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CHAPTER I 

INTRODUCTION 

In 1967, the government introduced a concession system, entitled as the 

Consideration Bases in Applying for Petroleum Exploration and/or Production. In 

1971, Thailand promulgated the Petroleum Act
1
(PA) and the Petroleum Income Tax 

act
2
(PITA). Many concessions in Gulf of Thailand produced petroleum for more than 

20 years and were going to expire under Petroleum Act B.E. 2514, of section 26
3
.  

The concessionaire proposed to extend the concession in advance in order to prepare 

for development plan and increase the production rate under agreement with their 

customers.  As the Petroleum concessions were going to expire, this is what made 

concessionaire and government to come to the table and try to reach a negotiation in 

order to decide to grant the concession extension. 

 As the concession, in this study, would get terminated in year X, the 

assumption was to evaluate these concessions in year X-6, which was to analyze, by 

research the concessions (these concessions are for the Gulf of Thailand), named here 

in  as filed Y, composing of block A, B, D, and E respectively.  The concessionaire 

wanted to get the concessions extended in advance in order to prepare for the 

development plan in accordance with the increment production rate agreement with 

their customer in the year X.   In this agreement, the concessionaire was to increase 

production rate per day (DCQ
4
) from 910 MMCF to 1,240 MMCF in X. The 

concessionaire provided the complete development plan under fiscal regime Thai I to 

                                                 
1
The PA established a concession system based on the Consideration Bases issue in 1971, and 

nine Ministerial Regulations were dealing with major subjects under that act.   
2
The PITA established an income tax system applicable only to concessionaires, tax rate of 

50% was prescribed by Royal Decree. 
3
The petroleum production period under any concession shall not exceed thirty years from the 

day following the date of termination of the petroleum exploration period, notwithstanding any 

petroleum production undertaken during the petroleum exploration period.  If the concessionaire has 

been complying with all provisions of his concession and submitted an application for a renewal of his 

petroleum production period not less than six months prior to the termination of the petroleum 

production period, he shall be entitled to one renewal of his petroleum production period of not 

exceeding ten years on terms, obligations and conditions generally prevalent at that time[1]. 
4
DCQ stands for Daily Contract Quantity. 
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the government for decision to grant the extension of concessions in year X-5.  Figure 

1.1 provides the time line and production profile. 

 

Figure 1.1 Time line and production profile 

 According to Figure 1.1, the government had to decide to grant the concession 

extension before year X-1 because the concessionaire needed minimum 2 years as 

pre-production period.  It meant that the government could decide to grant the 

concession extension in year X-5 (first year), X-4, X-3 and X-2 respectively. 

There were many challenges such as, fluctuating petroleum prices, 

unforeseeable market forces, abandonment in case of changing of the operational 

concessionaire, flexible approach in which minimum-risk and maximum returns could 

not be achievable.  In the case of decision to grant the concession extension, the 

government could defer the decision under fiscal regime Thai I, and compare it with 

that of Thai III along with the effect of fluctuating petroleum price. 
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1.1 Research Questions 

This study attempts to evaluate the petroleum ‘concession extension’ on 

several research queries: 

1. Should the government extend the concessions under fiscal regime Thai I 

or Thai III? 

2. When should the government extend these concessions? 

3. Does volatility of petroleum prices affect the extension of concessions or 

not? 

1.2 Purpose, Scope and Methodology of Thesis 

 The focus of this thesis is on the petroleum concessions which would expire in 

course of 6 years’ time.  The concessionaire and the government could not reach any 

negotiation, regarding the new concessions in detail, for which the concessionaire had 

provided the government with all the required background information (as provided in 

Appendix A-1) under fiscal regime Thai I, so that the government could decide to 

grant the concession extension in the year X-5, as the first year, and X-4, X-3 and X-2 

as the last year. 

Thus the primary objectives in this case study is to apply the Real Options 

Valuation
5
 to the evaluation of extension concession which is identified as above, and 

to be explained in more detail in the following Chapter 3.  The conventional Discount 

Cash Flow model
6
 (DCF), which is the traditional evaluation; cannot capture the 

value of management flexibility on petroleum price movement, and rejects all good 

decision. When applied to analyze the decision to grant extension of concession, the 

DCF assumes that no volatility and flexibility are concerned, and thus the decision to 

grant the concession extension is now or never. 

Whereas the real options valuation is a flexible technique for valuing decision 

and making strategic decisions. The real option valuation provides an alternative for 

                                                 
5
Real Options Approach is discussed in detail in Chapter 3. 

6
Discount Cash Flow model concept is presented in detail in Chapter 3. 
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Optimal Timing Decision Analysis, as a deferral option
7
, and combines ten thousand 

times more iteration than that of the Monte Carlo simulation. 

The specific methodology used in this thesis is as following: 

1. Deterministic model by applying the DCF to evaluate the decision, to grant 

petroleum concession extension, using gas price from background 

information with no volatility. To determine Net Present Value (NPV) for 

concessionaire and government. 

2. Stochastic model using the estimation of volatility and escalation of the 

petroleum price which are taken from historical fuel oil price
8
.  Determine 

Expected Monetary Value (EMV) for both concessionaire and government 

by using Monte Carlo Simulation as a tool. 

3. Real Option Variation by applying the real option approach to the 

evaluation for alternatives of concession extension, as a deferral option.  

The government can defer the decision to grant the extension of 

concession from year X-5 to X-4, or X-3 or X-2. To estimate the effects of 

the deferral decision under fiscal regime Thai I and Thai III. 

4. Scenario setting by applying the effect of escalation of investment cost, 

and variation of volatility of petroleum price, to estimate the effects from 

escalation of investment cost and volatility of petroleum price on the 

decision to grant the concession extension under fiscal regime Thai I and 

Thai III. 

1.3 Thesis Outline 

 Chapter 2 reviews the literature on evaluation of concession extension using 

conventional approach, Real Options studies and the application of Real Option. In 

evaluation of concession extension the fiscal regime is the main factor.  The fiscal 

regime research studies in Thailand are also provided in this chapter. 

                                                 
7
 Deferral Option is presented in Real Options topic in chapter 3. 

8
 Relationship between gas price in Thailand and fuel oil price is presented in Chapter 3. 
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 Chapter 3 reviews the methodology in detail including the theory and concept 

that are used in this thesis.  Deterministic Model, Stochastic Model, Real Option 

valuation and Scenario setting are described as well. 

 Chapter 4 reviews the results and discussions of evaluation of case studies’ 

extension of concession under fiscal regime Thai I and Thai III, with the 

Deterministic Model, Stochastic Model, Real Option valuation and Scenario setting. 

 Chapter 5, the final chapter, reviews the case studies conclusions, resulting 

from applying Deterministic Model, Stochastic Model, Real Option valuation and 

Scenario setting to evaluate the extension of petroleum concessions under fiscal 

regime Thai I and Thai III. 
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CHAPTER II 

LITERATURE REVIEW 

 This Chapter reviews the previous studies on Real Options Approach (ROA) 

and provides some background on standard methodologies generally used for 

evaluation in oil and gas businesses.  The justification for choice of methodology used 

in this thesis is also explained.  The brief introduction of the ‘Real Options approach
9
’ 

and the Discount Cash Flow model presented in Chapter 1 are discussed in detail as 

well.   

Chapter 2 serves as a theoretical base on previous studies of evaluation 

projects by using Real Options Valuation.  The chapter starts off with the previous 

studies of Evaluation of concession extension and then Real Options emphasizing the 

concessionaire’s profit studies which are evaluation of concession extension is 

provided, methodology review and applications of real options respectively.  The 

detailed discussion of the motives in applying Real Options Valuation is then 

presented. 

2.1 Evaluation of Concession Extension 

This section discusses some works relate to evaluation of concession extension 

which consist of two parts.  In the first part, development of a model for extendible 

options embedded in the petroleum offshore E&P contracts that happen in some 

countries is reviewed.  In the second part, Evaluation for electricity concession 

extension is provided. 

 The holder of a petroleum exploration concession has an investment option 

until the expiration date fixed by the government, in some countries these rights can 

be extended by additional cost.  Dias and Rocha 
10

[2] evaluated these rights and 

optimal investment timing by solving a stochastic optimal control problem of an 

option with extendible maturities.  They used the uncertainty in oil prices to model as 

                                                 
9
Deferral Option and volatility are also in this topic. 

10
Dias, M.A.G. and Rocha, K.M.C presented this topic as Petroleum Concession with 

Extendible options using Mean reversion with Jumps to model oil prices in 
3th 

Annual International 

Conference on Real Options which is also provided in www.realoptions.org. 

 

 

http://www.realoptions.org/
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mix jump-diffusion process.  Several sensitivity analyses were performed for each 

parameter of this process including volatility.  Dias, M.A.G. and Rocha, K.M.C. 

developed a model for extendible options embedded in the petroleum offshore E&P 

contracts and indicated that the higher time to expiration without a significant 

additional delay of investment, the higher option value is.   

 Rocha and Silva [3] presented comparative studies between the possibility of 

extending or not extending concession and found the most advantageous option to 

Chesf
11

.  They used Discount Cash Flow model and compared against the alternatives 

as the scenarios which gives the highest Net Present Value is assumed to be the most 

advantageous.  The value of net present value is calculated for the period between the 

2013 and 2042 by using WACC reported by Electrobras.  The first scenario is to 

extend the concession in 2013 and the second scenario is not to extend the concession.  

Rocha and Silva shown that extension of concession in 2013 is the most advantageous 

to the company, compared with the non-extension option. 

2.2 Methodology Review 

 There are a number of issues and studies in evaluation project.  M.A. 

Mian
12

[4], in Deterministic Model
13

topic, notes that there are several basic principles 

of cash flow analysis vital to the correct analysis of investment including basics 

definition, the treatment of depreciation and depletion, capital costs, concepts of 

nominal and real cash flow-in, before-tax cash flow, tax liability calculations and 

after-tax cash flow models.   

In Probabilistic Model (Stochastic Model)
14

 topic, M.A. Main notes that on a 

project being evaluated, the decision maker may be faced with decision made under 

certainty, risk, and uncertainty. He also presented some concepts of descriptive 

                                                 
11

 Chesf  is an electrical utility concession operator controlled by Electrobras, is publicly 

traded mixed economy company. 
12

M.A. Main published these topics in Project Economics and Decision Analysis Volume I and 

Volume II. 
13

Deterministic Model is the model that every set of variable states is uniquely determined by 

parameters in the model and by previous states of variables. 
14

Probabilistic Model or Stochastic Model performed the randomness and variable states are 

described by probability distributions. 
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statistics and probability, including Expectation Value concepts, Standard Deviation 

of Random Variable, and Expected Monetary Value (EMV). 

 Copeland and Antikarov
15

 [5] introduced some concepts of Real Options.  A 

Real Option is the proper approach, but not the obligation to take an action as is the 

‘deferral option
16

’, expanding option, contracting option, or abandoning option. 

Copeland and Antikarov also note that the value of real options depends on five basic 

variables
17

 which are the values of the underlying risky assets, the exercise price, the 

time of expiration of the option, the standard deviation of the value of the underlying 

asset, and the risk-free rate of interest over the life of the option.  A deferral option is 

an American call option found in most projects where one has the right to delay the 

start project.  Copeland and Antikorov also presented the four-step process for valuing 

real options
18

 by using Monte Carlo Simulation
19

.  They described how to perform a 

Monte Carlo Simulation, estimate the project’s volatility, build an even tree, and use 

historical data following the     rule
20

. 

Mun
21

 [6] introduced evaluating capital investment by using ‘Real Options 

Analysis’. He described qualitative and quantitative description of real options, 

methods used in solving real options, the real-life scenarios. Mun also described in 

detail about probability distributions, selection of a distribution and sampling method. 

 

                                                 
15

Tom Copeland and Vladimir Anitikarov published these topics in Real Options: A 

Practitioner’s Guide 

16
 Deferral Option is detailed presented in Chapter 3. 

17
 The five basics variables are presented in Chapter 3. 

18
The four-step process for valuing real options is discussed in detail in Chapter 3. 

19
Monte Carlo Simulation is mathematical technique that allows people to account for risk in 

quantitative analysis and decision making. For detailed presented on Chapter 3. 

20
If the independent variable in a regression is time, then the 95 percent confidence band 

follows a     rule, that increasing with the rate square root of time outside of the sample period used 

to fit the regression equation. In other words, the out-of-sample confidence interval will increase with 

the rate    approximately. 

21
Johnathan Mun introduced these topics in Real Options Analysis: Tool and Techniques for 

valuing Strategic Investments and Decisions. 
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2.3 Applications of Real Options 

There are many numbers of applications in Real Options.  Neufville [7] used a 

Real Options Analysis on systems planning and design under uncertainty.  He 

explained how Real Options affect the outcome, and presented cases documenting the 

changes in attitude. Neufville illustrates the wide range of applications for the analysis 

of real options, using documented cases in many fields of engineering and major 

organizations using real options in planning and development of major systems 

indicates that the processes involve at least three distinct phases
22

.The Flexibility in 

Timing was described in his paper; the timing of an investment may be considered as 

an option. He indicated that the value of the flexibility has not been recognized by the 

traditional methods
23

 of project evaluation. 

 Hooper III [8] described how five existing spreadsheet algorithms which were 

reserve calculations, capital requirements, After Federal Income Tax (AFIT) 

economic spreadsheets, and tax and fiscal regime were integrated to develop for 

evaluations.  He also discussed on flexibility and limitations, as Custom exit strategies 

(which are abandonment criteria and have been used before) Production Forecast, 

Timing Uncertainties, and Creative Financing. 

 Real Options are also the applications in stochastic models.  Brandao et al [9] 

introduced using Binomial Decision trees
24

 to solve real-option valuation problems.  

Brandao et al used binomial decision tree with risk-neutral probabilities to 

approximate the uncertainty associated with the changes in the value of binomial 

decision tree compared with binomial lattice
25

.  He indicated that, for the stochastic 

model as in the reality, commercial success does not guarantee positive Net Present 

                                                 
22

Three distinct phases are Discovery during the group attempts to identify the most 

interesting areas of uncertainty, Selection which evaluates the possible means of providing flexibility to 

the system, and determines options, and Monitoring the process of the evaluation under uncertainties.  

23
Traditional methods are detailed described in chapter 3. 

24
Binomial Decision Tree is a graphical representation of possible intrinsic values that an 

option may take at different nodes or time periods. Binomial Decision Trees are useful tools when 

pricing options and embedded options.  

25
Binomial Lattice is the one type of Binomial Decision Tree which is the probability of 

upside and downside as the same value.  
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Value (NPV) and decision can be analyzed as easily using stochastic models, as can 

be done using decision tree models.  The advantage of stochastic models is that the 

impact of engineering and development uncertainty is an integral part of the decision 

analysis. 

 In 2009, Park et al [11] presented a stochastic analysis for petroleum 

development under uncertain market and technical environments.  Park et al used 

Mean-reversion with jumps
26

 for uncertain price forecasting of various scenarios for 

reservoir properties, Monte Carlo simulation for obtaining the feasible range of NPV 

and confirmed the necessity of qualifying uncertainties for realistic decision-making 

at the developmental stage initially. 

 Cortaza et al [12] developed a real options model for natural resource 

exploration investments when there was joint price and geological-technical 

uncertainty.   Cortaza et al maintained a relative valuation structure by collapsing 

price and geological-technical uncertainty into one-factor model.  He applied the 

model to a copper exploration and found that a fraction of total project value is 

dependent on the operation, development, and exploration options available for the 

project evaluation. In 2010, Purwar et al [13] applied real options in optimization 

integrating response surfaces model in case of gas flooding.  Purwar et al developed a 

workflow and tool which integrated reservoir response surfaces, including reservoir-

economic optimization tool and investigated the selection of initial well 

configurations, and injection capacities, while simultaneously accounting for the 

option to update the decisions after information was available in the initial periods of 

production. 

 There are many types of real options which used in evaluated the project 

including deferral option, expand option and switch option.  Dias et al [12] applied 

real option approach to oil field development as deferral option and expand option.  

Dias et al determined the effect of volatility parameters on the value of deferral 

option, by using the oil price threshold curves for exercising options, including 

                                                 
26

Mean-reversion with jumps is a stochastic model which mixed Poisson-Gaussian (jump-

diffusion) process. 
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stochastic processes, Geometric Brownian motion
27

 and mean reversion.  Dias et al 

indicated that the option to wait for better conditions (deferral option) to commit to 

the investment is higher in such cases.  In 2009, Rungcharoen [14] applied Real 

Option Approach to oil field development as option to switch, option to contract, and 

option to abandon.  In option to switch case, Rungcharoen allowed the project to be 

switched into another option that drills more production wells.  The result of this 

switch option was in Binomial lattice and she indicated that the option to Switch can 

increase the project value by 10.18% of the base option. In option to contract case, she 

decreased the scale of operation, and assumed that 50 percent of some assets would be 

sold and Rungcharoen has shown that the oil field value had increased by 1.87%. 

Finally, in option to abandon case, she allowed the project to be abandoned in order to 

receive its salvage value. She assumed that 14,500,000 USD is the savage value, 

when the oil prices are low enough in year 5, 6 and 7, and she indicated that the oil 

field value had increased by a very small value of 0.02%, and this type of option did 

not much influence on the overall project value, because of the number of surface 

facilities to be sold. 

 From the above discussions the real option analysis used risk and uncertainty 

to build flexibility in the evaluation, resulting in systematically increasing project’s 

value.  The value of real options has been increased directly from the project’s risks 

and uncertainty.  In the following chapter, the methodology is described in detail. 

                                                 
27

Geometric Brownian motion (GBM) also known as exponential Brownian motion is a 

continuous-time stochastic process in which the logarithm of randomly varying quantity follows a 

Brownian motion. 
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CHAPTER III 

METHODOLOGY 

The preceding chapters reviewed, the studies conducted previously, in 

evaluating the concession extension in the other fields, evaluating a project using Real 

Option Approach and the studies done in that fiscal regime.  This chapter reviews and 

discusses the methodology conducted in afore mentioned researches, and includes the 

concepts of Deterministic Model, Stochastic Model, Real Option Valuation plus the 

Scenario Setting.   

     3.1 Deterministic Model 

Most of the concessionaires evaluate the project by using the Quantitative 

Analysis Method. The traditional method is the Deterministic Model, but these 

methods have the assumptions based on, that the management is now or never 

decision analysis, i.e. start the project immediately or to operate it continuously at a 

set scale till the end of the project’s life.  And Deterministic Model also has the 

important weakness which are no flexibility and volatility concerning. This method is 

ignorant of the effects of risk and uncertainty, but in reality, the petroleum extension 

of concession does have some uncertainties in the fluctuation of petroleum price.  The 

petroleum prices are not constant until at the end of the project. 

    3.2 Stochastic Model 

The Stochastic Model is the model that concerns in volatility of petroleum price by 

using Monte Carlo simulation and sampling the value of petroleum prices in the range 

of fluctuation by using the historical fuel oil price as a proxy. And this model also 

concerned with the escalation of petroleum prices which can estimate the regression 

by using least square method. But in the real world investment, there are many 

opportunities to alter its investment, e.g. the alternative that the decision-maker can 

wait until further information or good market conditions or an increase in production 

costs.  If the future condition is good, the decision to grant the extension of 

concession will be committed, to take advantage from this flexibility. 
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    3.3 Real Option Valuation 

The Real Option valuation is the approach that concerns with both the volatility and 

the flexibility. The above three mentioned approaches have two majors factor that 

impact the decision in extension of concession, which are: - escalation of investment 

cost and percentage volatility of petroleum prices. 

    3.4 Scenario Setting 

    In this study, Scenario Setting provides the effect of escalation of petroleum 

cost in the deferring to grant the concession extension, and the effect of volatility of 

petroleum prices in the volatility of the project, under fiscal regime Thai I and Thai 

III.  

 

3.1 Deterministic Model (Base Case) 

Deterministic Model is a mathematical model in which outcomes are precisely 

determined through known relationships among states and events, without random 

variation. In this model, a given input will always produce the same output.  This 

study uses deterministic model as a cash flow model, which is the model that 

evaluates cash inflow and cash outflow, by discounting the cash flow to the present 

value by using net present value, as an investment criteria. 

3.1.1 Cash Flow Model 

Cash flow Model is a model of the movement of money in a business, 

project, or financial product. It is usually measured during a specified, finite period of 

time.  It is the cycle of cash inflows and cash outflows that determine the profit or 

benefit-sharing of the project.  This study used cash flow model as an annual cash 

flow model. 

3.1.1.1 Cash Inflow 

Cash inflows include the transfer of funds to a company from another 

party as a result of investments. Such cash inflows include payments to the company 

http://www.businessdictionary.com/definition/mathematical-model.html
http://www.businessdictionary.com/definition/relationship.html
http://www.businessdictionary.com/definition/state.html
http://www.businessdictionary.com/definition/events.html
http://www.businessdictionary.com/definition/random-variation.html
http://www.businessdictionary.com/definition/random-variation.html
http://www.businessdictionary.com/definition/input.html
http://www.businessdictionary.com/definition/produce.html
http://www.businessdictionary.com/definition/output.html
http://en.wikipedia.org/wiki/Cash
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by customers and banks and the contribution of equity by investors who purchase the 

company’s stock, or partial ownership in a company. For evaluation of concession 

extension, cash inflow results from the value of petroleum production which consists 

of Gas production and Condensate production.  In deterministic model, petroleum 

prices assume to be constant until at the end of project. 

3.1.1.2 Cash Outflow 

Cash outflows include the transfer of funds by a company to another 

party. Such cash outflows include payments to business partners including employees, 

suppliers or creditors. Cash outflows occur when long-term assets are acquired, 

investments are purchased, or settlements and expenses are paid. Cash outflow consist 

of Capital Expenditure (CAPEX), Operating Expenditure (OPEX) and Tax which is 

based on 2 fiscal regimes, Thai I and Thai III respectively.  CAPEX and OPEX in the 

deterministic model are assumed not to be effected by the escalation of investment 

cost
28

. 

3.1.1.2.1 Capital Expenditures and Operating Expenditures  

CAPEX in evaluation of concession extension consists of wells 

cost
29

, Platform cost
30

, abandonment cost and decommissioning cost, and OPEX is 

associated with the operation and maintenance of an income producing property
31

. 

Cost escalation is defined as changes in the cost or price of specific goods 

or services in a given economy over a certain period. Escalation includes general 

inflation related to the money supply. It is also driven by changes in technology and 

practices that are specific to a good or service in an economy. In an evaluation of the 

project management usage, escalation is considered as an uncertainty.  In this study, 

there are two main escalation cost which are petroleum prices i.e. Gas price and 

                                                 
28

 The effect of escalation of investment cost is concerned in stochastic model, real option 

valuation and scenario setting. 
29

 Wells cost also include development wells, delineation wells. 
30

 Platform cost also include Wellhead Platform cost, Central Processing Platform, and other 

platforms. 
31

 The details of CAPEX and OPEX are illustrated in Background information as shown in 

Appendix A 

http://en.wikipedia.org/wiki/Project_management
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condensate price, and investment cost (CAPEX and OPEX).  The detail of escalation 

of investment cost is provided in chapter 4. 

3.1.1.2.2 Fiscal Components 

Thailand Petroleum fiscal regime is under a concession system32
 

which composed of Income tax, and Royalties. Every company that engaged in 

petroleum exploration and production in Thailand was subject to petroleum income 

tax at the rate of 50% of annual profit which is regulated under the petroleum tax law. 

Each petroleum regime of Thailand has different tax structures and benefit sharing. In 

this part of the study Thailand fiscal regimes Thai I and Thai III will be presented in 

detail. 

 

Fiscal Regime Thai I 

Thailand I was applied to every petroleum project that had been awarded 

petroleum licenses before 1982. Wherein, 12.5% of petroleum revenue is calculated 

as royalty rate. As it has been said before that petroleum income tax for every projects 

need to be paid at the rate of 50% of annual profit, Thailand I regime has the rate of 

petroleum income tax at 50% of annual profit and the royalty can be used as tax 

credit33. It has been limited to 30 years production period with 10 years extension 

allowance. The area should not exceed 10,000 square meters per exploration block, 

and this regime allows petroleum companies to explore up to 5 exploration blocks.  In 

this fiscal regime, the concessionaire’s take is net income after tax and government’s 

take consists of royalty and tax as shown in Figure 3.1.  Figure 3.1 provides the 

concept of fiscal regime Thai I. 

 

 

                                                 
32

 According to Johnston, D. (1994), petroleum fiscal regime can be classified into 2 systems; 

Concessionary system and Contractual system.  
33

Fiscal regime Thai I use royalty as a tax credit but in fiscal regime Thai III use royalty as a 

tax deduction.   
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Figure 3.1 Concept of fiscal regime Thai I
34

 

 

Fiscal Regime Thai III 

Thailand III petroleum regime is applied to the projects whose license was 

issued by the ministry of Energy from B.E. 2532 (1989). The royalty rate is in the 

sliding scale of 5%-15% of petroleum sold. Petroleum income tax is 50% of annual 

petroleum profit.  Royalty is used as a tax deduction and Special Remuneration 

Benefit (SRB) is progressive at a rate of 0-75% on Windfall Profit, which is different 

from Thailand I, 1971. In addition, if the period of exploration and production is 6 

years, it allows for 3 years extension allowance for exploration, and in case of 20 

years it allows for 10 years extension allowance for the said production period. The 

project area is limited at a maximum of 4000 square kilometers per exploration block. 

Furthermore, the government allows petroleum companies to operate up to 5 

exploration blocks at a time.  In this fiscal regime, concessionaire’s take is net income 

after tax deduction, and the government’s take consist of royalty, SRB and Tax as 

shown in Figure 3.2. 

                                                 
34

 This figure bases on Fiscal Regime presentation by Petroleum Institute of Thailand. 
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Figure 3.2 Concept of fiscal regime Thai III
35

 

From the Figure 3.2, SRB is calculated in the year after recovered all 

investment cost or concessionaire has petroleum profit
36

.  SRB formula and the 

example of sliding scale calculation are provided as follows: 

   
   

   
                                                                               

Where:  A = Annual Petroleum Profit per one meter drilled. 

 Rev = petroleum profit. 

 M = cumulative meters drilled. 

K = Geological risk compensatory, initial provider of tax (SRB) free 

allowance. 

 

                                                 
35

 This figure bases on Fiscal Regime presentation by Petroleum Institute of Thailand.  
36

In calculating such petroleum profit for the year, there may be deducted capital expenditure, 

operating costs, a special reduction (expense “uplift”) for the year, and petroleum loss carried forward 

from prior years. 
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Example: Net Revenue of concessionaire is 552 MMUSD 

Step 1: convert 552 MMUSD to THB (1 USD is assumed to be 30 THB) 

 522 MMUD = 16,571,701,344 THB 

Step 2: calculate Annual Petroleum Profit per one meter drilled (A) 

(M is assumed to be 3,046,903 meter) 

A = 16,571,701,344/(150,000+3046903) = 5,184 THB/m 

Example: Petroleum profit of concessionaire is 20,191 THB/m 

Step 1: rearrange 20,191 into each sliding scale 

20,190 = 4,800 + 9,600 + 5,791 

Step 2: calculate each sliding scale 

less than 4,800        0% 

4,800 – 14,400 increase 1 % every 240 THB/m =  
     

   
 = 40            40% 

14,400 – 33,600 increase 1 % every 960 THB/m = 
     

   
 = 6     6% 

Total SRB is 0 + 40 + 6 = 46%
37

 

3.1.2 Discounting the Annual Cash Flow 

The discounting of the annual cash flow is the estimation of future cash flow 

discounts to give its present value and the sum of all future cash flow, both cash 

inflow and cash outflow, is the Net Present Value (NPV) with the discount rate.   

 

                                                 
37

 In chapter 4, SRB calculation is followed this calculation. 
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3.1.2.1 Discount Rate 

Discount rate is the interest rate used in discounted cash flow analysis 

to determine the present value of future cash flows. The discount rate takes into 

account the time value of money, and the risk or uncertainty of the anticipated future 

cash flows.  Figure 3.3 provides the relationship between discount rate and NPV of 

the concessionaire under fiscal regime Thai I.  From the curve in the figure below, the 

suitable discount rate for this evaluation is 12%. This study also uses 12% discount 

rate. 

 

Figure 3.3 Relationship between Percentage of discount rate and NPV  

 

3.1.3 Investment Criteria 

NPV, the net present value, is defined as the present value of the receipts 

less the present value of the disbursements. The formula for NPV is as follows: 

N
t

t
t=0

C
NPV=

(1+i)
      (3.2) 

Where: t = the time of the cash flow,  

 N = the total time of the project, 



20 

 

i = the discounted rate  

           C = the cash flow at that point in time.  

If the NPV of the project’s cost of capital is positive, then the project is 

economical and viable, and the higher the NPV number, the more desirable the 

project becomes, but if the NPV is negative, then the project is not feasible for 

investment at all. 

Hence, results of this model  provides us with the estimation as to under which 

fiscal regime the government decided to grant the concession extension under 

constant petroleum prices,  and that decision was taken in the year X-5. This model 

has a very big drawback, because in ground reality the things are different and the 

prices of petroleum are not always constant in regards to volatility and escalation, and 

hence, it is advisable that the government should defer the decision to grant 

concession extension to the year X-4, X-3 and X-2. The use of stochastic model and 

real option valuation are deemed as extremely necessary. 

3.2. Stochastic Model 

Stochastic model is a financial model in which one or more variables within 

the model are random. Stochastic modeling is for the purpose of estimating the 

probability of outcomes within a forecast to predict what conditions might be like 

under different situations. The uncertainties are usually constrained by historical data.  

From previous model (Deterministic model), the volatility and the escalation of 

petroleum price are important factors in evaluation of concession extension which 

deterministic model does not consider in both volatility and escalation, while 

stochastic model does.  In this section, the volatility and the escalation of petroleum 

prices are discussed in detail. 

3.2.1. Volatility 

Volatility is a statistical measure of the dispersion of returns for a given 

security or market index. Volatility can either be measured by using the standard 

deviation or variance between returns from that same security or market index.  A 
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higher volatility means that a security's value can potentially be spread out over a 

larger range of values. This means that the price of the security can change 

dramatically over a short time period in either direction.  A lower volatility means that 

a security's value does not fluctuate dramatically, but changes in value at a steady 

pace over a period of time.  The volatility of petroleum prices and the volatility of 

project are also clarified. 

3.2.1.1. Volatility of Petroleum Prices 

 Petroleum productions in this study are gas and condensate.  The gas 

price structure in Thailand is depends on many variables such as Producer Price Index 

and Oil and Gas Machinery Price Index according to following formula: 

By  =  IBP [ b1% PPI + FX (b2% OM + b3% FO + Constant) ]               (3.3) 

Where :  By is Normal Price 

IBP is Initial base Price adjusted by Economic Index 

PPI is Producer Price Index 

FX is exchange rate 

OM is Oil and Gas Machinery Price Index 

FO is Fuel Oil Price 

 From the gas price structure, there are many variables in the formula and some 

variables are confidential for the concessionaire.  This study simplifies the formula of 

gas price and assumes to be 20% of fuel oil price.  It means that in this assumption, 

the gas price is in direct change of fuel oil price and the volatility of fuel oil price was 

used as a volatility of gas price proxy.  The volatility of fuel oil price is also used as 

volatility of condensate price because condensate prices are assumed to be in the same 

trend as that of gas price. In this study, the volatility of petroleum prices (gas price 

and condensate price) are estimated by using a historical 3 years fuel oil prices as 

shown in APPENDIX B.  
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3.2.1.2. Volatility of the Project 

Volatility of the project in this study stands for the volatility of NPV 

for concessionaire and government which are the result from Monte Carlo 

simulation
38

.  It means that using the volatility of petroleum prices as inputs to find 

the volatility of project as shown in Figure 3.4.  The volatility of petroleum prices 

affects the volatility of the project. 

 

Figure 3.4 Monte Carlo Simulations 

3.2.2. Escalation 

  In deterministic model, escalation is assumed but not considered 

(constant petroleum prices and fixed investment costs) but the stochastic model is 

concerned in escalation of investment cost.  This section provides the escalation of 

petroleum prices and clarifies the difference between escalation of petroleum prices 

and escalation of investment cost. 

                                                 
38

Monte Carlo simulation is a numerical technique that allows people to account for risk in 

quantitative analysis and decision making. This technique is widely used in finance, project 

management, energy, manufacturing, engineering, research and development, insurance, transportation, 

and the oil and gas business. Monte Carlo simulation help the decision-maker evaluate the project with 

a range of possible outcomes and the probabilities. This research used @RISK which is the leading 

Monte Carlo simulation add-in for Excel. Monte Carlo simulation also combine many uncertainties 

into one by running them through an excel add-in, @RISK. Each sampling of set of variables generates 

an estimate of present value of project.  

http://www.palisade.com/risk/
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3.2.2.1.Escalation of Petroleum Prices 

 In the real world situation the petroleum prices are not constant and the 

historical data
39

 shown that the prices were in the increasing linear trend.  It means 

that the petroleum prices are not only volatile, but also escalate.  The escalation of 

petroleum prices is estimated by regression using least squares method
40

. 

3.2.2.2. Escalation of Investment Cost 

 Escalation of investment means a provision that allows the increase of 

costs to be passed on in one way or another.  This study used escalation of investment 

cost as escalation rate (percentage of escalation) which concessionaire provided in 

background information at which an annual change in the price levels of the goods 

and services occurs or is expected to occur.  Figure 3.5 illustrates the difference of 

incremental characteristic between escalation of petroleum prices and escalation of 

investment cost.  In the figure below shows that escalation of investment cost is 

exponential escalation while escalation of petroleum is linear escalation. 

 

Figure 3.5 Difference of incremental characteristic of escalation 

The result from this model may provide us with the results of the fiscal regime 

under which the government decided to grant the concession extension had been more 

realistic than deterministic model, but this model also is not flexible to consider, as 

                                                 
39

This study used fuel oil prices as petroleum prices proxy and historical 3 years 20% of fuel 

oil prices are illustrated in APPENDIX B). 
40

Least squares method is a standard approach to the approximation of set of equations in 

which there are more equations than unknowns. "Least squares" means that the overall solution 

minimizes the sum of the squares of the errors made in the results of every single equation. 

http://www.businessdictionary.com/definition/change.html
http://www.businessdictionary.com/definition/labor-rate-price-variance.html
http://www.businessdictionary.com/definition/goods-and-services.html
http://www.businessdictionary.com/definition/goods-and-services.html
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the government cannot defer the decision to grant the concession extension.  The next 

section provides the real option valuation which concerns the effect of flexibility. 

3.2.3.Investment Criteria 

From previous model, NPV is criteria in the investment but NPV is no 

volatility consideration criteria.  In Stochastic model, the main criterion in the 

investment is Expected Monetary Value (EMV) which is considered in uncertainty by 

weighting average with probability.  In this study, EMV is the result from Monte 

Carlo simulations as the mean in the output distribution. 

3.2.3.1. Expected Monetary Value (EMV) 

EMV is a weighted average of the possible monetary values (usually net 

present value, NPV), weighted by their respective probabilities. Alternatively, it is 

defined as the mean of probability distribution of all possible monetary outcomes. The 

formula of EMV is: 

               (3.4) 

                  
 
      (3.5) 

 The higher the EMV number, the more desirable the project is and the largest 

EMV is selected and all investments with EMV greater than zero are acceptable. 

The value of EMV is the range of NPV.  The distribution of output returns the 

mean and standard deviation. The EMV (range of NPV) is a variation of NPV from 

mean value to one standard deviation with 68% of all NPV values as shown in Figure 

3.6. 
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Figure 3.6 Normal Distribution 

 

 

3.3 Real Option Valuation 

 Real Options is referred to as an analogy of financial investment options, and 

is faced in many activities which are related to a choice of technology, such as a 

production decision, a decision on investment timings and the option to temporarily or 

permanently shut down, as well as to many other decisions dealing with real physical 

tangible assets.  Moreover, the Real Options Approach is to address the problem of 

irreversibility of investments that cannot be recovered. In other words, this approach 

is the irreversible flexible decision in time, when the potential reduction of 

uncertainty is lost. The high uncertainty related to critical variables such as, the 

consumption of energy, the oil price and the construction costs.  In other words, an 

analogy can be made between the variables that determine the value of a stock option 

and real options.  This section provides the idea of Black-Scholes Model which is 

valuation of option, characteristic of real option and flexibility of real option. 

Black-Scholes Model 

 The Black-Scholes Model is used to calculate the theoretical price 

of European put and call options, ignoring any dividends paid during the option's 

lifetime. While the original Black-Scholes model did not take into consideration the 

http://www.investopedia.com/terms/e/europeanoption.asp
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effects of dividends paid during the life of the option, the model can still be adapted to 

account for dividends by determining the ex-dividend date value of the underlying 

stock. The formula of Black-Scholes equation is: 

                
       (3.4) 

    
   

 

 
     

  

 
  

   
     (3.5) 

                (3.6) 

Where: N(d) is the cumulative distribution function of the standard normal 

distribution 

t  is the time to maturity 

S  is the spot price of the underlying asset 

K  is the strike price 

r  is the risk free rate  

S  is the volatility of returns of the underlying asset 

The real options are the rights, and not the obligations, to take actions on the 

business decision, for example, deferring, expanding, contracting, or abandoning at 

the predetermined cost (called the exercise price) or for a predetermined period of 

time (called the expiration).Real options analysis uses risk and uncertainty to build 

flexibility in the evaluation, thus resulting in systematical increase in project’s value.  

The value of real options has been increased directly from the project’s risk and 

uncertainty. Real Options permits for choices to be made later. Those choices allow 

the project to maximize its upside and to minimize the downside expenditures. The 

value of real options depends on the following: 

1. The value of the underlying asset, the underlying asset’s value is direct 

variation of the real options value. One of the differences between 

financial and real options is that the owner of financial options cannot 

affect the value of underlying asset, whereas on the other hand, the 

http://www.investopedia.com/terms/e/ex-dividend.asp
http://en.wikipedia.org/wiki/Cumulative_distribution_function
http://en.wikipedia.org/wiki/Standard_normal_distribution
http://en.wikipedia.org/wiki/Standard_normal_distribution
http://en.wikipedia.org/wiki/Spot_price
http://en.wikipedia.org/wiki/Risk_free_rate
http://en.wikipedia.org/wiki/Volatility_(finance)
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management that operates a real asset can raise its value and thereby 

raise the value of all real options that depend on it.   

2. The exercise price is the amount of money that is invested to exercise 

the options. If the exercise price is increased, the value of call increases, 

but for ‘put and call’ options, it is decreased as an inverse variation. 

3. The time to expiration of the options. The time to expiration is in direct 

variation to the value of the option. If the time to expiration is increased, 

the option value increases. 

4. The standard deviation of the value of the underlying risky asset. The 

value of option increases with risky underlying asset because the payoff 

of a call option depends on the value of the underlying exceeding its 

exercise price. 

5. The risk-free rate of interest over the life of the option. As the risk-free 

rate is raised, the value of the option will increase simultaneously. 

3.1.1 Flexibility 

Flexibility is allowing each decision to improve its upside potential during the 

limited time of its downside losses. There are two types of flexibility, the first type is 

internal flexibility which is allowed in a project by adjusting the project as the future 

conditions having changed, including expansion, deferring the decision, alteration and 

even abandonment of the projects. The second type is external flexibility in the 

project which is to perform another project that may not have been possible initially. 

In addition, flexibility is a valuable commodity and usually the more flexibility the 

better it is for the project’s value. A project’s flexibility may provide great benefits, 

which are given less consideration when comparing a project’s tangible costs and 

benefits. This study used a real option approach, as a flexible evaluation of the project 

under risk, and uncertainty combining with Monte Carlo simulation as an accounting, 

for risk in quantitative analysis and decision making. This part illustrated the 

flexibility of real options which are the alternatives for decision.  The deferral option 

which is used in this study is also discussed. 
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Value of flexibility 

 The Real Options can be separated into six categories based on the type of 

flexibility provided. The six categories are: the option to defer (deferral option), 

option for staged investments, option to change scale, option to abandon, option to 

switch, and option to grow. 

1. The deferral option is to defer a decision until some date in the future is 

available by allowing management to determine the resources that will 

be spent on a project at that future date. For example, we do the 

deferring of the project, instead of investing at the period of higher cost 

to extract the oil. If we keep those reserves, we need to pay a small tax 

that allows you to defer the project every year, but then the oil price 

might suddenly hike making the cost of extracting the oil high, so that 

paying the tax allows the project to postpone decision to extract the oil, 

as and when the conditions change.   

2. The option for staged investments is available when a project investment 

happens in an array of outlays that allow the project to be abandoned 

when the conditions become unfavorable. Each stage in development of 

a project can be considered as a category of options on the value of 

future stages.  

3. The option to change scale can result in the project being expanded, 

contracted, or shut down and restarted. Depending on the conditions that 

prevail at a particular time, the rate of resource expenditure can be 

adjusted to meet the new conditions.    

4. The option to abandon allows the project to be abandoned, providing 

that the conditions drop dramatically. The company can then sell off any 

assets available to offset the loss or switch those assets to other projects. 

5. The option to switch allows an organization to change the input mix or 

output mix of a facility. If the conditions change, this option provides 

the flexibility to alter either the process or product. 
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6. The option to grow is used when an initial investment is required for 

further development. The project can be considered as a related project. 

Each related project is required for the future growth. The company may 

invest in research and development even though it has a negative value 

when it is considered as the isolated project. Investment is made because 

the results of that research and development impact the future growth 

value. 

In evaluation of concession extension, the government can defer the decision 

to grant the concession extension from year X-5 to X-4 or to X-3 or to X-2.  The Real 

Option Valuation in this study is used as deferral options which allow for the decision 

to be deferred while waiting the new information or more favorable conditions 

(petroleum prices to increase).  In deferring the decision to grant the concession 

extension of government, the concessionaire has to change a development plan 

because the concessionaire will start to invest for increasing the production rate under 

agreement with their customer in the year that the government decides to extend the 

concession.  The concessionaire drill at least 100 wells to hold the constant production 

rate and the additional development wells which concessionaire drill for increasing 

the production rate are drilled in the year that the government decides to grant the 

concession extension. The detail in calculation of deferral development plan is 

illustrated in chapter 4. 

3.4 Scenario Setting 

 This section provides the two scenarios which are Investment cost escalation 

and Variation of petroleum volatility.  The first scenario illustrates the effect of 

Investment cost escalation on deferring the decision to grant concession extension. 

The variation of petroleum volatility scenario provides the effect of petroleum 

volatility to the project volatility under fiscal regime Thai I as compared with that of 

fiscal regime Thai III. 
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 3.4.1 Investment Cost Escalation 

 From the result of real option valuation, the alternative that government 

can defer the decision to grant the concession extension to year X-4, X-3 and X-2 is 

available.  The effect of deferral option is to wait for the petroleum prices to increase, 

but deferring the investment is also to increase the investment cost due to investment 

cost escalation.  This scenario provides the result of investment cost escalation when 

deferring the decision in concession extension. The details of this scenario are 

provided in chapter 4. 

 3.4.2 Variation of Petroleum Price Volatility 

  In evaluation of alternatives for petroleum concession extension, the 

volatility of petroleum price (input) affect the volatility of NPV for concessionaire 

and government (output).  This scenario provides the effect of petroleum volatility to 

project volatility under fiscal regime Thai I compare with fiscal regime Thai III.  The 

result of this scenario may provide the result of which fiscal regime that government 

decides to grant the concession extension under variation of petroleum volatility. 
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CHAPTER IV 

RESULTS AND DISCUSSIONS 

This chapter illustrates the results and discussions from the previous chapter 

providing step by step
41

, including the detail in calculation.  And discussion of each 

case study is also provided.  First, the Deterministic Model (Base case) illustrated the 

results that the government decides to grant the concession extension under fiscal 

regime Thai I as compared to Thai III.  Second, the Stochastic Model is more realistic 

than deterministic because it uses volatility of historical fuel oil prices, such as 

petroleum volatility proxy and the escalation of petroleum price.  The result of the 

case study provides us with the alternatives of government decision under fiscal 

regime Thai I and Thai III.  Third, the Real Option Valuation illustrates the flexible 

model in which the government can defer the decision to grant the concession 

extension from year X-5 to year X-4 or to X-3 or X-2 respectively.  This model is also 

evaluated under fiscal regime Thai I and Thai III. And finally, Scenario Setting 

provides two scenarios which are investment escalation and variation of petroleum 

volatility.  Investment escalation scenario provides the effect of escalation of 

investment cost by deferring the decision to extend the concession, and variation of 

petroleum volatility and it illustrates the effect of petroleum volatility on project 

volatility under fiscal regime Thai I and Thai III. 

4.1 Deterministic Model 

There were 4 blocks in field Y, namely block A, block B, block C and block 

D.  The productions of this field are gas and condensate.  The background information 

for each block is provided in APPENDIX A-1).  Before constructing deterministic 

model, we must first make some assumptions that are relevant to this deterministic 

model of the project and then identify the information of the Cash Inflow and Cash 

Outflow of this field development. 

                                                 
41

 The procedure of this chapter is shown in chapter 3. 
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 Assumption of Deterministic Model 

- Constant petroleum prices (gas price and condensate price) 

- 12% Discount rate 

- No escalation of investment cost 

- No escalation of petroleum price 

- K factor in calculation of SRB under fiscal regime Thai III is 

150,000 m. 

Background Information 

- Development well cost   1.0 MMUSD
42

/Well 

- Delineation well cost   1.2 MMUSD/Well 

- Gas price     4.18 USD/MMBTU 

- Condensate price    40 USD/BBL 

- Heat Factor    1050 MMBTU/MMCF 

Cash Inflow 

- Gross Revenue 

o Gas production x Gas price 

o Condensate production x condensate price 

Cash Outflow 

- CAPEX 

o Development wells cost 

o Delineation wells cost 

o Abandonment and decommissioning cost 

- OPEX 

- Royalty 

o Fix 12.5% on gross revenue under fiscal regime Thai I 

o Sliding scale on gross revenue under fiscal regime Thai III 

- SRB 

o Sliding scale on petroleum profit per meter drilled under 

fiscal regime Thai III 

                                                 
42

 MMUSD stands for Million USD 
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- Tax 

o 50% on taxable income 

o Royalty is used as Tax credit under fiscal regime Thai I 

o Royalty is used as Tax deduction under fiscal regime Thai 

III 

Next step is construct cash flow spreadsheet using information above.  The 

algorithms of calculation are provided as example followed.  The example shows the 

calculation of cash flow under fiscal regime Thai I in year X-5.  The background 

information for year X-5 is provided in APPENDIX A-1). 

Example: Calculation of cash flow in year X-5 under fiscal regime Thai I. 

First step: Heat conversion of gas production. 

 Equivalent Heat  = (366,946 MMCF) x (1,050 MMBTU/MMCF) 

    = 385,293,300 MMBTU 

Second step: calculation the gross revenue. 

Gross Revenue  = (Gas production x Price production) +  

(Condensate production x Condensate price)  

    = (385,293,300 MMBTU x 4.18 USD/MMBTU) + 

     (22,305 MBO x 40 USD/BBL) 

   = 2,503 MMUSD 

Third step: Find Net Revenue. 

 Net Revenue = Gross Revenue – Royalty 

   = 2,503 – (0.125 x 2,503) 

   = 2,503 – 313 

   = 2,190 MMUSD 
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Forth step: Find DD&A. 

 DD&A  = (682 + 4 + 190)/5 

   = 175 MMUSD 

Fifth step: Calculation Taxable Income. 

 Taxable income = 2,190 – 175 – 262  

    = 2,066 MMUSD 

Sixth step: Find Tax. 

 Tax  = (0.5 x 2,066) – 313 

   = 720 MMUSD 

Seventh step: Calculate Net income after Tax 

 Net income after Tax  = 2,190 – 720 

     = 1,470 MMUSD 

Last step: Find Concessionaire take and Government take. 

 Concessionaire Take  = Net income after Tax – CAPEX – OPEX 

     = 1,470 – (682+4+190) – 262 

     = 332 MMUSD 

 Government Take  = Royalty + Tax 

     = 313 + 720 

     = 1,033 MMUSD 

NPV for concessionaire and government are estimated by constructing the 

spreadsheet using the above algorithm in every year and discounted to present value 

with 12% discount rate.  The spreadsheet for concession extension under fiscal regime 

Thai is provided in APPENDIX A).  The NPV for concessionaire and government are 

summarized in Table 4.1 including NPV of CAPEX, OPEX, Royalty and Tax. 
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Table 4.1 NPV under fiscal regime Thai I  

  Million USD Percentage 

Net Revenue 9,312 100.00 

Royalty 2,348 25.23 

Net Tax 3,075 33.04 

NPV of Government take 5,424 58.27 

NPV of Concessionaire take 3,884 41.73 

 

Before calculating the NPV under fiscal regime Thai III, clarifying the time 

period of concession extension is necessary, because the concession was under fiscal 

regime Thai I, and it will expire in the year X. It means that in case of extension of 

concession under fiscal regime Thai I, the concession will be under fiscal regime from 

year X+1 to X+10.  The algorithms of calculations are also provided in the following 

example.  In the calculation, SRB has to be calculated block by block.   

This example shows the calculation of cash flow of block A under fiscal regime Thai 

III in year X+1 and NPV under fiscal regime Thai III are summarized in Table 4.2.   

Example: Calculation of cash flow in year X+1 under fiscal regime Thai III. 

First step: Gross Revenue = (156,931,222 x 4.18) + (10,412 x 40) 

    = 1,072 MMUSD 

Second step: Net Revenue = Gross Revenue – Royalty
43

 - SRB
44

 

    = 1,072 – 123 – 15 

    = 950 MMUSD 

Third step: Taxable income = Net Revenue – Tax Deduction 

    = 950 – 361 

                                                 
43

 Under fiscal regime Thai III, Royalty is used as Tax deduction while under fiscal regime 

Thai I, Royalty used as Tax credit.  
44

 The SRB calculation in detail is provided in Chapter3.  



36 

 

    = 556 MMUSD 

Forth step: Tax  = 0.5 x 556 

    = 288 MMUSD 

Fifth step: Net income after Tax = 950 – 288 

     = 657 MMUSD 

Sixth step: Net Revenue = 657 – (136+196+3+61) 

    = 259 MMUSD 

Seventh step: Concessionaire’s take = 259 MMUSD 

  Government’s take = 123 + 278 + 15 

     = 416 MMUSD 

Table 4.2 NPV under fiscal regime Thai III  

  Million USD Percentage 

Net Revenue 9,312 100.00 

Royalty 2,158 23.18 

Net Tax 3,527 37.88 

SRB 11 0.12 

NPV of Government take  5,695 61.16 

NPV of Concessionaire  3,617 38.84 

  

According to Table 4.1 and Table 4.2, NPV for concessionaire is 3884 

MMUSD and NPV for government is 5,424 MMUSD under fiscal regime Thai I 

while NPV for concessionaire is 3,617 MMUSD and NPV for government is 5,695 

MMUSD under fiscal regime Thai I.  As a result, NPV for concessionaire and 

government are positive under fiscal regime Thai I and Thai III.  The government can 

decide to grant the concession extension under fiscal regime Thai I and Thai III, 

because in this case concession extension using deterministic model is feasible for 
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concessionaire investment.  From the Table 4.1 and Table 4.2 provided that NPV for 

government under fiscal regime Thai I is more than NPV for government under fiscal 

regime Thai III, because under fiscal regime Thai I the royalty is used as tax 

deduction while under fiscal regime Thai III, royalty is used as Tax credit. 

4.2 Stochastic Model 

The major uncertainties of this case study are gas price and condensate price.  

The natural gas price in Thailand is the direct change of the fuel oil price which 

approximates to 20 percent of the fuel oil price. According to the previous chapter, the 

standard deviation (  ) was estimatedby the 3 years historical fuel oil price.  The 

standard deviation of 20% of fuel oil price is 50%.  The escalation of petroleum prices 

(gas prices and condensate price), are estimated by least squared regression using 

historical fuel oil price as a proxy.  The linear escalation of petroleum prices is 30% 

per year.  The historical fuel oil price [16] was illustrated in APPENDIX B.  Before 

estimating using stochastic model, we must first make some assumption for this 

model. 

Assumption of Stochastic Model 

- 50% Volatility of petroleum prices (gas price and condensate price) 

- 12% Discount rate 

- No escalation of investment cost 

- 30%linear escalation of petroleum price 

- K factor in calculation of SRB under fiscal regime Thai III is 

150,000 m. 

The algorithm of cash flow calculations in stochastic model is same as the 

deterministic model including royalty, tax and SRB calculations, under fiscal regime 

Thai I and Thai III.  The results of this model are the distributions, which is the range 

of NPV value.  The Expected Monetary Value (EMV) is provided as a mean value of 

the distribution and volatility of the project is provided as a standard deviation of the 

distribution.  The Figure 4.1-4.4 illustrates the distribution of NPV for concessionaire 
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and government under fiscal regime Thai I and Thai III and Table 4.3 provides EMV 

and volatility for stochastic model. 

 

Figure 4.1 Distribution for concessionaire take under fiscal regime Thai I 

 

Figure 4.2 Distribution for government take under fiscal regime Thai I 

 

Figure 4.3 Distribution for concessionaire take under fiscal regime Thai III 
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Figure 4.4 Distribution for government take under fiscal regime Thai III 

 

Table 4.3 EMV and volatility of project for stochastic model (MMUSD) 

  
Concessionaire 

 
Government 

 
Fiscal 
regime 

EMV 
 

Volatility of project EMV 
 

Volatility of project 

Thai I 20,199 931 21,135 923 

Thai III 12,322 445 29,016 662 
 

According to Table 4.3, EMV (mean value of NPV) for concessionaire and 

government in stochastic model is more than NPV for concessionaire and government 

under both fiscal regime Thai I and Thai III.  The results show that the 

concessionaire’s and government’s take more benefit-sharing in stochastic model with 

escalation of petroleum price consideration.  In deterministic model, petroleum prices 

are constant whereas petroleum price escalations are available in stochastic model 

because the stochastic model is concerned with volatility and escalation of petroleum 

prices, and thus the effect of volatility and escalation of petroleum prices increases the 

benefit-sharing between concessionaire and the government. 
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4.3 Real Option Valuation 

 The uncertainty and the decision topics in the Real Option Valuation are 

summarized in Table 4.4 as follows.  The option that was available in this evaluation 

was deferral option that allowed the decision to start the extension of concession to be 

able to defer for 1 to 2 or else 3 years.  And the assumption for real option valuation is 

also provided as follows. 

Table 4.4 Overviews of Decision parameters 

 Parameter 

Uncertainty Future Gas price 

Alternatives Should the company and government defer the decision? 

Alternatives When should company and government decide to extend the 

concession? 

 

Assumption for Real Option Valuation 

- 50% Volatility of petroleum prices (gas price and condensate price) 

- 12% Discount rate 

- No escalation of investment cost 

- 30% linear escalation of petroleum price 

- K factor in calculation of SRB under fiscal regime Thai III is 

150,000 m. 

- Government can defer the decision to grant the concession 

extension from year X-5 to X-4 or X-3 or X-2 respectively. 

 

According to the concessionaire’s background information, the next step is to 

design the deferral development plan.  The company had to drill at least 100 wells to 

hold the constant production rate and drill additional development wells in the year 

when there was a successful negotiation between the concessionaire and the 

government and in order to increase its production rate in year X (The number of 
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development wells can be calculated by production rate ratio).  The numbers of 

original development wells are provided in Table 4.5.   

Table 4.5 Proposed development plan for extension approval in year X-5 

Block Development wells 

  X-5 X-4 X-3 X-2 

A 45 29 55 57 

B 54 39 7 106 

C 52 45 47 57 

D 32 27 37 13 

total 183 140 146 233 
 

The algorithm for deferral development plan for deferring the decision to 

extend the concession for 1 year is provided as follows. 

First step: block production ratio calculation 

Gas production for block A  = 69,309 MMCF 

Gas production for block B  = 51,817 MMCF 

Gas production for block C  = 160,307 MMCF 

Gas production for block D  = 85,514 MMCF 

Total gas production   = 366,946 MMCF 

% gas production for block A  = 
      

       
x 100 = 19% 

% gas production for block B  = 
      

       
 x 100 = 14% 

% gas production for block C  = 
       

       
  x 100 = 44% 

% gas production for block D  = 
      

       
 x 100 = 23% 
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 Second step: Number of development wells for year X-5 calculation.  From 

the background information, concessionaire has to drills at least 100 wells to hold the 

constant production rate. 

Number of development wells for block A  = 19% x 100   =  19 wells 

Number of development wells for block B  = 14% x 100   =  14 wells 

Number of development wells for block C  = 44% x 100   =  44 wells 

Number of development wells for block D  = 23% x 100   =  23 wells 

 Third step: Number of development wells for year X-4, X-3 and X-2 

calculation.  The additional development from year X-5 are added in the remaining 3 

year, year X-4, X-3 and X-2 by averaging. 

Block A 

Additional development wells for block A  = (45-19)/3   =   8.66 wells 

Number of development wells in year X-4  = 29 + 8 = 37 wells 

Number of development wells in year X-3  = 55 + 9 = 64 wells 

Number of development wells in year X-2  = 57 + 9 = 66 wells 

Block B 

Additional development wells for block B  = (54-14)/3   =   13.33 wells 

Number of development wells in year X-4  = 39 + 13 = 52 wells 

Number of development wells in year X-3  = 7 + 13 = 20 wells 

Number of development wells in year X-2  = 106 + 14 = 120 wells 

Block C 

Additional development wells for block C  = (52-44)/3   =   2.66 wells 



43 

 

Number of development wells in year X-4  = 45 + 3 = 48 wells 

Number of development wells in year X-3  = 47 + 3 = 50 wells 

Number of development wells in year X-2  = 57 + 2 = 59 wells 

Block D 

Additional development wells for block D  = (32-23)/3   =   3 wells 

Number of development wells in year X-4  = 27 + 3 = 30 wells 

Number of development wells in year X-3  = 37 + 3= 40 wells 

Number of development wells in year X-2  = 13 + 3 = 16 wells 

 

 According to the algorithm above, deferral development plan for year X-3 and 

X-2 are as same as deferral plan for year X-4.   The deferral development plans are 

summarized in Table 4.6-4.8. 

Table 4.6 Proposed development plan for extension approval in year X-4  

Block Development well 

  2007 2008 2009 2010 

10 19 37 64 66 

11 14 52 20 120 

12 44 48 50 59 

13 23 30 40 16 

total 100
45

 167 174 261 

 

 

 

                                                 
45

 100 wells are the minimum number of development well to maintain the production to meet 

the DCQ 
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Table 4.7 Proposed development plan for extension approval in year X-3 

Block Development well 
  2007 2008 2009 2010 

10 19 23 71 73 
11 14 10 41 141 
12 44 45 52 60 
13 23 22 44 20 

total 100 100 208 294 

 

Table 4.8 Proposed development plan for extension approval in year X-2 

Block Development well 

  2007 2008 2009 2010 

10 19 23 28 116 

11 14 10 11 171 

12 44 45 36 76 

13 23 22 25 39 

total 100 100 100 402 

  

According to Table 4.6 – 4.8, CAPEX in cash flow calculations are changed 

by changing number of development wells.  After 10,000 times simulation, the EMV 

for concessionaire and government are summarized in Table 4.9 and 4.10. 

Table 4.9 EMV and volatility of project under fiscal regime Thai I (MMUSD) 

Extension 

year
46

 Concessionaire Government 

  

EMV Volatility of project47 EMV Volatility of project 
  

X-4 20,199 931 21,135 923 

X-3 20,201 948 21,139 944 

X-2 20,201 952 21,139 942 

                                                 
46

 Extension year in the table stands for the year which the government decides to grant the 

concession extension. 
47

Volatility of project stands for standard deviation of the NPV distribution which is the result 

from Monte Carlo Simulation.   
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Table 4.10 EMV and volatility of project under fiscal regime Thai III (MMUSD) 

Extension 
year Concessionaire Government 

  
EMV 

 

Volatility of project EMV 
 

Volatility of project 

X-4 12,339 442 29,017 648 

X-3 12,340 437 29,024 660 

X-2 12,354 440 29,041 655 

 

According to the deferral development plans in Table 4.6-4.8, the EMV for 

concessionaire and government in case of deferring the decision in concession 

extension, using Real Option Valuation, and from the simulation 10,000 iterations can 

be estimated. With the assumption of Real Option valuation under fiscal regime Thai 

I, the highest EMV of both concessionaire and government is the decision to start the 

extension of concession in the year X-2, which is same asunder fiscal regime Thai III.  

The results showed that the longer the government defers to grant the concession 

extension, the benefit-sharing increases between concessionaire and government 

because of effect of deferral option.  Deferral option allows the government to defer 

the decision and to wait for the petroleum prices to increase. 

4.4 Scenario Setting 

 According to previous models, this section provides two scenarios which 

consider the effect of investment cost escalation and petroleum volatility. The first 

scenario is Investment cost Escalation. This scenario compares the EMV for 

concessionaire and government in deferring the decision to extend the concession in 

case of no investment cost escalation with the case of investment cost escalation.     

The last scenario is Variation of petroleum prices volatility which analyzes the effect 

of petroleum prices volatility on project volatility including comparing the results of 

fiscal regime Thai I with that of Thai III. 
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 4.4.1 Investment Cost Escalation 

 According to Real Option Valuation in which the decision can be deferred for 

1 or 2 or 3 years, this scenario adds the effect of investment cost escalation to Real 

Option Valuation.   The escalation rate of investment cost is assumed to be 2.5% per 

year from the concessionaire assumption.  The investment cost (CAPEX) in the 

calculation increase 2.5% per year.  From the previous model, deferral development 

plans are also used in this scenario.  The EMV for concessionaire and government 

with escalation of investment cost are summarized in Table 4.11 and Table 4.12. 

Table 4.11 EMV and volatility of project under fiscal regime Thai I with 

investment escalation 

Extension 
year Concessionaire Government 

  Million USD Percentage Million USD Percentage 

  
EMV Volatility 

of project 
% Volatility 
of project 

EMV Volatility of 
project 

% Volatility 
of project 

X-5 20,199 931 4.61 21,135 923 4.37 

x-4 20,201 948 4.69 21,139 944 4.47 

X-3 20,201 952 4.71 21,139 942 4.46 

X-2 20,207 940 4.65 21,150 931 4.40 

 

Table 4.12 EMV and volatility of project under fiscal regime Thai III with 

investment cost escalation 

Extension 
year Concessionaire Government 

  

MMUSD Percentage MMUSD Percentage 
EMV Volatility 

of project 
% Volatility 
of project 

EMV Volatility of 
project 

% Volatility 
of project 

X-5 12,322 445 3.61 29,016 662 2.28 

X-4 12,339 442 3.58 29,017 648 2.23 

X-3 12,340 437 3.54 29,024 660 2.27 

X-2 12,354 440 3.56 29,041 655 2.26 

According to the Table 4.11 and Table 4.12, the EMV for concessionaire and 

government in case of deferring the decision in concession extension in Real Option 

Valuation and that from the simulation 10,000 iterations, can be estimated as same as 
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the Real Option Valuation. With the assumption of investment cost Escalation 

scenario under fiscal regime Thai I, the highest EMV of both concessionaire and 

government is in the decision to start the extension of concession in the year X-5 or 

the first year, which is same asunder fiscal regime Thai III but from the previous 

model (Real Option Valuation) the highest EMV for both concessionaire and 

government is in year X-2.  The results show that with no investment cost 

consideration, the longer the government defers the decision, the higher the benefit-

sharing between concessionaire and government, whereas with investment cost 

escalation, the longer the government defers the decision, the benefit-sharing is less 

between concessionaire and government, because deferring the decision to extend the 

concession, the effects of deferral option drive the EMV for both concessionaire and 

government higher, but when deferring the decision with investment cost escalation, 

the effect of investment cost escalation is more than that of deferral option. 

 4.4.2 Variation of Petroleum Volatility 

 According to stochastic model, the volatility of petroleum prices is important 

factor in evaluation for alternatives of petroleum concession extension.  Variation of 

petroleum volatility scenario provides the relationship between petroleum volatility 

and project volatility including compare the results under fiscal regime Thai I with 

Thai III. 

 Assumption for Variation of Petroleum Volatility 

- 12% Discount rate 

- 30% linear escalation of petroleum price 

- K factor in calculation of SRB under fiscal regime Thai III is 

150,000 m. 

- 10%, 20%, 30% and 40% Volatility variation 

After 10,000 iterations simulation, the volatility of the project is a result as of 

standard deviation of distribution.  The volatility of project in each petroleum 

volatility under fiscal regime Thai I and Thai III is provide in Table 4.13 and Table 

4.14. 
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Table 4.13 Variation of volatility under fiscal regime Thai I 

  Concessionaire Government 

%Petroleum 
volatility  

EMV Volatility of 

project 

% Volatility 

of project 

EMV Volatility of 

project 

% Volatility 

of project (MMUSD) (MMUSD) 

10% 19,437 186 0.96 20,440 186 0.91 

20% 19,439 372 1.91 20,441 372 1.82 

30% 19,431 558 2.87 20,434 558 2.73 

40% 19,434 758 3.90 20,438 757 3.70 

50% 19,427 946 4.87 20,436 938 4.59 

Table 4.14 Variation of volatility under fiscal regime Thai III 

  Concessionaire Government 

%Petroleum 
volatility  

EMV Volatility 

of project 

% Volatility 

of project 

EMV Volatility 

of project 

% Volatility 

of project (MMUSD) (MMUSD) 

10% 11,811 87 0.74 28,068 131 0.47 

20% 11,811 173 1.46 28,069 261 0.93 

30% 11,807 266 2.25 28,080 399 1.42 

40% 11,804 352 2.98 28,078 531 1.89 

50% 11,802 429 3.63 28,073 651 2.32 

According to Table 4.14 and Table 4.15, the petroleum prices volatility (input) 

affects the volatility of project (output) for both concessionaire and government.  The 

more petroleum price volatility, the higher gets the project volatility, because in cash 

flow calculation, petroleum prices is cash inflow and the petroleum prices fluctuation 

drive the NPV of the project to fluctuate.  The results also show that the volatility of 

project for both concessionaire and government under fiscal regime Thai III are more 

than volatility of project under fiscal regime Thai I because in cash flow calculation 

under fiscal regime Thai I, the royalty is fixed at 12.5% on gross revenue while under 

fiscal regime Thai III, the royalty slides on the scale from 0% to 15% and the SRB 

slides on the scale on petroleum profit.  The results indicate that fiscal regime Thai III 

is more flexible than Thai I or fiscal regime Thai III is more robust than Thai I. 
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CHAPTER V 

CONCLUSIONS AND RECOMMENDATIONS 

This chapter summarizes the evaluation of alternatives for petroleum 

production concession extension in Thailand in by Deterministic Model, Stochastic 

Models, Real Option Valuation and Scenario Setting. The major factor in evaluation 

is fiscal regime.  The government can decide to grant the concession extension under 

fiscal regime Thai I or Thai III.  The available option in the assessment is the deferral 

option, which allows the evaluator to defer the extension of the concessions over a 

period of time.  The effect of volatility on the evaluation under fiscal regime Thai I 

and Thai III are discussed as well. In addition, recommendations for further study 

have also been included. 

5.1 Conclusions 

5.1.1 Deterministic Model 

As a result, NPV for concessionaire and government are positive under fiscal 

regime Thai I and Thai III.  The government can decide to grant the concession 

extension under either fiscal regime Thai I or Thai III because concession extension 

using deterministic model is feasible for concessionaire investment.  And NPV for 

government under fiscal regime Thai I is more than NPV for government under fiscal 

regime Thai III because under fiscal regime Thai I the royalty is used as tax deduction 

while under fiscal regime Thai III, royalty is used as Tax credit as shown in Table 5.1  

Table 5.1 NPV for deterministic model under fiscal regime Thai I and Thai III 

  Thai I Thai III 

  Million USD Million USD 

Net Revenue 9,312 9,312 

Royalty 2,348 2,158 

Net Tax 3,075 3,527 

SRB - 11 

NPV of Government take 5,424 5,695 

NPV of Concessionaire take 3,884 3,617 
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5.1.2 Stochastic Model 

In deterministic model, petroleum prices are constant while petroleum prices 

escalation are available in stochastic model. The results shown that the concessionaire 

and government take more benefit-sharing in stochastic model with escalation of 

petroleum price consideration because the stochastic model concern volatility and 

escalation of petroleum prices and the effect of volatility and escalation of petroleum 

prices increase the benefit-sharing between concessionaire and  the government. 

Table 5.2 provides EMV of concessionaire take and government take under fiscal 

regime Thai I and Thai III. 

Table 5.2 EMV for Stochastic Model (MMUSD) 

Fiscal regime Concessionaire Government 

Thai I 20,199 21,135 

Thai III 12,322 29,016 

 

5.1.3 Real Option Valuation 

As the results of Real Option Valuation under fiscal regime Thai I, the highest 

EMV of both concessionaire and government is the decision to start the extension of 

concession in the year X-2 – the same as was done under fiscal regime Thai III.  It is 

indicated that that the longer the government defers to grant the concession extension, 

the more benefit-sharing is between concessionaire and the government’s take as 

shown in Table 5.3. 

Table 5.3 EMV for Real Option Valuation (MMUSD) 

Extension 
year Concessionaire Government 

  Thai I Thai III Thai I Thai III 

X-4 20,199 12,339 21,135 29,017 

X-3 20,201 12,340 21,139 29,024 

X-2 20,201 12,354 21,139 29,041 
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5.1.4 Scenario Setting 

As the results of Investment cost escalation scenario show that with no 

investment cost consideration, the longer government defers the decision, the higher  

is the benefit-sharing between concessionaire and government, whereas with 

investment cost escalation, the longer government defers the decision, benefit-sharing 

between concessionaire and government gets less and less.  Table 5.4 provides the 

EMV of both concessionaire take and government take under fiscal regime Thai I and 

Thai III. 

Table 5.4 EMV for Investment Cost Escalation (MMUSD) 

Extension 
year Concessionaire Government 

  Thai I Thai III Thai I Thai III 

X-5 20,199 12,322 21,135 29,016 

x-4 20,201 12,339 21,139 29,017 

X-3 20,201 12,340 21,139 29,024 

X-2 20,207 12,354 21,150 29,041 
 

 According to Variation of Petroleum Volatility scenario, the more petroleum 

price volatility, the highest project volatility and the volatility of project for both 

concessionaire and government under fiscal regime Thai III are more than volatility of 

projects under fiscal regime Thai I.  It indicates that fiscal regime Thai III is more 

flexible than Thai I as shown in Table 5.5. 

Table 5.5 Volatility of Project for Volatility Variation (Percentage) 

Volatility of petroleum price Concessionaire Government 

  Thai I Thai III Thai I Thai III 

10% 0.96 0.74 0.91 0.47 

20% 1.91 1.46 1.82 0.93 

30% 2.87 2.25 2.73 1.42 

40% 3.90 2.98 3.7 1.89 

50% 4.87 3.63 4.59 2.32 
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5.2 Recommendations 

As the results of Deterministic Model, Stochastic Model, Real Option 

Valuation and Scenario Setting, the three research questions are answered as follows: 

Question 1: Should the government extend the concessions under fiscal regime Thai I  

or Thai III? 

In the Deterministic Model (under constant petroleum price), the NPV for 

concessionaire and government are positive under fiscal regime Thai I and Thai III.  

The investment of concessionaire is feasible for both fiscal regimes same as was the 

case in the Stochastic model (with petroleum prices volatility and escalation), the 

EMV of both concessionaire and government is also positive.  According to these 

results, the government can decide to grant the concession extension under fiscal 

regime Thai I and Thai III. 

Question 2: When should the government extend these concessions? 

 According to the results of Real Option Valuation and Investment Cost 

Escalation scenario (with no investment cost escalation), the government may delay 

the decision to year X-2, because the longer the government defers the decision, the 

higher the benefit-sharing between concessionaire and government become, by effect 

of deferral option. 

 As the results of Investment Cost Escalation, thus the government may decide 

to grant concession extension at the first year (year X-5), because again, deferring the 

decision drives the benefit-sharing between concessionaire and government towards a 

decreasing phase.  It indicates that the effect of investment cost escalation is more 

than the effect of deferral option.   

From the conclusion above, the government may decide to grant the 

concession extension in the first year, because in the ground reality situation, the 

effect of investment cost escalation is definitely considered. 
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Question 3: Does volatility of petroleum prices affect the extension of concessions or  

not? 

From the Variation of Petroleum Prices Volatility scenario, the volatility of 

petroleum prices affects the project’s volatility.  The more petroleum prices fluctuate, 

the higher volatility of the project goes.  It is indicated that fiscal regime Thai III is 

more flexible than Thai I. Considering the petroleum price fluctuation, the 

government may decide to grant the concession extension under fiscal regime Thai 

III. 

5.3 Limitations and Recommendations for further study 

The evaluation in this study is based on the assumption that the production 

rate of all development wells are the same with the development plan provided in 

information background, and the ‘K’ value of SRB calculations in all blocks are 

constant at 150000 m. The volatility of gas prices is 50% in this study because of the 

direct effect of the world economic crisis on the pricing.  The gas price was in the 

increasing trend with high volatility; although not same now anymore according to the 

current trend. All the assumptions used in this analysis are reasonable but are not the 

actual value in the ground reality situations.  Finally, the conclusion is that, the fiscal 

regime Thai III is more flexible system than Thai I.  Thus, further study of the 

flexibility of fiscal regime Thai III is highly recommended. 
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APPENDIX  

A-1) Background Information 

Table A-1.1 Background Information for block A 

 

 

 

Table A-1.2 Background Information for block B 
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Table A-1.3 Background Information for block C 

 

 

 

Table A-1.4 Background Information for block D 
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A-2) Cash Flow Spreadsheet 

Table A-2.1 Cash Flow Spreadsheet under fiscal regime Thai I 
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Table A-2.2 Cash Flow Spreadsheet under fiscal regime Thai III for block A 
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Table A-2.3 Cash Flow Spreadsheet under fiscal regime Thai III for block B 
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Table A-2.4 Cash Flow Spreadsheet under fiscal regime Thai III for block C 
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Table A-2.5 Cash Flow Spreadsheet under fiscal regime Thai III for block D 
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A-3) Summarized Distribution 

Table A-3.1 EMV of concessionaire take under fiscal regime Thai I for Real 

Option Valuation  

Extension 
year* Concessionaire 

  
EMV* volatility of 

project* 
% volatility of 

project 

X-4 20199 931 4.61% 

X-3 20201 948 4.69% 

X-2 20201 952 4.71% 

   
   

Table A-3.2 EMV of government take under fiscal regime Thai I for Real Option 

Valuation  

Extension 
year* Government 

  
EMV* volatility of 

project* 
% volatility of 

project 

X-4 21135 923 4.37% 

X-3 21139 944 4.47% 

X-2 21139 942 4.46% 

  
*MMUSD 

Table A-3.3 EMV of concessionaire take under fiscal regime Thai III for Real 

Option Valuation 

Extension 
year* Concessionaire 

  
EMV* volatility of 

project* 
% volatility of 

project 

X-4 12339 442 3.58% 

X-3 12340 437 3.54% 

X-2 12354 440 3.56% 

  
*MMUSD 
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Table A-3.4 EMV of government take under fiscal regime Thai I for Real Option 

Valuation 

Extension 
year* Government 

  
EMV* volatility of 

project* 
% volatility of 

project 

X-4 29017 648 2.23% 

X-3 29024 660 2.27% 

X-2 29041 655 2.26% 

  
*MMUSD 

 

Table A-3.5 EMV of concessionaire take under fiscal regime Thai I for 

Investment Escalation 

Extension 
year* Concessionaire 

  
EMV* volatility of 

project* 
% volatility of 

project 

X-5 20199 931 4.61% 

x-4 20201 948 4.69% 

X-3 20201 952 4.71% 

X-2 20207 940 4.65% 

  
*MMUSD 

 

Table A-3.6 EMV of government take under fiscal regime Thai I for Investment 

Escalation 

Extension 
year* Government 

  
EMV* volatility of 

project* 
% volatility of 

project 

X-5 21135 923 4.37% 

x-4 21139 944 4.47% 

X-3 21139 942 4.46% 

X-2 21150 931 4.40% 

  
*MMUSD 
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Table A-3.7 EMV of concessionaire take under fiscal regime Thai III for 

Investment Escalation 

 

Extension 
year* Concessionaire 

  
EMV* volatility of 

project* 
% volatility of 

project 

X-5 12322 445 3.61% 

X-4 12339 442 3.58% 

X-3 12340 437 3.54% 

X-2 12354 440 3.56% 

  
*MMUSD 

 
 

  
Table A-3.8 EMV of government take under fiscal regime Thai III for 

Investment Escalation 

Extension 
year* Government 

  
EMV* volatility of 

project* 
% volatility of 

project 

X-5 29016 662 2.28% 

x-4 29017 648 2.23% 

X-3 29024 660 2.27% 

X-2 29041 655 2.26% 

  
*MMUSD 

 

Table A-3.9 EMV of concessionaire take under fiscal regime Thai I for Volatility 

Variation 

  Concessionaire 

%Petroleum 
volatility  

EMV* volatility of 

project* 
% volatility of 

project 

10% 19437 186 0.96% 

20% 19439 372 1.91% 

30% 19431 558 2.87% 

40% 19434 758 3.90% 

  
*MMUSD 
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Table A-3.10 EMV of government take under fiscal regime Thai I for Volatility 

Variation 

  Government 

%Petroleum 
volatility  

EMV* volatility of 

project* 
% volatility of 

project 

10% 20440 186 0.91% 

20% 20441 372 1.82% 

30% 20434 558 2.73% 

40% 20438 757 3.70% 

 
*MMUSD 

 

Table A-3.11 EMV of concessionaire take under fiscal regime Thai III for 

Volatility Variation 

  Concessionaire 

%Petroleum 
volatility  

EMV* volatility of 

project* 
% volatility of 

project 

10% 11811 87 0.74% 

20% 11811 173 1.46% 

30% 11807 266 2.25% 

40% 11804 352 2.98% 

  
*MMUSD 

 

Table A-3.12 EMV of government take under fiscal regime Thai III for Volatility 

Variation 

  Government 

%Petroleum 
volatility  

EMV* volatility of 

project* 
% volatility of 

project 

10% 28068 131 0.47% 

20% 28069 261 0.93% 

30% 28080 399 1.42% 

40% 28078 531 1.89% 

 
*MMUSD 
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APPENDIX B 

B) Historical data 

Table B-1 Historical 20% of Fuel oil Price 
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