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C.1 Introduction

Any engineering project undertaken by a profit-motivated organization
has the underlying aim of enhancing the wealth of its owners (share-
holders). Management in industry ultimately bases its decisions on this
principle, including those related to corrosion control. The selection of
optimal projects from the viewpoint of owners’ wealth lies in the finan-
cial domain of capital budgeting techniques. These techniques deter-
mine how capital should be invested in the long term. Four key motives
can be identified for making capital investments (expenditures):1

1. Expansion for increasing the scope and output of operations

2. Replacement for obsolete or rundown assets

3. Renewal for life extension of assets, as an alternative to replacement

4. Investment in nontangible assets such as advertising, research,
information, management consulting, etc.

The formal steps in the capital budgeting process in sequential order
are (1) proposal generation, (2) review and analysis of the proposals, 
(3) decision making, (4) implementation, and (5) monitoring of results,
to compare the actual project outcome with the predictions. This section
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will focus on the second step, namely, how to evaluate the economic via-
bility of corrosion control investments.

C.2 Cash Flows and Capital Budgeting
Techniques

Every corrosion engineering project will have a certain cash flow pat-
tern over time. Usually, there is an initial outflow of cash, when a new
asset fitted with a certain corrosion control system is apcquired.
Subsequently there are inflows of cash, resulting from operations and
further cash outflows required for maintenance, corrosion control
upgrades, running costs, and so forth. In capital budgeting techniques
the different cash flows involved in the project are identified, esti-
mated, and analyzed, with a view to maximizing owners’ wealth.

Clearly such cash flows can be complex if all the financial implica-
tions of project options are investigated in detail. Invariably in corro-
sion economics calculations a compromise has to be made between two
opposing needs, the need for precision and the need for simplicity. For
example, the present costs or investment in two alternative anticorro-
sion methods may be known with a high degree of certainty. However,
the service lives, future maintenance costs, or operating costs may be
estimates with only a limited degree of certainty. The need for stringent
risk assessment required of many modern engineering systems may
also add to the complexity of estimating useful life and cost estimates.

When considering the above cash inflows and outflows over time, the
time value of money has to be considered. This concept implies that
money has a value that varies depending on when it is received or dis-
bursed. Readers will have gained first-hand knowledge of this principle
from any loans they have taken out with financial institutions. A loan
received “now” has to be repaid with interest charges in the future. The
following is a generalized formula between the present value and future
value of cash flows:

PV � (C.1)

which states that present value (PV) of a future cash flow (Fn) after (n)
time periods equals the future amount (Cn) discounted to zero date at
some interest rate (i). The value of n is usually specified in years and
i as the annual interest rate. Several capital budgeting techniques
exist that are based on the time value of money. The five important
methods briefly described in Table C.1 vary considerably with regard
to their application and complexity.

NACE International, in special report on economics of corrosion,
advocates the use of the discounted cash flow method, which provides
ready calculation of net present worth.2 Factors that need to be con-
sidered in calculating net present worth include

Fn
�
(1 � i)n
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TABLE C.1 Five Important Capital Budgeting Techniques

Internal Rate of Return (IRR)

The IRR is considerably more difficult to calculate than the NPV without the assistance of a computer, and it
represents a sophisticated form of analysis. The IRR is defined as the discount rate that equates the present value of
all cash flows with the initial investment made in a project. The IRR consists essentially of the interest cost or
borrowed capital plus any existing profit or loss margin. A project is financially more favorable when the positive
difference between IRR and the interest rate charged for borrowing increases. Once all the cash flows have been
accounted for over the life of a project, the IRR has to be computed by an iterative procedure.

Present Worth of Future Revenue Requirements (PWRR)

The PWRR is particularly applicable to regulated public utilities, for which the rate of return is more or less fixed by
regulation. The principal objection to the PWRR method is that it is inadequate where alternatives are competing for a
limited amount of capital because it does not identify the alternative that produces the greatest return on invested
capital.

Discounted Payback (DBP) and Benefit-Costs Ratios (BCR)

The payback period is a relatively simple concept. It is defined as the amount of time required to recover its initial
project expense. DBP takes the time value of money into consideration by adjusting all future cash flows to time zero,
before calculating the payback period (in the most simple form of payback analysis, these adjustments are not
considered). It is a very basic technique that can be used to screen candidate projects. The BCR method is related to
the IROR method.

Present Worth (PW)

The PW, also referred as Net Present Value (NPV), is considered the easiest and most direct of the five methods. It
consequently has the broadest application to engineering economy problems. Many industries refer to this method as
the discounted cash flow method of analysis.
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■ Initial cost
■ Best estimate of expected life
■ Length of typical shutdown for emergency repair
■ Cost of planned maintenance during scheduled shutdowns
■ Effect of failure on total plant operation

The net present value is a summation of the present value of all cash
inflows and outflows minus the initial project cost (C0). To include the
effects of taxation (essentially a business expense), all actual cash flows
for tax-paying organizations are reduced by the formula given in Eq. (C.2):

Amount after taxes � C (1 � Tx) (C.2)

All expenses allowed to be charged against income for tax purposes, but
not representing actual cash flow, are modified by the formula given in
Eq. (C.3). Depreciation allowances are an excellent example of where such
tax savings are possible; they are treated similarly to income:

Cash flow � noncash expense charge (Tx) (C.3)

The PV of the tax savings cash flow from a depreciation expense
series (DES) of an original cost is given in Eq. (C.4):

PVDES � C0 (Q, i, NQ) Tx (C.4)

where Q is the present value factor for a cash flow stream and NQ is
the time span of the depreciation expense stream.

Combining these definitions, one can obtain the fundamental net
present value (NPV) equation that includes the tax effects:

NPV � �
N

n
�

1

(1 � T
x
) � C

0
(Q, i, N

Q
) Tx � C

0
(C.5)

Verink has developed a simplified version of this complex equation
to fit most engineering systems.3

C.3 Generalized Equation for Straight-Line
Depreciation

Verink has developed a generalized equation [Eq. (C.6)] that is particu-
larly adapted to corrosion engineering problems. This equation takes into
account the influence of taxes, straight-line depreciation, operating
expenses, and salvage value in the calculation of present worth and annu-
al cost. Using this equation, a problem can be solved merely by entering
data into the equation with the assistance of compound interest data.

Fn�
(1 � i)n
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PW � � P � � � � �
� (1 � t) (X) � � � S � � (C.6)

where A � annual end-of-period cash flow
F � future sum of money

i% � interest rate
n � number of years

PW � present worth, referred to also as NPV
P � cost of the system at time 0
S � salvage value
t � tax rate expressed as a decimal

X � operating expenses

First term, �P. This term represents the initial project expense,
at time zero. As an expense, it is assigned a negative value. There
is no need to translate this value to a future value in time because
the PW approach discounts all money values to the present (time
zero).

Second term, [t(P � S)/n](P/A, i%, n). The second term in this equa-
tion describes the depreciation of a system. The portion enclosed in
brackets expresses the annual amount of tax credit permitted by
this method of straight-line depreciation. The portion in parentheses
translates annual costs in equal amounts back to time zero by con-
verting them to present worth.

Third term, � (1 � t)(X)(P/A, i%, n). The third term in the gener-
alized equation consists of two terms. One is (X)(P/A, i%, n), which
represents the cost of items properly chargeable as expenses, such
as the cost of maintenance, insurance, and the cost of inhibitors.
Because this term involves expenditure of money, it also comes with
a negative sign. The second part, t(X)(P/A, i%, n), accounts for the
tax credit associated with this business expense and because it rep-
resents a saving, it is associated with a positive sign.

Fourth term, S(P/F, i%, n). The fourth term translates the future
value of salvage to the present value. This is a one-time event rather
than a uniform series, and therefore it involves the single-payment
present worth factors. Many corrosion measures, such as coatings
and other repetitive maintenance measures, have no salvage value,
in which cases this term is zero.

Present worth (PW) can be converted to equivalent annual cost (A)
by using the following formula:

P
�
F, i%, n

P
�
A, i%, n

P
�
A, i%, n

t (P � S) 
��

n
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A � (PW) (A/P, i%, n)

One can calculate different options by referring to interest tables or
by simply using the formula describing the various functions. The cap-
ital recovery function (P/A), or how to find P once given A, is

� , i%, n� where Pn � A

The compound amount factor (P/F), or how to find P once given F, is

� , i%, n� where Fn � P (1 � i)�n

The capital recovery factor (A/P), or how to find A once given P, is

� � where An � P

The following examples serve as illustrations of where these calcula-
tions would be useful.

C.4 Examples

C.4.1 Example 1

A new heat exchanger is required in conjunction with a rearrangement
of existing facilities. Because of corrosion, the expected life of a carbon
steel heat exchanger is 5 years. The installed cost is $9500. An alterna-
tive to the heat exchanger is a unit fabricated of AISI type 316 stainless
steel, with an installed cost of $26,500 and an estimated life of 15 years,
to be written off in 11 years. The minimum acceptable interest rate is 10
percent, the tax rate is 48 percent, and the depreciation method is
straight line. Determine which unit would be more economical based on
annual costs. 

The carbon steel heat exchanger is thus a cheaper solution. 

C.4.2 Example 2

In this case, the carbon steel heat exchanger of Example 1 will require
additional protection costing $3000 in yearly maintenance such as

i (1 � i)n

��
(1 � i)n � 1

A
�
P, i%, n

P
�
A

(1 � i)n �1
��

i (1 � i)n
P
�
A

Option 1, Option 2, 
Solution Carbon Steel Heat Exchanger AISI Type 316 Heat Exchanger

�P �$9,500 �$26,500
{t(P � S)/n}(P/A, i%, n) [0.48(9500 �0)/5](3.791) � $3457 [0.48(26,500 � 0)/11](6.495) � $7510
� (1 � t)(X)(P/A, i%, n) 0 0
S(P/F, I%, n) 0 0
PW �$6043 �$18,989
A �$6043(0.2638) � �$1594 �$18,989(0.15396) 

� �$2924

0765162_AppC_Roberge  9/1/99 7:20  Page 1006



Corrosion Economics 1007

painting, use of inhibitors, and so forth. Determine if the choice estab-
lished in Example 1 would be modified.

The choice would be modified in favor of the stainless steel heat
exchanger. 

C.4.3 Example 3
Given the conditions given in Example 1 but uncertain that a service
life of 5 years can be obtained, determined the service life at which the
carbon steel heat exchanger is economically equivalent to the type 316
stainless steel unit.

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

C.4.4 Example 4

Under the conditions described in Example 3, it becomes interesting to
evaluate how much product loss X can be tolerated after 2 of the 5
years of anticipated life, for example, from roll leaks or a few tube fail-
ures, before the selection of type AISI 316 stainless steel could have
been justified.

Solution A316 � Asteel � Aproduct loss

�$2924 � �$1594 � [ (1�0.48) (X) (0.8264) ] [0.2638] the third
term in the generalized equation

where 0.8264 is the single payment PW factor for 2 years (P/F)10%, 2y

Solving for X:

�$1330 � 0.1134 (X) X � �$11,728

Solution Option 1, n � 2 years Option 2, n � 3 years

�P �$9500 �$9500
{t(P � S)/n}(P/A, i%, n) [0.48(9500 � 0)/2](1.736) � $3958 [0.48(9500 � 0)/3](2.487) � $3780
� (1 � t)(X)(P/A, i%, n) 0 0
S(P/F, I%, n) 0 0
PW �$5542 �$5720
A �$5542 (0.5762) � �$3193 �$5720(0.40211) � �$2300

Option 1, Option 2,
Solution Carbon Steel, $3000/Year Maintenance AISI Type 316

Installed cost �$9500 �$26,500
�P [0.48(9500 � 0)/5](3.791) � $3457 [0.48(26,500 � 0)/11](6.495) � $7510
[t(P �S)/n](P/A, i%, n) � (1 � 0.48)(3000)(3.791) � �$5914 0
� (1 � t)(X)(P/A, i%, n) 0 0
S(P/F, I%, n) �$11,957 �$18,989
PW �$11,957 (0.2638) � �$3154 �$18,989(0.15396) � �$2924
A �$11,957 (0.2638) � �$3154 �$18,989(0.15396) � �$2924
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If production losses exceed $11,728 in year 2, with no losses in any
other year, theAISI type 316 stainless steel heat exchanger would be
the most cost economical solution.

C.4.5 Example 5

A paint system originally cost $4.88/m2 to apply and has totally failed
after 4 years. Assume an interest rate of 10%, a tax rate of 48%, and
straight-line depreciation to answer the following questions:

1. If the paint system is renewed twice at the same cost for a total life
of 12 years, what is the annual cost, assuming the first application
is capitalized and those in the fourth and eighth are considered to
be expenses?

2. Total maintenance could be avoided by biennial touch-up (wire
brush, spot primer, and topcoat). What is the most that can be spent
on this preventative maintenance?

Solution
Repaint every four years

�P �$4.88 m�2

[t(P � S)/n](P/A, i%, n) [0.48(4.88 � 0)/4](3.1699) � $1.86

� (1 � t)(X)(P/A, i%, n), year 4 � (1 � 0.48)(4.88)(0.6830) � �$1.73

� (1 � t)(X)(P/A, i%, n), year 8 � (1 � 0.48)(4.88)(0.4665) � �$1.18

S(P/F, I%, n) 0

PW �$4.88 � $1.86 � $1.73 � $1.18 �
�$5.93 m�2

A �$5.93 (0.1468) � �$0.871 m-2

The annual cost is $0.871/m2 of present dollars.

Biennial touch-ups instead of repaints every four years. Biennial touch-up
costs (X) at 2, 4, 6, 8, and 10 years can be expressed as an equivalent
annual touch-up cost X′ with the following equation:

X′ � X [(P/F)10%, 2y � (P/F)10%, 4y � (P/F)10%, 6y � (P/F)10%, 8y

� (P/F)10%, 10y] (A/P)10%, 12 y

X′ � X (0.8640 � 0.6830 � 0.5645 � 0.4665 � 0.3855) (0.1468) 
� 0.4295 X

Repainting costs alone can be expressed similarly with the following
formula:

1008 Appendix C
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A � �P [ (P/F)10%, 4y � (P/F)10%, 8y] (A/P)10%, 12y

A � �4.88 (0.6830 � 0.4665) (0.1468)

A � �$0.8235 m�2

To be equal or less costly, the annual equivalent annual cost of touch-
ups should be equal or less that the repaint program, and hence:

0.4295X � $0.8235 m�2 or X � �$1.917 m�2

is the answer.

C.5 Summary

Capital budgeting techniques represent a powerful methodology for
evaluation corrosion engineering projects in terms of financial value to
an organization. In their elementary forms, some of these methodolo-
gies lend themselves to “back-of-an-envelope” calculations to screen
out project proposals. The basis of these techniques is closely related
to life-cycle costing, discussed in more detail in other sections.
Unfortunately, all too often, selection of materials for corrosion appli-
cations is still solely based on a comparison of initial installed costs of
alternative materials. The time value of money concept, including
important considerations such as ease of repair, costs associated with
scheduled and unplanned shutdowns, and the effect of component fail-
ure on overall plant operations are thereby inadequately accounted for
or completely ignored.
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