Replacement and Retention Decisions Basics

@ One of the most commonly performed engineering economy
studies is that of replacement or retention of an asset or system
that is currently installed.

@ Differs from previous studies where all alternatives are new

@ The question is "Should the current system or asset be replaced
now or later?"

@ Replacement study is an application of AW method of comparing
unequal-life alternatives.

@ The need for a replacement study can develop from several
resources:
@ Reduced performance: due to physical deterioration
o Altered requirements: New requirements for accuracy
@ Obsolescence: Keep track of new technology
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The terminology that is used in Replacement Studies:

@ Defender: Currently installed asset

@ Challenger: Is the potential best alternative to replace the
defender

@ AW values are used for both the defender and challenger. The
term EUAC (equivalent uniform annual cost) is also used instead
of AW since often only the cost are used in the evaluation.

@ Economic Service Life (ESL) for an alternative is the number of
years at which the lowest AW of cost occurs. The ESL establish
the life n for the challenger and defender.

@ Defender first cost is the current market value (MV) for the
defender. Using the book value or the trade-in values as the first
cost are incorrect applications. If defender needs to be upgraded
or augmented to make it equivalent to the challenger, this upgrade
or augmentation cost must be added to the defender first cost.

@ Challenger first cost is the first cost (P) of obtaining the challenger.
If the trade-in value (TIV) is unrealistically high; Challenger Fist
Cost=P — (TIV — MV)*.
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Replacement and Retention Decisions Basics

A replacement study is performed from the viewpoint of an external
consultant:

@ Neither alternative is owned

@ Services from defender is purchased now with an investment of
defender’s current Market Value.

As mentioned, replacement study is an application of the annual worth
method. If the planning horizon is unlimited, the assumptions are as
follows:

© The services provided are needed for the indefinite future

@ The challenger is the best challenger available now and in the
future to replace the defender

@ Cost estimates for every cycle of the challenger will be the same
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Replacement and Retention Decisions Basics

Example

Three years ago, an agricultural company bought a rice harvesting
machine for $120,000. When bought it had an expected life of 10
years, an estimated salvage value of $25,000 after 10 years, and an
AOC of $30,000. Current book value of the machine is $80,000. The
machine is deteriorating rapidly; 3 more years of use and then
salvaging it for $10,000 are the expectations now.

A new machine is offered today for $100,000 with a trade-in value of
$70,000 for the current system. The new machine will have an useful
life of 10 years, and a salvage value of $20,000 and an AOC of
$20,000. A $70,000 market value appraisal of the current machine was
made today.

Defender Challenger
P=MV=$70,000 P=$100,000
AOC= $30,000 AOC= $20,000
S= $10,000 S= $20,000
n= 3years n= 10 years
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Replacement and Retention Decisions Economic Service Life

@ Until now, the estimated life n is given to us.

@ In reality, the best life estimate to use in the economic analysis is
not known initially

@ The best value for n must be calculated for each alternative using
the current cost estimates

@ The best life estimate is called Economic Service Life

Economic Service Life (ESL)
is the number of years n at which the equivalent uniform annual worth
(EUAW) of costs is the minimum, considering the most current cost
estimates over all possible years that the asset may provide a needed
service.

@ ESL is also referred to as the minimum cost life.
@ Once determined the ESL should be the estimated life for the

asset.
@ The ESL should be calculated for both the challenger and
defender since they are not provided mostly.
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Replacement and Retention Decisions Economic Service Life

@ The ESL is determined by calculating the total AW of costs over all
possible service lives (1,2,...)

@ Total AW = —Capital Recovery — AW of annual operating costs
@ The capital recovery is the AW of initial cost less salvage value

AW, = —P(A/P.,i,n) + Sn(A/F,i,n) — [ZH:AOCJ'(P/FM)] (A/P,i,n)
j=1

@ where P is the initial cost (or MV), S; is the salvage value (or MV)
at year n, AOC; is the annual operating cost for year j.

@ The ESL is the n value that gives us the smallest AW,

@ If Capital recovery component of AW, is decreasing in n

@ If the AOC component of AW, is increasing in n

@ Then the total AW has a concave shape and a single minimizing n
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Replacement and Retention Decisions Economic Service Life

In Class Work 18

A 3-year-old manufacturing process asset is being considered for early
replacement. Its current market value is $13,000. Estimated future
market values and annual operating costs for the next 5 years are
given. What is the economic service life of the defender if the interest
rate is 10% per year?

Year | MV; AOC; CR AW of AOC Total AW,
1 $9,000 $-2,500

2 8,000 -2,700
3 6,000 -3,000
4 2,000 -3,500
5 0 -4,500
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Replacement and Retention Decisions Economic Service Life

Total AW; = —P(A/P,10,1) + MV,(A/F,10,1)

— AOC,(P/F,10,1)(A/P,10,1)

— —13,000(A/P,10,1) + 9000(A/F,10,1)
2,500(P /F,10,1)(A/P,10,1) = $ — 7,800

Total AW, = —P(A/P,10,2)+ MV,(A/F,10,2)
— [AOC4(P/F,10,1) + AOC,(P/F, 10, 2)](A/P, 10, 2)
— —13,000(A/P,10,2) + 8000(A/F,10,2)
— [2,500(P/F,10,1) + 2700(P /F, 10, 2)](A/P, 10, 2)
= $-6,276
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Replacement and Retention Decisions Economic Service Life

Total AW; = —P(A/P,10,3)+ MV3(A/F,10,3)
[AOC,(P/F,10,1) + AOC,(P/F, 10, 2)
+ AOC3(P/F,10,3)](A/P,10,3)
— —13,000(A/P,10,3) + 6000(A/F, 10, 3)
[2,500(P/F,10,1) + 2700(P /F, 10, 2)
+ 3000(P/F,10,3)](A/P, 10, 3)

= $-6,132
Year MV,  AOC; CR AW of AOC Total AW,
1 $9,000 $-2,500 $-5,300 $2,500  $-7,800
2 8,000 -2,700 -3,681 -2,595 -6,276
3 6,000 -3,000 -3,415 2,717 -6,132
4 2,000 -3,500 -3,670 -2,886 -6,556
5 0 -4500 -3,429 -3,150 -6,579

ESLisn=3.
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Replacement and Retention Decisions Economic Service Life

When to use ESL

When the expected life n is known for the challenger or defender,
determine its AW over n years, using the first cost or current market
value, estimated salvage value after n years, and AOC estimates. This
AW value is the correct one to use in the replacement study.

Therefore,

© Year-by-year market value estimates are made: Find the n value
by ESL analysis.

@ Yearly market value estimates are not given: Use the given n.

© Replacement studies can be performed in one of two ways:

@ Without a study period
@ With a predefined study period
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Replacement and Retention Decisions No Study Period

A replacement Study

@ Determines when a challenger replaces the in-place defender

@ Study is finished when the challenger (C) is selected to replace
the defender (D) now

@ However, if the defender is retained now, the study may extend
over the life of the defender np, till it is replaced by a challenger

@ The AW and life values for C and D determined in ESL analysis
are used

@ The procedure for the replacement study when there is no
specified study period is given as:
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Replacement and Retention Decisions No Study Period

@ Perform ESL analysis to find nc and np if required. On the basis
of AWp and AW¢, select the defender or the challenger.
@ If Challenger is selected, DONE, replace the defender and keep the
challenger for nc years
o If Defender is selected, plan to retain the defender for np years, go
to step 2
@ One year later: check the estimates (first cost, MV, AOC);
o If all estimates are same,

@ if this is year np, DONE, replace the defender
@ if this is not year np, retain the defender for one more year and repeat
this step

@ Whenever the estimates change, go to step 1
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In Class Work 19

Two years ago, an electronics firm made a $70,000 investment in a
new assembly line machine. This year, new international industry
standards will require a $16,000 upgrade. Also there is a new machine
which is challenging the retention of the two-year-old machine. At

i = 10%, and the estimates below, perform a replacement study this
year and each year in the future, if needed.

Defender: First Cost: $15,000
Future MVs: decreasing by 20% per year
Estimated Retention Period: no more than 3 years
AOC Estimates: $4,000 per year, increasing by
$4,000 per year thereafter
Challenger: First Cost: $50,000
Future MVs: decreasing by 20% per year
Estimated Retention Period: no more than 5 years
AOC Estimates: $5,000 in year 1, increasing by
$2,000 per year thereafter
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Replacement and Retention Decisions No Study Period

DEFENDER

Year | MV AOC; Total AW,
0 $15,000 - -

1 12,000 $-20,000

2 9,600 -8,000

3 7,680 -12,000

CHALLENGER
Year | MV AOC; Total AW,
0 $50,000 - -

40,000 $-5,000
32,000 -7,000
25,600 -9,000
20,480 -11,000
16,384  -13,000

abh wnNBE
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Replacement and Retention Decisions No Study Period

Total AWp; = —P(A/P,10,1)+ MV;(A/F,10,1)
— AOC,(P/F,10,1)(A/P,10,1)
— —15,000(A/P,10,1) + 12,000(A/F,10,1)
— 20,000(P/F,10,1)(A/P,10,1) = $ — 24,500

Total AWp, = —P(A/P,10,2)+ MV,(A/F,10,2)
— [AOC4(P/F,10,1) + AOC,(P /F,10,2)](A/P, 10,2)
— —15,000(A/P,10,2) + 9,600(A/F, 10, 2)
— [20,000(P/F,10,1) +8,000(P /F, 10, 2)](A/P, 10, 2)
= $-18,357
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Replacement and Retention Decisions No Study Period

Total AWp3 =

—P(A/P,10,3) + MV3(A/F, 10, 3)
[AOC,(P/F,10,1) + AOC,(P/F, 10, 2)
AOC3(P/F,10,3)](A/P,10,3)
—15,000(A/P, 10, 3) + 7,680(A/F, 10, 3)
[20,000(P /F,10,1) + 8,000(P /F, 10, 2)
12,000(P /F, 10, 3)](A/P, 10, 3)

$— 17,306

DEFENDER

Year |

0
1
2
3

MV; AOC; Total AW,
$15,000 - -
12,000 $-20,000  -24,500
9,600  -8,000  -18,357
7,680 -12,000  -17,306

ESL is np = 3 and AWp = —17, 306.
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Replacement and Retention Decisions No Study Period

Total AWy = —P(A/P,10,4) + MV4(A/F,10,4)
— [5,000 + (A/G, 10, 4)2,000]
— —50,000(A/P,10,4) + 20,480(A/F, 10, 4)
— [5,000 + (A/G,10,4)2,000] = $ — 19, 123

CHALLENGER
Year j MV; AOC; Total AW,
0  $50,000 . .

40,000 $-5,000 -20,000
32,000 -7,000 -19,524
25,600 -9,000 -19,245
20,480 -11,000 -19,123
16,384 -13,000 -19,126

a s wNPE

ESLis nc = 4 and AW = —19,123.
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Replacement and Retention Decisions No Study Period

Select the defender because it has better AW of cost, and expect to
retain if for 3 more years.

In Class Work 15 Continuing

One year later, the expected market value of the defender is still
$12,000, but it is expected to drop to virtually nothing in the future;
$2,000 next year and zero after that. Also this prematurely outdated
machine is more costly to keep serviced, the estimate for the AOC is
increased to $12,000 next year and to $16,000 two years out. Perform
the follow-up replacement study.

DEFENDER
Year | MV; AOC; Total AW,
0 12,000 - -

1 2,000 -12,000

2 0 -16,000
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Replacement and Retention Decisions No Study Period

We need to perform the ESL analysis for the defender again;

Total AWp; = —P(A/P,10,1)+ MV;(A/F,10,1)
— AOC,(P/F,10,1)(A/P,10,1)
— —12,000(A/P,10,1) + 2,000(A/F,10,1)
12,000(P/F,10,1)(A/P,10,1) = § — 23,200

Total AWp, = —P(A/P,10,2)+ MV,(A/F,10,2)
— [AOCy(P/F,10,1) + AOC,(P/F,10,2)](A/P,10,2)
= —12,000(A/P,10,2) + 0(A/F,10,2)
— [12,000(P/F,10,1) + 16,000(P /F, 10, 2)](A/P, 10, 2)
= $-20,818

ESLis np = 2 and AWp = —20, 818.
Since AW = —19,123, we need to replace the defender now (at year
1), not two years later (at year 3), and keep the challenger for 4 years.
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Replacement and Retention Decisions No Study Period

Breakeven Replacement Analysis

@ Often it is helpful to know the minimum market value of the
defender necessary to make the challenger economically
attractive.

@ If trade-in (market value) of at least this amount is obtained,
challenger should be accepted

@ This value is a breakeven value and referred to as Replacement

Value (RV)
@ Set up AWp = AW with market value for defender substituted as
RV
Total AW, = —RV(A/P,10,3)+ RV0.83(A/F,10,3)

— [20,000(P/F,10,1) + 8,000(P /F, 10, 2)
+ 12,000(P/F,10,3)](A/P, 10, 3)
= AWc =$ 19,123 —» RV = $22,341
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Replacement and Retention Decisions Over a specified Study Period

When the time period for the replacement study is limited to a specified
study period:

@ The determinations of AW values are usually not based on
economic service life

@ What happens to the alternatives after the study is not considered

CAUTION

When the defender’s remaining life is shorter than the study period, the
cost of providing the defender’s services from the end of its expected
remaining life to the end of the study period must be estimated as
accurately as possible.
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Replacement and Retention Decisions Over a specified Study Period

Example

Three year’s ago, Chicago’s O’hare Airport purchased a new fire truck.
Because of flight increase, new fire-fighting capacity is needed once
again. An additional truck of the same capacity can be purchased now,
or a double-capacity truck can replace the current fire truck. Estimates
are presented below. Compare the options at 12% per year using

@ a 9-year study period
Q a 12-year study period

Presently New Double

Owned Purchase Capacity

First Cost P, $ -151,000 -175,000 -190,000
AOC, $ -1,500 -1,500 -2,500
Market Value, $ 70,000 - -
Salvage Value,$ 10% of P 12% of P 10% of P
Life, Years 12 12 12
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Replacement and Retention Decisions Over a specified Study Period

OPTION 1 OPTION 2

Presently Double

Owned Augmentation Capacity

First Cost P, $ -70,000 -175,000  -190,000
AOC, $ -1,500 -1,500 -2,500
Salvage Value, $ 15,100 21,000 19,000
n, Years 9 12 12

FOR A 9-YEAR STUDY PERIOD:
AW; = AW of presently owned + AW of augmentation
= —70,000(A/P,12%,9) + 15,100(A/F,12%,9) — 1,500
— 175,000(A/P,12%,9) + 21,000(A/F,12%,9) — 1,500
= -—13,616 — 32,923 = —46,539

AW, = —190,000(A/P,12%,9)+ 19,000(A/F,12%,9) — 2,500
— 36,873

Option 2 is selected, replace now!
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FOR A 12-YEAR STUDY PERIOD:

AW; = AW of presently owned + AW of augmentation
= —70,000(A/P,12%,9) + 15,100(A/F,12%,9) — 1,500
— 175,000(A/P,12%,12) + 21,000(A/F,12%,12) — 1,500
= —13,616 — 28,882 = —42,498

CAUTION

This assumes the equivalent services provided by the current fire truck
can be purchased at $-13,616 per year for years 10, 11, 12.

AW, = —190,000(A/P,12%,12)+ 19,000(A/F,12%,12) — 2,500
—32,386

Option 2 is selected again, replace now!
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