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ABSTRACT

Productivity is one of the main reasons for considering 
replacement of physical assets. However, evaluation of re
placement alternatives is often treated in a subjective way, 
and improper weight is assigned to alternatives during an 
analysis.

Productivity is an important variable that should always 
be considered when replacement alternatives are evaluated.
An alternative must be measured and taken into account when 
one is comparing different replacement choices. In order to 
accomplish this, a method is proposed to measure productivity 
in terms which are relative to the original expected rate of 
production. The resulting factor, which is called a produc
tivity cost factor, is applied to the annual operating and 
capital costs to obtain the relative cost of decreasing 
productivity, which is then introduced into the replacement 
analysis.
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INTRODUCTION

Productivity considerations should be taken into account 
when replacement alternatives are being evaluated. We can be 
sure that almost any machine or piece of equipment is subject, 
as time goes on, to deterioration, which will be reflected 
in the decline of operating performance.

This decline in productivity, due to wear and tear of 
the equipment under consideration, will be reflected not 
only in increasing operating and maintenance costs, but also 
in decreasing service rendered by the machine. Thus, the 
decrease in productivity is going to create another cost, 
a productivity cost due to loss of production caused by 
break-downs. Therefore, productivity should be classified 
as an important variable in replacement analysis.

It is proposed that productivity changes should be 
taken into account in any replacement analysis because 
such changes are an important variable. In other words, 
this variable must be measured and compared with replace
ment alternatives.

1
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In order to measure productivity, we postulate to relate 
the actual rate of production of a particular piece of 
equipment, with its original expected or planned production, 
and obtain in that way a Productivity Factor which will 
state the present level of productivity of a given machine.

This present level of productivity is then subtracted
from the original level to obtain a second factor that indi
cates the loss in productivity the machine has gone through
during its usage. We call this the Productivity Cost Factor, 
which will be related to the corresponding operating and 
capital costs to obtain the relative cost that decreasing 
productivity creates. Once the productivity cost has been 
obtained, it is introduced into the replacement analysis 
in order to compare the relative productivity advantages 
of each of the alternatives.
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EQUIPMENT REPLACEMENT THEORIES

Most firms realize the importance of having adequate 
equipment for production. They also know that they have 
to replace such equipment from time to time because their 
present machinery will eventually deteriorate, causing 
rise in production costs. Furthermore, they are aware 
that increasing production costs will not allow them to 
meet price competition.

However, a replacement decision involves capital expen
diture, which becomes a constraint that in many cases managers 
will try to avoid or delay believing that the replacement 
decision can be postponed.

This situation can make the firm fall into a technolo
gical and economic trap from wjiich is difficult to escape.
This trap is the difficulty of̂  earning or borrowing nec
essary funds for equipment replacement in order to keep 
production costs at a competitive level.

In this way replacement becomes a timing problem, that 
is the correct time, from an economical point of view, to 
replace equipment.

3
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This problem has been solved in several different ways. 
From an easy rule of thumb, which may have little scientific 
support, on one extreme, to highly sophisticated mathematical 
models that require the use of computers on the other.

We will not discuss either of these because the former 
is just a mere guess and the latter for sake of simplicity. 
Instead we will analyze more currently used replacement 
techniques, such as the minimum average cost approach, which 
is also known as the Classical Theory of Replacement, and 
the Investment Decision Approach, which is becoming more 
and more popular since first introduced several years ago.

Both methods are frequently used by firms dealing with 
replacement analysis, and from our point of view, both lead 
to accurate enough evaluations to reach a dependable decision 
in replacement. On the other hand, they have the advantage 
of being simple to apply in any situation.

The purpose of this is to discuss these replacement 
policies and to use the techniques involved in our produc
tivity based approach.

Minimum Average Annual Cost
This policy is also known as the Classical Theory of 

Replacement because it is the oldest formal mathematical 
model used to solve equipment replacement problems and in 
fact the one most used now.
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It was first introduced in 1923 by J.S. Taylor (5), 
who developed a replacement model based on the comparison 
of the average unit cost of the output of a machine over 
a number of years to the cost of a new machine and its 
operating cost for an equal period of time.

Since then, many improvements have been made to the 
original version, improvements that consist of the intro
duction of time value of money. G.A. Preinreich (3) realizes 
that an interest rate should be applied in replacement anal
ysis, since it is a capital investment.

The second great improvement to the original theory 
was made by George Terborgh (6), who introduced the concept 
of equipment obsolescence. This concept of obsolescence is 
given by what Terborgh called "Inferiority Gradient." He 
says that the inferiority gradient is formed by two elements, 
Alpha and Beta. Element Alpha represents the external tech
nological disadvantage of the defender in front of a new 
improved piece of equipment which can provide lower oper
ating costs. Element Beta represents the portion of the 
inferiority gradient caused by deterioration of the equip
ment due to usage. Deterioration is reflected in increasing 
operating and maintenance costs because of wear and tear 
of the equipment.
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Terborgh assumed that this inferiority gradient develops 
at a constant rate, meaning by this that technological ad
vantages will develop in a constant and rather smooth manner 
on the average. In this way he disregards any sudden revo
lutionary technological improvement for a given period of 
the analysis. In the same way, he assumes that operating- 
and maintenance costs will increase in a constant manner 
throughout the usage of the specific piece of equipment; 
in other words, deterioration is a direct constantly in
creasing function of usage of the equipment.

Besides these improvements to the early version of this 
replacement technique, we can also mention some changes it 
has gone through. In fact, we could say that we are dealing 
with the same approach. Only from a different point of view.

The most remarkable change is the one introduced by 
William T. Morris (2), who attacks the problem using marginal 
costs instead of average costs. In accordance with his 
'analysis, a machine should be replaced when the marginal 
cost of owning and operating such machine exceeds the average 
minimum cost. The marginal cost of keeping the existing 
machine is formed by the operating cost plus the loss in 
salvage value from the previous period of analysis.

Up to this point we have discussed how this theory 
has been developed since it was introduced. Let us now
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discuss how the approach is used. The minimum cost approach, 
as its name says, determines time to replace a machine. The 
determination is based on cost minimization. In fact, the 
parameters of comparison are the discounted minimum average 
annual cost of both machines, the defender and the challenger 
The term cost implies four components (1):

a) Capital Cost
b) Interest or Minimum Rate of Return on Capital 

Investment,
c) Operating Cost,
d) Obsolescence and Deterioration Cost.
Capital Cost refers to the capital expenditure necessary 

to acquire the new piece of equipment or its salvage value 
(also trade-in value) at the time the replacement analysis 
is being done. The annual capital cost would be given by 
the difference between the original capital expenditure minus 
the salvage or trade-in value divided by the number of 
periods the equipment has or will have been used. In a 
mathematical form the annual capital cost, which we will 
designate by "A", would be expressed by the following formula

where:
A = Annual Capital Cost,
K = Original Capital Expenditure,
S = Salvage or trade-in value,
N = Number of periods the machine is used.
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The second cost component is Interest on Capital Invest
ment, which is obtained from the application of a rate of 
interest on the capital cost of the preceding period. This 
cost takes the form:

i (K-S)
The capital cost and the interest on capital investment cost 
are considered as owning cost, which is assumed by this 
approach to be decreasing with usage of the equipment.

The third factor is the operating cost, which includes 
any operating and maintenance expenses necessary to operate 
the machine under study.

Finally, the fourth component is Obsolescence and De
terioration Costs, which will reflect what Terborgh called 
inferiority gradient, and as we have discussed before will 
be increasing with the age of the machine. This cost would 
be represented by the sum of both components of the inferiority 
gradient, which are obsolescence (Alpha) and deterioration 
(Beta).

The third and fourth components are considered as one, 
under the title of operating cost. In fact, obsolescence 
and deterioration costs are implicitely included in operating 
and maintenance costs, and in a real situation there is not 
a defined differentiation nor a separate quantification of 
them.
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These four components are shown in a graph in Figure 1 
(1). The horizontal axis represents the age of the equipment 
in reference, while the vertical axis represents the owning 
and operating costs. In this plane we draw a downsloping 
curve, which represents owning costs, formed by the capital 
cost plus the interest on capital cost. The second curve 
represents operating costs, which as we have already dis
cussed, represents all operating and maintenance expenses 
that implicitly include obsolescence and deterioration.

The sum of these two curves forms a third curve, which 
is the "Total Average Annual Cost." This curve is U-shaped, 
and its lowest point is given by the interception of the 
owning cost and operating cost curves. This point indicates 
the optimal equipment life, a concept that indicates the 
age of the equipment at which the total average annual cost 
is at a minimum.

Under this principle a replacement decision is made 
in favor of a challenger if it offers a minimum average cost 
lower than the future average cost of the existing equipment.

In order to illustrate this classical approach to equip
ment replacement, we present the following hypothetical 
example. The data and calculations are shown- in Table 1 for 
the challenger., and in Table 2 for the defender.
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FIGURE 1: Minimum Average Annual Cost Curve

Total Average Annual Cost

Operating Cost

N*: Optimal Equip. Life
Age of Equipment
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We assume that a replacement decision is under consid
eration, and that the proposed challenger has an initial 
capital cost of $10,000. We also assume that the firm operates 
at an interest rate of 10 percent.

In Table 1, which corresponds to the challenging machine, 
the first column represents the capital cost or the salvage 
value at the end of the period. The second column computes 
the loss in salvage value— in other words, the difference 
between the salvage value of the preceding period minus the 
salvage value of the current period. The third column accounts 
for the interest on capital investment, which is the interest 
rate, 10 percent in this example, applied to the capital 
investment or salvage value corresponding to the preceding 
period. Column number four is the addition of the second 
and third columns, and makes up the owning cost. Column 
five represents operating cost of the machine under study 
plus the inferiority gradient cost. Column six is the annual 
cost, which results from the addition of owning cost plus 
operating cost (column four plus column five). The seventh 
column is the cumulative annual cost made up by the addition 
of the current period annual cost plus the annual cost of 
all preceding periods. Column eight is capital recovery 
factor, which is multiplied by the corresponding accumulated 
annual cost in order to obtain the time-adjusted annual 
average cost per period in column nine.
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The capital recovery factor is obtained from the appli
cation of the following formula (4) .

i(1-i)nCapital Recovery Factor = --- — -^ 1 (1-i)n-l

The same procedure is applied for the machine in Table 2.
After all the calculations have been done, we compare 

the results of the time-adjusted annual average cost (last 
column) for each machine. For the challenging machine, we 
obtain a minimum average annual cost of $3,036, which occurs 
in the fifth period, while for the existing machine the 
minimum average annual cost is $3,4 65, which occurs in the 
first period.

According to this replacement approach an immediate 
decision has to be taken in favor of the challenging machine. 
The replacement decision, if taken, would bring an annual 
average saving of $429, an amount that results from sub
tracting the minimum average cost of the new machine from 
the minimum annual average cost of the defender. However, 
if the new machine is not kept until the fifth period, this 
average annual savings of $429 will not be realized.

This event can actually occur if another challenger 
defeats this just-replaced piece of equipment. This is one 
of the greatest disadvantages that this method of replace
ment analysis faces. On the other hand, this method disregards

ARTHUR LAKES LIBRARY 
COLORADO SCHOOL of MINES 

GOLDENa COLORADO 804Q2
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some important facts about tax benefits such as depreciation 
and tax credits, as it has been applied here, which could lead 
to a wrong decision in replacement analysis. Replacement anal
ysis must be done on an after-tax basis to be valid.

Investment Decision Approach
This replacement policy is becoming more and more popular 

since first introduced a few years ago, mainly because it 
overcomes various disadvantages of the Classical Approach 
and gives the extra advantage of permitting evaluation and 
comparison of the proposal with other investment alterna
tives, always on an after-tax basis. This method is based 
on the principle that the main objective of a firm is to 
maximize its profits, or return on investments.

The replacement analysis itself is done by the evalua
tion of the return-on-investment yield by the proposed chal
lenger in comparison with the existing machine by use of 
various investment decision techniques, such as Discounted 
Cash Flow Rate of Return (DCFROR), Net Present Value (NPV), 
Annual Cost, Present Worth Cost, etc. (4).

Generally speaking, these techniques compare cost and 
revenues at a given time for each investment alternative.
In the case of equipment replacement analysis, the term cost 
implies capital cost or capital expenditure, which refers 
to the money necessary to acquire the new piece of equipment 
when the challenger is being evaluated.
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On the other hand, when the existing machine is being 
evaluated, the term cost will refer to its actual salvage 
value, that is, the price obtainable from selling the machine 
in the used-machinery market or its trade-in value.

Some people tend to use book value or no value at all. 
Book value only shows the amount which the asset can still be 
depreciated before its write-off and not its possible cash 
value or trade-in value. However, the difference between 
book and cash or trade-in value is important because it can 
lead to tax benefits through premature write-off of the equip
ment under consideration, thus affecting the replacement 
analysis.

In the second case, some analysts tend to assign zero 
value to the old asset, since no capital expenditure is 
involved if the existing machine is kept, which is a mis
conception. Therefore, actual true value should always be 
used when evaluating the defender.

The second parameter to be evaluated is the benefits 
that each alternative can offer. Some authors propose to 
distribute total revenues in proportion to the contribution 
of the particular piece of equipment to total cost and to 
consider these distributed revenues the return yield by the 
equipment under consideration.
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This practice is very difficult and even impossible to 
apply in a real situation because it is difficult to asso
ciate incomes with a particular piece of equipment used mid
stream in a production process, especially when this process 
is complex and involves several production steps, such as 
in mining. Instead, operating cost differential should be 
applied to evaluate benefits for each alternative.

The cost differential will be considered as savings and 
for our purposes treated as an income. In addition, we have 
to consider in our evaluation the final salvage or trade-in 
value of the equipment, if any, for both alternatives. 
Furthermore, it is important to take into account any tax 
benefit obtainable from each alternative, such as depreciation 
and tax credits. After all the calculations have been done 
to determine inflows and outflows for both the challenger 
and the defender, one can decide for the alternative which 
yields the highest return or the lowest cost, depending on 
the evaluation technique used in the analysis.

To illustrate this replacement policy, the following 
hypothetical example will be used, with the same data as 
that in the Classical Approach Example.

It is assumed that this hypothetical firm expects at 
least a 10 percent rate of return for its investment and 
that its tax bracket is 50 percent. For the challenger
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we assume an investment of $10,000, and a tax credit of 10 
percent will be granted for such investment. We also assume 
that this piece of equipment would be kept for 10 years and
will have zero salvage value at that time. It will be^depre
ciated by straight-line method through a 10-year period.
For the defender, we assume that its present salvage value 
is $4,000 and its book value is also $4,000, which will be 
depreciated at $1,000 per year. We also assume that its 
salvage value at the end of the 10-year period will be zero. 
Finally, we assume that this hypothetical firm has other 
revenues to which the resulting tax savings can be applied. 
For evaluation purposes, first Present Worth Cost and then 
DCFROR techniques are used.

In Table 3 are calculated the annual cash flows for the 
challenger. The results obtained show positive cash flows 
for years 1 through 9, because tax savings due to deprecia
tion overcome operating cost expenses. However in year 10,
operating costs are higher than tax savings from depreciation 
allowance, and the corresponding cash flow is negative. For 
the defender we obtain negative cash flows for every year, 
shown in Table 4.

The resulting annual cash flows for each alternative 
are plotted in the following after-tax time diagrams.
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Challenger
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From these after-tax time diagrams, we calculate the 
present-worth cost for each alternative by applying a discount 
factor obtained from the following formula (4).

Discount Factor =   —  i(1+i)n

The discounted annual cash flows are calculated for 
the challenger as follows.
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CHALLENGER DISCOUNTED CASH FLOWS

Discount Discounted Cash
N Cash Flow Factor Flow
1 400 0.9091 363.64
2 355 0.8264 293.37
3 315 0.7513 236.66
4 265 0.6830 181.00
5 210 0.6209 130.39
6 130 0.5645 73.39
7 120 0.5132 61. 58
8 60 0.4665 27.99
9 20 0.4241 0000

10 -2 5 0.3855 -9.64
1,366.86

Since the discount cash-flow addition happens to be a 
positive value, we subtract it from the original net capital 
cost of $9,000 ($10,000 original capital investment minus 
$1,000 tax credit) to obtain the final present worth cost.

Challenger Present Worth Cost: 9,000 - 1,366.86=7,633.14

The same is done for the existing machine.
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DEFENDER DISCOUNTED CASH FLOW
Disc.

N Cash Flow Discount Factor Cash Flow
1 -375 0.9091 -340.91
2 -400 0.8264 -330.56
3 ”440 0.7513 -330.57
4 -485 0.6830 -331.26
5 -1025 0.6209 -636.42
6 -1075 0.5645 -606.89
7 -1140 0.5132 -585.05
8 -1180 0.4665 -550.47
9 -1225 0.4241 -519.52

10 -1300 0.3855 -501.15
-4,732.75

This result is added to the defender capital cost of $4,000
to obtain the respective present worth cost.

Defender Present Worth Cost: 4,000+4,732.75=8, 732.75

By inspection we realize that the present worth cost
of the challenger is smaller than the present worth cost
of the defender; therefore a replacement decision should be 
taken in favor of the challenger.

The same result can be obtained by using the Discounted 
Cash Flow Rate of Return method. However, in this case the
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analysis has to be made from an incremental point of view, 
because if a replacement decision is made, the benefits will 
be given by the tax savings obtained from operating the 
new machine, plus the savings from operating-cost after tax 
considerations for not using the old machine. Thus, we just 
add the cash flows of both alternatives and obtain the fol
lowing incremental after-tax-time diagram, from which the 
DCFROR can be calculated.

c=5000
0

m in o o in in
ro o ID r-

in in in o CN CM CM CM CM CM
in in in

r'- r'* rH rH rH rH rH rH
II II II II ii II n ii ii ii

4-1 mh 4-1 4-1 MH 4H MH MH MH MH
O O O U O O O O O

OII►4O

1 2 3 4 5 6 7 8 9 10

By trial-and-error calculations, we obtain a DCFROR of 
14.32 percent,.which also favors replacement since it is 
greater than the assumed 10 percent minimum rate of return.

The two most used equipment replacement policies have 
just been described. The Classical Approach and the Invest
ment Decision Approach, as said before, can both lead to a 
replacement decision based on a systematic mathematical 
analysis.

However, we have found the investment Decision 
Approach presents a practical technique for solving equipment
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replacement problems that can even be compared to other 
investment alternatives, which is an extra advantage of the 
method. Furthermore, this policy takes into account tax 
considerations that are very important in any economic 
analysis.

Finally, we found the Investment Decision method more 
flexible and suitable for our purposes of introducing pro
ductivity considerations in replacement analysis. There
fore, we shall use such technique to apply productivity in 
replacement analysis.
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PRODUCTIVITY CONSIDERATIONS ON 
EQUIPMENT REPLACEMENT ANALYSIS

One of the main reasons for considering replacement of 
physical assets is their constant decline in productivity.
We can be sure that almost any machine or piece of equipment 
is subject, as time goes on, to deterioration that will be 
reflected in the decline of operating performance.

This dedline in productivity, due to wear and tear of 
the equipment under consideration, will be reflected not 
only in increasing operating and maintenance costs, but also 
in a decreasing service rendered by it. Thus, the decrease 
in productivity is going to create another cost, a produc
tivity cost due to loss in production caused by breakdowns 
in the equipment. This productivity cost will increase as 
productivity decreases; therefore, productivity is an im
portant variable in replacement analysis. This statement 
seems to contradict a widely accepted principle of replace
ment analysis, which states that the most important aspect 
concerning replacement is that it should be based on asset 
performance economy ana not on physical deterioration (4).

26
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However, it does not; in fact it enforces it because produc
tivity, as pointed out before, will be reflected in operating 
and maintenance costs, which is an economical aspect of the 
equipment performance. On the other hand, the loss in pro
duction caused by decreasing productivity may also be consid
ered as an economical aspect of the particular piece of 
equipment, because its effects will be reflected in the 
firm's economy, which is the main concern, after all.

The widely accepted definition of the term productivity 
is the rate of production per unit of time. Under this 
definition, we realize that the rate of production of a 
piece of equipment may vary according to several external 
factors such as climatic or weather conditions, operator's 
skill, geographic location, etc. However a specific piece 
of equipment will generally be operated under the same cir
cumstances, such as the same geographic location and the 
same operator, or at least similar skilled operators. 
Furthermore replacement analysis is usually done with the 
assumption that such mentioned factors would have no effect 
on the analysis itself, because the alternative under evalu
ation is based on similar operating conditions. Therefore, 
when we use the term productivity in relation to a specific 
piece of equipment, we are assuming standardized external 
conditions for its operation and disregard any variation
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in the rate of production that can be caused by external 
factors. In fact, we assume that the productivity of a 
specific piece of equipment depends only on the amount of 
time it has been used, and that it will be decreasing as 
the machine is being used.

So far, we have recognized the importance of produc
tivity in replacement analysis. However, in evaluating re
placement alternatives, productivity is treated in a subjec
tive way, and often no weight is assigned to it during the 
evaluation by either of the two most used replacement poli
cies described in the preceding chapter. We propose that 
productivity, being one main reason for considering equip
ment replacement, should be taken into account in any re
placement analysis, since it is an important variable. In 
other words, productivity must be measured and compared 
between replacement alternatives.

In the next part of this chapter we propose a manner 
of measuring and comparing productivity among replacement 
alternatives in order to introduce such concept in replace
ment evaluations.

Determination of Productivity Factor
We have stressed the importance of introducing produc

tivity considerations in replacement analysis. We have also 
proposed that productivity is an inverse function of usage 
or time due to deterioration of the equipment under study. 
The first task in carrying out our proposal would be to find
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a way to measure productivity, applicable to any kind of 
equipment, this means, valid for any replacement alternative 
under consideration. A fact that would make our task easier 
is that, when evaluating replacement alternatives, both the 
defender and the challenger have their productivity expressed 
in the same unit of measurement, since both are going to 
render the same service, a fact that will make possible a 
comparison of the productivities of both machines. On the 
other hand, we are interested in how the productivity of an 
individual piece of equipment is developing or will develop 
during its usage. We propose to solve this by converting 
productivity into a factor that will be the result of relating 
the expected or planned production of the specific piece of 
equipment, with its real or actual production performed, 
for a given period of time.

We shall call this proposed proportion the Productivity 
Factor (PF), and it will express the relative productivity 
of a piece of equipment for each period of analysis as follows:

Actual Production Performed = Productivity Factor
Expected or Planned Production

The numerator of the expression will record the actual 
production performed by the piece of equipment under study 
during a period of time of the analysis, and according to 
our assumption should be decreasing as time goes on, because 
the equipment is deteriorating with usage.
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On the other hand, the denominator is going to be a 
fixed amount throughout the analysis and will record the 
original production rate expected or planned for this piece 
of equipment.

In an ideal situation, where the actual production 
performed is equal to the expected production (a possible 
situation during the first year of operation), the produc
tivity factor is going to be the one. On the other hand, 
when the piece of equipment has completed its technical 
life, the value of the factor will be zero. Therefore, the 
range of values of the productivity factor will be between 
one and zero.

0 < PF < 1

Furthermore, since was have assumed that productivity 
is a decreasing function over time, we can conclude that the 
values of t̂he productivity factor are also going to decrease 
over time. In this way, the productivity factor of year one 
will be bigger than that of year two; year two will be bigger 
than year three, etc. This concept can be expressed as 
follows.

PF-l > PF2 > PF3> . . .PFn

By applying this productivity factor, we can construct a 
schedule of the defender productivity. This schedule will



T-1972 31

show us how this machine behaved from a productivity point 
of view. Again we seem to contradict £ widely accepted re
placement principle, which states that replacement analysis 
is concerned with the future only (6) . However we are not, 
because we can use the past behavior of the existing machine 
to estimate its future performance.

To make a good estimate of the future is a difficult 
task and may require gathering a great deal of information 
on operation of many similar machines, a project that is 
desirable in theory but inpracticable in a real situation.
It is reasonable to assume that the future operating perfor
mance of a machine will be a projection of its past and 
present performance. Therefore we have to assume that the 
productivity of a piece of equipment is going to decline at 
a constant rate over its technical life. This assumption 
will enable us to estimate future productivity behavior of 
a machine based on its past and present performance. For 
the challenger no data are available to determine its future 
productivity performance. However we know that it will 
work under similar conditions and will render the same service. 
Therefore we think it is reasonable to assume that its pro
ductivity behavior is going to be similar to the defender's 
productivity performance. Under this assumption we are able 
to estimate the productivity development of the challenger 
and compare its relative productivity with that of the 
defender. cKS.̂ obado
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Up to this point, we have stressed the importance of 
productivity considerations in replacement analysis and pro
posed a way of measuring it. Now we have to estimate the 
cost of decreasing productivity in replacement analysis, 
which we do in the following section.

Determination of Productivity Cost Factor
We have described productivity as a decreasing function 

with usage of the equipment due to deterioration. We have 
also mentioned that this decreasing function will be reflected 
in increasing operating and maintenance costs, which in turn
will create an extra cost-due to loss of production due to 
breakdowns. This cost is going to be higher as productivity 
decreases; in other words, the lower the productivity, the 
higher the cost.

It is reasonable to assume that this extra cost will 
increase at the same rate productivity decreases, since there 
is an inverse relationship between them. We know that pro
ductivity decreases at a rate given by the productivity 
factor, as discussed in the preceding section. Therefore, 
we postulate that the cost created by decreasing productivity 
will be given by the cumulative loss in productivity the 
machine has gone through during its usage. The loss in 
productivity can be calculated by subtracting the productivity 
factor from the original productivity, which according to 
our previous discussion, will be always one (the actual
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production performed is equal to the expected or planned 
production). In this way, we come up with a second factor 
that will measure in relative terms the cost of decreasing 
productivity, which we are going to call Productivity Cost 
Factor (PCF) and will be obtained by applying the following 
formula.

1 Actual Production Performed = Productivity Cost
Expected or Planned Production Factor

or if preferred:
1 - Productivity Factor = Productivity Cost Factor

In order to introduce productivity considerations in 
replacement analysis, first the capital cost and the net 
salvage value are prorated through the number of periods 
the analysis is going to have. The capital cost is prorated 
by using a capital recovery factor given by the following 
formula (4).

Capital Recovery Factor = [±-!±— -- 1-- ](1 ■+ i)n-i

In the same manner, the net salvage value is prorated 
by using a sinking-fund factor given by the following formula 
(4) .

Sinking-fund factor = [ i----- ]
(1 + i)n-l
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By subtracting the prorated net salvage value from the 
prorated capital cost, the net annual capital cost is ob
tained.

Afterward the productivity cost factor is related to 
the respective annual operating and capital cost to obtain 
a relative cost of decreasing productivity in monetary terms, 
which should be added to the net cash flow of the corresponding 
period.

We have to point out that this cost should be applied 
only after the regular cash flow has been calculated and 
after tax considerations have been taken into account, since 
it reflects only the cost of decreasing productivity and will 
not be accepted for tax calculation purposes.

In order to illustrate our proposal, we present a hypo
thetical situation, which will be analyzed first from the 
point of view of the investment decision method, and after
ward introducing productivity considerations. To do so, 
we assume that the present salvage value of the defender is 
$1,500 and the capital investment for the challenger $5,000.
For simplicity sake, we assume no final salvage value for 
either alternative.

We also assume that the old machine has already been 
fully depreciated; and for the new, we assume that it is going 
to be depreciated by straight-line method over five years.

ARTHUR CAKES LIBRARY! 
COLORADO SCHOOL of MINES 
.GOLDEN. L EO/q:
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Furthermore we suppose that the firm operates at a 10-percent 
minimum rate of return, and its tax bracket is 50 percent.
We also assume that the firm has other incomes to apply to 
resulting tax savings. Finally we propose operating costs 
for these machines according to the following time diagrams.

o o o o oo in mo O rH CN rorH iH rH rH rHII II II II ii0 O o o u0 0 0 0 0
0 1 2 3 4 5

Defender Operating Cost

oo o o o oin ro in o inII in in ID IDo II II II II
c=500Q 0 O u O o0 0 0 0

0 1 2 3 4 5
Challenger Operating Cost

According to our assumptions, we calculate the annual cash 
flows for both alternatives. Calculations are shown in 
Table 5 for the defender and in Table 6 for the challenger.

From Table 5 we obtain the following cash flows, which 
are discounted at 10 percent to calculate the present worth 
cost.
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TABLE 5
Defender Annual Cash Flow Calculation

1 2 3 4 5
Income -0- -0- -0- -0- -0-
Operating
Cost 1000 1090 1150 1240 1350
Depreciation -0- -0- -0- -0- -0-
Tax. Income (1000) (1090) (1150) (1240) (1350)
50% Tax 500 545 575 620 675
Net Profit (500) (545) (575) (620) (675)
Depreciation -0- -0- -0- -0- -0-
Cash Flow (500) (545) (575) (620) (675)
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TABLE 6
Challenger Annual Cash Flow Calculation

1 2 3 4 5
Income -0- -0- -0- -0- -0-
Operating
Cost 500 530 550 600 650
Depreciation 1000 1000 1000 1000 1000
Tax Income (1500) (1530) (1550) (1600) (1650)
50% Tax 750 765 775 800 825
Net Profit , (750) (765) (775) (800) (825)
Depreciation 1000 1000 1000 1000 1000
Cash Flow 250 235 225 200 175
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Defender Discounted Cash Flow
N Cash Flow Discount Factor Dis. Cash Flow
1 -500 0.9091 -454.55
2 -545 0.8264 -450.39
3 -575 0.7513 -432.00
4 -620 0.6830 -423.46
5 -675 0.6209 -419.11

-2179.50

This result is added to the defender present salvage value
to obtainl the respective present worth cost.

Defender Present Worth Cost: 1,500+2 ,179.51=3679.50

The same is done to obtain the present worth cost of the
challenger. From Table 6 we obtain the following cash flows
and discount at 10 percent to calculate the corresponding
present worth cost.

Challenger Discounted Cash Flow
N Cash Flow Discount Factor Dis. Cash Flow
1 250 0.9091 227.28
2 235 0.8264 194.20
3 225 0.7513 169.04
4 200 0.6830 136.60
5 175 0.6209 108.66

835.78
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Since the discounted cash-flow addition turns out to be a 
positive number, it should be subtracted from the original 
capital expenditure to obtain the present worth cost.

Challenger Present Worth Cost: 5000-835.78=4164.22

By inspection we realize that the present worth cost of the 
challenger is greater than the corresponding cost of the 
defender. According to the investment decision approach, 
we should not replace the existing machine.

Let us now introduce productivity considerations and 
compare the results. First we assume that the old machine 
has been working for 5 years. Its productivity behavior 
is shown in the following schedule, which has been projected 
to a 10-year period.

Productivity Schedule
n PF PCF
1 1 0
2 0.97 0.03
3 0.93 0.07
4 0.86 0.14
5 0.81 0.19
6 0.77 0.23
7 0.72 0.28
8 0.67 0.33
9 0.62 0.38

10 0.57 0.43
From the productivity schedule we calculate the annual 

productivity cost by relating the Productivity Cost Factor 
with the annual operating and prorated net capital costs.
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Defender Productivity Cost

N
Operating

Cost Capital Cost Total PF PCF
Productiv:

Cost
1 1000 395.70 1395.70 0.77 0.23 321.01
2 1090 395.70 1485.70 0.72 0.28 416.00
3 1150 395.70 1545.70 0.67 0.33 510.08
4 1240 395.70 1635.70 0.62 0.38 621.57
5 1350 395.70 1745.70 0.57 0.43 750.35

The resulting productivity cost is added to the corres 
ponding annual cash flow from Table 5 and discounted at a 
10-percent rate to obtain the present worth cost.

Defender Discounted Cash Flow 
Cash Productivity Discount Discounted

N Flow Cost Total ' Factor Cash Flow
1 -500 -321.01 - 821.01 0.9091 -746.38
2 -545 -416.00 - 961.00 0.8264 -794.17
3 -575 -510.08 -1085.08 0.7513 -815.22
4 -620 -621.57 -1241.57 0.6830 -847.99
5 -675 -750.35 1425.35 0.6209 -885.00

-4088.76

The result is added to the present salvage value of 
the defender to obtain the present worth cost.
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Defender Present Worth Cost: 1500+4088.76 = 5588.76

The same procedure is followed to evaluate the challenging 
machine.

Challenger Productivity Cost

N
Operating

Cost Capital Cost Total PF PCF
Product:

Cost
1 500 1319 1819 1 0 0
2 530 1319 1849 0.97 0.03 55.47
3 550 1319 1869 0.93 0.07 130.83
4 600 1319 1919 0.86 0.14 268.66
5 650 1319 1969 0.81 0.19 374.11

The resulting productivity cost of the new machine 
is added to its annual cash flows from Table 6 and discounted 
to obtain the corresponding present worth cost.

Challenger Discounted Cash Flow 
Cash Productivity Discount Discounted

N Flow Cost Total Factor Cash Flow
1 250 0 250 0.9091 227.28
2 235 -55.47 179.53 0.8264 148.36
3 225 -130.83 94.19 0.7513 70.75
4 200 -268.66 - 68.66 0.6830 - 46.89
5 175 -374.11 -199.11 0.6209 -123.63

275.87
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This result is subtracted from the capital investment of the 
challenger to obtain the present worth cost.

Challenger Present Worth Cost: 5000-275.87=4724.13

By inspection we compare these new results and make a re
placement decision in favor of the challenger since it 
presents a lower Present Worth Cost than the corresponding 
defender.

From the previous example, we see that productivity 
is in fact an important variable that can even change the 
results of the replacement evaluation. Therefore we think 
productivity considerations should always be taken into 
account when a replacement analysis is being done.

In the next chapter, we use productivity considerations 
to evaluate a real replacement alternative.
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APPLICATION OF PRODUCTIVITY CONSIDERATIONS 
ON REPLACEMENT ANALYSIS

The general purpose of this chapter is to present real 
examples of replacement analysis, considering productivity 
in the evaluation. We present two cases, which will be

V

first evaluated from the point of view of the investment 
decision method and afterward, will be evaluated, taking into 
account productivity considerations in the replacement analysis. 
We do so because we think it would be interesting to compare 
the results of the evaluation from two different points of 
view— that is, first considering productivity, and then 
disregarding it.

First Case Study
This first example ̂ corresponds to an Australian mining 

company using Australian tax considerations. The piece of 
equipment under consideration will be a Caterpillar D-9 
dozer, which has been used for four years. The replacement 
alternatives for this case would be as follows:

43
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1) To overhaul the existing machine,
2) to buy a similar new unit,
3) to keep the old unit as it is.

General information on this piece of equipment is as follows.
Piece of equipment 
Cost on site of new unit 
Cost of overhaul 
Evaluation period

Caterpillar D-9 dozer 
$216,000 
$ 20,000 
Four years

Expected operating hours per year 3,000 hours
Operating History: year one

year two 
year three 
year four 

Operating cost: year one
year two 
year three 
year four

Depreciation rate 
Company taxation 
Investment allowance 
Cost of capital

2,8 90 hours 
2,710 hours 
2,530 hours 
1,980 hours 
$58,937 
$63,635 
$71,684 
$85,668
22.5% declining balance 
42.5%
40%
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Before beginning our analysis, we first construct a 
depreciation schedule, which is done in Table 7. From the 
depreciation schedule we get yearly depreciation to calcu
late the annual cash flow for the alternatives; we also 
get from this schedule the book value to calculate the net 
salvage value. This depreciation schedule is applicable 
to all the alternatives considered in this example.

Evaluation, Disregarding Productivity. For alternative 
one, overhauling, we have a cost in year zero of $100,000, 
which is from $80,000 present salvage value plus $20,000, 
the cost of overhaul. The final salvage value at the end 
of the four-year period analysis is $10,000. The estimated 
operating cost for the next four years are as follows,

year one: $73,685
year two: $78,275
year three: $82,865
year four: $87^455

With these data we calculate annual cash flow, which is 
done in Table 8. The results are discounted at 12 percent 
to determine the present worth cost.

Discounted Cash Flow Calculation
Cash Discount Discounted

n Flow Factor Cash Flow
1 -34,917 0.8929 - 31,177
2 ^39,233 0.7972 - 31,277
3 -43,172 0.7.118 - 30,730
4 -29,121 0.6355 -18,506

-111,690



T-1972 46

TABLE 7
Depreciation Schedule Caterpillar D-9 Dozer

Year
Cost of 
Asset

Accumulated
Depreciation

Book
Value Rate(%)

Yearly
Deprecia

0 216,000 -0- 216,000 22.5 -0-
1 216,000 48,600 167,400 22.5 48,600
2 216,000 86,265 129,735 22.5 37,665
3 216,000 115,455 100,545 22.5 29,190
4 216,000 138,078 77,922 22.5 22,623
5 216,000 155,611 60,389 22.5 17,533
6 216,000 169,199 46,801 22.5 13,588
7 216,000 179,729 36,271 22.5 10,530
8 216,000 187,890 28,110 22.5 8,161
9 216,000 194,215 21,785 22.5 6,325

10 216,000 199,117 16,883 22.5 4,902
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Adding these results to the capital cost in year zero, 
we obtain the present worth cost as follows.

Alternative One Present Worth Cost: 100,000 + 111,690 = 211,690

We now consider alternative two - buy a similar new unit. 
The capital cost of this new unit is $216,000. Its salvage 
value at the end of year four is estimated to be $80,000.
The estimated operating cost for the next four years are as 
follows.

year one: $58,937
year two $63,635
year three: $71,684
year four: $85,668

With these data we calculate annual cash flows, as shown
in Table 9. The results are discounted at 12 percent to
determine the present worth cost

Discounted Cash Flow Calculation

N
Cash
Flow

Discount
Factor

Discounted 
Cash Flow

1
2
4

23,486
-20,583
-28,813
39,473

0.8929
0.7972
0.7118
0.6355

20,971
-16,409
-20,509
25,085
9,138
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TABJjJl tJ
Alternative One Cash Flow Calculation

1 2 3 4
Income -0- -0- -0- -0-
Operat. 
Cost 73,685 78,275 82,865 87,455
Depre. 17,533 13,588 10,530 8,161
Tax Inc. (91,218) (91,863) (93,395) (95616)
Tax @ 42% 38,768 39,042 39,693 40,637
Net Profit (52,450) (52,821) (53,702) (54,979)
Deprec. 17,533 13,588 10,530 8,161
Net Salvage -0- -0- -0- 17,697
Net Annual 
Cash Flow (34,917) (39,233) (43,172) (29,121)
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Since the result is a positive number, we subtract it 
from the original capital cost to obtain the present worth 
cost.

Alternative Two Present Worth Cost: 216,000 - 9,138 = 206,862

TABLE 9
Alternative Two Cash Flow Calculation

1 2 3 4

Income -0- -0- -0- -0-
Operating
Cost 58,937 63,635 71,684 85,668
Depreciation 48,600 37,665 29,190 22,623
Tax. Income (107,537 (101,300) (100,874) (108,291)
Tax @ 42.5% 45,703 43,053 42,871 46,024
Net Profit (61,834) (58,248) (58,003) (62,267)
Depreciation 48,600 37,665 29,190 22,623
Net Salvage -0- -0- -0- 79yll7
Tax credit 36,720 -o- -0- -0-
Net Annual 
Cash Flow 23,486 (20,583) (28,813) 39,473

We now consider alternative three - keep the unit as
it is. The capital cost for this alternative is $80 ,000.
We assume that the final salvage value will be zero. The
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operating cost for the next four years has been estimated 
as follows.

year one: $73,685
year two: $78,27 5
year three: $82,865
year four: $87,455

With these data we calculate annual cash flows, which are 
shown in Table 10. The results are discounted at 12 percent 
to determine the present worth cost.

Discounted Cash Flow Calculation

Cash Discount Discounted
N Flow Factor Cash Flow
1 -34,917 0.8929 - 31,177
2 -39,233 0.7972 - 31,277
3 -43,172 0.7118 - 30,730
4 -34,871 0.6355 - 22,161

-115,344

Adding the result to the capital cost in year zero, 
we obtain the present worth cost for this alternative.

Alternative Three Present Worth Cost: 80,000 + 115,344 = 195,344

The results for the three alternatives can now be compared.

Alternative one PWC: $211,690
Alternative two PWC: $206,8 62
Alternative three PWC: $19 5,344 Minimum
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TABLE 10
Alternative Three Cash Flow Calculation

1 2 3 4

Income -0- -0- -0- -0-
Operating
Cost 73,685 78,275 82,865 87,455
Depreciation 17,533 13,588 10,530 8,161
Tax. Income (91,218) (91,863) (93,395) (95,616)
Tax @ 42.5% 38,768 39,042 39,693 40,637
Net Profit (52,450) (52,821) (53,702) (54,979)
Depreciation 17,533 13,588 10,530 8,161
Net Salvage -0- -0- -0- 11,947
Net Annual 
Cash Flow (34,917) (39,233) (43,172) (34,871)
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According to the investment decision method, we should^ 
choose alternative three, since it has the lowest present 
worth cost. However, it is not likely to be chosen because 
it will render poor service. Therefore alternative two will 
be selected because it involves the next lowest present 
worth cost.

Evaluation Considering Productivity. Let us now analyze 
the same example, considering productivity in our evaluation. 
First, productivity cost of alternative one - overhauling - 
is determined according to the operating history of the 
machine.

Alternative One Productivity Cost 
Operating Capital Operating Productivity

N Cost Cost Total Hours PF PCF Cost
1 73,685 29,221 102,906 2,710 0.90 0.10 10,291
2 78,275 29,221 107,496 2,520 0.84 0.16 17,199
3 82,865 29,221 112,086 2,330 0.78 0.22 24,659
4 87,455 29,221 116,676 1,870 0.62 0.38 44,337

We add this obtained productivity cost to the net cash 
flows from Table 8 and discount them at 12 percent to get 
the present worth cost.
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Discount Cash Flow Calculation

N
Cash
Flow

Productivity
Cost Total

Discount
Factor

Discounted 
Cash Flow

1 -34,917 -10,291 -45,209 0.8929 - 40,366
2 -39,233 -17,199 -56,432 0.7972 - 44,988
3 -43,172 -24,659 -67,831 0.7118 - 48,282
4 -29,121 -44,337 -73,458 0.6355 - 46,683 

-180,319

To obtain the present worth cost we add the result to the 
capital cost.

Alternative One Present Worth Cost: 100,000+180,319=280,319

The same procedure is followed for the second alternative - 
buy similar new unit.

Alternative Two Productivity Cost 
Operating Capital Operating Productivity

N Cost Cost Total Hours PF PFC Cost
1 58,937 54,561 113,498 2,890 0.96 0.04 4,540
2 63,635 54,561 118,196 2,710 0.90 0.10 11,820
3 71,684 54,561 126,245 2,530 0.84 0.16 20,199
4 85,668 54,561 140,229 1,980 0.66 0.34 47,678
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We add the obtained productivity cost to the net annual 
cash flow from Table 9 and discount them at 12 percent to 
obtain the present worth cost.

Discount Cash Flow Calculation
Cash Productivity Discount Discounted

N Flow Cost Total Factor Cash Flow
1 23,486 - 4,540 18,946 0.8929 16,917
2 -23,583 -11,820 -32,403 0.7972 -25,832
3 -28,813 -20,199 -49,012 0.7118 -34,886
4 39,473 -47,678 - 8,205 0.6355 - 5,214

-49,015

To obtain the corresponding present worth cost the results 
are added to the original capital cost.

Alternative Two Present Worth Cost; 216,000+49,015=265,015

Following the same order, the productivity cost of the third 
alternative - keep the unit as it is - is determined.
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Alternative Three Productivity Cost 
Operating Capital Operating Productivity

N Cost Cost Total Hours PF PCF Cost
1 73,685 23,839 97,524 1,800 0.60 0.40 39,010
2 78,275 23,839 102,114 1,509 0.50 0.50 51,057
3 82,865 23,839 106,704 1,218 0.41 0.59 62,955
4 87,455 23,839 111,294 927 0.31 0.69 76,793

These results are added to the annual cash flows from 
Table 10 and discounted at 12 percent to get the present 
worth cost.

Discount Cash Flow Calculation

N
Cash
Flow

Productivity
Cost Total

Discount
Factor

Discounted 
Cash Flow

1 -34,917 -39,010 - 73,927 0.8929 - 66.009
2 -39,233 -51,057 -90,290 0.7972 - 71,979
3 -43,172 -62,955 '-106,127 0.7118 - 75,541
4 -34,871 -76,793 -111,664 0.6355 - 70,962

284,491

The result of the discounted cash flow calculation is 
added to the original salvage value to obtain the corres
ponding present worth cost.

Alternative Three Present Worth Cost; 80,000+284,481=364,491
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Considering productivity in our analysis, we have the fol
lowing results for the three alternatives.

Alternative one PWC: $280,319
Alternative two PWC: $265,015 minimum
Alternative three PWC: $364,491

In this case alternative two - buy a similar new unit - 
should be selected, since it presents the lowest present 
worth cost. Comparing these results with the ones without 
productivity considerations, we can conclude that the same 
alternative will be chosen (having disregarded the alterna
tive of keeping the old unit as it is). However the analysis 
with productivity considerations will show technological ad
vantages as well as economical ones, over the rest of re
placement alternatives.

In this way, we see the importance of considering pro
ductivity when evaluating replacement alternatives.

Second Case Study
This second example corresponds to a small mining oper

ation in Peru. As in many underdeveloped countries, es
pecially in small businesses, these firms do not follow 
any replacement policy at all. In fact, technical life of 
assets are prolonged at the expense of productivity. The 
explanation for this is capital goods cost three times more 
than its equivalent in the United States or Europe, because
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transportation and customs fees, if they are imported machines. 
If they are locally made, the high price is due to small- 
scale production.

In this example we evaluate replacement of trucks. The 
defender is a relatively new truck for this firm. It is only 
five years old. For the challenger, we present three dif
ferent alternatives: a similar unit of 6-ton capacity; an
8-ton truck; and finally a 10-ton truck.

Calculations are done in Peruvian currency. There is 
no need to convert to American dollars because only absolute 
values are involved.

General information on this equipment is as follows. 
Defender: Truck Dodge D-500 6-ton capacity

Estimated salvage value: $240,000 
Challengers:

Alternative one truck Dodge D-500 6-ton capacity 
Capital cost: $1,080,000 

Alternative two: truck Dodge D-800 8-ton capacity 
Capital cost: $1,430,000 

Alternative three: truck Volvo N-88 10-ton capacity 
Capital cost: $2,385,000
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Depreciation rate:
Cost of capital:
Company taxation: 
Expected operating hours 
Operating history: 

year one: 
year two: 
year three: 
year four: 
year five:

Operting cost: 
year one: 
year two: 
year three: 
year four: 
year five:

100%
18%
48% 

per year:

2860 hours 
2725 hours 
2598 hours 
2475 hours 
2312 hours

$529 ,921 
$601,078 
$625,432 
$689,941 
$764,025

3000 hours

In this example there is no need to construct a depre
ciation schedule because the rate of depreciation is 100 
percent. Therefore the unit will be fully depreciated in 
the first year of usage. Peruvian mining law permits a 
100-percent depreciation in the first year up to 30 million 
soles in capital goods.
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Evaluation/ Disregarding Productivity. For the defender 
we have a present salvage value of $240,000; the final salvage 
value has been estimated in 50,000 soles. The estimated
operating cost for the next five years is given in the fol-
lowing schedule.

Defender Operating Cost:
year one: $809,000
year two: $864,000
year three: $920,000
year four: $976,000
year five: $1,031,000

With these data we calculate annual cash flows, as
shown in 'lable 11. The results are discounted at 18 percent
to determine the pr‘esent worth cost.

Discounted Cash Flow Calculation

N Cash Flow Discount Factor
Discounted 
Cash Flow

1 -421 0.8475 - 356.80
2 -449 0.7182 - 322.47
3 -478 0.6086 - 290.91
4 -508 0.5158 - 262.03
5 -510 0.4371 - 222.92

-1455.13
\
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TABLE 11
Defender Cash Flow Calculation 

1 2  3 4

Income -0-
Operating Cost 809 
Depreciation -0-

Tax. Income 
Tax @ 48%

(809)
388

- 0 -

864
- 0-

(864)
415

- 0-

920
- 0-

- 0-

976
- 0-

- 0-

1,031
- 0 -

(920) (976) (1,031)
442 468 495

Net Profit (421) (449) (478) (508) (536)
Depreciation -0- -0- -0- -0- -0-
Net Salvage -0- -0- -0- -0- 26

Net Annual 
Cash Flow (421) (449) (478) (508) (510)
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The result is added to the present salvage value to 
obtain the present worth cost.

Defender Present Worth Cost: 240,000+1,455,130=1,695,130

Challenger alternative one: Dodge truck D-500 capital 
cost is 1,080,000 soles: its final salvage value is estimated
at $240,000. Operating costs have been estimated as follows.

Operating Costs:
year one: $530,000
year two: $601,000
year three: $625,000
year four: $690,000
year five: $764,000

With these data we calculate annual cash flows, as 
shown in Table 12. The results are discounted at 18 percent 
to determine the present worth cost.

Discounted Cash Flow Calculation
Discounted

N Cash Flow Discount Factor Cash Flow
1 243 0.8475 205,94
2 -313 0.7182 -224.80
3 -325 0.6086 -197.80
4 -359 0.5158 -185.17
5 -272 0.4371 -118.89

-520.71
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TABLE 12
Challenger Alternative One Cash Flow Calculation

Income -0-
Operating
Cost 530
Depreciation 1,080

Tax. Income (1,610)
Tax @ 48% 773

Net Profit (837)
Depreciation 1,080
Net salvage -0-

- 0-

601
- 0 -

(601)
228

(313)
- 0 -

- 0-

-0- -0- -0-

625 690 764
-0- -0- -0-

(625) (690) (764)
300 331 367

(325) (359) (397)
-0- -0- -0-
-0- -0- 125

Net Annual 
Cash Flow 243 (313) (325) (359) (272)
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The result is added to the original capital cost to 
obtain the present worth cost.

Challenger Alternative One Present Worth Cost:
1,080,000 + 520,710 = 1,600,710

For challenger alternative two: Dodge truck D-800 the 
capital cost is $1,430,000. The estimated salvage value is 
$300,000. Operating Costs are given in the following schedule

Operating Costs:
year one: $609,000
year two: $691,000
year three: $719,000
year four: $793,000
year five: $879,000

With these data we calculate annual cash flows, as 
shown in Table 13. The results are discounted at 18 percent 
to determine the present worth cost.

Discounted Cash Flow Calculation
Discounted

N Cash Flow Discount Factor Cash Flow
1 370 0.8475 313.58
2 -359 0.7182 -257.83
3 -374 0.6086 -227.62
4 -412 0.5158 -212.51
5 -301 0.4371 -131.57

-515.95
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TABLE 13
Challenger Alternative Two Cash Flow Calculation

1 2 3 4 5
Income -0- -0- -0- -0- -0-
Operating Cost 609 691 719 793 879
Depreciation 1,430 -0- -0- -0- -0-

Tax. Income (2,039) (691) (719) (793) (879)
Tax @ 48% 979 332 345 381 422

Net Profit (1,060) (359) (374) (412) (457)
Depreciation 1,430 -0- -0- -0- -0-
Net Salvage -0- -0- -0- -0- 156

Net Annual 
Cash Flow 370 (359) (374) (412) (301)
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The result of the cash flow calculation is added to 
the capital cost to obtain the present worth cost.

Challenger Alternative Two Present Worth Cost;
1,430,000 + 515,950 = 1,945,950

The capital cost for challenger alternative three: 
Volvo N̂ -8 8truck is $2,385,000. The estimated salvage value 
at the end of the five-year period if $500,000. The opera
ting costs are given in the following schedule.

Operating Cost
year one: 498,000
year two: 565,000
year three: 588,000
year four: 649,000
year five: 746,000

With these data we calculate annual cash flows, as 
shown in Table 14. The results are discounted at 18 percent 
to determine the present worth cost.



T-1972 66

TABLE 14
Challenger Alternative Three Cash Flow Calculation

1 2 3 4 5

Income -0- -0- -0- -0- -0-
Operating Cost 498 565 588 649 746
Depreciation 2,385 -0- -0- -0- -0-

Tax. Income (2,883) (565) (588) (649) (746)
Tax @ 48% 1,384 271 282 312 358

Net Profit (1,499) (294) (306) (337) (388)
Depreciation 2,385 -0- -0- -0- -0-
Net Salvage -0- -0- -0- -0- 260

Net Annual 
Cash Flow 886 (294) (306) (337) (128)
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Discounted Cash Flow Calculation
Discounted

N Cash Flow Discount Factor Cash Flow
1 886 0.8475 750.89
2 -294 0.7182 -211.15
3 -306 0.6086 -186.23
4 -337 0.5158 -173.82
5 -128 0.4371 - 55.95

123.73

Since the results obtained in’the discount 'cash flow 
calculation is a positive number, it should be subtracted 
from the original capital cost to obtain the respective 
present worth cost.

Challenger Alternative Three Present Worth Cost:
2,385,000 - 123,730 = 2,261,270

The results of present worth cost calculation for the defender 
and three alternatives for the challenger are compared to,' 
determine the most economical choice.

Defender PWC: $1,695,130
Challenger One PWC: $1,600,710 minimum
Challenger Two PWC: $1,945,950
Challenger Three PWC: $2,261,270
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According to the investment decision method, we should 
make a decision in favor of the challenger alternative one. 
That is, to replace the existing truck by a similar new unit 
because it is the lowest Present Worth cost replacement al
ternative.

Evaluation Considering Productivity. Let us now analyze 
the same example considering productivity in our evaluation. 
First productivity cost of the existing machine is determined 
according to its operating history

Defender Productivity Cost 
(costs in thousands)

Operating Capital Operating Productivity
N Cost Cost Total hours PF PCF Cost
1 809 73.11 882.11 2190 0.73 0.27 238.17
2 864 73.11 937.11 2070 0.69 0.31 290.50
3 920 73.11 993.11 1950 0.65 0.35 347.59
4 976 73.11 1,049.11 1800 0.60 0.40 419.64
5 1,031 73.11 1,104.11 1680 0.56 0.44 485.81

We add the productivity cost to the net annual cash 
flows from Table 11 and discount it at 18 percent to obtain 
the present worth cost.
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Discount Cash Flow Calculation

N Cash Productivity Discount Discounted
Flow Cost Total Factor Cash Flow

1 -421 -238.17 -659.17 0.8475 -558.65
2 -449 -290.50 -739.50 0.7182 -531.11
3 -478 -347.59 -825.59 0.6086 -502.45
4 -508 -419.64 -927.64 0.5158 -478.48
5 -510 -485.81 -995.81 0.4371 -435.27

-2,505.95

We add this result to the present salvage value to
obtain the present worth cost.

Defender Present Worth Cost: 240,000+2,505,950 = 2,745,950

We determine the productivity cost for this alternative 
challenger alternative one: Dodge truck D-500.

Alternative One Productivity Cost 
(cost in thousands)

N
Operating

Cost
Capital 
Cost Total

Operating
Hours PF PCF

Productivity
Costs

1 530 327.89 857.89 2850 0.95 0.05 42.89
2 601 327.89 928.89 2730 0.91 0.09 83.60
3 625 327.89 952.89 2610 0.87 0.13 123.88
4 690 327.89 1,017.89 2490 0.83 0.17 173.04
5 764 327.89 1,091.89 2310 0.77 0.23 251.13



T-1972 70

We add the productivity cost to the net annual cash 
flows from Table 12 and discount it at 18 percent to obtain 
the present worth cost.

Discount Cash Flow Calculations
Cash Productivity Discount Discounted

N Flow Cost Total Factor Cash Flow
1 243 -42.89 200.11 0.8475 169.59
2 -313 -83.60 -396.60 0.7182 -284.84
3 -325 -123.88 -448.88 0.6086 -273.19
4 -359 -173.04 -532.04 0.5158 -274.43
5 -272 -251.13 -523.13 0.4371 -228.66

-891.52

We add this result to the capital cost of this alterna-
tive to determine the present worth cost.
Challenger Alternative One Present Worth Cost:

1,080,000 + 891,520 = 1,971,520

Productivity costs of alternative two: Dodge truck D-800 
is determined as follows:

Alternative Two Productivity Costs 
(costs in thousands)

Operating Capital Operating Productivity
N cost cost Total hours PF PCF Costs
1 609 435.48- 1,044.48 2850 0.95 0.05 52.22
2 691 435.48 1,126.48 2730 0.91 0.09 101.38
3 719 435.48 1,154.48 2610 0.87 0.13 150.08
4 793 435.48 1,228.48 2490 0.83 0.17 208.84
5 879 435.48 1,314.48 2310 0.77 0.23 302.33
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We add the productivity cost to the annual cash flow 
from Table 13 and discount it at 18 percent to obtain the 
present worth cost.

Discount Cash Flow Calculation

N_
Cash
Flow

Broductivity
Cost Total

Discount Discounted 
Factor Cash Flow

1 370 - 52.22 317.78 0.8475 269.32
2 -359 - 101.38 -460.38 0.7182 - 330.64
3 -374 - 150.08 -524.08 0.6086 - 318.96
4 -412 - 208.84 -620.84 0.5158 - 320.23
5 -301 -302.33 -603.33 0.4371 - 263.72

- 964.23
The result is added to the capital cost to obtain the

present worth cost.

Challenger Alternative Two Present Worth Cost:
1,430,000 + 964,230 = 2,394,230

The productivity cost of challenger alternative three: 
Volvo truck N-88 is determined:
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Alternative Three Productivity Cost
(cost in thousands)

N
Operating
Cost

Capital
Cost Total

Operating
Hours PF PCF

Product^
Cost

1 498 726.33 1,224.33 2850 0.95 0.05 61.22
2 565 726.33 1,291.33 2730 0.91 0.09 116.22
3 588 726.33 1,314.33 2610 0.87 0.13 170.86
4 649 726.33 1,375.33 2490 0.83 0.17 233.81
5 746 726.33 1,472.33 2310 0.77 0.23 338.64

We add the productivity cost to the annual cash flows 
from Table 14 and discount it at 18 percent to obtain the 
present worth cost.

Discounted Cash Flow Calculation
Cash Productivity Discount Discounted

N Flow Cost Total Factor Cash Flow
1 886 - 61.22 824.78 0.8475 699.00
2 -294 -116.22 -410.22 0.7182 -294.62
3 -306 -170.86 -476.86 0.6086 -290.22
4 -337 -233.81 -570.81 0.5158 -294.42
5 -128 -338.64 -466.64 0.4371 -203.97

-384.23
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To obtain the corresponding present worth cost, the 
result is added to the original capital cost.

Challenger Alternative Three Present Worth Cost:
2,385,000 + 384,230 = 2,769,230

According to our proposal, alternative one should be 
chosen because it presents the lowest Present Worth Cost 
among replacement alternatives. Challenger alternative two 
can also defeat the defender since its Present Worth Cost 
is lower than that of the existing machine. However, chal
lenger alternative three does not have advantages over the 
existing truck because it has a higher cost than the de
fender.

The productivity approach gives different results com
pared to the Investment Decision Approach as shown in the 
following comparison.

Investment Decision Productivity
Approach Approach

PWC Rank PWC Rank
Defender 1,695.13 2 2,745.95 3
Challenger one 1,600.72 1 1,971.52 1
Challenger two 1,945.95 3 2,394.23 2
Challenger three 2,261.26 4 2,769.23 4
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The different results are explained by productivity 
considerations that have been taken into account.

Challenger alternative one is the best choice from 
an economic and operating performance point of view, accord
ing to the results of both methods. The operating perfor
mance Of challenger alternative two overcomes the economic 
advantage of the defender, making the challenger a better 
alternative than the existing machine.

Challenger alternative three is ranked as the worst 
replacement choice by both methods because its operating 
performance advantages do not overcome the lower cost of 
the defender.
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CONCLUSIONS

The main intention of this thesis has been to intro
duce productivity considerations in equipment replacement 
analysis. This goal has been accomplished by converting 
productivity into a factor that is measured in terms that 
are relative to the original expected rate of production. 
From it a second factor is derived in order to account for 
the cost created by decreasing productivity, which is then 
related to the annual operating and capital cost to obtain 
the productivity cost in monetary terms.

In this way the importance of productivity in replace' 
ment analysis can be considered, and proper consideration 
can be given to the evaluation of alternatives.

75
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