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So, depreciation for the first year is nothing but 0.4 into book value.
D1 =0.4 x 28,00,000 = 11,20,000 rupees

So, now you calculate the book value at the end of first year, so what is the book value at the
beginning of year that is nothing but your purchase price of the machine 28 lakh minus the
depreciation for the first year. That is nothing but 11,20,000, that gives you the book value at the
end of the first year as 16,80,000 so hope you can understand. So, let us work it for the second

year.
(Refer Slide Time: 21:08)
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So, for the second year the depreciation is nothing but D2 is 0.4 into book value the end of first

year,
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D2=0.4 x 16,80,000 = 6,72,000 rupees
Now calculate the book value at the end of second year, it is nothing but book value at the end of

the first year minus the depreciation for the second year.

So, what is the book value at the end of first year? It is nothing but 16,80,000 minus your
depreciation for the second year is 6,72,000 that gives me the book value at the end of second year
as 10,8000. So, like this you calculate the depreciation for all the years and the corresponding book
values also you have to estimate. Now you can estimate the annual cost by adding the operating
and the maintenance cost as the depreciation. When you add column 2 and the column 3 you will

get the annual costs for every year. So, what is the annual cost for the first year?

(Refer Slide Time: 22:27)
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Your operating in the maintenance cost for the first year is 12 lakh and your depreciation for the

first year is 11,20,000, so your annual cost will be
Annual cost of first year = 11,20,000+12,00,000 = 23,20,000 rupees
Annual cost of second year = 6,72,000+12,60,000 = 19,32,000 rupees

So, like this you keep calculating for all the years with every year you can calculate the annual

cost.

Then you can calculate the cumulative cost, then find the average annual cumulative cost. So, like

we did for the earlier old loader or the current loader or the defender. So, now, how will you

calculate the average annual cumulative cost?
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(Refer Slide Time: 23:23)
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It is nothing but your the cumulative cost divided by the cumulative usage of the machine. So, for

the first year,

23,20,000

Average annual cumulative cost, first year = = 23,20,000 rupees

42,52,000

Average annual cumulative cost, second year = = 21,26,000 rupees

So, the same way you can see the trend here, here also the initially the cost is high then it starts
reducing, it reaches a minimum point here, after that it starts increasing you can see it is increasing.
So, basically here the economic life of the machine is 9th year for the proposed loader, because
the cost is minimum 9th year. So, the economic life of the proposed loader is 9th year but for the

old loader the economic life is 8th year.
Now you can compare the average annual cumulative cost of the proposed loader and the old

loader. You can see the average annual cumulative costs minimum is 17,99,541.
(Refer Slide Time: 24:51)
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So, for here you can see it is 17,47,975, so can you see here? So, you can see, here it is 17,99,000,
here it is 17,47,000. So, it justifies the replacement of your proposed loader with the old loader
because the minimum average annual cumulative cost for the challenger is lesser when compared
to the old loader which is higher. So, this justifies a replacement. Now, let us see when to replace
this current loader with the new loader.

(Refer Slide Time: 25:28)

Minimum cost method

Decision to replace equipment is made when estimated
annual cost of current machine for next year exceeds
minimum average annual cumulative cost of

replacement.

So, Dr. James Douglas has given a guideline for this minimum cost approach to decide when to
replace the old machine with the new machine. So, the decision to replace the equipment is made
when the estimated annual cost of the current machine for the next year exceeds the minimum

average annual cumulative cost of the proposed machine. So, you are going to compare the annual

243



cost of the current machine for the next year with the minimum average annual cumulative cost of
the proposed machine. When the annual costs of the current machine is higher, that is the time you
have to plan for the replacement.

(Refer Slide Time: 26:10)

Comparison of average annual cumulative costs.
1 22,40,000.00 )
2 L 20,72,00000 | 21,26,000.00
3 | 195046667 | 10,01,73333
4 \{885,76000 | 18,99,280.00
5 16,54,784,00 18,30,664.80 | 18,36,454,40
6 16,80,87040 18,13,11578_ | 17.04,800.87
7 17,28,522.04 1 N 17.88,802.56
8 17,60,13.34 17.99.541.25 DG-1e-54.
9 18,57,468.01 05,
10 19,30,480.80 161842768 | 9530695
1 20,06,288.48 103550612 | 17,5362197
12 20,83,773.09 18,56.19503 | 176282542
For current loaders estimated annual cost for next year(end of year 2) is ¥ 19,04,000.00
and this eXCEUS Minimum average annual cumulative cost for new foader T 174797583
Hence decision 1§ or r
e e e e el

So, now let us compare as per Dr. James Douglas guideline the estimated annual cost of the
machine for the next year. So, next year is nothing but because you are the loaders are already 1
year old. The current loader is 1 year old, so we are finding the estimated annual cost for the second
year. Second year the value is 19,04,000, you compare it with the minimum average annual

cumulative cost of the proposed loader.

For the proposed loader the minimum average annual cumulative costs is 17,47,975, you compare
this and this. Since your annual cost the estimated cost for the current loader for the next year is
very much higher than the proposed loader. So, it implies that you have to replace immediately.

So, you have to replace the current loader with the new loader as per the Dr. Douglas guidelines.

So, and also as | told you when we compare the average annual community cost of the current
loader as well as the minimum loader, these 2 minimum values also if you compare, you can see
it justifies replacement. Because for the proposed loader value is lesser when compared to the
current loader. So, it means that if you are going to hold their proposed loader with you for 9 years,
the average annual cumulative cost which you will incur for the 9 yours will be 17,47,975.
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Which is lesser than the estimated annual cost for the current loader for the next year that is second
year, so that is why we are replacing it immediately. So, for the current loader estimated annual
cost for the next year is 19,04000 and this exceeds the minimum average cumulative cost for a
new loader that is 17,47,975. Hence the decision is to replace the current loader with the newer
model. So, this is the finding or the decision based on the minimum cost method.

(Refer Slide Time: 28:26)

4 Replacement Analysis ;

profit method

o Based on maximizing equipment profit.

o Economic life of equipment is the time period when

average annual cumulative profit is maximum.

Y-

Now let us look into the next approach given by Dr. Douglas, it is nothing but maximum profit
method. So, this is based on maximizing the equipment profit, so here we are optimizing the
prediction with respect to profit. So, how to defend economic life here, it is a time period when
the average annual cumulative profit is maximum. So, actually this is more attractive from business

point of view because profit is always a bottom line of any company.

But to implement this method, you should have the data on the profit of the individual equipment.
You should be able to extract the profit of the individual equipment from the equipment fleet or
the entire project. In that case you will be able to use these guidelines, do the replacement analysis.
(Refer Slide Time: 29:13)
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Average annual cumulative profits of the current loaders (Defender)

26,00,000.00) | 22.40,000.00] 5,80.000.00 | 5,60,000.00 |  560,000.00
27,70,000.00)| 19.04,000.00 8,26,000.00 | 13,86,000.00| _6,93,000.00
26,60,000.00(| 17.34.400.00] 9,25,600.0023,11,600.00]  7.70,533.33
25,90,0000 100]/9.25.360.00[32.36,960.00] _ 6,09,240.00
2520,000.00 | 16,54,784.00 | 8,65,216.00 [41,02,176.00] 82043520
24,50,00000[[ 16.80,870.40 | 7,69,129.60 |48.71,305.60|  8.11,88427
2380,000.00] | 17.28,522.24 | 651477.765522,783.36 7,88,969.05
23,10,000.00] [ 17,69,113.34 | 5.20.886.666043,670.02]  7.55458.75
22,40,000.00{ | 18,57,488.01 | 3.82,531.99 |64.26,202.01 |  7,14,02245
10| 21,70,000.00}] 19,30,480.80} 2,39,519.20 [66,66.72121| 6,66,572.12

Maximum average annual cumulative profit of current loader is ¥ 8,20,435.20 (at end
of fifth year)
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So, now let us workout the same problem using maximum profit method. So, we are going to find
the average annual cumulative profit of the current loader as well as the proposed loader. Now as
given in the question, the revenue for the current loader is 28 lakh, it decreases by 70,000 every
year. So, if you know as a machine age increases, you can see its productivity will be less, it is
operating cost will be very high, it keeps increasing.

So, you can see there will be loss in revenue, so the revenue keep decreasing by 70,000 every year.
To start with for the first year it is 28 lakh then the revenue is decreasing by 70,000 every year.
So, subtract 70,000 you will get the revenue for the second year that is 27,30,000. Now again
subtract the 70,000 to give the revenue for the third year, it is nothing but 26,60,000.

So, it keep deducting 70,000 for every year you will get the revenue for the annual revenue for
every year. So, already we have estimated the annual cost by adding the operating and the
maintenance cost and the depreciation in the earlier tables itself. You can use those values for the
annual cost of the current loader. Now we are going to find the actual profit to determine the profit
we have to subtract the cost from the revenue, then only we will get the annual profit. So, you are
going to subtract column 2 minus column 3, that will give you the annual profit. So, how are you
going to do it for the first year?

(Refer Slide Time: 31:00)
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Average annual cumulative profits of the current loaders (Defender)

22:40,000.00]| 5. 5,60,000.00 | 5,60,000.00
27,30,000.00| 19,04,000.00( 6.26,000.00 | 13,86,000.00| 6,93,000.00
26,60,000.00 | 17,34.400.00 9,25,600.00 | 23,11,600.00] 77053333
25,90,000.00 001/ 9.25,360.00 | 32.36,960.00| 8,09,240.00
25,20,000.00 | 16,54,784.0 | 8,65,216.00 [41,02176.00] 8,20435.20
24,50,000.00 ([ 16,80,870.40 | 7:69,129.60 48,71,305.60|  8,11,884.27
23,80,000,00] | 17.28,522.24 | 6,51,477.76 55.22,783.36|  7,88,969.05
23,10,000.00| 17,89,113.34 | 5,20,886.66 | 80.43,670.02]  7,55,458.75
9| 224000000 185746801 | 382,631.99 642620201 | 7,14,02245
10 | 21,70,000.004| 19,30,480.803] 2,39,619.20 | 66.65,721.21 |  6,66,572.12

Maximum average annual cumulative profit of current loader is 2 8,20,435.20 (at end
of fifth year)
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Annual profit of first year = 28,00,000-22,40,000 = 5,60,000 rupees
Annual profit of second year = 27,30,000-19,04,000 = 8,26,000 rupees
So, you keep calculating, it for all the years, you have to subtract column 3 from column 2, so that
you can get actual profits alone for every year.
(Refer Slide Time: 32:00)

Average annual cumulative profits of the current loaders (Defender)
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Maximum average annual cumulative profit of current loader is ¢ 8,20,435.20 (atend 7
of fifth year)
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So, similarly, you have to find the cumulative profit by adding the profit of all the years you can
get the cumulative profit. Now the average annual cumulative profit, so that is going to be the
nothing but your cumulative profit divided by cumulative usage of the machine, that gives you the

average annual cumulative profit.
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5,60,000

Average annual cumulative profit, first year = =5,60,000 rupees

13,86,000

Average annual cumulative profit, second year = = 6,93,000 rupees

Similarly calculate the profit for the third year, so for the third year, the annual cumulative profit
is
23,11,000

Average annual cumulative profit, third year = =7,70,533.33 rupees

So, this is how you have to estimate based on the maximum profit method. So, now the same way
you can find economic life, so the year is which the profit is maximum that is an economic life.
Here also you can see a kind of parabolic trend, so you can see initially the profit is low.

(Refer Slide Time: 33:26)

Average annual cumulative profits of the current loaders (Defender)
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10 | 21,70,000.001] 19.30,480.80, 23051920 se.ss,mﬂlﬂ 6,66,572.12

Maximum average annual cumulative profit of current loader is 2 8,20,435.20 (at end/'k'
of fifth year) )
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Now the profit is increasing, the profit reaches a maximum point here after that it starts decreasing.
So, you can say the trend is like this, the profit increases the maximum increases, and reaches a
maximum point and then again starts decreasing, so you are getting a trend like this. So, now you
can find the time period during which a profit is maximum, that is your economic life, so that is

happening in the 5th year for the current loader.
So, the maximum profit we are getting at the 5th year. So, it means that if you are holding this

machine for 5 years with you. So, for the first five years, the average annual profit for the past five
years will be 8,20,435.2. So, this is the economic life for the current loader based on maximum
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profit method. Now we are going to compare it with the challenger. So, we have to estimate all

these which are profits again for the challenger.

So, one thing you have to note it here is when you estimate based on the minimum cost method,
the economic life was different. For the defender, hope you remember the economic life was 8
year based on minimum cost approach. Based on maximum profit approach, you can see the
economic life is 5th year. So, different approaches gives you different view of the time of
replacement.

(Refer Slide Time: 34:42)

Average annual cumulati p@ﬁts of proposed loaders (Challenger)

1 Jmono0 10000/ 4800000 f4,60,000 480,000,
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4 | | 250000000 || p2192000] assos0od | 128000 | Yos72000 ﬂ\e"o
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9 \| 224000000(f 1698811 10| 54118030\ |fon 8821755 | / 77202017

10 217000009 175128704 | 418712984 73969053 73668305

Maximum Mnnuww 8,30,106.13 (at end

of Sixth year).

Now let us calculate the average annual cumulative profit for the proposed loader that is challenger.
The revenue is same, so the same way you are going to calculate the revenue, every year the
revenue is decreasing by 70,000 per year, so you can calculate. The annual cost is already
calculated for the proposed loader from the previous table you can take these values. Now your
profit is nothing but your revenue minus cost column 2 minus column 3 that is going to give you

the profit.

The same way you can calculate and then you find the cumulative profit so find the cumulative
profit. Now we are going to find the average annual cumulative profit which is nothing but the

cumulative profit divided by the usage.
4,80,000

Average annual cumulative profit, first year = = 4,80,000 rupees

249



Average annual cumulative profit, second year =

12,78,000

=6,39,000 rupees

So, now you can again determine the economic life for your proposed loader. So, proposed loader

you can see the profit is increasing with the time. So, you are getting a trend like this.

(Refer Slide Time: 36:07)

Average annual cumulative profits of proposed loaders (Challenger)

1| 220000000 232000000 48000000 | 48000000 | 48000000 |

2 27,30,000.00 | 19.32,000.00 | 7,98,000.00 | 12,78.000.00 6,39,000.00

3 | 266000000 [17,23,20000| 0.36,800.00 | 221480000 |  7,38.266.67

4| 259000000 | 182192000 | 9,68,080.00 | 418288000 | 79572000

5 | 252000000 | 168515200 | 3484800 | 41,17.728.00 | 82054560 fg\
m 24,50,000,00 |15,87,091.20 | 8,62,908.80 | 49,80 636,80 $,30,106.13 )}

7| 22800000 161225472 | 7.67,14528 | 574838208 | | 821.197.44

8 | 231000000 [ 165135283 | 6,58,647.17 | 640702025 \o,oomu _‘/—3———-
9 | 224000000 | 16,98811.70 | 5.41,188.30 | 69,48.217.55 \1.72.024.11 q,ggk
10 21,70,000.00 | 17,51,287.02 | 4,18,712.68 | 73,866,930.53 Qr.ss.mos ¢ ““f\
Maximum average annual cumulative profit of new loaders is 2 8,30,106.13 (at end \‘o’é

of Sixth year).

Your profit is increasing and at the particular point it reaches the maximum, then again it starts

reducing with the duration with the age of the machine. So, the duration for which your profit is

maximum that is your economic life. So, you can see it is increasing reaches the maximum point,

this is a maximum point after that it starts again decreasing. So, this is the economic life for your

challenger 6th year. So, hope you remember based on minimum cost method, we found the

economic life as 9th year based on minimum cost method.

But based on maximum profit method for the proposed loader, that is a challenger the economic

life is your 6th year, because the profit is maximum at the 6th year. Another thing you have to

compare here is what is the maximum profit for the current loader and the propose loader. So, the

maximum average annual cumulative profit is 8,20,435, here it is 8,30,106.13, that means the profit

is maximum for the challenger.
(Refer Slide Time: 37:24)
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Average annual cumulative profits of proposed loadefs (Challenger)

1| 280000000 | 232000000 | 48000000 | 480,00000 |  480,000.00
2 21,30,000.00 | 19,32,000.00 | 7,98,000.00 | 12,78,000.00 6,39,000,00
3 26,60,000.00 | 17,23,200.00 | 9,36,800.00 | 22,14,800.00 7,38.266.67
4 25,90,00000 | 16,21,920.00 | 9,68,080.00 | 31,82,880.00 7.85720.00
5 25,20,000.00 | 15,85,152.00 | 9,34,848.00 | 41,17.728.00

(5) | 245000000 |15.7,09120 | 86290880 | 48.80,836 80,46

T | 28000000 | 161225472 76774528 | 574838208
8
9

23,10,000.00 | 16,51,352.83 | 6,58,84717 | 64,07,020.25 \&00.07&00
24000000 | 169881170 | 541,10830 | 94821755 | | 7720247
10 | 21,70,00000 | 17,51,287.02 | 4,18,71208 | 73,66,630,53 %1.%,&06

Maximum average annual cumulative profit of new loaders is 2 8,30,106,13 (at end
of Sixth year).

So, when you compare the maximum average annual cumulative profits, it justifies that your
challenger is generating more profit. So, if you are going to hold it for 6 years so you are able to
realize a maximum profit of 8,30,000 for the past 6 years. So, basically it is preferable to replace
your old machine with the new machine, that is what is the decision. When to replace? We will go
by the guides by Dr. James Douglas.

(Refer Slide Time: 37:47)

Replacement Analysis

Maximum profit method
\y o e e SN

—

o Decision to replace equipment is made when estimated
annual profit of defender for next year falls below ()E [

challenger.
0 Estlmated annual profit of current loaders, £ 8, 26 ODO 00

maximum average annual cumulative profit of
e LD

o Hence loaders should be replaced immediately.

el

So, the decision to replace the equipment is made, when the estimated annual profit of defender
for the next year falls below the maximum average annual cumulative profit of the challenger. So,
we are going to calculate the see what is the estimated annual profit of the defender for the next
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year. So, basically, your current loader is already 1 year old, so the next year means for the second

year what is the estimated annual profit?

Estimated annual profit of your current loader is 8,26,000. Now you compare this value with the
maximum profit achieved by a challenger, maximum profit, so 8,30,806. So, the estimated annual
profit of the current loader is 8,26,000, in the second year this is very much less when compared
to the this is lesser when compared to the new loader that is this value is nothing but your annual
average the profit of your proposed loader.

So, you compare the estimated annual profit of the current loader with the average annual that is
the maximum average annual profit of your the proposed loader. So, this profit is falling below
this, the current loader profit is falling below this, that is why we have to replace the loader
immediately, so this is a decision based upon your maximum profit method. So, in the minimum
cost method, hope you remember how we made the decision.

(Refer Slide Time: 39:24)

Minimum cost method

i
el
-

Decision to replace equipment is made when estimated

annual cost of current machine for next year exceeds
———— ———

minimum average annual cumulative cost of

~—

replacement.

—%

— —

So, we are comparing the annual cost of the current machine of the next year with the minimum
average annual cumulative cost of the replacement. So, if the annual cost of the current machine
for the next year exceeds the minimum average annual cumulative cost of your proposed machine,

then you have to replace.
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In a similar perspective here you can see that in the maximum profit method, if the annual profit
of the current loader for the next year falls below the maximum average annual the cumulative
profit for the new loader, in that case we have to justify the replacement. So, this as per the
guidelines of Dr. James Douglas, we have to replace the current loader with the new loader.

So, the challenger is found to be more economical and the replacement has to be done immediately,
so that is what is the output of this analysis. But based on intuitive method, we can find that we
are not able to work it out in a more rational way. So, hence the intuitive method can be use in
addition with the other methods like minimum cost method or maximum profit method to present

a different view of the replacement analysis.
So, solely we cannot depend upon the intuitive method, there is one more method which was

discussed by Dr. James Douglas, that is payback period method. In this method we are going to

find the time, payback time for the defender and the challenger, you are finding the payback time.

(Refer Slide Time: 40:54)
- i Replacement Analysis
Maximum profit method
\

annual profit of defender for next year falls below l
{

maximum average annual cumulative profito

challenger.
(it SANES

o Estimated annual profit of current loaders, ¥ 8,26,000.00

(In the second year) falls below 2 8,30,106.13 of new (90{4”

loaders. w
Joaders.

o Hence loaders should be replaced immediately.

Payback time is nothing but the time duration needed for a machine to recover the initial
investment you are putting to the machine. So for every machine you know that you have invested
some amount of money, there may be some huge investment in the machine that is a the purchase
price of the machine. So, how much time it takes for you to recover that initial investment, what

you are made in the machine.
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That is nothing but your payback period by generating the profit. So, how much time is needed for
the machine to recover the initial investment made in the machine by generating the profit?. So,
that is what we are finding in the payback period method and you will compare the payback period
value of the defender and the challenger. So, defender versus challenger, you can compare the

payback period.

So, whichever the machine has a lower payback period, that means if you are able to recover the
initial cost faster, so that machine is suitable. So, that is how we compare based on the payback
period method. So, if say for example of the challenger gives you a shorter payback period when
compared to the defender then we have to replace the defender with the challenger. Whichever is
having shorter payback period, we have to go for that machine.

So, that is how we compare alternatives, this is also not very much rational when compared to the
minimum cost method or maximum profit method. Because in this method, we are not looking
into what is happening beyond payback time beyond the payback period, what is actually
happening, we are not analyzing in detail. So, that is why we cannot solely depend upon this

method, payback period method.

We have to do compare the conclusion achieved by this method along with any other method like
a maximum profit method or minimum cost method. So, you can use it in combination with the
other methods and compare the replacement analysis decision. So, the best approach is your
minimum cost method and the maximum profit method. Other methods like intuitive method or
the payback period method; you can use it in combination with the other methods to have a
comparison of different replacement decisions. Now let me summarize what we have discussed so
far in this lecture.

(Refer Slide Time: 43:18)
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— =1 Replacement Analysis }f

Summary

o Intuitive method acts like baseline for comparison with other
methods.
ks

o Minimum cost method focus on replacing equipment when overall
cost is minimum.

& Maximum profit method pitvides a model for profit making

enterprise fo make deci rofit on bottom line.

o The above methdd is approximate a4 it does not consider time
: e CY

value of money.

o Using compounding factors determine minimum equivalent

umlomr and challenger. “"?

So, the intuitive method is acting like a baseline for comparison with the other methods. As I told
you it is just a decision what we make based upon our professional experience or based on the
common sense, we can just make a decision without working the economics in detail. So, like we
are not using any theoretical model or analytical model to work it out. So, that is why you can use

this method in comparison with other approaches.

Then minimum cost method focus on replacing your equipment when the overall cost is minimum.
And the maximum profit method provides a model for profit making enterprise particularly for the
companies who main objective is only to make profit. So, those companies they can use the
maximum profit method. But provided they should be able to extract the profit of the individual

equipment from the entire project, then only they can do the analysis.

So, and one thing we have to note it here as | mentioned in the earlier lecture also, here we are not
considering the timing of the cash flows. That is why the analysis what we have done so far it is
only approximate, because we have not considered the timing of cash flows. So, in the next lecture,
what we are going to do is, we will consider the timing of cash flows, we will convert the cash
flows which are occurring at different time interval into equivalent cash flows at the particular

time period and make the comparison.
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So, using the various component factors, what we were discussing earlier lectures. So, using
component factors, we will determine minimum equivalent uniform annual cost of defender and
challenger and make the comparison and do the replacement analysis. That will give you with the
accurate estimate. So, this method is going to be more accurate when compared to the previous
methods whatever we have discussed so far. So, the next lecture we are going discuss the
replacement analysis using the time value concept.

(Refer Slide Time: 45:15)

T

o Day, D.A., & Benjamin, N. B, H. (1991). Construction equipment guide (2nd ed.).
John Wiley & Sons.

o Frein, J. (2012). Handbook of construction management and organization
Springer Science & Business Media,

o Gransberg, D. D., Popescu, C, M., & Ryan, R. C. (2006). Construction equipment i
management for engineers, estimators, and owners (2nd ed.). CRC Press.

o Nunnally, S. W. (2011), Construction methods and managemant. Prentice Hal,

o Peurifoy, R., Schexnayder, C.. Shapira, A., & Schmitt, R. (2011). Construction
Planning, Equipment, and Methods (8th ed.). McGraw-Hill

o Tomlingson, P. D. (2009). Equipment management: Key to equipment reliability
and productivity in mining (2nd ed.). SME

So, these are the references which | have referred for this lecture. So, you can go through this
textbooks to prepare the topics related to this lecture, so let us meet in the next lecture, thank you.
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