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CHAPTER I
INTRODUCTION

It has usually been the prime responsibility of the general
managers of manufacturing plants to increase the rate of return.
:bnce an investment 1s made, it 1s largely irreversible. So the
formulation of an equimment purchase or replacement policy plays
a major role in achieving thelr goal. Since all durable goods are
not like the 'wonderful one horse shay'" -- which lasted exactly one
hundred years to the day, and fell apart completely, all at once =--
the problem of when to replace them i1s a critical one.

The management i1s interested in obtaining the best possible
plece of equimment among the innumerable alternatives availlable
in the market which satisfy their requirements. There is every
likelihood that a wrong one may be selected, when all the aspects
concerning the project are not considered. The proper selection
of equimment 1s, therefore, one of the most important decisions of
management. One of the most helpful tools, in formulating the re-
placement analysis 1s the Economic Cost Model which in many cases
is simply an equation, or a few equations, that represent the re-
lative merits of the equimments considered for replacement. If
properly developed and used, it gives a picture of the many challeng-
ing alternatives. (16) Based upon the cost model, the management

can make proper decisions.



REASONS FOR EQUIFMENT REPLACEMENT

There are many reasons why an equipment should be replaced
in manufacturing industries. (5, p. 183) First, improved machines
operating at lower costs may be available in the market for per-
forming the same Job. Second, the type and service requirement of
the existing facility may vary or change. Third, the asset 1tself
‘may be deteriorated due to wear, tear and lack of maintenance.
Fourth, the public requirement may change and the equipment may
not be able to produce a product to meet the needs. Last, causes
such as fire, flood or accident may result in rapld deterioration of
the equipment. All these factors contribute to the replacement

of machines.
CONSEQUENCHS OF BAD EQUIFMENT POLICY

The éffects of failure to recognize the importance of replace-
ment policy hawe been pointed out in history. ©Probably the best
"11lustration is the case of Great Britain after-World War II. It was
generally believed that Britain would modernize its industries soon
after the war but it did not; and ended up in a technological stag-
nation. The British Government sent several task forces into various’
industries to look into the existing facilitles, organizations and
operating facilitles in order to increase productivity. A typical

comment from "The Economist" (London) of March 10, is given below:

(11, p. 8)



The public has in recent months weked up to the fact that
the whole wealth-creating mechanism of British Community is badly
in need of a drastic overhaul. -Several of the basic industries--
one is tempted to say most of them--are badly out-of-date in their
-productive equimment and methods. .An hour of work in Great Britain
produces less in material product, .relatively to other countries,
than it used to and less than it will have to if the British people
are to keep their place among those with high standards of living.

-The following report was published by-the Report of the
-Working ‘Party on Jewelry and Silverware:

It i1s necessary if the trade is to enjoy robust health, that
firms should be ready and keen to rebuild, renovate, and re-equip
at each stage of progress as soon as it becomes commercially. practi-
cable to do so; in our opinion, that a change of policy is overdue,
and devote itself whole-heartedly to the fulfillment of a rebuilding

and re-equipment plan such as would put the whole industry on a
thoroughly modern basis. (11, p. 10)

_METHODS OF DETERMINING RELATIVE MERITS OF ALTERNATIVES

‘In determining the relative economy of the potential invest-
‘ment, .a measure of return for each of the alternatives should be
calculated. For computing the relative rate of return on invest- i
ments, . various methods are in existence. Five major methods are

‘considered in the present study for determining the relative merits

of alternatives.

JAccounting Method
The rate of return is calculated, .in this method, by dividing

‘the income by the book value of the asset at the beginning of the

year.



. Payback Method

This 1s based on the speed with which the invested funds are
returned to the business. .It 1s in a sense the reciprocal of the

Accounting Method.

-Annual Cost Method
| This method provides a uniform annuel cost of the asset dur-
ing the service life of the equipment, by bringing all relevent
costs into the present worth and then spreading thelr total uniformly

through 1ts life period.

Rate of Return Method

This method is also called the Discounted Cesh Flow Method.
This method can be used with either Present:Worth or Anmual Cost
calculations. .This method ylelds the exact rate of return on in-

vestment.

MAPI System
The MAPI System based on the use of various charts is designed

to cover all types of Caplital Budgeting Decisions, including Replace-
ments of Equimment. .It was developed by the Machinery and Allied
Products Institute (MAPI), the ploneers who emphasized the need for
systematic replacement studies.

‘The purpose of this study 1s to review and compare these
systems, giving emphasis to the MAPI System. The following

Chapter II, embodies the necessity of allowing for depreciation of
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assets. All of Chapter III is devoted to the history, development,
and practical application of the MAPI System. Chapter IV explains

in brief, the other four methods of comparing alternatives. Chapter V
evaluates the pros and cons of the MAPI System, compared to other

systems.



.CHAPTER II"

DEFRECIATION AND OBSOLESCENCE

Depreciation

The word depreciation has different aspects. .Considered
in a wide sense, it also includes obsolescence. »Generally,_
depreciation measures the amount by which the Yalue of an asset
declines through time. ,In some cases the decline in value can be
prevented to a certain extent by continuelly re=-investing in the
asset to replace what is lost. Bulldings and bridges can be kept
usable for a long time in the same way. But most of the industries
deteriorate in due course and portions of the asset may be consumed
in process of use with the following results:

1. PFPhysicel yield may decline for the agset.

2. .The asset may become more costly to operate be-

cause of the frefuent breakdowns involved. Or to

prevent such breskdowns, costs may be increased.

Obsolescence

The above mentioned considerations cover both depreciation
and obsolescence. Obsolescence can be defined as the loss in
value which is due to the competition of new inventions such as
the- automobile, which displaced the hgrse and buggy and likewise the
inter-urban railways. In the case of machines, changes in design
or improvement of the product demand: a different machine. Due to

these effects of obsolescence, the value of the present equipment

6



goes down considerably.
_PURPOSE OF MEASURING DEFPRECIATION

Depreciation is used.for various purposes. J.-L..Meij (8)
indicates four different aspects:
1. In order to compute tax-liability.
2. To decide the value of the asset in the second
hand market.’
3. To decide the percentage of gross profit.

4, To .fix the price of the product.

Tex Liability
More write-off in the initiel period reduces the tax, and

more return in the initial periods, increases the overall rate of
return because the manufacturer gets to use hls money longer before
turning it over as taxes. It also allows for more working capital

for the manegement, soon after the heavy investment is made.

Veluation of Assets
While considering the resale value of the asset, the differ-
-ence between the original and the present measures the depreéiafed

amount.

Calculating the Net Profit

During the use of the machine,:parts of the machine are con-

sumed by the products manufactured. .It must be replaced by another



machine to continue the function, as soon as it becomes useless.
So depreciation allowances are included while calculating the re-

turn on investment.

Price Policy

In the majority of cases prices are fixed by exlsting market
conditions. In the case of articles with marginal profit the manu-
facturer 1s restricted in the amount for depreciation he can take,
yet the amount should be shown on the books.

All these above-mentioned factors should be considered, albng

with obsolescence when the amount for depreclation is allotted.



CHAPTER III : :
MAPI SYSTEM - HISTORY AND DEVELOPMENT

The M;chinery and Allied Products Imstitute (MAPI) was origina-
ted in 1933. Since then the organization has been interested in
problems and policies concerning the capital goods industries such
as depreciatien policy, the impact of taxation, and the effect of
technology on employment and living standards. The institute pub-
lished ebout thirty papers in the series emphasizing the importance
of these policies-in industries.

The paper '"Saving and Investment in American Enterprise
System" presented before the Temporary National Bconomic -Committee
analyzed critically the theory of economic maturity. -This paper
attracted the attention of commercial organizations and capital
goods industrialists. .Meanwhile the paper gained educational value
and was introduced in colleges. They produced great demand for
pamphlets and the institute was not able to meet the unexpected de-
‘mand. (11, p. v)

Soon after World War II the institute published a book named
"The Bogey of Economic Maturity, " with George Terborgh as research ‘
director. -The book was followed by a series of bulletins and pamph-
‘lets, such as "Investment  Ezrnings vs..-Cost Savings in Machinery
Replacement" and "Capital Goods Industries and Tax Reform." (11, p. Qiii)
Another publication analyzing the industrial -stagnation in Great Britain

kindled the interest of many industrialists towards. -MAPI concepts.

2
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The institute published the book '"The Dynamic -Equipment
Policy" in 1949 which was concerned with the re~equipment po;icies
in industries. -The manual was followed by a general gulde to a??Li- :
cations called "The MAPI Replacement Manual." In 1954 the 1nst£éﬁte
published the book 'Realistic Depreciation Policy" which analyzea
‘the purpose and amount of depreciation allowances to be allowed.

The short-comings of the book "Dynamic - Equipment-Policy"
underwenf-vivid criticism by various authors. The result was the
refinement and development of the formula. .This in turn led to
the publication of the book 'The Business Investment Policy, " in
1958.

.Having briefly described the history end development of MAPI,
the rest of this chapter is concerned with the practical application

of the MAPI System. The following discussion deals with scme of the

terms often encountered in the study of the MAPI System.

.MEANING OF THE TERMS USED

One More Year

Unlike other methods, the MAPI System measures the urgency of
the project compared with going on without i1t for one more year. .It
deriveé-the after-tax return on the net investment in the project,

as compared to the alternative, for the coming year.

.Capital Consumption

As an asset ages, 1ts capital value decreases through deteriora-

tion, obsolescence, increased maintenance cost, and decreased
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performance. The capital consumption 1s the decline in the present
value of the asset. The capital consumption value for the first
year 1s the difference between the value of the asset at the beginn=-
ing of the first year and at the end of the first year. The capital
value at the beginning of the year is its initial cost. The capital
value at the end of the year i1s the initial cost plus the interest
minus the earnings obtained from the project. Therefore the capital
consumption can be obtalned from the first year earnings after deduct-
ing the interest, taxes, and return on equity capital. This may
also be stated as the cost of utilizing the machine for one year.
The capital consumption allowance can be calculated by using the
MAPI formula.

The formula concerns 1tself with the next year costs of the
exlsting facilities and the proposed one. .It also has built into
its basic formation a compensation for the effect of future technol-
ogical improvements. Obsolescence and deterioration reduced the
estimated annual savings of the proposed equipment every year, over
the life of the equipment.

In order to projJect a particular pattern of earnings for the
purpose of determining the capital consumption of the asset, Terborgh
has made the following assumptions:

1. .The initial value of the asset as 1its cost.

2. The rate of discount at which the services are

capitalized into their initial value.

3. Continuation of the assumed rate in the future.
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The calculation of the capital consumption is deait with later.

As we have already discuseed, it is hardly possible to pre-
dict the effect of obsolescence 1in the case of new asséts. It is
random in neture. Usually, the effect of obsolescence is more during
the earlier part of its service life. .In contrast, since deteriorat-
ion i1s & ‘function of the workability of the msset, 1t 1s-less in
initial cases and increeses 1n due course. .It is considerable in
the ‘latter part of the asset's life since the mmintenance charges
and spoiled-work increase. during this period. This counter=-balances
the effect of obsolescence.

Due to thie reason, it is assumed by Terborgh (13, p..69) that
the combined effect of obsolescence and deterioration is constant

during the service life of the asset.

Functional Downgrading

When & machine is new it 1s used to perform precisional work.
As, the machine gets older, accuracy is lest. .It is finally allotted
fo‘work which require low grade services. In many cases it 1s possible
to reduce the effect of obsolescence by utilizing the services of the
machine in .low grade work. .It extends the service-pertod of the
equimegt, In the absence of this downgrading, if we assume that the
reduction in annual savings, (run off) would proceed at a constant

1

rate, then the presence of which will produce a concavity.in the pro-

Jection patterns of earning.
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Projection Patterns
In order to determine the pattern of absolute earnings of

depreciable assets ‘in the future, Terborgh suggests three kinds of
‘patterns. These patterns show the-declining trend of earnings over
thé'eetimated life of the equirment. .The earnings ar§ measured as
‘the proportion of the total li¥e time run off of the asset. They
are shown in the Figure 1, assuming the salvage of the equipment

as zero.

+8tandard. This type consumes exactly half of its life time
run off capital, during one half of its life., .It has a constant
rate of run off accumulation of obsolescence and deterioration, as

shown in the figure.

- Yeriant A, This pattern consumes one=third of its life time
run off, during the first half of its life.

Yariant B. ‘It consumes two=-thirds of its life time Tun off,
during the first half of its life.

.In practice when the obsolescence and deterioration are the
major factors of consideration, '"Standard" type is used. .If the
effect of obsolescence is predicted to be slow in early life dut
vill speed up as time goes on, "Variant A" is adopted. If the
effect of vhich is predicted to be rapid in early years with a sub-

sequent slow up in later period 'Variant B" is taken. Also when=



L

Percent of STANDARD
Initial 1O e
Amount ria
1/2
>0 |
Projected
Earnings
50 0
Per Cent of Service Life Expired
Per cent of 100 VARIANT A
Initial f '
Amount 1/3
0
Projected5 L
Earnings
50 100
Per Cent of Service Life Expired
Per cent VARIANT B
of Initiaioo
Amount
2/3
50
Projected
Earnings
0] 50 100

Per Cent of Service Life Expired

FIGURE 1

MAPI Formula Earnings Projections Assuming

Zero Terminal Salvage
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ever the effect of functional downgrading is foreseen, 'Variant B"

is adopted. .If the patternm for a particular equipment can be pre-

dicted in advance, anyone of the suitable patterns can be proposed.

The three projection patterns -presented are mathematical

curves which make it feasible to calculate capitel consumption, if

. the following stipulations are furnished. (13,.p..71)

L,
5.
6.

Te

8.

The proJjection pattern

The estimated service life

The estimated terminal salvage, as a percentage of thé
cost of the asset

The essumed income-tax rate

Depreciation method used for income tax purposes

The debt ratio (ratio of the debt to total investment)

The interest rate on borrowed capital

The after-tax return on equity capital

Terborgh has derived formulas for calculating the capital con-

sumption as a ratlo to the first cost of the asset. (13, pp. 221-

232) He has calculated a series of values assuming different years

of service life and terminal salvage ratio. He has presented them in

chart form for each of the three projection patterns of earning. The

charts are built for a debt ratio of 25 per cent, interest rate of

3 per cent oh borrowed capital and after-tax return of 10 per cent
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on equity capitel. There are two gets of curves in each chart,
one for straight line tax depreciation method and another for sum-
" of-digits or double-rate declining-falance method. These charts

give the "capital consumption allowance'" of the equimment for the
next year. The reason why it 1s indicated as capital consumption
allowance instead of capital consumption is explained under the
heading 'The MAPI Charts."

Since these charts have assumed in their calculations the
Items 6 to 8 in the above mentioned list, only the first five items
are necessafy for calculating the capital consumption allowance.
.An example is 1llustrated for finding the same for an asset=--given

the following stipulations:

The projection pattern Variant A

The estimated service life Ten years

The estimated terminal salvage 20 per cent
Income=-tax rate 50 per cent
Depreciation method V Sum-of-digits method

The Figure 2 is drawn for the assumptions given there itself, for an
income-tax rate of 50 per cent. .Therefore, from the Figure 2, the
capital consumption allowance as a percentage ratio to the first

cost of the asset is 3.1.
- ASSUMPTIONS ‘MADE IN BUILDING THE MAPI CHARTS

It is important to keep in mind that these charts have assumed
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Per
Cent
Projection Pattern: Variant A
Sum of Digits Tax Depreciation
10 method 10
Salvage Ratio: 20 Per Cent
4
5 1 5
0 : 0
5 10 15 20 25 30 35 Lo

Period of Life
FIGURE 2

MAPI CHART
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in their basic formation, a debt ratio of 25 per cent, a debt in-
terest rate of 3 per cent and after-tax equity return of 10 per
cent. (13, p. 78) This combination yields a capitalization rate of
8.25 per cent (.75 x 10 4 .25 x 3).

-Since most of the companies fall under the catagory of 50
. per cent income tax, the charts are built for 50 per cent income
tax rate. For any other income tax percentage adjustments can easily
be made by following the directions given in the charts. (13, Pp. .121-
125) |

The same curve is used for both sum-of-digits and declining-
balance methods, in calculating the percentage ratio of capital con-
sumption allowance. .Terborgh has proved in Appendix H (13, pp. 2l2-
243) that the error produced in making this assumption is negligible.

.The following discussion deals with the simplified application
of the MAPI Form (Table 1, Page 35. ) as presented in the book,
Business:Investment Policy. The items which are self-explanatory
are excluded from discussion. A problem.is also illustrated at the

end of this chapter using the MAPI Method.
I. REQUIRED INVESTMENT

‘Installed Cost (Item 1)
In addition to the cost of the equipment, installation and
transportation costs should be added. If the existing facilities

were also affected by the installation of the new item, then the
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expenditure involved should also be included here.

Disposal Value of Assets to be Retired by Project (Item 2)

A reasonable value of the salvage for the retired assets

should be entered here.

Capital Additions Reguired in Absence of the Project (Item 3)

Line 2 covers the investment released by the project, where-
a8 Line 3 concerns investment avoided by it. The new building
might have prevented the rebuilding of the existing equipment.
These items should be added here. "If you have an entry on this
line, be sure the operational analysis of Section II reflects the
benefit of the assumed capital additions to operation in the absence
of the project." (13, p. 107)

The capital additions may replace certain facilities. In that
case the cost of down-time, etc., should also be considered and added

to the cost of addition themselves.
ESTIMATING THE ANNUAL OPERATING ADVANTAGE

In calculating the annual operating advantage of an equimment,
all relevent factors should be taken into account, giving careful
consideration to all irreducible and intangible items. -Converting
everything into dollar figures enables one to figure out and com-
pare the relative merits of alternatives. For doing this a system-

atic approach i1s essential. .As a convenlient way to serve this pur-
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pose, though the form may vary according to the project for which
it is belng used, Terborgh has suggested a Summary of Analysis Form

which, hereafter, will be called the MAPI Form.
II. NEXT-YEAR ADVANTAGE FROM PROJECT
A. OPERATING.ADVANTAGE

Assumed Operating Rate of Project (Item 6)

Careful consideration should be given to this item. It is
the estimated operating rate of the projJect to be installed. It
should not be confused with the operating rate of the plant. In
doing so, all works that can be advantageously done by the new mach-
ine must be teken into consideration so as to yleld maximum bene-
ficial use to the project.

When the operating rate of the proJject is very close to
that of the plant, it can be taken as the plant's rate itself. For
example, suppose the plant rate of the projJect 1s two thousand hours
per year. If the estimated future relation of the project hours to
plant hours i1s 75 per cent, the plant rate i1s then fifteen hundred
hours. When the operation rate of the plant and the project rate
vary considerably, the lower one 1s taken for calculation purposes.

The following analysis, "Effect of Project on Revenue" is in-
tended to figure out the effect of project on revenue as distinguished
from its costs. Items T and 8 deal with the estimated decrease or

increase in sales. In this case, the expansion of sales by the pro-
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Ject should also be teken into account.

Chenge in Product Quality (Item 7)

The effect on sales due to the change in product quality re-
sulting from the project, should be noted here. In most cases the
proJect will result in increased sales. Occasionally, due to

economic production runs, it may also decrease.

Increased Output (Item 8)

The resultant benefit to sales, due to the effect of the
new project, should be entgred. Obviously it is the net change
in sales from ali suéh shifts in the volume and composition of out-
put. If this projecé increq?és the sales of some other proJjects, it
should also be néte&;

The following section, "Effect of Project on -Operating Costs, "
deals with the calculgtion of the total effect of the proJject on
operating costs; Ef tﬂe projJect is a .part of the existing business,
it is necessary to include its indirect effects, in addition to the
direct effects.

For example, the project may divert or free a part of the time
of the existing facilities. Then the estimated savings must be
teken into account. In addition to this, savings concerning the
direct and indirect lébor costs should be estimated, by studying
the representative sample of operations, and the expected pattern

of mix of work in the future. Effect of each of the items should

be calculated and totalled even though they may be rough estimates
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sometimes .

Direct Labor (Item 10)
All payroll costs such as overtime shift premiums and bonuses
should be included. Since the estimate covers an entire year, the

cost of paid holideys and vacations should also be added to it.

Indirect Labor (Item 11)

This line calls for every labor expense except the direct
labor involved. .If the particular project affects the labor cost
of generel administration, sales or purchase, the amount should be
entered here. Item by item estimates of the actual gain or loss in-
curred must be calculated. .The application of accounting burden

rates to the changes of direct costs should not be used.

Fringe Benefits (Item 12)
The effect of the project on all employment costs which are

not covered in the Lines 10 and 11, such as social security pensions,

insurance, profit sharing, etc., should be considered here.

Maintenance (Item 13)

This item represents the ordinary maintenance only. Costs
such as rebuilds and reworks should not be included here. .It may
occur irregularly in the life time of the equipment and therefore
difficult to predict. Generally the new machines require a routine
preventive maintenance charge only. .The o0ld machines will be

worn and the maintenance cost will be considerable.
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Tooling (Item 1k4)
The total expenditures for tools, Jigs and fixtures are uneven.
An average amount of requirement should be estimated from past exper-
ience. Tools that last longer can be taken as future capital addi-

tions.

Supplies (Item 15)

If there is any difference in the consumption of supplies,
such as oill, saw blades, etc., the total value should be entered

here.

‘Scrap and Rework (Item 16)

All the spoiled work should be considered here: If rework can
be done, the cost of which should be estimated. If it is to be con-

demned, "teke the cost of replacement, less scrap value." (13, p. 99)

Downtime (Item 17)

This relates only the cost of interrupted production. In some
cases, the effect of an outrage can be minimized to a certain ex-
tent by moving the substitute material to the spot immediately.
When a substitute is not possible, it may be very costly. The
best method is, to estimate this expenditure, to count them in

terms of annual cost of risk or hazard.

Power (Item 18)
The difference between the next year power requirements of the

proJect with the new equipments and without them should be con-



sldered; it shouldbe converted in terms of dollars.

Floor Space (Item 19)

This 18 quite a common item, wheneQer projects are installed.
This item should be taken into consideration only when the released

space 1s used for some other purpose.

Property Taxes and Insurance (Item 20)

The increase or decrease in property taxes due to the new pro=-
Ject should be entered here. AdJjustments should not be made for
!
income tax purposes here. The MAPI Form does 1t later.

- Bubcontracting (Item 21) |

4

The increase or decrease in income due to subcontracting sﬁould
be entered here. Incidental costs for subcontracting such 'as super-
vision, inspection, transportation and return expenses should also be

included.

Inventory Costs (Item 22)

The decreaese or increase in the inventory limits due’ to the
new proJect should be credited or debited accordingly. Operating
costs such as.storage, handling, recording, etc., should also be
entered. If any of the items were already taken into accoupt, double

t

counting should be avoided.

Safety (Item 23)

A reasonable estimate of the benefit due to the increased

]
?

i
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safety of the new project should be estimated.

Flexibility (Item 2k)
This 1s another item often disregarded. An approximate esti-
mate of increased or decreased flexibility should be made and con-

verted into dollar value.

Other (Item 25)
This is a catch-all for items not listed. 'Take a good look

around before you pass it up." (13, p. 100)

B. NON-OPERATING ADVANTAGE

Decline of Disposal Value During the Year (Item 30 A)
A reasonable amount by which the disposal value of the exist-

ing equipment will decline during the next year should be estimated.
No attempt should be made to adjust for tax effects in this line.

It is done later by the MAPI Form.

Next Year Allocation of Capital Additions (Item 30 B)

The capital additions of Item 3 should be divided by the
estimated service life of the asset replaced. For example, if the
life 1s estimated to be three years, one-third of the amount of

the Item 3 should be entered here.

ITI. COMPUTATION OF MAPI URGENCY RATING
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Total Next Year Advantage After Income Tax (Item 32)

This item 1s self-explanatory. For example, if the Item 31
shows six thousand dollars and i1f the apﬁlicable tax rate is 50 per

cent, then the entry in this line is (6000 - 0.5 x 6000) $3,000.

MAPI Chart Allowance for Project (Item 33)

This item 1s also self-explanatory. It 1s the figure in

!
the column '"F" of the table following the MAPI Form.:

Amount Available for Return on Investment (Item 34)
This is the difference between the Items 32 and 33. It is

the amount avallable as return on investment.

MAPI Urgency Rating (Item 35)

It measures the urgency of the project as compared with going
on with out the new project for one more year. .The urgency rating
derives the next year after-tax return on the net investment. 1In
consldering the net investment required for the proJject, i1t deducts
the salvage value of the o0ld asset as well as the next year capital
consumptions avoided by the new project, from the totael investment
required to install the project. It can also be called the next-
year relative return on net investment. The next year relative
return can be calculated from the following stipulations.

A - Net investment

B - Next year Operating Advantage

C - Next year Capital Consumption Avoided

D - Next year Capital Consumption Incurred
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E - Next year Income Tax Adjustment

Next year Relative Return = B+C - D - E
A

This can be best illustrated with the example followed.

Example of Next Year Relative Return

A project costing eleven thousand dollars makes it possible
for the disposal of the old equipment of worth three thousand dollars.
The estimated next year operating advantage is five thousand dollars,
end the expected decline in disposal value of the asset (old) is one
thousand dollars. The salvage of the project after one year is
estimated as nine thousand five hundred dollars. Assume debt ratio
is 25 per cent, interest rate on borrowed capital 1s 3 per cent,
life of the projJect ten years, salvage value of the new equipment
10 per cent, income tax rate 50 per cent, and sum of digits tax
depreciation method for this problem.

B - $5,000 c - $1,000
A - $8,000 D - $5,000
E - Next year income tax adjustment

An operating advantage of five thousand dollars will increase
the income tax by (50 x 5,000) = $2,500. The disposal of the exist-
ing asset will redtgg the capital consumption deduction by one thou=

sand dollars and the interest deduction by (.03 x 3,000 x 2§)u $22.50.
100

This combination increases the tax by 0.5 x (1,000 + 22.5) = $511.

The proposed project will bring new deprecation deductions of
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(11,000 x 10 ) = $2,000 (first year sum of digits depreciation) and

55
nev interest deductions of (0,03 x 11,000 x_25) = $82.5, with a com-
100

bined tax savings of 0.5 x (2,000 + 82.5) =-$1,041l. This can be

sumnarized as follows:

Tax Increase Tax Decrease
From the operating advantage $2, 500
From disposal 511
From eqpisition of new project $1,041
Total $3,011 $1,041
Net Increase 1,970

Therefore the after=tax

000 4 1,000 =1,500 =1,970
,000

relative rate of return

31,625 Per Cent

Interpretation of Results
By the additional capital of eight thousand dollars it obtains

an operational advantage of five thousand dollars. It avolds capital
consumption of the old equipment by one thousand five hundred dollars
and results with an increase of one thousand nine hundred and seventy
dollars. Substituting this value in the formula, it ylelds the next
year relative return as 31.625 per cent.

So if all the five items of information were given, the next
year relative return can be calculated. The next year capital con-

sumption is difficult to find. This amount can be calculated from
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the MAPI Formula, as indicated already.

How the Calculations are Accommodated in the MAPI Form

It should be clearly understood that the MAPI Form does not
exactly follow the equation but it arrives at the same answer by
simplified computations. A, B, and C can be obtained from the MAPI
Form; Lines 5, 29 and 30, respectively. D and E are not shown in

.the form. The following discussion is poncerned about the MAPI

Charts.

MAPI Cherts
As previously discussed under the heading "Next Year Income
Tax Adjustment, " the net change in income occurs due to the following
two reasons:
1. Next year operating advantage and avoidance of next year
capital consumption.
2. Tex savings from the next year deductions added by the
project.
The first deduction takes place in the Line 32 of the form.
The second deduction takes place in the Line 33. So it is clear
from the above discussion the MAPI Charts are designed to yield the
excess of the next year capital consumption over the -income tax sav-
ings from the next year deductions added by the asset, for depreciat-
ion and interest. Thus Terborgh has simplified enormous amount of

calculations with the help of the MAPI Charts.
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AUTOMATIC SCREW MACHINE PROBLEM

A proposel 1s made by the equipment analyat to purchase four
Jack & Jack Screw Machines similar to the present equirment except
that they have an automatic attachment., It i8 believe” that the pro-
posed system should be able to meet the future requirements fully.
The maufacturer has quoted a price of fifty-five thousand two hun-
dred and twenty-three dollars for the cap, slides, rear drill and
burr attachments. Bhipping and installation charges are estimsted
at eight hundred and forty=three dollars and four hundred dollars
respectively. The present after-tax diesposal of the old equipment
is five thousand dollars.

Before selecting the project, the analyst investigated the
poseibility of rebuilding the present equipment. The cost of new
sutomatice was obtained as twenty=-three thousand six hundred dollars
from some reliasble sources. Because of its specialized character, the
0ld equipment will heve zero salvage at the end of its life; the

" benefit of fester RFM is not obtained in this case.,

Btipulations
Broject Operating Rate of sixteen houres

per dey for two hundred and forty days

of four machines 15,360 hours
Projection Pattern 8tandard
Bervice Life 15 yeers

Terminal S8alvage Rate 50 per cent



31
Tax Depreciation Method Straight-line

Tax Rate 50 per cent

Installed Cost of the Project

Price of the machine $55,923
Freight cost 843
Installation cost ‘ " 400

$57,166

Direct Labor

The decrease in labor cost is obtained two ways:

l. Due to increased efficiency of the machines alone

2. Overall efficiency of the department

In the past, each operator was looking after an average of

four lathes. Now it has been estimated that an operator can look
after five new machines. This amounts to a labor savings of 25 per
cent.

1. Based on the information of the representative, the pro-
ductivity of the new machine is increased to 150 per
cent. The products now being run on six machines can
be run on four machines. .This saves one-half operator
per shift per day, or two one-half operator per day of
two shifts. The savings can be calculated as follows:

Base rate $2.40 per hour
Savings for a year = 2b0 x 16 x 1/2
= 1920 hours

Amount saved per year = 1920 x 2.40
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= $4,608.00
2. In addition, for the past six months an average of four
and one-half persons were working in the department.
An increase in labor productivity of 25 per cent, will
relieve one full person, at two dollars and forty cents
per hour, resulting in the following labor savings:

Total number of hours

saved = 1920
Amount saved = 1920 x 2.40
= $4,608.00
Total direct labor
savings = $4,608 + 4,608
= $9, 216'.00

Indirect Lebor

For the first six months of the year, an average of five set~-
up men were working in the department. Based on three set-ups per
shift per man, there were fifteen set-ups on twenty-one machines.
-This amounts to 15/21 or seven-tenths set=-ups per machine day.

The new machines are'expected to work at 150 per cent rate
of the old machine. Therefore, set-ups required per day machine

= 1.5x .T a 1.05.

It is also estimated that new machines will reduce the

set-up time by 25 per cent. On the basis of a set=-up time of 2.67

hours for old machine, the set=up time for the new machine is two hours.
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Set-up hours per day for six old machines= 6x.Tx2.67= 11.2 hrs.

Set-up hours per day for four new machines = 4x1x2= 8.0 hrs.

Savings in set-up hours per day

Amount saved for a year at $2.40 per hour

labor = 2.65x3.2x240 =
$2,035
Maintenance

The maintenance cost for the first six months of the year was:

Labor $4,325
Material L, 481
Total $8,806

Annusl maintenance cost = 2 x 8806 = $17,612
Seventy~five per cent of the total maintenance cost was
spent for this department of twenty-one machines,

Maintenance cost per machine = ,75 x 17,612
21

= $630
The new machines require only a preventive maintenance sum
of fifty dollars per machine for the first year. Based on the

calculations, savings can be figured as follows:

For old machines = 6 x 630 = $3,780
For new machines =4 x5 - 200

Annusl savings §§!280

11.2-8.0= 3.2 hrs.
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During the first six mcnths of this year, the scrap and re-
work averaged three hundred dollars for each machine. An estimated
savings of 50 per cent will yleld an amount as follows:

Cost of rework in old machines = 300 x 6 = $1,800

Cost of rework in new machine =« 150 x 4 = $ 600

Net savings in rework = 1800-600= $1,200

Fringe Benefits

Twenty-three per cent of labor is spent on fringe benefits.

Direct Labor $9,216
Indirect Labor 2,035
Maintenance Labor 1,790
Rework Labor 1,200

$1k4,241

Savings = .23 x 14,241 = 2,266

Results of Anslysis
Installed Cost (Line 1) $57,166

Net Investment Required,

(Line 5) 28, 566
Next=-Year Operating

Advantage 18,297

MAPI Urgency Rating 37 Per Cent



TABLE I 35
MAPI FORM

(SUMMARY OF ANALYSIS)
I. REQUIRED INVESTMENT

1. Installed Cost of Project | 57,166

2. Disposal Value of Assets to be Retired by Project ’ 5,000
3. Capital Additions Required in Absence of ProJject $23,600
L. Investment Released or Avoided by Project (243) $28 600
5. .Net Investment Required (1-L) $28 566

II. NEXT-YEAR ADVANTAGE FROM PROJECT
A. OPERATING ADVANTAGE

(USE FIRST YEAR OF PROJECT OPERATION)

6, Assumed Operating Rate of Project (Hrs. per Yr.) Hrs.15,360
Effect of Project on Revenue Increase Decrease

T. From Change in Quality of Products $ ) $

8. From Change in Volume of Output $ A $ B

9. Totel Ak S5 8 :
Effect of Project on Operating Costs

10, Direct Labor ) $ 9,216

11,  Indirect Labor ‘ 2,035

12, Fringe Benefits 2,266

13. Maintenance . 3,580

1k, Tooling

15. Bupplies

16. Bcrap and Rework

17. Down Time

18. Power

19. Floor Space

20. Property Taxes and Insurance

1,200
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TABLE I (continued)

Effect of Project on Operating Costs
Increage  Decrease

Subcontracting
Inventory

‘Safety

Plexibility
Other

.Total §18lgzz

.Net Increase in Revenue (9A-9B)

Net Decrease in Operating Cost (26B-26A) $18,297
Next-Year Operating A vantage (27+28) 8
B. NON-OPERATING ADVANTAGE

(USE ONLY IF TMERE IS AN ENTRY
IN LINE 4)

.Next-Year Capital Consumption Avoided by Project:

A Decline of Disposal Value During the Year

B Next-Year Allocation of Capital Additions $ h,fSO,
Total § h,zgo
C. TOTAL ADVANTAGE
Total Next-Year Advantage From Project (29+430) 23,04



TABLE I (continued)

III. COMPUTATION OF MAPI URGENCY RATING

37

32, Total Next-Year Advantage After Income Tax (31-Tax) $11,523

33, MAPI CHART ALLOWANCE FOR PROJECT

(Totel of Column F, Below) $__ 990

(Enter Depreciable Assets Only)

Installed Estimated Bstimated Chart
Item Cost of Service Terminal Percent-
or Item or Life Salvage MAPI Chart age
Group Group (Years) (Percent Chart Percent- X Cost
‘of Cost) Number age (E x A)
A B c D B - F
1 $58, 080 15 50 Per 1 1.70 $990.00
Cent
TOTAL __ § 99000
34, Amount Available For Return On Investment
(32-33) 810,533,
35. MAPI URGENCY RATING (34 ==5). 100 % 37




38

‘Comment and Recommendation. It is imperative that this new

equipment should be purchased or the old one should be rebuilt. The
purchase of the new equipment facilitates many more advantages than
the o0ld equipment. Thirty-seven per vent return on investment more

than Justifies the purchase of the equipment.



CHAPTER IV
COMPARISON OF ALTERNATIVES BY VARIOUS METHODS

In order to compare the rate of return obtained from the MAPI
System with the other methods of obtaining the rate of return, the
example i1llustrated in the previous chapter for the MAPI System 1s
chosen. The data for all the examples are given in the Table II,
page Lo, The assumptions made are given in each case and the results

are shown in the Table VIII, page 50.
ACCOUNTING METHOD

This method has been in practice a long time. The. rate of
return is calculated by dividing the after-tax savings by the in-
vestment required to install the project. This method gives the
same welght to cash receipts in the last year as in the first year.
This method does not take into consideration the time value of
money. Because it ignores interest rates and considers the dis-
tant earnings equal to their present worth, (30) the rate of return
obtained from this method 1s not exact. This is also called the
apparent rate of return.

Assuming the data given in the Table II, page hO, the rate of
return is calculated in the Table III, page 4l ﬁy dividing the
annuel savings of aseven thousand three hundred and one dollars by
the required investment of fifty-seven thousand one hundred and

sixty=-8ix dollars. This calculation yields a rate of return of
39



TABLE II

DATA FOR ALL CASES

.......

Tt Troposed
Details EqQuipment EqQuipment
Present value (P) $5,000 $57, 166
Life in years (n) 5 15
Balvage value (L) 0 $28,563
Corporate income=-tax rate 50% 50%

Before tax annual savings*
obtained by installing the

new machine

Direct labor $9,216
Indirect labor 2,035
Fringe benefits 2,266
Maintenance 3,500
Bcrap and rework 1,200

Total $18,297

*Theee savings decrease at $800 per year due to increases in scrap,
rework, maintenance, and fringe benefits.
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TABLE III

ACCOUNTING METHOD PROBLEM

...............................
...............................

‘ .D‘e‘scription Calpula.tions Amount
Investment required (P) s $57,166
Salvage value (L) s 28,583
Average annual savings

" Annual savings in the first year « $18,297
Annual savings in fifteenth year - 1,097
Average annual savings . 12,697
Life of the equipment (n) s 15 years
Straight-line depreciation (P-L) . 28,583 = 1,906

n 15
Average taxable income s $12,697-1,906 = 10,791
Tax at 50 per cent .50x10, 791 . 5,396
Average after tax annusl savings (R)= $12,697-5,396 = 7,301
= 12.6%

Rate of return R/P v Y 1;321-0.128
57,1
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12.8 per cent, favoring the replacement of the old machine, (the

minimum attractive return of the company being 10 per cent).
PAYBACK METHOD

The Payback Method figures out the period of years within
which the investment would be repaid. (30) It is obtained by
dividing the investment required to install the proJject by the
after-tax savings from the project. This method does not yield the
rate of refurn. This is the reciprocal of the Accounting Method.
The Payback Method also does not teke into consideration the time
value of money.

- According to the data given in Table II, page 40, and Table III,
page 41, the payback years are calculated in the Table IV, page 43
by dividing the investment of fifty-seven thousand one hundred and
eixti-six dollars by the annual savings of seven thousand three
hundred and one dollars. This calculation ylelds the payback of the

investment in 7.8 years.
ANNUAL COST METHOD

The disadvantaée of the above mentioned methods is rectified
in the uniform Annual Cost Method. In this method, all values
which are not already in the form of annual payments and receipts
are brought to the present worth and their sume are then spread
throughout the life of the equipment in uniform annual payments.

Costs such as maintenance, taxes and insurance are already in the
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TABLE IV

PAYBACK METHOD PROBLEM

Description Amount

$57, 166
7,301

Investment required

After-tax return

(obtained from Table III)
Payback years

Investment = 57,166

+8 Years
Average annual savings 7,301 8 T

——— === e o=
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form of uniform annual cost terms and can be added to the other
costs after the latter have been converted to uniform annual costs.

The depreclation amount is determined by taking ipto consider-
ation both the useful life of the equipment and the desired inter-
est rate, with the help of interest tables. (17) If consists of
an uniform annual amount which 1s deposited to earn compound inter-
est so that the deposit and the interest together will accumlate
sufficient funds at the end of the service life of the equipment.
The annual cost of operating both the old and the new equipment is
calculated, and the one which operates at a lesser expenditure is
considered the better one.

According to the data given in the Table II, and assuming an
interest rate of 8 per cent on the capital, the before-tax annual
savings are calculated in the Table V, page 45 as nine thousand
four -hundred and fifty=-two dollars. These savings are reduced by
the income tax of four thousand seven hundred and twenty-six dollars,
(50 per cent of nine thousand four hundred and fifty=-two dollars).
On this basis, the new machine should result in an annual savings of
four thousand seven hundred and twenty-six dollars, favoring the re-

placement of the old machine..
RATE OF RETURN METHOD

Another type of Cost.Model is the Rate of Return Method.

Though this type of calculation has been used in mathematics of



TABLE V

.ANNUAL COST METHGD: FROBLEM

Source of Expenae . Present Machine ‘ e S ~Prop98e<;.yb;ghine. -
f_ s
Binking: fund—deposit _ ) ) :
(P-L) (sff£-1i-n) (5000-0) (sff-.08-5) (57,166-28,583) (sff-.08-15)
at 8 per cent interest 5000 x 0.1T046 = $ 852 28,583 x 0.03683 = $1,052

Return on investmwent
Pxi : 5000 x 0.08 = Loo 57,166 x 0.08 = k4,573
(money tied up in the
machine or in the
sinking fungd)

Equivalent annual savings
by installing the new
machine or the relative

cost for the old machine 13,825 e
" Total annual costs $15,077 $5,625

Before tax annual savings
by installing the new
machine

S
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finance for a long time, it has been used increasingly in industry
only since 1950. This method possesses various nemes such as the
Discounted Cash Flow Method, Investor 's Method and Profitabilify
Index. (5, p. 118)

In stipulating the required calculations, this method requires
the total investment, the annual benefit from the project, the use-
ful life of the equipment and the income-tax rate. -The model is
set up using all income (positive) and disbursements (negative),
and reducing the total of their present worth to‘zgro. B8ince the
interest or rate of return is to be found, the corresponding factors
are introduced in the formule as unknowns. After the equation has
been established, the exact interest rate is calculated by trial
and error prodedure. When an interest rate mekes the equation equal
to zero, it represents the interest rate or the rate of return on
investment. If a p;rticular interest rate lies between two inter-
est rates, straight-line interpolation is satisfactory.

According to the data given in the Table II, page LO, the
Table VI, page 47, shows the total cash inflow and outflow for the
invested amount. An amount of fifty-seven thousand one hundred and
sixty=-six dollars i1s invested in the beginning of the first year or
at zero year. The straight-line depreciation amount 1s obtained
from the Table III, page k1. The exact rate of return can be

calculated by interpolating between the present worth interest rates



TABLE VI

CAICULATION OF RATE OF RETURN

Savings e S Total cash _ Trial Interest Rates

before Depre- Taxable Income-tax Flow-back Present Present

Years Income-tax ciation Income at 50% After-tax pwf' worth pwf' worth
A B C D i . ¥ ExF G EXC

=B -0.50.C A-D @10% 812
0 -57,166 -57,166 1.000 -57,166 1.000 -57,166
1 18,297 -1,906 16,391 -8,196 10,101 .9091 9,182 .8929 9,091
2 17,497 -1,906 15,591 -7,796 9,701 .8264 8,016  .7972 17,733
3 16,697 -1,906 14,791 -7,396 9,301 .7513 6,988 .7T118 6,620
L 15,897 -1,906 13,991 -6,996 8,901 .6830 6,079 46355 5,650
5 15,087 -1,906 13,191 -6,596 8 501 .6209 5,278 .5674 4,823
6 14,297 -1,906 12,391 -6,196 8 101 .5645 4,573 .5066 k4,104
8 12,697 -1,906 10,791 -5,396 7,301 L4665 3,406 k039 2,949
9 11,897 -1,906 9,991 -4, 996 6,901 L2kl 2,927 .3606 2,488
10 11,097 -1,906 9,191 -4,596 6 501 .3855 2,506 .3220 2,094
11 10,297 -1,906 8,391 -4,196 6 101 .3505 2,138 2875 1,754
12 9,497 -1,906 7,591 -3,796 5,701 .3186 1,816 2567 1,463
13 8,697 -1,906 6,791 -3,396 5,301 2897 1,536 .2292 1,215
14 7,897 -1,906 5,991 -2,996 4,901 .2633 1,290 .20k6 1,003
15 7,097 -1, 906 5,191 -2,596 L, ,501 .2394 1,078 .1827 822
Total
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TABLE VII

CASH-FLOW OF AMOUNT IN RATE OF RETURN METHOD

A B © D
Interest Due Total Money Money Owed

End (11.26% of money Owed Before After

of owed at start Year-End Year-End Year-End
Year of year) Payment Payment Payment

Previous D x.1126 Previous Dy kR

0 57,166
1 6,440 63,606 . 10,101 53,505
2 6,030 59,535 9,701 49,834
3 5,620 55,454 9,301 46,153
L 5,200 51,353 8,901 L2,452
5 4,780 47,232 8,501 38,731
6 4,365 43,096 8,101 34,995
7 3,940 38,935 7,701 31,23k
8 3,515 34,749 7,301 27, 448
9 3,090 30,538 6,901 23,637
10 2,660 26,297 6,501 19,796
11 2,225 22,021 6,101 15,920
12 1,790 17,710 5,701 12,009
13 1,350 13,359 5,301 8,058
14 897 8,955 4,901 4,054

15 b7 4,501 4,501 s
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to find the discount rate that causes the cash flow back to equal

fifty-seven thousand one hundred and sixty-six dollars.

Therefore, the rate of return = 10, 3399 x 2
5530

= 11,26 per cent
Table VII, page 48, shows that at 11.26 per cent rate of return,

the total cash inflow and outflow is equal to zero.
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TABLE VIII

RESULTS OBTAINED BY ALL METHODS

S. No. Method Result
1 Accounting Method Rate of Return = '12.8%
2 Payback Method Years to recover = 7.8
investment
3 Annual Cost Method Annusl Savings = $UL,726
4 Rate of Return Method Rate of Return = 11.26%
5 MAPI Method Urgency Rating = 3T%

..... .




CHAPTER V
DISCUSSION OF RESULTS

The tabulated results at the end of the previous chapter
(Teble VIII, pege 50) would leed to a decision to instell the new
machine in all the cases if the company's marginal return were
10 per cent. .The table did not present the same answers for the
various methods, .even though the same problem was carrled out in
all cases. ,This chapter evaluates the pros and cons of each of the

methods considered in this thesis.

Accounti thod end Payback Method

The Accounting Method showed a slightly higher rate of re-
turn than the Rate of Return Method. In spite of the fact that the
method was easy to follow and calculate, it lacked in many-aepgcte.'
It negleéted the time value of money and treated equally the earn-
ings in the first year's life of the equipment as well as the earn-
ings at the end of the f1fteen years. The resulte obtalned by this
method were, therefore, not accurate for even though the answer
they gave was near that of the Rate of Return Method, the proximity
is coincidental. .Since the Payback Method also suffered the same

sort of discrepency, it did not yleld a reliable result either.

Annual Cost Method

The Annual Cost Method presented only the anmual cost of

51
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maintaining each alternative. The result d4id not provide a
definite measure of benefit obtained from the project.

In this method, either the salvage value of the old machine can
be deducted from the investment made or it can be dealt with separate-
y. (5, p 379)

In elther way, the difference between the annual costs will be
the same. However, the analyst should be careful not fo count the
salvage value of the old machine twice. This method 1s:sensitive to
changes in the assumed rate of return. It occasionally happens in
this method that when the rate of retun is changed, the decision

also changes.

Raté of Return Method

This method was able to accommodate all types of ‘depreciat-
ion methods, earnings patterns, and obsolescence. This method
Yields the seme rate of return regardless of the debt/equity ratio;
no provision is made for this ratio. These factors compel the
analyst to predict the exact future earnings. While comparing more
than two alternatives, the analyst may be misguided if he has not
performed all relevent calculations. When the rate of return on
extra investment 1s calculated, the answer obtained should exceed

the minimum return to werrent affirmative decision. (5, pp. 216-217)

MAPI Method
The MAPI Method mey be considered as a variation of the
Annual Cost Method. The formula assumes the cost of money. It

calculates an Urgency Rating by dividing the first year after tax
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annual savings by the net investment required by the project.
These calculations relate to the incremental analysis since the
retufn is calculated on the extra investment (Net Investment).
The Urgency Rating is not equivalent to the rate of return, but it
is a number  representing the degree of urgency of the new project.
The MAPI Method also guides the analyst with sultable charts and
tables. 1In spite of its advantages, it 1is restricted in its appli-
ce#ions because of the standardized forms and charts with the built
iﬁ assumptions such as fixed debt/eqpity ratio, interest rate on
borrowed capital, etc. The depreciation methods provided may not
cover ali cases. )

E;om the above discussion it may hardly be possible to de-.
cide which one is the better method. Because of the inherent
shortcomings involved in the Accounting Method and in the Payback
'Method, which are not competent to provide a reliable answer.

&he other three methods are theoretically correct for the assumpt-
ion made and will be evaluated in the remaining part of the dis-
cussion.

The characteristics of a method for making good decisions
are grouped in Appendix A, page 64 and the relative merits of each
of the groups listed is rated there. The Annual Cost Method, the
Rate of Return Method and the MAPI Method are compared individually

with the characteristics. The extent to which they meet the re-

quirements 18 also evaluated in Appendix A, page 64,. The method
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which scores the maximum number of~points'will be considered the
better one. .The Table IX, pege 55 shows the summary of evaluation
performed. " The MAPI Method scores the maximum number of points.

The following discussion deals with some of the assumptions

made in calculating the return.

Deducting the Salvage Value of the Present Equipment from the
Investment Required for the Proposed Project

Dedwting the salvage value from the net investment does not
make any difference in comparing the amnual cost of alternatives.
( 5, pe 379 ) While calculating the return, the value of the
denominator in the formule given below, decreases. This decrease -
causes an increase in the rate *@ return and hence the urgency of
the projJect leads to the early reflacment of the old equimment.
.In addition to this, Terborgh deducts the capital additions re-
quired for the old project in absence of the new project, (from
the investment required for installing the new project). He in-
cludes the capital consumptions avolded by the project while cal-
culating the annual savings. These assumptions have the effect of

increasing the numerator and decreasing the denominator in the

formula,

Return = Annusl Savings ;
Investment

and recommend the early replacement of the equimment. This con-

cept is 1llustrated by examples in Appendix B, page T7.
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TABLE IX

SUMMARY OF RATINGS

Annual Rate of
Cost Return MAPI
e SR g Jrbed  Nelbod
A, Flexibility 29 31 29
B. B8imple and Reliable 20 20 a3
C. Account for All Costs 20 0 20
D. Value of Money 12 13 1k
E, Nature of Barnings 8 -] 8
Totals 89 ge ok

SFCSORE T LR RN RN SR SR
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Calculation of the Next-Year Returp MAPT Method

Once the replacement is made, it 1s ordinarily not necessary

to check the rate of return every year. Whenever the analyst feels
the necesslty for checking, he can do so. One more realistic point
should be noted here. The rate of return calculated in the other
-methods was the same throughout the life of the equipment. Since
the rate of return depends on many factors, it is more realistié

to conslider it year by year. Calculating the rate of return every

. year enables the analyst to write off any amount wheﬁever necessary.
Otherwise, the analyst may regret his neglect after it 1s too late

to remedy the situation.



CHAPTER VI
CONCLUSIONS AND RECOMMENDATIONS

Conclusions

From the above discussion it may be concluded that the MAPI
Method is better than the other methods. This study evaluated the
methods assuming the characteristics of a good formula. From
Table IX, page 55, it is clear that there is little difference be-
tween the scores of the MAPI Method and that of the Rate of Re-
turn Method. The MAPI Method was superior in its simplicity and
guidance to the analyst, whereas the Rate of Return Method was
superior in its flexibility. In evaluating solutions to non-
formula problems, Terborgh has also followed the same principle of
rate of return. Since the Annual Cost Method did not present the
exact measure of benefit, there was difficulty in meking decisions.

However, 1f the merit ratings of the fivﬂ characteristics
were changed, one might reach some other conclusion because of the
close tie between the scores of the MAPI Method and the Rate of
Return Method. The ratings were also done strictly according to
the author's opinion.

It is suggested that a complete book should be published on
the Rate of Return Method, systematically describing all the steps
to be performed in replacement analysis, with convenient charts,
forms and tables. In such a book, the author of this study believes
that the Rate of Return Method would prove to be very useful to

industry.

v
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The following recommendations for more flexibility and use-

fulness of the MAPI Method grew out of this study:

1. Two more projection patterns might be increased

as follows.

a: One fourth run off during the first half
of the life of the equipment.

b. Three-fourths run off during the first half
of the life of the equipment.

2. Sinking fund tax depreciation might also be in-
corporated in the charts.

3. The interest rate on debt might be increased.

L, A separate line might be provided to meet the
inflation effects.

5. In the MAPI Charts, for calculating the capital
consumption allowances, two more curves might be
added with salvage ratios 60 and 7O per cent.

6. The assumptions made in the method might be ex-
hibited near the MAPI Charts or in some place

more significant to the reader.
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AFPPENDIX A

For evaluating the three methods, five characteristics
of a good formula or method for meking decisions are listed below:
I. The method must be able to accommédate various
types of earnings. patterns, such as these listed
1in Table XVII.
II. The method should be flexible and suitable for
various types of problems, such as those mentioned
in Table XIII.
III. The method should take into account the value of
money as indicated in Table XVI.
IV. The method should be simple and reliable so as to
satisfy the conditions listed in Table XIV.
V. The method should account for all costs such as
those shown in Table XV.
/These criteria were entered in the Evaluation Work Sheet,
Tabie X, and there also relative ranking was recérded. If the
criteria at the row was consldered as better than at the column,
a (X) sign entered to the corresponding square. Otherwise (0)
slign was recorded in the correspopding square. The total numbe%
of points scored by each criteria were listed and ranked as

A, B, C, D and E as shown

Al } Oemeccccces “E
(II. 2eemmcccnn Y
III. le=cccmceea D
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Iv, J==meccce=aB
V. fecaaaaaaa =A

Table XI shows the merit of two or more combined criterie
in relation to the merit of a single criteria. The appropriate
marks were made, as shown: greater merit (yes), lesser merit (no),
or equal merit (equal).

Besed on these essumptions made in Table XI, relative merit
ratings were performed in Teble XII. Column C shows the adjusted
importance ratinge of each criteria. Each criteria conteins a
number of facts. The relative merit of each fact wase calculated.
The extent to which each method meets the requirement was eveluated
and points were allotted accordingly for each fact. The pointe
were added and found the total score for each criteria, for each
method, These scores were summarized in Table IX,

The items compared in these Tables and the point ratinge for
each are those of the author. The comments do not cover all factors

considered in meking the retings.
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TABLE X

EVALUATION WORK SHEET

I Tl TTT v \'

I ——- X X X X
it - - 0 x x
LT ——— -—- e x x
IV - - - -—- X
\'s —= L - s =
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TABLE XI

CRITERIA COMPARTSON SHEET

Decision - ' Decision I
Number ... .. Compsrison Yes . No.. | Equal,
1 A 7 (ByC) x
2 A > (BsD) x
3 | A > (B+E) | x
4 - A Y (c4D) X
5 A > (C+E) x
6 A>(meD) x
7 A > (cD) x
8 B > (C+E) Cx
5 B > (D+E) x
10 C > (D+E) x
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TABLE XII

CRITERIA DEVELOFMENT SHEET

A B c

Initial Importance Rating AdJusted

Important Revision Importance

Criteria Ratings 1l 2 3 ratings

A Flexibility 60 65 65 80 33
B Simple & Reliable L0 Lo Lo 60 25
(o} Costs 30 30 35 50 20
D Value of Money 25 20 30 30 13

E Barnings 20 15 20 20 9




TABLE XIIIL

EVALUATION OF METHODS FLEXIBILITY

Ammusl Rate of =
Description Cost Method Pts. Return Method Pts. MAPI Method Pts.
(Bach item counts 3
points)
Equipment replace Can be done 3 Can be done 3 Can be done 3
decisions
Post-audit of pro- Can not be made 3 Can be made 3 Can be made 3
jects :
Tease vs. purchase Can be done Can be done Can be done 3
Costly equipment Can be considered Can be considered 3 Can be considered 3
with low mainte-
nance cost vs.
.cheap equipment
with high maint-
enance cost.
Comparing various "Can be done 3 When comparing 3 an be done 3

alternatives at
the same time

more than two al-
ternatives the
analyst should be
careful

69



TABLE XIII (continued)

Annual Rate of
Description Cost Method Pts. Return Méthod Pts. MAPI Method Pts.

Allowing for capital Can be done "3 Interest rate must 2 Method is sug- 2

additions and deduct- be assumed and cap- gested, neglect-

ions at any time ital changes brought ing the interest

te tha zare year - Tate
: . ¢ 3

Considering wide Any values can 3 Any range can be 3 BRastricted bet- 2

range of salvage be considered considered ween zero to 50

values per cent salvage

ratie

Considering wide Any value can 3 Any range can be "3 Restricted; only 2

range of life of be considered considered up to fifty years

the project in can be considered
Jears. ‘
Various combinations Can be consider- 3 Can be made 3 Fixed 25 per cent 2

of debt/equity ed debt ratio

ratios
Giving answer wh.’ther Left to tha analyst 2 Left to the analyst 2 Can give the an- 3
it pays to postpone swer ‘

the project for some

tims

Consideration of in- Not considered 3 Can be considered 3  The method itself 3

crement analysis yields the incre-

mental return
Total 29 31 29

oL



TABLE XIV

EVALUATION OF METHODS: SIMPLE AND RELIABLE

Annual Rate of
Description Cost Method Pts. Return Method Pts. MAPI Method Pts.
(Bach item counts 4
points)

Clearly stated There are not 4 Assumptions are 4 Assumptions are 4
assumptions many assumptions stated stated ;
Consistancy in ramnk- When the interest 3 Ranks consist- 4 Ranks consist- 4

ing projects rate sometimes is antly antly
changed the deci-
sion may change
Guidance to the No guidance to the 2 ) Nogguidlnce for 3 MAPI form serves 4
analyst analyst; it is left evaluating in- this purpose
to the analyst to tangibles
find
Tables and charts Interest tables 3 Interest tables 3 Charts are given 4

in the method
easy to use

can be used -
Ready made charts
are not provided

can be used -
No ready made

charts are given

1L



TABLE XIV (Eontinued)

Annual Rate of
Description Cost Method Pts. Return Method Pts. MAPI Method Pts.

Decisions related to It does not give 4 It gives the 4 It giveé only 4
management policies the true meas- rate of return relative .rate

ure of advantage of return

as rate of re-

turn

\

Rasy to understand Easy to calculate 4 Lot of calcula- 2  Easy to calcu- 3
and calculate re- and follow tions are in- late - Diffi-

sults

volved -Computeor
can help here

cult to under-
stand the theory

[



TABLE XV

EVALUATION OF METHODS: ACCOUNTING ALL COSTS

m

Annual | R;te of
Description Cost Method Pts. Return Method Pts. MAPI Method Pts.
(Bach item counts 4 ,
points) <
Depreciation methods Any method can 4 Any method can be 4 Only three methods 4
; be used psed ; can be used
Obsolescences poss- Can be predicted 4 Can be accommo- 4 Are accommodated 4
ifle by the analyst , dated

and incorporated
in calcylations

Deterioration, wear  Can be taken care 4 Can.be accommo- 4 Are taken care 4
and tear of dated

Maintenance cost Can_be inciuded A Can be included 4 Can be included 4
Direct and indirect Can be included 4 Can be included 4 Can be included 4

labor costs

Total - _ 20 20 20

€L



TABLE XVI

EVALUATION OF METHODS: VALUE OF MONEY

Annual Rate of
Description Cost Method Pts. Return Method Pts. MAPI Method Pts.
(Bach itam counts 2
points)
Present and proposed Considered 2 Considered 2 Considered 2
investments
Proposed salvages Considered 2 Considered 2 Considered 2
Interest rate paid on Any value can 2 Any value can 1 3% 1is assumed in 2
borrowed capital be assumed be assumed building the
formula
Income and property Considered 2 Considered 2 Considered 2
taxes, and insur-
ance charges
Required return on Any value can 2 The method yields 2 8.25% capitali- 2
investment be assumed the rate of return zation rate is
' assumed

L



TABLE XVI (continued)

] ; Ammual Rate of
Description Cost Method Pts. Return Method Pts. MAPI Method Pts.
-Bffect of inflation Left to the 1 Left to the analyst; 2 Consgidered in 2
on the capital invest- analyst. it can be taken in- special pro-
ed ’ ’ to account blems
EBffect of break in Not considered; 1 Solution is suggest- 2 Solution is ~ 2
period and lead analyst can ed suggested
times assume 1f it is
needed =
Total 12 13 14

Sl



EVALUATION OF METHODS:

TABLE XVIIL

EARNING PATTERNS

Annual Rate of
Description Cost Method Pts. Return Method Pts. MAPI Method Pts.
(Bach item counts 2
points)
Increase in earnings Can be accom- 2 Can be accom- 2 Can be accom- 2
modated modated modated
Decrease in earnings Can be accom- 2 Can be accom- 2 Can be accom- 2
modated modated modated
Irregular earnings. Can be accom- 2 Can be accom- 2 Can be accom- 2
modated modated modated
Earnings in the form Left to analyst o Nothing is sugg- o Nothing is sugg- O
of probability state- ested ested
ments
Mixed sburces of in- Can be accommo- 2 Can be accommo- 2 ~Can be accommo- 2
-come dated dated dated

9L



APPENDIX B

The same problem is done in various methods in order to com-
pare‘the angwers with the MAPI Method. These problems explain step
by gtep how the rate of return is increased in each case. (See Table II)
1. Considering the first year annual sgvings alone, the
first year percentage return from the project can be

calculated.

The first year savings = $10,101
Investment = 57,166

The first year return = 17.8%

= 10,101 =.178
57,166
2. Considering the salvage value of the present equipment
also, the return on net investment can be calculated for

the next year.

The first year savings = $10,101

Net investment = 52,166
Investment - $57,166
Salvage 5,000
$52,166

The first year return =  19.4%

= 10,101 =.194
52,166

7
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.In addition to the salvage value the capital additions

required in absence of the projJect can also be taken

into consideration and the next year return can be

calculated.
The first year savings «$10,101
Net investment = 28,566
Investment « 57,166
Salvage $5,000

Capital additions

required 23,600
$57,166 28,600
Net investment $28, 566
The first year return = 35.5%

10,101 = .355

-2 :5
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