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ABSTRACT

The proven natural gas reserves of the Alaska North Slope (ANS) have enormous 

potential as clean-burning energy resources, if they can be effectively and 

efficiently utilized. These gas resources, exceeding 35 trillion cubic feet (TCF), 

currently represent a significant proportion of the energy equivalence of proven 

ANS oil reserves. With ANS located far from potential markets, there is need to 

evaluate the prospective economics of promising technologies for monetization of 

these stranded gas reserves.

The economics of the chemical conversion of natural gas to synthetic liquid fuels 

favored by recent advances in FT synthesis techniques, liquid fuel transportation 

for the Trans Alaskan Pipeline System (TAPS) operations, and increased demand 

for clean burning diesel fuels, was the main focus of this study. Economic 

evaluation using Internal Rate of Return (IRR) analysis, Payout Time and the Net 

Present Value (NPV) to access and compare the economic viability of 3-train and 

4-train GTL Projects is performed. Monte-Carlo simulation using the Crystal Ball 

software was utilized to run sensitivity analysis, incorporating the probabilistic 

approach, which generated insightful scenarios on the project economics.
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CHAPTER ONE 

INTRODUCTION

1.1 Introduction

The Alaska North Slope (ANS) holds estimated proven and recoverable reserves of 38 

trillion cubic feet (TCF) of conventional natural gas, easily accessible from the Prudhoe 

Bay area, where for years gases produced along with oil have been injected back into 

the reservoirs to improve future recovery. A published report (Thomas and Robertson, 

1996) shows that about 26 TCF of ANS recoverable natural gas is estimated to be 

available for sale. Flowever, Swanson (2006) reported 35 TCF and 156 TCF estimates 

for the discovered and undiscovered ANS recoverable natural gas reserves, respectively. 

Increasing demand for the fuel and the depletion of most ANS oil wells have placed 

renewed interest on trying to get some of ANS stranded gas to U.S. markets (Lannom et 

al., 1996). The fundamental problem hindering any significant monetization of the 

North Slope gas is how to transport it from the remote ANS fields to the domestic gas 

markets in the continental United States (Khataniar et al., 2004). From the conclusion of 

a recently completed $ 125-million study sponsored by major North Slope oil and gas 

producers, neither of the two gas pipeline routes proposed for construction to deliver 

natural gas from Alaska North Slope to the contiguous 48 states would be economically 

feasible without government incentives. [ENR-News letter, May 16, 2002]. Gas to 

Liquids (GTL) technologies are being considered as the key to realizing the full 

potential of most stranded natural gas reserves as a source of energy.



GTL technology enables cost-effective development of otherwise uneconomical, 

medium-sized natural gas resources, and the production of various sulfur-free, high- 

quality fuels for export or local market use (Liu, 1999). The value of this emerging 

technology will be the ability to turn the ANS natural gas reserves, currently too remote 

from the market, into high-quality premium fuels that could be commingled with ANS 

crude and transported through the Trans Alaskan Pipeline System (TAPS). There are 

also great opportunities to generate by-product electrical power and water through the 

use of this technology.

GTL technology involves transforming natural gas to liquids via Fischer-Tropsch 

processes. GTL technology produces a range of multiple sulfur- and aromatic-free 

products, including diesel and naphtha, by further upgrading through hydrotreating and 

hydrocracking. Hence, GTL technology, where natural gas is chemically converted to 

hydrocarbon liquid products, which can be utilized in the existing transportation 

infrastructure, is an emerging technology with great potential. Several studies (Chukwu 

and Khataniar (2004), Ejiofor (2003), Ibironke (2004)) have been carried out through 

sponsored research projects at the University of Alaska Fairbanks and elsewhere to 

determine the economics and technical feasibility of producing GTL products and 

transporting them through the existing Trans Alaska Pipeline System. The studies 

[Thomas and Robertson (1996), Inamdar et al., (2006)] show that by 2015, ANS crude 

oil production will decline to such a level (480,000 bbl/day) that there will be a critical 

need for pumping additional liquid from the GTL process to provide an adequate



volume for economic operation of TAPS. The pumping of GTL products will 

significantly increase TAPS economic life and allow economic utilization of stranded 

gas.

Recently, Chukwu and Khataniar (2004) conducted several studies to evaluate the 

economic feasibility of transporting GTL products through TAPS. The studies 

[Akwukwaegbu, (2001), Ejiofor (2003)] considered transportation of GTL and 

GTL/crude oil blends through TAPS in both commingled and batch flow modes. The 

economics of GTL transportation by either commingled or batch flow mode depends on 

the estimated purity of the product and a trade-off between loss in product value due to 

contamination and cost of keeping the product pure at the discharge terminal. Reports 

[Ejiofor (2003), Ibironke (2004)] show that both modes of transportation produced 

promising results. Ejiofor (2003) reported that the modern batching approach 

consistently gave the highest return on investment and is recommended for transporting 

the Gas-To-Liquid products from the North Slope of Alaska to Valdez. However, 

Ibironke (2004) stated that although the batch mode appears to be profitable, the total 

range of the profit and loss outcomes makes the project a high risk choice. With lower 

fluctuation, the commingled mode of transportation is a more economical and less risky 

choice, and it was reported as a more realistic mode for transporting GTL through the 

existing Trans-Alaska Pipeline System (Ibironke, 2004). The commingled operation of 

TAPS is very simple, but results in significant deterioration of the GTL product quality.



Hence, newer and more efficient alternatives to improve TAPS operation and to 

minimize deterioration of the quality of GTL products are required.

1.2 Objective and Scope of Study

The objective of this proposed work is to develop a conceptual study, and to generate 

an economic model to monetize the ANS stranded gas by considering an arrangement 

of a GTL plant and TAPS Crude oil Upgrading operation at the Alaska North Slope. 

This study considered two GTL plant capacity projects. First, a large-scale GTL 

project consisting of three trains, each having a production capacity of about 110,000 

barrels of GTL products per day, was evaluated. Secondly, a large-scale GTL project 

consisting of four trains, each having a production capacity of about 110,000 barrels of 

GTL products per day, was evaluated. A thorough assessment of these options for 

harnessing, processing and transporting the stranded natural gas reserves (by 

converting it to GTL) from ANS to the market was performed.
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Introduction

A significant proportion of the growth of gas reserves seen in recent years is stranded 

gas, i.e. gas which is remote from markets and often in hostile environments. 

Simultaneously, there is a decisive trend in the utilization of gas relative to other fossil 

fuels. Natural gas has been steadily winning market share from coal, and is currently 

overtaking coal in usage worldwide (Verghese, 2003). The above trends have spawned 

the development and commercialization of a range of technologies that are directed at 

monetizing stranded gas reserves. These technologies offer the promise of economically 

linking these remote gas assets to profitable markets. One of these technologies, which 

is the main focus of this work, involves the chemical conversion of natural gas to liquid.

2.2 Gas to Liquid Technology

The Gas to Liquid technology generally refers to the chemical conversion of natural gas 

into readily transportable liquids such as methanol, or conventional petroleum refinery 

type distillate fuels (Seddon, 1994). This work will focus on GTL technologies based on 

the production of synthetic crudes through the well known Fischer-Tropsch synthesis. 

Fisher-Tropsch (F-T) is one of the leading GTL technologies to convert natural gas into 

high value, clean burning fuels. Development of GTL technologies allows for 

monetization of stranded natural gas in small and remote gas fields. GTL products will



also provide significant environmental benefits as compared to other conventional 

liquid fuels (Ahmad et al., (2002); Ejiofor (2003); Apanel (2005)).

Fischer-Tropsch synthesis (FTS) generally involves the synthesis of hydrocarbons and 

oxygenates from synthesis gas (syngas) consisting primarily of a mixture of Carbon (II) 

Oxide and Hydrogen. The types of hydrocarbons produced can include olefins such as 

ethylene and propylene, and an extremely wide range of saturated hydrocarbons ranging 

from methane and ethane to long “straight chain” paraffinic waxes (Apanel, 2005). The 

oxygenated products consist mainly of alcohols such as methanol and ketones, such as 

acetone (Fleisch et al., 2001). However, the process can be configured to maximize the 

production of paraffinic hydrocarbons, generating what is usually referred to as 

synthetic crude oil, an intermediate product mix. Such syncrudes can be readily refined 

into desirable distillate fuel fractions such as kerosene, diesel, naphtha and heating oil 

using conventional petroleum refining techniques.

The first commercial synthetic fuel plant was constructed in Sasolburg, Republic of 

South Africa in the year 1955. The project consisted of coal-based units built to utilize 

the abundantly available low-cost coal. Sasol’s synthetic fuel project was motivated by 

political constraint and local feedstock availability rather than the economics of the 

project. However, the rapid rise of crude oil price in the 1970’s aroused commercial 

interest in synthetic fuel technologies. By then, the economics of the projects were not 

found to be favorable relative to crude oil products. Similarly, the conventional FTS



catalyst and process technologies available at the time were faced with several basic 

limitations such as high capital cost, low thermal efficiency, limited premium product 

selectivity, inefficient reaction heat removal and catalyst deactivation, attrition and 

inefficient catalyst recovery system (Apanel, 2005). More recently, the growing 

availability of massive natural gases reserves, rising oil prices, increasing environmental 

concerns, and the gradual improvements in F-T based GTL technologies appear to be 

enhancing the economic prospects of F-T based GTL processes. F-T derived products 

do not contain sulfur compounds. GTL fuels are environmentally superior to fuels from 

crude oil containing little or no sulfur (Ejiofor, 2003). The products are free of sulfur, 

metals, aromatics, and alphaltenes (Ahmad et al., 2002). Hence, GTL technologies 

provide good and attractive means to meet the energy needs with clean burning fuel.

2.3 Primary Process Steps in GTL Technology

Ahmad et al., (2005) described Fischer-Tropsch (F-T) technology as a process that 

rearranges carbon and hydrogen molecules present in the natural gas. GTL technology 

involving the conversion of natural gas into F-T products as illustrated in Figure 2.1 

involves three main processing steps, such as:

■ Synthesis gas generation

■ Fisher-Tropsch conversion

■ Product upgrading



Figure 2.1: Process steps involved in gas to liquid technology



2.3.1 Synthesis Gas Generation

Synthesis gas is a mixture of hydrogen and carbon-monooxide (CO). It is a product of 

the incomplete combustion of natural gas. In addition to hydrogen and carbon mono

oxide, a small amount of carbon dioxide is also produced during syngas production. 

Several methods have been developed for syngas production, which are either 

commercialized or still in the advanced development stage. Equation 1 gives the basic 

reaction stoichiometry for this technology.

2CHa + 0 2 -+2CO + 4H 2. (1)

Notably, Steam Methane Reforming, Auto Thermal Reforming, Partial Oxidation, Heat 

Exchange Reforming and Catalytic Reforming are some of the available techniques for 

syngas production. Suehiro et al., (2004) reported a new GTL syngas reforming 

technique termed Steam/C02 Reforming. The technique can handle natural gases 

containing CO2 as feedstock to produce syngas for the GTL process.

Steam Methane Reforming (SMR) is currently a widely practiced technology for 

hydrogen rich syngas production, used primarily for smaller capacity methanol plants 

with production capacities under 2500 tons per day. It involves reacting steam with 

methane over a nickel (Ni) based catalyst. The reaction is strongly endothermic, and 

hence requires the provision of sufficient heat into the reactor system to maintain the 

reaction temperatures. The syngas exit temperature is about 1600°F at a pressure of



300psig. Apart from having large physical structures, such units are very capital 

intensive, and also involve high steam and fuel consumption. Another drawback of this 

technique is that the H2/CO ratio produced (3:1) is much higher than the 2:1 ratio 

required for the downstream F-T Synthesis unit.

In Auto Thermal Reforming (ATR) a mixture of steam, methane and oxygen is reacted 

adiabatically over a fixed bed of Ni based catalyst. A number of reactions occur:

C7/ 4 + H 20  <=> CO + 3H 2 SMR reaction (endothermic)

C/ / 4 +2<92 <=> C02 +2H20
> Oxidation reactions (exothermic)

c h a +y2o2 t>co+2H2

CO + H 20  <=> C02 + H2 CO shift (exothermic)

The heat requirement for the endothermic SMR reaction is provided by the exothermic 

oxidation reactions existing in the system. The syngas exit temperatures are in the range 

1750-1922°F (954-1050°C) (Apanel, 2005). The H2/CO ratio for ATR generated syngas 

is very close to the F-T synthesis desired level of about 2:1.

In the Noncatalytic Partial Oxidation (POX) technique, higher reaction temperatures of 

around 2372°F (1300°C) are used to enhance the oxidation reactions described under the 

ATR technique. This process requires higher oxygen consumption and less steam than 

that used for an ATR to achieve a similar H2/CO ratio of 2:1. The reactor typically 

consists of a refractory lined open pressure vessel configuration.



Catalytic Partial Oxidation (CPOX) technique represents a new approach to syngas 

production which is yet to be commercialized. Its proposed ability to utilize lower 

oxygen consumption, while requiring essentially no steam consumption for operating 

temperatures under 1832°F (1000°C) serves as a big advantage over ATR and POX. 

Rhodium (Rh) based monolithic catalysts are favored in this type of process because of 

the severe catalyst operating conditions required. Usually, durability, resistance to coke 

formation, activity, natural gas conversion and cost are important catalyst selection 

considerations. The drawback of rhodium is being the most expensive of the noble 

metal catalysts on a unit weight basis. This technique is still under development.

Apanel (2005) described Compact Reforming (CPR) as a novel mechanical design 

approach to conventional SMR. BP Alaska developed and tested this technique at their 

300 barrels per day GTL demonstration plant, currently in shutdown mode in Alaska. 

The reformer design utilized looks like a conventional shell and tube heat exchanger, 

which is much more compact than the conventional SMR furnace design configuration. 

The SMR reactions occur in the tube side of this reactor, with the tubes filled with 

conventional Ni based catalyst. Heat for the endothermic SMR reaction is provided on 

the shell side of the heat exchanger. The tubes are heated by combustion of fuel and air 

mixture, with heat transfer made more efficient through a highly countercurrent device. 

Relative to the conventional SMR, considerably less catalyst is required, while the size 

of the unit is also considerably reduced. The principal advantage provided by this 

technique is a major reduction in capital cost along with an improvement in thermal



efficiency. Though, its reduced space requirements makes it a candidate for installation 

on barges or ocean going vessels for the conversion of relatively small and isolated 

sources of natural gas, the major drawback is that a large number of parallel units would 

be required for a world scale GTL plant.

Heat Exchange Reforming (HER) of natural gas generally involves a promising two- 

stage approach to syngas production which is not yet commercialized. Still undergoing 

advanced development, the first reforming stage resembles a conventional heat 

exchanger in some respects, in which SMR type conversion reactions occur in the 

catalyst filled tube side of this reactor. The second stage typically consists of a 

conventional ATR. The system is modeled in such a way that heat of reaction required 

by the tube side SMR reaction is supplied by the hot effluent syngas from the ATR 

second stage. This set up is expected to reduce capital cost and increase thermal 

efficiency.

2.3.2 Fisher-Tropsch Conversion

The Fischer Tropsch synthesis may be regarded as analogous to a polymerization 

reaction that uses CHX monomers derived from syngas to form high molecular weight 

hydrocarbons. It is conducted in F-T reactors, which could be fixed bed, fluidized bed 

or slurry bed reactors. Ejiofor (2003) noted that the fixed bed reactor is used primarily 

to produce diesel while the fluidized bed reactor is used to produce gasoline. Apanel



(2005) also reported three basic reactor configurations commercially applied for Fisher- 

Tropsch Synthesis (FTS);

1. Tubular or Fixed Bed

2. Fluid bed (Fixed and Circulating)

3. Slurry Phase

Among the factors influencing the choice of reactor configuration are production scale 

and whether the crude FTS product is in gas or liquid phase under the reaction 

conditions. Other factors are the catalyst attrition resistance and recovery as well as 

susceptibility to coking and the resulting regeneration requirements. The production of 

middle distillates and diesel fuel via FTS entail the synthesis of alkanes as a crude 

reaction product as indicated in equation 2.

nCO + {in +1 )H2 »  CnH[2n+2) + nH20  (2)

The above reaction stoichiometry, generally referred to as Low Temperature FTS, 

requires temperature values of 220-270°C (428-518°F) (Apanel, 2005).

2.3.3 Product Upgrading

The upgrading is achieved by oligomerization of the C3 to C6 olefins and hydrocracking 

of waxes (Ejiofor, 2003). The wax fractions from FTS product may be converted to 

additional diesel via mild hydrocracking using conventional technologies. Ibironke 

(2004) described this stage as a hydrocracking unit, related to the standard technology 

used in refineries, which does the final conversion of the wax into a liquid product, 

breaking the long-chain molecules into shorter chains. The result is a synthetic crude



oil. Apanel (2005) noted that typical hydrocracking reactor conditions entail 

temperatures of 320-400°C (608-752°F) and pressures of about 1000-1500 psig.

2.4 Effect of Proposed GTL Plant on Throughput of TAPS

The need to increase the throughput and the productive life of the Trans-Alaskan 

Pipeline (TAPS) has continued to arouse renewed interest in GTL technology from oil 

producing companies as a means to effectively monetize ANS stranded natural gas. 

With the current and steady decline in the daily throughput of crude oil through TAPS, 

GTL project opens the possibility of providing the necessary volume of liquid, required 

to sustain pipeline operations. For the purpose of this work, a conceptual arrangement 

of blending TAPS crude oil with GTL products and transporting them through the 

pipeline as a single liquid phase mixture (commingled product) is considered. 

Ramakrishnan (2000) observed that when crude oil and GTL are mixed, they blended 

into a single homogeneous liquid. There was no separation into distinct layers or 

boundaries when the mixture was left to stand. Hence, one of the proposed modes of 

transportation of the GTL products from ANS to market is by commingling them with 

crude oil as a single phase and pumping the mixture through the TAPS. This mode of 

transportation changes the properties of the GTL as well as the crude oil.

Ijeomah (2005) conducted several dynamic tests to determine GTL/Crude oil blend 

properties at various pressure and temperature conditions. Inamdar (2004) analyzed the 

energy requirements for flowing different blend ratios through the TAPS to determine



the optimum GTL/crude oil blend ratio at the TAPS operating conditions. Four blends 

of GTL/crude oil mixture in the ratios of; 1:1; 1:2; 1:3; and 1:4 were prepared for their 

rheological evaluation and pressure drops at different temperature conditions. The 

results of the analysis show that flow behavior of the GTL and GTL blends is 

temperature sensitive. Viscosity and density of the blends were found to decrease with 

increasing amount of GTL and increasing temperature. The optimum GTL/crude oil 

blend ratio of 1:2.5 (28%: 72%) was determined to maximize the economics of 

commingled flow of GTL/crude oil mixture through the TAPS. Hence, the blend ratios 

considered in this research work were:

> 75% Crude Oil + 25% GTL (3:1 ratio)

> 65% Crude Oil + 35% GTL (=2:1 ratio)

Considering the throughput of TAPS at current conditions, about 900,000 barrels per 

day, the proposed throughput of TAPS using ANS Crude oil and GTL optimum blend 

ratio is projected to be 1.25 MMBPD and 1.45 MMBPD for each blend, respectively. 

These blend ratios require about 330,000 and 440,000 daily barrels (DBL) capacity 

GTL plants respectively. However, the prevailing blend ratio at any particular time will 

depend on the availability of both products. One cannot ascertain a fixed operating 

blend ratio. Evaluating the market value of the commingled products, Ejiofor (2003) 

reported 39.9°API for the 3:1 crude oil to GTL blend and 47°API for 1:1 crude oil and 

GTL blend.



2.5 Economic Evaluation of GTL Technology

The capital expenditure of a GTL plant is estimated at between $25,000 DBL capacity 

and $35,000 DBL capacity (Thomas and Robertson, 1996). Daily barrel (DBL) capacity 

refers to the quantity of GTL products to be produced per day. Hence, the CAPEX 

value of 110,000 GTL plant will be $(25000*110000) at $25,000 DBL capacity. 

Current industry average for a US Gulf Coast plant puts the capital cost at about 

$24,000 DBL capacity. Most of the plants from which these cost estimates were derived 

are small-scale GTL plants with design capacity of between 30,000 to 50,000 barrels 

per day (BPD). As technology advances, these costs are expected to come down 

significantly. Ejiofor (2003) noted that technology will be the main factor that will 

determine whether there will be economics of scale or not. The maintenance cost 

increases with increase in capacity of those plants. One such significant leap in GTL 

technology is the reduction in the size of the steam-reforming unit to about forty times 

less than the conventional size of the steam reformer. This resulted in a significant 

change in the capital cost for GTL plants. This is estimated to put the capital cost at 

about $20,000 DBL capacity for a commercial scale plant on the Gulf Coast. As stated 

earlier, this compact reformer technology was tested in a pilot plant in Nikiski, Alaska 

by BP Exploration (Alaska) Inc. The reformers come in compact units built to 

commercial scale. To increase output, additional whole compact reformer units are 

added to operate in parallel with existing ones and minor modifications made to other 

units in the plant to increase plant output capacity (Alexander’s Gas and Oil 

Connections, 2004). The Alaska North Slope is estimated to have a cost scaling up



factor of about 1.3-1.5 times the cost of building the same plant on the Gulf of Mexico 

coast (Al-saadoon, 2005). If the compact reformer technology passes the test to 

commercial status, then the capital cost of the plant on the Alaska North Slope is 

anticipated to be at about $28,000 DBL capacity, assuming the same plant is built at a 

cost of about $20,000 DBL capacity on the Gulf Coast. However, this study evaluated a 

wide range of capital costs of GTL plants from $35,000 DBL capacity down to $10,000 

DBL capacity.

2.5.1 GTL Plant Annual Operating Expenditures

The operating expenditure (OPEX) of GTL plants could be divided into two parts: non

feed stock OPEX and feed stock OPEX. The non feed stock OPEX for large GTL 

projects has been estimated at 5% to 7% of CAPEX (Al-saadon, 2005). These will 

cover operation and maintenance of facilities, overhead cost, environmental compliance 

and payroll. Other reports showed a value of 5.6% (Ejiofor, 2003) and 3-10% (Ibironke, 

2005). On the other hand, the feed stock OPEX, i.e., well head price (gas transfer price 

from producers to the GTL operator) of ANS natural gas, is estimated to be US$0.44 

per MCF (Ejiofor, 2003). For a GTL plant with an overall thermal efficiency of 60%, 

about ten (10) MCF of lOOOBTU/scf natural gas is required to produce a barrel of GTL 

products. The North Slope gas transfer price (i.e. the cost of the gas feed stock) from the 

producers to the GTL operator is computed using the gas product net back. The term 

gas product ‘net back’ refers to the net fraction of the gas sales as GTL that goes to the 

owner of the gas. It is usually determined based on agreement on a return on investment
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expected by the gas producers. For instance, at a GTL price of $26.25 and a net back of 

10%, the gas transfer price would be approximately $0.44 per MCF (Ejiofor, 2003).

At $0.50 per MCF of well head natural gas

Feed stock OPEX = $0.50/mcf * 8.33 MCF/bbl 

= $4.16/barrel

2.6 Alaska North Slope Gas Utilization Options

The Alaskan North Slope (ANS) has a huge amount of natural gas reserves, which can 

be exploited in several ways. Certainly, it is seen as an excellent economic potential for 

the state of Alaska. The natural gas on the Alaska North Slope is primarily used for 

pressure maintenance, miscible injection, running gas turbines in pump stations 1 to 4, 

power oil production facilities and for Enhanced Oil Recovery (EOR) projects in 

current ANS field operations (Inamdar et al., 2006). Most of the gas may remain unused 

upon depletion of the Alaskan North Slope recoverable oil and will thus be stranded 

unless a means of transportation is developed to monetize it. The major options being 

examined for operational and economic feasibility for the optimum use of ANS natural 

gas include: constructing a new Alaska Natural Gas Transportation System to transport 

the gas to lower 48 states via Canada; a Liquefied Natural Gas (LNG) option that 

involves a gas pipeline from Prudhoe Bay (ANS) to the southern part of the state of 

Alaska, Valdez and converting the gas to GTL products, blending it with the ANS crude 

oil and transporting the resulting liquid through the existing Trans Alaska Pipeline 

System (TAPS).



In an earlier study, Thomas and Robertson (1996) evaluated two ANS gas utilization 

options - a Gas-to-Liquid (GTL) option and a Liquefied Natural Gas (LNG) option that 

involves a gas pipeline from Prudhoe Bay (ANS) to Valdez, Alaska. They concluded 

that converting the ANS natural gas to a GTL product that is compatible with the ANS 

crude oil and transportable in the TAPS provides a significant economic advantage over 

the LNG option. The GTL technology might also prove to be the best method for 

monetizing other stranded natural gas reserves worldwide. While the conversion of 

natural gas to liquid utilizing the well known Fisher-Tropsch hydrocarbon synthesis 

technology is a viable option to bring gas resources to the market, it is very pertinent to 

underscore the economic implication of alternative routes. Current day gas-to-liquids 

options require about 2 MMBTU of natural gas to generate 1 MMBTU equivalent of 

GTL products (Ejiofor, 2003). Consequently, about 8 to 10 MCF of natural gas is 

required to yield 1 barrel of synthetic crude. Similarly, 10.27 MMBTU per 10 MCF of 

natural gas is expected to yield 5.80 MMBTU per barrel of synthetic crude. Analyzing 

the above scenario with available market prices at first sight, it could be observed that 

revenue from the natural gas route exceeds the revenue from synthetic crude sales. 

However, getting the stranded ANS natural gas to the market from its geographical 

location greatly affects the overall project economics. In 2001, evaluation of the gas 

pipeline’s potential intensified when the three North Slope producers began a detailed 

study of a gas pipeline system from Prudhoe Bay to Alberta, Canada and then to 

Chicago. The Alaska Gas pipeline producers team developed a detailed cost estimate, 

which came up with a price tag of approximately $20 billion in 2001 dollars (Swanson



(2006)). A report (ENR-News letter (5/16/2005)) has it that none of the natural gas 

pipeline proposed projects would be economically feasible without government 

incentives. However, the Gas-to-Liquid technology option enables cost effective 

development of otherwise stranded natural gas resources, and the production of a clean 

burning synthetic crude oil (Thomas and Robertson (1996), Fiato and Sibal (2005), 

Ejiofor (2003)). Thus, a GTL project remains a viable option for monetizing ANS 

stranded natural gas reserves.

2.7 Alaska North Slope (ANS) Petroleum Production and Prospects

It is projected that by the year 2015, ANS crude oil production will decline to such a 

level that there will be a critical need for pumping additional liquid through the pipeline 

in order to maintain economic operation of the TAPS (Thomas and Robertson, 1996). It 

is expected that heavy crude oil production at the Alaska North Slope will be able to 

add a significant amount of oil for TAPS operation (80,000 barrels/day estimate by the 

year 2015). Similarly, the estimated proven and recoverable gas reserves of 38 trillion 

cubic feet (TCF) on the North Slope of Alaska can be converted to a high premium 

liquid product using the Gas-to-Liquids (GTL) technology for TAPS operation. The 

GTL product can be transported from the North Slope of Alaska to the southern part of 

Alaska through the Trans Alaska Pipeline System (TAPS). One of the proposed modes 

of transportation of the GTL products from ANS to market is by commingling them 

with crude oil as a single phase and pumping the mixture through the TAPS. This will 

significantly reduce the operating cost of the TAPS. That is, GTL is expected to provide
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added liquid fill for the pipeline as crude oil production decreases over the years. This 

option of monetizing the ANS stranded gas reserves will give a longer life to TAPS 

operations and make it economical to transport lower volumes of crude oil. Without 

GTL, the TAPS operation is expected to get so expensive on a per barrel basis that 

crude oil transportation would have to be shut down. The GTL option is also viewed as 

a promising route that will provide the fluid required to lighten heavy oil produced at 

the Alaska North Slope to improve its rheological properties.
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CHAPTER THREE 

GTL PLANT LAYOUT AND ECONOMIC PARAMETERS

3.1 GTL Plant Project

In this work, focus is placed on GTL technology based on the production of liquid 

synthetic fuel via Fisher-Tropsch Synthesis (FTS) configured to maximize the 

production of parafinic hydrocarbons. The product mix is often described as “synthetic 

crude oil” or simply “syncrude”. Such syncrudes can be readily blended with the ANS 

crude oil and transported through the existing Trans-Alaskan Pipeline System (TAPS). 

As illustrated in Figure 3.1, a conceptual arrangement of blending TAPS crude oil with 

GTL products and transporting them through TAPS as a single liquid phase mixture 

(commingled product) is considered in this work.

The capital expenditure or simply “CAPEX” of GTL plants are estimated to be between

20,000 and 40,000 US$ per barrel of liquid produced per day (De et al., (2000), Ahmad, 

(2002), Al-Saadon (2005)). The CAPEX depends on the type of GTL technology 

utilized, geographic location of the facility, product selectivity, economics of scale, and 

the learning cost improvement. Al-saadon (2005), Apanel (2005) and Ibironke (2004) 

all reported the probable distribution of capital expenditures among the GTL processes 

as 60% for syngas generation, 30% for F-T synthesis, and 10% for product upgrading. 

However, Al-saadon (2005) pointed out that the desired product governs the design 

analysis and therefore, the cost of a plant.
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Figure 3.1 Flow chart of conceptual arrangement
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For instance, a plant designed for the production of distillates (about 80% diesel and 

20% naphtha) is less costly than one designed for the production of specialty waxes. 

Also, cost improvement (i.e. the reduction in a product’s unit cost as the industry wide 

cumulative production increases) is affected in large part by a learning curve that leads 

to technical innovations to reduce production cost. Thus, the capital expenditure 

(CAPEX) used in this analysis will be $15,000 to $40,000 DBL capacity for the first 

train and $10,000 to $35,000 DBL capacity for trains 2, 3 and 4 respectively evaluated 

in $5000 DBL increments.

3.2 Economic Parameters

In order to conduct the economic analysis of GTL transportation through TAPS, the 

following economic parameters are considered in this study:

■ GTL plant consisting of three trains with total production capacity of about

330,000 barrels of GTL products per day.

■ Pipeline Tariffs, obtained from available forecasts and charged based on 

throughput, is expected to pay for the pipeline, pipeline maintenance and storage 

cost at the terminal and some return on investment.

■ A salvage value of zero.

■ Construction of each train is assumed to take three years

■ Construction starts by 2010 with the first train.



■ Train 2 construction commences after train 1 has started production and train 3 

commences two years after the start up of the construction of train 2 maintaining 

slow-paced development.

■ A discount rate of 10% is used for the capital costs

■ Depreciation of property is by Modified Accelerated Capital Recovery System 

(MACRS).

3.3 Investment Plan

Two investment plans are considered in this work. In the first plan, a three train GTL 

plant construction project is considered. The first train is expected to take a 

construction period of 3 years. The CAPEX, equally divided over the three year period 

is varied between $15,000 DBL capacity and $40,000 DBL capacity. The construction 

of the second train is assumed to commence immediately after the completion and 

start-up of the first train, the third train would begin two years after commencing the 

construction of the second train. Each train is expected to produce 110,000 DBL.

In the second investment plan, a four train GTL plant construction project, with 

construction and investment plans as outlined in Figure 3.2, is considered. Operation 

and maintenance cost for each of the trains commences in the same year as the start of 

production. To incorporate the learning curve associated with the two investment 

plans, the CAPEX for the second, a third and fourth train, equally divided over their



Figure 3.2: Investment plan for GTL plant project (four trains).



construction period is varied between $10,000 DBL and $35,000 DBL capacity, 

incorporating the learning curve.

3.4 The TAPS Tariff

Ejiofor (2003) attributed the TAPS tariff as the most significant cost item in the 

economics of the transportation of the GTL products through the pipeline. With six 

independent companies operating the Trans Alaska Pipeline System (TAPS), each of 

the owners charges their own tariff per barrel of product transported through the 

pipeline. The tariff is expected to cover the cost of operation and maintenance of the 

pipeline, the cost of storage, cost of dismantling and demobilizing the TAPS at the end 

of its operations and, in addition to the above, yield some return on investment for the 

owner companies.

The tariff estimates shown in Figure 3.3 for the next two decades are obtained from 

the Alaska Department of Revenue and reported by Ejiofor (2003). GTL provides 

added liquid fill for the pipeline as crude oil production decreases over the years. That 

is, it gives a longer life and makes it economic to transport lower volumes of crude oil. 

Without GTL, the TAPS operation is expected to get so expensive on a per barrel 

basis that crude oil transportation would have to be shut down.



TA
PS

 
Ta

rif
f, 

$/
bb

l
-® - Crude Only Commingled

YEAR

Figure 3.3 Tariff estimate for crude oil and commingled TAPS throughput

to
00



3.5 Taxes

One of the key drivers for GTL plants using gas associated with other oil producing 

activities is how the project is seen from the perspective of tax and production sharing 

agreements (Seddon, 2004). The government could offer tax incentives that would 

enhance the economics of gas utilization technologies. The first tax scheme considered 

in this study for a GTL plant was the Property Tax (Ad Valorem). To compute the 

property tax, each of the trains is depreciated depending on the number of years it is 

expected to operate within in the 30-35 year period. The tax base is computed and the 

property tax derived. The property tax rate is 2%.

The State gas severance tax and royalty are assumed to be zero for the GTL project. 

This assumption is based on the Alaska Department of Revenue tax model for the gas 

projects and would serve as some tax relief to encourage the take-off of the gas 

utilization project. Further studies may investigate the effect of these taxes on rate of 

return. The state corporate income tax is given by equation 3.1.

IT = (IBFS -  SITD) * SITrate (3.1)

Where

IT = State corporate income tax 

IBFS = Income before State and Federal taxes 

SITD = State Income Tax depreciation 

SITrate = State Income Tax Rate



The income tax depreciation is calculated using the MACRS depreciation method. The 

State income tax rate used is 9.40 % based on recent values from the State Department 

of Revenue (DOR).

The Federal Corporate Income Tax is calculated using the income before state and 

federal income taxes, less the depreciation and multiplied by the Federal Income Tax 

rate. The base case Federal Income Tax rate used here is 35%.



CHAPTER FOUR 

ECONOMIC EVALUATION AND ANALYSIS

4.1 Introduction

The method considered for transporting GTL products through the Trans Alaska 

Pipeline System in this study is the commingled mode of transportation. The choice of 

this mode of transportation is a follow up to earlier studies by Ejiofor (2003) and 

Ibironke (2004). Ejiofor (2003) reported that ANS crude oil blend is a medium grade 

crude oil with an API gravity of about 32°, viscosity of about 17 cp at standard 

conditions of temperature and pressure. The GTL products from pilot plants show that 

they are essentially middle distillates found in a typical crude oil, having a viscosity of 

about 1.5 cp at standard conditions with an API gravity range between 62° for 354°C 

distillate and 66° for the 254°C distillate. The blending proportion of crude oil and GTL 

product on the North Slope is assumed to depend on the availability of each of the 

products at any point in time. However, this study involves net cash flow analysis for a 

GTL project that will generate either 330,000 barrels of GTL products or 440,000 

barrels of GTL products per day.

4.2 Net Cash Flow Analysis

The net present value, internal rate of return and pay out period for the project are 

evaluated in this work. However, the two measures used to assess the economic 

viability and profitability of the GTL plants in this work are pay out time (POT) and 

rate of return (ROR). The undiscounted POT is the time required in years, as of the start



up date of the plant, to pay back the undiscounted initial investment before income tax. 

The internal ROR is the discount rate at which the net present value “NPV” of the GTL 

plant is equal to zero. Several cash flow models incorporating the various tax schemes, 

CAPEX, OPEX, pipeline tariffs, and revenue were set up and used to analyze the 

project. The revenue was obtained as a product of the expected product price and the 

quantity of product produced i.e. train capacity.

The following assumptions / parameters are considered the base case in the analysis:

• 25-30 years of Plant life.

• 5-7% of CAPEX for Annual Non-feed OPEX.

• 10% Gas net back (Feed Stock OPEX)

• 5, 10, 15, 20% Interest Rates

• 60% Overall thermal efficiency

• 95% for on-stream factor and down times.

• 8.33 Mscf / Bbl conversion @ 60% efficiency

• Taxes; State income tax (9.4%), Federal CIT (35.0%), Property tax (2%).

4.3 Crystal Ball Analysis

Crystal Ball is an analytical tool which utilizes simulation on spreadsheet models to aid 

decision makers in taking important decisions. The forecast that results from these 

simulations help quantify areas of risk, so decision makers can have as much 

information as possible to support wise decisions (Crystall Ball user manual). 

Quantifying risk means determining the chances that the risk will occur and the cost if it



does, to help you decide whether the risk is worth taking. Crystal Ball software is 

generally used to analyze the risk and uncertainties associated with the economics of an 

investment by varying the assumptions or variable inputs in Microsoft Excel 

spreadsheets. One major limitation of Excel spreadsheets lies in its inability to easily 

generate alternative outcomes, which can be used to quantify a projects probability of 

success and to mitigate the risks associated with investment. An Excel spreadsheet 

alone does not provide enough information on how variable or uncertain inputs will 

affect forecasts. Crystal Ball 7 professional edition is used for this work. Crystal Ball 

uses the Monte Carlo Simulation technique to automatically analyze the effects of 

varying the inputs (usually referred to as assumptions) on the output of the economic 

model. The software is programmed to accomplish this task by randomly generating 

values (assumptions) for selected input variables using defined probability distributions. 

Crystal Ball helps define these distributions and can also fit a distribution to any 

historical data. A simulation calculates multiple scenarios of a model by repeatedly 

sampling values from the probability distributions for the uncertain variables and using 

those values for the cell, thus generating and evaluating multiple results from the base 

Excel spreadsheet.

The basic process for using Crystal Ball is to build a spreadsheet model with 

assumptions and other model elements, run a simulation on it and analyze the results. 

The first step to running a Crystal Ball simulation then is to identify all the assumptions 

by selecting the inputs that are estimates or are subject to change over time. Assumption



cells contain the values that you are unsure of: the uncertain independent variables in 

the spreadsheet model. The knowledge of uncertainty over any of the inputs is used to 

create a probability distribution for that assumption. One of the great challenges of 

converting a spreadsheet model to a probabilistic (Crystal Ball) model is how to select 

the "right" distribution. At the heart of this selection process is your knowledge and 

understanding of the uncertain variables in the scenario. The more you know about the 

range and likelihood of an uncertain factor, the better you will be able to model it with a 

Crystal Ball assumption. Once these have been achieved successfully, running a 

simulation involves automatically evaluating multiple scenarios of a model by 

repeatedly sampling values from the probability distributions for the cells with defined 

variables.

4.3.1 Selecting Distributions for Assumptions

Selecting a distribution for an assumption is one of the most challenging steps in 

creating a Crystal Ball model. Crystal Ball has 17 possible discrete and continuous 

distributions you can use to describe an assumption, including a custom distribution, 

which can be a combination of continuous and discrete ranges.

• A continuous distribution assumes all values in the range are possible, so any 

range contains an infinite number of possible values. These distributions are 

smooth, solid curves.



• A discrete probability distribution describes distinct, finite, commonly integer 

values. These distributions look like different-height columns set next to each 

other.

For each uncertain variable (one that has a range of possible values), the possible values 

with a probability distribution are defined. The type of distribution selected is based on 

the conditions surrounding that variable. Figure 4.1 is a graphical representation of 

some of the probability distribution types (Decisioneering Inc., 2004).
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Figure 4.1: Sample probability distribution types

The first step in selecting a probability distribution is to use any available data. In the 

absence of data, the understanding of the physics or conditions of the variable helps 

select the distribution to use. In this analysis, the probability distributions for all the 

input parameters are modeled by using the distributions outlined in Table 4.1. For 

triangular and uniform distributions, the widths of figures represent the possible range 

of values and the height of figures represent the possibility of the value occurring. Thus, 

the highest point of the distribution figures is the most likely value. Lognormal 

distribution requires the standard deviation and mean of the data input. Finally,



reasonable limits were applied to all the distributions considered in this work as shown 

in Table 4.1.

The probability distribution schemes for the CAPEX per daily barrel, OPEX, GTL plant 

efficiency, Crude oil/GTL price, State Tax and Federal Tax outlined in Table 4.1 for 

this simulation study are illustrated as assumptions 1 through 6, respectively, in the next 

section.

Table 4.1 Simulation distribution for assumptions

S/N Assumption Probability distribution

1 CAPEX per daily Barrel -Triangular (10000;20000;35000)

2 OPEX % of CAPEX -Uniform (5;7)

3 GTL plant efficiency -Triangular (55;60;95)

4 Crude oil/GTL price -Lognormal (4.6, 35)

5 State Tax -Triangular (3;4.7;9.7)

6 Federal Tax -Triangular (20;35;35)
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Assumption 1: CAPEX PER DAILY BARREL

Triangular distribution with parameters: 

Minimum 10,000.00

Most Likely 20,000.00 

Maximum 35,000.00

Selected range is from 10,000.00 to 35,000.00

Assumption 2: OPEX % OF CAPEX

Uniform distribution with parameters 

Minimum 0.05

Maximum 0.07

005 0 06 0.06 04)6 006 006 0JJ7

Assumption 3: GTL PLANT EFFICIENCY

Triangular distribution with parameters:

Minimum 0.55 I
<0

Most Likely 0.60 4

Maximum 0.95

10,000DO 15,00000 20,000.00 25,00000 30/300.00 35,000.00

Selected range is from 0.55 to 0.95
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Assumption 4: CRUDE OIL / GTL PRICE ($)

Lognormal distribution with parameters:

Mean 35.00

Std. Dev. 4.6

24 DO 26 IB 32 DO 36.00 40-00 4400 48 00 52X»

Selected range covers $24.00 to approximately $48.00

Assumption 5: STATE TAX (%)

Triangular distribution with parameters: 

Minimum 3.00

Most Likely 4.70

Maximum 9.70

Selected range is from 3.00 to 9.70

Assumption 6: FEDERAL TAX (%)

Triangular distribution with parameters: 

Minimum 20.00

Most Likely 35.00

Maximum 35.00 20.00% 22X0% 24.00% 2600% 28 00% 3040% 3200% 34 00%

Selected range is from 20.00 to 35.00



4.3.2 Identifying the Forecasts to be Analyzed in the Model

The next stage involved identifying the forecast cells. A forecast cell is a cell containing 

the formula that is to be evaluated. Forecast cells (dependent variables) contain 

formulas that refer to one or more assumption cells. The forecast cells combine the 

values in the assumption and other cells to calculate a result. In this work, the rate of 

return and the NPV were selected as the forecast cells. The forecast cells were defined 

to incorporate multiple assumptions. In the final stage, the Crystal Ball command or 

toolbar icon was used to run a simulation. During a simulation, Crystal Ball calculates 

numerous scenarios of a model by repeatedly picking values from the probability 

distribution for the uncertain variables and using those values for each assumption cell. 

For each trial in this simulation, Crystal Ball enters a random value into the defined 

assumption cells based on the values used for the probability distribution. When a 

simulation is run for 5,000 trials, 5,000 forecasts (or possible outcomes) are created, 

compared to the single outcome obtained in the deterministic spreadsheet. For the 

economic model used, the results of 10,000 trials of Net Present Value were obtained. 

Several simulations were run and the results are displayed in interactive histograms or 

frequency charts. The results were streamlined and analyzed to reflect certain scenarios 

and the possibilities of their occurring. Also the charts (forecast, trend, and overlay) and 

generated reports help to clearly present results.



CHAPTER 5 

DISCUSSION OF RESULTS

5.1 Introduction

This study involved two GTL plant projects (three-train project and four-train project), 

either of which is assumed to be constructed on the Alaska North Slope. These large 

scale GTL plants have the potential of utilizing 26 TCF and 33 TCF, respectively, of the 

available 35 TCF ANS natural gas resources within a 30 to 35 year period. Hence, the 

GTL option will make provision for additional throughput to keep the TAPS operations 

running. The life of the project was assumed to be thirty years. A 30 to 35 year project 

life will give room to maximize the revenue generated from the last train, whose 

completion is expected 5 to 10 years after first GTL production (Train 1). The state and 

federal income taxes are estimated based on their current values in other oil and gas 

projects in the state of Alaska. Other important model parameters were estimated based 

on current industry estimates on GTL and petrochemical-type facilities. The other 

parameters used in the net cash flow analysis include: annual operating and 

maintenance cost of 5.6% of plant cost, gas cost based on net back of 10%, 

transportation and storage cost estimated with tariff estimates, and capital investment 

amortized over the project life and worked out per barrel of product. The revenue was 

estimated from the product of the commingled product price and the GTL plant 

operating capacity.



5.2 Results and Discussion

The result of the analysis is presented below. A base commingled product price of $25 

and $25,000/DBL CAPEX are used. The GTL projects differ by a base internal rate of 

return of 1% as shown in Figures 5.1 and 5.2. The effect of the commingled product 

price variation was analyzed for the range of CAPEX considered in this study. The 

graphical presentation of the results are given in Figure 5.3 through Figure 5.8.The 

choice of CAPEX values reflects the range that makes the GTL project economical and 

generates the highest return on investment. The shaded portions in Table 5.1 and Table

5.3 represent all scenarios that cross the 10% Minimum Attractive Rate of Return 

(MARR) benchmark for similar projects. The minimum attractive rate of return is also 

referred to as the hurdle rate, i.e., the discount rate above which a project is considered 

economically feasible. In Table 5.1, the rightmost cells in other six columns contain the 

internal rate of return values obtained with different combinations of various CAPEX 

(row 2) and product price (column 1), respectively. As can be seen from Table 5.1, the 

10% ROR mark is obtainable with $10,000/DBL CAPEX for all the reported price 

values. At $25 per barrel of crude oil, the 10% ROR mark can only be reached if the 

capital expenditure is below $20,000 per daily barrel of liquid produced for the 3-train 

GTL project. It is obtainable above $20,000 per daily barrel of liquid produced for the 

4-train GTL project. With reference to available industry estimates of GTL plant 

CAPEX (i.e., BP Exploration Alaska Inc. running a GTL plant on a CAPEX per daily 

barrel of $20,000) a 15% MARR will be difficult to achieve between commingled 

product prices of $20-$30 per barrel.

41



N
FV

, 
$M

VI

Figure 5.1: Base case IRR (6%) at a product price of $25 and $25,000/DBL CAPEX for 3-train GTL project
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Figure 5.2: Base case IRR (7%) at a product price of $25 and $25,000/DBL CAPEX for 4-train GTL project



This becomes achievable at a crude oil price higher than $30 per barrel for the 3-train 

GTL project. However, Table 5.3 shows that 11% IRR (or IRR > 10%) is obtainable 

by a 4-train GTL project at commingled product prices of $25 per barrel. Furthermore, 

the shaded portions in Tables 5.2 and 5.4 represent all scenarios that paid out within 

the life of the project. In Table 5.2, the cells in the rightmost six columns contain the 

payout time obtained with different combinations of various CAPEX (row 2) and 

product price (column 1), respectively. At $25 per barrel of commingled product, the 

payout period ranged from 11 years at $10000/DBL CAPEX to 30 years at 

$35000/DBL CAPEX for the 3-train GTL project and 10 years at $10000/DBL 

CAPEX to 30 years at $35000/DBL CAPEX for the 4-train GTL project. However, at 

$50 per barrel of commingled product, the range becomes 6 to 14 years (3-train) and 7 

to 14 years (4-train) for the reported CAPEX values. As illustrated in Figure 5.5, the 

effect of increasing CAPEX from $15,000/DBL to $20,000/DBL on the payout period 

for 3-train GTL project at a product price of $80 was very significant. This is 

illustrated by the hump on the curve.

5.3 Sensitivity Analysis Using Crystal Ball

The Crystal Ball software can be used to measure the effect of all the assumptions 

simultaneously relative to others. The forecast chart reveals the total range of profit 

and loss outcomes predicted for each project, while the sensitivity chart ranks the 

assumptions from the most important down to the least important in the model. The 

sensitivity chart also helps to analyze the contribution of the assumptions to a forecast,
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showing which assumptions have the greatest impact on that forecast and what factor 

has the highest effect on the economics of the project. This analysis is an important 

method for determining the key factors that drive the uncertainty in a forecast.

Table 5.1 Internal Rate of Return values (%) for 3-train GTL project

CRUDE 
OIL/GTL 
PRICE ($)

CAPEX, S/DBL
10000 15000 20000 25000 30000 35000

IRR (%)
$20.00 1 9 5 2 - -

$23.00 i 1 8 5 2 -

$25.00 i i 9 6 3 -

$27.00 a i ■ 7 5 3

$30.00 26 1 1 9 6 4

$35.00 ■ m a m 9 6

$40.00 M ■ ■ I 11 8

$50.00
m 29 22 ■ ■ ■

$60.00
35 27 22 II II

$70.00
56 40 ■ 25 11 m

$80.00 mmm
62 4_5 IS35 m 21

$90.00 nn m m mmm32 m 11
$100.00

M m 43 m _ 26
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Table 5.2 Payout period (years) for 3-train GTL project

CRUDE 
OIL/GTL 
PRICE (S)

CAPEX, S/DBL

10000 15000 20000 25000 30000 35000

Pay Out (Yrs)
$20.00 13 16 21 28 34 -

$23.00 12 14 18 23 28 34

$25.00 11 14 17 21 25 30

$27.00 11 13 16 20 23 27

$30.00 10 12 14 17 20 24

$35.00 9 11 12 15 17 20

$40.00 9 11 12 13 15 17

$50.00 6 9 11 12 13 14
$60.00 5 9 10 11 12 13
$70.00

5 7 9 10 11 12
$80.00 4 5 9 9 10 11
$90.00 4 5 7 9 10 11
$100.00 4 5 6 8 9 10



Table 5.3 Internal Rate of Return values (%) for 4-train GTL project

CRUDE 
OIL/GTL 
PRICE ($)

CAPEX, S/DBL

10000 15000 20000 25000 30000 35000

IRR(%)

$20.00 19 11 6 3

$23.00 i f 14 9 5 3

$25.00 25 ■ 11 7 4

$30.00 30 m u ■ 7 5

$35.00 35 m I I ■ ■ 7

$40.00 m 28 21 m 12 ■

$50.00 i i ■ 20 21 17 14

$60.00 55 m m ■ 21 m

$70.00 m 46 m ■ 25 ■

$80.00 ■ 11 ■ ■ 11 ■

$90.00 m ■ i i is I I ■

$100.00 m ■ M 41 3§ 31



Table 5.4 Payout period (years) for 4-train GTL project
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CRUDE 
OIL/GTL 
PRICE ($)

CAPEX, S/DBL

10000 15000 20000 25000 30000 35000

Pay Out (Yrs)

$20.00 11 16 2 0 27 34

$23.00 10 14 18 2 2 28 33

$25.00 10 14 16 2 0 25 30

$30.00 9 11 14 17 2 0 23

$35.00 7 10 13 15 17 19

$40.00 7 9 11 14 15 17

$50.00 7 8 10 11 13 14

$60.00 5 7 8 10 11 13

$70.00 5 7 7 9 10 11

$80.00 5 6 7 8 9 10

$90.00 5 5 7 7 8 9

$100.00 4 5 6 7 7 9
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5.3.1 Sensitivity Analysis of 3-Train GTL Project

The values represented in the sensitivity charts (Figures 5.9, 5.10, 5.11 and 5.12) are 

measured by using correlation coefficients. In Crystal Ball, correlation is defined as a 

dependency that exists between assumption cells. Correlation coefficient refers to a 

number between -1 and +1 that specifies mathematically the degree of positive or 

negative correlation between assumption cells (Decisioneering Inc., 2004). A 

correlation of +1 indicates a perfect positive correlation, minus 1 indicates a perfect 

negative correlation, and 0 indicates there is no correlation. The horizontal bars in these 

sensitivity charts represent the overall effect on the project economics by the parameters 

obtained from each of the labeled distribution assumptions. In the same vein, the 

percentile contribution of each parameter to the uncertainties surrounding the forecast 

or outcomes is labeled on each horizontal bar. Bars extending to the left side of the 

0.0% line represent negative correlation coefficients. On the other hand, any parameter 

whose bar extends to the right of the 0.0% line has positive correlation coefficients.

The net present value (NPV) and IRR target forecast for the economic model had six (6) 

parameters showing the highest correlation coefficient, and a resultant significant 

impact on the forecast (through both their uncertainty and model sensitivity). These 

parameters are CAPEX, OPEX, GTL plant efficiency, state tax, federal tax and the 

Crude oil/GTL price. From the sensitivity charts (Figure 5.9 and 5.11), it can be seen 

that the CAPEX and the crude oil price have the greatest effects on the IRR (-67.4% 

and 30.8%) and NPV (-52.1% and 45.3%) forecast, followed closely by the OPEX.



Notably, both the CAPEX and the OPEX showed negative correlation coefficients. An 

increase in the value of these parameters with negative correlation coefficients will 

translate to a decrease in the operating cash flow, which will cause a resultant decrease 

in the NPV. The GTL plant efficiency and product price have positive effects on the 

total economics of the project. As can be seen from Figure 5.10, the undiscounted cash 

flow (0% NPV) is driven by product (crude oil and GTL blend) price with a dominant 

correlation co-efficient of about 75.8%. This resulted because of the zero discount rate 

considered above. That is, revenues from the tail end of the project were assumed to 

have the same value as revenues during the early life of the project. Hence, the 

uncertainties in the product price dominated the effect on the NPV (0%) obtained from 

the project appraisal. An increase in the value of the product price translates to increase 

in the operating cash flow which will cause a resultant increase in the NPV. At a 

discount rate of 15%, the effect of CAPEX increases to 67% (Figure 5.12) while the 

effect of the product price reduces to 31.2%. The rest of the assumptions have very little 

effect on the overall economics of the NPV target forecast. The product price is 

dependent on the world spot crude oil price, which can be affected by any political rift, 

is highly unpredictable and beyond the control of operators. Hence, the priority of 

industrial GTL projects should be to reduce the overall CAPEX and OPEX and the 

uncertainties associated with them as much as possible, with a view to making a better 

profit.



Figure 5.9: IRR sensitivity chart



Figure 5.10: NPV (0%) sensitivity chart



Figure 5.11: NPV (10%) sensitivity chart



Figure 5.12: NPV (15%) sensitivity chart



The frequency charts give an insightful analysis of the economics of monetizing the 

Alaska North Slope gas through GTL transportation. The forecast charts also show the 

certainty range for each forecast. In Crystal Ball, the certainty range includes all trials 

between the certainty grabbers (see Figure 5.13). Similarly, the outcomes within the 

certainty range are represented by the blue histograms while the reddish histograms 

stand for trials outside the certainty range. Crystal Ball shades the columns outside the 

certainty grabbers a different color to show that those values have been excluded, as 

illustrated in Figures 5.13 and 5.15 respectively. Consequently, Figure 5.13 shows that 

there is a 95.52% certainty level that the IRR of this gas monetization project will lie 

above 10%. Certainty level shows the probability of achieving the values within a 

specific range. With Crystal Ball, the certainty level for specific value ranges was 

determined by either moving the certainty grabbers on the forecast chart or typing the 

certainty minimum and maximum values in the fields. Thus, it was determined that 

95.24% certainty level exist that the IRR will lie between 10% and 30% (obtained by 

placing the certainty grabbers between 10% and 30%), and a 4.48% certainty level that 

it will lie below 10%. This certainty level drops to 64.46% when the certainty range of 

the IRR forecast is between 15% and +Infinity.

Certainly, the outcome of the sensitivity chart for the NPV (10%) was also influenced 

by the six parameters mentioned earlier. The CAPEX had the highest sensitivity to the 

project economics, with a negative coefficient as shown in Figure 5.11. Project 

economics was also very sensitive to the GTL price which had a positive coefficient.
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The next most influential parameter was the GTL plant OPEX, which had a negative 

coefficient. Sensitivity to the remaining parameters showed a positive coefficient for the 

GTL plant efficiency, and negative coefficients for the federal and state tax. However, 

they did not have much effect on the project economics. Figure 5.14 shows that there is 

a 100% certainty level that the undiscounted NPV of the project will lie between 

7,533.30 and 74,297.16 ($MM). Similarly, Figure 5.15 shows that there is a 95.52% 

certainty level that the NPV (10%) of the project will lie between zero and +infinity 

($MM). The NPV (10%) entire range is ($3,250.76) to $10,493.52 ($MM). It was 

determined that the certainty level decreases to 94.69% when the certainty range of the 

NPV is set between 100.00 and $10,493.52 ($MM). This certainty level drops to 4.48% 

when the certainty range of the NPV is between negative infinity and 0.00 ($MM), i.e., 

the possibility of obtaining a negative cash flow. The NPV forecasts of the 3-train GTL 

project (shown in Figures 5.14 and 5.15 above) have standard deviations of $8,718.27 

(with a mean value of $36,380.79) and $1,973.62 (with a mean value of $3,283.17), 

respectively.



Figure 5.13 IRR forecast



Figure 5.14: Net present value (0%) forecast



Figure 5.15: Net present value (10%) forecast



5.3.2 Sensitivity Analysis of 4-Train GTL Project

As in section 5.3.1, the values represented in the sensitivity charts (Figures 5.16, 5.17, 

5.18 and 5.19) are generated by measuring correlation coefficients. The net present 

value (NPV) and IRR target forecast for the 4-train economic model had six (6) 

parameters showing the highest correlation coefficient, and a resultant significant 

impact on the forecast (through both their uncertainty and model sensitivity). These 

parameters are CAPEX, OPEX, GTL plant efficiency, state tax, federal tax and the 

crude oil/GTL price. As in the three-train project, the CAPEX and the crude oil price 

showed the greatest effects on the IRR and NPV forecast; followed closely by the 

OPEX. However, both the CAPEX and the OPEX have negative coefficients. An 

increase in this negative coefficient will translate to a decrease in the operating cash 

flow which causes a resultant decrease in the NPV. On the other hand, the GTL plant 

efficiency and product price have positive effects on the total economics of the project. 

As can be seen from Figure 5.17, the undiscounted cash flow (0% NPV) for this project, 

just like the 3-train GTL project, is also driven by crude oil/GTL price. The rest of the 

assumptions have very little effect on the overall economics of the NPV target forecast.

In analyzing the simulated results of the 4-train GTL project model, the frequency 

charts gave an insightful analysis of the economics of monetizing the Alaska North 

Slope stranded gas through GTL transportation. As explained in Section 5.3.1, the 

forecast charts also show the certainty range for each forecast. Hence, from Figure
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Figure 5.16: Four-train IRR sensitivity chart



Figure 5.17: Four-train NPV (0%) sensitivity chart



Figure 5.18: Four-train NPV (10%) sensitivity chart
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Figure 5.19: Four-train NPV (15%) sensitivity chart



5.20a, a 92.24% certainty level that the IRR of this commingled mode project will lay 

above 10% was obtained. This certainty level drops to 65.27% (Figure 5.20b) when the 

certainty range of the IRR forecast is between 15% and +Infinity. The net profit forecast 

chart in Figure 5.20b is the same as Figure 5.20a, except that the certainty grabbers have 

been moved. The certainty minimum shows 15% while the certainty maximum is set at 

positive infinity. Crystal Ball compares the number of values lying within the certainty 

range to the number of values in the entire range to recalculate the certainty level. With 

a certainty level of 65.27%, you can be 65.27% confident of obtaining an IRR value 

greater or equal to 15%. Similar to IRR forecast, the outcome of the sensitivity chart for 

the NPV (10%) was influenced by the six parameters mentioned earlier. The CAPEX 

had the highest sensitivity to the project economics with a negative coefficient as shown 

in Figures 5.16, 5.18 and 5.19. Project economics were also very sensitive to the GTL 

price (highest for undiscounted NPV, as represented in Figure 5.17) which had a 

positive coefficient. The next most influential parameter was the GTL plant OPEX, 

which had a negative coefficient. Sensitivity to the remaining parameters showed a 

positive coefficient for the GTL plant efficiency, and negative coefficients for the 

federal and state tax. However, they did not have much effect on the project economics.

Figure 5.21 shows that there is a 100% certainty level (all within certainty grabbers and 

colored blue) that the undiscounted NPV of the project will lie between 4,149.89 and 

98,496.39 ($MM). Similarly, a 91.61% certainty level that the NPV (10%) of the 

project will lie between zero and +infinity ($MM) was obtained from Figure 5.22. The
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Figure 5.20a: Four-train IRR forecast (>10% certainty range)



Figure 5.20b: Four-train IRR forecast (>15% certainty range)



Figure 5.21: Net present value (0%) forecast



Figure 5.22: Net present value (10%) forecast



entire range of the NPV (10%) was ($MM5,249.84) to $MM15,253.85. Further analysis 

revealed that the certainty decreases to 87.21% when the certainty range of the NPV is 

between 100.00 and 15,253.85 ($MM). This certainty level also decreased to 8.14% 

when the certainty grabbers of the NPV forecast were placed between -Infinity and

0.00($MM). The NPV forecasts of the 4-train GTL project (shown in Figures 5.21 and 

5.22 above) have standard deviations of $MM12,429.85 (with mean value of 

$MM45,085.27) and $MM2,842.73 (with mean value of $MM4,039.08 ), respectively.

The summary of simulated results for the 3-train and 4-train GTL projects is shown in 

Table 5.5. For the 3-train GTL project, the simulation result determined a 95.52% 

certainty level that the IRR will be above 10% and a corresponding 92.23% certainty 

level for the 4-train GTL project. These certainty levels drop to 64.46% and 65.27%, 

respectively, when the certainty range of the IRR forecast is between 15% and 

+Infinity. The 4-train GTL project generated better IRR and NPV values, but the total 

range of the profit and loss outcomes illustrated by their lower inherent certainty levels 

makes the project a higher risk choice. The lower certainty levels obtained for the four 

train project could be improved by modifying the investment plan. The 3-train GTL 

project, however, has a lesser trend of fluctuation and that makes it a more economical 

and less risky choice.



Table 5.5: Summary of simulated results for 3-train and 4-train GTL projects

Forecast
Entire range 

($MM) Certainty range
Certainty Level

(%) B ase c a se  ($MM)

NPV 0%

3-Train $7,533.30 to $74,297.16 $0.00 to +lnfinity 100.00% $33,329.10

4-Train $4,149.89 to $98,496.39 $0.00 to+lnfinity 100.00% $42,731.86

NPV 5%

3-Train ($1,254.83) to $26,203.41 $0.00 to +lnfinity 99.14% $9,943.58

4-Train ($3,643.84) to $35,828.59 $0.00 to +lnfinity 98.11% $13,075.04

NPV 7%

3-Train ($2,433.94) to $17,950.52 $0.00 to+lnfinity 96.32% $6,083.09

4-Train ($4,700.09) to $25,045.63 $0.00 to -Hnfinity 94.19% $8,197.38

NPV 10%

3-Train ($3,250.76) to $10,493.52 $0.00 to+lnfinity 91.74% $2,710.13

4-Train ($5,249.84) to $15,253.85 $0.00 to+lnfinity 91.61% $3,945.49

NPV 15%

3-Train ($3,505.18) to $4,720.96 $0.00 to +lnfinity 52.43% $183.47

4-Train ($5,063.79) to $7,289.59 $0.00 to+lnfinity 43.97% $762.63

NPV 20%

3-Train ($3,300.33) to $2,346.20 $0.00 to +lnfinity 21.47% ($765.32)

4-Train ($4,517.19) to $3,757.41 $0.00 to +lnfinity 19.22% ($446.30)

IRR %

3-Train 4% to 41% 10% to +lnfinity 95.52% 16%

4-Train 3% to 48% 10% to +lnfinity
92.23% 18%



5.4 Analysis of Simulation Results

The results of the economic evaluations are further analyzed through the NPV of the 

projects. The overlay chart is introduced to compare the NPV of the two projects.

5.4.1 The Overlay Chart

This is also referred to as the comparison chart because it displays the relative 

characteristic of multiple related forecasts on one chart. The frequency data from 

selected forecasts is superimposed in one location to easily compare similarities or 

differences that may not otherwise be apparent. The charts present a composite plot of 

the NPV (0%), NPV (5%), NPV (7%), NPV (10%), NPV (15%) and NPV (20%) 

forecast. From this point of view, this type of chart helps to determine which of the 

projects (3-train and 4-train) have the highest expected return with the least variability 

(smallest range of values) surrounding the mean of the forecast. Overall it helps select 

the best alternatives. The type of overlay chart used in this study includes the 

cumulative frequency chart and the frequency distribution chart.

• Frequency Distribution Chart: The frequency distribution is often presented 

graphically as a bar chart and displays the arrangement of values of variables 

showing their observed or theoretical frequency of occurrence. The 4-train GTL 

project produced an undiscounted cash flow stochastic range of $94 billion while 

the 3-train GTL project generated a corresponding value of $67 billion (Figure 5.23 

and Figure 5.24). This smaller window makes the 3-train GTL project a lower risk
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option. The stochastic range was obtained by subtracting the minimum value from 

the maximum value of the net present value being analyzed.

• Cumulative Frequency Chart: This chart displays the number or proportion (or 

percentage) of values with which the simulation trials fall into values less than or 

equal to a given amount or an interval (Figure 5.25 and 5.26). In a cumulative 

frequency chart, the ordinate represents the probability of obtaining a value less than 

or equal to a particular NPV value selected from the abscissa.



Figure 5.23: NPV (0, 5, 7, 10, 15 & 20%) frequency distribution overlay chart (3-train)



Figure 5.24: NPV (0, 5, 7, 10, 15 & 20%) frequency distribution overlay chart (4-train)



Figure 5.25: NPV (0, 5, 7, 10, 15 & 20%) cumulative frequency overlay chart (3-train)



Figure 5.26: NPV (0, 5, 7, 10, 15 & 20%) cumulative frequency overlay chart (4-train)
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CHAPTER 6 

CONCLUSION AND RECOMMENDATIONS

6.1 Summary and Conclusions

An extensive analysis of the economics of monetizing ANS stranded natural gas 

reserves using GTL and ANS crude oil blend transportation via the TAPS was carried 

out. The conclusions drawn from the analysis are summarized as follows:

1. Previous works on the economic viability of converting natural gas to liquids 

reported its contingency on four major factors, namely, capital expenditures, 

operating expenditures, natural gas (feed stock) prices, and crude oil prices. 

However, there is no consensus on GTL plants capital expenditure; several 

research projects are still on-going to obtain a more viable option.

2. The 3-train GTL project would be able to utilize 68.4% of the 38 TCF of ANS 

natural gas reserves while the 4-train GTL project has the potential of utilizing 

86.8% of the reserves.

3. For the 3-train GTL project, the simulation result determined a 95.52% certainty 

level that the IRR will be above 10%. Similar, 92.23% certainty level was 

obtained for the 4-train GTL project. These certainty levels drop to 64.46% and 

65.14% respectively when the certainty range of the IRR forecast is between 

15% and +Infmity.
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4. The 4-train GTL project generated better IRR and NPV values than the 3-train 

GTL project, but the total range of the profit and loss outcomes makes the 

project a higher risk choice. The 3-train GTL project, however, has a lesser trend 

of fluctuation and that makes it a lesser risk choice.

5. With crude oil prices above $25.00 per barrel, both GTL plant capacities 

evaluated in this study are economically attractive projects.

6. In particular, the 4-train GTL project can be planned to generate a feasible 

mixing ratio with time and play a critical role in keeping ANS liquid production 

stable. The 3-train GTL project option will potentially leave behind a huge 

amount of the stranded gas after its project life.

6.2 RECOMMENDATIONS

For future studies, it is recommended that an arrangement of an ANS viscous oil 

upgrading operation, upstream of the TAPS, is considered as a means of maintaining or 

improving the commingled products value in the market. The study should encompass 

determining the physical properties of GTL, ANS viscous oil, upgrades of ANS viscous 

oil and their mixtures. This will help investigate the long term technical and economic 

concerns of the GTL plant and TAPS operations.
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APPENDIX 1 

NOMENCLATURE

ANS Alaska North Slope

ATR Auto-Thermal Reforming

BOE Barrels of oil Equivalent

CAPEX Capital Expenditure

CPOX Catalytic Partial Oxidation

CPR Compact Reforming

DBL Daily Barrel Liquid

ENR Engineering News Record

FTS Fisher-Tropsch Synthesis

F-T Fisher-Tropsch

HER Heat Exchange Reforming

IRR Internal rate of return

LNG Liquefied Natural Gas

MARR Minimum attractive rate of return

NPV Net Present Value

NPV (10%) NPV evaluated at a discount rate of 10%

OPEX Operating Expenditure

POX Partial Oxidation

ROR Rate of return

SMR Steam Methane Reforming
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APPENDIX 2 

GLOSSARY

A

°API: An American Petroleum Institute measure of specific gravity. This is a measure 

of liquid gravity common in the oil industry. Water is 10, and for typical light crude is 

from 35-40. Bitumen is by convention typically from 8-11 °API.

Ad valorem: According to value, in proportion to the estimated value of something

B

Barrel of Oil Equivalent (BOE): The oil equivalence of natural gas is normally based 

on the amount of heat released when the gas is burned as compared with burning a 

barrel of oil. For a typical natural gas, burning 6,000 standard cubic feet liberates about 

the same amount of heat as burning one barrel of average crude.

Barrels per day (b/d, bpd, or bbl/d): A unit of measurement used in the industry for 

the production rates of oil fields, pipelines, and transportation.

British thermal unit (Btu): The standard unit for measuring the amount of heat energy 

required to raise the temperature of one pound of water by one degree Fahrenheit (1°F) 

at or near 39.2°F.
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C

Capital investment: Money spent for an asset expected to produce income over its 

useful life.

Catalyst: In chemical manufacturing, typically a metal-based particle introduced 

directly in the process stream that increases the rate of a reaction without itself being 

consumed. Common catalysts in gas processing applications include cobalt, iron, nickel 

and copper.

Catalytic Process: The refining process of breaking down the larger, heavier, and more 

complex hydrocarbon molecules into simpler and lighter molecules. It is also a process 

by which reaction occurs in the presence of certain agents which were formerly 

believed to exert an influence by mere contact.

Certainty: The percent chance that a particular forecast value will fall within a 

specified range.

Certainty band: A graphic depiction of a particular certainty range for each forecast on 

the trend chart.

Certainty level: The number of values in the certainty range compared to the number 

of values outside the range.



Certainty range: The linear distance for the set of values between the end-point (or 

certainty) grabbers on the forecast chart.

Cetane number: The performance rating of a fuel, corresponding to the percentage of 

cetane in a cetane-methylnaphthalene mixture with the same ignition performance. A 

higher cetane number indicates greater fuel efficiency.

Contingency Plan: A plan of action to be followed in the event of the occurrence of a 

disaster or emergency which threatens to disrupt or destroy the continuity of normal 

business activities and which seeks to restore operational capabilities.

D

Daily Barrel Liquid: Equivalent liquid amount of gas daily production.

Deliverability: The volume of natural gas that a pipeline or distribution system can 

supply in a given period normally during a 24-hour period.

Depreciation: Reduction in the book or market value of an asset.

Deterministic: matching models that assume that the liability payments and the asset 

cash flows are known with certainty.



Discount rate: The interest rate that the Federal Reserve charges a bank to borrow 

funds when a bank is temporarily short of funds.

E

Equity Capital Financing: Money given to your business, without the intention of 

paying it back, in return for part ownership of your business. Banks do not ordinarily 

provide this type of financing.

Exothermic: This change is one in which heat is released.

F

Feedstock: Raw material required for an industrial process.

Fischer-Tropsch Gas-to-Liquids conversion: A method for converting natural gas to 

liquid products, often called synthetic crude, developed by German chemists Hans 

Fischer and Franz Tropsch.

Forecast: A statistical summary of the simulation results in a spreadsheet model, 

displayed graphically or numerically.
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G

Gas reserves: Those quantities of gas which are anticipated to be commercially 

recovered from known accumulations from a given date forward.

Global Warming: Changes in the surface-air temperature, referred to as the global 

temperature, brought about by the greenhouse effect which is induced by emission of 

greenhouse gases into the air.

Greenhouse Effect: The greenhouse effect is a warming of the Earth's surface and 

lower atmosphere that tends to intensify with an increase in atmospheric carbon 

dioxide.

M

Middle Distillates: This is the term used to describe any of the wide range of products 

produced by distillation, as distinct from bottoms, cracked stock, and natural gas 

liquids. Distillate products have a 'mid-boiling range,' and include gas oil and kerosene.

Monte Carlo Simulation: A system which uses random numbers to measure the effects 

of uncertainty in a spreadsheet model.
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P

Pig: A cylindrical device inserted into a pipeline to inspect the pipe or to sweep the line 

clean of water, rust or other foreign matter; pipeline inspection and cleaning devices are 

called pigs because early models squealed as they moved through the pipe.

Pilot plant: A small scale model or a temporary change in the production process, 

undertaken to test or develop a new technology.

Premium Diesel: A diesel fuel containing one or more performance properties 

exceeding regular diesel fuel standards. These properties typically include: lubricity, 

cetane, energy content, fuel injector cleanliness, low temperature operability, or 

stability.

Probabilistic: is associated with an evaluation that explicitly accounts for the likelihood 

and consequences of possible accident sequences in an integrated fashion.

R

Reformer Unit: A unit for the catalytic conversion of light hydrocarbons producing a 

synthetic gas that consists of hydrogen, carbon monoxide, and methane.

Risk: The possibility of loss, damage, or other undesirable event and the severity 

associated with the event.



s

Simulation: This refers to any analytical method that is meant to imitate a real life 

system, especially when other analyses are too mathematically complex or too difficult 

to reproduce.

Spreadsheet model: Any spreadsheet that represents an actual or hypothetical system 

or set of relationships.

Syngas (short for synthesis gas): is the name given to gasses of varying composition 

that are generated in coal gasification and some types of waste-to-energy facilities. The 

name comes from their use in creating synthetic petroleum for use as a fuel or lubricant 

via Fischer-Tropsch synthesis.




