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THE AIMS OF THE PAPER

This study attempts to explore the links between venture capital (VC) investments and the real option
approach (ROA) with analyzing the characteristic features of the venture capital investments and their
process. The real options can be examined as a way of thinking and evaluation method and the study’s aim
is to show that real option approach can provide an answer to the valuation challenges of venture capital
investments.

METHODOLOGY

The choice of the appropriate valuation method requires consideration of its conditions of application,
which, in the case of real option theory, result from the examination of uncertainty, flexibility and irrevers-
ibility. The venture capital investments are characterized by a high degree of uncertainty and risk, which
can also be traced back to the provision of financing to innovative, early-stage companies. Real option
theory also provides venture capital investors with professional experience through their active role in
decision-making. The study evaluates a Hungarian start-up company venture capital investment with the
help of a traditional discounted cash flow method and two real option valuation models: Black — Scholes
model and binomial pricing model. Then a sensitivity analysis is prepared to analyze the value driver effect
on option value and a volatility analysis to verify the importance of high-degree of uncertainty in real option
valuation.

MOST IMPORTANT RESULTS

The paper concludes that the option-based valuation methods are more suitable for evaluating venture
capital investments than other approaches such as the discounted cash flow methods, and the embedded
flexibility can be determined by the real option approach. The binomial pricing model points out the advan-
tages of staging investments with the higher real (call) option value. Besides the real option valuation, the
sensitivity analysis shows a positive effect of the present value of the underlying assets, the time to maturity,
the risk-free interest rate and volatility on the call option value. The analysis of the volatility emphasizes the
importance of the degree of uncertainty in real option valuation.

RECOMMENDATIONS

The real option approach ensures proper evaluation of venture capital investment, avoiding the undervalu-
ation and taking advantage of staging and timing investments in practice.
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INTRODUCTION

Entrepreneurs face the question of financing and its
possible sources at first when setting up their busi-
ness. According to EBAN (2009), the fundraising
can be interpreted as a process that highlights the
characteristics and development potential of com-
panies or business ideas and directs it towards the
appropriate financing source, so that it can decide
on the capital provided by banks, business angels
and venture capital funds.

Venture capital is one possible form of private
equity financing (Landstrom 2007, Metrick — Yas-
uda 2011) and a significant financial source for
innovative and high-risk start-ups (Cassar 2004,
Ko et al. 2011). In the case of venture capital, the
investor appears as a financial intermediary of a
non-financial corporation (Maula 2007), the pri-
mary reward available to the investor is the capital
gains (Lorenz 1989).

At the outset of venture capital investments,
venture capitalists were not equipped with the pro-
ject and corporate valuation methodologies. Over
the years, they began to develop their valuation sys-
tems and tried to acquire existing valuation tech-
niques. They award business ventures by intuition
and quantitative valuation techniques, but to make
the right investment decision, they are increasingly
favoring the latter. Among the valuation methods,
discounted cash flow methods play a significant
role, but there is not sufficient information about
the current and past years of business operations. In
addition, comparable companies and useful market
information are rarely available. All of these factors
restrain the use of these methods.

Venture capital funds have many options due to
the uncertainty of future developments and embed-
ded flexibility in venture capitalist decision-mak-
ing. The venture capital investments are surrounded
by a high degree of uncertainty (Bygrave et al.
1989), and the venture capitalists need to find an
investment strategy that can deal with it. The real
option theory can effectively handle uncertainty in
the value of high-tech companies and reflects the
value of flexibility, thus exceeding the limits of the
discounted cash flow method.

The discount cash flow (DCF) methods assume
passive management (Kogut & Kulatilaka 1994)
and disregard the added value that can be incor-
porated in a project employing the management’s
flexible adaptation and innovation, and they sys-
tematically underestimate the value of investment
projects (Dixit — Pindyck 1994, Trigeorgis 1993).
The undervaluation of investment alternatives may

lead to underinvestment and losing the competitive
position (Dean 1951, Hayes - Abernathy 1980).
An efficient project valuation procedure takes both
uncertainty and active decision-making — essential
to the success of a strategy — into account (Luehr-
man 1998).

The venture capitalist’s investment activity is
described as a five-step sequential, systematic pro-
cess according to Tyebjee & Bruno (1984), which
includes investment origination, screening, valua-
tion, structuring, and post-investment phases. The
venture capitalists first recognize an investment
opportunity, and in the second step, filter poten-
tial investments, focusing primarily on those that
belong to their field in terms of technology, pro-
duct, and market. According to Gompers (1995),
venture capitalists review the business plan of their
young venture at this stage. In the third evaluation
phase, future returns and risks are estimated based
on financial, accounting (Wright & Robbie 1996),
and other qualitative and relevant information. The
fourth stage occurs when the valuation has led to
a positive outcome, and venture capital investors
begin the process of negotiating with the poten-
tial entrepreneur regarding the amount invested,
its form and price. The final phase is the post-in-
vestment activity, which is a formal representation
of the company owner and coordination with the
company management. In this final stage venture
capitalists help entrepreneurs to find exit opportuni-
ties through acquisitions, mergers or exchanges and
IPO (Lee 2018).

The paper attempts to provide an answer to the
valuation challenges of venture capital investments
and explore the links between venture capital (VC)
investments and the real option approach (ROA)
with analyzing the characteristic features of the
venture capital investments and their process.

THE REAL OPTION APPROACH
(ROA)

Real options are ,investments in physical assets,
human resources, and organizational capabilities
that respond to future potential events” (Kogut &
Kulatilaka 2001, 3). These are similar to financial
options because these also give a right but not
obligation to buy or sell the underlying asset for a
prescribed price at a predetermined time (Copeland
& Antikarov 2001). In the real option approach,
uncertainty has value due to the ability of mana-
gers to actively manage uncertain projects (Boyer ez
al. 2003, Herder et al. 2011), that is, to incorporate
flexibility into the managerial toolbox. According
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to Triantis & Borison (2001), the real option the-
ory can be interpreted on three levels, such as the
way of thinking, the analytical tool and the organi-
zational process. In the first case, it is primarily
viewed as a language that qualitatively frames deci-
sion-making problems. In the second case, the real
option valuation procedures are used to evaluate
projects, and the third option is the organizational
process, in which it plays a role as a management
tool that defines and exploits strategic options as
part of a broader process.

This approach appears in real options’ strategic
management application that starts with identifying
single and complex existing options with the help
of individual competencies and then, in the second
step, evaluate theses real options with the right
valuation methods. It is followed by real options’

management and in the last step, the strategic deci-
sion, that includes the staging, exiting and timing
decisions (Csapi 2019). The strategic real option
management phases with the before mentioned
venture capital investment process are connected in
Table 1. According to Trigeorgis & Reuer (2017),
the first two steps (three in the case of VC) build
on the individuals’ competencies, the management
of the real option portfolio is based on the organi-
zational and behavioral characteristics and the stra-
tegic decision is mostly intuition-based. The mutual
phase of these processes is the valuation that con-
sists of both qualitative and quantitative analysis
and already in the second step of the venture capital
process is possible to identify real options that can
be managed and exercise during the project.

Table 1. Connection between venture capital investment activity
and strategic real option management

Strategic real option management Process of venture capital investment | Used competencies
Phase 1 Recogmgon of investment
opportunity (origination)
i ) ) i o Individual
Phase 1 Identlﬁgatlon of 'real options | by e 2 Filter pptentlal investment | competencies
(strategic analysis) (screening)
Real option valuation Valuation
Phase 2 — — Phase 3 — —
qualitative | quantitative qualitative quantitative
Real option management R
Phase 3 OP g Phase 4 | Structuring behavioral
(application) .
characteristics
Real option exercise . .. ..
Phase 4 P . Phase 5 | Post-investment activity Intuitions
(strategic decision)

Source: own construction according to Tyebjee & Bruno 1984, Trigeorgis & Reuer 2017, Csapi 2019

During the real option management, the diffe-
rent types of real options provide a framework for
analyzing real options, which help to operatio-
nalize and support decision thinking. Trigeorgis
(1996) differentiated the option to defer, option to
reject, option to alter (expand or shutdown), option
to switch, option to growth, option to stage, and
compound real options. The value of the option to
defer is derived from providing the company with
the ability to shift the investment decision over
time to obtain new information that may remedy
or reduce existing uncertainty (Rézsa 2004). The
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option to reject is the abandonment of all or part
of the project and the permanent liquidation of the
investment if the market situation turns unfavo-
rable. According to Huang & Chou (2006), the real
option of dropping an investment project is being
protected against future operating losses. Option to
switch (shutdown and restart options) allows mar-
ket management to decide to stop production in
adverse market conditions but do not rule out the
possibility of a restart (Csapi 2018). Option to alter
includes the option to expand and option to contract
that can be used in the event of a permanent and

19




significant improvement or deterioration in market
conditions. Growth options are similar to the option
to expand, but the difference lies in their place
within the corporate strategy. Growth options pro-
vide project-wide flexibility, while expansion and
staging options appear as project-wide options. In
the case of staging (time-to-build) options, project
managers can split investment projects into phases
and then transfer the experience from the earlier
periods to the later phases. Each stage of the project
is evaluated, and management can decide whether
to continue or reject the project (Scialdone 2007).
As a result of active management and multi-
stage nature of venture capital investments, venture
capitalists can utilize the new information during
the project lifetime. The early-stage companies
require periodic investments, which can be consi-
dered as a multi-phase (complex) call option. The

stages of venture capital investments are the seed,
start-up, early-stage, expansion, acquisition, and
turnaround, while Gong e al. (2006) investigate
the seed, start-up growth expansion, bridge and
exit (IPO) stages (Figure 1). Investments can be
examined along these stages, and real options can
be identified through this process. The venture capi-
tal investors have the right to choose the time and
the phase of the investment, i. e. they have timing
(call), growth and staging real options that allow
them to modify the investment. In addition, based
on the information available, they have the right to
reject or suspend the project, which is real option
to abandon (put option). The higher frequency of
milestones and funding rounds should result in a
more compelling investment strategy and, consequ-
ently, lower agency costs and better investment per-
formance (Gompers 1995).

Figure 1. Real options in staged investments
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Source: own construction according to Gong et al. 2006
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REAL OPTIONS AND VALUATION

The study is focusing on the valuation of venture
capital investments, which is also an essential and
critical part of the entire venture capital investment
operating process. The assessment of venture capi-
tal investments can be divided into qualitative and
quantitative approaches. In a qualitative approach
to evaluating venture capital investment, Tyebjee
& Bruno (1984) consider management as the most
critical factor, that is followed by market growth,
then examine the entrepreneur’s personality and
experience. Kaplan & Stromberg (2000) comple-
ments Tyebjee & Bruno 's (1984) approach with
corporate strategy, as well as technical competitive-
ness. Besides, Fried and Hisrich (1994) emphasize
the viability of the project, the unity of the mana-
gement team, business performance and leadership
capabilities, and the likelihood of an easy exit to
obtain high returns.

From a quantitative point of view, the valuation
procedures that are used for the assessment of ven-
ture capital investments come to the front. Wright
et al. (2004) consider the used valuation procedu-
res and the related information that is available to
venture capital companies crucial. The traditional
venture capital valuation process involves the ana-
lysis of future cash flows, stock prices and stock
market performance of comparable companies, and
the calculation of P/E (Price-to-Earnings) or P/S
(Price-to-Sales) ratios (Seppd & Laamanen 2001).
According to Karsai et al. (1998), discounted cash
flow (DCF) based procedures may raise valuation
problems in uncertain environments. DCF methods
can only handle the value determination process
in a deterministic way (Takacs 2014). When eva-
luating strategic investments with high levels of
uncertainty, the use of the DCF method may result
in limited or misleading values (Adler 2000, Park
& Herath 2000, Yeo & Qiu 2003, Pless et al. 2016).
Option theory can provide an answer to the valua-
tion challenges of venture capital investments with
high growth potential and uncertainty.

Real option valuation procedures fall into two
major analytical and numerical categories (Schul-
merich 2010). Analytical methods include clo-
sed-form models and approximation methods. Clo-
sed-form models use formulas to value an option,
thus simplifying the procedure (Adetunji & Owo-
labi 2016) but the relationship between the valua-
tion parameters needs to be examined (Hartmann
2006). Analytical methods include the Black-Scho-
les model, which is widely used to evaluate real
options. Numerical methods lead to solutions

through the underlying stochastic process or partial
differential equations. Frequently used methods for
estimating stochastic processes are Monte Carlo
simulations, binomial pricing models and decision
trees. Willner (1995) was one of the first to model
the value of start-up companies, concluding that
many start-up companies have the characteristics
of a growth option. Jagle (1999) proposes binomial
pricing for the evaluation of sequential processes,
and Smith & McCardle (1998) also emphasizes
that decision trees are most capable of displaying
the flexibility of decision making. Cox, Ross, and
Rubinstein (1979) introduced the binomial pri-
cing model as a numerical approximation method
that became widely used in European and Ameri-
can-type option valuation. To determine the value
of options with the binomial option pricing model
actually means a process of solving a decision tree
(Brealey & Myers 2005), and that estimates the
value of an option at time t=0.

The other option valuation model, the Black -
Scholes model was a breakthrough in economics
in 1973, being the first one-period model to price
European options. The model is deterministic, and
it does not assume the presence of stochastic ele-
ments in the variability of volatility and it assumes
constant volatility of returns over a short period.
The Black-Scholes model was created to financial
option evaluation, but this six value drivers’ corres-
pond to the parameters of real option theory that
was first summarized by Luehrman (1998), and the
analogy between these option theories in Table 2.

MARKETING & MENEDZSMENT 2020. 2. SZAM 21



Table 2. The analogy between financial and real options

Financial option Variable | Real option

Stock price S Present value of the project’s operating assets to be acquired
Strike price X Expenditure required to acquire the project assets

Time to expiration t Length of time the decision may be deferred

Variance of returns on stock | ¢

Riskiness of project assets

Risk-free rate r

Time value of money

Source: Own construction according to Luehrman 1998

Identifying these parameters secures the option
evaluation. There are many criticisms for defining
the volatility. The measure of volatility can be
estimated by different indices of natural logarith-
mic-based profitability, historical volatility, Monte
Carlo simulation, and substitution in the market.
The uncertainty of the underlying asset is calculated
with equation (1) that is expressed in form of Gauss
Wiener process in Equation (2), and call option
value can be calculated with Equation (3) (Sung &
Park 2017).

dS; = aS.dt + 05.dz 0

dInS, = [a - % 02] dt + odz @

c=S8*Nd)—X*e" *N(d>) 3)
S

d = ln(§)+§7\‘/-;az/2)T @)

d>=d;-oNT )

where c is the current value of the call option, S is
the present value of the underlying asset, N(d) is
the probability that the value of a randomly selected
number from a set of normally distributed numbers
is less than d, X is the strike price of the option, r
is the risk-free interest rate, T is the maturity of the
option, o2 is the variance of the underlying asset,
a is the growth rate of the underlying asset, and dz is
the increment in Gauss Wiener Process.

s The option value is an incremental function for
=, rT and g+/T. Moreover, in order to have an int-
rinsic value of underlying assets S must be greater
or equal than the expenditure required to acquire

the project assets (X). The volatility can be deter-
mined, as mentioned before, by the Monte Carlo
Simulation Method that uses the present value of
cash flows (CF) to generate CF’s under uniform
distribution at each iteration of the simulation,
where the lower and upper bound are determined
by min (CF,) and max (CF)) and estimate the vola-
. . PVp .
tility of the variance of Y = In> according to
the number of iterations (Sung & Park 2017).
According to Sung - Park (2017), the real
option-based value does not reflect the variance
under some condition e.g., revenue period is
relatively short (2-3 years) when it is applied to
evaluate new technology or investment project.
The paper shows how volatility in the Black-Scho-
les model appears and tries to determine a certain
degree of volatility, which reflects future uncerta-
inty of decision making in the option value.

METHODOLOGY

In general, the choice of the appropriate valuation
method requires consideration of its conditions of
application, which, in the case of real option theory,
result from the examination of uncertainty, flexibi-
lity and irreversibility. The venture capital invest-
ments are characterized by a high degree of uncer-
tainty and risk, which can also be traced back to
the provision of financing to innovative, early-stage
companies. The venture capital financing process
is continuously influenced by idiosyncratic uncer-
tainties (Davis et al. 2004, Li 2008, Pennings &
Lint 1997, Wang & Zhou 2004). Real option theory
provides venture capital investors with professional
experience through their active role in decision-
making (Carvalho et al. 2005). Venture capital pro-
jects are sequential investment decisions in which
the venture capital investor has to decide whether
to continue investing in the project or not (exit)
(Sahlman 1990, Gompers 1995, Gompers & Lerner
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1999, Dahiya & Ray 2010). According to Landier
(2002), staging is one way to protect an investor
from risk when entrepreneurs have an exit option.
Determining how to make a successful decision in
a venture capital project is a complex investment
problem that also arises from the characteristics of
funded companies (Miltersen & Schwartz 2002).
The real option theory can be interpreted not
only in theory but also in practice, which has been
illustrated through a case study. The based DCF
analysis is carried out from a venture capital fund
that is completed with a real option analysis with
the aim to show the value of the embedded flexi-
bility, effects of the volatility and the use of real
option approach in venture capital investments. In
the heart of the analysis stands a Hungarian start-up

company that gets two-round venture -capital
financing in its seed and start-up stage that can be
interpreted as a compound (call) option. However,
the growth plans of the company are surrounded
by considerable uncertainty, the project carries
the potential for postponement and staging, which
means with enough managerial flexibility, the plans
can be feasible.

At first, venture capital investment was eva-
luated using the traditional DCF method. The Free
Cash Flow to Firm (FCFF) value is 106,074,000
HUF (cost of capital: 7.34%), which can be used
to calculate the value of the company by taking into
account two stages of venture capital investment
(39,000,000 HUF), so in this case, it is 67,074,000
HUF.

Table 3. Input parameters of the real option valuation

Input parameters Variable

Values

Underlying asset value (PV(FCFF)) | S

106,074,000 HUF

Exercise Price (venture capital

39,000,000 HUF (X1=9,000,000 HUF,

investment) X X2=30,000,000 HUF)
Time to expiration t 1.5 year

Volatility c 64.46%

Risk-free interest rate r 2.5%

Source: own construction

According to the parameters of Table 3, the
call option value with Black - Scholes model is
70,589,708 HUF that shows the embedded flexi-
bility in the model that is equal to the difference
between the call option value and FCFF value, so
3,515,708 HUF.

The other frequently used real option evaluation
method is the binomial pricing model that was also
calculated in the case of the venture capital invest-
ment. The calculated parameters of the model can
be seen in Table 4.

Table 4. Calculated parameters of the binomial pricing model

Parameters Variables Values
Length of periods At 0.25
Upside parameter 1.38
Downside parameter d 0.72
Risk-neutral probability q 0.46

Source: own construction
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With the help of the input and the calculated
parameters, the underlying asset values and the call
option values were computed, and the call option
value is equal to 71,610,807 HUF.

The result shows that the DCF method gave the
lowest company value in the case of venture capital
investment that is followed by the Black-Scholes
model value, and the highest value was generated
by the binomial pricing model that demonstrates a
higher level of strategic flexibility, certified staging
advantages and value-creating role.

In order to find out what value driver makes the
most significant impact on the option value, a sensi-
tivity analysis is prepared. Suppose that each input
parameters deviate by 1%. According to the results
of the sensitivity analysis (Figure 2), the deviation
of the present value of the underlying asset has the
most significant impact on the option value, and
positive relationships can also be identified bet-
ween the option value and volatility and risk-free
rate. In contrast, an increase in exercise price results
in decreasing call option value.

Figure 2. Sensitivity analysis of option value

S
X,
X5
T
Iy
-1,50% -0,50% 0,50% 1,50%

Source: own construction

In the sensitivity analysis, the volatility value
creation ability can be seen but it can not get a mas-
sive role in option value. In order to analyze the
effective region of volatility the ,,no action taken”
(NAT) region needs to be found and it corresponds
to zero option value, that can be calculated with the
ratio (nominated with R) of the exercise price, X
(here the venture capital investments) to the value
of the underlying asset (in this case PV(FCFF))
(Sung & Park 2017).

Figure 3. Real option value (V) and
Threshold value R™

(o) anjea uondp

Rt=0.96 ‘

S/X ratio

Source: own construction

In the analysis, the timespan for the investment
is considered to 1.5 years, with the risk-free interest
rate of 2.5%. The R value is not always valid for all
values of volatility, therefore the region where the
option value is zero needs to be found. Below the
threshold value (R"= ¢” = 0.96) exists the NAT
region where the value of the underlying assets is
0.96 times the exercise price (the venture capital
investment) (Figure 3).

The analysis of the volatility shows that if the
volatility is lower than 5%, the option value is very
close to zero (Table 5), that is why it cannot create
value for the option holder. It confirms that real
options are valuable in the case of a high degree
of uncertainty and option valuation models are
appropriate to evaluate the young, innovative com-
panies.
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Table 5. Real option values (R=0.96)

o’ 0,01% 0,50% 1% 3% 5% 8% 10% 20% 30% 50% 70% 80% 100%
t 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1,5 1.5 1,5 1,5 1,5

rf 2.50% 2.50% 2.50% 2.50% 2.50% 2.50% 2.50% 2.50% 2.50% 2.50% 2.50% 2.50% 2.50%
S 0.9632 0.9632 0.9632 0.9632 0.9632 0.9632 0.9632 0.9632 0.9632 0.9632 0.9632 0.9632 0.9632
X 1 1 1 1 1 1 1 1 1 1 1 1 1

e’ 0.9632 0.9632 0.9632 0.9632 0.9632 0.9632 0.9632 0.9632 0.9632 0.9632 0.9632 0.9632 0.9632
d' 0.0061 0.0433 0.0612 0.1061 0.1369 0.1732 0.1936 0.2739 0.3354 0.4330 0.5123 0.5477 0.6124
& -0.0061 |-0.0433 |-0.0612 |[-0.1061 |[-0.1369 |[-0.1732 |-0.1936 |-0.2739 |-0.3354 |-0.4330 |[-0.5123 |-0.5477 |-0.6124
N(d)) 0.5024 0.5173 0.5244 0.5422 0.5545 0.5688 0.5768 0.6079 0.6313 0.6675 0.6958 0.7081 0.7299
N(d,) 0.4976 0.4827 0.4756 0.4578 0.4455 0.4312 0.4232 0.3921 0.3687 0.3325 0.3042 0.2919 0.2701
c 0.0047 0.0333 0.0470 0.0814 0.1049 0.1324 0.1479 0.2079 0.2530 0.3227 0.3772 0.4008 0.4428
c/X 0.0047 0.0333 0.0470 0.0814 0.1049 0.1324 0.1479 0.2079 0.2530 0.3227 0.3772 0.4008 0.4428

Source: own construction
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The effect of uncertainty on the company value
and measuring uncertainty are still unexploited
research areas. In connection with the study of
volatility, it would be interesting to examine the
effective, value-creating region of volatility in case
of companies in different sectors and with diffe-
rent business models. Another research question
could be related to the optimal level of uncertainty,
where it is worth to apply the Black-Scholes option
pricing model. Besides these two option pricing
methods the Geske’s option valuation model could
and should be introduced to the analysis to solve
the simple option pricing model’s undervaluation
problem.

CONCLUSION

This paper applied the real option theory to ven-
ture capital businesses to detect the advantages of
using real options as a way of thinking and evalua-
tion method. According to the literature review, the
characteristics of venture capital investments, such
as a high degree of uncertainty, active management
and partial irreversibility make it possible to use the
real option approach. With the help of a case study,
it was illustrated that the real option evaluation
methods could identify the embedded flexibility in
venture capital investments. To compare the two
real option evaluation methods, the Black-Scho-
les model and the binomial pricing model, the lat-
ter resulted in higher option value that can relate
to added value of staging. Besides the real option
valuation, the value drivers of Black-Scholes model
were analyzed through sensitivity analysis, and the
highest impact has the present value of the under-
lying assets on the option value. This means in the
case of venture capital investments that the present
value of the company calculated with DCF met-
hod influences mostly the real option value. The
volatility analysis confirmed that real options are
valuable at high degree of uncertainty, which exists
in the case of venture capital investments.
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