259 311 373 448
Total 975 1,098 1,237 1,398 1,580 1,789
Savings in
Current Dollars 29 35 41 48 56

Summarizing in Table XIV, and calculating the net present worth
(the 23% nominal rate of return is used because the amounts are in
current dollars), major deviation in the present worths of the basic

data become apparent.
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Labor 6% decrease No change 2% decrease
Material No change 1.7% increase 1.7% increase
Energy 5% increase 15% decrease  10% decrease
Year Savings

1 $27,000 $30,000 $29,000

2 29,000 37,000 35,000

3 31,000 45,000 41,000

4 33,000 54,000 48,000

5 34,000 66,000 56,000

Net Present Worth
at 23% $34,270 $70,060 $59,600

Table XIV. Cost Saving in Current Dollars
Assuming Different Situations.

Table XIV shows that the investement that will reduce energy
expenses by 15%, while increasing material cost by 1.7%, would be
much more profitable than the situation where labor cost decreases
by 6% and energy costs increase by 5%. Note that in both cases, the
net saving is still $25,000 (year zero constant dollars). A more
realistic situation is where all three cost components are affected
by the investment at different levels; nevertheless, the attractive-
ness of the proposal still differs from the $44,679 present worth
obtained with the traditional procedure.

It is concluded that an investment that reduces the cost of a
component with a high inflation rate is more attractive than invest-

ments that affect components with Tower inflation rates.
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Unfortunately, to recognize this effect in the analysis, the
present worth has to be calculated using current dollars and nominal
rates; thecalculations are cumbersome. When the analysis is done
in constant dollars and real rates are used, a bias exists because
the weighted inflation rate changes each year; therefore, a constant

discount rate is inappropriate.

SENSOR (Computer Program)

Trilinear charts have many uses for presentation and education
purposes. Basic concepts of this chart will be presented with some
illustrations.

The original version of the chart was an additive device in
which three elements are combined to form a single component; the
equation is X + Y + Z = 100%. Figure 13 in Chapter IV (page 60),
shows the chart used to represent the nutrients--fats, carbohydrates,
and proteins--in a component. In the example, milk carbohydrates
are 30%, fats are 52%, and proteins are 18%. The chart can also
be used for subtraction. The equation would then be 1 = X + Y - Z
or 1 = X-Y-1Z. The graphic solution relies on another geometric
theorem. The algebraic sum of the perpendiculars from the side of
an equilateral triangle (or extensions of the sides) to any point in
the slant of the triangle, is constant and equal to the altitude of
the triangle ([14], p.595). The method involves the use of the area

outside the triangle.
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(=x)+y+(=-2)
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Using the scales outside the chart, the equation can be trans-
formed to Y= X+ Zor X+ Y =Z. The procedure to construct a
chart with external scales is simple.

Assume a chart is to represent the equation:

Sales (Y) - Cost of Sales (X) = Earnings (Z)
First, the range of variation for one of the independent variable is
selected. For instance, if the cost of the sales variable varies

from $2,000 to $7,000, then the X Axis can be set as follows:
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Y AX1S
7000 -

2000.

Z AXIS

Then, the minimum (or maximum) value of the other independent vari-
able is assigned to one extreme point on the Y Axis. Consider the

maximum sales to be $25,00C. Then,

2000.

Z AXIS

Now, using the existing relationship between the variables, in
this case a subtraction, the middle point and one extreme point of

the third variable are calculated. In the example, $25,00 - $7,000 =
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$18,000 and $25,000 - $2,000 = $23,000.

Q
S
& AX1S
7000. 4
&
~
2000 .
9 AX]S
2 Vs
o %

Using the middle point value of Z and the maximum value of X,
the maximum value of Y can be obtained as follows:

Y - 2,000 = 18,000

Y = 18,000+ 2,000
Y = 520,000
.
D )
then, S Y AXIS S
&V} v
7000,/
¢
N
S
.\-
2000.
© P
% z XIS 2
> >
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Finally, using the maximum value of Y and the minimum value of
X, the maximum value of Z can be obtained. The scales are divided

for reading convenience (see Figure 22).

SALES
e L L ] ]

*5%3%%%"%%%%%

EARNINGS

Figure 22. Graphical Relationships in the Equation
Sales - Cost of Sales = Earnings.
In the addition case, the procedure would be similar. As an
example, a chart is constructed to represent the following equation:
Working Capital (Y) + Capital Investment (X) = Total Investment (Z)

The completed chart is shown in Figure 23.
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Working Capital + Capital Investment Equals
Total Investments.

Furthermore, the X axis can be on either side of the chart.

However, the values on one axis have to be in the opposite direction.

That is, W.CAPITAL
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By using logarithmic scales, the chart can be made factorial
instead of additive; then, the three elements are combined by mul-
tiplication to form the product. The equations would be C = Log X +
Log Y + Log Z, or in the outside scales chart Log Z = Log X + Log Y
(see Figure 24).

The chart can also be used for division by the use of recipro-
cals. The equation then is Log Z = Log X - Log Y, or Z = X/Y (see
Figure 25).
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Figure 24. Graphical Relationships in the Equation

Sales x Earnings = Earnings
Total Investment Sales Total Investment
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Figure 25. Graphical Relationships in the Ratio

Sales
Total Investment

The chart can also be used for an equation such as the future
worth factor: (1 + i)n. However, the value obtained is not the
factor but its logarithm. That is, if E = (1 + i) and X = n, then

the formula is;

Its logarithm is;
Log F = X Log E
which is in the form of a multiplicative expression. In this form,
the chart converts it into logarithms again as;
Log Log F = Log X + Log Log E
Figure 26 is a chart that represents the relation of interest

and years for the future worth factor.
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(1+ 1)n

Future Worth Factor

Note that as Tong as the scales are correctly plotted, the

For instance, in

labels can be changed to any desired value.

Figure 27, the labels have been changed for the interest values and

for the actual factors; then, the following chart is obtained;
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Figure 27. Future Worth Factor Chart with
Modified Scales.
Note that the scales remain the same, only the values at the
axes change. The axes values can also be converted to percentage
deviations, based on the most likely estimates. For instance, con-

sider the following values for the total investment axis,

50
148
146

44
142
} 40
| 38

36
134
13
L3

-+~

-

Assuming the expected value of the investment to be $44,000, the
percentage deviations can be calculated as follows:
Deviation (%) = (X/Xo - 1) 100
where X = value of the deviation, Xo = value of the most likely esti-

mate.
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Then, the axis' values are

13.6%
9.1%
4.6%
0.0%

| -4.6%

-9.1%

| -12.6%
| -18.2¢%

1 -22.7%
1-27.3%

| -31.82

It is important to mention that these charts are not adequate
for precise calculations. They are useful in conducting a rough
sensitivity within a system. For example, in an economic analysis,
a sequence of charts can be constructed to represent the sensitivity
of the present worth of a proposal as follows.

Assume the present worth of an investment is desired to be

analyzed and the expected outcomes are:

Investment $90,000
Receipts $59,000
Expenses $39,000
Salvage Value $10,000
Useful Life 7 years

Discount Rate 15%

The net present worth is calculated by;
-90,000 + 10,000(p/f,15%,7) + (59,000-39,000)(P/A,15%,7)

Present Worth

Present Worth = §3,027

A sequence of charts can be built, where the sensitivity of the
project can be analyzed. Figure 28 is one possible arrangement that
can be constructed.

It is not a simple procedure because the ranges vary independent-

1y from one type of chart to the other. Therefore, separate charts
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must be built for each situation, in a manner that the ranges are
similar.

When a logarithmic chart is related with a nonlogarithmic
chart, some accuracy is lost because the scales are not necessarily
the same. However, the use of the chart is to analyze how much
effect a change in one of the variables has on the net present worth.
It is not a precise calculation device.

In the chart, some speculation can be considered, such as, what
happens when the useful life decreases by one year and the salvage
value increases by $5,000? With the chart, the guestion can be
answered with some accuracy: Present worth is read as $-8,000,
compared with the calculated net present worth of $-7,827.05 (see
Figure 28).

If the investment is to be analyzed based on deviation from
the most Tikely estimates of the variable involved; the analysis
chart can be changed. Figure 29 represents the same analysis but
the percentage values are deviations from the expected values of the
variables involved. For instance, if the salvage value increases
by 50% of its expected value and the useful life decreases by 14%,
then, from Figure 29, it can be determined that the present worth
will decrease by 133% of its most likely outcome.

Preprinted forms can be used for the nonlogarithmic charts.

For multiplication, division, and exponentiation cases, the charts'
scales will be different for each situation. A computarized plotting

device is useful in this case.
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A computer program was designed to plot the charts. It is
given in Appendix B. The name of the routine is SENSOR. It can
draw, with the use of a Gerber flatbed plotter or a cathodict rays
terminal (CRT) as output devices, five kinds of charts. Figures 22,
23, 24, 25, and 26 are examples of the charts drawn by SENSOR.

SENSOR is generalized format. It will plot the chart but it
will not calculate the values. That is, the inputs required in the
program are the actual number that will appear on the chart.

Figure 30 is the sequence followed when running the SENSOR from a
CRT to obtain the chart within the figure.

Note that the chart has to be calculated prior to the use of
the SENSOR because the input requires the number of values that will
be plotted in the chart as well as their values. This has the
advantage of determining exactly which values are to be included.
Nevertheless, the procedure is long.

For the nonlogarithmic relations, the input is simpler.
Figure 31 is an example of how the data is entered when a subtraction
is made. MNote that the separation of labels can be determined in
the input data.

The program can be modified to have the computer calculate the

values. It can also change the labels for the user's convenience.
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GIVE NUMBER OF UALUES TO BE IN-BASE,SIDE, TOP.(IN ORDER)

? 19,10,10

VUALUES FOR BASE UARIABLE ( FROM LEFT TO RIGHT....)
? 100,90,80,70,60,50,40,30,80,10,9,8,7,6,5,4,3,2,1

VALUES FOR SIDE UARIABLE (FROM BOTTOM TO TOP..... )
?1,3,3,4,5,6,7,8,9,10

VALUES FOR TOP UARIABLE (FROM RIGHT TO LEFT..... )
?1,2,3,4,5,6,7,8,9,10

GIVE VARIABLE NAMES. 1. BASE VARIABLE.
2. SIDE VARIABLE.
3. TOP VARIABLE. MAXIMUM 10 LETTERS
EACH.. NAMES BETWEEN QUOTTATION MARKS.
? _'WEIGHT", *IMPORTANCE", "RATE"

IF TEKTERMINAL. RESET PAGE AND DEFAULT IF
GERBER ONLY...... - ICODE=3,MODEL=4010, IRATE=2400 IF TEK
AND GERBER....ICODE'4,HODEL=4010,IRATE-2400

?ICODE,NODEL,IRATE
RATE

VA VAN

VAR
u{é{»{*/;/:/:/ / hééé.é;’/i KA 4 k4

ES S F Y
WEIGHT

r

30. How to Run SENSOR With a Logorithmic Scale
From a CRT.



GIVE NUMBER OF DIVISIONS ON BASE-AXE (INTEGER)

? 45
GIVE NUMBER OF DIVISIONS SIDE AXES. (INTEGER)
? 1S
GIVE. 1.BOTTOM-LEFT VALUE (BASE).
2. THE INCREMENT FOR THE BASE.(INTEGER)
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3. THE SEPARATION BETWEEN LABELS.(INTEGER) seseesIN

ORDER. ..o ..
? 0,19,5
GIVE. 1.SIDE-BOTTOM VALUE (SIDE).
2. THE INCREMENT FOR THE SIDE.(INTEGER)

3. THE SEPARATION BETWEEN LABELS.(INTEGER) sesessIN

ORDER.......
? 159,10,2
GIVE. 1.TOP-RIGHT VALUE (TOP).
2. THE INCREMENT FOR THE TOP.(INTEGER)

3. THE SEPARATION BETUEEN LABELS.(INTEGER) N—

ORDER.......
? 300,190,5
GIVE UARIABLE MAMES. 1. BASE VARIABLE.
2. SIDE VARIABLE.

3. TOP VARIABLE. mAXIMuUM 10 LETTERS

EACH.. NAMES BETUEEN QUOTTATION MARKS.
? "TOTAL", *SUMMATION®, *WEIGHT"

IF TEKTERMINAL. RESET PAGE AND DEFAULT IF GERBER

ONLY. ICODE=3,MODEL=4014, IRATE=2400 IF TEK AND

GERBER. ICODE=4,MODEL=4914,IRATE=2400
?ICODE,HODEL,IRQTE

WEIGHT
] g 3 8 8 g 8
. -3
° a g o 8 E ]
AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA! 10.00¢

AV AVAVAVAVAVAVAYAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA
AV AVAYAYAVAYAYAYAVAVAYAVAVAYAVAYAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA 30.000
A & B AVAVAVAVAVAYAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA'
&8 &2 AVAVAVAVAYAYAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY =9.000
I 59 A0 45 5 sV AVAVAVAVAVAYAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA
A 8 AVAVAYAYAYAYAVAVAYAVAVAVAVAVAVAVAYAVAVAVAVAVAVAVAVAVAVAVAVAVAY 70.000
IS SSSESEAAAVAVAYAYAYAVAYAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY

NS S S S FAYAVAVAVAVAVAYAVAVAVAVAVAVAYAVAVAVAYAVAVAVAVAVAVAVAVAVAVAVAVA 90.000 ()
ISSSEEEEEELAAAYAYAVAYAVAVAVAYAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY C.
IS S NEEEEGSAAVAYAVAYAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY 110.00 -7,
IS EEEEESE LA AAYAYAYAYAYAYAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY
SO SSNEE G NS EEAAAYAYAYAVAYAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA 130.00 5
ISR EEEEEESAAAAVAAYAYAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAYA A
IS EN NSNS ELAAAYAVAVAVAYAVAVAVAVAVAVAV.AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY 1%0.08 A

o &
AR A A A B A Y A A
TOTAL

31. How to Run SENSOR With a Nonlogorithmic Scale
From a CRT.

z
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VII. CONCLUSIONS AND RECOMMENDATIONS
Conclusions

The objective of this thesis was to analyze the effects caused
by inflation on capital expenditure decisions. Possible ways to
cope with uncertainty were considered. Characteristics of several
engineering economy techniques were discussed. First, the theoreti-
cal concepts for before tax analyses, and then the importance of the
depreciation charges and income taxes were discussed.

Depreciation charges are allowed, by law, to be deducted from
operating profits. Therefore, they are tax deductible. However, the
bases to determine the charges are historical costs and the useful
life is set by the regulatory body guidelines. Among the depreciation
methods allowed by the Internal Revenue Service are the straight line,
sum-of-the-years digits, and declining balance. The last two methods
are preferred because they recover the capital faster.

The existing relationships between inflation and after tax
analyses were discussed. On the basis that inflation is reflected
in neither depreciation charges nor income tax rates, an after tax
analysis is preferred to before tax comparisons.

Because investors protect themselves against anticipated inflation
by increasing their return requirements, a similar and consistent an-
ticipation of trends in the economic studies must be included.

It is possible to do studies either by explicitly calculating
future expenditures and receipts or by combining this calculation with

discounting procedures. The latter approach is more difficult to
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apply because the forecasting of real rates of return is uncertain.
The former is the simplest technique to apply and to understand. For
either type of analysis, a firm must somehow estimate the effects of
inflation of future costs in order to make reasonable decisions
between alternatives.

The analysis of cost trends may be an impartant help in making
the best possible estimate of future costs. Past cost trends are
measured by the use of price indexes. Several government indexes are
available. However, the tendency of a nationwide index, like the
Consumer Price Index, does not necessarily reflect the buying
patterns of a specific business.

Cost partitioning is proposed to create individual price indexes
by dividing the cost into four components: capital, labor, material,
and energy. Since each one will likely be affected by different rates
of inflation, the individualized indexes will reflact more accurate
inflation effects within the organization. It was deomonstrated
that the present worth calculated with factored rates deviates from
the present worth computed with a general inflation rate applied
evenly to all costs.

Preprinted forms for capital expenditure analysis were analyzed
in order to determine the most common industrial practices. It was
concluded that managers like to have as much information as possible
concentrated in one or two summaries. No attempt to include inflation
in engineering economic methods was found. None of the forms had any

kind of sensitivity analysis.
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A new set of forms was designed in order to include inflation
in the present worth criterion as well as in the rate of return
calculation. Within the forms, a cash flow worksheet is included.

It can be worked out with current dollars as well as with constant
dollars. These forms are considered to be easily implemented in
almost any kind of organization where capital investment decisions
are made.

Since the forecast of inflationary trends are quite uncertain,
at best, it is necessary to experiment with ranges of value to ascer-
tain potential impacts. A wide variety of creative and conventional
ways to display quantitative estimates and to conduct sensitivity
analyses are presented. Among them, a graphical device to test the
sensitivity of the proposal is incorporated into the designed set of
forms; it consists of a two-dimensional chart in which percentage
deviations from the most likely estimates are plotted against the
effect caused by these changes in the net present worth, while the
rest of the elements are held constant. The resulting curves pro-
vide the decision maker with information about which elements are
more sensitive to changes.

Possible approaches to include inflation in cost reduction
proposals were analyzed. It was suggested that the inflation effects
be included individually be cost components. That is, when an invest-
ment leads to a reduction in cost, the cost component affected is
more relevant than the net saving produced. As mentioned earlier,

each cost component will be inflating at a different rate. Therefore,
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when savings are produced in a low inflation rate component, the

attractiveness of the proposal will be less than when the investment
reduces the cost of a component with a higher inflation rate. Some
numerical examples were presented. It was concluded that cost par-
titioning gives a more realistic measurement of the net present worth
of a proposal.

However, it is recognized that the computational burden increases
considerably; the only way to accurately include these effects in the
analysis was by use of current dollars and a nominal interest rate
approach.

Fina11y, a graphical technique was adapted to represent capital
expenditure proposals. This technique was originally developed to
analyze the relationship of three elements that form a 100% compo-
nent. Some characteristics of the chart were discussed with numerical
examples. A sequence of charts were constructed to analyze capital
expenditure proposals. It is mentioned that these charts are somewhat
Timited for these types of analysis because of the difficulty in
relating logarithmic scales to nonlogarithmic scales. However, a
chart can be constructed for a standardized range of proposals in

order to analyze, roughly, the sensitivity of small investments.

Recommendations

Extensions. Each of the three primary developments in this
thesis deserve additional investigation.
A short cut method for calculating the effects of inflation

should be explored. Considerable effort was made to develop a
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procedure that utilized a single weighted inflation factor in a one-
step computation for calculating the present worth. The difficulty
with this approach is that the weighted inflation factor varies as
a function of the predominant cost factor in the problem. That is,
over a period of time, the weighted factor tends to approach the value
of the single inflation factor that represents the primary cost
category in the cost reduction proposal. If a single, weighted
percentage could be applied in a constant dollar analysis, much of
the computational burden of the current dollar approach would be
alleviated.

The improved format for preprinted economic evaluation forms
should be sent to industrial organizations to obtain their opinions
about its worth. If they have suggestions, their consensus modifi-
cations should be included in a revised version.

SENSOR. The SENSOR, a computer program developed to assist in
the implementations of the trilinear charts in capital expenditure
analysis, can be modified in order to generate, by itself, more
information. A good advance would be to have the program calculate
all the values for specific ranges in a given sequence of charts.
Also, it would be convenient for it to change the values of the
axes when the information required is different than the actual
scale value. Further analysis to implement this chart in practical
applications in order to improve the utility of the information

available to decision makers would be of great value.
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