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Abstract- There are difference in project financial analysis in investing BOT projects and other type of projects. While 
investing regular projects, the investors will adjust the project scale and chose the right timing for investment according to 
market conditions. But, it is unchangeable on project scale and timing for investment in BOT projects due to the contract 
conditions. Thus, the lack of managerial flexibility could make the BOT projects become unprofitable or even become loss 
in operation. In case, project agent could have the managerial flexibility in operation phase, such as project scale, product 
types, and product quality level, and allows the project company to adjust project according to the market conditions. Those 
managerial flexibilities definitely improve the profitability of projects, reduce the probability of bankruptcy, and increase the 
projects’ value. 
A project finance evaluation model is used as a base model for financial analysis of the projects. This model is for 
calculating profitability indices for projects’ financial feasibility analysis. These indices are net present value (NPV), internal 
rate of return (IRR), debt service coverage ratio (DSCR), times interest earned(TIE), return on asset (ROA), return on equity 
(ROE), self liquidated ratio (SLR), and payback period (PB). In additions, the sensitivity analysis and Monte-Carlo 
simulation are performed for determining the expected value and variance of NPV. Eventually, the Black-Sholes option 
pricing model is used to estimate the option values of BOT projects in considering the managerial flexibility. In empirical 
study, a power plant project is used for demonstration of analysis.  
 
Keywords- Black-Sholes option Pricing Model, Managerial Flexibility, Profitability Indices. 
 
I. INTRODUCTION 
 
The Black-Scholes Option Pricing Model has 
revolutionized financial engineering through the use 
of derivatives.  A derivative is a financial instrument 
that derives its price from an underlying asset.  An 
option is a derivative that affords the owner the 
privilege to buy or sell the underlying asset at a 
determined price, sometime in the future.  Usually, 
the owner of an option pays a premium (the option 
price) for the right to exercise (or buy/sell the 
underlying asset of) that option.  The Black-Scholes 
model finds a fair price for these options, thus 
allowing them to be efficiently traded. 
When an investor purchases an option, the investor is 
said to have taken a long position in that option.  
These positions are important, because an investor 
may create a portfolio where many different positions 
in options and their underlying assets are held, as part 
of a hedge, or risk-reducing strategy. It is important 
to note also that the payoff from options, and 
derivatives in general, is a zero-sum game.  When an 
option is exercised, a transfer of wealth occurs 
between the investor in the long position and the 
investor in the short position.  Because of this, two 
parties must enter into the contract, covering both 
positions.   
There are two types of options, calls and puts.  A call 
option gives the owner the right to buy an asset for a 
predetermined price, at an agreed upon date.  A put 
option gives the owner the right to sell an asset at a 
determined price, at an agreed upon date.  The price 
at which the owner of an option has the right to buy 
or sell the underlying asset is called the strike price, 

or exercise price of the option, and the date at which 
the option may be exercised is the maturity, or 
expiration date.  If the option can be exercised only 
on the maturity date, then it is referred to as a 
European option, whereas if the option can be 
exercised anytime before the maturity date, then the 
option is called an American option. Trigeorgis (1996, 
1993, 1991, 1987) identified seven types of real 
options which are shown as follows: Option to Defer, 
Time-to-Build Option, Option to Alter Operating 
Scale, Option to Abandon, Switch Option, Growth 
Option, and Multiple interacting Options. 
 
II. MODELING 
 
The Black-Scholes model finds a fair-market price 
for a European call option on a stock that does not 
pay dividends.  It uses five parameters: 
 

 
 
The Black-Scholes model states that, if c is the 
unknown price of the call, then 
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Where 

 
 
Option price may be affected by the fluctuation of  
stock price, S, strike price, X, the time to expiration, 
T, the risk-free interest rate, r, and the volatility of the 
stock return, 2. Hence, the sensitivity analysis of 
option price is considered in this study, which is 
called Greek letter analysis. 

 
(1). Δ(Delta) 

Δ：sensitivity of the option price change to a 
small change of S 
S：stock price 
C：option price 
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In case that, the option price is derived from the 
Black and Sholes model, then we could obtain the 
following results. 
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(2). θ(Theta) 
θ is the sensitivity of the option price change to 
the passage of time 

tT 



  ,
t
C

 

)(
2

)(
2

1 dNrke
t
dS r

  φ(x) is density 

function of standard normal distribution. 
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f  is the derivatives value of  stock price S.
 

 
(3). Γ(Gamma) 

 
Γ is sensitivity of the delta change to a small 
change of S
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We can derive the following equation by Black-
Scholes model. 
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(4).  (Vega) 

is the sensitivity of the option price change to a 
small change of σ. 
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(5). ρ(Rho) 
ρ is the sensitivity of the option price change to 
a small change of r. r is the interest rate.

 We can derive the following equation by Black-
Scholes model. 
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Empirical Study 
A case of power plant project in Turkey(Bakatjanet al, 
2003) is used as an empirical study of this paperto 
illustrate the calculation of the Black-Sholes model. 
The input parameters and results are shown as follow. 
 
Input parameters 
Input parameters of the power plant BOT project are 
shown as Table 1.  
 

Table1. Input parameters for a power plant project 

 
 
III. RESULTS 
 
The analysis of real option model is shown in Table 2. 
Call value of the power plant project is shown in 
Table 3. 
 

 
Table 2 Real option analysis by CRR model and BS model 

 

 
Table 3 Parameters for Black Sholes model of four scenarios 
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The sensitivity analysis of real option model for 
power plant project is shown in Table 4. 

 
Table 4 The sensitivity analysis of Black- Sholes model for four 

scenarios 
 
CONCLUSION 
 

1. In this analysis, we find that there is a tendency 
to growth of project value in market perspective. 
Hence, the managerial flexibility can increase 
the project value. 

2. In the sensitivity analysis of option price, we 
find that time, θ, is most critical to option price. 
, ρ, Δ, Γ are shown to have less impact on 
option price in sequence. 

 
REFERENCES 
 

[1] A. Dias, Jr., and P. G. Ioannou, (1996), “ Company and 

Project Evaluation Model for Private Promoted 
Infrastructure Projects”, Journal of Construction 
Engineering and Management, ASCE, 122(1), pp. 71-82. 

[2] Black, F. and Scholes, M. (1973),” The Pricing of Options 
and Corporate Liabilities”, Journal of Political Economy, 
81(3), 637-659. 

[3] Duffie, D. and Pan, J. (1997), “An Overview of Value at 
Risk,” The Journal of Derivatives, pp.7-49. 

[4] Trigeorgis, L. and S. P. Mason, (1987), “Valuing 
Managerial Flexibility,” Midland Corporate Finance 
Journal, 5(1), 14-21. 

[5] Trigeorgis, L., (1991), “A Log-Transformed Binomial 
Numerical Analysis Method for Valuing Complex Multi-
Option Investments,” Journal of Financial and Quantitative 
Analysis, 26(3), 309-326. 

[6] Trigeorgis, L., (1993), “The nature of option interactions 
and the valuation of investments with multiple real 
options,” Journal of Financial and Quantitative analysis, 
28(1), 1-22. 

[7] Trigeorgis, L., (1996), Real Option Managerial Flexibility 
and Strategy in Resource Allocation, MIT Press, 
Cambridge Massachusetts.  

[8] Winston, W. L. (2001), ”Financial Models Using 
Simulation and Optimization II – Investment Valuation, 
Options Pricing, Real Options & Product Princing 
Models”, Publised by Palisade Corporation, Newfield, NY. 

[9] Ye, Sudong and Tiong, Robert L. K. (2000), “NPV-at-risk 
method in infrastructure project investment evaluation”, 
Journal of Construction Engineering and Management, 
Vol. 126, No. 3, pp 227-233. 

[10] Trigeorgis, L. and S. P. Mason, (1987), “Valuing 
Managerial Flexibility,” Midland Corporate Finance 
Journal, 5(1), 14-21. 

[11] Trigeorgis, L., (1996), Real Option Managerial Flexibility 
and Strategy in Resource Allocation, MIT Press, 
Cambridge Massachusetts.  

[12] SandalkhanBakatjan, MetinArikan, and Robert L.K. Tiong, 
2003, “Optimal capital structure model for BOT power 
projects in Turkey”, Journal of Construction Engineering 
and Management, Vol. 129, No.1, pp. 89~97. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

http://iraj.in

