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Abstract—The rapid technological change and uncertain future
evolutions have a large impact on investment projects in the
telecommunication sector. When new infrastructure networks are
rolled out, the initial assumptions can prove to be untrue in the
future, severely impacting the payoff. It is therefore extremely
important that projects offer flexibility to allow the management
to react to unforeseen changes. Management must, for example,
be able to decide to speed up the project, slow it down, or even
completely abandon it. However, the standard method used to
evaluate investment projects, the Net Present Value analysis, is
unable to capture the value of these different flexibility options.
The Real Option concept, derived from financial literature, was
proposed as a solution and implements this flexibility in the
standard calculations. However, the Real Option Theory is only
slowly getting accepted within the telecommunication sector. In
this paper, we introduce the basics of real options theory and
provide a practical methodology to apply real options to realistic
telecom business cases. In addition, we will indicate why the
characteristics of this sector make it very well suited to apply
real options to investment projects. The rollout of fixed next
generation access networks offers a broad range of growth
options to the operator, e.g. additional network upgrades or the
introduction of new services. Using real options allows one to
compare the flexibility value of all these options.

Index Terms—Flexibility, Next generation access networks,
Real options, Techno-economics

I. WHY TELECOM REQUIRES AN EXTENDED ECONOMIC
EVALUATION APPROACH

In the last decennia, the telecommunication industry has
shown rapid growth in technology, products and services, and
this evolution is still ongoing. For example, the rollout of fixed
and wireless Next Generation Access Networks (NGAN) like
Fibre to the Home (FttH) and Long Term Evolution (LTE) is
currently drawing a lot of attention from operators, vendors
and regulators. However, deployment of these NGANs is not
yet observed or it is happening slower than expected due to
the risk associated with upfront investments. Another issue for
new technologies is the uncertainty linked with them. Doubts
about customer adoption, costs and technology performance
are only a few of the uncertain factors.

However, it is untrue that this risk and uncertainty within
the telecom sector cannot be managed. Managerial flexibility
allows the different actors in the market to respond to un-
foreseen effects during the project lifetime. Acquiring a 4G
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license is a straightforward example as it offers the flexibility
to decide when and where to roll out the mobile network. The
4G mobile operator can start with a study period, testing the
new technology in small areas. When the uptake of 4G services
proves to be exceeding initial expectations, extra investments
can be made to speed up the rollout of the nationwide
network. On the other hand, when a telecom project proves
to be unprofitable, the management can decide to abandon it
completely. For example, only one year after its launch, British
Telecom decided to stop its mobile broadcast TV service in
2007.

All investment problems are economically assessed before
they are started. In general, this analysis consists of predict-
ing the future costs and revenues of the investment project,
discounting them with an appropriate discount factor and then
adding them to come to the Net Present Value (NPV) [1].
When this NPV is positive, the project is assessed as profitable.
This approach is typically followed by network planners.
However, conducting such a standard NPV analysis can yield
unintuitive results. Network solutions that are thought of as
more flexible or less risky turn out to be less economically
interesting according to the NPV analysis. A wireless access
network design that can be expanded or contracted for lower
cost is more flexible in handling uncertain future customer
demand, but is typically more expensive in initial deployment.

Thus, the question arises how the impact of uncertainty, risk
and flexibility can be implemented in the standard feasibility
analysis of the project. In the standard NPV analysis, two
drawbacks can be identified. First, the standard method does
not indicate the impact of uncertainty on the analysis. Two
extensions covering this impact exist, scenario analysis and
sensitivity analysis. In a scenario analysis, the investment
project is assessed in a small number of possible scenarios.
While NPV analysis offers only one view on the future,
scenario analysis compares several alternative futures. For
instance, an application provider could compare a scenario
of low, normal and high customer uptake. A scenario analysis
approach can also consist of comparing different investment
projects to assess them based on economic feasibility. Scenario
analysis has been applied to different cases in telecommuni-
cation research [2], [3].

A second extension is the sensitivity analysis [4]. While a
scenario analysis only studies a few possible scenarios, this
method analyses the impact of uncertainty in the input factors
on the output of the analysis. In a scenario analysis, the input
values only take some discrete scenario-dependent values, like
low and high market potential. In the sensitivity analysis, this
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input is extended with a statistical uncertainty distribution. It
allows one to systematically change variables in the model to
determine the effects on the final result. In techno-economic
research within telecoms, the sensitivity analysis has been used
in different papers [3], [5], [6].

The second drawback of the NPV method is the lack of
flexibility [7], [8]. The project is seen as a now or never
decision, with no possibilities for the decision makers to alter
the project during its lifetime. In a realistic business model,
this condition is not fulfilled.

While the previous two extensions have been proposed to
capture the value of uncertainty, only Real Option (RO) Theory
captures the value of managerial flexibility in practical cases.
In addition, the concepts offered by this theory make it also of
great value for non-financial specialists, as it helps to identify
and catalogue intuitive notions of flexible design.

Different frameworks on how to apply real option theory
have already been proposed, with [8], [9] both offering a prac-
tical approach to real options. We will show why investment
projects within the telecommunication sector are well suited
for a real option analysis. The different examples given in this
introduction already indicate how suited the telecom sector is
for applying real options. Since NGAN rollout is drawing a lot
of attention from network operators, we developed a realistic
business case for the upgrade of the current copper access
network towards Fibre to the Cabinet (FttC) and Fibre to the
Premises (FttP) in the UK. The standard business case was
extended with a broad range of options found in the literature.

In the following section, we will introduce the theoretical
background and categorization of real options. An overview
of the application domains of real options in the telecom-
munication sector is given in Section III. Next, Section IV
elaborates on a practical Real Option Analysis methodology
to evaluate the flexibility value in realistic cases. Next, we
will introduce the example case study, namely the upgrade of
the current copper access network towards FttC and FttP. In
Section V, the value of extending a standard techno-economic
evaluation with an RO analysis is demonstrated using the case
study proposed above. Finally, Section VI summarizes the
most important advantages of an RO analysis, together with
some more detailed conclusions drawn from the case study.

II. BACKGROUND ON REAL OPTIONS

A. Real option basics

For telecom projects, the feasibility of new project proposals
is assessed through a techno-economic analysis. Verbrugge et
al. [10] propose a clear and practical methodology to conduct
such an analysis. It consists of four steps, covering input
collection, cost and revenue modelling over the business case
analysis to its different extensions. The third step of their
methodology consists of a standard business case analysis,
the NPV analysis. We refer to their work for an in-depth
description of techno-economic modelling. However, we al-
ready indicated the flexibility shortcoming of this tool in the
introduction.

To implement the value of this flexibility, the real option
concept was derived from financial literature. An excellent

definition of real options is given in [11]. "Real options is
a systematic approach and integrated solution using financial
theory, economic analysis, management science, decisions sci-
ences, statistics and econometric modelling in applying options
theory in valuing real physical assets as opposed to financial
assets, in a dynamic and uncertain business environment
where decisions are flexible in the context of strategic capital
investment decision-making, valuing investment opportunities
and project capital expenditures." As this definition states, the
real option theory is based on the option concept as used in
financial markets. A financial option is defined as the right to
buy or sell an asset for a predefined price during or at the end
of an agreed period. When the option can only be exercised
at the end of the period, it is a European option. In the other
case it is an American option. Hybrid options also exist; the
option can be exercised on several dates during the agreed
period. These are categorized as Bermuda options. Next to a
differentiation between options based on the time they can be
exercised, they can also be divided into call and put options.
While a call option is the right to buy, a put option refers to
the right to sell an asset. Other additional terminology from
option theory is the option price and strike price. The first
is also known as the option premium, or the price to acquire
the option. The latter refers to the price to exercise the option.
Options on options also exist and are called compound options.

During the time period before the exercise price, an option
can be in, at or out of the money. Assume an American call
option, the right to buy a stock for a predetermined price X.
In addition, consider that currently the value of the stock is S.
When S < X, the option is out of the money and it is useless
to execute the option today, since it is more interesting to buy
the stock on the market. However, this does not mean the
option has no value. As long as the option is not expired, the
underlying asset can go up in value. This probability of S >
X, or the option being in the money, on the final exercise date
of the option, results in a value for the option. Obviously, the
longer before the exercise date, the higher the probability the
option will be in the money on this date. As such, the value
of an option increases with the time left to the final exercise
date. At this date, either S < X, and the option will expire,
having zero value or, when S > X, the option will be exercised
with a value of S - X. In summary, the value of an option on
exercise date equals MAX(0,S - X).

Transferring the financial option concept towards business
investment decisions is quite straightforward. For an introduc-
tion to the foundations of real option theory, we refer to [8],
[9], [12], [13].

Making an initial investment typically results in future
flexibility during the entire investment lifetime. RO analysis
implements this flexibility in the previous static NPV calcula-
tion. For example, the initial static NPV analysis showed the
rollout of an LTE network to be profitable under certain uptake
assumptions. This may no longer be the case after a few years.
The static NPV analysis does not allow any flexibility here but
a RO analysis offers the possibility to abandon the project and
sell the license. Conducting the RO analysis calculation will
result in the value of this option.
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B. Real option categories
Different examples of real options were already introduced

in the previous sections. In general, these examples can be sub-
divided into three distinct categories, namely growth, shrink
and learning options. The category of growth options are
related to possible follow up investments during a later stage
in the project. When telecom projects are concerned, examples
of growth options are the expansion of the network to adjacent
regions, a technology upgrade from ADSL to VDSL2, or even
an extension of the product portfolio from double play to
triple play. The shrink option category consists of the opposite
type of options. When the initial assumptions overestimated
the consumer adoption or technology evolution makes some
products redundant, management has a disinvestment option.
A project can be completely abandoned, like the mobile
TV broadcasting service from BT. Regarding the telephony
market, the ISDN product was withdrawn when it had no
more potential. Learning options are a specific type of options,
where investments are postponed until extra information or
experience is gained. Conducting market studies or rigorous
testing of a new technology before its implementation are only
two examples.

The most well-known real options categorisation is the
7S framework by Copeland and Keenan [7]. The different
real options categories are summarized in Fig. 1 and some
typical telecom examples are added. The different categories
are described in the following paragraphs.

1) Scale up and down options: The scale of the project can
be expanded or reduced. A scale down option indicates that
the scale of the project is reducible. During the rollout phase,
opting for a slower rollout is a form of scale down option.
The ultimate form of scale down consists of abandoning
the project. In this case, revenues are gained from selling
the infrastructure. Under positive circumstances, the scale up
option becomes more attractive. Rollout can be sped up, or
the zone can be expanded to neighbouring regions.

In literature, most of these options are applied in the
telecommunication industry. Infrastructure rollout of both
wired and wireless networks and the related investment costs
are one of the major topics. The scale of such projects covers
large areas and both rollout area and speed can be changed
to optimize investment return. Abandoning the project due to
unsatisfactory results is a special case of a scale down option,
where the rollout speed is reduced to zero. One must take
into account that abandoning a project results in exceptional
revenues from the sale of the assets. After acquiring a 3G
licence, management can abandon the rollout of the 3G
network in worst case scenarios and put the licence up for
sale.

2) Study or start options: Another important option for
telecom related projects is the study/start option. When a
new technology enters the market, several parameters remain
uncertain. The first one is the uncertainty linked with the
technology itself. Is it efficient enough to handle high bitrates
over long distances? What is the mean time between failure of
the different components? Rigorous testing of the technology,
field tests and trials can offer more insight into the techno-
logical performance and after the testing period, management

has the option whether or not to go with the new technology.
For example, in Belgium Telenet decided to wait with the
nationwide rollout of LTE and started testing it on a small
site.

Next to technological uncertainty, adoption of the new
product is also a problematic parameter. Before introducing
a new product, management can only make an educated guess
about the market potential and adoption speed. A wait and
see strategy can therefore be interesting. During this period,
customer surveys can offer extra insight into the market. For
example, in the wireless broadband market, only 0.40% of the
world population uses mobile broadband, but this is region
dependent [14]. Instead of hitting the national market with
mobile broadband offers, an operator could use a wait and see
strategy and perform customer surveys to gain better insight
into the customer demands.

The last uncertain parameter that can offer study/start pos-
sibilities is the regulatory evolution. In the Fibre to the Home
(FttH) debate, uncertainty about the future regulatory actions
taken by the European Commission in the local loop access
postpones the rollout of fibre networks in Europe.
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Fig. 1. Overview of the 7S framework [7] and telecom examples

3) Switch up and down options: Next to the scale of the
project, several other parameters also render flexibility. In
a production environment, managers can choose to upgrade
machine technology during the project, e.g. to produce better
quality products. Changing technology can prove useful during
the project lifetime, but results in an extra cost at the start of
the project. So it is important to make the trade-off between the
flexibility value and the initial cost of this flexibility. Switching
from ADSL to VDSL is an example of a switch up option in
fixed access markets. The consumers are offered higher speeds,
but this requires an investment by the operators. Fibre needs
to be brought closer to the customer, so large deployment
investments are typically required.

4) Scope up and down options: The last possible option is
the scope up or down option. While a scale option changes the
geographical region and the switch option allows flexibility in
the technology, the scope option focuses on the flexibility of
the product portfolio. Management can choose to offer extra
products to the customers, or reduce their offer. The move
towards triple play is an example of operators lifting their
scope up options.
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C. Application domains of real options

Real options have been applied to a wide range of invest-
ment projects from mine valuation to initial public offer valu-
ation [9]. Some more telecom related examples are described
below. A literature review of real option application to telecom
examples can be found in Table I.

Most of the existing literature applies real options to telecom
infrastructure rollout [9], [15], [16], [17], [18], [19]. This
rollout is related to a large investment covering several years
and thus allows for flexibility in the rollout path. The scale of
such projects covers large areas, and both the rollout area and
speed can be changed during the project to optimize the return
on investment. Abandoning the project due to unsatisfactory
results is a special case of a real option. A quantitative and sim-
plified example to illustrate real options is the M-commerce
project, describing an investment by a telecommunications
firm [9]. This is a typical example of a scale up and scale
down option. During the project, management has two options,
either expanding the project scale by 60% if expectations are
exceeded, or abandoning the project completely and reaping
the salvage value. Another paper describing scale options in
telecom networks is [15]. The feasibility of Mobile WiMAX
as an alternative for fixed DSL and HFC networks is analysed,
with the possibility of extending the scale of the project.
Several rollout scenarios are studied, changing the rollout
location from nationwide to only in urban areas and with the
option to change rollout speed.

Study/start options have also been applied extensively to
telecom network problems. In [16], the rollout of a WiMAX
network in Eindhoven is studied. Before starting the complete
rollout, the operator has the choice to do a field trial to analyse
the technological performance. In the second phase, based on
the results from the trial phase, the operator can decide to
invest or abandon the project.

Licences for wireless networks are known to be very ex-
pensive, so it is important to correctly evaluate the licence
investment. For example, in the UK, 35 billion dollars was
paid for the 3G licences. In [20], the authors try to estimate
the value of these licences based on a real option approach.
Buying the 3G licence resulted in acquiring a strong market
position and a broad range of options, including scale up,
switch up and down and temporarily halting the project. This
research showed that with the correct valuation techniques,
the value of the 3G licence was close to the price paid for
the acquisition. Spectrum management is closely linked with
telecom licenses. Dynamic spectrum management, with a two
stage assignment through the use of options was proposed in
[21]. The option concept allowed calculating the penalty value
and the overbooking ratio.

A lot of research has been performed on the impact of
regulation on investment decisions by network operators.
Regulatory bodies imposed local loop unbundling (LLU) on
the incumbent operators to improve competition. For new
entrants, LLU has the advantage that they do not have to make
large investments in network infrastructure before they can
offer network services. However, fixing the price for network
access is not straightforward. One should take into account

TABLE I
REAL OPTIONS IN THE TELECOM LITERATURE

Option Flexibility Reference Uncertainty

Scale
up/down

Rollout area [9], [15],
[17], [18],
[19]

Adoption, Costs,
Tariffs

Speed up/slow
down rollout

[15], [19] Adoption, Costs,
Tariffs

Abandon
project

[9], [22] Adoption, Costs,
Tariffs

Switch up/down
Technology

[17] Firm value,
Adoption, Costs,
Regulation

Scope
up/down

Offering bit
stream access

Study/start Trial project [16] Technology,
Performance,
Market

Wait and see [16], [17],
[18]

Technology,
Regulation

that new entrants should also pay for the financial risk of the
incumbent since he did invest in the network infrastructure.
LLU in fact offers a study/start option to new entrants, while
the incumbent gave up his option when he invested. In [22],
this problem has been discussed in more detail. Next to large
infrastructure investment cases, real option valuation theory
has also been applied to service oriented cases, e.g. [23]
applied real options to the case of the Belgian rail operator
offering internet services on board.

III. METHODOLOGY

In this section, the methodology commonly used to perform
real option analyses is discussed [8], [9]. However, before
the RO analysis can be conducted, the business case must
be assessed on three conditions. First, there needs to be
uncertainty in the project. During the standard NPV evaluation,
some assumptions influencing the future costs and revenues
have been made. However, some of these assumptions come
with a certain degree of uncertainty. Future customer uptake,
the future price of raw materials and components can only be
estimated. When this is the case, the project meets the first
condition. Secondly, the project should offer some kind of
flexibility. This flexibility can easily be recognized if one of
the options in the 7S framework is present in the case. Such
flexibility allows the decision maker to counter the uncertainty.
The last condition concerns the timing aspect. A real option
analysis can only be performed if the investment decision
covers a two (or more) phased project. An initial decision is
made at the start of the project, but extra decisions can be made
during later stages of the project. For example, an operator can,
after completion of the first part of the network, still decide in
later stages what his next steps will be. Will he do nothing or
extend the network to other regions? After the case has been
assessed, based on these three conditions, a clear methodology
needs to be followed to perform the RO analysis. In this paper,
we use the methodology proposed in [10], which is based on
[8], [9]. While a standard techno-economic analysis results
in an NPV analysis, the RO analysis methodology extends
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Phased decision
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on customer adoption come with a degree of
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Use the 7S framework to indicate how the

uncertainty in the project can be countered during the

project path.

4. Calculate the option value

Compare the value of the case with the option with

the standard case. Different calculation methods

exist.

Fig. 2. Conditions and methodology to perform a real options analysis

the techno-economic methodology with three extra steps. The
RO analysis thus consists of four steps. First, a standard NPV
analysis is conducted. It is clear that the second and third steps
of the methodology are closely linked with the preconditions.
In essence, the second step comes down to identifying the
uncertain input parameters of the project influencing the result.
The third step links back to the second and third condition
listed above and consists of identifying the options. When
the management has no options to act against the changing
parameters, performing a real option analysis is pointless. To
identify the different options present in the studied case, the
7S framework can be used. The conditions and methodology
are summarized in Fig. 2. Before indicating how the different
steps work in practice by elaborating a simple toy example,
more detail is given on the standard NPV analysis and the
different calculation techniques for real options.

A. Basics of the NPV analysis

The goal of an NPV analysis is to indicate the viability of
an investment project. The question an NPV analysis answers
is the following: "Is the investment creating value for the
company and the shareholders?" An investment is basically
an expense done today, aimed at generating income later.
Obviously, this future income should be larger than the initial
expense and generate a required surplus return.

In order to conduct the investment analysis, one should
determine the cash flows generated through the investment
period. This period equals the economic lifetime of the project,
the time after which the investment no longer generates cash
flows. It is clear that only cash flows directly linked to the
project should be taken into account. While this is a simple
principle, it typically is the most difficult phase in valuing the
investment project. The following basic rules help to determine
the cash flows in any investment project.

• Only incoming and outgoing cash is to be taken into
account. It is important to notice that there exists a
difference between cost and revenue on one side and
income and expense on the other. The yearly depreciation
of an asset is a cost, but no expense. As this is no cash
flow, it should not be included.

• Cash flows which are independent of the project should
not be taken into account. Only the incremental or
marginal cash flows related to the project are to be
included.

• Cash flows are independent of the financing of the project.
As a result, interest payments or dividends are excluded.
The cost of financing is included in the required rate of
return of the project.

• Tax cash flows are to be included, since the expenses and
income influence the taxable profit.

Once the cash flows during the investment period have been
determined, the calculation of the NPV is straightforward. As
the name says, it returns the present value of the future cash
flows based on a given minimum return. This return is based
on the return requirements for both shareholders and interest
payments for loans. More information on determining r can
be found in [1]. The formula for the NPV calculation is given
below. All cash flows (CF) of the project are discounted with
the minimum return r and summed up.

NPV =

n∑
i=0

CFi
(1 + r)i

(1)

The NPV indicates the value the investment creates, since it
reflects the total value of the future cash flows, taking into
account the required return. When the NPV is larger than zero,
the investment returns, in addition to the initial investment and
the required return, an extra value equal to the NPV.

B. Real option valuation techniques

As was already introduced above, a real option analysis
always starts from the standard NPV, which is currently
used by network planners. In fact, the standard Discounted
CF approach is a special case of the real option analysis,
evaluating the project as if no flexibility is present. It is
therefore vital to start any RO analysis with a correct standard
NPV valuation. The total value of a project is expressed by
the following formula.

Project value = NPV +Option value (2)

Three different solution methods have been proposed to
calculate the value of real options in investment projects. We
will give a short description of each of them in the following
sections.

1) Black and Scholes model: Since real options are derived
from financial options, it is logical that the calculation methods
for financial options were transferred to real option valuation.
The mathematical Black and Scholes model is one of the most
used option valuation models in the financial sector [24]. It was
developed in 1973 to evaluate the value of a European option.
This indicates the first underlying assumption of the model,
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namely the option can only be exercised at the end of the time
period. Most of the parameters of the mathematical model
are straightforward but others cannot be directly transferred
to investment projects. Calculating the static NPV refers to
the first step of the proposed methodology. Parameters like
the exercise price and lifetime can also be directly linked
to the investment problem. The exercise price of the option
for an investment project is the income from exercising the
option, and can again simply be calculated using the standard
NPV analysis. The lifetime equals the time period (in years)
during which the company has the opportunity to execute in
the option. For the risk free interest rate, the return on assets
that are considered risk free is typically used. Examples of
such assets are German or US government bonds. However,
the parameter posing most problems is the project uncertainty
(σ), expressed in percentage terms. For financial assets, this is
linked with the volatility of the underlying asset, e.g. stock or
oil prices. As these options, or the underlying assets are traded
on financial markets, it is easy to calculate this volatility.
For real options, where this market is absent, this calculation
cannot be made and should be estimated. Estimating this value
for an investment project is not that straightforward. What
is for example the project uncertainty of a wireless license
purchase and the investment in base stations? Another assump-
tion of the Black and Scholes model is that the logarithm of
the NPV follows a Brownian motion. Again, for stocks this
is a reasonable assumption, but not for investment projects.
These drawbacks make this calculation method less suited for
realistic business cases. As a result, the Black and Scholes
model outcome overestimates the value of the real option.

In addition, there is an important difference between finan-
cial and real options, which results in Black and Scholes being
less accurate for real option valuation. Financial options are
by definition independent of each other. Exercising a call or
put option has no influence on the value of other options, or
on the value of the underlying asset. Real options typically
do interact. In a simple example, a company has a scale up
option to expand a factory and a scale down option where
the factory is sold. When executing the scale down option,
the scale up option loses its value. As Black and Scholes
calculates the value of an option portfolio as the sum of the
values of the independent options, this cannot be translated to
a real option portfolio. These drawbacks make the Black and
Scholes formula less suited for real option valuation.

Option value = S ·N(di)−X · e−rf t ·N(d2) (3)

With:

d1 =
ln S

X + (rf +
σ2

2 )t

σ
√
t

d2 = d1 − σ
√
t

S = future cash flows

X = exercise price

t = option lifetime

σ = project uncertainty

rf = risk free interest rate

N = cumulative normal distribution

The Black and Scholes formula to calculate the value of a call
option through is shown above. When having a closer look
at the two terms of the equation, the two important parts of
the Black and Scholes model can be observed. The first term
returns the expected benefit of doing the investment right away,
while the second term reflects the value of paying the exercise
price on the expiration date, weighted by the probability of
exercising the option. The formula also indicates the impact
of time on the option value. Increasing t will result in a higher
d1 and a smaller d2, resulting in a higher option value.

In order to calculate the value of a put option through
Black and Scholes, the concept of call-put parity for European
options can be used. This parity states that the sum of the
value of a call option and the present value (PV) of the strike
price equals the sum of the value of a put option and the
current value of the underlying asset. For more background
on financial option valuation information, we refer to [1].

C + PV (X) = P + S (4)

Application of Black and Scholes to real option valuation

In this simplified illustrative example, the Black and Scholes
formula will be applied to the valuation of a put option. A
telecom operator bought a license for e3.1 million, valid for 5
years. The expected future cash flows during this period can be
found in Table II. Conducting the NPV analysis with a required
return of 10%, results in cumulative future expected cash flows
of e2.975.339, insufficient to cover the initial expense, and
thus a negative NPV of e-124.661. According to this analysis,
the project would not be executed. However, the operator has
the option to sell the license back after one year for e2 million.
As stopping the project is a clear put option, both the Black
and Scholes formula for a call option and the call-put parity
will be applied here.

In the first step, the required parameters are calculated or
estimated (Table III). Above, the expected future cash flows
(S), the lifetime of the option (t) and the exercise price (X)
were already given. In addition, the formula requires the risk-
free interest rate (Rf ) and the volatility of the underlying cash
flows (σ2). As already indicated, for Rf the return on risk free
government bonds is typically used. However, the volatility of
the expected cash flows is much harder to estimate. Here, a
value of 50% is used. Choosing a high value indicates that
the project is very risky and the prediction comes with a
large degree of uncertainty. With these parameters, the Black
and Scholes formula for a call option returns a value of
e1.191.295.

Using the call-put parity, the value of the put option in this
example can be calculated straightforwardly. The PV of the
exercise price is e1.902.459, resulting in a put option value
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TABLE II
YEARLY CASHFLOWS FROM LICENSE

year Cash flow

Year 1 e582.000
Year 2 e687.000
Year 3 e821.000
Year 4 e929.000
Year 5 e1.010.000

TABLE III
BLACK AND SCHOLES INPUT PARAMETERS

Parameter Value

S e2.975.339
X e2.000.000
t 1
σ 50 %
Rf 5%

of e260.067. The total value of the project now equals the
sum of the NPV and the option value, e135.406.

It is important to notice that the estimation of the project
uncertainty has a major impact on the option value. If the
future cash flows are assessed as less uncertain, and the
operator uses a volatility of 25%, the option value drops to
e118.415. With this option value, the total project remains
value destroying.

The effect from timing on the option value was already
indicated above. The longer the time before expiration, the
higher the probability of the option becoming in the money.
In this example, if the operator can wait two years instead of
one before he has to make the decision to abandon or continue
the project, the put option value rises to e432.787.

2) Binomial tree model: The binomial tree model is a
discrete time model. A binomial tree model is applicable to
simple processes. The main assumption is that the uncertain
input can only take discrete values. This allows modelling the
problem by a tree structure. The main assumption results in
both the greatest advantage and disadvantage of the model.
An uncertain parameter only taking discrete values largely
simplifies the analysis, but realistic cases are generally sub-
ject to continuous uncertainty. Detailed examples using the
binomial tree method can be found in [9]. The toy example
used to indicate the methodology below is an application of
the binomial tree model method.

3) Monte Carlo simulation: The Monte Carlo simulation is
the last calculation method we will discuss. While the two pre-
vious models allow for a simple option value calculation, they
both have their own drawbacks. Their underlying assumptions
do not always match reality. A Monte Carlo simulation solves
these problems but results in a more complicated calculation
method. Sawilowsky defines the Monte Carlo simulation as
a repeated sampling to determine the properties of a phe-
nomenon [25].

To perform a Monte Carlo analysis, spreadsheet based so-
lutions exist. In general, these consist of extending a standard
NPV analysis with the existing options. Since an option comes

TABLE IV
COMPARISON OF VALUATION METHODS

Technique Pro Con

Black and
Scholes

Simple to use
Spreadsheet calculation

Parameter estimation (volatility!)
Option portfolio valuation

Binomial
tree

Discrete choices
Spreadsheet calculation
Intuitive

No continuous uncertainty
What about additional
uncertain parameters?

Monte Carlo

Realism
Based on typical spread-
sheet model
Option portfolio valuation
Intuitive results

Requires advanced software
Estimating uncertainty

down to maximizing payoff, this is quite straightforward. After
indicating all uncertain input parameters with an appropriate
probability distribution, the Monte Carlo simulation can be
conducted. Choosing these probability distributions for the
input parameters is the most delicate task in the Monte
Carlo simulation. For every simulation, the input parameter
is randomly sampled from the defined probability distribution
and the best project path is selected. The NPV is calculated
for thousands to hundreds of thousands of possible combi-
nations of input parameters within the predefined distribution
boundaries. As indicated, the model automatically selects the
best option in each scenario. The result from a Monte Carlo
analysis is a probability distribution of the expected payoff.
From this distribution, an extended NPV can be derived, to-
gether with the option value for the studied case. This extended
NPV is the average of the probability distribution, while the
option value is the additional value of this average compared
to the standard NPV. Additional information that can be drawn
from such a probability distribution is the impact of the option
on the risk associated with the project. Typically, an option
decreases the probability of a low payoff, and increases the
probability of more positive result. Existing software solutions
exist that allows extending an existing spreadsheet techno-
economic analysis with specific uncertainties and conduct the
Monte Carlo analysis [26]. More information on Monte Carlo
basics can be found in [27].

4) Comparison of the valuation methods: The three valua-
tion methods introduced above each have their advantages and
disadvantages. The most important are listed in Table IV.

C. The methodology in practice: a simple example

Before moving to a realistic application of RO analysis, the
methodology is applied to a toy example, to allow the reader
to become familiar with the different concepts. By following
the four-step methodology, the toy example will indicate how
uncertainty and flexibility can be identified, categorized and
quantified. The following investment project is considered. An
entrepreneur has to decide today if he starts an online business
or not, but due to uncertain market perspectives, he does not
know exactly how many customers will be willing to buy
his product online. The entrepreneur believes the probabilities
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of a small or large market equal 50%. To host all his client
data our entrepreneur has the opportunity to keep his current
slow server or buy a fast server. Notice that in this short case
description, two of the three different conditions to perform
a RO analysis are present. We will discuss all conditions in
more detail.

• Uncertainty
The entrepreneur is not sure about his customer potential
and the revenues related to these customers. He estimates
that there is a 50% chance of high sales and a 50% chance
of low sales.

• Flexibility
The entrepreneur has two choices. Either he buys a new
server for e60, or he keeps his current slow one.

• Phased process
Looking at this case, we do not see two phases in
the investment process. However, nothing forces our
entrepreneur to decide today if he buys the new server.
He can decide today to start with the online business and
only invest in a faster server next year.

The results of the first step of the methodology, the standard
NPV analysis, are presented in Fig. 3. Where the entrepreneur
installs the new server, his payoff is the weighted average of
e40 and e340, or e190. The additional cost for the server was
already subtracted from the expected revenues. In the other
case he will only gain e100. The standard NPV analysis thus
indicates that the entrepreneur should buy the fast server today,
since this maximizes his payoff. Notice that in order not to
overcomplicate the toy example, the required return was set
to zero.

The second step, identifying the uncertainties in the case,
was performed when describing the three preconditions. The
entrepreneur is uncertain about the customer uptake of his
service and on the type of server to install. When checking the
third condition, the entrepreneur has the flexibility to wait and
postpone his investment decision until he has more information
on the customer uptake. For the investment decision, he has
the choice between keeping his slow server and switching to a
faster one. The value of the real option can now be calculated.

We start by analyzing the different scenarios under the
uncertainty. In case there is a low customer uptake, not
investing in the new server has the best payoff. In case of
high customer uptake, installing the fast server clearly returns
the best result.

Now remember this project consists of two stages. When
identifying the flexibility, we indicated that the entrepreneur
had the option to postpone his server investment decision until
he had gained extra information on the customer uptake. What
is now the value of the option to wait? If he waits, he will
be able to better assess the customer uptake on the day he
makes the investment decision for the server. Waiting ensures
the entrepreneur will make the best decision in the future.
If he notices a low uptake he will keep his original server,
in the other case he will buy the fast one (Fig. 4). In both
the low and high uptake case, he chooses the scenario having
the highest payoff. With the option to wait, our entrepreneur
knows he has a 50% chance on a payoff of e340 and 50%
chance on a payoff of e50, or a total value of the project of

e195. It is now straightforward to get the option value from
this analysis. Compared with the standard NPV case analysis,
the RO analysis returns a RO Value which is e5 higher. This
is exactly the value of the option to wait.

 

Fig. 3. A simple example - Step 1: NPV analysis.

 

Fig. 4. Step 4: Value of the option to wait

IV. MIGRATION TO FIBRE: STANDARD BUSINESS
CASE ANALYSIS

To indicate the power of real options on realistic business
cases, the RO analysis technique will be applied to a telecom
infrastructure network project. The studied case consists of
the rollout of a fibre access network in the UK [28]. FttH
networks are the final stage in the continuous upgrade of the
copper access networks. However, many networks still require
upgrading towards FttC networks. It is this infrastructure
investment that is considered in this paper.

An incumbent currently possesses a nationwide copper ac-
cess network, which has already been upgraded towards Fibre
to the Central Office. This allows offering ADSL services
to its customers. In order to offer higher access speeds to
its end customers, the incumbent has decided to upgrade its
network towards FttC, allowing it to offer VDSL services.
Two important upgrades are necessary in the access network to
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migrate towards an FttC network. First, fibre has to be installed
between the central offices and the street cabinets. Secondly,
the cabinets need to be replaced and Digital Subscriber Line
Access Multiplexers (DSLAMs) are required in these street
cabinets. At the start of the project, the operator first has to
decide on the cabinet size. The operator can decide to deploy
cabinets which are large enough to host a connection for each
household in the cabinet area. Or he can decide to deploy
smaller (and cheaper) cabinets initially, only dimensioned for
an estimated uptake percentage of 30%.

A. Technology overview

Before the business case is introduced in detail, a short
introduction to FttC and FttH networks is given. Research con-
cerning these technologies is still ongoing, with Wavelength
Division Multiplexing - Passive Optical Network (WDM-
PON) as one of the most recent technological evolution.

However, the focus in our case is clearly on the passive
network infrastructure and its related costs and revenues. Since
research has shown that most of the costs for the deployment
of new networks are related to the initial installation and in
particular the physical installation of the cables in the access
network, we will focus on the topology design of FttC and
FttH networks [29].

The fixed telecom access network (both for FttC and FttH)
can be represented by a tree structure, with the local exchange
as the source node. From this local exchange, cables towards
the street cabinets depart. At each street cabinet, there are
again cables running towards distribution points (DPs) and
finally to single households. For FttC, VDSL cabinets are
installed on the current cabinet locations, together with the
necessary fibre and ducts. For a local exchange, line cards
towards the cabinets and towards the core are dimensioned,
together with an optical distribution frame (ODF). In the
cabinets DSLAM line cards will be installed. When more
customers connect, extra equipment is only installed when
necessary, in order to follow operational practices. For FttH,
passive splitters are installed at the same location as the FttC
cabinets and at the distribution points. Comparable to the
FttC network, the equipment in the central office and the
Customer Premises Equipment (CPE) are only provisioned
when required.

B. Basic business case: migration to FttC

As already discussed, the studied case is the migration of the
current copper access network towards an FttC network. The
standard techno-economic analysis will follow the methodol-
ogy proposed in [10]. For the London area, a representative
exchange is modelled, taking into account average line length,
number of cabinets, drop points and the amount of lines per
exchange. As indicated, the operator can choose to install large
cabinets, offering VDSL access for all customers in the cabinet
area, or small cabinets, only dimensioned to provide access
for a percentage of the households. Based on the customer
adoption, it will be possible to calculate the necessary amounts
of equipment in the local exchange and for each cabinet
separately.

1) Service adoption modelling: Modelling the adoption of
the offered services is an important aspect of the standard
business case analysis. While several mathematical models
have been proposed to estimate the adoption of services and
technologies, [30] has indicated the Gompertz adoption curve
as the most appropriate approach to model the adoption of
telecom business cases as a function of time. Three parameters
need to be estimated in the mathematical formula, inflection
point (a), slope (b) and market size (m). The inflection point
in a Gompertz curve is at 37%, and indicates the time at which
curve shifts from convex to concave. The higher a, the more
stretched the adoption curve is. Slope indicates the pace of
adoption. The higher b, the faster adoption will occur, with
b [0,+ ]. For telecom cases, values of 4 (a) and 0.3 (b) have
been found realistic [29]. The market potential parameter of
20% used in the case is based on industry insight [31].

S(t) = m · e−e
−b(t−a)

[32] (5)

2) Network dimensioning: For the rollout of an FttC net-
work, fibre needs to be deployed from the local exchange
towards the cabinets. Each cabinet has a unique fibre section
and a shared section with the other cabinets. Based on the
duct length, fibre cable cost and installation cost per meter,
the initial deployment cost can be calculated. The specific cost
parameters can be found in [33]. From the customer adoption,
the necessary amounts of equipment in the local exchange and
for each cabinet can be derived.

3) Modelling costs and revenues: A detailed cost and
revenue model is built to conduct the economic analysis of
the small and large cabinet scenario. The costs are divided
into Capital Expenditures (CapEx) and Operational Expendi-
tures (OpEx). The revenues are based on the adoption model
described above. It is important to incorporate both costs
and revenues in the techno-economic analysis. When rolling
out a fibre network, previous research already focussed on
a minimum-cost design [34], but it is important to link the
design to the expected revenues, as has been shown in [35].

a) Capital expenditures: CapEx are expenditures creat-
ing future benefits and are incurred when the company spends
money to buy fixed assets or upgrade existing fixed assets.
According to this definition, CapEx costs were subdivided into
cable and duct, local exchange, cabinet and CPE costs.

In the rollout of FttC or FttH networks, cable and duct
costs are generally the largest expense [29]. To dimension
the initial installation, assumptions on the uptake were made.
Ducts are installed to host the fibre cables and it is estimated
that 80% of the existing ducts can be reused. The installation
cost for cables depends on the installation location, with a
buried installation being the most expensive (100 GBP/m)
and aerial installation the cheapest (15 GBP/m). Footpath and
grass installation have a cost between these two extremes. The
installation locations were taken from [33]. The dimensioning
of the fibre cables depends on the rollout scenario chosen
by the operator. For the small cabinet scenario, the operator
estimates that migrating 30% of the lines to FttC will suffice.
As uptake is only expected to be 20%, these would suffice.
For the large cabinet scenario, 60% of the lines are migrated,
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TABLE V
COST OF THE DIFFERENT HARDWARE COMPONENTS [33]

Hardware component Cost (GBP)

Street Cabinet
Small 1250
Large 1375

ODF (1440 subscribers) 935
GigE card (24 DSLAMs) 3500
Chassis (16 cards) 6000
DSLAM

Cost per port in small cabinet 60
Cost per port in large cabinet 120

CPE 200
Installation cost CPE 100

since this is the upper level of expected uptake.
To offer VDSL service to customers, the operator needs

to install equipment in the local exchange and street cabinet.
In the local exchange, an ODF is provisioned, together with a
chassis to host the GigE cards towards the cabinet and the core
network. One GigE card has 24 ports, with each port capable
of hosting one connection towards a DSLAM line card in a
street cabinet. These DSLAM line cards can in turn host 32
connections to separate households. For the initial installation,
street cabinets are installed, together with one DSLAM line
card to host the first connections. When customer adoption
takes off, additional cards are installed when necessary.

CapEx at the customer side comprises both hardware cost
for the CPE and initial installation cost. These are also only
installed when necessary. An overview of the cost figures,
based on industry insight, can be found in Table V.

b) Operational expenditures: Operational expenditures
are recurring and on-going costs to keep the business running.
Generally, expenses like sales and administration and research
and development are categorised as OpEx. In this model we
have chosen a fractional approach to quantify OpEx. A more
detailed quantification for OpEx is possible and has been
conducted in several publications [36], [37] but the fractional
approach was chosen so as not to overcomplicate the analysis.
The two OpEx categories that were identified are electronic
equipment and other operations. OpEx for electronics is es-
timated as a 10 percent fraction of the total CapEx for the
electronic equipment, like DSLAM line cards and CPEs. For
the non-electronic fixed assets, a yearly one percent fraction
is taken into account as OpEx.

c) Revenues: Revenues in this model are based on the
adoption assumptions from above. For each cabinet the adop-
tion curve is modelled and the yearly number of customers
is estimated. The yearly average revenue per user (ARPU) is
estimated at 500GBP.

4) Business case evaluation: standard NPV analysis: The
input parameters from the previous paragraphs suffice to build
the business model for the FttC infrastructure rollout. Based
on adoption percentages and the geotype input parameters,
a network dimensioning model was built for both the small
cabinet and the large cabinet scenario, calculating the required
quantities of equipment in each year of the 15-year project.
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Fig. 5. NPV results for both installation scenarios for different geotypes

Other general input parameters were added, like cost erosion
for optical and electronic equipment and a discount factor
of 10%, which is a standard discount factor for technology
projects. The cash flows for each year are calculated, dis-
counted with the discount factor and summed up.

With an NPV over 5 million GBP (e5.3 million) for the
London geotype, both choices prove to be highly profitable,
but the small cabinet FttC rollout scenario turns out to be the
best choice (Fig. 5). Due to the lower cost for the small cabinet
and the incremental cost per customer connecting, the total
NPV over the 15 year investment period is above the NPV of
the large cabinet scenario. Since this difference is limited, the
curves remain close together. The initial investment in cabinets
results in a negative NPV in year 0, but when customers start
connecting to the cabinets, the yearly cash flow from customer
revenues improves the NPV over time. Between year 3 and
4, the NPV becomes positive. From this point on, the initial
investment is paid back and the project starts generating value.
Under the static assumptions, the small cabinet is dimensioned
large enough to host all connections in the future, while it is
cheaper than the large one. This concludes the standard NPV
analysis. Management should choose to install small cabinets
to offer VDSL services to its customers.

However, this conclusion is completely dependent on the
initial assumptions concerning customer adoption, duct reuse,
etc. In the next sections, we will question these input pa-
rameters and indicate how they impact the NPV analysis by
conducting a scenario and sensitivity analysis. However, these
evaluation methods do not allow us to calculate the value of
managerial flexibility. Therefore, we extend the standard NPV
analysis towards a RO analysis. The value of managerial flex-
ibility will be implemented using the practical methodology
introduced above.

V. INTRODUCING FLEXIBILITY - REAL OPTION
ANALYSIS

After conducting the standard NPV analysis, it was con-
cluded that the installation of small cabinets was the most
profitable investment. However, it should be clear that basing
the investment decision on the outcome at this point of the
analysis could prove to be suboptimal. It was indicated that
three extensions have been proposed to the NPV analysis,
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and each of them will be applied to the case. A scenario
analysis will be conducted comparing the initial installation
of small and large cabinets under different customer uptake
scenarios. This scenario analysis will be extended with a
sensitivity analysis to indicate the impact of uncertainty on
the outcome and as such on the final decision made. Thirdly,
we will indicate the different real options present in this case
and show how they can be quantified using the methodology
presented in the previous section. Indeed, when checking for
the three conditions necessary to make a business case eligible
to extend with a RO analysis, we find all three of them present.
Firstly, there is undoubtedly a large degree of uncertainty
present in this case. The revenues of the project are based on
a mathematical model, where the chosen parameters are in the
best case "guesstimates". Secondly, there is flexibility present
in the choice of cabinet to install. Thirdly, the network operator
is not obliged to stick with the small cabinets when they cannot
host extra connections under larger customer adoption. This is
where the timing condition can be found. On a later date in
the project, the network operator can decide to expand the
capacity or to start offering extra services.

This business case lends itself to a real option analysis, since
all three conditions are met. Additionally, most option types
from the 7S framework can be identified. Once a cabinet is
full, a simple scale option exists in placing a second cabinet
to host the extra connections. A switch option for full cabinets
is the installation of an FttH solution for the extra customers.
When a scope option is considered, installing extra equipment
in the local exchange to upgrade your internet service portfolio
towards IPTV and gaining extra revenues is possible. Since
realistic business cases generally possess a wide variety of
real options, we also introduce compound real options. It will
also be shown how they influence the decision process in the
standard case.

A. Impact of uncertainty on the final decision

The standard NPV analysis conducted identified the instal-
lation of small cabinets for the London geotype as the most
profitable scenario. Step two of the RO analysis methodology
requires identifying the uncertainties present in the case. As
always in long term infrastructure projects, all input param-
eters are uncertain, especially in the long run. In order not
to overcomplicate the analysis, we have chosen to select two
major uncertainties, user adoption and duct reuse.

User adoption is typically the most uncertain factor in an
economic analysis. Before the introduction of a new product
or service, it is very hard to estimate how many consumers
will buy it. On the other hand, it is a factor with a high
impact on the final economic assessment [3]. Research into
the adoption of new services and products has indicated that
consumer adoption generally can be modelled using a bell
curve, with the Rogers’ bell curve as the most well-known for
technology adoption [38]. These models have been translated
to mathematical S-curve penetration models, from which we
have chosen the Gompertz curve in this business case [32],
[39], [40]. However, while these models ex-post show a good
fit with the observed adoption, it is hard to estimate the

different parameters ex-ante. This is especially true for the
market potential, since this can typically only be quantified
through market studies. Another difficulty with the adoption
of the service for a larger area like London is that the average
market potential estimated for the entire area might be correct,
but large differences can exist between different subareas. For
example, one cabinet could have an FttC uptake over 40%,
while another cabinet only has a final uptake potential of
5%. A scenario analysis was conducted for the small and
large cabinet scenario with changing market potential. The
results can be found in Fig. 6. As long as the market potential
stays below 30%, the small cabinets are clearly the correct
rollout choice. Once a higher market potential is achieved,
large cabinets result in a higher payoff. This is of course a
logical conclusion, since for all uptakes below 30% the large
cabinet is over dimensioned.

When we extend the scenario analysis towards a sensitivity
analysis, a probability distribution on each cabinet potential
uptake between 0 and 60 percent, with 20 percent as the most
likely was added.

To check the impact of these parameters on the total
outcome of the business case, a Monte Carlo analysis was
conducted. Crystall Ball, a commercial tool, was used to
perform the simulations. This tool allows one to indicate
the different uncertainties in a spreadsheet. After selecting
the cells to forecast, the tool runs a predefined number of
simulations, resulting in a distribution of the value of the
forecasted cells, based on the uncertainty distributions added
to the assumption cells [25]. The small and large cabinet
rollout scenarios are compared, now with uncertainty added
on some input parameters. Before the rollout of the FttC
network starts, the management has to decide which scenario
it will choose. However, we would like to indicate that no
options are implemented in the model yet, so once a small
cabinet is full, no extra customers can be connected to this
cabinet, resulting in a loss of potential revenues. While the
previous static NPV analysis results in a fixed number, the
sensitivity analysis returns two distributions to compare (Fig.
7). It is immediately clear that the best rollout option is the
installation of large cabinets in all areas. On average, the large
cabinet scenario outperforms the small cabinet scenario with
over 260.000 GBP (+3.88%).

This sensitivity analysis clearly indicates the impact that
uncertainty has on the decision process. However, a sensitivity
analysis alone does not allow us to implement the flexibility
in the project. The assumption that the operator will not act
when the small cabinets are full does not hold in reality. In the
following section, the different options are identified and the
last two steps of the RO analysis methodology are conducted.

B. How managerial flexibility impacts the result - a real option
analysis

It is straightforward that when a small cabinet is installed,
the option to expand is available. This expansion option can
be broken down into three different options from the 7S
framework. When the first cabinet is full, the operator can
decide to go for a standard scale up option by installing a
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Fig. 6. Small and large cabinet market potential scenario analysis
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Fig. 7. Impact of uncertainty on the business case outcome

second small cabinet on the location to offer FttC services
to the new customers. However, he could also choose a
technology upgrade by connecting the extra customers via
a more future-proof technology over an FttH network. A
third expansion option is raising the ARPU per customer by
offering extra services to the existing customers, for example
by starting to offer IPTV services. In this section, we will
apply these three options to the business case and show how
they impact the previous results.

1) Scale up: installing extra small cabinets: The first identi-
fied flexibility is the scale up option. Once the small cabinet is
full, the operator can install a second cabinet to host the extra
connections. Of course, this comes with an additional capital
expenditure for a small cabinet and DLSAM line cards. The
business case presented above was extended with this scale
option. In the small scale scenario, the extra customers on a
full cabinet are now connected to an additional small cabinet,
and their ARPU is added to the business case. However,
the option will only be executed when it is economically
interesting. It is as such a simple maximisation function of
the small static case and the scale up case.

When comparing the results for the large cabinet and the
small scale scenario, we notice that the small scale case is the
most interesting for the operator. It yields an average payoff
which is 2.23% higher than the large cabinet scenario, which
was initially the best choice after the sensitivity analysis (Fig.
8). Compared to the small static case, it is even 6% higher.
While the large cabinet scenario is definitely the most future
proof option in the scenario analysis, the RO analysis indicates
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Fig. 8. Overlay chart large scenario and small scale case
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Fig. 9. Improvement of the business case with a switch up option

TABLE VI
COST PARAMETERS FOR AN FTTH DEPLOYMENT [33]

Hardware component Cost (GBP)

G.PON card (256 customers) 6.000
Cost per G.PON port 500
Passive splitter 210
CPE 80
CPE installation cost 100

there is an extra scale option value in the small cabinet
scenario. The scale up option offers the operator the possibility
to initially install the cheaper small cabinets and only invest
in additional capacity when necessary. Large cabinets offer
enough capacity to host all connections, but in most cases this
capacity is never used.

2) Switch up: additional capacity through a more future
proof network: It was already indicated that the operator could
migrate the extra customers on a full cabinet towards a more
future proof FttH network. To implement this switch up option
in the business case, some extra additions are necessary in the
model. Fibre cables need to be installed in the last mile and
extra G.PON equipment provided in the local exchange. In
the access network, passive splitters ensure the connectivity.
The cost parameters are based on industry insight and can be
found in Table VI.

The impact of the switch option can be seen in Fig. 9. Again
the business case for the small cabinet scenario is greatly
improved. However, when comparing with the scale option,
we see that an FttH extension is more expensive and does not
improve the small scenario enough to outperform the large
cabinet scenario.
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TABLE VII
IPTV COST PARAMETERS [33]

Component Cost (GBP)

Video server 20.000
CPE 250
CPE installation cost 200
Extra ARPU 100

TABLE VIII
IPTV GOMPERTZ ADOPTION PARAMETER ESTIMATES

Parameter Value

a 4.667
b 0.366
m 0.405

3) Scope up: offering extra services over the existing infras-
tructure: One of the examples given as a scope up option is
the extension of the typical telephone and internet incumbent
product portfolio towards triple play. We will indicate in this
section how offering an IPTV service can be implemented in
the business case as a real option. The operator can decide to
extend his product portfolio towards triple play in the fourth
year of the project.

Before the standard business case is extended, some extra
input parameters are required. Offering IPTV to end customers
will require extra equipment in the local exchange. In order to
avoid unnecessary complexity in the business case, we added
a fixed cost for video server per local exchange and other
equipment to the scope up business case extension. At the
customer’s premises, a new CPE needs to be installed (Table
VII).

Typically, the adoption of such a service will again follow
the S-shaped adoption curve. Since it is not straightforward
to translate this adoption into a mathematical model, we
have combined given adoption percentages [14] together with
statistical software to fit the historic adoption percentages to
the mathematical Gompertz model. All parameters were found
to be statistically significant. The resulting parameters are
summed up in Table VIII.

The results of this RO analysis can be found in Fig. 10.
Apparently, the extension of the product portfolio towards
triple play services has only marginal value compared with the
small cabinet scenario. This means that offering triple play to
customers will be not interesting in this scenario, so the option
is almost never executed.

4) Combining options: scope and switch up combined:
In the previous analysis only single options were presented.
However, realistic business cases generally possess a wide
spectrum of different options. Consider the three options
discussed above. It is clear that the scale and switch up
options are mutually exclusive. If a given area is extended
with an extra cabinet, the FttH switch up option will become
redundant. However, the scale and switch up option can be
easily combined with the scope up option.

Consider the case where the triple play services require
a network with extra capacity. If the operator chooses to
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upgrade its network capacity with an FttH network once the
first cabinet is full, they can start offering IPTV to these
customers. This is in fact a compound option, or an option
on an option. The same adoption curve as before was used
but is now only applied to the customers who are connected
via the FttH network. In contrast with the single scope up
option, this now results in a positive option value. The total
NPV for this case results in an even larger payoff compared
with the small cabinet scenario with the scale option (Fig. 11).

C. Rollout of an FttC network - case conclusion

The considered business case evaluates the economic fea-
sibility of the rollout of an FttC network in the UK. To
achieve the FttC coverage, the network operator can follow
two investment paths, full coverage or coverage following
demand. The traditional NPV analysis showed the coverage
following demand scenario was the most profitable. However,
when checking the requirements for an RO analysis, it was
clear that uncertainty surrounding the initial assumptions most
likely would have an impact on the analysis results.

Therefore, we followed the proposed four-step methodology
to extend the case with the real option approach. After every
step, we indicated the impact on the results of the analysis.
The effect of uncertainty on the business case was assessed by
both a scenario and sensitivity analysis. The initial results from
the traditional approach were contradicted when the customer
uptake assumptions were questioned. When flexibility was
implemented in the business case, to allow the decision makers
to react to this uncertainty, all option categories were identified
in the following demand scenario of the business case. The
initial network could be expanded with extra capacity, either
via a scale up option or a switch up option. The scale up option
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installs more of the same, while the switch up option gradually
migrates the existing network towards an FttH network. The
third scenario investigated offering extra services, following a
scope up option path.

In this case, a scale up option is the most designated,
as it improves the result of the small cabinet scenario to a
level higher than the large cabinet scenario. The switch up
option also improves the small cabinet scenario. However,
when compared to a static large cabinet scenario, the latter
remains more interesting. It has also been shown that offering
extra services adds only marginal value to the business case
for the small cabinets and is thus almost never executed.

However, in realistic business cases, options almost never
occur in isolation. This tutorial extended the example case with
a compound option by implementing the scope up option on
the switch up option. Using the proposed methodology, this
remains a rather straightforward exercise.

VI. LESSONS LEARNED, SHORTCOMINGS AND
POSSIBLE EXTENSIONS

A. Real option analysis guidelines
The practical RO analysis methodology described in this pa-

per bridges the gap between the financial and technical world
in telecommunication firms. In all areas of telecommunication,
decisions on new investments need to be made. Design of
passive infrastructures by network planners, testing of new
technology before implementing it, etc. These decisions are
not only based on cost optimizations, but intuitive notions on
the capability of the chosen design or technology to counter
uncertainty, the inherent flexibility of the design, or the oppor-
tunities it offers to reduce risk related to future costs are also
taken into account. Real options translate this intuition into
the language of the financial department. The three conditions
required for a RO analysis can help the network planners to
identify the presence of real options in their network plan.
Additionally, the 7S framework can help to categorize these
options. With the four step methodology, the standard NPV
analysis executed today can easily be extended towards a full
RO analysis. In order to identify real options and quantify
their impact, the following guidelines are offered. First, when
making network design decisions, ask three questions.

• How uncertain is the future?
Uncertainty surrounding future conditions will typically
have a large impact on your decision. Identifying several
future scenarios can help to see how this uncertainty
would impact your decision.

• Where is the flexibility?
If uncertainty is present, different actions may exist to
counter it. Indicating how to alter the initial project path
under different conditions helps to identify the different
options. The 7S framework can be a guideline.

• When do I have to decide?
Flexibility and uncertainty are not sufficient to have op-
tions in the investment case. Flexibility is only interesting
if it can be executed in later phases of the project.

When these three conditions are met, real options are present
in the investment project. It is then important to check how
they impact your decision.

• Conduct a standard NPV analysis
Real options extend the standard NPV analysis, and their
valuation starts with a clear understanding of the value
of the project in absence of uncertainty and options.

• Identify the uncertainties
Future uncertainty is a condition for RO analysis, and
should therefore be identified before the quantification of
the real option value. The impact of uncertainty on the
investment project can be checked through a scenario or
sensitivity analysis.

• Identify the flexibility
Without the ability to react against uncertainty, no real
options are present. Here, the 7S framework can be a
guideline to formalize the intuitive notions on managerial
flexibility present during the project lifetime.

• Calculate the option value
While the Monte Carlo analysis is designated for ex-
tended techno-economic cases, a more simple back of the
envelope binomial tree analysis can offer initial insights.

B. Pitfalls of RO analysis

A RO analysis is a helpful tool to value inherent flexibility
in typical telecom investment projects. However, when con-
ducting a RO analysis, several things should be kept in mind.

First, the value of an option is a function of the uncertainty
attributed to the different input factors. The higher the uncer-
tainty, the higher the option value. This effect can easily be
observed in the Black and Scholes formula. Estimating this
uncertainty remains a difficult exercise and should be handled
with care. Although commercial software allows the user to
attribute uncertainty to all input parameters, it is important to
focus on the uncertainties with the highest expected impact,
e.g. customer adoption, lifetime of the technology, etc.

Secondly, the results of a RO analysis give an indication of
the average extra value the option generates. In a Monte Carlo
analysis, thousands of possible futures are calculated and,
from the resulting probability distribution, several conclusions
can be drawn. It indicates how the option impacts the risk
associated with the investment. An option typically reduces the
risk of a low payoff, but it does not guarantee a positive payoff.
For example, a project with a scale option can in the future
still turn out to be unprofitable, since the customer uptake is
much lower than expected, turning the scale option value to
zero.

Finally, a RO analysis always attributes value to waiting. In
a project with an option to wait, the further the investment can
be postponed, the more value the option typically generates.
This effect was, for example, indicated in the Black and
Scholes formula. In practice, decision makers do not have the
option to postpone decisions forever. The threat of competitive
entry pushes decision makers to move as fast as possible. In a
competitive environment, the value of waiting erodes quickly,
since there is typically a first mover advantage.

C. Future work

One of the most important future research directions in real
option analysis is its interaction with competition. Typically,
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the impact of competition is analysed through a game theoretic
analysis. Game theory is another extension of the standard
techno-economic analysis. For a clear case study on the impact
of competition on an economic assessment of a realistic
business case, the authors refer to [41].

However, as was already indicated above, in realistic busi-
ness cases, the decision maker has to take both his options
and competition into account. There is a trade-off between
the value of waiting and reducing uncertainty, and the first
mover advantage. While waiting typically increases value in
option theory, it decreases value when competition comes into
play.

Steps towards this integration have already been made.
Option games allow for such an integration, but they have
currently only been applied to more simple illustrative ex-
amples [42]. In option games, basic binomial tree games
are extended by a game theoretic analysis of the end nodes.
While this can indicate the value of a combined option-game
thinking, it should be extended towards more realistic settings,
to increase its applicability in day-to-day decision making.
Another approach is through sensitivity games [43] where
the impact of uncertainty is assessed on the game theoretic
analysis and the resulting equilibria. Extending the underlying
business cases with the value of options would offer new
insight into the dynamic interplay between options and games.

VII. CONCLUSION

The broad range of uncertainties concerning future tech-
nological evolution, customer adoption and regulation which
is characteristic of the telecommunication sector definitely
requires managerial flexibility in large investment projects
in this field. However, the traditional economic evaluation
methods cannot capture the value of this flexibility. Different
extended evaluation models have been proposed to solve this
problem. In particular, the real option theory has shown great
potential to integrate managerial flexibility with the standard
evaluation methods. However, this extended model is only
slowly finding acceptance. To indicate the importance of real
options for telecom investment projects, a wide range of
realistic examples was introduced showing the broad array of
options existing in all telecom sectors. The abandon option
in the mobile broadcast TV service of British Telecom or the
testing periods of LTE by Telenet in Belgium are just two
examples.

It may be clear that the application of RO Theory in
telecommunication projects should be a logical extension to
the traditional evaluation methods. However, a common com-
plaint regarding this theory is the lack of a practical framework
for realistic cases. In this tutorial, we extended the overview of
real option basics and the application domains in telecom with
a practical approach to extend realistic business cases with a
real option analysis. We stressed the importance of the three
requirements for a RO analysis and the four-step methodology
to implement it. Before a business case is eligible for a RO
analysis, uncertainty surrounding the project should be present.
This uncertainty can however be handled by the managerial
flexibility in the project at a later point in time. When these

preconditions are met, the calculation of the option value is
quite straightforward. In the standard NPV analysis model,
both the uncertainties and flexibilities need to be identified
and added to the model. Executing a Monte Carlo simulation
on this extended model then results in the real option value of
the project.

To indicate the strength of such a practical framework,
we applied it to the investment project for a next generation
fixed access network rollout. The migration towards an FttC
network in the UK was studied. It was indicated that the
operator had two rollout choices, either installing small or
large cabinets. From the traditional NPV analysis, the small
cabinet installation proved to be the most profitable. However,
uncertainty surrounding the several input parameters could
have an important impact on the final outcome. Therefore, the
standard NPV analysis was extended with a scenario, sensitiv-
ity and real option analysis. While the scenario and sensitivity
analysis allowed adding uncertainty to the investment project,
it is only the RO analysis that includes the value of managerial
flexibility in the decision process. Four different options were
identified in the case, each having a different impact on the
decision process of the management.

In this tutorial, we indicated the importance of real options
in the telecommunications sector. The authors hope to speed
up the application of real options within this sector by pro-
viding some clear real-life examples of firms executing their
options and by offering a complete real option analysis of an
existing business case.
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