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ABSTRACT

Giga investments are exposed to numerous systematic and unsystematic (or specific) risks

that significantly influence their feasibility and value. In addition to the conventional issues

and complexities in evaluating investment projects, factors such as long construction time,

high amount of capital required and irreversibility of investment, increase uncertainty of cash

flows in these types of projects. As a consequence, decision makers are usually not satisfied

with the results of the most popular valuation methodology – discounted cash flow analysis –

in valuation of Giga investments. The most promising methodology of valuing flexibility in

such investment projects is the real options valuation which quantifies the value of embedded

flexibilities through option pricing techniques.

In this paper, fuzzy real options valuation techniques are used to rank Giga project proposals

faced in Iran's gas industry. To this end, different scenarios of project payoff and future

uncertainties are quantified, using fuzzy numbers based on findings from earlier real option

valuation methods.
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1. INTRODUCTION

Giga projects are projects that create specific and complex requirements for policy-makers

and programmers given the size of the actual investment required (sometimes more than $ 1

billion) and time required to achieve the output and return on investment[1]. Programming

and technical and economic forecasts are of great importance in the success of these projects,

and since these projects are generally irreversible and finding customer for these projects is

so difficult (and sometimes impossible) in the case of their failure, in addition to the usual

methods of financial evaluation (including common methods of analysis of the present value

of the investment), analysts should use more advanced techniques to analyze future revenues

and costs of the projects. On the other hand, Giga projects are likely to affect the

environment, and sometimes they may cause serious changes in pricing and their products

market. In fact, the use of the concept of price-taker behavior for economic analysis of the

projects' future earnings may put analysts in trouble.

Investment in upstream oil, gas and petrochemical projects is generally made in the scales of

Giga investment. Due to the aspects of economic, social and even cultural effects on their

environment, these projects should be studied carefully and decision-making should be done

on the basis of all circumstances facing the projects. Investment in oil and gas projects is

generally a long-term investment with a very long life cycle (about 10 years or more), and no

dramatic changes can be done in the specifications of the output after the start of the project

and therefore, technical and economic forecasts are to be made before the start of the project.

According to the latest reports of BP, Iran is the world's largest holder of natural gas

reserves[2]. Despite its huge amount of reserves, Iran ranks fourth among leading

manufacturers in the world due to inadequate investment in upstream natural gas production

[3]. Lack of investment has caused Iran irreparable damages because of the loss of its share in

the common areas (including the joint South Pars gas field with Qatar)[4]. However, share of

production for export is not much due to the uncontrolled growth of domestic consumption

and Iran has failed to properly use the great economic potential of its resources. Accordingly,

there are different investment projects and recommendations to develop upstream use of gas

reserves by National Iranian Gas Company, all of which require high investment amounts and

much time for their productivity. There are financial resources limitations (due to reduced oil

revenues and foreign restrictions on trade and foreign investment in the country) to start all

mentioned projects. So, the right tools and methodologies for Giga investment analysis must

be used to prioritize investment in this sector.
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In this paper, the available information on the investment required and future earnings of the

projects are used with the future trend of world oil and natural gas prices, to provide real

option value of projects. To this end, fuzzy payoff logic is used as a real option valuation

tool. Prices and conditions facing raw materials and consumption market of the projects are

evaluated at 3 pessimistic, optimistic and possible levels and finally investments in each of

these projects are prioritized with a financial assessment approach. In order to facilitate the

presentation of the results in this paper, it is assumed that fixed investment required during

the project is done according to preliminary forecast and changes just will be made in the raw

material and product market of projects. Other environmental risks of the projects are

ignored.

In the next sections, in addition to the detailed explanations of systematic and unsystematic

(or specific) risks influencing feasibility and value of Giga projects, different aspects of

proposed projects to invest in Iran's gas industry are introduced. Then, the fuzzy pay off

method is introduced as a real option valuation tool for prioritizing projects using 3

pessimistic, possible, and optimistic scenarios. At the end, the analysis of the results and

recommendations to complement and enhance the accuracy of the results of this research are

presented.

1.1. Giga Investment (Projects)

Giga investment means investing in projects that require heavy financial resources for the

project start up (over 100 million euros). In this kind of projects, the time required to carry

out the project and to start its operation is so long[1]. In some cases, this will take time

between several months to several years. However, the operation time of these projects is

usually long so that it may take over 50 years in some cases (such as the production of an oil

well or a mine). One of the most important issues facing these kinds of investment is

uncertainty caused by changes in the environment and prices of raw materials and products

resulting from these projects. Because in the traditional calculation methods such as the net

present value or discounting future cash flows all factors are considered to be definitive and

changes in them can make great changes in the results of the analysis. Another problem

encountered in the analysis of investment in Giga projects is their impact on the environment,

such that as a result of their implementation, many fundamental changes are made in the

consumer and raw materials market[5]. For example, investment in order to build a power

plant in the free market can increase the supply of electricity and as a result affect the

consumer market and product selling price[6], and therefore the potential effects of the
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project on the future demand and market prices at the time of operation of the project will

have a significant role in the economic analysis of projects[7].

One of the main characteristics of the investment in Giga projects is irreversibility of much of

the initial investment after the start of the project. That means that if the investor wants to

stop the Giga project for any reason, the initial investments and equipment related to these

projects are not to be sold easily, since they have fundamentally been designed and prepared

for that project. That is, after the start of the project, it cannot be decided to stop the Giga

project without taking into account a significant loss. Collan [1] has talked about the

characteristics of these projects in detail in his article.

As shown in Figure 1, Giga projects have 3 life cycles and as a result, 3 investment valuation

methods. According to the life cycle in which the project is, analysts should use tools specific

for each cycle in order to analyze investment. For example, given that the project's operating

costs have not yet started and just the cost of planning is imposed on the project and also

there is a possibility (option) decide whether to start the project or not, real option valuation

mechanism should be used to analyze investment before the start of the project. But given the

irreversibility of Giga projects after their start and that the cash flow in this stage is only in

the form of (fixed) cost and also revenues are also characterized by uncertainty, analysis

method changes to real forward valuation[1]. In order to evaluate projects under equal

conditions in this study, all the projects have been considered in the first phase (planning

stage) and therefore the real option valuation method is used to analyze and prioritize them.

Following the introduction of fuzzy numbers, fuzzy pay off approach is presented for real

option valuation.

Fig.1. Life cycles of a Giga project and investment valuation method in each period [1]
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1.2. Fuzzy pay off method for real options valuation

In fact, real options are the translation of the financial authorities used in real projects to

enhance the flexibility of management decisions. Using this approach in large investment

projects is increasingly welcomed by researchers because of the uncertainty of costs and

future revenues of investment. Real options valuation is based on theoretical principles and

procedures governing the valuation of financial authorities, such as the Black-Sholes

method[8, 9] or binomial trees[10, 11]. The use of these methods in practice is so complex

due to the restrictions for the use of these methods. Therefore, in recent studies, researchers

have focused on presenting models with simple calculations and have yet reliable results [12-

16].

In recent papers a practical probability theory-based Datar-Mathews method for the

calculation of real option value is proposed[17, 18]. Authors demonstrate that the method and

results from the method are mathematically equivalent to the Black-Sholes formula. The

method is based on simulation-generated probability distributions for the NPV of future

project outcomes and it shows the real-option value can be understood as probability-

weighted average of the pay-off distribution. More details can be found in [17]. Collan

merges this concept with fuzzy set theory. He uses fuzzy numbers in representing the

expected future distribution of possible project costs and revenues, and hence also the

profitability NPV outcomes[19].

In the following, in addition to a brief introduction of fuzzy numbers, the fuzzy pay off model

is briefly described for real option valuation with emphasize on its application in mega

investments valuation.

1.2.1 Fuzzy sets

Fuzzy sets, introduced by Zadeh in 1965[20], provide a new mathematical tool to deal with

uncertainty of information. Since then, fuzzy set theory has been rapidly developed and many

successful real applications of fuzzy sets and systems in wide-ranging fields have

emerged(eg.Şengül, Eren [21]). A fuzzy set of X is defined by its membership function

when X is a universal set.

μ : X → [0,1] ; x ~μ (x)[0, 1]
The value of μ (x) represents the grade of membership of x in X and is interpreted as the

degree to which x belongs to A therefore the closer the value of μ (x) to 1, the more its

belonging to A [22]. A fuzzy set A can be characterized as a set of ordered pairs of elements x

and grade μ (x) and is noted as:
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= [( , μ (x)) | x ∈ X ]
Basic notions and Operations and properties of fuzzy sets can be found in the literature[22].

Following the introduction of fuzzy sets in the following paragraphs, Fuzzy Pay-off method

for evaluation of real options is briefly explained.

1.2.2. Fuzzy Payoff Method

Mezei, Collan and Fullér used different revenue and cost scenarios in the form of ideal,

possible and pessimistic conditions and a fuzzy number to portray the future distribution of

revenues and the cost of the project (and thus the distribution of profits) in their proposed

method[19]. This method valuates projects citing that weighted average of positive outcomes

of the income distribution is considered as the real option price[17] and with the use of the

fuzzy mean value calculation [23].

Calculation of the real option value by this method can be simplified into the following:

= ∫ ( )∞∫ ( )∞
∞

× ( )
In which the likelihood or the possibility (in terms of the area under the possibility

distribution of the investment outcome being on the positive side of the NPV distribution) is

multiplied by the expected value, or the central measure, of the positive side of the estimated

investment NPV distribution.

In this paper, the triangular fuzzy numbers in figure 2 are used to show the distribution of

revenues made by implementation of mega-projects of Iran's gas resources.

Fig.2. distribution of revenues from the implementation mega-projects in the form of

triangular fuzzy number

In this regard, 3 numbers should be selected as the most expected limit, the most likely limit

and the least expected limit to map the distribution of income and expenses of mega-projects.

According to long-time implementation and operation of mega-investments, estimates change

A+

aa-α a+β
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over time and create different conditions for investors. Figure 3 schematically shows the

fuzzy estimates changes in income and costs' distribution of mega-investments.

Fig.3. Changes of fuzzy estimates made for the distribution of revenues from mega

investments [24]

The ROV is found by calculating the area of the positive side shown in figure 2, divided by

the entire area of the triangle and then multiplied by the fuzzy mean value of the positive side

of the fuzzy distribution (E (A+)).

Authors of fuzzy pay off model have proposed four formulas for calculating E (A+) using the

formula provided by Carlsson and Fullér[23]. These formulas are used according to the

various conditions that can govern a, α, and β. The formula for calculating E (A+) in four

different modes is presented below[19].

First case is where the whole fuzzy distribution is above zero, when 0 < (a- α). The mean

value of the positive area is calculated as:( ) = + −6
Second case is where the fuzzy distribution is partly above zero, which means that is above

zero but (a – α) is below zero (a-α < 0 < a). In this case the mean value of the positive area is

calculated as ( ) = + −6 + ( − )6
Third case is where fuzzy distribution is partly above zero, but with the centre, a, below zero

but a + β still above zero (a < 0 < a + β). The mean value of the positive area in this case is

calculated as ( ) = ( + )6
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Fourth case is when the whole fuzzy distribution is below zero. The mean value of the

positive area in this case would be equal to zero.

More details on calculation of the fuzzy real option value can be seen at [25] .

2. Ranking Iran's Natural gas export Giga investment opportunities

According to the latest estimations of British Petroleum Company, Iran with 18.2% natural

gas reservoirs has the first natural gas reservoirs in the world[2]. In terms of natural gas

production, Iran with 166.6 million m3 in 2014 has the only 5% of total natural gas in the

world and this value is reduced 0.2% compared to 2013 [3]. It is worth to mention that of this

value, only about 5% (9.28 billion m3) is dedicated to natural gas export[26]. In ranking the

major manufacturers of natural gas in the world, Iran has fourth rank with a considerable

distance from US and Russia (figure 4) .This shows that despite considerable natural gas

resources, Iran didn’t produce and operate these resources for different reasons. Based on the

growing trend of natural gas production in Qatar, it is expected that the distance between Iran

and Qatar is increased for the benefit of Qatar. At the same time, high share of gas

consumption in the country has caused that Iran is not in the list of 20 first countries for

natural gas exporting in the world[3].

Fig.4. Production of most important natural gas producers[2]

On the other hand, due to huge reserves of gas and over 100 years of experience in the

extraction and export of petroleum products as well as great access to consumption markets,

Iran is of high potential to develop upstream and downstream natural gas mega-projects.

However, due to government restrictions on the funding needed to launch all Giga projects

defined in the gas industry as well as lack of sufficient private sector's role to finance

0
100
200
300
400
500
600
700
800

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Production of most important natural gas
producers (Million tonnes oil equivalent)

United States Russian Federation Iran Qatar Canada



S. Hassan Ghodsypour et al. J Fundam Appl Sci. 2016, 9(1S), 73-95 81

projects, it is necessary to investigate and prioritize these projects in terms of economic

factors. Using real options pricing method and fuzzy pay-off method, some of Giga-projects

defined in the gas industry have been evaluated and prioritized in this paper. In order to

assimilate the results, all projects are assumed to be in the initial phase of decision making

and just the effect of changes in oil prices, natural gas and petroleum products on projects and

the selling price of their products are considered as the source of uncertainty in future income

of the Giga project. The scenarios facing the oil and natural gas in 25-year time horizon (until

2040) are presented below and then the selected Giga projects to be evaluated in this study

and the potential benefits of each of them have been introduced.

2.1. Future scenarios of global oil and natural gas price

Figure 5 shows the different scenarios facing the international price of Brent crude[27]. These

scenarios have been designed taking into account the factors causing uncertainty in the

futures price of oil. Factors such as changes in global demand for crude oil and other

petroleum products, crude oil production and providing other liquid fuels are included in

designing these scenarios. This paper aims to valuate revenues from Giga-investments facing

the natural gas industry in Iran using the real options theory. The scenarios of High oil price,

Reference and Low oil price have been used to create triangular fuzzy numbers as an

indicator of mega-investment revenues. Prices associated with these three scenarios, in fact,

represent high, low and possible limits of futures prices of crude oil that have been used to

create cost and revenue scenarios of Giga-investments in this article.

Fig.5. North Sea Brent crude oil spot prices in four cases (dollars per barrel)[27]

Henry Hub spot price in America is also used as a reference in order to assess the cost of feed

ingredient and the export price of natural gas in the valuation of future revenues of Giga-
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projects in Iran's gas industry due to the lack of reference prices for exports in the Middle

East Henry. This assumption is considered given that the aim of this research is to prioritize

Giga- projects and given that the feed rate for all projects follow a same reference. Scenarios

facing the international price of natural gas (Henry Hub in America) are shown in Figure 5.

Given that the best and the worst cases are investigated in the fuzzy pay off approach, the

three scenarios of High oil price, Reference and High oil and gas resource are used in order to

create triangular fuzzy numbers as an indicator of mega-investments' revenues.

Fig.6. Average Henry Hub spot prices for natural gas in four cases (dollars per million

Btu)[27]

2.2. Gas export scenarios and investment opportunities

In this section, some mega investments in Iran, as well as their cost and revenue aspects

during the period of construction and operation are presented. Given the diversity of projects

in Iran's gas industry, one important project is selected from this area, but the method

presented in this article can be used to evaluate other projects. Technical and economic

information presented in this section has been derived from interviews with experts in Iranian

gas industry.

2.2.1. Iran's Natural gas export to Europe with pipe line

Currently, two potential paths, each with its own characteristics and requirements, can be

considered for the export of Iranian gas to Europe. The first path that passes Turkey,

Bulgaria, Romania, Hungary and Slovakia, eventually leads to Austria. However, Turkey-

Greece - Italy is considered an alternative to this path. In the second path, the natural gas

pipeline has to pass Azerbaijan or Armenia, Georgia, and Ukraine to reach Europe. In both
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paths, the gas pipeline must pass a minimum of 4 countries. In addition to the cost of gas

transit that these countries receive, they can be involved in the construction of pipelines and

thereby supply a part of their natural gas consumption. The pipeline which passes through

Turkey is investigated in this study due to its importance. In order to export Iran's gas from

this path, the ninth national gas line is intended. This line is fed by phases 20 and 21 of South

Pars. Some characteristics of Iran's export pipeline through Turkey are presented in table 1:

Table 1. Technical and economic characteristics of export line from Iran to Europe

Line profile
Line Length: 4710

km

Onshore diameter: 54

inches

Underwater

diameter: 34 inches

Pressure boosting

and control

infrastructures

The number of

pressure boosting

stations: 27

The number of

border stations: 10

stations

Number of

maintenance centers:

21 centers

Number of

dispatching centers: 3

center

Construction and

operation period

Construction period:

4 years

Life of the Line: 25

years

The total volume of

exported gas

Gas volume: 32

billion cubic meters

per year

Capital and operating

cost items

The cost of capital:

13 billion dollars

Operating costs: 3%

of capital expenditure

in the year

Feeding cost

Transit Price: 1.66

cents per cubic meter

2.2.2. Gas injection in oil fields and oil export

In the projects of natural gas injection to the oil field, the natural gas is extracted from the

South Pars gas field and after separating gas liquids it is sent to the intended oil field through

pipelines and with the help of pressure boosting stations. In the intended oil field, it is

injected into the oil reservoir through drilled wells and with increasing pressure with the help

of high-pressure compressors. In these projects, the cost flow includes capital expenditures to

develop upstream gas field, upstream operating costs, capital costs of transmission facilities,
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transmission operating costs, capital costs of construction and operation of equipment and

facilities required for injection, drilling injection wells and operating costs of injection. Table

2 presents some technical and economic characteristics of the project of injecting natural gas

into Aghajari field for the purpose of enhanced crude oil recovery.

Table 2. Technical and economic characteristics of the project of injecting natural gas into

Aghajari field

Line profile and costs
Required line length:

60 km

Line cost: $ 25000

per inch-kilometer

with a diameter of 8

to 10 inches

Injection equipment

profile and costs

The number of

injection wells: 3

wells in the form of 2

injection wells and 1

service well

Cost of each

injection well: 25

million dollars for

average land and sea

required compressor

capacity:

Approximately 700

to 800 horsepower

The cost of

compressor stations:

$ 3,500 per

horsepower

The cost of gas

processing and oil

separation facilities:

20,000 dollars for the

capacity of each

barrel of crude oil per

day.

BGI for 230 ° F and

pressure of 5000 psi

at Aghajari field:

0.00393 (Q / Q`)

Construction and

operation period

Construction period:

4 years

The period of

operation: 25 years

The average time for

the recovery of gas

injection: 2 years

The total volume of

exported gas

The volume of gas

injected: 12 billion

cubic meters per year

Feed costs

2.2.3. Iran's LNG export

LNG projects in Iran have been considered since the early 1970s, but with the start of the war

between Iran and Iraq, the projects stopped and practically no progress was made on these

projects in the 1980s and until after the end of the war[26]. Since the early 2000s, with the
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start of the joint South Pars gas field development projects, new projects have been defined

again based on LNG. The main LNG production projects in Iran include 3 main projects of

Iran LNG, Pars LNG and Persian LNG. The project of Iran LNG is considered in this study

due to its importance. The project consists of 2 production units of 5 million tons of LNG that

is fed by Phase 12 of South Pars. The cost flow of this project includes capital expenditures in

the upstream gas field development, upstream operating costs, capital spending of

dehydration and sweetening and liquefaction unit, operating costs and transportation costs.

Table 3 shows some technical and economic characteristics used to evaluate the Iran LNG

project:

Table 3. Technical and economic characteristics used to evaluate the Iran LNG project

Capacity and capital

expenditures

2 production lines

with a capacity of 5

million tons per line

The cost of capital:

800 to $ 1,100 per

metric ton annual

production capacity

dehydration and

sweetening

equipment

specifications and

costs

The number of

processing units: 1

unit

Dehydration units: 1

unit

Operating costs :3%

of capital expenditure

in the year

byproducts 720 thousand tons of

LPG annually with a

price of $ 2 more

than oil

300000 tons of

annual NLG gas

liquids with a price

of $ 5 more than oil

Construction and

operation period

Construction period:

4 years

The period of

operation: 25 years

The total volume of

gas used and the

related costs

The volume of gas

injected: 12 billion

cubic meters per year

Feed price

Since the predictions of gas price are made based on Henry Hub spot price, the price of LNG

in this article is calculated using the mechanism presented in [28] and using the following

equation:



S. Hassan Ghodsypour et al. J Fundam Appl Sci. 2016, 9(1S), 73-95 86

P(LNG) = 1.15 * HH + B. Where HH is the Henry Hub futures price on the New York

Mercantile Exchange (NYMEX) for the month of lifting and B is a constant agreed between

Cheniere and each buyer.

Given that the intended values in the above reference are fixed B between 2.25 to $ 3 per

million Btu, B is considered to be 2.5 in this article.

2.2.4. Export of petrochemical products

In this study, Giga investment on production and export of methanol from natural gas,

according to the users and the volume of investment in this area has been studied to assess

petrochemical products' export. Methanol is the world's third most widely used chemical that

is widely used in petrochemical downstream industries, including paints, pharmaceuticals,

pesticides, clean fuel, and so on. Currently, an average of more than 5 million tons of

methanol is produced in the Iranian petrochemical industry annually and is exported to

international markets, especially in East Asia and Western Europe. Due to the predictable

lack of energy sources, if methanol is accepted as a clean fuel in the future, its consumption

will increase. In this paper, investment on a project of 1.7 million tons of methanol has been

studied. The capital cost to set up this unit is estimated to be $ 700 million. The construction

period of this complex is 4 years and its operation period is considered to be 25 years.

2.2.5. Iran's GTL export

The GTL6 technology of converting natural gas to liquids is the newest way through which

natural gas can be converted to valuable products such as: methanol, dimethyl ether and other

distillation products[29]. Despite the advantages of this technology, the number of large

business units in this regard is limited across the world due to high investment costs and

today, a small amount of large institutions' resources is allocated to this technology.

However, in recent years much attention has been given to the applications of GTL

technology for the use of gas resources.

While pipeline and liquefied natural gas (LNG) options focus on the natural gas markets,

GTL presents an attractive alternative for gas monetisation for gas-producing countries to

expand and diversify into the transportation fuel markets by production of high-quality liquid

fuels, particularly diesel (without sulphur and with a high cetane number) and jet fuel [30].

In literature, extensive studies have assessed and compared the profitability of GTL and LNG

projects[31-34]. But this research investigates revenues from a GTL mega investment in Iran,

according to various scenarios facing the feed price and products of the project. Table 4

shows some technical and economic characteristics to investigate Giga investment on

conversion of natural gas to liquid products in Iran.
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Table 4. Technical and economic characteristics used to investigate Giga investment on

conversion of natural gas to liquid products in Iran

Capacity and capital

costs

A unit with a

capacity of 70

thousand barrels per

day

Capital cost: 40

thousand dollars per

one barrel production

capacity daily

The cost of buying

technical knowledge:

5 to 10% of

investment costs

Capacity: In the first

year 70% and then

5% annual increase

in capacity

Specifications and

operational costs

Rich gas refining

cost: 2.5 cents per

cubic meter

Operating costs: 3%

of capital expenditure

in the year

Other variable

operating costs

(Catalyst, use of

facilities, manpower,

etc.): $ 3 per barrel

constant non-

operating expenses: 5

percent of variable

operating costs (cost

of refining and other

variable operation

costs)

Products 76% diesel, 21%

naphtha, 3%

liquefied petroleum

gas

Gasoline prices: with a difference of $ 14

from oil

Naphtha prices: with a difference of $ 18

from oil

LPG price: $ 18 less than crude oil per barrel

and then multiplied by 11.6 to get the price

per ton

Byproducts (per one

million cubic meters

of natural gas per

day)

LPG: 17,000 tons per

year; Ethan: 9000

tons per year; sulfur

7 tons per year;

gasoline: 1,340

barrels per day

Gasoline prices 30% higher than the price of

oil

Sulfur price: in 2010 was equal to $ 140 per

ton with annual increase of 2%



S. Hassan Ghodsypour et al. J Fundam Appl Sci. 2016, 9(1S), 73-95 88

Construction and

operation period

Construction period:

5 years

The period of

operation: 20 years

Working days: 300

days

The total volume of

gas used and the

related costs

The amount of gas

required to produce a

barrel: 283 cubic

meters (321.6 cubic

meters of rich gas

obtained from South

Pars)

Feed prices

2.3. Fuzzy pay off results

Table 5. Represents internal rate of return and net present value at a discount rate of 10% for

each of the projects under each of the scenarios of oil prices and natural gas

High oil priceReferenceHigh oil and

gas resource

15.366%11.811%10.354%IRRIran's Natural gas

export to Europe with

pipe line

1

28,194,019,08618,625,624,06715,620,303,384

NPV($)

118%71%58%IRRGas injection in oil

fields and oil export

2

43,639,837,72819,172,863,40511,113,222,016

NPV

45%44%41%IRRIran's LNG export3

87,567,076,76072,171,032,64864,873,980,870

NPV

46%43%----IRRExport of

petrochemical

products

4

3,236,936,8282,930,585,573- 651,127,758

NPV

51%33%26%IRRIran's GTL export5

24,767,131,25310,160,618,0375,289,221,061

NPV

Given that the amount of investment and the volume of injected gas are different for different

projects, the obtained NPV values have been normalized by two methods. In the first method,
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the NPV values of each project in the following scenarios have been divided in order to

obtain the NPV value based on the dollar of investment needed. In the second method, NPV

values have been divided by the amount of natural gas consumed in the year so that the

profitability per injection of each cubic meter of natural gas is calculated. Finally, using the

calculations presented in[34], real option value of each project in each of the normalization

methods has been obtained and ranked. Tables 6 and 7 show the obtained real option values

for mega investments on Iran's gas industry.

Table 6. values of obtained real options for mega investments of Iran's gas industry with

normalization based on the amount of gas injected into the project

a- alpha a a+betta y=wx+z

hig

h

cost

possi

ble

cost

low

cos

t

the

whole

pessimist

ic

the

whole

possible

The

whole

optimisti

c

al

ph

a

be

tta

E(

A

+) w z

area

relati

on

R

O

V

1

-

0.2

35

-

0.163

-

0.1

51 0.097 0.112 0.211

0.

01

5

0.

09

9

0.

12

6

68

.6

27

-

6.

67

1

1.00

0

0.

12

6

2

-

0.8

53

-

0.734

-

0.6

54 0.926 1.598 3.637

0.

67

2

2.

03

9

1.

82

6

1.

48

9

-

1.

37

9

1.00

0

1.

82

6

3

-

0.6

03

-

0.602

-

0.6

02 4.865 4.010 3.604

-

0.

85

5

-

0.

40

5

4.

08

4

-

1.

16

9

5.

68

8

1.00

0

4.

08

4

4

-

1.1

68

-

1.034

-

0.9

09 -0.440 1.981 2.189

2.

42

2

0.

20

7

1.

61

5

0.

41

3

0.

18

2

0.97

0

1.

56

6

5

-

1.1

55

-

1.040

-

0.9

76 0.783 1.504 3.667

0.

72

1

2.

16

3

1.

74

5

1.

38

6

-

1.

08

6

1.00

0

1.

74

5
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Table 7. Values of obtained real options for mega investments of Iran's gas industry with

normalization based on the amount of the investment needed for project

a- alpha a a+betta

y=wx+

z

hig

h

cost

possi

ble

cost

low

cos

t

the

whole

pessimist

ic

the

whole

possible

The

whole

optimisti

c

alp

ha

bet

ta

E(

A

+) w z

area

relati

on

R

O

V

1

-

2.7

12

-

2.364

-

2.1

61 2.169 1.433 1.202

0.

23

1

0.

73

6

1.

51

7

4.

32

6

-

5.

19

8

1.00

0

1.

51

7

2

-

29.

353

-

25.24

8

-

22.

514 125.114 54.968 31.861

23

.1

07

70

.1

46

62

.8

08

0.

04

3

-

1.

37

9

1.00

0

62

.8

08

3

-

0.9

87

-

0.985

-

0.9

84 7.961 6.561 5.898

0.

66

3

1.

40

0

6.

68

4

1.

50

7

-

8.

89

0

1.00

0

6.

68

4

4

-

2.4

69

-

2.184

-

1.9

20 4.624 4.187 -0.930

5.

11

7

0.

43

8

3.

41

2

0.

19

5

0.

18

2

0.97

0

3.

30

8

5

-

2.5

32

-

2.280

-

2.1

40 8.041 3.299 1.717

1.

58

2

4.

74

2

3.

82

6

0.

63

2

-

1.

08

6

1.00

0

3.

82

6

Table 8 shows the ranks obtained for each of the projects taking into account their net present

value (NPV) distribution normalization method.
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Table 8. Ranking Giga investment projects in Iran's gas industry

normalization based

on the amount of the

investment needed

for project

normalization based

on the amount of gas

injected into the

project

55Iran’s Natural gas export to Europe with

pipe line

1

13Gas injection in oil fields and oil export2

21Iran’s LNG export3

44Export of petrochemical products4

32Iran’s GTL export5

The rate of feed gas is considered constant in this research study. Therefore, any change in

the rate can have significant effects on the economic benefits of Giga investments examined.

The results shown in Table 8, with the assumption of normalization based on the amount of

gas injected, can help analysts to observe ranking of the revenues of projects based on the

injections of cubic meter of natural gas as the feed. Obviously, projects that have greater real

option value with this assumption can also have higher competitiveness in the case of

increase in feed rates. In this case, as can be seen in Table 8, Iran's LNG export is ranked first

and Iran's GTL export and Gas injection in oil fields and oil export are next in the ranking.

From another perspective, since the amount of revenues according to investments and its

funding methods are always one of the concerns of managers and policy-makers, projects in

table 8 have also been ranked with the assumption of normalization based on investment

needed in the project. Using these results, we can investigate the projects that cause the

highest revenues in terms of an investment unit. According to the results of research, Gas

injection in oil fields and oil export has the highest economic return for an investment unit

and Iran's LNG export and Iran's GTL export are ranked next with a great difference.

3. DISCUSSION

Investment in Giga projects has many complexities and ambiguities due to the huge amount

of investment needed and the time of projects' implementation and operation and thus,

investors must take them into account before starting implementation operations. Uncertainty

of future incomes and costs of the project is one the most important issues in investigating
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these kinds of investments and given the long time of the project, there will be the possibility

of changes in the conditions governing the project, at the time of formulating the feasibility

and business plan. Fuzzy Payoff is used in this paper to evaluate and prioritize Giga project

facing the gas industry of Iran. The results show that with regard to the amount of gas

injected into the project, the project of Iran’s LNG export has the highest economic returns

and Iran's GTL export and Gas injection in oil fields are ranked next. Also considering the

amount of profit per unit of investment, Injection has the highest economic returns for an

investment unit and Iran's LNG export and Iran's GTL export are ranked next with a great

difference.

It should be noted that the feed rate in this article is considered constant and Henry Hub price

is used due to the nature of gas contracts in the Middle East (not specified format for pricing)

and sometimes confidentiality of information. Assumptions for simplifying calculations and

predictions are used on other products, which are due to the complexity of the oil price

forecast based on futures prices for oil and natural gas. This can change the results. It should

also be taken into account that economic investigation won't suffice to start investing in a

Giga project and the issues surrounding the project and the conditions of the country, such as

the effects of possible sanctions on the achievements of the projects, risks associated with the

acquisition of technical knowledge of the theme of the project, or even country's access to

financial resources allowing financing of projects with different aspects should also be

considered. In addition to the increase of accuracy of analysis input in future studies, the

effects of other factors affecting decision-making can be investigated simultaneously with

economic analysis of revenues from project implementation.
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