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A. INTRODUCTION

Over $220 billion are lost to corrosion in the United States each year, according to government and
industry studies. This corrosion cost is equivalent to 3 or 4% of the Gross National Product (GNP).
The real tragedy of this annual corrosion cost is that ~ 15% or more could be saved by the
application of existing technology to prevent and control corrosion. The existing technology includes
the following methodologies to prevent and control corrosion: proper design, selection of materials,
coatings and linings, cathodic protection, and inhibitors. Standards, reports, books, and thousands
of technical articles attest to the successful use of the existing technology to prevent and control
corrosion, and thus, to reduce the annual losses to corrosion.

B. CORROSION—AN ECONOMIC PROBLEM

Corrosion is essentially an economic problem. It is vitally important that engineers and engineering
managers be aware of the economic impact their decisions have on the ability of a business to meet
its corporate goals. A discipline that assists in the measurement of the economic impact of such
decisions is called "engineering economy."

Engineering economy is concerned with money, both as a resource and as the price of other
resources. Business success is dependent on the prudent and efficient use of all resources, including
money. The principles of engineering economy permit direct comparisons of potential alternatives in
monetary terms. In this way, they encourage efficient use of resources.

The economics of corrosion evaluation involves the assessment of the technical validity and
economic justification of each alternative. Corrosion technologists generally spend much effort
exploring the technical validity of materials or processes. However, each corrosion problem may
have more than one material or process that could satisfactorily solve the technical problem. Each
candidate material or process probably has a unique stream of investment and operating or
maintenance costs, while providing equivalent technical benefits. Indeed, once the technically viable
alternatives are chosen, and their respective costs and performance characteristics are isolated, the
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technologist's decision becomes one of financial analysis because almost all of the factors in the
decision process can be reduced to the magnitude and timing of cash flows.

The purposes of this chapter are to

1. Present the economic techniques in a form that can be readily understood and used by
engineers as a decision-making tool.

2. Facilitate the communication of decisions between the corrosion technologist and manage-
ment.

3. Justify investment in anticorrosion methods that have long-term benefits.

1. Basics—Money and Time

Consider the effects of time and earning power on $20.00. If $20.00 is placed in the bank and earns
interest at a rate of 5%/year, it grows to $21.00 when the interest, $1.00, is paid at the end of the year.
Thus, $20.00 today at 5% is equivalent to $21.00 a year from now. Stated another way, in order to
have $21.00 one year from now, only $20.00 has to be deposited today if the interest rate is 5%. The
$20.00 is called the "discounted present value" of the $21.00 needed 1 year hence.

The initial deposit as well as the earned interest left in the account have earning power because
the interest is compounded, which means that it is computed on both the principal and the accrued
interest.

Suppose the $20.00 were used to pay four equal annual installments of $5.00 each. Without
interest, the $20.00 would be exhausted after making the last payment. If the $20.00 is deposited in
the bank at 5% interest, it will be worth $21.00 at the end of the first year. Paying out $5.00 would
leave $16.00 to be held at 5% interest for the second year. The $16.00 invested at 5% will earn $0.80 in
1 year. Subtracting $5.00 from $16.80 leaves $11.80 to be held at 5% interest for the third year. The
$11.80 will earn $0.59 by the end of the third year at 5%. Another annual payment of $5.00
leaves $7.39 to earn interest during the fourth year. Adding the $0.37 interest earned during the
fourth year and subtracting the final $5.00 annual payment leaves a balance of accrued interest of $2.76.

The earning power of money permits another strategy. If the initial deposit were reduced to
$17.73 at 5% interest, $5.00 could be paid out each year for 4 years and nothing would be left. This
example illustrates the distinction between the terms "equivalent" and "equal." The $20.00 is equal
to four payments of $5.00 each. It also would be equivalent to four $5.00 annual payments (only) if
the interest rate were zero. The $17.75 is not equal to the sum of four payments of $5.00 each.
However, when $17.73 is invested at 5%, it is equivalent to four annual payments of $5.00.

The term "equivalent" implies that the concept of the time value of money is applied at some
specific interest rate. Therefore, for an amount of money to have a precise meaning, it must be fixed
both in time and amount. Mathematical formulas and tables are available to translate an amount of
money at any particular time into an equivalent amount at another date.

Many kinds of translations are possible. For example, a single amount of money can be translated
into an equivalent amount at either a later or an earlier date. This is accomplished by calculating the
present worth (PW) or the future worth (FW) as of the present date. Single amounts of money can be
translated into equivalent annuities (A) involving a series of uniform amounts occurring each year.
Conversely, annuities can be translated into equivalent single amounts at either an earlier or a later date.
The present worth of an annuity (P/A) is the single amount of money equivalent to a future annuity.
The single amount equivalent to a past annuity is referred to as the future worth of an annuity (F/A).

It is also possible to calculate the amount of money that would be equivalent to a nonuniform
series of cash flows. Two types of nonlinear series that find application are an arithmetic progression,
in which the series changes by a constant amount, and a geometric progression, in which the series
changes by a constant rate. The arithmetic progression is considered to be representative of variable
costs, such as maintenance costs, which may increase as equipment ages. The geometric progression
is used to represent the effects of inflation or deflation.



C. NOTATION AND TERMINOLOGY

The ANSI Standard Z94.5 titled "Engineering Economy" consists of a compilation of the symbol-
ogy and terminology of the field so that the improved communication benefits of standardization are
available to practitioners [I]. With the development and publication of this standard and its adoption
by the Institute of Industrial Engineers and the Engineering Economy Division of the American
Society of Engineering Education, it is expected that future books and articles will utilize these
symbols common to engineering economy because they represent the consensus choice of the
prominent modern authors and educators in this field. This would avoid one of the significant
previous deterrents to the use of these methods in the past.

The reader is referred to ANSI Standard 294.5 for further details, including functional forms and
uses of compound interest factors, and formulas involving annual compounding and others involving
continuous compounding [I].

The basic form of the notation used for all time-value factors consists of a ratio of two letters
representing two amounts of money (e.g., P/A or F/P), plus an interest rate (i%) and a number of
periods (n). The customary manner of writing these is

(P/A,i%,n)

or

(F/P,i%,n)

The present worth (P) of a known annuity (A) can also be expressed as follows:

P = A(P/A) (1)

or the future worth (F) of a known present amount (P) is

F = P(F/P) (2)

Other forms also are common, such as PW() or FW(), which are called "operators" because they
represent some computational operation, such as the PW or the FW of whatever is inside the
parentheses.

It should be evident that (F/P) is the reciprocal of (P/F), and that (F/A) and (A/F), and so on, also
are reciprocals. This observation is useful because it means that only three time-value factors need to
be tabulated in order to conduct six operations.

Another algebraic relationship shows that if two time-value factors are multiplied, the product is
a third time-value factor. For example;

(A/F) x (P/A) = (P/F) (3)

D. METHODS OF ECONOMIC ANALYSIS

Economic analysis methods that are concerned with the entire service life sometimes are called
"life-cycle-cost" methods. Those that lead to single-measure numbers include



a. Internal rate of return (IROR).
b. Discounted payback (DPB).
c. Present worth (PW) method, also referred to as the net present value (NPV).
d. Present worth of future revenue requirements (PWRR).
e. Benefit-cost (BCR) ratios.

All five methods employ the concept of PW. While each method has certain advantages, the
individual methods vary considerably with respect to their application and complexity.

The IROR method compares the initial capital investment with the PW of a series of net revenues
or savings over the anticipated service life. Expenses include all operation, maintenance, taxes,
insurance, and overheads, but do not include return on (or of) the invested capital. From an economic
standpoint, IROR consists essentially of the interest cost on borrowed capital plus any existing
(positive or negative) profit margin. The disadvantage of this method is that it ignores benefits
extending beyond the assumed life of the equipment, and thereby, may omit a substantial part of the
actual service life. This may lead to unnecessarily pessimistic measures of long-range economy.

The PWRR method is particularly applicable to regulated public utilities, at which the rates of
return are more or less fixed by regulation. It is particularly applicable when it has already been
determined by IROR analysis that a project is economically viable, and the engineer wishes to
determine which is the most economic alternative under circumstances wherein several alternatives
produce the same revenue, but some of them create less expense (requirement for revenue), and
consequently, a greater profit margin (or lower losses), than others. The principal objection to the
PWRR method is that it is inadequate when alternatives are competing for a limited amount of
capital because it does not identify the alternative that produces the greatest return on invested
capital.

The DPB method is somewhat more complicated than the PWRR method. The BCR method is
similar to the IROR method because both methods involve assessment of alternatives, not only for
economic measures compared with a "do-nothing" scenario, but also for incremental measures
associated with incremental capital investments.

The PW method, also referred to as the NPV method, is considered the easiest and most direct
of the five methods, and has the broadest application to engineering economy problems. Many
industries refer to this method as the "discounted cash flow" method of analysis. This method often
is used as the "referee" method to test the results of other methods of analysis. Under the circums-
tances, it is not surprising that there is a preference for this method and that primary attention is given
to this method in this chapter. Those interested in exploring the other methods are referred to
standard texts on the subject.

1. Annual versus Continuous Compounding

Because actual cash flow (both inward and outward) is continuous, it appears that continuous
compounding is the more accurate assumption for engineering economy studies. However, although
the overall cash flows tend to be continuous, the cash flow data seldom are sufficiently precise in
economy studies to take full advantage of continuous compounding. It is also true that the normal
purpose of the economy study is to analyze some specific event that will occur at a specific time, so a
procedure that is readily associated with a specific time is usually the most appropriate. For these
reasons, and because annual compounding is conceptually easier to understand and apply, annual
compounding is the method primarily used in this chapter. The PW method is a form of discounted
cash flow (DCF), wherein cash flow data, which include dates of receipts and disbursements, are
discounted to PW. Before applying these methods, a management judgment is made as to the desired
life (usually expressed as a number of years, n) and the minimum acceptable rate of return (ROR) on
invested capital for a project (expressed in terms of the effective interest rate, i, or the nominal rate of
return, r). Rates of return (before taxes) vary among industries, ranging from 10 to 15%, where



TABLE 1. Tabulation of Cash Flow*

Period
(year)

O
1
2
3
4
5
6
7
8
9
10
Totals

Plan A
(dollars)

(Defender)

- 8,200
- 8,200
- 8,200
- 8,200
- 8,200
- 8,200
- 8,200
- 8,200
-8,200
-8,200

—82,000

Plan B
(dollars)

(Challenger)

- 15,000
-5,100
-5,100
-5,100
-5,100
-5,100
-5,100
-5,100
-5,100
-5,100
-5,100

- 66,000

B-A
(dollars)

- 15,000
+ 3,100
+ 3,100
+ 3,100
+ 3,100
+ 3,100
+ 3,100
+ 3,100
+ 3,100
+ 3,100
+ 3,100

+ 16,000

0E. Verink, "Corrosion Economic Calculations," ASM Handbook, Vol. 13, 9th ed., Corrosion (1987), ASM International,
Materials Park, OH 44073-0002, p. 372 (table 4).

obsolescence is not high, to 25 to 40% (or perhaps higher) for dynamic industries. Obviously, it is
convenient if the minimum acceptable ROR is known before making engineering economy analyses.
However, it is not always easy to learn what is considered an acceptable ROR. Under such circum-
stances, it has been helpful to prepare a series of economic alternatives in which the ROR is varied so
that management can make a choice.

An example illustrates the features of the method. In this case, the "longhand" method is used. In
practice, there are several short cuts.

Should an expenditure of $15,000 be made to reduce labor and maintenance costs from $8200 to
$5100/year? Money is worth 10% and the life of the project is 10 years. For simplicity, the effects of
taxes and depreciation have been neglected in this example.

Table 1 shows the projected pattern of cash flow for the "defender" (the present method) and the
"challenger" (the proposed method) over the life of the project. A minus sign means that money
leaves the "bank," whereas a plus sign means that the "bank balance" increases in size. The net cash
flow for each year appears in the right-hand column under the heading "B-A."

It is apparent that selection of the challenger (Plan B) results in a net positive cash flow. That is,
the net amount of money in the bank is increased over the life of the project when Plan B is selected.
Before reaching a conclusion regarding implementation of Plan B, these cash flows are reduced to a
common basis for comparison and to determine whether the objective of a 10% ROR has been
achieved. The PW (or present value) of these cash flows provides such a basis. The ROR for Plan B is
calculated by iteration using interest tables and interpolating between values.

Ll. First Iteration Assume a rate of return of 10% and refer to Table 2.

(PW) - -15, 500 + 3100(P/A, 10%, 10 years) (4)

= -15,500 + 3100(6.145) = +$4047.95 (5)

The ROR for which the discounted cash flow is equal to zero (i.e., the first term on the right of the
above expression is balanced by the second term) is the actual rate of return. From the first iteration,
it already is evident that Plan B returns more than 10% because the net cash flow is positive. Thus,
Plan B, the challenger, is the more economical. The numerical value of the actual rate of return can
be determined by additional iterations. Such an exercise reveals that the ROR in this case is 16.1%.



TABLE 2. 10% Interest Factors for Annual Compounding0

Uniform

Gradient-Series

Equal Payment SeriesSingle Payment

Capital-RecoveryPresent-WorthSinking-FundCompound- AmountPresent-WorthCompound- Amount

Factor

(To find A
Given G A/G, i, ri)

Factor

(To find A
Given P A/G, i, n)

Factor

(To find P
Given A P/A, i, n)

Factor

(To find A
Given F A/F, i, n)

Factor

(To find F
Given A F/A, i, n)

Factor

(To find P
Given F P/F, i, «)

Factor

(To find F
Given P F/P, i, n)n

0.0000
0.4762
0.9366
1.3812
1.8101
2.2236
2.6216
3.0045
3.3724
3.7255
4.0641
4.3884
4.6988
4.9955
5.2789
5.5493
5.8071
6.0526
6.2861
6.5081
6.7189
6.9189
7.1085
7.2881
7.4580
7.6187
7.7704

1.1000
0.5762
0.4021
0.3155
0.2638
0.2296
0.2054
0.1875
0.1737
0.1628
0.1540
0.1468
0.1408
0.1358
0.1315
0.1278
0.1247
0.1219
0.1196
0.1 175
0.1156
0.1140
0.1126
0.1113
0.1102
0.1092
0.1083

0.9091
1.7355
2.4869
3.1699
3.7908
4.3553
4.8684
5.3349
5.7590
6.1446
6.4951
6.8137
7.1034
7.3667
7.6061
7.8237
8.0216
8.2014
8.3649
8.5136
8.6487
8.7716
8.8832
8.9848
9.0771
9.1610
9.2372

1.0000
0.4762
0.3021
0.2155
0.1638
0.1296
0.1054
0.0875
0.0738
0.0628
0.0540
0.0468
0.0408
0.0358
0.0315
0.0278
0.0247
0.0219
0.0196
0.0175
0.0156
0.0140
0.0126
0.0113
0.0102
0.0092
0.0083

1.000
2.100
3.310
4.641
6.105
7.716
9.487

11.436
13.579
15.937
18.531
21.384
24.523
27.975
31.772
35.950
40.545
45.599
51.159
57.275
64.003
71.403
79.543
86.497
96.347

109.182
121.100

0.9091
0.8265
0.7513
0.6830
0.6209
0.5645
0.5132
0.4665
0.4241
0.3856
0.3505
0.3186
0.2897
0.2633
0.2394
0.2176
0.1979
0.1799
0.1635
0.1487
0.1351
0.1229
0.1117
0.1015
0.0923
0.0839
0.0763

1.100
1.210
1.331
1.464
1.611
1.772
1.949
2.144
2.358
2.594
2.853
3.138
3.452
3.798
4.177
4.595
5.054
5.560
6.116
6.728
7.400
8.140
8.954
9.850

10.835
11.918
13.110

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27



7.9137
8.0489
8.1762
8.2962
8.4091
8.5152
8.6149
8.7086
9.0962
9.3741
9.5704
9.7075
9.8023
9.8672
9.9113
9.9410
9.9609
9.9742
9.9831

9.9889
9.9928

0.1075
0.1067
0.1061
0.1055
0.1050
0.1045
0.1041
0.1037
0.1023
0.1014
0.1009
0.1005
0.1003
0.1002
0.1001
0.1001
0.1001
0.1000
0.1000

0.1000
0.1000

9.3066
9.3696
9.4269
9.4790
9.5264
9.5694
9.6086
9.6442
9.7791
9.6628
9.9148
9.9471
9.9672
9.9796
9.9873
9.9921
9.9951
9.9970
9.9981

9.9988
9.9993

0.0075
0.0067
0.0061
0.0055
0.0050
0.0045
0.0041
0.0037
0.0023
0.0014
0.0009
0.0005
0.0003
0.0002
0.0001
0.0001
0.0001
0.0000
0.0000

0.0000
0.0000

134.210
148.631
164.494
181.943
201.138
222.252
245.477
271.024
442.593
718.905

1,163.909
1,880.591
3,034.816
4,893.707
7,887.470

12,708.954
20,474.002
32,979.690
53,120.226

85,556.760
137,796.123

0.0694
0.0630
0.0573
0.0521
0.0474
0.0431
0.0392
0.0356
0.0221
0.0137
0.0085
0.0053
0.0033
0.0020
0.0013
0.0008
0.0005
0.0003

0.0002
0.0001
0.0001

14.421
15.863
17.449
19.194
21.114
23.225
25.548
28.102
45.259
72.890

117.391
189.059
304.482
490.371
789.747

1,271.695
2,048.400
3,298.969

5,313.023
8,556.676

13,780.612

28
29
30
31
32
33
34
35
40
45
50
55
60
65
70
75
80
85

90
95

100

aG. J. Thuesen and W. J. Fabrycky, Engineering Economy, 6th ed. (Englewood Cliffs, NJ: Prentice-Hall, Inc., 1984), p. 574.



In this example, Plans A and B could represent alternative materials of construction having
different corrosion rates, with the annual dollar difference being related to the consequences of
corrosion on maintenance costs. This presupposes the availability of corrosion data that can be used
to estimate expected life, maintenance costs, and so on. Other examples illustrate how to account for
the effects of salvage value, taxes, and depreciation.

E. DEPRECIATION

Depreciation has been defined as the lessening in value of an asset with the passage of time. All
physical assets (with the possible exception of land) depreciate with time. There are several types of
depreciation. Two of the more common types are physical depreciation and functional depreciation.
Accidents can also cause loss of value, but this cause is often accommodated in other ways (i.e.,
insurance or reserves) and is not considered here.

Physical depreciation includes such phenomena as deterioration resulting from corrosion, rotting
of wood, bacterial action, chemical decomposition, wear and tear, and so on, which can reduce the
ability of an asset to render its intended service.

Functional depreciation results not from the inability of an asset is available to serve its intended
purpose, but rather from the fact that some other asset is available that can perform the desired
function more economically. Thus, obsolescence and/or inadequacy, or inability to meet the
demands placed on the asset, lead to functional depreciation. Technological advances produce
improvements that often result in obsolescence of existing assets.

The manner in which depreciation is accounted for is largely a tax question. The language of the
tax laws specifies the procedures that are permissible. Tax laws change from time to time, so
procedures that are attractive under a given set of circumstances may become unattractive (or even
forbidden) under other circumstances. Some of the more common methods of depreciation include

1. Straight line.
2. Declining balance.
3. Declining balance switching to straight line.
4. Sum-of-the-year's-digits.
5. Accelerated cost-recovery system.

1. Straight-Line Method

The straight-line depreciation method assumes that the value of an asset declines at a constant rate. If
the asset originally cost $6000 and had a salvage value of $1000 after 5 years' life, the annual
depreciation would be ($6000-1000)75 = $1000/year. Symbolically, this can be expressed

Annual depreciation, D = (P — S)/« (6)

The "book value" of the asset would decrease at the end of each year by the amount of the annual
depreciation until, at the end of the fifth year, the book value would be the same as the salvage value.

2. Declining-Balance Method

The declining-balance method assumes that the asset depreciates more rapidly during early years
than in later years. A certain percent of depreciation is applied each year to the remaining book value
of the asset. Under these circumstances, the size of the depreciation declines each successive year
until the asset is fully depreciated. When the declining-balance method is used, the maximum rate



that has been permissible for tax purposes is double the straight-line rate. This accounts for the term
"double-declining balance."

3. Declining Balance Switching to Straight Line

Prior to 1981 in the United States, it was allowable to depreciate an asset using declining-balance
depreciation for the early years and then switch to straight-line depreciation when the allowable
depreciation (using declining balance) falls below the amount permissible under straight-line
depreciation. Switching to straight-line depreciation permits the book value to go to zero eventually.
The declining-balance method switching to straight line has been incorporated in part of the 1986
version of the ACRS depreciation method discussed below.

4. Sum-of-the-Year's-Digits Method

The sum-of-the-year's-digits method assumes that the value of an asset decreases at a decreasing
rate. Assume an asset has a 5-year life. The sum of the year's digits equals 1+2 + 3 + 4 + 5 = 15.
For the $6000 asset mentioned above, which has a salvage value after 5 years of $1000, the first
year's depreciation would be ($6000-1000)(5/15) = $1666.67. The second year's depreciation
would be ($6000-1000)(4/15) = $1333.33, and so on, until the asset is fully depreciated. This
method is no longer permitted in the United States for new assets.

Most of the property acquired before 1981 is still being depreciated by one of the methods
mentioned above. Each of these (pre-1981) methods involves the taxpayer's estimating a "useful
life" either on the basis of experience or based on a guideline from the U.S. Internal Revenue Service
in Washington, DC. The guidelines are presented as ranges of values in the class life asset depre-
ciation range (ADR) system. The midpoint of the range is referred to as the "ADR life."

5. Accelerated Cost-Recovery System Method

For property placed in service after 1981, the accelerated cost-recovery system (ACRS), which is a
part of the Economic Recovery Act of 1981, prescribes a different method for recovering the cost of
depreciable property. The Tax Reform Act of 1986 revamped the accelerated cost recovery system
(ACRS) enacted in 1981. The 1986 Act generally is less generous than the prior law, which
combined ACRS with investment tax credit (ITC). While ACRS was originally designed primarily as
an incentive for investment, the new rules are intended to provide a more even match between the
class lives of particular assets and their useful lives. Nonetheless, deductions are more accelerated
than under pre-1981 law.

The principal differences between the prior version of ACRS and the new law are in the class
lives of assets and the methods of recovering their costs. As in the prior law, salvage continues to be
disregarded. The new system is generally effective for assets placed in service after 1986, but by
special election, property placed in service after July 1, 1986, also may qualify under the new rules.

Assets are assigned to one of six classes of depreciable property, or to one of two classes of
real property. The ACRS classes are tabulated in Table 3. Costs in the more short-lived classes (e.g.,
3-, 5-, and 10-year classes) are recovered using double-declining-balance depreciation. It is permis-
sible to optimize deductions by switching to straight-line depreciation when this becomes advan-
tageous. The 15- and 20-year classes recover using the 150% declining-balance method, switching to
the straight line when the depreciation based on the straight-line method (for the remaining years of
depreciable life) is greater than the declining balance amount. All real estate is depreciated by the
straight-line method.

The new law does not provide statutory cost-recovery allowances; therefore, averaging
conventions are used. Generally, a half-year convention applies for the first-year and last-year
allowances for depreciable property, and the mid-month convention applies to real property. A
special rule provides that when more than 40% of asset additions in any year are placed into service



TABLE 3. Recovery Property

ACRS Class and Method

3-year, 200% DB
5-year, 200% DB

7-year, 200% DB

10-year, 200% DB
15-year, 150% DB-SL

20-year, 150% DB-SL

27.5-year, SL
31.5-year, SL

ADR Midpoint

4 years or less
> 4 to < 10 years

10 to < 16 years

16 to < 20 years
20 to < 25 years

25 years or more

N/A
N/A

Special Rules

Excludes cars, light trucks
Includes cars, light trucks, semiconductor
manufacturing equipment, qualified
technical equipment, R & D property, and so on
Includes agricultural, horticultural structures,
and RR track. Property with no ADR midpoint
None
Includes sewage treatment plants, telephone,
data, and voice communication
Excludes real property with ADR midpoint
27.5 years or more. Includes municipal sewers
Residential rental property
Nonresidential real property

DB — declining balance
SL — straight line
N/ A — not applicable

in the last quarter of the taxable year, a mid-quarter convention is used to compute the allowances for
all additions during the year. Under prior ACRS rules, a half-year convention was built into the
statutory allowance for the first year of service, but the cost of 3-year property, for example, still was
recovered in 3 years. Under the new statute, the half-year convention for personal property
effectively adds another year to the cost-recovery period because for the same 3 -year asset, the half-
year convention applies to the first year; a full allowance applies to years two and three, and the
remainder is recovered in the fourth year. Thus, the deductions are spread over 4 years although the
recovery period is considered to be 3 years.

6. Alternate Cost-Recovery System

The 1981 statute provided a variety of alternate cost-recovery options. By contract, the 1986 statute
unifies into one alternative cost-recovery system several variations of ACRS enacted for various
purposes. The alternative system provides longer lives for assets (i.e., slower rates of depreciation)
and utilizes straight-line depreciation. The alternative system life is its ADR midpoint life. For real
property, the ADR midpoint life is 40 years. If there is no ADR midpoint for personal property, a 12-
year life is assigned.

There also have been changes in ACRS class for particular assets. Under prior law, cars and light
trucks were 3-year property. Now they are classified as 5-year property, as listed in Table 3.
Similarly, most equipment that was not a public utility property was in the 5 -year class. Now many
types of equipment are classified as 7- or 10-year equipment.

Notwithstanding these general rules, there are several assets for which there are special rules.
These are listed in Table 4.

Taxpayers may elect the alternative system of determining the applicable depreciation allowance,
or they may elect to use the straight-line method over the ACRS life. Either election is made on a
class-by-class basis and, once made, is irrevocable. For example, for property put into service in a
given year, a taxpayer may choose the regular system for the 3- and 5-year property, while choosing
the alternative system for the 7-year property put into service that year. Property put into service the
subsequent year is subject to a new election (on a class-by-class basis).

The 1986 act repeals the investment tax credit (ITC). Assets placed into service after December
31, 1985, are not eligible for ITC. A transition rule is provided to permit credit for assets for which
binding contracts existed on this date. The transition rule requires that the asset must be placed into
service by a specific date based on the property's depreciation recovery class. The ITC carryovers



TABLE 4. Special Alternative ACRS Lives

Type of Property

Semiconductor property
Telephone central switching equipment
Railroad track
Single-purpose agricultural structures
Municipal wastewater treatment plant
Telephone distribution plant and equipment
Municipal sewers

Alternative Class Life (years)

5
9.5

10
15
24
24
50

that had not expired as of December 31, 1985, are preserved and may be used in 1986 (and
thereafter); however, they are reduced by 35%.

For detailed information, readers are referred to the act itself, or to explanatory treatises [2].

F. GENERALIZED EQUATIONS

Generalized equations that simplify the solution of a large percentage of engineering economy
problems have been set up. These equations take into account the influence of taxes, depreciation,
operating expenses, and salvage value in the calculation of present worth and annual cost. Using
these equations, an individual problem can be solved merely by entering data into the equations with
the assistance of the compound interest tables and solving for the unknown value. The tax rate, t, is
expressed as a decimal. Operating expense is represented by X. The letter S represents salvage value.

For straight-line depreciation;

(PW) = P + '(P " S) (P/A, /%, n) (1 *) (X) (P/A, i%, n) 4- S(P/F, i%, n) (7)

In this expression for the present worth, the first term, P, is the cost at "time zero" of the initial
investment. The value at time zero is a definition of PW (at time zero). Hence, it is not necessary to
translate this amount to another date because evaluation is made at time zero. Because the investment
involves flow of money out of the bank, the sign of this term is minus.

The second term is concerned with depreciation. The depreciation method influences the mathe-
matical formulation of this term. The annual amount of tax credit permitted by this method of
depreciation, in this case, straight-line depreciation, is expressed by [/(P-S)Xw]. These equal annual
amounts are translated back to zero time by converting them to present worth using (P/A, i%, n). The
ACRS depreciation methods allow specific straight-line depreciation options. When one of these
options is chosen, the formulation of this term remains the same as shown above with the exception
that salvage is ignored. If the straight-line option is not chosen, this term in the generalized equation
becomes a series of terms each having the tax rate multiplied by the appropriate depreciation
percentage of the initial cost, multiplied by the appropriate single-payment present worth factor
(P/F) for the applicable year and interest rate. The sum of these terms represents the effect of
depreciation on PW.

The third term in the general equation actually consists of two terms. One is [(X)(PXA, i%, n)],
and it represents the cost of items properly chargeable as expense. Examples include such things as
cost of maintenance or insurance, cost of inhibitors, and so on. Because this term involves expen-
diture of money from the bank, it carries a minus sign. The term [/(X)(PXA, /%, n)] accounts for the
tax credit for this business expense. Because it represents a saving, the sign is plus.

The fourth term translates the anticipated (future) value of salvage to present value. This is a one-
time event rather than a uniform series; therefore, it involves the single-payment present worth



factor. As noted above, the ACRS depreciation method ignores the salvage value of an asset, so when
using the ACRS method, the fourth term is zero.

Present worth can be converted to equivalent annual cost by use of the following equation:

A = (FW)(A/P,i%,/i) (8)

Alternative materials having the same life can be compared from an engineering economy standpoint
merely by comparing the magnitude of their present values. However, if the candidate materials have
different life expectancies, it is necessary to convert present worth to equivalent annual cost, A, to
compare the materials from an engineering economy standpoint. The material with the lowest annual
cost is the material of choice.

G. WORKED EXAMPLES AND APPLICATIONS

Example 1. Process Equipment

A new heat exchanger is required in conjunction with rearrangement of existing facilities. Because
of corrosion, the expected life of a carbon steel exchanger is 5 years. The installed cost is $9500. It is
proposed to substitute a UNS S31600 (AISI 316 stainless steel) exchanger having an installed cost of
$26,500, and an estimated life of 15 years, written off in 11 years. Which is the more economical
choice based on annual cost? The minimum acceptable rate of return is 10%, the tax rate is 48%, and
the depreciation method is straight line.

Because the lives of the alternatives are unequal, the economic choice cannot be based merely on
the discounted cash flow over a single life of each alternative. Instead, comparison is made on the
basis of equivalent uniform annual costs, commonly referred to as "annual cost," as mentioned
above. Referring to the generalized Eq. (7), data in this example are available for only the first two
terms of the equation. The third term, which involves maintenance expense, and the fourth term,
involving salvage value, are both assumed to be zero.

The first step is to compute the discounted cash flow over one life span for each alternative. This
involves the calculation of the PW for each material.

(pw)steei = -$9500 + Q'48(950° ~ °) (3.791) - -$6043 (9)

(PW)116 =-«26,500+ °«^>> „0)

To compare the two alternatives, the discounted cash flows (PWs) each are converted to annual costs.

Asteei = -$6043(0.2638) - -$ 1594 (11)

A3I6 = -$18,989(0.1540) - -$2924 (12)

Therefore, the carbon steel heat exchanger, which has the lower annual cost, is the more economical
alternative under these conditions.

Example Ia. Process Equipment

If the carbon steel exchanger were to require $3000 yearly maintenance (e.g., painting, use of
inhibitors, and cathodic protection), would carbon steel still be the preferred alternative?



Maintenance costs are treated as expense items with 1-year life (end-of-year costs). This
particular exercise involves the third term in the generalized equation shown above. In Example 1,
the annual cost without the yearly maintenance cost has already been computed, so in this case the
annual cost including maintenance (stated to be $3000/year) is obtained simply by subtracting the
after-tax maintenance costs from the result given in Example 1.

Asteei = -$1594 - (1 - 0.48)($3000) - -$3154 (13)

Because this is an after-tax cash flow, the quantity [(I — 0.48)($3000)] is the after-tax maintenance
cost where 0.48 equals the tax rate expressed as a decimal. The $3000 is the present value of the first
year's maintenance, so no further discounting is necessary in this case.

By comparing this result with the annual cost of UNS S31600 in Example 1, it is evident that if
$3000 is required each year to keep the carbon steel unit operative, the UNS S31600 unit would be
more economical.

Example Ib. Process Equipment

Under the conditions described in Example 1, if it is not certain that a 5-year life will be attained for
unprotected carbon steel, at what life (for carbon steel) is it economically equivalent to the UNS
S31600 heat exchanger?

The carbon steel heat exchanger will be economically equivalent to the UNS S31600 heat
exchanger when their annual costs are equal. Therefore, the problem can be solved by determining
how many years of life for steel is equivalent to an annual cost of $2924. Trial and error methods are
useful for such problems.

Trying n = 3 years

(PW)steel - -$9500 + 0.48 (95°Q~ °) (2487) - -$5719 (14)

Asteei = -$5719(0.40211) - -$2300 (15)

Trying n = 2 years

(pw)steei = -$9500 + 0.48 (95QQ~ °) (1.736) = -$5542 (16)

Asteei = -$5542(0.57619) - -$3319 (17)

Thus, a carbon steel heat exchanger must last more than 2 years, but is economically favored in less
than 3 years under the conditions given.

Example Ic. Process Equipment

Under the described conditions, how much product loss, X, could be tolerated after 2 of the 5 years of
anticipated life (e.g., from roll leaks or a few tube failures) before the selection of UNS S31600 is
justified?

Equating

AS 16 = Asteei + Aproduct loss (18)

-2924 - -1594 + [(I - 0.48)(X)(0.8264)][0.2638] (19)



Solving for X

-1430-0.1134(X) (20)

X =-$12,610 (21)

The term (1 — 0.48) is recognized from term three of the general equation (7) as (1 — t), wherein t is
the tax rate. The quantity 0.8264 is the single-payment PW factor (P/F, 10%, 2 years) and translates
the product loss, X, to its present worth at time zero. The quantity [0.2638] is the uniform series
capital recovery factor (A/P, 10%, 5 years) and translates the present worth of the product loss to
annual cost so that it can be added to the annual cost of steel for comparison with the annual cost of
UNS S31600. If production losses exceed $12,610 in year two (no losses in other years), the UNS
S31600 heat exchanger is justified.

Example 2. Cathodic Protection

It is proposed to cathodically protect an underground pipeline installation, assuming the following:
i = 10%, t = 34%, straight-line depreciation. Three proposals have been made

1. Anodes, 4250 @$100,000, installed. Useful life, 10 years.
2. Thirty (30) rectifiers with groundbeds @$ 100,000, installed. Expected life, 20 years with

annual maintenance cost of $5900.
3. A "mixed"-system involving rectifiers ($18,000 installed plus $1200/year maintenance for

20-year life) plus anodes ($82,000 installed for 10-year life).

For Proposal 1,

(PW)1 = -100,000 + (0.34) (1°°' 0^0 ~ °) (6.1446) - -$79,108 (22)

A1 - -79,108(0.1628) = -$ 12,879 (23)

For Proposal 2,

/ IAQ QQQ f\\

(PW)2 = -100,000 + (34)^ '-— 48.5136) - (1 -0.34)(5900)(8.5136) - -118,679

(24)

A2 = -118,679(0.1175) - -$13,945 (25)

For Proposal 3,
For the anode portion,

(PW)3 = -82,000 + (0.34) (82'°°Q~0) (6.1446) = -$64,869 (26)

A3 = -118,679(0.1628) = -$10,561 (27)



For the rectifier-driven portion,

(PW)3 = -18,000 + (0.34) ^18' rc** ~ °) (8.5136) - (1 - 34)(1200)(8.5136) = -$22,138

(28)

A3 = -22,138(0.1175) - -$2601 (29)

AT = A3(anodes) + A3(rectifiers) = -10,561 - 2610 = -$ 13,162 (30)

Under these particular conditions, Proposal 1 is calculated to be the least expensive alternative on the
basis of lowest annual cost, followed by Proposal 3.
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