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ABSTRACT 

Natural gas consists of carbon hydrates and is utilized in the residential, commercial industrial 

and transportation sector and for power generation. Due to the fact that natural gas emits 23 % 

and 44 % less carbon dioxide than oil and coal respectively when burned, it becomes a more 

attractive fuel from an environmental perspective. Traditionally, natural gas is transported via 

pipelines. However, due to the fact that the geographical areas where natural gas is used often are 

a long distance away from the gas fields where natural gas is extracted, the gas needs to be 

transported long distances. For this reason, natural gas is cooled to a temperature of -162 °C to 

become liquid, or liquefied natural gas (LNG) in order to transport the gas in specially designed 

shipping vessels or trucks. LNG has a volume that is 1/600 of natural gas in gaseous state. 

For numerous reasons, most LNG is traded on long term contracts and priced on a formula 

linked to the oil price. One main reason being that infrastructure investments required for 

delivering and receiving LNG are capital intensive, thus need to acquire financing by securing 

cash flow through reliable long-term contracts. At the moment, Japan is the largest buyer of 

LNG in the world and the index for Japan and Korea LNG import prices, more known as the 

Japan/Korea marker, serves as the most common LNG-based index for spot trade. 

Financial derivatives are a common instrument in most commodity markets that is utilized for 

hedging price risks and speculating on price developments for the underlying commodity. 

Financial derivatives need to be traded on a market with enough trading volume in order to 

become sufficiently liquid to satisfy the needs of stakeholders trading the derivatives. However, 

the contracts currently priced on an LNG index only make up a fraction of the global LNG 

market and therefore the financial derivatives referencing to the price are traded in very small 

volumes and cannot be considered liquid. 
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This study is conducted in order to look at the development of financial derivatives in the LNG 

market. The aim of the study is to identify driving factors for the liquidity of LNG financial 

derivatives. A qualitative approach is used in order to gather data that is used to map the LNG 

market, its actors and different price mechanisms. An analysis of the data is carried out in order 

to create new theories about the research question. 

The results of the study identify ten driving factors that affect the liquidity of LNG financial 

derivatives: 1. Supply of LNG, 2. Demand of LNG, 3. Leaving oil indexation,  4. Fragmentation among 

suppliers, 5. Number of players in physical market, 6. LNG index reliability, 7. Willingness to price on LNG 

index, 8. Players trading financially, 9. Clearing houses, and 10. Contract length. 

From further analysis, it is concluded that the current immature and illiquid market situation for 

LNG financial derivatives is mainly derived from reluctance to use LNG indices when pricing 

physically traded volumes. Factors that drive the future pricing of the contracts are a decrease in 

length of the physical contracts and fragmentation among suppliers of LNG. 
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Conversion Table 

 

 

 

 

  

Natural gas and LNG To

Multiply by

From

billion cubic 

metres natural 

gas

billion cubic 

feet natural 

gas

million tonnes 

oil equivalent

million tonnes 

LNG

trillion British 

thermal units

million barrels 

oil equivalent

1 billion cubic metres natural gas 1 35.3 0.9 0.74 35.7 6.6

1 billion cubic feet natural gas 0.028 1 0.025 0.021 1.01 0.19

1 million tonnes oil equivalent 1.11 39.2 1 0.82 39.7 7.33

1 million tonnes LNG 1.36 48 1.22 1 48.6 8.97

1 trillion British thermal units 0.028 0.99 0.025 0.021 1 0.18

1 million barrels oil equivalent 0.15 5.35 0.14 0.11 5.41 1

Units

1 metric tonne = 2,204.62 lb. = 1.1023 short tons

1 kilolitre = 6.2898 barrels

1 kilolitre = 1 cubic metre

1 kilocalorie (kcal) = 4.187 kJ = 3.968 Btu

1 kilojoule (kJ) = 0.239 kcal = 0.948 Btu

1 British thermal unit (Btu) = 0.252 kcal = 1.055 kJ

1 kilowatt-hour (kWh) = 860 kcal = 3,600 kJ = 3,412 Btu
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1 INTRODUCTION 

 

The aim of this chapter is to present the background of the study and describe the purpose as well as the research 

questions that the study uses in order to solve the research problem.

 

1.1 Background 

In recent years, the utilization of the earth’s resources has been widely discussed. As the 

population grows, the need for more sustainable energy supply becomes essential. More 

specifically, the dependency on oil is shifting to other fuels thanks to the ability to lower 

emissions of greenhouse gases, in particular carbon dioxide as well as lowering geopolitical 

dependency on the Middle East. The pressure to shift the energy consumption to lower 

emissions is not only driven by social responsibility, but also through regulations and directives 

by transnational institutions including the UN and the EU. 

Natural gas consists of carbon hydrates and is utilized in the residential, commercial industrial 

and transportation sector and for power generation. Even though natural gas is a fossil fuel, its 

carbon dioxide emissions are significantly lower than oil fuels (Biomass Energy Centre, 2013) and 

is globally seen as an established substitute for oil in order to utilize energy in a more sustainable 

manner. Thus, it serves as a bridge to renewable energy resources such as biogas. In recent years 

and for the future outlook, the demand of natural gas has increased. Technological development, 

including hydraulic fracturing (HF), has made it possible to extract gas and meet the continual 

use worldwide. 

Traditionally, natural gas has been distributed through pipelines. Such distribution networks have 

limitations in terms of investment decision and geographical reach. One way to solve such 

problems is to transform natural gas into liquid form, more known as Liquid Natural Gas (LNG). 

This enables natural gas to be distributed on sea via vessels, thus extending the network and 

reaching locations where pipeline solutions aren’t economically feasible. 

As the market for natural gas, including LNG, increases, the volume traded will grow and more 

stakeholders will enter the market, not only producers and buyers, but also financial speculators.  

When trading volume increases, the complexity of physical delivery arises where supply and 

demand must be balanced. Furthermore, when supply and demand are volatile it is not the only 

problem. Traders are also exposed to other risks such as counterparty, credit risks and price risks. 

The utilization of financial derivatives is a method to mitigate risks when trading LNG. Price 

risks are normally hedged against the value of the underlying commodity subject for trading. 

However, as the LNG is usually priced against other commodities, including oil, consequently, 

current trade is typically hedged against those commodities. Hence, financial contracts based on 

LNG are not fully developed in comparison with other commodities such as oil and coal. 
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1.2 Purpose 

The aim of the study is to identify driving factors for the liquidity of LNG financial derivatives. 

Research questions: 

 What are the key business drivers of the LNG fianancial market and how are they 

related to the liquidity of LNG financial derivatives? 

 What are the opportunities and barriers for each driving factor to enable financial 

liquidity of the LNG financial derivatives? 

 Which of the driving factors have reached a sufficient level to enable increased 

financial liquidity? 

 How are the driving factors related to each other? 

1.3 Workload Distribution 

The scope of the research is extensive since many aspects of the LNG market are widely 

researched. Therefore, this study is conducted by three authors. Moreover, since the study uses 

the interpretive grounded theory approach and uses interviews in order to gather data, the thesis 

is very time consuming. This is another reason why it has been necessary to have three authors 

conducting the research. Many parts of the study are conducted in co-operation amongst all 

authors such as Introduction, Results, Analysis and Discussion. The main responsibility of 

researching and writing the literature review of the different topics was divided between the 

authors. Natis Johansson was responsible for section 2.4, thus providing an overview of the 

global LNG market. Sebastian King was responsible for section 2.2 and 2.3, concerning the 

physical aspects of LNG and its value chain. Per Wettergren was responsible for section 2.1 and 

2.5, which cover the financial aspects of the report. Natis Johansson has written the Methodology 

section. Moreover, Sebastian King and Per Wettergren were responsible for conducting the 

interviews and extracting the data from the transcriptions, which were used for the study. 
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2 LITERATURE REVIEW 

 

This chapter is divided into five parts. Firstly, it describes the financial market of commodities and thereafter 
presenting the characteristics of LNG. The next part covers the LNG value chain, which is followed by a 
description of the LNG global market. Finally, the current global financial LNG products are presented. 

 

2.1 The Financial Market 

2.1.1 Commodity Market 

2.1.1.1 Overview 

Historically, there have been some differences between the commodity markets and the stock 

and bond markets. The commodity spot price is defined by the intersection between supply and 

demand curves at a given location, as opposed to the stock and bond market where a price can 

be calculated from the net present value of receivable cash flows. Prior to the introduction of 

financial trades, all trades were physical transactions, where a commodity is physically delivered in 

exchange of currency or a different commodity. In the commodity market, the physical 

transactions still play a very important role as they provide a reference spot price or index that 

derivative transactions are financially settled against.  For most energy commodities, the supply 

and demand balancing takes place both on a regional and global level. (Geman, 2005) 

For example, the shipping market has developed significantly and new trading strategies are 

emerging, such as the rerouting of an LNG carrier to countries where gas prices are spiking 

momentarily. (Geman, 2005) 

2.1.1.2 Financial Derivatives 

A derivative in the commodity market describes the transaction where price exposure is created 

by having its value derived from an underlying value from a commodity (Financial Policy, 2004). 

Examples of financial derivatives are forward, futures and swap contracts, which are further 

described in section 2.1.2. Other commonly used financial derivatives include underlying assets 

such as currencies, stocks, bonds and/or interest rates (Iowa State University, 2013). In short, 

financial derivatives are used to transfer price risk of a commodity from one participant to 

another. For example, a farmer who plants corn in the spring when the price of corn is USD 3 

per bushel could use a financial derivative in order to avoid risk of a price decrease before the 

harvest during fall. For example, by entering a forward agreement with a grain dealer, where they 

agree that the farmer will sell the harvest for a specific price in October, for instance USD 3.15 

per bushel, the farmer avoids the risk of loosing money when selling the harvest due to a price 

decrease. This is also called a short hedge. A buyer who wants to secure a certain price of a 

commodity that will be bought in the future is making a long hedge. (Financial Policy, 2004) 

2.1.1.3 Speculative Trading 

Financial derivatives are commonly used by sellers and buyers of a commodity. However, 

financial derivatives are also traded by speculators, such as private equity firms, banks and hedge 

funds. This is because of the opportunity to make a profit on price changes without needing to 

take part in the physical trading of the underlying commodity. From the example above, the grain 
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dealer entering the forward agreement is speculating on a price increase above USD 3.15 per 

bushel, as the dealer has a contract with the right to purchase corn for USD 3.15 per bushel and 

the possibility to sell at a higher price on the market and thus generate a profit. (Iowa State 

University, 2013)  

2.1.1.4 Spot Trades 
Geman (2005) defines a spot trade as any transaction where delivery either takes place 

immediately or when there is a minimum time lag due to technical limitations. All commodities 

are traded on a spot market and historically, buyers and sellers used to meet on a marketplace 

where transactions led to immediate physical delivery of the commodity. Today, any transaction 

of a commodity can be either of physical or financial nature. A physical transaction results in a 

delivery of commodity, which is always the case in commodity spot transactions. A financial 

transaction results in a cash flow from one party to the other at maturity and there is no exchange 

of the underlying good. All transactions on financial markets, like stock and bond markets, are 

financial transactions. (Geman, 2005) 

2.1.1.5 Clearing House 

A clearing house serves as a unique counterparty for a financial derivative transaction, taking 

away the bilateral dependency between the buyer and seller. The clearing house standing behind 

the exchange takes away any credit risk otherwise taken by the participants engaged in the 

transaction. (Geman, 2005) Examples of clearing houses are Intercontinental Exchange (ICE) 

(ICE, 2013), Chicago Merchantile Exchange (CME) (CME Group, 2013) and NASDAQ OMX 

(NASDAQ OMX, 2013). 

2.1.1.6 Over-the-Counter (OTC) vs. Exchange-traded Derivatives (ETD) 

ETD products are traded on an exchange where the products are standardized and OTC trades 

are customized and carried out without any supervision of an exchange. The main difference is 

that when trading ETD products, the clearing house guarantees the obligations of the other party 

in the transaction. OTC transactions do not necessarily have such processes, so when trading 

OTC, the parties need to be aware of the counterparties’ credit quality in order to calculate 

default risks. However, some OTC transactions can go through a clearing process if this is 

requested by the parties involved. (FinanceTrain, 2013). 

Lately, there have been reforms, which include the Dodd-Frank Act and EMIR, in the OTC 

market in the US, Europe and Asia. The aim is to centralize and manage counterparty risks and 

increase transparency. This will be executed with the help of four principles, which are (BNY 

Mellion, 2012): 

1. Execution on electronic venues 

2. Clearing through central counterparties (CCP’s) 

3. Reporting to trade repositories 

4. Collateralization of bilateral derivatives exposure 
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2.1.2 Commodity Derivatives 

2.1.2.1 Forward Contract 

According to Geman’s (2005) definition, any transaction that goes beyond the minimum time lag 

is considered a forward transaction between the two parties, which is partly a financial 

transaction. Financial transactions have existed for a very long time in the commodity market and 

today they represent a huge volume. A forward contract is an agreement between two parties to 

exchange at a fixed future date a given quantity of a commodity for a price agreed upon when 

entering the contract. This enables both parties to know the price of the specific amount of 

commodity that will be traded in the future. The price that is decided on the agreement date will 

not be affected by fluctuations in the general valuation of the commodity. This type of protection 

against price changes can be referred to as a financial hedge. For example, this can be useful in 

the agricultural market since a crop producer can sell his production even before it is harvested in 

order to secure income. In the 18th and 19th century, potato growers in Maine started selling their 

crop in the planting stage in order to finance their operations. However, both participants in a 

forward agreement are still exposed to the risk of the other party’s inability of fulfilling the 

obligations in the contract. (Geman, 2005) Delivery-based forward trading will encourage genuine 

producers and consumers to participate. It will also draw in traders with exposure to the physical 

market. (Business Line, 2011) 

2.1.2.2 Futures Contract 

A futures contract is in many ways similar to a forward contract. Going back to the 19th century, 

as more forward transactions took place in Chicago for cereals and agricultural products, a need 

emerged for standardization in terms of quantity, quality and delivery date. This led to the 

establishment of the New York Cotton Exchange (NYCE) in 1842 and the Chicago Board Of 

Trade (CBOT), which is a predecessor of the CME (CME Group, 2013; Geman, 2005), in 1948. 

These exchanges also served as clearing houses. A futures contract has the same general features 

as the forward contract but is a standardized contract and traded on a futures exchange. (Geman, 

2005) 

From the start, futures have served the purpose of reducing price risk. But they have also been 

used as a financial instrument, giving the possibility for traders to get long or short exposure to 

an underlying commodity or other assets without needing to take part in the physical constraints 

of a spot market. This feature has attracted many investors to the commodity market, who are 

able to invest in commodities as an asset class. (Geman, 2005) 

Futures markets are forward looking and expectations about the future spot price are embedded 

in the futures price. However, Gorton & Geert Rouwenhorst (2004) suggest that investors in 

futures are not expecting a return from expected trends in the spot price but rather from the risk 

premium. This means that the return is derived from the difference in expected future spot price 

and the futures price, which will be on a discount in order to attract investors that are willing to 

take short-term risk and provide liquidity in exchange. (Gorton & Geert Rouwenhorst, 2004) 
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2.1.2.3 Swap Contract 

During the 1980’s, financial institutions started developing derivatives that were not exchange-

traded like futures but offered similar risk management benefits. Some of these derivatives 

involved two parties exchanging cash flows, which is called a swap. In 1981, the first swap in 

history was carried out between IBM and the World Bank, which involved IBM borrowing Swiss 

Franc from the World Bank and the World Bank borrowing U.S. Dollars from IBM. This type of 

swap is called a currency swap since the parties are exchanging exposure to a particular currency. 

In this way the parties could borrow the currencies for a lower rate than if they had borrowed 

from the market and thus reducing financing costs for both parties. This structure of swapping 

cash flows served as a template for swaps on many financial assets and commodities. (CFTC, 

2008) 

When it comes to fixed-income and commodities, swaps normally involve the exchange of a 

fixed rate or price for a floating rate or underlying price. These swaps serve as an effective 

hedging tool and have many of the same characteristics as futures contracts since the buyer of the 

contract agrees at the outset date to pay a fixed price for a commodity in return for future 

delivery of the commodity, which will have an uncertain, or floating, value at the time of 

expiration of the contract. (CFTC, 2008) 

In the swap market’s early development, investment banks normally served as brokers, bringing 

together parties with opposite hedging need. Because of difficulties with finding two parties with 

opposite hedging needs, many of the swap brokers eventually became swap dealers and thus took 

on the risk of the commodity exposure as well as credit risk that the counterparty will not fulfill 

their commitment. (CFTC, 2008) 

Over-the-counter swaps gained popularity over futures contracts despite higher liquidity in the 

futures market. This is because unlike futures, over-the-counter swaps are not standardized 

contracts and thus offer additional flexibility as the counterparties can customize the contracts in 

order to meet specific hedging needs. (CFTC, 2008) 

2.1.2.4 Cash Settlement vs. Physical Settlement 

When trading financial derivatives and a contract expires on the maturity date, the settlement 

between the issuer and the buyer of the contract can be carried out either as cash or physical 

settlement. During cash settlements, the difference in price of the underlying value and the 

derivative on the maturity date is paid in cash. If the price of the underlying value is higher than 

the derivative, the seller pays the difference to the buyer and vice versa if the price of the 

underlying commodity is lower than the derivative. A physical settlement is settled where the 

buyer pays the value of the financial derivative and the seller is obligated to deliver the 

commodity specified in the agreement. (FinanceTrain, 2013) 
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2.2 Liquefied Natural Gas 

2.2.1 Facts about Natural Gas and LNG 
Natural gas is odorless and comprises of a combination of different gases including methane 

(~90 %), ethane (~9 %), propane (~0.6 %) and others. Natural gas boils at a temperature of -

163°C and when natural gas is in liquid state, LNG, the volume is approximately 1/600 to the 

volume in the gaseous state. (AGA, 2013) 

Among the fossil fuels, natural gas is the fuel that emits the lowest amount of carbon dioxide per 

energy content. Natural gas emits 270 kg carbon dioxide per MWh, which is 23 % lower than oil 

and 44 % lower than hard coal which is showed in Figure 2.1 below. (Biomass Energy Centre, 

2013) In comparison with oil, natural gas emits approximately 50 % less nitrogen dioxide (AGA, 

2013). Other emissions, including heavy metals and sulfur are significantly lower when using 

natural gas in comparison with oil, coal and biofuel (Energigas Sverige, 2013). 

Figure 2.1 Carbon dioxide emissions for oil, hard coal and natural gas (Biomass Energy Centre, 2013) 

2.2.2 LNG Usage and Energy Consumption 

2.2.2.1 LNG Applications 

LNG is normally warmed to achieve natural gas in order to be used in heating, cooking, 

electricity generation and other industrial uses (California Energy Commission, 2013). When 

LNG is distributed and goes through the regasification process, the gas enters the pipeline 

network. The usage of gas is further described below (Center For Liquefied Natural Gas, 2012): 

Residential and commercial sector’s energy need 

Natural gas is used as a heating fuel. It can also be used to fuel stoves and other household 

appliances. (Center For Liquefied Natural Gas, 2012) 
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Industrial sector’s energy use for power generation 

Natural gas is used as a fuel for the power generation of different industries’ processes including 

sectors such as paper, metal, chemicals and others. Natural gas is also used as raw material for 

products such as paints, medicine, plastics, and more. (Center For Liquefied Natural Gas, 2012) 

Electricity generation from power plants 

As natural gas is seen as a clean-burning fuel, it is used in power plants (Center For Liquefied 

Natural Gas, 2012). In Australia, LNG has been established as a substitute for diesel in power 

plants. The demand of LNG is driven by if the power plants will replace existing diesel generator 

to either gas generators or dual technology solutions. Normally, this occurs during a plant 

expansion and/or with new buildings and projects. (Clean Energy Fuels Australia, 2012) 

Transport sector 

LNG can also be kept as a liquid to be used as an alternative transportation fuel. (California 

Energy Commission, 2013) Today there are 15 million natural gas vehicles operating globally 

(NGV Global, 2013). Natural gas can be used in many different vehicles, including buses, cars, 

delivery trucks, and more (Center For Liquefied Natural Gas, 2012). China is rapidly growing in 

this sector, in particular for trucking and shipping. Thanks to the regulation system there is an 

opportunity to benefit from using LNG as fuel, which will allow the sector to increase. (The 

Economist, 2013) By 2018, 8 % of all commercial vehicles of medium and heavy sizes in North 

America are expected to be fueled by natural gas, LNG or compressed natural. The trend is seen 

elsewhere as well, in China there are several cities using LNG powered buses in order to lower 

the pollution. Bunkering fuel is expected to become a big market in the future due to the 

requirement of stricter emission levels, which is pushing the shipping industry towards adopting 

more sustainable fueling alternatives. This is explained further in 2.4.1 Legal and Political 

Environment. (Financial Times, 2013) 

Rail transportation 

LNG is expanding in the railway sector. Globally, LNG can be used to replace diesel driven 

locomotives. (Clean Energy Fuels Australia, 2012) 

2.2.2.2 Global Energy Consumption 

In 2011 the total global primary energy consumption was 12,275 Mtoe or 143 PWh, which 

represents an increase of 2.5 % compared to 2010. Oil, coal and natural gas are the most 

common energy fuels with a share of 33 %, 30 and 24 % respectively. For twelve consecutive 

years, oil has decreased its market share, which is shown in Figure 2.2. The total final 

consumption in 2011 was 132 PWh, a growth by 2.7 % from 2010. (BP, 2012) 
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Figure 2.2 Global energy consumption in 2011 (BP, 2012) 

Natural gas is the most used energy fuel in Europe & Eurasia, taking a 41 % share of the total 

usage 28 PWh in 2011. Europe & Eurasia are the areas that consume most natural gas, followed 

by North America, more shown in Figure 2.3 below. (BP, 2012) 

Figure 2.3 Natural gas consumption per year between 1965 and 2011 (BP, 2012) 
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2.2.2.3 Usage 

As an example, Figure 2.4 shows the distribution of gas usage in the US 2012, which was 25,500 

bcf. The two biggest areas are industrial and electric power usage, with a combined share of 61 

%. (EIA, 2013) 

Figure 2.4 Natural gas use by sector in the US 2012 (EIA, 2013) 

Figure 2.5 shows how EU distributes their natural gas usage, both historically and future 

expectations.  Comparing 2005 and 2030, Residential & Commercial will lower its share from 40 

% to 31 %, while Power generation will increase its share from 28 % to 38 %. From 2020 it is 

expected that Power generation will use more natural gas than Residential & Commercial. 

(Eurogas, 2007) 

Figure 2.5 Distribution of natural gas usage by sector in EU (Eurogas, 2007) 
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2.3 LNG Value Chain 
The distance between the gas field and gas market is the driving factor for the decision to 

commercialize a gas field through pipeline or via LNG distribution. As a rule of thumb, following 

criteria should be met if natural gas should be distributed through LNG (Natgas, 2013): 

 The gas market is more than 2,000 km from the field 

 The gas field contains at least 3-5 trillion cubic feet of recoverable gas  

 Gas production costs are less than USD 1 per MMBtu, delivered to the liquefaction plant 

 The gas contains minimal other impurities, including CO2 or sulfur 

 A marine port where a liquefaction plant could be built is relatively close to the field  

 The political situation in the country supports large-scale, long-term investments 

 The market price in the importing country is sufficiently high to support the entire chain 

and provide a competitive return to the gas exporting company and host country 

 A pipeline alternative would require crossing uninvolved third-party countries and the 

buyer is concerned about security of supply 

The value chain of LNG can be divided into six parts including exploration & development, 

production, liquefaction, transport regasification and distribution & transport, more shown in 

Figure 2.6 and further described in the following sections. (Buckley, 2013) 

Figure 2.6 Overview of the LNG value chain (Buckley, 2013) 

In comparison between the early 1990’s and early 2000’s, the total estimated costs 

(USD/MMBtu) of the LNG value chain have decreased, showed in Table 2.1 below (Jessiva, 

2008).  

Table 2.1 Overview of cost in the LNG supply Chain (Jessiva, 2008) 

2.3.1 Exploration, Development and Production 
Natural gas was in 1626 naturally discovered in America, but the first intended attempt to obtain 

natural gas occurred in 1821. However, in the last 20 years the process of locating natural gas has 

dramatically transformed thanks to new technological advancement. In the beginning, the only 

way to detect if natural gas existed was to discover seepages in the surface. Since a low portion of 

all natural gas seep to the surface, new technologies had to be developed in order to extract 

natural gas. Today, numerous of technologies are used to discover natural gas reservoirs using 

geological surveys and seismic exploration, both onshore and offshore. (NaturalGas, 2013) 

Part of value chain 1990's (USD/MMBtu) 2000's (USD/MMBtu)

Upstream development cost 0.5-0.8 0.5-0.8

Liquefaction 1.3-1.4 1.0-1.1

Shipping transportation 1.2-1.3 0.9-1.0

Regasification 0.5-0.6 0.4-0.5

Total 3.5-4.1 2.8-3.4

Exploration 
& 

Development 
Production Liquefaction Transport Regasification 

Distribution 
& Transport 
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Once natural gas has been discovered, it is extracted through drilling. The decision to drill is an 

extensive process and includes economic decision and drilling place where the subsurface geology 

must be considered. (NaturalGas, 2013) 

The total proved reserves of natural gas has increased from 4,634.3 tcf to 5,952.1 tcf between 

1991 and 2001, more shown in Figure 2.7. In 2011 the total proved gas reserves had a volume of 

7,360.9, an increase with 58.8 % comparing with the volume of 1991. Comparing 1991 and 2011, 

the share of Middle East has increased from 33 % to 41 %. In 2011, the countries with largest 

reserves were Russia, Iran and Qatar with a market share of 26 %, 16 % and 12 % respectively. 

To see the distribution in more details, see APPENDIX A. (BP, 2012) 

 

Figure 2.7 Global natural gas reserves in 1991, 2001 and 2011 (BP, 2012) 

New drilling techniques have been developed over the past few years, which have made it 

possible to access and utilize immense quantities of natural gas while revolutionizing the energy 

future of the U.S. at the same time. (Rahm, 2011) In terms of technically recoverable shale gas 

resources, China and the US are the two largest countries with reserves of 1,275 tcf and 862 tcf 

respectively as of 2009, more shown in Figure 2.8. (EIA, 2011) 
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Figure 2.8 Technically recoverable shale gas as of 2009 (EIA, 2011) 

According to the 2011 edition of Annual Energy Outlook published by the U.S. Energy 

Information Administration (EIA) it is estimated that the U.S. shale gas plays enabled a more 

than doubled recoverable amount of gas resources than the previous year (Rahm 2011). This is 

mostly a result of the ability to successfully use advanced drilling techniques. Consequently, the 

report also forecasts that nearly half (45 %) of the all U.S produced natural gas will derive from 

shale gas by 2035 comparing to 14 % in 2009 (EIA, 2011). 

Estimates indicate that the aggregated amount from the new reserves will reach 17,248 billion 

cubic meters which corresponds to the same amount as Kuwait’s proven reserves (Cox, 2010). 

This means that the U.S. has gone from facing diminishing reserves of conventional natural gas 
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and thus a country of declining gas production to one of increasing production as a result of 

applying new drilling technologies in shale gas basins. (Rahm 2011) 

It is the recently introduced technology of using horizontal drilling and HF for shale gas 

extraction, which has revolutionized gas production in the U.S. Although vertical HF is not new, 

the recent innovation of incorporating horizontal drilling and multi-stage fractures has made it 

possible to access natural gas which otherwise would be uneconomical gas resources lying in 

unconventional basins. (Rahm 2011) 

The aim of horizontal drilling and HF is to facilitate flow of natural gas at an economical rate. 

This is due to the fact that the reservoir rocks in shale gas formations do not enable natural gas to 

flow into conventional vertical wells at an economical rate. The technology for horizontal drilling 

and HF has mainly been utilized for vertical wells in a far more limited way until recently even 

though the technology has existed for about 60 years. (Rahm 2011) 

To put into relation it should be noted that conventional natural gas wells are generally only 

vertical and go down 1,800 m to 2,010 m. However, in order to retain shale gas it is necessary to 

firstly drill a vertical well and thereafter drill horizontally by using directional drilling equipment. 

In these cases vertical drilling usually is carried out down to 1,500 to 3,700 m, at which point the 

well is extended circa 600 m horizontally. A series of steel casings are cemented into place during 

the portion of the well where vertical drilling is carried out. This is done in order to protect fresh 

water aquifers, which are generally located far above shale gas formations, from potentially 

becoming contaminated, Moreover, vast volumes of fracturing fluids are at high pressure forced 

into the wells, which causes the rock to reach its breaking point. After the pumping of fracturing 

fluids is ceased, the fractures that are induced are held open by the sand and ceramic “propping” 

agents, which are included in the fracturing fluid. The natural gas can flow through the horizontal 

section of the well and continue up the vertical portion as soon as the rock is fractured and may 

thereby be collected. The fracturing process in shale gas wells is typically carried out in stages and 

several times, generally ten or more times. The rock is fractured around 60 m from the well 

during each stage. (Vaughan & Pursell, 2010) 

According to the Environmental Protection Agency (EPA) it is estimated that generally around 

7.6 to 19 million liters of water are needed in order to drill a horizontal hydraulically fractured 

shale gas well depending on the depth, horizontal distance and number of times which a well is 

fractured. (EPA, 2010; Rahm, 2011) 

While fracturing fluids typically consist of more than 99 % water it is important to note that 

additional substances are used. Although it is not known for certain exactly what other 

substances are used in fracturing fluids, it is believed that substances such as potassium chloride, 

guar gum, ethylene glycol, sodium carbonate, potassium carbonate, sodium chloride, borate salts, 

citric acid, glutaraldehyde, acid, petroleum distillate and isopropanol may be included. The 

reasons for adding such substances are many. One reason is that acid helps dissolve minerals and 

contributes to creating fissures in the rock which facilitate the process of fracturing. Moreover, 

borate salts help maintain fluid viscosity. Additionally, adding other substances can prevent pipe 

corrosion and scale deposits on the pipe as well as minimize friction between the pipe and fluid. 

(Vaughan & Pursell, 2010) 
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The technologies and techniques being used for shale gas drilling are debated topics and have 

caused a great deal of dispute regarding environmental issues. The various concerns are issues 

such as: (Rahm 2011) 

 Air emissions and potential water contamination deriving from HF chemicals. 

 The substantial amount of water being used for production. 

 The chemical waste management practices and land footprint of drilling operations.  

2.3.2 Liquefaction of LNG 
For the most part natural gas is transported from producing wells to utilization sites by pipelines. 

However, natural gas cannot always be distributed by pipelines as the adequate infrastructure 

does not always exist and end users are separated from the gas source by ocean. In such cases the 

only viable way to deliver the gas is to instead liquefy the natural gas by producing LNG and 

consequently conveying it by using insulated LNG carriers. (Nezhad et al, 2012). 

The process of producing LNG requires around 500 kWh/tonne. LNG is consumed in order to 

enable the compression and refrigeration needed for the process. However, it should be noted 

that a significant amount of the invested exergy is preserved in the LNG. (Nezhad et al, 2012). 

In order to produce LNG it is necessary to cool down the natural gas to a temperature of 

approximately -163 °C thus much lower than that of ambient or of seawater. This liquefaction 

process reduces its volume to 1/600 of the previous volume, which makes it convenient for long 

distance transportation. (Nezhad et al, 2012). 

There are a number of different processes and liquefaction plants being used for the liquefaction 

of natural gas. However, the liquefaction plants developed by Air Products Inc. using the so 

called APCI process technologies, currently hold more than 80 % of the market share for 

liquefaction plants. When comparing LNG processes reports suggest that the APCI and dual 

mixed refrigerant (DMR) cycle processes in most cases are the most efficient LNG processes. 

(Nezhad et al, 2012) 

As the APCI technologies account for a significant share of the LNG production plants the 

process for liquefaction of natural gas will be presented by explaining the APCI process. Two 

main refrigerant cycles are used for the process. The first is the precooling cycle, which uses 

propane as a pure component. Thereafter, a mixed refrigerant (MR) composed of nitrogen, 

methane, ethane and propane is used for the sub-cooling cycle (Nezhad et al, 2012). 

During the precooling cycle the propane is used at three to five pressure levels and cools the 

process down to -40 °C. Additionally, it is used for the MR in order to cool and partially liquefy 

it. These cooling processes are achieved in kettle-type exchangers where the propane refrigerant 

boils and evaporates in a pool on the shell side along with the process streams flowing in 

immersed tube passes. Moreover, evaporated C3+ stream and recovered and the vapor is 

compressed to 15-25 bars in order to be condensed against water or air thus being able to recycle 

it to the propane kettles which is done by using a centrifugal compressor with side streams. 

(Tariq, 2004) 
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Thereafter, in the MR cycle the process stream is liquefied and sub-cooled from around -35 °C to 

between -150 °C and -160 °C, which is done by separating the partially liquefied refrigerant into 

vapor and liquid streams. This process is performed in a proprietary spiral wound exchanger, 

which is the main cryogenic heat exchanger (MCHE). (Tariq, 2004) 

Lastly, in order to complete the liquefaction process the high pressure natural gas is expanded in 

a turbine where the temperature is lowered to -162 °C and reaches approximately atmospheric 

pressure. Thereby, the natural gas is fully liquefied and becomes LNG and is able to be used. 

(Nezhad et al, 2012) 

The standard capacity for APCI plants is around 4.7 million tonnes per year. The latest LNG 

plants developed enable for a larger LNG capacity, which are so called APX-process plants and 

facilitate capacity greater than 6 million tpy. These process plants add a third refrigerant cycle 

(nitrogen expander) in order to conduct LNG subcooling processes outside the MCHE. (Tariq, 

2004) 

As stated, there are a number of different liquefaction technologies and there were seven primary 

technologies that are employed as of the end of 2011. The four technologies, which Air Product’s 

and ConocoPhillips’ technologies use, account for 94 % of the LNG nameplate capacity. The 

APC C3MR technology by Air Products is the most widespread and accounts for 66 % of the 

global nameplate liquefaction. Moreover, the APC AP-X technology, which is only used for 

mega-trains in Qatar, represents an additional 17 % of the total capacity. The Optimized Cascade 

technology developed by ConocoPhillips is the most used technology besides the Air Product 

technologies and is used for 11 % of capacity. Additionally, new processes are being utilized for 

individual projects across the globe. For instance, Shell’s DMR technology has been employed at 

Sakhalin LNG in Russia and Linde’s Mixed Fluid Cascade (MFC) technology is operational at 

Snøhvit LNG in Norway. (Tariq, 2004) 

2.3.3 Floating LNG (FLNG) 
The concept of FLNG requires a floating vessel with the capacity to produce, process and liquefy 

natural gas and thereafter store the LNG before transferring it to LNG carriers. (Total, 2012) 

Floating LNG is a new technology that offers a solution for commercializing offshore gas fields 

which otherwise would not be economical to commercialize if constructed using a long pipeline 

connecting the gas fields to the shore. (Chemsystems, 2013) 

The amount of available liquefaction capacity has become the bottleneck in the LNG chain 

during the resent years. By monetizing fields that are marginal because of their magnitude and 

location more gas reserves can be developed in order to address the issues related to the 

bottlenecking. (Höegh, 2013) 

As of today a base-load liquefaction plant has never been deployed offshore. However, oil 

companies and independent services providers have invested substantial amounts into conceptual 

and engineering studies in order to take the concept towards reality over the course of the last ten 

years. (Höegh, 2013) 

The key factors, which have been driving the development of the floating LNG sector forward, 

are mainly the following (Höegh, 2013):  
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 The desire to monetize gas fields that are located far from existing infrastructure 

(pipelines, gas processing, onshore LNG export facilities, etc.) or where the cost of 

installation of such infrastructure is not competitive is increasing. 

 Many floating LNG companies are confident that, in certain circumstances, FLNG 

facilities are able to be more economically competitive than onshore facilities since 

onshore liquefaction projects have seen continuing delays and cost rises the recent years. 

Moreover, the addition of FLNG also reduces the need for other on-field infrastructure 

lowering overall project cost.  

 There is a strong need for companies to actively look at export and production options 

that avoid gas flaring and unnecessary reinjection. Offshore solutions are part of these 

options.  

Parties looking to progress floating LNG developments include both the vertically integrated 

majors (e.g. Shell) and smaller technology/vessel providers. (Höegh, 2013) Offshore LNG 

terminal facilities are becoming a more popular option to accept as the public fears onshore LNG 

facilities could become terrorist targets, or could have catastrophic accidents. (Danielsen et al, 

2008) 

Shell is currently developing an FLNG facility that will be the largest floating production facility 

in the world at the Australian gas field Prelude. When the Prelude FLNG becomes operational 

the facility will be able to produce a minimum of 5.3 million tonnes per annum (mmtpa) of 

liquids where LNG, condensate and LPG represents 3.6 mmtpa, 1.3 mmtpa and 0.4 mmtpa 

respectively. (Shell, 2012) 

The facility will be using the Shell DMR process for liquefaction. This LNG production process 

was used in the company’s Sakhalin II project that was built in eastern Russia in 2009. The DMR 

process operates with reduced required equipment, vertical heat exchangers, and limited 

hydrocarbon inventory. The process is suitable for wide variation in ambient temperature since 

the composition of pre-cool mixed refrigerant can be adjusted to suit various local conditions. 

Thus, the liquefaction process central to this and future FLNG facilities need not be restricted by 

climate. (Shell, 2012) 

The FLNG facility has an integrated system design combining upstream production with the 

FLNG process to optimize efficiency, safety, and reliability in operation, which in turn operates 

all the reservoir, subsea control, processing, storage and offloading systems. (Shell, 2012) 

There are a few challenges that stakeholders involved with FLNG have to be aware of and deal 

with. The challenges primarily derive from the issue that the process operations that typically 

utilize an extensive onshore area need to be fit and customized into a small area offshore. 

Therefore the following concerns need to be taken into consideration: (Total, 2012) 

 The large floating facility must be able to accommodate for gas production, processing 

and liquefaction facilities as well as living space for a 200 to 300 people large working 

crew while meeting economic and construction constraints and thus needs to be built as 

efficiently and compact as possible. 
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 There are architectural challenges that arise as a result of needing to install production 

facilities on deck and LNG storage capacity in the hull of the vessel due to the space 

limitations that are required for the floating facility. This means that a very specific 

process layout is needed which in turn calls for equipment being able to be stacked. 

 The equipment needs to be adapted for the marine environment, which calls for the 

process installation to be robust enough to withstand wave action. This is necessary since 

the feed gas for the liquefaction process needs to comply with strict specifications in 

order to be able to ensure proper processing of the gas prior to liquefaction. 

 Safety issues need to be addressed to a greater extent than for onshore plants since 

process units are in such close proximity of each other and even more importantly 

because living quarters are located just next to the process units. Moreover, the offloading 

of LNG onto carriers also has safety issues that need to be dealt with. 

 

Once operational, the Prelude FLNG facility will produce at least 5.3 mmtpa of liquids: 3.6 

mmtpa of LNG, 1.3 mmtpa of condensate (equivalent to 35,000 oil barrels (bbl)/day) and 0.4 

mmtpa of liquid petroleum gas. (Shell, 2012) 

2.3.4 Sea Transportation 

2.3.4.1 Overview 

Traditionally, LNG is distributed onshore with the usage of vessels. The LNG is stored in a 

special containment system and maintained at liquid temperature at around atmospheric pressure 

(Wärtsilä, 2013). There are two commonly used containment systems; Moss Rosenberg and 

Membrane, where membrane is by far the most used one (GIIGNL, 2013). Moss Rosenberg 

technology is using spherical tanks constructed from aluminum alloy. The tank is covered with an 

inner and outer hall, where the space between is used for ballast. This protects the cargo in case 

of an emergency such as collision. (Liquefied Gas Carrier, 2013) The membrane technology was 

developed in the 1960’s and the concept uses a thin metal membrane which is in contact with the 

cargo. When the cargo presses on the membrane, insulation material presses on the membrane 

and will ultimately lean on the carriers’ inner hull. (Pomorsko Dobro, 2013) Figure 2.9 shows that 

66 % of the vessels use membrane as containment system and is the most commonly (GIIGNL, 

2013). 
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Figure 2.9 Overview of vessels by containment system (GIIGNL, 2013) 

Currently, the common size of a LNG vessel has an average cargo space storage volume of 

around 140,000 m3 with a speed of 19 knots and a smaller vessel is about 1,100 m3. The largest 

LNG vessel currently in use has a cargo space storage volume of 266,000 m3. (Ship Building 

History, 2013) Today, there are about 378 LNG carriers (GIIGNL, 2013) in use around the 

world with a combined capacity of approximately 53 million m3. The number of vessels is one 

and a half times more than in 2006 (Petronas, 2011) Out of the 378 vessels, 278 tanks can 

transport between 90,000 m3 and 170,000 m3 (GIIGNL, 2013), more shown in Figure 2.10. 

Additionally, there are 78 LNG carriers under construction where all these tankers have a 

transportation capacity over 120,000 m3. (Ship Building History, 2013) 

Figure 2.10 Overview of vessels by capacity (GIIGNL, 2013) 
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In the entire LNG carrier fleet, there are a total of 78 different ship owners. Counting in volume, 

the largest 20 actors have a market share of 59 % of the capacity, more shown in Figure 2.11. 

QGTC, Teekay LNG and M.I.S.C. are the largest ship owners with a market share of 11 %, 6 % 

and 6 % respectively. (Ship Building History, 2013) 

Figure 2.11 Distribution of shipowners (Ship Building History, 2013) 

There are 43 different ship operators within the total LNG carrier fleet. Counting in volume, the 

largest 20 actors have a market share representing 62 % of the capacity, more shown in Figure 

2.12. STASCO, NYK Line and Mitsui OSK Line are the largest operators with a market share of 

16 %, 9 % and 9 % respectively. (Ship Building History, 2013) 

Figure 2.12 Distribution of operators (Ship Building History, 2013) 

In general, LNG ships are designed to be as large as possible and transport LNG from major 

liquefaction facilities to importing LNG terminals. As a result of such arrangement, the importing 

LNG terminals need to have large tanks in order to receive a full LNG cargo. The advantage is 

that it lowers the transportation costs, but also creates limitations since the importing terminal 

needs to be large. Moreover, extensive investments are required and terminals are only built in 

areas where the consumption of gas is high. (Wärtsilä, 2012) 

59% 

41% 

Distribution of  shipowners 

Largest 16 shipowners (20 % of total players)

Others

62% 

38% 

Distribution of  operators 

Largest 8 operators (20 % of total players)

Others
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Building an LNG vessel is normally a large investment decision. Hence, a contract for a special 

project normally spans over 30 years and there are few vessels available for the spot market and 

short-term charter. As for the entire LNG supply chain, the costs of building a new LNG has 

decreased since 1980 when inflation is taken into account, shown in Figure 2.13 (The Economist, 

2011). 

Figure 2.13 Building costs per LNG vessel (The Economist, 2011) 

The general costs when owning and operating an LNG carrier are capital costs (fixed), operating 

costs (variable) and voyage costs (variable), more described in Table 2.2 (The Economist, 2012). 

Table 2.2 Overview of ship costs (The Economist, 2011) 

2.3.4.2 Fixed Costs 

LNG carriers are technically advanced and require more capital to invest than other commercial 

vessels. Traditionally, US and European companies have been dominating the building sector of 

LNG carriers. Lately, Asian market players have been gaining market share as they can compete 

with both economic and technological advancements. (The Economist, 2011) 

SHIP COSTS

Fixed Variable

Capital Costs Operating costs Voyage Costs

Repayment of capital Stores/supplies Port charges

Spares Canal tolls

Repaires/maintenance Miscellaneous

 (such as cleaning)

Insurance

Surveys

Administration
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2.3.4.3 Variable Costs 

Variable costs can be divided into either operating or voyage costs. Operating costs are not trade-

route specific and must be considered before a vessel is offered for trading. The most significant 

cost elements under operating costs are insurance, manning, and maintenance. Bunker fuel is the 

largest cost item within voyage costs. Additionally, many ports charge extra fees, such as escort 

vessels, in order to minimize the risks for safety problems of the public. (The Economist, 2011) 

Transport costs, in terms of USD/MMBtu, vary depending on the vessel size as well as the 

distance of the voyage, more specified in Table 2.3 (The Economist, 2011).

 

Table 2.3 Overview of transportation costs (The Economist, 2011) 

2.3.4.4 Risks 

Until today, the LNG shipping industry has had an excellent safety record. With almost 50 years 

of operation, starting in 1964, over 70,000 cargoes have been delivered. Yet, there has not been 

any loss of cargo tank containment nor onboard fatalities directly attributable to the cargo. In 

total, it is estimated that 40 m3 LNG have been spilt. (SIGTTO, 2013) When compared to crude 

oil, LNG is considered to be associated with less risk and Protection & Idemnity insurance (P&I) 

is also approximately 25 % lower for LNG shipping (Qatar Gas, 2004). 

2.3.5 Shipping Terms 

2.3.5.1 Overview 

Free on Board (FOB) and Delivered Ex-Ships (DES) are the two most popular price terms of 

International Commercial terms (Incoterms) 2000 list defined by the International Chamber of 

Commerce (ICC) to harmonize the possible dispute arising from the international trade practice. 

(BTM Company Limited, 2013) The major difference between DES and FOB is related to the 

transportation costs and insurance, where these are included under the DES-agreement and 

under the responsibility of the seller. (BTM Company Limited, 2013) DES is the most used 

contract among long-term agreements, more shown in Figure 2.14 (GIIGNL, 2013). 

  

Annual LNG transport costs (USD/MMbtu)

Carrier size (170,000 m
3
) Carrier size (215,000 m

3
)

Trip (miles) Capital Operating Voyage Total Capital Operating Voyage Total

2,000 0.09 0.03 0.08 0.20 0.08 0.02 0.63 0.73

4,000 0.15 0.05 0.13 0.33 0.12 0.04 0.51 0.67

6,000 0.23 0.07 0.23 0.53 0.19 0.06 0.32 0.57

8,000 0.29 0.09 0.28 0.66 0.23 0.07 0.27 0.57

10,000 0.32 0.10 0.27 0.69 0.26 0.08 0.26 0.60

12,000 0.38 0.12 0.32 0.82 0.30 0.10 0.22 0.62

20,000 0.61 0.19 0.52 1.32 0.48 0.15 0.13 0.76

25,000 0.76 0.24 0.64 1.64 0.59 0.19 0.08 0.86
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Figure 2.14 Distribution of contracts (GIIGNL, 2013) 

2.3.5.2 Free On Board (FOB) 

FOB is the term of sale under which the price invoiced or quoted by a seller includes all charges 

up to placing the goods on board a ship at the port of departure specified by the buyer. FOB is 

also called collect freight, freight collect, or freight forward (BTM Company Limited, 2013) 

2.3.5.3 Delivered Ex-Ship (DES) 

In the case of DES, the buyer takes ownership of the LNG at the receiving port. The seller is 

responsible for LNG delivery, and the contracted sales price includes insurance and 

transportation costs. (Natgas, 2013) This type of agreement is predicted to have fewer 

settlements in the future as it is withdrawn from the Incoterm 2010 list (Norton Rose, 2012).  

2.3.5.4 Cost, Insurance & Freight (CIF) 

CIF is the term of sale signifying that the price invoiced or quoted by a seller includes insurance 

and all other charges up to the named port of destination. In comparison, carriage and insurance 

paid to (CIP) terms include insurance and all charges up to a named place in the country of 

destination (usually the buyer's warehouse). (BTM Company Limited, 2013) 

2.3.5.5 Delivery at Terminal (DAT) 

For DAT, the seller is responsible for the cargo until it is unloaded at the terminal, where the 

buyer takes control of the shipped goods. All costs, excluding import clearance, are taken by the 

seller. (Norton Rose, 2012) 

2.3.5.6 Diversion 

Diversion is used to describe a cargo that is diverted from the original contracted destination. 

This is an important aspect when setting up an agreement as the market dynamics in the LNG 

market are under constant change. (Walter Solutions, 2013) 

In general, buyers are likely to set up an agreement with diversion flexibility as it allows them to 

optimize the financial performance thanks to the volatility in demand and spot prices. In 

contrast, sellers are likely to prefer agreements without diversion opportunities in order to protect 
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their own financial interests. Additionally, extra costs related to diversion makes sellers even more 

reluctant to use these types of agreements. (Walter Solutions, 2013) 

2.3.6 LNG Regasification Terminals 

2.3.6.1 Overview 

An LNG regasification terminal is a facility at which LNG goes through a regasification process 

(Elengy, 2013). Furthermore, the terminal receives LNG carriers and stores the LNG until it is 

needed and required to be sent out into the local pipeline grid. In general terms, the components 

of an LNG regasification terminal consist of (Natgas, 2013): 

 Port facilities including an offloading area 

 LNG storage tanks 

 Convert LNG to natural gas through regasification 

 Pipelines linked to the local gas grid 

Additionally, the offloading process can be arranged offshore, using undersea LNG pipelines in 

order to avoid congested or shallow ports (Natgas, 2013). 

2.3.6.2 Storage 

In LNG terminals, LNG is stored in large tanks. This could be either above ground or semi-

buried. Semi-buried tanks, which can be spaced closely together, are most common in Japan, 

where land is scarce. (Natgas, 2013). Below there is a description of two different storage tank 

types (Wärtsilä, 2012) 

 Pressurized small-scale tanks: these types of tanks are designed in a cylindrical form, basically 

a spherical tank that is made wider. One advantage with this design is that the boil-off gas 

can be kept in the tank. In many cases the tank is constructed in such a way that they can 

withstand pressure. The result is that the tank does not need a reliquefication system at all 

and the arrangement does not require any compressors. The size ranges from small tanks 

for vehicular use up to 1,000 m3 in capacity. 

 Atmospheric pressure tanks: in tradition, large land based tanks are designed for atmospheric 

pressure. These types of tanks need a system to compensate for the boil-off gas and a 

reliquefication system is therefore required.  The tanks need to be large enough, normally 

over 30,000 m3 in volume , to compensate for the cost element from boil-off system. 

2.3.6.3 Regasification 

In terms of capital investment, the most significant component of an LNG regasification 

terminal is the vaporizer process equipment. Conceptually, vaporizers are units in which LNG is 

pumped through heat exchangers, making the temperature of LNG rise and ultimately 

transforming the LNG into a gaseous state. (Natgas, 2013) 

2.3.6.4 New Technologies and Concepts 

Floating Storage and Regasification Unit (FSRU) 

The whole process of cooling and then re-heating the fuel is extremely expensive not to mention 

time-consuming. The solution for this time-consuming process is the floating regasification unit 

http://www.elengy.com/#glossary_526
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(FSRU). (Marine Insight, 2012) FSRU are ships that have the ability to store LNG, perform a 

regasification, dispatch gas directly into the pipelines and also offloading LNG offshore (Elengy, 

2013). 

Hub and Spoke Concept 

One concept of building an LNG structure is to use a hub and spoke concept. New or existing LNG 

terminals can be used as a hub and smaller vessels could make “milk runs”, either to several 

locations or from a single location back and forth. This type of infrastructure is expected to grow 

in the Caribbean as smaller vessels transportation is needed due to the geographical structure. 

(Wärtsila, 2012) 

Ship-to-ship LNG transfer is still in its early stages and has yet to become conventional. Once 

this happens, large ships could offload to smaller ships offshore. These smaller ships would be 

able to go directly to port and regasify the LNG so the natural gas can be piped to the local grid. 

(Natgas, 2013) 

2.3.7 Land Transportation 
If LNG does not go through the regasification at a terminal it is transported on land. The LNG 

value chain for land delivery of LNG, including road and rail, consists of five operational 

components and functions (Buckley, 2013): 

 End of supply: (1) liquefaction plants and (2) storage tanks 

 Transportation: (3) haulage service (road/rail) 

 End of delivery: (4) storage tanks and (5) regasification plants 

LNG for road distribution can be loaded directly into tanker trucks from an LNG plant loading 

terminal located at the liquefaction site or a satellite terminal where LNG is first delivered from 

the LNG plant (Buckley, 2013). 

Smale-scale transportation of LNG is most commonly carried out by trucks, and there are 

different types of trucks (Wärtsilä, 2012). One type is a truck with a pressurized tank and another 

type has multi-unit trailers, making the capacity up to 47,000 liters. Another truck type has 

containers dedicated for LNG, enabling the transportation volume up to 57,000 liters. Thus, it is 

applicable for both marine and road transportation. A disadvantage with this solution is that the 

capacity is relatively small. Norway is one of the first countries to use smaller vessels thanks to its 

geographical structure. LNG is attractive for marine transportation, even for smaller quantities 

such as 1,000 m3 (Wärtsila, 2012). 

2.4 LNG Global Market 

2.4.1 Legal and Political Environment 

2.4.1.1 US Regulation 

According to the World Energy Outlook (WEO) report published by IEA the astonishing 

growth in oil and natural gas output in the United States will lead to a significant change in the 

energy flows across the globe. In the WEO’s central scenario, which is defined as the “New 
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Policies Scenario” it is stated that the United States will become a net exporter of natural gas by 

2020. (Wade, 2013) 

The United States first started exporting LNG in 1969 when the Kenai LNG export terminal 

located in Nikiski, Alaska opened. The Kenai LNG export terminal exported nearly 100 % of 

U.S. LNG exports to Japan until recently. Exports from Kenai LNG declined by nearly 50 % 

between 2005 and 2010 as a result of depletion of its natural gas supply and the facility is 

currently being maintained, however gas is not flowing through it. (FAS, 2013) 

According to records from the DOE’s Office of Fossil Energy in 2009 the DOE started 

authorizing LNG import terminals to re-export LNG cargos received from foreign countries. As 

of now there are currently eight companies that have received approval to re-export LNG cargos. 

It is important to note that minimal or no additional equipment can be added to an import 

terminal in order to receive approval to re-export LNG, which is done by FERC and the DOE’s 

Office of Fossil Energy. Exporters take advantage of the import terminals that are standing idle 

for storage in order to wait for higher prices around the world. Seeing how natural gas prices in 

the U.S. are still significantly lower than elsewhere and the U.S. natural gas production is 

sufficient enough to meet domestic consumption LNG exports to other countries have increased 

which is a trend that almost certainly will continue. (FAS, 2013)  

In order to have permission to export domestically produced natural gas as LNG the FERC and 

DOE must submit their approval. Since 7 March 2013 there have been 26 applications for 

permits to export domestically produced natural gas as LNG. In total the applications represent a 

capacity of around 10,900 bcf annually, which is the equivalent of nearly 50 % of the current U.S. 

production. As of 7 March 2013 there are 23 out 26 applications that have received approval to 

export to free trade countries while 3 are pending approval. As of 31 October the U.S. has Free 

Trade Agreements (FTA) with Australia, Bahrain, Canada, Chile, Colombia, Dominican Republic, 

El Salvador, Guatemala, Honduras, Jordan, Mexico, Morocco, Nicaragua, Oman, Panama, Peru, 

Republic of Korea and Singapore. (DOE, 2013) Of these FTA countries the only countries to 

have existing LNG import terminals are Canada, Chile, Dominican Republic, Mexico and 

Republic of Korea. (FAS, 2013) Therefore, it is important to be able to export to non-free-trade 

countries as well. However, there are only two projects that have received approval from the 

DOE to export domestically produced natural gas as LNG to non-free-trade countries, namely 

Cheniere Energy’s Sabine Pass LNG project and ConocoPhillips’ Freeport LNG Project. (FAS, 

2013; The Wall Street Journal, 2013) However, it should be noted that there are another 24 

terminals waiting for approval (DOE, 2013). 

2.4.1.2 EU Climate and Energy Package 

In 2007 the EU set up targets in order to commit to becoming an exceedingly energy efficient 

and low carbon economy which was enacted through the climate and energy package in 2009 also 

known as the “20-20-20” targets. One of the key objectives is to achieve a 20 % reduction of EU 

greenhouse gas emissions from the levels of 1990. (EU, 2013) 

According to the EU, the key tool in order to cut the industrial greenhouse gas emissions most 

cost-effectively is the EU Emission Trading System (EU ETS) which works on a so-called “cap 

and trade” principle where a limit is set for the amount of greenhouse gases that is allowed to be 
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emitted by the factories, power plants and other installations in the system. Over time the limit is 

reduced in order to ensure that the total amount of emissions falls in line with the objective. 

Companies trade the allowances, which they have either received or bought amongst each other 

as needed within the set limit. Companies must be able to provide the amount of allowances 

needed to cover all its emissions after each year in order to avoid imposing heavy fines. 

Moreover, companies that reduce their emissions enough can maintain the surplus of allowances 

in order to cover future needs or sell them to other companies, which are in need of allowances. 

This system is pushing EU towards solutions, which reduce the carbon dioxide emission. 

Therefore the role of LNG is increasing. (EU, 2013) 

2.4.1.3 Sulphur Regulation 

Recently, the European Union (EU) revised the Annex VI to MARPOL, which enforces firmer 

sulphur limits for marine fuel in Sulphur Emission Control Areas (SECAs) consisting of the 

Baltic Sea, the North Sea and the English Channel. The limit for SECAs is set at 1.0 % as of 1 

July 2012 and 0.1 % as of 1 January 2015. (Official Journal of the European Union, 2012) The 

areas outside of SECAs will as well have limits, meaning that the highest sulphur level in bunker 

fuels for ships will reduce from 4.5 % to 3.5 % as of 1 January 2012 and 0.5 % as of 1 January 

2020 globally. (Ministry of Transport and Communications Finland, 2009) 

Once the sulphur content limit decreases to less than 1 % than the shipping industry will 

principally have to abandon the use of heavy fuel oils according to statements made in an expert 

study conducted by the International Maritime Organization. (Ministry of Transport and 

Communications Finland, 2009) 

Seeing how the use of LNG as a bunker fuel for ships basically provides for a complete reduction 

of sulphur dioxides, approximately a 90 % reduction of NOx and reduces the carbon dioxide 

emissions by about 20 % compared to refined oil products, it is increasingly being seen as a 

“green” alternative for bunker fuel. Moreover, no sludge is produced and there is no visible 

smoke. (European Maritime Safety Agency, 2010) 

As a result of the stricter environmental requirements that are being enforced along with the 

favorable and competitive price, the interest for using LNG as a fuel for ships has increased 

significantly of the recent years. By the end of 2010 there was circa 30 LNG-powered ships in 

operation a figure that excluded LNG carriers (European Maritime Safety Agency, 2010) 

2.4.1.4 Diversion 

According to Walter Solutions, LNG trades based on the LNG sales and purchase agreements 

(SPAs) are destined for pre-decided destinations and diversion of that LNG is not allowed. 

However, if the seller and buyer of LNG construct a mutual agreement it is possible to obtain 

diversion of the cargoes but it is subject to profit sharing of the cargoes resulting profits. It is 

important to state that the profit-sharing clause is not allowed to be applied in the jurisdiction of 

EU on LNG SPAs for any diverted cargoes within the EU territory. (Walter Energy, 2013) 

The EU has clarified the profit sharing mechanisms (PSMs) and territorial/destination 

restrictions for the region. With regards to destination restriction the EU Commission has stated 

it has consistently maintained that destination restrictions are illegal under EU law. As for PSMs, 

the EU has stated that (Stephenson Harwood, 2012): 
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 “The EU Commission closed its file subject to ( in addition to the destination 

commitments described above) a commitment not to insert PSMs in new LNG contracts 

under FOB and CIF conditions when the contracts are related to supply of gas to the 

EU. 

 Because title and risk does not pass until destination under a DES agreement, the EU 

Commission found that PSMs could be applied in DES contracts” 

As the trade of LNG has changed over the years there are factors which have contributed to the 

development of a more diversified way of constructing the terms of SPAs such as significant 

growth of international LNG trade, increase in number of new buyers and sellers, occurrence of 

a substantial shift in the global supply/demand balance over the recent years and regulatory 

changes affecting local gas markets. As a result several industry groups have developed model 

agreements for “spot” and “short term” LNG sales and purchases, so-called LNG master sales 

and purchase agreements (MSAs) (Farmer & Sullivan, 2013) 

Industry bodies such as the International Group of Liquefied Natural Gas Importers (GIIGNL), 

the European Federation of Energy Traders (EFET) and the Association of International 

Petroleum Negotiators (AIPN) have all released model MSAs which are all similar to each other. 

The terms of the MSAs include descriptions of the certain conditions for diversion of LNG 

cargoes. (Ashutst, 2012) 

2.4.2 LNG Trade 

2.4.2.1 Overview 

In 2011, the global LNG trade grew to a new high of 240.8 MT, which is a 9.4 % growth from 

previous year (GIIGNL, 2012). In 2012, the global LNG trade decreased by 4.5 MT to 236.3 

MT, including reloads, which corresponds with a decrease of 1.9 % from 2011 (GIIGNL, 2013) 

Comparing 2006 and 2011, the global trade increased from 159.1 MT which is a growth of about 

49 %. By the end of 2011, there were 25 countries actively involved in the LNG market. The 

market of LNG has increased since 1980, in terms of the number of importing and exporting 

countries as well as the quantity of LNG traded, more shown in Figure 2.15. (Petronas 2011) 

LNG currently accounts for approximately 32 % of total gas trade, including pipeline gas 

distribution. In 2010 the corresponding value was 30 %. (BP, 2012) 
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Figure 2.15 LNG trade volumes, 1980-2011 (Petronas, 2011) 

2.4.2.2 Supply and Demand 

Demand and supply of natural gas is affected by several factors including (Norton Rose, 2012): 

 Weather conditions 

 Seasonal variation in usage 

 Interuptions in the regular domestic gas production 

 Interruptions in the domestic power supplies 

 Price and availability of gas substitutes 

 Growing demand for cleaner and more safe energy fuel 

2.4.2.3 Export 

Table 2.4 shows an overview of the exported LNG, where 8 out of 18 exporting countries have 

83 % of the market. Since 2008, 6 countries have joined the exporting LNG countries. The 

largest exporter of LNG in the global market is Qatar with a market share of 32.3 %. In 2012, 

Qatar exported 76.39 MT where Asia Pacific accounted for 63 % of the volumes. Between 2010 

and 2012 Qatar doubled its export to Japan from 7.1 MT to 15.7 MT and for South Korea the 

exports increased by 56 % to a volume of 10.8 MT for the same time period. (GIIGNL, 2013) 
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Despite new volumes from Australia, the Pacific Basin export volumes declined by 3 %. 

Indonesia and Malaysia accounted for the most of the production decline, with a decrease of 13.3 

% and 4.8 % respectively. Nigeria, Norway and Trinidad & Tobago increased their production, 

but the Atlantic Basin decreased its supply by 2.2 % due to lower production of Algeria, Egypt 

and Equatorial Guinea. (GIIGNL, 2013) 

Table 2.4 Overview of LNG exports in 2012 (GIIGNL, 2013) 

  

LNG EXPORTS 2012

10
6
 m

3
 liquid 10

6
 t 10

6
 m

3
 (n)
gaseous Share
 (%) Var.
2011/2012
 (%)

Algeria 24.76 11.21 14.18 4.7 -10.2%

Egypt 10.94 4.74 6.35 2.0 -25.1%

Equatorial Guinea 8.23 3.62 4.76 1.5 -8.3%

Nigeria 43.34 19.58 24.75 8.3 3.5%

Norway 7.38 3.31 4.24 1.4 31.7%

Trinidad & Tobago 31.27 13.48 18.19 5.7 3.8%

Atlantic Basin 125.92 55.93 72.47 23.7 -2.2%

Abu Dhabi 12.13 5.66 6.86 2.4 -2.7%

Oman 17.82 8.15 10.12 3.4 0.7%

Qatar 168.48 76.39 96.15 32.3 1.4%

Yemen 11.06 4.89 6.38 2.1 -23.0%

Middle East 209.49 95.09 119.51 40.2 -0.6%

Australia 44.99 20.88 25.43 8.8 6.9%

Brunei 14.76 6.82 8.33 2.9 -3.8%

USA (Alaska) 0.41 0.17 0.24 0.1 -45.6%

Indonesia 42.38 18.97 24.27 8.0 -13.3%

Malaysia 51.45 23.72 29.28 10.0 -4.8%

Peru 8.56 3.86 4.92 1.6 4.3%

Russia 24.11 10.86 13.77 4.6 2.8%

Pacific Basin 186.67 85.29 106.24 36.1 -3.1%

Total 522.08 236.31 298.22 100.0 -1.9%
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2.4.2.4 LNG Liquefaction Capacity 

In 2011, the global liquefaction capacity was 278.7 mmtpa, which represent an increase of 2.9 % 

compared to 2010. (Petronas 2011) In 2011, major players including ExxonMobil, BP and 

Chevron had the largest liquefaction capacity accounting for 30 % of the global capacity. The 

corresponding number in 2006 was 17 %, more shown in Figure 2.16. (ENI O&G, 2013) 

Figure 2.16 Global liquefaction capacity by cluster of companies (ENI O&G, 2013) 

GIIGNL (20139) states that there were 18 countries exporting LNG with a total of 89 

liquefaction trains in operation at the end of 2012. The liquefaction plants achieved an aggregated 

nominal capacity of 282 mmtpa at the same time the global consumption of LNG amounted to 

236 mmtpa for 2012. (GIIGNL, 2013) 

The report from GIIGNL (2013) also presents the owners of the capacity for the liquefaction 

trains and shows what market share the companies have of the production capacity. There are 

around 60 parties involved in the entire market in total. The top 12 companies which represents 

20 % of all the companies constitute an aggregate nominal production capacity of approximately 

201.6 mmtpa, which corresponds to 71.5 % of the world’s total production capacity. 

Furthermore, the top 5 companies have a total nominal production capacity of 139.0 mmtpa, 

which relates to a market share of 49 %. When looking at the top 3 companies which in turn 

represent 5 % of all the companies it shows that they have a 37 % market share of the world’s 

total production capacity, more shown in Table 2.5. (GIIGNL, 2013)  

Looking back at 2008, the GIIGNL (2009) also depicts the market share for the owners of the 

production capacity. In 2008 the market was comprised of approximately 50 companies making 

up a production capacity of circa 201 mmtpa. In this case the level of concentration among the 

producers is also looking at each company’s market share. The top 12 companies are listed below 

in Table 2.5, which show production capacity. (GIIGNL, 2009) 
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Table 2.5 Liquefaction capacity by company in 2008 and 2012 (GIIGNL, 2009; GIIGNL, 2013) 

It shows that in 2008 the top 12 companies also had a total market share of roughly 71 %. The 

top 20 % of the companies adding up to 10 in total attained a 64 % market share, while the top 5 

companies (top 10 %) reached a market share of 48 %. Lastly, the top 3 companies in 2008 had a 

market share of 33.5 %, shown in Table 2.5. These numbers show that the concentration level in 

2008 and 2012 was fairly similar. (GIIGNL, 2009; GIIGNL, 2013) 

Today, there are 46 exporting terminals worldwide. Of the 13 LNG exporting projects under 

construction, 8 of them are in Australia. There are 20 planned terminals to be built in the world, 

excluding Unites States. (Loris, 2013) Figure 2.17 below shows the distribution of the sizes of the 

exporting terminals in the world as of 2011 (Petronas, 2011). 

Figure 2.17 Annual send-out capacity of LNG terminals in 2006 and 2011 (Petronas, 2011) 
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2006

2011

Liquefaction capacity, 2008

Company mmtpa

1. Pertamina 27.0

2. Qatar Petroleum 20.5

3. Sonatrach 20.2

4. Petronas 18.7

5. NNPC 10.6

6. Shell 10.4

7. BP 8.4

8. ExxonMobil 6.9

9. BG 6.6

10. Oman government 5.3

11. SEGAS 5.0

12. GDF Suez 3.9

Liquefaction capacity, 2012

Company mmtpa

1. Qatar Petroleum 57.5

2. Pertamina 26.5

3. Petronas 19.6

4. Sonatrach 19.4

5. Shell 16.0

6. ExxonMobil 15.3

7. BP 12.3

8. NNPC 10.7

9. BG 7.3

10. Total 7.0

11. Oman government 5.3

12. Gazprom 4.8
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2.4.2.5 Import 

The 7 largest importing countries account for 81 % of the market. In 2012, Asia accounted for 71 

% of the global market, while in 2011 Asia accounted for 64 %. Japan and Korea together 

account for 53 % of the importing volumes. Regarding the import of LNG in 2012, Japan was 

the largest importer with 37 % of the total volumes, which is shown in Table 2.6. Japan still 

suffers from the nuclear disaster in Fukushima with no nuclear restarts, thus increasing its 

imports by 11.4 % from 2011. South America, including Argentina, Brazil and Chile, had a 40 % 

increase of LNG imports. In 2011, Brazil had a large hydroelectricity power generation, which 

affected the imports of other fuels including LNG. In 2012, Brazil tripled their imports to 2.7 

MT. Thanks to the start-up of the regasification terminal in Manzanillo, Mexico increased its 

imports by 23.8 % in 2012. (GIIGNL, 2013) 

 

Table 2.6 Overview of LNG imports in 2012 (GIIGNL, 2013) 

A trend in 2011 showed the declining of imports of LNG in Europe in contrast to Asia, and was 

further apparent in 2012. LNG deliveries to the Atlantic Basin declined by 22 % and the Asian 

market increased its imports by 9 %. (GIIGNL, 2013) 

In April 2012, the first project to export LNG from the US was approved, enabling new global 

trading conditions in terms of volume and price. This is due to the increasing projected capacity 

LNG IMPORTS 2012 LNG EXPORTS 2012
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 m

3
 liquid 10

6
 t 10
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3
 (n)
 gaseous Share
 (%) Var.
2011/2012
 (%)

Belgium 4.00 1.82 2.28 0.8 -55.3%

France 15.90 7.17 9.11 3.0 -31.9%

Greece 1.69 0.76 0.97 0.3 -16.6%

Italy 11.39 5.16 6.51 2.2 -17.8%

Netherlands 1.25 0.56 0.72 0.2 -3.5%

Portugal 3.37 1.52 1.93 0.6 -29.1%

Spain 32.24 14.46 18.49 6.1 -16.1%

Turkey 12.47 5.63 7.14 2.4 17.2%

U.K. 22.91 10.38 13.08 4.4 -43.6%

Europe 105.23 47.47 60.22 20.1 -27.0%

Argentina 7.70 3.36 4.46 1.4 14.7%

Brazil 6.08 2.70 3.49 1.1 346.0%

Chile 6.38 2.77 3.71 1.2 -0.4%

Dominican Rep. 2.11 0.92 1.22 0.4 32.9%

Mexico 7.81 3.52 4.47 1.5 23.8%

Puerto Rico 2.23 0.97 1.30 0.4 47.8%

Canada 2.94 1.30 1.70 0.6 -46.8%

USA 7.10 3.09 4.12 1.3 -49.6%

Americas 42.36 18.63 24.47 7.9 -2.4%

China 32.20 14.65 18.35 6.2 12.2%

India 29.36 13.27 16.78 5.6 7.7%

Indonesia 1.61 0.72 0.92 0.3 N/A

Japan 192.95 88.08 108.87 37.3 11.4%

South Korea 81.39 36.77 47.35 15.6 3.4%

Taiwan 27.93 12.67 16.01 5.4 3.9%

Thailand 2.28 1.02 1.39 0.4 26.7%

Asia 367.74 167.18 209.68 70.7 9.2%

Kuwait 4.43 1.99 4.06 0.8 -23.6%

Dubai 2.32 1.05 1.33 0.4 -3.2%

Middle East 6.75 3.04 3.86 1.3 -17.6%

Total 522.08 236.31 298.22 100.0 -1.9%
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of shale gas explored in the US, which is projected to potentially be used for exporting (Financial 

Times, 2012). 

In 2012 there were 158 different country-to-country route flows, an increase by an amount of 34 

or 27 % from 2011. The number of sea transportation between port-to-port routes was 369. 

Figure 2.18 visualizes the major trade movements in 2011 (BP, 2012) and APPENDIX B shows 

the quantities traded between countries in 2012. (GIIGNL, 2013) 

Figure 2.18 Major trade movements (bcm) of LNG and natural gas in 2011 (BP, 2012) 

Total regasification capacity in 2012 was 668 mmtpa. With a consumption of 236.3 mmtpa, the 

global total average utilization rate was 36 %. In total there are 94 companies involved in the 

regasification industry of LNG. The three largest companies account for 27 % of the 

regasification capacity and the largest 18 companies, which represent the top 20 %, account for 

65 % of the capacity, more shown in Table 2.7. (GIIGNL, 2013) 
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Table 2.7 Overview of the 18 largest companies by regasification capacity in 2012 (GIIGNL, 2013) 

Figure 2.19 shows the historical trend from 1990 how the distribution of the world’s 

regasification capacity by region has evolved. Historically, East Asia, including Japan, Korea, 

China and Taiwan, has accounted for a large share, which has decreased over the recent years. 

Throughout the 1990’s and in the beginning of 2000 East Asia accounted for about 70 %, but 

today the same number is about 49 % or 289 mmtpa. Mostly due to additions in capacity by 

North America and South & South East Asia, the share of East Asia has been declining 

dramatically. (Petronas, 2011) 

Figure 2.19 Historical distribution of global LNG regasification capacity (Petronas, 2011) 

The capacity of regasification continues to grow, especially with the building process of new 

terminals, more shown in Figure 2.20. There are currently 24 projects that aim to build LNG 

regasification terminals, both in terms of new-buildings and expansion of existing terminals. 75 % 

of these terminals are completely new terminals and when they will be completed, five new 

countries that were not considering being importers of LNG a decade ago will have new 

terminals including Indonesia, Israel, Malaysia, Poland and Singapore. Other indicators showing 

the change of market structure of LNG is that Middle Eastern countries such as United Arab 

Emirates and Kuwait are now importing LNG. (Petronas, 2011) 

Regasification capacity, 2012

Company NG Bcm/year

1. Kogas 120.3

2. Tokyo Electric Power 71.1

3. Enagas 51.6

4. Tokyo Gas 41.7

5. Cheniere Energy 41.4

6. Osaka Gas 26.8

7. Sempra LNG 25.8

8. Trunkline LNG 24.3

9. Kinder Morgan 22.3

10. National Grid 20.5

11. Kansai Electric 19.7

12. Elengy 19.7

13. Dominion Cove Point 18.7

14. Chubu Electric 18.6

15. Freeport LNG 18.0

16. Toho Gas 15.7

17. QP 15.0

18. CPC 14.9
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Figure 2.20 Global Receiving Terminal Capacity, 2000-2016 (Petronas, 2011) 

2.4.2.6 LNG Storage Capacity 

The LNG storage capacity in the world’s regasification terminals was over 42 mmcm by Q1 

2012. As shown in Figure 2.21, the top six countries, including Japan, Korea, United States, Spain 

and China held around 80 % of the total capacity. Together, Japan and Korea accounted for over 

50 % of the global capacity with 15.5 mmcm and 6.3 mmcm respectively. China increased their 

storage capacity with 0.74 mmcm during 2011, which making it the top five countries. (Petronas, 

2011) 

Figure 2.21 LNG Storage Capacity by Country as of Q1 2012 (Petronas, 2011) 
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Approximately 50 % of the world’s LNG terminals are able to receive LNG vessels with a 

volume of 150,000 m3. In comparison with 2005, this number has doubled due to new terminals 

and also existing terminals upgrading their current facilities in order to handle larger vessels. 

Figure 2.17 depicts the capacity distribution of terminals worldwide in 2006 and 2011. (Petronas, 

2011) 

2.4.2.7 Future Outlook 

In the future, both supply and demand is expected to grow. By 2025, the global demand of LNG 

is expected to increase by approximately 100 % compared to today’s levels, shown in Figure 2.22. 

(Abiteboul, 2013) Much of the global growth in demand will come from China. It is building 

LNG import terminals fast, with four up and running, five under construction and a dozen more 

at the planning stage. (The Economist, 2012)  

 

Figure 2.22 Projected LNG supply and demand (Abiteboul, 2013) 

Other mentionable future trends regarding the export dimension are mostly related to the US 

deregulation (DOE, 2013) as well as Australia’s ambition to be the largest producer (APPEA, 

2013). By 2020, Australia is predicted to produce 60 mmtpa, compared to 2006 where the 

production was 16.71 mmtpa (APPEA, 2013). East African countries, including Mocambique, 

have a large potential in pair with Nigeria to compete in the LNG market. In total, East Africa 

has the potential to export 70-100 mmtpa thanks to the advancement in offshore gas. The 

challenges East African countries are facing are whether LNG projects can go forward and how 

well the projects will be unitized. (Ernst & Young, 2012) 

2.4.3 Spot Market 

2.4.3.1 Definition 

The spot market is defined as LNG transactions that are not supported by contract with a 

duration of less than four years (GIIGNL, 2013). Moreover, in this definition spot trading also 

includes volumes that are traded over the contracted volumes. For example, if a contract is set to 

deliver 4 mmtpa from a supplier and the real imported volume from that supplier is 5 mmtpa, 

then 1 mmtpa is determined as spot. (Petronas, 2011) 
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In the global LNG market, short-term transactions are currently individually negotiated. Thus, no 

party can benefit of lower transaction costs since the products are difficult to separate from 

flexibility requirements as the LNG is always shipped. Globally and regionally, there are no 

central regulatory body that can coordinate the capacity of transportation and the large size of 

LNG cargoes lower the possibility to allow many number of companies to trade LNG easily. In 

spot trading, the sale of a cargo is frequently used through competitive tenders with both multiple 

and single cargoes (Norton Rose, 2012), brokers, cargoes sold as a part of longer trading chains 

and non-traditional speculative traders such as banks. (OECD/IEA, 2013) 

LNG markets are still dominated by long-term agreements (LTA), but this is changing as more 

flexibility is built into the markets (BP 2007). Yet, the LNG spot market is small with only three 

spot cargoes per day in 2011 (The Economist, 2012), which accounted for 25 % of the total 

LNG trade (BP, 2007). In 2012, the spot cargo market size did not change and also had a 25 % 

market share with a volume of 59 MT (GIIGNL, 2013). The corresponding number in 2006 was 

16 % (Petronas, 2011) The number of actors in the spot trade market rose between 2006 and 

2011: the importing countries increased from 9 to 21 countries and exporting countries rose by 

almost 100 % from 13 countries to 25 countries (Petronas, 2011). Figure 2.23 and Figure 2.24 

show the spot trade movements for each region and development of the total LNG market 

(GIIGNL, 2013)  

Figure 2.23 Spot trade share development, 200-2012 (GIIGNL, 2013) 
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Figure 2.24 Spot trade movement, 2000-2012 (GIIGNL, 2013) 

The Middle East delivered 43.7 % of the spot cargoes, followed by Atlantic Basin and Pacific 

Basin with 39.6 % and 16.6 % respectively. Qatar alone has 35.5 % of the spot cargoes followed 

by Nigeria, which delivered 15.2 %, and Trinidad & Tobago, which delivered 8.7 %. (GIIGNL, 

2013) 

Of the received spot cargoes in 2012, Asia had 70 % compared to 61 % in 2011. On the other 

hand, Europe decreased from 20 % in 2011 to 12 % in 2012. The short term LNG trade volumes 

are expected to grow by 11 % per year up to 2015, which is a higher growth than the total LNG 

trade for the same period, which is expected to be 7 % per year (Norton Rose, 2012). In contrast 

to the stagnation of the spot market in 2012, the re-loads of LNG increased dramatically from 44 

to 75 deliveries. A majority were re-exported from Europe, with Spain as the leading country. 

APPENDIX C shows the spot trade movements in detail. (GIIGNL, 2013) 

Diversion flexibility offers value since vessels can sail to the most profitable markets (BP 2007) 

By 2025, un-contracted demand will reach approximately 120 mmtpa in Asia, assuming all 

expiring contracts in Malaysia, Brunei and Indonesia are prolonged (Dauger, 2012). 

However, there are signs of a more flexible LNG market. In Europe there are several countries 

building up their import capacity in order to lower the dominance of Gazprom gas supplies. 

Asian buyers are more unwilling to sign 20-year contract with Canadian suppliers, and LNG 

contracts in the future are rather signed on two or three years long terms. (The Economist, 2012) 

2.4.3.2 Key Players 

Spot cargoes in recent years have been made by Northwestern European countries, in particular 

the UK, and Asian countries including Japan, China, Taiwan and Korea. Due to the Fukushima 

disaster, Japan has increased their LNG spot trading significantly. Korea uses LNG spot cargoes 

in order to supply heating demand during winter months. China has become a meaningful player 

lately, but is not expecting to grow further in the spot market. This is due to restrictions in access 

to capacity, the lack of ability to accept market prices because of the regulated market and in 

addition, increasing shipping costs. (Norton Rose, 2012) 
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In addition to traditional suppliers including Qatar, Australia and Indonesia, multi-national 

companies, national oil companies and investment banks are setting up trading desks in London, 

Houston and Singapore in order to be involved in the LNG spot cargo in Europe and Asia. 

Future potential for East African are countries such as Mozambique and Tanzania. (Norton 

Rose, 2012) 

2.4.3.3 Factors Driving the LNG Spot Market 

Traditionally, LNG market has been used contracts have been on long-term contracts in order to 

establish investments to support the building of an LNG supply chain including production, 

distribution and storage. However, long-term agreements offer very little flexibility in terms of 

increasing or decreasing the LNG imports and few, if any, possibilities for cargo diversions. 

(Norton Rose, 2012)  

An LNG spot market enables flexibility in the total market and can fill gaps in the variation of 

supply and demand often caused by variations and unpredictable happenings of the 

aforementioned influencing factors. (Norton Rose, 2012) 

As the demand for spot trade in the LNG market is growing, some players are building LNG 

carriers designated for short term trading. Other initiatives enhancing the LNG spot market 

include the more frequent usage of cargo swaps to lower shipping distances and investments in 

floating re-gasification and storage units. (Norton Rose, 2012) 

Typically, a spot trading agreement includes two parts: the Master Agreement and Confirmation 

Notice, which together makes a valid spot agreement. The Master Agreement stipulates trading 

terms on each party, but does not state any obligation for the seller to sell or buyer to buy LNG. 

It also contains information if the agreement is a one-way agreement, where it is clear who is the 

seller and who is the buyer or a two-way agreement where both parties can be either a seller or a 

buyer in different transactions. The Confirmation Notice includes the specific delivery and 

contains information regarding quantity, price, LNG carrier, arrival window and other specific 

details of the delivery. (Norton Rose, 2012) 

2.4.3.4 Trends and Challenges 

Traditionally, there are two distinct markets with Atlantic Basin and Asia Pacific, and very little 

trade between them. Due to the arbitrage opportunities in Asia with high premium prices, there 

are signs that the market will be more cross-functional and there will be more trades between the 

markets. (Norton Rose, 2012) 

In Asia the future trend is hard to predict due to the Fukushima disaster in Japan. Between 2009 

and 2010, China was a popular destination for spot cargoes. Japan has become the largest spot 

cargo importer and driven the prices to high levels. Emerging countries including China, 

Thailand, Vietnam and the Philippines have problems with the high prices and need to reevaluate 

their strategy of expanding the LNG spot cargo import. Still, the market is changing and there are 

uncertainties regarding when Japan will recover from the Fukushima disaster in order for other 

countries to reposition their roles in the market. (Norton Rose, 2012) 

One challenge for the spot market is that the majority of LNG carriers are designated for 

agreements using long-term contracts. Furthermore, there is little standardization between LNG 
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projects in the world, thus leading to LNG carriers not being compatible with all existing 

terminals. Furthermore, additional regulatory incentives need to be adopted in Japan, Korea and 

Taiwan in order to be more efficient. In the long run, the LNG spot cargo market will be 

increasingly important in Asia. In order to succeed, new players need to be aware of the legal, 

commercial and technical issues. (Norton Rose, 2012) The low level of liquidity in the LNG 

market is driven by the large share of long-term agreements, along with small amount of volumes 

that are able to be freely traded (Reuters, 2012). 

2.4.4 LNG Prices 

2.4.4.1 The Role of Gas Hubs 
A hub can be viewed as a trading platform for physical and/or financial transactions of a 

commodity, for example natural gas. Although natural gas can be traded on different 

geographical locations, the concept of a hub is about offering support for trading activities and 

enhancing the ability to become a fully mature and developed market place. More specifically, a 

hub can be seen as a meeting point and distribution center for supply and demand, which can be 

both a physical point and a virtual point. (ERGEG, 2007) 

The support system a hub provides typically includes transport and storage facilities. This allows 

a trader to distribute gas from one system to another. Moreover, as the gas trade is made under 

transparent and standardized circumstances, it will enhance liquidity. (ERGEG, 2007) 

A hub enables participants to access a large amount of other producers, suppliers and customers. 

Trading gas at a hub is about flexibility as the actors are exposed to a variety of opportunities in 

the trading process. In a hub, all participants are treated in a non-discriminatory way, which 

means that the same service must be at the same price to different actors. Participants face a 

more transparent pricing of the commodity and information symmetry is improved. The changes 

and dynamics of the market are easier to follow and increase the ability for actors to adopt. 

(ERGEG, 2007) 

Worldwide, a number of gas hubs exist where NBP and Henry Hub are seen as the most liquid 

ones (Heather, 2012). 

Henry Hub 

The Henry Hub in Erath, Louisiana, is a hub where nine American interstate and four intrastate 

natural gas pipelines intersect and provide access to major markets throughout the country. 

Henry Hub is used as the pricing point for natural gas futures trading on the New York 

Mercantile Exchange (NYMEX). (EIA, 2013) 

Futures contracts offered by CME Group and traded on NYMEX are based on delivery at the 

Henry Hub (CME Group, 2013). OTC swaps are traded on ICE since 2008 and are also based 

upon the Henry Hub (NGX, 2008). 

National Balancing Point (NBP) 

The national balancing point, commonly referred to as the NBP, is a virtual trading location for 

the sale and purchase of UK natural gas. It is the most liquid gas trading point in Europe, 

including over 100 market participants with regular trading activity, attracting interest from 
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producers, retailers, banks, and specialist trading houses. (CME, 2012) The unit which gas at the 

NBP is traded on is pence per therm (Risk.net, 2013). It is based on a market concept dated back 

to 1996 and is a favored trading location due to its virtual design and close correlation to global 

oil prices (CME, 2012). 

As a result of the collapse of Enron in 2001, the gas market fell in the beginning of the 21st 

century. However, the gas trading in UK recovered in 2006 and started attracting new companies 

from Central Europe as well as financial institutions. The financial crisis in 2008 affected the 

NBP, but not to a large extent, and the volumes were back on track in 2010. (Heather, 2012) 

Other mentionable gas hubs in Europe are Central European Gas Hub in Baumgarten in der 

March, Austria with 38 registered members (32 are active members) as well as the Title Transfer 

Facility (TTF) in the Netherlands which is a virtual trading hub (Heather, 2012). 

2.4.4.2 Methods to Price LNG Contracts 
Globally, the LNG pricing is diverse with four different gas-pricing systems around the world, 

which Figure 2.25 displays (Natgas, 2013). To see a mathematical explanation of a gas contract, 

see APPENDIX D (Zlámal, 2005). 

Figure 2.25 LNG pricing methods (Natgas, 2013) 

1. Gas-on-gas 

This market is the most liquid allowing a large numbers of suppliers and buyers competing 

without governmental intervention. In the US the benchmark price is the Henry Hub in 

Louisiana and in the UK it is the NBP price. The Henry Hub price is transparent through 

NYMEX (Natgas, 2013) whereas the NBP price is the virtual trading point for ICE (Petronas, 

2011). 

Both the US and UK have the possibility to import and export gas through the grid, both on 

current and future contracts. Furthermore, a participant can buy a certain volume of natural gas 
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at a known time in the future at a known price today. This allows the market to be sophisticated 

and efficient by taking advantage of the infrastructure and enables buyers and sellers to manage 

price risks. However, the gas market is volatile as it reacts to changes in demand and supply. 

(Natgas, 2013) 

A widespread infrastructure system has an advantage such as allowing new gas fields to enter the 

existing market faster under the assumption that the gas field is at a favorable distance from the 

grid. In theory, the market can absorb the new gas without negotiating long-term contracts. 

Furthermore, such a market is reluctant to allow specific buyers, sellers or intermediary parties to 

control the market. (Natgas, 2013) 

2. Linked to substitutes 

In these regions there are growing gas grids, yet they are limited. Prices of natural gas are 

determined by a formula derived from oil prices, usually crude oil and/or oil products. As the 

prices are derived from oil, the natural gas price will follow the oil price when it is going up and 

down. This type of equation is made to, normally, sell natural gas at a discount. Historically, these 

contracts were created for gas producers to negotiate with buyers to switch from the traditional 

oil fuel to natural gas, which could be calculated from oil-price financial instruments. (Natgas, 

2013) 

Gas producers including Norway, Russia and Algeria encouraged this type of pricing methods 

since they already had knowledge of how to price using oil contracts. This system suited both 

buyers and sellers well when the oil prices and natural gas prices in the US correlated well. 

However, in 2008 the oil price started to rise and created a large spread between the two 

commodities where natural gas prices were a quarter of oil prices, expressed in terms of price per 

energy equivalents. At the same time many LNG importing terminals were constructed and 

argued for lower LNG prices, shifting from more expensive pipeline gas prices. In the future, 

with a growing number of sellers and buyers, there will be a reluctance to set the price in this 

way, and this group tends to use gas-on-gas pricing as Group 1. (Natgas, 2013) 
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3. Oil-linked  

Most of the long-term contracts are linked to oil (Petroleum Economist, 2011). North Asia, in 

particular Japan, is using this type of contract, mostly because of historical reasons. Japan’s 

geographical situation, including risks of earthquakes and the island structures, creates difficulties 

in delivering natural gas through a pipeline network. Hence, imports of LNG via ports are the 

source of natural gas for Japan. Traditionally, Japan’s power utilities relied on crude oil and coal 

but were subject to change due to risk aversion. The oil crises in 1973 made Japan rely on natural 

gas, but only if the gas prices were cheaper than oil prices on an energy equivalent basis. The 

solution was to sign natural gas contracts directly linked to oil with a discount, and also with a 

function of price floor and ceiling built in. More specifically, oil-linked contracts are related to the 

S-curve presented in Figure 2.26 below. (Natgas, 2013) 

Figure 2.26 The S-curve (Natgas, 2013) 

The horizontal axis represents the average price of Japan’s imported crude oil price, more known 

as Japan Customs-cleared Crude (JCC) prices, whereas the vertical axis represents the LNG price. 

The middle slope represents the direct relation between the two prices. A 16.7 % slope reflects an 

equal price, based on energy equivalent, between LNG and JCC prices. A slope less than 16.7 % 

indicates that the LNG price is cheaper than oil, and vice versa if the slope is higher than 16.7 %. 

Between 1970 and 2000 the slope was on average 14 %, which reflect a discount of LNG prices 

related to oil. The contracts agreed in 2011 were made at a slope around 15 %. (Natgas, 2013) 

The two slopes to the right and left of the middle section represent a price floor and price ceiling 

respectively. Sellers are protected by the pricing floor and the buyers by the price ceiling when oil 

prices show greater volatility. Japan, South Korea and Taiwan have traditionally used this relation 

to write contracts (Natgas, 2013), especially long-term contracts (Petronas, 2011). Emerging 

countries, including India and China, are reluctant to make agreements with oil-linked contracts 

due to the future outlook of higher oil prices and lower LNG prices. (Natgas, 2013) 

4. Regulated 

In markets subject to regulated gas pricing, the government sets the prices (Petronas, 2011). Such 

markets are relatively immature where there is no transparency in the prices and little incentive 

for private sector to invest in supply or infrastructure. A negative side effect from this approach 
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is that the end-users utilize the gas inefficiently, which is what is occurring in Middle East. 

(Natgas, 2013) 

Another approach is that the government subsidizes prices, especially in emerging markets 

including Africa and Latin America. Hence, the prices are not linked to costs nor oil. (Petronas, 

2011) 

2.4.4.3 Price Index Assessments 
Companies specializing in LNG price assessments are Argus with its Argus North East Asian 

(ANEA) index which was introduced at the end of 2012 (PR Newswire, 2012) and ICIS with its 

East Asia Index (EAX) (PR Newswire, 2013). However, the Japan/Korea Marker (JKM) is the 

most commonly used globally. Introduced in 2009, the JKM Index is an LNG spot price 

assessment developed by Platts, which is used for swap and spot deals by large producers and 

consumers. Parties involved in global LNG trading have JKM as a main price indicator among 

current LNG indices. (OECD/IEA, 2013) One cargo per month that is sold has its price based 

on JKM, where Peru is one of the countries that are ahead in this field (Petroleum Economist, 

2011). The prices assessed are reported for the third, fourth, fifth and sixth half-month in the 

future, i.e. a maximum delivery horizon of three months. Cargoes between 135,000 m3 and 

175,000 m3 are subject for assessment and include delivered ex-ships (DES) (OECD/IEA, 2013) 

in the region of 21 ports in Japan and 4 in Korea, but also include 2 ports in Taiwan and 5 ports 

in China in a normalized way using an assessed deviation cost from Japan/Korea to 

Taiwan/China (Platts, 2013). Through an editorial assessment with market actors including 

producers, consumers, brokers, traders, shippers and others, the price is determined. In June 

2012 Platts introduced a JKM-swap price assessment, which has the same methodology as JKM, 

which served as a reference to the first LNG derivative. Three months later, ICE Europe cleared 

the first JKM-swap with a size of 200,000 MMBtu. (OECD/IEA, 2013) 

JKM has one distinct disability when considering the index as a representative price signal for 

LNG (OECD/IEA, 2013): 

 Transparency: in comparison with a functionable wholesale market such as hubs, the JKM-

price assessment cannot be considered as transparent since it does not reflect the direct 

competition for the balance of supply and demand on a spot market or exchange. 

2.4.4.4 Price Overview 
In 2012, prices of LNG, based on Platts JKM assessment, varied between USD 13 per MMBtu 

and USD 17.25 per MMBtu on average (Platts, 2012). However, the LNG price is varying 

between different markets and there is no global price of the LNG. The price in North America 

is USD 3-5 per MMBtu, USD 10-15 per MMBtu in South America, USD 9-13 per MMBtu in 

Europe and USD 11-15 per MMBtu in Asia including India, China and Japan. (Broggi, 2013) 

Estimated prices in May 2013 of LNG are indicating different variations of LNG geographically, 

where Lake Charles, the US will have a price of USD 3.79 per MMBtu and Bahia Blanca, Chile 

will have a price of USD 16.41 per MMBtu (Federal Energy Regulatory Commission, 2013). 
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Figure 2.27 shows the variation in price of LNG in comparison with other natural gas contracts 

and crude oil (OECD countries) from 1984 to 2011. Since 2003, the price of crude oil has been 

higher than the price of LNG. APPENDIX E describes the prices in more detail. (BP, 2012) 

Figure 2.27 Price overview of LNG, natural gas and crude oil, 1984-2011 (BP, 2012) 

2.4.4.5 Future Outlook 
Traditionally, both gas and oil have been produced by the same suppliers and used within the 

same industry. However, trends are showing that the linkage between gas and oil will disappear 

due to new bilateral agreements between exporters and importers in terms of regional gas 

exchange prices. The prices are likely to be gas-on-gas (Bain, 2012) and take a regional reference 

point rather than a global such as the oil market. (Reuters, 2012) 

There are some signs showing that different markets will be linked to each other (The 

Economist, 2012). A movement from local and bilateral arrangement to cross-regional are 

happening (Bain, 2012) Yet, the future for the natural gas market suggests staying divergent as the 

majority of natural gas will be traded via pipelines. LNG dynamics are not significant enough to 

drive change in the entire natural gas market and will have limited impact to change the current 

local market places into a global natural gas market. (Natgas, 2013) It may be a long way before 

reaching such a point, but there is evidence that points to that natural gas is becoming an 

integrated global market (The Economist, 2012). 

Within 20 years LNG prices should be set by supply and demand and reflect the underlying value 

instead of being linked to other commodities including oil. When a market starts to show 

credibility in pricing and develop liquidity, supply will be assured and long-term contracts will be 
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unnecessary. (The Economist, 2012) Current long-term contracts in Asia are often oil-linked and 

a different approach needs to be introduced in order to reflect demand and supply of LNG 

better. It is important to understand if the problem with LNG prices is the high prices or the 

price formation. If the price levels are too high, short-term solutions can be used, for example 

reducing the base price, reducing the slope being used to price against or adjust the S-curve that 

buyers use for oil-linked contracts. (Platts, 2013) Japanese buyers are looking for US sellers as 

Japan’s regulations allow companies to trade internationally. The low prices of gas and LNG in 

the US would make less easy to import LNG. (Petroleum Economist, 2013) 

However, LNG prices today do not reflect market conditions and changes in the price 

mechanisms must be forced to ensure this. Three options are discussed to change the price 

mechanism (Platts, 2013): 

 Price against spot market prices 

 Price against Henry Hub 

 Create a new LNG hub in Asia 

Spot market prices have the advantage of reflecting the demand and supply, but don’t enable 

enough liquidity and cannot be used for long-term contracts. Another option is to have Henry 

Hub gas prices as a reference point for LNG pricing. This is of advantage since the gas prices of 

Henry Hub are significantly lower than JCC-prices, which are frequently used by Japanese LNG 

importers. However, if prices rise above USD 6 per MMBtu at Henry Hub and oil prices would 

be below USD 100 per barrel, the situation would be vice versa. (Platts, 2013) Further concerns 

about extra costs, including liquefaction and transport, that will make LNG more expensive when 

traded at Henry Hub prices have increased for Japanese stakeholders (Petroleum Economist, 

2013). Hence, to price LNG contracts against Henry Hub would only be a short-term solution to 

the high prices resulting in a record trade deficit for Japan in 2012, which happened 2011 and 

before that as late as 31 years ago. (Platts, 2013) 

Lately, discussion has arisen regarding a hub directly linked to LNG trades and where it should 

be located. Asian buyers are pushing for such trading hub to be created in order to lower their 

costs of imported LNG. (Petroleum Economist, 2013) Shanghai is vying with Singapore to 

become a regional hub to develop spot markets based on competition between LNG, pipeline 

gas and domestic production (The Economist, 2012). Thanks to its advantageous geographical 

location, storage capability, tax incentives, financial system and development in commodity 

trading, Singapore is seen as a choice for a LNG hub in Asia. Global players including Gazprom, 

Shell and BP have established trading desks in Singapore and the emerging capability of trading 

LNG is an indicator for future growth of LNG contracts regarding spot and short-term deals. 

(Bain, 2012) 

Another place suggested being the future LNG hub of Asia is in particular Shanghai. In contrast 

to Singapore, who is claimed to not have the capability of being a hub in the long term due to the 

small market and limited storage capacity, Shanghai has a good infrastructure. Thanks to China’s 

good mix of domestic conventional gas, pipeline gas, imported LNG as well as the possibility of 

unconventional gas in the future, a hub there is more advantageous in the long run. In 

comparison to Japan, Korea and Taiwan, China’s market dynamics are very different. China is 
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dominated by three state-owned companies which implicates that a hub in China would be more 

of a reference price for Chinese gas and not a hub in the same sense as Henry Hub or NBP. 

(Platts, 2013) 

In order to create a hub, all stakeholders including government entities and utility stakeholders 

need to co-operate and agree on one place in order to create liquidity. Moreover, a degree of 

liberalization is necessary as it allow more participants in the market. A creation of a hub as a 

reference pricing point of LNG can be created in many ways, for example through many small 

hubs or through an emerging single hub. Ultimately, it is the Asian LNG and gas stakeholders 

that are the ones that determine if a hub will be created. (Platts, 2013) 

2.5 Overview of LNG Financial Market 

2.5.1 Development of Comparable Commodity 
As stated by Bain (2012): 

“The history of other commodity markets, such as refined products and coal, suggests that the gas market will also 

globalize and evolve from a model where contracts (especially in Asia and Europe) are generally indexed to oil 

prices to one based on gas-on-gas pricing.” (Bain, 2012) 

In order to explain further, it is suggestible to make a comparison between the gas market and 

coal market. Therefore it is relevant to illustrate the development of the global seaborne coal 

market. It can be noted that financial liquidity increased following the growing volumes of 

seaborne coal. (Bain, 2012) 

One factor that has the tendency to characterize a more liquid market is a lower level of producer 

concentration. It is stated in the Bain report that “Predictably the market share of the top four 

producers of seaborne coal decreased from approximately one-half of the market in 2001 to one-

third in 2008. “ Comparatively, it should be noted that the top four producers of LNG currently 

comprise about half of the market. (Bain, 2012) 

Thus, one factor that will impact the financial liquidity is the composition of the LNG suppliers. 

One can draw the parallel that an increased diversification and fragmentation of LNG suppliers 

can be expected within the next decade given that LNG follows seaborne coal’s pace of change. 

(Bain, 2012) 

Moreover, another factor affecting the financial liquidity is the development of technology and 

infrastructure. Looking at coal, as the vital seaborne coal infrastructure of bigger and deeper ports 

along with improved transportation systems namely railways, river barges and trucks, likewise the 

financial markets for coal as well developed further. A similar evolution is now happening in the 

LNG market as investments in exploration & production technologies (HF, FLNG), liquefaction 

plants, regasification terminal, shipping vessels, pipelines, small scale LNG across the globe 

develop and further spur the financial LNG market. (Bain, 2012) 

Furthermore, increased volumes of traded coal facilitated the development of more sophisticated 

financial instruments as well. Consequently, this creates an opportunity for nontraditional players 

to get involved in the coal trade as well as regular suppliers and buyers to hedge their positions. 

(Bain, 2012) 
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According to Bain the coal spot market and tender sales soared in the 1990s. The globalCOAL 

futures started trading in 2006 and have seen a significant increase in trade through 2010 as 

shown in Figure 2.28. The traded volume of globalCOAL has increased drastically from 15 MT 

to 206 MT in the period of 2004-2010 while the seaborne thermal coal volume has gone from 

nearly 550 mmtpa to around 700 mmtpa in the same period, shown in Figure 2.28. Moreover, 

coal traded through futures contracts has grown from 132 MT in 2006 to 683 MT in 2010 

representing a CAGR of 50 %, shown in Figure 2.29. These numbers include all futures contracts 

traded on NYMEX, European Energy Exchange, and ICE, volume delivered under represented 

contracts amounts to approximately 3 % of total (Bain, 2012) 

Figure 2.28 Coal trade development, 2004-2010 (Bain, 2012) 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.29 Financial coal derivatives development, 2006-2010 (Bain, 2012) 

The aforementioned similarities between coal and LNG indicate that an increasingly liquid and 

prosperous LNG market will transpire even if the short-term trading currently only represents 

around 15 % of the LNG volumes trades as Asia shifts towards gas-on-gas pricing. (Bain, 2012) 
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2.5.2 Overview of LNG financial products 

2.5.2.1 LNG East Asia Index (ICIS Heren) Futures 

CME Group launched the world’s first swap contract for LNG in April 2012. In total, four 

contracts were launched and on the 16th of April, all referenced against the price indicator ICIS 

Heren’s indices in East Asia, Iberia, the Mediterranean and Northwest Europe. (Reuters, 2012) 

The contract size is 10,000 MMBtu. (CME Group, 2013) 

2.5.2.2 LNG Japan/Korea Marker (Platts) Futures 

CME Group also has a financially settled swap referencing to the Platts JKM spot LNG index.  

The contract size is 10,000 MMBtu and the floating price is determined by the publication of 

Platts DES Japan/Korea LNG marker on the last publication day of the settlement period. The 

floating price for each contract month is equal to the arithmetic average of the daily published 

DES Japan/Korea marker in LNG Daily by Platts. (CME Group, 2013) 

2.5.2.3 JKM LNG Futures 

ICE has introduced a monthly settled swap futures based on Platts daily assessment for JKM. 

The contract size 10,000 MMBtu and uses a floating price determined by ICE, using spot 

forward and derivative markets for both physical and financial products. For final settlement, 

floating price will be determined based on an average of quotations of JKM in “Platts LNG 

Daily”. Contract series is 24 consecutive months. (ICE, 2013) 

2.5.2.4 Tokyo Commodity Exchange 

In March 2013, Japan announced that the Tokyo Commodity Exchange is planning to list the 

world’s first futures contract for LNG by 2015. The Tokyo Commodity Exchange released a 

Midterm Management Plan for 2013-2015 where they included LNG futures into their business 

strategy for developing new contracts. (Tokyo Commodity Exchange, 2013) 

According to Takashi Ishizaki who is the director for the commerce policy division at the 

Ministry of Economy, the futures contract will be for cash settlement denominated in dollars and 

based of an index price for the spot LNG cargoes that are delivered to Japan. Moreover, the 

contracts will enable Exchange Futures for Physical (EFP) transactions which make it possible 

for traders to swap their futures positions for a physical holding even if the contracts themselves 

will not be for physical delivery. (Bloomberg, 2013) 

This certainly is another indication that the LNG market is moving towards becoming 

increasingly liquid and the creation of the first outright exchange-traded LNG futures contract is 

another central move towards a LNG market with more pricing options, transparency and 

liquidity. (Poduval, 2013) 
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3 METHODOLOGY 

 

This chapter aims to present the methodology that is used in this study. Firstly, it describes the research paradigm 

and theoretical framework. Thereafter, the practical approach is presented before the limitations of the study are 

described. Lastly, there is a critical discussion of the data sources.

 

3.1 Research Paradigm and Scientific Approach 
This study is made from a paradigm between the two extremist points: positivism and 

interpretivism, more called a continuum of paradigms. However, this study relies on the belief 

that the reality being observed is subjective because it is socially constructed. Each person has its 

own perception of reality, thus there are multiple realities. (Collis & Hussey, 2009) In conclusion, 

the paradigm in this study leans towards an interpretivism point of view. As the study aims to 

create new theories about the phenomena, an inductive research approach is used as a method of 

reasoning. Such approach is based on observation of reality, which is used to create theory. 

Individual observations are conducted to move from specific to general theory, more visualized 

in Figure 3.1. (Collis & Hussey, 2009) 

 

 

Figure 3.1 Inductive approach (Collis & Hussey, 2009) 

Moreover, this study is based upon a qualitative study. The reason why this study used a 

qualitative approach is that it wants to use the advantages of getting an in-depth knowledge about 

the phenomena. The study aims to answer questions such as how and why, hence a qualitative 

research is the most optimal to use. 

Survey is the methodology used to collect primary data for this study. More specifically, 

descriptive survey is used to understand the phenomena at one point in time. As the study is 

under an interpretivism research paradigm, it is not crucial to select a sufficiently large and 

unbiased sample, as the results are not made to generalize to the population, but rather get in-

depth insights about the phenomena (Collis & Hussey, 2009). Furthermore, as this study aims to 

present theories, grounded theory is used to develop an inductively derived theory. The 

theoretical framework is developed both using a deductive and inductive approach. First, 

information is gained inductively. Second, a deductive approach is used to form logical 

conclusions and rationality about the missing information. After the conclusion is drawn, the 

inductive approach is again used to test tentative hypotheses with new or existing data. Through 

this deductive and inductive approach and reference to data, a theory can be grounded. (Collis & 

Hussey, 2009) 

The method used to collect data is by interviews, both telephone and face-to-face, further 

described 3.2. Interviews create an advantage to interact with the objectives and attain a deeper 

understanding of the phenomena, which is the main focus of the study. Data triangulation, where 

Observations/Findings Theory 
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data is collected from different types of sources in the LNG market, is used to get a broader view 

of the phenomena in order to increase the validity of the study. 

3.2 Practical Approach 
The main practical approach is visualized in Figure 3.2 and has been a linear and iterative process 

including four distinctive phases: 

1. Pre-study 

2. Interviews 

3. Data sorting 

4. Analysis 

Figure 3.2 Practical approach 

However, the process itself was of an iterative process due to the methodology of grounded 

theory. 

1. Pre-study 

The aim of the pre-study was to develop an understanding of the phenomena and to identify 

gaps in previous research in order to provide new theories.  An extensive literature review lies 

under this phase in order to attain relevant background information and understanding of the 

phenomena. Data collected in this phase is exclusively secondary data such as news articles and 

reports on the internet and from written literature including reports, publications and books. 

  

Pre-study Interviews 
Data 

sorting 
Analysis 
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2. Interviews 

The aim of this phase was to get primary data of the phenomena in order to sort, reduce and 

analyze data to generate theories. It also helped to get a better understanding of the phenomena 

so that the literature review could be revised to fill in missing gaps and get rid of irrelevant 

information. 

The objects for interviews were carefully chosen and had to fulfill the following criteria: 

1. High level of expertise and/or experience in the LNG business 

2. Global exposure 

Moreover, the study aimed to choose a sample that represented a variety in gender, age, 

nationality as well as different views of the phenomena including producers, buyers, operators, 

shipping brokers, financial and trading brokers, investment banks, and consultants in order to 

increase the generalizability. All above mentioned criteria were accomplished and in total, 16 face-

to-face and 3 telephone interviews were conducted in Sweden, Norway and the UK as follows: 

 Buyer, Gas supplier, face-to-face interview 

 Buyer, Gas supplier, telephone interview 

 Banker providing financial hedging, Bank, face-to-face interview 

 Consultant, Energy consulting firm, telephone interview 

 Buyer, Gas supplier, telephone interview 

 Shipping broker, Broker and advisory firm, face-to-face interview 

 Consultant, Energy consulting firm, face-to-face interview 

 Trade broker, Financial broker firm, face-to-face interview 

 Trade broker, Financial broker firm, face-to-face interview 

 Financial clearer, Clearing Institute, face-to-face interview 

 Investment banker, Investment bank, face-to-face interview 

 Trade broker, Financial broker firm, face-to-face interview 

 Producer and trader, Gas supplier, face-to-face interview 

 Investment banker, Investment bank, face-to-face interview 

 Trader, Energy utility, face-to-face interview 

 Buyer, Electricity and gas company, face-to-face interview 

 Buyer, Electric utility company, face-to-face interview 

 Trader, Energy utility, face-to-face interview 

 Consultant, Management consulting firm, face-to-face interview 

The interviews was conducted both via telephone and face-to-face and were all recorded. Before 

the start of the interview, the interviewees had the opportunity to decide if they wanted to be 

anonymous, which they all chose to be. The reason why anonymity was offered to the interview 

objects was to give them the opportunity to freely share their knowledge without being afraid of 

who can trace back the information and be individually responsible for it. In order to create the 

best interaction as possible, face-to-face interviews were the first choice to conduct. Due to 
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limitations in setting up a physical meeting, telephone interviews were used as a complement. 

Semi-structured interviews were used, i.e. pre-determined questions had been prepared but were 

subject to change in order to adapt and be more flexible to the setting of the interview. In order 

to encourage broad thinking and explore and gather information, both hypothetical questions 

and open questions were used. APPENDIX F shows the questions that were used as a base for 

each and every interview. 

3. Data sorting 

The aim of this phase was to extract and structure relevant data for the study. Data reduction was 

made in two step through a categorization based on the most relevant driving factors for liquidity 

of financial derivatives of LNG. Firstly, a set of categories of driving factors was detected and 

after that sorted through a filter of criteria as followed: 

1. Mutually Exclusive Collectively Exhaustive, i.e. be independent 

2. Distinct relation to financial liquidity 

The structure of the data reduction is shown in APPENDIX G and was through axial coding. 

Next part was to identify opportunities and barriers within each driving force. 

Furthermore, in the same way as phase 2, this phase also helped to get a better understanding of 

the study so that the literature review additionally could be revised to fill in missing gaps and get 

rid of irrelevant information. Additionally, the findings were used as a base to conduct further 

analysis and implications about the results. 

4. Analysis 

The aim of the analysis-phase is to analyze the data in order to present relevant theories about the 

phenomena. The analysis helped to further explore and understand implications of the results. 

The analysis was made through a general analytical procedure, where findings were analyzed from 

a framework whether the driving factor belonged to financial and pricing mechanisms or 

underlying LNG market as well as if the driving factor was sufficient to enable liquidity for 

financial LNG derivatives or not. As a last step, an analysis was conducted to determine the 

relation between all the driving factors. 

3.3 Scope and Limitations of the Research 
There are some limitations of the research, namely time duration, economic budget, access to 

interview objects, subjective data and lack of sufficient data. The study is conducted during a 

period of 20 weeks, which is a relatively short time period to fully explore the phenomena. This 

affects the amount of time spent on every phase, where the interview phase could be extended. 

Moreover, the phenomena itself is not static and is subject for change from time to time. Hence, 

this study only explains the phenomena during current circumstances including political/legal, 

socioeconomic and technological aspects. Furthermore, this study omits to determine when a 

state of liquidity for LNG financial derivatives will be reached. 

Further economic access could improve the flexibility of the study. Global experts could be 

reached at other geographical places, for example Asia, if the budget of the study was larger. 
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Moreover, the study had limited access to interview objects. Firstly, the amount of interview 

objects relevant for the topic was relatively small. Further difficulties occurred after initial 

contact, since the time and effort of interviewing objectives were demanding, especially for the 

interviewees. 

The results derived from this study are limited to qualitative data and does not include any 

quantified data measures. Hence, there are no numerical values describing the results and the data 

described are from a conceptual and subjective point of view. Another limitation is the 

accessibility to quantitative data regarding financial trading of current LNG financial products 

due to an immature market. 

3.4 Data Criticism 
In general there are no extensive publishing of LNG financial derivatives, thus data for the 

literature review is based on the most recent accessible information from secondary resources. 

Since the market of LNG is relatively immature, it is difficult to find updated information from 

sources other than news articles and reports, where research based publishing would be 

beneficial. The reports on the internet were from either independent organization or large 

corporates, and is seen as reliable which is positive for the study. 

The primary data gathered from interviews were made with anonymity. A disadvantage of such 

approach is that the information shared by the interviewees can be of low credibility since they 

do not have to take responsibility for it. However, since the information was attained from 

interviews, thus interacting with the interviewees, the credibility of information could be 

evaluated and questioned directly and through interaction. This transparency could never be 

reached if the information was gathered through internet surveys, which is an advantage of this 

study. 
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4 RESULTS 

 

This chapter presents ten key driving factors for liquidity of financial derivatives of LNG, where the driving factors 

are not presented in order of importance. The second section in this chapter presents opportunities and barriers for 

each driving factor. 

 

4.1 Driving Factors 
1. Supply of LNG 

This driving factor is aimed at the supply of LNG available to the market, including long-term 

and short-term contracted volumes and volumes sold on spot market. In times of short supply of 

LNG, high priced volumes tend to flow to the highest market price, which currently is found in 

the Asian market. Meanwhile, other markets are left with scarce supply and instead use other 

resources. An oversupplied market pushes market prices down, which increases willingness to 

buy LNG. A good example from the natural gas market is the extraction of shale gas in the U.S., 

which has brought enough volume to the market to lower the regional price of natural gas and 

increase competitiveness against substitute energy resources, such as oil and coal. Increased 

physically traded volumes (underlying market size) makes up a building block for a liquid 

financial market.  

2. Demand of LNG 

Variation in demand affects ability for different participants to enter the market. This affects the 

physical liquidity and therefore the frequency to use LNG financial derivatives for price hedging. 

For example, if the demand is growing it allows more participants to enter the market and the 

physical liquidity increases and more trades need to be price secured. 

Moreover, the sources of demand also affect the liquidity for financial derivatives of LNG. Usage 

of LNG as a fuel for marine and land vehicles requires small-scale infrastructure where LNG is 

traded in smaller volumes. Firstly, new sources increase demand and secondly, smaller volumes 

increase the frequency of trades. 

3. Leaving oil indexation 

Historically, the majority of LNG contracts have been linked to oil since in Asia, in particular in 

Japan, LNG was seen as a substitute to oil. This provides liquidity to financial derivatives linked 

to oil and act as a barrier for LNG financial derivatives to be introduced. Hence, leaving oil index 

and price LNG contracts against LNG as a commodity is essential for how liquidity for financial 

LNG derivatives will develop. Since oil indexation has such historical roots in the LNG market, 

this indexation has become a social structure within the LNG market. 

4. Fragmentation among suppliers 

The level of fragmentation in the upstream market determines the level of competition. The 

degree of competition in the supply side directly affects the ability for buyers to enter new types 
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of agreements and using new LNG pricing mechanisms. In order to hedge the price exposure, 

financial derivatives need to be used that have the same price mechanism, which affects the 

liquidity of LNG financial derivatives. 

5. Number of players in physical market 

The number of players that are active in the physical market impacts the liquidity of the financial 

LNG market as it determines the level of competition within the market, which in turn affects 

the extent of which the market adopts LNG indices and financial derivatives. The number of 

players determines the amount of pressure being put on the industry to move towards LNG 

indices and financial derivatives. This means that the amount of new non-traditional players 

establishing global LNG platforms affects the amount of financial liquidity as well. 

6. LNG index reliability 

An LNG index that financial derivatives would be referenced to could be priced in multiple ways. 

An index is usually considered more reliable when priced through an organized exchange rather 

than using a methodology for price assessments. The reliability of a price assessed on an index 

affects the willingness to trade on the index. Hence, the reliability of an LNG index is a driving 

factor for referencing contracts for physical volumes to the index and also having financial 

traders being confident in trading on the index.  

7. Willingness to price on LNG index 

A driving factor which affects the amount of potential liquidity in the LNG financial derivatives 

market is the willingness of players trading physical LNG to price the volumes on a contract 

linked to an LNG index, affecting the level of physical volumes priced on an LNG index 

contract. This affects the liquidity in the financial LNG market, as it is the amount of physical 

volumes priced on an LNG index that serves as the foundation for how much volume can be 

hedged on the financial market. Thus it is the amount of physical LNG which players decide to 

trade on an LNG index that serve as a foundation for the amount of trade being done on 

financial LNG derivatives. Moreover, the degree of volume among physical trades being done on 

LNG indices also affects the amount of liquidity, as the emergence of a dominant index would 

consolidate liquidity whereas several indices would split liquidity. 

8. Players trading financially 

Financial derivatives can be utilized in order to take a position in the LNG market without being 

obliged to deal with the underlying physical commodity. This can be useful for hedge funds and 

other financial traders who want to speculate on price changes in LNG while not having to enter 

the physical market. The financial market for Brent Crude Oil is much larger than the physical 

market, indicating that non-physical players can have a great impact on liquidity on the financial 

market. Should these speculators stay out of the financial LNG market, it can only become liquid 

from players hedging volumes on the physical market and if they enter, the market is more likely 

to become liquid in a much faster pace.  
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9. Clearing houses 

The concept of having LNG financial derivatives being cleared by clearing houses is another key 

driving factor for creating liquidity in the LNG financial derivatives market. The reason for this is 

predominantly that having contracts on clearing houses allows for additional financial players to 

enter the LNG derivatives market as more companies can gain access to trading the products 

who otherwise would not be able to trade due to credit issues. Furthermore, clearing houses serve 

as a driving force as they have an impact on the bureaucratic paper and legal work needed in 

order to be allowed to trade LNG financial derivatives as they enable parties who have not signed 

agreements with each other to transact with each other. Clearing houses add more reliability to 

the LNG financial derivatives market as they reduce credit risk by stepping in as a counterparty 

to both trading parties involved guaranteeing that trades get settled in the event of a party 

defaulting on the settlement of the trade. 

10. Contract length 

The contract length will determine how long the duration is for renegotiation, i.e. the frequency 

of contract agreements. Whenever a contract is up for negotiation, it allows the possibility to use 

new LNG price index. In order for financial derivatives to fulfill their purpose to price hedge, the 

contracts need to be connected to LNG, thus affecting the liquidity. 
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4.2 Opportunities and Barriers 

 
Table 4.1 Opportunities and barriers for 1. Supply of LNG 

  

1. SUPPLY OF LNG

Opportunities

• Various sources of supply coming into one point

• Supply from the US (shale gas/HF)

• Supply from Australia (off-shore gas/FLNG) and Africa

• Supply from Africa

• Lead time for bringing gas to the market has reduced significantly

• All the producers want to increase their production

Barriers

• Significant lack of supply in current market

• Big producers keep supply out of market to maintain price levels

• Largest owners of resources manage capacity and only present new trains when people will

  use it

• Australian export projects are delayed
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Table 4.2 Opportunities and barriers for 2. Demand of LNG 

  

2. DEMAND OF LNG

Opportunities

• Countries previously having no demand of gas now have a demand, leading to

  unprecedented demand growth

• EU and US are developing LNG as a transportation fuel (marine transportation, land

  transportation and railway transportation)

• Small Scale LNG is creating the possibility to trade smaller volumes of LNG, thus creating

  potential for further commoditization

• Emerging countries have demand growth

• Fukushima effect lead to increased demand

• There is more capacity being built for regasification

• South America is increasing imports of LNG

Barriers

• China does not want more oil or gas by ships

• Difficult regulatory environment when trading with China

• There is no downstream market in Japan or South America

• Producers want to increase production but demand is not growing that quickly

• European regas capacity left idle due to lack of demand

• Most small scale is triggered in Europe and North America and does not represent the

  LNG market

• Small scale initiatives in Japan will be priced on oil because it replaces oil

• Japanese have been slow at trying to push for new contracts

• It is too early to launch contracts on JKM
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Table 4.3 Opportunities and barriers for 3. Leaving oil indexation 

  

3. LEAVING OIL INDEXATION

Opportunities

• New competitors in Russia puts pressure oil-indexation because it could be exporting for

  spot prices on JKM reference

• In Europe, a lot of utilities have managed to renegotiate their long-term contracts and turn

  those contracts into hub indices and now everybody is comfortable with NBP and TTF

• The customer side wants more gas indexation

• Japan is pushing for more indices for diversification

• Other publications are attempting to improve quality

Barriers

• Most  long-term agreements are still oil-linked contracts

• Oil majors want their project revenues based on oil due to shareholder expectations

• Oil is easier to manage with hedging

• There is resistance among conservative buyers to change pricing mechanism

• LNG is less homogenous and therefore there is more basis risk

• There are almost only short-term trades on JKM and it is hard to negotiate long-term

  contracts

• New financial LNG contracts are only there to try the market, they will not generate

  volume

• More contracts only spreads liquidity
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Table 4.4 Opportunities and barriers for 4. Fragmentation among suppliers 

  

4. FRAGMENTATION AMONG SUPPLIERS

Opportunities

• New companies are looking to export from Russia, competing with Gazprom

• There is gas production in countries that have not had gas before

• Supply is being brought to the market from new players

• The US market is bringing new players to the market

Barriers

• When comparing resource holders, gas is a much more concentrated market than oil

• There is a natural vertical integration between the resource holder and the liquefaction

  plant

• The number of primary players in the upstream market is unlikely to be much larger in the

  future

• The duopoly of players hinders incentives for encouraging the physical market to become

  liquid

• A fragmented integration between resource holder and liquefaction plant makes no sense

  from the contractor's point of view
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Table 4.5 Opportunities and barriers for 5. Number of players in physical market 

  

5. NUMBER OF PLAYERS IN PHYSICAL MARKET

Opportunities

• Growth of demand is creating space for additional players to enter the market

• The amount of players should reach a critical mass

• Asian companies buying into production projects eases access to trading for new entrants

• Non-traditional players are establishing global LNG platforms

Barriers

• Currently there are very few actors in the LNG business

• The number of new participants entering the market is very small. 

• There is a high barrier of entry as a cargo is worth about USD 50-60 million  

• There is a limitation in the amount of players able to enter the physical market

• Current traders do not see it as a market where they can make a lot of money

• Just because a new player has a cargo it does not mean that anybody wants to trade with

  them
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Table 4.6 Opportunities and barriers for 6. LNG index reliability 

  

6. LNG INDEX RELIABILITY

Opportunities

• Pricing indices become trusted as clearing houses have launched LNG swaps and trades

  can be done through clearing houses

• JKM is perceived as most credible LNG index

• Ther regulatory environment is pushing trade more toward clearing houses and increases

  reliability as clearing houses are trusted

• JKM is creating a forward curve that is improving which is creating more visibility

• The bid-offer spread has decreased lately and is becoming tighter resulting in being able to

• New trading platform is allowing for a screen which makes trade more visible and

  transparent, allowing for more parties to trade with others

• The transparency in JKM is getting better

Barriers

• The biggest barrier for people to start trading is confidence in the JKM as a marker

• JKM is only an assessment, there is no way of controlling if the assessment is right

• Platts do not have visibility for all the trades

• Trade price is not available every day so there is a degree of guessing involved

• Not many counterparties participate in the formation of the price

• Players are reluctant to provide Platts with price estimates because of the risk of getting

  accused for market manipulation

• Wide bid-offer spread makes the index unreliable

• Transparency can erode market advantage

• Japanese utilities do not benefit from transparency

• Transparency does not help efficiency of profitability

• Long-term contracts do not have any transparency
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Table 4.7 Opportunities and barriers for 7. Willingness to price on LNG index 

  

7. WILLINGNESS TO PRICE ON LNG INDEX

Opportunities

• One dominant index would consolidate liquidity and create potential for more liquidity

• Spot deals are increasingly being done on JKM

• Platts JKM is becoming a dominant index and being used for physical trade

• JKM is being used for medium-term physical trades of 5 years

• Spot and short-term players are looking at JKM

• Japan is more keen on introducing new indices in formulas for diversification

• Cargoes from Peru being sold on JKM, because the government wants to ensure that they

  get market prices

• One would wonder why Asian prices should be dependant on the weather in UK, which

  makes it reasonable to have an index in that area

• There would be a market for JKM because it is an effective hedge to North

  Asian gas prices and NBP is not

• All the building blocks for for a liquid LNG market are in place, the only thing needed is

  time

• Japan announced projections on launching the world's first LNG futures in 2015

Barriers

• Not many counterparties will accept trade based on JKM

• It is difficult to accumulate volumes to one index in the LNG market

• Not understanding how the JKM index is derived makes it difficult to look at risk so there

  is restriction within the companies risk agendas to speculate on the JKM

• The US and Europe already have liquid hubs, thus there is no need for an LNG index

• Players are not able to hedge full cargoes on JKM

• Estimated traded volume on JKM since the beginning is only 4 tBtu 

• The Japanese market is uncertain due to the possibility of nuclear power starting up

• LNG is just a way of transporting natural gas, not a commodity in itself
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Table 4.8 Opportunities and barriers for 8. Players trading financially 

  

8. PLAYERS TRADING FINANCIALLY

Opportunities

• Now there is interest from hedge funds and players who are not active in the physical

  market

• Everybody in the world seems to want to have a look at financial side

• There is 4 years of history for the JKM

• Financial traders are taking positions based on their belief of what direction the market will

  evolve by trading on the JKM index

• Clearing institutions have launched products, creating the possibility for hedge funds

  to trade

• Financial traders are taking positions attemptning to hedge

• Trading small volumes is being done now to prove that everything works internally and

  that they understand the market

Barriers

• People want to see liquidity before they trade because there needs to be the ability to get

  out of the position

• Liquidity is needed to bring the next wave of players but nobody adds liquidity without

  being in the market

• Financial traders look for products that are commoditized and screen based, which are not

  available in the financial LNG market

• There are mono-directional views on the JKM price, resulting in loss of trade opportunities

• Players cannot even do weekly trades on JKM without loosing on the bid ask spread
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Table 4.9 Opportunities and barriers for 9. Clearing houses 

Table 4.10 Opportunities and barriers for 10. Contract length 

  

9. CLEARING HOUSES

Opportunities

• Clearing houses enable customers to access counterparties that otherwise would not be 

able

  to trade with each other, thus lifting credit risk exposure from buyesr and sellers• Clearing houses simplify bureaucratic procedures, which streamlines trade

• Clearing houses ease access to trading for new entrants

• There is an increase of regulation from the Dodd-Frank and EMIR reforms

Barriers

• The players involved in the LNG market are creditable by nature

• There are few people trading and they all know each other

• There is skepticism about the level of risk containment provided, by everyone going the

  clearing route

• There is not much clearing regulation on OTC LNG because it is traded globally

10. CONTRACT LENGTH

Opportunities

• Long-term contracts used to be 25-30 years and now 15 years is considered a long-term

  contract

• Trading houses focus on developing short-term positions

• The European market is moving from long-term contracts to short-term gas-on-gas

  indexation

• Developed infrastructure has already been paid off, thus there is no need for long-term

  contracts for financing

Barriers

• Suppliers look to secure long-term buyers

• LNG projects need long-term customers in order to finance projects for 20-25 years

• Even in the US they cannot get financing if they do not sell at least 80 % of the capacity so

  even if they want to they cannot have more than a little bit on spot
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5 ANALYSIS 

 

The analysis presents a deeper understanding of the research questions. First, a categorization of the driving factors 

is conducted in order to understand which driving factors have reached a sufficient level that enables LNG financial 

liquidity. The following section shows how the driving factors are related, consequently a final conclusion is 

summarized. 

 

5.1 Categorization of Driving Factors 

This part presents a categorization of the driving factors. Figure 5.1 shows the different driving 

factors divided into their features, either financial market or underlying LNG market, and the 

level of sufficiency to enable liquidity for LNG financial derivatives.  

Figure 5.1 Driving forces divided into features and level of sufficiency to enable liquidity for LNG financial derivatives 

The results show that four driving factors have reached a sufficient level in to reach financial 

liquidity; two of those are from financial market and pricing features, which are: 

Financial market and pricing mechanisms 

6. LNG index reliability: the results shows that JKM has a reliable assessment method, thus can 

be used as a price index, both for LNG contracts and financial derivatives. To further increase 

the reliability, the next step would be to derive prices from actual LNG trades through an 

organized exchange when or if it develops. 

9. Clearing House: there are currently two clearing houses that offers cleared financial LNG 

derivatives globally, which is sufficient enough to reach liquidity in the financial LNG market.  

Sufficient to enable financial liquidity Not sufficient to enable financial liquidity
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Underlying LNG market mechanisms 

2. Demand of LNG: the need of LNG is currently high and will grow, which is sufficient enough 

to enable financial liquidity. For instance, the EU:s 20/20/20 goals and sulphur emission limits 

increase the demand and usage of natural gas and LNG, since it is an energy source which fulfill 

the requirements. High growth in emerging markets also possesses a significant impact of the 

increasing demand of LNG. 

5. Number of players in physical market: the results show that the share number of players in the 

physical market, including producers, distributers and buyers, are sufficient enough to reach 

financial liquidity. 

Furthermore, there are still six driving factors that are not completely fulfilled in order to create 

financial liquidity of LNG derivatives: 

Financial market and pricing mechanisms 

3. Leaving oil indexation: due to the historical development of LNG pricing methods, oil 

indexation is still rooted when writing contracts, especially from suppliers. This behavior is still 

dominant and makes this particular driving factor not sufficient enough to enable financial 

liquidity for LNG financial products. 

7. Willingness to price on LNG index: even though there is at least one reliable LNG index 

(JKM) the problem is that poor liquidity in the market prevents stakeholders to enter large 

volumes related to the index. 

8. Players trading financially: poor liquidity makes this driving factor not sufficient enough. 

Underlying LNG market mechanisms 

1. Supply of LNG: for LNG, there is undersupply in the market. Such event prevents sufficient 

competition and development of new pricing mechanisms, thus making financial liquidity poor. 

The development of HF technology is currently enabling the exploration of shale gas in the US. 

FERC and DOE are currently reviewing applications for US export of LNG, thus impacting the 

amount of new supply which will be able to reach the global market. Moreover, FLNG in 

Australia is enabling the exploration of its off shore gas reserves. Hence, the increased supply in 

the coming years possesses the potential to shift the supply and demand relation to a less tight 

market, with a possibility of achieving an oversupply of LNG.  

4. Fragmentation among suppliers: still the upstream market is very tight where few players have 

a large amount of the market. This enables suppliers to control the market and pricing 

mechanisms in their favor which is based on historically methods such as oil indexation, which 

makes this driving factor not sufficient enough to enhance financial liquidity in LNG financial 

derivatives.  

10. Contract length: the market is still dominated by long-term contracts which affect the 

frequency of writing new contracts negatively. Even though there have been signs with shorter 
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contracts lengths, still they need to be even shorter which will make the market more dynamic 

and get frequent use of LNG financial derivatives.  

5.2 Relation Between Driving Factors 
Figure 5.2 shows the relation between the driving factors.  

 

Figure 5.2 Casual Loop Diagram for the driving factors of LNG financial liquidity 

The relations between the driving factors are depicted in Figure 5.2 as a casual loop diagram. The 

arrows indicate that one driver affects another and the plus and minus signs indicate the 

correlation between them. There is only one negative correlation among the driving factors, 

which is related to contract length. Due to an increase in contract length it affects the other 

parameters negatively. The factors directly affecting the liquidity in the financial market are 

players trading financially and the willingness to price physical cargoes on LNG index because 

they affect the volumes traded for the purpose of speculating and price hedging respectively. 

These parameters are also positively correlated by the financial liquidity that they affect. This 

phenomenon has also been referenced in the data as “the chicken and egg problem” as high 

liquidity is a precondition to attract even more liquidity. 
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5.3 Conclusion 

From the data and analysis there can be a few conclusions drawn concerning the driving factors 

of liquidity in the financial LNG market. The factors are in many ways related to each other and 

multiple factors need to change in order to drive the financial liquidity. However, the most 

important factor to be changed is the willingness to price physical volumes on an LNG index. 

The data indicates that there are a number of players who have traded physical volumes on the 

JKM index and that there is an increasing willingness among players to reference to the JKM 

price in their contracts in the future. The remaining reluctance to price on an LNG index has to 

do with the contract length and the oil-indexation, both of which have been deeply rooted in the 

history and culture of the LNG business. With long-term contracts, players are more willing to 

have a price risk on the oil price rather than a non-tested price index because they have a better 

understanding of the nature of the oil price. A decrease in contract length and an increase in spot 

market trading would reduce the accumulated price risk of a contract, since the players are not 

bound to a specific price risk for a long period of time. Having oil-indexation in contracts seems 

to be mainly driven by suppliers, who feel confident in trading on oil-indexation since oil majors 

constitute most of the supply side. Suppliers have an advantage from the current LNG market, 

which is undersupplied, as supply has not increased according to increase in demand, which gives 

buyers of LNG little, if any, room for negotiating the price reference in the contract. A more 

fragmented supply side would encourage competition among suppliers, which would give buyers 

an opportunity to choose different price references, such as an LNG index. If more physical 

volume is priced on LNG, more financial contracts will be traded on LNG as a means of hedging 

the price risk. This increase in liquidity could serve as a trigger for more financial players to 

speculate on the LNG index and further drive the liquidity in the financial market. 

In short, the current illiquid market situation for LNG financial derivatives is mainly derived 

from reluctance to use LNG indices when pricing physically traded volumes. Factors that drive 

the future pricing of the contracts are a decrease in length of the physical contracts and 

fragmentation among suppliers of LNG. 
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6 DISCUSSION 

 

The following discussion is divided into two parts. The first part discusses the reliability, validity and 

generalizability of the study. Finally, additional research topics are brought forward in order to give 

recommendations on what areas can be further analyzed. 

 

6.1 Reliability, Validity and Generalizability 

The results show that there are ten driving factors for liquidity of LNG financial derivatives, 

where each and every driving factor shows characteristics of both opportunities and barriers to 

enable liquidity for LNG financial derivatives. In addition, there are six driving factors that have 

not reached a sufficient level to such financial liquidity, where three of them belong to financial 

and pricing mechanisms and the other three are underlying LNG market mechanisms. 

Furthermore, through the interrelationship mapping between the driving factors the results show 

that there is a “chicken and egg problem” for financial liquidity: high financial liquidity is a 

prerequisite to attract further liquidity. 

This study is of importance to understand for three reasons. Firstly, to our knowledge, no 

previous research has generated information about the driving factors for liquidity of LNG 

financial derivatives. Secondly, this study points out which driving factors are not sufficient 

enough to enable financial liquidity and can be used by stakeholders in order to know what 

actions need to be taken if an increased financial liquidity is sought for. Finally, this study 

visualizes how the driving factors causally are connected, which is of importance to understand 

where in the chain there are problems and which driving factors that affect each other. 

The results are based on personal views of the interview subjects. Many opinions are diverging 

from other opinions, which show that there is an uncertainty among LNG players regarding how 

the market situation will develop. There is however a consensus about which factors that will 

have the utmost effect on the market development.  

Answers to the research questions that the thesis sought to a answer can all be found in the 

results, which indicates that the final outcome is well related to the initial incentives for 

conducting the research. 

From a practical perspective the results affects different part of the actors within LNG financial 

derivatives. Producers must be aware of the dynamics that about to happen and their position in 

the relation network that will create financial liquidity. Even though current producers 

traditionally have controlled the market and act as a barrier for LNG financial derivatives, it 

could change rapidly thanks to new market players where demand side can start to control the 

pricing situation instead. Such change must producers be aware of in order to be sustainable in 

their business. The results are important for buyers, as they collect different buyers’ opinion on 

the phenomena and show consensus about the willingness to remove from oil indexation price 

contract and towards LNG as a commodity. This might not be possible to be performed by 

buyers themselves. Moreover, the results also show that regulations have an impact, but are 
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concentrated to the underlying LNG market. This is indicates that the market internally has the 

ability to create a market place for LNG financial derivatives. 

The data gathered in this study is from a short period of time. Hence, the data is based on the 

current market situations, which means that it might subject for change and may not be 

applicable for future market dynamics. Furthermore, the sample in this study was not evenly 

distributed. For example, only one producer was in the sample whereas five buyers were 

interviewed. The data itself could be affected in a negative way since some perspectives could be 

left out that other producers could have covered. 

This study has a qualitative approach, which in theory generates lower reliability than a 

quantitative study. Hence, if the study will be repeated there is a risk of low probability to 

generate the same results. This is due to the subjective method to attain and analyze data. 

However, to minimize the risk of low reliability, the questions of the interviews are presented in 

APPENDIX F, which makes it easier for others to replicate the study in a more objective 

manner. 

An approach to increase the reliability is to complement the study with a written survey. The 

survey could contain questions with multiple-choice answers regarding the phenomena, which 

could be extracted and analyzed. The data gathered could easily be quantified and lower the 

subjectivity of the study. Due to time limitations this study does not cover quantitative data and 

results. 

The validity, or how well the findings accurately reflect the phenomena under study, is high in 

this study. Thanks to the qualitative approach and in particular the interviews, in-depth 

knowledge of the phenomena were attained. The interviews allowed interaction with the 

interview objects, which is an excellent approach to enable clarification of any uncertainties of the 

questions being asked. 

One method used to gather data was to use data triangulation where the advantage is to gain a 

broader view of the phenomena, which helped to increase the validity. However, similar methods 

could be used to increase the validity such as investor triangulation. This method uses different 

types of investigators to analyze the data, which can be advantageous in order to validate the 

findings. One disadvantage of such approach, and triangulation in general, is that it is very 

resource demanding.  

As the study is using a qualitative approach and is time consuming, the data sample was small and 

contained few objects. One implication of such approach is that the generalizability, i.e. to what 

extent the results can be drawn to a broader setting and represent the entire population, suffers. 

However, as the objects of the sample in this study were selectively chosen and had a strong 

insight in the LNG business, it created higher generalizability. 

In order to create more generalizability the sample needs to be extended. For example, more 

buyers could have been interviewed which would have created a broader perspective of the LNG 

business. Due to resource and time limitations, an increase of interview objects could not be 

managed. Earlier mentioned quantitative methods as a complement could increase the sample, 

thus increasing the generalizability. 
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6.2 Further Research 

As mentioned, this study is a qualitative study in order to attain in-depth knowledge about the 

phenomena. Next step to get a broader credibility is to make a quantitative study about LNG 

financial derivatives. Such approach would be important for the phenomena for many reasons. 

Firstly, a quantitative study has the advantage to reach a larger data sample. Thus, the findings in 

this study would be further confirmed and give the findings more credibility. Secondly, a larger 

data sample would enable the possibility to get a broader view and include new driving factors 

that this data sample could not cover. Players directly involved with the LNG market in Asia 

could have been included and thus give their view on the phenomena. 

In addition, further study would automatically be at a new point in time and the driving factors 

could again be evaluated to determine which of the driving factors have reached a sufficient level 

to enable liquidity for LNG financial derivatives. To determine whether or not a market is liquid 

is difficult because of the relative nature of the term liquid. Among the interview subjects in this 

thesis there have been diverging opinions regarding what needs to happen in order to have a 

liquid LNG financial market. Some interview subjects already consider the JKM financial 

derivatives as liquid while others do not expect to have a liquid financial market for the next 20 

years. A further analysis of when a market can be defined as liquid and which criteria that need to 

be fulfilled would provide better understanding about which circumstances that need to occur in 

order to have a liquid LNG financial market. 

One way to study the future developments of the LNG market would be an in-depth comparison 

to a similar commodity market that has a liquid financial market. This would preferably be the 

crude oil market or coal market as they are traded in a similar way and have similar actors as the 

LNG market. Looking at the pre-liquid circumstances and comparing this to the LNG market 

today might give clarity in how and if the LNG financial market will become as liquid as the 

financial market for coal and crude oil.  

Ultimately, this study has gained a deep understanding and knowledge about the driving factors 

for LNG financial derivatives and serves as a strong base to conduct further research about the 

phenomena of LNG financial derivatives. 
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APPENDIX A 

Table A.1 Overview of global natural gas reserves (BP, 2012) 

  

NATURAL GAS PROVED RESERVES

Tcf 1991 2001 2011 2011 (Share)

US 167.1 183.5 299.8 4.1%

Canada 95.7 59.8 70.0 1.0%

Mexico 70.9 28.1 12.5 0.2%

Total North America 333.7 271.4 382.3 5.2%

Argentina 22.7 27.0 12.0 0.2%

Bolivia 4.1 27.4 9.9 0.1%

Brazil 4.3 7.6 16.0 0.2%

Colombia 3.5 4.5 5.8 0.1%

Peru 12.1 8.7 12.5 0.2%

Trinidad & Tobago 8.4 20.3 14.2 0.2%

Venezuela 126.5 147.6 195.2 2.7%

Other S. & Cent. America 5.7 4.3 2.2 *

Total S. & Cent. America 187.3 247.5 267.7 3.6%

Azerbaijan n/a 43.4 44.9 0.6%

Denmark 3.6 5.0 1.6 *

Germany 5.8 7.0 2.2 *

Italy 11.9 5.9 3.1 *

Kazakhstan n/a 62.7 66.4 0.9%

Netherlands 62.2 51.8 38.9 0.5%

Norway 45.0 77.3 73.1 1.0%

Poland 5.4 4.1 4.3 0.1%

Romania 17.0 11.4 3.8 0.1%

Russian Federation n/a 1495.7 1575.0 21.4%

Turkmenistan n/a 91.3 858.8 11.7%

Ukraine n/a 35.5 33.0 0.4%

United Kingdom 19.1 38.8 7.1 0.1%

Uzbekistan n/a 59.1 56.6 0.8%

Other Europe & Eurasia 1769.3 15.9 10.0 0.1%

Total Europe & Eurasia 1939.2 2005.0 2778.8 37.8%

Bahrain 6.1 3.9 12.3 0.2%

Iran 699.2 921.7 1168.6 15.9%

Iraq 109.5 109.8 126.7 1.7%

Kuwait 53.4 55.0 63.0 0.9%

Oman 3.3 33.4 33.5 0.5%

Qatar 227.0 910.5 884.5 12.0%

Saudi Arabia 184.4 228.0 287.8 3.9%

Syria 7.1 8.5 10.1 0.1%

United Arab Emirates 204.6 213.9 215.1 2.9%

Yemen 14.0 16.9 16.9 0.2%

Other Middle East ^ 1.8 7.8 0.1%

Total Middle East 1508.7 2503.5 2826.3 38.4%

Algeria 128.1 159.7 159.1 2.2%

Egypt 14.0 55.0 77.3 1.1%

Libya 46.2 46.4 52.8 0.7%

Nigeria 120.1 163.6 180.5 2.5%

Other Africa 27.6 39.1 43.5 0.6%

Total Africa 335.9 463.8 513.2 7.0%

Australia 33.5 94.2 132.8 1.8%

Bangladesh 25.4 12.0 12.5 0.2%

Brunei 14.0 12.6 10.2 0.1%

China 35.4 48.3 107.7 1.5%

India 25.8 26.9 43.8 0.6%

Indonesia 65.0 91.9 104.7 1.4%

Malaysia 59.1 87.6 86.0 1.2%

Myanmar 9.8 12.2 7.8 0.1%

Pakistan 26.7 26.3 27.5 0.4%

Papua New Guinea 14.3 15.1 15.6 0.2%

Thailand 8.7 13.3 9.9 0.1%

Vietnam ^ 6.8 21.8 0.3%

Other Asia Pacific 11.3 13.6 12.1 0.2%

Total Asia Pacific 329.5 460.9 592.5 8.0%

Total 4634.3 5952.1 7360.9 100%

^Less than 0.05

*Less than 0.05 %
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APPENDIX B 
 

Table B.1 Global trade movements in 2012 (GIIGNL, 2013) 
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Belgium - - - - - - - - - 3.00 - - - - - - - - -1.17 1.82

France 3.16 0.60 - 2.11 0.19 - - - - 1.28 - - - - - - - - -0.16 7.17

Greece 0.62 0.06 - 0.02 - - - - - - - - - - - - - 0.07 - 0.76

Italy 0.71 0.10 - - 0.06 - - - - 4.20 - - - - - - - 0.09 - 5.16

Netherlands 0.03 - - 0.05 0.42 - 0.06 - - - - - - - - - - - - 0.56

Portugal - 0.06 - 1.28 - - 0.06 - - 0.12 - - - - - - - 0.06 -0.06 1.52

Spain 2.76 0.47 - 3.95 1.29 1.88 1.80 - - 3.10 - - - - - - - 0.48 -1.27 14.46

Turkey 3.08 0.36 - 1.03 0.12 - - - - 0.88 - - - - - - - 0.16 - 5.63

UK 0.08 0.06 - 0.11 - - - - - 10.13 - - - - - - - - - 10.38

Europe 10.43 1.70 - 8.55 2.09 1.88 1.91 - - 22.71 - - - - - - - 0.85 -2.66 47.47

Canada - - - - - - 0.61 - - 0.70 - - - - - - - - - 1.30

Mexico - - - 0.75 - 0.90 0.11 - - 1.29 0.23 - - - 0.25 - - - - 3.52

US - 0.06 - - 0.13 - 2.24 - - 0.69 0.40 - - - - - - - -0.42 3.09

North America - 0.06 - 0.75 0.13 0.90 2.96 - - 2.68 0.63 - - - 0.25 - - - -0.42 7.91

Argentina - 0.06 - - 0.18 - 2.32 - - 0.07 - - - - - - - 0.74 - 3.36

Brazil - - - 0.32 0.13 - 0.97 - - 1.00 - - - - - - - 0.58 -0.29 2.70

Chile - 0.17 0.25 - 0.05 - 2.05 - - - 0.24 - - - - - - - - 2.77

Dominican Republic - - - - - - 0.74 - - 0.18 - - - - - - - - - 0.92

Puerto Rico - - - 0.05 0.06 - 0.86 - - - - - - - - - - - - 0.97

S. & Cent. America - 0.23 0.25 0.37 0.42 - 6.94 - - 1.25 0.24 - - - - - - -0.29 10.72

China 0.06 0.31 - 0.31 - - 0.17 - 0.13 4.90 0.40 3.72 - - 2.35 1.92 0.38 - - 14.65

India 0.44 0.52 - 1.34 0.06 - - - - 10.28 0.38 - - - - - - 0.24 - 13.27

Indonesia - - - - - - - - - - - - - - 0.72 - - - - 0.72

Japan 0.16 1.03 2.81 4.72 0.36 0.77 0.28 5.63 3.97 15.73 0.30 16.00 5.97 0.17 6.07 14.94 8.39 0.78 - 88.08

South 0.05 0.60 0.37 1.75 0.06 - 0.89 - 4.05 10.81 2.55 0.78 0.85 - 7.71 4.08 2.10 0.11 - 36.77

Taiwan 0.06 0.18 0.19 1.16 0.06 - 0.06 - - 5.95 - 0.32 - - 1.87 2.77 - 0.06 - 12.67

Thailand - - - 0.07 - 0.31 0.05 - - 0.19 0.40 - - - - - - - - 1.02

Asia 0.78 2.65 3.37 9.35 0.54 1.08 1.44 5.63 8.15 47.86 4.03 20.81 6.82 0.17 18.73 23.72 10.86 1.20 - 167.18

Kuwait - 0.12 - 0.57 0.13 - 0.17 - - 0.94 - 0.06 - - - - - - - 1.99

Dubai - - - - - - 0.06 0.04 - 0.95 - - - - - - - - - 1.05

Middle East - 0.12 - 0.57 0.13 - 0.23 0.04 - 1.89 - 0.06 - - - - - - - 3.04

Exports 11.21 4.74 3.62 19.58 3.31 3.86 13.48 5.66 8.15 76.39 4.89 20.88 6.82 0.17 18.97 23.72 10.86 3.37 -3.37 236.31
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APPENDIX C 

 

Table C.1 LNG spot trade movements of LNG in 2012 (GIIGNL, 2013) 
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Belgium - - - - - - - - - - - - - - - - - -1174 -1174

France - 67 - - - - - - - 63 - - - - - - - -164 -34

Greece 156 56 - 20 - - - - - - - - - - - - 69 - 301

Italy 142 97 - - 62 - - - - - - - - - - - 90 - 390

Netherlands 28 - - - 121 - 57 - - - - - - - - - - - 205

Portugal - 57 - - - - 56 - - 123 - - - - - - 56 -55 237

Spain - 58 - 481 439 1180 538 - - 684 - - - - - - 477 -1269 2587

Turkey - 361 - - 121 - - - - 877 - - - - - - 158 - 1518

United Kingdom 82 57 - 114 - - - - - 2703 - - - - - - - - 2956

Europe & Euroasia 408 753 - 615 742 1180 651 - - 4450 - - - - - - 851 -2662 6987

Canada - - - - - - - - - 696 - - - - - - - - 696

Mexico - - - - - 135 109 - - 1107 - - - - - - - - 1352

US - - - - - - 588 - - 689 61 - - - - - - -422 916

North America - - - - - 135 697 - - 2492 61 - - - - - - -422 2964

Argentina - 56 - - 183 - 799 - - 68 - - - - - - 740 - 1846

Brazil - - - 315 128 - 967 - - 996 - - - - - - 581 -287 2700

Chile - 173 180 - 54 - 280 - - - 235 - - - - - - - 921

Dominican Republic - - - - - - 54 - - - - - - - - - - - 54

Puerto Rico - - - 50 61 - 344 - - - - - - - - - - - 455

S. & Cent. America - 229 180 365 426 - 2444 - - 1064 235 - - - - - 1320 -287 5976

China 60 312 - 250 - - 166 - 130 417 336 - - - 1217 380 - - 3268

India 444 523 - 1103 62 - - - - 2955 380 - - - - - 244 - 5712

Indonesia - - - - - - - - - - - - - - - -

Japan 162 965 2752 4307 357 771 165 630 1389 5219 243 520 174 394 58 510 778 - 19392

South Korea 54 120 - 1069 60 - 678 - 66 2275 942 298 - 3152 - 443 112 - 9270

Taiwan 58 178 187 1156 56 - 62 - - 809 - 189 - 62 - - 65 - 2822

Thailand - - - 65 - 311 51 - - 191 401 - - - - - - - 1019

Asia Pacific 779 2099 2939 7951 535 1082 1122 630 1585 11864 2302 1006 174 3608 1275 1332 1200 - 41483

Kuwait - 115 - 56 127 - 173 - - 878 - 62 - - - - - - 1411

Dubai - - - - - - 62 36 - 277 - - - - - - - - 375

Middle East - 115 - 56 127 - 235 36 - 1155 - 62 - - - - - - 1786

Total exports 1187 3197 3119 8987 1830 2397 5148 666 1585 21026 2598 1068 174 3608 1275 26 3371 -3371 59196
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APPENDIX D 
The price of gas delivered is determined by a gas price formula as follows (Zlámal, 2005): 

      ∑  
 

(        )              

Where: 

    is the gas price paid to the seller 

    is the basis price 

    is the weight of the substitute j (often ∑      ) 

(        )  is the price change fo substitute j in relation to the reference price 

       is the energy conversation factor 

   is the pass through factor which reflects the price changes in 

substitute j 

  is an intertemporal price escalation coefficient (   , apart from 
those periods when price adjustments are made 
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APPENDIX E 

Table E.1 Overview of historical prices of LNG, natural gas and crude oil (BP, 2012) 

  

  

PRICES (USD/MMBtu)

LNG Natural gas Crude oil

Japan*

Average 

German import 

price

UK (Heren 

NBP Index

US (Henry 

Hub)

Canada 

(Alberta)

OECD 

Countries*

1984 5.1 4 – – – 5

1985 5.23 4.25 – – – 4.75

1986 4.1 3.93 – – – 2.57

1987 3.35 2.55 – – – 3.09

1988 3.34 2.22 – – – 2.56

1989 3.28 2 – 1.7 – 3.01

1990 3.64 2.78 – 1.64 1.05 3.82

1991 3.99 3.19 – 1.49 0.89 3.33

1992 3.62 2.69 – 1.77 0.98 3.19

1993 3.52 2.5 – 2.12 1.69 2.82

1994 3.18 2.35 – 1.92 1.45 2.7

1995 3.46 2.39 – 1.69 0.89 2.96

1996 3.66 2.46 1.87 2.76 1.12 3.54

1997 3.91 2.64 1.96 2.53 1.36 3.29

1998 3.05 2.32 1.86 2.08 1.42 2.16

1999 3.14 1.88 1.58 2.27 2 2.98

2000 4.72 2.89 2.71 4.23 3.75 4.83

2001 4.64 3.66 3.17 4.07 3.61 4.08

2002 4.27 3.23 2.37 3.33 2.57 4.17

2003 4.77 4.06 3.33 5.63 4.83 4.89

2004 5.18 4.32 4.46 5.85 5.03 6.27

2005 6.05 5.88 7.38 8.79 7.25 8.74

2006 7.14 7.85 7.87 6.76 5.83 10.66

2007 7.73 8.03 6.01 6.95 6.17 11.95

2008 12.55 11.56 10.79 8.85 7.99 16.76

2009 9.06 8.52 4.85 3.89 3.38 10.41

2010 10.91 8.01 6.56 4.39 3.69 13.47

2011 14.73 10.61 9.03 4.01 3.47 18.56
             *Inlcudes cost + insurance + freight (CIF)

Year
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APPENDIX F 

Interview questions: 

Production 

- Technical aspects 

o How does the cost of HF impact/get priced into the final price?  

o How has precise measurement for prospecting affected the knowledge about the 

actual natural gas reserves? 

o How does shale gas differ from conventional gas? Refinery methods? 

o What are the new methods that affect costs of  production? 

o How do the technical characteristics and limits of the production affect the 

contracts? 

o At what stage in the technical developments of prospecting are at, how much 

more can be done? 

- Market 

o What are the key factors for starting production plan? 

 Known buyer/market/finance? 

o What is the time frame for project, from prospecting to utilization? 

o When is LNG a more attractive alternative than natural gas in pipes? 

 What is the extra cost of transforming the commoditiy to LNG as 

opposed to distributing in existing pipes? 

o What factors affect how much LNG that is produced? (Capacity, customers, 

timeframe?) 

o How does shale gas affect the production competitiveness? 

Distribution and infrastructure 

- Shipping 

o How are shipping companies affecting the trade? 

 Are they looking for buyers or sellers or vice versa? 

 In 2013 is seems as if there will be an over supply of LNG ships, does this 

mean that shipping companies will look for contracts? How will the 

situation affect the trading of LNG? 

 By 2015/2016 forecasts indicate that there will be a shortage of LNG 

ships compared to the production of LNG, how will that impact the 

trading? 

 Will you see an increase in buyers from increasing installed capacity 

(production and terminals)? 

o How are shipping routes decided? 

 How can that be changed in the future? 

 Which markets are of interested today and tomorrow? 

o What role can small scale terminals come to play in the future? 

 How will it affect contract length? 
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 How have the new LNG ships which can supply small scale and large 

scale terminals changed the capabilities of distribution and trade? 

o How will the risks of shipping alter from the current change in the market? 

- Storage 

o How do storage capabilities affect trading of LNG? 

o What different ways of storage are being developed? 

Trade 

General 

- How is LNG traded globally? What will the future look like? 

o How is the LNG value chain structured at your company? 

o How is LNG as a product evaluated and quality assured? How homogenous is the 

product? What are the risks following by that? 

- What are the most important factors for an efficient LNG trading? Will these change in 

the future? 

- How will the trade change if a clearing house/hub is involved? 

- Do you see LNG as a complementary or substitute to natural gas? What implications 

does this answer have on the trade? 

- How large are the volumes of the deliveries and how often? 

Risks 

o What risks are each party exposed to when trading? 

o How do the parties mitigate and handle risks? 

o Which risks are associated with to the complexity of the trade and how? 

o What types of risks would a clearing house mitigate? 

Pricing 

o How is the pricing process determined?  

 How is the price negotiated? 

 Which index, if any, is used for pricing? 

o What’s your opinion on the accuracy on the current LNG pricing indices in Asia?  

o What is your perception of the market structure in the future? What hubs or 

multi-partner contracts will be available? How are you preparing for this? 

o What will change in the working process in terms of extra costs and work load if 

LNG contracts are to be cleared on an exchange? 

o How is the business affected by the global trends regarding pricing? 

o In the future, how will you proceed when securing price and volume of LNG? 

How long before the delivery will you settle the contract? 

Financial contracts 

o Describe the need of hedging the price of LNG 
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 Today, natural gas contracts are used to hedge LNG prices, are they also 

used for speculation?  

o How would an increased amount of players being approved to trade LNG swaps 

affect the LNG market? 

o What is your perception on the competition in the financial contracts market? 

o Which players are active in the LNG Swap market? 

o Will the liquidity in the LNG market increase enough to give swaps and futures 
an important role?  

 What barriers to more liquidity in the financial contracts market are there?  

 On which market could this occur? 
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APPENDIX G 

Figure G.1 shows how the driving factors were determined. 

Figure G.1 Overview of process to identify driving factors 

 

 


