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ABSTRACT

The Alaska North Slope is a potential candidate for the Gas to Liquid (GTL) 

technology. With over 38 TCF of natural gas reserves stranded on the Alaska 

North Slope, the GTL technology is considered as a possible method of 

harnessing the abundant resources. GTL fuels are environmentally friendly 

(sulfur free) with better ignition and burning properties than conventional 

petroleum products from crude oil. Economic evaluation using Rate of Return 

analysis and the Net Present Value (NPV) to identify the most favorable 

commingled mode for the transportation of the GTL products was performed. 

The Crystal Ball software was also used to run sensitivity analysis by using the 

probabilistic approach to give a clear view of the various scenarios on the project 

economics. Evaluating the options of transporting GTL products as a blend 

(Commingled) with the Alaska North Slope Crude Oil through the existing 

Trans-Alaska Pipeline System (TAPS) is the main focus of this study.
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CHAPTER 1 

INTRODUCTION

1.1 INTRODUCTION

Natural gas causes significantly less pollution compared to the conventional liquid 

fuels. Keeping in mind the ever-growing worldwide pollution, greenhouse effect and 

global warming, natural gas makes a perfect fit as the fuel for the future. It is therefore 

important to develop natural gas as a viable everyday fuel source. The Alaska North 

Slope is known to have this natural resource in abundance. The recoverable 

conventional natural gas reserves in the developed and known undeveloped fields on 

the Alaska North Slope (ANS) totals about 38 trillion cubic feet (TCF). To date the 

commercial sales of these vast valuable reserves are far from reality because there are 

no existing facilities in place to economically transport this gas to current markets, all 

of which are geographically located far away from the ANS. Nearly 26 TCF of the 38 

TCF recoverable natural gas is estimated to be available for sale (Thomas et al, 1996). 

These recoverable natural gas reserves equate to over 4 billion barrels of oil equivalent 

(BBOE). Currently, ANS gas is not marketed off the North Slope except in the form of 

natural gas liquids (NGLs), which consist mainly of butane and higher hydrocarbons 

that are blended with the crude oil for transport through the Trans Alaska Pipeline 

System (TAPS). All of the produced gas, except that which is used for production 

operations, TAPS fuel, and local sales, has been injected back into the reservoirs to 

maintain reservoir pressure and for enhanced oil recovery projects. The intention of
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the North Slope operators has always been to sell this gas whenever a suitable market 

develops.

The following ANS gas development possibilities have been discussed among the 

various utilization/transportation options of the ANS natural gas resource:

i. Build a gas pipeline through Alaska and Canada to the continental U.S.

This pipeline will follow the Alaska Highway corridor and pass through 

communities.

ii. Build a gas pipeline under the Beaufort Sea to the Mackenzie Delta

development and then down the Mackenzie valley to the southern route. 

There will be a small Alaskan pipeline segment, which will pass by Point 

Thompson and any ANWR potential gas reserves.

iii. Build a Gas-to-Liquid (GTL) conversion plant at Prudhoe Bay for

transportation of GTL through the TAPS. The economies of scale are 

achieved with a fraction of the gas reserve. It utilizes the entire existing 

transportation and downstream system (TAPS, tankers, terminal, refineries, 

distribution system).



The GTL conversion is one of the most promising options that deserves serious 

consideration. With the throughput of oil through the TAPS declining steadily and 

continuously, there is a strong drive to convert natural gas to GTL and transport it 

through TAPS. It is projected that by the year 2015, ANS total crude oil production 

will drop down to between 200,000 to 400,000 barrels of oil per day, which is 

considered the economic limit for the operation of TAPS (Thomas et al, 1996). 

Therefore, there will be an urgent need to increase TAPS throughput in order to extend 

its operational life. The GTL option offers a solution to this problem, as it will provide 

adequate volumes to increase the economic life of TAPS.

Transporting GTL is one very interesting option for maintaining the viability of the 

TAPS. The real key is to come up with additional liquids, such as GTL, to transport in 

the pipeline by mixing it with the existing crude oil flowing through the TAPS. 

Commingling GTL with crude-oil would keep the start-up capital costs for 

transporting GTL at a minimum as separate product tanks and other infrastructure 

would not be necessary. This could also be beneficial, to the flowing properties of the 

commingled fluids. This will be particularly interesting and pragmatic especially when 

heavy oil becomes a significant portion of the TAPS stream judging from recent 

development and subsequent production from Alaska’s 15-20 billion barrel huge 

viscous oil resource. There also might be some synergy when the viscous oil and GTL 

are blended to get better commingled product that is easier to transport.

3



The GTL option can potentially guarantee that TAPS will remain in operation beyond 

2015, flowing oil from the Alaska North Slope to Valdez for the next 30 to 50 years, 

and may even create economic boom in Alaska. However, there are different options 

available to be exploited within the GTL option of transporting ANS natural gas 

reserves through TAPS, and researchers have developed number of options to evaluate 

the feasibility of each.

4

Transportation options identified are:

i. batching alternate slugs of crude oil and the GTL products.

ii. transport the crude oil and the GTL as commingled fluids through TAPS.

1.2 OBJECTIVES AND SCOPE OF STUDY

The overall objective of this study is to perform a complete economic evaluation of all 

identified modes for transporting GTL products with an emphasis on the Commingled 

mode of transportation as a more realistic transportation mode of GTL through TAPS. 

The specific objectives that are addressed in the study are;

1. Re-evaluate past recommendations for the GTL transportation 

through TAPS.

2. To focus on the commingled mode of GTL transportation through 

TAPS



3. Identify all economic parameters that affect each mode of 

transportation.

4. To determine the price of a commingled or blended crude oil and 

GTL barrel based on the optimum-blending ratio, relative to the 

ANS crude oil barrel price.

5. Incorporate some flexibility into the developed economic models to 

answer various ‘what-if questions based on the Monte Carlo 

simulation to get a more realistic feasibility study.

6. To perform sensitivity analyses on all the parameters that are input 

to the economic model, and to study the effect of any changes in 

these parameters to the whole project economics in general and the 

transportation economics in particular.
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CHAPTER 2 

LITERATURE REVIEW

A great deal of research has been conducted with a view to identify various 

transportation options for stranded gas at the Alaska North Slope and the operational 

challenges facing these transport options, as these are key factors in the ANS gas 

commercialization project. The research includes understanding the GTL conversion 

process, and the investigation of various components that make up a sensible GTL 

transportation study. Below are highlights of these studies and an insight into their 

outcome.

2.1 WHAT IS GAS-TO-LIQUIDS (GTL)?

GTL is produced by a catalytic process that chemically converts natural gas (methane) 

molecules into a variety of liquid hydrocarbons, which includes not just the Fischer 

Tropsch hydrocarbons but extends to other liquid fuels, especially in the oxygenate 

family (methanol, Dimethyl Ether [DME], etc.) (Figure 2.1). Once converted, these 

liquids are stable and remain in the liquid state. Liquefied Natural Gas (LNG), on the 

other hand, is only a change of state (gaseous methane is cryogenically changed into 

liquid methane at -260°F), and will return to the gaseous phase if allowed to warm up 

to ambient conditions. The goal of GTL is to convert isolated natural gas reserves into 

clean burning fuel that are easy to transport and sell in the marketplace.



Most of the new literature regarding GTL information came from Exxon Mobil and 

Syntroleum, two leading corporations with competing GTL processes. Both processes 

are based on the Fischer-Tropsch (F-T) technology, but each uses a different method 

to produce the syngas used as a feedstock into the F-T process and different catalysts 

in the F-T reactor (Robertson, 1999). The F-T process was developed originally in 

Germany in the 1920s and was used to provide fuel for the German army. The process 

was taken off the shelf again in the 1950s when South Africa built a plant to produce 

fuels after the country faced a world boycott over its racial policies.

GTL is a three step chemical process which:

• Converts natural gas to synthesis gas;

• Converts synthesis gas to a waxy synthetic crude, using the Fischer-Tropsch 

technology; and

• Upgrades the synthetic crude to premium fuel products, using the hydro

processing technology

The first stage is a reformer unit that is smaller and more compact than reformers on 

existing GTL plants. The reformer takes natural gas and steam and converts them into 

a synthesis gas, a mixture of hydrogen and carbon monoxide. The synthesis gas is 

fed through a compressor into the second stage of the GTL process, a converter that 

uses the Fischer-Tropsch chemical process to rearrange hydrocarbons in the gas into 

long-chain molecules that come out of the converter as a wax. The third stage is a

7



hydrocracker unit, 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, a liquid.

The total cost of a GTL conversion plant is usually split in the following manner:

i. Syngas Production: 60% of total cost of conversion plant

ii. Syncrude Production: 25 - 30% of total cost

iii. Product upgrading: 10-15%  of the total cost.

The F-T process has several advantages. It is simple; is economical for flows ranging 

from 3 million standard cubic feet per day (MMSCFD) through 500 MMSCFD; it can 

be skid-mounted (at lower flow rates) for easier transportation; it is energy self

sufficient, water can be a byproduct, and the product is a light naphtha with about C6 

molecular weight that can be converted into a heavier fraction with extra processing.

GTL offers the opportunity to bring remote and associated natural gas to markets by 

converting the gas into high quality liquid fuels that can be transported in conventional 

liquid petroleum tankers. It also allows natural gas to be used as a transportation fuel 

while maintaining the existing liquid fuels infrastructure. GTL liquid products are zero 

sulfur, zero nitrogen, and zero aromatic, ultra clean transportation fuels that have been 

shown to significantly reduce exhaust emissions from vehicles. Liquid fuels are also 

much easier to transport and utilize than LNG. GTL technology is just beginning to



penetrate into the commercial marketplace and there remain many technical and 

economic risks that need to be addressed.

9

Figure 2.1 Natural Gas Derived Products (Fleisch et al, 2001)

A large amount of research has advanced the technology through catalyst development 

and process optimization. However, the process is complicated and requires many unit 

operations to achieve its purpose. As a result, the plants are rather expensive and 

require a relatively high price for oil to be competitive.



2.2 BENEFITS OF GTL TECHNOLOGY

Monetizing Gas Reserves: GTL has the potential to convert a significant percentage 

of the world’s estimated proved and potential gas reserves — estimated to be upwards 

of 14,000 TCF of natural gas -  which today hold little or no economic value, into 

several hundred billion barrels of oil equivalent of great economic value to the 

companies and countries that control them (Syntroleum, 2004).

Eliminating Costly or Environmentally Disadvantageous Practices: GTL will help 

eliminate the need for flaring or re-injecting natural gas, permitting early development 

and production of oil fields shut in by the inability to dispose of associated gas and 

reducing the negative environmental impact of flaring.

Economic Development of Remote Gas: GTL will permit the economic 

development of many remote gas discoveries that are otherwise deemed too far from 

market to have any economical value.

Development of Environmentally-Superior Liquid Fuels: GTL will yield synthetic 

hydrocarbons of the highest quality that can be used directly as fuels or blended with 

lower quality crude oil derived fuels to bring them up to compliance with more 

stringent environmental and performance specifications. Syntroleum Corporation is 

currently pursuing the development of such fuels with a number of companies and 

Research Institutions, including University of Alaska Fairbanks, to test several of its 

fuels for certification with the EPA and to develop GTL fuels for use in reformers for 

fuel cells.

10



2.3 GTL TRANSPORTION HYDRAULICS

Akwukwaegbu (2001) solved pertinent energy equations for both batch and 

commingled flow modes. The solutions to these equations were used for determining 

pressure gradient and optimum slug length for batch operations. The Bernoulli 

equation for the flow of fluids in pipes was used. These derived flow equations can 

be modified under specified operating conditions or constraints of the TAPS. The 

results of the sample calculation indicate that the pressure gradient obtained from the 

batch flow calculations are higher than those obtained from that of commingled flow. 

The reason being that for batch flow, the pressure gradient is the ratio of the total 

pressure drop across the slug to the length of the slug, whereas for commingled flow, 

it is the ratio of the total pressure drop to the length of the pipe segment. Several 

assumptions were made to solve the equations.

2.4 COMPARISON BETWEEN GTL AND LNG PROJECTS

GTL and LNG are similar in that the goal of both processes is to convert isolated 

natural gas reserves into a product or products that can be effectively transported to 

market. They are also similar in that both processes are very capital intensive, and 

must be done on a large scale to be economical.

First, the market for GTL products, especially middle distillates, is huge relative to the 

potential supply from GTL plants. The demand for middle distillates is about 35 

million barrels per day (35 MMBPD) and growing at approximately 4% per year. A

11
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large-scale GTL plant will only produce 50,000 to 100,000 BPD. This is only about

0.2% of the total demand and only 5% of the demand growth.

Second, the GTL products are of premium quality and will be highly desirable in the 

marketplace.

■ Diesel: The diesel has no sulfur, has a high cetane rating (70+), and has 

low density. All of these characteristics make it a premium fit with the 

future diesel specifications.

■ Naphtha: The naphtha has no sulfur and is made up of straight-chain 

molecules that are ideal for petrochemical crackers.

■ Waxes: The heavy paraffin, or waxes, also have no sulfur and make 

ideal base stock for premium lubricants and other specialty products.

The market for GTL products is huge. Assuming a similar 500 MMCFD gas inlet to a 

GTL plant and an LNG plant, GTL products produced would be only 0.2% of the 

world demand for middle distillates whereas the LNG produced would be about 4% of 

the worlds LNG demand. The market for GTL can easily absorb the products without 

impacting the price. The additional 4% of LNG would be enough to impair the price. 

Another way to compare the two products is that for the same market impact of one 

LNG plant; approximately 20 GTL plants could be built.



Another advantage of GTL products over LNG is that the middle distillates are easy to 

transport and store. Unlike LNG that requires cryogenically refrigerated tankers and 

storage tanks, GTL products are low vapor pressure liquids that can be shipped, 

stored, and distributed easily, safely, and at low cost using conventional equipment.

Although GTL and LNG have been discussed as competing products, they really are 

not. Both are viable processes to monetize isolated gas, but they serve different end 

markets. In some site-specific areas of the world, they may compete for the same 

feedstock gas, but generally there is so much isolated, or stranded, gas in the world, 

that there will be more than enough to feed the two projects. They will both be 

thriving and growing businesses in the future. Much of the talk today about GTL 

competing with LNG is mainly about GTL being seen as a gas-monetization 

alternative to LNG. LNG has been around for many years and, although it has been 

limited by market demand, it is the industry standard. The GTL process has also been 

around for many years, but is just now becoming economically viable.

Obviously, GTL projects will create jobs and will present other economic benefits. 

The GTL process is very exothermic - that is it generates excess heat. The process can 

be configured to produce electricity, steam, or desalinated water if they are desired 

locally. Beyond these, it is quite possible that some of the GTL products (most likely 

diesel) may remain in the local market. This can reduce imports and improve a 

country’s balance of trade.

13



2.5 ISSUES WITH TRANSPORTING GTL THROUGH TAPS

Several operational issues need to be addressed when considering transportation of

GTL through TAPS. Some of the issues identified include;

i. An accurate prediction of the optimal slug length for batching.

ii. Prediction of the interface length and timing of their arrival at the terminal 

in case of batch operations to facilitate timely switching of the product train 

into the appropriate storage or reception facility.

iii. The interaction of GTL with chemicals such as corrosion inhibitors, drag 

reducing agents (DRA) which are currently used for crude oil transport 

through TAPS.

iv. Impact of GTL batching on local refinery operations and vapor recovery 

facilities.

v. Determination of GTL gelling temperatures and a complete rheology of the 

products with their implication on TAPS operations.

vi. Effect of solids precipitation (wax, asphaltenes etc) within the pipeline.

vii. The phase behavior of the GTL products and any vapor pressure concerns.

viii. Ability of the facility to handle GTL transportation, which differs from the 

original design specification of transporting crude between 24 and 32° API.

ix. Cost-benefit analysis of transporting GTL through TAPS as opposed to 

building a new natural gas pipeline.

x. Provision of storage and handling facilities in case of batch operations to 

maintain product purity.

14



xi. Temperature effects on GTL and GTL-Crude mixtures.

xii. Application of new technology in transporting the products through TAPS.

The economic implication of the issues identified above to evaluate the cost- 

effectiveness for the Commingled mode of transportation is the major focus of this 

study. The recommendations are however subject to the technical feasibility 

considering TAPS operations and environment.
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CHAPTER 3

GTL TRANSPORTATION OPTIONS AND CONSIDERATIONS

3.1 TRANSPORTATION MODES

The GTL technology is gaining approval from oil producing companies as a means to 

effectively monetize remote (stranded) reserves of natural gas. It has been termed the 

‘fuel for the 21st century’ because it is a clean fuel with zero-sulfur. In Alaska, this 

technology is one of the options being considered for the development of the (ANS) 

gas, especially because of the existing TAPS. This ultimately means that, the already 

existing infrastructure can be used to its maximum capacity thereby increasing the 

throughput and the life of the TAPS and consequently decreasing the initial 

investment cost of the technology to the lowest possible.

Further research on the GTL technology has continued in relation to the uniqueness of 

the Alaskan terrain, and the transportation modes through TAPS. The transportation 

modes can be broadly divided into two; Batching mode and Commingled mode. The 

batch mode is the transportation of alternate slugs of GTL and crude oil in the 

pipeline, while the commingled mode is the transportation of the blended product of 

GTL and crude oil in the pipeline. The batching mode of transportation is further 

broken down into three (3) subgroups (Ejiofor, 2003):

Batch Mode ‘AThis involves the uncontrolled batching of the different slugs.

Batch Mode ‘B ’\ This involves the actual control using pigs and spacers.

16
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Batch Mode ‘C ’:This involves control using available interface detection technology.

3.1.1 Batch Mode

As outlined above, GTL products could be batched in 3 different ways:

i. Uncontrolled batching of products termed batch mode ‘A’.

ii. Controlled batching using pigs and spacers termed batch mode ‘B \

iii. Controlled batching using modem batching techniques termed batch mode ‘C \

As a batch train moves through the pipeline, adjacent products commingle forming the 

“interface zone”; this occurs in Batch Mode A only. The extent of commingling or the 

length of the interface is a function of velocity, density difference between the two 

products, viscosity, pipe diameter and distance traveled. Accurate interface detection 

and optimization of batch sizes and configurations are important factors in reducing 

operating costs. Dynamic modeling also proved useful in optimizing operating costs.

Prudhoe Bay currently has two storage tanks with a working volume of approximately

300.000 barrels. The requirement for batch operations on the ANS is availability of 

storage space to store one product while the other is being transported through the 

TAPS. For optimum efficiency of operations, up to one day’s production of both the 

crude oil and GTL may be required on the ANS for storage flexibility of operations. 

This puts the storage or holding requirements on the ANS to approximately 300,000 to

400.000 barrels of GTL while cmde oil is transported through TAPS, and when GTL
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is transported through TAPS, approximately 700,000 barrels of crude oil will need 

temporary storage until conveyance. This requirement is necessary for all the types of 

batching as described in this work (i.e. batch modes A, B, and C) (Ejiofor, 2003). It 

should be noted that there may be possible loss of premium of the GTL product due to 

the transportation through TAPS, since the products are capable of picking up sulfur, 

waxes, color bodies and other impurities from the crude oil and walls of the pipeline, 

but the level of contamination due to these impurities has not been quantified for the 

batch modes and therefore was not accounted for in the economic model, unlike the 

commingled mode of transportation.

3.1.1.1 Batch Mode ‘A’

The batch mode ‘A’ or the ‘as-is’ batching is considered the easiest of the batch modes 

of transportation. This mode of transportation requires minimal additions to capital 

and labor costs. Typically, any batch operation requires that there are separate tanks 

for the GTL at ANS and Valdez marine terminal and clean tankers. Basically, the 

physics of the flowing liquid products (Crude Oil and GTL) controls the behavior of 

the products while in the pipeline. This uncontrolled batching technique results in the 

creation of an interface zone in between the two phases (Crude Oil and GTL mixture). 

The length of this interface is a function of the viscosity, velocity and density 

difference between the two products, pipeline diameter and distance. Loss of product 

value due to contamination of the GTL products is at its maximum in this mode when 

compared to other batching techniques. However, this is the common practice for
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refined products batching in the US. The interface generally gets downgraded to crude 

oil.

Slug #1 Slug #2 

■4------------------ ►

Figure 3.1: Typical Batch of GTL & Crude Oil

Equations have been derived for calculating the minimum slug length, which can be 

translated to volumes for effective batching and minimal contamination for large 

diameter pipes. However, from the economic viewpoint, it is pointed out that as slug 

length increases, segregated tank requirements also increase (Ejiofor, 2003).

3.1.1.2 Batch Mode ‘B’

In this method, pipeline pigs are used to achieve the objective of phase or slug 

separation. It is expected that these pigs will effectively prevent mixing of the 

alternate slugs of GTL products and crude oil. This method requires the entire basic 

infrastructure that is used in the base case batch mode plus some additional capital. 

The GTL products will be stored in separate tanks both at the ANS and in Valdez 

Marine Terminal. Fluid dynamics would not govern product movement in the pipeline, 

since the pigs would keep the oil and GTL slugs separate. The major operational 

challenge for this mode of transportation is that pigs need to be diverted at every pump 

station along the TAPS, where flow is diverted for the fluid to pass through the



pumps. Therefore, additional labor is required at each pump station to carry out this 

task on a continuous basis (Ejiofor, 2003).

Most operators are of the view that the use of pigs to batch these products would 

reduce or completely prevent the mixing of the products. Some other operators 

believe that batching with pigs would not reduce the mixing but rather increase the 

mixing due to increased turbulence (Baum et al, 1998). This is currently under further 

study. In this study, the assumption is that the pigs would help maintain product 

purity.

3.1.1.3 Batch Mode ‘C’

The modem batching technique, identified here as batch mode ‘C’ entails pumping 

alternate slugs of GTL and Crude oil while having fluid movement monitored by 

interface detection devices to minimize loss of product value. Available interface 

detection technologies include densitometers (measures online the specific gravity of 

the product in the pipeline, and can detect even small changes in product density), 

sound-velocity interface detectors (employs changes in the sound velocity to detect 

different liquids), colorimeters (detects color changes in the contents of the pipeline by 

measuring color quality with a dual wavelength, dual detector optical system), pipeline 

interface detectors and photo detectors (Baum et al, 1998).
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At the receiving terminal, which could be at a refinery or tank farm, a dynamic 

hydraulic model for optimizing product movement and a Distributed Control System 

(DCS) can be used to control product movement. A DCS allocates the crude oil and 

GTL to their respective tanks at the optimal time reducing error in valve opening and 

closing. This method would require additional storage tanks and shipping facility to 

ensure that purity of the products is maintained (Ejiofor, 2003).

In crude oil system, refined product batch operation, proper sequencing of the product 

batches and the use of interface-detection equipment can minimize but not eliminate 

product contamination. In addition to the mixing of products at the interface, refined 

products pick up elemental sulfur and color bodies from the walls of the pipeline 

during transit to the receiving terminals (Baum et al, 1998). Several technologies are 

currently used in returning refined products to their original quality standards. These 

include; Distillation, Metal-Oxide treating, Caustic treating and Filtration.

3.1.2 Commingled Mode

For the purpose of this work, the commingled mode is broken down into four 

subgroups:

Commingled Mode ‘l ’\The blending of crude oil and GTL in ratio 1:1 respectively 

Commingled Mode ‘ 2The blending of crude oil and GTL in ratio 2:1 respectively 

Commingled Mode ‘3 ’: The blending of crude oil and GTL in ratio 3:1 respectively 

Commingled Mode ‘4 ’: The blending of crude oil and GTL in ratio 4:1 respectively

21



22

In view of the two modes of transportation highlighted above for transporting GTL 

products through the TAPS, the choice of the mode of transportation to adopt depends 

on the expected purity of the shipped product and a trade-off between loss in product 

value due to contamination and cost of keeping the product pure at the terminal. 

However, since the TAPS will be used in future to transport large amount of viscous 

oil from the huge (over 15-20 billion barrels) viscous oil resources in ANS (i.e., from 

the large West Sak, Schrader Bluff, and Ugnu fields), this research focuses more on 

the Commingled mode of transportation. This supports the optimal use of the already 

existing infrastructure, thereby increasing TAPS throughput life and minimizing the 

investment cost for the project.

To discuss the Commingled mode of transportation, it is necessary to take a close look 

at the physical properties of each of the products to be blended. Generally, the crude 

oil blend from the ANS is a dark-brown medium crude with an API gravity of about 

32°, viscosity of about 17cp at standard conditions with wax deposition tendencies at 

standard conditions of temperature and pressure (Ejiofor, 2003).

The flexibility of using existing infrastructure to its full advantage with minimal 

addition to capital cost for transportation is the most attractive aspect of this mode of 

transportation. The Batch mode, as explained above, requires holding tanks for 

temporary storage in case of any unforeseen valve or process malfunction to reduce 

any pressure build up in the TAPS. The commingled mode of transportation does not
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require this additional facility because the present relief tanks system is capable of 

handling the crude -  GTL blend together. The GTL economic model analyzes the 

effect of these initial savings on the entire project economics.

For the analysis done in this work, the contamination of the GTL by the wall lining for 

the Batch mode was not accounted for in the economics of the batch process. 

However, for the Commingled Mode the loss of profit due to reduction in product 

premium by contaminants is accounted for by the pricing technique developed in this 

work. It is assumed that the pricing of the emerging sweet light crude is done at the 

refinery end and that already takes into account the contaminants picked up during 

transportation.

To determine the price of a commingled crude oil-GTL barrel relative to the price of 

normal barrel of crude oil, the percentage yield of each fraction obtained from the 

refining end was investigated. Below is a simplistic representation of fraction obtained 

from each product at the refining end (Figure 3.2). Knowing the percentage 

composition of a normal barrel of ANS crude oil and a barrel of GTL, the equivalent 

composition of a barrel of the commingled crude was determined. All this is geared 

towards arriving at a reasonable pricing of the product upstream as well as 

downstream (Fleisch, 2003).
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Figure 3.2 Percentage Fraction Recovered Per Barrel of Crude Oil & GTL Blend
(Fractions not represented to scale in figure above)

Additional work was conducted in the simulation of the price of a barrel of GTL 

crude, and subsequent simulation of the price of ‘blended’ crude oil-GTL product in 

different proportions. The other avenue explored was the use of the probabilistic 

approach in the economic analysis of the project. The mixing ratios investigated in this 

study include 1:1,2:1, 3:1 and 4:1 crude oil to GTL blends.
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A barrel of GTL is assumed to be 100% ‘white products’ (no fuel oils), having 

superior properties with a minimum of 2 products; Naphtha and Middle Distillates (i.e. 

Jet- Fuel/Kero/Diesel). Since the plant in this analysis is considered to undergo all 

three steps of the FT-GTL process it is assumed that the wax is completely converted 

to liquid and there is 0% Lube/wax present in the GTL. Therefore, in the absence of 

Lubes/Wax in the FT-GTL barrel, 75% of Middle Distillates and 25% Naphtha is 

assumed present in a barrel of GTL. The concept here is to try to quantify the pricing 

of a barrel of blended crude (i.e. the mixing of certain specific ratio of a barrel of 

crude oil to that of a FT-GTL barrel).

To determine the price of a barrel of commingled crude oil-GTL mixture relative to 

the price of a barrel of normal crude oil, the percentage yield of each fraction obtained 

from the refining end is investigated (see Figure 3.3 - 3.6). Another assumption is that 

the price of a barrel of crude oil is not going to remain as high as it is now, so a 

hypothetical but realistic value of $20/bbl was proposed to be used for the economic 

analysis. Below is the possible cost of a price of a barrel of blended Crude oil -  GTL 

at different mixing ratios.
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PRICE OF A BARREL OF CRUDE FOR 'BLENDED' CRUDE OIL - GTL (1:1 Ratio) 
'Typical' Refined Oil Barrel 'Typical' GTL - FT Barrel 'Blended' Crude Oil - GTL (1:1

(Vol.%)

T FGI
Ife Naphtha

Middle
Distillates

Fuel Oils

3%

10%

27%

140%

20%

+

(Vol.%)

Naphtha

Ratio) Barrel (Vol.%) 

f c  I P G ~ ~ M  1.5%

15-25%

_  c

I  17.5% 

j 13.5%

75-85% iddle Distillates 57.5%

jfe Fuel Oils 10%

lx lx $21.75/bbl
Figure 3.3: Optimized Price for a Commingled Mode 1 Barrel of Crude

PRICE OF A BARREL OF CRUDE FOR BLENDED' CRUDE OIL - GTL (2:1 Ratio)
'Typical' Refined Oil Barrel 

(Vol.%)
'Typical' GTL - FT Barrel 

(Vol.%)
'Blended' Crude Oil - GTL (2:1 

Ratio) Barrel (Vol.%)

LPG.

Gasoline

Middle
Distillates

3%

10%

I 27% 

40%

Naphtha

IE
15-25%

+

iddle Distillates 
Jet/Kero/DieseD

_  c .

12% 

15%

Gasoline 18%

Naphtha ^ f j

75-85% liddle Distillates 51.67%

^Fuel Oils I  20% r , < , P  13.33%

2x lx $ 2 1 .1 7 /b b l

Figure 3.4: Optimized Price for a Commingled Mode 2 Barrel of Crude
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PRICE OF A BARREL OF CRUDE FOR 'BLENDED' CRUDE OIL - GTL (3:1 Ratio)
'Typical' Refined Oil Barrel 'Typical' GTL - FT Barrel 

(Vol.%) (Vol.%)
'Blended' Crude Oil - GTL (3:1 

Ratio) Barrel (Vol.%)

JLEG_
Naphtha

3%

10% Naphtha 115-25%

27%

+

|  40%
Distillates

Fuel Oils 20%

Middle Distillates 
fJet/Kero/DieseB

75-85%

3x lx

i m : 12.25%

N a p h th a ^ P  13.75%

20.25%

fiddle Distillates! 48.75%

Fuel Oils I p  15%

$20.93/hhl

Figure 3.5: Optimized Price for a Commingled Mode 3 Barrel of Crude

PRICE OF A BARREL OF CRUDE FOR 'BLENDED' CRUDE OIL - GTL (4:1 Ratio) 
'Typical' Refined Oil Barrel 'Typical' GTL - FT Barrel 'Blended' Crude Oil - GTL (4:1

(Vol.%) (Vol.%)

Naphtha

Ratio) Barrel (Vol.%)

r  IPG  3 2.4%

115-25%

iddle Distillates 
Jet/Kero/Dieseft

_  ■

Naphtha _  13%

P  21.6%

75-85% iddle Distillates 47%

jf* Fuel Oils •1  20%
^ 1 :  I P * |  16%

4x lx S20.70/bbl

Figure 3.6: Optimized Price for a Commingled Mode 4 Barrel of Crude
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3.2 ECONOMIC PARAMETERS

In order to evaluate the economics of GTL transportation through TAPS, the following

base case economic parameters are considered in this study:

■ A large-scale GTL project consisting of three trains each having a production 

capacity of about 110,000 barrels of GTL product per day.

■ Pipeline tariffs obtained from available forecasts and charged based on throughput, 

which are expected to pay for the pipeline, pipeline maintenance and storage cost 

at the terminal and some return on investment.

■ A salvage value of zero.

■ Each mode of GTL transportation has an associated capital cost which varies from 

minimal capital investments for the commingled mode to huge capital costs for the 

modem batching mode of transportation.

■ Construction starts by 2005 (with the year 2005 taken as year 0 in the model), 

lasts 4 years through 2009 and production begins the same year.

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

commences two years after Train 2 is started to spread out the investment. (Slow

Paced Development)

■ All transportation costs rely on the existing infrastructure of the oil pipeline 

operation and maintenance. Therefore, only additional capital costs specific to 

GTL will increase the cost.

■ A discount rate of 10% is used for the capital costs and also for the cash flow.
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■ Depreciation of property is by Modified Accelerated Capital Recovery System 

(MACRS).

Rate of return analysis was used in evaluating the various transportation modes. To 

conduct rate of return analysis, an accurate estimate of the capital and operational 

costs involved in the project was necessary as well as an estimate of expected product 

price and revenue. The project life was assumed to be twenty years initially. The rate 

of return was still increasing significantly and the evaluation had to be made for a 30- 

year project life. Based on construction costs, the construction schedule, the timing of 

product sales, and the expected revenue, a rate of return was estimated. It is assumed 

that 100% equity financing is used, which is typical for oil and gas firms when 

comparing different projects.

3.3 IDENTIFYING CAPITAL AND OPERATING COSTS

The capital costs include all costs from the GTL plant to the delivery of product to the 

GTL tankers in Valdez. The first common cost to all modes of transportation is the 

contingency plan capital. No production of GTL can begin until this capital is in place. 

Contingency plan capital refers to the capital that must be set aside to help handle 

emergency situations that might lead to shutting down the pipeline and ensure quick 

restart of operations. Laboratory measurements show that in the arctic environment a 

window of about thirty (30) days is allowed to restore operation in case of any 

shutdown during the winter season or there is a risk of shutting down operation once



the crude oil in the pipeline gels due to very cold temperature conditions. The window 

for cold restarts in the winter for the pipeline when GTL is in the pipeline for either 

the commingled mode or the batch mode is estimated to be smaller compared to when 

only crude oil flows through the pipeline. This was effectively discussed in the gel 

strength prediction study for both a fast and slow ramp cooling process (Timmcke, 

2002).

Another common cost to all modes of transportation is the cost of building a pipeline 

from the GTL plant to Pump Station 1. It is assumed that the GTL plant would be 

situated not more than one mile from Pump Station 1. The cost required to transport 

the gas through the pipeline from the production wells and stations are not included in 

the GTL project cost. The GTL plant is assumed to be equipped with a conditioning 

unit for removal of acid gases such as CO2 and H2S and it is therefore not considered 

separately.

On the distinctive capital costs, all the commingled modes do not incur extra costs, 

and the batch mode ‘A’ does not incur any extra costs apart from that outlined above. 

Batch mode B incurs additional capital costs in purchasing pigs and labor to handle 

the pigs on a continuous basis at different pump stations. Batch Mode C requires 

additional investment costs from those outlined above including interface detection 

devices for minimizing impurities associated with mixing, product movement control 

devices that use the Distributed Control System (DCS), densitometers, colorimeters,
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and some complex instrumentation. This technology has been proven effective and has 

been used extensively by the petroleum products transportation industry in pipelines. 

Product movement control has two main components. The first is the dynamic 

hydraulic model and the second is a DCS. This system is complex and expensive 

(Ejiofor, 2003).

3.3.1 Plant Capital Expenditure (CAPEX)

The capital cost of a GTL plant is estimated at between $25,000 per daily barrel 

(DBL) capacity and $35,000/DBL (Thomas et al., 1996). General industry average for 

a US Gulf Coast plant puts the capital cost at about $24,000/DBL. 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). These costs have reduced 

significantly and are still expected to decline as technology advances. Technology is a 

major determinant of whether or not there will be economics of scale. 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 (Alaska 

Oil and Gas Reporter, 2002). This is projected to result in a significant change in the 

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

$20,000/DBL for a commercial scale plant in the Gulf Coast.

The compact reformer technology was tested in a pilot plant in Nikiski, Alaska by BP 

Exploration (Alaska) Inc. It was designed for the first stage of the three-stage
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conversion process. The reformer, which converts methane to carbon monoxide and 

hydrogen, is one-fortieth the size of a conventional unit. The reformers come in 

compact units built to commercial scale. To increase output, additional whole compact 

reformer units were added to operate in parallel with existing ones and minor 

modifications made to other units in the plant to increase plant output capacity. The 

design ended up being a huge success with a great improvement in efficiency. With 

the much more compact design, the plant was more thermally efficient, and that 

resulted in a reduction in production and transportation costs. The reformer represents 

about 60 percent of the overall cost of a GTL plant.

BP’s process also recycled heat and water generated in the various steps. After the- 

natural gas is converted to carbon monoxide and hydrogen in the reformer, it is run 

through a process that makes long-chain paraffins from the “syngas.” Those paraffins 

are then cracked in a conventional refinery process to make liquid fuels. Diverting 

streams from various stages of the process could allow production of methanol, 

olefins, polyethylene and ethers as well. Since the waste heat is used to generate 

electricity or steam for other purposes, the thermal efficiency of the process how 

much of the energy is left in the final product — went a bit higher, although it will be 

tough to reach the 88 percent thermal efficiency of the liquefaction process. The 

Nikiski plant was also used to test some new catalysts that BP developed, particularly 

for the reformer stage. Making those catalysts in commercial quantities is, however, 

different from cooking small batches in the laboratory.
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Bringing down the cost of the facility has been the big challenge for the GTL 

technology, which has not been commercially successful. The industry standard for 

GTL facilities of about $25,000 per daily barrel was too high to be workable. With 

BP’s compact reformer, the company was able to get the CAPEX down to around 

$20,000 per daily barrel, which is not far from the $17,000 per daily barrel that would 

make the process competitive with some other uses of natural gas, such as LNG 

(Alexander’s Gas and Oil Connections, 2004). At $11,000 or $12,000, the process 

could compete with a new-build crude refinery, producing fuels and chemical 

feedstock.

A study by the U.S. Department of Energy in the mid-1990s indicated that crude 

prices of about $30 a barrel would be needed to make a North Slope GTL plant 

commercially feasible with the technology available at that time. With capital costs of 

about $20,000 per daily barrel, that component alone would amount to roughly $5 per 

barrel, about the same as the $4 to $5 a barrel in estimated operating costs. That leaves 

little room for paying for the gas, which can run up to $10 per barrel, or for 

transportation. But the industry has been experimenting with the technology in recent 

years, trying various catalysts and altering other components to cut the overall costs. 

To account for this variety, this study evaluated a wide range of capital costs of GTL 

plants from $35,000/DBL down to $5,000/DBL.
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Application of the learning curve as presented by Robertson et al (1999) was not 

employed in this study. Cost improvement based on a learning curve or progress curve 

plays a crucial role in the competitiveness of the chemical and petrochemical industry.

It has been observed that more rapid cost improvement for a product results in 

expanding market share and profits. Though initial or pilot projects may be 

economically marginal, expectations of rapid cost improvement based on a learning 

curve is often the motivator to invest in such projects. As GTL technology unfolds and 

operators gain experience from building and operating earlier trains, a rapid cost 

improvement is expected (Ejiofor, 2003).

3.3.2 Storage, Product Separation and Other Costs

For the batch mode of transportation, it is assumed that new holding tanks (APSC, 

2002) will be built on the North Slope. The holding tanks presently in place on ANS 

have a holding capacity per foot of 4,400 barrels. For an estimated 300,000 barrels per 

day of GTL product conversion plant, the footage of temporary storage required would

be given by:

4,400

Maximum allowable height by OCC (Operational Command Center) is approximately 

32 ft and an 8ft minimum level is maintained, leaving only 24 ft (APSC April, 2002).

68.18/i _ 2StorageTanks 
24 f t
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Each of the tanks is estimated to cost about $65 million. This estimate includes 

fittings, accessories, piping and refrigerated foundation (Ejiofor, 2003). These costs 

for the quantity needed for each item are summarized in the table below.

Table 3.1 Capital Cost Schedule for Modes of Transportation (Ejiofor, 2003)

SUMMARY OF CAPITAL COST ($ MILLIONS) ESTIMATE 
DIFFERENT MODES OF TRANSPORTATION

:s FOR

Qty 1Item
Cost ea 1 
($mm)

Batch Model 
A

Batch Model 
B

Batch Mode 
C

Commingled
Mode

5 ’Tanks (a), VMT 65 :325 :325 :325 0

4 Tanks @ ANS 65 260 260 260 0

6
Pressure Relief 
Tanks 16 96 96 96 0

1
Contingency 
Plan Capital 20 20 20 20 20

1
Additional
Piping 10 10 10 10 10

Labor Cost/ yr 2.72 0 2.72 0 0

Cost Of Pigs 5 0 5 0 0
________2--------

Cost of DCS and 
Accessories 20 0 0 20 0

Total 711 719 731 30

Other costs considered in the model includes the energy cost, cost of upstream natural 

gas, the TAPS tariffs and taxes, which include the property tax (Ad valorem), and state 

and federal corporate income taxes (Ejiofor, 2003).
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3.4 GTL PRODUCT PREMIUM

GTL products are expected to receive some price premium compared to conventional 

crude oil products to reflect their high quality and environmental attractiveness as a 

fossil fuel. It is expected to follow the world crude oil and oil product pricing system 

closely. An important crude oil marker grade is the Brent crude oil produced in the 

North Sea. It is traded internationally on the Internal Petroleum Exchange (IPE) and 

the futures market, a rapidly growing trend in world crude oil marketing. The price of 

crude oil has continued to fluctuate over the past decade and this makes future trends 

difficult to predict. For example, at low point, Brent sold for $10 per barrel in 1998, 

but rose to about $33 per barrel in September 2000. In the last decade, the average 

Brent price was about $19 per barrel and projections put the average at over $22 per 

barrel in the next five years. A typical GTL yield assessment like 20% naphtha and 

80% diesel is assumed reasonable, but for this work, a GTL yield of 20% naphtha and 

75% middle distillates was assumed

The GTL diesel is superior to the conventional crude oil refined diesel with regards to 

sulfur, cetane number, aromatic content and density. However it has relatively poor 

cold flow properties. Typical GTL diesel has a cetane number greater than 70, 

compared to a usual diesel product end specification of 50. This means that 

opportunities exist for utilizing GTL diesel as a blend stock to upgrade refinery middle 

distillates products. The zero aromatics content of GTL diesel gives it another 

advantage for blending with conventional distillates, where aromatic content
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specification becomes a limiting factor. Various numbers have been advanced for 

GTL product premium. In the economic model, a premium of 1.175 to 1.375 times the 

world crude oil spot price was used. The choice of relating the product premium and 

price, as a function of the world crude oil price, is an obvious one taking into account 

that the price of refined products consistently follows the trend of crude oil prices.
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CHAPTER 4 

METHODOLOGY

4.1 THE ECONOMIC MODEL PARAMETERS

To perform the economic evaluation of the different transportation modes, the GTL 

plant scenario assumed is that the facility is built on the ANS. A 300,000 barrels per 

day plant was assumed. By the current standards, this is a very large scale GTL plant, 

taking into account that one of the numerous benefits expected from the GTL option is 

the provision of additional liquid fill to keep the TAPS operations running. This 

therefore requires a huge GTL facility that can provide enough liquids to significantly 

improve the economics of the TAPS. Another reason is that 38 TCF is a substantial 

resource concentrated in one area and only a GTL plant of that magnitude can 

successfully utilize that resource. Initial analysis considered a project life of twenty 

years. This was later found to be inadequate to give enough time for the last tram of 

the GTL facility to payout and yield some return on investment. Therefore, the life of 

the project was finally assumed to be thirty years. The operating efficiency for the 

plant is assumed to be 95%. The state and federal income taxes are estimated based on 

their current values in other oil and gas projects in the state of Alaska. Tables 4.1 and 

4:2 give a summary of the economic parameters and assumptions that were made to 

perform proper economic evaluation of the transportation options.
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Table 4.1 Economic Assumptions

ECONOMIC ASSUMPTIONS

Conversion @ 60% efficiency 8.33 MScf / Bbl

Plant Uptime Efficiency 95%

Project Life 30 years

Plant Capacity 300 MBPD

Taxes

State Income Tax 9.4%

Federal CIT 35.0%

Property Tax 2%

Depreciation Modified Accelerated Capital

Recovery Scheme

Other important model parameters were estimated based on current industry estimates 

on GTL and petrochemical-type facilities. The other parameters used in the analysis 

and the range of possible changes in those parameters that were studied are presented

in Table 4.2.
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Table 4.2 Model Parameters

MODEL PARAMETERS FOR RATE OF RETURN 

Cost Estimates

Plant Cost ranging from $5,000/DBL to $35,000 

Gas Cost based on net back of 10%

Annual Operating and Maintenance cost of 5.6% of Plant Cost

Transportation and storage estimated with Tariff estimates. Capital investment are

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

Revenue Estimates

ROR calculation based on $20.00 per barrel crude price.

GTL products given a premium of 1.375 times Spot Oil price 

Batch Transportation efficiency of 95%
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4.1.1 Method of Evaluation

Rate of return analysis was performed incorporating the capital cost of transportation 

for the batch and commingled mode. The capital investment required for 

transportation of GTL products was amortized and will be paid back through the thirty 

years of the project life at a discount rate of 10%. The yearly amortization was divided 

by the throughput to arrive at the extra cost in $/bbl of batching GTL product either by 

purchase of new infrastructure or refurbishing of existing infrastructure.

4.1.2 Investment Pattern

Construction is assumed to start in year 2005 and last till 2008 for the first train. The 

capital cost is varied between $5,000/DBL and $35,000/DBL invested equally among 

the four years. The second train is assumed to commence immediately after the first 

one is completed and put on production, and construction of the third would begin two 

years after commencing the construction of Train 2. Operating and maintenance cost 

for each of the trains commences in the same year with production for each of the 

three trains. The learning curve associated with the above approach to investment was 

not incorporated as noted above.

The property tax is calculated from a tax base obtained after depreciating the capital 

cost using the MACRS. The taxation formula obtained from the State of Alaska 

Department of Revenue was used to calculate property tax base and finally obtain the 

tax, which is 2% of the tax base. A cash flow model was set up to analyze the same.
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For the different modes of transportation, the associated capital cost was included 

under the tariff and comes as cost per year. The revenue was obtained as a product of 

the expected product sale price and the total product transported. The taxation was 

then applied appropriately to calculate net revenue and profit. Another factor 

introduced in the analysis is the batch efficiency, which accounts for product 

downgrade at the interface formed between crude oil and GTL (Ejiofor, 2003).

4.2 MONTE CARLO SIMULATION USING CRYSTAL BALL

The Monte Carlo simulation, as it is understood today, encompasses any technique of 

statistical sampling employed to approximate solutions to quantitative problems. It is a 

technique for simulating real-world situations involving elements of uncertainty to 

create thousands of possible alternative outcomes for the model used. The technique 

permits a “probabilistic analysis” of project economics by applying probability 

distributions to the input parameters, allowing a better view of the probabilities of 

different possible outcomes of an investment strategy. Probabilistic sensitivity 

analyses do not compute a single result, but instead, the outcome is a range over which 

the results vary. In some investment situations, the shape of the computed curve is 

more important than the most-likely expected value.
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4.2.1 Crystal Ball 2000®

The word ‘ simulation’, refers to any analytical method meant to imitate a real-life

system, especially when other analyses are mathematically too complex or too 

difficult to reproduce. Without the aid of simulation, a spreadsheet model will only 

reveal a single outcome, generally the most likely or average scenario. Spreadsheet 

risk analysis uses both a spreadsheet model and simulation to automatically analyze 

the effect of varying inputs on outputs of the modeled system. One type of spreadsheet 

simulation program is Crystal Ball, which randomly generates values for uncertain 

variables over and over to simulate a model. Crystal Ball 2000° Standard is an easy- 

to-use simulation program that helps to analyze the risks and uncertainties associated 

with Microsoft Excel spreadsheet models. Excel models are deterministic, which 

means that the inputs are fixed (one value to one cell). Only one solution can be seen 

at a time. If an alternative result is to be viewed, the inputs in the model have to be 

manually changed. Simulation is a way to quickly generate and analyze many possible 

results. Excel by itself cannot run simulations, so an add-in program like Crystal Ball 

is needed to accomplish this in Excel.

4.2.2 Identifying Uncertainty in the Model and Defining Assumptions

The first step to using Crystal Ball is to determine which model inputs are uncertain. 

Which values are estimates? Which are averages? Once these have been identified, the 

knowledge of the uncertainty around the input is used to create a probability 

distribution for that cell (what is called an assumption). 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. 

Crystal Ball 2000 simulations can consist of as many trials (or scenarios) as inputted 

by operator - hundreds or even thousands - in just a few seconds. During a single trial, 

it randomly selects a value from the defined possibilities (the range and shape of the 

distribution) for each uncertain variable and then recalculates the spreadsheet.

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

values with a probability distribution is defined. The type of distribution selected is 

based on the conditions surrounding that variable. Distribution types include:
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In this Monte Carlo analysis, the probability distributions for all the input parameters 

are modeled using triangular and uniform distributions. The distributions common to 

both the Batch and Commingled mode are listed below. Note that the width of the 

triangle represents the possible range of values, and the height of the triangle 

represents the likelihood of the value actually happening. The highest point of the 

triangle is the most likely value.
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Assumption 1: CAPEX PER DAILY BARREL

Triangular distribution with parameters: 

Minimum 5,000.00

Most Likely 20,000.00 

Maximum 35,000.00

o  i  1 • /> 5,000.00Selected range is from 5,000.00 to 35,000.00 35,000.00

CAPEX PER DAILY BARREL

1250000 2 050000  2750000

Assumption 2: OPEX % OF CAPEX

Uniform distribution with parameters: 

Minimum 0.03

Maximum 0.10

Assumption 3: GTL PLANT EFFICIENCY

Triangular distribution with parameters: 

Minimum 0.55

Most Likely 0.60

Maximum 0.95

Selected range is from 0.55 to 0.95

Assumption 4: CRUDE OIL PRICE ($)

Triangular distribution with parameters: 

Minimum 15.00

Most Likely 20.00

Maximum 40.00

Selected range is from 15.00 to 40.00

0PEX%0F CAPEX

0-03 0.04 0.06 0.08 0.10

GTLPUWTEFFICIENCY

055 0.65 0.75 0.85 0.95

CRUDEOL PRCE($£BL)

1500 21.25 27.50 3375 4000
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Assumption 5: GTL PRICE ($)

Triangular distribution with parameters:

Minimum 18.50

Most Likely 27.50

Maximum 47.50

1850 2575 3500 4Q25 47.50

Selected range is from 18.50 to 47.50

Assumption 6: 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 7: FEDERAL TAX (%)
y  '  FEDERAL TAX

Triangular distribution with parameters:

Minimum 28.00

Most Likely 35.00

Maximum 35.00

2800% 2975% 31.50% 3325% 3500%

Selected range is from 28.00 to 35.00

STATE TAX

3.00% 4.60% 620% 7.80% 9.40%



The Batch mode had additional distribution and assumption statements because unlike 

what the earlier researchers assumed, the premium of the GTL transported using the 

Batch mode is likely to reduce as a result of the level of contamination due to 

impurities collected from the wall of the pipeline. This resulted in the introduction of 

the recovery efficiency uncertainty. These additional distributions are listed below.
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Assumption 8: RECOVERY EFFICIENCY

Uniform distribution with parameters: 
Minimum 0.40
Maximum 0.95

RECOVERYEFFCENCY

0.40 054 0.68 0.81 0.95

Assumption 9: CAPITAL COST ($MM)

Uniform distribution with parameters: 
Minimum 700.00
Maximum 731.00

Capital Cost($mm)

700.00 707.75 715.50 723.25 731.00

4.2.3 Identifying the Forecasts to be Analyzed in the Model

A forecast is a formula cell that is to be measured and analyzed. It is very important to 

identify a forecast. In this model, the Rate of Return and the Net Present Value were 

selected. Multiple assumptions and forecasts can be defined. Once finished, the 

Crystal Ball command or toolbar icon was used to run a simulation. For each trial in



this simulation, Crystal Ball enters a random value into the assumption cell based on 

the values used to define the distribution. When a simulation is run for 5000 trials, 

5000 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. For a more accurate number of 

trials, the Precision Control feature was used, and the simulation stopped when the 

defined precision was achieved. Simulation results are displayed in interactive 

histograms, or frequency charts. Also the forecast, trend, and overlay charts and 

generated reports help to clearly present results.
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CHAPTER 5 

RESULTS OF ECONOMIC ANALYSIS

5.1 THE ECONOMIC MODEL

GTL products are free of sulfur and it is estimated that they have a premium value of 

$4 above spot crude oil price. This additional rationale behind the pricing of GTL 

crude is that apart from the products at the refining end containing no sulfur, there is 

an additional $3 - $4 premium added as a result of the crude having a higher cetane 

value (Rao, 2004). Therefore for the economic analysis of this project, a value of $4 is 

added to the computed price ($23.5) to arrive at $27.5 per barrel of GTL crude as 

shown in Tables 5.1 -  5.4.
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1 Dti

$bbl Crude 
Oil (% )

Optimal
Value

C
Crude Oi 

1:

rude Oil i

il +  GTL 
1

t t  $20 per Barrel 
Crude Oil +  GTL 

1:2
Crude Oil +  GTL 

1:3
Crude Oil +  GTL 

1:4
Fractions 

...  <%).
$/%/bbl Fractions

(% )
$/%/bbl Fractions

(% )
$/%/bbl Fractions $/%/bbl

L rb 21 0.03 0.63 0.015 0.315 0.0200 0.42 0.0250 0.5250
- 1 ' °A

0.024 0.504rMapmna 25 0.1 2.5 0.175 4.375 0.1500 3.75 0.1375 3.4375 0.13 3.250VJaSOIInG 

M i H rl 1 ̂
21 0.27 5.67 0.135 2.835 0.1800 3.78 0.2025 4.2525 0.216 4.536iviiaaie

Distillates
i i a I r i i i c

23 0.4 9.2 0.575 13.225 0.5167 11.884 0.4875 11.213 0.47 10.810
ru e i u n s

C I  IK/I

10 0.2 2 0.1 1 0.1333 1.333 0.1500 1.5000 0.16 1.600oUlVI

.
20 21.75 21.167 20.928 20.700

Table 5.1 Calculation Chart for Commingled Modes (Crude Oil Price = $20/bbI)

Crude Oil at Present Spot Price
SbbI Crude 

Oil (%)
2004

Average
Value

Crude Oi 
1:

il + GTL 
1

Crude Oil + GTL 
1:2

Crude Oil + GTL 
1:3

Crude Oil + GTL 
1:4

1
Fractions

i % )  .

$/%/bbl Fractions
(%)

$/%/bbl Fractions
(%)

$/%/bbl Fractions
t%l

$/%/bbl
Lrb 32.0 0.03 0.960 0.015 0.4800 0.0200 0.6400 0.0250 0.8000 0.024 0.7680rvapntna 35.3 0.10 3.534 0.175 6.1845 0.1500 5.3010 0.1375 4.8593 0.13 4.5942oasonne

fUl j f-41
37.0 0.27 9.990 0.135 4.9950 0.1800 6.6600 0.2025 7.4925 0.216 7.9920miaaie

Distillates
35.3 0.40 14.136 0.575 20.321 0.5167 18.260 0.4875 17.228 0.47 16.610

rue i UIIS
e j | ivii

22.0 0.20 4.400 0.1 2.2000 0.1333 2.9326 0.1500 3.3000 0.16 3.5200oUlvl 33.020 34.180 33.794 33.680 33.484

Table 5.2 Calculation Chart for Commingled Modes (World Crude Oil Spot Price)



At 5>20/bbl Crude oil Price At Present Spot Crude oil Price
$/bbl GIL (%) GTL Price ($/bbl) $/bbI GTL (%) GTL Price ($/bbl)Naphtha 25 0.25 6.25 35.34 0.25 8.835

Middle Distillates 23 0.75 17.25 35.34 0.75 26.505
23.5 35.34

Table 5.3 Calculation Chart for Price of GTL Barrel (Crude Oil Price = $20/bbl)

CFLUDE OIL AT $20/BBL WITH $4 ADDED PREMIUM
Added 

Amount for 
Higher 

Cetane Value

Crude 
Oil (%)

GTL Crude Oi 
1:

I + GTL 
1

Crude Oil + GTL
1:2

Crude Oil + GTL
1:3

Crude Oil + GTL 
1:4

Fractions
<%)

$/%/bbl Fractions
(%)

$/%/bbl Fractions
(%)

$/%/bbl Fractions
(%)

$/%/bbl
0 20 23.5 - 21.75 21.167 20.875

V /
20.74 20 27.5 - 23.75 - 22.500 - 21.875 - 21.5

Table 5.4 Calculation Chart for Commingled Modes ($4 Premium Added)



5.1.1 Calculations

From these calculations it can be inferred that, the equilibrium price for the pure GTL 

product is 1.175 times crude oil price, which translates to a premium of $3.50 over 

ANS crude oil price when the $3 -$4 for higher cetane number is not added. However, 

when the $4 dollar premium is added, the equilibrium price for the pure GTL product 

increases to 1.375 times crude oil price and that translates to a premium of $7.50 over 

ANS crude oil price. The results generated from the economic model match well with 

previously reported results.

Key parameters in the rate of return analysis were modified to identify those with the 

greatest influence on the results. The parameters include:

■ Capital Expenditure, which was varied from $5,000 per daily barrel to $35,000 per 

daily barrel. This is to accommodate speculated range of plant costs and possible 

North Slope scale up factor, taking into consideration that BP Exploration (Alaska) 

Inc. was successful on a CAPEX/DBL of $20,000 and that this figure is closer to 

the $17,000 economic value.

■ Operating Expenditure

■ The crude oil price, which was varied from $20.00 per barrel to $40.00 per barrel

■ The recovery efficiency

The results of the analysis are presented in Figures 5.1 -  5.9;
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5.1.2 The Effect of Capital Expenditure

The result of the analysis performed on all modes of transportation is presented below. 

The world oil spot price was assumed to average $20 per barrel.
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Figure 5.1: Rate of Return vs CAPEX (GTL PRICE = S23.5/DBL)

At a GTL price of $23.5 (i.e. without the $4 added premium for high cetane value), the 

rate of return analysis for Batch Mode ‘A’ shows a lower ROR than the other modes at 

CAPEX per daily barrel lower than $15,000, and increases gradually over all the 

commingled modes.
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On the other hand, the rate of return analysis for the commingled modes shows an 

initial high ROR but with a drastic decline with increasing capital expenditure per 

daily barrel.

Figure 5.2: Rate of Return vs CAPEX (GTL PRICE = S27.5/DBL)

From Figure 5.2 above, at a GTL price of $27.5 (i.e. with the $4 added premium for 

high cetane value), the rate of return analysis for Batch Mode ‘A - C’ yields lower 

ROR than the Commingled modes at CAPEX per daily barrel lower than about 

$8,000, but at greater CAPEX/DBL Batch modes show increasing ROR.



At this price, the economics favor the batch modes at CAPEX/DBL greater than 

$10,000/DBL, but the cost of de-waxing, loss due to interface, sulfur contamination 

from the wall of pipelines, loss of man-hours and downtime due to waxing could add 

up considerably, to lower the ROR in the Batch mode category and reduce the 

attractiveness of these options.

On the other hand, the rate of return analysis for the commingled modes, shows an 

initial high ROR, but with a drastic decline with increasing capital expenditure per 

daily barrel, with a rate of return less than 5% at CAPEX/DBL greater than 

$25,000/DBL.

5.1.3 The Effect of Crude Oil Price

The effect of this price variation was analyzed for all the modes of transportation 

considered in this study to allow for a good comparison. The reason for the choice of 

CAPEX value was because this is the range of values that make the GTL project 

economical and give the highest return on investment. The shaded portion in Tables

5.5 and 5.6 represents all scenarios that cross the 10% Minimum Attractive Rate of 

Return (MARR) benchmark. As can be seen from Tables 5.5 and 5.6, at a crude price 

of $20 per barrel all the capital expenditures considered did not meet the 10% cut off 

point. The 10% ROR mark is only reached at the price of $23 per barrel of crude oil, if 

the capital expenditure were to be $17,000 per daily barrel of liquid produced. At $25 

per barrel of crude oil, the 10% ROR mark is reached if the capital expenditure were
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to be $20,000 per daily barrel of liquid produced. A 15% MARR will be difficult to 

achieve between crude oil prices of $20-$30 per barrel, but this becomes achievable at 

a crude oil price higher than $30 per barrel.
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Table 5.5 Summary of Sensitivity For all Modes (CAPEX = $17,000/DBL)

CRUDE
OIL

PRICE
.. (S)

BATCH
A

(%)

BATCH
B

(%)

BATCH
C

(% )

COMM
1

(% )

COMM
2

(% )

COMM
3

(% )

COMM
4

(% )
20 9.47 9.68 9.73 9.65 9.05 8.80 8.56
23 11.74 11.65 11.69 12.02 11.49 11.28 11.06
25 12.70 12.86 12.89 13.47 12.97 12.77 12.57
27 13.85 14.00 14.03 14.84 14.37 14.18 13.98
30 15.49 15.61 15.64 16.76 16.33 16.16 15.97
35 17.98 18.08 18.11 19.73 19.33 19.19 19.01
40 20.27 20.35 20.38 22.45 22.08 21.96 21.78
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CRUDE OIL PRICE ($)

Figure 5.3: Rate of Return vs Crude oil Price (CAPEX/DBL = 17,000)

Table 5.6 Summary of Sensitivity For all Modes (CAPEX = $20,000/DBL)

CRUDE
OIL

PRICE
($)

BATCH
A

(%)
BATCH

B
(%)

BATCH
C

(%)
COMM

1
(%)

COMM
2

(%)
COMM

3
(%)

COMM
4

(%)
20 7.67 7.88 7.92 7.51 6.94 6.69 6.45
23 9.62 9.80 9.84 9.79 9.29 9.08 8.87

10.80 10.97 11.00 11.17 10.70 10.51 10.31E£ 11.92 12.10 12.01 TT84 11.65IE 13.49 13.61 13.65 14.27 13.86 13.70 13.52EE 15.87 15.98 16.01 17.03 16.66 16.53 16.36EE 18.06 18.14 18.14 19.56 19.22 19.11 18.94
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21.00%

19.00%

17.00%

15.00%

13.00%

11.00%

9.00%

7.00%

5.00%

BATCH A 
BATCH B 

BATCH C 
COMM 1 
COMM 2 
COMM 3 
COMM 4

15.0 20.0 25.0 30.0 35.0

CRUDE OIL PRICE ($)
40.0 45.0

Figure 5.4: Rate of Return vs Crude oil Price (CAPEX/DBL = 20,000)
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COMM 4 
COMM 3 

COMM 2

COMM 1 m o d es  OF 
BATCH c TRANSPORTATION

BATCH B

250 270 Abatcha 
35 0 A

CRUDE OIL PRICE ($) 40 0

Figure 5.5: Rate of Return vs Crude oil Price (CAPEX/DBL = 20,000)

The recovery efficiency of pure GTL product was considered to be 95%. This assumes 

that 5% of the GTL mixes with the lead and tail crude to form an interface. The 

leading interface is expected to clean the pipeline for the pure GTL product as the 

middle fluid followed by another interface of GTL crude oil mixture. As noted earlier, 

experience of operators that carry out similar operations shows that, typically, the 

length of the interface does not depend on the volume pumped but rather on the 

difference in the density and viscosity of the leading and tailing product as well as the 

velocity of the fluids in the pipeline. This implies that holding capacity at the ANS



may play a significant role in the optimization process to help minimize the number of 

slugs to be pumped through in a day.

The GTL premium used in this calculation is 1.175 times the world spot oil price. This 

number was arrived at using the optimum GTL pricing used earlier in this work. A 

typical GTL plant in this study assumed a product with a 75% yield of Fischer- 

Tropsch (FT) diesel and 25% yield of Naphtha products. Naphtha was given a number 

of about 1.19 times the price of oil from the historical survey. Combining these two in 

their ratio of yield and price will give the combined GTL product a value of about 

1.175 times the price of crude oil. However, to adopt a broader approach, this work 

covered a range between 1.1 -  1.4 times the world spot oil price of $20 per barrel.

Advocates of commingled crude oil-GTL mixture are usually concerned about the 

eventual purity of the GTL products that undergo the Batch mode of transportation. 

The opinion is that there will be a reduction in the premium accrued to the GTL 

transported using this mode of transportation. To firmly investigate this opinion, the 

recovery efficiency of the batch mode of transportation was varied from a 

conservative 40% purity to a more optimistic 95% purity. The commingled mode, 

however, had a stable value because the recovery efficiency has been taken into 

account during the pricing of the product since the price used is at the refining end. 

The outcome of this approach is presented below.
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5.1.4 The Effect of Recovery Efficiency

The transportation of GTL products, especially with the Batch modes, brings about a 

variety of new challenges since the products are capable of picking up sulfur, waxes, 

color bodies and other impurities from the crude oil and walls of the pipeline. The cost 

of de-waxing, loss due to interface, sulfur contamination from the wall of pipelines, 

loss of man-hours and downtime due to waxing could add up to considerably lower 

the ROR in the Batch mode category, and reduce the attractiveness of these options. 

As earlier noted, this reduction in product premium as a result of contamination has 

been taken into account in the pricing technique developed for the Commingled mode.
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RECOVERY EFFICIENCY
—♦ ‘"Batch A - • - » Batch B Batch C COMM1 —*fr"COMM2 -» -C O M M 3  —+— COMM4

Figure 5.6: Rate of Return vs Recovery Efficiency 
(CAPEX/DBL = 20000, GTL PRICE = S23.5/DBI.)



The first investigation was performed for a GTL price of $23.5 per barrel and a capital 

expenditure per daily barrel of 20,000. At 80% GTL purity from the batch modes, the 

economics still favors the Commingled Mode 1 more than all the other modes of 

transportation. However at recovery efficiency greater than 80%, the Batch modes of 

transportation perform better economically.
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Figure 5.7: Rate of Return vs Recovery Efficiency 
(CAPEX/DBL = 5000, GTL PRICE = S27.5/DBL)



The second investigation had to do with batching GTL crude with added price 

premium. This is done for both 5,000 and 20,000 CAPEX per daily barrel values. 

Figure 5.7 shows that the capital expenditure substantially affects the rate of return 

with changing recovery efficiency.
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Figure 5.8: Rate of Return vs Recovery Efficiency 
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In summary, the recovery efficiency plays a very big role in the outcome of the GTL 

project economics. It affects the economics much more than most other factors taken 

into consideration
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Figure 5.9: Rate of Return vs GTL Price (CAPEX/DBL = 20000)

The pricing of the GTL crude can be related directly to the premium by taking the 

product of the crude oil price and the assumed premium. Figure 5.9 shows how the



ROR varies with GTL premium when the crude oil price remains at $20/bbl and the 

GTL premium increases.

5.2 SENSITIVITY ANALYSIS USING CRYSTAL BALL

The Crystal Ball software helps 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 (the 

uncertain variables) to a forecast, showing which assumptions have the greatest impact 

on that forecast and what factor is most responsible for the uncertainty surrounding the 

net profit. It helps to focus on the variables that matter the most. This analysis is an 

important method for determining the key factors that drive the uncertainty in a 

forecast.
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5.2.1 Commingled Mode 1

Sensitiuty Chart

Target Forecast NET PRESENT VALUE (COMM1)

CAPEX PER DAILY BARREL -.72

OPEX % OF CAPEX -.53

GTL PLANT EFFICIENCY .36

GTL PRICE (S^BBL) -.20

FEDERAL TA X -.04 C
1S TA TE TAX -.03 I

CRUDE OIL PRICE ($/BBL) .00

-1 -0.5 0 0.5 1

Measured by Rank Correlation

Figure 5.10: Sensitivity Chart of NPV for Commingled Mode 1

Forecast: NET PRESENT VALUE ($MM)
Certainty Level is 95.00%

Certainty Range is from -11,258.32 to 11,335.63 $MM 

Display Range is from -13,134.20 to 16,142.11 $MM 

Entire Range is from -19,785.59 to 17,686.41 $MM

10,000 Trials, the Std. Error of the Mean is 57.69 ($MM)

tics: Value Precision
Trials 10000
Mean 1,240.40 113.06
Median 1673.98 132.80
Mode __
Standard Deviation 5,768.54 78.54
Variance 32,276,111.21
Skewness -0.35
Kurtosis 2.93
Coeff. of Variability 4.65
Range Minimum -19,785.59
Range Maximum 17,686.41
Range Width 37,472.00
Mean Std. Error 57.69
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IQOOOTrials
.022 1

Forecast NET PRESENT VALUE (C0MM1) 

Frequency Chal 9,885 Displayed

218

-13,134.20 -5,815.12 1,503.96 8,823.03

Certainty is 95.00% from-11,258.32 to 11,335.63 $MM

16,142.11

Figure 5.11: Frequency Chart of NPV for Commingled Mode 1 (95% certainty)

Percentile Forecast: NET PRESENT VALUE (cont'd)
;entile $MM Precision

0% -19,785.59
10% -6,632.83 234.03
20% -3,512.93 193.08
30% -1,506.43 153.53
40% 150.40 148.80
50% 1,673.98 132.80
60% 3,121.94 131.52
70% 4,573.83 126.10
80% 6,171.54 135.11
90% 8,313.17 149.20

100% 17,686.41
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Forecast Summary: NET PRESENT VALUE

Certainty Level is 57.58%

Certainty Range is from 100.00 to 11,335.63 $MM 

Display Range is from -13,134.20 to 16,142.11 $MM 

Entire Range is from -19,785.59 to 17,686.41 $MM 

After 10,000 Trials, the Std. Error of the Mean is 57.69 ($MM)

Forecast NET PRESENT VALUE(C0MM1)

IQOOOTrials FrequencyChsrt 9,885 Displaced

-13,134.20 -5,815.12 1,503.96 8,823.03 16,142.11

Certainty is 57.58% from 100.00 to 11,335.63 $MM

Figure 5.12: Frequency Chart of NPV for Commingled Mode 1 (57.58% certainty)

Frequency
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Forecast: RATE OF RETURN (cont'd)

Sensitivity Chart

Target Forecast RATE OF RETURN (COMM 1)

CAPEX PER DAILY BARREL -.72

GTL PLANT EFFICIENCY .14 ■

GTL PRICE (SIBBL) -.11 r i
S T A T E  TA X -.03 LI i
O P E X %  OF CAPEX -.03 Ej
FEDERAL TAX -.02 I
CRUDE OIL PRICE (S/BBL) .00

-1 -0.5 0 0.5 1

Measured by Rank Correlation

Figure 5.13: Sensitivity Chart of ROR for Commingled Mode 1

Forecast: RATE OF RETURN
Certainty Level is 95.00%

Certainty Range is from 2.21% to 16.58%

Display Range is from 0.42% to 17.00%

Entire Range is from 0.42% to 25.58%

After 4,821 Trials, the Std. Error of the Mean is 0.06%

Value Precision
Trials 4821
Mean 6.79% 0.11%
Median 5.82% 0.11%
Mode __
Standard Deviation 3.88% 0.10%
Variance 0.15%
Skewness 1.20
Kurtosis 4.41
Coeff. of Variability 0.57
Range Minimum 0.42%
Range Maximum 25.58%
Range Width 25.15%
Mean Std. Error 0.06%
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Forecast RATE OF RETURN (COMM 1)

4,821 Trials Frequency Chal 4,718 Displayed

0-42% 4.57% 8.71% 12.85% 17.00%

Certainty is 95.00% from 2.21%to 16.58%%

Figure 5.14: Frequency Chart of ROR for Commingled Mode 1 (95% Certainty)

Percentile Forecast: RATE OF RETURN (cont'd)

:entile % Precision
0% 0.42%

10% 2.73% 0.06%
20% 3.43% 0.07%
30% 4.22% 0.09%
40% 4.97% 0.09%
50% 5.82% 0.11%
60% 6.81% 0.15%
70% 8.03% 0.16%
80% 9.73% 0.19%
90% 12.30% 0.27%

100% 25.58%

Frequency
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Forecast Summary: RATE OF RETURN

Certainty Level is 15.99%

Certainty Range is from 10.00% to 16.58%

Display Range is from 0.42% to 17.00%

Entire Range is from 0.42% to 25.58%

After 4,821 Trials, the Std. Error of the Mean is 0.06%

4,821 Trials

.026 -

*
.020 -

mwm

mmm

A .013 -
W
A
O
tm

n .007 -

.000 -

0.42%

Forecast RATE OF RETURN (COMM 1) 

Frequency Chal 4,718 Displaced

— T- 126

94.5

iliilillliilim

63

31.5

4.57% 8.71% 12.85%

Certainty is 15.99% from 10.00% to 16.58%%

17.00%

0

Figure 5.15: Frequency Chart of ROR for Commingled Mode 1 (15.99% Certainty)

Frequency



5.2.1 Commingled Mode 2

72

Sensitivity Chart

Target Forecast NET PRESENT VALUE (COMM2)

CAPEX PER DAILY BARREL -.71

OP EX % OF CAPEX -.53

GTL PLANT EFFICIENCY .33
j____

GTL PRICE (&BBL) -.20

FEDERAL TAX -.06 LI
ST A TE  TAX -.03 E i
CRUDE OIL PRICE ($/BBL) -.02 Ii

-1 -0.5 0 0.5 1

Measured by Rank Correlation

Figure 5.16: Sensitivity Chart of NPV for Commingled Mode 2

Forecast Summary: NET PRESENT VALUE
Certainty Level is 95.00%

Certainty Range is from -12,784.65 to 10,861.92 $MM 

Display Range is from -15,817.44 to 15,944.21 $MM 

Entire Range is from -21,675.34 to 17,275.84 $MM 

After 10,000 Trials, the Std. Error of the Mean is 59.98 ($MM)

:s: Value Precision
Trials 10000
Mean 254.46 117.55
Median 696.00 161.52
Mode __
Standard Deviation 5,997.65 80.51
Variance 35,971,835.10
Skewness -0.33
Kurtosis 2.88
Coeff. of Variability 23.57
Range Minimum -21,675.34
Range Maximum 17,275.84
Range Width 38,951.18
Mean Std. Error 59.98
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Forecast NET PRESENT VALUE (COMM2)

1QOOO Trials Frequency Chart 9,945 Displayed

-15,817.44 -7,877.03 63.39 8,003.80 1 5,944.21

Certainty is 95.00% from -12,784.65 to 10,861.92 $MM

Figure 5.17: Frequency Chart of NPV for Commingled Mode 2 (95% Certainty) 

Percentile Forecast: NET PRESENT VALUE (cont'd)

:entile $MM Precision
0% -21,675.34

10% -7,948.72 250.29
20% -4,719.72 204.38
30% -2,554.29 162.84
40% -876.60 157.22
50% 696.00 161.52
60% 2,244.43 129.87
70% 3,730.23 144.33
80% 5,392.30 143.18
90% 7,689.59 155.80

100% 17,275.84

Frequency
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Forecast Summary: NET PRESENT VALUE
Certainty Level is 51.64%

Certainty Range is from 100.00 to 10,861.92 $MM 

Display Range is from -15,817.44 to 15,944.21 $MM 

Entire Range is from -21,675.34 to 17,275.84 $MM 

After 10,000 Trials, the Std. Error of the Mean is 59.98 ($MM)

IQOOOTrials

.024

A
O
L.

Q.

.018 -f...

.012  - •

.000

-15,817.44

Forecast NET PRESENT VALUE (C0MM2) 

FrequatcyChal

-7,877.03 63.39 8,003.80

lllllln

9,945 Displaced

239

•- 179.2

-n

•- 119.5 - ac
CD
3

59.75 <5

15,944.21

Certainty is 51.61% from 100.00 to 10,861.92 $MM

Figure 5.18: Frequency Chart of NPV for Commingled Mode 2 (51.64% Certainty)



Sensitivity Chart

Target Forecast RATE OF RETURN (COMM2)

CAPEX PER DAILY BARREL -.71

GTL PLANT EFFICIENCY .15 ■

GTL PRICE (SfBBL) -.10 ■ ! i
FEDERAL TAX -.03 i  !
CRUDE OIL PRICE ($/BBL) .02 ii
STA TE TAX .01

O PEX % OF CAPEX .01

-1 -0.5 0 0.5 1

Measured by Rank Correlation

Figure 5.19: Sensitivity Chart of ROR for Commingled Mode 2

Forecast: RATE OF RETURN

Certainty Level is 95.00%

Certainty Range is from 2.19% to 16.42%

Display Range is from 1.01% to 16.89%

Entire Range is from 0.40% to 23.71%

After 4,352 Trials, the Std. Error of the Mean is 0.06%

Statistics: Value Precision
Trials 4352
Mean 6.60% 0.11%
Median 5.66% 0.13%
Mode __
Standard Deviation 3.76% 0.10%
Variance 0.14%
Skewness 1.20
Kurtosis 4.32
Coeff. of Variability 0.57
Range Minimum 0.40%
Range Maximum 23.71%
Range Width 23.31%
Mean Std. Error 0.06%
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4,352 Trials

.028

1.01%

Forecast RATE OF RETD RN (COMM2) 

Frequaicy Chart

4.98% 8.95% 12.92%

Certainty is 95.00% from 2.19% to 16.42%%

4247 Displaced

122

16.89%

Figure 5.20: Frequency Chart of ROR for Commingled Mode 2 (95% Certainty) 

Percentile Forecast: RATE OF RETURN (cont'd)

Percentile % Precision
0% 0.40%

10% 2.70% 0.04%
20% 3.36% 0.07%
30% 4.05% 0.09%
40% 4.81% 0.12%
50% 5.66% 0.13%
60% 6.64% 0.14%
70% 7.84% 0.16%
80% 9.46% 0.23%
90% 11.85% 0.29%

100% 23.17%
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Forecast Summary: RATE OF RETURN

Certainty Level is 14.64%

Certainty Range is from 10.00% to 16.42%

Display Range is from 1.01% to 16.89%

Entire Range is from 0.40% to 23.71%

After 4, 352 Trials, the Std. Error of the Mean is 0.06%

4,352 Trials

.028

.021 -

JD .014 4'

n  
o
rT .007 4

.000

1.01%

Forecast RATE OF RETURN (C0MM2) 

FrequaxyChal

4.98% 8.95% 12.92%

Certainty is 14.64% from 10.00% to 16.42%%

4247 Displaced

-  122

91.5

lilii.iLu

61

30.5

16.89%

Figure 5.21: Frequency Chart of ROR for Commingled Mode 2 (14.64% Certainty)

Frequency
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5.2.3 Commingled Mode 3

Sensitivity Chart 

Target Forecast NET F’fRESENT VALUE (COMM3)

CAPEX PER DAILY BARREL 

OPEX % OF CAPEX  

GTL PLANT EFFICIENCY 

GTL PRICE ($/BBL) 

FEDERAL TAX  

S TA TE TA X

CRUDE OIL PRICE (S/BBL)

-.71

-.53

.32

-.20

-.03

-.02
.01

-0.5 0 0 .5

Measured by Rank Correlation

Figure 5.22: Sensitivity Chart of NPV for Commingled Mode 3

Forecast: NET PRESENT VALUE

Certainty Level is 95.00%

Certainty Range is from -11,843.43 to 10,517.33 $MM 

Display Range is from -15,045.52 to 15,439.01 $MM 

Entire Range is from -20,706.67 to 16,866.14 $MM 

After 10,000 Trials, the Std. Error of the Mean is 57.61 ($MM)

Statistics: Value Precision
Trials 10000
Mean 349.29 112.91
Median 760.87 131.67
Mode —

Standard Deviation 5,760.87 76.92
Variance 33,187,611.36
Skewness -0.32
Kurtosis 2.86
Coeff. of
Variability 16.49
Range Minimum -20,706.67
Range Maximum 16,866.14
Range Width 37,572.81
Mean Std. Error 57.61
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IQOOOTrials

.023 1

n
wn
oL.
CL

.017

.012

.000

Forecast NET PRESENT VALUE (COMM3) 

Frequency Chat

-15,045.52 -7,424.39 196.75 7,817.88

Certainty is 95.00% from -11,843.43 to 10,517.33 $MM

9,938 Displayed

231

15,439.01

Figure 5.23: Frequency Chart of NPV for Commingled Mode 3 (95% Certainty) 

Percentile Forecast: NET PRESENT VALUE (cont'd)

Percentile $MM Precision
0% -20,706.67

10% -7,518.33 192.70
20% -4,531.81 148.50
30% -2,447.02 184.60
40% -740.87 128.13
50% 760.87 131.67
60% 2,211.51 124.35
70% 3,725.77 138.21
80% 5,341.00 124.50
90% 7,510.26 164.26

100% 16,866.14
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Forecast: NET PRESENT VALUE

Certainty Level is 51.89%

Certainty Range is from 100.00 to 10,517.33 $MM 

Display Range is from -15,045.52 to 15,439.01 $MM 

Entire Range is from -20,706.67 to 16,866.14 $MM 

After 10,000 Trials, the Std. Error of the Mean is 57.61 ($MM)

1Q0C0 Trials

.023 

.017 4

n
ft
n
o
0.

.012

.006

.000

-15,045.52

Forecast NET PRESENT VALUE (C0MM3) 

FrequmcyChal

-7,424.39 1 96.75 7,817.88

Certainty is 51.89% from 100.00 to 10,517.33 $MM

9,938 Displaced

231

173.2
-n

115.5 -Qc
ad
3

57.75 <5

15,439.01

Figure 5.24: Frequency Chart of NPV for Commingled Mode 3 (51.89% Certainty)
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Sensitivity Chart

Taiget Forecast RATE OF RETURN (COMM3)

CAPEX PER DAILY BARREL -.70

GTL PLANT EFFICIENCY .14 ■
GTL PRICE (S/BBL) -.09 ■I
CRUDE OIL PRICE (S/BBL) -.02

FEDERAL TAX -.01

S T A TE  TAX -.01

OPEX % O FCA PEX -.01

-1 -0.5 o 0^5 1

Measured by Rank Correlation

Figure 5.25: Sensitivity Chart of ROR for Commingled Mode 3

Forecast: RATE OF RETURN

Certainty Level is 95.00%

Certainty Range is from 2.17% to 15.53%

Display Range is from 0.96% to 16.14%

Entire Range is from 0.93% to 27.69%

After 4,131 Trials, the Std. Error of the Mean is 0.06%

Statistics: Value Precision
Trials 4131
Mean 6.45% 0.11%
Median 5.54% 0.15%
Mode —

Standard Deviation 3.65% 0.11%
Variance 0.13%
Skewness 1.28
Kurtosis 4.84
Coeff. of Variability 0.57
Range Minimum 0.93%
Range Maximum 27.69%
Range Width 26.76%
Mean Std. Error 0.06%
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4,131 Trials

.028

.021

a
■O
OL-

CL

.014 -

.007

.000

0.96%

Forecast RATE OF RETURN (COMM3) 

Frequency Chart

4.76% 8.55% 12.34%

Certainty is 95.00% from 2.17% to 15.53%%

4,045 Displaced

114

85.5

57

- 28.5

16.14%

Figure 5.26: Frequency Chart of ROR for Commingled Mode 3 (95% Certainty)

Forecast: RATE OF RETURN (cont’d)

:entile % Precision
0% 0.93%

10% 2.67% 0.06%
20% 3.35% 0.06%
30% 4.00% 0.08%
40% 4.75% 0.11%
50% 5.54% 0.15%
60% 6.47% 0.15%
70% 7.61% 0.20%
80% 9.13% 0.22%
90% 11.61% 0.26%

100% 27.69%

Frequency
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Forecast: RATE OF RETURN

Certainty Level is 13.10%

Certainty Range is from 10.00% to 15.53%

Display Range is from 0.96% to 16.14%

Entire Range is from 0.93% to 27.69%

After 4,131 Trials, the Std. Error of the Mean is 0.06%

4,131 Trials

.028

.021

JO .014 4'
n 
n  o

n 007 4'

.000

0.96%

Forecast RATE OF RETURN (C0MM3) 

Frequency Chart

■

4.76% 8.55% 12.34%

Certainty is 13.10% from 10.00% to 15.53%%

4,045 Displaced

114

î UL

- 85.5

57

3
- 28 . 5 ^

- 0

16. 14%

Figure 5.27: Frequency Chart of ROR for Commingled Mode 3 (13.10% Certainty)



5.2.4 Commingled Mode 4

Sensitivity Chart

Target Forecast NET PRESENT VALUE (COMM4)

CAPEX PER DAILY BARREL -.72

O PEX PER DAILY BARREL -.52

GTL PLANT EFFICIENCY .34

GTL PRICE (S/BBL) -.21

FEDERAL TAX -.05 1
CRUDE OIL PRICE ($/BBL) .03 1
S T A TE  TAX -.03 1!

-1 -0.5 0 0.5 1

Measured by Rank Correlation

Figure 5.28: Sensitivity Chart of NPV for Commingled Mode 4

Forecast: NET PRESENT VALUE

Certainty Level is 95.00%

Certainty Range is from -12,648.21 to 10,346.70 $MM 

Display Range is from -14,649.46 to 15,171.32 $MM 

Entire Range is from -22,757.11 to 16,033.75 $MM 

After 10,000 Trials, the Std. Error of the Mean is 58.96 ($MM)

Statistics: Value Precision
Trials 1 0 0 0 0

Mean -8.87 115.55
Median 471.51 134.24
Mode ---
Standard Deviation 5,895.50 78.67
Variance 34,756,940.27
Skewness -0.36
Kurtosis 2.85
Coeff. of Variability -664.76
Range Minimum -22,757.11
Range Maximum 16,033.75
Range Width 38,790.86
Mean Std. Error 58.96
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IQOOOTrials

Forecast NET PRESENT VALUE (COMM4) 

FrequencyChal 9,886 Displaced

-n
rD
nc
rc

Certainty is 95.00% from -12,648.21 to 10,346.70 $MM

Figure 5.29: Frequency Chart of NPV for Commingled Mode 4 (95% Certainty) 

Percentile Forecast: NET PRESENT VALUE (cont'd)

;entile $MM Precision
0 % -22,757.11

1 0 % -8,134.56 223.84
2 0 % -5,020.30 194.48
30% -2,824.77 188.05
40% -1,097.72 141.77
50% 471.51 134.24
60% 1,998.43 131.95
70% 3,442.56 134.26
80% 5,068.53 149.42
90% 7,243.25 148.64

1 0 0 % 16,033.75
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Forecast Summary: NET PRESENT VALUE
Certainty Level is 50.17%

Certainty Range is from 100.00 to 10,346.70 $MM 

Display Range is from -14,649.46 to 15,171.32 $MM 

Entire Range is from -22,757.11 to 16,033.75 $MM 

After 10,000 Trials, the Std. Error of the Mean is 58.96 ($MM)

Forecast NET PRESENT VALUE (C0MM4)

IQOGOTrials Frequmcy Chart 9,886 Displayed

- 223

- 167.2

- 111.5

- 55.75

-14,649.46 -7,194.26 260.93 7,716.13 1 5,171.32

Certainty is 50.17% from 100.00 to 10,346.70 $MM

Figure 5.30: Frequency Chart of NPV for Commingled Mode 4 (50.17% Certainty)

Frequency
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Sensitivity Chart

Target Forecast RATE OF FIETURN (COMM4)

CAPEX PER DAILY BARREL -.71

GTL PLANT EFFICIENCY .14 w
GTL PRICE (S/BBL) -.06 1 I
FEDERAL TAX -.05 [ i
S T A TE  TAX -.03 E1
O PEX PER DAILY BARREL -.00 i
CRUDE OIL PRICE (S/BBL) .00

------------;-f ----------------!--------------------------------
-1 -0.5 0 0.5 1

Measured by Rank Correlation

Figure 5.31: Sensitivity Chart of ROR for Commingled Mode 4

Forecast: RATE OF RETURN

Certainty Level is 95.00%

Certainty Range is from 2.17% to 15.41%

Display Range is from 1.08% to 16.10%

Entire Range is from 0.93% to 27.12%

After 3,976 Trials, the Std. Error of the Mean is 0.06%

Statistics: Value Precision
Trials 3976
Mean 6.46% 0 .1 1 %
Median 5.55% 0 .1 2 %
Mode __
Standard Deviation 3.62% 0 .1 0 %
Variance 0.13%
Skewness 1.15
Kurtosis 4.31
Coeff. of Variability 0.56
Range Minimum 0.93%
Range Maximum 27.12%
Range Width 26.19%
Mean Std. Error 0.06%



88

Forecast RATE OF RETURN (COMM4)

3,976 Trials Frequency Chal 3,880 Displaced

Certainty is 95.00% from 2.17% to 15.41%%

Figure 5.32: Frequency Chart of ROR for Commingled Mode 4 (95% Certainty) 

Percentile Forecast: RATE OF RETURN (cont'd)

:entile % Precision
0% 0.93%

10% 2.62% 0.05%
20% 3.29% 0.08%
30% 4.01% 0 .1 0 %
40% 4.77% 0 .1 1 %
50% 5.55% 0 .1 2 %
60% 6.50% 0.14%
70% 7.74% 0 .2 1 %
80% 9.36% 0 .2 2 %
90% 11.64% 0.26%

1 0 0 % 27.12%

Frequency
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Forecast: RATE OF RETURN
Certainty Level is 13.93%

Certainty Range is from 10.00% to 15.41%

Display Range is from 1.08% to 16.10%

Entire Range is from 0.93% to 27.12%

After 3,976 Trials, the Std. Error of the Mean is 0.06%

Forecast RATE OF RETURN (C0MM4)

3,976 Trials FrequencyChart 3,880 Displaced

1.08% 4.84% 8.59% 12.35% 16.10%

Certainty is 13.93% from 10.00% to 15.41%%

Figure 5.33: Frequency Chart of ROR for Commingled Mode 4 (13.93% Certainty)

Frequency



5.2.5 Batch Mode

Sensitivity Chart

Target Forecast NET PRESENT VALUE (BATCH)

Measured by Rank Correlation

Figure 5.34: Sensitivity Chart of NPV for Batch Mode

Forecast: NET PRESENT VALUE

Certainty Level is 95.00%

Certainty Range is from -4,739.46 to 27,639.88 $MM 

Display Range is from -10,188.61 to 32,529.44 $MM 

Entire Range is from -17,854.91 to 45,255.74 $MM 

After 10,000 Trials, the Std. Error of the Mean is 82.28 ($MM)

Statistics: Value Precision
Trials 1 0 0 0 0

Mean 11,096.46 161.26
Median 10,990.09 198.62
Mode _
Standard Deviation 8,227.61 117.17
Variance 67,693,495.63
Skewness 0 . 1 1

Kurtosis 3.11
Coeff. of Variability 0.74
Range Minimum -17,854.91
Range Maximum 45,255.74
Range Width 63,110.64
Mean Std. Error 82.28
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1QOOOTrials

.023

Forecast NET PRESENT VALUE (EATC H) 

Frequency Cha-t 9,896 Displayed

225

-10,188.61 490.90 11,170.42 21,849.93

Certainty is 95.00% fom -4,739.46 to 27,639.88 $MM

32,529.44

Figure 5.35: Frequency Chart of N P V  for Batch Mode (95% Certainty)

Percentile Forecast: NET PRESENT VALUE (cont'd)

:entile $MM Precision
0 % -17,854.91

1 0 % 734.81 273.03
2 0 % 4,240.87 208.36
30% 6,794.41 201.29
40% 9,001.07 186.09
50% 10,990.09 198.62
60% 12,972.82 186.05
70% 15,169.56 234.00
80% 17,841.08 170.65
90% 21,670.51 266.85

1 0 0 % 45,255.74



Forecast Summary: NET PRESENT VALUE
Certainty Level is 88.76%

Certainty Range is from 100.00 to 27,639.88 $MM 

Display Range is from -10,188.61 to 32,529.44 $MM 

Entire Range is from -17,854.91 to 45,255.74 $MM 

After 10,000 Trials, the Std. Error of the Mean is 82.28 ($MM)

92

Forecast NET PRESENT VALUE (BATC H)

IQOOOTrials Frequency Chal 9,898 Displayed

-10,188.61 490.90 11,170.42 21,849.93 32,529.44

Certainty is 88.76% from 100.00 to 27,639.88 $MM

Figure 5.36: Frequency Chart of NPV for Batch Mode (88.76% Certainty)

Frequency



Sensitivity Chart 

Target Forecast RATE OF RETURN (BATCH)

CAPEX PER DAILY BARREL -.71

GTL PRICE ($/BBL) 28

GTL PLANT EFFICIENCY 24

OPEX % OF CAPEX -.17

CRUDE OIL PRICE ($/BBL) 

RECOVERY EFFICIENCY

.16

.10

i
|
m

S T A TE  TAX -.03

FEDERAL TA XES -.03 i
CAPITAL COST ($mm) .02 ii

-1 -05  0 0.5 1

Measured by Rank Correlation

Figure 5.37: Sensitivity Chart of ROR for Batch Mode

Forecast: RATE OF RETURN

Certainty Level is 95.00%

Certainty Range is from 2.65% to 24.10%

Display Range is from 0.39% to 25.26%

Entire Range is from 0.39% to 40.20%

After 8,739 Trials, the Std. Error of the Mean is 0.06%

Statistics: Value Precision
Trials 8739
Mean 10.55% 0 .1 2 %
Median 9.61% 0 .1 2 %
Mode __
Standard Deviation 5.61% 0 .1 1 %
Variance 0.31%
Skewness 1 . 0 1

Kurtosis 4.24
Coeff. of Variability 0.53
Range Minimum 0.39%
Range Maximum 40.20%
Range Width 39.81%
Mean Std. Error 0.06%
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Forecast RATE OF RETURN (BATCH)

8,739 Trials FrequeicyCha-t 8,575 Displayed

Certainty is 95.00% from 2.65% to 24.10% %

Figure 5.38: Frequency Chart of ROR for Batch Mode (95% Certainty)

Percentile Forecast: RATE OF RETURN (cont’d)

ientile % Precision
0% 0.39%

10% 4.13% 0 .1 0 %
20% 5.65% 0 .1 0 %
30% 7.08% 0 .1 2 %
40% 8.33% 0 .1 2 %
50% 9.61% 0 .1 2 %
60% 11.03% 0.15%
70% 12.58% 0.15%
80% 14.72% 0 .2 0 %
90% 18.13% 0.28%

1 0 0 % 40.20%

F
requency
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Forecast Summary: RATE OF RETURN
Certainty Level is 44.71%

Certainty Range is from 10.00% to 24.10%

Display Range is from 0.39% to 25.26%

Entire Range is from 0.39% to 40.20%

After 8,739 Trials, the Std. Error of the Mean is 0.06%

8,739 Trials

.022 i

.016 -

■Q .011 
f t  
JD 
O

£  .005 4

.000

0.39%

Forecast RATE OF RETURN (BATCH) 

Frequency Chart

6.61% 12.83% 19.04%

Certainty is 44.71% from 10.00% to 24.10% %

8,575 Displaced

- 191

25.26%

Figure 5.39: Frequency Chart of ROR for Batch Mode (44.71% Certainty)
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5.2.6 Discussion of Results

The values in the sensitivity charts above are measured by Rank correlation. The net 

present value (NPV) target forecast for all the commingled modes of transportation 

had four common 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 and the GTL 

price. The CAPEX has the greatest effect on the NPV forecast followed closely by the 

OPEX. These effects are however negative ones, therefore an increase in this negative 

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

resultant decrease in the NPV. The GTL plant efficiency however has a positive effect 

on the total economics. The GTL price has a negative coefficient, but it has a much 

smaller effect on the project economics than the first two assumptions earlier 

mentioned. The rest of the assumptions have very little effect on the overall economics 

of the NPV target forecast.

Since the most uncertainty is associated with the capital and operating expenditure, 

even though in the negative form, the priority of the company should be to reduce the 

CAPEX and OPEX as much as possible with a view to making better profit. For the 

commingled mode, this has been realized to a certain level with BP Exploration 

Alaska Inc. running the plant on a CAPEX per daily barrel of 20,000, but a further 

reduction in this price can go a greater way to improving the economics of this project.



However, the outcome of the sensitivity chart for the NPV of the Batch mode turned 

out a little different with six parameters playing a major role in the overall economics. 

The CAPEX, like in the commingled mode project, had the highest sensitivity to the 

project economics with a negative coefficient. Project economics was also very 

sensitive to the GTL price which had a positive coefficient, and then to the OPEX, 

with a negative coefficient. Sensitivity to the remaining parameters, the GTL 

efficiency, crude oil price and the recovery efficiency, decreased in that order; all had 

positive coefficient.

The frequency charts give a present analysis of the economics of GTL transportation. 

Figure 5.11 shows that there is a 95% certainty level that the NPV of Commingled 

Mode 1 project will lie between -11,258.32 and 11,335.63 ($MM). This certainty 

level drops to 57.58% when the certainty range of the NPV is between 100.00 and 

11,335.63 ($MM) in Figure 5 .1 2 . For Commingled Mode 2, Figure 5.17 shows that 

for 95% certainty, the NPV of the project will lie between -12,784.65 to 10,861.92 

($MM). The certainty decreases to 51.64% when the certainty range of the NPV is 

between 100.00 and 10,861.92 ($MM). Commingled Mode 3 NPV will lie between 

-11,843.43 and 10,517.33 ($MM) at a certainty of 95% and lie between 100.00 and 

10,517.33 ($MM) at a certainty of 51.89%, as shown in Figures 5.23 and 5.24 

respectively. The NPV of the Commingled Mode 4 project (shown in Figures 5.29 and 

5.30 above) is likely to lie between -12,648.21 to 10,346.70 ($MM) at a certainty of 

95% and lie between 100.00 and 10,346.70 ($MM) at a certainty level of 50.17%.
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On the other hand, the Batch mode project has a 95% certainty level that its NPV will 

lie between -4,739.46 to 27,639.88 $MM and an 88.76% certainty of the NPV lying 

between 100.00 and 27,639.88 $MM, as shown in Figures 5.35 and 5.36 respectively. 

Though there is a 90% chance that the NPV of Commingled Mode 1, 2, 3 and 4 will 

not be greater than 8,313.17, 7,689.59, 7,510.26, and 7,243.25 ($MM), respectively, 

for the same 90% chance, the NPV of the Batch mode can be less or equal to 

21,670.51 ($MM). However, the uncertainty of the parameters associated with the 

Batch mode cannot be influenced as easily as that of the Commingled mode of 

transportation, as seen in the sensitivity charts above. For instance, the GTL price is 

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

and so is highly unpredictable. This is, however, one of the assumptions that have a 

large effect on the Batch project economics.
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5.2.7 Analysis of the Simulation Results

Results of the economic evaluations are best represented by the NPV of the project. 

There are many sensitivity analyses that could be run on these evaluations. Learning 

the ramifications of varying input parameters is important to understanding project 

economics. The objective of the analysis was to determine which input parameters 

cause the greatest effect on project economics. This information is vital in determining 

those parameters that offer the greatest potential for increasing or decreasing economic 

viability and so these parameters will require the most attention.

The parameters selected for the sensitivity analysis were:

■ Capital costs for a GTL plant on ANS (CAPEX)

■ Crude oil prices

■ GTL prices

■ Operation and maintenance costs of GTL plant (OPEX)

■ Federal income tax rate

■ Total GTL plant efficiency

■ Alaska state income tax rate

■ Recovery efficiency

The various charts below show the results of a sensitivity analysis of the input data for 

the slow-paced GTL plant development. The input parameter that influences the 

economical output is that with the longest bar and it is placed at the top of the plot.



The parameter with the least influence is placed at the bottom. The numbers on each 

end of the respective horizontal bars indicate the possible range of the variable in 

question. The vertical line on the figure indicates the most likely or base case value for 

each variable.

5.2.7.1 The Tornado Chart

This chart gives a better view of the input parameter that affects the project 

economics. The bars next to each variable represent the forecast value range across the 

variable tested, as discussed above. Next to the bars are the values of the variables that 

produced the greatest swing in the forecast values. The bar colors indicate the 

direction of the relationship between the variables and the forecast. For variables that 

have a positive effect on the forecast, the upside of the variable (shown in dark blue) is 

to the right of the base case and the downside of the variable (shown in light blue) is to 

the left side of the base case. For variables that have a reverse relationship with the 

forecast, the bars are reversed.

For the charts displayed below (Figures 5.40 - 5.44), the non-monotonic variables 

have the values represented on the upper side of the horizontal bars as the upside 

values and those located on the lower side as the downside values.
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NET PRESENT VALUE ($MM) 
(COMM 1)

Percentile Testing Range (10 to 90)%

-5000 0 5000 10000 15000 20000

CAPEX PER DAILY 
BARREL

OPEX % OF CAPEX

GTL PLANT 
EFFICIENCY

GTL PRICE ($/BBL)

FEDERAL TAX

STATE TAX

CRUDE OIL PRICE 
($/BBL)

□ Downside ■ Upside

Figure 5.40: Tornado Chart of NPV for Commingled Mode 1

VARIABLE

NPV (COMM 1) INPUT

Downside Upside Range Downside Upside
Base
Case

CAPEX PER DAILY BARREL 12837.37 3073.11 9764.26 11708.20 28291.80 20000
OPEX % OF CAPEX 10807.75 2400.35 8407.40 0.04 0.09 0.06
GTL PLANT EFFICIENCY 154.35 5357.24 5202.89 0.59 0.83 0.95
GTL PRICE ($MM) 8952.04 4782.77 4169.27 23.61 39.88 27.5
FEDERAL TAX 9158.53 8045.55 1112.98 30.21% 34.64% 35.00%
STATE TAX 8917.07 8231.25 685.82 4.07% 7.87% 9.40%
CRUDE OIL PRICE ($MM) 7955.24 7955.24 0 18.54 18.54 20

Table 5.7: Tornado Chart for the NPV of Commingled Mode 1
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NET PRESENT VALUE ($MM) 
(COMM 2)

Percentile Testing Range (10 to 90)%

-5000 0 5000 10000 15000 20000

CAPEX PER DAILY 
BARREL

OPEX % OF CAPEX

GTL PLANT 
EFFICIENCY

GTL PRICE ($/BBL)

FEDERAL TAX

STATE TAX

CRUDE OIL PRICE 
($/BBL)

□ Downside ■ Upside

Figure 5.41: Tornado Chart of NPV for Commingled Mode 2

VARIABLE

NPV (COMM 2) INPUT

Downside Upside Range Downside Upside
Base
Case

CAPEX PER DAILY BARREL 12371.33 2051.20 10320.12 11708.20 28291.80 20000
OPEX % OF CAPEX 10188.05 1414.37 8773.67 0.04 0.09 0.06
GTL PLANT EFFICIENCY -581.70 4615.90 5197.61 0.59 0.83 0.95
GTL PRICE ($/BBL) 8251.47 3900.67 4350.81 23.61 39.88 27.5
FEDERAL TAX 8398.17 7300.34 1097.83 30.21% 34.64% 35.00%
STATE TAX 8160.00 7483.51 676.48 4.07% 7.87% 9.40%
CRUDE OIL PRICE ($/BBL) 7211.26 7211.26 0 18.54 18.54 20

Table 5.8: Tornado Chart of NPV for Commingled Mode 2
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NET PRESENT VALUE ($MM) 
(COMM 3)

Percentile Testing Range (10 to 90)%

-5000 0 5000 10000 15000 20000

CAPEX PER DAILY 
BARREL

OPEX % OF CAPEX

GTL PLANT 
EFFICIENCY

GTL PRICE ($/BBL)

FEDERAL TAX

STATE TAX

CRUDE OIL PRICE 
($/BBL)

28291.80

0.09

0.59

11708.20

34.64%
30.21%

7.87%
4.07%

□ Downside ■ Upside

Figure 5.42: Tornado Chart of NPV for Commingled Mode 3

VARIABLE

NPV (COMM 3) INPUT

Downside Upside Range Downside Upside
Base
Case

CAPEX PER DAILY BARREL 11888.78 1973.21 9915.57 11708.20 28291.80 20000
OPEX % OF CAPEX 9848.21 1250.12 8598.08 0.04 0.09 0.06
GTL PLANT EFFICIENCY -567.18 4433.81 5000.99 0.59 0.83 0.95
GTL PRICE ($/BBL) 7950.42 3686.54 4263.88 23.61 39.88 27.5
FEDERAL TAX 8064.64 7016.08 1048.56 30.21% 34.64% 35.00%
STATE TAX 7837.16 7191.03 646.12 4.07% 7.87% 9.40%
CRUDE OIL PRICE ($/BBL) 6931.00 6931.00 0 18.54 18.54 20

Table 5.9: Tornado Chart of NPV for Commingled Mode 3
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NET PRESENT VALUE ($MM) 
(COMM 4)

Percentile Testing Range (10 to 90)%

-5000 0 5000 10000 15000

CAPEX PER DAILY 
BARREL

OPEX PER DAILY 
BARREL

GTL PLANT 
EFFICIENCY

GTL PRICE ($/BBL) 

FEDERAL TAX

STATE TAX

CRUDE OIL PRICE 
($/BBL)

28291.80

0.59

11708.20

0.04

23.61

34.64%
30.21%

7.87%
4.07%

18.54

□ Downside ■ Upside

Figure 5.43: Tornado Chart of NPV for Commingled Mode 4

VARIABLES

NPV (COMM 4) INPUT

Downside Upside Range Downside Upside
Base
Case

CAPEX PER DAILY BARREL 11650.35 1542.40 10107.95 11708.20 28291.80 20000
OPEX PER DAILY BARREL 9552.84 839.05 8713.79 0.04 0.09 0.06
GTL PLANT EFFICIENCY -864.93 4111.47 4976.40 0.59 0.83 0.95
GTL PRICE ($/BBL) 7629.51 3308.29 4321.22 23.61 39.88 27.5
FEDERAL TAX 7721.11 6680.78 1040.32 30.21% 34.64% 35.00%
STATE TAX 7495.41 6854.36 641.05 4.07% 7.87% 9.40%
CRUDE OIL PRICE ($/8BL) 6596.37 6596.37 0 18.54 18.54 20

Table 5.10: Tornado Chart of NPV for Commingled Mode 4



The four most critical variables, as seen in Figures 5.40 - 5.44, are CAPEX, OPEX, 

GTL plant efficiency, and the GTL price. It should be noted that the Capital 

expenditure contributes greatly to the economics of the entire commingled mode of 

transportation, though its effect is negative. As soon as the CAPEX and OPEX are 

controlled to a reasonable cost, this project will be very lucrative.

Commingled Mode 1 shows a higher NPV than the other transportation modes, but 

that may not be a good determinant for the project’s profitability. Commingled Mode 

2 also shows a higher NPV than Commingled Mode 3 and 4 but, looking closely at the 

other input parameters, Commingled Mode 3 has an edge over Commingled Mode 2, 

judging from its more discreet range of values to the downside value of the GTL plant 

efficiency. Since the GTL plant efficiency is ranked 3rd among the parameters that 

affects the project economics, this could very well tip the scale on the analysis. This is 

clearly highlighted in Tables 5.8 and 5.9.

On the other hand, five variables are major contributors to the economics of the Batch 

Mode with the GTL price having the greatest effect on the economics of the project. 

This is a positive contribution, because as the GTL price increases, the NPV is sure to 

increase too. The CAPEX and OPEX followed closely behind.
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NET PRESENT VALUE ($MM) 
(BATCH)

Percentile Testing Range ( 1 0  to 9 0 )%

10000 0 10000 20000  30000  40000

GTL PRICE ($/BBL)

CAPEX PER DAILY 
BARREL

OPEX % OF CAPEX

GTL PLANT 
EFFICIENCY

RECOVERY
EFFICIENCY

FEDERAL TAXES

CRUDE OIL PRICE 
($/BBL)

STATE TAX

CAPITAL COST 
($mm)

Figure 5.44: Tornado Chart of NPV for Batch Mode

VARIABLES

NPV (BATCH) INPUT

Downside Upside Range Downside Upside
Base
Case

GTL PRICE ($/BBL) 12123.19 32505.39 20382.21 23.61 39.88 27.5
CAPEX PER DAILY BARREL 22156.30 11836.18 10320.12 11708.20 28291.80 20000
OPEX % OF CAPEX 20693.71 11418.69 9275.03 0.03 0.09 0.06
GTL PLANT EFFICIENCY 5639.08 13213.86 7574.78 0.59 0.83 0.95
RECOVERY EFFICIENCY 11057.58 16336.39 5278.80 0.46 0.90 0.95
FEDERAL TAX 18858.09 17135.97 1722.12 30.21% 34.64% 35.00%
STATE TAX 18491.22 17480.25 1010.97 4.04% 7.67% 9.40%
CRUDE OIL PRICE ($/BBL) 16879.11 18030.32 1151.21 18.54 32.953 20
CAPITAL COST ($MM) 16993.28 17002.55 9.27 703.1 727.9 711

Table 5.11: Tornado Chart of NPV for Batch Mode
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5.7.2.2 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.

From this stand point, this chart-type helps to determine which of the five potential 

projects have the highest expected return with the least variability (smallest range of 

values) surrounding the mean. Overall it helps select the best alternatives. Some of the 

overlay chart-types used below for analysis includes the Cumulative frequency chart, 

Frequency/Difference chart, and Frequency distribution chart.

• 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.

• Frequency/Difference Chart: An overlay chart display option that displays the 

magnitude of the difference in each group interval between the front-most 

distribution and the rest of the distributions.

• 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.



CUMMULATIVE FREQUENCY

From the Cumulative Chart in Figure 5.45 it can be said that in just over 5000 trials, 

the NPV of Commingled Mode 1, 2, 3, and 4 have values that are within the interval 

from -$19,800 to $600 million. Therefore the estimated probability is approximately 

50% that the total cost of the four commingled projects will be less than $600 million.
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Overlay Chart 
FOR COMMINGLED MODE 1 TO 4

■ Normal Distribution ■ NPV (COMM 1) ■ NPV (COMM 2)
■ NPV (COMM 3) ■ NPV (COMM 4)
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Figure 5.45: Cumulative Frequency Chart of NPV (Commingled Mode 1 to 4)



FREQUENCY/DIFFERENCE CHART

Figure 5.46 shows the entire range of variability of the NPV of all identified 

Commingled Mode of GTL transportation. There is a higher percentage chance that 

the NPV of Commingled Mode 2 and 4 will fall within the range -19,800 and -3,800 

($MM), and an even higher probability that the NPV of Commingled Mode 1 will fall 

within 1,200 and 8,200 ($MM). However, the NPV of Commingled Mode 3 falls in 

between the two extremes within -3,800 and 8,200 ($MM).
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Overlay Chart 
FOR COMMINGLED MODE 1 TO 4

■ NPV (COMM 1) b NPV (COMM 2) ■ NPV (COMM 3) «NPV (COMM 4)
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Figure 5.46: Frequency/Difference Chart of NPV (Commingled Mode 1 to 4)



FREQUENCY DISTRIBUTION CHART

The observation made in the previous chart is more evident in Figure 5.47. The chart 

shows that the NPV of Commingled Mode 2 and 4 has a higher probability than all the 

others to fall within the range -19,800 and -3,800 ($MM), whereas the NPV of 

Commingled Mode 3 has a higher chance of occurring within the -3,800 to 8,200 

range.

Overlay Chart 
FOR COMMINGLED MODE 1 TO 4
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■ Normal Distribution b NPV (COMM 1) ■ NPV (COMM 2)
■ NPV (COMM 3) ■ NPV (COMM 4)

Figure 5.47: Frequency Distribution Chart of NPV (Commingled Mode 1 to 4)



CUMMULATIVE FREQUENCY CHART

The Cumulative Chart in Figure 5.48 shows that in just over 5000 trials, while the 

Commingled mode projects could produce NPV with a value that fell into the interval 

from $-19,700 million to $600 million, the Batch Mode project had a wider interval 

from $-19,700 to $10,500 million. In other words, while the estimated probability is 

approximately 50% that the total cost of the Commingled mode projects will be less 

than $600 million that of the Batch mode will exceed $10,000 million for the same 

probability value.

Ill
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Figure 5.48: Cumulative Frequency Chart of NPV (Batch & Commingled Modes)



FREQUENCY/DIFFERENCE CHART

The introduction of the Batch mode into the analysis overshadows the probability of 

the Commingled modes considerably, but makes the fluctuation trends of the NPV 

range more evident. The NPV of the Batch mode shows a wider distribution range 

spanning -14,225 to 35,275 ($MM).
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Overlay Chart 
FOR BATCH & COMMINGLED MODE 1 TO 4

■ NPV (COMM 1) ■ NPV (COMM 2) ■ NPV (COMM 3)

■ NPV (COMM 4) NPV (BATCH)

Figure 5.49: Frequency/Difference Chart of NPV (Batch & Commingled Modes)

The total range of the profit and loss outcome of the Batch Mode makes the project 

very high in risk. The Commingled Modes, however, has a softer trend of fluctuation 

and that makes it a more reasonable venture to initiate.
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FREQUENCY DISTRIBUTION CHART

Overlay Chart 
FOR BATCH & COMMINGLED MODE 1 TO 4

■ Normal Distribution ■ NPV (COMM 1) ■ NPV (COMM 2)

■ NPV (COMM 3) ■ NPV (COMM 4) NPV (BATCH)
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Figure 5.50: Frequency Distribution Chart of NPV (Batch & Commingled Modes)



5.2.7.3 The Trend Chart

This chart helps to stack forecasts so that trends and changes in a series can be 

examined. It helps determine how the risks change over time. The trend chart appears 

as a series of layered certainty bands, each one representing a particular certainty level 

and displaying these certainty ranges side-by-side in a connecting ribbon. The 

minimum and maximum endpoints of the ranges can be determined by looking at the 

value axis to the left of the chart area.

COMMINGLED MODE 1 TO 4 TREND CHART
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Trend Chart 
FOR COMMINGLED MODE 1 TO 4
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Figure 5.51: Trend Chart of NPV (Commingled Mode 1 to 4)
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The 10% certainty band shows that 10% of the simulated NPV values for the selected 

forecasts of Commingled 1 lie within the 8,189.50 and 16,749.48 ($MM) band, those 

of Commingled 2 lie within the 7,709.36 and 17,671.37 ($MM) band, those of 

Commingled 3 lie within the 7,522.04 and 18,160.58 ($MM) band, and those of 

Commingled 4 lie within the 7,132.19 and 15,521.99 ($MM) band. The 90% certainty 

band however shows that 90% of the simulated NPV values for the selected forecasts 

of Commingled 1 lie within the -8,954.15 and 1,641.74 ($MM) band, those of 

Commingled 2 lie within the -10,087.49 and 829.42 ($MM) band, those of 

Commingled 3 lie within the -9,733.71 and 737.56 ($MM) band, and those of 

Commingled 4 lie within the -10,667.71 and 405.04 ($MM) band. This is shown more 

distinctively in the area chart in Figure 5.52 below.
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8.75Q 00
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Trend Chart 

FOR COMVINGLED MODE 1 TO 4

99>/o

50%

25%
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NPV (CCMVI1) NPV(CO/M2) NPVp3VM3) NPV(CCNM4)

Figure 5.52: Trend Area Chart of NPV (Commingled Mode 1 to 4)
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BATCH & COMMINGLED MODE 1 TO 4 TREND CHART

Trend Chart 
FOR BATCH & COMMINGLED MODE 1 TO 4

Figure 5.53: Trend Chart of NPV (Batch & Commingled Modes)

The 10% certainty band in Figure 5.53 above shows that 10% of the NPV simulated 

values for the selected forecasts of the Batch mode project lie within the 21,571.44 

and 46,890.85 ($MM) band, 32% higher than the average values of the Commingled 

projects. However, for the 90% certainty band, the NPV for the Batch mode project lie 

within the -2,127.16 and 11,158.83 ($MM) band and 22% higher than the likely 

returns from the Commingled projects. The area chart in Figure 5.54 below shows a 

definitive trend of the economics.
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Figure 5.54: Trend Area Chart of NPV (Batch & Commingled Modes)
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CHAPTER 6

CONCLUSION AND RECOMMENDATIONS

6.1 SUMMARY AND CONCLUSIONS

An extensive analysis of the economics of transportation of crude oil and GTL 

products through the TAPS was carried out. The results and conclusions drawn from 

the analysis are summarized as follows:

1. The Commingled mode of transportation at the four crude oil-GTL ratios 

evaluated showed lower NPV values than any of the Batch modes of 

transportation.

2. Although the Batch mode appears to be profitable, the total range of the profit
/
and loss outcomes makes the project a high risk choice. The Commingled 

Mode, however, has a softer trend of fluctuation and that makes it a more 

economical and less risky choice.

3. Commingled Mode 1 though lucrative, may not be a feasible mode of 

transportation, since the transportation of GTL through TAPS is highly 

dependent on its availability. If the fluid demand for TAPS is not met by the 

plant, then the lower ratios will be more attractive.
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4. Commingled 2 and Commingled 3 are very realistic modes of transportation 

for the GTL, judging from the outcome of the Trend and Overlay charts.

5. In particular, Commingled 3 shows more profitability in the light of the 

frequency chart and trend chart report. Also, this is a more feasible mixing 

ratio because, as earlier stated, the transportation of GTL through TAPS 

depends on its availability.



6.2 RECOMMENDATIONS

For future studies, it is recommended that an arrangement of a GTL plant and ANS 

Crude Upgrading Operation, upstream of the TAPS, is considered as a means to 

monetize the ANS stranded gas. The study should encompass:

• Determining the physical properties of GTL, upgrades of TAPS liquids and 

their mixtures.

• Analysis of the technical and economic evaluation of the integrated option.

This could help investigate the likelihood of having increased overall NPV from the 

upgraded commingled products.
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APPENDIX 1 

NOMENCLATURE

ANGTA Alaska Natural Gas Transportation Act of 1976

ANS Alaska North Slope

ANWR Alaska Natural Wildlife Reserve

APSC Alyeska Pipeline Service Company

CAPEX Capital Expenditure

DBL Daily Barrel Liquid

DCS Distributed Control System

DOE Department of Energy

EIA Energy Information Administration

GTL Gas-to-Liquids

LNG Liquefied Natural Gas

Lm Length of Mixing Zone, m [ft]

Ls Slug Length, m [ft]

NPV Net Present Value

NPVio NPV evaluated at a discount rate of 10%.

OPEX Operating Expenditure

PBU Prudhoe Bay Unit

PTU Point Thompson Unit

ROR Rate of return

TAPS Trans-Alaska Pipeline System
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APPENDIX 2 

GLOSSARY 

A

Ambient condition: Environmental temperature unaffected by other heat sources, 
such as radiation from artificial objects.

Amortization: Repayment of a loan by installments.

Annual Contract Quantity: The annual delivery quantity contracted for during each 
contract year as specified in a gas sales or LNG contract.

°API: An American Petroleum Institute measure of specific gravity. This is a measure 
of liquid gravity common in the oil industry. Water is 1 0 , and for typical light crude is 
from 35-40. Bitumen is by convention typically from 8-11 °API.

Asphaltenes: These are high molecular weight components of fuel oil. The quantity of 
asphaltenes in fuel oil is dependent on the source of crude oil used to produce the fuel, 
and the process used to manufacture the fuel.

Associated gas: Natural gas found mixed with oil in underground reservoirs that 
comes out of solution as a by-product of oil production. In these fields, natural gas 
production fluctuates with oil production. See Nonassociated gas.

Associated-Free Natural Gas: In immediate contact, but not in solution with the 
crude oil in the reservoir. One usually distinguishes between associated (free) gas, 
dissolved gas, and non-associated gas.

Authorization for expenditure (AFE): Generally a document (electronic or 
hardcopy) that announces to prospective vendor(s) the intent of a buyer to purchase 
goods or services described in the AFE. The AFE generally invites the vendor to 
submit a proposal for the goods or services.

B

Balance of Trade: the difference in value over a period of time of a country's imports 
and exports of merchandise. It can also be referred to as the sum of the money gained 
by a given economy by selling exports, minus the cost of buying imports.

Barrel (bbl): 42 gallons; 5.62 cubic feet; or 0.159 cubic meters.
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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 an 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.

Bcf: Acronym for "billion cubic feet". Bcfs are used to measure the volume of large 
quantities of natural gas.

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.

c
Calendar month: The period beginning on the first "gas day" of the calendar month 
and ending on the first "gas day" of the next month.

Calorific value: The quantity of heat produced by the complete combustion of a fuel. 
This can be measured dry or saturated with water vapor, net or gross. The general 
convention is dry and gross.

Capital investment: Money spent for an asset expected to produce income over its 
useful life.

Capitalization: Long-term debt, preferred stock and net worth.

Carbon: The base of all hydrocarbons; capable of combining with hydrogen in almost 
numberless hydrocarbon compounds. The carbon content of a hydrocarbon 
determines, to a degree, the hydrocarbon's burning characteristics and qualities.

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.
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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 
grabbers on the forecast chart.

Cetane number: A measure of how readily the fuel bums. A fuel with a high cetane 
number starts to bum shortly after it is injected into the cylinder; it has a short ignition 
delay period. Conversely, a fuel with a low cetane number resists auto-ignition and has 
a longer ignition delay period.

Cetane rating: A measure of combustion efficiency in a diesel engine. This is the 
diesel equivalent to gasoline’s octane rating.

Contingency Fund: An operating expense that exists as a result of an interruption or 
disaster which seriously affects the financial position of the organization.

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.

Cryogenics: The production and application of low temperature phenomena. The 
cryogenic temperature range is usually from -150°C (-238°F) to absolute zero (-273°C 
or -460°F), the temperature at which molecular motion essentially ceases. A most 
important commercial application of cryogenic gas liquefaction techniques is the 
storage, transportation, and regasification of liquefied natural gas (LNG).

Cubic capacity: The volumetric measurement of the ship's cargo compartments.
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Cubic feet per day (cf/d): At standard conditions, the number of cubic feet of natural 
gas produced from a well over a 24 hour period, normally an average figure from a 
longer period of time. Generally expressed as mcf/d = thousand cubic feet per day, 
mmcf/d = million cubic feet per day, or bcf/d = billion cubic feet per day.

Cubic foot: The amount of gas required to fill a volume of one cubic foot under stated 
conditions of temperature, pressure, and water vapor.
• SCF = Standard Cubic Foot (One cubic foot of gas at standard conditions, i.e. 14.73

psia and 60° F without adjustments for water vapor)
• MCF = One Thousand Cubic Feet (Multiply by 1,000)
• MMCF = One Million Cubic Feet (Multiply by 1,000,000)
• BCF = One Billion Cubic Feet (Multiply by 1,000,000,000)

D

Daily Barrel Liquid: Equivalent liquid amount of gas daily production.

Dehydration: The removal of water from a fluid.

Deliverability: The volume of natural gas that a pipeline or distribution system can 
supply in a given period normally during a 24-hour period.

Demand forecast: An estimate of the level of energy or capacity that is likely to be 
needed at some time in the future.

Department of Energy (DOE): The government agency responsible for regulating 
energy sources, including natural gas.

Depreciation: Reduction in the book or market value of an asset.

Deregulation: The process of removing restrictive regulations on previously regulated 
power and utility companies.

Desalinated Water: Salts and ions are almost completely eliminated from water in a 
desalination plant (reverse osmosis plant, ion exchanger). This grade of water should 
preferably be used for the preparation and sterilization of surgical instruments.

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.
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Distribution system: The delivery of a utility natural gas, electricity, water) to a 
household or business.

Drag reducing agent: Chemical agents added to a liquid to reduce the resistance to its 
flow through pipelines.

Dry gas field: Reservoir(s) consisting primarily of light hydrocarbons and negligible 
quantities of condensate.

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. Synthesis gas, which is made from natural gas, is passed 
over a catalyst that leads to the formation of hydrocarbon liquids.

G

Gas field: A field or group of reservoirs of hydrocarbons containing natural gas but 
insignificant quantities of oil.

Gas processing: The separation of oil and gas, and the removal of impurities and 
natural gas liquids from natural gas.

Gas reserves: Those quantities of gas which are anticipated to be commercially 
recovered from known accumulations from a given date forward.

Gas revenue: The product of gas volume and gas price; gross cash flow from sales of 
gas.
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Gas-to-liquids (GTL): Refers to processes that convert natural gas to ambient liquid 
fuels, such as diesel, naphtha, kerosene, DME and methanol.

Gas well: A well drilled and completed that primarily produces natural gas.

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.

L

Learning Curve: A graph of some measure of something learned against time or 
number of trials.

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.

N

Non-Monotonic Variables: This is a variable whose relationship with the forecast is 
not strictly increasing or decreasing, in other words, the minimum or maximum values of 
the forecast range do not occur at the extreme end points of the testing range. For this 
type of variables all the variable bars are the same color all the way across.

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.
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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

Recovery Efficiency: This refers to the transportation recovery efficiency, i.e. the 
ratio of the purity of GTL product that is maintained during its transportation through 
the pipeline.

Reformer Unit: A unit for the catalytic conversion of light hydrocarbons producing a 
synthetic gas that consists of hydrogen, carbon monoxide, and methane.

S

Slug length: The total distance or quantity of particular crude that is transported in a 
pipeline at a time.

Syngas (from 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.

Syncrude: Synthetic crude typically refers to crude that has been created from full or 
partial upgrading of oilsands or very heavy crude.

T

TCF: One Trillion Cubic Feet (Multiply by 1,000,000,000,000).

U

Unleaded: A crude that is not mixed or treated with lead.


