
COST-BENEFIT ANALYSIS AND BUSINESS CASE
DEVELOPMENT

People invest resources when they believe that the benefits
of their investments will outweigh the costs. A cost-benefit
analysis reveals whether a particular investment is worth-
while. However, cost-benefit analysis is more than financial
analysis. Financial analysis is an effective decision-making
tool, but it is only one tool. People and organizations do
not base all investment decisions on financial projections.
Some investments are made for strategic reasons (1). For
example, an organization that places high value on safety
may invest in equipment with a higher price tag than that
of the accidents the equipment prevents. In this situation,
the financial analysis would suggest that the equipment
was a poor investment decision, but the strategic analysis
would suggest otherwise. A complete cost-benefit analysis,
or business case, is a combination of financial analysis and
strategic analysis (2).

The financial analysis includes the following compo-
nents:

� Detailed estimates of tangible costs and benefits, in-
cluding descriptions of all underlying assumptions

� A complete schedule that aligns the costs and bene-
fits over time, including any underlying assumptions
about the schedule

� Identification of the estimates as future values or
present values, including any assumptions about in-
flation and the cost of capital

� Calculation of the relationship between benefits and
costs over the life of the investment [the simplest form
of this calculation is illustrated in Eq. (1)]:

� Analysis of the sensitivity of the financial calculations
to fluctuations in specific estimates and assumptions

Strategic analysis of an investment involves an evalua-
tion of nonfinancial benefits. These benefits are compared
to the mission, goals, and values of the person or organiza-
tion making the investment decision (3). Investments that
further important goals are said to be strategic. For ex-
ample, consider an organization that manufactures elec-
trical components for home appliances. The organization
must choose between two investment alternatives: one that
would increase the operating life of its existing products,
and another that would expand its product line. If the two
options have the same financial value, the organization is
likely to select the investment that best matches its mar-
keting strategy (4). If the company’s primary goal is to build
the loyalty of its current customer base, it will choose the
investment that improves product life. On the other hand,
if the company is pursuing a strategy of diversification, it
will select the investment that broadens its product line.

A complete strategic analysis includes the following:

� Documentation of the mission, goals, and values that
define the organization making the investment deci-

sion
� Documentation of all intangible benefits and costs
� Evaluation of the relationship of the intangible bene-

fits and costs to the mission, goals, and values of the
organization

COST-BENEFIT ANALYSIS AT ALL PROJECT STAGES

Cost-benefit analyses can be performed during any stage
of a major project (5).

Preliminary Cost-Benefit Analysis

Organizations may perform a preliminary cost-benefit
analysis to determine whether an investment idea merits
serious consideration. Preliminary analyses use rough es-
timates of costs and benefits based on broad assumptions
about a project. Preliminary cost-benefit analyses often ac-
company conceptual designs, feasibility studies, and white
papers.

Cost-Benefit Analysis for Design Review

Many large projects require a detailed design prior to im-
plementation. A detailed design allows decision makers
to prepare cost and benefit estimates that are more accu-
rate than anything possible at a conceptual planning stage.
Many organizations update their cost-benefit analyses fol-
lowing the detailed design phases of their projects (1). The
updated analyses are used to refine the designs and the
implementation schedules in order to maximize net bene-
fits.

Cost-Benefit Analysis as a Management Feedback Tool

Some organizations refine their cost and benefit estimates
throughout the implementation of major projects. Ongo-
ing cost-benefit analyses provide vital feedback to deci-
sion makers who are overseeing multiyear implementation
projects.

Cost-Benefit Analysis at Project Closeout

Some organizations compile a final cost-benefit analysis at
the close of a project. Unlike the analyses performed before
and during a project, a closeout analysis does not directly
guide investment decisions. Instead, these analyses reveal
the accuracy of earlier cost and benefit estimates, and they
help decision makers hone their estimation skills.

STEPS IN A COST-BENEFIT ANALYSIS

The steps in a cost benefit analysis are as follows:

� Estimate costs.
� Estimate benefits.
� Align costs and benefits over time.
� Conduct financial analysis.
� Prepare strategic analysis.
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Each step requires the analyst to make assumptions
about the investment, the organization, and the economy.
The reliability of a cost-benefit analysis depends on the
soundness of the underlying estimates and assumptions.

Estimating Costs

The first step in a cost-benefit analysis is to estimate the
costs of the potential investment. These estimates are
based on the organization’s previous experience, obser-
vations of the marketplace, and forecasts from reliable
sources. It is important to include all investment costs,
including those associated with planning, design, testing,
quality control, marketing studies, training, legal and fi-
nancial review, and product development. In the case of in-
formation technology projects, it is important to include the
cost of data development and conversion. Data conversion
costs can account for as much as 80% of total technology
project costs (6).

Internal Labor Costs. When estimating internal labor
costs, base salaries should be augmented by fringe costs
such as insurance, paid leave, and taxes. Fringe costs
are typically quoted as an average percentage of salaries.
These percentages are tracked by the personnel managers
of large organizations. A full description of an internal la-
bor cost estimate includes a stated assumption about the
fringe percentage.

Future versus Sunk Costs. A cost-benefit analysis should
target true potential costs as opposed to sunk costs. A sunk
cost is a cost that has already been incurred and cannot be
recovered (5). It should not be a factor in the mathematical
analysis of the financial value of a future investment. How-
ever, previous investment (i.e., sunk costs) may affect the
political or emotional response to an investment decision.
For this reason, it may be worthwhile to document sunk
costs while preparing estimates of the true potential costs
that will be included in the financial analysis.

Capital versus Operating Costs. Most organizations sep-
arate their cost estimates into two categories: capital costs
and operating costs. Typically, these costs are treated dif-
ferently by an organization’s accountants. Capital costs are
one-time costs associated with investments such as the ac-
quisition of new equipment. Accountants generally treat
capital costs as assets that are depreciated over time. Oper-
ating costs are recurring costs associated with ongoing op-
erations. Examples include regular payroll costs and soft-
ware maintenance contracts. Accountants typically treat
operating costs as expenses. For large investments, the dif-
ference in accounting practices is significant. Essentially,
operating costs deplete the firm’s book value faster than
capital costs, and book value affects the cost and availabil-
ity of new capital. Although the categorization of costs does
not affect the financial analysis of an investment (7), it does
affect the strategic analysis. For this reason, most cost-
benefit analyses distinguish between the two categories of
costs.

Politically Sensitive Costs. Cost estimation may become a
political issue when internal labor is a large component of
an investment’s costs (8). In organizations that have sub-
stantially fixed payrolls due to union contracts, civil service
rules, or the political climate, there may be considerable re-
sistance to the quantification of internal labor costs for a
specific project. Also, if organizations require managers to
justify operating budgets by documenting the need for full
utilization of each budgeted staff member, these managers
may be unwilling to document the availability of staff mem-
bers to work on additional projects. They may fear the loss
of these positions if the project under study is rejected. If in-
ternal labor costs are removed from the financial analysis,
care should be taken not to overstate productivity gains. In
fact, it may be possible to account for internal labor costs
by quantifying a productivity benefit that is the excess of
the actual benefit over the internal labor cost. Table 1 illus-
trates this approach, which preserves the integrity of the
financial analysis in a manner that may be more politically
palatable.

In Table 1, the reduced annual productivity benefit is
calculated as in Eq. (2):

where

This approach can be used to recast any politically sensitive
cost as a reduced benefit.

Given Costs. When estimating the costs associated with
an investment, care should be taken to exclude costs that
would be incurred regardless of the investment decision.
For example, consider an electric utility that has already
decided to inspect every primary and secondary device in
the field. To do this, an inspector must travel to each device.
Therefore, the costs of physically accessing each device are
given costs. If the utility is evaluating a potential project
to survey the location of each device, it is possible that the
same individual can conduct the survey while completing
the inventory. If this is the case, then the relevant costs for
the cost-benefit analysis are only those incurred in addi-
tion to the asset inventory project costs. These might in-
clude the cost of additional time spent at each device as
well as the cost of any survey equipment. However, the
inspector’s transportation costs are given due to the inven-
tory project, so these costs are excluded from the survey
project’s cost-benefit analysis. Although given costs are ex-
cluded from financial calculations, they provide a vital con-
text for interpreting a cost-benefit analysis. For this reason,
it is important to document assumptions about given costs.
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Table 1. Internal Labor Costs Can Be Recast as a Reduced Productivity Benefit
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Internal labor $2,800,000 —
Implementation support $1,050,000 Implementation support $1,050,000
Annual operating costs (10-year horizon) Annual operating costs (10-year horizon)
Equipment maintenance $ 80,000 Equipment maintenance $ 80,000
Software maintenance $ 225,000 Software maintenance $ 225,000

03$roballanretnI 0,000 —
Operational support services $ 750,000 Operational support services $ 750,000
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Internal productivity $1,200,000 Internal productivity $ 620,000

Intangible Costs. Some costs may be difficult to quan-
tify. For example, an investment in plant automation may
have a negative impact on employee morale, particularly
if people believe they will be displaced by the new system
(1). A thorough cost-benefit analysis documents these in-
tangible costs for two reasons. First, they contribute to the
overall context in which the financial analysis will be inter-
preted. Second, they may suggest additional tangible costs
that were not originally included in the estimate. For ex-
ample, the organization considering the plant automation
investment may wish to add cost estimates for an employee
retraining program to mitigate the intangible cost of lower
morale. Documentation of these types of mitigating tan-
gible costs reduces the negative impact of the intangible
costs.

Estimating Benefits

The benefits of an investment may be tangible or intangi-
ble. A tangible benefit is one that can be quantified for use
in financial calculations. An intangible benefit is one that
cannot be measured numerically. A thorough cost-benefit
analysis considers both types of benefits.

Tangible Sales Revenue Benefits. For investments that
are expected to increase revenues, the quantification pro-
cess should include a consideration of price, demand (or
volume), and the relationship with other revenues. In a
free market, revenues associated with the sale of a prod-
uct or service are subject to the economic laws of supply and
demand (5). Sales revenues are the product of sales volume
and price. At a given level of potential demand, consumers
are willing to buy more of a product or service as the price
falls. At a given level of potential supply, suppliers are will-
ing to sell more as the price rises. As illustrated in Fig. 1,
sales volume is limited by the current levels of potential
demand and potential supply. The free market price of a
product or service is the point at which potential demand
equals potential supply. If a new investment changes the
underlying level of potential supply (i.e., suppliers’ will-
ingness to sell a product or service at a given price), the
investment will affect both sales volume and market price.

Price

Original
price

Original
volume

New
price

New
volume

Projected
 supply

Demand

Current supply

Sales volume

Figure 1. Market price and sales volume occur at the point where
supply equals demand. An increase in potential supply (i.e., the
willingness to sell more of a product or service at a given price)
tends to decrease the market price while increasing total sales
volume. Sales revenue is a function of both volume and price, so
sales revenue benefit estimates must include both factors.

Marketing and pricing studies, demand forecasts, and pro-
jections of competitors’ supplies are essential for the accu-
rate estimation of sales revenues. Also, if a new product
or service will supplant an existing product or service that
would otherwise be marketable, it is important to incor-
porate the loss of revenue from the old product or service.
Figure 2 illustrates this situation.

Improved Ability to Collect Revenues. Even if an invest-
ment does not directly affect a salable good or service, it
may still provide revenue benefits. For example, a new
customer information system or automated meter-reading
system may increase a utility’s collections from its cus-
tomers. When an investment will improve revenue collec-
tion, the tangible benefit is the marginal increase in rev-
enues, all other things being equal.

Improved Probability of Revenue Collection. If an invest-
ment will improve an organization’s ability to collect cer-
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Figure 2. Tangible sales revenue benefit of a replacement prod-
uct or service is the marginal increase over sales revenues from
the product or service that is supplanted.

tain revenues, the tangible benefit can be estimated as the
potential revenue multiplied by the probability of collec-
tion. For example, assume that an organization is evalu-
ating the costs and benefits of competing for a manufac-
turing contract. If the estimated profit from the contract
is $2,000,000 and the estimated probability of winning the
contract is 25%, then the tangible profit benefit of compet-
ing for the contract is $500,000, as illustrated in Eq. (4):

Tangible Cost Avoidance Opportunities. A tangible cost
avoidance benefit is a future cost that would be incurred
if an investment were not made. For example, if a plant
currently requires $2,000,000 of power per year and a po-
tential new investment would reduce these requirements
by 20%, then the investment carries a tangible cost avoid-
ance benefit of $400,000, as in the following equation:

If an investment reduces the probability of a future cost,
that probability factors into the calculation of the benefit.
For example, if an organization estimates that it will spend
$1,000,000 on a particular lawsuit, and if a new investment
would decrease the probability of this lawsuit from 80 to
60%, then the tangible cost avoidance benefit of $200,000
is as calculated in Eq. (6):

When cost avoidance benefits involve reduced personnel
costs, special care should be taken when calculating and

presenting these benefits.
If an organization has a fixed payroll due to union con-

tracts, civil service rules, or the political climate, then a re-
duction in the labor required to perform certain work may
not translate into actual cost avoidance. For example, if an
organization employs 10 field inspectors at an annual cost
of $70,000 per inspector, it incurs annual payroll costs of
$700,000. If new automation would allow the organization
to reduce its field inspection staff to seven, the organiza-
tion could reduce its annual payroll cost by $210,000. This
is a tangible cost avoidance benefit. However, if the orga-
nization is unable to reduce its field inspection staff, then
it cannot realize this benefit.

For some organizations that have fixed payroll costs,
staff are able to perform a variety of duties. These orga-
nizations may be able to realize tangible productivity ben-
efits in cases where cost avoidance benefits are not possi-
ble. In the previous example, if the organization assigns
preventive maintenance duties to the three displaced field
inspectors, and if these duties are valuable enough to the
organization to account for the inspectors’ payroll costs,
then the organization can document a tangible productiv-
ity benefit of $210,000.

Tangible Productivity Benefits. Productivity is a measure
of the work performed by a person or machine in a given
amount of time. When the person or machine performs
repetitive tasks, productivity measurements are straight-
forward (9). A person who produces 10 widgets in the same
amount of time it takes another person to produce 5 wid-
gets of the same quality is twice as productive as that other
person. Productivity is harder to measure when people or
machines perform a variety of different tasks that may
have different value to the organization.

A productivity benefit can be quantified as one of the
following:

� The reduction in cost for a given amount of work that
is required

� The value of additional work that can be performed for
a fixed cost [see Lerner (10) for detailed methodology]

A tangible productivity benefit is not the same thing as
a productivity increase. For example, assume an organiza-
tion can sell or use a maximum of 15 widgets per day, and
assume that these widgets cannot be stored for future sale
or use. The organization owns a machine that produces 10
widgets per day. An upgrade to the machine would dou-
ble its productivity; in other words, it would allow the ma-
chine to produce 20 widgets per day at the same operat-
ing cost. Although productivity would double, the tangible
productivity benefit would not reflect the full productivity
increase of 10 additional widgets per day. Instead, the ben-
efit would be based on the value of the extra 5 widgets that
the organization can use or sell.

The value of productivity improvements is frequently
represented as tangible revenue benefits or tangible cost
avoidance benefits (11). Care should be taken not to double-
count these benefits. However, in certain situations, tangi-
ble benefits are best represented in terms of productivity.
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When an organization cannot or will not eliminate jobs,
then an investment that reduces the labor required for spe-
cific work actually produces surplus labor. If the hours of
available labor can be redirected to other valuable tasks,
then the organization realizes a productivity benefit be-
cause more valuable work is accomplished for the same
level of payroll costs. The easiest way to account for the
tangible productivity benefit is to assume that the value of
the new work is equal to the cost of the surplus time. In
other words, if an organization assigns preventive main-
tenance duties to three displaced field inspectors, each of
whom cost $70,000 per year, then the organization realizes
a tangible productivity benefit of $210,000. However, care
should be taken not to overstate a productivity benefit. If
workers who are displaced by a new investment are as-
signed tasks that could have been performed by employees
with lower wages, then the tangible benefit should reflect
the lower wages (the true value of the work).

Intangible Benefits. By definition, intangible benefits are
difficult to quantify. Examples of intangible benefits in-
clude

� Improved customer goodwill
� Competitive advantage
� Enhanced image
� Greater employee satisfaction
� Safer operations
� Better customer service
� Compliance with external mandates such as federal

regulations
� Cleaner environment
� Better corporate decisions

Theoretically, it is always possible to quantify a benefit.
The following examples illustrate this point:

� A competitive advantage or improved customer good-
will, corporate image, or customer service might be
translated into sales revenue benefits.

� Greater employee satisfaction might be quantified as
a tangible productivity benefit or a cost avoidance ben-
efit that reflects lower payroll requirements.

� Safer operations might result in cost avoidance bene-
fits associated with reduced insurance claims.

� Compliance with external mandates and preservation
of a cleaner environment might be quantified as a cost
avoidance benefit due to a reduced probability of fines
or litigation.

� Better corporate decisions might be quantified by sep-
arating the benefit into specific types of decisions with
clear impacts on revenues or costs.

However, an organization may be hard pressed to develop
realistic estimates of these tangible benefits (4). When this
occurs, the organization may choose to treat the benefit as
an intangible. Intangible benefits support strategic analy-
sis, so it is equally as important to document them as it is
to document the tangible benefits.

Nonfinancial Metrics and the Benefits of Technology. Ben-
efit estimation for technology investments can prove espe-
cially difficult (10). Technology can improve productivity
and enhance the quality of a product or service, but these
benefits are difficult to quantify. However, the level of ser-
vice or quality afforded by a new technology may become
the benchmark by which people measure an organization
against its competitors. For this reason, strategic advan-
tage and competitiveness are frequently cited as intangi-
ble benefits of technology investments (1). In some cases,
these benefits are convincing enough to justify a technology
investment even when the financial analysis is not persua-
sive.

As a result, some organizations are expanding their
analyses of potential technology investments to include
nonfinancial metrics. These nonfinancial metrics quantify
factors such as customer satisfaction and public safety. For
example, many organizations use a scale of points to mea-
sure customer satisfaction. Through controlled surveys of
customers, organizations can develop statistical informa-
tion on the level of satisfaction. Nonfinancial metrics help
decision makers deal more objectively with evaluations of
alternative technology investments. Nonfinancial quantifi-
cation can enhance any cost-benefit analysis.

Aligning Benefits and Costs over Time

Most investments have a predictable life span. This life
span limits the ongoing costs and benefits of an invest-
ment. For example, if an organization determines that a
new product, technology, or service will be obsolete in 10
years, then the ongoing costs and benefits are limited to a
10-year horizon.

All costs and benefits occur at some point in an invest-
ment’s life span. The timing depends on the investment’s
implementation schedule. Complete cost and benefit esti-
mates include this timing information. Timing information
can be included in the text descriptions of intangible costs
and benefits. For tangible costs and benefits, the associated
cash flows are shown for each year of the investment’s life.
Costs are depicted as negative cash flows, and benefits are
depicted as positive cash flows. Table 2 depicts cash flow
amounts and timing for a theoretical project.

Time Value of Money. The timing of benefits and costs
has an impact on their current value. A given sum of money
is more valuable if it is in hand today than if it will not
be available for one year. This is because money can be
invested during the year and will return a greater amount
at year’s end. The method of accounting for the time value
of money depends on whether cash flows are presented as
future values or present values.

Future Values. A future value is the actual cash flow that
will be realized at the time shown. Table 2 depicts future
values. For example, in Year 4, the actual cash outflow for
equipment operating costs is $87,000. When preparing cost
and benefit estimates, it may be easier to think in terms of
future value. However, the actual cash flows that occur in
different years cannot be compared or aggregated without
first accounting for the time-related differences in their
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Table 2. Future Values of Costs and Benefits over a 10-Year Project Life

(000s of Future $) Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10

Capital costs
Equipment (350)

)057(erawtfoS
Design services (675) (618)
Internal labor (500) (515) (424)
Implementation (500) (515) (53)
Total capital costs (2,775) (1,648) (477)
Operating costs

)401()101()89()69()39()09()78()58(tnempiuqE
)492()582()772()962()162()352()642()932()232(erawtfoS
)193()083()963()853()843()833()823()813()903(roballanretnI
)979()059()229()698()968()448()028()697()377(troppuslanoitarepO

Total operating costs (1,314) (1,438) (1,481) (1,525) (1,571) (1,619) (1,666) (1,716) (1,768)
Benefits

697377ecnadiovanoitagitiL
262,3761,3570,3589,2898,2152,2390,1035selasdesaercnI
665,1025,1674,1334,1193,1153,1113,1372,1ytivitcudorplanretnI

995,2377stfieneblatoT 2,404 3,602 4,289 4,418 4,551 4,687 4,828

current value.

Present Values. The present value of a future cost or ben-
efit is the value today of experiencing that cost or bene-
fit at the projected time in the future. Present values are
useful because they allow analysts to compare and aggre-
gate costs and benefits that occur in different time periods.
Present value calculations discount future benefits to re-
flect the fact that a smaller sum of money today would be
just as beneficial as the larger sum in the future due to the
fact that the money in hand today could be invested to grow
to the future value. In the same way, future costs are dis-
counted as negative cash flows. The factor used to discount
future cash flows is called the discount rate. Equivalent,
commonly used terms include hurdle rate, cutoff rate, re-
quired rate of return, and opportunity cost of capital (7).

Discount Rates. The nominal discount rate is generally
defined as the annual rate of return that could be earned
on an alternative investment. When choosing a discount
rate for cost-benefit analysis, some organizations use the
interest rate available on secure government bonds. Others
prefer a rate of return that has been observed for invest-
ments with a risk level similar to that of the investment
under consideration. It is advisable to consult with an or-
ganization’s financial managers when selecting a discount
rate for a cost-benefit analysis. Equation (7) illustrates how
a nominal discount rate is applied to a future value to cal-
culate a cash flow’s present value:

where

Inflation and the Time Value of Money. Purchasing power
is the amount of real goods or services that can be acquired
for a given sum of money. Inflation reduces purchasing
power over time. When the inflation rate is high or the
investment life span is longer than a couple of years, infla-
tion can have a significant impact on the purchasing power
of future cash flows (5).

When estimating future values of costs and benefits for
long projects, it is important to consider inflation and to
document whether or not it is included in the estimates. In-
flation should be treated consistently throughout the anal-
ysis. In other words, it should be included in all cash flow
estimates or in none of them. If future values of cost and
benefit estimates do not include an inflation factor, then
this fact should be stated in the analysis. When inflation is
excluded from the numbers, then present values can be cal-
culated as shown in Eq. (7). However, if the future values
of estimates include an inflation factor, then the assumed
inflation rate must be documented and used to adjust the
nominal discount rate. Otherwise, the nominal discount
rate will overstate the growth in the purchasing power of
the cash flows. Equation (9) shows how to adjust the dis-
count rate by the assumed inflation rate in order to calcu-
late present values for future cash flows that incorporate
inflation:
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where

When the nominal discount rate is reduced by the assumed
inflation rate, the resulting factor is often called the real
discount rate.

Table 3 shows the present values (i.e., the Year 1 equiv-
alent values) of the sample cash flows that were presented
in Table 2. The present value calculations in Table 3 as-
sume a 3% inflation rate and a 10% nominal discount rate.
If Eq. (9) is applied to the Year 4 future value of $87,000 for
equipment operating costs, the result is the present value
of $71,000 shown in Table 3.

FUNDAMENTALS OF FINANCIAL ANALYSIS

There are many ways to measure the financial value of an
investment.The method preferred by financial managers is
net present value (12). Managers may also be interested in
the internal rate of return, return on investment, benefit-
cost ratios, break-even point, and payback period. Each of
these methods requires the use of present values because
costs and benefits from multiple time periods are compared
and aggregated.

Net Present Value

The net present value (NPV) of an investment is the value
today of all future investment benefits less the value today
of all future investment costs (11). The NPV formula builds
on the basic financial analysis formula in Eq. (1). Table 4
and Eq. (11) illustrate the calculation of NPV using the
investment that was presented in Table 3:

A positive NPV indicates that the investment is financially
beneficial, while a negative NPV indicates that the invest-
ment is financially unsound. The larger the positive NPV,
the greater the magnitude of the financial benefit. This
property of the NPV calculation is unique and valuable.
Other financial metrics vary with an individual analyst’s
decisions about cost and benefit classification and itemiza-
tion, but NPV is consistent across variations in analytical
style (14). Organizations can use NPV to compare mutu-
ally exclusive investment opportunities. NPV is also a good
tool for selecting the most beneficial opportunities from a
pool of potential investments. For this reason, the financial
analysis portion of a cost-benefit analysis should always in-
clude NPV.

Present
value

($)

IRR Discount
rate

Total costs

Total
benefits

Figure 3. The IRR is the discount rate for which the present value
of total costs equals the present value of total benefits.

Internal Rate of Return

The internal rate of return (IRR) for an investment is the
discount rate that would have to be applied to generate
an NPV of 0. In other words, it is the discount rate that
would make the present value of all future costs equal to
the present value of all future benefits. There are special
financial calculators and computer programs that solve for
IRR. Without these tools, the only way to calculate IRR is
to experiment with different discount rates, plot the cumu-
lative costs and benefits, and estimate the rate that cor-
responds to the intersections of the two curves. Figure 3
illustrates this method. Table 5 shows how experimenta-
tion with the discount rate produces an IRR of 31% for the
investment presented in Table 3.

When IRR is greater than the minimum rate of return
that an organization requires for its investments, this indi-
cates that a potential investment is financially beneficial.
However, IRR is not an effective tool for comparing alter-
native projects (12). The reason is that a small investment
can have a high IRR but a low NPV while a larger invest-
ment with a lower IRR may actually yield a higher NPV.
When faced with these two investment choices, the better
financial decision is to maximize net benefits (NPV). This
means selecting the project with the higher NPV and the
lower IRR.

Return on Investment

Return on investment (ROI) measures the ratio of net ben-
efits to total costs. Equation (12) is the formula for calcu-
lating ROI. When applied to the investment presented in
Table 4, Eq. 12 yields an ROI of 49%.

A positive ROI indicates that an investment is finan-
cially beneficial. However, ROI is not an effective tool for
comparing alternative projects. The main shortcoming of
ROI is its dependence on an analyst’s subjective classifica-
tions of costs or benefits. For example, consider an invest-
ment in a new computer system. The new system will save
an Engineering Department $200,000 per year in internal
labor costs. It will require $50,000 of internal labor to sup-
port and maintain the system each year. One analyst might
classify $200,000 as a productivity benefit and $50,000 as
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Table 3. Present Values Over a 10-Year Project Life with 3% Inflation and 10% Discount Rate

(000s of Future $) Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10

Capital costs
Equipment (350)

)057(erawtfoS
Design services (675) (579)
Internal labor (500) (482) (372)
Implementation (500) (482) (46)
Total capital costs (2,775) (1,543) (418)
Operating costs

)85()06()26()56()76()96()17()57(tnempiuqE
)361()861()571()181()881()491()202()012()712(erawtfoS
)612()522()332()142()052()062()962()972()982(roballanretnI
)245()165()285()406()626()946()376()896()427(troppuslanoitarepO

Total operating costs (1,230) (1,262) (1,215) (1,172) (1,131) (1,091) (1,052) (1,014) (979)
Benefits

896427ecnadiovanoitagitiL
508,1278,1149,1210,2680,2037,1798564selasdesaercnI
768989239669100,1930,1670,1611,1ytivitcudorplanretnI

Total benefit 7s 24 2,279 1,974 2,769 3,087 2,978 2,872 2,770 2,672

Table 4. Net Present Value Calculation

Cumulative
(000s of Future $) Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 Present Value

Present Value of Cumulative Cash Flows

Total capital costs (2,775) (1,543) (418) (4,736)
Total operating costs (1,230) (1,262) (1,215) (1,172) (1,131) (1,091) (1,052) (1,014) (979) (10,146)

521,22276,2077,2378,2879,2780,3967,2379,1972,2427stfieneblatoT
NPV 7,243

Table 5. Deriving Internal Rate of Return by Experimenting with Different Discount Rates

10% 20% 30% 30.5% 31% 33% 40%

Present value of total costs $14,881,000 $11,396,000 $9,363,000 $9,285,000 $9,060,000 $8,918,000 $8,076,000
Present value of total benefits $22,124,000 $13,982,000 $9,505,000 $9,339,000 $8,865,000 $8,568,000 $6,851,000

an investment cost. A second analyst might combine the
two into a productivity benefit of $150,000. Both analysts
will derive the same NPV. However, the analyst who item-
izes the $50,000 cost will calculate a lower ROI [see Lerner
(14) for more detailed examples]. A second shortcoming of
ROI is that it ignores the magnitude of net benefits. As
with IRR, a small investment can have a high ROI but a
low NPV while a larger investment with a lower ROI may
actually yield a higher NPV (8). When faced with these two
investment choices, the better financial decision is to max-
imize net benefits (NPV). This means selecting the project
with the higher NPV and the lower ROI.

Benefit–Cost Ratios

Benefit–cost ratios show the units of benefits per one unit
of cost for a given time period. The ratios can be calcu-
lated for single-period cash flows or for cumulative cash
flows. Equation (13) shows the calculation of a single pe-

riod benefit–cost ratio for a given period (p):

Equation (14) is the formula for calculating the cumulative
benefit–cost ratio for a given period (p):

where � = sum of all values for n = 1 through p.
Table 6 presents annual and cumulative benefit–cost

ratios for the investment presented in Table 4. Annual
benefit–cost ratios that exceed 1 indicate that the present
value of benefits incurred that period exceed the present
value of costs incurred during the same period. Cumulative
benefit–cost ratios that exceed 1 indicate that the present
value of total benefits up to that period exceed the present
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Table 6. Annual and Cumulative Benefit–Cost Ratios

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10

)979()410,1()250,1()190,1()131,1()271,1()512,1()086,1()377,2()577,2(stsoclatoT
276,2077,2378,2879,2780,3967,2379,1972,24270stfieneblatoT

Annual benefit–cost ratio 0.00 0.26 1.36 1.62 2.36 2.73 2.73 2.73 2.73 2.73
Cumulative costs (2,775) (5,548) (7,228) (8,443) (9,616) (10,746) (11,837) (12,889) (13,903) (14,882)

521,22354,91386,61018,31238,01547,7679,4300,34270stfienebevitalumuC
Cumulative benefit–cost ratio 0.00 0.13 0.42 0.59 0.81 1.01 1.17 1.29 1.40 1.49

Present
value

$20,000,000

$15,000,000

$10,000,000

Payback period

Cumulative
benefits

Cumulative
costs

Break-even
point

Year
3

Year
5

Year
7

Year
9

$5,000,000

Figure 4. The break-even point is the point in time at which the
present value of cumulative benefits equals the present value of
cumulative costs. The payback period is the period of time between
the start of the investment and the break-even point.

value of total costs. Annual benefit–cost ratios do not pro-
vide information on the financial soundness of a particu-
lar investment. If the cumulative benefit–cost ratio at the
end of a project life span is greater than 1, this indicates
that the investment is financially sound. However, cumu-
lative benefit–cost ratios are not effective tools for compar-
ing alternative investments (8). As with IRR and ROI, the
benefit–cost ratio for a small investment with a small NPV
might be higher than the ratio for a large investment with a
large NPV. When faced with these two investment choices,
the better financial decision is to maximize net benefits
(NPV). This means selecting the project with the higher
NPV and the lower cumulative benefit–cost ratio.

Break-Even Point and Payback Period

The break-even point of an investment is the point at which
cumulative benefits equal cumulative costs. In other words,
it is the point at which the cumulative benefit–cost ratio
is 1.0. The break-even point is a simplified measure of the
point in time at which an investment begins to produce a
positive income stream. The payback period is the time it
takes to achieve the break-even point. Figure 4 illustrates
these two concepts using the investment presented inTable
6.

Some investments may have irregular benefit and cost
streams that result in cumulative benefits and costs accru-
ing at different rates over the life span of the investment.
This may result in multiple intersections on the cumulative
benefit and cost curves. In these instances, the final point

at which cumulative benefits exceed cumulative costs is the
one used to determine the break-even point and payback
period.

The break-even point and payback period indicate the
length of time it will take to recover the costs of an invest-
ment. If an investment never achieves payback, it is not
financially sound. Lengthy payback periods may not ap-
peal to decision makers for strategic or political reasons.
However, the break-even point and payback period are not
effective tools for comparing the financial attractiveness of
alternative investments because projects with high NPVs
can have lengthier payback periods than projects with low
NPVs (12).

Sensitivity Analysis

Cost–benefit analyses are based on estimates and assump-
tions. If the actual costs and benefits differ from these esti-
mates, the results of the investment will differ from those
predicted by the analysis. A sensitivity analysis reveals the
risk associated with the possibility of errors in specific esti-
mates and assumptions. It is important to understand this
risk before making an investment decision. Every person
and organization has a certain level of risk tolerance. This
means that given two investment alternatives, a person
or organization may prefer the option with the lower net
present value if it comes with a considerably lower level of
risk.

To perform a complete sensitivity analysis, all estimates
and assumptions must be fully documented. These esti-
mates and assumptions are variables in the investment
decision. Once the base analysis is completed, decision
makers can evaluate its sensitivity to fluctuations in one
or more variables. This is achieved by observing the im-
pact of different values for one or more selected variables
while holding all other variables at their original levels
[see Brealey (12) for a discussion of break-even analysis
techniques in sensitivity analysis]. For example, Table 4 il-
lustrated a base financial analysis for a particular invest-
ment. One of the variables in this analysis was the esti-
mate of a tangible benefit from increased sales revenues.
Table 7 shows variations of the analysis with different lev-
els of sales revenues. This example of financial sensitivity
analysis shows that, all other things being equal, the in-
vestment continues to be financially sound (with a positive
NPV) even if sales revenue estimates are off by 50%.

A thorough sensitivity analysis also explores the risks
associated with nonfinancial assumptions. For example, an
organization may base some of its tangible benefit esti-
mates on the assumption that all employees will receive
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Table 7. Sensitivity of Net Present Value to Accuracy of
Sales Revenue Benefit Estimates

VPNtfieneBeuneveRselaS

000,838$setamitsetnerrucfo%05
000,040,4$setamitsetnerrucfo%57
000,242,7$detamitsesA
000,444,01$setamitsetnerrucevoba%52
000,646,31$setamitsetnerrucevoba%05

training on new equipment within a certain time period.
To illustrate the risks associated with delays in the train-
ing, the organization may reestimate its benefits to reflect
the impact of the delays. The resulting financial analyses
then illustrate the sensitivity of the investment to the non-
financial assumption about training schedules.

A complete cost–benefit analysis presents all assump-
tions underlying tangible cost and benefit estimates as well
as thorough financial analysis and sensitivity analysis for
significant variables. It also presents the strategic case for
the investment. The strategic case begins with documen-
tation of an organization’s mission, goals, and core values
(13). The mission and goals provide a framework for de-
scribing intangible benefits and costs and assessing their
value to the organization.

Interrelationships Among Investments

The strategic portion of a business case may describe the
relationship of the potential investment to other projects
under consideration. Certain types of investments yield
minimal tangible benefit in and of themselves. Yet these
investments are prerequisites for more profitable future
ventures. For example, an investment in an advanced de-
gree does not provide much tangible benefit when consid-
ered in isolation. However, the degree may enable a person
to secure a higher-paying job, so the investment in educa-
tion has strategic value. In a similar fashion, infrastruc-
ture projects can hold strategic value for investors. A city
may invest in a landscaping and beautification program
not because of any direct tangible benefit but because of
the intangible possibility of attracting new development,
which would expand the tax base and increase future tax
revenues. A company may invest in a computer network
not because of the tangible benefits of electronic mail but
rather because of the potential for future investments in
valuable computer systems that would require the network
infrastructure.

The boundaries that separate investment alternatives
are defined by humans. Sometimes the boundaries are
clear. However, the web of interrelationships among major
projects can complicate the process of defining the scope of
a particular project or investment. The art of cost-benefit
analysis includes the ability to divide the world of invest-
ment opportunities into reasonable segments. A business
case is most effective when decision makers can view it in
the context of a clear set of alternatives.

CONCLUSION

Cost-benefit analysis is an essential step in every invest-
ment decision. It includes the following basic steps:

� Estimate the value and timing of costs and benefits
� Determine the net present value (NPV) of the costs

and benefits
� Prepare a financial analysis that considers the sensi-

tivity of the NPV projection to key assumptions about
cost and benefits

� Prepare a strategic analysis that considers the invest-
ment’s impact on the organization’s mission and goals

A business case compiles the results of each of these steps
into a comprehensive evaluation of an investment’s value.
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