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Abstract 

 

Monetizing Stranded Gas: Economic Valuation of GTL and LNG Projects 

 

Brodie Gene Black, M.A. 

The University of Texas at Austin, 2010 

 

Supervisor: Christopher J. Jablonowski 

 

 Globally, there are significant quantities of natural gas reserves that lie 

economically or physically stranded from markets.  Options to monetize such 

reserves include Gas to Liquids (GTL) and Liquefied Natural Gas (LNG) 

technologies.  GTL is a unique monetization option that brings natural gas 

products to crude oil markets.  This technology is commercially immature, 

appears to have attractive market potential, requires substantial capital 

investments, and has uncertain operating costs and revenue generation.  LNG is 

a more established monetization option.  Project economics for the two 

technologies are reviewed, as well as literature evaluating such for either or both.  

Discounted cash flow models are studied for two project scenarios, and results 

are discussed and compared.  The modeling effort seeks to inform the decision 

to invest in GTL or LNG for the monetization of a stranded gas reserve. 
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Chapter 1:  Natural Gas – Monetizing Stranded Reserves 

1.1 Introduction 

In recent decades, the global monetization of natural gas has transformed 

the nature of the energy economy.  Once only burned off as an annoying 

byproduct of oil recovery, natural gas has become a highly traded commodity.  

The resource has several advantageous characteristics: it serves as a staple fuel 

for many technologies, has been relatively abundant and within physical and 

technological limits for extraction, and features a favorable chemistry that 

releases less carbon dioxide upon combustion than oil or coal.  Since 1980, 

global consumption of natural gas has doubled from approximately 52 trillion 

cubic feet (Tcf) to over 104 Tcf in 2006 1.  This increase in consumption has been 

driven by the growing number of residences burning the fuel for heating 

purposes, expanded industrial uses, the use of natural gas as a peak-shaving 

electricity generation fuel, and many other uses.  Global reserves are currently 

estimated to be 6,254 Tcf, although it is important to note that the geographic 

distribution is not globally uniform 1.  In the U.S., over 23 quadrillion Btu of natural 

gas was consumed in 2008, accounting for nearly a quarter of the energy 

consumed that year 2.  Both domestically and globally, natural gas is traded 

within well-developed markets.   

 The emergence of natural gas as a major player in energy production has 

spurred technological innovation in exploration and production.  In the U.S., 

natural gas is being produced from formations previously thought to be 
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uneconomic.  These unconventional plays, commonly occurring in tight sand or 

shale rock formations, accounted for 47 percent of U.S. production in 2006 1.  On 

the same note, methods for monetization of natural gas are also undergoing 

technical and commercial innovations.  While pipelines have served as the 

normal method for transportation, other technologies have expanded the options 

available for getting the resource to market.   

Two of these technologies, Gas to Liquids (GTL) and Liquefied Natural 

Gas (LNG) are the focus of this research effort.  GTL technology provides a 

method for converting natural gas into specific petroleum products, primarily 

middle distillates.  LNG is a technology that enables liquefaction of natural gas 

and transportation overseas by tanker.  Each technology offers unique promise 

for the monetization of stranded gas reserves.  The economics of GTL and LNG 

projects have been examined before, but there is still much to be learned about 

how each project exists in certain market conditions, how certain costs and 

prices affect profitability, and how a decision maker can compare the option to 

invest in either technology.  Before beginning an economic valuation of these 

technologies, however, it is important to understand the background issues of 

natural gas, the existence and need for monetizing stranded reserves, and the 

technologies available for monetization. 

1.2 Supply and Demand 

 In order to effectively study the economics of GTL and LNG projects, the 

broader market characteristics of natural gas should be examined.  A natural 
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starting point is a discussion of supply and demand.  The supply of this resource 

is ultimately controlled by real physical limits, those being the geologic attributes 

controlling total reserves on earth.  As noted before, current estimates place 

global proven reserves at over 6,250 Tcf, which would appear to afford decades 

of consumption at current rates.  Supply, however, is determined by numerous 

factors, including the availability of the resource to various world markets.  

Geographically, production of natural gas is widespread, but quantitatively 

concentrated in a few countries.  Russia, Iran and Qatar have approximately 27, 

15 and 14 percent of the world’s supply, respectively 3.  The Middle East has a 

majority of global reserves, while North America has the least of any world region 

(Fig. 1-1).  This imbalance of natural resource supply sets the background for 

global trade and transportation needs. 

Figure 1-1: Global Distribution of Proved Natural Gas Reserves, 2008 

 

Source:  BP, BP Statistical Review of World Energy 2009 4. 
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 Global production of natural gas is often categorized by discussing those 

countries who are members of the Organization for Economic Co-operation and 

Development (OECD), and those who are not.  In 2006, OECD countries 

produced 39.1 Tcf of natural gas, while Non-OECD countries produced 64.6 Tcf 

1.  For OECD countries, the U.S. Energy Information Administration (EIA) 

projects only a 0.8% average annual growth in production until 2030, with the 

greatest growth occurring in Australia, the U.S. and Mexico.  For non-OECD 

countries, the EIA projects a 2.1% average annual growth, with countries such as 

Brazil, India and China leading the production growth 1.  With fewer members 

than non-members of the OECD, most production growth is expected to come 

from outside the organization.  

 Global production of natural gas is affected by more than geographic 

reserves.  Available technology and economic viability impact production levels in 

every country.  The EIA asserts that technology improvements, both for 

exploration and production, can reduce drilling costs, increase production 

capacity and lower wellhead costs, allowing for increased production and 

consumption 5.  Projecting scenarios of high and low technology improvements in 

the year 2030, the EIA found about 3 Tcf of production difference in the U.S. 

alone 5. 

 As mentioned before, global demand for natural gas has steadily been on 

the rise since 1980.   Within the United States, rising consumption can be 

attributed to many factors.  In electricity generation, natural gas plants have 
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become attractive options, as they generally have lower capital costs than coal-

fired plants and offer unique peaking capability, or the ability to power up and 

down quickly to meet peak demand.  Projecting additions to electricity generation 

capacity through 2030 in the U.S., the EIA found that natural gas fired power 

plants would be the most common choice, based on factors including the price of 

fuel, potential carbon legislation and generation tax incentives, demand for 

electricity and the retiring of a portion of current capacity plants 5.  In addition, 

burning natural gas is favorable to coal, should regulation of CO2 occur in the 

near future.   

 Figure 1-2: U.S. Natural Gas Total Consumption and Production 

    

Source: U.S. Energy Information Administration, 2010 6.                                                                    

In recent years, domestic consumption has outpaced domestic production 

(Fig. 1-2).  This trend highlights the need for imported natural gas in the U.S., 
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which has direct market implications for the LNG industry.  Even though 

technology has enabled greater domestic production, it seems likely that the U.S. 

will continue to rely on imports in the near future.  

1.3 Occurrence of Stranded Gas 

 While the total global supply of natural gas reserves appears plentiful, it is 

important to note that not all reserves qualify for economic production.  In fact, 

significant portions of global natural gas reserves, as much as 60 percent, are 

qualified as stranded 7.  A natural gas reserve may be deemed stranded for 

several reasons, including if its location is too remote from the market to compete 

economically, or if it is located in a small market where resource transportation 

infrastructure does not exist 8.  Often times, stranded gas is actually associated 

with an active oil reserve, but unable to be brought to market.  Figure 1-3 

displays the locations of concentrated stranded reserves along with locations 

where natural gas imports receive favorable prices. 

Stranded gas presents a very interesting challenge to stakeholders.  

Should the existing barriers or conditions of a stranded reserves’ economic 

environment change, it is assumed that production would follow.  The challenge 

then, is to find ways to alter the status quo for these reserves, rather than wait for 

the economics to change on their own.  Such monetization of stranded gas is an 

extremely attractive goal, especially for developing countries.  Technologies like 

LNG and GTL offer the opportunity to overcome the barriers of stranded gas and 

capitalize on the wealth of latent resources. 
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Figure 1-3: Stranded Gas Reserves/High Price Import Markets, 2007 

 

Source: EnerSea, 2007 9. 

 Beyond the obvious economic incentive to monetize stranded gas 

reserves, there are also environmental concerns at stake.  Because many 

stranded reserves have been drilled and left unproduced, there is a significant 

amount of flaring occurring globally.  According to the World Bank, the annual 

volume of associated gas flared in 2004 was approximately 3,884 Bcf 10.  CO2 

emissions are of increasing concerns for governments across the globe, and the 

climate change policy issue places gas flaring in a politically sensitive position.  

The Global Gas Flaring Reduction, a public-private partnership, estimates the 

amount of CO2 being flared and the economic cost of such CO2 in Table 1-1, 
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below.  Here, the economic cost represents the cost of abatement.  It should be 

noted that abatement costs vary for numerous regions, and the estimates in 

Table 1-1 mainly serve to highlight the incentive for stakeholders to monetize 

flared gas, rather than abate emissions. 

 Table 1:1 Flared Gas - CO2 Emissions and Estimated Costs 

Region 

CO2 Emission 
from Flaring 
(million ton) 

Economic Cost
at US$7/ton 

(million US$) 

Economic Cost
at US$20/ton 
(million US$) 

Africa 72 504 1,440 

Asia-Oceania 14-39 98-273 280-780 

Europe 6 42 120 

Former Soviet Union 33-62 231-434 660-1,240 

Central & South America 33 231 660 

Middle East 31 217 620 

North America 10 to 19 70-133 200-380 

World Total 199-262 1,393-1,834 3,980-5,240 
 

Source:  GGFR, Flared Gas Utilization Strategy, 2004 11. 

In recent years, nations across the globe have engaged in substantial 

regulatory efforts to curb flaring.  Unfortunately, regulation alone has not yet 

defeated the problem.  To the reasonable mind, identifying methods for economic 

production of flared reserves is perhaps the best means to put an end to flaring.  

Where wasted resource equals wasted dollars, action is sure to follow.  It is a 

legitimate hope that the project technologies analyzed here can offer such an 

economic means for some flared gas. 



9 

 

1.4 Methods for Monetization 

 From review of global natural gas supply and demand, it seems that future 

trade of the resource will be spurred by global imbalances of reserve supply.  

Bringing reserves that are currently stranded into this imbalanced market is an 

attractive option for the future.  The advantages of monetizing stranded reserves 

are clear, and economic and environmental concerns for gas flaring are 

substantiated.  So, it is necessary to examine what technologies exist to bring 

reserves to market, and which of those technologies may be the best option for 

producing stranded gas.  This section will explore the requirements for 

monetization, and the currently available technologies. 

In order to economically produce a natural gas well, there is need for 

sufficient reserves, developed transportation and either an established or 

potential market. While there are large quantities of global stranded gas, 

individual reserves may need to be of a certain reserve size to be viable 

candidates for monetization technologies.  For GTL and LNG projects, to be 

discussed in more detail, it is estimated that there are at least 70 stranded 

reserves across the globe that have reserves of 4 Tcf.  This amount is enough to 

support a GTL project of substantial size, producing well over 10,000 barrels per 

day (BPD), and at least a single-train LNG project 8.   

Whether the gas is to be used in its natural state, or processed into other 

products, transportation from reserve to market is a major step in the 

monetization process.  Multiple technologies exist for transporting natural gas 
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from reserve site to market, but great distances involve large costs.  Finally, 

successful monetization of a gas reserve requires the existence of a willing 

market.  For each technology, a demand must exist for the final natural gas 

product to be economically viable.  So, what means exist for monetization?  

Supply may be brought to markets by pipeline, LNG, GTL, compressed natural 

gas (CNG), or gas to wire (GTW) processes. 

1.4.1 Pipelines 

The common method for transportation of natural gas is the use of 

pipelines.  Pipelines generally involve a network of transmission and distribution 

lines that carry natural gas to and from established locations.  Such a network 

might include a gathering system that centralizes produced gas, a long distance 

system for transport, and a distribution system for delivery to wholesale 

consumer.  In the U.S. alone, there are approximately 210 pipeline networks 

spanning over 300,000 miles 12.  For areas with established pipeline networks, 

transportation of natural gas is not a major issue.  However, building new 

pipelines can be a capital intensive endeavor, and likely requires a large amount 

of committed reserves to justify construction.  Because of their high costs, the 

economically viable distance for transportation is about 5,000 kilometers 13.  

Pipelines also have limited applicability for international and trans-oceanic 

transport.  Undersea lines require excessive costs, and even straightforward, 

small distance international pipelines can be subject to intense geopolitical 

conflicts.  
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 As one analyst determined, the decision to transport natural gas via 

pipeline rather than other technologies involves several factors, including the 

following: 

 Economic comparisons 

 Project logistics, such as desire for a stepwise expansion 

 Geopolitical considerations, including right of way and political stability 

 Technical stability of pipeline route 

 Finance and fiscal terms considerations 14 

These issues are often the reason why a gas reserve may be 

economically stranded, thereby making pipelines a generally unattractive option 

for monetization. 

1.4.2 Liquefied Natural Gas (LNG) 

LNG is a mature, increasingly popular method for the monetization of gas 

reserves.  This technology involves the liquefaction, transport and regasification 

of natural gas.  By introducing a liquid medium, rather than gas, LNG technology 

solves the low density issue which normally makes gas transport by tanker ship 

inefficient or uneconomical.  To be specific, liquefying natural gas reduces its 

volume by a factor of 610 15.  By enabling overseas transport, LNG is especially 

attractive for reserves near coastal ports. 

The multi-step LNG process is a costly one, but growth and experience 

have resulted in lower costs over the last few decades.  This, combined with the 

demand for natural gas, has led to the development of a considerable market for 
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LNG.  Because of its unique ability to make transport overseas an economic 

viability, LNG is a viable option for the monetization of stranded gas reserves.  

This technology and its economic characteristics will be discussed in much more 

depth in a later chapter. 

1.4.3 Gas to Liquids (GTL) 

 Gas to liquids projects offer a unique option for the monetization of 

stranded gas reserves.  With the ability to locate new plants near reserves, the 

need for large, long-distance pipeline networks or another method for 

transportation is eliminated.  The lack of a nearby market for a particular 

stranded reserve is also overcome by the product output of the GTL process.  

Primarily producing diesel fuel and other synthetic crude products, a GTL project 

offers an attractive product for both regional and global markets.  One drawback 

to GTL is its unproven large-scale commercial success.  While the technical 

success of GTL plants has been proven in scaled efforts, the technology has yet 

to gain a significant market presence, although interest seems to be 

considerable.   

Because GTL offers such a novel solution for the stranded gas issue, 

namely the ability to bring natural gas into other product markets and avoid 

conventional gas transportation issues, this technology seems to be an attractive 

monetization option.  This conclusion is supported by other studies, including one 

that offers GTL as best suited for reserve monetization, as opposed to the use of 

purchased gas 13. 
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1.4.4 Compressed Natural Gas (CNG) 

 Compressed natural gas technology is fairly straightforward and simple to 

employ.  A reduction in temperature and compression of natural gas by around 

200 bar results in a drastically reduced volume that, although not so reduced as 

in LNG processes, is ready for transport.  This technology is pertinent to the 

stranded gas subject, as CNG projects are generally aimed towards monetizing 

those offshore reserves that are not economic for pipelines or LNG transport 16.  

For monetizing a reserve, CNG would be transported by ship, and either 

decompressed upon arrival at market or pipeline, or taken for direct consumption 

in its compressed form.  Because of the high pressure for CNG, transport 

involves large and robust storage containers, causing transport to not occur at an 

ideal efficiency.   

CNG projects generally have lower capital requirements than LNG or GTL, 

but do not match up in transportability, as recent LNG ships can carry about 

three times more than the largest CNG ships 17.  In addition, one study found that 

for distances of up to 2,500 miles, CNG can deliver gas in a more cost-effective 

manner than LNG 18.  Overall, CNG is a well-developed option for monetization, 

although it may not be an ideal choice in many situations.    

1.4.5 Gas to Wire (GTW)  

 Gas to wire is the use of natural gas to generate electricity at the location 

of the resource, which is then transmitted on wire lines via conversion from AC 

voltage to DC 13.  Like any other electricity generation project, this option is only 
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useful when wires are accessible or may be economically laid to market.  

Transmission losses are a significant factor for GTW, as efficiency in energy use 

may be compromised.  While electricity production is a common use for natural 

gas, GTW may not be a widespread solution for stranded gas reserves where 

demand for electricity is small or non-existent. 

1.5 The Decision to Monetize 

 With the aforementioned options in mind, several questions remain for the 

decision to monetize a stranded reserve.  Which technology is best for a 

particular reserve?  How might current economic conditions affect the decision 

between these technologies?  For a stranded development, the optimal 

technology choice may depend upon the size of available reserves, distance to 

markets, and supply volatility 17.  The economic characteristics of development 

options, such as project value, return on investment, the capital investment 

required, and others will also influence the decision.  This broad optimization 

problem is very interesting, and with adequate data for a given scenario, it is 

reasonable that optimal decisions can be found.   

However, this research will focus on the decision to monetize using only 

two of the available options: GTL and LNG.  The decision to focus on GTL lies 

mainly in its commercial immaturity and the lure of furthering development of the 

technology.  LNG provides a comparative technology in terms of monetization 

capability, and appears to be a more legitimate option for large reserves and 

long-distance transportation than CNG and other technologies.   
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Both GTL and LNG appear uniquely posed to efficiently bring distant 

reserves to new markets.  As the GTL industry expands, it will likely be placed in 

direct competition with LNG for access to natural gas supply 19.    LNG is 

certainly at a competitive advantage due to its current state of development.  

However, significant market potential exists for GTL products. 

 As the decision to develop either project comes into play, an economic 

valuation for each technology provides vital information for the pursuit of an 

efficient and profitable monetization strategy.  Research on the economic viability 

for gas monetization by GTL versus LNG exists, and will be discussed in a 

further section with the conclusion that there is room for further exploration on the 

topic.  The remainder of this effort will seek to expand upon such economic 

viability research for GTL and LNG. 
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Chapter 2:  Gas to Liquids 

2.1 GTL Technology Review 

 GTL technology, at its core, is old science.  The Fischer-Tropsch (F-T) 

process, the basic chemistry that enables the conversion of carbon monoxide 

and hydrogen into liquid hydrocarbons, was discovered in the 1920’s and first 

commercialized in the 1930’s.  This process allows for production of liquid 

hydrocarbons from natural gas, coal and biomass.  For natural gas, a steam 

reforming step is required before the F-T process may occur.  Steam reforming 

converts methane, which is the primary component of natural gas, into carbon 

monoxide and hydrogen molecules.  Catalysts generally composed of cobalt or 

iron mixtures ignite the F-T process.  The process results in a product yield that 

may be manipulated for recovery.   

 GTL technology, on the whole, is a recently advancing science, still 

in the early stages of commercial development.  There are numerous methods 

for reforming gas, using catalysts, and other design aspects of GTL production.  

Research of these aspects of GTL is vital for advancement of the technology.  

Because the scope of this research is not focused on design, however, in-depth 

discussion of engineering specifics will be avoided.  Figure 2-1 below is a basic 

diagram of the F-T GTL process, providing a visual aide for further discussion. 
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Figure 2-1: Simple Diagram of F-T GTL Process 

      

Source: Lichun et al, 2008 20.   

The F-T process can yield numerous products, similar to the yield of 

refined crude oil.  An F-T produced barrel of GTL may contain the following 

products, with the respective percent of volume: 

 Naphtha (15-25%) 

 Middle Distillates (Kerosene, Jet Fuel, Diesel, Others) (65-85%) 
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 Lubes/Wax (0-30%) 13 

The product yield is truly what sets GTL apart from other technologies that 

can monetize stranded gas.  GTL production uniquely brings natural gas into 

crude product markets.   

2.2 The GTL Market 

 Before engaging in project level economic analysis, it is important to 

understand the existing and potential market for GTL products.  This section will 

review the extent of the current GTL market, and the motivation for further 

development of the GTL industry. 

2.2.1 Current Market Presence, Product Potential 

 The current extent of GTL production is quite small.  There are only a 

handful of operating plants, and even fewer that were commissioned as profit-

seeking ventures, rather than research efforts.  However, many companies have 

stated interest in developing GTL, and many companies and countries have 

made proposals for plants in the near future.  Table 2-1 lists current GTL 

projects, including their size and operating status as reported by respective 

companies.  In addition to these large scale projects, several companies, such as 

CompactGTL, are investigating smaller-scale GTL viability for associated gas 

monetization. 
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Table 2-1: Commercial GTL Projects 

Company Size (BPD) Country Status 

Mossgas 22,000 South Africa Operating 

Shell 12,500 Malaysia Operating 

Sasol 34,000 Qatar Operating 

Shell 140,000 Qatar Construction 

Sasol Chevron 34,000 Nigeria Construction 
 

The limited presence of the GTL industry is curious at first glance.  The 

technology has often been deemed profitable when crude oil is priced highly, and 

this has certainly been the case in recent years.  So, why is there a lack of 

industry development?  One reason may be the inherent complexity involved in 

GTL technology, as numerous processes, including gas processing, industrial 

gas manufacturing, refining, power generation and effluent treatment are merged 

to one purpose 21.   Numerous sources have cited process complexity as a 

source of development frustration, causing investment to be a somewhat unsure 

prospect.  As more GTL projects commence, the expectation is for experience to 

overcome this development barrier. 

For GTL products, established markets, demand and competition exist.  

Diesel has a significant presence as a global transportation fuel.  Internationally, 

demand for diesel is expected to rise.  China, for instance, is expected to have 

an eight to eleven percent annual increase in diesel demand 22.  GTL is 

considered to be a small player in the global diesel industry, and so its potential 

in the market is essentially unlimited 23.   
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2.2.2 Motivation for GTL Development 

 Significant motivation exists for the development of GTL projects.  

Financially, the desire to monetize the large amount of global stranded gas is a 

significant motivator for the technology 22.  Environmentally, motivation for the 

GTL industry exists from the movement to reduce gas flaring, as discussed 

before, and the commitment by many nations to adopt strict automotive emission 

regulations 19.  This later motivation stems from the fact that GTL produced diesel 

is environmentally superior to its crude diesel counterpart.   

Figure 2-2: GTL Diesel Exhaust Emissions Relative to Typical 

    California Diesel Emissions 

 

Source: California Energy Commission, 2006 24. 

 Relative to crude diesels, GTL diesel has lower sulfur content and a 

higher cetane number 22.  The California Energy Commission performed a study 
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on GTL diesel by testing the fuels emissions and comparing them to typically 

available crude diesel, the results of which may be viewed in Figure 2-2.  The 

results are dramatic, with GTL diesel being 30 percent or more clean for several 

emission pollutant categories.  These significant emission reductions provide a 

very real market distinction for the product. 

GTL diesel can also be mixed with crude diesel to make a cleaner fuel, 

making the product ideal for areas with either strict emission regulations or crude 

fuels with poor quality issues 24.  In addition to its favorable emission qualities, 

the low sulfur content of GTL diesel offers improved engine wear, reduces engine 

noise and enables greater lubricant longevity 19.  As mentioned before, there is 

large demand potential for GTL diesel, and support for clean, high quality fuels 

should only bolster the product’s success.   

GTL produced transportation fuels are also attractive for nations seeking 

to reduce oil dependency.  In 2007, the U.S. Air Force successfully tested a B-52 

flight fueled by a mix of F-T derived fuel and JP-8, and took a large step towards 

significant use of synthetic fuels 25.  The Air Force even has an Alternative Fuels 

Certification Office that continues to certify synthetic fuels for its fleet, seeking to 

have 50 percent of the Force’s domestic aviation fuel needs met by alternative 

sources as part of the Department of Defense’s plan to lower dependency on 

foreign crude oil 26.   

Other GTL products, such as naphtha, are also poised to succeed in 

existing markets.  While naphtha may conventionally be used in gasoline 
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production, GTL naphtha tends to produce low octane gasoline.  Because of this, 

GTL naphtha is preferably used for petrochemical feedstock.  Petrochemicals 

have well developed markets in Asia and Europe. 

Finally, there is financial incentive to develop in the GTL industry.  As the 

following economic discussion will highlight, GTL costs have seen significant 

reductions, and the high price of oil in recent years is favorable for the 

competitive sale of GTL products. 

2.3 GTL Project Economics 

 Market potential for GTL products is particularly exciting, as the demand 

outlook for premium products and the available room for industry growth appear 

advantageous.  The upside for GTL development begs for discussion of how the 

technology can be profitably industrialized.  This section will discuss the key 

areas of project economics.  The meat of discussing GTL project economics lies 

in the high capital requirements, and the potential vulnerability to volatile natural 

gas feedstock and oil prices.   

The demands of the F-T process make GTL production a capital-intensive 

industry.  Early F-T GTL plants reported capital costs of well over U.S. $50,000 

per daily barrel capacity (BPD), while more recent projects appear to be 

constructing plants in the $20-30,000 BPD range 19.  In the past few decades, 

capital costs show a definite downward trend (Figure 2-3).  This information is 

very positive for the industry. 



23 

 

 Figure 2-3: GTL Capital Costs – 1983 - 2007 

 

Source: Garrouch 2007 19. 

 Capital costs for GTL plants can be broken down categorically.  In 2005, 

Patel provided such a breakdown for a 100,000 BPD facility, reproduced in 

Figure 2-4.  Patel’s cost data has been referenced heavily, and is assumed here 

to be accurate.  The production of synthetic gas is responsible for the largest 

portion of capital costs.  In comparison, F-T synthesis is only half as expensive.  

Capital expenditures may be dependent on many factors, including the particular 

type of technology used, the desired product mix, geographic location and 

economies of scale 27.  Because of these factors and the aforementioned limited 
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industry experience in developing complex GTL facilities, uncertainty currently 

surrounds capital expenditures for this technology. 

 Figure 2-4: GTL Capital Expenditure Breakdown (100,000 BPD) 

 

Source:  Patel  2005 23. 

Operating expenditures for GTL projects are also important for economic 

evaluation.  For this technology, operation requires a gas feedstock, process 

catalysts, some utilities, labor, maintenance, product transportation, and other 

costs.  Some uncertainty for GTL operating expenditures stem from uncertainties 

about operating time due to the complex F-T process, as well as the cost of cost 

of reaction catalysts 28.  In addition, uncertainty may be expected from the price 

of gas feedstock.  Prior economic analysis has cited gas feedstock as the most 

significant portion of operating expenses 29.  Securing a low price for natural gas 

may be an essential component for supporting project investment 30. 
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Figure 2-5:  U.S. Oil and Diesel Prices (U.S.$/BBL) 

 

Source:  U.S. EIA, 2010 31. 

The pricing of GTL products is essential for profitable industry.  Because 

GTL products compete directly with crude oil products, the pricing mechanism 

will be the crude oil benchmark 23.  High oil prices mean high revenues for GTL.  

Previous studies have often noted prices near the $20 per barrel mark as a 

minimum point for profitability.  Fortunately, the price of crude oil has been over 

that mark for the past decade.  Diesel prices generally range several dollars 

above the price of crude oil.  Figure 2-5 compares the price of West Texas 

Intermediate crude oil and NY Harbor Low-Sulfur Diesel No. 2.   

A premium price for GTL products can be expected due to the fuel’s 

favorable qualities, as reviewed before.  The amount of this premium is difficult to 

determine.  Previous economic valuation efforts have assumed a premium 



26 

 

ranging from $1-5 over the crude oil diesel. GTL naphtha can also expect a 

market premium due to its superior qualities 28.  The recent history of naphtha 

pricing in Japan, a major Asian market for the product, can be seen in Figure 2-6.   

 Figure 2-6: Naphtha CNF Japan – Quarterly Prices (U.S. $/bbl) 

 

Source: www.plastemart.com, 2010 32. 

 Economically, a given GTL project must overcome high capital costs, an 

uncertain feedstock and operating expense, and pricing volatility stemming from 

the crude oil price benchmark for its product.  These categories will be a focus of 

modeling analysis for this study. 
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Chapter 3: Liquefied Natural Gas 

3.1 LNG Technology Review 

 LNG technology is well developed in commercial practice.  Commercial 

development first began in the 1960’s, and has been growing ever since. The 

technology is especially valuable for natural gas reserves that need to cross 

oceans in order to reach markets, or for countries that rely on natural gas 

imports.  When pipelines capacity is full and additional capacity is overly 

expensive to create, LNG may be an economically viable option.  The complete 

LNG process or value chain, excluding exploration and production of natural gas, 

involves three steps: liquefaction, transport and regasification.   

 Liquefaction is a demanding step of LNG, requiring an intensive plant 

process.  Liquefaction plants are generally designed in trains, or complete cycle 

modules that handle all steps involved in liquefaction.  Most liquefaction plants 

operate multiple trains.  A liquefaction train involves processing of gas to remove 

impurities, followed by a cooling and liquefaction stage (Figure 3-1).  The cooling 

process, which results in the low volume liquid form of natural gas, is where 

companies have the opportunity to develop and exploit unique processing.  

Liquefaction trains may produce several million metric tons per year (MMtpa). 

 After liquefaction, LNG is shipped to its destination market.  Shipping is a 

crucial step in the process, as the massive tankers that transport the product are 

quite expensive.  The ships are equipped with specialized tanks to maintain the 

required LNG temperatures, and to maintain safety during transport.  Ships may 
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be owned or chartered, as is seen best fit by the operating company.  Finally, 

LNG must be shipped to a regasification terminal.  This step is less involved than 

the original liquefaction, but is nonetheless an expensive and burdensome 

process requirement.  The controlled regasification process results in common 

natural gas that is either ready to enter a pipeline distribution network or be 

placed in storage for some period of time. 

Figure 3-1: Diagram of a Typical Liquefaction Process 

 

Source: Lichun et al, 2008 20. 

  The scope of the LNG value chain is in distinct contrast to GTL.  Whereas 

a GTL plant results in product that is ready for simple distribution to market, LNG 

has very specific transport requirements.  Even so, the technology is a mature 

and commercially successful route for natural gas monetization.  
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3.2 The LNG Market 

 LNG exists in a well developed market, with established and growing 

demand.  This section will review the current state of LNG trade and the outlook 

for continued industry development. 

The size of the LNG industry has been on the rise for several decades.  

With the growth in consumption of natural gas, the technology has become a 

valued alternate means for delivering the resource to market.  For the most part, 

LNG trade can be discussed in terms of the geographic region where it takes 

place, such as the Asia-Pacific Basin, the Atlantic Basin and the Middle East.  

LNG trade evolved very differently in the Pacific and Atlantic, as the needs of 

countries in each region were quite varied, and this division of market affects 

regional import volumes, pricing systems and contract terms 33.   

Figure 3-2: U.S. LNG Imports (MMcf) 

 

Source: U.S. EIA, 2010 31.  
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There are currently over a dozen countries exporting significant quantities 

of LNG.  Qatar has become the world’s leading exporter, with almost 27 million 

metric tons shipped in 2007 34.  In recent years, well over half of global imports 

have occurred in the Asia-Pacific Basin, as countries like Japan, South Korea 

and Taiwan have little domestic production of natural gas and rely on incoming 

LNG 35.  Imports in the U.S. were fairly stagnant in the 1990’s, but saw large 

rises, as well as volatility, in the following decade (Figure 3-2). 

 One issue that has hindered growth of the LNG market has been the citing 

of regas terminals.  The facilities tend to bring up local safety concerns and have 

therefore faced some difficulty in gaining regulatory approval.  This barrier has 

been an unwanted burden on top of the already burdensome capital costs 

associated with LNG projects.  In the U.S., there may be as many as 100 federal, 

state and local permits required for a LNG receiving facility, and gaining permits 

can take as long as three years 35.  Federal regulation in the U.S. may come from 

the Federal Energy Regulatory Commission or the Coast Guard.   

 As of late 2009, the U.S. had eleven existing LNG terminals, four 

approved and under construction (Table 3-1), eighteen approved, but not under 

contruction, and seven proposed for approval 36.  This indicates that even though 

regulatory standards may be strict, the industry is definitely continuing to grow.  

LNG projects seeking to deliver to the U.S. can expect to find an established 

market, and those projects seeking to build regas terminals can reasonably 

expect regulatory processes to become more efficient as the number of applying 
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and accepted companies grows higher.  However, the extent of any gains in 

regulatory efficiency are difficult to determine or forecast. 

Table 3-1: U.S. LNG Regasification Terminals 

Location Size (Bcfd) Company Status 

Everett, MA 1.035 SUEZ Energy NA Existing 

Cove Point, MD 1 Dominion Existing 

Cove Point, MD 0.8 Dominion Existing 

Elba Island, GA 1.2 El Paso Existing 

Elba Island, GA 0.9 El Paso Construction 

Lake Charles, LA 2.1 Southern Union Existing 

Gulf of Mexico 0.5 Excelerate Energy Existing 

Offshore Boston, MA 0.8 Excelerate Energy Existing 

Freeport, TX  1.5 Cheniere Energy Existing 

Sabine, LA 2.6 Cheniere Energy Existing 

Sabine, LA 1.4 Cheniere Energy Existing 

Hackberry, LA 1.8 Sempra LNG Existing 

Sabine, TX 2 ExxonMobil Construction 

Pascagoula, MS 1.5 Gulf LNG Energy Construction 

Offshore Boston, MA 0.4 Neptune LNG Construction 
 

Source: FERC 2009 36. 

The global LNG market is continuing to grow.  Markets for the technology 

evolved regionally, but large exporters like Qatar and the growth of imports in 

countries like the U.S. are helping to establish a more uniform market.  Many 

companies are expanding their LNG operations, as is evidenced by the number 

of regasification terminals under construction in the U.S.  LNG companies may 

face regulatory concerns related to regasification terminal citing, but such 

concerns should not limit industry growth.  
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3.3 LNG Project Economics 

 Economically, LNG projects share some of the economic concerns of GTL 

plants, but also have unique financial considerations to address.  Both GTL and 

LNG projects face large capital costs, a potential necessity of developing 

stranded reserves in locations that may not be industrially developed, and a 

certain amount of revenue dependency on a benchmark resource price.  LNG 

must uniquely deal with expensive transport issues, liquefaction and 

regasification plants that must be cited at opposite ends of the trade spectrum, 

and revenue streams that may be dependent on long or short term contracts.  

Competitively, LNG has the advantage of 40 plus years of establishment 23. 

           Historically, the cost of LNG projects has been decreasing.  According to 

one analyst, the cost for liquefaction plants was reduced by 30-50 percent during 

the 1990’s, mainly because of the following: 

 Economy of scale; The increase in single train size and capacity 

 Competitive environment 

 Improved project execution, better project design 14 

This cost reduction has definitely been a factor in the expansion of the LNG 

industry, and is a strong incentive for including LNG into the reserve monetization 

discussion.  GTL production hopes to see similar results in the future. 

Capital expenditures for LNG projects may depend on several factors, 

including the particular technology used for liquefaction, economies of scale and 

the availability of local infrastructure 37.  Across the LNG value chain, the EIA 
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reports that the percentage of total capital required ranges from 10-15 for 

exploration and production, 30-45 for liquefaction, 10-30 for shipping, and 15-25 

percent for regasification and storage 35.  These ranges are mostly supported by 

a well developed capital cost breakdown for a full LNG chain, once again 

provided by Patel (Figure 3-3).  Patel estimates that a LNG project processing 1 

Bcf per day of natural gas, with two trains producing 3.65 MMtpa each and 4-5 

ships transporting the fuel would cost approximately $2.4 billion 23.  It is 

immediately obvious that shipping is a seriously expensive effort, and is definitely 

a cost concern that deserves wary attention from projects seeking to purchase 

ships. 

Figure 3-3: Capital Expenditure for Full Chain LNG 

 

Source: Patel 2005 23. 

 Operating expenditures for LNG include labor, fuel for liquefaction and 

regasification, shipping costs and tanker boil-off, among others.  Shipping costs 
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are definitley a key cost of operation.  Not only do LNG ships have large capital 

requirements, but large operation requirements as crews and fuel for such 

massive tankers is a burden.  Similar to GTL, operation of LNG requires 

procurement of feedstock natural gas.  If gas production is not part of a LNG 

project’s value chain, then feedstock gas becomes a major source of operating 

expense.  All other expenses are generally less than those required for GTL 

operation, as liquefaction does not require expensive catalysts.    

 LNG pricing is usually determined through contracts.  Long term contracts 

have been historically typical, but short terms have become more common as the 

industry has grown.  Revenue streams for LNG projects are largely tied to the 

market price for natural gas.  In the U.S. and European markets, spot and future 

prices for natural gas may be used as a benchmark 33.  Imported LNG prices 

have trended closely with wellhead natural gas in the U.S., usually within $1.00 

of the benchmark (Figure 3-4) 31.  Prices are often set through a free on board 

basis (FOB), or the trade practice where the seller is responsible for delivering 

goods to a place or ship designated by the buyer, where risk and cost is divided 

upon arrival.  

 Economically, LNG projects have to manage expensive capital and 

shipping costs.  For the valuation of project value, some amount of uncertainty 

may be avoided by long term sale and purchase agreements, but the industry is 

still subject to product pricing that is relative to natural gas market prices. 
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Figure 3-4: U.S. LNG Imports & Wellhead Natural Gas Prices ($/Mcf) 

 

Source: EIA 2010 31. 
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Chapter 4:  Literature Review – GTL/LNG Economic Valuation 

4.1 Literature Review 

 In order to provide a productive economic analysis of GTL and LNG 

projects, it is helpful to review previous literature on the subject.  This section will 

review recent works that provide singular or comparative economic analysis for 

the two technologies.  The review will not be exhaustive, and will instead choose 

to highlight significant works on the topic.  From this review, it will be possible to 

identify both an effective method for economic analysis, and those areas of 

analysis needing further observation. 

 In a previously cited article from 2005, Patel evaluated GTL and LNG by 

comparing capital costs, market potential, and the total cost of and final value for 

products 23.  Comparing the capital required for projects consuming 1 Bcfd, Patel 

concluded that the two technologies require a congruous amount of capital 

investment.  It was clear, however, that a liquefaction plant alone, rather than the 

entire LNG value chain, is much less expensive than a FT-GTL plant.  This study 

did not calculate further project economics. In terms of market potential, Patel 

reported a high growth potential for LNG that should be met with a high expected 

demand in North America and a potentially low demand in the Asia-Pacific, due 

to large amount of established supply.   GTL was reported to have a higher 

market potential than LNG, because of low existing market presence, high 

interest expressed for development, and its status as a small player in the diesel 

industry.   
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The most involved economic analysis in the Patel report is the calculation 

of production cost and product final value.  These calculations assume fixed 

prices for natural gas and fixed operating and capital costs for each technology. 

Resulting production costs placed GTL in a competitive range with both LNG 

products and the crude diesel with which it directly competes.  Based on this 

result, Patel assumes that because the estimation of capital cost and calculation 

of production cost for both technologies are similar, the measure of profitability 

between the two must be product value.  Such value is calculated with assumed 

price ranges, and results in similar revenue generation for each technology, with 

GTL having the ideal revenue stream under a high oil price scenario.  This 

analysis provided an insightful scenario, but was limited by a deterministic 

outcome and broad overlying assumptions. 

In 2007, a paper presented at a SPE International symposium studied 

GTL project economics by estimating cash flows and using Monte Carlo 

simulation 38.  The GTL project was a hypothetical 100,000 BPD, two train plant.  

For the Monte Carlo analysis, value ranges were given to capital and operating 

expenditures, plant efficiency, crude oil prices, and, perhaps unnecessarily, to 

tax rates.  These ranges were simulated with triangular probability distributions, 

except for the price of crude oil, which was given a lognormal distribution.  

Results included a 92.5% certainty of the internal rate of return (IRR) being over 

10%, and thumbs up for GTL viability when crude oil is above $25/bbl and 

capital expenditures are $20,000/DBL.  Also reported was the effect of varying 
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product oil prices on IRR, at several levels of capital expenditures.  For a 

CAPEX of $30,000/DBL and below and product prices of $60/bbl and more, the 

project scenario had an IRR of 20% and higher.  The underlying assumption is 

that high GTL product prices mean high crude oil prices, but the relationship 

between the two was not clearly expressed in the study.  Overall, this paper 

presented a well constructed methodology for evaluating the economic viability 

of a GTL project.  Results supported the conclusion that CAPEX and product 

prices have great influence on project profitability. 

In another economic comparison, Adedeji calculated discounted cash 

flows for GTL and LNG scenarios, and used stochastic and sensitivity analysis to 

account for uncertainty 39.  The scenarios compared included a 68,000BPD GTL 

plant and a 5 MTPA LNG facility.  Parameter values were assumed based on 

published or estimated data.  Results included a price point for gas of 

$3.99/MCF, where LNG meets a 10 percent minimum acceptable rate of return 

(MARR).   For GTL to meet the same MARR, the price point for oil was reported 

at $21.86/bbl.  The sensitivity of LNG profitability to LNG prices was found to be 

greater than the GTL project’s sensitivity to crude oil prices.  For GTL, 

conclusions supported economic viability for the technology when oil prices are 

high, but stressed the need for reducing capital expenditures.  Adedeji’s effort 

largely served as a starting point for the study and analysis performed in this 

paper. 
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 A more recent economic comparison of GTL’s economic viability versus 

LNG was made by Balogun and Onyekonwu in 2009, specific to potential 

monetization projects in Nigeria.  This study also calculated cash flows for the 

two technologies, defining parameters by using available published data or 

estimates.  Three GTL product dispositions were studied, including synthetic 

crudes, methanol and di-methyl ether (DME).  The study concludes that diesel is 

the best product option for GTL, especially when oil prices are $50/bbl or higher 

(the study also measured at $65 and $80/bbl prices).  The LNG option was 

found to have the highest net profit, but also the highest required capital.  The 

GTL synthetic crude option displayed favorable profit to investment ratio and real 

terms earning power. 

4.2 Moving Forward 

 From the review of available literature, there are several observations that 

can be made with regards to moving research forward.  To begin, it seems that 

calculating project cash flows is a popular and valued method of economic 

valuation.  Several studies have employed the method, but inputs and evaluation 

methods have varied.  For GTL cash flows, keeping it simple appears to be an 

effective choice, on account of the industry’s youth and the limited availability of 

proven cost and revenue data.  It also appears that diesel is a prime choice for 

primary GTL product disposition.  

When compared to LNG, viability for GTL projects appears to exist, 

although with uncertainty.  Many studies have focused on the influence of capital 
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expenditures and product pricing with regards to project viability.  As the GTL 

industry grows and the benefits of economies of scale may be had, CAPEX 

values and uncertainty are likely to decrease.  For now, however, it seems that 

uncertainty does exist for CAPEX.  The influence of product pricing for GTL, or 

rather the influence of competing oil price appears to be significant for GTL 

project viability.  Some of the studies reviewed have identified price points of oil 

for profitable GTL, but have not done the same for an opposing project such as 

LNG.  The effect of oil price on the decision to invest in GTL over another project 

deserves more attention. 

Based on reviewed literature, LNG is an appropriate choice for economic 

comparison to GTL.  LNG project economics are better established than GTL, 

having less uncertainty.  Commercial experience for GTL is limited, but recent 

literature covering the technologies economic viability offer a positive outlook.  

Adding to this line of research should be valuable for a better understanding of 

how GTL projects may succeed in monetizing stranded natural gas in today’s 

energy landscape.     
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Chapter 5: Economic Valuation 

5.1 Methodology 

 This study seeks to provide economic analysis and comparison for 

a GTL and LNG project.  For each technology, a project of comparable size will 

be chosen.  While the two projects do not compete in the same markets, they do 

compete for the same resource.  This analysis will attempt to provide insight into 

the decision to invest in either technology, especially with regards to the effect of 

unknown oil and natural gas prices. 

 When considering project investments such as those considered in this 

study, the presence of risk is significant.  Market conditions, geopolitical 

environments, safety concerns and numerous other issues represent sources of 

business risk.  This study will seek to evaluate some uncertainty within project 

cash flows, but does not attempt to measure or evaluate risk by any other 

means. 

5.1.1 Discounted Cash Flow Analysis 

 The main tool for analysis in this study is a discounted cash flow (DCF) 

model.  Calculating cash flows allows for determination of present values and 

net present values.  Discounting allows for the time value of money to be taken 

into consideration.  This is an effective tactic for evaluating the lifetime value of a 

project in terms of today’s money.  The calculation of cash flows involves 

identification of input parameters, such as capital requirements, terms of project 

finance, operating expenses, product prices, tax and interest rates, and others.  
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These parameters will be identified and discussed in the next section of this 

chapter.  Cash flows will be calculated on an after tax flow to equity basis. 

 A DCF allows for multiple valuation measurements to be made.  This 

study will use several measurements, including net present value (NPV), internal 

rate of return (IRR) and profitability index (PI).  These measurements may be 

defined as follows: 

 NPV – The sum of all cash flows, positive and negative, discounted 

to present value.  As a base rule, an NPV greater than zero 

indicates a profitable investment, and a negative NPV indicates the 

opposite.  Projects with negative NPV values should not be 

pursued.  NPV calculation enables project ranking, with higher 

values being preferred (assuming other valuation measurements 

are held equal).  A general equation for NPV is 

o NPV =  

 Where:          n = total project time 

t = time of cash flow 

r = discount rate 

C = cash flow 

 IRR – The discount rate at which the NPV of a given set of cash 

flows is equal to zero.  This rate enables evaluation of investment 
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efficiency.  A “good” IRR should be higher than an expected rate of 

return for some other investment opportunity. 

 PI – A ratio that relates investment value to profit value. PI also 

enables project ranking for simple projects, such as those with no 

intertemporal constraints.  Higher PI values indicate greater profit 

generation per unit of investment. A PI greater than zero indicates 

profitability (when investment made is excluded from the 

numerator).  A general equation for PI is 

o PI = (PV of Future Cash Flows) / (PV of Initial Investment) 

 Where: PV = Present Value 

Cash flows will be determined by the parameters defined in the following 

sections.  Once constructed, the base cash flows will be determined, varying 

certain inputs to evaluate output sensitivity.  Then, those inputs of the DCF 

models with identified uncertainty will be varied simultaneously, as described 

next.  Where parameters are defined by distribution ranges, the mode will 

generally serve as the value for base DCF calculations. 

5.1.2 Monte Carlo Simulation 

 Because there are significant amounts of uncertainty involved in the 

calculation of cash flows for both GTL and LNG projects, Monte Carlo Simulation 

(MCS) is included in the data analysis.  In this study, MCS is incorporated with 

the @Risk add-on to Excel.  MCS allows for the random generation of values for 

uncertain inputs, and the generation of multiple scenario outcomes.  Since the 
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base DCF calculated with Excel is not capable of such generation, MCS is key 

for analyzing the effect of uncertain parameters. 

 The generation of random values for DCF inputs will be based on 

assumed value ranges, to be clearly expressed in the next section.  @Risk can 

create a probability distribution for a desired outcome value, the shape and key 

statistics of which are insightful for analysis.  @Risk allows for use of numerous 

distribution ranges for varying inputs, such as normal, triangular or lognormal.  

The number of random scenarios generated for probability distributions in this 

study is 10,000. 

 @Risk also allows for multiple uncertain inputs to be correlated during 

simulation.  Some inputs may have a degree of effect upon others.  For instance, 

an occurrence of high CAPEX may be likely to happen in a project with high 

OPEX.  An attempt to establish correlations and identify simulation outcomes will 

be made. 

5.1.3 Sensitivity Analysis 

 Sensitivity analysis of DCF outcomes will also be performed through Excel 

with the use of the @Risk.  This add-on enables such analysis as simultaneous 

parameter impact ranking, or the development of a tornado chart.  Understanding 

which parameters have the most influence on outputs, such as NPV, is very 

helpful for economic valuation.  For simultaneous variation of scenario inputs, a 

rank correlation tornado chart can provide considerable insight on the level of 

uncertainty. 
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5.2 Assumptions, Scenarios and Parameters 

 Numerous assumptions were made for the development of project 

scenarios.  For each technology, it is assumed that the project is a completely 

greenfield effort, as opposed to an expansion of an existing plant.  The location 

is not specified, and only assumed to be a location with sufficient stranded 

reserves in place, without access to a significant pipeline.  For simplicity, 

exploration and production are excluded from project costs, as are all other 

activities taking place before project conception, such as planning and feasibility 

studies.  These are assumed to be sunk costs that do not affect the cash flow 

analysis for project comparison purposes.   

Several other assumptions are more specific to the DCF calculation.  For 

each DCF, cash flows are assumed to occur on an end of year basis.  Monetary 

values are assumed to begin at a base value of 2010 U.S. dollars, and an 

inflation rate of 2.5 percent is assumed for revenues and expenses, including the 

price of oil and natural gas.  Taxes are applied to cash flows, assuming a 35 

percent corporate income tax.  Depreciation of physical capital is determined by 

straight line depreciation for a period of 7 years.  While some of these values 

could be a source of uncertainty for project investment, they will be held 

constant.  Maintaining constant values for these base assumptions will allow for 

more focused study of those inputs specific to each technology’s project 

economics.  The assumptions in this study are in line with those made by 

Adedeji in his 2008 study. 
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5.2.1 Scenarios 

 For this study, a project scenario will be considered for monetizing a 

stranded gas reserve by GTL and LNG.  For each technology, certain input 

parameters will be given defined ranges in order to provide analysis of project 

uncertainty.  The values of the project parameters to follow are generated from 

sources referenced in prior sections, or estimated to match best available 

information.  Published project economic data is very limited, especially for GTL, 

so uncertainty in values is an accepted limitation of this study.  The general 

scenario for each technology is as follows: 

 A 50,000 BPD FT-GTL plant, producing diesel and naphtha from a 4 Tcf 

reserve, with a project life of 25 years 

 A 5 MTPA LNG plant, monetizing a 4 Tcf reserve, with a project life of 19 

years 

5.2.2 Discount Rate 

 The discount rate appears as a simple assumption in the calculation of a 

DCF, but its importance is paramount for the outcome values.  This rate must 

effectively bring future cash flows to a value that represents present worth.  An 

inaccurate discount rate would definitely lead to false project evaluation, with 

projects appearing to have values that are too high or low.  In this study, the 

discount rate for both GTL and LNG projects is assumed to be 10 percent.  This 

rate level is fairly standard for these projects, and has been used in similar 

analyses. 
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5.2.3 Finance Parameters 

 Project finance options for GTL and LNG projects are numerous.  For the 

scenarios evaluated here, capital is assumed to be acquired through both equity 

and debt, at a ratio of 30 percent equity to 70 percent debt.  The loan term is 

assumed to be 15 years, with principal repayment set to begin at the end of the 

first year of production.  Interest payments will begin at the end of the project’s 

initial year.  The interest rate is assumed to be 7 percent.  For the three years of 

construction, the capital requirement is assumed to be 40, 20, and 40 percent of 

the total project cost. 

5.2.4 Project Features 

 There are several project related parameters which must be established 

for calculation of cash flows.  One such parameter is the time required for project 

construction.  For both GTL and LNG, three years is a close approximation for 

the time from project inception to the end of production.  Another parameter is 

the length of project lifetime.  The assumption will be based on the same criteria 

for both projects: the size of the gas reserve to be monetized and the annual 

production of each project.  A hypothetical reserve of 4 TCF will be made 

available for each project.  For the GTL plant, this equates to a 25 year lifetime 

from construction, or Year 0, to project end.  For the LNG project, this equates to 

a lifetime of 19 years.  Each project will have an assumed salvage value of zero. 
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5.2.5 Production 

 For the GTL project scenario, annual production is a function of the plant’s 

barrel per day capacity and its operative capacity factor.  The capacity factor will 

be set at 95 percent, or approximately 347 days per year of operation.  

Cumulative production will be dependent upon available reserves.  The 

conversion of feedstock to GTL barrel is assumed to be 10 MCF to 1 BBL.  For 

the sake of evaluating hypothetical GTL and LNG projects of comparable 

monetization potential, the available reserve will be 4 TCF.  

The GTL plant’s product disposition will be set to 80 percent diesel and 20 

percent naphtha.  This ratio is both achievable and weighted towards maximum 

value production.  Other product options, such as methanol or DME, are 

excluded for simplicity of revenue stream analysis.   

The LNG project’s production will also be a factor of annual production 

capacity, operative capacity factor and the hypothetical available reserves.  The 

LNG plant will also operate at a capacity factor of 95 percent.  The ratio of LNG 

to feedstock gas will be assumed at 1 MTPA of LNG to 48.7 Bcf per annum, or 

approximately 133 Mcfd.  This results in an annual production of approximately 

230 MMcf for the modeling scenario. 

5.2.6 Product Prices  

Revenue for each project will be dependent upon the market price for 

relative products. As previously reviewed, GTL products compete in a market 

where crude oil is the price benchmark, causing the price of oil to be the most 
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important factor for revenue production.  This is especially true for diesel, and 

therefore the project scenario at hand, where diesel is 80 percent of production.  

As reviewed before, diesel prices are usually several dollars above the market 

price of crude oil, at least that is the case in the U.S.  Based on data used in 

Figure 2-5, annual diesel prices have been a little as $0.50 and more than 

$15.00 over the price of crude oil in the U.S.  A conservative diesel value of $3 

above crude prices will be used here. 

The price of crude oil, however, will be varied.  An object of this research 

is to more clearly identify the impact of crude oil prices on GTL profitability.  In 

order to quantify this, base DCF calculations will be made with constant values 

of oil price.  The constant values will range from $15 to $90/bbl, in steps of $5, 

and should result in an informative table of output values.  When varying other 

inputs, the base price of crude oil will be $40/bbl.  This will be the assumed most 

likely value for sensitivity analysis, with a minimum value of $20/bbl and a 

maximum of $70/bbl, using a triangular probability distribution.  This range fits 

well into the recent history of the West Texas Intermediate Crude spot price, and 

fashions a modestly priced mode compared to very recent oil prices.   

The price of naphtha was discussed in an earlier section.  Based on data 

from a Japanese market, the most likely price for naphtha will be set at $60 per 

barrel.  A triangular distribution will be generated, with a low of $40 and high of 

$90 per barrel.  The price of naphtha will not be directly correlated to oil price in 

this study. 
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Premium prices for GTL products have occurred in the past, and may be a 

reasonable expectation for producers.  However, quantifying the premium is 

difficult and uncertain, especially due to the immaturity of the GTL market.  This 

study will assume no premium price for GTL products. 

For the LNG project scenario, a single product means a simpler pricing 

process.  As reviewed before, LNG import prices in the U.S. have trended along 

with wellhead natural gas, moving from above $2.00 to more than $8.00 per Mcf 

since 1995.  The most likely price will be set at $5.00/Mcf.  A triangular 

distribution will be used with a low of $3.00/Mcf and a high of $8.00/Mcf. 

5.2.7 Capital Expenditures (CAPEX) 

 Due to the complexity of GTL processes and the youth of the industry, it is 

difficult to attain certainty in a CAPEX estimate, especially with regards to the 

scope of this research effort.  In addition, uncertainty for capital expenditures will 

likely exist until more GTL plants are constructed 38.  Still, value can be obtained 

from estimating the cost based upon best available data.  For this study, $30,000 

DBL will be used as the most likely CAPEX.  This value was also used by 

Adedeji and Balogun, and stems from values reported for the Oryx GTL project.  

For sensitivity analysis, a triangular distribution range from a minimum of 

$20,000 DBL to a maximum of $45,000 DBL will be used.  This range fits with 

recent reported CAPEX data as compiled by Garrouch in Figure 2-3.   

 CAPEX for LNG are more certain than those of GTL, in large part due to 

the industry’s experience.  For the project scenario, a liquefaction cost of 
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$250/ton of capacity, $160 million per ship and $50/ton for regasification 

capacity will be used.  These CAPEX values are estimated from published data 

and recent economic evaluations of LNG.  Exploration and production of natural 

gas will be excluded from the LNG value chain, in order to provide a more 

comparable investment option to GTL.  Five ships will be required for the project 

scenario. 

5.2.8 Operating Expenditures (OPEX) 

 Determination of OPEX for the GTL project follows the same line as 

CAPEX, using the Oryx GTL’s reported non-feedstock cost of $6.00 per barrel.  

This price includes the cost of utilities, process catalysts, product transportation, 

labor and insurance 29.  This price will be deemed most likely, with a range 

varying from $4.00 to $8.00/bbl.  GTL projects with minimal non-feedstock OPEX 

are likely those with efficient catalyst processes, and low distance transportation 

requirements.   

 OPEX values for LNG have been estimated based on available published 

data. There is some uncertainty for LNG operations, such as distance traveled 

and process efficiency, so distributions will again be employed.  The most likely 

value for shipping OPEX will be $0.80/Mcf. For sensitivity analysis, a minimum 

value of $0.40/Mcf and maximum of $1.50/Mcf will also be used with a triangular 

distribution.  All other non-feedstock OPEX will have a base value of $0.60/Mcf.  

A minimum of $0.40/Mcf and maximum of $0.80/Mcf will be used with a uniform 

distribution during @Risk evaluation. 
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5.2.9 Price of Natural Gas 

 The market price for natural gas is an important factor for each project.  

For GTL and LNG, feedstock gas is a very significant component of operating 

expenditures.  Because of this, the same gas prices will be used for each 

project.  A most common value of $0.75/Mcf will be assumed.  For probabilistic 

simulation, a triangular distribution will be defined with a minimum of $0.50/Mcf 

and maximum of $1.50/Mcf. 

 For parameter clarification, Table 5-1 lists many of the important cash flow 

parameters with varying value ranges.  For uncertain parameters, the range and 

probability distribution type is listed.   

 Table 5-1: Key Project Scenario Parameters 

   GTL  LNG 

CAPEX 
$20/30/45,000 DBL 
  (Triangular Dist.) 

$250/ton (Liq.) 
MM$160/Ship 
$50/ton (Regas) 

OPEX:    

Gas Feedstock 
$.5/.75/1.50 Mcf 
(Triangular Dist.) 

$.5/.75/1.50 Mcf 
(Triangular Dist.) 

Shipping  Included Below 
$0.4/$.8/$1.5/Mcf 
(Triangular Dist.) 

Other 
$4/6/8 bbl 

(Triangular Dist.) 
$0.4 to $0.80/Mcf 
(Uniform Dist.) 

Product Prices:    

Crude Oil 
$20/40/70 bbl 
(Triangular Dist.)  ‐‐‐ 

Diesel  $3 above crude oil  ‐‐‐ 

Naptha 
$40/60/90 bbl 
(Triangular Dist.)  ‐‐‐ 

LNG  ‐‐‐ 
$3.5/$5/$8 Mcf 
(Triangular Dist.) 
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Chapter 6: Results 

6.1 GTL Project Scenario 

 The base GTL project scenario, a 50,000 BPD facility, has a total initial 

cost of $1.5 billion.  Approximately 17.3 million (MM) bbls of GTL products are 

produced annually: 13.9 MMbbls of diesel and 3.4 MMbbls of naphtha.  Under 

the scenario, the project has an NPV of $1,412 million, an IRR of 18.43%, and a 

PI of 1.98.  Each of the outputs is a positive result, indicating a project with 

serious investment potential.  However, the story is far from told.  Because there 

is uncertainty surrounding several project cash flow parameters, there is need to 

evaluate the effect of changes in such parameters on DCF outputs. The 

following sections will explore such effects.  Then, the results from @Risk 

analysis performed on the GTL project scenario will be reviewed. 

6.1.1 Varying Capital Expenditures 

 Capital expenditures are a scenario parameter with expected uncertainty.  

In the base GTL scenario, CAPEX values were varied from $20,000 to $45,000 

per daily barrel of capacity, holding all other parameter values constant at their 

base value.  The resulting impact of CAPEX variation on project NPV and IRR 

may be viewed in Figure 6-1.  An increase in CAPEX of $5,000/DBL results in an 

apparent linear decrease in NPV of around $300MM, as evidenced by the 

equidistant horizontal spacing between points.  The same increase in CAPEX 

also produces a reduction in IRR, but not at a linear rate.  This suggests that 
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incremental reduction of CAPEX is always significant for NPV, but has a 

diminishing impact on IRR as the starting CAPEX value is lowered. 

Figure 6-1: Effect of CAPEX ($/DBL) Variation on NPV and IRR 

 

6.1.2 Varying Operating Expenditures 

 Operating expenditures are another scenario parameter with expected 

uncertainty.  Under the defined scenario parameters, the price of natural gas 

feedstock is the most important component of OPEX.  This is due to its having a 

greater value range than all other sources of OPEX, which are defined as 

“Other” and made up of process catalysts, shipping, labor and other costs.  The 

price of gas feedstock was varied from $0.50 to $1.50/Mcf, again with all other 

scenario parameters held constant at base values.   
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Figure 6-2: Effect of Gas Feedstock Price Variation on GTL NPV 

 

  

Figure 6-3: Effect of Gas Feedstock Price Variation on GTL IRR 
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 As would be expected, increasing the price of gas feedstock results in 

decreasing NPV values (Figure 6-2).  Similarly, the IRR also decreases with 

rising gas prices (Figure 6-3).  At the high end of scenario gas prices, the project 

is not in direct risk of economic failure, but profits are definitely reduced.  

Combined with other higher costs, or low end revenues, high gas prices could be 

very significant. 

6.1.3 Impact of Naphtha Price 

 Another GTL project economic parameter with value uncertainty is the 

price of naphtha.  Because naphtha is only 20 percent of the project’s product 

disposition, reductions in price do have an obvious negative impact on NPV, but 

incremental change is price does not cause large reductions (Figure 6-4). 

 Figure 6-4: Naphtha Price Variation and Resulting NPV 
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6.1.4 Impact of Oil Price 

 The price of oil is expected to have a significant impact upon the GTL 

project scenario’s profitability, as diesel revenue is directly tied to crude oil 

values.  For the base cash flow calculation, with all other variables held constant, 

the price of oil at which the project turns profit is $22.29/bbl.  Below this price, 

the project would not succeed.  The price of oil was ranged from $15-90/bbl in 

the base model, and the effect on NPV can be seen in Figure 6-5.  The 

difference in NPV values across the oil price range is very large.  Moving from 

negative NPV’s below $25/bbl to over $5 billion in NPV at $85/bbl, it is clear that 

this GTL scenario’s viability is dependent upon crude oil prices. 

 Figure 6-5: Crude Oil Price Effect on Base GTL Scenario NPV 
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6.1.5 @Risk Analysis 

 Probabilistic simulation, modeled through the @Risk add-on to Microsoft 

Excel, provides several interesting results for the GTL project scenario. The 

simulation occurred with probability distributions and parameter values as 

described in the previous chapter, and resulted in measurements of statistical 

significance to realistic scenario outcomes.  After simulating the project scenario, 

varying all uncertain parameters simultaneously, mean, minimum, maximum and 

standard deviation values for NPV and IRR were determined. (Figure 6-6 and 6-

7).   

 

Figure 6-6: GTL NPV – Simultaneous Input Variation 
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Mean values for NPV and IRR are very close to those calculated in the 

base scenario, owing largely to the use of triangular distributions that used base 

scenario values as modes.  For NPV, a high standard deviation value reflects 

the large amount of built into the scenario.  There is a 90 percent certainty level 

that the project NPV will be positive, but less than $3 billion in value.  There is a 

90 percent certainty level that the project IRR will be over 10 percent, but less 

than 27.4 percent.   

Figure 6-7: IRR – Simultaneous Input Variation 

 

 Sensitivity analysis performed in @Risk offers insight on the relative 

impact that each cash flow input may have on output measurements.  For the 

@Risk simulation varying all inputs simultaneously, Figure 6-8 displays the 

ranked correlation of certain inputs to NPV.  The price of crude oil has the 
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highest correlation to NPV, more than doubling the correlation of other inputs.  

CAPEX has the second highest correlation, followed by the price of gas 

feedstock and the price of naphtha.  The cost of “Other” OPEX has a weak 

negative correlation to NPV, and should not be of much concern. 

 Figure 6-8: GTL Scenario - Parameter Rank Correlation to NPV 

 

 Parameter rank correlation to IRR is in identical order to that for NPV 

(Figure 6-9).  Most notable is the significantly higher value of negative correlation 

for CAPEX to IRR.  Where ranking of IRR is a valued component of investment 

choice, uncertainty in CAPEX for the GTL project scenario may be an issue.  

The IRR is most sensitive, however, to fluctuations in crude oil prices. 

 

 

Figure 6-9: GTL Scenario – Parameter Rank Correlation to IRR 
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6.2 LNG Project Scenario 

 The LNG project scenario, set to produce 5MTPA, has a total initial cost of 

$2,300MM.  Consuming all of the available hypothetical reserves in 19 years, the 

project produces approximately 231 MMcf of LNG per year.  The scenario has a 

base case NPV of approximately $508MM, an IRR of 12.74% and a PI of 1.26.  

These initial values indicate an attractive investment option.  The output values 

are smaller than those of the GTL base case.  An obvious cause of this is the 

difference in production years for the two technologies, as the size of available 

reserves limits the LNG project.  If the LNG project is allowed to produce for 25 

years, totaling 5.3Tcf of feedstock consumption, the scenario NPV is $998 

million, IRR is 14.2% and PI is 1.48. 

 

6.2.1 Varying Operating Expenditures 
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 Operating expenditures for the LNG project scenario consist of the cost of 

gas feedstock, shipping, and all other costs related to production.  As described 

in the methodology, these costs are somewhat uncertain.  In order to quantify 

the effect of varying OPEX costs, the base DCF model was calculated across 

the range of defined values for gas feedstock (Figure 6-10) and shipping costs 

(Figure 6-11).  With other parameters at base value, the change in the price of 

gas feedstock has significant effect.  Doubling the base price of $0.75/Mcf 

results in a near reversal in project NPV.  Variation for shipping OPEX has 

similar results, as the two costs have similar value ranges.   

Figure 6-10: Effect of Gas Feedstock Variation on LNG NPV 

 

   

Figure 6-11: Effect of Shipping OPEX Variation on LNG NPV 
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6.2.2 Impact of LNG Price 

 The price at which LNG may be sold is also assumed to have uncertainty 

in the LNG project scenario.  While some projects may secure pricing contracts, 

the assumption here is that such a contract is either not available, or not set at 

the point of project evaluation.  At base input values, the project has a positive 

NPV at $4.56/Mcf and above.  Varying the price from $3.50/Mcf to $8.00/Mcf in 

the base DCF displays the projects dependence on price for revenue generation.  

Figure 6-12 shows the NPV and PI for these prices.  Below the base value of 

$5/Mcf, NPV values are negative.  Above that price, both NPV and PI values 

increase steadily.   

 

Figure 6-12: Effect of LNG Price ($/Mcf) on Project NPV and PI 
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6.2.3 @Risk Analysis 

 For the LNG project scenario, parameter inputs with uncertain value 

ranges were also simultaneously varied in the DCF using @Risk.  Probability 

distribution charts were generated for project NPV and IRR (Figure 6-13 and 6-

14), and maximum, mean, minimum and standard deviation values were 

determined.  The observed mean values for NPV and IRR are larger than those 

from the base DCF, at approximately $777MM and 13.5 percent.  Unfortunately, 

there is only a 73 percent certainty level that the project’s NPV will be a positive 

value, and that the IRR will be above 10 percent.  Limitations on available 

reserves are a likely culprit of the project’s risk for negative NPV’s, as more 

production life for the project would have increased NPV’s overall. 

 Figure 6-13: LNG NPV – Simultaneous Input Variation 
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 Figure 6-14: LNG IRR – Simultaneous Input Variation 
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 For sensitivity analysis, parameter rank correlation to NPV was observed 

for the simultaneous variation of inputs using @Risk (Figure 6-15).  LNG price 

has a very high, positive correlation to NPV in the model.  Of the various OPEX 

costs varied, Shipping has the highest correlation with NPV, followed closely by 

the price of natural gas feedstock.  These results indicate that for the LNG 

project scenario, it may be most important to first secure a high product price, 

and worry about controlling and reducing shipping and cost of feedstock later. 

  

Figure 6-15: LNG Scenario – Parameter Rank Correlation to NPV 
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6.3 GTL vs. LNG 

 This study seeks to enlighten the decision to invest in a GTL or LNG 

project for stranded gas monetization.  So, how do the two project scenarios 

stack up against each other?  In terms of capital investment, the 5MTPA  LNG 

project is considerably more expensive at $2.4 billion, versus the 50,000BPD 

GTL project at $1.5 billion.  This reflects the large physical value chain involved 

in LNG production.  The base GTL project scenario also results in higher values 

for NPV, IRR and PI than the base LNG project, even when available feedstock 

reserves are expanded for LNG.   

 Figure 6-16: NPV of GTL/LNG vs. Oil and LNG Prices 

 

 Figure 6-16 is a comparison of each base project scenario’s NPV relative 

to the price of oil or LNG.  Where prices may be known before an investment 

decision is made, the NPV’s of each project may be compared.  At oil prices 

above $70/bbl, the GTL scenario will have a higher NPV than the LNG scenario 
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under any price of LNG.  For lower oil prices, the LNG scenario may have higher 

NPV when its price moves past $5/Mcf. 

Probabilistic simulation of each project scenario’s DCF also provided 

results in favor of GTL.  The mean NPV for GTL is almost twice of that for the 

LNG project.  However, each project displayed considerable input sensitivity.  

The GTL scenario has more input uncertainty, yet has a more attractive 

probability distribution when all inputs are varied simultaneously.  For GTL, the 

price of crude oil was well correlated with NPV.  For LNG, the selling price of 

LNG was well correlated with NPV.   
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Chapter 7: Conclusion 

 Monetizing stranded gas reserves is likely to be a goal for many 

stakeholders in the near future.  As global energy demands rise and concerns 

over flaring continue, the latent economic value of stranded gas will be difficult to 

ignore.  Of the technologies which exist for monetization, GTL and LNG stand 

out.  The two technologies have several comparable aspects, including their 

monetization capability and need for large capital investment.  They also differ in 

important ways, such as the product markets in which they compete.  Because 

of these similarities and differences, GTL and LNG are well suited for a project 

economic valuation study.   

 For GTL projects, important variables for economic study include capital 

expenditures, operating expenditures such as the cost of gas feedstock, the 

market price for products, the desired product disposition, and the price of oil.   

GTL and LNG project scenarios were defined and discounted cash flows 

were modeled.  Each technology was charged with monetizing a stranded gas 

reserve of 4 Tcf, and faced the same finance and discounting parameters.  The 

results observed are of course most relevant to the scenarios created.  However, 

the lessons learned from this study may be directly applied to similar investment 

decisions. 

Key numbers from the base case 50,000BPD GTL project scenario 

include: $1.5 billion total initial cost, $1,412 million in NPV and 18.4 percent IRR.  

The minimum price of oil for positive NPV generation in this scenario was 
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$22.29/bbl.  This price is supported by previous studies, and indicates that GTL 

should get strong consideration in today’s economy, where crude oil prices have 

consistently been higher than that mark.  Simultaneous variation of inputs in 

@Risk, based on defined probability distributions, resulted in nearly identical 

mean NPV and IRR values for GTL and LNG.  This is likely due to the use of 

triangular distributions, which were chosen because of the notion that there is a 

most likely value, or mode, for several of the uncertain DCF inputs.  The GTL 

scenario’s NPV and IRR were most sensitive to variation of oil price, followed by 

CAPEX and the price of natural gas feedstock.  This ranking supports previous 

economic valuation studies.  The high correlation with oil price is especially 

notable, signifying the technologies stark dependency upon the crude oil 

benchmark. 

 For the 5MTPA LNG project scenario, @Risk simulation resulted in a 

mean NPV of $777 million and mean IRR of 13.5 percent.  The project was most 

sensitive to the price of LNG, followed by the cost of shipping and the cost of 

natural gas feedstock.   

This study has found GTL to be an economically viable option for gas 

monetization.  Although it has only a miniscule market presence today, there has 

been much interest expressed in developing the technology.  Previous studies on 

economic viability have stressed the importance of high oil prices and lowering 

capital costs for profitability.   This study supports those findings.  With moderate 

capital expenditures of $30,000DBL, such as those being used in recent 
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development (see Figure 2-3), and oil prices of about $30/bbl or more, the GTL 

scenario studied generated NPV’s that compete or even better those of the LNG 

scenario.   

Hopefully, growth in the GTL industry will continue to produce cost 

reductions, process efficiencies, and even the ability to economically produce 

smaller stranded reserves.  For today, however, the energy industry should take 

note of how GTL can be an economic winner.  GTL offers unique production of 

natural gas and creates a product that is superior to its competitors.  

Furthermore, a GTL project can offer substantial profit gain, especially in 

scenarios of high oil price.   
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