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Abstract 

 

Infrastructure networks are essential to support the world economic development. 

Governments worldwide, in both developed and developing economies, have dedicated significant 

amounts of the public budget to infrastructure development and refurbishment. The large sunk costs 

and the uncertainty surrounding these projects require new and sophisticated investments analysis 

techniques. Simultaneously there has been a recent trend for incorporating flexibility in these projects, 

allowing a more progressive adaptation to changing market conditions, thus decreasing the overall risk 

affecting these investments. In this particular case, flexibility will be introduced through real options 

(RO) which allow the infrastructure (and service) to cope with future uncertainty.  

Lisbon‟s Portela airport will soon achieve full capacity despite on-going expansion planned to 

withstand 21 million passengers per year in 2018. Furthermore, urban development in the surrounding 

areas has landlocked the airport. To receive the surplus traffic, to adequately fill the needs of low-cost 

carriers (LCC) and to maintain the commitment in operating as an intercontinental hub a new airport is 

required. 

This research intends to analyse the economic value of incorporating flexibility in airport 

design under a RO approach, which provides a framework able to bypass traditional valuation 

methods limitations. The RO model was implemented to study the construction of the New Lisbon 

Airport (NLA), valuing flexibility through a phased investment option. 
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1. Introduction 

The realm of infrastructure investment analysis has been an active field of research in the last 

decades. The discounted cash flow (DCF) method prevailed when there was the need to calculate the 

value of a project. The critical variable was the choice of the discount rate that would allow 

transforming future cash flow in present values. The method was seen as the most adequate and 

suitable to capture the project‟s real value, although other alternatives existed, e.g. capital cash flow, 

more suitable to large investments with variable debt structures [1]. 

Large infrastructure investments, like roads, airports, dams or hospitals, are long-term 

projects, with large sunk costs. Moreover, the context involving these projects is highly uncertain, 

particularly, regarding demand, capital costs or even construction costs [2]. This uncertainty has been 
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acknowledged by the academic literature [3], but only recently has the subject has been dealt by 

academics. The proposed alternative is to design flexible infrastructure projects.  

The rationale for incorporating flexibility in infrastructure projects is rather simple, unlike the 

empirical application which can be extremely complex. The principle is that the project should have the 

necessary flexibility to adapt to future changes, i.e., at the design stage it is necessary to incorporate 

flexible options (RO) that would allow the infrastructure and/or the service, to be adapted to a certain 

change [4]. 

The core objective within this research is to assess the value of the underlying flexibility 

concerning the design and construction of the NLA. To quantify its value three different scenarios, 

based on ANA‟s concession contract, were studied and evaluated in order to estimate their different 

Net Present Value (NPV) as well as the value of the phased investment option. Data inputs for the 

model were largely based on data from Portela airport for Full Service Carriers (FSC) while inputs for 

the LCC required a broader data collection. 

In order to capture the latent value of the NLA analytical tools, common to RO theory, were 

employed. It is worth highlighting the resource to the binomial lattice model to dynamically project the 

traffic evolution, the NPV to estimate how much the project is worth and the Monte Carlo simulation 

(MCS) to determine the fair value of the option, since it focuses on the expected NPV. 

 Other objectives implicit to this investigation concern: estimating when Portela reaches full 

capacity - the year in which the NLA should start operating – the advantages of RO theory when 

compared to other valuation techniques and, possibly, if the phased investment option is worthwhile. 

 

2. Literature review on real options 

2.1 - Real options: a solution from financial markets 

The idea of RO comes from corporate finance and provides an alternative way to consider 

capital investment decisions when there is significant uncertainty related to the potential benefits.  

DCF methods‟ flaws were pointed out, in the 1980‟s, by Myers, Trigeorgis and Manson, 

among others [5] [6]. Since the value of strategic considerations was either ignored or was not 

properly valued short-term projects in relative certain markets were preferred over long-term and 

relatively uncertain projects. 

The Black, Merton and Scholes formula published in 1973 was based on French 

mathematician Louis Bacheliers - 'The theory of speculation' and on Samuelson's recognition of the 

need to bring the value of the uncertain payoffs back to the present values [7] [8] [9]. 

 

2.2 - Similarities between options 

The Black, Merton and Scholes formula uses an entirely different approach to work around the 

discount rate dilemma. They established the value of an option by constructing a portfolio of traded 

securities, known as a tracking portfolio, which has the same payoffs as the option. This work awarded 

them a Nobel Prize in Economics in 1997
1
. 

                                                      
1
 To know more about the prize, see the following link: http://www.nobelprize.org/nobel_prizes/econo 

mics/laureates/1997/press.html. 

http://www.nobelprize.org/nobel_prizes/economics/laureates/1997/press.html
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Myers, who first coined the term RO, observed that future investment by corporations is 

discretionary and, thus, it is analogous to a financial option where an investor holds a claim to buy or 

sell an underlying financial asset at a potentially favorable price, and has the right to make this trade 

only if it will in fact be profitable. He established the term „RO’ to emphasize that investment 

opportunities are (or involve) options on real assets, as opposed to financial assets [10]. One year has 

passed and Ross was already discussing the theory of RO valuation based on an analysis he made 

regarding risky projects [11]. He considered the inherent potential investment opportunities as a real 

option. However, there are several analogies between financial and RO as is shown in Table 1. 

Table 1 - Analogy between financial and RO.  

Financial Options RO 

Time to Maturity Time until the investment opportunity disappears 

Exercise Price Costs of irreversible follow-on investment 

Volatility of Stock Return Variability of growth in project value 

Share Price Present value of expected CFs 

Risk-free rate of return Risk-free rate of return 

Dividend Value lost by waiting to invest 

Source: adapted from [12] 

As Ross claimed, considering investments as options, the emphasis of the analysis goes from 

the choice of discount and interest rates towards discussing risks and how to deal with risks [11]. In 

the field of infrastructure, this change in the paradigm can be extremely useful. Like financial options 

(FO), RO value depends on five main variables, plus an indirect variable – the dividends [13]: 

1. Value of the underlying risk asset – project, investment or acquisition in RO case. An 

important difference between financial and RO is that the owner of FO cannot affect the value 

of the underlying. At the same time, managers operating a real asset can increase its value; 

2. Exercise price – Money invested to exercise the option in case of „buying‟ the asset or else the 

money that will be received if the company is „selling‟ the asset; 

3. Time to expiration of the option – investment opportunity is only valid until the expiration date 

(depends on both technology and contracts); 

4. Standard deviation of the value of the underlying risk asset / uncertainty – unpredictability of 

future cash flows that is related to the asset. 

5. Risk-free rate of interest over the life of the option – theoretical interest rate returned in case of 

an investment that is risk-free; 

6. Dividends – the cash outflows and inflows over the assets life. These cash flows are similar to 

dividends on a stock. 

Two types of options are commonly traded in the financial stock market: call and put options. 

In the first case – call options – the owner of the contract holds the right, but not the obligation, to buy 

a stock at a predetermined price within a predetermined time. In the second one – put options – the 

exact opposite happens, the owner has the right to sell a stock against a predetermined price at a 

predetermined time [14]. Table 2 illustrates how call and put option value changes when each of the 

variables increases.  
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Table 2 - RO value characteristics. 

Increase in Variable Call Option Value Put Option Value 

Asset Value Increases Decreases 

Exercise Price Decreases Increases 

Interest Rate Increases Increases 

Time to Expiration Increases Increases 

Volatility Increases Decreases 

Dividends Decreases Increases 

Source adapted [15] 

Two types of FO should be highlighted: European options (options that can only be exercised 

at their maturity date) and American options (options that can be exercised at any time until the 

maturity date) [16]
2
.  What changes in American options is the time in which the owner of the contract 

can exercise his option (variable) – he is no longer tied to a one-time event (maturity date). 

 

3. The Real Options Model 

As referred in section 2 RO analysis derives from financial options. Their application to „real‟ 

assets is not straightforward. The most relevant proxy needed to be found in this case is volatility [2]. 

In financial options, volatility is given by the normal market fluctuation prices. To study the NLA the 

volatility will be the standard deviation from LCC passengers‟ demand from 2008 until 2012 in six 

different European airports.  

 The real options model combines an increase factor, µ, and a decrease factor, d. Those were 

determined resorting to equations (1) and (2) following Cox et al. to model in discrete time [19]: 

                                        √                                                        (1) 

  
 

 
    √                                                                            (2) 

As Δt is the (one year) time interval and volatility the standard deviation from the average 

volatility both for FSC and LCC.  

 For every possible scenario, at each node, the probability that influences the final evaluation of 

the project must be calculated. The probability of each outcome can be determined in this model, 

being p the probability increase factor, and (1 – p) the probability decrease factor - equation (3): 

 

                                                              
 

 
 

 

 
 (

 

 
)  √                                                         (3)     

                                     

3.1 - Traffic development: 

 The NLA model requires data on the expected development of passengers demand allowing 

populating a table of possible traffic levels over the 50 year period of interest. 

The demand evolution over the 50 years period was calculated using both the increase and 

decrease factors described above. The binomial tree produced 2
50

 possible events. The demand 

evolution is then multiplied by the revenue per passenger to obtain the revenues and by the costs per 

passenger to obtain the operation costs. The cost per passenger was here considered to obtain the 

operation costs of both Portela and NLA. 

                                                      
2
 A curious fact is that in the European market most of the options traded are American options. 
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 The expected passengers per year, the revenues and operation costs will then be calculated 

multiplying the respective binomial tree by the probability binomial tree.  

The assumptions regarding the demand forecast for FSC is based on historic evolution from 

2006 until 2011 from Portela Airport while the demand for LCC is based on calculations concerning 6 

different airports. Table 3 summarizes the most relevant input data on demand growth. 

Table 3 - Input data on demand growth 

 Full Service Low Cost Units 

Initial passenger demand 12.213.423 2.576.734 Passengers 

Volatility (σ) 4,11 9,3 % 

Increase factor, µ 1,042 1,098  

Decrease factor, d 0,96 0,91  

Probability (p) 0,653 0,793 % 

 

3.2 - Net Present Value  

3.2.1 - Formulation 

To assess the value of a project in today's money is recurring practice to use the NPV. The 

NPV represents the sum of present and future cash flows (which are assumed to be static and 

predetermined throughout the life span of the project) adjusted to the present value, deducted from the 

investment initially made (see equation 4). It is common for large a negative cash flow to appear at the 

beginning of the project (t = 0) since the investment is made at that moment. This is the most used 

investment valuation method, despite its failure to recognize managerial flexibility [20]. The selection 

of the appropriate discount rates assumes an important role since it should, at least, equal the rate of 

return of equivalent investment alternatives in the capital market. 

 

                                                       ∑
  

      
 
                                                                    (4) 

Where, 

C0: cash flow at time zero (can be considered as the initial investment) 

Ct: cash flow at time t 

r: discount rate 

n: project lifespan 

The NPV is estimated after it has been discounted by an appropriate discount rate (usually risk-free 

rate) which will reduce the value of the cash flow to present value terms. The correct selection of 

which cash flows should be used in NPV valuation is crucial – only the incremental ones such as 

opportunity costs and side effects must be considered. 

 

4. Case Study 

4.1 - Introduction 

The main objective of this paper is to quantify the economic benefits of the incorporation of RO 

in the construction of the NLA. The option to examine is to invest in a phased manner due to the 
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flexibility in both the design and management of the new airport. To this end, a RO model will be 

applied resorting to Microsoft® Office Excel® 2010. The probabilistic distributions of the input 

variables were defined using a Monte Carlo sampling technique. For such end an Excel® add-in 

Crystal Ball was used. The outputs obtained were the NPV for the different scenarios. The use of 

Crystal Ball intends to highlight the importance of determining the best distribution that allows 

capturing the variable pattern when defining assumptions. 

Despite the construction of an airport is subject to numerous restrictions and limitations such 

as the availability of a site for its construction, environmental impacts, external constraints, among 

others, this model assumes that the only restriction is the financial resources (regardless the capacity 

for which it is initially designed). 

 

4.2 - The New Lisbon Airport 

As foreseen for several decades, the capacity of the Lisbon airport is very limited and will face 

severe constraints over a near future. Moreover, it is impossible to expand the airport to support a 

capacity of more than 21 million passengers per year due to urban development in the surrounding 

areas, so there is a strong possibility that a new airport is required in the medium term 

In the project for the construction of the New Lisbon Airport, one RO stands whereas its value 

may be appropriate by the project developer through a proper contract design – the phased 

investment option. 

The predominant factors for the existence of options in constructing an airport infrastructure 

are the location and the development plan. The location is crucial since, if appropriate, will enable 

capturing a possible continuous traffic growth through the expansion of existing infrastructure 

(expansion option). After countless studies regarding the location of the NLA, the „Campo de Tiro de 

Alcochete‟ was chosen as the best alternative whose site allows the construction of this infrastructure 

whit a maximum capacity of 40 million passengers per year [17]. The NLA could be a Low Cost Airport 

(LCA) that will serve LCC, or it could be a Full Service Airport (FSA), serving flag companies. This 

distinction between a LCA and FSA is due to the different needs of LCC and Full Service carriers 

(FSC). The latest require air bridges, transit areas, among other commodities that are negligible for 

LCA, searching for the cheapest, no-frills, solutions.  

In accordance with NAER – Novo Aeroporto, SA this new infrastructure will also allow Portugal 

to promote its importance as a transcontinental connection hub. This would bring Portugal to the 

centre of the European air transportation network fostering regional development. 

 

4.2.1 - Types of airport considered 

In order to study the different scenarios, two different types of airports were taken into 

account: FSA which serve primarily legacy carriers and the LCA intended to serve LCC. This 

difference will be notorious since one of the motives for the construction of the NLA is that it is 

targeted to serve the LCC while at the airport Portela flag companies will operate.  
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4.2.2 - Lisbon Multi-airport system  

The construction of the new airport in Lisbon metropolitan area to serve the LCC will create a 

multi-airport system (MAS) in Lisbon - herein referred to as Lisbon MAS. The constituents of this MAS 

are Lisbon/ Portela and Lisbon/NLA. The first will serve flag companies and the second will serve the 

LCC.  

The construction of a new airport, targeted to the LCC, will reinforce the position of the Portela 

airport as a hub for intercontinental flights, by redirecting LCC traffic from Portela to the new airport. 

TAP argued that the choice for the NLA should enable the company to develop a business strategy for 

European leadership in Atlantic crossings, either in connection with Brazil or with the Portuguese-

speaking African countries (PALOP). 

Once NLA will first serve LCC the costs these companies support will be lower than that 

currently supported in the airport Portela. Therefore, LCC already operating in Lisbon/Portela will be 

encouraged to increase their turnover as soon as they start operating in Lisbon/NLA. Moreover this 

opens doors for the entrance of new LCC that hitherto did not operate in Lisbon. 

 

4.2.3 - Phased investment option 

The scope of this paper is primarily to identify and quantify the option of investing in a phased 

manner. For such end two different constructions of the NLA will be studied: a first one able to 

withstand the maximum capacity (40 million passengers per year) versus the modular construction 

with an initial capacity of 10 million passengers per year. Quantifying the option will allow a better 

comprehension of the RO benefits as well as to perceive the increase of the economic value of the 

project. 

 

4.3 - Scenarios 

4.3.1 - Base Case scenario 

The basic scenario intends to demonstrate the effects of not building a new airport in Lisbon, 

keeping Portela. From 2013 onwards, the year in which its maximum capacity is reached (21 million 

passengers) the surplus traffic is rejected, and thus redirected to another airport, for example the 

airport of Madrid. The impacts of this loss are not only financial but also strategic since it weakens the 

overall position of the Lisbon airport as hub for intercontinental flights. Failing to capture the increasing 

demand of passengers has huge prejudicial consequences to Portugal. Being the most unrealistic 

scenario, it serves merely as a comparison with the other alternatives. 

 

4.3.2 - Inflexible Scenario 

In the inflexible scenario the NLA will be prepared for a maximum capacity of 40 million yet it 

will perform in overcapacity for several years. In this scenario the investments in the airport 

infrastructure are all made up to the start of operation and as from that date only the operating costs 

will be allocated. The following figure illustrates this scenario. 
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Figure 1 - Inflexible Scenario 

4.3.3 - Flexible Scenario 

In the flexible scenario the airport is built modularly. The illustration below shows schematically 

the evolution of airport capacity, considering both the terminal and runways. The observation of figure 

2 provides insight on the modular character of the alternative proposed in this paper (phased 

investment). 

 

Figure 2 - Flexible scenario 

The airport will start operating with one runway, which accommodates a traffic volume of 25 

million passengers per year and a modular terminal which initially accommodates 10 million 

passengers [18]. A new module capable of receiving 5 or 10 million passengers is added as soon as 

the airport reaches 95% of maximum current capacity. Once the expansion process takes time, the 

construction of these modules starts 2 years prior to the airport reaches the previously established 

limit. When the demand reaches 25 million, apart from adding a new landside module, the second 

runway starts operating.  

The ability to adjust the terminal continuously gives flexibility to the project whilst at the same 

time accommodates the demand, increasing the value of the project. Accordingly, modularity proves to 

be a major factor in the addition of value to the project, as it allows dealing with the passenger traffic 

evolution uncertainty. 

In addition to the difference in investment and compared with the inflexible scenario, this 

modular airport requires less time to become operational.  

 

5. Results 

To determine the value of the hypothesis presented in the investigation (phased investment 

option) only the flexible and inflexible scenarios were considered. The base case scenario was 

excluded since the values obtained do not represent what would happen in reality. 
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Table 4 - Phased investment option value 

NPV 
Inflexible scenario 

(thousand euros) 

Flexible scenario 

(thousand euros) 

Option value 

(thousand euros) 

10 years 516.790 516.790 0 

20 years 308.927 583.177 274.250 

30 years -484.558 570.507 1.055.065 

40 years -343.894 591.938 935.832 

50 years -236.197 637.905 874.102 

 

As with the remaining NPV‟s obtained throughout this study, once again the value of resorting 

to flexibility must be highlighted. Figures 21 and 22 show the NPV of the inflexible and flexible 

scenarios obtained using MCS software Crystal Ball. 

 

 

 
 
 
 
 
 

 

 
Figures 3 and 4 - @Crystal Ball NPV for inflexible and flexible scenarios 

 

By observing both figures, one may conclude that the use of MCS had no significant effect on 

the final results, thereby demonstrating the reliability of the RO model implemented. The NPV 

obtained for the flexible scenario exceeds the inflexible one in over 800 million euros.  

 

6. Conclusions 

The case study presented supports the hypothesis that it is possible to obtain a higher 

economic value of a project if the investments are phased according to the development of the traffic 

demand (variable modelled). The construction of the NLA is crucial, not only because the Portela 

airport is reaching its limit but also to allow for traffic differentiation, since this will be a LCA, reinforcing 

the position of Portela as an intercontinental hub for flag companies.  

The option value is so significant that the project goes from unattractive (NPV for a 50 year 

period of - 236.197 thousand euros) to very attractive (NPV for a 50 year period of 637.905 thousand 

euros). 

In an environment of economic crisis it is highly advantageous to build in a modular way 

thereby taking greater advantage of a phased investment. The results obtained have confirmed what 

is assumed in this research - the flexibility is a tool that allows handling future uncertainty in order to 

capture the latent value in each project. By exceeding in over 800 million euros the NPV from the 

inflexible scenario, the value of flexibility demonstrates by itself the benefits of this tool when combined 

with RO. 
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