Liquefied Natural Gas: 
Implications for the Evolving Global Energy Market 

A light at the end of the pipeline. 

Natural gas has long been an attractive energy source; relatively clean, and with comparatively ample global reserves, it currently accounts for nearly one-fourth of the world’s energy consumption. Yet the natural gas market has remained chiefly regional, by simple virtue of the product’s physical state: as a gas, the primary way to transport and distribute it has been via costly and static pipelines. And once pipelines are built, gas can only be delivered to the network they establish.

That is, until the advent of liquefied natural gas, or LNG. 

In the “pipeline model” of natural gas production and distribution, the links in the value-delivery chain are clear-cut, immutable, and interdependent: there are the producers, the pipeline operators, and the consumers (typically local distribution companies and independent power plants). Distribution is straightforward, defined by the pipeline itself. 

Yet this model is rife with internal constraints. Despite contractual agreements, every link in the chain has the potential to break: Producers may stop producing. Buyers may stop paying or opt for energy alternatives. And pipeline operators wield perhaps the most powerful tool of all: the valve. Pipeline dynamics grow all the more intricate when the pipes cross regional or international borders; witness Russia’s recent flexing of its global muscle as it effectively held Ukraine hostage by turning off the spigot after a price dispute in early 2006. (Indeed, Russia’s Gazprom has since declared its intention to build a “go-around” pipeline to supply Europe, in a joint venture with Italy’s Eni, going under the Black Sea, rather than the Baltic Sea.) 

All of these orthodoxies are challenged by the disruptive paradigm presented by LNG, which is both liquid and transportable; as a result, LNG trade has been growing sharply, and is expected to continue. Suddenly, the land-locked producers of natural gas are poised to rise in global stature as their power-hungry markets broaden and diversify. And gradually, the gas business model could assume the character of an oligopoly, with the potential to transform itself into an organization whose members account for an overwhelming share of global reserves and LNG exports to all major importing regions. 

Clearly, the implications for the world’s energy concerns, both private and national, are as monumental as are those for the world’s energy consumers, including such rising giants as India and China—not to mention global policy makers whose job it is to shepherd the international, and interdependent, world economy. 

Today, LNG’s toehold in the global energy market is modest, representing just seven percent of the world’s natural gas consumption, and 37 percent of total international gas trade. But that’s going to change, as the technological, capitalization, and infrastructural hurdles to LNG hegemony shrink in the face of new and economically motivated consortia. 

This paper, then, aims to paint a broad-brush picture of the vibrant and emerging LNG global market; the reader is invited to perceive incipient trends, to re‑draw existing boundaries and trade routes, and to prepare for what could well be a transcendent shift in the global energy market. 
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As things stand: The consumers… 

Today, LNG consumption can be roughly divided among three geographic regions: the Pacific Basin, the Middle East, and the Atlantic/Mediterranean Basin. Presently, consumption of LNG is highly concentrated in Japan, South Korea, and Taiwan, while potential consumers of LNG are wide-spread, including areas with healthy energy appetites such as the U.S. and Europe, as well as those with increasingly growing needs, such as India and China, each with their burgeoning populations and industrial economies. 

· Most LNG trade takes place in the Asia-Pacific region, with Indonesia, Malaysia, and Australia as the exporting countries and Japan as the main importer. Indeed, nearly 63 percent of the world’s LNG imports are shared among Japan (41.86 percent), South Korea (15.75 percent), and Taiwan (4.98 percent) alone. (Europe, by comparison, accounts for 24 percent; the U.S. and Mexico account for 9.25 percent.) 
LNG represents a much larger portion of gas supplies and imports in the Asia-Pacific region; see Exhibit 1.
Exhibit 1: 
Dependence upon imported gas and oil in the EU, US, Japan, Korea, and worldwide in 2004
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· Atlantic and Mediterranean Basin countries Algeria, Libya, and Nigeria are the major exporters to Europe. 

· Middle East countries Qatar, Oman, and the United Arab Emirate are exporting LNG to Japan and the U.S., although 70 percent of the U.S.’s LNG originates in Trinidad and Tobago. 

Here are some noteworthy details: 

· Japan is the world’s largest LNG importer (it purchased over 2,800 billion cubic feet in 2005), representing nearly 42 percent of global LNG imports. But its relative growth is slowing, due, in part, to growth in other LNG markets. 

· Just eight European countries—France, Spain, Turkey, Italy, Portugal, Greece, Belgium, and the United Kingdom—are recipients of over 24 percent of the world’s total LNG imports. And among these eight, Spain is the largest LNG importer in Europe, with its demand only expected to increase. 

· The United States imported over 631 billion cubic feet of LNG in 2005, with nearly 70 percent of that volume originating in Trinidad and Tobago. 

To see who’s buying how much, and whether their proportion of the world’s share is waxing or waning over time, see Exhibit 2. 

Exhibit 2.
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…and the producers. 

In 2005, Pacific Basin countries exported over 3,100 billion cubic feet of LNG, or about 46 percent of the world’s total. (See Appendix 2.) Among these countries, Indonesia remains the world's largest LNG exporter, representing over 1,123 billion cubic feet, or 16 percent (in 2005), of the global market. Indonesia’s market share has recently declined (from over 20 percent in 2002), due to a lack of additional production capacity. 
Among the new LNG exporters, Malaysia, Russia, Australia, and Qatar have emerged as the ascendant players. Malaysia is raising its capacity by expanding investment in its Bintulu LNG complex, thus surpassing Algeria as the world's second-largest LNG exporter in 2005, with over 1,031 billion cubic feet per year of global exports—over 15 percent of the world’s total. Russia, home to nearly a third the world’s natural gas reserve, has developed its Sakhalin I project, with an annual capacity of 466 billion cubic feet per year; it is simultaneously expanding its Sakhalin II facility, with the first LNG train (see sidebar, “How LNG Is Made”) scheduled to go online in 2008. 

Australia, the fifth-largest LNG producer in the world, exported over 580 billion cubic feet in 2005. And that number promises to grow: The country’s planned Greater Sunrise and Gorgon projects, paired with its existing Northwest Shelf and Darwin LNG projects, hold the potential for tremendous yields, given the region’s abundant reserves of natural gas. 

Among Middle East exporters, Qatar currently ranks third in world LNG exports, with an annual capacity of over 987 billion cubic feet. Qatar also has the potential to significantly expand its capacity, due to its enormous natural gas reserves and low upstream production costs. Iran, with the world’s second-largest natural gas reserve (pegged at 15.8 percent), has at least four LNG projects under consideration. However, given the current political and economic sanctions upon the country, its future seems pipeline-bound, at least for the foreseeable future. 

Algeria, the world’s first LNG exporter, has seen its market share decline, since it has no new liquefaction capacity planned before 2008. On the other hand, the Republic of Trinidad and Tobago is expanding its Atlantic LNG plant, and Egypt has recently joined the ranks of LNG-exporting countries. As a result, annual Atlantic and Mediterranean Basin liquefaction capacity has increased to over 2,088 billion cubic feet per year, or about 30 percent of the world’s total export. Two additional countries, Norway and Venezuela, with a combined 4.1 percent of the world’s reserves, are also potential LNG exporters, with liquefaction projects currently under consideration. 

For an overview of global LNG exports, see Exhibit 3: 

Exhibit 3.
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Infrastructure hurdles. 

In the LNG value chain, the liquefaction plant, which converts natural gas from its gaseous state to liquid, is the most important infrastructural component. Indeed, initial investment costs are so high, that until now, LNG suppliers have typically confirmed their downstream buyers—and locked them into strict 20‑ or 25‑year contracts—prior to undertaking such massive initiatives. As a result, LNG is currently commercialized only by large oil companies such as BP, ExxonMobil, Royal Dutch Shell, and BHP Billiton, as well as national oil companies such as Pertamina and Petronas.

Still, thanks to technology innovations and fierce competition, the cost of liquefaction has fallen significantly, from over $500 per ton in 1988 to below $200 today. The capacity of a single LNG train (see sidebar, “How LNG is made”) currently ranges from less than one million to some five million tons per annum. This number is expected to grow to eight million tons per annum, as engineers take advantage of economies of scale. Today, a total of 70 trains have been built worldwide, with several others either in construction or on the drawing table. And of the total $65 billion which is projected to be invested in new LNG facilities over the next five years, almost half will be spent to increase liquefaction output. (From Understanding Today’s Global LNG Business by Bob Shively and John Ferrare, Section Three.)


Who has the technology?

Building an LNG liquefaction plant requires a host of different players, with roles including design, engineering, procurement, construction, warehousing, logistics, and customer brokerage, to name but a few. Some of these players are publicly listed and have market capital exceeding $1 billion, such as Foster Wheeler Ltd. (FWLT), KBR Inc. (KBR), Fluor Corporation (FLR), and Cummins Inc. (CMI). Of these, the first three are engineering, construction, and services companies; the fourth is an electric power generation provider. A few are privately owned with revenues over $20 billion, such as Bechtel, which currently participates in the Darwin and Equatorial Guinea LNG projects. Still others are relatively small companies and only participate in specific areas of expertise, such as Thiess (marine), Sunbild (temporary warehouses), Fleetwood (camp construction), Particks (customer brokerage), and Wagners (batch plants). Transportation of market-ready LNG requires specially constructed cryogenic tankers. The largest producer of these is Hyundai Heavy Industries, which supplies two-thirds of the world’s demand for these specialized ships. For a more detailed overview of these companies and their roles, see Exhibit 4. 
Exhibit 4.
	Company Name
	Function

	Thiess
	Marine

	Sunbild
	Temporary warehouse

	ATCO
	Temporary offices, guaranteed noise management for gas manufacturing facilities and other noisy industrial facilities

	Fleetwood
	Camp construction

	Particks
	Customer brokerage

	Wagners
	Batch plants

	Panalpina
	Freight forwarding

	Saipem
	Pipeline construction, turnkey contractor

	Kellogg Brown and Root Inc.(KBR)
	Design and construction, particularly gas monetization

	Bechtel
	Engineering, procurement, construction, and startup

	ABT
	Joint venture between Bechtel and ARE, pioneer in the design engineering industry in Trinidad & Tobago

	Foster Wheeler Ltd.
	Contractor of choice for LNG projects

	Snamprogetti
	Monetization of natural gas, and LNG recovery and fractionation plants

	Technip
	Engineering and construction services, offshore and onshore field development, gas processing and liquefaction, refining

	Cheniere Energy Partners, L.P.
	Develop, own, and operate LNG receiving terminal

	Fluor
	LNG liquefaction and LNG Regasification

	Cummins Power Generation
	Power generation for LNG plant



Mapping a changing landscape. 

Despite LNG’s modest penetration into the global energy economy, the numbers belie an incipient and fundamental shift in the power balance among energy companies and nations. The annual growth-rate for natural gas consumption is about six percent; LNG is growing at about 8.5 percent, meaning that it is gradually accounting for a larger and larger slice of the natural gas pie. But that’s not the factor that is driving the paradigm shift. Since liquefaction plants—the major key to the entire LNG infrastructure—are so costly and time-consuming to build, the builders have necessarily attempted to “lock” their downstream customers into restrictive, and often decades-long, sale and purchase agreements, or SPAs. Indeed, despite its portability, LNG has hewed to an old and familiar business model: the pipeline, replete with its end-to-end exclusivity. 

But that is likely to change; in fact, it’s changing already. As the producers are committing to expensive liquefaction projects, more and more buyers, in more and more markets, are “making the leap” to LNG, and building their own consumer infrastructures, including LNG storage and regasification facilities. Perceiving this trend, the producers are now growing more flexible—and less pipeline-like—in their negotiations, knowing that by the time their liquefaction facilities come on-line, there will be more downstream buyers available to help absorb the investment. Indeed, recent LNG operations are coming on stream without 100 percent of their nominal contractual buyers accounted for. For example, a project in Australia pursued by Chevron, ExxonMobil, and Shell to develop the Greater Gorgon gas field still lacks sales contracts for its total capacity. 

This trend has strategic implications. If LNG transforms natural gas trade from a pipeline-constrained business model to a globally trading paradigm, some argue that there is the possibility of an OPEC-like oligopoly developing. (Exhibit 5 compares gas and oil reserves within OPEC; Exhibit 6 compares OPEC’s oil and gas exports.) Already, a Gas Exporting Countries Forum (GECF) exists—and is sometimes characterized as a “Gas OPEC” in the making. Yet at present, the consuming nations Japan, South Korea, and Taiwan represent a more concentrated buyer set than the producers. (See Exhibit 7 for a comparison of OPEC and GECF market power.) However, given the economic ascendancy of nations such as India and China, and their growing hunger for energy to support their burgeoning industrial sectors, that market dynamic may change. Presently, 57 percent of the world’s natural gas reserves are confined to just three countries: Russia, Iran, and Qatar. (Exhibit 8 identifies the natural gas reserves by country), and there is a huge disparity between Qatar—with 14.7 percent of the world’s reserves—and the next reserve holder, Saudi Arabia, with a mere 3.9 percent. 
Among the three large reserve holders, some trends are in evidence: 

· Qatar currently is the third-largest LNG exporter (at 987 billion cubic feet, or 14.46 percent of total world export); we estimate that it will surpass Indonesia and become the largest exporting country by 2008. 
· At the same time, Russia is continuing to construct LNG plants. 
· Iran, however, will not be able to install LNG facilities earlier than 2010. 

Therefore, although the top four reserve holders represent some 60 percent of global gas reserves, they presently produce a much smaller percentage of the world’s consumption. Furthermore, in the foreseeable future, they are unlikely to gain sufficient market position to exert an oligopoly-like influence. In effect, we anticipate a decline in buyer power, due to the rise of new markets and a gradual but not significant rise in producer influence.
Under these circumstances, LNG is likely to be an attractive energy sector for international petroleum companies and LNG technology providers. We should thus anticipate major investments in LNG and a strategic emphasis on this sector by oil companies such as Shell, ConocoPhilips, Chevron, and others.

Exhibit 5: 
Gas vs. oil reserves distribution in OPEC, 2004
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Exhibit 6: 
OPEC oil vs. gas export distribution
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Exhibit 7: 
OPEC and GECF market powers, a comparison
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In the long term, however, we can speculate that once Russia and Iran—with their vast reserves—become LNG producers, they may dominate the export market. It is thus possible that in decades to come, LNG may transform the dominant business model for natural gas to a globally traded commodity, with a potentially powerful global cartel, whose limited membership may imbue it with even greater cohesion than OPEC. 

Given this potential scenario, it’s incumbent upon those in positions of responsibility in the energy industry and government to keep a careful eye upon the developments in this vital realm.

Exhibit 8:
World natural gas reserves by country as of January 1, 2007

You can’t liquefy natural gas unless you have natural gas reserves in the first place. Here’s a snapshot of the world’s current natural gas distribution: 

	Country
	Reserves (Trillion Cubic Feet)
	Percent of World Total

	World
	6,183
	100.0

	Top 4 Countries
	3,805
	61.6

	Top 8 Countries
	4,567
	73.9

	Top 20 Countries
	5,602
	90.6

	Russia
	1,680
	27.2

	Iran
	974
	15.8

	Qatar
	911
	14.7

	Saudi Arabia
	240
	3.9

	United Arab Emirates
	214
	3.5

	United States
	204
	3.3

	Nigeria
	182
	2.9

	Algeria
	162
	2.6

	Venezuela
	152
	2.5

	Iraq
	112
	1.8

	Turkmenistan
	100
	1.6

	Kazakhstan
	100
	1.6

	Indonesia
	98
	1.6

	Norway
	82
	1.3

	China
	80
	1.3

	Malaysia
	75
	1.2

	Uzbekistan
	65
	1.1

	Egypt
	59
	0.9

	Canada
	58
	0.9

	Kuwait
	55
	0.9

	Rest of World
	581
	9.4
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A primer: What is LNG?





Liquefied natural gas, or LNG, is, at its name implies, a liquid form of natural gas which, in turn, is a gaseous fossil fuel consisting primarily of methane, along with a cocktail of other constituents ranging from carbon dioxide to helium. Once natural gas is converted into LNG (see sidebar, “How LNG Is Made”), its volume plummets: indeed, at operational temperature and pressure, LNG takes up just 1/614th the space of its gaseous forebear. In this state, LNG has a density about one-half of water, yet provides an energy density comparable to gasoline or diesel fuel—but with far less pollution. 





*Estimated 2006 figure





Billion cubic feet





How LNG is made.





Converting natural gas from its innate gaseous state to a liquid is a complex process that requires high pressure, low temperatures, and lots of money. Natural gas input is first stripped of contaminants (such as water, hydrogen sulfide, and carbon dioxide) which could freeze at the extremely low temperatures required for LNG, and thus damage the expensive liquefaction equipment used to create it. The natural gas is also liberated of valuable components that can be sold elsewhere, such as helium. The essential processing unit of an LNG liquefaction facility is known as an LNG train, whose capacity is measured in million tons per annum, or mtpa. LNG, which is typically anywhere from 90 to 100 percent methane, is relatively stable; however, its low temperatures—on the order of minus 258 degrees Fahrenheit—require specially designed cryogenic tanker ships to transport it overseas. Once it arrives at the consumer’s location, it must be returned to its original state via a regasification facility, another expensive piece of infrastructure, which must not only transform the liquid into a gas, but also simultaneously capture as much of the energy that is released in the process as possible. 
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The world’s largest LNG train can be found at the Spanish-Egyptian Gas (“SEGAS”) Plant in Damietta, Egypt. It has a capacity of five million tons per annum—and it cost over $1.3 billion to build. 
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