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This Master’s Thesis examines the applicability of real option analysis (ROA) and Monte
Carlo simulation (MCS) in capital budgeting for valuing different strategies within
investment and evaluating their probabilities. The aim is to find out how real option analysis
and simulation can be used in connection with cash flow analysis as easily as possible, and
what kind of benefits these methods can bring in relation to investment decision-making.

The literature review conducted in this thesis shows that ROA is not generally applied to
real estate investments, mostly due that real options are generally perceived as complicated
by the management. As the main contribution an illustrative case of a real estate investment
is elaborated using fuzzy pay-off method and MCS where two alternative strategies of
implementation exist. A three-part analysis of the case is constructed consisting of: i) cash
flow analysis based on three different scenarios with sensitivity analysis, ii) ROA based on
the net present values (NPVs) of the scenarios, and iii) simulation of the NPVs of the
investment and their probabilities based on the sensitivity analysis and the ranges of the
scenarios. Both strategies were analysed through these steps demonstrating how ROA and
MCS can be used to evaluate complex investment with multiple uncertainties without the
application of extensive mathematics.

The results of the illustrative real estate case example show that ROA and MCS can be useful
to bring additional depth in an investment profitability analysis. The limitations of the study
are in the uniform probability distribution of MCS, which does not allow weighting of
different alternatives. The application of different probability distributions requires further
research and more sophisticated software tools.
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Tama pro gradu -tutkielma tarkastelee reaalioptioanalyysin (ROA) ja Monte Carlo -
simulaation (MCS) soveltuvuutta pa&domabudjetointiin  eri  etenemisvaihtoehtojen
(toteutusstrategioiden) arvostamiseksi ja eri toteutusstrategioiden todennédkoéisyyksien
arvioimiseksi. Tavoitteena on selvittdd kuinka reaalioptioanalyysié ja simulaatiota voidaan
hyodyntadd kassavirta-analyysin yhteydessa mahdollisimman helposti, sekd mita hyotya
naistd menetelmisté voi olla sijoituksen paatoksenteon kannalta.

Tyon Kirjallisuuskatsaus osoittaa, ettd reaalioptioanalyysia ei yleisesti sovelleta
Kiinteistosijoituksiin, johtuen l&ahinna siitd, ettd yritysjohto usein kokee reaalioptiot turhan
monimutkaisiksi. P&dasiallisena kontribuutiona on havainnollistava tapaustutkimus
Kiinteistosijoituksesta, jossa kaytetdan fuzzy pay-off metodia ja MCS:a, sisaltden kaksi
vaihtoehtoista toteutusstrategiaa. Tapauksesta muodostetaan kolmiosainen analyysi, joka
koostuu: 1) kolmeen eri skenaarioon perustuvasta kassavirta-analyysista siséltéden
herkkyysanalyysin, ii) skenaarioiden nettonykyarvoihin (NPV) perustuvasta ROA:sta ja iii)
sijoituksen nettonykyarvojen ja niiden todennékéisyyksien simuloinnista herkkyysanalyysin
ja skenaarioiden vaihteluvalien perusteella. Kumpikin strategia analysoitiin néilla vaiheilla
osoittaen, kuinka reaalioptioanalyysia ja Monte Carlo -simulaatiota voidaan kéyttaa
monimutkaisten, useita epdvarmuustekijoitd siséltavien investointien arvioimiseen ilman
laaja-alaisen matematiikan soveltamista.

Havainnollistavan kiinteistotapausesimerkin tulokset osoittavat, ettd ROA ja MCS voivat
olla hyddyllisia tuomaan lisad syvyyttd sijoitusten kannattavuusanalyysiin. Tutkimuksen
rajoitteet ovat MCS:n yhdenmukaiseen todenndkdisyyteen perustuvassa tasajakaumassa,
mika ei mahdollista eri vaihtoehtojen painottamista. Erilaisten todennakdisyysjakaumien
soveltaminen vaatii lisatutkimusta ja kehittyneempié ohjelmistotyokaluja.
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ABV [Investment’s] abandonment value
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GDV Gross development value
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NOI Net operating income
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1. INTRODUCTION

Capital investments are made long-term and the importance of them for companies is
indubitable. These decisions are crucial for company managers. Often, they involve high
level of uncertainty, especially when dealing with tens of years in the future. Yet, companies
tend to use rigid analysis methods to model the future uncertainty that is dependent on
numerous opportunities, turning points, shocks, and changes, especially in modern society
where things happen very fast and new innovations emerge constantly. In this thesis, some
of the most common investment analysis methods are briefly presented as a theoretical
background along with the real option approach, and their application is more examined in
literature review. In addition, simulation is included in the review to be later applied in the
case study together with real options. After this, an illustrative capital investment case study
from existing literature is conducted with a joint approach that utilizes possibilistic real
option analysis combined with probability-based simulation as an additional tool to
traditional investment analysis approach. The thesis aims to find out the state-of-the-art real
option approach and examine if this approach, combined with simulation of the probabilities
of outcomes, is useful in context of managerial flexibility and how easily the methods are to
be applied. There is a specific focus of the practicality side of the methods and the main
point is to test how straightforwardly this combined method could support managers’
investment decision-making without tipping into the trap of too creating complicated model.

Academic research has for long suggested more flexible approaches in investment analysis
to be utilized by companies. Researchers have recognized real options to be useful approach
to model managerial flexibility especially in capital investment analyses although companies
have been not willing to extensively apply them in practise. Thus, there seems to have been,
and still being, a gap between academic research and real-life application in utilizing real
options within capital investments analysis in several areas of business. Mostly, the reason
seems to be that real options are experienced too complex to implement into practise, even
when managers realize their potential. There are numbers of case studies where successful
application of real options are demonstrated bringing concrete monetary benefits and the
academic side seem to be highly confident about the benefits real options can bring to
economy. Evidence of such is supported by numerous research papers and literature that are

reviewed in Section 3 of this thesis.
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Eventually, real options may not be complicated after all. Also, companies may be already
using real option thinking, even when they do not even realize that, and some industries have
adapted them into use already. There are ways to make real options simpler and several
researchers have put efforts to make it possible. This thesis will utilize these findings and
conduct an empirical case study to see how they can affect on capital investment analysis
and how they could be creating value for decision-making process, combined with benefits
that simulation can offer. Available real option valuation methods are examined, of which
one is selected to be applied in the case study to model the possibilities the investment case
can offer. Finally, a simulation tools is created and added to the case analysis to model the
uncertainty of the case in a way it could offer a deeper insight into the uncertainty of the

future.

1.1. Background

The practical profitability analysis in companies usually seems to differ from academic one
as it is done with existing money, under high time pressure and people are accountable for
their analyses — mistakes can cost millions. Academic analysis strives for research, often
deals with highly complex mathematical models and is constantly developing new, more
sophisticated methods that can sometimes be very theoretical, although some part of the

research pursues to fill this gap between these two extremities.

Traditional discounted cash flow (DCF) analysis is widely used in companies (see for
example Ochoa, 2004). It tells managers to invest on a project if the net present value (NPV)
of its future cash flows is positive when discounted at a “correct” rate that reflects the
required returns. In case NPV is negative, DCF tells not to invest. Simple, straightforward,

and easy.

But when, with some uncertainty, there is a possibility for cash flows being far higher than
forecasted, the forecasting turns out to be much harder: to capture a solid monetary value of
such an option in an investment project, especially when the NPV has been very close to
zero. If there are multiple options to proceed, how to put a price for each of them to see
which one is the most lucrative one and why? Dealing with uncertainty in longer projects,

as the world is constantly changing after the decision of investment has been made, is not
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that simple anymore. Managers are facing constant pressure to decide what route to take
when there are numerous possibilities to proceed in investments along with changes during
the journey. Appropriate decisions are important for the reason that managers should, and
will, always pursue for the most lucrative business opportunities to exercise their most
important duty, maximizing the company’s and its owners’ value. In some cases, if they are
not, eventually it can even destroy the whole business strategy as the rivals run ahead.

Managers must choose wisely and target their efforts in projects with solid business case.

Real options are one way to implement managerial flexibility in projects. Thus, they
potentially provide excellent additional tool for investment analysis for valuing the
uncertainty. How to utilize them in practise, is far more difficult. Several global studies point
this out, such as Lander and Pinches (1998), Putten and MacMillan (2004), Block (2007),
and Baker, Dutta and Saadi (2010). Some previous studies, such as Driouchi & Benett
(2012), have found that further research is needed on the values of real options with practical
tools considering the strategic, behavioural, and operational facets, as the use of real options
is still relatively limited due to the low level of awareness and the complexity of them. For
example, in real estate, several global research conclude that the application of real options
in real estate projects is still at the beginning, and the challenge is moving them into practical
applications in valuing investments (see e.g., Lucius, 2001; Triantis, 2005). Mao and Wu
(2011) found that the common evaluation methods of real estate investment tend to fail in
analysing the influence of the risk factors of a project and the real options method would be
better tool for this.

Scientific research is an important part in increasing and expanding knowledge and
competence. To be able to transfer them into business environment, it must be taken into
account the views of the representatives of the organizations, of which the most important is
the observation of complexity being the main reason why real options have not been yet
utilized more. For this, the thesis intents to further apply the important findings of
researchers that have examined and discussed these theories and concepts behind real
options in previous studies. The aim of the study is to examine how easily the real option
valuation can be brought into traditional investment analysis process and how applicable the
real option analysis (ROA) method is. In addition to this, the intention of this study is to
bring the risk side of the investment possibilities more visible by examining how easily the
possible outcomes can be simulated and what benefits that would bring to the analysis in
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terms of managerial decision-making. The focus is on the practicability of the methods in

ROA and simulation.

1.2. Motivation

The author’s continuous interest towards financial modelling, business development and
especially the practical application of different methods to see how they can be utilized
motivated to examine the topic further. There seems to be some degree of consensus in
academic research that the benefits offered by real options have unfortunately not yet been

adopted much into use in companies, especially in context of capital investment analyses.

Collan (2011a) stated that it would be good for real option valuators to put more emphasis
on the understandable presentation of results as the process of real option valuation itself
contains information about real options and is likely to be of interest to the decision-makers
who are often shut out of that information. Collan (2011a) also pointed out that presenting
real option valuation results “as if they were coming from a black box” is not only a poor
way to use the obtained results but it can also cause managers to reject the method, because
managers often want to understand where these figures come from. This is supported by
Kodukula and Papudesu (2006, preface) claiming there is a strong need for a focus on the
real-world application of real options tools because several practitioners are taking a "black
box" approach to real options solutions, and this causes management resistance due to
thetheoretical complexity where transparency is missing. While, for example, Cirjevskis and
Tatevosjans (2015) tested Black & Scholes and binomial trees methods in real option
valuation, Collan & Savolainen (2020) have tested fuzzy pay-off method and a system
dynamic simulation approach with a numerical example case study and suggested further

research about investigating whether these models are usable also in practice.

Mintah & Baako (2019) also pointed out the practitioners’ scepticism about the value of
embedded flexibility in real estate properties because legislation requires independent
valuers to do valuation for investment properties. Vimpari and Junnila (2016) argued that
DCF analysis do not incorporate enough information on physical asset characteristics

leading to loss of competitiveness.
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These notifications point out a good reason to conduct this study. Testing how real options
could be taken to practise may help organizations to adapt more easily these methods in
business environment, hence help managerial decision-making in today’s fast-pacing,
constantly evolving surroundings where digitalization and artificial intelligence are bringing
new innovations faster than ever. This changing organizational environment may represent
an unrealized potential for companies to utilize and combined with rapid innovations there
might be a growing demand for being able to have more flexibility in investment decisions,
and thus having more flexible valuation tools. Borison (2005, 257) mentioned real option
analysis (ROA) to be most sophisticated method for valuing managerial flexibility in
theoretical point of view. Finding a way to adapt the real option methods easily might be a
different story. That being said, real options may be powerful assistance if they can be found
simple enough for companies to adapt. In this thesis, a case study is established for the testing
purposes in which most suitable real option analysis is applied along with simulation of the
investment outcomes. A real estate investment example is used in the case study, as real

estate investments are of particular interest to the author.

There are also previous theses (Tuhkanen, 2004; Lyytikdinen, 2006; Penttinen, 2021) about
the subject from which an interesting perception can be observed. These theses mainly find
that the use of real options seems to increase the value of investment projects, but real options
are not likely to be used in companies in the near future. For example, Tuhkanen (2004)
found in Finland that the logic of real options does not replace established evaluation tools
with new ones with complex mathematical equations but incorporating the real option value
into the project evaluation invariably increases the total value of the project. Then,
Lyytikdinen (2006) concluded that Finnish listed companies have been considered option-
based investment evaluation commissioning but do not apply real option thinking due to
having found the method too difficult. Back then, Lyytikéinen (2006) stated that the
application of real option thinking in the future seems unlikely, as the companies do not see
real option thinking as a significant benefit for them. Then, 15 years later Penttinen (2021)
found that the use of real option method in Finnish companies is still not likely in the next
few years, as companies are satisfied with the current methods, such as DCF, because they
are simple and easy, even though companies realize their limitations. According to
Penttinen’s (2021) thesis the complexity of the real option method in real-life investments,
difficulty in understanding the parameters, lack of understanding of the theory and its

implications among users, and the difficulty in valuing real options are the key reasons why
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real options are not used in the organizations that were interviewed. Based on these theses it
seems like there is a gap to fill between academic study and companies to utilize these
inventions. The same is reflected from literature in Section 3 where several research paper
demonstrate same type of findings from large, global companies. Therefore, this thesis is not
trying to eliminate DCF method but rather flavour it with additional tools in such a way it
could be easily adapted into companies with regards to capital investment analysis. In other

words, the model must remain as simple as possible.

Another important part of this study is the risk side, the uncertainty about the future, that is
always related in investment cases. For this purpose, this thesis also explores the application
of risk modelling with simulation using Monte Carlo simulation method. Simulating possible
outcomes of the future is one way to approach this side. Monte Carlo simulation, originally
invented by John von Neumann and Stanislaw Ulam to improve decision making under
uncertain conditions, is a method is widely used in many areas, for example in context of
risk analysis (IBM, 2020).

The higher the possible gain, the higher the risk when it comes to investment projects.
Managing those risks in business is essential. Real options can bring flexibility to projects,
which can also be seen as a method to manage risks in projects — instead of taking one shot
one may be able to execute multiple options depending on the changing situation. Added
with simulation within predefined range of effective variables, allowing managers to see the
possible outcomes and probabilities of the results of a decision, managers may experience it

easier to make those decisions on investment projects.

1.3. Research objectives and questions

The objective of this thesis is to contribute to filling the gap between business and academic
side in use of real options, added with Monte Carlo simulation. This thesis aims to examine
whether there may be a more value-adding, yet easily adaptable investment analysis
combination that managers could use in capital investment activities in real estate field
compared to the traditional discounted cash flow (DCF) analysis. In more specific, the goal
Is to investigate whether adding real option valuation into traditional net present value (NPV)

method combined with the use of Monte Carlo simulation bring concrete benefits in capital
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investment analysis, and how easily these could be adapted in managerial decision-making

process. The thesis seeks to answer the following questions:

1) According to the literature, what are the state-of-the-art real option methods
that are both easy to use and coherent in terms of managerial flexibility?

2) How to apply the state-of-the-art real options methods with Monte Carlo
simulation into an illustrative real estate investment case and what would be

the main benefits compared to traditional discounted cash flow method?

The thesis introduces real options as an additional tool to DCF valuation combined with
Monte Carlo simulation to be able to simulate various predefined sources of uncertainty that
effect on the value of the investments. These sources, variables, that have the most crucial
impact in investment case, are usually recognizable via DCF method, in which usually a
sensitive analysis is also performed. These variables can have different ranges that help
creating multiple scenarios easily. This way, the method would be able to model the risk
(uncertainty) regarding the investment case based on probability estimation.

The main point of this thesis is to examine and test the utilization of real options and Monte
Carlo simulation via illustrative case study that utilizes quantitative data to gain a
comprehensive insight into the topic and relies on a capital investment case in real estate
field. The intention of this study is to choose suitable option valuation method to be applied
in a practical real option valuation case. The thesis is eliminating especially those methods
that may be more difficult to understand and thus might be difficult to base decisions on. In
business environment there may be very limited time to try and learn complicated, highly
sophisticated models in everyday life. Managers need to clearly understand on what the
valuation is based on and how it works, in a fast-paced environment. This could be
interpreted, for example, from Penttinen’s (2021) thesis in which real estate managers in

Finland were interviewed about the use of real options.

Managers are constantly required to make decisions in highly uncertain environment.
Modelling uncertainty in such ways it serves the business goals and eases managerial
decision-making in ever changing situations can help enabling managerial flexibility, which
refers to the ability to make decisions based on current or anticipated market conditions
rather than preconceived notions. To do this, one needs the solid idea behind the theory and

the tools to make it work. Here lies the common thread of this study all along.
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1.4. Limitations of the research

This study considers only two types of real options: the option to postpone an investment
decision (wait until the uncertainty has resolved), and the option to expand business at a later
stage. These both are considered as call options. The option to close down, abandon or sell
a business or its assets (put options) are not considered in this thesis due to the usually
negligible exercise prices. Also, there are several methods in valuating real options, but this
study focuses only on one selected real option valuation method that is found most easy to
use which serves the goals of this thesis. The chosen valuation method for the case study
will be the fuzzy pay-off method that is presented in more specific in Section 2.5.1.

With regards to Monte Carlo simulation method, it must be noticed that generally Monte
Carlo simulation may be used on many occasions, for example also in valuating real options,
but in this study Monte Carlo simulation method is used only in context of modelling risks

related to the investment case example, nothing more.

The investment valuation process includes DCF calculation, sensitivity analysis and
determination of NPV. The sensitivity analysis brings the most sensitive factors, risk factors,
of the investment case visible that are then used in Monte Carlo simulation to model the

distributions of NPVs based on these risk factors affecting the investment case ‘s outcome.

1.5. Structure of the research

This thesis introduces theory and background of real options and some of the real option
valuation methods in general in Section 2. Then the thesis focuses on going through a fuzzy
pay-off method in more detail, which is perhaps one of the most user-friendly real option
valuation methods and therefore chosen here to be applied. Also, capital budgeting method
is introduced briefly by which the value of a potential investment project can be determined,
and in which the widely used NPV is determined. Finally, Monte Carlo simulation method

is introduced in context of risk analysis.

In literature review in Section 3 the thesis summarizes and discusses earlier findings about
commonly existing investment analysis methods in real estate field and how real options are

currently used. In empiric part (Section 4) of the thesis an illustrative case study is prepared
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in which the fuzzy pay-off method and Monte Carlo simulation method are applied and
tested as additional tools to capital budgeting process with regards to real estate investment.
The findings are discussed in results part (Section 5) of the thesis. Specifically, the feasibility
of the model and process in business environment is analysed and judged. Conclusion and

further discussion are presented in Section 6 of this study.



22

2. THEORETICAL BACKGROUND

This chapter briefly presents the key concepts within capital investments, specifically real
estate and property investments, and the valuation methods, or the ideas behind each
concept. It’s worth mentioning, that there are numerous different methodologies and
approaches in defining the value of investment projects, but only the most relevant ones
considering this study are presented here. In addition, there are several different meanings
for term “property” depending on the continental, or even country, and without going into
more detail, for clarity reasons in this thesis the term “property” refers to any commercial
income producing land (including ownership and usage rights) and building such as shops,

industrials, offices, and hotels, and also the residential property.

2.1. Capital investments

Capital investments are highly important for not only for companies, but for the whole
economy in short and long period. Increase in capital investments by companies raises the
current level of gross domestic product (GDP) and requires manpower, which reduces
unemployment. These investments will generate revenues for the businesses in the long
term, raising tax income and increasing the economy’s overall productive capacity, allowing
economic growth in short- and long-term. This enables an increase in income, which

improves the general standard of living.

For companies, capital investments refer to the acquisition of physical assets, such as
machinery, plants for manufacture, and real estate, in order to generate more earnings,
increase operational capacity or gain larger market share. These expenditures are used to
fund a company's long-term growth. Also, capital investment in the form of a share in
another company's supplementary can also be used for the same purposes. The money to
finance these investments may come from several sources, such as cash, loans, venture

capital deals or issuing stocks, depending on size of the investment project.



23

According to Fuchs, Hatami, Huizenga and Schmitz (2022), the world will see a unique
wave of capital spending on physical assets in projects to decarbonize and renew critical

infrastructure between this very moment and 2027, amounting to roughly $130 trillion.

2.2. Real estate investment

Real estate investment means purchasing, managing, selling, or renting a real estate, or a
part of it, in order to achieve financial benefit through either the property's value increase or
rental income, or both. Revenue is generated by renting (net operating income, i.e., rent
profits minus ongoing expenses) and capital appreciation, taking into account any tax shelter
offsets. Tenants pay the rent to landlords of real estate properties in exchange for using the
property. Tax shelter offsets mean depreciation and any losses that reduce the tax liability
on the same type of income source, including any tax-related credits. Equity is accumulated
when tenants pay the maintenance costs and the value of the real estate property can increase,
for example, by improving or renovating the buildings or due to the development of the
surrounding region. If the source of debt service payment is the income gained from the real
estate property, the equity accumulation can be treated as revenue because the cash flow is
positive. Capital appreciation will be realized as a positive cash flow not until the real estate
property is sold and this cash flow can be very unpredictable unless it is part of the

development strategy of the real estate. (Glickman, 2014.)

Property valuation is the key preliminary step before making the real estate investment in
the market where information asymmetry is commonplace, i.e., one party may have more
information about the real value of the real estate property than the other. Several valuation
techniques are used prior to purchase. In addition, for the purpose of standardizing property
valuation there are many real estate appraisal associations in the world, such as the Appraisal
Institute in USA, the Royal Institution of Chartered Surveyors (RICS) in UK and the
International Valuation Standards Council in UK. (Morri & Benedetto, 2019.)

Diversification in real estate investments may be often small in terms of geographically and
timely, as the large capital requirements often tend to limit it. Investing in a certain industry
is dependent on the demand of the industry in question which may also increase the risks.

Staying on schedule within the investment project can also be considered a risk, as it is often
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affected by many external factors and delays typically bring surprising extra costs to the

investor.

2.3. Investment analysis methods in real estate

There are several different methods that are applied to real estate investments prior to the
decision making whether to make the investment or not. All of them can be considered
justified but they show different perspectives from the possible investment target, and
eventually it is the decision-maker who has to judge the feasibility of them. It may be also

very common to piece them together for having more versatile opinion.

Very common methods are the discounted cash flow-based net present value (NPV), the
internal rate of return (IRR), payback period and return on investments (ROI). Also, added
shareholder value may be estimated along with different versions, or extensions, of NPV.
Multiples can be used as well, however, bearing in mind the heterogeneous nature of real
estate market meaning that typically, the comparable investments cases are similar, not

identical.

In NPV method, all payments related to the investment — investment expenditure, net income
accumulated at different points in the future and possible income from the residual value of
the investment — are discounted to the present value with a selected discount rate, such as
cost of financing the investment or the minimum return requirement rate. These are deducted
by the present values of future expenses related to the particular investment, resulting NPV.
Positive NPV is a signal to invest as it means the investment is profitable and from all

possible investment cases the one with highest NPV “wins”. NPV equation is:

T

C;
NPV = —C e
ot E A+

i=1
(1)
where Co is the initial investment, Ci is cash flow at time i, r is discount rate and T is time.

The internal rate of return (IRR) is the discount rate that makes the NPV equal to zero. It
may be a quick and simple check point to compare to any threshold rate of return the investor
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may have for determining if the investment process should move forward. Payback period
is the amount of time required for the cash flows received from the investment to pay the
cost of the original investment and thus, it provides a quick insight into the liquidity of the
investment while not considering the possible cash flows after the payback period. Neither
of these two methods (IRR or payback period) should not be sufficient alone, most heavily
due to the reason that they do not consider the size of an investment, and thus are

unequivocally too narrow as a method.

ROI can be calculated by dividing the net profit on investment by the costs paid for the
investment. However, this method is not considering the time frame of the investment
meaning that again, alone it is a poor method. With leverage, ROI value can increase very
much as investors are using (partial) debt financing which lowers the costs spent on the

investment.

Professional investors may have different techniques they use. For example, in Penttinen’s
(2021) thesis companies in Finland replied to be using metrics such as direct capitalization
(NOI yield, where net operating income (NOI) is divided by the value of property) and the
market value method which assumes that real estate prices are determined by the market.
Here, the comparative trades of similar properties that have recently been made (or are
available in the market) are competed with the investment target being evaluated. Market
value can be determined also by dividing NOI with the required rate of return. Further
discussion on investment analysis methods and time value of money is provided in e.g.,

Quantitative Investment Analysis (2015) by DeFusco, MacLeavey, Pinto and Runkle.

According to Pagourtzi, Assimakopoulos, Hatzichristos and French (2003) valuation
methods can be grouped into traditional (regression models, comparable i.e., market, cost,
income, profit and contractor’s method) and advanced (artificial neural networks (ANNs),
hedonic pricing method, spatial analysis methods, fuzzy logic and ARIMA models), from
which the latter ones are not that commonly adapted into use yet. These advanced methods
are, however, studied in academic research and found to improve the efficiency of the
process of predicting. For example, Abidoye, Junge, Lam, Oyedokun and Tipping (2019)
suggested that property valuation stakeholders should synergise and transform the property
valuation practice in a bid to promote the awareness and adoption of the advanced methods
such as ANN, hedonic pricing model, expert system, and fuzzy logic system among property

valuers.
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From the real estate operator side, Carl Hoemke (2021) has capsulized the most common
methods that are used in the real estate field, from which five of them are presented next.
The market approach and the sales comparison approach are here combined due to

sometimes mixed terminology in academic literature.

2.3.1. The income approach

The income approach determines value based on the present value of the future generated
(lease) cash flows. The future expected revenue minus estimated future expenses are
discounted into the current value with a discount rate (demanded rate of return) comparable
to the risk associated with the expected income. Naturally, higher risks are associated with
higher discount rates. For example, the lease agreements affect on this — the existing tenants
with long-term lease agreements are less risky than any uncertainty regarding having the

property rented to solvent tenants. (Hoemke, 2021.)

2.3.2. The sales comparison / market approach

The sales comparison, or market approach, looks at the comparable transactions in the same
area. The selling price of these past transactions will determine the value of the property
taking into account the needed adjustments for key differences such as size, location,
condition and construction type. The market approach compares the property to other,
similar properties available in the market ensuring it is priced accordingly. No one (rational
investor) will buy the property if it is priced much higher than the other properties around it,
or on contrary, it will be purchased very quickly is it was mispriced significantly under other
similar properties taking into account adjustments in terms of size, age, renovations, land,
building rights, functionality and other significant qualities that create value. (Hoemke,
2021.)
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2.3.3. The cost approach

The cost approach is based on the principle of substitution, and it creates a ceiling on the
market value of a specific property. It assumes one would have to first purchase a property
of similar quality and in, or near, the same location and factor the needed construction costs:
no one (rational investor) will buy the property if one is able to build a similar new property
in the same are that would generate the same revenue or value in economic terms. (Hoemke,
2021.)

2.3.4. Value per gross rent multiplier

The value per gross rent multiplier (VPGRM) indicates the value to the maximum annual
rent, i.e., gross rent of the property. The gross rent is compared to other similar market
transactions as in the sales comparison approach. For example, if a similar property, assumed
all key differentials accounted, with a €2 million gross rent sold for €20 million, it has sold
for 10 times the gross rent. From here, a similar property with the same gross rent will have
a basis for the valuation. (Hoemke, 2021.)

Based on academic literature, first two or three of these methods seem to be most relevant
and widely used in the real estate field (Ventolo and Williams 2001, 152-272; Abidoye et
al. 2019; Morri & Benedetto 2019, 59-88; Royal Institution of Chartered Surveyors (RICS)
2019). Abidoye et al. (2019) studied Australian area and mentioned residual method as most
common one in addition to the first two. Also, Morri & Benedetto (2019, 90-94) and RICS
(2019) include this. RICS (2019) determines it as the following:

“The residual method is based on the concept that the value of a property with
development potential is derived from the value of the property after
development minus the cost of undertaking that development, including a
profit for the developer. Put simply: gross development value (GDV) - total
development costs (including profit) = residual land value.” (RICS 2019, 24.)

Market, income, and cost approaches are recognized also by the International Valuation

Standards Council (2011, 65-68) that is an independent, non-profit organisation maintaining
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a valuation framework to serve the public interest. In addition, the organization emphasizes
the need to understand the legal framework affecting the interest being valued before

undertaking a valuation of a real property interest.

2.4. Capital budgeting

According to Damodaran (2010) corporate finance first principles are investing in projects
that yield a return greater that minimum acceptance hurdle rate i.e. minimum acceptable rate
of return (investment decision), choosing a financing mix that maximizes the value of the
projects taken (financing decision) and return the cash to the owners when there are not
enough such investments (dividend decision) — all aiming at the very centre purpose of
maximizing the value of the firm and its owners. The planning procedure of these investment
decision expenditures on long-term income-producing fixed assets, that will generate cash
flows longer than one year, is called capital budgeting. Budgeting means a detailed plan of
the projected cash flows (inflows and outflows) over the particular future period. All these
cash flows are discounted at the cost of capital of the project (or sometimes with other
required rate of return that company decides, e.g., a firm’s weighted average cost of capital,
WACC, which is the expected return by company’s investors) and summed, providing the
NPV that was discussed earlier. (Gitman, 2010; The Balance, 2020.)

2.4.1. DCF analysis

The cash flows that will be generated from the investment project in the future are discounted
back to a certain point in time, usually to the current date. The reason for the discounting
process is the theory of the time value of money, that assumes that money today is worth
more than money in the future as money today can be invested in order to earn more money.
The weighted average cost of capital (WACC) represents the average rate that a company
pays to finance its assets, thus WACC consist of all of the company’s sources of capital (debt
and equity), weighted by the proportion of both of the components. The cost of equity is
generally higher than the interest rate of debts due to higher risks that equity investors carry,
according to the Capital Asset Pricing Model (CAPM) (see Appendix 18). Therefore, an
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increase in a company’s debt as a portion of the total capital results in lower WACC, as well
as lowering the financing rates. Nevertheless, many companies use WACC as a reference
rate to decide whether to invest as it represents the minimum rate of return at which a
company produces value for its investors. WACC can also represent a company’s
opportunity cost, meaning that if a higher rate of return cannot be found elsewhere, the

company should buy back its own shares. (The Balance, 2020.)

In DCF, a forecast of the future cash flows is generated using typically either a growth-based
forecast where a basic year-over-year growth rate can be used, or a driver-based forecast that
requires disaggregating revenue into particular drivers (for example, price, volume, market
share, and external factors). Here, a regression analysis is often in determining the

relationship between the drivers and the revenue growth.

Also, a project’s terminal value must be estimated and included in the NPV. Terminal value
is the cash flow value beyond the explicit forecast period, and it is a critical part of the
financial model, as it can make a large percentage of the total value of the project. There are
two approaches to the DCF terminal value formula: perpetual growth, usually used by
academics, and exit multiple, usually used by industry professionals. Selecting the
appropriate discount rate and multiple, or growth rate, for the risk profile of the project, is
very important in determining the most correct NPV. The NPV is very sensitive to these,
meaning that even a little change in these values can cause immense change in NPV.
(Gitman, 2010; CFI, 2022c.)

NPV can also be sensitive to certain model-related drivers, such as price, cost-factors, and
volume. Therefore, a sensitivity analysis is often prepared as a part of the process to
determine how the project value changes if certain drivers or assumptions in the model
change. It is important part of decision-making to understand the key variables in the project
that will mostly affect on the profitability of the investment project. A break-even analysis
is typically prepared as well, as it demonstrates the point when a project will be profitable.
It is used to determine the number of units or revenue needed to cover the project’s total

costs (both fixed and variable).

All investing expenses and project funding must be completed at the point when an
investment decision is made. In addition to the financial figures companies may also take

into consideration certain quality factors, such as how well the project fits into the company’s
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values, strategy or vision. Especially, ESG and green values are highly important today for
many companies and unsustainable-profiled projects may get abandoned nevertheless the
positive NPVs. Thus, eventually investment decisions are often a holistic package than cold

numbers for managers that are trying to maximize the company’s value.

2.5. Real options

The term “real options”, coined by Stewart Myers in 1977, refers to application of option
pricing theory into the valuation of non-financial investments (“real” investments) with
certain flexibility, e.g., multi-stage research and development before making a decision.
Since then, a number of research papers are published on both theory and applications.
Attention from industries, such as oil and gas, was gained as a potential tool for valuation
and strategy. Later, management consultants and internal analysts began to apply real

options to major corporate investment issues. (Borison, 2005.)

2.5.1. Brief history and introduction to real options

Black, Scholes and Merton developed the first formula solution for financial option pricing
in 1973 (Black & Scholes, 1973). Few years later, Myers (1977) defined real options as
“opportunities to purchase real assets on possibly favourable terms” and proposed (Myers,
1984) that DCF tends to understate option value when business grows and even if DCF
would be properly applied it may fail in strategic applications. Kester (1984) discussed about
growth options in capital budgeting. Since that an increasing number of research papers were
made about the subject (see e.g., McDonald and Siegel, 1986; Trigeorgis and Mason, 1987;
Pindyck, 1991; Dixit, 1992; Trigeorgis, 1993) until Dixit and Pindyck (1995) provided the
first detailed suggestion of the new theoretical approach to capital investment decisions that
recognizes the option value of waiting for better information. Since that many researchers
have examined real option analysis (ROA) and recognize its potential in investment analysis
but indicated that especially the application of ROA is problematic due to the complexity of
its different methods (see e.g., Lander and Pinches, 1998; Oppenheimer, 2002).
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Then, Collan, Fullér and Mezei (2009) proposed fuzzy pay-off method (FPOM) which was
based on possibility distribution derived from different NPV scenarios. The real option value
was calculated using probability of success and the possibilistic mean of the positive side of
fuzzy number. Borges, Dias, Neto and Meier (2018) demonstrated that the calculated option
value may be below project NPV (without real option) which is inconsistent with financial
theory. This nonuniformity stemming from probability and possibility approaches used at
the same time was solved based on findings of Luukka, Stoklasa and Collan (2019), and
presented by Stoklasa, Luukka and Collan (2021) showing that the probabilistic part can be
omitted from the formula, making it consistent with financial theory. Thus, today, real option
analysis with FPOM can be applied with lower complexity.

A real option is a right but not an obligation to take an action on an asset (such as expanding,
contracting, abandoning, or deferring its purchase) at a particular cost (treated as exercise
price) during the lifecycle of the real option (Copeland & Antikarov, 2001, 5). Real option
analysis (ROA) is from theorical point of view likely the most sophisticated method to value
managerial flexibility. In ROA, an investment opportunity is regarded as a real option and it
has the same payoff structure than a financial option where valuation is tied to following
parameters: the expenditure to acquire the asset, the length of time during the investment
decision is available, the risk-free rate, the volatility (risk) of the cash flows, and the forgoing
free cash flow if the investment opportunity is not started immediately, or at all (Scialdone,
2007, 257-258). However, managers cannot measure uncertainty in terms of volatility, but
instead they must rely on their perceptions of uncertainty unlike in financial options — thus,
ROA is distinguished from financial options, as it takes into account uncertainty about the
future evolution of the parameters that determine the value of the project, coupled with

managers’ ability to respond (Piesse & Van de Putte, 2004; Damodaran, 2005).

As with financial options, real option can be also categorized in call and put options: a call
option gives the holder of the option the right (but not an obligation) to buy the underlying
asset at a certain fixed price (strike or the exercise price), at any time prior to the expiration
date of the option (American options style) or at the expiration date (European style). For
this possibility, the holder pays a price. If at expiration, the value of the asset is less than the
strike price, the call option will not be exercised, thus it expires worthless. A put option gives
the holder of the option the right (but not an obligation) to sell the underlying asset at a fixed
price, again called the strike or exercise price, at any time prior to the expiration date of the
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option, or at the expiration date (American versus European option). Again, the holder pays
a price for this right and if the price of the underlying asset will be greater than the exercise

price, the put option will not be exercised and will expire worthless. (Damodaran, 2005.)

Real options are typically available only for a limited time. In business, there are sometimes
situations where a company must decide whether to act or not if an opportunity comes
available. The risk is that the rival company will act first and win the competition. Unless
“exercising” the option makes sense (it makes more money or saves money) the real option
Is not used. Obviously, real options are most valuable when uncertainty is high and managers

have the flexibility to change the course of the project, when needed.
There are several types of real options (CFl, 2022a):

1. Option to expand (make an investment or undertake a project in the future to expand

the business operations).
2. Option to abandon (cease a project or an asset to realize its salvage value).
3. Option to wait (defer the business decision to the future to have more information).

4. Option to contract (shut down a project at some point in the future if the operating

conditions are unfavourable).

5. Option to switch (shut down a project at certain point in the future if the operating

conditions are unfavourable and resume it if the conditions are again favourable).

Types of Real Options

Option to Option to Option to Option to
expand abandon wait contract

Figure 1. Types of real options (CFl, 2022a).
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From these examples one may realize that these real options are already used in certain way
in companies, perhaps not even realizing it. For companies, real options are valuable if their
existence is recognized, available real options are found either from current projects or in
future investments, and they are actively managed. This requires companies to discuss about
real option thinking and skilled employees for real option mapping, valuating them and
providing the needed software solutions, such as the needed enterprise resource planning
(ERP) system integrations. Thus, managers must be equipped with real option mindset and
fully seeing the benefits of ROA in business. After all, the real option mindset does not differ

far from “normal” business leadership and management expectations.

In general, real options are widely studied subject in many fields. For example, in strategic
management research Trigeorgis and Reuer (2017) identified several challenges and
opportunities in real options and concluded suggestions of the needed future research to take
more of an implementation perspective focusing more on aspects of option management and
exercise, than a detached valuation or purely strategic reasoning one. However, there is
survey evidence suggesting companies being slow in adopting real options even there is
findings about their benefits (see for example, Graham and Harvey 2001; Brounen, de Jong
and Koedijk 2004; Ryan and Ryan 2002; Block 2007; Baker et al. 2010). That being said, it
is noteworthy to point out, that, according to Baker et al. (2010) there are many surveys that
provide limited justification for the low popularity of real options, as they only report the

percentage of firms using real options.

Instead of seeing real options as an alternative method to the widely used traditional DCF
technique many surveys consider the identification of the use of real options specifically as
an additional tool for DCF analysis. For example, Triantis and Borison (2001), and Copeland
(2002) suggest using real options to complement the existing evaluation methods, such as
DCF. McDonald (2006) even argues that the differences between the ROA and DCF
approaches are not as large as many seem to be believing and according to Guerrero (2007)
real options are an important extension to DCF analysis.

While traditional DCF approach assumes a single decision pathway with fixed outcomes,
and without the ability to change and evolve overtime, the real options approach considers
multiple decision paths as a result of high uncertainty and the flexibility of management to
choose the optimal strategy as new information becomes available (Mun, 2002). In

comparison with the DCF, or the NPV method, the differences between the NPV approach
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and the ROA approach can be summarized as following: in NPV, risk is measured indirectly
through the rate of return while ROA measures risk by assigning probabilities to the expected
future payoff. The expected normal distributed cash flows in NPV approach are
predetermined without the flexibility to change them after starting the project while in ROA
future actions are modelled in response to the revolution of uncertainty aiming to skip the
negative outcomes and thus an unsymmetrical distribution is assumed in results. NPV also
requires one starting time while ROA calculates one optimal starting value, but no false

mutually exclusive alternative is being laid off. (Scialdone, 2007, 43).

2.5.1. Recognizing real options

Having a real options mindset is the key to recognize real options and it is part of
management methodology. Basically, it means following how the world changes and
understanding how the changes will affect the business, keeping track of the available real
options and thinking about what options company should have, establishing solid

b

communication in place in the organization, and seeing “new” as an opportunity and

embrace it (adapting the “entrepreneurial” way of thinking).

“One of the problems in learning how to use real options is that we often don’t
know how to recognize them in real-life managerial settings.” (Copeland &
Keenan 1998, 41.)

Real options can be found anywhere where one can find uncertainty, but they must be
identified and documented: the possibility (choice), source of uncertainty, terms under which
the real option can be exercised, the exercise price (cost of real option), and type (operational
or strategic) (McKinsey, 1997). Operational real options are such that companies have in
their operational business currently or in the near future (e.g., investment projects). Strategic
real options are such that companies must prepare for the long-term future (e.g., patents or
R&D projects).

NPV method as such does not consider the value of managerial flexibility to adapt according

to changing circumstances. If the market grows faster than anticipated, managers must seek
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for options to expand the operations. If technology or digital innovation brings unforeseen
applications available, managers must evaluate the options to utilize it. Real options may
bring the needed addition to NVP calculation — the flexibility to enter a market with options
to grow, scale down or abandon, and the value to wait before undertaking a major investment
or new market (CFI, 2022a) — and Monte Carlo simulation may offer more insight into

decisions when the probabilities of outcomes can be estimated and made visible.

2.5.1. Valuating real options

There are several different methods for valuating real options and numerous examples of the
applications. Mayer and Schultmann (2017) discussed and presented a brief overview of the
option valuation methods they think are the most relevant, considering analytic, numeric,
and stochastic approaches. They continue that depending on the parameter under
investigation, different methodological recommendations can be derived regarding the

valuation of real options.

The valuation methods are often adapted from techniques for valuing financial options (see
for example, Borison, 2005). For example, Black—Scholes model (differential equation
solution) for European styled options, binomial lattices (discrete event and decision model)
for American styled options, and Monte Carlo simulation (simulation-based method) for
both types are very commonly adapted. However, due to the required extensive
mathematical sophistication these methods can be considered too heavy for high-
dimensional situations. Cash-flow scenario using methods, such as Datar-Mathews method
and fuzzy logic-based fuzzy pay-off method, do not contain restrictive assumptions similar
to those underlying the closed form. Decision trees analysis method combines cash-flow
scenario with decision points clarifying the connection between future decisions and
uncertain circumstances, although it is challenging to apply in practice when multiple
sources of uncertainty are present. In this method (see e.g., Borison, 2005 and Mills, 2006),
every point of decision and the options at that point must be identified along with their
aspects of uncertainty, range of alternative outcomes, probabilities of events, results from
actions (costs and possible profits). The net present value is then calculated for each point,
node, based on the chosen course.
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Mayer and Schultmann (2017) presented the following visualization of the (real) option
valuation methods that highlight the variety of them (see Figure 2). For more understanding
about the different methods in detail, see e.g., Wilimowska & Lukaniuk, 2005; Mathews,
Datar & Johnson, 2007; Carlsson & Fullér, 2003; Street & Santhanakrishnan, 2011; Collan
et al. 2009.

Option valuation

methods
Analytic Numeric
approaches approaches
L Approximation of
Closed‘-form Approximation of the stochastic Others
solutions the PDG
process(es)
Approximation Finite differences qute—Cgrlo— . Numer‘m
approaches Simulation integration
Finite elements Option pricing Artificial neuronal
trees networks

genetic

Markov chains .
algorithms

Figure 2. Visualized tree of some of the real option valuation methods (Mayer and
Schultmann, 2017).

There are various analytical approaches that have been proposed to calculate the real option
value for a potential investment. They differ in terms of their applicability (what the value
represents), assumptions and mechanics. For example, the classic approach (Amram &
Kulatilaka, 1999) is based on a traded replicating portfolio, and building data from that

portfolio, and is connected to standard option pricing from finance theory. It assumes capital
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markets are complete. The mechanics uses the Black-Scholes algorithm, where the following
factors are used to determine the option value of the project: strike price, share price, time
to maturity, project volatility and the risk-free rate, which is proposed to calculate the real
value of the potential investment. The subjective approach (Luehrman, 1997; 1998) is very
much the same the classic approach but not all: it is based on a traded replicating portfolio,
but it is built on data that is subjectively assessed. Here, the price and volatility of the
underlying asset are subjectively estimated before applying Black-Scholes model. (Borison,
2005; Mills, 2006.)

The next one, marketed asset disclaimer (MAD) approach (Copeland and Antikarov, 2001)
is not relying on a traded replicating portfolio and the data is completely subjective except
for the discount rate. The same assumptions that may be used to justify the application of
net present value (NPV) in capital investments analysis are used here to justify the
application of real options analysis. The mechanics is based on building a cash flow model
of the underlying asset using subjectively evaluated inputs and calculating the NPV using a
CAPM-based beta, then subjectively estimating the uncertainty associated with the inputs
and running a Monte Carlo simulation of the model to obtain the resulting distribution, that
is then used to construct a risk-neutral binominal lattice. The value of real option is then
estimated using this lattice. (Borison, 2005; Mills, 2006.)

The revised classic approach (Dixit & Pindyck, 1994; Amram & Kulatilaka, 2000) is based
on the view that there are two different types of business investment, each of which requires
its own approach: real options analysis (ROA) should be used if the investment is dominated
by market-priced (public) risks, and dynamic decision analysis if company-specific (private)
risks dominate the investment. Here, for market-priced risks, the classic approach is applied
and for corporate-specific risks, the decision analysis is applied by using decision-tree
analysis that represent the investment alternatives, their probabilities, and values by
subjective judgement. Then a cash-flow model is applied at each of the tree points,
calculating the NPV using the appropriate weighted average cost of capital (WACC) rate.
The decision tree is then rolled back to determine the optimal strategy (based on the
associated values). (Borison, 2005; Mills, 2006.)

The integrated approach (Smith & Nau, 1995; Smith & McCardle, 1998) recognizes that
most investment problems encountered in practice involve both kinds of the risks described

above. Unlike the four previous approaches, that are based on finance, the origin of this
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approach is in management science. It establishes a goal of making investment decisions to
maximizing the utility of owners and managers. The mechanics is very much the same as in
revised classic approach but with some exception: the decision-tree is applied considering
both types of risks where market-riced risks the replicating portfolio is identified, and “risk-
neutral” probabilities are assigned. (Borison, 2005; Mills, 2006.)

For more information about the strengths, background, usability and weaknesses, see e.g.,

Borison (2005) and Mills (2006) who very much refers to Borison’s (2005) previous work.

There are numerous research papers of application of different real option valuation
methods. For example, Cirjevskis and Tatevosjans (2015) tested real option application in
real estate development project aiming to valuate managerial flexibility with the use of real
options and valuating them in three different methods. They used term “extended NPV”,
“eNPV”, and decided that in case of expanding project its NPV is positive, the option to sell
the project should not be considered as it is inefficient. Durica, Guttenova, Cudovit and
Svabova (2018) performed a case study presenting a practical application of the real options
in investment valuation using binomial trees in calculating three values for the potential
managerial interventions in real estate investment, and confirmed that the traditional NPV
approach significantly undervalued the case because it did not consider the flexibility of
managerial interventions in the project. It is noteworthy, though, that both of these studies’
attention is more on the valuation methods and the implementation into practise to be used
by companies is not dealt. Also, these valuation methods can be considered rather

complicated. More examples are provided in literature review in Section 3.

2.5.1. Fuzzy pay-off method

Fuzzy pay-off method (FPOM) is at this point rather new method for investment analysis. It
was originally brainstormed by Mikael Collan between 2007-2008, based on specifically
the realization of the complexity of the Black-Scholes model and that the calculation had to
be simplified for real options and profitability analysis, and later proposed by Collan, Fullér
and Mezei in 2009. The method is based on Datar-Mathews (Datar & Mathews, 2007) real
option valuation method that uses simulation to generate a probability distribution of project

outcomes from project cash-flow scenarios, calculates the probability weighted mean value
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of the positive outcomes and multiplies by the probability of the positive outcomes (%) over
all of the outcomes. (The pay-off method, 2022.)

Fuzzy pay-off method “extends” this idea further: it used fuzzy numbers and possibilistic
approach instead of probabilities. The pay-off distribution of a project value (calculated with
fuzzy numbers) is called fuzzy NPV. The mean value of it is a possibilistic mean value of
the positive fuzzy NPVs. Thus, real option value calculated from the fuzzy NPV is the
possibilistic mean value of the positive fuzzy NPVs multiplied with the positive area of the
fuzzy NPV over the total area of the fuzzy NPV. This can be done without simulation (or it
can also be done with simulation as well). Basically, this means that the real option value
can be derived from the fuzzy NPV. These are the blocks that jointly form the fuzzy pay-off
method for valuing real options. (The pay-off method, 2022.)

Fuzzy numbers are fuzzy sets that satisfy certain conditions and derive from fuzzy set theory
(Zadeh, 1965) using fuzzy logic in which different propositions (scenarios) have a degree of
membership in a certain set. This degree of membership can be either O (complete non-
membership), 1 (complete membership) or a value between 0 and 1 (an intermediate degree
of membership). A very simple example of the application can be presented from everyday
life, e.g., related to a question about the current weather conditions. If one asks, is it hot
outside when the outdoor temperature is 19°C, the answer depends on many things, such as
the location. In South Pole area, where temperature is always below zero, it is definitely
considered hot (1, complete membership) but in somewhere near equator area that might be
considered quite warm but not exactly hot (value between 0 and 1, an intermediate degree
of membership), as it also depends on the time of the year, along with many other factors.
This highly simplified example illustrates conveniently the complexity of real life, in which
real option analysis is applied. Even the forecasting is difficult, due to uncertainty of real
life, exact accurate numbers are used to give uncertain estimates, thus highly simplifying the
reality. For this purpose, the fuzzy logic, a “tool” that enables to treat uncertainty and
imprecision in a precise way, was introduced by Zadeh in 1965. For further discussion about
fuzzy set theory see e.g., Dubois & Prade, 1980, and about possibility theory see e.g., Dubois
& Prade, 2001.

Based on the work of Collan et al. (2009), Luukka et al. (2019), and Stoklasa et al. (2021),
in short, a fuzzy set A on the universe U is defined by A : U — [0, 1]. For each x € U the
value A(X) is called the membership degree of the element x in the fuzzy set A. A(.) is called
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a membership function of the fuzzy set A. A fuzzy number is a normal convex fuzzy set on
R (with bounded support). A triangular fuzzy number A on [r,s] € R is a fuzzy number,

whose membership function is

0 forx <a—a

1-— 3;" fora—a<x<a
Alx) = 1-— xl;a fora<x<a+p

0 fora+ 3 < x

)

In FPOM, using fuzzy logic, three cash flow scenarios (i.e., three NPV scenarios) are
applied: minimum, “best guess” or best estimation (most likely scenario, which is typically
used in investment analysis) and maximum. Then, these scenarios are treated as fuzzy
numbers that form a triangular shaped fuzzy NPV pay-off distribution. This represents
graphically the range of the possible future investment pay-offs (see Figure 3). In this
distribution, best guess scenario has a complete membership (1), the minimum and
maximum scenarios have complete non-membership (0), and other scenarios between have
intermediate degrees of membership (a value between 0 and 1). The triangular shape of the
pay-off distribution is assumed for simplicity reasons (it may naturally be something else),
and it is “a graphical presentation of the range of possible future pay-offs the investment can
take”. (Collan et al., 2009; Luukka et al. 2019; Stoklasa et al. 2021.)

For more detailed description of the method and mathematical equations, see e.g., Collan et
al. (2009), Luukka et al. (2019), and Stoklasa et al. (2021). Next, equations of real option
value (ROV) are presented. These following equations and their background information are
based on the work of Collan (2019).

The real option value (ROV) is defined as the possibilistic mean of the positive side of the

fuzzy NPV distribution. There are four different equations for the calculation of ROV:

1. When the pay-off distribution is treated as a fuzzy number, and the whole fuzzy NPV
distribution is above zero, it can be calculated with equation

B -«

ROV(A) = a-+ 6 (3)




41

and graphically illustrated by:

1

0 a—« a a—+ .H

2. When the pay-off distribution is treated as a fuzzy number, and the fuzzy NPV
distribution is partly above zero (zero is between the minimum possible NPV and

the best guess NPV), it can be calculated with equation

3 2

a a a pB
ROV(A\ = ——— 4+ — 4+ — 4+ =
OV(A) 62 + 20 + 2 + 6 (4)
and graphically illustrated by:
1
0 a—a 0 a a+f3

3. When the pay-off distribution is treated as a fuzzy number, the fuzzy NPV
distribution is partly above zero (zero is between the best guess NPV and the
maximum possible NPV), it can be calculated with equation

a3 #? a p

ROV(A) = = 4+ 2 2.7
OV(A) 6,32 + 23 * 2 * 6 (5)
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and graphically illustrated by:

1

a— « a 0 a+f3

4. When the pay-off distribution is treated as a fuzzy number and the whole pay-off

distribution is below zero, the equation is simply

ROV/(A) =0 )
graphically illustrated by:
1
0 a— « a at+pfQ
Thus, ROV for a fuzzy set A is
s ﬁ—a
a-+ G for0<a—a
——2 42 a0 f55_0<0<
ROV(A)={ , @rtaatits lra—as0sa
W+ﬁ+§+g f0r3£0£3+r8
| 0 fora+ <0 @)
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where
a = the best guess scenario NPV;
a (alfa) = the distance between the minimum and the best guess scenario NPV;

B (beta) = the distance between the maximum and the best guess scenario NPV. (Collan

2019.)

The graphical triangular shape can be placed to visualize real numeric cumulative NPV

scenarios (see Figure 3 below).
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Figure 3. Example of cumulative NPV scenarios and graphical triangular shaped pay-off
distribution (The pay-off method, 2022).

The usefulness of this model lies in the fact that there is no need for determining the volatility
of the asset. Instead, projection of uncertainty can be done based on expert opinion and other
relevant data available which applies excellently in the real estate industry where there is
often insufficient data available for calculating the volatility. Also, the model uses available
cash flow-based data that is very commonly used in companies, and it is suitable for several

analysis tools, including the most commonly used simple analysis tool in companies,
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Microsoft Excel, based on Visual Basic programming language. Thus, the model does not
force companies to ultimately change their entire work processes. (The pay-off method,
2022.)

2.5.2. Application of real options in practice

In short, according to Collan (2019) application of FPOM for real option valuation is creating
three cash-flow scenarios, calculating NPV for each scenario, establishing a fuzzy NPV
(pay-off) distribution and obtaining the ROV. To calculate the (expected) fuzzy NPV the
present value of the lowest cost estimate is deducted from the present value of the highest
revenue estimate, and the present value of the highest cost estimate from the present value
of the lowest revenue estimate. (Collan, 2019.)

The fuzzy NPV (pay-off) distribution is represented by fuzzy number:

Table 1. Fuzzy number representations (Collan, 2019).

Value Fuzzy number
Maximum scenario NPV a+p
Best guess scenario NPV a
Minimum scenario NPV a—a
Distance between best guess scenario

NPV and maximum scenario NPV p
Distance between the best guess u

scenario NPV and minimum scenario NPV

The height of the fuzzy NPV distribution reflects the degree of membership of each value to
the distribution in the set of possible values for the investment NPV. Based on fuzzy logic
theory, the best guess scenario is the most likely one, and maximum and minimum possible
scenarios are used as upper and lower bounds of the distribution. The three scenario NPVs
are then used in the creation of the pay-off distribution, which in this case is assumed as
triangular (as there are three scenarios). (Collan, 2019; The pay-off method, 2022.)
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This fuzzy pay-off method for real option valuation has been integrated, for example, into a
management information system for valuating of research and development projects of a
large company. In addition, the method has been applied to several types of problems, such
as valuation of large industrial investments or patents, and analysis of mergers and

acquisitions. (The pay-off method, 2022.)

2.6. Monte Carlo simulation

Simulation is an analytical method imitating a real-life situation. It can be useful especially
when other analyses are too mathematically complex to reproduce. Monte Carlo simulation
(MCS) is a type of simulation which randomly generates values for uncertain variables to
simulate a real-life situation. MCS selects values of variables that have a known or estimated
value range, but whose value is uncertain for a specific time or event (e.g. interest rates,
inventories, or discount rates) to simulate a certain model. A simulation calculates several
scenarios of a model by repeatedly picking values from the probability distribution for the
uncertain variables and using those values for forecasting future events. Simulation is highly
useful, for example, to avoid “the flaw of averages” (that is, trusting the average value when
the range of absolute values vary enormously) that sometimes severely mislead managers to
make wrong decisions. The distribution can be pre-set, such as normal, triangular, uniform
or lognormal, or non-parametric where the historical data itself is used. (Mun, 2002, 102—
103.)

Monte Carlo simulation enables a simulation of several thousands of possible project
scenarios, calculation of the project NPV for each scenario using the DCF approach and
analysing the probability distribution of these NPVs. The uncertainty must be reflected in
choosing the appropriate discount rate. The risk-free interest rate corresponds to a riskless
investment, but when dealing with project investments, it is almost impossible to find cash
flow streams with absolutely no uncertainty — thus the question of what discount rate is
appropriate for a cash flow stream with no uncertainty may only be academic. (Papudesu,
2006, 21, 40.)
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2.6.1. Use in risk analysis

In practice, Monte Carlo simulation method is a computerized mathematical technique that
allows one to quantitatively account for risk in forecasting and decision-making. The method
uses random parameter samples to examine the behaviour of a complex system and it is
applied to a wide variety of problems in different fields to understand the effects of risks and
uncertainty. It offers several advantages over predictive models with fixed inputs, such as
the ability to perform extreme sensitivity analysis or calculate the correlation of inputs. In
forecasting, the method takes risk, uncertainty and variability into account. Project managers
and decision makers can use Monte Carlo simulation to estimate the impact of certain risks
on a project's cost or timeline to easily find out what will happen to the project's schedule

and cost if one of the risks occurs. (Palisade, 2022.)

In Monte Carlo simulation, the values based on the selected factors are taken randomly from
the input probability distribution. Each set of samples is called an iteration, and the result of
the sample is recorded as the result of a probability distribution of possible outcomes. There
are different types of probability distributions to use and choosing the correct one depends
on the situation to be modelled. Some of the most commonly used are normal distribution
(the uncertain variable is more likely to be in the vicinity of the mean rather than further
away), triangular distribution (values near the minimum and maximum are less likely to
occur than those near the most-likely value), uniform distribution (all values between the
minimum and maximum occur with equal likelihood), custom distribution (data is let to
define the distribution without forcing any distribution on the data), lognormal distribution
(when values are positively skewed and cannot fall below zero), binomial distribution (only
two mutually exclusive outcomes are possible, and the trials are independent), discrete
uniform distribution (related to the uniform distribution but the elements are discrete, not
continuous), poisson distribution (describes the number of times an event occurs in a given
interval, where the average number of occurrences must remain the same), and exponential
distribution (describes events recurring at random points in time, when time has no effect on
future outcomes). See Figure 4 for visualization. (Palisade, 2022; Real Options Valuation,
2022.)

Compared to static analysis Monte Carlo simulation provides a number of advantages, such

as a comprehensive view of what may happen and how likely it is to happen. Graphical
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results of different outcomes and their chances of occurrence based on the iterations are easy
to create which is essential in communicating findings with other stakeholders. Also, with
Monte Carlo simulation, it is easy to see which inputs have the largest effect on the results.
This is useful for identifying and mitigating factors that cause the most risk. Different
combinations can be tested easily which enables flexible scenario building in the analysis
process. In addition, it is possible to model interdependent relationships between the input

factors, i.e., variables. (Palisade, 2022.)
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Figure 4. Commonly used types of probability distributions (Real Options Valuation, 2022).

For example, with uniform distribution type all values in the simulation will have an equal
chance of occurring, and the user only defines the minimum and maximum (because there
is no knowledge of which values are more likely than others) (Palisade, 2022). In practice,
future sales revenues for a new product is an example of the variable that could be uniformly
distributed. For more detailed information, see Palisade (2022) and Real Options Valuation

(2022) that both offer well-arranged further descriptions on the matters.
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3. LITERATURE REVIEW

This section concludes a review of the literature of the commonly used valuation methods
in the real estate field. In addition, the chapter discusses how real options and Monte Carlo
simulation have been applied previously in the real estate field and what possible notification
have been risen from previous research. The review includes four topic-related books and
selected academic research articles.

Articles selected for the review were found mainly from Elsevier Science Direct, JSTOR
and Emerald Journals databases using targeted keywords, such as “real estate valuation”,
“real estate investment”, “real estate”, “real options” + “real estate”, “real estate” + “Monte
Carlo”, “fuzzy pay-off”’. The search was limited to peer-reviewed journal publications and
mainly papers published during the 21st century were accepted with some relevant
exceptions. The search provided numerous articles related to the topics, from which 32 were
selected for closer examination based on the titles and abstracts. A summary table of these

articles and included books is presented at the end of this chapter.

3.1. Real estate valuation approaches and discount rate

Ventolo and Williams (2001) find income approach as the most important in valuing income-
producing property and note that it is the most heavily relied in final value conclusion. In
addition, the approach is separated by two: direct capitalization and yield capitalization.
They conclude the direct capitalization is the most convincing method for value estimation
assumed the rate used is supported adequately by comparable sales in the market. This means
either comparing the net income figures and sales prices of comparable properties or
breaking down the rate’s component parts to estimate each separately. The yield
capitalization means considering the present value of the fixed future returns of the invested
amount and its interest using the expected rate of return in comparable properties as a
discount rate. (Ventolo and Williams 2001, 267.)

Hoesli and MacGregor (2013) discuss a lot about these differences and about the different

models for valuation, for example especially when comparing UK (in context of law and
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construction, housing separated) to USA and mainland Europe (in context of finance
including housing). In addition, they underline that the property investments require
consideration of the wider context of the capital markets, especially when many investors
are holding a portfolio of different properties and benchmarking them with market
performance. Hoesli and MacGregor (2013) see the income approach, more specifically
discounted cash flow (DCF) technique, the most relevant one when it comes to income-
generating property valuation. In short, according to them, this means the estimated future
cash flows of the holding period and the exit value of the property are discounted to the
present value with the discount rate that is most suitable for the case. This being mentioned,
one may already see where lies the highly uncertain, i.e., risky variable — that is the discount
rate and how to be able to define it properly. Their approach is to link return forecasting, risk
assessment and depreciation in a process where via DCF analysis, the NPV of cash flows is
calculated based on market risk level (discount rate) and then calculated the internal rate of
return (IRR) to be compared with the required return (Hoesli & MacGregor 2013, 77).

Eventually, the choice of an appropriate discount rate for an income-producing property is
somewhat subjective. This means there is not necessarily a right or wrong answer, but one
must choose the rate based on market data and investor requirements. It should and must be
supported by logic, i.e., it must be understandable and justified. Companies often using
WACC as a discount rate is understandable, but technically this is just an averaged number
that does not likely reflect correctly the risk factors of the particular investment case (surely
also the financing form needs to be taken into account). Typically, the valuation is not quite
accurate then, but it is the company policy who sets the limits. Graham and Harvey (2001)
also pointed out that more than half of the respondents in their study would use their firm's
overall discount rate to evaluate a project in an overseas market despite that the project likely
has different risk attributes than the firm and indicated that practitioners might not be
applying the CAPM or NPV rules correctly. This could be true, but —as simply put — the fact
Is business is busy in doing business. One approach to discount rate determination would be
to use Capital Assets Pricing Model (CAPM) approach (see Appendix 18) in which rate of
return on equity for investment depends on the equivalent market return level and the risks

associated for the specific investment.

Pagourtzi et al. (2003) found the comparable method to be accurate and reliable according
to existing European (UK) and North American (US) literature, however they underline the
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importance of recognizing the key variables. What they mean by comparable is the same
method with different name as the beforementioned market approach. Pagourtzi et al. (2003)
find it useful in situations where there is lack of data allowing one to focus on selection,
evaluation and registration of the elements that bring value considered important in
appraisal. Sayce, Smith, Cooper and Venmore-Rowland (2006) mention, regarding mostly
UK based valuation methods, for example the comparative method, investment method
based on discounted cash flows (for income-producing property) and residual method (for
redevelopment properties financed with 100% borrowed money when no comparable market

prices available).

Hoesli and MacGregor (2013) discuss about discounted cash flow (DCF) techniques in
context of determining whether the investment is correctly priced and find the comparison
methods, used in the property market, rather implicit. Hoesli, Jani and Bender (2006) see the
discounted cash flow method useful, generally accepted and widely used method for income-
producing real estate in many countries but underline that it suffers from limitations such as
the discount rate is assumed to be constant during the holding period and the uncertainty is
not explicitly taken into account. Amedée-Manesme, Baroni, Barthelemy and Dupuy (2012)
also point out the DCF method along with other traditional methods — the cost of
construction, the comparables, the yield capitalization and the asset present value — suffering
from numerous limitations but particularly, not appropriately taking the risk into account

while also being too sensitive to some parameters, such as infinite growth rate.

3.2. Real options in real estate valuation

Real option approach is hardly mentioned as a commonly accepted valuation method in real
estate field operators. In fact, for example Baker et al. (2010) noted that direct evidence from
decision makers on a range of issues related to real options is largely lacking in the literature.
On contrary, real options are widely studied by academics in valuation of real estate
properties. Trigeorgis (1993) applied real option valuation to a construction project and
concluded that there was 7% value of flexibility to switch of the project’s gross value. Ashuri
(2010) performed a ROV model for valuating flexible leases. Yao and Pretorius (2014)
tested American call option pricing model for valuing development land. Mintah, Higgins,

Callanan and Wakefield (2017) studied a deferral option embedded in Australian residential
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project. The optimal phasing of a property investment project and the valuing flexibility to
wait, enabled by ROV approach, have been also studied widely (for example see Guma,
Pearson, Wittels, de Neufville and Geltner 2009; Ott, Hughen and Read 2012; Vimpari
2014).

Graham and Harvey (2001) found that real options ranked eighth among 12 considered
capital budgeting techniques based on the responses of 392 CFOs, of which 26.59%
indicated using them either always or almost always (NPV 74.93% and IRR 75.61%).
Regarding ranking and use of real options, Brounen, de Jong and Koedijk (2004) found
similar results in their study of 313 European CFOs. Ryan and Ryan (2002) found that real
options ranked last among 13 considered capital budgeting tools in their survey of 205
Fortune 1000 CFOs, of which 11.4% reported utilizing real options. According to Teach
(2003) the real options utilization rate was only 9% in the survey of a Bain and Company in
2000 in which 451 senior executives from 30 industries took part regarding their

management techniques. Thus, real options ranked at the bottom.

With a focus on real options and capital budgeting exclusively Block (2007) found that only
14.3% of respondent managers (40 out of 279) in Fortune 1000 companies used real options
and of that the respondents came mainly from industries, such as energy and technology,
where sophisticated analysis is rather the norm. Baker et al. (2010) found that the lack of
expertise or knowledge is the key reason for firms that are not using real options and the
ones using real options are more often companies in industries such as gas, oil and mining.
This study showed that only 16.8% of the 214 responding managers in Canadian firms are
using real options in making capital budgeting decisions and that it ranked last among 9

considered capital budgeting techniques.

Scialdone (2007, 258-259) suggested to separate the task of recognizing the real options in
real world business case and the task of mathematical modelling of the real option valuation
problem due to the complexity within the latter. As an example, this suggestion demonstrates
well how complex the approach to practical real option application can be for practitioners
(business side) and may be also the key reason why real options are not yet applied more
widely in several business areas: if manager cannot understand the modelling side of the real
option valuation, there is very limited possibility to adopt the method in practise because

managers need to know what they are based their decision on.
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Borison (2005) analysed five different approaches to real options analysis and concluded a
summary illustrating something that “could be called the unfortunate state of confusion in
the state of real options analysis”: all five studied approaches produced fundamentally
different results which means that only a little, if any, of value can be obtained there. Out of
the five studied approaches (classic, subjective, MAD, revised classic and integrated) the
classic, subjective, and MAD approaches found to be easy to use but all of them have
significant problems with inaccurate and inconsistent assumptions that make them
effectively unacceptable for corporate investments. Then, the revised classic approach
overly simplifies the world producing only approximate results, and lastly, the integrated
approach was found to be based on solid foundation but requires more effort as a result

meaning that it is not easy to adapt. These approaches are presented briefly in Section 2.5.1.

Smith and McCardle (1999) stated that although there are all options in business, embedded
options are often overlooked in the evaluation of decision problems, even when uncertainties
are modelled. They pointed out that to properly evaluate the downstream decisions of
business decisions (when using decision trees method, see Section 2.5.1) in terms of
modelling the managerial flexibility, one must model not only the downstream decisions,
but also the information available at the time those decisions are made. This immediately
brings excess complexity to the use of real options in practise. They suggested risk-adjusting
the probabilities for market risks, using a risk-free discount rate and solving the models using
standard dynamic programming techniques in taking the real options approach to project
valuation. Specifically, they saw the real options approach useful in incorporating market

information into project valuation.

3.3. Concerns of real options

Putten and MacMillan (2004) pointed out a serious concern of many CFOs seeing real
options overestimating the value of uncertain projects, hence encouraging to overinvest in
them as “a license to gamble with shareholders’ money”. While hearing these managers’
concerns, they stated that abandoning real options as a valuation model would be just as bad
as companies relying only on DCF analysis for valuing their projects as they end up
underestimating the value and hence not investing enough in uncertain but highly promising

opportunities. Putten and MacMillan (2004) suggested adopting DCF valuation and real
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options as an integrated approach in order to make valuations that reflect the reality — and
complexity — of their projects. What is noteworthy here, they discussed about projects being
in the “option zone” when the DCF value of a project is only modestly positive, or somewhat
negative — here the option value can provide the needed information and logic to support the

investment.

Putten and MacMillan (2004) also suggested to not to waste time on projects that are clearly
carrying a large negative DCF value as they are clearly considered too risky. In this situation,
one shouldn’t even bother to add option valuation to the project. In addition, they suitably
discussed about the dilemma of project’s costs being highly uncertain but with different
volatility than project’s revenue’s volatility, addressing also a practical method of properly
adjusting the option value (to be added to NPV obtained from DCF analysis) to solve this
dilemma. However, they surprisingly concluded that option valuations only makes sense
when applied to projects that can be terminated early at low cost which leaves very little
room for different perspectives to utilize real options in valuations. For example, this does
not consider a situation when one has an option to change something the project while
keeping the project viable instead of just abandoning the project.

As an approach, combining DCF (NPV) with real option valuation is at this point widely
studied by researchers. What is thin here though, is, that there are quite few studies to be
found considering the practical side of applying real options in some detailed real-world
cases or the results of these studies seem somewhat mixed. For example, Michailidisa,
Mattasb and Karamouzisb (2009) concluded an illustrative case example of applying the real
options approach in comparison with a DCF technique (NPV criterion) in which NPV
illustrated the investment case to be economically feasible, but the real option approach
revealed the same investment not being feasible. These kinds of empirical results may cause
confusion in managers rather that courage them to adapt the real option approaches. On the

contrary, there are examples of very promising adaptations as well.

3.4. Demonstrated applications of real options

Krychowski and Quélin (2010) demonstrated and discussed about Mobitel’s successful

strategic decision in which the company managed to enter the market at perfect timing by
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utilizing real option analysis. This was a case about whether the 3G network rollout should
start immediately (and thus being ahead of the rival Comptel) or be deferred by one year
(including fear of long-lasting decrease in Mobitel’s market share, the loss of high-end
customers and reduction in revenue per unit) back then when the market was not yet mature.
Due the high uncertainty surrounding the success of the new technology and the
irreversibility of the investment, the Mobitel managers decided to apply the use of real option
of deferring the rollout decision until there were more clear signs that the technology would
be profitable even that the NPV calculation supported an early market entry. Real option
approach suggested to pay greater attention to alternative migration paths, for example to
deploy EDGE instead of 3G and then leapfrog to 3.5G if 3G were abandoned. Therefore,
Mobitel ended up deploying 3G in the most densely populated areas and EDGE in the rest
of the territory, taking full advantage of the flexibility offered by waiting. (Krychowski and
Queélin, 2010.)

Also, Yasseri and Mahani (2009) viably demonstrated in detail how the real option approach
can be practically applied to the investment decision and concluded that the real option
thinking should be included to the practical measurement of the value of flexibility.

Then, sometimes the research is viable, but the initial set-up can be somewhat confusing.
For example, Smith, Driver and Matthews (2018) found a three-step valuation method of
recombining binomial lattice and the simpler discrete decision nodes useful. Here, the
research is presented as an alternative approach to DCF, but eventually the demonstrated
methods required calculating NPV and thus eventually it is rather combing the two

approaches.

3.4.1. Managers’ point of view

Managers need to lead by knowledge and facts. The ever-changing environment requires the
tools of acquiring the knowledge to be flexible, fast to use, justified and understandable.
Many managers may have already recognized the limitations of the traditional, widely used
net present value (NPV) method for valuing new business projects to make investment
decisions. Krychowski and Quélin (2010) pointed out how managers are facing the

constantly increasing level of uncertainty and discussed about the highly volatile
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environment when it comes making investment decisions, and how most corporations are,
despite of this, basing their investment decisions on static approaches such as NPV and IRR.
Michailidisa et al. (2009) also conclude that NPV is the most widely used method, as well

as many other research papers (see for example Ochoa, 2004).

These DCF based methods are very fundamental and easy to understand, therefore highly
justified and very important for managers on many occasions. However, when it comes to
the practical business life situations, it leaves not much room for occurring changes related
to constantly varying situations as it does not capture the value of remaining flexible or
provide assistance on any timing issues, such as optimal market entry. This is because the
traditional NPV assumes that the decision to start or abandon a possible project has to be
taken at once, and that this decision is irreversible. Krychowski and Quélin (2010) even
stated NPV to be biased in favour of early market entry as it takes into account the risk of

waiting but not the rewards of waiting i.e., the reduced uncertainty.

NPV assumes a manager to act “now or never”’, without changing or postponing the decision
later, or executing a pilot phase to test something. In reality, this is not at all the case,
especially in today’s business world. Many decisions can be changed or postponed by
managers, and managers may request further analysis or additional research and
development, or a pilot project before proceeding to launching a project into production.
Managers may also decide to abandon a project’s operations at a later stage, for example,
due to changed circumstances and re-evaluation. In practice, managers are specifically
needed to remain flexible to changing market conditions instead of following a pre-
determined plan blindly while executing a strategy which involves making a sequence of
major business decisions on the way business and its surroundings are progressing. Deciding
not to take active initiatives in a certain sector may be changed at a later stage, for instance
because the market conditions have later improved. These all can be considered as some of

the fundamental qualities of a modern leadership.

3.4.2. Real option vs. DCF

Many researchers state, for example Mintah & Baako (2019), that flexibility is important to

be considered across all economic sectors due to the pace at which changes and their direct
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impact on businesses occur. According to Guthrie (2013) DCF model underestimates the
flexibility of delaying project phases which can add value to real estate projects. Along with
Guthrie (2013), Baldi (2013) evaluated a real estate project with binomial option pricing
method. Baldi (2013) resulted that the real option valuation derived higher values than the
DCF model in two separate phases (before construction and after second stage). Also,
Mintah et al. (2017) applied binomial model to real estate project and found that the main
tool, DCF analysis, is unable to capture the flexibility value embedded in the active
management of projects such as a project deferral until uncertainty is resolved. In their study,
the real option model provided a value associated with the project that was missed by the
DCF model. Therefore, Mintah et al. (2017) suggested that property developers and analysts
should acknowledge the value of waiting to invest in decision making and they seemed to
wonder why developers and property practitioners do not acknowledge the value of

flexibility in their project analysis.

One reason for this could be the limited capability for practitioners to adopt such model as
already discussed earlier. For example, this particular study does not discuss the tools with
which to apply the model, the methodology is described only briefly in theoretical point of
view and the sample data presented in the study remains somewhat vague for a reader as it
is such decentralized. Academically, such a study seems correct and justified, but from
practical side, it is not easy to approach this level of information, or findings, when it comes
to applying it into utilization. Eventually, many researchers have called for further study to
be applied in the use of real options. For example, Mintah and Baako (2019) suggested

further work to be done to improve ROA methods proposed for the valuation of flexibility.

3.4.3. Sensitiveness of DCF

As the beforementioned academic literature acknowledges DFC based method the most
relevant regarding income-producing real estate property valuation, there are weaknesses as
well which many researchers and practitioners recognize. Basically, the risk of determining
the incorrect discount rate and method’s sensitivity to it remain the crucial ones. Also, for
example, Sayce et al. (2006) criticize the sensitivity of a multiplier regarding the future rents,
risks and growth characteristics considering the investment method which is an important

notification. Eventually, is it likely impossible to determine a perfect model to estimate any
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future events but whether there are higher or lower rates, or multipliers, the idea behind the
DCF method remains constant. For this, one of the most nearly perfect situations in
investment purpose might be if one knows exactly the level of required rate of return one
must pursue, and then utilizes modelling the uncertainty to see different outcomes. It is still
obviously not perfect, or “correct”, but it would keep things simple and ease the decision
process to see what is likely to happen, how likely it is to happen and what this estimation is

based on.

3.5. Utilizing simulation in Real Option problems

With the use of Monte Carlo simulation (MSC) one can possibly add value to discounted
cash flow-based methods. One argument would be that as long as the input assumptions are
relevant (based on sensitivity analysis done for DCF calculation) MCS can be used in
calculating probability of achieving targets of returns, measuring variability and helping to
visualize return distributions. Here the knowledge and expertise of real estate industry is
very useful as industry experts are capable of analysing the historic market and adjusting the
parameters according to the changes in the market. This makes MCS possibly a useful

additional tool to DCF analysis that can be implemented with relative easily.

Some theses have been made about MCS, for example Suhonen (2014) studied the use of
Monte Carlo simulation in supporting a retail real estate investment decision and suggested
that in the future research the potential underlying within unused building rights could be
assessed in real estate investment analysis process by utilizing real option thinking in
addition to the traditional discounted cash flow (DCF) calculation — which basically means
defining NPV — and Monte Carlo simulation. Suhonen (2014) used normal distribution in
probability distribution, as according to French & Gabrielli (2004) it best describes the
nature of variables that lie around a proposed mean and are uncertain within some expected
range. This is a limiting factor in the application of the model, as it may be useful to be able
to determine different values for how likely it is that a certain risk factor will materialize,
i.e., how likely it is that, for example, inflation would rise to a certain level affecting the
development of prices, which in turn will affect the NPV. On the other hand, there must be
evaluated also the need for simplicity in capital budgeting process — too complex processes

will not be implemented, as it already has been found in many studies before.
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Mathews, Datar and Johnsson (2007) stated that the more strategic approach would be to
stimulate discussions around the various scenarios reflecting different market conditions that
could be encountered at the launch. According to them, this is something called “real options
thinking,” and it is in contrast to the NPV approach reducing all to one single most-likely
scenario. Mathews et al. (2007) refer to the Datar-Mathews method (DM method) having
the potential to extract significant value from scenario planning by providing a structure that
lends itself to quantitative analysis. The DM method is based on the probabilistic approach
in which real option value is defined as a risk adjusted expected mean of the simulated
randomized variables (inputs). Here, a payoff distribution is created — the negative side of
the resulting outcome distribution is mapped as zero (because the option is not an obligation
to exercise anything negative) and the positive side is weighted on the success ratio. The real
option value, therefore, is the mean of the resulting pay-off distribution. (Kozlova, Collan &
Luukka, 2015.)

DM method uses simulation in determining the real option value (Mathews et al. 2007). The
model has been compared to the fuzzy pay-off method even the latter is not based on
simulation. However, there are studies that demonstrate similar results in numerical
examples. For example, Kozlova, Collan and Luukka (2016) performed a comparative
analysis of the methods which revealed that the fuzzy pay-off method simplifies the analysis
and offers sufficient precision for the analysis of problems with low complexity. According
to them, the DM method was able to treat more complex problem structures but required
more computational time and specialized software.

3.6. Fuzzy pay-off method

Fuzzy pay off-method seem to be considered in existing literature as a modern approach in
the analysis of updated cash flows and ROV. Since it was suggested in 2009, many research
papers have examined and developed the model further. For example, Mezei, Collan and
Luukka (2018) suggested an extension of the method for real option valuation using interval-
valued fuzzy numbers using triangular upper and lower membership functions as the basis
to account for a higher level of imprecision. The method has been applied in many areas,
such as valuing patents, forest investment, R&D investment, and giga-investment (see
Collan, Fuller, Wang & Mezei, 2011; Hassanzadeh, Collan & Modarres, 2012; Tohmé, Broz
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& Rossit, 2014; Collan, Fedrizzi & Luukka, 2017; Stoklasa et. al, 2021). These six last
mentioned papers are excluded from the summary section because they are out of scope of

this literature review.

Historically, fuzzy approach and fuzzy numbers have been examined already earlier in
several contexts. For example, Byrne (1995) discussed about fuzzy approach for dealing
with aspects of risk and uncertainty in real estate analysis, Muzzioli and Torricelli (2001)
used triangular fuzzy numbers in modelling vagueness of the price on an asset, extending
the standard binomial option pricing model and Siniak (2001) discussed about the use of
fuzzy numbers in research of real estate market, finding that fuzzy numbers allow to get
model for the property valuation. In context of real estate, fuzzy pay-off method has not yet
been widely applied. Vimpari, Kajander and Junnila (2014) stated that literature, especially
in the real estate and construction industry, has called for new applications of real options
analysis in a practical setting, and noted that measuring economic value of flexibility is not
straightforward. To add to that request, they explored how fuzzy pay-off method can be used
for valuing flexibility in Finnish office building retrofit investment case. In their evaluation
of the empirical usability fuzzy pay-off method was found straightforward because
assignment of probabilities into different uncertainty scenarios was unnecessary. In the
empirical case, Vimpari et. al (2014) found that flexibility investments were profitable only

when only parts of the building were designed flexible.

Giudice, Paola and Cantisani (2017) applied fuzzy logic in real estate investment, stating
that there is a wide theoretical background in literature on real estate investment decisions,
but a lack of empirical support — in other words a gap between theory and practice. The case
study concerned a purchase of an office building using fuzzy logic, resulting that operators
and investors are able to improve investment decisions in terms of quality, while reducing

the risk arising from the uncertainties of inputs.

In 2020, Collan and Savolainen presented new results in academic literature: they applied
fuzzy pay-off method and simulation-based approaches to analyse the effects of phasing a
construction project. The idea was to offer practitioners two usable methods: quick one, and
more complex one for deeper analysis. Both methods resulted to have a good fit with the
information typically available for construction project analysing. The fuzzy pay-off method
resulted to be a simple and usable tool in this context and fully supported with the most

commonly used spreadsheet software in companies. (Collan & Savolainen, 2020.)
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3.7. Summary of the literature review

The literature review shows that within the context of real estate investing real options are

not widely used in real life investment analyses. The methods applied to numerically solve

real option problems are versatile and typically considered quite complex to be applied in

practice. However, the research has been recently developing less complex models. Based

on the literature review, Datar-Mathews method and the fuzzy pay-off method can be

considered as the state-of-the-art ROA methods based on their good results and convenient

application process. The FPOM, specifically in its current form, is likely the most promising

one from all ROA methods examined as, compared to DM method, it does not require

simulation and it is based on a theory where probability estimation process can be excluded.

There is a summary of the articles and books included in the literature review below in Table

2. The content is listed in order of publishing year.

Table 2. Summary of articles and books in literature review.

Authors

Content of article

Findings

Trigeorgis (1993)

A comprehensive review of
the existing real options
literature and application, as
well as the principles of
quantifying the value of real
options.

These papers took one of the first steps towards expanding the real
options literature to identify different interactions with financial flexibility
and illustrate how in practice one can analyze managerial flexibility in
the case of different types of both real options, recognizing that these
option values can interact.

Byrne (1995)

A demontration of fuzzy
logic applied to real estate
problems, a discussion of
methodology of fuzzy
analysis and a comparison of
fuzzy procedures with
“conventional” risk analysis
approaches.

Providing a study about the use of fuzzy logic in the field and raising
most questions for the years to come.

Smith and
McCardle (1999)

A tutorial on option pricing
methods, focusing on how
they relate to and how they
can be integrated with
decision analysis methods,
and describe some of the
lessons learned from using
these methods to evaluate
some real-world oil and gas
investments.

Option pricing and decision analysis approaches are equally capable of
modeling flexibility. In both approaches, evaluation models correspond
to the construction of a decision tree or a dynamic programming model,
which describes the sequence of decisions to be made and the resolution
of uncertainties over time. Option pricing and decision analysis
techniques should be seen as complementary modeling methods that can
be nicely integrated.
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Survey of 392 CFOs on

Large companies rely heavily on present value techniques and the
capital investment pricing model, while small companies are relatively
likely to use the payback criterion. A surprising number of companies
use enterprise risk instead of project risk when evaluating new
investments. Companies are concerned about financial flexibility and

Graham and capital costs, capital . L - .
. . credit ratings when issuing debt, as well as the dilution of earnings per
Harvey (2001) |budgeting and capital : L . .
share and the recent strengthening of the share price in connection with
structure. . f .
the issue of shares. There is some support for the pecking order and
trade-off capital structure hypotheses, but little evidence that managers
are concerned about asset substitution, asymmetric information,
transaction costs, free cash flows, or personal taxes.
Combination of the standard
- blnomlalioptlon pricing The method provided an intuitive way to look at the future price of an
Muzzioli and model with a fuzzy

Torricelli (2001)

representation of the
option's payoff.

asset while incorporating the results of a standard binomial model,
allowing for different levels of market knowledge.

Siniak (2001)

Discussion of using fuzzy
numbers in different spheres
in real estate researches,
investments and valuation.

Using fuzzy logic technique and more criteria the real estate market of
any country can be estimated.

Ventolo and
Williams (2001)

(BOOK)

Ryan and Ryan
(2002)

A survey of the Fortune
1000 CFOs about capital
budgeting tools.

Net present value is the most popular tool compared to internal rate of
return and other capital budgeting tools. While most CFOs use multiple
tools in the capital budgeting process, these results better reflect an
academic and business perspective. 205 usable responses were received,
with a response rate of 20.5 percent, which is comparable to similar
surveys.

Pagourtzi,
Assimakopoulos,
Hatzichristos and
French (2003)

A brief overview of the
methods used in real estate
valuation.

Traditional real estate evaluation methods include regression models,
comparability, cost, yield, profit and contractor's method. Advanced
methods include ANNSs, hedonic pricing method, spatial analysis
methods, fuzzy logic and ARIMA models.

Brounen, de Jong

An international survey of
313 European CFOs on

Large companies often use present value techniques and the equity
pricing model to assess the feasibility of an investment opportunity, but
small business CFOs still rely on the payback criterion. In capital

and Koedijk capital budgeting, cost of structure policy, financial flexibility seems to be the most important
(2004) capital, capital structure and |(factor in determining the amount of corporate debt. Corporate financing
corporate governance. practices seem to be mostly influenced by company size, to a lesser
extent by shareholder orientation and least by national influences.
ROA corrects the estimates of the passive NPV approach in two ways:
a) by taking into account the real alternatives, it increases the value of
the project by introducing asymmetry in its cash flows and b) while the
passive NPV does not recognize the "strategic value" of the project due
to its interdependencies for future, further investments and competitive
Discussion on how ROA is |interactions, ROA takes these interdependencies into account, which
based generally results in higher estimates
Ochoa (2004) and specifically than those based on NPV. Empirical evidence

complements the DCF
approach
passive NPV

shows that ROA explains actual prices better than DCF approaches.
There is no doubt about it

from a theoretical perspective, ROAis a

a more attractive concept than passive NPV.

However, it has been accepted by practitioners

was very slow, mostly due to difficulties

in understanding and applying option pricing

theory.




Putten and
MacMillan
(2004)

Presentation of integrated
approachh of DCF and real
options.

The integrated approach allows senior executives to make more
aggressive investments while fulfilling their fiduciary responsibilities. The
valuation formula for the option area is NPV + corrected option value +
surrender value. The framework is particularly useful when the
discounted cash flow value is modest, as the option value can provide
evidence to support or refute the manager's intuition, and should be
tested in pilot projects that can be terminated early at a low cost if things
do not go well.

Borison (2005)

A critical review of five well-
established real options
widely documented in the
academic and professional
literature.

Although the "Classical Approach” and the "Revised Classical
Approach” focus on investment flexibility and shareholder value, they
are based on fundamentally different assumptions, use significantly
different techniques, and can produce dramatically different results. The
revised classical approach seems to be best suited to cases where either
"market risk" or "private" risk dominates, where approximate results are
acceptable and resources are limited. An integrated approach is best
suited to cases where there is a mix of market risk and technical risk and
where accuracy and a management roadmap are critical.

Hoesli, Jani and

Adjusted Present Value
(APV) method with Monte
Carlo simulations for real
estate valuation. Empirical
data was used to extract

Empirical results suggest that the central values of our simulations are
mostly slightly lower than the hedonic values. The confidence intervals

Bender (2006) information about the are most sensitive to the long-term equilibrium interest rate used and the
probability distributions of  |expected growth rate of the terminal value.
different parameters and to
propose a simple model for
calculating the discount rate.
Sayce, Smith,
Cooper and (BOOK)
Venmore-

Rowland (2006)

Block (2007)

A surveys of Fortune 1,000
companies about use of real
options to complement
traditional analysis.

Out of 279 respondents, 40 currently used real options (14.3%).
Although the percentage is small, the number is higher than in previous
studies. Somewhat encouragingly, clearly more than half of non-users
consider using real alternatives in the future.

Scialdone (2007)

(BOOK)

Guma, Pearson,

Demonstrating the potential
value of significant vertical
phasing as a valuable real

Vertical expansion seems to have significant organizational and logistical
advantages for business developers, and the ability to expand vertically

mglfxl/siilj(;n q estate.devglopment option, [isa rea_sonable way _for_bu.s_iness d_evz_alopers to have conven?epF
Geltner (2009) especially in terms of expansion space Whlle I_|m.|t|ng their t.’IS.k, as Io.ng as the possibility of
corporate real estate vertical expansion is built into the original design.
strategy.
Extension of irrigation dam | The results clearly show that the irrigation dam can be classified as a
evaluation techniques in profitable investment using traditional discounted cash flow analysis,
Michailidisa, Northern Greece comparing |while applying the real options approach, the project cannot be classified
Mattasb and the real options approach as profitable. Taking uncertainties into account, the real option approach

Karamouzisb
(2009)

with the traditional
approach, discounted cash
flow.

reveals that investment can be postponed and decision makers can keep
the investment opportunity open. Sequentially discounted cash flow
analysis together with a real option approach facilitates decision making
and improves investment evaluation analysis.

Yasseri and
Mabhani (2009)

A demonstration of how the
real option approach can be
practically applied to
investment decision making
in jack ups, consideration of
flexibility, strategic growth
opportunities and idle time,
and a discussion of the
applicability of real option
valuation to investment
decision making.

ROA provides a better tool to guide investment decisions in the context
of uncertainty and flexibility. In practice, managers understand that the
value of investment timing is significant given the rapidly changing
market conditions and uncertain business environment. A key
contribution of the analysis is to understand the complexity of projects
in order to determine their interdependencies, how one project can be
leveraged to initiate other projects, and its impact on projected business
benefits.
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Ashuri (2010)

A model is presented that
uses a real option valuation
approach and determines a
lease flexibility value, or
option premium, which is
the maximum amount of
money a lessee is willing to
invest to include a specific
flexible feature in the lease.

The model takes into account the uncertainty in the rental market and
the uncertainty about the workspace needed by the company in the
integrated valuation framework, but according to the author, it may be
too easy to apply to complex, real-world decisions

to make situations. However, this study is

the first work in a series of studies

understand the meaning of innovation

workspace strategies in corporate real estate

and property management in the 21st century

in companies.

Baker, Dutta, and
Saadi (2010)

A large sample of Canadian
companies to learn if they
use real options, what real
options are used, and why
companies don't use them.

Only 36 of 214 respondents (16.8%) reported using real options, which
ranks last among the nine capital budgeting techniques.

The reason for using real options is to provide a management tool to
help form a strategic vision. The most commonly used real options are
growth options and deferral options. Lack of expertise and knowledge
prevents the use of real options. The use of real options seems
disproportionate to their potential as a capital budgeting tool.

Krychowski and
Quélin (2010)

An examination of the
applied investment decision
in the telecommunications
industry in order to highlight
the most important
advantages related to the use
of real options and a
discussion of the theoretical
problems raised by real
options.

The most important contribution of real options is the recognition that
investment projects evolve over time and that flexibility has value. RO is
useful both for evaluating the investment project and for determining the
optimal investment time. Traditional discounted cash flow methods
often lead to recommendations that conflict with strategic analysis
because they do not take into account the value of the growth
opportunities created by the project. Because the analogy between
financial options and real options is imperfect, RO creates
implementation problems. Case-based Mobitel RO analysis provides an
informed decision on optimal investment timing, is a useful tool for
dialogue between decision makers and enables a more efficient decision-
making process.

Amédée-
Manesme,
Baroni,
Barthelemy and
Dupuy (2012)

Shows that the accuracy of
real estate portfolio valuation
and real estate risk
management can be
improved by simultaneously
using Monte Carlo
simulations and option
theory.

Combining Monte Carlo simulations of market prices and rental values
with an optional model that accounts for rational tenant behavior.
Simulated cash flows that take options into account are more reliable
than those usually calculated using the traditional discounted cash flow
method, which also provides interesting metrics such as the distribution
of cash flows.

Ott, Hughen and
Read (2012)

Conducting an extention of
real options framework to
concurrently estimate
optimal phasing and
inventory decisions for large-
scale residential
development projects.

In economic environments such as Atlanta, Las Vegas, and Orlando,
land developers have been found to build in large lots and hold
significant amounts of inventory, despite their ability to mitigate risk by
phasing home production. Interactions between several variables show
that full development, smooth stepwise development, and lumped
development can all be optimal under different market conditions, and
each pattern affects inventory levels and lot pricing.

Baldi (2013)

Proposing a conceptual
framework as a practical aid
in identifying and
understanding some
frequently repeated
combinations of options
(such as postponement and
extension options). Based on
the definition and
classification of real estate
options available in the real
estate market, a valuation
tool is developed to quantify
the value of the options
included in the real estate
development project.

Based on the static land value of EUR 34.7 million, the waiting period
(postponement option) in the early stage of the property's development
constitutes 16 percent of the project's expanded land value, and the
expansion's share of this value is 8 percent. option. The real option
valuation of the real estate developer's available option portfolio enables
the value of the project to increase by 31.1% compared to traditional
DCF analysis. According to financial options theory, the values of real
options increase as volatility increases. The added value of management
flexibility is ignored in DCF/NPV techniques. The theory of option value
is suitable for the evaluation of real estate assets (a portfolio approach is
crucial when there are several real estate options) and flexibility in real
estate development can create added value that allows real estate
developers or funds to react to market developments.

Guthrie (2013)

Demonstration of the
practical application of real
option analysis to the
evaluation of multi-phase
projects, as an example
commercial real estate
development.

ROA can be implemented in a spreadsheet and only one parameter — the
volatility of the price of the completed project — needs to be evaluated in
addition to the parameters required for the static DCF analysis. With the
help of the described approach, the project can be evaluated at any
stage of development, which is especially useful when considering the
suspension of partially completed projects.
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Hoesli and
MacGregor
(2013)

(BOOK)

Vimpari (2014)

Examining the possibilities
opened up by ROA in real
estate investment analysis
and decision-making, as well
as showing the real option
value in some current areas
of real estate investment.

ROA can enhance the analysis and decision-making of real estate
investments and identify value elements that are overlooked by
conventional valuation practices. The life cycle performance of real
estate assets can be improved through real estate options and ROA can
produce results that can encourage the investments necessary for the
long-term success of the real estate industry. The calculated values of
real options in the different demonstration cases were an 8.8% premium
in the case of green construction certification, a range from €8/square
meter to €195/square meter in the construction flexibility case, a 6.6%
premium in the residential real estate portfolio case. and an added value
of 1,580,000 euros in the case of public-private partnerships.

Vimpari,
Kajander and
Junnila (2014)

An exploration of how real
options analysis can be used
for valuing flexibility in a
real retrofit investment case.

The fuzzy pay-off method can be used to estimate the monetary value
of flexibility, and the applicability of the method to a practical
investment case was felt to be straightforward, because assigning
probabilities to different uncertainty scenarios was unnecessary. In the
empirical case, flexibility investments were profitable only when only
part of the building was designed to be flexible.

Kozlova, Collan

A comparative analysis of

The fuzzy pay-off method simplifies the analysis and provides sufficient
accuracy to analyze simple problems. The Datar-Mathews method

and Luukka Datar-Mathews and fuzzy .

could handle more complex problem structures, but required more
(2016) pay-off methods. o L

computation time and specialized software.

Applying fuzzy logic in real

Giudice. Paola estate investing to evaluate |The results showed that by correctly applying fuzzy logic, operators and
and Car;tisani real estate market situations |investors can improve their investment decisions. By providing a range
(2017) with imprecise and vague of results for changes in inputs, the results arguably represented a more

information.

flexible response to uncertainty problems.

Mintah, Higgins,
Callanan and
Wakefield (2017)

First application of the
certainty equivalence
approach to the binomial
option pricing method to
evaluate an Australian
housing case study project.

The main tool for financial evaluation of real estate projects (DCF)
could not get hold

flexible value embedded in the active management of projects, such as
the strategy of deferring until uncertainty is resolved. By applying the
real option method, the potential related to the projects could be
comprehensively evaluated for better decision-making in real estate
development. Here, the true option value of A$290,000 was found to be
associated with the project, which was missed in the DCF model.

Smith, Driver and
Matthews (2018)

A demonstration of real
option analysis using the
recombining binomial lattice.

Use of real options with appropriate method should help management
proceeding with confidence in project decision. Fundamental analysis
(DCF), random walk theory application with discrete simulation and
backward induction to value the option nodes using risk-neutral equation
should be more palatable for analysts who have had difficulty conveying
complicated valuation methods to upper management.

Mintah & Baako
(2019)

A conceptual model is
developed to describe
flexibilities/real options and
is linked to the real estate
development process to
determine the precise steps
in the real estate
development process where
real options can be
embedded to preserve
opportunities to exploit
future positive benefits of
uncertainty.

The model can serve as a practical tool and visual aid for real estate
development professionals and stakeholders to determine the exact
stages of the real estate development process in which the real options
sink and the different types of options. It will also help deepen
operators' understanding of real estate development opportunities and
further increase potential acceptance and adoption in the Australian real
estate industry. Getting involved in the real estate development process
can make it easier to identify flexibilities/real options at different stages
of the real estate development process.

Collan and
Savolainen
(2020)

Application of fuzzy pay-off
method and simulation-
based approaches to
analyzing the effects of
phasing of a construction
project.

Both methods are well suited to the analysis of a construction project
with information typically available and suitable for the task. The fuzzy
pay-off method was found as a simple and useful tool in this context
and was fully supported by the most commonly used spreadsheet
software. The simulation found the optimal investment time for the
second stage investment if a two-stage strategy is chosen, and
demonstrated clearly whether it makes sense to invest in stages or not.
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As a last side note, it is worth mentioning that when dealing with property valuation, it’s
important to realize that the ultimate value of the property may include intangible elements
that investors are willing to pay, for example, in hope for higher lease revenues. Thus, one
shouldn't attribute the value of intangible elements to the tangible asset, that is ultimately
taxable. There are also several different purposes for which the valuation is needed, such as
sale, tax assessment, expropriation, inheritance, or transfer. This thesis considers only the

purpose of income-producing investment.

It can be concluded from the literature review that on academic side there are clear empirical
evidence of the usefulness and value of real option application in real estate investment
projects where various real option valuation methods are tested successfully.
Simultaneously, it is clear that on practitioners’ side real options are experienced too
complicated and thus very few companies use them in real estate projects, even when they
realize there could be benefits. Traditional investment analysis methods, such as DCF
analysis, are widely applied and trusted among companies while realizing its weaknesses.
DCF analysis is considered the most common analysis tool in this context, based on the

review.
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4. DATA, METHODOLOGIES AND APPLICATION

As presented in theoretical background and literature review, there are numerous real option
methods that offer methodology for real option valuation, depending on the perspective. The
last mentioned, the fuzzy pay-off method (FPOM), developed by Collan et al. (2009), has
been applied by several authors (e.g., Collan, Fuller, Wang & Mezei, 2011; Vimpari,
Kajander & Junnila, 2014; Collan, Fedrizzi & Luukka, 2017; Collan & Savolainen, 2020) in
the evaluation of real options embedded in real estate projects as well as other areas. Due to
its relative simpleness of use, easy justification, and ability to reach a single quantification
to support the decision-making process along with the NPV based graphical presentation,
the FPOM is the methodology used in this study as it serves the cause of the study well. The
idea is to model the possibilities in the case study, and to find a single numerical value
representing the real option value (ROV). Another methodology is the Monte Carlo
simulation (MCS), which intends to model the risk side via probability distribution and

present the expected NPV value of each of the strategies.

Before applying either of the methodologies, the DCF analysis is conducted along with
sensitivity analysis which provides the needed factors for simulation purposes. The data for
DCF analysis will be retrieved from existing peer evaluated literature where Collan and
Savolainen (2020) analysed the value of phasing in a construction project with FPOM and
Monte Carlo simulation. The latter method was used from different perspective (to dive
deeper in analysing the value of the project) than in this study, thus it is important to state
that the data is retrieved specifically from the FPOM part of the research paper, and then
used for further application in this study. This process is described next in sections.

4.1. Case description

The empirical section of this study examines a case example from the literature, where
Collan and Savolainen (2020) examined two different strategies for the construction of a
10,000 mz office complex. More specifically, they looked at whether there is value in phasing

the construction, if the construction was done in two parts: 5,000 m2 now (phase 1) and 5,000
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m2in 5 years (phase 2), instead of the whole 10,000 m? at once. The valuation was based on
experts’ cash flow analyses, consisting of three different scenarios (maximum, representing
the optimal scenario, best estimate, representing the realistic scenario, and minimum,

representing the pessimistic scenario).

4.1.1. Introduction of the original case

In the research paper of Collan & Savolainen, 2020, two different valuation perspectives
were used: "quick and dirty", where the fuzzy pay-off method based on real option theory
was used to get a clear general understanding of the effects of phasing on project cash flows
and NPV, and a more precise system dynamic simulation for deeper analysis in the matter
(e.g., for optimal timing matters). In the study, Collan and Savolainen (2020) managed to
demonstrate how the effect of phasing on the value and the risk of construction investments

can be analysed with the two different methods.

Considering the fuzzy pay-off method of the study of Collan and Savolainen (2020), the
numerical value of phasing (real option to phase the investment) the construction was
illustrated by calculating the difference between the expected mean NPV of the two
alternative strategies (with and without phasing). It is noteworthy to mention that the
research paper included also an illustration where it was numerically demonstrated what
would happen for the minimum cash flow scenario if the second phase of 5,000 m? office
complex was not built in the situation where the project was found unfavourable after the
phase 1. The benefits included visualizing the effect on the risk profile of the project,
although it was stated that the real option to phase did not seem to be very valuable by the
measures of the mean NPV, or possibly the best estimate NPV (one can argue which is more

suitable in one’s intentions).

However, it is worth mentioning that the analysis did not include the alternatives to the
maximum and best estimate scenarios, thus it does not perfectly reflect the alternative
situation where neither in the maximum or the best estimate scenarios include the costs of
the construction of phase 2 and both scenarios do include 50% less revenue is leases (both
short-term and long-term). In more specific, the analysis only included scenario of

“minimum 2” but not scenarios of “maximum 2” and “best estimate 2.
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If it did, the NPVs for scenarios maximum 2 and best estimate 2 could have been included,
and therefore the mean NPV in such situation would have been different. See Table 3 (Collan
& Savolainen, 2020) and Table 4 where this difference is illustrated. Table 3 shows the
comparison of original study’s FPOM part and Table 4 shows the alternative situation where
the scenarios of maximum 2 and best estimate 2 would have been included.

Table 3. Two strategies (one phase and two phases) illustrated in figures added with third
one in which after first 5,000 m2 construction phase the project is ended (two phases 2). The
differences between these strategies illustrated in right where * means preference of strategy

one phase (Collan & Savolainen, 2020).

STRATEGY  STRATEGY STRATEGY DIFFERENCE DIFFERENCE
ONE PHASE TWO PHASES TWO PHASES2 ONE-TWO ONE - TWO 2

Optimistic NPV 608 355 355 253" 253"
Best estimate NPV 140 142 142 2 2
Pessimistic NPV -136 -209 -34 73" 102
Mean NPV 172 119 148 53" 24*
“Risk factor” 152 115 80 37 72
“Risk factor, %" 88 % 97 % 54% N/A NFA
“Success factor” 91/100 78/100 98/100 13/100* 7100

As can be seen, the maximum and best estimate NPVs do not change due to the lack of
scenarios maximum 2 and best estimate 2 in the original analysis. The comparison is
illustrated in between “two phases” and “two phases 2”. In Table 4, it is demonstrated how
the comparison changes when scenarios maximum 2 (to calculated optimistic NPV) and best
estimate 2 (to calculate best estimate NPV) are included:
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Table 4. Illustration of the comparison when scenarios maximum 2 and best estimate 2 are

included (based on the study of Collan and Savolainen (2020) and modified for illustrative

purposes).
STRATEGY STRATEGY STRATEGY TWO DIFFERENCE DIFFERENCE
ONE PHASE TWO PHASES PHASES 2 ONE-TWO  ONE-TWO?2
Optimistic NPV 608 355 309 252* 298*
Best estimate NPV 140 142 176 2 36
Pessimistic NPV -136 -209 -34 73* 102
Mean NPV 172 119 163 53+ 24
"Risk factor” 152 115 70 37 82
"Risk factor" % 88 % 97 % 43 % 9 %* 45 %
"Success factor” 91/100 78/100 98/100 13/100* 7/200

As now can be seen, the highest best estimate NPV is now in strategy of two phases 2, which

is not to construct the phase 2 at all.

Nevertheless, the point of the findings is not changing, and the authors clearly state that the
fuzzy pay-off method and the simulation-based analysis, used within the context of the
particular research paper of Collan & Savolainen (2020), must not be compared among
themselves as the latter offers much deeper analysis that the first one, although this
illustration now shows the same idea of the maximum NPV, which is to not build the phase
2 at all, that now has the highest best estimate NPV.

The simulation part of the study (Collan & Savolainen, 2020) consisted of three additional
sub-models, making it in total of five “strategies”. The simulation-based analysis showed
that the highest best-estimate NPV can be found from the strategy 5, which is the strategy to
build only the first phase of a two-phase construction while all five strategies gave a 100%
success factor. See Table 5 for more details that shows the comparison from the simulation

part of the original study of Collan and Savolainen (2020):
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Table 5. Five strategies in simulation illustrated in figures (Collan & Savolainen, 2020).

STRATEGY 1 2 K] 4 5

Optimistic NPV(*) 313 206 312 312 324
Best estimate NPV 225 149 219 236 284
Pessimistic NPV(*) 134 92 119 152 237
Positive NPV Mean 225 149 219 240 284
Success factor, % 1.00 1.00 1.00 1.00 1.00
Risk factor, % 0.31 0.47 0.32 0.29 0.24

(*) with 1% probability

From this it can be seen that the strategy 5, not to construct the phase 2 at all, has the highest
best estimate NPV. Now, both analyses support the same strategy which will even increase
the reliability of these analysis methods, however it remains to argue whether best estimate
NPV or the mean NPV is the “correct” value to examine as Collan and Savolainen (2020)

state.

Next, this case will be used as an illustrative example case for this thesis, but it will be
slightly modified. The changes and final case are explained more specifically in the next

section.

4.1.1. Modifications and final case description

For the purposes of this thesis the case was modified. The changes are listed in the below
Table 6, after which the final case is described in more specific.
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Table 6. The differences between the original case of Collan and Savolainen (2020) and the

final case used in this thesis.

business).

Subject In original case In this thesis Possible issue How is tackled in thesis case
10,000 n office 10,000 n office The costs are the same The NPV V{.’llue !s_the same |_n
Strategy one B . both cases (in original and this
complex built now at | complex built now at but the absolute cash S .
(strategyl) . . thesis) if calculated with the
one phase. one phase. flows may differ slightly. .
same discount rates.
5,000 ne office
5,000 1 office complex_wnh erX|bI'e Flexible cons_tructlon parts are
- construction parts built ) . more expensive but they offer
complex built now Office complex with - .
now (phase 1) and . . tenants the possibility to adjust
(phase 1) and 5,000 n¥ 8 flexible construction . .
. . 5,000 ne office the space according to their
office complexin5 . - parts add costs 10% . .
. complex with flexible | . business needs that is in
Strategy two years (phase 2). This . . higher compared to the . .
construction parts in 3 L demand. This mean higher
(strategy?2) causes extra cost of . strategy 2 in original .
. years (phase 2). This revenues. Also, it offers the
15% divided equally case and 25% compared . -
causes extra costs of . project managers a possibility
between phase 1 L to the strategy 1 in both . .
25% divided the to extend the business into new
(7.5%) and phase 2 0o cases. - )
(7.5%) following: 10% for the area if the office rental market
R first phase and 15% for is decreasing in 3 years.
the second phase .
Only 5,000 m? office
Strategy two 2 complex built now - - -
(phase 1).
With flexible
construction parts
. | managers can change the
Managers prepare in business away from
"Plan B" if the advance to change the . y .
. . L office complex into
market declines course if pessimistic
. - L . almost any new rental -
or things go scenario will realize
. market, e.g. hotel
wrong (option to expand the

property. This option
have extra costs of 25%
in total compared to the
costs in strategy 1.

Strategies 3-5

Used in simulation part.

FPOM

Used for ROV.

Used for ROV.

Simulation

Used for deeper
analysis where three
additional sub-models
(strategies) were used.
Applied in total of 5
strategies.

Used only for risk
analysis without adding
any sub-models /
strategies. The
simulation part from the
original paper is not
applied in this thesis.
Instead, simulation is
used in different

The model in the thesis
only included uniform
distribution of NPVs.

purposes.

Uniform distribution is
suitable for the contex because
every outcome in the sample is
considered here as equally
likely. For more sophisticated
model this issue must be
covered to enable e.g.,
different weighting in the
possible outcomes.
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The difference between
the expected
(possibilistic) mean

The difference between
the expected
(possibilistic) mean
NPV and/or ROV of the

There is room for
interpretation: one can
decide to use either

In the thesis, strategy 1
(without phasing + flexible
parts) had possibilistic mean
NPV = ROV and strategy 2
(with phasing + flexible parts)
had possibilistic mean NPV #
ROV. One can compare each

ROV al te’,'\:l;:;ii?/];t?t? a“tle\:;ies two alternative possibilistic mean NPVs | one as long as one understands
. . strategies (withand | or calculated ROVs for | what the value represents. In
(with and without . . .
phasing). W|tho_ut phasing + comparison. FPO.M' ROV _represe"nts only
flexible parts). the "possibility part” of the
NPV distribution while
possibilistic mean represents
the whole NPV distribution.
Phasing (option to
wait/postpone up to 3
Phasing (option to years before deciding
wait/postpone up to 5 |about the second phase)
Real option years before deciding |and changing the course - -

if market situation
changes (option to
extend the business into
new area).

about the second
phase).

4.81% (around 5%) for
costs and revenues
(nominal rate of 9% - -
excluding estimated
inflation).

4% for costs and 9%

Discount rate
for revenues.

Terminal value should be

Years 0 - 15 without | Years 0 - 15 without

Cash flows . . included but is left out -
terminal value terminal value. . .
for illustrative purposes.
. Is used to see the most
Sensitivity .
. - sensitive factors for - -
analysis

simulation part.

The case is a continuum of research paper of Collan and Savolainen (2020) where there was
a construction project case that had two options: to build 10,000 m? office complex at once
or build two 5,000 m2 office complexes in two phases (assuming to pay nominal 15% higher
price for this option, equally divided between the two phases). Collan and Savolainen used
two different methods, fuzzy pay-off and simulation, to illustrate the analysis and valuate
the option. Here, only the fuzzy pay-off version is considered (the “quick and dirty” one)

where the possible second phase will start in the beginning of year 5 in the original case.

In the paper of Collan and Savolainen (2020), it was demonstrated that the phasing had value
and it comes from the difference between the mean NPV of these two scenarios

(alternatively, one can argue whether the value should be between mean optimistic, realistic
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or pessimistic scenario NPVs), however the conclusion was that the visualization of the
range of possible outcomes is a proxy for risk. The numbers and the visualization
demonstrated that the real option to phase the construction wasn’t valuable by these
measures (for the reasons discussed and illustrated in the previous section), but phasing
seemed to have an effect on the risk profile which is good information for risk-averse

investors.

The intention of the paper of Collan and Savolainen (2020) was to illustrate the possibilities
that these models can offer (mitigating risk and optimizing value via phasing strategy) in
construction investment analysis process and thus, it did not include any more specific
reasons or alternativities for, for example, what to do if the strategy of phasing the
construction was taken and then realized the market for office rental market has evolved
according to pessimistic scenario. In other words, what is the “plan B” if things go wrong.
In real world, managers should always be on the top of maximizing the value of every
investment case, and realistically, usually there are other options than just to abandon the
project, or at least such alternatives should always be retrieved. The idea now is, that the
project managers are very attentive to the changes in their operative environmental trends
and weigh different possibilities even before deciding to make an investment. In other words,
they already think in advance what "plan B" would be if things evolve badly (according to

pessimistic scenario).

Therefore, now the original case is changed in a way that in case of pessimistic scenario, the
managers of this project will prepare themselves to change the course in the project. Good
managers are aware of the surrounding world and open-minded to act when needed.
Managers of the project have investigated the market beforehand and are aware that the most
frustrating factor in company facilities is their inflexibility meaning that companies are
unable to scale the size of the premises it rents (see Jones Lang LaSalle,2018). Also, hybrid
working models and sustainability matters are setting their own demands for office buildings
(see Jones Lang LaSalle, 2021). Applying all these findings would increase the construction
costs on short-term but they are large factors that have an impact on companies (the office

tenants), especially in the future.

The idea of the original 10,000 m?2 office complex will remain the same, but the other strategy
(strategy 2) is adjusted in a way that project managers have to option to build two 5,000 m?

office complexes in a way that the materials are constructed flexible in the first one.
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Managers are willing to see how the market evolves in the next three years (instead of five
that was in the original case) and how the flexible office complex is accepted in the market
before they make the decision how to build the next one. This way managers have the
flexibility to decide to change the course after three years when the construction of the
second 5,000 m? office complex is about to start.

By preparing this way, the second office complex can be changed, e.g., either to serve better
the needs of business travellers or tailored to better fit for any other groups in the future
before renting it for businesses. It can be even easily altered into a hotel building due to the
adjustable walls and other adjustable (flexible) parts of the building. Especially the fast-
pacing technology changes are bringing uncertainty to the investment because managers
want to be able to offer modern tools that the market is requesting but currently it is very
unsure how the market will accept them. For example, office automation control systems
with automated heating, lighting, and air conditioning need built-in sensors that can adjust
the environment based on the number of people in the office, allowing to provide the
optimum working environment, or digital visitor management solutions must be taken into
consideration already in construction phase to make the space functional. In addition, the
difficult-to-predict economic situation, rising construction costs — current construction cost
index is 9.7% (Rakli, 2022a) — and the uncertain availability of building materials and

products are worrying the project managers.

The additional cost of phasing 10,000 m2 complex into two 5,000 m2 complexes was 15% in
the original example. Now, the additional cost will be 25% due to flexible construction parts,
such as movable walls and multifunctional fittings. This 25% additional cost is divided the
following: 10% for the first phase and 15% for the second phase which is three years after
the first one. The cost is 5% higher in the second one because an extra budget is needed for
the possible additional adjustments after the results of phase one are visible, although with
careful planning from the start they can be well mitigated. Compared to the original Collan’s
and Savolainen’s (2020) example, the additional cost of phasing (without the flexible office
model) was 15%, divided equally between the two phases, making it 7.5% additional cost

for each in that case.
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4.1.2. Revenue and business model

As according to the original case of Collan and Savolainen (2020), the project has two
sources of revenues, 70% of the rented spaces consist of long-term leases (10-year contracts)
and 30% of short-term leases. The long-term leases are assumed to create a stable revenue
with a low risk of having unoccupied spaces. The short-term leases are assumed to be
minimum one-year contracts that command a 10% higher rental income per square meter.
However, they include a risk to cause more empty periods between tenants. The rent is

assumed to have a 3% annual growth trend.

The project experts are forecasting the potential cash flows in three scenarios: optimistic
(maximum), realistic (best estimation) and pessimistic (minimum). It is estimated that if
everything will go as planned it will be possible to achieve the maximum cash flow
estimation. This means that project will not be delayed, it will not face any extra costs during
construction and the short-term tenants will stay or are replaced immediately after the
previous one, thus leaving no empty months in between. The pessimistic scenario is prepared
as if everything would go badly and produce minimum cash flow estimation. In cash flow
forecasting, basic procedure of NPV calculation is performed with DCF method.

In the original case, as the NPV calculation theoretically requires the assessment of the costs’
and revenues’ risk levels for the derivation of proper discount rates, a separate discount rates
of 4% and 9% were used for the costs and revenues. In this thesis instead of using two
discount rates, a single discount rate is used for simplified illustrative purposes. Even that it
is theoretically justified to use risk-based discount rate for different cash flows, many

companies prefer using only one that reflects the companies’ required rate of return.

Prices are known to rise in the construction industry. For example, in Finland, according to
Rakli-KTI business space barometer currently the required return level for prime offices, is
only 3.7% (Rakli, 2022b) and in summer 2022, inflation was expected to rise to 5 percent
this year and fall to 2-3 percent next year in Finland (Rakli 2022a) but was 8.3 percent in
October 2022 (The Finland Chamber of Commerce, 2022). The inflation is thus very high at
the moment and includes high level of uncertainty. The total return on direct real estate
investments currently being 9.2 percent (Rakli, 2022a) it is decided that the required rate of
return for this project is 9% including inflation. Inflation is estimated to be exceptionally
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high 4% for the next 15-year period which will make the real-term discount rate around 5%,
or 4.81% in more specifically (calculated as ((1+9%)/(1+4%))-1).

4.1.3. The initial setup of the case

First, the estimated cash flows for each scenario from the original example of strategy 1 (see
Collan & Savolainen, 2020, Appendix 1) are plugged in into a spreadsheet software. Then,
the discount rates of 4% and 9% are both changed into around 5% (according to the
calculation equation above) to get the new NPVs for each scenario. After this, all these
numbers are adjusted in a way that only the original cost cash flows remain the same (i.e.,
the investment) and the NPV of 15-year cash flows remains the same for each scenario,
however discounted at around 5% and thus being different in absolute terms. The revenue
cash flows (behind NPV) will change completely due to the application of capital budgeting
illustration example (see Appendices 12-17) that is created behind these numbers for each
scenario for later simulation purposes. The capital budgeting process means that the model
includes inputs, factors, that will create such outputs in the calculation as income or
expenditure streams and cash flows. Later, according to the sensitivity analysis some of the
most sensitive factors are chosen for simulation to better see the probabilities of different
outcomes. Another purpose is to test the suitability of traditional capital budgeting process.
All cash-flows are estimated excluding inflation which is already accounted in the around

5% discount rate.

In capital budgeting process some relevant costs are accounted in the project as an example,
such as maintenance costs and taxes. A small amount of working capital investment is
accounted for the two starting years due to high marketing costs which is released back after
first two operating years. More specific illustration of each capital budgeting calculation are
in Appendices 12-17. As in the original example (Collan & Savolainen, 2020) in the
maximum scenario, it is assumed that the construction is finished according to the schedule
and the revenues start to accrue faster than in the two other cases, where the construction is
finished late. Visual presentations of the cumulative net present values for both construction

strategies in each scenario are presented later in Figures 8 — 13 and jointly in Figure 7.
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Regarding strategy 2 (build in two phases with flexible construction parts), constructing
flexible office complexes in two phases, the process is different compared to the original
case, as mentioned earlier. The initial investment costs are now calculated based on strategy
1 (build with one phase), added with 25% increase for each of the three scenarios divided as
described earlier (10% for phase one and 15% for phase two). Then, the timing of the initial

investment costs are estimated along with other relevant factors in capital budgeting process.

NPVs for each scenario are based purely on the individual forecasting of the future cash
flows, otherwise same principles of capital budgeting process are applied. It is assumed that
in this strategy there will be more facilities for tenants due to the flexible form of the
premises, accounting for higher revenues per square meter and higher overall occupancy
rates in maximum and best estimation scenarios. This means that companies (tenants) can
adjust their premises according to their business needs and the facilities can serve several
different types of businesses due to their adjustability. The location of the office complexes
is in high demand, reducing the risk of empty months between tenants. Then, in the minimum
scenario the risk of tenants not accepting the new, flexible facilities model is accounted by

lower overall rental income per square meter.

4.2. The analysis process

In practice, the analysis process includes capital budgeting process which means preparing

several spreadsheets as following:

First, a spreadsheet for the i) input factors and ii) output factors that are divided as a) income
and expenditure streams and b) cash flows. The cash flows will the calculate the NPV which
is the cumulative cash flow value for the period between years 0 and 15. It is important to
realize that this particular calculation does not include the property’s terminal value, which
typically have several tens of percent of the total NPV, thus being a critical part of the DCF
analysis in real life applications. The reason for this is simple: the original case did not
mention it and seem not to include it, based on the original figures in the DCF analysis,
probably due to the illustrative purposes of the need of having a negative NPVs. For the
illustrative purposes with this case example, it serves the cause well in strategy 2 (build in

two phases with flexible construction parts) where the NPV will be negative value in
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pessimistic scenario. This would have not been the case if the terminal value would be

included (added as an additional cash flow beyond the initial forecast period) in the analysis.

In real life applications, terminal value is an essential part of investment analysis process.
That being said, eventually it is only an attempt to anticipate the investment’s value in far
away in the future (after the last investment year in the analysis) where one must apply it to
the present value through discounting with “proper” discount rate (d). It also includes some
problematics. Usually, investors will not get rid of a well income producing asset. This
means the investment should continue its operation infinitely and thus must have a proper
value included in the profitability analysis. In this case, the investors should evaluate a
“proper” terminal growth rate (g) that will continue infinitely and then divide the last
forecasted cash flow, added with the value of the terminal growth rate, by the difference
between the “proper” discount and terminal growth rates to get the terminal value of the

investment: (FCFx (1 +g))/(d-Q).

Another way to model the terminate value would be to use liquidation value model to find
out “exit value” with exit multiples when the investors want a return of principal. In this
situation, the terminal value is treated as a bookend to close out the investment and it must
reflect the net realizable value of the property after the investment holding period for which
the property will be sold. Exit multiples estimate a fair price for the property by multiplying
suitable financial statistics, such as sales, profits, or earnings before interest, taxes,
depreciation, and amortization (EBITDA) by a factor that is used for similar properties (see
e.g., CFIl, 2022d). For commercial real estate cases the terminal value is often estimated by
applying a terminal capitalization rate to the forecasted net operating income (NOI) at the
time of sale. Capitalization rate is a real estate valuation measure that is used in comparison
of different real estate investments. There are many variations of it, however, generally it is

calculated as the ratio between the annual rental income to its current market value.

The difference between these two approaches is that the perpetuity growth model does not
assume the company will be liquidated after the terminal year while the multiples
approach accounts exactly that. Nevertheless, without the terminal value in this calculation,
there exists an unreasonable, and unrealistic, projection that the investment would simply
disappear and cease all operations at the end of the initial forecast period which is obviously
not the case. However, due to the beforementioned reasons this particular calculation does

not include the mentioned terminal value in the calculation.
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Structure of the whole analysis process is the following:
¢ Investment valuation method: DCF calculation and sensitive analysis
e Real option analysis method: Fuzzy pay-off

e Risk analysis method: Monte Carlo simulation based on sensitivity analysis

The presented structure is in chronological order because DCF calculation must be
performed first for being able to perform ROA and simulation. Regarding sensitivity analysis
it is not mandatory part regarding ROA, but it is recommended for the simulation part.

4.2.1. Discounted cash flow analysis

Discounted cash flows are presented as outputs of the input factors. Both strategies are done
in separate workbooks, i.e., both strategies will have its own profitability analysis
calculations. The model is built as follows:

First, based on inputs, the accounting cash flows are prepared. These include the investment
and the operating costs (possibly other costs as well) as negative cash flows for each
operating year from 0 to 15, and rental income as positive cash flows for the same years.
This results as EBITDA value, from which depreciations will be calculated for taxation
purposes. The purpose of depreciation is to reduce the acquisition cost of the investment
asset belonging to fixed assets during their useful lifetime from the income that is obtained
through the contribution of the asset. Basically, the investment cost is converted into
depreciation that diminishes the tax base in a more distributed manner. Possibly impairments
are also accounted here. After this, the operating profit (EBIT) is obtained, from which the
tax is deducted to get the net income value. The annual 2% growth rate of maintaining costs

per square meter is accounted for operating costs.

The inputs include several factors that calculate the output results via formula. A number of
relevant inputs can be included here but, in this case, only some of the most relevant are
chosen, such as the total investment costs, nominal and real interest rates, inflation, number

of square meters, rental income per square meter, maintenance costs per square meter,
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working capital investments and tax rate. Some of the relevant factors in the model could
have been, for example, to use different occupancy rates for each year and well as step by
step increasing rental income levels, but these interesting modifications were left out from

the final model.

After the accounting side, the actual cash flows are modelled. Here, only the actual cash
flows are included and thus, e.g., depreciating is excluded. The investment cost, operating
costs, working capital investments and taxes are included as negative cash flows, while rental
income and released working capital are included as positive cash flows. These result as free
cash flows for each operating year which is then presented also as the cumulative free cash
flows. These two results are then discounted with the real interest rate (discount rate) of
around 5%. The final year’s cumulative discounted free cash flow is the NPV of the whole

investment, in this case, without the terminal value of the investment.

This process is repeated in total of six times: three times for strategy 1 (build with one phase)
to model each scenario (minimum, best estimate and maximum) and three times for strategy
2 (build in two phases with flexible construction parts) to model each scenario (minimum,
best estimate and maximum). All the three scenario calculations can be easily put into one
workbook with a scenario tool where all the input factors are applied, and then just choose
one of the three scenarios. However, two different workbooks for each strategy seem easier
considering the next steps. All cash flow analyses are in Appendices 12—-17 for more specific

information.

4.2.2. Sensitivity analysis

On next worksheet in the same workbook, a sensitivity analysis is built with the help of
Excel macros that record each calculation step with only one button click. A connection is
established in the cash flows sheet to model what will happen to the NPV in each scenario
if the selected factors are decreased or increased 10 to 50 percent. The selected factors are
investment cost, discount rate, inflation, rental income per square meter and maintenance

costs per square meter.

Sensitivity analyses reveal that the rental income per square meter has the most affect in the

NPV, i.e., it is the most sensitive factor in the investment case among the selected factors.
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For managers this is important information because it enables to carefully evaluate the
probability of reaching the targeted level of rental income per square meter, as well as to
stay focused on any changes that will affect it during the project if it is decided to proceed.
Also, some extra investigation and analysis may be targeted into that factor already before
deciding to proceed. For each scenario, the sensitivity analyses are in Appendices 6-11.

4.2.3. Application of Monte Carlo simulation

One possibility to evaluate the probability of reaching the targeted level of rental income per
square meter would be to use Monte Carlo simulation and establish a separate workbook for
that purpose. This model could be built by investigating the market and selecting the most
proper factors that affect on the level of rental income. Important factors could be things
such as the location, extra services offered to the tenants and the general level of office
complex rents in the market. Then setting the maximum and minimum boundaries one could

simulate the effects on these changes in rental level.

In this case the Monte Carlo simulation is used to estimate the probabilities of reaching an
expected level of total investment’s NPV, which is the probability-weighted mean of all
NPVs in the simulation run, by random values between the maximum and minimum levels
of the selected factors. The selected factors for simulation are investment cost, inflation,

rental income per square meter, maintenance costs per square meter and tax rate.

The model works as follows: from the separate worksheet the NPVs are stemmed into a built
simulation tool where random values are tried as many times as the user sets them, the
maximum level of being around 10,000 runs. The calculation is repeated every time again
when the value of any the selected factors is changed, and thus the NPV is changed. The
changing NPVs are recorded in background memory which is then presented as a visual
histogram of the probability distribution of NPVs, and as numerical values where is the
probability-weighted mean of all NPVs represent the expected NPV, the share of negative
NPVs represents risk, and positive NPVs represent potential of the investment. Obviously
the minimum and maximum boundaries are set according to the minimum and maximum

scenario values.
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The simulation is executed with the help of macros and additional coding that requires the
use of for-loop to make the simulation run simple. For-loop is used to repeat a specific
arrangement (a block of code) a specific number of times until certain condition has been
satisfied and it is a common command for numerous of programming languages. This makes
the usability of certain tasks very simple. Also, there are numerous methods of probability
distributions to be applied, as is described in Section 2.6.1. Here, a uniform distribution is
applied, which means that all values that fall between the minimum and maximum occur
with equal likelihood, i.e., there is no emphasis on any certain values to occur more likely
than others. All positive NPVs in the distribution are presented as green pillars, and the
negative NPVs as red pillars. The distribution can be presented in different bins that can be

adjusted according with the preference of user.

An illustrative outcome of the simulation can be seen in the below examples (see Figures 5
and 6). The expected NPV is presented on the top left and on the right side it is shows along
with other relevant statistical values. These examples were run 5,000 times and are only

examples, not the results of the actual case yet.

NPV € 6793496405 Min -€ 28 487 660.36 Probability of negative NPV 6 %)
Max € 223 664 658,31 Probability of positive NPV 94 %
\Weighted average € 6793406405
Uncertain variables Standard deviation € 4865372827

\Variable Min Max Random value

Investment € 88000000 | € 108000000 | €89 876 838

Inflation 1,60% 10,00 % 295 % Distribution of NPVs,

Rental income per square meter € 110000 € 225700 (€ 113613

Maintenance costs per square meter € 200 | € 250 | € 226,47

Tax rate 15,50 % 23,00 % 10.41%
Enter values Enter values

Monte Carlo simulation

Runs [ sood & Enter value here

Simulation progress (%) 00| and run simulation

(max 10 000)
Run simulation
Set bins:
b (max 200)

Probabity

[l

Figure 5. Illlustrative example of simulation runs with a positive skewness distribution and

low level of risk.

When ranges of investment, rental income and tax rate are adjusted towards more negative
scenario (larger cost range with limited possibility to gain as high rental income), the

distribution on NPVs will change (see Figure 6 below).
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NPV € 5976081,16 Min -€ 42 560 683,40 Probability of negative NPV 47 %
Max € 7291922902 Probability of positive NPV 53%

\Weighted average € 597600116
uncertain variables Standard deviation € 2715961023
Variable Min Max Random value
Investment € 140 000 000 | € 143 750 000 | € 142629 114

Inflation 1,60 % 10,00 % 492% Distribution of NPVs

Rental income per square meter € 140000 € 160000|€ 154133

Maintenance costs per square meter € 200 € 250 | € 237.40

[Tax rate 20,00 % 23,00 % 21.93%
Enter values Enter values

Monte Carlo simulation

= T R Entervane nere

Simulation progress (%) 100) and run simulation

(max 10 000)
Run simulation
Set bins:
200
b (max 200)

Probability

Figure 6. lllustrative example of simulation runs with a positive skewness distribution and

high level of risk.

The actual case simulation results are presented in Appendices 4 and 5, and in Figures 14—
17 where different numbers of bins are also illustrated. The actual simulations are done with
10,000 runs.

4.2.4. Real option calculation

Finally, the real option approach is applied to the investment case. In practice, two different
real option analysis (ROA) are prepared to calculate two real option values (ROV) for each
strategy.

What is important to notify here, is that on general level the risk profile of an option differs
from the risk profile of the total project. Thus, discounting the project by using the project
discount rate, typically WACC, is not valuing the option theoretically correctly. Therefore,
options should be valued separately, and the total value of the investment is the sum of the
NPV and the value of the options. This is how typically options are applied in the investment
analysis. For example, Putten and MacMillan (2004) described a process where project’s
NPV is calculated with DCF analysis, and then looking closely at the range of costs that will
incur as well as the uncertainty surrounding the terms under the investment case to estimate
project’s volatility. The result of this is equivalent to the adjusted option value (AOV) term

in their approach (there are two different methods to calculate this). Then, considering the
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possibility of selling the investment, equivalent to the investment’s abandonment value

(ABV), the total value of the project can be calculated by adding these three together.

Here, the approach is different. As referring to Collan’s and Savolainen’s (2020) work, in
calculation results they presented the different NPVs for each strategy and each scenario,
stating that “the difference between the value of two strategies is the value of phasing”,
whether it is the difference between the mean NPV, or the best estimate NPV, of the project
with the real option and without the real option. They seem to refer phasing as the real option
in the case, which is essentially true according to the existing literature where real option is
typically some additional benefit or possibility to influence the investment’s profitability

(see different option types in Section 2.5.1).

In this case, the same approach is taken, however, the results are interpreted from only
slightly another perspective: in real life, every possibility to execute something (to have a
certain strategy) can be interpreted as a real option itself. One has the option to proceed
according to strategy 1 (build with one phase) or strategy 2 (build in two phases with flexible
construction parts) in this case. Both of these can be practically interpreted, or treated, as
real options. The point is to compare them: which one is better and why? This seems to be

the idea in Collan and Savolainen’s (2020) study as well.

The approach in this study is to present a simple, detailed outlook on both options. This
includes the earlier performed DCF analyses along with simulation of probable outcomes
that enable to model the risk side while visualizing the possibilities. This would be already
quite sufficient level of information, at least for some, but there remains one specific
problem: the distribution of NPVs in each scenario between the two strategies. Strategy 1
(build with one phase) has positive NPV in each scenario while strategy 2 has very much
more lucrative NPVs in best estimation and maximum scenarios. And this is the place where
fuzzy pay-off is allowing to calculate the absolute, monetary value for each of the strategies
with theoretically stable method. This value is the possibilistic mean NPV that is
representing the whole NPV distribution of each strategy. This is not the same as ROV. In
practice, the calculation process is very simple. For both strategies, equation (3) can be used

to calculate the possibilistic mean NPV, representing the value of each strategy.

Real option value (ROV) is then the possibilistic mean of the positive side of the NPV

distribution multiplied with the positive area of the NPV distribution over the whole area of
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the NPV distribution. This can be calculated by applying the suitable formula from equations
(3) to (6). For strategy 1 (build with one phase) it can be seen that the whole fuzzy NPV
distribution of the project lies above zero, and therefore equation (3) is to be applied. This
equation also represents the possibilistic mean NPV value, meaning that the possibilistic
mean NPV is the same as ROV. The maximum scenario NPV represents “a + [, the
minimum scenario NPV represents “a — o, and finally the best estimation scenario NPV

[1P4]

represents “a”.

Respectively, for strategy 2 (build in two phases with flexible construction parts) it can be
seen that the fuzzy NPV distribution lies partially above zero, in a way that zero is between
the minimum possible NPV and the best estimation NPV, and therefore equation (4) is to be
applied. The possibilistic mean NPV can be calculated with equation (3) as in strategy 1
(build with one phase). In this case, the ROV is not the same as the value of the whole NPV
distribution. Again, the maximum scenario NPV represents “a + B, the minimum scenario
NPV represents “a— o, and finally the best estimation scenario NPV represents “a”. Values
of B and a can be calculated with the help of a that is known, after which the values can be
applied in both equations. This way, both strategies have received an absolute value, and

also a real option value (value of possibilities) that can be compared.

5. RESULTS

The numerical results of the case study are presented in the following Table 7 (in million
euros) and in Appendix 1 in exact results in euros. The results are obtained from the
discounted cash flow analysis, the simulation between previously mentioned selected input
factors that range between optimistic (maximum) and pessimistic (minimum) scenarios, and

the real option analysis that was conducted with the fuzzy pay-off method.
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Table 7. Numerical results of the case study.

Strategy 1 . S.trategy 2 .
. - o (build in two phases _. Method from which
(in million euros) (build in : : Difference : .
. with ﬂemble the value is obtained
construction parts)
Real option value 59.61 98.37 38.76 ROA
Possibilistic mean NPV 59.61 98.35 38.74 ROA
Optimistic NPV 113.61 168.37 54.76 DCF
Realistic NPV 55.01 108.24 53.23 DCF
Pessimistic NPV 24.00 -11.22 35.22 DCF
Expected NPV 91.89 98.80 6.90 Simulation
"Risk factor" 0% 4% 4% Simulation
"Success factor" 100 % 96 % 4% Simulation
Standard deviation 41.74 65.45 23.71 Simulation
Min NPV 0.62 -34.57 35.19 Simulation
Max NPV 216.88 299.99 83.11 Simulation

From these results it can be interpreted that while strategy 2 (build in two phases with flexible
construction parts) includes more risk than strategy 1 (build with one phase), the level of risk
is very moderate and the strategy 2 offers highly absolute profit possibilities. This can be
seen from the differences in risk and success factors, as well as the standard deviations. The
standard deviation shows whether the variation of values around the average is small or
large. This is hard to judge without a reference point but here the values can be compared to
each other. Only a nominal difference can be found from the risk and success factors, but
the standard deviation values indicate that, on average, the results are more spread out in
strategy 2 that they are in strategy 1. The strategy 2 has larger standard deviation than
strategy 1 which means that, on average, the results are more far away from the mean value
in strategy 2.

The results also reveal that the pessimistic scenario did not manage to capture the absolute
extreme worst-case scenario that simulation succeeded to do (see the differences between
pessimistic NPV and min NPV). The reason for this is the static nature of the DCF analysis
that could be avoided only if all the input factors in the model are built as adjustable, which
was not the case here. This was intentional in this illustrative case. For example, the tax rate
or maintenance costs had no ranges in DCF model as they had in the simulation part, instead
they were static input values. The same happened with the maximum scenario where the

different ranges of inflation level caused extreme changes in the real interest rate, i.e., the
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discount rate, which then affects on the NPV. It is likely not optimal to build the DCF model
to have inputs between ranges as it creates unnecessary complexity in the process and thus
“breaks” the idea behind it. Instead, it is likely optimal to keep the DCF scenarios as they
are, and then build a separate simulation tool where one can try even the more extreme trials,
for example, to see the possible, but not probable, effects of the extreme level of inflation.
This kind of visibility is likely to increase the level of insight of the case when one

understands the process behind it and see why the NPV changes.

According to the possibilistic mean NPVs and real option values, the difference between the
values is the value of phasing (option to postpone the investment decision) and the possibility
of expanding into other rental sectors (option to expand business at a later stage) in case of
pessimistic scenario will realize. As mentioned in Section 1.4, these both are considered as
call options. The expected NPV value then demonstrates the probabilistic part of the decision
(risk) where the numerical value shows the most probable outcome with the given
parameters, however this one figure is not enough as itself but requires the parameters to be

used alongside when making the decision.

The cumulative discounted cash flows of all scenarios are visualized in below Figure 7,

followed by individual cash flows visualizations of both strategies per each scenario.

Cumulative discounted free cash flow (real terms)

1 minimum

20592030

-100000 000 €

-150000 000 €

Figure 7. Cumulative discounted free cash flows (real terms) of strategies per scenario.
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The Figure 7 above shows the cumulative discounted cash flows of all the total of six
scenarios. The figure is for visualizing the profitability of them all in this case without
comparing the figures to the original case of Collan and Savolainen (2020). The comparison
of the results between the original case and this case is out of scope of this study. The next

Figures 8-13 show all three scenarios of both strategies.

Strategy 1 cash flows - maximum

Discounted free cash flow (real terms) Cumulative discounted free cash flow (real terms)

113613 296

Figure 8. Discounted free cash flow and cumulative discounted free cash flow (real terms)

of strategy 1 (build in one phase) maximum scenario.

Strategy 1 (build in one phase) shows 113.6M€ positive NPV in maximum scenario and

break-even level would be reached at year 2029.
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Strategy 1 cash flows - best estimation

Discounted free cash flow (real terms) Cumulative discounted free cash flow (real terms)

55010781

40000 000
0000 000

Figure 9. Discounted free cash flow and cumulative discounted free cash flow (real terms)

of strategy 1 (build in one phase) best estimation scenario.

Strategy 1 (build in one phase) shows 55.0M€ positive NPV in best estimation scenario and

break-even level would be reached at year 2032.

Strategy 1 cash flows - minimum
Cumul nted | terms)

23 997 560

Figure 10. Discounted free cash flow and cumulative discounted free cash flow (real terms)

of strategy 1 (build in one phase) minimum scenario.
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Strategy 1 (build in one phase) shows 24.0M€ positive NPV in best estimation scenario and

break-even level would be reached at year 2035.

Strategy 2 cash flows - maximum

Discounted free cash flow (real terms) Cumulative discounted free cash flow (real terms)

168 369 464

Figure 11. Discounted free cash flow and cumulative discounted free cash flow (real terms)

of strategy 2 (build in two phases with flexible construction parts) maximum scenario.

Strategy 2 (build in two phases with flexible construction parts) shows 168.4M€ positive

NPV in maximum scenario and break-even level would be reached at year 2028.
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Strategy 2 cash flows - best estimation

Discounted free cash flow (real terms) Cumulative ( e cash flow (real terms)

108239 248

Figure 12. Discounted free cash flow and cumulative discounted free cash flow (real terms)

of strategy 2 (build in two phases with flexible construction parts) best estimation scenario.

Strategy 2 (build in two phases with flexible construction parts) shows 108.2M€ positive

NPV in best estimation scenario and break-even level would be reached at year 2030.

Strategy 2 cash flows - minimum

Discounted free cash flow (real terms)

2036711 224,661

8

-
(80000 000)

Figure 13. Discounted free cash flow and cumulative discounted free cash flow (real terms)

of strategy 2 (build in two phases with flexible construction parts) minimum scenario.
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Strategy 2 (build in two phases with flexible construction parts) shows 11.2M€ negative
NPV in minimum scenario, meaning the break-even level would not be reached at all during

the review period of years 0 to 15.

Sensitive analyses results are visualized in Appendices 6-11. Next, the Monte Carlo

simulation results for both strategies are presented:

Table 8. Strategy 1 (build in one phase) numerical simulation results.

Min € 623 256,46 Probability of negative NPV 0%
Max € 216 880 008,20 Probability of positive NPV 100 %
Weighted average € 91892581,86
Standard deviation € 41740591,23

Strategy 1 (build in one phase) indicates that by choosing this strategy there is 0%
probability of failing the project (resulting negative NPV). After 10,000 simulation runs of
the selected factors (shown below at Table 9) the expected NPV level, calculated as

weighted average, is 91.9ME.

Table 9. Strategy 1 (build in one phase) simulation factors and their ranges.

Uncertain variables

Variable Min Max Random value
Investment € 88000000 | € 115000000 | € 97 366 874
Inflation 2,00 % 10,00 % 4,90 %
Rental income per square meter € 1553,78 | € 2287,30 | € 1 853,83
Maintenance costs per square meter € 200 | € 250 | € 210,30
Tax rate 20,00 % 23,00 % 20,37 %

The factors represent the factors that were found most sensitive to the investment

(investment and rental income per square meter) in sensitivity analysis part, added with

three other factors. One can subjectively choose the factors in the model, however it is

most recommended to select the most sensitive ones to see more accurate results. The
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ranges of investment and rental income per square meter are derived from minimum and

maximum scenarios of strategy 1. Other ranges are subjectively decided for testing.

Distribution of NPVs

1,4 %

Praobability

€1 000 000
€5 320 000
€9 640 000
€13 960 000
€18 280 000
€22 600 000
00 360 000
04 80 000
09 000 000
13 320 000
17 640 000
21 860 000
26 280 000
30 600 000
34 920000
38 240 000
43 560 000
47 880 000
52 200 000
56 520 000
60 840 000
65 160 000
69 480 000
73 800 000
78 120 000
82 440 000
86 760 000
91 080 000
95 400 000
6a 720 000
€204 040 000
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Figure 14. Strategy 1 (build in one phase) simulation results in histogram (200 bins).

The above Figure 14 shows the distribution of NPVs and their probabilities divided on 200
bins for more detailed examination. The Figure 15 below shows the same results divided
only in 50 bins for more “high level” examination. From here, the probabilities in the Y-axis

are easier to interpreted as a whole.
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Distribution of NPVs

12,0 %

10,0 %

8,0%

6,0%

Probability

4.0%

2,0%

0,0%

1000 000
44 200 000
&7 400 000

130600 000
173 800 000
217 000 000

NPV

Figure 15. Strategy 1 (build in one phase) simulation results in histogram (20 bins).

Next, the analysis is presented for strategy 2 (build in two phases with flexible construction

parts):

Table 10. Strategy 2 (build in two phases with flexible construction parts) numerical

simulation results.

Min € 34 566 358,59 Probability of negative NPV 4%
Max € 299987 314,59 Probability of positive NPV 96 %
Weighted average € 98 795 606,25
Standard deviation € 65 451 452,20

Strategy 2 (build in two phases with flexible construction parts) indicates that by choosing
this strategy there is 4% probability of failing the project (resulting negative NPV). After
10,000 simulation runs of the selected factors (shown below at Table 11) the expected NPV

level, calculated as weighted average, is 98.8ME€.
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Table 11. Strategy 2 (build in two phases with flexible construction parts) simulation factors

and their ranges.

Uncertain variables

Variable Min Max Random value
Investment € 110000000 | € 143750000 | € 126333279
Inflation 2,00 % 10,00 % 2,28 %
Rental income per square meter € 1404,68 | € 3000,00 | € 1 944,99
Maintenance costs per square meter € 200 | € 250 | € 221,02
Tax rate 20,00 % 23,00 % 20,60 %

The factors represent the factors that were found most sensitive to the investment

(investment and rental income per square meter) in sensitivity analysis part, added with

three other factors. One can subjectively choose the factors in the model, however it is

most recommended to select the most sensitive ones to see more accurate results. The

ranges of investment and rental income per square meter are derived from minimum and

maximum scenarios of strategy 2. Other ranges are subjectively decided for testing.
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Figure 16. Strategy 2 (build in two phases with flexible construction parts) simulation results

in histogram (200 bins).
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The above Figure 16 shows the distribution of NPVs and their probabilities divided on 200
bins for more detailed examination. The green pillars represent a positive NPV value where
the red pillars represent a negative NPV value. The Figure 17 below shows the same results
divided only in 50 bins for more “high level” examination. From here, the probabilities in

the Y-axis are easier to interpreted as a whole.

Distribution of NPVs

45 %

4,0 %
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Probability
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-35 000 000
-8 200000
18 600 000
45400 000
72200 000
95000 000

125 800 000

152 600 000

179 400 000

206 200 000

233 000 000

259 800 000

286 600 000

NPV

Figure 17. Strategy 2 (build in two phases with flexible construction parts) simulation results
in histogram (50 bins).

As can be seen, in 20 bins in strategy 1 the percentage shares change (become larger) on the
Y-axis because the distribution in the X-axis is narrower. Same happens with 50 bins in
strategy 2, although the difference is not that obvious. The results can be showed on the level
that is suitable for one. The type of probability distribution is uniform meaning that all
outcomes are equally likely to occurs between the ranges without emphasizing any particular
range. It is noteworthy that the number of decimals in values between ranges are adjustable.
It would be beneficial to adjust e.g., the tax rate into zero decimal level instead of the current

two decimal level. The weighted average NPV is the same as expected NPV.



97

The real option values are 59.61M€ for strategy 1 (build in one phase) and 98.37M€ for
strategy 2 (build in two phases with flexible construction parts). The absolute difference
(38.76M€) is very high as well as relative difference (65%).

For strategy 1 (build in one phase), below there are the NPV scenarios as well as the
triangular fuzzy distribution for the NPVs (the Y-axis represents the degree of membership,
and the X-axis represents the NPV). The real option value is the fuzzy mean (possibilistic
mean) of the positive side of the fuzzy NPVs multiplied by the area above the positive values
divided by the total area of the fuzzy NPVs. As can be seen, the whole area of the fuzzy
distribution of NPVs is above zero (visualized in grey area in the triangular). This also means
that the possibilistic mean is the same as ROV because the whole area of the distribution is

on the positive side, i.e., above zero.

Net present value (NPV) of strategy 1:

Maximum 113 613 296 |a+p
Best estimation 55010781 |a
Minimum 23997 560 |a-«a
0
0 a—a a a+ [
Value Fuzzy number Value Fuzzy number
113 613 296 a+p Maximum scenario NPV at+g
55 010 781 Best guess scenario NPV a 3 o~
a Minimum scenario NPV a—a ROV(A) —a+ F a
23 997 560 a-a Distance between best guess scenario 3 6
58 602 515 B NPV and maximum scenario NPV .
31 013 221 a Distance between the best guess
scenario NPV and minimum scenario NPV |

ROV (A) = 59 608 996,87

Cumulative net present cash-flow scenarios for strategy 1

Triangular pay-off distribution

> IV .

Figure 18. Strategy 1 (build in one phase) real option analysis (ROA).
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For strategy 2 (build in two phases with flexible construction parts), it can be seen that only
partial area of the fuzzy distribution of NPVs is above zero (visualized in grey area in the
triangular — not in correct scale), in a way that zero is between the minimum possible NPV
and the best estimation NPV. This also means that the possibilistic mean is not the same as
ROV because only the partial area of the distribution is on the positive side, i.e., above zero.

ROV equals only the positive side of the distribution as the negative side has no value.

Net present value (NPV) of strategy 2:

Maximum 168 369 464 |a+p
Best estimation 108 239 246 |a
Minimum -11 221 661 |a-«
0
a— o a a+p
Value Fuzzy number| Value Fuzzy number
168 369 464 a+p Maximum scenario NPV a+ 3
108 230 246 Best guess scenario NPV a 3 2 p
a Minii scenario NPV a—a a a a .3
11221 661 a-a Distance between best guess scenario g ROV(A) =Tz +—+z+=
60 130 218 B NPV and maximum scenario NPV P 6o 200 2 6
119 480 907 a Distance between the best guess
scenaric NPV and minii scenario NPV |
ROV (A) = 98 367 300,99

Cumulative net present cash-flow scenarios for strategy 2

Thousands

100 000
50 000

0
Triangular pay-off distribution

-50 000

-100 000
-150 000

Figure 19. Strategy 2 (build in two phases with flexible construction parts) real option
analysis (ROA).

The overall results provided cash flow analyses for three scenarios in two different strategies
(strategy 1 and strategy 2), two real option calculations (one for each strategy), one
sensitivity analysis for each of the scenarios of both strategies, and one simulation tool with

two trials of 10,000 runs (based on some of the most sensitive variables found from
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sensitivity analyses). In total the analysis process provided six cash flow analyses, six

sensitive analyses, two real option calculations, and one simulation tool.

5.1. Results analysis

The FPOM provided useful information during the process, putting the three scenarios’
NPVs together, and, more importantly, was capable of providing a single monetary value for
each strategy. This value represents the possibilistic mean NPV of each strategy
(representing the whole NPV distribution of a strategy with a single number) that one can
compare and discuss with others while making a decision on investment. The difference of
these values (between strategies) can be considered as the value of flexibility, however, there
is room for different interpretations: according to FPOM, ROV is the mean of the positive
side of NPV distribution multiplied with the positive area of the distribution over the whole
area of the distribution. This means that one can also calculate ROV for each strategy (value
of possibilities), and then compare them instead of the possibilistic mean NPVs. Both of
these numbers, possibilistic mean NPV and ROV, will tell useful information for the

managers.

Monte Carlo simulation added value in terms of revealing the possibility that analysts may
haven’t estimated the initial maximum and minimum scenarios perfectly. By changing the
range values, project analysts or experts may more easily estimate these most extreme
scenarios. In addition, it provided more deep understanding about the probabilities of
success in profitability that FPOM is not, by nature, doing. For managerial decision-making
the risks and returns are always considered, or at least they both should be always considered,
and this is essentially why these two methods were combined in this analysis. Risk can be

adjusted also e.g., in discount rate but Monte Carlo simulation brings much more insight.

The below Table 12 summarizes the main findings and differences from this analysis

process.



Table 12. Results table from the analysis.
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Main results

Lessons learned

Numerical results

Real option value (ROV) is easy to
calculate as a part of DCF analysis
but there is room for different
interpretations how to utilize it the
best. ROA adds value to analysis
process because it gives a single
number value for different strategies
for managers.

ROV tells the value of possibilities (positive outcomes) in an
investment project while possibilistic mean NPV tells the value of
the whole distribution of outcomes of an investment project. It
remains very subjective to judge which one should be evaluated
when making a decision. Either way, both ROV and possibilistic
mean NPV tell valuable information because they put a single
number for certain questions: what is the value of this strategy
and what is the value of possibilities in this strategy?

Strategy 1 (build in one phase) has ROV of 59.61M€ which is
the same as the whole distribution of outcomes because all
NPV scenarios were larger than zero. Strategy 2 (build in two
phases with flexible construction parts) has ROV of 98.37M€
while the whole distribution of outcomes was 98.35M€. The
value of whole distribution is smaller because the area of total
distribution (of NPVs) lies partially under zero.

Simulation revealed the possibility
of analysts' / experts' failure in
estimating the absolute worst and
optimum scenarios. By adding
simulation to analysis process, one
may be able to prepare more
accurate estimations about the most
extreme scenarios which will
improve the model.

By using simulation one is able to try several different estimations
of the profitability analysis at once because the tool allows to take
all the needed factors into account at once. If simulation reveals
lower NPVs than what was estimated at the first place it likely
tells that the initial estimation had some vulnerabilities. This way
one can update the extreme scenarios which will make ROV more
accurate (because ROV is re-calculated when the scenarios
change), thus representing better the value of possibilities.

In DCF process, strategy 1 (build in one phase) was estimated
having the extreme worst scenario resulting NPV of 24M€ and
strategy 2 (build in two phases with flexible construction parts)
-11.2ME, but simulation revealed that the extreme worst NPV
would be 0.6ME€ in strategy 1 and -34.6M€ in strategy 2. The
reason for this is that the simulation tool was testing several
different values for different factors (variables) at once that
were static in DCF analysis (e.g., inflation rate).

Simulation gave insights about the
probabilities of outcomes which is a
simple way to model risk side of the
project.

Presenting factors with their chosen ranges and the visual
histogram of distributions one is able to receive more information
about the risks involved. This may help to discuss more deeply
about different risk factors and how they should be mitigated.
Simulation can also reveal that some projects include very limited
amount of risk which may result faster decision process.

Risk factor was 0% in strategy 1 (build in one phase) and 4%
in strategy 2 (build in two phases with flexible construction
parts). This means that, in strategy 2, out of total of 10,000
simulation runs, in 395 runs the NPV value was negative
which is 4% from 10,000. In strategy 1, in O runs the NPV
was negative.

Probable outcomes of both
strategies are able to be presented
with expected NPVs using
simulation with uniform distribution.

While FPOM catches the possibilistic value of investment,
simulation relies on probabilities. This helps understanding the risk
side. Weighted average NPV provides more information than just
simple average NPV which is very simplistic way of telling a
single number value for probable outcome. Sometimes this can be
enough to give confidence for decisions, however there is room
for further improvements. Also, it is important to realize that
sometimes it may be required to use other distribution types, for
example for certain weighting purposes that is here missing.

Expected (i.e., weighted average) NPV for strategy 1 (build in
one phase) was 91.9M€ and 98.8ME€ for strategy 2 (build in
two phases with flexible construction parts).

f staregy 1:

Building the office complex in one phase is justified. The expected NPV is 91.9ME (based on simulation) on year 2037 with 0%
probability to failure and the value of distribution of outcomes (based on ROA) is 59.6M€. This strategy does not include option
to wait and option to expand the business later. ROV can be technically calculated but it adds no value to the strategy. Based only
on DCF analysis, best estimation scenario the NPV is 55ME€ on year 2037.

f staregy 2:

Building the office complex in two phases and with flexible construction parts is justified. The expected NPV is 98.8M€ (based on
simulation) on year 2037 with 4% probability to failure and the value of distribution of outcomes (based on ROA) is 98.35ME.
This strategy includes option to wait and option to expand the business later. This means that during years 0 to 3 the project is re-
evaluated according to the changing situation. In case of office rental market decline, the second phase can still be constructed but
the business must be expanded into other areas. This is possible due to the flexible construction parts. This will then mean new
cash flow estimations regarding new business area that will take place the latest at year 3, which are not yet shown in this
calculation. Construction will cost 25% more including these real options and it adds risk of failure only 4%. Calculated ROV is
98.37M€ which is 38.77ME€ higher than in strategy 1, making the value of these flexibilities as 38.77M€. Based only on DCF
analysis, best estimation scenario the NPV is 108.2M€ on year 2037. This analysis lacks of evaluating the possibility to not to
construct the second phase. Analysing this would require establishing “strategy 3" with accurate cash flow analysis (same that was
performed for strategies 1 and 2).

5.1.1. Discussion

In this case, the flexibility was the option to phase the construction and option to plan the

investment in a way it enables to change the course, which means extending the business

into new area if the pessimistic scenario would realize. The approach of the method proved

to be straightforward and fast, which are typically highly valued features in real life business

environment.



101

Some literature supports these findings, however, there seems not to be much of research
papers yet about practically applying FPOM into real estate investment cases. According to
Vimpari et al. (2014) while the cost of flexibility is rather straightforward to approximate,
measuring monetary value of the flexibility is not. They conducted a study in 2014
considering a retrofit investment case where they aimed to explore how real options analysis
with FPOM can be used for valuing flexibility, present the process of valuation, and evaluate
the empirical usability of real options valuation results compared with traditional discounted
cash flow valuation results. This is almost perfectly the same as is the intention of this study,
excluding the simulation part. According to Vimpari et al. (2014) the main advantage was
the practical applicability of FPOM, i.e., only the three scenarios (minimum, best estimation,
and maximum) are needed for the valuation. The scenarios were determined by a detailed
research process which can be paralleled to having a project expert defining the scenarios.
The main finding of Vimpari et al. (2014) was that the fuzzy pay-off method can be used for
straightforwardly assessing the monetary value of flexibility without the need of assignment
of probabilities into different uncertainty scenarios. In the empirical case they found that
flexibility investments were profitable only when parts of the building were designed

flexible instead of the whole building.

Based on the results of this study, the beforementioned main advantage and findings must
be repeated here as well. FPOM, as a method, could be well adapted by practitioners based
on the findings of this study. Craciun & Csorba (2017) support this based on their study of
applying FPOM into valuing patent, stating that it is possible to use FPOM as an extension
to the common DCF method, as well as Collan and Savolainen (2020) who stated that the
method is simple, useable, and suitable for fast analysis of the effects of phasing on

construction investments.

The results from the empirical case of this study were that strategy 2 (build in two phases
with flexible construction parts) had more value that comes from the flexibility. When
planning this case study, it was clear that for a risk averse investor that lives the daily life in
business environment there is something else that needed to be added in the big picture, and
this the risk side. This is why the Monte Carlo simulation was brought into the model.
Adding visibility there can ease the understanding of the situation as a whole, which
eventually can ease the decision-making process. This is not to say, that this can help all

managers as every manager is an individual and such statement would require a lot of further
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research. However, some individuals may find this suitable for them. The empirical results
of the Monte Carlo simulation, the risk side, supported the story of cash flow analyses but
brought it visible to the management while corrected the absolute extreme circumstances
into the model. As a tool, the simulation part addition proved to be useful because this way
the cash flow analysis can remain highly simpler without the need to adjust every possible

variable in every possible scenario in it (the simulation tool does that more conveniently).

The results of the simulation in this case study indicated that strategy 2 (build in two phases
with flexible construction parts) involves more risk but the amount of risk was extremely
modest (4%). It is easy to adjust the parameters of simulation by changing the values of
factor ranges to see alternative outcomes. Such alternative results could be then
screenshotted and demonstrated for managers for further discussion. The downside of the
simulation part is that creating more sophisticated models is hard or can be quite impossible
using basic spreadsheet software. The model presented in this case study is highly simple
and is based purely on uniform distribution. Therefore, for example, for trying out different
types of distributions would likely require more efficient software tools. This would also
bring efficiency to the time consuming of the process which is too long in this model

(minutes instead of seconds). This is a clear limitation of the model in this study.

The overall results demonstrated that while strategy 2 (build in two phases with flexible
construction parts) has only moderately more risk, it has a lot more earning potential based
on cash flow analyses and it is has 38,758,304.12 € (65%) more value than strategy 1 (build
with one phase), because it includes the flexibility of phasing the construction and build it
in away it can enable expanding the business into new area (instead of offices, the space can
be transformed suitable for almost any type of space) if circumstances later indicate that.

It is important to notice that what this case was also about was the real option thinking. Only
if one has that adapted into the organization, such planning is possible. Real option thinking
may also differ on the point of view of each individual. One perspective is to approach the
investment valuation with real options as: total NPV = NPV (without options) + value of
options. This might be suitable when using other real option valuating methods. It is very
pleasant to calculate the value of the real option and add it to the project NPV because it
keeps things simple. However, in this analysis process it is recognized that the value of the
real option comes specifically from the monetary possibilities it derives from, i.e., the

project’s cash flows, and that each strategy itself can be considered as a real option. This is
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actually not what can be interpreted from Collan’s previous work even that it is based on
cash flows of each strategy (see for example, Collan, 2011b, 13-15). Collan specifically
underlines the process being i) modelling the future value distribution, ii) calculating the
expected value of the future value distribution while mapping negative values of the
distribution zero, and iii) modelling the calculation of the present value of the expected value
(Collan, 2011b, 11).

Here, two strategies were evaluated as an (real) option to proceed and thus, each strategy
received an absolute monetary value from real option analysis as well as the ROV, strictly
following the mechanics of FPOM. Then, the two real option values (the two strategies) were
compared to each other to see which one has more value, and more possibilities (potential).
Collan and Savolainen (2020) seem to have had the same approach with different wording,
stating that by calculating the difference between the expected mean NPV of the alternative
strategies, a representative value for the real option (to phase) can be calculated. However,
they specifically excluded ROVs from their study which is the main difference compared to
this thesis and they do not consider each strategy itself being a real option (nor does any
literature). Theoretically, this correct as a strategy is not seen as real option itself but instead,

usually, “something extra” that has value within the strategy.

Therefore, there remains a slight interpretation difference in the approach in this study (how
each individual sees the world) and a slight difference in interpreting the results. In practice,
this means that the real option value (ROV), calculated as the mean of the positive NPV area
(possibilistic mean of the positive side of the distribution multiplied with the positive area
of the distribution over the whole area of the distribution) is the number that is compared
between strategies in this study, as well as the possibilistic mean NPVs, where Collan and
Savolainen (2020) compared only the possibilistic mean NPVs without ROVs. They stated
that by calculating the difference between the expected mean NPV (which is the same as
possibilistic mean NPV) of the alternative strategies (with and without phasing) a
representative value for the real option to phase the investment can be found.

This thesis claims that real options are not just a small parts of additional possibilities that
should be added to projects as some absolute monetary values, although in several other
literature it might be seen as that (see e.g., Putten & MacMillan, 2004). This is because when
planning of an investment project one could recognize each route, i.e., strategy (each

possibility to proceed in the project) as a (real) option itself and evaluate each of them via
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cash flow and real option analysis. There is no mandatory need to break the strategy into
pieces and try to value each part separately. Instead, it might be easier to treat each possible
plan (strategy) as a whole. This idea can be interpreted also from Collan and Savolainen’s
(2020) paper where, instead of trying just to add the value of phasing into single strategy,
ROV for phasing was obtained by comparing two totally different strategies (that are indeed
options for project managers to execute the project). In order to do that, one must calculate
the value of each strategy first as a whole, after which the value of real options can be
obtained. This was also done in this study, by calculating possibilistic mean NPVs and ROVs
for both strategies as a whole. The strategy 2 (build in two phases with flexible construction
parts) and its cash flow analysis included the real options of postponing the second phase
and the real option to expand the business at later stage. Therefore, real options can be
interpreted also as different strategies instead of first having NPV of a single strategy and

then trying to calculate the ROV of some flexibility that is to be added to the single NPV.

One can compare the monetary story that numbers tell in comparison charts of each strategy,
along with the visualizations of the cash flows and the simulated probabilities of each
outcome, if one sees value in the latter process. One can calculate and compare the monetary
value of each route (possibilistic mean NPV), which is the value of each strategy. To see
which route (strategy) has the most potential, one can then calculate the value of potential
(ROV) for each strategy.

In addition to possibilistic ROA, from probabilistic simulation process one is able to model
the risk side of each route (strategy) which is a separate part of the investment analysis
process. And from the traditional capital budgeting analysis process one is still able to see
the essential behaviour of the cash flows and the effects of the most sensitive factors.

There are countless research papers that have found very good other methods in valuation
real options. For example, Shafiee, Topal and Nehring (2009) compared investment in
mining projects with other industrial projects and introduced a model that adds the total cost
as a function in the model (the original model was developed by Brennan and Schwartz in
1985 which was now re-versioned). In the model, binomial option price (BOP), the ROV
was calculated to be $1298 million, being significantly greater than calculated with DCF
model (-$708 million). The main reason of this difference was that the new method allowed
mine closure if the zinc price went down and the option to re-open when the zinc price went

up. While this is highly useful information in any kind of investment analysis and the results
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are fascinating, the one problem remains: the complexity of the model’s application. This
issue has been considered through during this whole study with several examples from the

existing literature as well as some of the examples from previous theses as well.

Considering managerial flexibility, adding these additional methods, ROA with FPOM and
Monte Carlo simulation, to the traditional DCF analysis it may offer more in-depth insights
that can help managers in making decisions. The main utility of the presented model is its
simpleness which makes it easy to use, without the need for additional software investments.
In addition, the theory behind the model is presented and discussed from a practical point of
view so that the idea behind theory of FPOM remains clear. For these reasons this study can
be considered as a relevant part of the continuum of research aiming to test, implement and

utilize the previous findings, serving the practical contribution of research.

6. CONCLUSIONS AND DISCUSSION

This thesis studied how easily the real option analysis can be taken into commonly used
profitability analysis method, how the risk side of the analysis can be modelled with
simulation, and what are their possible benefits. The results show that some real option
methods are straightforward to apply in cash flow analysis, and simulation increased
visibility to the risks of the investment. Fuzzy pay-off method gave a single value for each
investment strategy and a single value for the possibilities within each investment strategy.
Simulation part revealed that the DCF analysis did not manage to catch the most extreme

evaluated scenarios due to its static nature which can be refined after simulation.

6.1. Answering the research questions

The first research question of this thesis was formalized as follows:

1) According to the literature, what are the state-of-the-art real option methods

that are both easy to use and coherent in terms of managerial flexibility?
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As an answer to the question, this thesis found that such the state-of-the-art real option
methods are the Datar-Mathews method and the fuzzy pay-off method (FPOM).

The second research question dealt with the application of the methods:

2) How to apply the state-of-the-art real options methods with Monte Carlo
simulation into an illustrative real estate investment case and what would be

the main benefits compared to traditional discounted cash flow method?

For decision-makers, according to this thesis, utilization of real options with FPOM and
simulation allow simple and straightforward monetary value for different strategies along
with deeper understanding of the risk factors. With the illustrated method one is able to
answer the following questions: “Taking into account all the most extreme risks and
possibilities, what is the value of this strategy compared to the other and how likely it can
succeed?”. This question is very hard to be answered without the use of real option analysis
with FPOM and application of Monte Carlo simulation in any of its form. This can be
suitable for decision-makers who appreciate fast and simple fact-based approach in
profitability analysis. The results also showed that both of these methods (FPOM and MCS)

can be easily applied in spreadsheet software as additional steps within cash flow calculation.

Theoretical background and framework of this study was conducted by summarizing the
commonly used investment analysis methods and whether real options are currently used in
real estate investments, including the main reasons why they are not exploited, following the
examination of existing state-of-the-art real option valuation methods. The results revealed
that the most commonly used methods are cash flow-based models, and the main reason for
not exploiting real options in (real estate) investment analyses was the experience of real
options being too complex. Several research papers demonstrated highly sophisticated real
option valuation methods that are not easily adaptable without deep experience and
understanding of the research field, but two methods (DM and FPOM) were found
promising, of which the latter one was selected to be applied. Based on this literature review,
the chosen methods (cash flow analysis and FPOM) were briefly introduced and then

applied, along with simulation part that was added to the model.

The use of these chosen methods was illustrated with a construction investment case from
existing literature (Collan & Savolainen, 2020) that was altered. Strategy 1 was to build

10,000 m? office complex in one phase and strategy 2 was to build two 5,000 m2 office
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complexes with flexible structure to allow adjustment possibilities for tenants, that increased
the construction costs but offered time for project management to see the development of
office premises rental and the possibility to extend business into new area, if needed. The
real options of i) waiting until uncertainty disappears, and ii) expanding business at a later
stage were examined, and both real options were included in strategy 2 (building in two
phases with flexible construction parts) that received one ROV in the study. The ROV for
strategy 1 (build in one phase) was calculated as well, making the ROVs (values of
possibilities) to be easily compared. Possibilistic mean NPVs were calculated as well to

compare the total value of each strategy.

FPOM allowed easy calculation for real option value because it is based on the commonly
used cash flow analysis with the maximum and minimum extreme scenario evaluations,
making it easy to understand. Neither of the examined methods, ROA with FPOM and
simulation, did not require any additional software tool and they can be added into traditional
profitability analysis process. FPOM only needs the cash flow scenarios and the simple
equations, and it offers two single numbers that can be compared between strategies (value
of each strategy and value of their possibilities).

Simulation part of the analysis was not as easy to build, and it does not offer possibilities to
adjust different probability distribution types. However, it made the risk side of the
investment more visible with the use of uniform probability distribution type. This allows
the project management to dive deeper to the most important factors in the investment, which
also revealed that there is a possibility that the most extreme cases were not correctly
estimated in the first place, due to the lack of deeper visibility before simulation. This allows
adjustments to the most extreme scenarios, improving the overall quality of the analysis.

6.1. Validity, reliability, and limitations of the research

The focus of this study has been to keep the empirical model simple while trying to avoid
tripping too much to sophisticated tuning. Another important undertaking with the case study
has been succeeding to illustrate the behavioural factors of the model that required some
limitations that would not have been possible in real-life applications (for example,

excluding terminal value from the cash flow forecast to obtain negative NPV scenario).



108

Therefore, the model does not reflect reality perfectly — however, there exists no such model

in the world that would illustrate real life perfectly.

The case has been taken from previous peer reviewed literature and adjusted on needed parts
for it to suit well in the initial setup of the model in this study. This means that the original
case of Collan and Savolainen (2020) has been published in an academic journal and it has,
therefore, been reviewed by independent researcher referees to evaluate its contribution, i.e.,
the importance, novelty, and accuracy of the contents. All the values in this study are pre-
tested to match perfectly with the original case considering FPOM part, including calculation
equations, before they were adjusted and further applied into this model. The model applied
here follows strictly and systematically the fuzzy pay-off method along with the theory of
Monte Carlo simulation, and the model has been cross-checked several times during the
empirical study. Therefore, the results of this study can be considered as reliable and valid,
although there always remains the possibility of missing some small detail. The results

would have been different if different parameters had been used.

This study intentionally did not examine any other types of real options but option to
postpone and the option to expand, as was described in Section 1.4. One relevant limitation
in this study is that, compared to the original case, preparing a “strategy 2 two” was left
missing which means a third strategy were the second 5,000 m? office complex would have
not been built. The reason for this is that it would have been an option to abandon (see
different option types in Section 2.5.1) and thus, out of scope of this study (see Section 1.4).

Lastly, while the model is simple and easy, some limitations can be found there, such as the
already mentioned distribution type limitation. It is clear that there is room for further
improvements of this model, but this will remain for other researchers to examine, as science

is never ready.

6.2. Future research

In this research Monte Carlo simulation was applied without considering more deeply the
suitability of different types of distributions in the chosen context. Uniform distribution, that
was applied here, may be justified but there might be other more suitable distribution types

depending on the perspectives of individual experts. Therefore, in the further research this
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deficiency should be taken into account so that the model is capable to capture relevant
distribution types that is evaluated and justified by, for example, market experts and thus

reflecting the reality more accurate.

For further research it is suggested to apply the presented combination of FPOM and Monte
Carlo simulation in a more efficient computational programming environment and try out
different alternatives in context of different types of distributions to see what benefits it could
offer into profitability analysis process. Also, the application of Datar-Mathews method
instead would be interesting alternative as this study found it as one of the state-of-the-art

methods.

If, at some point, further quantitative research is conducted regarding this model, or its
variations, it would be useful to examine the usability of it by real world managers with
qualitative approach in the later phase. Eventually, it is them who are to judge the concrete,

practical value of it.
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APPENDICES

Appendix 1. Numerical results from the analysis process.

Strategy 1

(build in one
phase)

Strategy 2
(build in two
phases with flexible
construction parts)

Difference

126

Method
from which
the value is

obtained

Real option value 59 608 997 98 367 301 38 758 304 ROA
Possibilistic mean NPV 59 608 997 98 350 798 38 741 801 ROA
Optimistic NPV 113 613 296 168 369 464 54 756 167 DCF
Realistic NPV 55 010 781 108 239 246 53 228 465 DCF
Pessimistic NPV 23 997 560 -11 221 661 35219 221 DCF
Expected NPV 91 892 582 98 795 606 6 903 024 Simulation
"Risk factor" 0% 4 % 4% Simulation
"Success factor" 100 % 96 % 4% Simulation
Standard deviation 41 740 591 65 451 452 23 710 861 Simulation
Min NPV 623 256 -34 566 359 35189 615 Simulation
Max NPV 216 880 008 299 987 315 83 107 306 Simulation




Appendix 2. Application of FPOM in strategy 1 (build in one phase).

Adjusted buiiding strategy 1: Build in one phase

Time 0 1 2 3 - 5 6 7 8 2 10 " 12 13 14 15
Cost cashfiows
Maximum -38 500 000 | -49 500 00!
Best estimation =40 000 000 | -55 000 000 | -5 000 000
Minimum ~45 000 000 | -52 500 000 | -17 500 000
PV of cost cashfiows 5% Discount rate
Maximum -85729 358| -38 500 000 | -47 229 358 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bestestimation  -97 028 870( -40 000 000 | -52 477 064 | -4 551 805 0 0 0 0 0 0 0 0 0 0 0 0 0
Minknam 111023 062[ -45 000 000 | -50 091 743 | -15931319 0 0 0 0 0 0 0 0 0 0 ] 0 0
PV of the total positive wealth 5% Discount rate
Maximum 199 342 654 0 1336 691 15705 051 | 15 562 507 | 15260 636 | 14 096 215 | 14 735 664 | 14 450 003 | 14 228 126 | 13 980 927 | 13 736 304 | 13 500 158 [ 13 205 39113 036 910] 12811 625 | 12 490 448
Bestestimation 152 029 651 0 578 264 12924407 | 11853058 [11641780] 11411000 11209145 | 11011254 | 10817227 | 10526 971 | 10440395 [ 10257 412 [10077936| 9901884 | 9729178 | 9559729
Minimum 135020 622 0 286 877 12260559 | 10500093 | 10309 166 | 10098525 9916592 | 0738402 | 9563856 | 9392858 | 9225317 | 0061143 | 8900251 | 8742557 | 8587981 | 8436445
Net present value (NPV) of strategy 1:
Maximum 113613296 |ae2
Best estimation 010781 |»
Minimum 23997 560 |a-u
Net present cash-flow scenarios for the investment 0 v =
Max -33 500000 | -45892666 | 15785051 | 15562507 | 15289635 | 14 998215 | 14 735 654 | 14 480 003 | 14 228 126 | 13980 927 | 13 738 304 | 13 500 158 | 13 265 391/13 036 910] 12811 625 | 12 590 445
Best estimation -40 000000 | -51898801 | 8372602 | 11853058 [ 11641780 | 1141100011209 146 | 11011254 | 10817 227 | 10626971 | 10440 395 [ 10257 412 [10077 936] 9901884 | 9720178 | 9559739
Min 45000000 | 49804866 | -35670760 | 10500093 [10309166 ] 10098525 9916592 | 9738402 | 9563855 | 9392858 | 9225317 | G061143 [ 8900251 | 8742557 | 8537981 | 8436445
Cumulative net present cash-fow scenarios for the investment
Max -38 £00 000 | -54 302 666 _| 68 606 615 | 53 044 109 |-37 754 473]-22 756 257| -8 099 593 | 6 460 410 | 20 603 536 | 34 660 464 | 40 407 768 | 61907 026 [ 75 174 317 |60 211 227|101 022 852|113 613 206,
Best estimation 40 000000 | -91898801 |-83526 199 | 715673 141 |-60 031 351]-48 620 361]-37 411 215]-26 399 961[-15562 734| -4 955763 | 5484632 [ 15742044 (25819 979[35 721 864] 45451042 | 55010 781
Min -45 000 000 | -94 804 866 |-98 475626 | -87 975 523 |-77 665 356|657 557 842|-57 651 250|-47 912 848 -38 348 993|-28 956 134|-19730817|-10 669 674| -1769423 | 6973 134 | 15561 115 | 213 997 550
Value __|Fuzzy number’ Vahe | Fuary smiber

113613 296 :.B Macomum wonmo NIV e

55010781 3 e e — i—a

23997560 | 3-0 e S b S ROV(A) =2+ —¢

56002515 [ NIV 30d mxasimum scenario NIV :

31013 221 a Ditance batween the best -

wenane NPY snd misimun wenaria NPV
ROV(A)= 59608 996,87
Cumuiative net present cash-flow scenarios for strategy 1
Trangudar pay-off distnbution




Appendix 3. Application of FPOM in strategy 2 (build in two phases with flexible construction parts).

sirategy : By

Time 1] 1 2 3 4 5 ] T B L] 10 1 12 13 14 1%
Cost cashBiows

Maimism -52 800 000 1] [ 57 200 000

Best n T 000 000 =3 000 (00 [1] <34 000 000

Minimum 62 000 000 __| -7 040 000 [ T4 750 000

BV of cost cashBows 481%  Descount rate

Maxinen <102 484 000[ 52 500 000 ] [ -43 B4 000

Bestesth -116 321 47657000000 | -2 05e a5 [ -5 458 081 1 ] [] [} ] [1] a [1] [} [ ] []
Minimum 133606 85462000000 | -6 6786899 0 -4 927 955

PV of the total positive wealth 481 %  Discount rabe

Maximin 270 853 464 [1] 22620657 | 20720162 | 25 056455 | 20 4a5 40y | 20 063909 | 19711 001 | 10 354 748 | 18 024 990 | 10 61 506 | 15 364 423 | 10 043 337 [ 17 728 205] 17 418 901 [ 17 195 300] 16 517 gat
Bestesti 224 560 722 1 1639559 | 17 123326 | 20575517 | 17023438 | 16685093 | 16397 573 16 105874 | 15819855 15530 383 | 15264 326 | 14 904 563 | 14 728 967 | 18 470 420 | 14215 808 13 856 018
Minimum 122 385 193] [ G a8 | 6729649 | T7BE | 9305394 | 9217391 | 9045448 | S8IT 317 | 8112054 | 6552042 | B 354087 | 8240745 B0 | 7642 558 | 7798 254 | 7 GOk 508 |

Mel present vahie (RPV) of strategy 2

168 360 464 |a-a
Best estimation 108 239 246 s
Mininmum ATEN 661 |aew

Hat prasent cash-fow scenaros for the investment a-a @0 a b

Max 52 300 000 2252657 | 20 720182 [ -24 635 545 | 20446402 | 20063909 | 19 T11001 | 193464 748 | 19024 990 ) 18691 506 | 16364 433 | 18 043 307 | 17 728 205 | 17498 801 [ 17 195 300] 16 817 2831
Best -57 D00 D00 -1 322827 | 17123326 | -35883 574 | 1T 023438 | 16 685083 | 16 397 573 | 16 105 B74 | 15819855] 15530 383 | 15 264 328 | 14 294 563 | 14 720 067 | 14 470 420 | 14 215808 13 856 018
Win =82 000 000 SE1ZN0 | 9729030 [-ALII5 165 | 9368304 | 937301 | 9045440 | BETFONT | B84 | 9552042 | 04680 | 8240705 | BOGO05E | TO42588 | 7 Pol 334 | TESE S0
Cumlative nel pressnt cash.Now SCenarios lof the Envestiment

] 2 3 4 ] B 7 ] ] 10 11 12 13 14 15
Max =5 B D00 B0 ST 343 |28 FOF 1617 [ -54 422 105 | 33974 228 (13910314 5800 687 | 25 105 431 | 48 190 4217 | 62 8HT 017 | 81 245 440 | 99 J89 T7F 1117 017 552|134 435 883[ 151 552 183 ] 168 3063 464
Bast astimation

57 000 000 | -58 727 627 | 41 099 500 | -76 ¥a3 074 | -59 950 636 |43 264 543 FHBE6 970 | -10 741 095 | 5058 759 35 BEg 270 | 50 B57 033 | 55 5a7 00D | B0 057 420 | 94 274 298 | 108 239 245
Min <52 000 DoQ -68 612 110 | -58 882 171 [-113 118 337 -103 749 943/ -4 532 552| -85 487 103 -76 608 785 | -57 896 B01| -59 344 859 -50 850 170 | -42 T 5| -34 612 300 | -26 676 @02 | -18 678 558 | -11221 661

Value Fuzzy number] Wakss | Faary rmamber
165 369 454 a+p :""" e ':.IP:\- | LY.
] 8 | Whaireem sesases WP [s= & & a8
-11.221 681 a-a [ e— | ROV(A) = = 7 + i i
&0 130 218 B W and masimam nomro NI G 2a 2 B
119 460 307 [ | Tatamon brtwnmn the best gues T 1

cnnais WP o minermom scansie KW

ROV (&)= 98 BT 300,99

r strategy 2

Trosrgular pai-off destribaion



Appendix 4. Simulation tool and results with 10,000 runs for strategy 1 (build in one phase).

Expected NPV

£

91 892 581,86

Uncertain variables

Run simulation

Variable Min Max Random value
Investment € 88 000 000 | € 115000 000 | €92 571 246
Inflation 2,00 % 10,00 % 442 %
Rental income per sguare meter € 155378 € 228730| € 188088
Maintenance costs per sguare meter € 200 € 250 | € 243,08
Tax rate 20,00 % 23,00 % 22,85 %
Enter values Enter values

Runs 10 000 <:| Enter value here
Simulation progress (%) 100 and run simulation

(max 10 000)

Set bins:

{max 200)

Probability

1.4%

Weighted average
Standard deviation

5 623 256 46
€ 216 880 008,20
€ 09189258186
€ 4174059123

Probability of negative NPV
Probability of positive NPV

€1000 000

45320 000

0640 000
€13 860 000
€18 280 000
€22 800 000
€26 820 000
€31 240 000
€35 580 000
€30 880 000
€44 200 000
€48 520 000
€52 840 000
€57 180 000
€61 480 000
65 800 000
€70 120 000
€74 440 000

Distnbution of NPVs

€126 280 000

€130 800 000
€134 820 000

sgsssssssss ssgssssssasse
28888888888 gssgssgsssss
SO00O00000O0 COOOOCOOOOOO0
BES3RS8EE558 2382355888888
mRL-Eosames Gprmpopacmng
E2558828025R SO HEEEECREE
T = R R e i

W w W ww W W W e W e

MNPV

€181 080 000
€185 400 000
€108 720 000
€204 040 000
€208 350 000

€212 860 000
€217 000 000 "



Appendix 5. Simulation tool and results with 10,000 runs for strategy 2 (build in two phases with flexible construction parts).

Expected NPV € 98795606,25

Uncertain variables

Variable Min Wax Random value
Investment € 110 000000 | € 143 750 000 | € 133 637 317
Inflation 2,00 % 10,00 % 597 %
Rental income per square meter € 140468 | € 3000,00] € 219518
Maintenance costs per square meter € 200 | € 250 | € 220,40
Tax rate 20,00 % 23,00 % 21,30 %

Runs
Simulation progress (%)

Run simulation

Enter values

10 000

100

Enter values

—

Enter value here
and run simulation
(max 10 000)

Set bins:

(max 200)

Frobability

Min - 34 566 358,59
Max € 200 987 314,59
Weighted average € 98795 606,25
Standard deviation € 6545145220

Probability of negative NPV
Probability of positive NPV

Distribution of NPVs

-35000 D00 €
28300 000 €
=21600 000 €
-14900 DOD €
8200 000 €
-1500000€
5200 00D €
11900 000 €
18600 00 €
25300 000 €
32 000 000 €
38700 000 €
45 400 000 €
52100 000 €
58800 000 €
65500 000 €
72200 000 €
T8990 000 €
85600 D00 €
92300 000 €
99000 000 €
105700 D00 €
112 400 000 €
119100 00 €
125800 000 €
S 132500 000 €
< 139200 000 €
145 900 000 €
152600 000 €
159300 000 €
166 000 D00 €
172700 000 €
179400 000 €
186 100 DOD €
192 800 000 €
199500 00 €

206 200 000 €

212900 000 €
219600 00 €
226 300 000 €
233000 000 €
239700000 €
246 400 000 €
253100 000 €
259800 000 €

266 500 000 €
273200 000 €
279900 000 €
286 600 000 €
293300 000 €
300 000 000 € !



Appendix 6. Sensitivity analysis for maximum scenario in strategy 1 (build in one phase).

Factors -50 % -40 % -30 % -20 % -10 % 0% 10 % 20 % 30 % 40 % 50 %
Investment € 9646742491 € 8789448913 € 79321553356 € 7074861757
€ 99842 55 € 9347436497 € 8742336989 € 8167152788

Discount rate

Inflation

Rental income per square meter
Maintenance costs per square met

€ 8581530475 € 9097891501 € 9633314775
€ 758155277 € 2878790151 € 4900425025 € 7120059899 € 9240694773

[ —

Refresh

>3

b [+

30 % 40 % 50 %




Appendix 7. Sensitivity analysis for best estimation scenario in strategy 1 (build in one phase).

Factors -50 % -40 % -30 % -20 % -10 % 0% 10 % 20 % 30 % 40 % 50 %

Investment € 5501078115 € 4547175918 € 3593273721 € 2639371525 € 1685469328 € 731567131
Discount rate € 5501078115 € 4975274076 € 4476591250 € 4003425700 € 235542797984 € 3127753665
Inflation € 3434998727 € 3818144610 € 4215769629 € 4628419373 € 5056659828 € 5501078115

€ 2686554497 € 1025235634 € 613112355 € 2242434275 € 3871756195 € 5501078115
€ 5695551235 € 5501078115 € 5306604995 € 5112131876 € 4917658756 € 4723185636 € 4528712516

Rental income per square meter
Maintenance costs per square met

Refresh

[ —

\
" i s X f X
ADEIEIE § [3 = _k__'___,__--—"'-"’r_ ‘——'I-—._._____;‘___ + Py
20 000 000 € —— ___________._'
0€
20 000 000 € >l(__'_________...--—"')""'--_F-f —e—Investment —s— Discount rate —a—Inflation —s— Rental income per square meter —s+— Maintenance costs per square meter
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Appendix 8. Sensitivity analysis for minimum scenario in strategy 1 (build in one phase).

SNy
0% 10 % 20 % 0% 40 % 50 %

-50 % -40 % -30 % -20 % -10 %

Factors

Investment € 1289525394 € 179294774 € 930935847 € 2041166467 € 3151397088
Discount rate € 19470 64 € 1518118443 € 1111591481 € 726134206 € 360513092
Inflation € 623842595 € 952520064 € 1293974125 € 1648656873 € 20170780,15

9309 053,10

537945394 €

€ 4944497508 € 3475646804 € 2006796099 £

Rental income per square meter
Maintenance costs per square met:

Refresh

€ 2003381229 € 1805193836 € 1607006443 € 14088 190,50

[ NN

P
+

1t —a— Discount rate i —s— Rental income per square meter —se— COSts per square meter

10 % 20 % 30% 40 % 50 %




Appendix 9. Sensitivity analysis for maximum scenario in strategy 2 (build in two phases with flexible construction parts).

Factors

Investment

Discount rate

Inflation

Rental income per square meter
Maintenance costs per square met

Refresh

NPV
-50 % -40 % -30 % -20 % -10 % 0% 10 % 20 % 30 % 40 % 50 %
€ 21921768345 € 20004803949 € 19887839553 € 18870875157 € 17853910761 € 16836946365 € 15819981960 € 14802361133 € 13781366498 € 12760371864 € 11739377229
€ 22210622626 € 21014769673 € 19883318164 € 18812201408 € 17797984962 € 16836946365 € 15025056500 € 15062012429 € 14242311592 € 13464237240 € 127 253 450,07
€ 13257601896 € 13921340439 € 146101679,09 € 15325042483 € 16066958223 € 16836946365 € 17636076648 € 18465458684 € 19326243380 € 20219624402 € 211 468 396,90
€ 2668955825 € 5504034740 € 8339113656 € 11174192571 € 14009271487 € 168836946365 € 19663438125 € 22489920884 € 253 164 216,44
€ 17808303253 € 17614031876 € 17419760498 € 17225489120 € 17031217742 € 16836946365 € 166426749,88 € 16448174619 € 16250086728 € 16051998837 € 158539 109,45
NPV
350 000 000 €
300 000 000 €
250 000 000 €
p—
200 000 000 € * . & e —A
¥ ¥ a3 g : o] % 5 "
150 000 000 € - A Fin i +* 5 - =
e N
100 000 000 €
50000000 € —e— Investment —+— Discount rate —=— Inflation —<—Rentalincome per square meter —— Maintenance costs per square meter
0€ T T T T T T 1
-50 % -40 % -30 % -20 % -10 % 0% 10 % 20 % 30 % 40 % 50 %




Appendix 10. Sensitivity analysis for best estimation scenario in strategy 2 (build in two phases with flexible construction parts).

Factors

Investment

Discount rate

Inflation

Rental income per square meter
Maintenance costs per square mett

Refresh

NPV
-50 % -40 % -30 % -20 % -10 % 0 % 10 % 20 % 30 % 40 % 50 %
€ 10823924590 € 10823924580 € 10823924590 € 10823924590 € 10823924590 € 10823924580 € 10823924590 € 10823924590 € 10823924590 € 10823924590 € 10823924590
€ 15171176390 € 14201945879 € 13285788207 € 12419409340 € 11599741150 € 10823924500 € 10089294220 € 9393363955 € 8733813942 € 8108478470 € 7515334820
€ 7942531450 € 8475762403 € 9029706624 € 9605159668 € 10202946906 € 108239245080 € 114688980956 € 12130037365 € 12835049482 € 13558008494 € 14308942367
£ 983812150 € 1377735188 € 3739282546 € 6100829894 € 8462377242 € 10823924580 € 13185471938 € 15547019286 € 179085 666,34
€ 11814364047 € 11616276155 € 11418188264 € 112201003,73 € 11022012481 € 10823924590 € 10625836699 € 10427748807 € 10229660916 € 10031573025 € 9833485133
NPV
250 000 000 €
200 000 000 €
150 000 000 € M \Q\ M
100 000 000 € = v ¢ 2 =
&~ ¢ o N
50 000 000 €
s ~—a— Investment —+— Discount rate —«— Inflation —s— Rental income per square meter Maintenance costs per square meter
-50 000 000 € T T T T r r
-50 % -40 % -30 % -20 % -10 % 0% 10 % 20 % 30 % 40 % 50 %




Appendix 11. Sensitivity analysis for minimum scenario in strategy 2 (build in two phases with flexible construction parts).

Factors -50 % -40 % -30 % -20 % -10% 0% 10 % 20 % 30 % 40 % 50 %
€ 5533050652 € 4202007309 € 2870963966 €

Investment

Discount rate

Inflation

Rental income per square meter
Maintenance costs per square met

Refresh

140096500 € 215634721 € 586478618
2052 € 1532758681 € 2860221052 € 4187683423 € 5515145794

[N

1317 266,06

NPV

—-‘_‘-‘_‘-‘-—*-_‘-_‘-_ ‘.-—-.-‘-.-)(.__-__.-—-"_-.—

. __‘-—.._______‘_h_ __—w__________..——--)("_"— . R A
. R — e ——————

i P— —

1t —e— Discount rate Inflation —s— Rentalincome per square meter —s— Mai costs per square meter _—‘*-__""‘-‘-—-.




Appendix 12. Capital budgeting analysis and cash flows in maximum scenario of strategy 1 (build in one phase).

Inputs

Tatal cost of Irve stment

Humber of years of investment cost allecalion 2
Reeal interest rate (discount rate)™) G%
Maminal intenes! rate") 9%
InRaton 4%
Square meter 10 000
Rental income per square meter L 228730
Yiarty increase in maintenance cosls %
Mainbenance costs per square meter € 200,00
Depreciaion per yaar from tolal Mvestment 3 3 520 000,00
Working capital irvesiments € 30 000,00
Tax rate 0%
Operating duration (how 1ong operations are acthe) 15 N »
= Extludingirflaiorsieal e
Froguction stam after 1 ) g o veird v
Qutputs
P&L
] i z 3 A 5 [ T ] k] i i iz 3 i s
in ELIR 202E 2023 2024 2025 v 2027 el fraira] 2030 2031 202 2033 2034 35 2036 2007
Lt 136500 000) (43500 000) - - - - - - - - - - - - - -
Renal irvome - 3430335 ZZETIONG ZH55I 22T 24 266003 24 333384 25 TeIE0Y ZBSHEIT T mem ZE1303:43 ZBATAETT ZIB4123 30 TIIT FEEE HENaTA IISEIEN
Oipsieatireg cegts = 12000 000} 12 040 Do) (2080 S00) (212 d76) 12 M B ) (2208 %2 (2252 32%) (zza73m 2343313 (2 330 95) (2437 383 12 486 Tad) (253684 2587 213 12 38 358
ok [ 28 Py
EBITOA - 138 S00/000) 148 DE3 D45] Z0 B33 036 Z14TB 42T #3143 587 ZZEZIMY 23535 641 Z4 ZE3 TIZ 5004 229 25 TET 630 26 584 5392 ZTADE 13 ZB IHE 693 ZIIZ5 MT 30024 ZE6 30 50 466
Depracistion - (35200001 13520 0000 (35200000 (35200000 (35200004 13 520 000) 13530 D00y 35200000 13 520 00 13520000 (35200000 13 520 0oy 13520 000) 13 520 000) 13 520 00y
incent 5t regative ushiel
Operating profie [EBIT] 138 500 k00] [31 583 D451 7 313036 T A58 427 ¥ 623 567 13 303 113 05 641 Z0 743 TIE 21434 223 EZ 26T 630 23 D64 632 Z3 666135 24 732633 25605 W7 26504 Z66 E7 430 866
Tawes - - (3462 60T) [35N665) BT TN i3 BE1324) [4 003 1231 14 W68 751 4 255 646) 14 453 5261 4 612 3391 477 EEN 14 46 5400 E 121029 15 300853) 5486 1731
Nt Inoome (38 500 k0] [51 563 D451 13 650 428 14 366 741 M 838 670 5 447 Z35 16 M2 513 16 555 034 17 15 383 A7 614 104 451754 13 108 306 13 786 153 Z0 484 118 Z1Z03 413 21944 633
Annusl ssles growth rate 56667 % 3,00 3% 3,00 3.00 3 3.002 3.00 % 3003 3002 3002 3.00 % 3002 3002 3.00% 3003
Cash Flows
[ 1 2z 3 4 5 [ T ] E] 0 n 2 =] " 15
in EUR 2023 2023 2024 202% 2026 2027 ey el 2030 2031 fal 0 2033 2034 s 2036 2037
[—— 138500 000] 149500 000 - - - - - - - - - - - - - -
Flental reams - 3430 555 Z2ETION 38R 22 24 266003 24933984 25 T30 ESET 2TImem 2B1048 284T48TT 29844123 30TI4T NeEN I2ENATS FIEEIER
Dpeeating comts. - 12000 D00} 2040 000] (2080 8000 [Z12 4180 2 164-864) [ 208 %2 [Ffra] a3 [£3433m [ 330%5) [E437383 2455743 2536484) 1258720 [k
Werking sapkalinerstments - £30000) [301000) - - - - - - - - - - - - .
Taves - - 3462 EIT) ASNEE5 @avaTm (3 EENE24) 14003 125 44 TS5 4 Z3EB4E) 1445352851 46123381 4777 EEN M5 540 BRI 5 300853 5486 73
Fiele asedodking capital - - - 30000 30000 - - - - - - - - - - -
Free oash flow 138 500 000] 148 033 (451 17 340 428 17996 741 18 448 BT0 18 967 295 1532 513 ZDII5034  20TIS 383 21334 104 21971754 72 628 906 23 306 153 24004 118 24 723413 25 464 633
Cumulative free cash flow 138 SO0 K01 186 535 0451 163 258 616} 151341 8751 [32 833 D051 113 525 701 5 GOG 804 25 TZVEIT__ 4G43ITEZ BT TTI3IRS B3I 743078 TIZ 371366 135 676 W5 153 BB2 762 164 405 675 703 B70 368
Dixcounted fee cavh llow [eal tema) 138 500 000) 145 B2 BiiG) 15 166 051 ¥ 562 507 15 289 636 400 26 4 ¥ 36 664 44BD003 4 FPBIZE_ 13SB0 92T I TI6I04 13 SO0 158 13 266 3N TI036 90 12 BT 62S 12 590 445
Cumulative discoumed free cash llow [real wams) |38 SO0 k00) 4 337 G6G) 168 BOG G15) 53 D44 103} 13T 754 473} [22 56 Z57) |8 0713 593) 6 460 410 20 608 536 34 GED 464 48 40T 768 E1907 376 TS5 104 317 B FZ2T  WN02Z B5Z 113 613 236
Profitability indicators: NPV IRR Pl DPP
€ 11361329647 19% 2,29 6,55
Investment Discount rate Inflation Square meter Maintenance costs
Summary of key factors: per square metar
€ B8 D00 000,00 5% 4% 10000 € 200,00




Appendix 13. Capital budgeting analysis and cash flows in best estimation scenario of strategy 1 (build in one phase).

Inputs
Total cost of mvestment ‘€ 100 000 000,00
Number of years of investmant cost alocation 3
fReal inerest rate (discount rate)™) 5%
Heominal inferesd rate”) %
nfation 4%
Square meter 10000
Rental income per square meler € 1787,38
Yearly increase in mainienance cosis 2%
Maintenance costs per square meter € 200,00
Drepreciation per year from total invesiment € 4 000 000,00
Working capial investments € 30 009,00
Tax rate 0%
Operating duration (how long operations are active) 15 | Exthudbngirflsicn[sed isms]
Production start afler 1 1 kg el feverd b
Qutputs
PAL
L] 1 2z El 4 5 [ T B - L] n @ I - w
in EUR 2022 2023 2074 2025 2076 02T 2028 2029 030 2031 2032 2033 2034 2035 #0036 03T
I (40 00080 D0 155 000 000y 15000 0004 = = = = = = = = = = = = =
Rarealinecms = 2N DES TSTITES w003 WHIA0OT w2037 1WTTAET 203T28M 20 %3 E0EH 223919 Fr - hard ZIETETD 20326200 25055 X5 25807 556
[Er— - 2 000 000 (20400000 [2080800) (2zaN) 12164 864) (220892 (2252 30%) (2za1am 2343318 (2 390185) (2437905 (2485 T48) [2536484) 258721 (2638 2r58)
Chthes wsparitat
EEITOA 4000 nooy 154 363 335) W 533 TES W 020 178 16 521531 T 038 463 T STIEES WA 485 WENEEZI W IT0 TS TETI 74 20491 TBR EARELR ZNTHITIT ZZABBTTI 237168 08
Dapresustion - 13800 pO0) 140000000 14000 000) 19000000 14-000 000} 14000 000) 14000 DO) (4 000000 14.000 0001 14-000 D00} (4 000 000) 19 000 00q) 14000000} 14.000 0001 19-000 D00}
g
Diperating peokit [EBIT) (40000 DO0) 158 963 9350 6533 T6S 12020 78 1z 5215 13 038 463 BETIZES MIZ0485 HMEIEEZR  WHBII0 WS HETIT34 16 431 78R LLAELE Fr e Ty 18468 773 168 T0d
Tawems - - N306 753 12404 034] 2504 31 2607 8331 [ZTHISH 12824 097) (2337 3291 13054 0291 (3174 3471 [3 252 358 (3426 41 13557 M3 13633 7551 13833 7421
Mot Ingome (40000 DO0) 158 963 9351 5227 012 616 W2 0T ETE 0 430 770 0857 012 11 296 388 11749 298 12 216 156 12 BI7 3T 13 193 430 13 74 737 HEINMTII M IS maE 15 334 967
Annual sales growth rate SHE.ET % 300 3% 3005 300 3.00 % 3.00 % 3.00% 300 % 300 3.00% 3003 3003 300 % EXCUES
Cash Flows
o 1 z 3 4 5 L] T B 3 w n L3 3 Ll L=
in ELIR 2022 2023 2074 2025 202G 02T i el 023 2030 2031 2032 2033 2034 2035 DG 2007
It (4000 D) DO 15 000 0001 12000 000) - - - - - - - - - - - - -
Rarwalincome - 2E3B0ES TETITEE 00378 WEAA00T @203 327 1\TTad2T 20372EN 203639 21EMETH 2221513 2831 ZIETTETD 20326 200 25055958 25807656
Operating costs - 2 000 D001 120400000 12080800) 2ezan) 12184 864} (2208 %2) [l 2zt m 123433131 (2 F0155) (2 437989 12456 T43) 12536 484) 12567213 2638 928)
Working cagial e smares - 130 0000 [30000) - - - - - - - - - - - - -
Taws = - NI0ETEH 12404 036) (2504 378) 2807 E33) 2Teasy (2E24097) (2 937 328) 13054 033 (3174 347) 13 253358 (3426984 13557 343) (3E33 T8 |3833742)
Raleassd working capial - - - 30000 30000 - - - - - - - - - - -
Frew cash llaw [0 (B0 OO0} 154 393 9351 ER e T3 E46 M2 047 273 14 430 770 85T 012 15 206 388 Th 749 298 G 216 156 16 GBI T HT 17 193 430 17 T4 AT I TS WS 08 19 334 BT
Cumulative fiee cash ilow [0 00 DODR 134 33 5351 155 196 324) 71550 T51) i57 503 5059) 43 072 731 26 275 T26) (12 319 3380 2§23 360 3046 16 35 T43 503 52 536 334 TOB41 6T 08 873 444 07T G4 463 126 363 429
Disoownted free oash Flow (real terms] 140 (00 DO0) [51 836 G010 8 3TZ GOZ 11 853 068 11641 TH0 1411 D0 11203 M6 1Mol 254 10 617 227 10 626 371 10 440 335 10 Z57 412 10 077 9386 3901 664 3Tza 178 3 553 733
Cumulstive divcounted lree carh fow [eal terms] 140 00 000} 131 836 &0 183 526 139) LIBT3 141 160 031 361 [48 630 361 137 411 2151 126 339 3610 115 547 734) 14 955 T63) 5 484 637 5 747 044 IS A1 9TI 3% 721 BG4 A5 451047 55 010 781
Profitability indicators: NPV IRR Pl opp
€ 55010 781,15 12% 1,55 47
Investment Digcount rate Inflation Square meter Maintenance costs
Summary of key factors: PET Square meter
€ 100 000 000,00 5% 4% 10000 € 200,00




Appendix 14. Capital budgeting analysis and cash flows in minimum scenario of strategy 1 (build in one phase).

Inputs

Tatal cosl of irvestment
Number of years of invesiment cost alocation

€ 115000 000,00
3

Real interest rabe (dscount rate)™) 5%
Pominal inlenest rate”) 9%
Inflation 4%
Square meter 10000
Rental incams per square meber € 1852,78
Yearly increase in mainfenance cosis 2%
Mainienance costs per squane meter « 200,00
Depreciation per year om lotal investment L1 4 600 000,00
Working capial investments €« 30 000,00
Tax rate 20%
Cperabing duration (how long operations ane acte) 15 Huckng irflaton [redl ierms]
Proguchion sian afer 1 B
Outputs
PAL
] 1 2 3 ] 5 [ 7 & k] 0 " 7 13 “ L3
in EUR nzz 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037
Inppstment (45 000 000 (52 500 000) (17 S00 000] - - - - - - - - - - - - -
Rentalincome - 23E BRATTH B0FIE 44050 6978 5T waaTem B0 e BHEIME BUIEN -l WITII2 08815 21507 346 2EI Z2ET TR0
Dperating vosts (2 000000} [Z0=0000] [2 0 500) [Z1224%) 12164-864) (2208 %2 [rfucrgemal 12237379 2343 31 [2330%5) (2437 333 124667450 (253 484) 25872131 12635:958]
Cihwr enpenses (pleace insert as negaive value]
EBITDA 4% 000 0009 152 183 3300 14 002 202) 13923132 ™ IE1E34 B3 TV 15 273 767 15760241 96 255 572 16 TEE 213 17 292832 TTEISIT 90394 Th2 18 971 462 19565 97T 20176 §22
Depeeciaton - [3 50010000 14 E00 000 (4 EO0000) (4 BO0000) (4 E00000) 14 E=000 ) 4 5000 0001 14 00000 14 B00 000) 4 B0 000) 14500 000) 14 E00000) (4600 000) 1400000 14 E00:000)
Mg aiimvent [phease insen a5 nargaive valus]
Dpwvating paolic [EBIT) 145 000 000} (56 063 330} 18 B2 202) 9323132 9 TE1E34 0213 TO¥ W0 ETI TET MIED 241 MES5 572 12186 213 12 B2 632 1323531 1TITI4TE2 14 3T 462 IS T 15 578 B22
Tasws - - - 11854 5261 nsseRn 12042 T4 (2135953 2252 D4l 2 3T 12433243 2 S B2 2847 053 12 TEAS50 (2874 232) (2 993 134) 1315 TE4)
Het Income [4% (10 000} (56 (9 330} 18 B2 202] 7 454 505 7 809 307 B 170 366 1 543 513 o U2 143 o324 45T o732 970 W 154 106 0 S 250 11035 B0 1457 170 nare T 12 453 I8
Annual sales growth rate SBE6T 3,00 3 3,00 3 3,00 3 3,005 3,00 3 3,00 3 3,00 3¢ 3,00 3¢ 3003 3,00 3 3,003 3000 3 3040 3
Cash Flows
o 1 2 3 L k3 B 7 B £l o n 1z 13 “ w
in EUR 2022 202F 2024 2025 2026 2027 2028 2023 2030 2031 2032 2033 2034 2035 2036 2037
e siment 145 00000y [52 S00000) 7500000 - - - - - - - - - - - - -
Renialincome: - 2360 B5ITTH 6003332 16464050 B3T3 5T 4875 w02 5Es BEEZHE 180351 11988287 20273302 20881501 21507 346 2EI ZZET T80
Dparating costs (2 000 000) (200000 (2 30 800 [Z1224%) 12164.864) (2206 %2 12252 3291 12237310 234331 [2330%5) (2437 333 24667430 (2536 484) 2587213 12636:358)
‘Working capital investments: 30000y (300000 - - - - - - - - - - - - -
Tass - - 1164 B2E) nesz3n 12042 T (2135953 (2232481 12 331T) 124332430 2 533 526) (2647 053 12 758350 (2874 252) (2 333134) 13MSTE)
Freloased wodking capial - - - 0000 0000 - - - - - - - - - - -
Fiwe cash llow 145 (00 000} 152 199 330} 14 032 202) 12 098 505 12 439 307 12 770 966 13 143 513 13526193 13924 457 14 332 970 14 754 106 15 188 250 15 635 B0 G OFFIT0 16 572 1T 17 053 058
Cumulative free cash flow 145 D00 000} 37 133 3500 (101 231533) 183 M3 0ZT) (76 703 7200 B3 33Z T55) 50 TE8 341) I37 260 THE0 23 336 251) (3 003 321) STS0TE5 20333036 36 574 636 ‘52 672 00B 63 244 TES 6 307 642
Disgaunted free oash fow (resl terms) 145 D00 000} (49 804 B66) (3 670 760 10 500 033 0 308 166 W 098 525 4 916 592 73BA0Z__ 9563 B56 9 392 858 4225 317 9 061 M3 B 500 251 B 742 557 86587 981 8 436 445
Cumulative discounted hee cach fow [real terms] 145 D00 D00 [34 804 BEG) 198 475 626) [B7 975 533) [77 6EE 366) [E7 SET B42) (57 651 250) 147 912 8480 (38 348 393) (29956 134) 19 T30 817) (10 BEI 674) 11763 423) E373134 &SRS 23 337 560
Profitability indicators: NPV IRR Pl OFP
€ 23997 56015 8% 1.21 12,20
Investment Discount rate Inflation Square meter Maintenance
Summary of key factors: cosls per square
meter
€ 115 000 000,00 5% 4% 10000 4 200,00




Appendix 15. Capital budgeting analysis and cash flows in maximum scenario of strategy 2 (build in two phases with flexible construction

parts).

Inputs

Total cost of investment € 110 000 000,00

Number of years of investment ¢ost alocation 2

Real inferest rate (discount rate)™) 5%

Nosminal inedest rate*) %

Infation 4%

Square meter 10000

Rerilal income per Square meler € 3 000,00

Yearly increase in maintenance costs 2%

Maintenance costs per square meter € 200,00

Deprecation per year from botal investment [ 4 4 400 000,00

Wirking capital ifrvesiments € 30 004,00

Tan rate 20%

Operating duration (Now long operations are active) 15 “VExrhuing inflabon [seal lnrmra]

Produttion stan afer 1 inchucingiefflon el lme

Outputs

P&L

o 1 Z 3 a4 5 & T a 3 L n 1z L= " 15

in EUR 2022 2023 Z024 Z0ES 2026 2027 Z0EE Z0E3 Z030 2031 232 2033 2034 2035 2036 2037
[RS—— (52 800000} - T (57 2000001 - - - = = . - - = . . =
Rental ncome = 4500000 30000000 0 300000 1827000 IZTEIEW 33765264 WITRZIZ IHB15E3 38N /003 NZ IIUIBE 4031743 415270% 42 7T 827 44 0560M
Dpaeating costs - [Z000000) 12040 D00} [Z D=0 8000 [Z12247%) 12 B4 864) [Z 7051862) (2252 325) 2237371 23433130 (233015 12437383 12458 743 125384541 (2587 213) 12 638 358
Db suparises iplsass insen sz ragatiis uskis)

EBITDA 152 800 D00) 2500 DRy 27 360 000 126 380 800} Z3 704 584 30 616 346 55T 03 JESE56IT  II5Z4 198 34 552 837 FHEIZIW I TO5Z0T 3T GI0T43 38 330533 A0 165 613 A1 417 054
Depreciation - (2 12000} 2112 0001 [ 4000000 (46 00/ DO0) [ 400 D00} 144001000} 14 400:000) 14 400 D00) 14 400 D00 19 400 00D) T4 400D00) 00 D00) 14 400 000 {4 400 D00) 14 400 000
Impaiment (phase inson as regatie yakiel

Operaing profin (EBIT) 152 800 D00) IEE D00 25 B45 000 132 T80 800} 5 304 584 26 Z16 36 27 157 03 26125 637 Z3124 138 30152 637 2T FZI0S 20T IFAI0 T4 34 530533 35 TB5 613 3T 017 054
Taues = (77 600§ 15 953 G001 - (5060 317 [5 203 3630 (S431427) 5625 179) 15 B4 8440 16 030 5T3) 16242 533 (5461 D) IEBBE M3 16 58 107) 1715723 (Ta0Eaty
Mot Ineeme 152 BO0 D00) J10 A 20 670 400 132 700 8O0} 20243 BET 20973 557 21725 602 22500 T 23 799 358 24127 318 24 370 334 Z5 344 165 26 Va4 594 2T ETZ 426 28 G264 ZIEII 643
Annual sales giowth rae SEE BT 50 3.007% 3.00 % 3.003% 3,005 3,003 3,00 3¢ 3,00 52 3,00 3,00 % 3,00 3,00 32 300 3,00 32
Cash Flows

o 1 2 El 4 5 & T 8 3 L n =z L= - s
in EUR 2022 2023 2024 2025 2026 2027 208 Znz3 2030 2031 2032 2033 2034 2035 2038 2037
rreirmact (52 800000} - - (57 2000000 - - - - - - - - - - - -
Rentsl ncome - 4500000 30000 000 500 000 AT 000 FTIHEW IBTEETH MR wAN IEEIIR F|00ENE BHIEE 437N H15270% 4272 ET H0EEM
Dperating costs. - 20000000 121040 D001 2 050 8000 [Z1224%) i2%4854) [2 208 %2) (2252 325) Z2973T 2343319 [233085) 2437383 (2435 ™43 12535 4541 125872130 12638558
Working caphalinuestments - 13010004 300001 - - - - - - - - - - - - -
Tases - 177500} 5 BIE000 - 15060 317) 5 243363 5431421 EEETTE 15 524 8401 16030 57 16242 553 [E451 0410 536 W31 5 38 907) mETES T40E4M
Rekeasadwoding capaal - - - 30000 30,000 - - - - - - - - - - -
Free cash flow 152 800 D) 2 332 40 22 TED 400 128 350 800) 24 BTIBET 25 373 557 26 125 682 26 900 788 27653 358 2522 318 23 370 334 30 244 165 31144 534 32072428 33 028 491 34 013 843
Cumalative free cash fow 152 800 DR IS0 407 G0 127 647 20010 [5%5 338 000} 131324 3331 [5 950 776 20174 506 ATOVS 624 74 774 982 W03 297 300 137 66V 633 VG 3N THI 194 056 333 ZF6 IZB B ESI 15T 310 233 170 353
Discounted liee cash llow [ival seims) 152 800 D) 2282 GBS T 20 120 W2 24 625 545) 20 448 482 20 063 903 T T 001 19364 744 19024990 WEIISI6 18364423 WO433IIT 0T I28205 48801 T 1IS300 G720
Cumadative discounted free cash llow (eal ceims) (52 800 Dk0) 150 517 34.3) 123 77 161 154 422 T05) [33 974 224) (13 390 F4) 5 B00 BOT 25 W65 431 44130 421 G2 gz T 1246440 99 2083 TTT 17 097 982 134 436 003 151552 183 160 36D 464
Profitability indicators: NPY IRR Pl PP
€ 168 J69 463,65 %% 2,53 57
Invesiment Discount rate Inflation S
Summary of key factors: per square meter

€ 110000 000,00 5% 4% 10000 L 200,00




Appendix 16. Capital budgeting analysis and cash flows in best estimation scenario of strategy 2 (build in two phases with flexible construction

parts).

Inputs
Tilal 05t of ivvestmeant € 125 000 000,00
Humber af years of Investment cost allocation H
Rl interest rate (dscount rate)™) 5%
Hominal inberest rate*) %
Insation %
Souare meer 10 004
Rental income per square meter < 245892
ety iNCrease n mainienance costs %
Maintenance costs per square meter L4 200,00
Depreciation per year from fofal investment € 5000 000,00
Working capital investments € 30 000,00
Tax rate n%
Operating durabion (how long operabons ane active) 15 chucing iriflaion e terris]
Production start aner 1 T Wnthuding inflakion nowind tema
Qutputs
PEL

o 1 2 a 4 5 B ¥ ] a o mn 1z =] " 1
in EUR 2022 2023 2024 225 26 2027 2028 2029 2030 20M 2032 2033 2034 2035 2006 2007
[— 157 000000 [3000000) - 165 000 o) = - - B - m - B - - - =
Rental ncoms - FTAE b 24 IFIZZI 25T w0 2EEHET 230G 1255 0 96335 Z3B3E 440 0 TEREES G55 e 32605 263 FITEIAZT 34530 523 ¥ EZEEST IEEITET
Clpsinting coaa = 2 000 000 (2 040000) 2 Cese) B (2122 49 12 ¥4 B 2208 W2 (2 252 328) 2 23T ¥ (234350 2330095 2437 353 (2 di TaS) 1253 did) izsar 2 G 35
et evspercoes Iphease ingen as regative vakie]
EBITOA [T 000 000y [1251616) 22 4B EZY [41 3471 300) 24 388 551 EH 14155 25 7T 430 26 T 034 ZTSAN06E 20390 274 2IZEE A5 30 16T 200 I0G ETA 3z 054 446 33 041 444 34 058 SED
Depreciation - (2400000 12 +00000) 75 000 00) 5 000 001 15000 Do) 05 000 0001 15 000 000) (5000 000} 15 000 000) 5 000 000) 151000000} 5 000 000) 15 000 000) 05 000 000) 75 000 00
Impsirmert [pleavs neit atnegative uskie]
Operating prodis (EBIT] [57 000 D00y 13 6516761 20 543 223 (46 341300) ¥ 388 651 ED41535 0 317 430 1717 034 ZZ54N1068 23 390 274 4 265415 36T 260 EG 036G 678 ZT 054 446 8 047 444 23058 560
Tanes = = 4 103 845) - 3ETTTI 14028 3071 14 %53 468) [4 343407) 4 508 214) 4 675 055) 4853 083) (510334560 15219 336) (549 6531 15 60 263) 158MT1E)
Met Income [57 000 D00 13 6516161 16 433 373 (46 341300) 15 510 521 16 113 238 16 733 344 17 373 BET 18 037 655 3 Tz 213 13 412 337 20133 674 Z0BTT 342 21643 557 27 433 155 £3 746 848
Annual sales growth rate SEE.BT 3 3.00:2 3.00 3 2003 3003 3003 30003 3.003 3.00 3,003 3.00 3 3.00 3002 3003
Cash Flows

o 1 2 a 4 5 B T 1] a o mn =2 = " 15
in EUR 20z 03 2024 25 26 et 20z 2023 2030 Z0m rii=ry Z03F 2034 205 2036 3T
Fresmare (57000000 (3000000 - 165 000 000) - - - - - - - - - - - -
Rens incoms = 3Ta6 384 20383223 573 W0 DENOET 27306 30 BUSEN 28 3388 2B 40 B0 TEISED MESSE0T 32605 263 J3EIAT 34530 3 ¥ EZBEST IEEITETT
Clpsietatirg ity - (2 000000) 12040000 12 0o ) (2122479 12954 B4 (2208162 [22%232%) 22T 1234339 |2 330085) 2437 309 (2 a8 T8 12536 484) 2satamy) 2 5 )
etk e apitalwve simeris - (20000) 130000) . - - - - - - - - - - - .
Tawes - - [4109845) - BETT730 ez 3488 4 343407) s0a ) 4 ETH05E) HESI e (510324560 521 336) [S40 e8] 15 E08 283 ISEMTE)
ek — - - - 30 000 30000 - - - - - - - - - - -
Free cash How [57 000 D00 12816161 18 803 379 1413711 900) 20 540 521 2113228 21733 944 Z2ITIBZT  2I03ZBSS 23 T2 218 24 412332 5133 B24 25877 342 26 643 557 27 433155 2B 246 848
Cumulative frew cash llow 157 000 0} (58 281 616) (39 472 239) 40 784 138) 160 243 217) 139 128 9993 17 3986 045} 477502 PHOW0AST  S1TI2ESE 76134988 101268 812 127 146154 153 70N T 191222 066209 463 714
Discounted liee cash llow (real terms) 57 000 DB 1222 B27) A7 123 326 |35 BE3 574) AT 025 438 16 G35 093 6 T 573 6 W5 874 IS #3855 15539 383 15 24 328 4 394 53 04 72D 6T 4 4T 420 4 215 B0E 13 366 iiE
Cumulative disoounted free cash flow (real ceoms) [57 000 D00 (58 222 BZT) (41 033 5001 176 583 074) 159 353 636) 143 264 54301 126 866 3700 10 F61 036 5058 753 20 536 M2 35 B6Z 470 S50 857 033 65 567 000 BO 05T 420 94 273 226 106 239 246

Profitability indicators: NPV IRR 2} oep
€ 108 239 245590 17% 1,87 T48
Inviestment Discount rate Inflation Square mter MaintiEnance costs
Summary of key factors: PET SQUAre meter

€ 125 000 D0D,00 5% 4% 10000 € 200,00




Appendix 17. Capital budgeting analysis and cash flows in minimum scenario of strategy 2 (build in two phases with flexible construction
parts).

Inputs
Total cost of iInvesiment € 143 750 000,00
Numiber of years of mvestment cost allscabion 2
Real interes rate (discount rate)™) 5%
Hominal inkerest raie*) %
Innaticn 4%
Squarne meter 10000
Rental mcome per square meler € 140468
Yearly incréase in mankenance costs 2%
Mairienance costs per square meler € 200,00
Depreciation per year from tofal investment € & 750 000,00
Working capital investments € 30 000,00
Tax rate 0%
Cperating duration (how long operations are actve) 15 ) Enthuheg el sh o [veal lerrins]
Production St aer 1 1 e il b el g
Outputs
PAL

o 1 2 3 4 5 B 7 B El o w 1z 3 L L
in EUR 2022 Z0EF 2024 2025 Z0Z6 Z0ET 2028 023 2030 2031 203z ENEF 2034 2035 2036 2037
Irwe stment 62 000 000) (70000001 - T (74 7500000 - - . - - - - - - - - B
Rerialincome - W70 Wos6E30 WaES23S W 502282 H3H3350 80983 %6284 W6 BTTZ643 2T 829 WTHd w\IRTRT WETT 65 444098 200274 WE\243
Dperanng costs - £2 000 0000 12040 000) 2 DE0 5000 2122 4%) 2 W4 8543 2208 %2 235239 2ZATITH 2343380 12330 5] (2437 3531 2465 743 25354840 2587201 2638550
Other 5 ingert as vabue)
EBITDA (G2 00 000y 6 832 376N 12 DG 530 162 362 5651 12 773 866 13 184 466 13 601663 1031 6M W AT5 ZVE 33250 15 403 313 15 B63 338 16 331 096 16 307 614 7 440 207 17 363 266
Depeeciwion - 12 TEOD00) 12750 000) 15 750 0000 15 7500000 15 7500000 15750 000] 15 750 000) 15 7500000 15 750 000y 15 750 000) (57500001 15 750000} 15 7500000 57500001 15750000
Impairmvent (ple-ase ingant a5 nergatve vabar)
DOperating profic [EBITY (G2 00 000} [3 652 AT6) 3 246 630 68 112 565 T 023 866 T 434 466 Ta51663 e 6m o T25 2V 162 510 AG5F I3 0133 338 0 641 096 N157T 619 T B30 207 12 2539 266
Tases - - (1543 358) - 14053731 466 F3T) (1570 3341 11656 3601 1745 056) 11536 5021 11330 754) (2027 358) 12 126203) 12231523) (2 3360410 [Z44785T)
Nt Income 162 00 000} [3 652 9TE) 7 397 464 68 112 5E5) 5623 833 5 34T 563 6 281 335 E B2Z5 441 & 380 227 7 346 DDB T 723135 @ 111 950 8512 813 B 926 091 9352 W6 R
Anrusal sales grow th rate SEE6T ¥ F00% 3.00% 3.00% 3.00 3% .00 % 3.00% 3.00% 300 % 3003 3.00 % 3.00% 300 3% 300 3%
Cash Flows

o 1 z 3 4 5 L i B ] o n @ 3 H =
in EUR F0ZF Z0Z3 F024 F0Z5 ZO0ZE Z0ZT 028 2023 2030 Zo3 2037 F33 2034 2035 Z036 Z037
I tment (52 000 D) (T D0 000) - (T4 TE0000) - - - - - - - - - - - -
Flertalincome - 2WT024 046 530 WaEE 235 W 20E 282 T5 343 350 HH0EN W2Bd w5 HITI643 TETS B2 T wAIRTAT WeTT 765 Tad44 038 mMozTan DEZBE43
Opsrating coste - (20000000 12020 000) (2 020 BOO) (2122 a%) 12764 860) [Z208%z) [ ZETEam [23433m) 12330 5] (2437 339) (24986 743 [£536484) (2587213 (2638358)
[ TR S —— - (300000 130 000) - - - - . - . . - - - - -
Tawes - - 1343 356 - LRl ] 11465 8370 ST eSS 300 17450563 11855 5021 1530 784 (2027 =551 2ERI0H [rE=ibr=] 2304 (447557
Fieleased . - - 30000 20000 - - - - - - - - - - -
Free cach flow G2 00 000 6 322 376N W IET 464 I6Z 33 5651 11403 833 11 637 563 12 031335 12 375 441 12 T30 ZFZ 13 96 D06 13 473135 13 861 350 14 FhZ 813 14 676 091 15 W2 W6 15 541423
Cumulative hee cash How (52 000 D00) (66 922 9T6) (58 795 512) 1121 128 077) (103 724 184) 154 026 596) (85 995 260) 173 619 8200 (60 999 597) (47 TH3 5830 (34 300 454) (20 458 504) (5 195 631 8480 401 PISHZ SHE 39123 995
Disgounted lree cash llow (eal tesms) (G2 0l Do) [ 605 406) 3213 643 54 142 153) 3451053 B 243 TE2 07T 262 B 30 582 @ T43 603 B G2 237 B 424 IG3 8 263 607 &1 TiE TaT0 53 T 25 a3 T G4 110
Cumulative discounted fiee cash low [real terms] (G2 100 000} 6 GOS 40BN (53 365 753) 1113 527 :z) 110 076 8531 134 627 0310 185 743 823) (76 841 247) (66 097 636) (535154010 (51031 036) (42 8211511 (34 T0Z 436) 126 ¥31 6631 (18 305 7101 111 221 661)

Profitability indicators: NPV IR "M oep
£ 11 221 660,62 35% 052 HNA
Invastment Discount rate Inflation Square metar Maintenance costs
Summary of key factors: P square mider

€ 143 750 000,00 5% 4% 10000 € 200,00




Appendix 18. Capital Asset Pricing Model (CAPM) and formula (CFI, 2022b).

Return %

Risk premium
between 3% and 9%

Market
return

Risk free rate is normally taken
as the yield on a long-term
government bond in the
country where the
project/company is based.

Risk
free rate

Beta of the market Risk (market)
B=1
m= Rrf sd [Ba x (Rm - Rrf)]

Where:

Ra = Expected return on a security
Rrf = Risk-free rate

Ba = Beta of the security

Rm = Expected return of the market

Note: “Risk Premium” = (Rm - Rrf)



