
ECONOMIC EVALUATION

1. Introduction

Economic evaluation is a quantitative estimate of the expected profitability of a
venture scenario, often in comparison with other choices, including the competi-
tion. It is part of the analysis that supports the decision-making task in engineer-
ing and management. The four essentials of an economic study are problem
definition, cost estimation, revenue estimation, and profitability analysis, as
well as a characterization of the uncertainty and risk.

2. Problem Definition

An economic definition, or economic scope, evolves during development, imple-
mentation, and operation phases as the basis for an ongoing economic evalua-
tion. This definition should clearly differentiate between specifications that
have actually been selected and features that have been assumed for the evalua-
tion. In a comparison of alternatives, all of the assumptions, specifications, data,
and conditions must be consistent, realistic, and devoid of bias.

Situationswhereeconomicevaluationis involved includeequipmentselection,
process retrofits, research commercialization, acquisitions, assessment of compe-
tition, market strategy development, corporate planning, labor-management
negotiations, financial planning, public safety, environment policy, etc. As a
result, there is no general guideline for problem definition. For process ventures,
good estimates or firm data about the following items over the life of the proposed
scenario are desirable: capital investment (amount, schedule), construction time,
project lifetime, manufacturing costs, production capacity and availability,
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selling price and market projection, financial and tax data, regulatory con-
straints (environmental, safety, fiscal), societal constraints (perceived risks,
probabilities, benefits), economic constraints (material costs and availability,
utilities), technical constraints (process constraints), legal constraints (laws,
regulations, patents), and competitive constraints (processes, products, future).

3. Cost Estimation

Three cost estimation categories that are important for economic analysis of che-
mical process facilities are equipment cost, capital investment cost, and product
cost.

3.1. Equipment Costs. Equipment cost includes the purchased cost of
process and materials handling equipment, storage facilities, waste treatment
equipment, structures, and site service facilities. Installation costs such as insu-
lation, piping, painting and finishing, foundations, equipment setting, process
structures, instrumentation, and electrical service connections are estimated
or factored separately. Actual quoted prices from suppliers provide the best
data, but these are not usually available when estimates are made. Conse-
quently, equipment cost estimates tend to be based on personal files, internal
company data, or published correlations.

Published Cost Correlations. Purchased cost of an equipment item, fob
at seller’s site or other base point, is correlated as a function of one or more equip-
ment size parameters. A size parameter is some elementary measure of the size
or capacity, such as the heat transfer area for a heat exchanger. Historical cost–
size correlations were graphical log–log plots, but the use of arbitrary equation
forms for correlation has become quite common. If cost–size equations are used
in computer databases, some limit logic must be included so that the equation is
not used outside of the applicable size range. Descriptive information accompa-
nying cost correlations is often meager. For example, it is not always clear if dri-
ver costs are included in pump costs. When information is incomplete, different
correlations should be compared so that the estimate is meaningful. Cost corre-
lations are available for many types of process equipment (1–3).

Time Translation. Cost data for any particular point in time can be cor-
rected to any other time by means of cost indexes in the relation C¼CB(I/IB),
where C is a cost, I is a yearly cost index value, and the subscript B refers to
some base year. The accuracy tends to decrease with the length of time involved.
Important U.S. cost indicates for the process industries are the Marshall and
Swift (M&S) Index, CE Plant Cost Index, Nelson–Farrar Construction Cost
Index, and the ENR Construction Index. Similar indicates are available for
other countries.

The M&S Equipment Cost Index, formerly Marshall and Stevens, for instal-
led equipment costs, is published monthly in Chemical Engineering. The indexes
reported are the all-industries, process industries, and several specific-industry
indexes. The yearly all-industries index, based on 47 industrial categories, is
commonly used for the translation of purchased process equipment costs, even
though it was developed for installed equipment.
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The CE Plant Cost Index, also published monthly in Chemical Engineering,
provides index values for various categories of equipment, installation, labor,
building, and supervision, as well as a composite plant cost index. The yearly
composite plant cost index is also widely used for the translation of purchased
equipment costs, even though the equipment component of the index might be
better.

The Nelson–Farrar Refinery Construction Index, which appears monthly
in Oil and Gas Journal, is a weighted construction materials and labor index.
The ENR Construction Cost Index, reported in Engineering News Record, also
weights construction materials and labor.

Process Complexity. Temperature, pressure/vacuum, and corrosive con-
ditions can act as modifiers of the base cost by requiring thicker vessel walls,
more expensive alloys, special seals, more expensive fabrication, or special test-
ing procedures. Separate severity factors for temperature, fT, pressure/vacuum,
fP, and material, fM, are used as multipliers of the base cost, which is typically
given for mild steel. The corrected cost is given as COST¼ fTfPfM(BASE
COST). Typical f factors of this type are available as simple correlations (1,4).

Geographic Modifiers. Equipment costs vary from one region to another
due to differences in both purchased and installation cost. For example, there
are differences between the northeastern United States and the Gulf Coast
due to differences in shipping costs and labor cost rates. Such differences also
exist between nations and global regions, where exchange rates, taxes, and
other nationality items provide additional differences. Published data for geo-
graphic modifiers tend to be meager, dated, and of limited accuracy. Particular
items such as labor costs and exchange rates are readily available.

3.2. Capital Investment Cost. The capital investment involved in a
proposed project is important because it represents the money that must be
raised to get the project started, is used in profitability forecasts, and is reflected
in the estimated manufacturing cost of a product. A typical capital investment
summary form is shown in Figure 1. The capital investment is classified here
for discussion as fixed capital, working capital, and land cost.

Fixed Capital. Fixed capital can be classified as direct plant, indirect
plant, and nonplant costs. The direct plant cost includes the process equipment,
as well as the material and labor cost associated with installation, instrumenta-
tion, piping, electrical, buildings, structures, services, and site improvement.
Indirect plant cost includes engineering, construction site expense, and any
other plant items that cannot be charged directly to equipment, materials, or
labor accounts. Nonplant cost, which is sometimes classified as indirect cost,
includes contractor fees, contingency allowances, and occasionally both construc-
tion interest and some start-up expenses. The actual cost categories used gener-
ally follow internal accounting procedures. For example, some organizations
separate the contingency allowance into separate reserve and contingency allow-
ances. In one approach of this type, reserve is a project budget item that provides
for the uncertainty in the estimates, while contingency is a higher management
item to provide for unforeseen or unknown events. Land cost, while part of the
direct plant cost, is placed in a separate capital category because it is not depre-
ciable. Land cost is also site-specific and highly variable.
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There are two bases for the fixed capital estimate of process plants: grass-
roots and battery-limits plants. A grassroots plant is a complete facility at a new
location, including all utilities, services, storage facilities, land, and improve-
ments. If a process plant is located at an existing processing complex, it can
usually share some of these auxiliary facilities. A battery-limits plant can then
be defined as the process facility itself, so that the auxiliaries, off-site, and
land-related items are excluded from the fixed capital estimation. However, a
battery-limits plant may be assigned allocated capital charges for the share of
common utility and service facilities used by the plant, as noted below.

Fig. 1. Capital investment estimate form.
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The accuracy of a fixed capital estimate tends to be a function of the design
effort involved. As the project definition is refined, the estimates evolve from the
various preliminary phases (order of magnitude, predesign, factor estimates)
into the more detailed construction estimates (budget authorization, project
control, and contract). At the same time, the uncertainty in the estimates
decreases.

Order-of-Magnitude Estimates. Unit capital cost data (dollars per
annual ton of product) are occasionally reported for chemical plants. These
data can be multiplied by a selected plant capacity to estimate a capital cost
and this is feasible only if the reference process, conditions, and capacity are
similar. A unit cost approach is widely used for quick estimates of the capital
costs of utilities, waste treatment facilities, and buildings, where data in $/kW,
$/t of waste, $/m2, etc, are available.

At processing complexes, central utilities and other facilities are shared
by several battery-limits process plants. The capital cost of a central utility
is sometimes charged to the capital cost of each battery-limits plant as an
allocated capital cost based on the unit capital cost of the utility facility and
the units of capacity of the utility required by the plant. In this case, the use
charge per unit consumed only covers operating expenses. The alternative is to
recover utility capital costs, as well as operating expense, in the unit usage
charge.

A second order-of-magnitude approach is the ratio method, based on the
assumption that fixed capital, and even total investment, can be correlated
with plant capacity in a manner similar to that used for equipment. These
plant costs can then be transferred to any year using the CE Plant Cost Index.
However, capital cost data found in the literature should be examined to deter-
mine what items are included. Items such as site development, storage, off-site
costs, working capital, capitalized construction interest, and start-up costs might
be included. Large size extrapolations should be avoided because the need for
multiple units, or changes in equipment type because of size, can affect the
apparent capacity exponent.

The ratio method is also particularly useful for quick estimates over a range
of capacities after a detailed calculation has been made for one capacity. In this
approach, equipment can be separated into types 1, 2, . . . , with individual expo-
nents n1, n2, . . . , and the capital cost C can be separated into groups C1, C2, . . . .
Then an overall exponent n can be calculated from (Sb/Sa)

n¼ (C1/C)(Sb/Sa)
n1þ

(C2/C)(Sb/Sa)
n2þ . . . , where Sa is the capacity of the calculated plant and Sb is

another capacity.
Predesign Estimates. Methods are available to make a capital cost esti-

mate based on a preliminary flow sheet or block diagram, but before material
balances, energy balances, or equipment sizes have been calculated (5). Such
predesign methods generally attempt to identify the number of process ‘‘units’’
in a tentative flow sheet and then use an average capital cost per unit. This aver-
age cost is correlated in some way with process complexity, process conditions,
throughput, and materials of construction.

These predesign methods are empirical methods where accuracy depends
strongly on the skill and experience of the user. The value of such approaches
has been questioned, but the methods provide cheap estimates without
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significant design effort. The principal disadvantage is that there is no way to
assess the accuracy of the results.

Overall Factor Estimates. The next level of fixed capital estimate is
based on a preliminary design that includes a flow sheet, material balances,
energy balances, and enough equipment design to size and estimate the cost of
all principal process equipment, including pumps and tanks.

An overall Lange factor, FL, can be used to relate the battery-limits fixed
capital investment IB to the delivered equipment cost ED so that IB¼FLED. A
Lange factor value of 3.20 is a suitable average (6) for all types of plants. Another
approach, the Hand factor, is based on a separate factor for each equipment
class. This factor provides a relationship between the overall cost and the deliv-
ered cost for each equipment class. The Hand factors, covering all labor and
field materials, indirect costs, but not contingencies, range in value from 4 for
fractionators down to 2.5 for miscellaneous equipment. Some companies have a
proprietary set of Hand factors.

Category Factor Estimates. Various capital categories can be related to
total equipment costs by factors, reported as percentages of equipment cost. Typi-
cal categories include all materials and labor (M&L) accounts for piping, insula-
tion, electrical, foundations, structures, and finishes, as well as indirect costs.
Both purchased equipment costs, including pumps, tanks, and instruments,
and delivered equipment costs, excluding instruments but including some off-
sites, have been used in this approach (1,2).

Module Factor Estimates. All equipment of a given type can be
lumped together into a module, eg, a heat-exchanger module. Factors are avail-
able (7) to relate the various capital cost categories for each module type to the
purchased equipment cost. The capital cost categories are then summed over
all module types. This approach offers the advantage that the cost of com-
modity materials and labor are usually available in module categories to main-
tain accurate up-to-date module factors. Although the method requires a larger
database, it appears to offer greater accuracy than overall or category factor
methods.

Mid-1984 materials and labor factors have been reported for over 30
equipment types (8). The commodity materials include factors for concrete foun-
dations, piping, steel supports, instrumentation, insulation, electrical, and paint-
ing. Installation labor factors are given for each of the commodity material
categories, as well as for equipment setting. These data, while dated, can still
be used with purchased equipment costs to obtain battery-limits installed
equipment costs if no recent data are available. Additional factors are given
for the balance of direct costs, indirect costs, and other items in the fixed capital
investment.

Unproven Technology. When a product involves new or unproven tech-
nology, the capital estimates tend to understate the development, construction,
and start-up costs. A quantitative approach to account for the capital cost and
performance shortfalls associated with unproven technology has been reported
(9), but the data are meager.

Working Capital. Working capital is the money required for the day-to-
day operation of the venture over and above the fixed investment. The amount
varies daily, may be cyclical, and can be a significant part of the investment in
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some cases. In the accounting sense, working capital is the difference between
current assets and current liabilities.

The working capital includes the cost of inventories, such as raw materials,
materials-in-process, and products, as well as supplies, accounts receivable less
accounts payable, prepaid expenses, other cash needs such as payroll, and some
start-up expenses such as materials and wages. Typical inventories can be taken
as 1 month’s supply of raw materials, products, and materials-in-process. The
materials-in-process can be valued as 1 month’s sales. Operating cash can be
estimated as the actual cash needed for 1 month.

Methods are available for making detailed estimates of working capital
(10). Shortcut ratios for estimating working capital are 15–20% of the fixed
capital, 15% of total capital, or 10–30% of annual sales.

3.3. Product Cost. An estimate of total product cost is an important
part of economic evaluation and management planning from R&D phases
through the entire operating life cycle. A total product cost estimate form is
shown in Figure 2. The total product cost can be viewed as the sum of the man-
ufacturing cost and the general expense (11).

The manufacturing cost consists of direct, indirect, distribution, and fixed
costs. Direct costs are raw materials, operating labor, production supervision,
utilities, supplies, repair, and maintenance. Typical indirect costs include payroll
overhead, quality control, storage, royalties, and plant overheads such as safety,
protection, personnel, services, yard, waste, and environmental control, and
other plant categories. However, environmental control costs are frequently set
up as a separate account and calculated directly. The principal distribution costs
are packaging and shipping. Fixed costs, which are insensitive to production
level, include depreciation, property taxes, rents, insurance, and, in some
cases, interest expense.

General expense consists of corporate services such as administration, sales
and shipping departments, marketing, financial, technical service, research and
development, engineering, legal, accounting, purchasing, public relations,
human resources, and communications. Accounting groups are responsible for
the consistent allocations of overhead and general expense items. Most compa-
nies have product cost estimate forms that give the classifications used.

‘‘Joint product costing’’, when more than one product is manufactured by a
single process, is a common situation (12), which can be treated on a weight or a
volume basis. If one product is largely a by-product, it might not be assigned any
manufacturing cost and is accounted for in terms of a by-product credit based on
its sales volume. The suitable allocation of costs should reflect such factors as
production level, changing markets, and raw materials.

Another problem is the allocation of costs when a raw material for one pro-
cess operation is produced internally by another process operation of the same
organization (13). The captive or ‘‘transfer price’’ assigned to the raw material
can range from the production cost to a market price that reflects a total profit
margin for the material producer. The approach used depends on the accounting
procedures adopted.

The product cost can be computed on an annual or daily basis, but is fre-
quently reported on a product unit basis ($/product unit). An estimate of the
cost for various levels of production is often needed. This can be done by
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separating the manufacturing cost into fixed and variable components, with the
variable components being those that vary with production level. On occasion,
manufacturing costs are computed on an incremental or marginal basis instead
of the usual allocated basis. For example, raw material cost discounts might be
available at higher production levels. In this case, the cost of raw materials
needed for incremental production might be charged at a lower rate.

Unit Cost Method. Typical operating cost data in dollars per weight or
volume basis of product are frequently available. These data, which usually do
not include capital costs, can be scaled directly over a moderate range of actual
capacities to give rough estimates of annual operating cost as a function of
annual capacity. Unit cost data should be carefully assessed to ensure that

Fig. 2. Product cost estimate form.
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process type, size, and raw materials are similar to the proposed venture. Oper-
ating cost data sometimes are reported for separate categories such as operating
labor, maintenance labor, supervision, and utilities.

Factor Methods. A more detailed product cost estimation method is to
relate manufacturing cost items to a few calculated items, such as raw materials,
labor, and utilities by means of simple factors (1). Internal accounting groups
often develop factors for use with this popular method.

Raw material costs should be estimated by direct computation from flow
rates and unit material prices. The unit prices are obtained from vendors, com-
pany purchasing departments, or publications such as Chemical Marketing
Reporter (U.S.) or European Chemical News. Actual unit prices are based typi-
cally on a contract that covers quantity, time duration, grade, and other criteria.
As a result, such prices are often less than published price data. For captive raw
materials produced internally, a suitable transfer price must be established.
Initial catalyst charges can be treated as either a startup expense, working
capital component, or depreciable capital, depending on the expected catalyst
life, cost, and industry practice. Makeup catalyst is frequently treated as a raw
material.

Utility needs such as electricity, steam, process water, cooling water, refrig-
eration, and waste treatment should be calculated directly from the process
material and energy balances. Unit costs for the various utilities can be
obtained from suppliers or purchasing agents. Regional variations can be quite
large.

Direct labor costs can be estimated using the flow sheet, typical labor needs
(personnel/shift) for each item of process equipment, and the appropriate local
labor rate. Company files are the best source for labor needs and rates, although
some literature data are available (1). The hourly cost of labor in the United
States can be estimated from the Monthly Labor Review of the Bureau of
Labor Statistics. Production supervision costs can usually be taken as a factor,
such as 15% of the direct labor cost.

Annual plant maintenance and repair costs average �6% of the fixed capital
investment, but should be calculated directly from person-hour per shift data or
estimates. The annual cost for supplies can be taken as 15% of the total mainte-
nance and repair cost.

Annual indirect costs are estimated as percentages of the direct labor
and fixed capital costs. Typical direct labor percentage ranges are 25–30% for
payroll overhead, 15–20% for stores and supplies, 10–20% for control laboratory,
10–20% for security, 10% for yard, and 10–15% for process improvements.
As a result, total indirect costs are usually 80–115% of the direct labor cost (1).

A total capital investment, or a fixed capital investment, can be converted to
an equivalent annual cost using an approximate capital charge factor (amortiza-
tion factor), which multiplies the capital investment to give an annualized
capital cost. The capital charge factor, which is provided by finance groups, is
typically between 15 and 20% which provides a convenient shortcut approach
to use in annual cost estimation.

Property taxes are taken as 1–5% of the fixed capital and insurance
is assumed to be 1–2% of the fixed capital. If annual depreciation is estimated
separately, it is assumed to be �10% of the fixed capital investment. The annual
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interest expense is sometimes neglected as an expense in preliminary studies.
(Some economists believe that interest should be treated solely as a return on
capital and not as part of the manufacturing expense.)

General expense can be approximated as 15–20% of the total product
cost. Typical category factors, as percentage of the total product cost, are
3% for administration, 10% for sales, and 4% for research and development
(R&D).

4. Revenue Estimation

Revenues are money inflows from venture activities. In addition to product and
asset sales, revenues might also include earnings of unconsolidated subsidiaries,
license and royalty fees, gains on foreign currency exchange, investment income,
and earnings on other transactions. Product sales, based on the unit product
price ($/unit) and the yearly sales volume (units/year), are the only types of rev-
enue considered here. The price and sales volume are related to each other and
typically contribute most of the uncertainty in economic forecasts of chemical
processes.

4.1. Product Price. If a need is not met by any other available product,
then the price can be set as high as the need can support. However, a very high
price tends to limit market growth and encourage the introduction of competitive
or substitute products. The preferred strategy is to establish a moderately high
initial price, but to plan on future price reductions to help expand the market and
meet any competitive pressures. Variations of this strategy are seen in the pri-
cing of pharmaceutical products that meet a unique need or have good patent
protection.

If a need is met by a variety of products, then the price should reflect both
the price of these competitive products and any unique features of the product
being priced. For example, some plastic parts for automotive applications can
be priced higher than corresponding metal parts because of lighter weight, cor-
rosion resistance, or other features.

From an internal viewpoint, it is desirable that the price be high enough to
generate an adequate rate of return, which is reflected in various cost or margin-
based pricing policies. The percentage markup is defined as 100 (selling price-
cost)/selling price. In situations where a dominant position exists, such as a
patented pharmaceutical without significant competition, the price is market-
driven and may not be directly related to cost. Pricing policy is discussed more
fully in the literature (14,15).

4.2. Sales Volume. The quantity of annual sales is often called the sales
volume, even though the units may be mass quantities instead of volume units.
The estimation of the annual sales volume over the expected life of a production
facility is extremely difficult in most cases. It requires an estimate of the total
market, production capabilities, costs of competition, expected market share,
selling strategy, and future economic conditions.

The expected annual sales volume is important not only for estimating sales
revenue, but also for the selection of plant capacity, process type, and planned
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expansions. An economy of scale is typical of many process operations because
both investment and some operating costs tend to vary with capacity to a
fractional power less than unity. Case studies of various sales profiles are devel-
oped to assess the effect on profitability.

5. Profitability Analysis

Profitability analysis involves the generation of criteria that characterize the
expected financial yield of a proposed investment, especially in comparison
with other choices, as well as an assessment of the uncertainty and risk involved.
The emphasis herein is on the quantitative profitability analysis of proposed
multiyear investments.

A short-term case will first be introduced to illustrate the concept of profit-
ability. Consider a young engineer who could buy a computer in the morning for
$2000 and sell it in the afternoon for $2400, where the time frame is so short
that the cost of capital can be neglected. The three parameters of interest are
the investment ($2000), return ($400), and return rate (20%). The desirability
of this venture depends on the subjective view of the observer. For example, if
the selling price were only $2001, the venture would still be profitable with a
return rate of 0.05%, but few observers would consider it worth the effort. As
the return rate increased, an increasing fraction of observers would consider
the venture worthwhile.

If uncertainty is considered, the desirability changes. For example, if the
expected selling price were still $2400, but there was a possibility that this
could not be achieved or even that the computer could not be sold at all, then
the desirability of the venture would change. The acceptable return rate is an
independent choice of each observer, as determined by the individual interpreta-
tion of the complete scenario.

The return, in dollars, is the reward for the effort and risk involved
in undertaking the venture. The desirability is influenced by how an observer
assesses the many factors involved and can even be based on irrational decision
criteria. There is no single correct answer. Only future events determine the
wisdom of the selection; even then, the results that another decision would
have produced are rarely known. This is the essence of profitability.

5.1. Multiyear Case. The multiyear case introduces a new complica-
tion—money flows at different times cannot be compared directly because
there is a time cost associated with capital. The flows must be translated to a
common point using a discount factor (1þi)�n to translate flows backward
in time and an encount factor (1þi)þn to translate toward the future. In these
factors, i is the weighted average capital cost (WACC) as a decimal and n is
the number of time periods, such as years.

As an illustration, consider a venture consisting of two $500 investments
and five $500 net revenue flows timed as shown. If the cost of capital is assumed
to be 10%/year and the present is taken as the end of year 2001, then the equiva-
lent translated flows for this 7-year venture are
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End of year: 2001 2002 2003 2004 2005 2006 2007
Money flow: �500 �500 þ500 þ500 þ500 þ500 þ500
Discounted flows

�500
�455  �
þ413  �
þ376  �
þ342  �
þ310  �
þ282  �

The flows have been translated to equivalent flows at a common time point and
can be treated in a manner that is analogous to the elementary computer example
above. Three parameters can be defined:

Net present value ðNPVÞ ¼ arithmetic sum of all translated flows

at end of year 2001

Discounted total capital ðDTCÞ ¼ sum of the translated investment flows

at end of 2001

Net return rate ðNRRÞ ¼ 100 �NPV=ðDTC � LIFEÞ

For this example, the results are

NPV ¼ �500� 455þ 413þ 376þ 342þ 310þ 282 ¼ $768

DTC ¼ þ500þ 455 ¼ $955

NRR ¼ 100ð768Þ=ð955Þð7Þ ¼ 11:5%=year

The significance of these three parameters will be discussed briefly.
Net Present Value. This parameter corresponds to a discounted net

return. Five features should be noted as follows:

1. The NPV calculation provides for the cost of capital if the discount rate is
selected as the weighted average capital cost. Recovery of capital in the
NPV calculation is accomplished by recognizing the discounted investment
as a negative money flow that must be offset by the discounted positive
revenue flows before any positive net return is apparent.

2. Translated (discounted/encounted) flows lose all association with the
original year of occurrence and become equivalent flows at a new time.
Once a flow is translated, the flow can only be identified as a flow at the
new point. In the example, a 2001 year translated flow of $376 could
have originated as a year 2004 flow of $500 or a year 2002 flow of $414.

3. No assumption is made as to how any translated positive flow is appor-
tioned between capital recovery and net return. In other words, no particu-
lar annual capital recovery or return pattern can be identified for any of the
translated flows. The concept of annual revenue reinvestment can only be
addressed in terms of another scenario.
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4. The NPV value depends on the particular ‘‘present’’ time selected for the
calculation. As an illustration, the sum becomes $1361 when the flows of
the example are translated to the end of year 2007 instead of 2001. The his-
torical name emphasizes the dependence of the sum on the arbitrary pre-
sent point selected. Popular choices for the present time are the actual
present, the start of a venture, or the start of production. However, it is
important to recognize the logical meaning of the NPV as a discounted
net return.

5. The discount/encount operation is nonlinear with respect to the discount
rate. The importance of this point has not been appreciated in profitability
analysis.

Discounted Total Capital (DTC). When the capital investment is made in
more than one year, the yearly investment amounts cannot be summed directly
because of the time cost of money. The DTC calculation provides a translation of
the investment flows to the same common time point used in the NPV calcula-
tion. While the actual investment capital that must be provided each year is of
importance to financiers, the DTC is the discounted investment that is needed for
economic studies.

Net Return Rate (NRR). Once the money flows have been translated to a
common time point, the problem is similar in form to the computer purchase
example above. If the NPV is divided by the DTC, the result is a return rate
(%) on the investment over the life of the venture. If this, in turn, is divided by
the venture life, the result is an effective annual return on investment called the
Net Return Rate (%/year)

NRRð%=yearÞ ¼ 100ðNPVÞ=ðNTCÞðLIFEÞ

where LIFE is the assumed total venture life from year of initial capital expen-
diture through year of venture extinction. For the example above,

NRR ¼ 100ð768Þ=ð955Þð7Þ ¼ 11:5%=year

The NRR is invariant with respect to the selection of the present point. As noted
above, discounting provides for the cost of capital, while the arithmetic combina-
tion of revenue and investment flows in the NPV calculation provides for the
recovery of capital. As a result, the NRR is a true profit rate in which the profit-
ability has been separated from the cost of capital. A zero value of the NRR repre-
sents zero profitability and any positive value represents a profitable situation,
with larger numerical values representing greater profitability. The choice of an
acceptable value is a subjective judgment, as noted in the context of the computer
sale example above.

6. Multiyear Venture Analysis

6.1. Annual Money Flows. The actual profitability analysis of a multi-
year venture should be based on the venture ‘‘cash flow’’. The meaning of this
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concept will be developed in terms of the annual money flows of Figure 3. The
money flows are assumed to be end-of-year flows for simplification. Investment
and other outflows are negative; sales revenues and other inflows are positive.
Not all of these occur each year. For example, investment flows are typically pre-
operational costs; sales revenues do not start until the project is operational. The
estimation of sales revenues and manufacturing expenses has been discussed.

Debt and equity capital

Fixed capital

Land

Working capital

Total capital investment

Sales revenue

Manufacturing expense
(less depreciation and interest)

Interest on debt

Depreciation (tax basis)

Depletion and amortization (tax-basis)

FIT paid now
Federal
income

tax
FIT deferred

Investment tax credit

After-tax
income

Working capital return

Sale of land

Salvage

Deferred FIT paid

Gains tax

End-of-life
items

Other charges

Depreciation and depletion and amortization (book basis)
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Fig. 3. Typical annual money flows. (Flows to the right are inflows, those to the left are
outflows. Annual cash flow is given by the heavy-lined arrows.)
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Depreciation, a part of the manufacturing expense, and interest are treated sepa-
rately in the money flow diagram of Figure 3 because of their effect on taxes.

Investment Capital. From the viewpoint of the project, all of the capital
that must be raised is external capital. Equity capital is the ownership capital
consisting of common and preferred stocks, as well as retained cash, while
debt capital consists of bonds, mortgages, debentures, and loans. Nearly all
investment involves a mixture of both types so as to maximize the return on
investment. Because financial details are not well known during the preliminary
phases of project analysis, the investment in early project studies can be viewed
simply as the total capital that must be expended to design and build the
project.

The investment consists of the fixed capital (equipment, buildings, and
facilities), land, and working capital. Interest charges during construction are
frequently considered part of the fixed capital, which is called capitalization of
the construction interest expense. Some start-up costs are occasionally treated
in the same manner.

The nondepreciable investments, such as land and working capital, are
often assumed to be fully recoverable at cost when the project terminates. Equip-
ment salvage tends to be an end-of-life item that can represent a significant frac-
tion of the original fixed capital investment. However, most salvage occurs at the
end of life and can be difficult to forecast. This salvage is partially offset by
dismantling costs. For these reasons, a zero salvage assumption is a reasonable
approximation in preliminary analysis.

Interest. The interest block in Figure 3 represents the interest expense
associated with the debt capital. It is an allowed corporate pretax expense for
federal income tax purposes and is actually paid out to the debt holders as
their earning.

Tax Basis Depreciation, Depletion, and Amortization. Depreciation is a
loss in value resulting from use or obsolescence. A depreciation allowance on
equipment, buildings, and other facilities is a permitted pretax expense for fed-
eral income tax purposes. The tax basis depreciation allowance reduces the
taxable income, but is not an actual out-of-pocket expense. Consequently, this
allowance is limited by tax regulations, which define depreciation methods and
allowable tax basis lifetimes for equipment (16). Similar allowances for depletion
and amortization are also permitted by tax regulations. The depletion allowance
is for exhaustible resources (oil reservoirs, mineral deposits, woodlands, etc)
while the amortization allowance is for certain expenses that must be capitalized
(most startup costs) and intangibles (goodwill, patents, information base, etc).
These are also limited by tax regulations and accounting standards. [The Finan-
cial Accounting Standards Board (FASB) proposed that mergers and acquisitions
after mid-2001 should be based on purchase accounting instead of pooling-
of-interest accounting. This would affect the treatment of goodwill.]

Federal Income Tax. The federal income tax (FIT) is based on the net
pretax income. Since 1992 the FIT rate has been 34%, although many organiza-
tions utilize special provisions of the tax code to reduce the effective tax rate (16).
Sometimes a higher rate is used in profitability studies to account for state and
other income taxes. While part of the tax is actually deferred and paid in a future
year, it is convenient to assume that any tax due is paid in the current year.
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In the past, income tax could be reduced by an investment tax credit. This
item, designed to stimulate investment, was a tax credit amounting to some per-
centage of the new capital investment in certain eligible types of equipment. It
was credited when the investment was made and could be used to offset the tax
due, until exhausted, for a prescribed period of years. This credit was eliminated
in the United States for most equipment, but is frequently advocated for invest-
ment stimulation in selected areas, such as environment or energy conservation.
It is expected that the investment tax credit will be expanded to broader areas in
the near future.

End-of-Life Items. The end-of-life items are working capital return, sale
of land, salvage, and site restoration. If there is a capital gain on land sale or
salvage, above the remaining tax basis asset value, then this gain is treated as
either a capital gain or ordinary income, depending on tax regulations. Histori-
cally, capital gains were taxed separately at a lower rate than ordinary income,
but this advantage is limited today. Although equipment replacement or chan-
ging working capital requirements can occur anytime during the project lifetime,
both salvage and working capital return are frequently assumed to be end-of-life
items in profitability studies unless other details are known.

Book-Basis Depreciation. Book basis depreciation is arbitrarily deter-
mined by management on a year-to-year basis, subject to acceptable accounting
practice, which is not an out-of-pocket expense. It is simply a charge for the
recovery of capital in earnings calculations and is available as capital for debt
reduction, reinvestment, or equity distribution. Some consistent treatment
for recovery of capital must be assumed in profitability analysis.

Distributed and Retained Earnings. The dividends distributed to stock-
holders provide an earning on equity capital in the same way that interest
is the earning on the debt capital. However, the dividends are an after-tax
expense and represent an arbitrary management decision. After the equity earn-
ings are subtracted from the net after-tax earnings, the balance is called the
retained earnings and represent an increase in equity. The retained earnings
can be visualized theoretically as the new cash generated beyond that needed
to provide a dividend return to investors and orderly retirement of the
investment.

In Figure 3, the annual book depreciation is used to retire the fixed capital
investment. While this accounting model does not correspond to the typical
money flow, it is one possible model for recovery of capital. This model assumes
that the investment is reduced each year by the amount of the annual deprecia-
tion. Another model assumes that a uniform yearly book depreciation payment is
made to an interest-bearing sinking fund that accumulates to the depreciable
fixed capital amount at the end of the venture. This also does not correspond
to the actual money flow in most cases. Profitability analysis utilizes a third
model based on discounted cash flows.

6.2. Cash Flows. The annual cash flow is the actual net cash generated
by the project in a given year. From Figure 3, the net annual cash flow can be
defined for any project year as the sum of four items: (þ after-tax incomeþ tax
basis depreciationþ end-of-life items� yearly investment). Other cash flows defi-
nitions, such as the EBITDA (earnings before interest, taxes, depreciation, amor-
tization, and other items), are used by entertainment and internet companies to
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emphasize annual growth and enhance annual reports. However, any cash flow
definition used in profitability analysis must reflect all costs.

Because the money flows below the cash flow box in Figure 3 tend to be arbi-
trary management decisions that are generally difficult to predict, the prediction
of profitability is based on the expected cash flows instead of earnings. As a
result, some logical assumptions must be made to account for the cost and recov-
ery of capital. The most straightforward approach is to define the discount/
encount rate as the weighted average capital cost (WACC) and to use the NPV
calculation for the recovery of capital.

Discounted Cash Flows. Before cash flows from different years can be
combined, discount/encount factors of the type described above must be employed
to translate all of the flows to a common present time. The present time, an
arbitrary choice, is typically selected as one of three possibilities: actual present
time, the venture inception, or the start of operations. As noted above, the logical
choice for the discount/encount rate is the WACC rate, where capital includes
both equity and debt components.

Weighted Average Capital Cost. If the debt ratio (DR) is defined as debt/
total capital, then the discount rate i can be written in terms of the long-term
after-tax debt rate iD and the equity cost rate iE as:

i ¼ ðiDÞðDRÞ þ iEð1�DRÞ

This WACC rate typically goes through a minimum at some intermediate value
of DR, as illustrated for a hypothetical case in Figure 4. This DR target provides
the optimum leverage for the given rates, but will change as rates change. Since
corporate capital is raised incrementally in debt and equity placement, the actual
corporate DR will also fluctuate around the optimum over time. This corporate
DR is usually assumed to be applicable to all new ventures of a corporation.
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Fig. 4. Typical capital cost rates.
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However, for large ventures where the venture capital is a significant part of
the total corporate capital or where a venture is funded as an independent entity,
the DR can also be a strong function of the perceived risk. Some companies even
use different debt allocations for individual projects based on the perceived risk.

Cost of Debt Capital. The cost of debt capital is the after-tax interest on
the debt, given by

ID ¼ ð1� rÞ ðdebt interest rateÞ

where r is the effective annual income tax rate in decimal form. A debt interest
rate can be estimated directly from corporate debt data. However, this can range
from asset-backed bonds to junk bonds with little, if any, corporate asset base.
Further, all of the debt rates supposedly reflect inflationary expectations and,
to some extent, corporate income tax rates. Since current debt rates range
from �5% to >12%, it is obvious that the risk premium inherent in reported
debt rates varies widely.

Cost of Equity Capital. The cost rate associated with equity capital con-
sists of two parts: the annual dividend yield and part of the ‘‘investor-expected’’
equity appreciation. The dividend yield can be determined from corporate data.
Equity appreciation presents a more significant analysis problem since it reflects
retained capital, anticipated profitability, and general market dynamics. What
part of this appreciation should be considered a capital cost component and
what part should be an investor reward component? How is the risk premium
taken into account? These questions have been addressed with a variety of
approximate models by financial specialists, as discussed in the texts listed in
General References the Engineering Economics section. It should be recognized
that the cost of capital to be used is that expected over the lifetime of the venture
and not simply the present or past value. Furthermore, the discount rate used by
finance specialists is often an industry or corporate average, rather than a
venture-specific value.

6.3. Multiyear Process Example: Venture A. A summary spread-
sheet is shown in Figure 5 for a hypothetical Venture A. The input consists of
the parameters and assumptions given at the top of the sheet, as well as the
first nine line items (above the dashed line). These data estimates must be
obtained from the various groups involved in the analysis of the venture such
as R&D, engineering, purchasing, sales, and finance. The assumed venture life
should be long enough to show the effect of tax basis depreciation correctly. Even
though most chemical processes have an actual operating lifetime >10 years, the
years beyond the 10-year point tend to make a lesser contribution due to dis-
counting and involve more uncertainty. For these reasons, an operating lifetime
of 10 years is frequently chosen for preliminary economic analysis. In line items
3 and 4, land cost and working capital are assumed to be recoverable at cost at
the end of venture life. Cash flow calculations are given in line items 10–24.

In preliminary project analysis, the debt structure (debt ratio, interest
rates, repayment schedules) is usually unknown and a common assumption is
to neglect interest as a line item expense (line item 15). This leads to a small
error in the line item tax and cash flow, but is a popular and conservative
approach. If interest is included as a line item, then the interest should
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be added back to the cash flow in line item 23 before discounting in order to avoid
an apparent double return on the debt from interest and discounting. (This addi-
tion is not part of the accounting cash flow where interest is treated as a line item
expense and there is no discounting of the money flow.) The tax basis deprecia-
tion in the example is based on the capitalized fixed capital at the start of opera-
tion. A 7-year MACRS approach with no salvage value (16) is used for the
depreciation calculation.

Fig. 5. Profitability spreadsheet: Venture A. (Items above the dashed line are specifica-
tions or assumptions; items below are calculations.)
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The NPV, DTC, and NRR, as profitability parameters, are given in Figure 5
for a discount rate of 10%/year. These serve as the basis of a profitability analysis
in which the desirability of the venture would be assessed in a manner similar to
that discussed in the elementary computer sale above. The ORR value for the
same discount rate and the IRR, which is not a function of the discount rate,
are also shown for comparison.

6.4. Profitability Diagram. An additive-ordinate plot of the discount
rate and NRR as functions of the discount rate (WACC), as shown for Venture
A in Figure 6, can provide insight into venture profitability. The NRR, as a mea-
sure of the profitability, correctly decreases with increasing discount rate (capital
cost rate), gives the correct limiting value at a zero discount rate, and is a
nonlinear function of the discount rate.

A profitability diagram is a straightforward way to illustrate the effect of
discount rate (WACC) on the profitability. This diagram can be used to illustrate
the effect of rate changes, debt allocation, perceived risk, process novelty, market
uncertainty, and other venture features on the profitability. The use of the profit-
ability diagram in comparative venture analysis has been illustrated before (17).

7. Historical Profitability Criteria

Many profitability criteria have been defined in the past. Several cash flow cri-
teria, which still find application in spite of known flaws, are discussed here.

7.1. Internal Return Rate. Internal return rate (IRR) or discounted
cash flow return rate (DCFRR) can be defined as a ‘‘calculated discounting
rate’’ that makes the arithmetic sum of the translated cash flows equal to zero.
In other words, it corresponds to the discount rate that gives zero profitability.
As illustrated for Venture A in Figure 6, this is the single invariant point of

30

20

10

0
0 10 20 30

Discount rate (%/year)

Net
return
rate

Discount
rate

Rates
(%/year)

IRR

Fig. 6. Profitability diagram: Venture A. (Note that the net return rate¼ 10.8%/year at a
discount rate of 10%/year and that the IRR¼ 32.3%/year (not a function of discount rate).]
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32.3%/year where the NPV (and NRR) equal zero. The IRR still finds wide use
because it is an annualized rate concept. However, some of the flaws are as
follows:

1. Any meaningful profitability criterion should decrease as the cost of capital
increases in most cases, instead of remaining constant.

2. Because of the nonlinear nature of the discounting step, there is no way to
separate the IRR into profitability and capital cost rate components at dis-
count rates of interest. Finance specialists have attempted to provide an
approximate correction for this flaw by defining an acceptable IRR cut-off
value, which is adjusted up or down to reflect an increased or decreased
cost of capital. However, this has no logical foundation.

3. The IRR calculation is a search for the roots of a polynomial and can lead,
in some cases, to multiple roots, negative roots, and even complex roots.
These have no meaning as profitability criteria.

4. Use of the IRR as a profitability criterion can lead to incorrect project rank-
ings in comparative project assessments (17) and the numerical values of
the IRR are far larger than the true profitability in most cases. For these
reasons, the IRR has no logical foundation as a profitability criterion and
should not be used.

7.2. Overall Return Rate. The overall return rate (ORR) was intro-
duced as an improvement over the IRR. This parameter, defined by a variety
of closely related forms (18), is found by a two-step procedure. In the first step,
the annual investment flows are discounted to some present time and the other
annual cash flows are encounted to the end of the venture, with the capital cost
rate used for both calculations. In the second step, an encount rate is computed to
relate the discounted investment flows to the encounted cash flows. This com-
puted rate is defined as the ORR. For Venture A at a discount rate of 10%/
year, the ORR is 17.9%/year, which is not a measure of profitability. There are
three general difficulties:

1. The ORR usually increases, rather than decreases, with increasing dis-
count rate (capital cost rate). In normal venture scenarios, any logical
profitability criterion should decrease as the cost of capital increases.

2. Although practical discount rates vary only over a moderate range, any
profitability parameter should still be theoretically meaningful as the
discount rate approaches a limiting value of zero. The ORR value is mean-
ingless at a discount rate of zero.

3. The ORR approach is based on the assumption that both the capital cost
rate (discount rate) and profit rate (NRR) can be treated as a common dis-
count operation. However, the first step of the ORR calculation translates
money flows to two different time points based on the capital cost rate. The
translated flows, at two different time points, can only be compared after
translating to a common time point using the capital cost rate. Profitability
analysis is then based on those translated flows at a common time point—
no further discounting is involved.
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7.3. Net Present Value. The net present value (NPV), which is used cor-
rectly as part of the profitability approach developed above, has also had a long
history as a stand-alone criterion in venture analysis. It is a logical measure of
the discounted net return (dollars), rather than a return rate. It is not suitable as
a stand-alone criterion in comparative assessments of ventures with different
investment levels or lifetimes. In addition, the numerical values of the NPV
depend on the location of the arbitrary present point selected for the money
flow translation.

7.4. Other Criteria. Numerous other parameters have been developed
as approximate profitability criteria (1). These include various return-on-invest-
ment (ROI) and payback time (PT) definitions, in both discounted and nondis-
counted forms. The payback time formats typically consider only the early
venture years and neglect the latter years entirely. They give an indication of
the time needed to recover the investment cost, but give little direct information
about the lifetime profitability. The economic assessment associated with Life
Cycle Analysis can be viewed as a form of cash flow analysis. Levelized formats
have also been developed in which annual flows are translated into a single time
sum, such as is done with the NPV, and then the sum is translated into a uniform
annual series so as to utilize an annualized ROI format.

8. Break-Even Charts

A break-even chart (1) is a visual tool for analyzing operating profitability at var-
ious levels of production. In this type of diagram, annual expenses are separated
into fixed, variable, and semivariable categories. Fixed expenses do not vary with
production level, variable expenses vary linearly with production level, and semi-
variable expenses vary in some nonlinear way with production level. Annual dol-
lars of sales and expenses are plotted as a function of production level (% of
design capacity, eg), as shown in Figure 7. Profitable operation is represented
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by the vertically lined region. This diagram also shows break-even levels of pro-
duction (points B and C) that are marginally profitable. Points A and D represent
shutdown points where the total loss equals the fixed cost. At these shutdown
points, it is more economical to cease production, paying only fixed costs, than
to operate the facility.

Break-even charts are used with production models to predict optimum pro-
duction levels, break-even points, and shutdown conditions under various sce-
narios. These models tend to involve a reasonable amount of approximation.
For example, sales revenue as a function of production level involves numerous
variables and relationships that are not always well known. Such charts, how-
ever, can provide useful guides for production operations.

9. Inflationary Effects

Inflation can have a significant effect on the profitability of a venture. However,
the U.S. federal tax laws do not allow for indexing the inflationary effects of
depreciation schedules, salvage values, replacement costs, or taxable income.
Inflation rates can vary unpredictably with time and can differ for certain reven-
ues or expenditures. In a year-by-year cash flow analysis, as described above,
sales revenue and manufacturing costs can be estimated in actual inflated
money amounts.

Prevailing interest rates and capital cost rates tend to reflect an estimate of
future inflation and contain a component that can be attributed loosely to infla-
tionary expectations. Different discount/encount rates could be used for various
time intervals in a cash flow analysis, although future rate values are rarely
known with any accuracy.

10. Uncertainty and Risk

Most economic analysis is based on a ‘‘best-estimate’’ scenario in which the most
probable estimates of all inputs are used. However, uncertainty in these esti-
mates can introduce uncertainty into the profitability parameters. Various
approaches have been developed to treat uncertainty and to characterize the
associated risk (19).

10.1. Extreme-Case Analysis. Highly optimistic values could be
selected for all parameters in one study and highly pessimistic values could
be used in another study. Such ‘‘best-case’’ and ‘‘worst-case’’ scenarios provide
bounds on the uncertainty in the profitability parameters. However, these
scenarios have a very low probability of occurrence and, as a result, are poor
indicators of the associated risk.

10.2. Sensitivity Analysis. The percentage change in the NRR due to a
percentage change in an input parameter, such as average annual sales volume,
can be calculated. Similar calculations can be done for other input variables and
plotted on a single diagram to indicate the relative sensitivity of the NRR to per-
centage changes in various input parameters. While such sensitivity plots are
popular graphical tools in profitability analysis, they do not indicate the
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probability of the changes. As a result, there is no related method to directly
assess the risk.

10.3. Statistical Methods. In order to treat probability, statistical
methods can be employed to characterize the probability distributions. Because
most distributions in profitability analysis are not accurately known, the common
assumption is that normal distributions are adequate. The normal distribution of
a quantity can be characterized by two parameters; the expected value and the
variance. These usually have to be estimated from meager historical data.

Decision trees, Monte Carlo simulations, and other approaches have led to
the development of quantitative risk assessment methods in economic analysis.
However, the historical database is limited and there are no sound methods for
projecting the historical database to future scenarios. In spite of these difficul-
ties, statistical approaches have found increasing use in recent years.
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