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Engineers can become better informed about their
work with an increased familiarity of basic financial

indicators. Use these insights to help ensure that the
projects you work on are those that are most likely to
become financial successes.

key function of chemical engineers is the identifica-

A‘Lion and control of variables that impact the cost of
uilding and operating manufacturing plants. The

assessment of the relative value of products and services in
the marketplace is another. Thus, it is useful for chemical
engineers to understand how combining information from
these two activities can yield meaningful insights about
the economic viability of products, processes, projects,
and, ultimately, businesses. This is particularly true when
companies are confronted with a number of investment
options; investment in a new product must compete with
other opportunities to improve the financial results of an
existing business.

Financial indicators can help you choose from a large
collection of opportunities to build a solid portfolio of proj-
ects that will maximize returns.

This article explains how these key financial indicators
are computed and how they can be evaluated and employed.
The financial theories on which they are based have been
omitted; many resources (e.g., Refs. 1-4) that provide fur-
ther detail and useful background information on the topic of
financial indicators are available.

Study the inputs and their potential variability

Many successful enterprises have been launched by
individuals who have no experience with the economic indi-
cators that are presented in business courses and in articles
such as this one. This is possible because all financial indica-
tors — and financial success — depend exclusively on the
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answers to two fundamental questions:

1. How much cash will be earned, and when?

2. How much cash will be spent, and when?

Good business sense can be applied to answer these
questions in the absence of any sophisticated evaluation.
However, a more-uniform approach is needed when many
investment opportunities must be compared objectively.

A research and development organization can (and
should) generate more good ideas than its budget can sup-
port. Financial studies are useful for paring project lists
down to a manageable and profitable portfolio.

Given the nature of R&D, investment decisions must be
made when ideas have not been fully developed and both
income and expense estimates are uncertain. The estimation
of costs in this environment and the means to accommodate
uncertainties in either cost or income are discussed in
Refs. 5 and 6. When an idea is still new and untested, the
value of assessing the impact of all key inputs on these eco-
nomic indicators cannot be overstated.

Table 1 lists the key questions that R&D personnel must
help answer to enable the calculation of financial indicators.

Consider the relative chances for success

All investors understand the balance of risk and reward,;
clearly, the launch of a brand new product bears more risk
than, for example, investment in additional marketing for an
existing product or debottlenecking efforts in an operating
plant. Methods of quantifying the risk associated with new
investments are useful. A company should begin develop-
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Table 1. Consider these key R&D inputs when preparing financial analyses of proposed projects.

Input to
Financial
Calculations Inputs from R&D Required to Ensure Valid Financial Analysis
Revenue/Market Is the market new or established? How large is the market?

What advantage will the new product/process offer and what is its value?

Based on the answers to the two previous questions, what share of the market can be obtained?
Are prices for the products well known?

Are byproduct credits established?

Are byproduct credits vulnerable to changes in demand (such that they could become negative)?
Does product demand already exist or will it increase over time? How much time?

Will revenues from existing products be affected (portfolio extensions, cannibalization, etc.)?
Has the market been assessed in all parts of the world?

Are product registrations and/or other regulatory clearances required?

Raw Material Prices

Have suppliers been identified for each of the key raw materials?
Are any of the key raw materials available from only one source?
Have price quotes/estimates been validated?

Raw Material
Usage Rates

Are reaction yields known?

How many data points support the assumptions?

Is the ability to recycle solvents, catalysts, etc. proven?

At what scale have these usage rates been demonstrated?

Must operating parameters be tightly controlled to achieve the assumed results?
What are the consequences of operating outside the ordinary control limits?

Capital and
Conversion Costs

What volume is required by the market?

Will the plant be operated at this volume? Will it be operated year-round?

Has the process been run in its entirety so that all operations (e.g., waste treatment) are accounted for?
Have all unit operations been identified?

Is equipment for any unit operation highly specialized or unique?

Are the materials of construction requirements well understood?

Are all utility requirements known?

Are labor rates known?

Are labor productivities well understood?

Are equipment import restrictions and duties known?

Nonmanufacturing
Costs

Will investment be required long before the product is available (e.g., a new plant needs to be built)? How
much earlier?

What rate of return on loans and/or investments is expected?
Is project timing contingent on resource availability? How will timing be affected?
Are local tax rates, import duties, etc. that apply to products well known?

How long will the product be in demand (i.e., are replacement and/or competitive products
being developed)?

Does all required infractructure for product transport exist?

Is the level of ongoing sales, R&D, and technical support required by the product application(s)
well understood?
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ing information on risk by collecting historical evidence for
projects generated by its R&D function and assessing the
success rate of those projects. Note, however, that there is no
absolute measure of risk, and consequently no perfect quan-
tification of risk. The academic community has extensively
analyzed the interpretation of the riskiness of alternative
investments and many textbooks discuss the issue of risk. As
time progresses and an idea passes performance, marketing,
and cost tests, risk can be considered more formally.

The following sections define the basic financial
indicators and how they are calculated. These indicators
include: discounted cash flow (DCF), net present value
(NPV), internal rate of return (IRR), discounted cash flow
percent (DCF%), return on investment (ROI), and payback
period.

Discounted cash flow

In simple terms, a net cash flow in any given year is
the amount of money remaining after all income has been
received and all expenses have been paid. For the highest
accuracy, income and expenses should include the impact of
taxes, as shown in Examples 1 and 2 later in the article.

To make valid comparisons of projects that start and end
at different times, the time value of money must be consid-
ered: Money received at some point in the future is worth
less than money received at the present time, because money
that is received at the present time can be invested to earn a
return (e.g., interest on a bank account). The return rate of
this alternative investment is known as the opportunity cost
of the funds.

Cash flows that occur in the future are therefore dis-
counted to reflect their reduced value at the present time.
The rate at which they are discounted is the subject of many
volumes, but it should initially reflect the opportunity cost
of funds for the investor. This rate is usually a weighted
average of the cost of the primary sources of capital, and is
commonly referred to as the weighted average cost of capital
(WACC). Once the WACC is known, it can be used as a
base case for discounting future cash flows.

Several algorithms are available to calculate WACC, but
those are beyond the scope of this article. Published tables of
discount factors (4), and the formulas they are based on, are
the foundation for DCF calculations.

Cash flows that occur uniformly over the project life
should use a continuous discount rate. Equation 1 is a com-
monly used formula for continuous discounting:

DF - (e" —l)rx(e”’) (1)

where DF is the discount factor for cash flow in year n,
and r is the discount (or interest) rate. Thus, if the discount
rate is 10%, the discount factor that should be applied to a
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cash flow occurring in Year 5 is 0.6379. A cash flow of $100
realized five years into the future has a discounted value of
$63.79. This is also known as the present value of that single
cash flow.

Net present value

The sum of the discounted cash flows generated in all
years that the project is active is called the net present
value. The NPV indicates the total cash flow that a project
would generate if all revenues and costs associated with the
project were reduced to a single instant in time, namely the
present. NPV is calculated by:

NPV, = iDCF (2)
1

where 7 is the number of periods of evaluation.

The interpretation of an NPV is relatively simple: If
NPV > 0, the project will return more than the opportunity
cost of funds; if NPV < 0, the project will not return the
opportunity cost of funds. When evaluating a portfolio of
projects one should choose those that have the highest NPV,
based on the same discount rate, term, and risk.

To determine the NPV for any particular project, the
lifetime of the project must be specified. Typically, a lifetime
of 10, 15, or 20 years is chosen and the corresponding NPV
is denoted NPV, NPV, or NPV, . The evaluator must
be particularly concerned with the selection of the lifetime
for projects that may require a prolonged period of develop-
ment. This is a significant concern for R&D programs; if
revenues will not be generated for some years, cash flows
will remain negative during that time. In practice, a 10-yr
period might not be sufficient for an R&D idea to generate a
positive NPV.

It is important to compare project NPVs over the same
lifetime. Comparing the NPV of one project to the NPV,
of another will be misleading.

The value of an idea depends strongly on how long it can
generate positive cash flow. Thus, to make a sound deci-
sion about a new product, the time period over which it can
remain viable and competitive should be used as the basis of
the NPV calculation. Input from both technical and com-
mercial groups may be required to ensure that the financial
assessment truly reflects the product’s potential.

Since capital is limited and because NPVs are based on
assumptions that may prove to be invalid, the manipula-
tion of the discount (or interest) rate can provide additional
insights. (Testing the financial robustness of the project
by perturbing key input variables is described in Ref. 6.)
Increasing the discount rate on risky projects can be useful
in setting them apart from less-risky projects, particularly if
an objective means of assessing risk can be applied. Clearly,
raising the discount rate (opportunity cost) for all projects in
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a business that has limited capital will reduce the number of
them that can return the opportunity cost. This reduces the
number of projects that meet the investment criteria and can
help match the capital required for the portfolio to the funds
that are available.

Internal rate of return
and discounted cash flow percent

In Eq. 1, a nominal interest rate, », must be specified.
The equation can be rearranged to compute the value of r for
the explicit case where the NPV = 0. Conceptually, the NPV
is zero if the product breaks even (discounted investment
= discounted returns) for a given discount rate. This rate is
referred to as the discounted cash flow percent (DCF%) or
the internal rate of return (IRR). It can be computed by trial
and error, or calculated directly, using a spreadsheet.

The value of the IRR depends on the method used to dis-
count the cash flows. This article uses continuous discount
factors in Eq. 1 and the examples. Preprogrammed financial
functions available in commercial spreadsheets often employ
discrete discounting and, as a result, will yield slightly dif-
ferent results.

Problems with IRR may arise when cash flows fluctu-
ate widely enough to cause the cumulative discounted cash
flow (NPV) to move from positive values back to nega-
tive values then back to positive again over the term of the
project. Such fluctuations are uncommon in a manufacturing
or R&D environment, but they do occur occasionally. When
this occurs, IRR is not meaningful and other metrics must be
used.

Return on investment

Return on investment is often used to justify new invest-
ments. ROI is calculated by:
Profit

ROI = —— %100 (3)
Capital Investment

Various definitions of ROI incorporate different mean-
ings of profit and capital investment. Profit may be assessed
before or after subtraction of taxes, capital investment may
be assessed at different points in the lifetime of the project,
and so on. Companies generally specify how these should be
calculated. ROI, when applied consistently to a portfolio of
projects, is a useful comparison tool.

The ROI value that is considered acceptable to justify an
investment also varies. Factors such as the size of a com-
pany, the risk associated with the investment, the number
and quality of competing opportunities, economic conditions
that affect the availability of money, the cost of borrowing,
and the industry typically influence the acceptable ROI.
Companies often combine these factors with their
risk/reward philosophies to specify ROI values that are
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considered sufficient to justify investment. For example, an
ROI of at least 30% might be considered a reasonable first
expectation for an investment in products and processes that
are still being developed.

Payback period

The time required for a project to return the initial
investment is called the payback period. It is computed by
calculating the cumulative return for each year and compar-
ing it to the investment; the time at which this sum exceeds
the investment is the payback period. Payback period can be
calculated using either discounted or undiscounted returns.
When undiscounted cash flows are used, the result is called
the simple payback period. When discounted cash flows are
used, the result is called the discounted payback period.

Payback period (either discounted or simple) is a mea-
sure of the return of an investment. It is commonly used on
an informal basis to gauge the riskiness of the investment:
shorter paybacks enable a business to recover investments
with less exposure to risk. Early screening and compari-
sons using payback period can help a decision-maker form
opinions about the portfolio and the relative risks of projects.
Although less formal and potentially misleading when used
for value maximization, it is nonetheless a commonly used
“gut check” indicator.

Interpreting financial indicators

The evaluator needs to consider the conditions that
exist when financial indicators are calculated and decisions
are made. Often, investment in R&D is required before a
commitment can be made to fully commercialize an idea.
Money that is invested to enable a well-informed decision
(e.g., research to validate a process, produce trial quantities
of product, etc.) should not be charged to the project and
factored into a decision to proceed (or not) if that money has
already been spent at the time the assessment is made, since
it cannot be recovered. Costs that have been incurred before
the time a decision is made are referred to as sunk costs.

Some R&D projects use idled equipment and other
resources that are already on hand. The costs of these should
be based on the value of other services that they could be
applied to rather than book value, since the equipment has
little real value if it is not in use.

The following examples demonstrate the computation
of key financial indicators commonly used by businesses to
select projects for funding.

In the interest of clarity and brevity, several simplifica-
tions have been made. Most projects require capital reinvest-
ment over the course of time, but no allowance is made for
that here. Sales and R&D costs incurred both before and
during the product’s lifetime have also been omitted. Finally,
the impact of working capital (i.e., money that must be
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Table 2. Example 1: Financial analysis for a proposed new product launch.

A B C D E F G H | J K

1 Year 2013 | 2014 | 2015 | 2016 | 2017 | 2018 |[2019 |2020 |2021 | 2022

2 Product Volume, MM |b — - 10 15 70 90 100 100 100 100

3 | Sales Price, $/Ib - - 3.00 | 3.00 | 3.00 | 3.00 | 3.00 | 3.00 | 3.00 | 3.00

4 | Total Revenue, $MM - - 30 45 210 270 300 300 300 300
= Product Volume x Sales Price

5 | Raw Material Price, $/Ib of product — — 2.00 | 2.00 | 2.00 | 2.00 | 2.00 | 2.00 | 2.00 | 2.00

6 Raw Material Cost, SMM - - 20 30 140 180 200 200 200 200
= Product Volume x Raw Material Price

7 Other Costs: Labor, Maintenance, etc., SMM - — 10 11 17 20 21 21 21 21

8 | Total Cash Cost, $MM - - 30 41 157 200 221 221 221 221
= Raw Material Cost + Other Costs

9 Depreciation, $MM — — 20 20 20 20 20 0 0 0

10 | Tax at 30%, $MM — — ) -5 10 15 18 24 24 24
= 0.3 x (Revenue — Cash Costs — Depreciation)

11 | Net Income, $MM — — -14 -11 23 85) 41 55 55 55
= Revenue - Cash Costs — Depreciation — Taxes

12 | Capital, $MM 20 80 - — - - - - — -

13 | Cash Flow, $MM -20 -80 6 9 43 55 61 55 55 55
= Revenue — Cash Costs - Taxes - Capital

14 | Discount Factor at r = 10% 0.952 | 0.861 | 0.779 | 0.705 | 0.638 | 0.577 | 0.522 | 0.473 | 0.428 | 0.387

15 | Discounted Cash Flow, $MM -19 —69 ) 6 27 32 32 26 24 21
= Discount Factor x Cash Flow

16 NPV, | $85MM

17 IRR | 23.3%

18 Steady-State ROl | 55%

19 Payback | ~6 years

spent in advance of revenue generation for the raw materials

required for plant startup, building product inventory, etc.)
has not been considered.

Example 1: New product launch (Table 2). A new prod-
uct can be sold at the volumes specified in Row 2 of Table
2 for $3.00/1b. Raw materials cost $2.00/1b of product, and
other costs are as shown in Row 7. Capital will be invested
over a 2-yr period: $20 million (MM) will be spent in 2013

and the remaining $80 MM will be spent in 2014 (Row 12).

Cash costs are distinguished from capital depreciation.
Depreciation can be considered to be the cost of replacing
equipment if the product is expected to be sold for a very
long time and replacement equipment or even complete
plants will be needed in the future. The funds for these
future expenditures should be obtained from the product’s
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sales revenues and are factored into financial calculations

as depreciation. Depreciation is not a cash cost that occurs
throughout the life of the project; the capital dollars are gen-
erally spent before any production or sales can occur. (In this
example, the capital spending costs occur in 2013 and 2014.)
Rather, depreciation can be included as a cost to reduce the
taxes owed on the income from the sale of the product.

In the U.S., the Internal Revenue Service (IRS) estab-
lishes rules that govern how much depreciation can be
included (i.e., written off) in financial computations in
the years after an investment is made. Companies employ
experts to ensure that tax relief associated with investment
is optimized. For illustration purposes, this example uses a
5-yr, straight-line depreciation schedule: 20% of the initial
investment is added as a cost (in Row 9) in each of the five
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Table 3. Example 2: Financial analysis for a hypothetical plant improvement project.

1 Year 2013 | 2014

2015 [ 2016 | 2017 |[2018 | 2019 |2020 (2021 | 2022

2 Product Volume, MM |b —

10 10 10 10 10 10 10 10

3 | Cost Reduction, $/Ib —

0.50 | 0.50 | 0.50 | 0.50 | 0.50 | 0.50 | 0.50 0.50

4 | Total Revenue, $MM —
= Product Volume x Cost Reduction

5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0

5 | Raw Material Price, $/Ib of product —

6 | Raw Material Cost, $MM —
= Product Volume x Raw Material Price

7 Other Costs: Labor, Maintenance, etc., $MM —

0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

8 | Total Cash Cost, $MM —
= Raw Material Cost + Other Costs

0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

9 | Depreciation, $MM —

1.2 1.2 1.2 1.2 1.2 0 0 0

10 | Tax at 30%, $MM —
= 0.3 x (Revenue — Cash Costs — Depreciation)

1.0 1.0 1.0 1.0 1.0 1.4 1.4 1.4

11 | Net Income, $MM —
= Revenue - Cash Costs — Depreciation — Taxes

2.4 2.4 2.4 2.4 2.4 3.2 3.2 3.2

12 | Capital, MM 1.0 5.0 - - - - - - - -

13 | Cash Flow, $MM -1.0 | -5.0 3.6 3.6 3.6 3.6 3.6 3.2 3.2 3.2
= Revenue — Cash Costs - Taxes - Capital

14 | Discount Factor at r = 10% 0.952 | 0.861 | 0.779 | 0.705 | 0.638 | 0.577 | 0.522 | 0.473 | 0.428 | 0.387

15 | Discounted Cash Flow, $MM -095 | 431 | 279 | 252 | 228 | 2.07 | 1.87 | 1.52 | 1.38 1.25
= Discount Factor x Cash Flow

16 NPV, | $10.4MM

17 IRR | 42%

18 Steady-State ROl | 54%

19 Payback | ~4 years

years between startup (2015) and 2019.

Annual cash flows were determined by subtracting cash
costs and taxes from revenue. Discount factors were calcu-
lated by Eq. 1 with an assumed nominal interest rate of 10%
and are shown in Row 14 of Table 2. Discounted cash flows
were obtained by multiplying the cash flows occurring in
each year by the discount factor for that year. The resulting
DCFs in Row 15 represent the value today of the money that
the product would generate, thereby accounting for the earn-
ing potential of money that could be invested now.

The NPV, is the sum of all of the DCFs over a period of
10 years. For this example, NPV, = $85 MM.

The same spreadsheet workbook can be used to compute
the IRR, by varying the value of the discount rate (») until the
NPV, is zero. In this example, the IRR was approximately
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23%. As noted earlier, the value of IRR is impacted by the
discount factors that were computed by Eq. 1. The IRR
function in most spreadsheets uses discrete discounting, in
which a cash flow’s future value changes at discrete intervals
(typically 1-yr intervals). Using discrete discounting for this
example yields an IRR of 26%. For the purpose of portfolio
development, it is most important to ensure that the same
discounting method be used for all projects being assessed.
The ROI can be determined at various points in the
project’s lifetime, and the investor must understand both the
definition of ROI that is used and the timeframe to which the
calculation applies. In the current example, the project will
return 55% of the invested capital each year after sales have
grown to their maximum level (in 2020). It is important to
note that some time is required before such an ROI is real-
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Table 4. This comparison of Examples 1 and 2 shows that although

Example 1 generates a higher NPV, Example 2 requires far less
capital expenditures and may be a less-risky project.

the capital required for the new product launch
is $100 MM, while the plant improvement
project requires $6 MM. When developing a

NPV, Capital NPV, / portfolio, it is important to consider the ratio of
Example | Description | $MM | Investment, SMM | Capital Investment | NPV to capital investment for all projects being
1 New Product | $85 $100 0.85 considered. Table 4 shows that even though
2 Plant $10 $6 1.67 the NPV, of the plant improvement project
Improvement is lower, its higher NPV-to-capital-investment

ized. Note that the ROI observed in year 2019 is 41%.

The simple payback period can be calculated by add-
ing the undiscounted cash flows (Row 13) and determining
when the cumulative income exceeds the investment. The
investment is $100 MM. Positive cash flows begin in 2015
(cell D13), two years after the first investment is made in
2013, and after four years exceed the investment amount:
$6 MM + $9 MM + $43 MM + $55 MM = $113 MM, which
is greater than $100 MM. Thus, the project’s simple payback
period is approximately six years.

Example 2. Plant improvement project (Table 3). An
energy conservation project has been proposed for a small
plant that produces 10 MM 1b/yr of product. The project
would reduce the cost of production by $0.50/1b or $5.0 MM
per year (Row 4 of Table 3). (Note that in this example,
savings are treated as if they are increased revenue.) New
operating costs due to the project’s implementation will be
$0.4 MM per year (Row 7). The capital cost of the project is
$6.0 MM spread over a 2-yr timeframe (Row 12).

The NPV, for this project is $10.4 MM. The IRR based
on continuous discount factors is approximately 42%. If
discrete discount factors were used, the IRR would be 53%.
The ROI in 2022 is 54%, and the simple payback period is
about four years.

Discussion. The NPV, for the new product launch
(Example 1) is $85 MM, while the NPV, for the plant
improvement project (Example 2) is $10 MM. However,

|
LITERATURE CITED

1. Brown, T., “Engineering Economics and Economic Design for
Process Engineers,” CRC Press, Boca Raton, FL (2007).

2. Valle-Riestra, J. F., “Project Evaluation in the Chemical Process
Industries,” McGraw-Hill, New York, NY (1983).

3. Humphreys, K. K., and P. Wellman, “Basic Cost Engineering,”
Marcel-Dekker, New York, NY (1996).

4. Peters, M. S., and K. D. Timmerhaus, “Plant Design and
Economics for Chemical Engineers,” McGraw-Hill, New
York, NY (1980).

5. Anderson, J. E., “Determining Manufacturing Costs,” Chem.
Eng. Progress, 105 (1), pp. 27-31 (Jan. 2009).

6. Anderson, J. E., “Communicating the Cost of Product and
Process Development,” Chem. Eng. Progress, 106 (2), pp. 46-51
(Feb. 2010).

40 www.aiche.org/cep September 2013 CEP

ratio suggests that it may be a less risky and
better overall investment opportunity.

Large DCF and NPV values suggest a high-value proj-
ect — as in Example 1. It should be noted, however, that
multiple small projects are often less risky than a single large
project. Therefore, it may be more effective to fund several
small projects (like the one in Example 2) instead of one
large project. This may be particularly true in cases where
the risk factors are related to differing raw material avail-
ability, price fluctuations, geographic locations, etc. This
phenomenon is the basis of diversification and applies to any
portfolio of investments. It is commonly used on portfolios
of stocks and bonds, but can be applied equally well to a
portfolio of industrial investment opportunities.

Closing thoughts

Multiple small plant-improvement projects may present
a company with a better overall investment opportunity than
a single new product launch. However, capital costs and
financial indicators are not the only criteria on which to base
investment decisions. To maximize the value of a project
portfolio, these financial indicators must be combined with
risk factors, capital availability, and the objectives of the
investors. A new product launch, for example, may provide
a bigger reward in the long run, in the form of access to new
markets, development of other similar products, and diversi-
fication of a company’s business. =
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