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Abstract   When evaluating the economic value of technology or business 

project, we need to consider the period and cost for commercialization. Since 

the discounted cash flow (DCF) method has limitations in that it can not 

consider consecutive investment or does not reflect the probabilistic property 

of commercialization cost, we often take it desirable to apply the concept of 

real options with key metrics of underlying asset value, commercialization 

cost, and volatility, while regarding the value of technology and investment 

as the opportunity value. We at this moment provide more elaborated real 

options model with the effective region of volatility, which reflects the 

uncertainty in the option pricing model (OPM). 

 

Keywords   Technology valuation, real options method, black-scholes model, 

volatility, propriety of technology investment 
 

 

I. Introduction 

 
In recent years, investment in technology venture start-ups has been 

increasing, and technology credit assessment has been further playing an 

important role. However, the technology credit-rating mechanism widely used 

by financial institutions failed to systematically reflect the profitability of the 

targeted technology. Hence the applications of technology valuation, which has 

been widely utilized as a reference for negotiating technology transactions, 

bank security or technology surety, is expanding rapidly. This is important to 

business angels, venture capital (VC) and private equity companies as they rely 

on information on the profitability of the target technology, or the portion of 

technology share out of the total asset, in the creation of a technology venture. 

Besides general technologies in manufacturing or the service industry, there 

are often situations where it is necessary to consider the timing, and the required 
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cost of commercialization for future investments as the value of the technology 

is assessed in fields such as biotechnology, pharmaceuticals and medical. The 

existing discounted cash flow (DCF) method has several limitations in that it 

can not consider consecutive investment over a certain time span or does not 

reflect the input cost for the commercialization of technology-applied products. 

Thus, it is desirable to apply the concept of real options because the value of 

technology or investment should be regarded as the opportunity value, and the 

decision-making information for resource allocation should be taken into 

consideration.  

 When the valuation of the enterprise value (EV) of a firm is carried out, there 

are cases where we utilize the variance of ‘initial call value in the following day 

to the final call value in the other day' of the stock price by introducing the 

concept of ‘volatility.' To apply the concept for the valuation of technology, 

both ‘the continuity of stock price (i.e. relatively a minute change)' and 

'positivity condition of the variance' need to be guaranteed. In many cases, we 

might be unable to deduct the volatility of cash flows of the technology business 

over a short period of two to three years of sales estimation, unlike that of stock 

price.  

As discussed in most of the literature, there is the necessity to investigate the 

relationship between the value of the underlying asset, the commercialization 

cost and the volatility in the Black-Scholes model for estimating the value of 

technology based on real options. The study proposes a more elaborated real 

options-based technology valuation model for a wide variety of usages such as 

technology transfer, business feasibility analysis, among others. It does so by 

mathematically assessing whether the present value of the underlying asset and 

the commercialization cost reflecting the uncertainty in the option pricing 

model (OPM) are identified or not into the "no action taken" (NAT) area under 

critical condition. The study then develops and presents the calculation logic of 

the option value of a technology in accordance with the observation variable (or 

input value). 

 The research is organized as follows. In Section II, we explain the reason for 

introducing the concept of real options and the theoretical background for 

measuring the volatility in the Black-Scholes model. In Section III, we describe 

the research methodology to ascertain whether there exists an effective region 

of volatility when applying the Black-Schoes model into the valuation of 

technology. In Section IV, we present the findings that include the critical ratio 

of ‘the commercialization cost to underlying asset' for the calculation of the 

option value, the effective region of volatility and the way to determine the 

option value of technology for a specific business model. Section V summarizes 

the findings and lay out implications.  
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II. Literature Review and Theoretical Backgrounds 

 

1. Technology Valuation by DCF and Real Options Method 

 

In general, the types of approach in technology valuation are divided into 

income approach, market approach, and cost approach. The cost approach is the 

mechanism of estimating the minimum level of technology value by taking into 

account the cost and margin put into the development of similar or identical 

technology, based on the principle of substitution. However, it is not 

recommended for other uses like decision-making based on future profitability. 

 The market approach is an unreliable source to refer to statistical data of 

limited information if the active market for technologies does not exist or if 

there is only a small number of transactions in the field of the technology 

considered. Lastly, in the income approach, the discounted cash flow (DCF) 

method can quantify the value of technology based on the short-term 

profitability of intangible assets. However, since the DCF method has a 

limitation in presenting supplementary information associated with the 

specificity of the business model or the future uncertainty in deriving the 

optimal decision-making, the real options method has been proposed as a 

feasible alternative.   

Seol and Yoo (2002) identified the limitations of the DCF method in the 

valuation of technology or its relevant investment business and proposed the 

concept of technology-based real options. Myers (1987) and Kester (1984) had 

already pointed out that the most notable challenge of the DCF method is that 

it does not consider consecutive investment and does not reflect the uncertainty 

inherent in the project such as business fluctuations, changes of price indices, 

etc. Myers (1987) recognized that R&D activities and outcomes themselves are 

composed of option values, and Nichols (1994) found out that, since the 

utilization of options-based technology valuation enables the quantitative 

evaluation of consecutive, multistage projects, it would be used more flexibly 

in simulation techniques as in sensitivity analysis, Monte Carlo simulation, etc.   

Sung (2002) conducted an empirical study to demonstrate the results of the 

adequacy of technology value of multi-phased technology investment using 

multiple options. Park et al. (2009) described a practical hybrid model, which 

consists of the former part of decision-making tree over an early-stage project 

accompanying certain risk factors, followed by the post-stage binomial lattice 

where market risk factors exist. In order to assess the value of a two-staged 

R&D investment business mutually correlated, Geske (1979), Geske and 

Johnson (1984), and Buraschi and Dumas (2001) put forward the concept of 
‘dual option' and performed a linear regression analysis of the factors, which 

have individual influence on the dual option.   
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 According to Benaroch and Kauffman (1999, 2000), the DCF method does 

not take into account the potential opportunity value due to the investment 

committed, and thus they proposed a real options method as an alternative. 

Luehrman (1998) compared real options value with the net present value of 

future cash flows to assess the value of an investment inherent with uncertainty. 

Panayi and Trigerogis (1998) attempt to assess the economic valuation of a 

long-distance telecommunication project using the concept of complex options. 

  Later in Korea, Kim, D.H. (2003) Applied the real options method to 

measure the enterprise value of a venture firm based on five variables including 

market capitalization, strike price, volatility, exercise period and risk-free 

interest rate. Kim and Yoon (2014) estimated the option value of a technology 

assuming that there exists uncertainty in technology transactions between 

technology suppliers and technology demanders. They completed the 

calculation by considering both the cost approach-based value on the side of 

technology suppliers and the real options-based value on the side of technology 

demanders.  

 Sung et al. (2013) undertook a case study about how the variables in Black-

Scholes model influence the ultimate technology values of promising 

technologies that small and medium sized enterprises (SMEs) carried forward. 

Sung et al. (2017) implemented the calculation logic of real options-based 

technology valuation directly into a web-based valuation system, called as 

‘STAR-Value system’.  

Until recently, the body of research about the DCF method and real options 

method has been progressing steadily, but today research is needed to examine 

the potential practical applicability of the real options method instead of the 

DCF method, which has limitations as regards specific business models, the 

strategy of business entity, and future uncertainty with cash flow fluctuations. 

 

2. Black-Scholes Model and Volatility 

 
It is well accepted that the typical models of real options include the Black-

Scholes model and the binomial model, as well as the dynamic DCF, options-

reflected DCF, and options tree models. Black and Scholes (1973) first 

proposed the Black-Scholes model based on financial options that can be most 

widely used assuming continuity in decision-making. Later, Brennan and 

Schwartz (1985) expanded it to real options-based valuation. Since then, Santos 

(1991), Grenadier and Weiss (1997), McGrath (1997), Heo (2000), and Seol 

and Yoo (2002) proposed the applicability of the Black-Scholes model to 

overcome the limitation of net present value about technology or new 

investment business.  
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   Lee et al. (2004), Lee and Jeong (2011), and Chang and Lee (2014) 

conducted some empirical studies on the Black-Scholes model to use it in 

uncertainty-reflected decision-making about investment project related to 

technology asset. They applied the research findings to practical cases such as 

neural network-based optimization with financial data, R&D evaluation of 

pharmaceutical technologies, and the quantitative valuation of the production 

process of polysilicon (the core material of solar cell).  

 Chakravarthy (1997) defined ‘strategic flexibility value’ as the competence 

in CEO’s strategy to create new added value by responding with sensitivity to 

future changes in market and technology. Huchzermeier and Loch (1999) 

maintained that the concept of strategic flexibility value has a linearity with the 

volatility associated with the project, i.e., a number of ‘volatility’ concepts of 

market demands, achievement, and effective duration, while making the point 

that the linearity enables optional decision-making such as expansion, reduction, 

abandonment and conversion of the subject project. Dahlberg and Porter (2000) 

suggested that real options value based on Black-Schole model needs to be 

considered under the situation where the stability of future growth patterns is 

not guaranteed. 

Park et al. (2009) proposed to estimate the volatility (σ2) for the business 

model and business entity in real options value by the volatility of stock prices. 

Kim et al. (2013) suggest evaluating the option values of 20 technologies by 

using the volatility of profitability in each industry classification. In the past, 

Razgatis (1999) once mentioned a volatility of 30% when a business entity 

enters a new market where the existence of a real market is guaranteed for a 

specific technology.  

  According to Mun (2002), in assessing the value of investment business, 

one of the most important factors in applying the Black-Scholes model is the 

measure of volatility, which can be estimated by various indices of natural 

logarithmic-based profitability, historical volatility, Monte Carlo simulation 

volatility, and substitution in the market.  

 

 

III. Research Methodology 

 
When the real options method is applied to assess the value of a new 

technology or investment project, there is a chance of little significance of real 

options-based value from directly reflecting the variance under the condition 

that the revenue period is relatively short, i.e., 2 to 3 years, or the degree of 

fluctuation in cash flows is too rapid.  

To cope with the issue above, we look at how to define ‘volatility' in the 
Black-Scholes model and how to determine the region of effective volatility 
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that can be used for decision-making by mirroring future uncertainty in option 

value. 

The Black-Scholes model has been systematized as the option-pricing model 

(OPM) by reflecting the volatility of stock prices and the principle of ‘hedge’ 

as regards the problem of determining the price of financial options, and is 

widely being used up to now. (Sung, 2005). The theory of the Black-Scholes 

model is derived based on the following assumptions: 

 

 Stock prices are compliant with the geometric Brownian motion. 

 Short-term interest rates are known and remain constant over the 

effective period of options. 

 There is no intermediate dividend payment of stock as an underlying 

asset. 

 It assumes the complete market without transactions cost, taxes and 

short-term selling restrictions. 

 The volatility of ‘rate-of-return’ of underlying assets does not change 

over the options period. 

 

The uncertainty of the underlying asset is calculated from the equations (i.e. 

Equation (1) to (2)) expressed in the form of Gauss Wiener process, and by the 

assumptions above regarding the OPM, the options value (i.e. call options) is 

ultimately obtained as in Equation (3). 

 

𝑑𝑆𝑡 = 𝑎𝑆𝑡𝑑𝑡 + 𝜎𝑆𝑡𝑑𝑧                  (1) 

𝑑In𝑆𝑡 = [𝑎 −
1

2
𝜎2] 𝑑𝑡 + 𝜎 · 𝑑𝑧          (2) 

 

where 𝑆𝑡 : present value of underlying assets (price of financial options)   

𝑎 : growth rate of underlying assets 

𝜎 : volatility of underlying assets (i.e. squared root of variance) 

𝑑𝑧 : increment in Gauss Wiener Process 

 

V = S · (𝑑1) − 𝑋𝑒−𝑟𝑇𝑁(𝑑2)             (3) 

𝑑1 =
𝐼𝑛(

𝑆

𝑋
)+(𝑟+

1

2
𝜎2)𝑇

𝜎√𝑇
                    (4) 

𝑑2 =
𝐼𝑛(

𝑆

𝑋
)+(𝑟−

1

2
𝜎2)𝑇

𝜎√𝑇
= 𝑑1 − √𝑇

𝜎
          (5) 

 

where V : options value ((ultimate) call option value in financial options) 

S : present value of underlying assets (PV in financial options) 
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𝑋 : required cost for commercialization (strike price) 

𝑇: required time for commercialization (residual period to maturity) 

𝑟 : risk-free interest rate 

𝜎2: volatility of underlying assets (variance of fluctuations) 

N(·): cumulative normal distribution 

 

In Equation (3), we mean S · 𝑁(𝑑1) by the expectation of options value 

when the investment value at maturity is greater than the required cost for 

commercialization, and 𝑁(𝑑2) by the risk neutral probability in which the 

investment value at maturity is expected to be greater than the required cost for 

commercialization. Here 𝑋𝑒−𝑟𝑇 also means the present value of the cost for 

commercialization, where the term 𝑒−𝑟𝑇  is the element that gives the 

commercialization cost its present value and thus reduces the amount of present 

value according to the combination of 𝑟 and 𝑇. In addition, the options value 

V is an incremental function for 
𝑆

𝑋
, 𝑟𝑇, and √𝑇

𝜎
, and in order for the real 

options to have an intrinsic value, i.e. in-the-money (ITM), the value of 

underlying assets S  must be greater than or equal to the cost for 

commercialization 𝑋. 

According to Mun et al. (2002), volatility can be measured in a variety of 

methods, but it can be obtained from natural logarithmic cash flows method and 

Monte Carlo simulation method as follows. 

 
1. Volatility by Natural Logarithmic Cash Flows Method 

 
This is a method of calculating volatility directly from the logarithm of cash 

flows of the following year versus cash flows of the previous year, similar to 

the method of calculating the stock return. 

 

σ2 =
1

𝑛−1
∑ (𝐼𝑛 (

𝐶𝐹𝑡

𝐶𝐹𝑡−1
) − 𝑅𝐶𝐹𝑛−1

̅̅ ̅̅ ̅̅ ̅̅ )2𝑛
𝑡=1              (6) 

where 𝐹𝑡 : cash flow at t-th year 

𝑅𝐶𝐹𝑛−1
̅̅ ̅̅ ̅̅ ̅̅  : mean value over (𝑛 − 1) distinct values of 𝐼𝑛 (

𝐶𝐹𝑡

𝐶𝐹𝑡−1
) 

 

The natural logarithm cash flows method does not need to additionally 

perform Monte Carlo simulations, and it is specially a recommendable way to 

measure volatility for current financial assets with plenty of time-series data. In 

case of fluctuations in a certain amplitude, that is, in stocks (or financial assets) 

for which continuous variation is anticipated, there is such abundant data in 

“initial prices in the following day relative to closing prices in the previous day” 

that we make it easy to measure volatility either monthly or annually. 
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 However, in case of a technology or investment project with a duration of 

less than 30 years, which is applied to technology valuation, if the number of 

samples is too small and cash flows has a chance to have negative values, we 

cannot take the natural logarithm of the ratio (i.e. values in the following day to 

those in the previous day), so it is difficult to apply in practice. 

 As mentioned above, unless cash flows generated by a technology business 

in one sector compensate one in another sector, as in case of a start-up that just 

launched a new business, then we often encounter negative cash flows at early 

stages of the business, which would be inappropriate. Therefore, by making use 

of financial ratios of the relevant industry or corporations, volatility can be 

estimated from the proxy based on pre-tax operating profit (or earnings before 

interest and taxes (EBIT)), but we should examine thoroughly the formula for 

options value (i.e. Equation (3)) in Black-Scholes model whether it can be 

considered together with the present value of underlying assets. 

 
2. Volatility by Monte Carlo Simulations Method 

 
 This is a method of calculating volatility by conducting Monte Carlo 

simulations regarding the base-year sum of net present values for cash flows 

(𝑃𝑉0) and the first year sum of present values of cash flows (𝑃𝑉1). It can be 

measured from the parameter 𝑌 = 𝐼𝑛 (
𝑃𝑉1

𝑃𝑉2
) as follows. 

 

𝑌 = 𝐼𝑛 (
𝑃𝑉1

𝑃𝑉0
) = 𝐼𝑛[

∑
𝐶𝐹𝑡

(1+𝑟)𝑡−1
𝑛
𝑡=1

∑
𝐶𝐹𝑡

(1+𝑟)𝑡
𝑛
𝑡=0

]          (7) 

 

where 𝑃𝑉0 : sum at base year over present values of all cash flows 

𝑃𝑉1 : sum at first year over present values of all cash flows 

𝑟   : risk-adjusted discount rate 

 

The advantage of this method lies in that it can be applied to most cases only 

if the integrated values of both 𝑃𝑉0 and 𝑃𝑉1 have positive values, although 

yearly cash flows have a negative value in a specific year. When all 𝐶𝐹𝑖’s (i.e. 

𝐶𝐹0  to 𝐶𝐹𝑛 ) are provided for a practical case, we are able to repeatedly 

generate distinct 𝐶𝐹𝑖’s under uniform distribution at each iteration of Monte 

Carlo simulations where the lower and upper bound are determined by 

min(𝐶𝐹𝑖) , and max(𝐶𝐹𝑖) , respectively, and estimate volatility from the 

variance of 𝑌 = 𝐼𝑛 (
𝑃𝑉1

𝑃𝑉2
) according to the number of iterations for Monte 

Carlo simulations. 
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3. Effective Region of Volatility for Estimating the Options Value 

 
As described in the previous section, it is not always possible to estimate an 

options value regardless of the effective region of volatility. In order to resolve 

the challenge based on the decision-making principle of financial options, it is 

necessary to consider the thresholds of the area where the present value of 

underlying assets (considering growth rate) is less than that of the cost for 

commercialization from the risk neutral probability. 

When present value for underlying assets (S), commercialization cost (X), 

risk-free interest rate (𝑟) and time for commercialization (T) are all known at 

their specific values, the region for no action taken (NAT) which corresponds 

to ‘zero’ options value can be calculated beyond the ratio of commercialization 

cost to present value for underlying assets (i.e. R =
𝑆

𝑋
 ). 

 In the ‘real options method’ logic implemented in web-based valuation 

system (named as ‘STAR-Value 5.0 PLUS’), for the negative value of volatility 

(σ2 ) the algorithm embedded recursively performs the step of cash flows 

calculation so that the options value returns no less than or equal to zero. 

In next the section, the realistic timespan for commercialization is considered 

from zero to 15 years, which is widely known as the time necessary from pre-

clinical trial to clinical approval in biotechnology and pharmaceuticals, with the 

risk-free interest rate of 5% and a maximum of 30 years of revenue period. 

For specific value of R, options value is not always valid for all values of 

volatility (σ2). Therefore, we need to explore the region below (R,σ2)-curve 

where options value is zero such that present value of underlying assets 

(considering growth rate) is less than that of commercialization cost (based on 

the risk-neutral probability). 

 

 

IV. Research Results 

 

1. Critical Ratio of Commercialization Cost  

 
In order to observe the region of options abandonment, previously defined as 

‘no action taken’ (NAT), according to the ratio of cost for commercialization to 

present value of underlying assets (R) and volatility (σ2), we will look into 

general cases which have high frequencies of occurrence in practice. 

 Considering that risk-free interest rate has been varying from 1.3% to 3% in 

2016, and the required time for commercialization was on average 1.9 to 2.3 
years from 40 actual projects conducted by Korea Institute of Science and 

Technology Information (KISTI) in 2015 and 2016, we obtain parametric 
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numbers of (𝑟, 𝑇) = (2.65%, 2.1 years). However, in the study we focus on the 

three cases below, including (𝑟, 𝑇) = (5%, 30 years) which could be the most 

severe condition for real options (or technology investment projects). 

 

(1) Case A : (𝑟, 𝑇) = (5%, 30 years)  

We take into account that risk-free interest rate to be about 3 to 3.5% from 

2008 to 2012 and the time to maturity of real options is set at 30 years under 

harsh condition. In case of biotechnology and pharmaceutical technology, the 

period from pre-clinical through clinical phase 3 to preparation for approval is 

about 10 to 15 years. 

 

(2) Case B : (𝑟, 𝑇) = (2%, 3 years)  

In case of general technologies in manufacturing and service industry, the 

period and cost of commercialization are not required in many cases, and the 

ready-to-commercialization time, or risk-free interest rate of the government 

bond for 3 years is applied. For a general technology, the parametric numbers 

afore-mentioned might be applied to comparative analysis between real options 

method and DCF method. 

 

(3) Case C : (𝑟, 𝑇) = (3%, 5 years)  

For biotechnology and pharmaceutical technology, time for 

commercialization usually takes 4 to 6 years to prepare for approval. 

 

 For the first case A, we calculated a threshold value of 𝑅𝑡ℎ= 0.2231 for 

option abandonment or no taken action (NAT) as shown in Figure 1. It is 

obtained by numerical analysis and iterations, and implies that if variance is less 

than 0.0018 (i.e. σ2=0.18%) in Table 1, options value becomes zero. However, 

the volatility of cash flows during the revenue period is greater than 0.2% in 

many cases, and then effective options value can be calculated. 

 

In Figure 1, we realize that the threshold value (𝑅𝑡ℎ) obtained corresponds to 

x-intercept (i.e. 
𝑁(𝑑2)

𝑁(𝑑1)
· 𝑒−𝑟𝑇) , and there exists the region of NAT with options 

value of zero where the ratio (R) is below 𝑅𝑡ℎ corresponding to specific S and 

X such that the value of underlying assets is 0.2231 times commercialization 

cost. 
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Figure 1 Real options value (𝑽) and Threshold value (𝑹𝒕𝒉)  

(𝑹) under (𝒓, 𝑻) = (5%, 30 years) 

 
Table 1 Real options value (𝑽): (𝑹=0.2231) under (5%, 30 years) 

 
 

As shown in Table 2 and Table 3, if the value of 𝑹 (i.e. 
𝑆

𝑋
) becomes 2 and 

0.25, respectively, then valid values for real options are calculated at all 

intervals without being restricted by volatility (σ2). In both cases, options value 

will always be no less than technology value from DCF method. In the ratio of 

options value to underlying assets value (i.e. 
𝑉

𝑆
 in item 8)) if underlying assets 

value (S) is twice of commercialization cost (X), then the options value will 

range between 88.8% and 90.8% of underlying assets value at all intervals of 

volatility (σ2). 
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Table 2 Real options value (V): (R=2) under (5%, 30 years) 

 
 

Table 3 Real options value (V): (R =0.25) under (5%, 30 years) 

 
 

In a similar way with Figure 1, for the second and third cases (i.e. (𝑟, 𝑇) = 

(2%, 3 years), (3%, 5 years)) by numerical analysis technique we then obtain 

the effective regions which are compliant with positive options value 

corresponding to option abandonment region (or NAT region), as shown in 

Figure 2. In addition, Figure 1 and Figure 2 imply that there exist threshold or 

critical values of the ratio (𝑅𝑡ℎ) under specific values of risk-free interest rate 

(r) and time for commercialization (𝑇 ) such that Black-Scholes model is 

activated or properly operating. 

 

 
Figure 2 (V) and threshold value (𝑹𝒕𝒉) under (2%, 3 yrs) (L) and (3%, 5 yrs) (R) 

 

In the left of Figure 2, i.e. (𝑟, 𝑇) = (2%, 3 years), we found that the threshold 

value of option abandonment (or NAT) region (𝑅𝑡ℎ) is 0.931 from Table 4, and 

by the numerical analysis it then implies that if volatility is greater than 0.99 

(i.e. 99%), options value becomes 0, and otherwise options value is positive. 
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Table 4 Real options value (V): (R =0.931) under = (2%, 3 years) 

 
 

Table 5 Real options value (V): (R =1) under = (2%, 3 years) 

 
 

Table 6 Real options value (V): (R =0.89) under = (2%, 3 years) 

 
 

However, as shown in Table 5, when the value of R exceeds the threshold of 

𝑅𝑡ℎ= 0.931, options value is obtained with adequacy guaranteed at all intervals, 

regardless of volatility (σ2). Also, we observe that options value is taken about 

6.5% to 15.1% of S at all intervals of volatility. On the other hand, in case that 

the value of R becomes 0.89, options value is positive only if volatility is less 

than 0.019 (i.e. 1.9%) and for most case options value is calculated as zero. 
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Lastly, in the right of Figure 2, i.e. (𝑟, 𝑇) = (3%, 5 years), the threshold value 

of option abandonment (NAT) region was calculated as 𝑅𝑡ℎ= 0.846. In Table 

2, we see that if volatility (σ2) is greater than 0.99 (i.e. 99%), options value 

becomes zero and otherwise it returns positive value. In other words, option 

values takes zero only within upper 1% of volatility, and as an example with R 

=0.847 in Table 8, options value is valid at all intervals for R, which is greater 

than the threshold value of 𝑅𝑡ℎ= 0.846. 

 
Table 7 Real options value (V): (R =0.846) under = (3%, 5 years) 

 
 

Table 8 Real options value (V): (R =0.847) under = (3%, 5 years) 

 
 

Therefore, by the ratio of R we are able to determine effective regions of 

specific (𝑟, 𝑇) where the limitation of DCF method-based technology value is 

overcome with real options value.  
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2. Effective Region of Volatility 

 
Now, we investigate the region of (R, σ2) such that options value is zero or 

positive under a certain condition of (𝑟, 𝑇) as shown in Figure 3 to Figure 5. 

The region of (R, σ2) can be found given that income statement, cash flows 

table, and advance planning for commercialization preparation are provided, by 

calculating ‘volatility’ or ‘variance of cash flows’ with S and X determined. 

Ultimately, if (R, σ2) is first determined and Monte Carlo simulations are then 

performed, we are able to check the validity of volatility obtained above and.  

   For example, in Figure 3 if R > 0.2231, options value is then valid for  σ2 

>> 0.99and if 0.13 < R < 0.22, options value becomes positive only below 

shaded area (i.e. σ2 lies in between 0.01 (1%) and 0.88 (88%)). In fact, if   R 

< 0.13, then options value always return zero regardless of volatility (σ2). 

 

 
 

Figure 3 Feasible region of options value (V) (5%, 30 years) 

 

Similarly with the above, for the case of (𝑟, 𝑇 ) = (2%, 3 years) which 

corresponds to most practical technologies in manufacturing or service industry, 

we recognize that if R > 0.931, then we obtain valid options value under σ2 >> 

0.99, and if R < 0.89 R < 0.89, then options value becomes zero regardless of 

volatility (σ2), as shown in Figure 4.  

For the case C of (𝑟, 𝑇) = (3%, 5 years) in the previous section such that it 

often applies to biotechnology and pharmaceutical technology, if the required 

time for commercialization for a technology corresponding to phase 2 or phase 

3 clinical trials is as a whole 4 to 6 years. In Figure 5, under the condition that 

(𝑟, 𝑇) = (3%, 5 years) and R > 0.846 are known, we can guarantee that options 

value is always valid in the interval of σ2 >> 0.99. In the other way, if the 

value of R is less than 0.75, then options value is zero regardless of volatility 

(σ2). 
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Figure 4 Feasible region of options value under (2%, 3 years) 

 

 
Figure 5 Feasible region of options value under (3%, 5 years) 

 

3. Determination of Options Value under Effective Region  

 

Consider the case of (𝑟, 𝑇) = (2%, 3 years) in the previous section. We have 

realized that options value yields a positive value in the range of σ2 < 0.98 for 

the threshold value of option abandonment (or NAT) region of 𝑅𝑡ℎ = 0.931. 

In Table 9 to Table 11, when the value of R is 0.77, 0.92, and 1, respectively, 

options value in yellow-colored interval becomes zero. 

In Table 10, the value of R =0.92 is less than the threshold 𝑅𝑡ℎ = 0.931, and 

options value is zero at specific interval of volatility (i.e. σ2 > 0.35) because 

we recognize 0.89 < R < 0.931 in Figure 4 is calculated as 0 only for a certain 

interval. For general cases, the logic for adequacy of both volatility and options 

value has been embedded on web-based valuation system, referred to as 

‘STAR-Value 5.0 PLUS’. 
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Table 9 Real options value (V): R=0.77 under (2%, 3 years) 

 
 

Table 10 Real options value (V): R =0.92 under (2%, 3 years) 

 
 

In Table 11, since the value of R = 1 is greater than 0.931, options value are 

always positive, which is compliant with the shaded region in Figure 4. 

 
Table 11 Real options value (V): R =1.0 under (2%, 3 years) 

 
 

From the above results, we are able to understand what the variation of 

options value is like that of the relationship between the ratio of underlying 

assets value (S) to commercialization cost (X) (that is, 𝑅 =
𝑆

𝑋
) given that all 
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parameters such as 𝑟, 𝑇 and X are concretely specified, and thus the effective 

region of volatility can be determined. 

 The significance of this study lies in overcoming the limitation of real options 

model which has remained only in the theoretical background, not applicable 

to practical uses up to present, and providing the concrete, effective regions of 

volatility (σ2) for the utilization of real options method under certain conditions 

with the present value of underlying assets (S) and commercialization cost (X). 

We will also anticipate that the elaborated study herein leads to enhance the 

reliability of ‘optimal decision-making’ reflecting uncertainty for further 

promotion in commercialization. 

 

 

V.  Summary and Conclusion 

 
The purpose of this study is to investigate the issue of volatility of the Black-

Scholes model that complements the limitations of the discounted cash flow 

(DCF) model used as a representative model of the income approach in 

technology valuation. In particular, we examine the estimation methods for 

volatility based on the cash flow-based profitability method in natural logarithm 

and the Monte Carlo simulation method that calculates the volatility in the 

Black-Scholes model, and we look into the validity interval of the volatility on 

the condition that the specific ratio of ‘additional expenditures for 

commercialization to the present value of the underlying asset obtained from 

the free cash flows (FCFs)’ is given. 

 In addition, throughout the approach by numerical analysis, we 

mathematically examine whether the present values of the underlying asset and 

the commercialization cost reflecting the uncertainty in the option pricing 

model (OPM) are identified into the "no action taken" (NAT) area under a 

certain critical condition or not, and then present the table for options value 

according to the observation variable (or input value). 

This study aims to underline the significance of the elaboration of technology 

valuation models based on real options in order to overcome the limitations of 

applying the discounted cash flow model with regards to business models that 

cannot be determined by deterministic variables. We expect that it will 

contribute to invigorating the technology-based market with numerous goals 

such as technology transfer, technology licensing, and technology financing, 

amongst others. 
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