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Real options as a financial instrument to evaluate
a project with a high degree of uncertainty:
the specifics of application

Abstract. In conditions of instability of financial and commodity markets, the implementation of long-term
projects with significant estimated payback periods involves not only long sources of financial resources, but
also the use of new approaches to identify «weak signals» of the market, their systematic assessment and
proactive response to changes. By itself, the possibility of a proactive response creates additional advantages
for project participants (stakeholders), which, in financial and analytical practice, is usually associated with the
concept of real options - the right to make management decisions in relation to the current or created asset.
Using the investment potential of real options as one of the opportunities for evaluating projects with a
high degree of instability allows one to make decisions outside the framework of the classical investment
methodology. The instability factor for many investors now plays a significant role, increasing both the
risk on the one hand, and the possibility of a multiple increase in capitalization on the other. The «Veriton
Communications Inc» (USA) example with a simple financial option that allows an exchange investor to defer
a decision about whether to buy or sell shares at a predetermined price has been given to demonstrate the
basic approach to the methodology.

When conducting the work, the two large medicines producing companies - «Bioten» and «Pfizer» - were
analyzed, taking into account the cash-flow and the investment projects for 2018-2019. The peculiarity of the
obtained results is a slight difference in Net Present Value (NPV) for different amounts of funding.

The scientific novelty of the research is revealed in the principles of evaluating the investment attractiveness
of projects with different degrees of innovation, which allows determining the possibility of creating innovation
through the implementation of innovative investment projects by taking into account management flexibility,
optimizing the capital structure according to the criterion of minimizing its cost by using the method of real
options, multipliers and reverse induction, which will help to assess investment opportunities at all stages of
the process of creating and implementing innovative investment projects.

The practical significance is shown in the universal possibility of using this tool in the project at any stage for
making an investment decision.
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ActaHakynos O.

KaHangaT eKOHOMIYHNX HayK, AOLEHT, 3aBigyBay 3a04HUM BiggiNneHHAM,

TallkeHTCbKWI hiHAHCOBUI IHCTUTYT, TallKeHT, Y36ekncTaH

PeanbHi onuioHn B AKOCTi hiHAHCOBOIro iIHCTPYMEHTY

ONA OLiHKUN NPOEKTY 3 BUCOKUM CTyNneHeM HeBU3Ha4yeHoCTi: cneuudika BUKOPUCTaHHS

AHoTauis. B ymoBax HeCTIMKOCTI hiHAHCOBUX i TOBAPHNX PUHKIB peanisauisi JOBrOCTPOKOBMX MPOEKTIB 3i
3HAYHNMK PO3PaxyHKOBUMU NEPIOAaMM OKYMHOCTI iHBECTULIN Nependadae He TiNbKu JOBroCTPOKOBI oykepena
hopmyBaHHS (hiHAHCOBMX PECYPCIB, a 1 3aCTOCYBaHHS HOBMX MNIAXOAIB A0 ifgeHTudikauii «cnabknx curHanis»
PVIHKY, IX CUCTEMHOI OLiHKI Ta NonepenKyBasibHOro pearyBaHHs Ha 3MiHK, LWo BigdyeatoTbca. Cama no cobi
MOXK/IMBICTb MornepeKyBasibHOro pearyBaHHA CTBOPIOE AOAATKOBI NepeBarn Ans y4aCHUKIB NPOeKTY, SKi y
hiHaHCOBO-aHaNITUYHI NPaKTULL MPUNHATO NOB’A3yBaTU 3 MOHATTAM PeasibHNX OMLUiOHIB — NpaBa NPUAHATTS
YyNpaBniHCbKMX pilleHb MO BifHOLLEHHIO 0 AitoHoro abo CTBOPIOBAHOMO aKTUBY.
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BukopucTaHHS iHBECTULINHOIO MOTeHUiany peanibHUX OMUiOHIB SIK OOHOI 3 MOXK/IMBOCTEN OLHKM MPOEKTIB
3 BUCOKOK MIpOK0 HecTabinbHOCTI O03BOMSIE MPUIAMATK PIlLEHHS 3a pamMKaMy KNacu4HOi MeTomonorii
iHBeCTyBaHHS. ®akTop HECTabINbLHOCTI ANsi 6araTbOX iIHBECTOPIB Y AaHWUI Yac rpae 3Ha4YMMy poJib, NiABULLYHOYN
K PU3NK 3 0QHOIo BOKY, TaK i MOXNNBICTbL KPaTHOro 306iNbLUEHHS KaniTanisauii — 3 gpyroro.

B xopi pobotu 6ynu npoaHanisoBaHi Agi komnaHii («Bioten» i «Pfizer») 3 ypaxyBaHHSAM rpoLLOBMX MOTOKIB
" iHBecTMLiMHUX npoekTiB 3a 2018-2019 pokn. OcobnmBIiCTIO OTPUMaHMX PE3YNLTATIB € HE3HAYHA PI3HNLSA
B 4nCTii NpuBepeHin BapTocTi (HINB, abo unctoMmy guckoHToBaHoMy goxogi, YOM) npu pisHux obcsrax
iHaHCyBaHHS.

HaykoBa HOBM3Ha po60TU NOASrae B PO3KPUTTI MPUHLMMIB OLHKM iIHBECTULIMHOT NpuBabnnBOCTI NPOEKTIB
3 Pi3HUM CTyneHeM iHHOBAaLiNHOCTI, SKi A4O3BONAIOTb BU3HAYMTU MOXXJIMBOCTI CTBOPEHHS iHHOBaLji Yepes
peanisauio iHHOBaAUiNHO-IHBECTULINHNX MPOEKTIB LUAAXOM 06Ky YNpaBRiHCbKOI FHYYKOCTi, onTuMmisauii
CTPYKTYpW Kanitany 3a KpuTepieM MiHiMi3aLii Noro BapTOCTi i3 3aCTOCYBaHHAM METOAY peanbHUX OMLioHIB,
MYNbTUNIKATOPIB | 3BOPOTHOI iHAYKLII, LLIO CNpUATAME OUiHL iIHBECTULIMHMX MOXXJIMBOCTEN Ha BCiX CTafisix
npoLiecy CTBOPEHHS N peanidauii iHHOBaLUNHO-iIHBECTULIIHMX NPOEKTIB.

MpakTuyHa 3Ha4YUMICTb POBOTN NPOSIBASIETECA B YHIBEpPCANbHii MOXIMBOCTI 3aCTOCYBaHHS [aHOro
iHCTPYMEHTapIO B MPOEKTI Ha Byab-sKill cTagii oA NPUAHATTSA iIHBECTULIMHOIO PiLLEHHS.

KnrouoBi cnoBa: onuioH; NPURHATTA piLleHHst; (hiHaHCOBUIA IHCTPYMEHTAaPIi; OLiHKA iIHBECTULIIHMX MPOEKTIB;
yucTa NpuBegeHa BapTicTb; «Bioten»; «Pfizer».

ActaHakynos O.

KaHOM4aT SKOHOMUYECKMX HayK, AOLEHT, 3aBeayroLmii 3a04HbIM OTAENIEHNEM,

TalWKeHTCKNIA (PHAHCOBBIN NHCTUTYT, TallKeHT, ¥Y36eKncTaH

PeanbHble onunoHbl B Ka4ecTBe (PMHAHCOBOIO MHCTPYMEHTAa

ANsi OLIEeHKWN NPOoeKTa C BbICOKOW CTENEHbIO HeonpeaeneHHOCTU: cneyucduka ncnonb3oBaHUs
AHHOTauusi. B ycnoBumsix HeyCTONYMBOCTU (PMHAHCOBBIX M TOBAPHbIX PbIHKOB peann3aunst AONroOCPOYHbIX
NMPOEKTOB CO 3HAYUTESIbHBIMU PACHETHBIMY NMEPUOAaMM OKYNaeMoCTN UHBECTULMIA NpegnonaraeT He TONTIbKO
OONrocpoYHble UCTOYHVKN (DOPMUPOBAHNS (PUHAHCOBBLIX CPEACTB, HO U MPVMEHEHNE HOBbIX MOAXOAOB
K ngeHTnukauum «cnabbiX CUrHanoB» PbIHKA, UX CUCTEMHOWN OLIEHKM W YyNPEeXOaloLero pearnpoBaHus
Ha npoucxogsawme mameHeHns. Cama no cebe BO3MOXHOCTb YNPEXAaloLWero pearnpoBaHus Co3paeT
OOMNONHUTENbHbIE NPEVMYLLECTBA AN y4aCTHNKOB NPOEKTa, KOTOPbIE B (PMHAHCOBO-aHANMTUYECKON NpaKTUKe
NMPUHATO CBS3bIBaTb C MOHATMEM peasbHbIX OMUMOHOB — MpaBa MPUHATUS YNPaBneHYeCKNX PELUEHUA Mo
OTHOLLIEHMIO K AENCTBYIOLLEMY U CO3AaBaeMOMy aKTUBY.

Vicnonb3oBaHmne MHBECTULMOHHOMO NMOTEHUMana peanbHbIX ONMUYOHOB Kak OOHOW N3 BO3MOXXHOCTEN OLIEHKU
NPOEKTOB C BbICOKOWN [0/1EN HECTABUIBHOCTY MO3BONSAET NPUHUMATDL PELUEHMS 3a paMKaMun KacCuyecKom
METOA0NOrMN UHBECTUPOBaHNS. PakTop HEeCTabuNbHOCTU AN MHOMMX MHBECTOPOB B HacTosllee Bpems
UrpaeT 3Ha4MMyto poJsib, Kak NMoBbILLAsA PUCK C OOHON CTOPOHbI, TaK U NPeaoCTaBnsas BO3SMOXHOCTb KPaTHOro
yBENMYEHUS KanuTannaaummn — ¢ Apyrou.

B xope uccnepoBaHus 6binn NpoaHanu3npoBaHbl ABe komnaHum («Bioten» u «Pfizer») ¢ yueTom geHeXHbIX
MOTOKOB U WHBECTULUMOHHbLIX MpoekToB B nepuog 2018-2019 rogoB. OCOGEHHOCTHIO  MOYYEHHbIX
pPEe3ynLTaToOB SABMSAETCA HE3HaYMTESlbHAsA pasHuua B YiCTON npuBeaéHHon ctommocTtu (HINC, nnm ynctom
ONCKOHTNpOBaHHOM goxoge, YA) npu coBepLLeHHO pa3HbiX 06bemax UHAHCUPOBaHMS.

HayuyHasa HoBM3Ha paboTbl COCTOUT B PACKPbITUN NPUHLMMNOB OLEHKU MHBECTULVNOHHON NPUBEKaTeIbHOCTHN
NMPOEKTOB C Pa3HOWN CTEMEHbLIO MHHOBALMOHHOCTU, KOTOPbIE MO3BOSIAIOT ONPELESINTb BO3MOXXHOCTb CO3L,aHNSA
WHHOBAaLMM Yepe3 peanv3aumio NHHOBALMOHHO-NHBECTULMOHHbBIX MPOEKTOB NyTEM y4eTa ynpasieHYecKon
rMBKOCTN, ONTUMM3aLMN CTPYKTYPb! Kanutana no Kputepmio MMHUMKU3aumm ero CTOMMOCTU C NPUMEHEHNEM
MeToAa peasibHbIX OMNUMOHOB, MyNbTUMIMKATOPOB U 06paTHOM UHOYKLUMUN, YTO BYAET CNOCOOCTBOBATL OLEHKE
WHBECTULMOHHBIX BO3MOXHOCTEN Ha BCEX CTafusx npoLecca co3faHus M peanusauum MHHOBALWMOHHO-
VWHBECTULMNOHHbIX NMPOEKTOB.

lMpakTnyeckass 3Ha4YMMOCTb MCCNELOBaHUSA MPOSBASETCA B YHUBEPCANbHOW BO3MOXXHOCTU MPUMEHEHNS
AaHHOro MHCTPYMEHTapUs B MPOEKTE Ha Ntobon CTagumn 4i1s NPUHATAS UHBECTULMOHHOIO PELLEHUS.
KniouyeBble cnoBa: onuyoH; NPUHATUE peLLeHst; (PUHAHCOBLIM NHCTPYMEHTaPUIA; OLLEHKA UHBECTULMOHHbBIX
NPOEKTOB; YNCTas NpBeaéHHas CTOMMOCTb; «Bioten»; «Pfizer».

1. Introduction

The importance and specificity of evaluating projects that have a significant spread of likely re-
sults was reflected in the financial and scientific literature on management almost simultaneously
with their appearance, because an accurate assessment of their cost is an important step in the de-
velopment stage of an innovative project and dramatically affects the future decision on investment.
Financial evaluation makes an investment decision sound and in a way that ultimately creates value.
In scientific literature, there is a wide variety of methodologies and approaches for evaluating invest-
ment projects, starting with the traditional discounted cash flow (DCF) method and ending with the
modern method of real options analysis (ROA), which essentially determine the cost of investments
and help make the right investment decision.

Astanakulov, O. / Economic Annals-XXI, (2019) 179(9-10), 105-114

106



ECONOMIC ANNALS-XXI
MONEY, FINANCE AND CREDIT

The evolution of methodologies for financial evaluation of projects is mainly related to the limited
capabilities of traditional approaches, namely the method of discounting cash flows, in the evalua-
tion of projects with high uncertainty. Until the 1960s, the length of time required to restore the ini-
tial cost of a project, regardless of the cost of money over time (Payback period) and the average
rate of return (Accounting Rate of Return) were the two main methods of evaluating investments
used by large companies. Published in 1951, Joel Dean’s research paper «Capital budgeting» and
Friedrich Lutz’s research «Firm Investment Theory» opened up new directions and opportunities for
evaluating investments by discounting cash flows (DCF). DCF-based approaches, such as Net Pre-
sent Value (NPV), are fairly simple and straightforward. As a rule, they predict the amount of cash
flows (both cash inflows and cash outflows) over the expected life of the project and discount them
at a rate that reflects both the cost of money over time and the degree of risk of these cash flows.
An NPV is calculated based on these input parameters. The rule for making an investment decision
is based on a simple logic: if you compare two mutually exclusive projects, the preference is given
to the one that has a greater NPV. If there is one project, then the NPV > 0 gives grounds to say that
it is an attractive investment.

2. Brief Literature Review

Real options were introduced as a complement to the information provided by the cash flow
sequence presented by an investment project (Rambaud & Sanchez Pérez, 2016). Modern option
pricing theory has now found its way into the field of capital investment decision making and is re-
ferred to as the real options approach to capital budgeting (Moore, 2008). Real options (RO) ana-
lysis has been of growing interest to the academic community as a promising approach to suppor-
ting investment decisions under uncertainty. In this article, we examine an applied investment de-
cision in the telecommunications industry to highlight the main benefits associated with using real
options (Quelin & Krychowski, 2010).

Real Options (RO) has been used to evaluate projects with high uncertainty. However, litera-
ture points to challenges and asks for an organizational understanding of its use (Chagas, Ser-
gio, & Sanchez Pérez, 2018). The empirical analysis reveals that the options can effectively hedge
the risk, and the call option with a higher exercise price offers higher return per unit of option
premium (Wang & Huang, 2019). While exogenous uncertainty influences the growth option mar-
ket value or price, it is endogenous uncertainty that influences the value of the growth option
through the ability to create a competitive advantage from preemptive market entry (Sears, 2019).
The key feature of our algorithm is that it exploits the problem structure to explicitly account for
reachability that is the sample paths in which resource states can be reached (Maier, Pflug, &
Polak, 2019). Scenario planning enhances sense-making over the consequences of future uncer-
tainties, and real options should help in addressing flexibility in decision-making through weighing
the pros and cons of flexibility measures (Van Reedt Dortland, Voordijk, & Dewulf, 2014). Pro-
fit uncertainty has not incorporated into the real options model under incomplete information, in
that the underlying state variable is not formulated as a stochastic process (Shibata, 2008). Real
Options is crucial in order to comprehend the implementation issues related to organizational
and managerial aspects and mainly in order to capture the value of managerial flexibility (Brasil,
Gomes, Salerno, & Reis de Paula, 2017; Ci¢in-Sain, Krajnovi¢, & Herenda, 2017). Despite signi-
ficant progress made by each field separately toward our understanding of the theory and appli-
cation of real options, there exist opportunities for more cross-fertilization and the development
of a more interdisciplinary knowledge base and research agenda (Ragozzino, Reuer, & Trigeor-
gis, 2016). The industry and business-specific factors identified in the industrial organization and
strategic management are real options, and their noticeable effects on firm performance are due
to the varying intensities of real options that are embedded in them (Adetunji & Owolabi, 2016).
The postponement effect implied by the use of real options prevails over the biotech firms’ com-
petition effect, which would instead play in favour of an early agreement for pre-emption reasons
(Morreale, Robba, Lo Nigro, & Roma, 2017).

An option to abandon that exists on each project gives you the right to sell all assets and exit the
project compiletely (Lin, 2009). The opt-out option is built into almost any project and has the cha-
racteristics of a put option. The management’s decision on this option is to abandon the project if
the expected profit or the value of the underlying asset falls below the project cost or the strike price
(Benaroch, Jeffery, Kauffman, & Shah, 2007). An exit option is particularly valuable where the NPV
is insignificant, yet there is a possibility of significant losses.

Astanakulov, O. / Economic Annals-XXI, (2019) 179(9-10), 105-114

107



ECONOMIC ANNALS-XXI
MONEY, FINANCE AND CREDIT

3. The purpose of the article to analyze investment indicators using the example of two com-
panies - «Pfizer» and «Bioten» - by conducting preliminary research based on the companies’ fi-
nancial reports.

4. Materials and Methods

The paper uses a set of methods and approaches, which makes it possible to implement the
conceptual unity of the study.

The system and structural methods are used to reveal the essence of the financial mechanism
for evaluating innovative investment projects in the process of financial and economic regulation.

Due to comparative and factor methods, the experience of using financial instruments for ma-
naging innovation and investment projects in countries with developed and transformational eco-
nomies is generalized and systematized.

The methods of scientific abstraction and synthesis are used in the process of developing the
provisions regarding the assessment of managerial flexibility, its impact on investments and the
possibility of determining their fair value, improving approaches to the use of real options methods
as a tool for assessing the risks of innovative projects.

5. Results and Discussion

Despite the popularity and simplicity of DCF approaches, they are acceptable if the future can be
predicted with high probability. Projects with a high level of uncertainty are not considered as such,
because the actual future cash flows may differ significantly from the expected ones. Accordingly,
instead of simply estimating the cost of the project, those who make an investment decision should
evaluate the various possibilities of their actions in the future for quality management of uncertain-
ties (Rambaud & Sanchez Pérez, 2017). Considering the impact of existing uncertainty on the pro-
ject evaluation process, a significant amount of research shows that one of the most important as-
pects of most capital investments is the timing of investments and management flexibility. Thus, it
is not surprising that a more precise approach has been developed, which allows investors to bet-
ter understand the impact of uncertainty and address issues of managerial flexibility and investment
timing directly.

Indeed, real options analysis (ROA) has received considerable attention in the research literature
on project management over the past decade. The term «real option» was proposed by Professor
Stuart Myers in 1977 in the article «Determinants of corporate borrowing» (Mun, 2002). The con-
cept of real options was developed and implemented as a response to the inadequacy of traditional
DCF approaches for evaluating projects with a significant level of uncertainty. Using the methods
underlying the classical theory of financial options, ROA makes it possible to take into account tra-
ditionally difficult to measure quantitative elements such as managerial flexibility and the possibility
of changing the strategic decision during the development of an investment project (Kim, Hwang,
Oh, & Lee, 2018). In today’s world, where unexpected changes are quite common, an investment
strategy that includes managerial flexibility in decision-making will respond most effectively to va-
rious possible ways of further development and future prospects. In this case, the presence of a se-
lection function, such as deferred or phased investments, which is built into the investment oppor-
tunity, is a significant factor for evaluating the investment project. In fact, ROA is an advanced way
of recognizing how projects are structured and managed, and combines these additional features
in a modern method of evaluating investments.

Since the underlying asset (the asset that is the basis of the option and is its subject) is a real as-
set, not a financial asset, when evaluating an innovative project, the option is called «real». Real op-
tions originated from financial options, which is why the terminology for both types is common. Fi-
nancial assets are primarily stocks and bonds that are traded on financial markets. Options for most
of these assets are listed on the major US exchanges, NYSE and Euronext. Real assets include real
estate, innovative projects, and intellectual property that are not traded on financial markets. A real
option is a right, not an obligation, to take action on an underlying non-financial real asset. An action
may include, for example, abandoning a project, expanding it, entering into a contract or postpo-
ning a decision for the future. Real options can be either American, which can be exercised on a
pre-determined date or on any pre-determined date, or European, which can only be exercised on
a pre-determined date. We will analyze the features of the formation of financial options, terminolo-
gy, and what is associated with them, and draw parallels with real options as a method of evaluating
non-financial assets based on a simple example.
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Let us assume that «Veriton Communications Inc» is a public American telecommunications com-
pany whose shares are sold at USD 50 per unit. The company’s managers, as well as financial ana-
lysts, forecast further growth in the share price in the near future due to increased demand, innova-
tive product output and a successful advertising campaign. At the same time, however, there is mar-
ket uncertainty that indicates a possible sharp drop in the share price. An investor can buy «Veriton
Communications Inc» shares today at USD 50 per share, or buy an option to buy or sell shares in
the future. By purchasing an option, the investor acquires the right, rather than the obligation, to buy
or sell shares (the underlying asset) at a predetermined value at a predetermined time (the European
option), or at any time before a predetermined date (the American option). By purchasing an option
on an underlying asset of the «Veriton Communications Inc» today at a market price of USD 5, which
gives you the right to buy shares without any obligations in a year at the price of USD 50, the inves-
tor expects further growth of the company’s shares by more than USD 5. In a year’s time, if the share
price increases by no more than USD 5, the investor will not fulfil the obligation to buy the stock and
will lose the USD 5 that he/she spent on purchasing the option, and if the share price increases by,
for example, USD 12, the investor will fulfil the obligations under the option, purchase the share at
USD 50 and sell it at the market price of USD 62, earning USD 12 per share. After calculating the
cost of purchasing an option, the investor’s profit will be 12-5 = USD 7. Thus, using the option ap-
proach, the investor will only exercise his right (acquire the company’s shares) if the share price ex-
ceeds the strike price. Otherwise, the investor will fix his losses at the level of the option value.

In another scenario, an investor has an option to purchase a sell option if they expect the share
price to fall below USD 50 for the year. By purchasing an option to sell at the market price of USD 5,
you have a right to sell the shares at the price of USD 50 in a year without obligation. If the share
price of «Veriton Communications Inc» is more than USD 45 in a year’s time, the investor will not
exercise his/her right. However, if the share price falls to, for example, USD 30, the investor, as a ra-
tional person, exercises his/her option to sell one share at USD 50, receiving an income of USD 20
and a net profit of USD 15 after deducting from the initial option price (USD 5). In both of the above
cases, the option approach allows the investor to take advantage of the benefit when it is positive
and reduce the risk of large losses (lock in a loss) when expectations turn out to be wrong.

The first scenario involves the possibility of purchasing a buy option and is called a «call option».
The option to purchase a sell option in the second scenario is called a «put option». The price at which
the option is exercised is called the exercise price, which is USD 50 per share in both cases. The above
scenarios concerned European options, since they must be exercised on a pre-determined date.

An option is a right, not an obligation, of its owner to buy or sell the underlying asset at a pre-de-
termined price and on a pre-determined date or on any pre-determined date. A financial option is a
right to buy or sell an underlying financial asset (for example, shares) at a predetermined price and
on a predetermined date, or on any predetermined date. A real option is a right to take action (for
example, postpone, expand, reduce, or discard) on an underlying non-financial asset at a predeter-
mined price and on a predetermined date, or on any date determined in advance.

Tax codes of many countries define an option as «a civil contract under which one party to the
contract obtains the right to purchase (sell) the underlying asset, and the other party assumes an
unconditional obligation to sell (purchase) the underlying asset in the future during the term of the
option or on a set date (date of execution) at the price of the underlying asset determined at the con-
clusion of such a contract. Under the terms of the option, the buyer pays the option premium to the
seller» (Janney & Dess, 2018).

Financial options are capital investment instruments and are traded on stock markets, whereas
real options relate to opportunities arising from strategic processes, such as using the opportunity
to invest in research and development or entering into a contract to sell a portion of assets in the
event of adverse external conditions. Unlike financial options, real options are not traded on stock
markets because they have intrinsic value for a limited number of stakeholders. Real options repre-
sent an important strategic aspect, since they are the basis for strategic planning and investment in
conditions of uncertainty (Levaggi & Moretto, 2008).

Similarly to a financial option, if the expected result generated by a real option is evaluated as
unprofitable, the option is not exercised. Comparing financial and real options, Ragozzino, Reuer, &
Trigeorgis (2016) state the fact that the opportunity to invest in a project is similar to owning a finan-
cial call option. In the case of real options, the underlying asset is the present value of cash flows
from the completed operational project, while the strike price is the necessary investment expenses
(Benaroch, Jeffery, Kaufmann, & Shah, 2007).
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After identifying options that are specific to the project, it is necessary to take into account their
values as corrections in the investment analysis algorithm. As a result, it is possible to more correc-
tly determine the values of NPV and IRR indicators that reflect the results of applying the analytical
model of proactive response. In this case, the composition and value of individual options is deter-
mined as a premium for reducing the level of uncertainty. The NPV  value, adjusted to the value of
options, can be calculated as follows:

NPV, = NPV, + OP, (1)

where:

NPV - NPV value adjusted to the value of options;

NPX{% - the net present value calculated through the FCF and the WACC;

FCF - the determined calculated value of free cash flow;

WACC - the weighted average cost of capital employed as a source of financing of the project;
OP. - the estimated value of the i -th option.

Depending on further development and evolution of the market, if later the situation becomes
favourable and the current value of the expected cash flows exceeds the current value of invest-
ment costs (the cost of converting an investment opportunity into the underlying asset of the op-
tion), management can exercise the option by investing, because the NPV of the project is expec-
ted to be positive. Otherwise, if the development of the market leads to unfavourable conditions for
development, it may be decided not to invest in this project in order to reduce further losses, thus
losing only the amount spent on the purchase of the option (fixing losses).

The classic IRR analysis assumes that cash flows generated during the project implementation
can be immediately reinvested in the project and generate the same rate of return as the initial in-
vestment. However, this premise is not realistic. Therefore, when analyzing the effectiveness of in-
vestment projects, we use the modified internal rate of return (MIRR), which is calculated based on
the assumption that incoming funds can be invested in a project with a return equal to the current
value of the weighted average cost of capital (WACC).

In the case of a call option, if the value of the underlying asset (S) is less than the exercise price
of the option (X), the rational investor will not exercise his right, and the option will remain unful-
filled. Thus, the net profit will be negative and equal to the value of the option (call price). If the value
of the asset exceeds the strike price, the rational investor will exercise his right and the option will
be exercised. In this case, the gross income will be positive. However, the net profit can be posi-
tive or negative depending on the call price. If the asset value is equal to the option exercise price,
the gross profit will be zero, and the net profit will be negative and equal the price that the investor
spent to purchase the option.

In the case of a put option, the investor’s net income remains negative and equal to the option va-
lue (put price) as long as the value of the underlying asset (S) remains above the option exercise price
(X). In this case, a rational investor will fix their losses by ignoring their right for this option. If the va-
lue of the asset is lower than the strike price, the investor’s income will be equal to the difference bet-
ween the strike price and the value of the underlying asset. The net profit will be negative as long as
the difference between the asset value and the option exercise price is less than the price that the
investor spent to purchase the put option. At the break-even point, the investor’s net profit is zero.

The price of the call option at the time of its execution is determined by the formula:

C=max|[0,S - X], 2

where:
C - the price of the call option;
S - the asset value at the time of option execution;
X - option execution price.
The price of the put option at the time of its execution is determined by the formula:

P=max|0,S - X], 3)

where:
P - the price of the put option.
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The «Veriton Communications Inc» example is a simple financial option that allows an exchange in-
vestor to defer a decision about whether to buy or sell shares at a predetermined price. Let us consider
another example where the company itself is considering postponing the decision to invest in the de-
velopment of its own technology to minimize financial risks and quality capital management. To simplify
the example, the cost of money over time will be ignored, that is, the discount factor is a unit.

Let us assume that «Bioten» is a world leader in the field of biotechnology, the main activity of
which is research and development of a number of medical products to treat people with hematolo-
gical disorders (Table 1). Recently, the company has invented an innovative technology, received se-
veral patents and is interested in developing a new product based on this technology. Since the po-
tential market for the product is uncertain, Bioten management does not want to commit to fully in-
vesting in development due to the likely low demand for the final product and chooses to sell the tech-
nology in the future if it becomes clear during the development process that the revenue from the sale
of the newly created product will not bring profit to the company. Let us assume that «Pfizer» is ano-
ther biotech company that has an interest in «Bioten» technology and is interested in developing its
own product portfolio by launching innovative products. Both companies are signing an option that
allows «Bioten» to sell its proprietary technology for USD 30 million at any time during the two years
of product development. To be able to do this, «Bioten» buys an option and pays «Pfizer» USD 5 mil-
lion for it. After completing the first year of development of new products, «Bioten» conducts a se-
cond market research and, based on its own reports and those prepared by independent analysts,
estimates the future revenue from sales of products at the level of USD 20 million. The company’s ma-
nagement implements its own put option, selling intellectual property to «Pfizer» for USD 30 million.

The analysis of the features of the formation and execution of options conducted using the above
examples demonstrates the fundamental similarity of financial and real options, which suggests the
theoretical possibility of using existing approaches to assessing the value of financial options for
evaluating real options. We can assume that the companies «Bioten» and «Pfizer» signed a simple
real option, because the only one significant source of uncertainty is the demand for a product.

In general, real options can be grouped into two main categories: simple options and complex op-
tions. An example of a simple option is the deferral option, where there is a choice between investing
in a project today with uncertain future cash flows or delaying a decision until next year, when the ex-
pected uncertainty is clear and certain. This option exists for each individual project. For example, to-
day an investor can invest USD 100 in a project with an expected profit of USD 120 for 1 year. Ac-
cording to calculations, the profit can be USD 160 (positive case) with a probability of 0.5 or USD 80
(negative case) with a probability of 0.5. However, the investor has a right to postpone the decision to
invest in the project for 1 year, when the expected uncertainty about the profit will be known.

As shown below, using the standard DCF method with a discount rate of 10%, the NPV is
USD 9.1. Since the value is greater than 0 and assuming that this level of expected return is ac-
ceptable to the investor, the investor will be willing to invest in this project. The NPVis calculated
using the formula:

_ wN CFt
NPV = ¥tlo e )

where:

CF - cash flows;

r - the discount rate;

t - period of time;

n - the number of periods.

Table 1:
Income statement highlights of «Bioten» and «Pfizer» for the 1t quarter of 2019
(USD miillion, except per share amounts and percentage)

Indicator «Pfizer» «Bioten»
Revenues USD 13.118 USD 63.96
Reported Net Income 3.884 13.65
Reported Diluted EPS 0.68 0.32
Adjusted Income 4.891 2.29
Adjusted Diluted EPS 0.85 0.26

Source: Compiled by the author based on open data presented in:
https://ir.sarantis.gr/Uploads/PAROYSIASEIS/2019/Corp_pres_Sep_H1_19.pdf
https://s21.g4cdn.com/317678438/files/doc_financials/Quarterly/2019/g1/Q1-2019-Earnings-Charts-FINAL.pdf
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As mentioned above, there is also a mutually exclusive alternative to postponing the decision for
one year, until the uncertainty of cash flows will be clear. Let us calculate the project cost for the
positive (NPV*) and the negative (NPV-) cases separately (each with a probability of 0.5).

160
(1+0.1)2

NPV* = 0.5+ | oot + | =05+[-909+1322] = Usp 207, (5)

80
(140.1)2

NPV~ = 05+ [ ot + | =05+[-90.9 + 66.1] = —UsD 248 ©)

If after one year it turns out that this is a positive case, the investor will invest money in the pro-
ject. Otherwise, the investor will refrain from investing.

The example shows that, in the case in question, postponing a decision (a postponement option)
for one year costs USD 20.7 today, when a decision to invest today without waiting for transparen-
cy in uncertainty costs only USD 9.1 (using the DCF method without taking into account the flexi-
bility of choice). Thus, the added value for the opportunity to postpone an investment decision is
the difference between the two alternatives: USD 20.7 - USD 9.1 = USD 11.6 (Figure 1 and Table 2).

An option to expand is another common example where the investor has a right to expand a pro-
ject with additional future investments. Let us consider the Example 2. We assume that a highly
profitable software development Company «A» is interested in developing rapidly in other financial
areas. Having sufficient cash reserves, the company can afford to acquire a small growing compa-
ny that will provide synergy with the current product portfolio. However, not wanting to risk signifi-
cant losses, management prefers to enter into an extension option in the future, when uncertainty
that creates value for such an option will be dispelled by actual data regarding future cash flows.
This option helps the company create a strategic map for future growth.

The extension option and the postponement option are American call options because they can
be exercised on a pre-determined date or on any pre-determined date, and the investor gets the
right to invest (buy) in the project.

An option to contract provides for the right to reduce the scope of the project (scale) by selling part
of the assets if the market conditions are unfavourable for further development, investment and/or ex-
pansion. The ability to enter into a contract is an important management decision in a competitive mar-
ket where companies must be able to quickly reduce costs or outsource through changing external

Figure 1:
Expected profit of the project if the decision is deferred for one year under the terms of example 1
Source: Calculated by the author

Table 2
Net present value of the main competitive scenarios facing «Bioten» and «Pfizer» (in monetary units)
Scenario Project value (S) Investment Cost (K) NPV
1. «Bioten» upgrades production technology 63.96 23.5 40.46
2. «Bioten» implements new marketing strategy 40.96 51.4 -1.44
3. «Pfizer» upgrades production technology development 13.119 5 8.119
4. «Pfizer» implements new marketing strategy 8.119 10 -1.881

Source: Author’s own research
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conditions. Investing in the most volatile projects, investment companies can hedge risks through
strategically created options for reduction (Lin, 2009). This type of option has the same as the put op-
tion, because the value of the option increases when the value of the underlying asset decreases.

When the uncertainty associated with income shows that the cash returns for this project are not
attractive, the investor has an opportunity to abandon the project at an early stage without incurring
significant losses (Lin, 2009). For example, let us assume that through potential new legislation that
contains updated international trade rules that will come into force in the near future, Company «B»
is concerned about having to close one of its main plants because of the high price of reorienting it
to a new product type. The management believes that the uncertainty will be clear over the next year.
Therefore, using the exit option will give additional time to make a more informed decision about the
future of the plant.

Cut and exit options are American put options, because they can be exercised on a pre-determined
date or on any pre-determined date, and the investor gets the right to sell part or all of the project assets.

The chooser option gives you a right to choose from a set of options, including the option to de-
fer, extend, enter into a contract, and exit the project. The investor can choose not to execute, keep
the option open and continue working on the project, or choose any of the simple options. The main
advantage of this type of real option is the choice. This is a unique option in the sense that depen-
ding on the choice that the investor has the opportunity to make, it can be considered both a put
(reduction or exit from the project) and a call (delay or extension) option.

Using the switching option, you can switch to a different operating mode or an alternative produc-
tion process. For example, a gasoline car equipped with gas cylinder equipment offers a possibility of
switching from gasoline to natural gas and vice versa, allowing you to choose at any time a less expen-
sive fuel or the one that gives more energy. This flexibility has value and takes into account the price
premium for dual-fuel cars compared to single-fuel cars that can only use one type of fuel, regardless
of the cost of other fuels. A car that has the ability to use three types of fuel is more valuable than a car
with two types through additional fuel selection, which will increase the cost of the option. In fact, an in-
vestor uses this type of option when it is not clear how external conditions, demand and time will affect
future cash flows. The select option and the switch options can be either a call or a put option.

The value of a compound option depends on the value of another option, not the value of the un-
derlying asset. Complex options are quite common in many multi-phase projects, such as develo-
ping an innovative product, where the launch of one stage of the project depends on the successful
completion of the previous stage. Using a complex option at the end of each stage, it is possible to
continue the process of creating an innovation (moving to the next stage), refuse further participa-
tion (exit the project or postpone it for a certain period of time (option to postpone).

Options for which there are several sources of uncertainty are called rainbow options. The un-
certainty may be related to one or more input parameters that are used in the option valuation, or
individual components that make up the input parameter, or it may be changes in the uncertainty
itself over the life of the option.

6. Conclusions

An option is a right to perform a certain action in the indefinite future. Uncertainty and risks are
inherent in any project. The only difference is their combination for each individual case. In this pa-
per, risk and uncertainty are considered as two different and interrelated concepts. Uncertainty is
defined as something unknown that cannot be resolved deterministically (the so-called «known un-
known») or something unknown that can only be resolved through time (the so-called «unknown
unknowny»), a certain action, or obtaining additional information. Adverse consequences of the ten-
dency of the project to uncertainty are characterized as risks. In the context of project cost estima-
tion, a fairly wide range of researchers have similar views on risk and uncertainty.

Traditional DCF methods focus more on risk than on project evaluation and decision-making. In par-
ticular, some scientists note that the DCF approach reflects the risk of uncertainty by applying a high dis-
count rate for projects with a high level of uncertainty, yet it does not take into account remuneration when
actual cash flows exceed the forecast. This bias may lead to investors abandoning promising (however
with a significant level of uncertainty) projects. Real options analysis, on the other hand, provides a sys-
tematic approach that actively recognizes and includes uncertainty in the process of evaluating projects
and making appropriate decisions by limiting risks during the application of a particular opportunity.

The external environment is a source of the market risk. In fact, this type of risk does not depend on
managerial qualities, decisions and the operational process of creating products that do not have an
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impact on external financial, economic, political and social risks. Nevertheless, such risks can be pre-
dicted with a certain probability and taken into account in the process of making an investment decision.
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