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Abstract

Assessment of investment profitability with discounted cash flows has proven
insufficient when industry structures change. Managers need an extended
flexibility in decision—making that DCF analyses cannot offer. Real Option
valuation as a method for improving flexibility in investment decisions has
been widely researched but less used in business. With good support tools
it is possible for managers to cross the threshold to Real Option methods
and thinking. Real Option spreadsheet tools support both decision-making
processes and business learning. They utilise the flexibility that new key
knowledge brings to volatile industry situations and lead to better investment
decisions.

Keywords: Flexibility in investment, Real Option tools, DSS



1 Introduction

In investment planning and management the basic business rationale is to
improve the profitability and productivity of the planned or managed as-
set. In a corporate context this logic is further developed into the strategic
management of a portfolio of business units [22], [20].

The corporate board typically makes strategic capital budgeting deci-
sions. In the strategic portfolio management model fixed industrial assets
are managed according to their economic performance [21, Ch.8]. In order
for an additional asset to be added to the portfolio, or an existing asset to
be replaced by a new one, it has to prove its value with respect to both
profitability, according to corporate rate of capital return, and corporate
strategy. Alignment to corporate strategy can be understood as a constraint
that effectively discards unfeasible investment alternatives during the various
phases of the investment planning process. What is left in the final board—
level decision phase are the final few alternatives (or only one alternative to
be accepted or rejected) that compete in the internal market of scarce corpo-
rate resources (also industrial and human, but in this case capital resources).
The final decision is then made as a capital budgeting decision.

To evaluate competing projects, most companies use a mix of approaches
that can be grouped between formal (theories and models) and informal (rules
of thumb or leadership). A clear trend toward more formal-quantitative
methods has been observed when facing uncertainty over future conditions.
Traditionally, corporate investment decisions are guided by the rule of net
present value (NPV) maximization, among other methods such as internal
rate of return (IRR), payback, etc. While using the first method, the stream
of expected cash flows the investment will generate must be discounted (dis-
counted cash flows — DCF') to present value at a discount rate, as well as
the stream of expenditures required to undertake the project at the risk-free
interest rate. By calculating the difference between the two we obtain the
NPV, and the project with the highest positive value should be exercised.
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During the calculation process we need to forecast the expected future

cash flows for the life-time of the different projects, the expected stream of
costs, and also the discount rate. As with anything involving future projec-
tions, there is not a unique and best way to obtain the project’s cash flows
and costs and it is quite common in practice to use favourable, intermediate
and worst, scenarios.
The discount rate is the opportunity cost of capital for the specific project, i.e.
the expected rate of return an investor would require from an investment of
similar risk. The opportunity cost reflects the systematic risk associated with
the particular project, the non-diversifiable risk. The widely used discount
rate is the weighted-average cost of capital (WACC), that is a tax-adjusted
discount rate including the value of interest tax shields. WACC is a good
approximation of the opportunity cost of capital if the company’s projects
have a similar systematic risk.
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where

E; = Market value of the firm’s equity at time j
D; = Market value of the firm’s debt at time j
Vi=E;+ D,

re; = Cost of equity at time ]

rq; = Cost of debt at time j

(E;/V;) = Percentage of financing that is equity
(D;/V;) = Percentage of financing that is debt
T,, = Corporate tax rate at time

Another alternative for evaluating value business operations is the ad-
justed present value (APV) [6]. It applies the previous DCF method to two
main cash flow categories and then sums up the present values. The two cat-
egories are: 1) real cash flows, associated with the business operation; and 2)
side effects cash flows, associated with its financing programme. The added
value with respect to the NPV is the greater information that can be ob-
tained by breaking the valuation problem into several sub-problems. In this
case, management can identify different sources of value, how the different
parts add value to the total project, and design tailored corrective actions in
those areas affecting negatively the overall performance.



2 Limitations of DCF

Though these techniques are widely applied, their limitations for adequately
evaluating investment projects have become more evident during recent years
6], [8], [4]. We can group their limitations into two categories:

o Initrinsic limitations

o Valuation limitations

2.1 Intrinsic Limitations

We have pointed out earlier that in order to obtain the NPV we need to
estimate the future expected cash flows and costs. The task is not straight-
forward and different methods and approaches about what will happen in
the future may be taken depending on who does the calculations. Different
scenarios can be considered in order to cover the different future situations.
However, though they give management slightly more information, they are
based on assumptions about uncertain cash flows. Moreover, it is implicitly
assumed that the project begins and ends at a fixed point of time (static)
and does not take into account the possible managerial actions affecting the
project during its life-cycle (dynamic).

For the expected investment costs the situation is similar. Though this
factor may vary less and can be better estimated than its counterpart, it
is often difficult to determine them accurately in projects involving high
investment and a certain degree of technical complexity. If much investment
expenditure is required over time, we need to choose their specific discount
rate, ¢, per period and this is not an easy task since ry is one of the factors
included in the governments’ monetary policy, changing according to the
economic situation of the country.

Another factor we referred to before is the selection of an appropriate
discount rate. Low discount rates give more weight to the cash flows farther
away in the future, while high ones give distant cash flows less weight in the
evaluation process. It often happens that the opportunity cost of capital is
difficult to measure, and companies, for simplification, choose an arbitrary
discount rate they consider appropriate. Benchmarks for the appropriate
opportunity cost can be obtained from capital markets when similar risks
are priced, but it is not always possible to find correspondence if we con-
sider that much investment is company or industry-specific. WACC, as an
approximation of the correct discount rate, is not free of criticism. WACC
is more suitable for static capital structures; otherwise it needs to be ad-
justed for tax shields, issue costs, subsidies, hedges, exotic debt securities,



and dynamic capital structures. These adjustments must be made period by
period and for every project [6]. Therefore, the more complex the financial
structure, the easier it is to misestimate.

2.2 Valuation Limitations

In most cases, investment projects are irreversible, i.e., they are specific to
a company or industry, and therefore, it is difficult to recover expenditure
during unfavourable market conditions. Even if they are not specific, they
are partly irreversible because of the difficulty external investors face when
evaluating the real value of assets. At other times irreversibility may come
from government regulations or institutional agreements. NPV, when dealing
with irreversible investment, assumes that it is a now-or-never proposition
in the sense that if the company does not invest now it will lose the oppor-
tunity. But the recognition that capital investment can be irreversible opens
the opportunity for proactive project management. Strategic considerations
change the management’s passive commitment to a static operating strat-
egy (static life-cycle) into a dynamic one where there exists the flexibility to
alter decisions and generate new opportunities as new information becomes
available. Flexibility is a valuable commodity and usually the more associ-
ated with a project the better; companies must find out how to exploit their
opportunities and flexibilities in the most effective way.

Uncertainty
(Likelihood of new information)
Low High
Managerial  High Moderate flexibility | High flexibility
flexibility value value
(Ability  to Low Low flexibility | Moderate flexibility
respond) value value

Flexibility increases by:
e High possibilities of receiving new information
e High managerial flexibility, proactiveness

e When NPV ~ 0, flexibility to change future is more valuable

Table 1: Managerial flexibility, adapted from [4]

Since opportunities are options, the concept of Real Options has been
developed as a way to quantitatively measure the value of flexibility. DCF
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fails to capture the added value that management can incorporate into the
project in several ways [8], [1], [3]:

Following the criterion of a positive NPV to accept a project, worth-
while investments may be rejected since most capital investment is
irreversible. In practice, as a rule of thumb, a project is accepted only
if its discounted cash flows are double its costs.

When an irreversible investment is made, the option to invest is exer-
cised and, therefore, the opportunity to do so at a future date is lost. In
this case, the possibility of delaying the investment and waiting for new
information is given up.This information may also affect the decision
for the timing of the option.

DCF tends to overlook the strategic reasons for an investment since
it ignores other sources of value than the discounted cash flows. An
investment may create future growth opportunities because of its char-
acteristics, even though its NPV is not as high as with other investment.

DCF do not include the value of active management. During the life-
cycle of the investment, management can change the input and output
mixes, shut down and restart the project later on, adjust maintenance
investments, etc.

If market conditions become unfavourable, management can abandon
a project permanently. DCF ignores the value associated with the
opportunity to abandon the project.

NPV also ignores the value of creating options. Some investment, as in
R&D, can lead to patents and new technologies that open up possibili-
ties of investing in the future if market conditions become favourable.

All these different types of flexibilities define different types of options that
can be valued. We shall explain them briefly in the next section.

2.3

Types of Options

The flexibility of management to modify its future actions according to new
situations increases the investment value by expanding its upside potential
and reducing downside losses. This value can be assessed using Real Option
methods and leads to different types of real options depending on the existing
opportunities for management [1], [5], [4], [10].



e Option to Defer. An important type of managerial flexibility is the

ability to defer the investment and benefit from the resolution of un-
certainties when new information becomes available. This option ac-
quires more importance if the project is totally or partially irreversible.
Waiting has a value because the project can be reversed by undertaking
the investment at a future date. The greater the uncertainty over the
future profitability of the investment, the greater value the option to
wait has, i.e., if there is some probability of a loss when proceeding with
the project, the decision of keeping the option alive has a value greater
than 0. The question that remains is when to exercise the option and
invest. The solution to the optimal timing of an American call option
on the investment gives the answer.
When a company makes an irreversible investment now, it exercises or
kills the option and, therefore, it cannot be reversed any more. Since
NPV fails to assess the value of flexibility, it is net of any premium of
the timing option. When the expected DCF exceeds the initial out-
lay by an amount greater than the option premium associated with
waiting, the investment should be made inmediately.

e Time-to-Build Option. Usually, the required expenditure of a project
can be made in stages. The arrival of information may cause the in-
vestor to ignore, accelerate or decelerate future expenditure. Each stage
can be seen as a call option on the next stage forming a set of consec-
utive call options. This set of nested options can be valued similarly
to the valuation of compound options. We can find this idea in the
sequencing of product development. By investing in a base product,
the company can observe how it evolves on sales, market penetration,
brand name, etc. and decide whether to develop new releases or not.

e Option to Expand. When market conditions become more favorable,
management can expand the scale of production by investing in new
facilities. The investment opportunity can be considered as a basic
investment plus a call option on a future investment. The initial outlay
allows development of the future project, usually by assuming higher
initial costs. This could be the case of an industry with an initially
more flexible technology that helps to expand production if demand
increases, or the case of a factory with the space and infrastructure
already built for the installation of new production units in the future.
The option to expand will be exercised if future market conditions
become favourable so that the option premium may be outweighed by
the opportunity lost due to not investing. The option to expand may



be strategic if it enables a firm to capitalize on future growth options.

Growth Options. When the option to expand has considerable strategic
importance, we may have corporate growth options. This could be the
case of a power plant based on a new technology for biofuel processing
that is developed and tested at a pilot plant. Although the investment
may appear to be a sunk cost, it might be the first of a series of similar
units in Scandinavia. The value of the first investment does not come
from the DCF but from the ability to open future growth opportunities
and future strategic positioning. The infrastructure and experience
may facilitate the development of lower-cost, more efficient future units,
or the generation of new application into other areas; but if the first
investment is not undertaken the future potential will be dismissed.
Growth options are considered as options on options, i.e., compound
options.

Option to Contract. Contrary to the option to expand, the option to
contract consists of the possibility of reducing capacity or scale of op-
erations if market conditions become worse than expected, thus saving
part of the expected investment expenditure. The flexibility to reduce
losses is modelled as a put option on part of the initial project.

Option to Shut Down/Produce. Traditional budgeting analysis assumes
that a project will be operated every year during its life-cycle. But in
real life the project does not have to be operative in every period.
When revenues are not enough to cover variable operating costs for
the period, production can cease temporarily. If the market situation
changes and cash flows increase enough, operation can start again. We
can see the firm’s productive capacity as a call option to produce that
expires in each period.

Option to Abandon. The flexibility to abandon a project before its
life-time expires is another potential source of value. If profitability of
the project is low, management can decide to stop incurring the fixed
and variable costs permanently in exchange for the salvage value of the
project. Since the abandonment alternative limits losses, its payoff is
similar to that of an American put option. When to abandon is assessed
by solving the corresponding optimal stopping problem.

Option to Alter Input/Output Miz. The wider the choice of input,
output or both, the more valuable must be the options to alter the pro-
dution mix. Technology providing process flexibility allows the maxi-
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mization of the cash flows by modifying the output mix, and the mini-
mization of the costs by modifying the input mix according to market
conditions. The company would not be reluctant to invest in such a
technology to obtain that flexibility, but it can also be obtained by
maintaining relationships with different suppliers so that it is possible
to change the mix according to variations on prices. This type of op-
tion can be seen as a compound call option in the different inputs and
outputs that maximize revenues and minimize costs. An example of an
option to change input is a metal-refining process that accepts two or
more raw material mixes as process inputs. Refinery management can
consequently change the mix according to the market situation of the
final product or the availability of the raw materials.

3 Real Options versus Financial Options

We have introduced the concept of (American) call/put options in the pre-
vious section for different types of flexibilities. In general, a call option gives
you the right but not the obligation to buy a security at a given price (ez-
ercise price) during a certain period of time (time to expiry). If the market
price of the security is higher than the exercise price, the holder of the option
will exercise it and will buy from the writer (the issuer) the underlying asset
at the exercise price, obtaining, therefore, a profit for the difference. Con-
versely, a put option gives the holder the right but not the obligation to sell
a security at the exercise price during the time to expiry. If the market price
of the security is lower than the exercise price, the holder will exercise the
option and sell the security at the exercise price to the writer. He obtains,
therefore, a profit for the difference.
An American option allows the holder to exercise the right on or before the
expiry date, and an Furopean one can only be exercised on the expiray date.
When dealing with American options we also have the task of determining
the optimal exercise time.

Real Options are like financial options but have as an underlying asset
a non-financial or real one. An irreversible investment opportunity is like
a financial call option. A company with an investment opportunity has the
option to spend money either today or within the time to expiry (the exercise
price) in return for a real asset, the project. Since the future profitability
of the project is uncertain and several contingencies may occur, the option
to invest has a value to the NPV. This additional value is an estimate of
the opportunity’s worth. Also, an opportunity to shut down, downsizing
or abandon may be considered as a financial put option. Because of the



analogy between financial options and corporate investment, we can borrow
the theory behind financial options and establish a correspondence between
the project’s characteristics and the variables determining the value of an
option.

In 1973 Black and Scholes derived a differential equation that the price of
any derivative security dependent on a non-dividend paying stock must sat-
isfy. This formula was modified by Robert Merton to incorporate dividend-
paying stocks in the valuation, being the formula for estimating the price of
a financial call option as follows [2], [7], [10]:

Call = Se N(d,) — Xe " "N (dy)
0 In(£) + (ry— 0+ %)t
oVt
dy=d, — oVt (3)

where

e 5. This is the value of the underlying security on which an option is
purchased. The equivalent in real terms is the sum of the expected
discounted cash flows of the project.

e X. Exercise price, the value at which the security will be bought or sold
if the option is exercised. In real terms it is the sum of the investment
costs.

e 0. Uncertainty about the future movements of the stock price measured
as the standard deviation of the growth rate of the stock price. In real
terms it represents the riskiness of the project, i.e., the uncertainty
about the future value of the project’s cash flows.

e t. Time to expiry, time interval where we have the right to exercise the
option. In real terms this is the period we can delay the investment
without losing the opportunity.

e 7;. Risk-free interest rate, the annualized continuously compounded
rate on a safe asset with the same maturity as the expiry of the option.

e . Dividend, sums paid regularly to stockholders. In real terms is
the leakage in value,i.e. costs incurred to preserve the option, rental,
licence, royalty income,convenience yield, etc. 0 is considered as a
constant percentage of the value of the underlying asset.

e N(d). Cumulative normal distribution.
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e N(dy). Proportion of shares required to replicate the call option.

e N(dy). Probability that the call option will be exercised on expiry.

INVESTMENT OPPOR-| VARIABLE | CALL OPTION

TUNITY

Present value of a project’s S Stock price

operating cash flows

Investment costs X Exercise price

Length of time the decision t Time to expiry

may be deferred

Time value of money Ty Risk-free interest rate

Riskiness of the project o Standard deviation of re-
turns on stock

Table 2: Table of equivalences [7]

NPV and option value are identical when the investment cannot be de-

ferred, i.e., if t=0 we are in the situation of invest now or never which value
is reflected in the NPV and, therefore, both results must coincide. By us-
ing this procedure we can determine the value of flexibility as the difference
between the traditional NPV and the value of the option contained in the
investment opportunity. If there is no flexibility, we are in the previous sit-
uation. The greater the value of the opportunity the greater the incentive
to wait and to keep the option alive rather than exercise it by investing now
(as NPV would suggest).
But under this framework and despite all the criticism NPV has received,
the methods are not opposed but complementary since several inputs for the
Black—Scholes formula come from the analysis performed to obtain the DCF
and NPV. We need the discounted cash flows as the value of S, the investment
costs as the value of X and, if the project requires considerable investment
expenditure over time, the 7, interest rate is also neccesary for the NPV. So,
we could say that NPV is the first stage in the real option calculation and a
high degree in the accuracy of the flexibility value comes from the accuracy
attained in its calculation.
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4 Real Option—Enabled Decision Support
Systems

Real option valuation methods have gained attention as methods of real
asset and investment valuation. Industrial investment that is typically built
for operational life-times of more than ten years includes a relatively large
unique risk due to a considerable one-time sunk capital cost. In order to
deal with unique risk, decision—makers of industrial corporations routinely
run careful risk analyses. Unique, non-diversifiable risks are then treated as
scenarios of DCF analysis. Scenarios, however, do not take into account the
flexibility that changing market situations bring the value of the project [17].
In order to introduce the flexibility of the project to investment decision—
making, there needs to be a new approach to capturing key knowledge of the
changing market in quantitative investment analyses. Real option valuation
methods clearly offer this capacity when applied appropriately in decision
support.

The investment decision—-making process requires a lot of high—quality
information. There is a constant need for a flow of adequate, timely informa-
tion that enables the initiation of possible alternatives, facilitates discussions
and comparisons concerning the qualitative features of existing assets and
new alternatives, as well as supports the generation of key figures to show
the expected economic performance of each of the possible ways of action.

4.1 The Unexpected

One of the most important features in strategic management is to be pre-
pared for the unexpected. Indeed, it can be regarded as the basis for all
planning and management. Traditional DCF analysis reacts slowly to the
unexpected. If a market situation changes, the changes can be incorporated
in the calculation by modifying the corresponding decision variable, but the
change in inherent flexibility is not captured in this static mode of investment
management.

If instead, we apply a dynamic real option—enabled profitability analy-
sis, the changes of flexibility are readily available as the change of the key
knowledge is automatically updated to the calculation. In order to show
the needs for information in real option—enabled decision support systems
(RO-DSS) we will first present the general requirements of information for
a set of decision modes to be supported. Then we will show construction
guidelines for a RO-DSS design supporting a group of organic corporate
investment decision-makers (as defined by the applied investment decision—
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making process) responsible for assigning of corporate resources. Features of
the guidelines will follow three existing functional RO-DSS prototypes that
we have built for a Finnish metals producer and a Finnish energy supplier.

4.2 Information Requirements

Information requirements are here classified as five organic decision support
modes: strategy, process, consensus, learning and profitability.

e Strategy
Following the line of logic of investment planning where the strategy
is seen as a tool for eliciting the feasible investment alternatives from
all existing alternatives, support for strategic decisions is dominated by
qualitative, investment—specific knowledge. Due to the nature of strate-
gic decisions per se, i.e. of being the result of a qualitative decision—
making process, there is a need for a comprehensive but compact set of
qualitative knowledge for each proposed alternative. This information
should be updated in a common knowledge base when the variables of
strategic environment, or any other independent variable, change. This
should enable the decision—maker to see if the change in the environ-
ment actually has made the alternative obsolete or maybe opened up
new prospective sources of strategic value. Due to elimination of un-
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feasible alternatives in the process of strategic decision—-making, there
should also be room in the system for including new investment propos-
als. Otherwise, the efficient elicitation could replace the use of expertise
and judgement in the initiation of new alternatives.

Process

Corporate investment planning typically includes various stages, when
decision—makers of the various levels of organization process informa-
tion. Results of this processing are then used by the following stages.
A decision process model of this type sets a quality requirement on the
reliability of the information. An RO-DSS should support the identifi-
cation of various sources of real option information by assigning to them
data about the source, owner, process stages and current state (static
or dynamic) of the piece of information. This is especially important
since real options as tools for assessing investment potential show the
results as measured by currency units. This may lead a decision—maker
to expect the result to be an expected value of cash flow instead of the
value of the real option potential. In practical cooperation with cor-
porate partners it has proven necessary for the authors to show the
meaning of various variables of real option valuation in order to fa-
cilitate understanding and increase the acceptance of the real option
method.

Consensus

A hierarchical corporate structure enables the use of a portfolio model,
and it also enables the use of politics for the manipulation of opin-
ion and preference in decision—-making. In order for the best possible
decision—making process to take place, there needs to be a common
ground for negotiation. This is supported primarily by the formaliza-
tion of the decision process that gives to all participants a common
understanding of rules and preferences set for the investment planning.
All such information can be included in the help facility of the RO-
DSS. In addition, by showing the source of each item of information
an RO-DSS can support the negotiation by facilitating trust among
the parties in negotiation. This approach presupposes high confidence
in the system used, which may be a hard task. It is a common rule
that a system should be as transparent as possible, in order to support
negotiation function.

Learning
Due to the novelty of the real option approach in business there is a
constant need for expertise in the education of business practioners.

13



Expertise can also be modelled in an RO-DSS. A knowledge base and
a rule base for ensuring the consistency of decision—-making logic can
facilitate learning and support real option—enabled decision-making of
less real option—able managers.

e Profitability calculations
The results of real option valuation are the results of the use of manage-
ment models and mathematical formulae. The most important support
for the user in any RO-DSS is the support for understanding the re-
sults of real option valuation, the variables of applied real option models
and the conditions of the applied real option formulae. This is the area
where the usability and applicability of each RO-DSS are ultimately
tested. The design guidelines here follow a multiple format knowledge
representation scheme. Any single piece of information, showing either
the potential of an investment, a decision variable or an environmental
value should be shown at least in a graphical as well as the numerical
way. It should also be possible for industry practioners to follow the
specific logic of analysis in a way that directly integrates the potential-
ity of a real option with the conditions of the analysis and the terms
of the decision model. A clear logic of the interpretation of the busi-
ness situation as well as a recommended course of action should also

be included.

Results of the information requirements are shown in Table 3.

4.3 RO-DSS Design

We have developed three RO-DSS prototypes for the analysis of real options
in various industrial investment situations. The experiences gathered from
these applications with the requirements for information in the decision situ-
ations suggest some guidelines to be applied in RO-DSS design. We apply a
process—centred design approach, where the requirements of the process guide
the design of the desired system. We also apply the integrative concept of
support that sets the role of the system to be a tool to aid the generation of
decision outcomes, to facilitate the decision—making process, and to support
learning according to the requirements of user capability [15].

The core of the system in our approach is built to follow the structure
of hyperknowledge, which is a knowledge-rich decision environment with
system support consisting of hyperlinks linking various knowledge concepts
to each other. This approach allows for the use of a variety of concepts,
models and data sources [11], [12], [18], [14]. The basic concepts in our
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DECISION DECISION

SUPPORT SUPPORT DSS OPERATION
REQUIRED FOR: MODE REQUIRED
STRATEGY « INFORM QUALITATIVE
KNOWLEDGE
MONITORING
PROCESS ) INFORM DATA AND PROCESS
KNOWLEDGE
CONTROL
CONSENSUS « INFORM CONSTRUCTION AND

CONTROL COMMON
KNOWLEDGE BASE
LEARNING « STIMULATE INDIVIDUAL LEARNING
WITH KNOWLEDGE
FUNCTIONS
PROFITABILITY L AUTOMATE KEY-FIGURE
CALCULATION GENERATION WITH
QUANTITATIVE
CALCULATIONS

Table 3: Decision support modes according to general RO-DSS information
requirements

approach include real option valuation, linear programming, knowledge visu-
alization, knowledge—-intensive learning and knowledge—based support facility
with fuzzy logic approach.

Carriero and Gelernter have presented their model of coordination as lan-
guages that integrate communication between various computational pro-
cesses that are separate from each other in time, location and interface
[13], [16]. The process of real option—enabled investment decision—making
is clearly a process of coordination that facilitates computations, and vice
versa. What we need in order to coordinate the two types of processes is a
hyperknowledge environment.

5 Examples of Real Option Tools

In the research consortium WAENQO we have built several real option decision
tools using a prototyping approach. We have developed a learning platform
with an example of an option to expand, and two case applications, one
for a copper-producing unit with a copper smelter and a copper refinery
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Figure 2: Modes of investment decision support with real option tools (both
computation and coordination processes)

and another for an electricity company with several development options
regarding the use of biofuel and natural gas. We have also developed several
ad-hoc platforms for specific purposes for both the previous companies and
two other enterprises that participate in WAENQO-consortium.

In this section we will show some examples of real options utilisation in
a corporate planning context. Due to corporate secrecy demands all figures
have been modified or replaced with artificial ones. What a decision maker
often requires is the ability to adjust decision variables of a decision model in
order to see the sensitivity of the result to the change in the decision variable.
Such a sensitivity analysis can be developed for a real option calculation as
well. For financial options the sensitivities are captured by partial derivative
functions called the Greeks. This is one possible approach also for real option
calculation. However, we have chosen a representation form that is slightly
different in content, but quite different in representation. Our graphical sen-
sitivity analysis captures the value changes in decision variables to the real
option value and to the inherent flexibility of the project. By showing the
information both numerically and graphically, we aim at supporting both
visual and mathematical knowledge acquisition modes. Due to the fact that
the cash flows are imported from standard DCF calculations, the possibilities
to manipulate decision variables can be taken one step further to the DCF
tables.
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Time 2002 2003 2004 2005
Basic investment, Case A Alternative B
Expansion toteutus

Decision stage . II.
[zero attemative |

Case A + real B Path 1

|Present
[Case A + prep. B | Path 2
[Case A | Path 3
Case A (partnership) | Path 4
|Cose A (partnership) + prep. B Path 5

Case A (partnership) + real B

Path 6
Decisions with respect ot basic investment Decsision regarding alternative B
|. Realisation |. Preparation
Il. Redisdion

Figure 3: Decision tree to facilitate the plotting of various alternatives and
decision paths

Grate Boiler |

4 CCGT to A-City 2FI6FA Crushing and cofiring biofuel |

No Investment |

CCGT 1o A-City FréFA  |—{  CCGTfo Naantali Fi9E |
CCGT o Naantali 2F9FA | CCGT fo A-City 2Fi6FA | No Investrnent |
No CCGT to A-City QOld boilers changed to gas CCGT to A-City FréFA H CCGT to Naantali Fr9E ]
Repowering | No CCGTto ACity |—#{ CCGT fo Naaniali 2Fi9FA |

Figure 4: Decision tree with external factors and decision paths
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Figure 5: Comparison of NPV, ROV and flexibility of each decision path

SENSITIVITY ANALYSIS:
Case: Case A (partnership)
Original Values Change (-) No change Change (+)
Give Change
S PV of cash flow (S), MEUR 10% 87 78 87 95
X Investment (X), MEUR 0% 130 130 130 130
Riskfree interest rate 0% 5.0 % 5.0 % 5.0 % 5.0 %
d Lost value 0% 0.0% 0.0% 0.0% 0.0%
s St. deviation of cash flow 0% 27.0% 27.0 % 27.0 % 27.0%
T Years to expiry 0 1.0 1.0 1.0 1.0
NPV NPV -9.1
-1.17832  -1.56854  -1.17832  -0.82532
-1.44832  -1.83854  -1.44832  -1.09532
0.11934 0.05838 0.11934 0.20460
0.07376 0.03299 0.07376 0.13669
C Real option value (Call), MEUR 1.2 0.5 1.2 2.6
NPV NPV 0% -9.1 -9.1 -9.1 -9.1
Flexibility 1.2 0.5 1.2 2.6

Figure 6: Numerical sensitivity analysis (both manipulation and its results)
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Figure 7: Graphical sensitivity analysis (results of manipulation)

The fuzzy logic approach to real option valuation provides additional fea-
tures. Fuzzy logic is a formal method for dealing with imprecise information,
reducing the need for precise forecasts and expressing uncertain future val-
ues by means of possibility distributions. In the fuzzy approach, cash flows
can be fuzzified and converted to fuzzy numbers, usually of the triangular or
trapezoidal types. In this way, the real value of cash flow is specified as lying
within an interval. Values below or over the interval have a lower possibility
of ocurrence (trapezoidal fuzzy number), and no precise cash flow estimation
is required. From the fuzzy cash flows we can obtain some of the inputs for
the fuzzy real option value, such as the possibilistic mean value and the pos-
sibilistic variance. These values, together with the other crisp (non-fuzzy)
inputs, allow the calculation of a Fuzzy Real Option Value which contains
the value of flexibility from the real option approach and mitigates forecast
inaccuracy [19].

6 Real Options and Investment Planning

6.1 Real Options in Investment Planning

The applicability of the real option approach can be further illustrated in
the context of the case studies carried out in the WAENQO project. The
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O

PRODUCTION UNIT X, Scenario A, Fuzzy Cash Flows

Date a b Alpha Beta

Jan-03  ]-26,134,139 20,534,935 53,003,733 35,695,303
Jan-04  |-15,183,139 32,498,565 36,989,972 21,502,943
Jan-05 ]-19,230,839 29,074,788 45,028,901 29,198,830
Jan-06 |-12,330,997 39,897,877 40,432,788 30,069,056
Jan-07 -8,561,617 46,859,094 38,435,182 29,131,851
Jan-08 -6,355,051 54,177,394 34,367,051 28,684,737
Jan-09 5,340,783 62,645,892 25,197,262 27,119,757
Jan-10 9,942,717 71,134,773 20,869,916 34,902,036
Jan-11 11,719,778 72,349,979 19,941,320 37,202,234
Jan-12 12,209,701 77,741,638 22,278,200 36,887,183
Jan-13 14,206,546 80,652,185 20,974,803 36,758,845
Jan-14 16,351,789 83,908,172 18,918,088 36,272,603
Jan-15 18,665,980 92,073,821 16,019,312 61,167,212
FROV 31,359,339 489,413,406 216,502,435 273,598,277

Figure 8: Fuzzy cash flows for the life-cycle of an investment

Fuzzy Cash Flows

-100

Figure 9: Graphical representation of trapezoidal cash flows
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Fuzzy Real Option Value
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Figure 10: Fuzzy Real Option Value

cases were qualitatively ranging from a green field investment project in the
production chain of paper to a modification in a set of power turbines in a
power station park. In a total of nine cases there were several cases where
real option approach could support decision—making. The overall objective
of the WAENO project was to examine the profitability and productivity
of capital in very large industrial “gigainvestments”. The method of real
options valuation was originally introduced to explain the development of
profitability when the original planning figures of the investments were retro-
spectively compared to the realised investment project life cycle profitability.
The methodological question was whether the real option approach could
give better support for investment planning than traditional DCF-approach.
A green field pulp mill was partially founded due to reasons of social
welfare and regional policy, but mainly with logistical considerations of better
utilising the regional supply of wood suitable for pulp production. In a
retrospective case study of this investment project it was found that the
process of investment planning and asset maintenance followed the logic of
incremental development closely related to the real option approach [23].
The project had undergone a severe market downswing with large eco-
nomic losses right after the completion of the initial investment project, and
a question was arising whether the operations should be closed. However, the
project management team and the managing director were convinced that
the market trend would turn up soon. That is why they started to persuade
the corporate board to issue more funds for a project that would enable the
maximum benefits from an expected bull market. Members of the board
strongly argued against the request on the grounds of the conventional mar-
ket logic that the funds invested in the existing projects should be recovered
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Figure 11: Identification of real options in the investment life-cycle of the
case project. Annual capital investment. Adapted from [23]

before going for follow-on projects. Finally, the motion of the management
was accepted and the additional project was finished in right time to take
advantage of a market upswing that fully covered the previous losses and the
capital costs of the projects. Also, the productivity of the plant was con-
tinuously improved by means of a few larger maintenance investments with
almost optimal timing (See Figure 11 for a sequence of basic and maintenance
projects). It seems reasonable to claim that the management applied the real
option approach by using the educated intuition. They mentally valued the
future potential of the investment projects, since it could not be done with
the traditional valuation tools implemented in the planning process.

The options applied during the life cycle of the investment were:

1. Ability to wait for the experience from implementing a new technol-
ogy in another pulp mill owned by the corporation (Technology im-
plemented in 1985, experiences gathered in a few years, an option to
wait)

2. Ability to utilise the development program of a few new technologies
(1987-1993, growth option)

3. Ability to switch the production (1995, option to switch output)

In the cyclical pulp market the timing of investment can be the very source
of either profit or loss. In the following graphic (Figure 12) it can be seen
clearly how the investment timing enabled the company to take advantage
of market volatility.

All the planning during the over 20-year history of the plant (1977-2000)
was done with traditional investment planning tools NPV, IRR, payback
time, etc. and the results were achieved without explicitly modeling cap-
ital investment flexibility or real option value. However, the results show

22



FIM = 1200

I Pl et 1000 _ JJ\
—F SN JL
N AV Y

200

FERLPPFPPPPI PSPPI ES IS o
~8- Invested capial avg. ~8-Return on net assets, RONA 7778 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 00

Figure 12: Key figures of the investment projects (numbers denote the exer-

cise time of options mentioned in the text) and average monthly pulp price,
USD /tonne, during 1977-2000

how understanding an investment in a continuum of project life cycle with
preceding and subsequent investments gives better results than using only
time-independent discounted cash flows. Thus, it is only logical to model
such an investment as an incremental development process with real options
rather than as a one-time “now or never decision” typical to DCF-methods.

What RO-DSS can improve in the investment process are the capital
flexibility values of real option analysis and the improved information about
the dynamic effects of time on decisions and decisions on subsequent deci-
sions. On the other hand it seems that the managers of the case investment
can learn only some quantitative features of real options with RO-DSS, not
the improved business logic since they possess it already. Thus RO-DSS in
this case has a limited potential as a tool for adaptation and learning of the
business. If we follow the sequence of decisions, we can conclude that the
“educated intuition” of the managers played a very central role. A question
if this intuition could be incorporated in a formal RO-DSS and whether the
decisions could be further improved remains to be unanswered. It seems
reasonable to assume that in this case the knowledge and use of real option
valuation would probably have given similar decisions to those actually made
by the management.

To be able to fully assess the usefulness of real option valuation and RO-
DSS, we would need to study an investment project underway. However, the
educated intuition says that in order for a company to manage its assets in the
(decades) long perspective of a gigainvestment, there are clearly advantages
with the tools that give the management an opportunity to “wait—and-see”
instead of acting upon the short-term market fluctuations.

A more formal motivation behind the use of real options can be retrieved
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from the comparison of the financial stochastic processes of the Geometric
Brownian Motion (GBM, a process with independent increments) and the
Mean-Reverting Process (MRP, a process with increments depending on
some normal value). With GBM the price of the asset follows a random walk
process of geometric incremental change (e.g. the sequentially independent
cash flows of the neoclassical NPV'). In the MRP the incremental change is
reverted to a normal level of the asset value with a fixed speed of reversion,
and random walk is thus excluded. The marginal cost of producing one unit
of a certain product is a typical example of a normal value that defines a
MRP.

Tests with market data show that the longer the forecast perspective is,
the better results MRP shows compared to GBP in terms of expected market
value [9]. Nevertheless, the fact that tests usually show the change in favour
of MRP with forecast perspectives exceeding a certain threshold! makes it
more complicated to see if the benefits of an approach using dependent incre-
ments with slow reversion speed are true also for shorter periods. But, if one
assumes positive marginal adjustment effects due to increased productivity
from a gigainvestment project with 10-30 years of operational life cycle, the
marginal unit cost decreases while the speed of reversion remains the same
and MRP becomes more favourable also with shorter forecast perspectives.

Geometric Brownian Motion (with drift):
dr = axdt + oxdz

where « is the drift parameter and o is the variance parameter
Ornstein—Uhlenbeck Mean—Reverting Process:

de = an(T — x)dt + oxdz

where 7 is the speed of the reversion and 7 is the normal level of x; o and o
as in GBM.

6.2 How Can DSS Enable the Use of Real Options in
Investment Planning?

If the corporate management knew for sure when an upswing in the market
is going to take place, there would be very few decisions to support. If a
piece of information is available for everyone in the market, the marginal
value of this information becomes very small. Then it is enough for a DSS

'E.g. for copper the threshold is 30 years.
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to support the basic calculation functions that automate the generation of
analysis outcomes. Moreover, it is always easier to communicate potentials
explicitly to the corporate board and to obtain its approval, if there is a DSS
available to identify and analyse market information.

In practice, market experiences various levels of inefficiencies when the
supply changes due to a gigainvestment project. In order for the planners
to anticipate the adjustment effects they need, in addition to the knowledge
about the present market variables, the knowledge about the dynamic effects
of the gigainvestment that are not explicit at the moment. This makes the
decision—making process substantially different and requires the utilisation of
trend and uncertainty information that in turn requires a dynamic, adaptive
decision—making process.

Such a process resembles closely to the present corporate practices of
investment planning where several experts and managers work together to
understand the potentials and risks of the investment project. In such an
environment there is a need for showing the potentials of various alternative
paths of the business development instead of only planning for a single out-
come investment. To support decision—making process dynamics and learn-
ing the RO-DSS must have features that also enable the communication of
qualitative knowledge and even intuition. In the sense of the negotiation
process, a RO-DSS could also be considered as a group DSS (GDSS) where
different individuals from different areas of organisation would approach and
modify their opinions. Such a DSS would be helpful in communicating the
strategic considerations to the decision—-making process.

7 Summary and Conclusions

The DCF analysis has been the standard method used in capital budgeting,
but limitations in the calculation process and in the value assessed have been
pointed out during the last few years. The technique relies on future esti-
mations of cash flows, investment costs, risk-free interest rates and discount
rates. Though different scenarios may be considered, the procedure is based
on assumptions about uncertain factors. Moreover, it is a static model since
it does not consider proactive project management actions during the life-
cycle of the investment that can alter substantially the overall performance.
Nor does the technique cover any strategic reasons or built-in flexibility for
undertaking an investment because it ignores other sources of value than the
discounted cash flows.

The Real Option valuation procedures try to overcome the shortcomings
of the DCF method. Relying on the similarities between financial options
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and the managerial flexibility in investment planning, option pricing models
attempt to valuate these types of flexibility. Under this framework, some of
the inputs for the real option analysis come from the DCF calculations and,
therefore, the methods should not be considered to be competing but to be
complementary. Since several actions or options are available in proactive
project management, we find different types of real options, such as: options
to defer, to build, to expand, to contract, to abandon, etc.

The investment decision-making process requires a flow of adequate,
timely information to evaluate and manage the different ways of action. A
real option—enabled decision support system (RO-DSS) can efficiently handle
the dynamic managerial flexibilities, so that changes in flexibility are readily
available when new sources of information are updated to the calculation.
By updating a common knowledge base whenever a variable changes, the
decision—-maker can identify the source of real option information and how
it affects the performance. A RO-DSS builds and supports an understand-
ing of the results of real option valuation, the variables involved in the real
option models and the conditions for using them.

A new technique, Fuzzy Real Option Valuation, has been developed to
better deal with imprecise information in capital budgeting. By means of
fuzzy numbers, no exact cash flow estimates are required and the value of
flexibility is captured.
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