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Depreciation
The decline in market value of an asset due to:  

User-related physical loss: Due to wear out of parts (e.g. Vehicles), 
usually measures in units of production (e.g. Mileage per km) 

Time-related physical loss: Physical loss overtime due to 
environmental factors (e.g. weather) 
Functional loss: Due to technical changes, legislative changes, etc. 

Value of an Asset:
Market value: Value an asset could be sold for in a open market 
Book value: Depreciated value of an asset for accounting purposes
Scrap value: Actual value of an asset at the end of its physical life 
(broken up for material value of its parts) 
Salvage value: Actual value of an asset at the end of its physical life 
(when it is sold)
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Depreciation
We need to develop a good model of depreciation in order to 
state a book value of an asset for the following reasons:

(1) In order to make managerial decisions, e.g. give a loan by taking a 
firm’s building as an asset. 

(2) For planning purposes, e.g. to decide whether to keep an asset or 
replace it 

(3) Government tax requirement: For calculating income and expense, 
we need to determine depreciation expenses accurately 

Depreciation Methods
Straight-Line Method
Declining-Balance Method
Sum-of-the-Years’-Digits Method
Double-Declining-Balance Method 
150%-Declining-Balance Method
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𝐷"#(𝑛) =
𝑃 − 𝑆
𝑁

Dsl(n) = Depreciation charge for period 𝑛

BVsl(n) = Book value at the end of period 𝑛

P = Purchase price or current market price

S = Salvage value after N periods 

N = The useful life of the asset, in periods 

Straight-Line Method
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𝐵𝑉"#(𝑛) = 𝑃 − 𝑛[
𝑃 − 𝑆
𝑁 ]
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End of 
Year

Depreciation 
Amount Book Value

n D sl(n) BV sl(n)

0 $98,000.00
1 $13,000.00 85,000.00
2 $13,000.00 72,000.00
3 $13,000.00 59,000.00
4 $13,000.00 46,000.00
5 $13,000.00 33,000.00
6 $13,000.00 20,000.00
7 $13,000.00 7,000.00

Straight-Line Depreciation 

Straight-Line Method
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Example:
𝐵𝑉0 	= 	98,000	
𝑆 = 	7,000
𝑁	 = 7

𝐷"# 𝑛 =
98,000 − 7,000

7 = 13,000

𝐵𝑉"# 𝑛 = 98,000 − 𝑛 ∗ 13,000
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𝐷:; 𝑛 = the depreciation charge in period 𝑛

𝐵𝑉:; 𝑛 = the book value at the end of period 𝑛

𝑃	= Purchase price or current market price 

𝑑 = the depreciation rate. 𝑑	can range from 1.25 to 2 depending 
upon the degree of acceleration desired

Declining-Balance Method

7/43

𝐷:;(𝑛) = 𝐵𝑉:; 𝑛 − 1 ∗ 𝑑 𝐵𝑉:;(𝑛) = 𝑃(1 − 𝑑)=

The reasonable depreciation rate 𝑑 can be determined as:

𝐵𝑉:; 𝑛 = 𝑃 1 − 𝑑 = = 𝑆 → 1 − 𝑑 =
𝑆
𝑃

?

𝑑 = 1 −
𝑆
𝑃

?
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Declining-Balance Method
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Example:
𝐵𝑉0 	= 	98,000	
𝑆 = 	7,000
𝑁	 = 7 𝐷:;(𝑛) = 𝐵𝑉:; 𝑛 − 1 ∗ 0.31409

𝐵𝑉:;(𝑛) = 98,000(1 − 0.31409)=

End of 
Year Value of Depreciation 

Amount Book Value

0 98000
1 0.31 30781 67219
2 0.31 21113 46106
3 0.31 14482 31625
4 0.31 9933 21692
5 0.31 6813 14879
6 0.31 4673 10205
7 0.31 3205 7000

Declining-Balance Depreciation

𝑑 = 1 −
7,000
98,000

B
= 0.31409
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𝐷":(𝑛) =
Year digit 

Sum of Year’s digits (SoY) ∗ (𝐵𝑉0 − 𝑆)

Sum-of-the-Years’-Digits Method

𝑌𝑒𝑎𝑟	𝑑𝑖𝑔𝑖𝑡	 = 	𝑁	 −	(𝑛 − 1)
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𝐵𝑉": 𝑛 = 𝐵𝑉": 𝑛 − 1 − 𝐷":(𝑛)

𝑆𝑜𝑌 = 1 + 2 + 3 +⋯+ 𝑛 =
𝑛(𝑛 + 1)

2

The depreciation rate is calculated as ratio of the remaining 
years of life to the sum of the digits corresponding to the 
years of life:
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End of 
Year Value of

Depreciation 
Amount Book Value

n [n-(N-1)]/[n(n+1)/2] D sd Bsd

0 $98,000.00
1 7/28 $22,750.00 75,250.00
2 6/28 19,500.00 55,750.00
3 5/28 16,250.00 39,500.00
4 4/28 13,000.00 26,500.00
5 3/28 9,750.00 16,750.00
6 2/28 6,500.00 10,250.00
7 1/28 3,250.00 7,000.00

Sum of the years' Digits Depreciation

Sum-of-the-Years’-Digits Method
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Example:
𝐵𝑉0 	= 	98,000	
𝑆 = 	7,000
𝑁	 = 7

𝐷":(𝑛) =
7	 − 	 𝑛 − 1  

28 ∗ (98,000 − 7,000)

𝑌𝑒𝑎𝑟	𝑑𝑖𝑔𝑖𝑡	 = 7	 − 	(𝑛 − 1)

𝐵𝑉": 𝑛 = 𝐵𝑉": 𝑛 − 1 − 𝐷":(𝑛)

𝑆𝑜𝑌 =
7(7 + 1)

2
= 28

Construction Economics             Depreciation



Abraham Assefa Tsehayae (PhD)

Replacement Decisions
The regular evaluation of assets, equipments, and plants 
used in construction industry is needed. The following 
mutually exclusive choices will be made: An existing 
asset/equipment may be:

1. Kept in its current use without major change. 

2. Overhauled so as to improve its performance. 

3. Removed from use without replacement by another 
asset/equipment. 

4. Replaced with another asset/equipment.

Complex Decision: Establishing replacement costs for assets out of 
service and Service lives, and Validating assumptions on how 
replacement will be carried out
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Equipment Replacement Decisions
Three components of the economics of equipment 
management decision making:

Equipment life: Determining the economic useful life for a given 
piece of equipment.

Replacement analysis: Analytical tools to compare alternatives to 
replace a piece of equipment that has reached the end of its useful 
life. 

Replacement equipment selection: Methods to make a logical 
decision as to which alternative furnishes the most promising 
solution to the equipment replacement decision. 

• Theoretical replacement methods: Intuitive, Minimum cost, Maximum 
profit, Payback period, Mathematical modeling 

• Practical replacement methods: Empirical data, Experience
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Equipment Replacement Decisions
Equipment life can be mathematically defined in three
different ways:

Physical life: is the age at which the machine is worn out and can no
longer reliably produce. At this point, it will usually be abandoned or
scrapped.

Profit life: is the life over which the equipment can earn a profit. The
retention beyond that point will create an operating loss.

Economic life: equates to the time period that maximizes profits over
the equipment’s life.

Determination of the appropriate timing to replace a piece of
equipment depends on ownership and operating costs: depreciation,
inflation, investment, maintenance, repair, downtime, and
obsolescence costs.
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Equipment Replacement Decisions
Equipment life: 

Construction Economics             Depreciation

. Mathematical modeling method, which furnishes a theoretical basis for developing
some of the equipment cost input for computer simulations, used to optimize equipment
fleet size and composition.

While most of the above methods are taken from academic journals and text books, they
provide an excellent theoretical foundation and act as a base for understanding the empirical
methods used in the industry. These practical replacement methods are used both in the
public and private sectors. The replacement methods used by state departments of transporta-
tion in Texas, Montana, and Louisiana are detailed later in this chapter as examples of public
sector methods. Regardless of the category, each method considers a number of variables to
perform the replacement analysis and to logically make the equipment replacement decision.
Finally, sensitivity analysis is sometimes required and included in some of the methods.

3.2 EQUIPMENT LIFE

Construction equipment life can be defined in three ways: physical life, profit life, and
economic life. Figure 3.1 shows graphically how these different definitions relate to the life
cycle of a typical piece of an equipment [1]. One can see in the graph that over the physical life
of the machine, it takes sometime for the new machine to earn enough to cover the capital
cost of its procurement. It then moves into a phase where the equipment earns more than it
costs to own, operate, and maintain, and finishes its life at a stage when the costs of its
maintenance are greater than what it earns during the periods when it is in operation.

3.2.1 PHYSICAL LIFE

Physical life is the age at which the machine is worn out and can no longer reliably produce.
At this point, it will usually be abandoned or scrapped. As construction equipment ages,

FIGURE 3.1 Equipment life definitions after Douglas. (From J. Douglas. Construction Equipment
Policy, New York: McGraw-Hill, 1975, pp. 47–60.)

40 Construction Equipment for Engineers, Estimators, and Owners
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Equipment Life
Let us take the life of a hypothetical piece of equipment:

Hourly Depreciation and Replacement Costs:

Annual increase of the average cost of construction equipment is
approximately 5% per year.

Construction Economics             Depreciationfluctuations in commodity pricing. For example, the consumer price index is a widely
reported inflation index that seeks to model the purchasing power of the U.S. consumer
dollar. It acts as a measure of economic inflation because it measures inflation across the
general economy. The unprecedented rise in the price of steel during 2004–2005 would be an
example of industry inflation because it is specific to the construction industry. While the
inflation should always be considered in equipment replacement decision making, its effects
can be ignored if the equipment manager uses a comparative analytical method because it can
be assumed to affect all alternatives equally [4].

3.2.3.3 Investment Costs

Investment costs include interest, insurance, taxes, and license fees beyond the initial acqui-
sition cost of equipment. Investment cost can be reduced to a percentage of initial equipment

hourly investment cost can be calculated. In accordance with the typical values shown in
Table 2.2, the investment cost in this example is assumed to be 15% per year.

TABLE 3.1
Depreciation and Replacement Costs

End of

Year

Replacement

Cost Book Value

Loss on

Replacement

Cumulative

Use (h)

Cumulative Cost

per Hour

0 30,000 30,000 0 0 0

1 31,500 22,500 9,000 2,000 4.50

2 33,000 18,000 15,000 4,000 3.75

3 34,500 15,100 19,400 6,000 3.23

4 36,000 12,800 23,200 8,000 2.90

5 37,500 10,600 26,900 10,000 2.69

6 39,000 9,100 29,900 12,000 2.49

7 40,500 7,900 32,600 14,000 2.33

8 42,000 6,800 35,200 16,000 2.20

TABLE 3.2
Investment Costs

Year

Investment

Start of Year Depreciation

Investment

End of Year

Investment

Cost

Cumulative

Investment

Cost

Cumulative

Use (h)

Cumulative

Cost

per Hour

1 30,000 7,500 22,500 4,500 4,500 2,000 2.25

2 22,500 4,500 18,000 3,375 7,875 4,000 1.97

3 18,000 2,900 15,100 2,700 10,575 6,000 1.76

4 15,100 2,300 12,800 2,265 12,840 8,000 1.61

5 12,800 2,200 10,600 1,920 14,760 10,000 1.48

6 10,600 1,500 9,100 1,590 16,350 12,000 1.36

7 9,100 1,200 7,900 1,365 17,715 14,000 1.27

8 7,900 1,100 6,800 1,185 18,900 16,000 1.18

42 Construction Equipment for Engineers, Estimators, and Owners
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cost as shown in Table 2.2. Table 3.2 continues the hypothetical example and illustrates how
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Equipment Life
Hourly Investment Cost: includes interest, insurance, taxes,
and license fees beyond the initial acquisition cost of
equipment.

Assuming investment cost is 15% per year.

Construction Economics             Depreciation

fluctuations in commodity pricing. For example, the consumer price index is a widely
reported inflation index that seeks to model the purchasing power of the U.S. consumer
dollar. It acts as a measure of economic inflation because it measures inflation across the
general economy. The unprecedented rise in the price of steel during 2004–2005 would be an
example of industry inflation because it is specific to the construction industry. While the
inflation should always be considered in equipment replacement decision making, its effects
can be ignored if the equipment manager uses a comparative analytical method because it can
be assumed to affect all alternatives equally [4].

3.2.3.3 Investment Costs

Investment costs include interest, insurance, taxes, and license fees beyond the initial acqui-
sition cost of equipment. Investment cost can be reduced to a percentage of initial equipment

hourly investment cost can be calculated. In accordance with the typical values shown in
Table 2.2, the investment cost in this example is assumed to be 15% per year.

TABLE 3.1
Depreciation and Replacement Costs

End of

Year

Replacement

Cost Book Value

Loss on

Replacement

Cumulative

Use (h)

Cumulative Cost

per Hour

0 30,000 30,000 0 0 0

1 31,500 22,500 9,000 2,000 4.50

2 33,000 18,000 15,000 4,000 3.75

3 34,500 15,100 19,400 6,000 3.23

4 36,000 12,800 23,200 8,000 2.90

5 37,500 10,600 26,900 10,000 2.69

6 39,000 9,100 29,900 12,000 2.49

7 40,500 7,900 32,600 14,000 2.33

8 42,000 6,800 35,200 16,000 2.20

TABLE 3.2
Investment Costs

Year

Investment

Start of Year Depreciation

Investment

End of Year

Investment

Cost

Cumulative

Investment

Cost

Cumulative

Use (h)

Cumulative

Cost

per Hour

1 30,000 7,500 22,500 4,500 4,500 2,000 2.25

2 22,500 4,500 18,000 3,375 7,875 4,000 1.97

3 18,000 2,900 15,100 2,700 10,575 6,000 1.76

4 15,100 2,300 12,800 2,265 12,840 8,000 1.61

5 12,800 2,200 10,600 1,920 14,760 10,000 1.48

6 10,600 1,500 9,100 1,590 16,350 12,000 1.36

7 9,100 1,200 7,900 1,365 17,715 14,000 1.27

8 7,900 1,100 6,800 1,185 18,900 16,000 1.18

42 Construction Equipment for Engineers, Estimators, and Owners
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Equipment Life
Hourly Maintenance and Repair Costs: includes cost of
labor and parts used to maintain and repair.

Type of equipment, Age of the equipment, Operating conditions,
Operating skill of the operator, Daily care by the operator,
Maintenance department, Frequency and level of preventive
maintenance.

Construction Economics             Depreciation

3.2.3.4 Maintenance and Repair Costs

Maintenance and repair costs are the crux of the equipment replacement decision and result
from the cost of labor and parts used to maintain and repair the given piece of equipment.
This is an incredibly dynamic system and can be affected by the following factors:

. Type of equipment

. Age of the equipment

. Operating conditions

. Operating skill of the operator

. Daily care by the operator

. Maintenance department

. Frequency and level of preventive maintenance.

As a result, it is very important to keep accurate cost records to estimate maintenance and
repair costs. Table 3.3 illustrates an example of how to calculate hourly maintenance and repair
costs [5].

3.2.3.5 Downtime

Downtime is the time when equipment does not work due to repairs or mechanical adjustments
[1]. Downtime tends to increase as equipment usage increases. Availability, the portion of the
time when equipment is in actual production or is available for production, is the opposite of
downtime. For example, if the equipment’s downtime is 10%, then its availability is 90%.

The downtime cost includes the ownership cost, operating cost, operator cost, and

calculate the hourly downtime cost. In the table, the direct cost of productivity loss is not
computed because it is not easily quantified as a dollar value. However, it is described as a
weight factor where maximum availability is held equal to 1.0 and proportionate loss in
availability carries a weightage less than 1.0. Productivity is a measure of the equipment’s
ability to produce at the original rate. The productivity decrease results in the increase in
production cost because the operating time of the equipment should be extended or more
equipments should be deployed to get the same production rate. As shown in Table 3.4, if
the cumulative costs per hour are calculated and the productivity factors are known, the

TABLE 3.3
Maintenance and Repair Costs

Year

Annual

Maintenance

and Repair Cost

Cumulative

Cost

Cumulative

Use (h)

Cumulative

Cost

per Hour

1 970 970 2,000 0.49

2 2,430 3,400 4,000 0.85

3 2,940 6,340 6,000 1.06

4 3,280 9,620 8,000 1.20

5 4,040 13,660 10,000 1.37

6 4,430 18,090 12,000 1.51

7 5,700 23,790 14,000 1.70

8 6,290 30,080 16,000 1.88

Equipment Life and Replacement Procedures 43
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productivity loss caused by the loss of equipment availability. Table 3.4 shows a method to
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Equipment Life
Hourly Downtime Cost: covers the time when equipment
does not work due to repairs or mechanical adjustments
and the associated costs for ownership cost, operating
cost, operator cost, and productivity loss.

Construction Economics             Depreciation

TABLE 3.4
Downtime Costs Example

Year Downtime (%)

Operating

Cost

Downtime

Cost per

Hour

Downtime

Cost per

Year

Cumulative

Downtime Cost

Cumulative

Use (h)

Cumulative

Cost per

Hour

Productivity

Factor

Cumulative

Cost per

Hour

Productivity

Adjusted

Cumulative

Cost per

Hour

1 3 7 0.21 420 420 2,000 0.21 1.00 0.21 0.21

2 6 7 0.42 840 1,260 4,000 0.32 0.99 0.32 0.32

3 9 7 0.63 1,260 2,520 6,000 0.42 0.98 0.43 0.44

4 11 7 0.77 1,540 4,060 8,000 0.51 0.96 0.53 0.55

5 13 7 0.91 1,820 5,880 10,000 0.59 0.95 0.62 0.65

6 15 7 1.05 2,100 7,980 12,000 0.67 0.94 0.71 0.76

7 17 7 1.19 2,380 10,360 14,000 0.74 0.93 0.80 0.86

8 20 7 1.40 2,800 13,160 16,000 0.82 0.92 0.89 0.97
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Equipment Life
Hourly Obsolescence Cost: is reduction in value and
marketability due to the competition between newer and
more productive models.

Types: Technological [f(productivity)] or Market Preference
[f(customers’ taste)].

Construction Economics             Depreciation

productivity-adjusted, cumulative cost per hour can be found by dividing the cumulative cost
per hour by the productivity factor.

3.2.3.6 Obsolescence

Obsolescence is the reduction in value and marketability due to the competition between
newer and more productive models [4]. Obsolescence can be subdivided into two types:
technological and market preference. Technological obsolescence can be measured in terms
of productivity. Over the short term, technological obsolescence has typically occurred at a
fairly constant rate. Market preference obsolescence occurs as a function of customers’ taste.
This is much less predictable, although just as real, in terms of lost value. The market
preference obsolescence is not considered in Table 3.5 due to the difficulty in quantifying
its value.

Obsolescence is an extremely important factor to be considered in the highly competitive
construction industry. Owning the latest technology equipment gives a contractor an edge
over the competition in that enhanced technology generally equates with increased rates of
production, translating into decreased production costs. Thus, holding onto older pieces of
equipment, even though they are functioning perfectly well, can in fact reduce the contractor’s
ability to submit competitive bid prices simply because the older equipment fleet cannot

detail on how to compute the hourly rental rate used for estimating equipment costs and
shows that the cost is a direct function of the equipment’s productivity. Table 3.5 shows the
cost increase resulting from retaining old equipment that might be replaced with newer ones,
which can produce at higher rates and result in lower unit costs.

3.2.3.7 Summary of Costs

Assuming a constant dollar value, the costs for each component discussed in the previous
sections can be accumulated and the piece of equipment’s economic life can be measured by

life assuming that it is replaced in each given year. Through these analyses,
it can be concluded that the minimum cost is $6.82/h and the economic life of the

TABLE 3.5
Obsolescence Costs per Hour for the Life of the Equipment

Year

Obsolescence

Factor

Equipment

Cost per

Hour

Obsolescence

Cost per

Hour

Obsolescence

Cost per

Year

Cumulative

Cost

Cumulative

Use (h)

Cumulative

Cost per

Hour

1 0.00 7.00 0.00 0 0 2,000 0.00

2 0.06 7.00 0.42 840 840 4,000 0.21

3 0.11 7.00 0.77 1,540 2,380 6,000 0.40

4 0.15 7.00 1.05 2,100 4,480 8,000 0.56

5 0.20 7.00 1.40 2,800 7,280 10,000 0.73

6 0.26 7.00 1.82 3,640 10,920 12,000 0.91

7 0.32 7.00 2.24 4,480 15,400 14,000 1.10

8 0.37 7.00 2.59 5,180 20,580 16,000 1.29

Equipment Life and Replacement Procedures 45
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identifying the year in which the minimum cost per hour occurs. This is shown in Table 3.6.

equipment
Table 3.7 takes this idea one step further by calculating the loss incurred at each year in the

produce at the same rates as the competitors’ newer equipment. Chapter 7 explains in great
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Equipment Life
Summary of Cost: Costs for each component are
accumulated and the piece of equipment’s economic life
can be measured by identifying the year in which the
minimum cost per hour occurs.

Construction Economics             Depreciation

equipment is the fourth year. Therefore, the acquisition of the new equipment should be
considered in the fourth year.

Now the reader can see the logic behind the determination of a piece of equipment’s
economic life. Various methods for determining the optimum replacement timing will be
discussed in subsequent sections.

3.3 REPLACEMENT ANALYSIS

Replacement analysis is a tool with which equipment owners time the equipment replacement
decision. Through this analysis, the cost of owning the present equipment is compared with
the cost of owning potential alternatives for replacing it. The following sections explain both
theoretical and practical methods to accomplish this important equipment management task.

3.3.1 THEORETICAL METHODS

Dr. James Douglas, professor emeritus at Stanford University, wrote a seminal work on this
subject in his 1975 book, Construction Equipment Policy [1]. In that work, he posited four
different theoretical approaches to establishing an equipment replacement policy based on a

TABLE 3.6
Summary of Cumulative Costs per Hour

Year

Item 1 2 3 4 5 6 7 8

Depreciation

and replacement ($/h)

4.5 3.75 3.23 2.9 2.69 2.49 2.33 2.2

Investment ($/h) 2.25 1.97 1.76 1.61 1.48 1.36 1.27 1.18

Maintenance

and repairs ($/h)

0.49 0.85 1.06 1.2 1.37 1.51 1.7 1.88

Downtime (productivity

adjusted) ($/h)

0.21 0.32 0.44 0.55 0.65 0.76 0.86 0.97

Obsolescence ($/h) 0 0.21 0.4 0.56 0.73 0.91 1.1 1.29

Total ($/h) 7.45 7.10 6.89 6.82 6.92 7.03 7.26 7.52

TABLE 3.7
Losses Resulting from Improper Equipment Replacement

Replaced at

End of Year

Cumulative

Use (h)

Cumulative

Cost per

Hour

Minimum Cost

per Hour

Extra Cost

per Hour Total Loss

1 2,000 7.45 6.82 0.63 1,256

2 4,000 7.10 6.82 0.28 1,125

3 6,000 6.89 6.82 0.07 400

4 8,000 6.82 6.82 0.00 0

5 10,000 6.92 6.82 0.10 1,005

6 12,000 7.03 6.82 0.20 2,439

7 14,000 7.26 6.82 0.44 6,134

8 16,000 7.52 6.82 0.70 11,125

46 Construction Equipment for Engineers, Estimators, and Owners
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Minimum Cost = $6.82/hr and Economic Life = 4th Year
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Equipment Replacement Decisions
Replacement Analysis:
Example: An aggregate producing company presently owns a fleet of 7.5 cubic
yard on highway dump trucks that cost $65,000 each. These trucks are
currently 1-year-old and the annual maintenance and operating cost is $30,000
per truck for the first year and increases by $2,000 each year. The revenue of
each truck is $70,000 for the first year and decreases by about $1,750 per year
thereafter. The owner of the company visits a national equipment show and
after talking to one of the salespersons at the show comes back and asks his
equipment fleet manager to take a look at replacing the current dump trucks
with a new model that employs a new technology, which will reduce
maintenance expenditure. The new proposed replacement trucks are of the
same size and cost $70,000 each. The annual maintenance and operating cost
is $30,000 per truck for the first year but only increases by $1,500 per year
thereafter. The revenue of each truck is the same as for current model truck.
This company uses the double-declining balance method for calculating
depreciation. The trucks currently in use will be called as the ‘‘current trucks’’
and the new model trucks will be called as the ‘‘proposed truck’’.
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Replacement Analysis
Replacement Analysis:

Intuitive Method: As the potential reduction in maintenance costs
($1,750 - $1,500=$250) does not seem to be particularly dramatic,
the owner will probably choose to keep using the current trucks that
cost $5,000 less than the proposed trucks.

Minimum Cost Method:

Applicable to public agencies where generation of revenue to offset
equipment costs is limited.

Focuses on minimizing equipment costs based on not only cost to
operate and maintain (O&M costs) a piece of equipment but also the
decline in its book value due to depreciation.

Economic life of a machine can be determined by the year in which
the average annual cumulative cost is minimized.
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Replacement Analysis
Minimum Cost Method:

End of the 8th year for the current truck
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seem to be particularly dramatic, the owner will probably choose to keep using the current
trucks that cost $5000 less than the proposed trucks. In this case, it is clearly seen that long-
term maintenance and operating cost is overlooked by ‘‘professional judgment’’ [1].

3.3.1.2 Minimum Cost Method

Minimizing equipment costs is always an important goal for equipment owners. However,
it is paramount to public agencies that own large and small fleets of construction equip-
ment, as they have no mechanism to generate revenue to offset their costs. To achieve this
goal, the minimum cost method focuses on minimizing equipment costs based on not only
cost to operate and maintain (O&M costs) a piece of equipment but also the decline in its
book value due to depreciation. This is quite straightforward and furnishes a rational
method to conduct the objective comparison of alternatives rather than the intuitive method’s
professional judgment. For the sake of simplicity, the example shown in this chapter of

reader will need to determine which of the following it will include when implementing this
equipment replacement decision-making methodology: penalty costs for downtime, obso-
lescence cost, labor cost, tax expenses (consideration of depreciation methods available),

determined.
The economic life of a machine is determined by the year in which the average annual

cumulative cost is minimized. This will result in the lowest cost over a long period of time. It is
observed that this occurs at the end of the eighth year for the current truck in Table 3.8 and
ninth year for the proposed truck in Table 3.9. This means that the minimum average annual

side. It allows the analyst to make a direct comparison of not only the projected annual cost
for the current equipment but also a comparison on an annual basis of the average annual
costs for each alternative.

TABLE 3.8
Average Annual Cumulative Costs of the Current Trucks

End of

Year (1)

Annual

O&M Cost (2)

Book

Value

Annual

Depreciation

Expense (3)

Annual Cost

(4) 5 (2) 1 (3)

Cumulative

Cost (5)

Average Annual

Cumulative Cost

(6) 5 (5)/(1)

1 $30,000 $39,000 $26,000 $56,000 $56,000 $56,000

2 $32,000 $23,400 $15,600 $47,600 $103,600 $51,800

3 $34,000 $14,040 $9,360 $43,360 $146,960 $48,987

4 $36,000 $8,424 $5,616 $41,616 $188,576 $47,144

5 $38,000 $5,054 $3,370 $41,370 $229,946 $45,989

6 $40,000 $3,033 $2,022 $42,022 $271,967 $45,328

7 $42,000 $1,820 $1,213 $43,213 $315,180 $45,026

8 $44,000 $1,092 $728 $44,728 $359,908 $44,989

9 $46,000 $655 $437 $46,437 $406,345 $45,149

10 $48,000 $393 $262 $48,262 $454,607 $45,461

11 $50,000 $236 $157 $50,157 $504,764 $45,888

12 $52,000 $141 $94 $52,094 $556,859 $46,405

48 Construction Equipment for Engineers, Estimators, and Owners

© 2006 by Taylor & Francis Group, LLC

and inflation. Table 3.8 and Table 3.9 show how the economic life of each alternative is

costs for the current trucks and proposed trucks are $44,989 and $43,699, respectively. Table
3.10 shows the comparison of cumulative average annual costs of both types of trucks side by

minimum cost method does not include many of the costs discussed in Chapter 2, and the
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Replacement Analysis
Minimum Cost Method:

End of the 9th year for the proposed truck
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In Douglas’ minimum cost method, the decision to replace 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 replacement. In this example, the current truck’s estimated
annual cost for next year (i.e., end of Year 2) is $47,600 and the minimum average annual
cumulative cost of the proposed truck is $43,853. Thus, if the object is to minimize costs, this
analysis leads to a decision to replace the current-year old trucks with the newer model. Again
looking at Table 3.10, one can see that comparing the average annual cumulative costs of the
two trucks, the proposed model begins to have lower costs in Year 5. However, to achieve
that benefit, the company must buy the new trucks.

TABLE 3.9
Average Annual Cumulative Costs of the Proposed Trucks

End of

Year (1)

Annual O&M

Cost (2) Book Value

Annual

Depreciation

Expense (3)

Annual Cost

(4) 5 (2) 1 (3)

Cumulative

Cost (5)

Average Annual

Cumulative Cost

(6) 5 (5)/(1)

1 $30,000 $42,000 $28,000 $58,000 $58,000 $58,000

2 $31,500 $25,200 $16,800 $48,300 $106,300 $53,150

3 $33,000 $15,120 $10,080 $43,080 $149,380 $49,793

4 $34,500 $9,072 $6,048 $40,548 $189,928 $47,482

5 $36,000 $5,443 $3,629 $39,629 $229,557 $45,911

6 $37,500 $3,266 $2,177 $39,677 $269,234 $44,872

7 $39,000 $1,960 $1,306 $40,306 $309,540 $44,220

8 $40,500 $1,176 $784 $41,284 $350,824 $43,853

9 $42,000 $705 $470 $42,470 $393,295 $43,699

10 $43,500 $423 $282 $43,782 $437,077 $43,708

11 $45,000 $254 $169 $45,169 $482,246 $43,841

12 $46,500 $152 $102 $46,602 $528,848 $44,071

TABLE 3.10
Comparison of Average Annual Cumulative Costs

Average Annual Cumulative Cost

End of Year Annual Cost Current Trucks Proposed Trucks

1 56,000 56,000 58,000

2 47,600 51,800 53,150

3 43,360 48,987 49,793

4 41,616 47,144 47,482

5 41,370 45,989 45,911

6 42,022 45,328 44,872

7 43,213 45,026 44,220

8 44,728 44,989 43,853

9 46,437 45,149 43,699

10 48,262 45,461 43,708

11 50,157 45,888 43,841

12 52,094 46,405 44,071

Equipment Life and Replacement Procedures 49
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Replacement Analysis
Minimum Cost Method: the decision to replace 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 replacement.
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In Douglas’ minimum cost method, the decision to replace 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 replacement. In this example, the current truck’s estimated
annual cost for next year (i.e., end of Year 2) is $47,600 and the minimum average annual
cumulative cost of the proposed truck is $43,853. Thus, if the object is to minimize costs, this
analysis leads to a decision to replace the current-year old trucks with the newer model. Again
looking at Table 3.10, one can see that comparing the average annual cumulative costs of the
two trucks, the proposed model begins to have lower costs in Year 5. However, to achieve
that benefit, the company must buy the new trucks.

TABLE 3.9
Average Annual Cumulative Costs of the Proposed Trucks

End of

Year (1)

Annual O&M

Cost (2) Book Value

Annual

Depreciation

Expense (3)

Annual Cost

(4) 5 (2) 1 (3)

Cumulative

Cost (5)

Average Annual

Cumulative Cost

(6) 5 (5)/(1)

1 $30,000 $42,000 $28,000 $58,000 $58,000 $58,000

2 $31,500 $25,200 $16,800 $48,300 $106,300 $53,150

3 $33,000 $15,120 $10,080 $43,080 $149,380 $49,793

4 $34,500 $9,072 $6,048 $40,548 $189,928 $47,482

5 $36,000 $5,443 $3,629 $39,629 $229,557 $45,911

6 $37,500 $3,266 $2,177 $39,677 $269,234 $44,872

7 $39,000 $1,960 $1,306 $40,306 $309,540 $44,220

8 $40,500 $1,176 $784 $41,284 $350,824 $43,853

9 $42,000 $705 $470 $42,470 $393,295 $43,699

10 $43,500 $423 $282 $43,782 $437,077 $43,708

11 $45,000 $254 $169 $45,169 $482,246 $43,841

12 $46,500 $152 $102 $46,602 $528,848 $44,071

TABLE 3.10
Comparison of Average Annual Cumulative Costs

Average Annual Cumulative Cost

End of Year Annual Cost Current Trucks Proposed Trucks

1 56,000 56,000 58,000

2 47,600 51,800 53,150

3 43,360 48,987 49,793

4 41,616 47,144 47,482

5 41,370 45,989 45,911

6 42,022 45,328 44,872

7 43,213 45,026 44,220

8 44,728 44,989 43,853

9 46,437 45,149 43,699

10 48,262 45,461 43,708

11 50,157 45,888 43,841

12 52,094 46,405 44,071
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The current truck’s
estimated annual cost for
next year (i.e., end of Year
2) is $47,600.
Minimum average annual
cumulative cost of the
proposed truck is $43,853.
Decision: Replace the
current year old trucks with
the newer model.
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Replacement Analysis
Maximum Profit Method: Applicable organizations that are
able to generate revenue and hence profits from their
equipment.

Decision is based on the economic life of equipment, the year in
which the average annual cumulative profit is maximized

Construction Economics             Depreciation

3.3.1.3 Maximum Profit Method

This method is based on maximizing equipment profit. The method should be used by the
organizations that are able to generate revenue and hence profits from their equipment. It
works very well if the profits associated with a given piece of equipment can be isolated and
clearly defined. However, it is not often easy to separate annual equipment profit from entire
project or equipment fleet profit. When it proves impossible, the minimum cost method
should be used to make the replacement decision. The example used in the previous section
will be continued in the following tables and paragraphs. Table 3.11 and Table 3.12 illustrate
how to determine the economic life of the two alternatives using profit as the metric to make
the replacement decision.

Table 3.11 and Table 3.12 show the necessity to calculate the economic lives of the
alternatives in the example using the maximum profit method. The economic life of equip-
ment is the year in which the average annual cumulative profit is maximized. This results in
higher profits over a long period of time. In Table 3.11, the economic life of the current trucks
is at the end of the fifth year because the average annual cumulative profit is maximized in
that year by $20,511. The maximum average annual cumulative profit of $24,486 is in the
fourth year for the proposed trucks in Table 3.12. The proposed trucks should replace the
current trucks because the maximum average annual cumulative profit of the proposed
trucks, $24,486, is more than that of the current trucks, $20,511.

TABLE 3.11
Average Annual Cumulative Profits of the Current Trucks

End of

Year (1)

Annual

Revenue (2)

Annual

Cost (3)

Annual Profit

(4) 5 (2) – (3)

Cumulative

Profit (5)

Average Annual

Cumulative Profit (6) 5 (5)/(1)

1 $70,000 $56,000 $14,000 $14,000 $14,000

2 $68,250 $47,600 $20,650 $34,650 $17,325

3 $66,500 $43,360 $23,140 $57,790 $19,263

4 $64,750 $41,616 $23,134 $ 80,924 $20,231

5 $63,000 $41,370 $21,630 $102,554 $20,511

6 $61,250 $42,022 $19,228 $121,783 $20,297

7 $59,500 $43,213 $16,287 $138,070 $19,724

TABLE 3.12
Average Annual Cumulative Profits of Proposed Trucks

End of

Year (1)

Annual

Revenue (2)

Annual

Cost (3)

Annual Profit

(4) 5 (2) – (3)

Cumulative

Profit (5)

Average Annual Cumulative

Profit (6) 5 (5)/(1)

1 $70,000 $48,300 $21,700 $21,700 $21,700

2 $68,250 $43,080 $25,170 $46,870 $23,435

3 $66,500 $40,548 $25,952 $72,822 $24,274

4 $64,750 $39,629 $25,121 $97,943 $24,486

5 $63,000 $39,677 $23,323 $121,266 $24,253

6 $61,250 $40,306 $20,944 $142,210 $23,702

7 $59,500 $41,284 $18,216 $160,426 $22,918

8 $57,750 $42,470 $15,280 $175,705 $21,963
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Replacement Analysis
Maximum Profit Method:

Current Trucks: End 4th year (because the average annual cumulative 
profit is maximized in that year by $20,511). 
Purposed Trucks: End 4th year (because the average annual 
cumulative profit is maximized in that year by $24,486). 
Decision: Replace as annual cumulative profit of Proposed > Current 
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3.3.1.3 Maximum Profit Method

This method is based on maximizing equipment profit. The method should be used by the
organizations that are able to generate revenue and hence profits from their equipment. It
works very well if the profits associated with a given piece of equipment can be isolated and
clearly defined. However, it is not often easy to separate annual equipment profit from entire
project or equipment fleet profit. When it proves impossible, the minimum cost method
should be used to make the replacement decision. The example used in the previous section
will be continued in the following tables and paragraphs. Table 3.11 and Table 3.12 illustrate
how to determine the economic life of the two alternatives using profit as the metric to make
the replacement decision.

Table 3.11 and Table 3.12 show the necessity to calculate the economic lives of the
alternatives in the example using the maximum profit method. The economic life of equip-
ment is the year in which the average annual cumulative profit is maximized. This results in
higher profits over a long period of time. In Table 3.11, the economic life of the current trucks
is at the end of the fifth year because the average annual cumulative profit is maximized in
that year by $20,511. The maximum average annual cumulative profit of $24,486 is in the
fourth year for the proposed trucks in Table 3.12. The proposed trucks should replace the
current trucks because the maximum average annual cumulative profit of the proposed
trucks, $24,486, is more than that of the current trucks, $20,511.

TABLE 3.11
Average Annual Cumulative Profits of the Current Trucks

End of

Year (1)

Annual

Revenue (2)

Annual

Cost (3)

Annual Profit

(4) 5 (2) – (3)

Cumulative

Profit (5)

Average Annual

Cumulative Profit (6) 5 (5)/(1)

1 $70,000 $56,000 $14,000 $14,000 $14,000

2 $68,250 $47,600 $20,650 $34,650 $17,325

3 $66,500 $43,360 $23,140 $57,790 $19,263

4 $64,750 $41,616 $23,134 $ 80,924 $20,231

5 $63,000 $41,370 $21,630 $102,554 $20,511

6 $61,250 $42,022 $19,228 $121,783 $20,297

7 $59,500 $43,213 $16,287 $138,070 $19,724

TABLE 3.12
Average Annual Cumulative Profits of Proposed Trucks

End of

Year (1)

Annual

Revenue (2)

Annual

Cost (3)

Annual Profit

(4) 5 (2) – (3)

Cumulative

Profit (5)

Average Annual Cumulative

Profit (6) 5 (5)/(1)

1 $70,000 $48,300 $21,700 $21,700 $21,700

2 $68,250 $43,080 $25,170 $46,870 $23,435

3 $66,500 $40,548 $25,952 $72,822 $24,274

4 $64,750 $39,629 $25,121 $97,943 $24,486

5 $63,000 $39,677 $23,323 $121,266 $24,253

6 $61,250 $40,306 $20,944 $142,210 $23,702

7 $59,500 $41,284 $18,216 $160,426 $22,918

8 $57,750 $42,470 $15,280 $175,705 $21,963
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Replacement Analysis
Payback Period Method: is the time required for a piece of
equipment to return its original investment by generating
profit. It does not focus on the economic life of the
equipment or effects beyond the payback period.

Current Truck:

• Initial cost of the current truck = $65,000

• Cumulative profits for the first 3 years = $57,790

• Difference = $65,000 – $57,790 = $7,210

• Profit of the fourth year = $23,134

• Proportional fraction of the third year = $7,210/$23,134 = 0.31

• Payback period for the current trucks = 3+0.31 = 3.31 years. 

Construction Economics             Depreciation 28/43



Abraham Assefa Tsehayae (PhD)

Replacement Analysis
Payback Period Method:

Proposed Truck:

Initial cost of the current truck = $70,000 

Cumulative profits for the first 2 years = $46,870

Difference = $70,000 – $46,870 = $23,130

Profit of the fourth year = $25,952

Proportional fraction of the third year = $23,130/$25,952 = 0.89

Payback period for the current trucks = 2+0.89 = 2.89 years. 

Decision: Replace as 2.89 year payback period of the proposed 
replacement trucks is shorter than that of the 3.31 year payback 
period of the current trucks. 
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Equipment Replacement Decisions
Replacement Equipment Selection:

Usually, “defender–challenger analysis’’ is used to methodically 
compare alternatives using engineering economic theory. 
However, rather than using present worth approached, commonly 
annual worth approaches are used for economic evaluation. 

Equivalent Annual Cost (EAC): is the annualized cost of 
purchasing and salvaging an equipment, assuming 
replacement periods:
𝐸𝐴𝐶QRST# = 𝐸𝐴𝐶UTVWST#	XR"S" + 𝐸𝐴𝐶UR"S"	YRZ	[\VTWZ,]TW=S\=\=TX\,^V\ZTSWR=,\SX.

𝐸𝐴𝐶UTVWST#	XR"S" is determined using Capital Recovery Formula
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Equipment Replacement Decisions
Capital Recovery Formula considers an equipment purchased at a cost 
of 𝑃 on the basis of that it will recover annual savings of 𝐴 and will be 
sold for salvage value 𝑆 after useful life 𝑛: 

𝐴 = 𝑃 𝐴/𝑃, 𝑖, 𝑛 − 𝑆 𝐴/𝐹, 𝑖, 𝑛

𝐴/𝐹, 𝑖, 𝑛 = 𝐴/𝑃, 𝑖, 𝑛 − 𝑖

𝐴 = 𝑃 𝐴/𝑃, 𝑖, 𝑛 − 𝑆 𝐴/𝑃, 𝑖, 𝑛 + 𝑆 ∗ 𝑖

𝐴 = 𝑃 − 𝑆 𝐴/𝑃, 𝑖, 𝑛 + 𝑆 ∗ 𝑖

Therefore, 

𝐸𝐴𝐶UTVWST#	XR"S" = 𝑃 − 𝑆 𝐴/𝑃, 𝑖, 𝑛 + 𝑆 ∗ 𝑖

P = Purchase price 

S = Salvage Value of the asset at the end of n-years  and can be 

calculated from 𝐵𝑉:;(𝑛) = 𝑃(1 − 𝑑)=
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Replacement Equipment Selection
Replacement Cases:

1. Defender and Challenger are identical and repeat indefinitely 
2. Challenger repeats indefinitely, but is different from Defender 
3. Challenger is different from Defender, but does not repeat 

Case I: Defender and Challenger are identical and repeat indefinitely 
As all assets/equipments require replacement, the decision is usually 
when rather than whether. 
Assumptions:

Technologically identical and the asset technology is not changing rapidly 
Lives of equipments is assumed to be short relative to the time horizon 
over which the equipments are required
Relative prices and interest rates are assumed to be constant over the time 
horizon

Example: Consider an equipment with $7500 initial cost; $900 
arithmetic gradient maintenance and repair cost; and $500 uniform 
cost and $400 arithmetic gradient operating cost
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Replacement Equipment Selection

Construction Economics             Depreciation

Year

EUAC of 
Capital 

Recovery 
Costs

EUAC of 
Maintenance 
and Repair 

Costs

EUAC of 
Operating 

Costs
EUAC Total Interest 

rate

Initial year -7500 0 -500

Arithmetic 
gradient -900 -400

1 $8,100.00 $0.00 $500.00 $8,600.00  
2 $4,205.77 $432.69 $692.31 $5,330.77  
3 $2,910.25 $853.87 $879.50 $4,643.62  
4 $2,264.41 $1,263.56 $1,061.58 $4,589.55 <-----MIN
5 $1,878.42 $1,661.82 $1,238.59 $4,778.84  
6 $1,622.37 $2,048.71 $1,410.54 $5,081.62  
7 $1,440.54 $2,424.30 $1,577.47 $5,442.31  
8 $1,305.11 $2,788.67 $1,739.41 $5,833.19  
9 $1,200.60 $3,141.93 $1,896.41 $6,238.94  

10 $1,117.72 $3,484.18 $2,048.53 $6,650.43  
11 $1,050.57 $3,815.55 $2,195.80 $7,061.93  
12 $995.21 $4,136.17 $2,338.30 $7,469.68  
13 $948.91 $4,446.19 $2,476.08 $7,871.18  
14 $909.73 $4,745.75 $2,609.22 $8,264.69  
15 $876.22 $5,035.01 $2,737.78 $8,649.02  

8%
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Replacement Equipment Selection
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Replacement Equipment Selection
Case I: Defender and Challenger are identical and repeat indefinitely 
Example: ABC construction company produces prefabricated building 
elements. They are considering to install a new automated molding 
system. The molder costs $20,000 and installation costs are estimated 
to be $5,000. Operating and maintenance costs are expected to be 
$30,000 in the first year and will rise at the rate of 5% per year. The 
depreciation cost will be estimated using declining-balance model 
using a rate of 40%, and the company uses a MARR of 15% for capital 
investments.  How long should the company keep the molder before 
replacing it with a new model? In other words, what is the economic 
life of the automated molding system? 

𝐸𝐴𝐶QRST# = 𝐸𝐴𝐶UTVWST#	XR"S" + 𝐸𝐴𝐶^V\ZTSW=a	T=:	]TW=S\=T=X\	UR"S"
Let:
𝑃 = 𝐶𝑢𝑟𝑟𝑒𝑛𝑡	𝑉𝑎𝑙𝑢𝑒	𝑜𝑓	𝐸𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡 = 𝑃𝑢𝑟𝑐ℎ𝑎𝑠𝑒	𝑃𝑟𝑖𝑐𝑒 + 𝐼𝑛𝑠𝑡𝑎𝑙𝑙𝑎𝑡𝑖𝑜𝑛	𝐶𝑜𝑠𝑡𝑠
𝑆 = 𝑆𝑎𝑙𝑣𝑎𝑔𝑒	𝑣𝑎𝑙𝑢𝑒	𝑓𝑜𝑟	𝑡ℎ𝑒	𝑒𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡	𝑛	𝑦𝑒𝑎𝑟𝑠	𝑖𝑛	𝑡ℎ𝑒	𝑓𝑢𝑡𝑢𝑟𝑒

Construction Economics             Depreciation 35/43



Abraham Assefa Tsehayae (PhD)

Replacement Equipment Selection
For example for Year 4,

𝐵𝑉:;(𝑛) = 𝑃(1 − 𝑑)=

𝐵𝑉:; 4 = $20,000(1 − 0.4)o= $2,592

𝐸𝐴𝐶UTVWST#	XR"S" = 𝑃 − 𝑆 𝐴/𝑃, 𝑖, 𝑛 + 𝑆 ∗ 𝑖

𝐸𝐴𝐶UTVWST#	XR"S" = $20,000 − $2,592 𝐴/𝑃, 15%, 4 + $2,592 ∗ 0.15 = $8,238

𝐸𝐴𝐶^V\ZTSW=a	T=:	]TW=S\=T=X\	UR"S" = $30,000[ 𝑃/𝐹, 15%, 1 + (1.05)(P/F, 15%, 2)

+ (1.05)t	 𝑃/𝐹, 15%, 3 + (1.05)u	 𝑃/𝐹, 15%, 4 ] A/P, 15%, 4 = $32,052

𝐸𝐴𝐶QRST# = 𝐸𝐴𝐶UTVWST#	XR"S" + 𝐸𝐴𝐶^V\ZTSW=a	T=:	]TW=S\=T=X\	UR"S"

𝐸𝐴𝐶QRST# = $8,238 + $32,052 = $40,290
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Life Salvage Value EAC Capital EAC Oper. and Main. EAC Total

0 $20,000.00

1 12,000.00 $16,750.00 $30,000.00 $46,750.00

2 7,200.00 12,029.07 30,697.67 42,726.74

3 4,320.00 9,705.36 31,382.29 41,087.65

4 2,592.00 8,237.55 32,052.47 40,290.02

5 1,555.20 7,227.23 32,706.94 39,934.17

6 933.12 6,499.33 33,344.56 39,843.88

7 559.87 5,958.42 33,964.28 39,922.70

8 335.92 5,546.78 34,564.20 40,111.98

9 201.55 5,227.34 35,146.55 40,373.89

10 120.93 4,975.35 35,707.69 40,683.04
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Replacement Equipment Selection
Case II: Challenger is Different from Defender: Challenger repeats
indefinitely
Procedure:

1. Determine the economic life of the challenger and its associated EAC
2. Determine the remaining economic life of the defender and its

associated EAC.
• One Year Principle is commonly used. It states that if the capital costs for

the defender are small compared to the operating costs, and the yearly
operating costs are monotonically increasing, the economic life of the
defender is one year and its total EAC is the cost of using the defender for
one more year.

3. If the EAC of the defender is greater than the EAC of the challenger,
replace the defender now. Otherwise, do not replace now.
• Using the One Year Principle: If the EAC of keeping the defender one more

year exceeds the EAC of the challenger at its economic life, the defender
should be replaced immediately.
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Replacement Equipment Selection
Example: ABC construction company pays a custom
molder $0.25 per element (excluding material costs) to
produce building prefab elements. Demand is forecast to
be 200,000 elements per year. ABC is considering
installing the automated molding system to produce the
elements themselves. Should they do so?
Defender is the current technology (Subcontractor).
Challenger is the automated molding system.
Unit Cost of Challenger:

EAC (molder) = $39,844
Unit Cost (molder) = EAC/Unit = $39,844 / 200,000 = $0.1992

Unit Cost of Defender:
Unit Cost (in house) = $0.25

Decision: Replace as Unit-cost of Challenger < Defender
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Replacement Equipment Selection
Case III: Challenger is Different from Defender: Challenger does not
repeat
In this case it is recognized that the future challengers will be available
and we expect them to be better than the current challenger.
Example: Derba cement is examining the possibility of replacing the
kiln controllers. They have information about existing controllers and
the best replacement on the market. They also have information about
new controller design that will be available in three years. Debra has
five-year time horizon for the problem. What replacement alternatives
should Derba consider?
To determine the minimum cost over 5 year horizon is to determine the
cost of all possible combinations of the defender and the two
challengers.
However, as the defender and challenger can replace one another at
any time, it is not possible to determine all possible combinations.
Assuming the period is one year (yearly investment cycle), we can
compare them as mutually exclusive alternatives:
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Replacement Equipment Selection
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Decision 
Alternative 

Defender 
Life in 
Years

First 
Challenger 

Life in Years

Second 
Challenger Life in 

Years
1 5 0 0

2 4 1 0

3 4 0 1

4 3 2 0

5 3 1 1

6 3 0 2

7 2 3 0

8 2 2 1

9 2 1 2

10 1 4 0

11 1 3 1

12 1 2 2

13 0 5 0

14 0 4 1

15 0 3 2

Alternative 1:Keep 
Defender for 5 years 
Alternative 2: Keep 
Defender for 4 years, 
then purchase Challenger 
4 years from now and 
keep it for one year 
Alternative 15: Replace 
Defender now with first 
Challenger, keep it for 3 
years, then replace it with 
the second Challenger, 
and keep the second 
Challenger for the 
remaining of 2 years
Comparison: using PW, 
AW, or IRR
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Replacement Decision Flow Chart
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Is there a sequence of 
identical Challengers 
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mutually exclusive alternatives

Compute the economic 
life and EAC of Challenger
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Is the Defender Identical 
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Defender less that 
its economic life

Keep the 
Defender

Replace 
Defender 
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the remaining 

economic life of the 
Defender

Is the EAC of the remaining 
economic life of the Defender 
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economic life of the Challengers
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