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Foreword

The Aspen Institute organized the first annual Forum on Global
Energy, Environment and Security in 2005. In recognition of
increasingly globalized energy markets and of the strong links
between energy and national economic and security concerns, an
international group of experts from the energy industry, govern-
ment, academia, and other sectors assembled to share information
on these intersecting issues.

As in most discussions of oil and natural gas, the first two Forums
tended to concentrate more heavily on oil. In 2007, however, the
focus was on gas, providing an opportunity to go more deeply into
questions specific to this critical but less visible fuel. A diverse group
explored projections of natural gas demand, the global resource
base, the impacts of technological advances on potential future pro-
duction, and the geopolitical and national political issues that affect
global supply. Underlying the entire discussion was a strong aware-
ness of how the growing trade in liquefied natural gas continues to
change regional gas markets, served primarily by pipelines, into
global markets.

The dialogue was chaired by James R. Schlesinger, Senior Advisor
at Lehman Brothers and former U.S. Secretary of Defense and
Energy. His extensive experience enabled him to frame the discussion
and elicit contributions from diverse expert participants. The highly
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qualified speakers listed in the agenda provided a wealth of informa-
tion and a variety of perspectives, contributing substantially to the
richness of the dialogue.

The Institute acknowledges and thanks our sponsors – 4Gas,
Aramco Services Company, Chevron, ExxonMobil, The GHK
Companies, andVictus Capital – for their financial support. Without
their generosity and commitment to our work, the Forum could not
have taken place. We also thank MeiLi and Robert A. Hefner III for
dinner at their home, Ramiiilaj, and their gracious hospitality.

On behalf of the Institute and the Forum participants, I also thank
Leonard Coburn, who served as rapporteur. With a strong back-
ground in energy, he was able to identify the important threads from
a wide-ranging discussion and weave them into this summary report.
Herman Franssen’s assistance in the development of the agenda, the
identification of speakers, and reviewing the report was invaluable.

Timothy Olson managed the administrative arrangements for the
Forum with thoroughness and dedication. His hard work was
responsible for a pleasant and smoothly run meeting. Along with the
participants, I am grateful for his conscientious support.

This report is issued under the auspices of the Aspen Institute, and
neither the Forum speakers, participants, nor sponsors are responsi-
ble for its contents. Although it is an attempt to represent views
expressed during the Forum, all views expressed were not unanimous
and participants were not asked to agree to the wording.

John A. Riggs
Senior Fellow

Energy and Environment Program

TOWARD A GLOBAL GAS MARKET
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Natural gas markets are in many respects different from oil mar-
kets. Oil is the most versatile fuel and can be used in every sector of
the energy economy, as it was prior to the oil shocks of the 1970s. Oil
is also fairly fungible, allowing for a great deal of flexibility for both
consumers and producers to shift to alternative suppliers or buyers.
Consumers can switch from one supplier to another as long as they
have the ability to refine the oil into the product slate required by
their market. For technical, economic or political reasons producers
can move oil to different markets on rather short notice. The global
oil supply system is very flexible and this is reflected in oil pricing
and trading.

In contrast, natural gas is a highly valued but less versatile fuel
than oil. Internationally traded gas has far less flexibility to shift in
and out of markets due to the fact that consumers and producers are
connected through long term supply contracts required by the high
cost of building long distance pipelines or liquefied natural gas
(LNG) infrastructure. Unless consumers and producers commit
themselves to long term supply contracts (usually 20 years), high
cost infrastructure will be difficult to finance. Only a small percent-
age of internationally traded gas is sold on short term or spot basis.
For these reasons natural gas markets have historically developed
differently from oil markets.

Introduction and Summary
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The global gas industry developed several decades after the rapid
post-war expansion of the oil economy and, in contrast with oil, the
higher, less developed natural gas resource base is expected to
expand for several more decades to come. Remaining global natural
gas reserves and resources are larger than those of oil, and its share
of global energy markets – while rising faster – is still much lower
than that of oil.

For decades natural gas markets have largely been domestic and
regional rather than global in scope, but this may gradually change
with the expansion of LNG trade. While most of the internationally
traded natural gas outside North America is sold under long term
contracts, small but growing volumes of natural gas are now traded
on a short term or spot basis. Over time, with the expansion of LNG
trade, more gas will be sold in this way, increasingly turning the
three major regional natural gas markets into one global market for
gas. It will probably take more than a decade for the three distinct
regional markets, i.e., the North American, Western European and
East Asian markets, to evolve into a truly global market for gas com-
parable to some extent with the oil market.

The North American market is still fairly self-sufficient but is
showing signs of rising import dependence in the future. East Asian
markets are almost entirely import dependent andWestern Europe’s
share of natural gas imports is rising steadily due to expanding con-
sumption and fairly stagnant indigenous European supply.

Natural gas prices are volatile and in recent years have been rising
along with oil prices. There are three principle reasons: changing
market conditions in all of the major markets, natural gas and oil
competition in some of the same sectors of the energy economy, and
linkages of natural gas prices to oil product prices in Europe and the
Far East. In North America natural gas production has peaked, and
in Western Europe production is stagnant. Incremental growth in
natural gas consumption is largely satisfied from imports in the
form of piped gas and LNG from a small number of countries such
as Russia, Qatar, North and West Africa, Australia and a few others.

TOWARD A GLOBAL GAS MARKET
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Natural gas consumption has doubled in Asia and the Middle
East in the past decade. Even in the more mature European markets
it has grown much faster than oil. Prior to the natural gas price esca-
lation since the early 2000’s, the International Energy Agency (IEA)
projected continued high growth in natural gas consumption, in
particular in the electrical power sector, where natural gas based
combined cycle power plants proved more cost-effective than other
sources of energy.

At the current price of natural gas in many markets and in par-
ticular in markets where natural gas is priced on an oil-based for-
mula, it may prove less competitive compared in particular with
coal. Demand destruction in the industrial sector of the United
States has been significant in the past decade, and some gas-inten-
sive industries like fertilizers have moved to low-cost gas produc-
ing countries. In all, natural gas demand growth in the OECD
countries may turn out to be lower than shown in recent studies
from the IEA and the U.S. Energy Information Administration
(EIA). On the other hand, rising concern about climate change
may limit the growth of demand for coal and raise natural gas con-
sumption as an interim solution.

In the meantime, however, global natural gas demand growth
remains robust, and major expansion of LNG projects, in particular
in Qatar, Australia, West Africa and Trinidad, is taking place. In the
short to medium term, natural gas markets are expected to be well
supplied as major LNG projects come on stream between 2007 and
the early years of the next decade.

Beyond the early years of the next decade there are concerns
about global growth in natural gas supplies. Presentations at the
Forum on supply growth in Russia, Qatar and Iran, representing
some 60 percent of global conventional natural gas reserves, showed
concern about production and export capacity growth in those
countries. Russia’s Gazprom has not made adequate upstream
investments, and there are serious concerns about Russia’s ability to
expand production after the early years of the next decade. Qatar, a
nation of 120,000 citizens, is expected to produce the Btu equivalent

INTRODUCTION AND SUMMARY
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of 5 million barrels per day of oil, natural gas liquids, and natural gas
by 2012. It has imposed a moratorium on new gas export projects in
favor of conservation and development of gas for domestic indus-
tries. Iran uses most of its large natural gas production for re-injec-
tion in old oil fields and for domestic consumption and is expected
to become only a small exporter of piped gas and perhaps LNG.
There are a number of other important exporters of piped gas and
LNG, from the Caspian region to West Africa and Australia but, in
the words of a former senior natural gas executive of a major ener-
gy company, “there is no other Qatar.”

In the meantime, in the short and medium term there is a risk of
some oversupply of natural gas due to a combination of possibly
softer than expected demand and a major expansion of LNG sup-
plies from Qatar and West Africa over the next half a decade. Such
developments could lower prices (as is happening already in the
United Kingdom and the United States) and discourage upstream
expansion. On the other hand, it is also possible that high demand
growth in Asia may shift more of the incremental Middle East LNG
to Asia instead of to Europe and the United States, where demand is
weaker and prices lower.

Questions were raised about the future of non-conventional nat-
ural gas, a major source of supply in the United States.Will technol-
ogy move fast enough to bring more non-conventional gas to mar-
kets at competitive prices? Will major gas producers make timely
investments to secure steady supply growth or will they allow more
participation of international oil companies (IOC) in the develop-
ment of their gas reserves and resources? Will natural gas prices in
most markets remain sufficiently high to secure steady supply
growth, or will prices weaken as in the current North American mar-
ket, leading to less drilling and lower production in the future?

Underlying many of these questions is the impact of economics
on national policies and geopolitics and of national policies and
geopolitics on economics. What set of influences will drive markets
more: the economic fundamentals of natural gas markets or the
increasing importance of national policies and geopolitics?

TOWARD A GLOBAL GAS MARKET
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Participants in the Forum reached no consensus on the accuracy
of demand projections. Several were concerned that too much
emphasis was paid to the demand side of the equation, and they
challenged the notion that supply would always be forthcoming to
meet whatever demand developed. Several also predicted that major
policy changes were likely to occur that would change the demand
outlook, including environmental policies limiting the use of hydro-
carbons. Others thought that natural gas would be favored under
such policies and that this would mean greater gas demand than
projected. It was clear, however, that all the demand projections were
highly uncertain.

On the supply side, the group questioned the adequacy of pro-
duction.While all agreed that there were adequate reserves, the more
important question was whether countries with large natural gas
resources would make the investments necessary to bring forth their
reserves in a timely manner or allow foreign investors access to
develop these reserves. There was no consensus. While rising
demand and high gas prices suggest that investments should be
made to influence the post 2010 production outlook, national poli-
cies and geopolitics seem to be an important constraint at the
moment.Many participants thought that a global supply crunch was
coming sometime in the mid 2010s. There was a range of expecta-
tions of future prices, but all agreed that a decrease to the $4.00 per
mcf level assumed in recent EIA studies was unrealistic.

The group emphasized the importance of technology and the
development of unconventional gas resources for the longer term
future of gas supply. Several technologies appeared to provide
potential solutions to supply constraints, but some questioned
whether there would be enough access to the unconventional
reserves, whether investments would be made rapidly enough to
make a difference, and whether technological advances would occur
quickly enough sustain and enhance production from unconven-
tional resources. In some areas such as gas hydrates, which offer the
promise of almost limitless supplies of natural gas, the question was
whether technology will move fast enough and prices high enough
to sustain future investments. These questions were unanswerable,

5
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but the promise of these unconventional resources provided hope in

the long term for supplies of natural gas that seem questionable in

the mid term.

A fundamental question underpinning all the Forum discussions

was the relative importance of market fundamentals, national poli-

cies and geopolitics in determining the future course of the global

natural gas market. As long as markets remain tight, with little sur-

plus capacity, the smallest changes in either economics or politics

can lead to substantial volatility in prices and create exaggerated

political reactions. The major exporting countries currently appear

to be responding more to national policies or geopolitical concerns

in their decision making than to market fundamentals. Higher

prices are not necessarily bringing forth more supply. As more and

more producing countries bring their resources under the control of

National Oil Companies (NOCs), they are not producing more but

are extracting greater revenues and rents (revenues above cost) from

the resources they sell.

In sum, the conclusion from the Forum is that demand for natur-

al gas will continue to increase throughout the period to 2030.While

global gas markets appear well supplied in the short to medium term,

there are major uncertainties about long term supply prospects.

With the big three reserve holders in a post-2012 slowdown

mode, new supplies either will have to come from other sources or

prices will have to rise significantly to equilibrate demand and sup-

ply. Higher prices may lead to a dampening of demand. Thus the

outlook for natural gas is highly uncertain, with many factors – eco-

nomics, national policies and geopolitics – playing a role.

TOWARD A GLOBAL GAS MARKET
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The Global Outlook

Natural gas has its own resource base, which differs from oil, but

oil reservoirs also contain natural gas and natural gas liquids.

Natural gas is lighter than air while oil is a viscous liquid. Natural

gas is compressible; oil is not. Natural gas fields produce 70 to 80

percent of their reserves, while oil fields produce from 30 to 50 per-

cent depending upon the kind of recovery used. Natural gas can be

produced from very low permeable formations such as shales, tight

sands and coals while most sources of oil cannot. Natural gas is

found in both shallow formation and at great depths down to

20,000 to 30,000 feet, while oil is usually found no lower than

15,000 feet (the U.S. Gulf of Mexico is an exception). Because it is

relatively plentiful, cleaner than oil or coal and requires the lowest

capital cost if used to produce electrical power, natural gas has

become the fuel of choice for all but the transportation sector

where oil still reigns.



Most observers are confident that the world will not run out of
natural gas any time soon. Natural gas reserves and remaining recov-
erable resources are much larger than oil reserves and resources (for
comparison,U.S. gas reserves are approximately 200 TCF) with about
20,000 trillion cubic feet (tcf) of discovered, undiscovered and pro-
duced resources. Only about 10% has been produced to date. If only
proven and probable reserves are considered, there are about 7,300 tcf
of natural gas, most located in the Middle East (2984 tcf) and Russia
(2014 tcf). (“Proven reserves” are economic to produce today, while
“probable reserves” are likely to be produced in the near future).

While resources appear sufficient, a closer examination of demand
and supply for the next twenty-five years provides a less optimistic
picture of future production capacity. One estimate indicates that gas
demand will grow at about 1.8% per annum until 2030, faster than
any other fuel, while overall energy demand grows at 1.4% per year.

TOWARD A GLOBAL GAS MARKET
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According to one projection, natural gas will surpass coal and oil and become the
principal global source of primary energy in the 21st century.

World Primary Energy Substitution

Thin, wavy lines represent actual consumption.
Thicker lines are projections.

Source: Robert A. Hefner III
©2006, The GHK Company

(After C. Marchetti and N. Nakicenovic)



This growth will be faster in the emerging economies than in the
developed ones. Asia and the Middle East/Africa will lead the way,
growing 3.2% and 3.0% per year, respectively. In contrast, North
American demand is expected to grow by only 0.9% and European
demand by 1.2% per year. The power sector will lead the way, grow-
ing by 2.0% per year, followed by industrial demand at 1.7% and res-
idential and commercial at 1.6%.

Where will this gas come from? One estimate indicates that
through 2030most of it will continue to come from local production,
that is, from within the region where it is consumed. Additionally,
about 10 percent will come from imports outside the consumption
region that are already under contract. But by 2030, about 90 billion
cubic feet (bcf), or about 20% of all consumption, will have to come
from new supplies from outside the consumption region, with about
50 bcf delivered by pipeline and 40 bcf delivered through LNG trade.
Regionally, there will be wide variations in supply. In North America,
local production and new pipeline supplies from Canada, which are
slowly diminishing, will provide the overwhelming majority of gas
while LNG will fill the remainder. In contrast, in Europe, local pro-
duction will have dwindled to less than one third of current produc-
tion, with new supplies coming from outside the region mostly
through pipeline deliveries and a significant portion through LNG
trade. In Asia, local production will continue to provide about 50
percent of supplies, while LNG trade will provide most of the new
supplies and a small portion will come from new pipelines.

A strong caveat to these overall projections is that many of the
potential supplies of natural gas are likely to be constrained by eco-
nomic, technical and political issues. In addition, some participants
were concerned that not enough supply-demand interaction was con-
sidered in these estimates, so it is possible that the demand estimates
were overstated. Their point is that often demand is projected, and
supply is then assumed to be forthcoming to meet future demand.
Such estimates ignore national policies and geopolitics and the will-
ingness of producing countries to produce at expected levels.

THE GLOBAL OUTLOOK
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Cross-border and Global Trade

A closer examination of markets brought the group to the conclu-

sion that major shifts in natural gas trade are slowly beginning to con-

vert regional markets into a global natural gas market. Until the late

1990s, natural gas markets were regional with little global trade. North

America was self-contained. Europe relied on its own production sup-

plemented by gas from North Africa and the Former Soviet Union

(FSU). Asia relied on regional LNG production and LNG imported

from theMiddle East. These patterns started to change in the late 1990s.

As demand for natural gas in Europe,Asia and North America con-

tinued to grow and major new LNG projects were developed in the

Middle East, Australia and West Africa, cross-border and global trade

increased and linked markets together. Europe and North America

outgrew their traditional pipeline sources as they turned more and

more to gas-fired electric generation, with LNG as the marginal

source of supply. New markets in China and India added to trade in

LNG. This surging demand brought forth new LNG supplies from the

Atlantic Basin and theMiddle East. The FSU (primarily Russia) began

looking eastward for new markets and developing LNG facilities to

supply them. By the early 2000s, gas markets became more global,

linked by cross-border pipelines and global LNG tanker trade, with

LNG sending price signals across all markets. These interregional

markets are expected to continue their growth. For example, the

International Energy Agency projects that by 2030, 41% of gas sup-

plies will come from interregional trade, up from 11% in 2005.

TOWARD A GLOBAL GAS MARKET
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The five major gas importing regions relied on interregional imports for only 11%
of demand in 2005 but will be 41% reliant by 2030, with Europe and Northeast Asia
the principal interregional importers.

Source: James T. Jensen, Jensen Associates

The Growing Reliance on Interregional Gas Supply

With greater reliance on LNG, its supply outlook has become

more uncertain. As recently as 2005 five countries accounted for

more than 75% of the growth in the past five years in LNG trade –

Qatar, Australia, Nigeria, Trinidad, and Egypt. In the next twenty

years, 75% of new supplies are expected to come from Atlantic

Russia, Australia, Venezuela, Iran and Nigeria. As will be discussed

later, several of these new suppliers have significant national policy

and geopolitical issues to resolve before new supplies will be forth-

coming. Moreover, new supplies of LNG have been slow to develop

due to long lead times in constructing facilities. These construction

delays have developed and costs have escalated due to strong

demand for supplies and contractors coming not only from the LNG

industry but from petrochemicals, refineries, and oil and gas explo-

ration and development. Past projections of $500-600 per ton of

installed liquefaction capacity have been overtaken by more recent



projections of $1,000 to $1,200 per ton. Thus, larger investments will
be required to meet future demand. Many participants indicated,
however, that these cost levels were not permanent and would
diminish over time, though not back to former levels.

While most of the participants were confident that global supplies
were sufficient to meet future needs, some related facts raised the
question of whether market fundamentals, national policies or
geopolitics will be more influential in the future. For example, by one
estimate, more than half of the future potential for natural gas pro-
duction will come from reserves that are not yet committed to long-
term contracts. Overwhelmingly, these uncommitted natural gas
reserves are located in the Middle East and the Former Soviet Union.
Will sufficient funds be invested in each region to bring forth supplies
in a timely fashion? Will countries permit investments from outside?
Will internal political or economic considerations prevent resource-
rich countries from expanding exports? These questions will be
explored in detail later in this report but are summarized here.

TOWARD A GLOBAL GAS MARKET
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84% of the world’s uncommitted gas reserves are in the Middle East and the tran-
sition economies of the Former Soviet Union.

Regional Share of the World’s Uncommitted Gas

Source: James T. Jensen, Jensen Associates



Based on market fundamentals, most new LNG supplies out to
2020 would come from theMiddle East, with about 60 percent of the
supply coming from one field—the jointly owned field known as the
North Field in Qatar and South Pars in Iran. If additional Iranian gas
is considered, then 90 percent of all uncommitted gas in the Middle
East will come from these two countries—a questionable assump-
tion, as will be discussed below. Outside Qatar and Iran, Saudi
Arabia has significant natural gas reserves, but the Saudis so far have
shown little interest in developing their gas for the LNG trade.
Moreover, most of the Saudi natural gas is associated with oil, and
production depends on the level of oil production in the Kingdom.

Russia, the largest holder of natural gas resources and reserves,
traditionally has been linked to Europe via pipelines, but is now
seeking to diversify its markets through pipelines to the Far East and
possibly through developing its own LNG trade. Russia, however, is
undergoing a major change in its approach to energy policy and, as
discussed later, there is great uncertainty about future levels of gas
production.

Outside the Middle East and Russia, there are substantial natural
gas reserves that could be available for export. The areas with the
largest uncommitted reserves include Algeria, Australia, Indonesia,
and Nigeria. Other potential export areas include Angola, Egypt,
Equatorial Guinea, Norway, Peru, and Yemen. Also, not to be over-
looked is future natural gas development in Libya. While market
fundamentals will have a profound impact in each of these areas,
national policies also will be significant in countries such as Nigeria,
Venezuela, Bolivia, and Indonesia.

LNGValue Chain

The outlook for LNG will depend uponmany factors including the
demand for LNG, the supply and availability of reserves, access to
reserves, capital for investment, and the cost and availability of sup-
plies, human resources and contractors. In discussing how various
factors would impact the future of natural gas and LNG trade, the par-

THE GLOBAL OUTLOOK
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ticipants focused on some parts of the LNG value chain and found
that some facilities were less costly and easier to build than others. For
example, liquefaction facilities were high cost and depended upon the
location of natural gas supplies. Transportation costs are still high
and, while per unit costs are diminishing, there are long lead times
associated with the ordering and construction of LNG tankers. The
least expensive part of the value chain is facilities to re-gasify the LNG.

New companies are entering this trade in Europe and the U.S., per-
ceiving opportunities to take advantage of both long-term relation-
ships and spot markets. A change in business psychology is occurring,
with many market participants wanting extra available capacity to
take advantage of short-term changes in trading patterns and prices.
These companies are introducing flexibility to the LNG trade that did
not exist previously and are making it a more dynamic industry, sim-
ilar to the trade in oil. It is interesting to note that due to the lack of
such flexibility, recent large price disparities between the U.S. and
Europe did not shift substantial supplies from one region to the other.
As more flexibility is introduced, more price arbitrage is likely to
occur, making for a more robust global market.

TOWARD A GLOBAL GAS MARKET
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Regional Issues in Demand

In the discussion of regional demand for natural gas, the Forum
focused on the three largest consuming regions: North America,
Europe, and Asia, with a detailed look at Singapore and Korea.

North America

The North American regional discussion centered on the United
States. The outlook to 2030 is drawn from the Energy Information
Administration’s (EIA) Annual Energy Outlook for 2007. A key ele-
ment of the natural gas outlook is the real price of oil, since natural
gas prices are linked to oil prices. In the reference case scenario, the
average real price of oil to 2030 is projected at about $55 per barrel
– with oil prices projected to decline from 2006 through 2015 and
then steadily increase to $59 (about $95 in nominal terms) by 2030.

In EIA’s projection of fuel consumption out to 2030, hydrocar-
bons continue to dominate, with liquids the leading source of con-
sumption. Demand for these liquids will increase by 1.1% per year,
while demand for natural gas will increase by 0.7% per year, from 22
tcf to a little over 26 tcf, with the largest growth in the industrial sec-
tor. Natural gas prices to 2030 are expected to average between $5
and $6 per thousand cubic feet (mcf), with prices falling in the early
part of the projection period and then steadily increasing from 2015
to 2030. In nominal dollars, prices in 2030 are projected to be about



$9.60 per mcf. Not surprisingly, gas prices generally follow the pat-
tern for oil prices.

It is in the consumption projections that some interesting and
perhaps startling facts appear. In the early 2000’s natural gas use for
electric power generation was the fastest growing sector. This trend
changes dramatically over the projection period due to the increas-
ing cost of natural gas relative to coal. By 2020, gas demand in the
electric power sector peaks at 7.2 tcf and then declines as new coal-
fired generation displaces natural gas-fired generation. (It should be
noted that EIA does not assume any policy changes in its projec-
tions, including such changes as constraints on carbon emissions
that could reduce the cost advantage of coal.) Industrial use remains
the largest consuming sector for natural gas throughout the period.

TOWARD A GLOBAL GAS MARKET
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The electric power sector is currently the fastest growing source of gas demand
in the United States, with the growth rates in the industrial and commercial sec-
tors set to outpace it in the middle of the next decade. These projections assume
no major policy changes, such as imposing constraints on carbon emissions.

U.S. Natural Gas Consumption by Sector

Source: Annual Energy Outlook 2007, Energy Information Administration



On the supply side, total domestic production is projected to

increase from 18.3 tcf to 20.6 tcf in 2030, slower than the growth in

consumption. As a result, net imports grow from 3.6 tcf to 5.5 tcf.

Currently a substantial portion of U.S. imports come from Canada

by pipeline. Canadian gas pipelined to the U.S. continues at a fairly

constant level, between 2.6 and 3 tcf, through 2013 when resource

depletion in Alberta and growing Canadian domestic consumption

reduce U.S. imports from Canada to about 1 tcf. As these pipeline

imports decline, the deficiency will be made up by increasing levels

of LNG imports. By 2030, total U.S. LNG imports are projected to

increase from 0.6 tcf today to 4.5 tcf or about 17% of U.S. natural gas

consumption. A more disaggregated look at projections for U.S.

natural gas supply to 2030 provides some important points. First,

unconventional natural gas production will continue to grow and is

expected to account for about 50 percent of U.S. domestic produc-

tion by 2030. Second, natural gas via pipeline from Alaska’s North

Slope is assumed to enter the U.S. domestic market by 2018, increas-

ing domestic production by 1.7 tcf. There was some skepticism with-

in the group regarding the timing and likelihood that an Alaska nat-

ural gas pipeline will be developed. Many indicated more federal

government leadership was required before progress could be made

on the development of this pipeline.

The following conversions are used in this report:

1 billion cubic meters (bcm) =

35.3 billion cubic feet (bcf) =

0.73 million tonnes of LNG =

6.29 million barrels oil equivalent =

0.9 million tonnes oil equivalent =

36 trillion British thermal units (btu)
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Looking at future LNG imports to the U.S., in addition to the cur-
rent five U.S. re-gasification terminals, four more are under con-
struction, and an additional twenty have been approved by the
Federal Energy Regulatory Commission or Coast Guard. Proposals
for fourteen others have been filed. Two terminals have been
approved in Canada and three in Mexico. It is likely that some of
these re-gasification terminals will not be built. Based on this activ-
ity, EIA projects that the total capacity of U.S. LNG receiving termi-
nals will increase from 1.4 tcf in 2005 to 6.5 tcf in 2030. Of course
there could be substantial variation in the actual level of LNG
imports depending upon the price of natural gas.

In sum, the United States natural gas market confronts increasing
demand, decreasing domestic supply, and stable to declining
Canadian supplies, leading to a growing shortfall in total North
American supplies. The shortfall increasingly will be filled by LNG.
There are large uncertainties in the level of LNG imports due to how
quickly U.S. unconventional natural gas supplies will be developed,
whether natural gas from Alaska will enter the U.S. market, and the
accuracy of future demand projections.

Europe

European natural gas demand is projected to increase by over 20
percent from 2004 to 2015. About one third of European demand
for natural gas in 2015 will be for gas-fired electricity generation.
This continues a trend that started in the late 1980s and early 1990s
as European countries sought cleaner sources of fuel for electricity
generation. Natural gas was the obvious choice, especially as climate
change became an important part of European energy and environ-
mental policy. Demand, however, is uneven across Europe. Italy, the
United Kingdom and Turkey lead in the absolute demand for natur-
al gas-fired electricity generation, while Germany is far behind and
France relies on nuclear power rather than natural gas.
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European gas supply is dependent upon production within

Europe and imports. The UK, for example, has moved from self-suf-

ficiency in natural gas to being a net importer. Other countries large-

ly rely on imports of natural gas from North Africa and Russia. Italy,

Spain and Portugal, for example, get most of their imports from

North Africa. East and Central Europe, Germany and increasingly

Italy get their imports from Russia. The question for the future is the

capability of these exporting regions or countries to meet future

demand growth from Europe.

An important issue for Europe is the availability of future supplies

for export from Russia. By one estimate, it is projected that Russian

domestic natural gas demand may increase by more than 20 percent

by 2015. This increase will be faster in the electric power sector,

where it is projected to grow by 30 percent despite a concerted effort

to use more coal. One of the questions looming over domestic

Russian demand is whether the low, subsidized prices charged for
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Gas demand in the electricity sector will grow at almost twice the rate of total gas
demand in Europe to 2015.

OECD Europe Evolution of Gas Demand

Source: World Energy Outlook 2006, International Energy Agency



industrial use of gas will continue. Prices are currently projected to

increase from about $40 per thousand cubic meters (mcm) in 2006

to $110 per mcm in 2010.While President Putin has approved these

price increases, past efforts to increase domestic prices have run into

political opposition and have been delayed or abandoned. If these

increases do take place, Gazprommay be more willing to sell into the

domestic market and not export additional gas to Europe. This

potential change in Gazprom’s policies could have a very significant

impact on future gas supplies for Europe. However, Gazprom

exports less than one third of its gas production to Europe but

receives more than half of its revenues from these sales, and it is

unlikely to reduce exports to its most profitable buyers.

Overall one third of Gazprom’s production is exported today, but

two thirds of its revenues come from these exports. If domestic

prices increase to a level significantly above today’s breakeven level,

then Gazprom and other producers may find it just as lucrative to

serve the domestic market without the necessity of building addi-

tional very expensive long-distance pipelines to Europe or Asia.

Gazprom has been engaged in a policy of increasing gas prices to

former members of the Soviet Union by eliminating domestic sub-

sidies and bringing cross-border prices closer to market levels. This

policy has had varying degrees of success. But it also has led to accu-

sations that Gazprom and Russia have been using energy as a polit-

ical weapon, especially against countries that have tended to institute

political regimes that are more western looking. Examples in recent

years include Ukraine, Georgia, Estonia, Latvia, Lithuania, Poland,

and Belarus. Europe, too, has raised its level of concern as interrup-

tions in gas supplies from Russia, always considered extremely reli-

able, have occurred more frequently. This has led to calls from with-

in Europe to seek alternative sources of supplies from the Middle

East, Caucasus and Central Asia. This potential shift away from

Russian imports can affect not only energy relations between Europe

and Russia, but also global natural gas balances as Europe seeks sup-

plies in more distant countries.
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In the future Europe will need a more diverse electricity sector
with less reliance on natural gas and more efficiency in both gas and
electricity use to counter gas demand growth. It will need more
diverse sources of natural gas supply and the infrastructure to sup-
port it, including more intraregional connections in both gas and
electric power.

Asia

LNG plays a major role in supplying natural gas to Asian markets,
with Japan and Korea by far the largest importers. Regional LNG
supplies come from Indonesia, Malaysia, Australia and Brunei, while
supplies from the Middle East come from Qatar, Oman and the
UAE. One of the most important factors affecting LNG supplies to
Asia is the gradual shift of sources from regional production to
Middle East production.

Asian demand growth is due to the rapid economic and popula-
tion growth and to the growth in income in many of the Asian
economies.With increasing wealth among the population there is a
growing demand for energy services, especially electricity. As Asia
becomes more urban there also is growing demand for natural gas,
since it is easy to use and is clean. There also are challenges. These
include the development of infrastructure to deliver gas, the price
of gas supplies and the ability of consumers to pay. Moreover, there
is competition among the electricity and industrial sectors for new
gas supplies.

Finally, most Asian economies are importers of natural gas. At the
present time there is hesitancy among some buyers to sign long-term
contracts for new supplies. The attitude is wait-and-see to find out
how fast demand is growing and whether new economic supplies are
forthcoming. Korea is a good example because of the growing gap
between its committed supplies of LNG and its demand. Korean
companies remain cautious about signing more long-term contracts
and instead are relying more and more on short-term contracts and
the spot market.
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In the overall supply and demand balance for Asia out to 2030,
coal remains the dominant fuel, followed by oil. Natural gas, howev-
er, is the fastest growing fuel, increasing at an annual rate of 4.0%.
Power generation will drive coal demand and transportation will
drive oil demand. The combination of power generation, residential,
commercial and industrial demand will drive natural gas demand.

China leads all Asian economies with a 7.4% projected annual
average growth of natural gas demand from 2002 to 2030, and it will
consume the largest total amount of natural gas by 2030. Japan and
Korea are the next largest consumers, but their annual average
growth rate in consumption is relatively low at 1.3% and 2.9%.
Indonesia is next in line after these three in total consumption in
2030, but also with a low growth rate of only 2.8%. Countries with
very low consumption today but large projected growth include
Vietnam (7.3% per year), Philippines (6.9%), and Singapore (5.7%).

Singapore’s small size makes it a relatively small factor in region-
al gas demand, but it is dependent upon natural gas for 80 percent
of its energy consumption. It is therefore developing LNG terminals
to supplement the pipeline gas it now receives primarily from
Indonesia and expects LNG to increase from a current 3% to over
one third of gas imports. (India was not represented at the Forum;
but it is a very important market for natural gas, has growing
domestic production, is actively pursuing a gas pipeline from Iran,
has several LNG terminals, and shows significant growth in LNG
consumption.)

Overall, power and heat generation, followed by industrial
demand, will consume most of the new gas supplies in Asia. Coal
will show the biggest growth in the power and heat sector, followed
by natural gas. All other fuels, including oil, nuclear, and hydro, will
not increase their market share in the power sector out to 2030.
Korea is an exception in demand growth for natural gas, since the
residential, commercial and industrial sectors that are supplied by
the city gas pipeline system are growing faster than the electric
power sector.

TOWARD A GLOBAL GAS MARKET

22



Most of the new demand will be in the form of LNG. For Japan,
Korea and Taiwan virtually all new gas will arrive as LNG. While
there are uncertainties for China, a little more than half of its new
supplies are likely to be in the form of LNG. Most of this new LNG
will come from the Middle East rather than from within the region.
Many future gas supplies to the largest consumers in Asia are not
committed under long-term contracts. In Japan, for example, about
25% of its natural gas demand for 2015 is not under long-term con-
tracts as its present long-term contracts with Indonesia, Malaysia
and Brunei expire. About 90% of Japan’s expected 2030 natural gas
imports are not yet covered by long-term contracts. Korea is looking
at a similar growing gap between committed supplies and future
needs—about 11 million tons per year in 2013 widening to almost
23 million tons per year in 2020.

A principle reason for the lack of future supply commitments is
the dearth of timely projects, not the inadequacy of reserves. No new
projects in Asia will be on line in the next four to five years. Some of
the problems confronting Asian producers include significant cost
increases in all stages of the LNG chain; severe bottlenecks in the
fabrication of equipment for ongoing projects; major shortages in
skilled workers for these projects; and unique internal problems in
Indonesia (including exhaustion of some large gas fields) resulting
in new LNG projects being extended well into the future. While
these shortages and cost increases are likely to abate, they are creat-
ing tightness in the LNG market through 2012.

While there is some attempt to introduce price flexibility into new
contracts, for the most part LNG pricing in Asia continues to rely
heavily on the JCC (Japanese Crude Cocktail) formula—a basket of
oil imported into Japan from various oil exporting countries. Pricing
was linked to oil early in the development of LNG contracts reflect-
ing greater substitutability in power generation between natural gas
and oil. As this substitutability lessened, tradition has maintained the
pricing linkage. As a result, as oil prices increased over the last five
years, the landed LNG prices into Asia have increased as well.
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Recent energy trends in China indicate a dramatic increase in

demand. From 2002 to 2004 primary energy demand increased by

38 percent, with coal use responsible for 89 percent of this increase.

Natural gas consumption increased by 36 percent and electricity by

35 percent. Electric power capacity is increasing dramatically, with

101 gigawatts of capacity added in 2006 alone. China increasingly is

seeking natural gas supplies to diversify its energy mix. It has twen-

ty LNG terminals in the planning stage, with a terminal at

Guandong now operating and one at Fujian opening in the near

future. Moreover, China has signed an agreement with

Turkmenistan to buy gas via pipeline, and another with Russia for

the purchase of gas from the Kovykta deposit in Eastern Siberia is

being delayed by pricing disputes.

Singapore

Even though the Singapore market is small, it presents an inter-

esting case study. A variety of global and domestic forces are putting

energy high on Singapore’s domestic agenda. Growth, especially in

China, is creating opportunities and pressures throughout Asia.

Tightening energy markets are forcing Singapore to refocus on its

energy security concerns. Finally, growing environmentalism is call-

ing for another look at how energy is used within Singapore.

The domestic focus is on the appropriate fuel mix given

Singapore’s urban population and limited land. Consideration is

being given to where to find new supplies and how to sustain secure

energy for the future. Natural gas supplies are at the top of the agen-

da due to availability and environmental cleanliness. Coal also is

being considered; however, technology is important in order to use

coal in the cleanest way possible in Singapore’s urban environment.

While neighboring economies are discussing nuclear power, this is

not a consideration for Singapore with its limited land area.

Presently, Singapore’s electric power supply comes primarily from

natural gas, at 80 percent of consumption, followed by incineration

of waste at 17 percent and oil at 3 percent.
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In May 2007, Singapore passed a Gas Act that altered its industry
structure by opening the natural gas market. Open access is now
required for LNG terminals and procurement. Singapore currently
consumes about 6.6 billion cubic meters (bcm) or 4.8 million tons
of LNG.A new LNG project is underway that will result in a new ter-
minal by 2012. In global terms, Singapore’s requirements are mod-
est, and planners expect that it should be able to gain access to the
market relatively easily. Singapore also is seeking a future role as an
LNG trader, similar to its role in oil, and thus it is seeking sufficient
capacity for trading purposes without undermining its energy secu-
rity needs. The requirement of open access for LNG terminals, that
is, permitting many shippers to use the terminal, is expected to per-
mit Singapore to add three million tons of capacity from 2012 to
2018 to meet increasing domestic demand and to allow for trading.
In addition Singapore and its neighbors are exploring the possibili-
ty of a trans-ASEAN pipeline grid in the near term and a trans-
ASEAN power grid for the long term.

Korea

Korea is the second largest importer of LNG in Asia, after Japan. It is
also a substantial oil importer – fifth largest globally and third largest in
Asia behind China and Japan. Korea’s energy mix relies most on oil,
with 50 percent of consumption, followed by coal at 24 percent, nuclear
at 14 percent, natural gas at 12 percent, and renewables at 2 percent.

Korean natural gas consumption is divided between electricity
and city gas segments. City gas includes residential, commercial and
industrial segments. It comprises about three fifths of all natural gas
demand and is expected to increase to 79% by 2020, with the highly
seasonal residential consumption being the fastest growing sector.
All gas comes into Korea in the form of LNG and is distributed
through pipeline networks concentrated in the largest population
centers surrounding Seoul and Pusan. The LNG is imported from
within Asia—Indonesia, Malaysia, Australia and Brunei—and from
the Middle East—Qatar, Oman, Egypt and UAE. Qatar is its largest
supplier, followed closely by Indonesia.
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Korea is looking at a growing gap between committed supplies
and future needs and increasingly is looking outside of Asia for
future supplies. This gap will be about 11 million tons per year in
2013 and will widen to almost 23 million tons per year in 2020.
Korea is examining various supply options including gas from the
Caspian, Russia and Trinidad.While LNG will continue to dominate
the future supply picture, Korea is also looking at pipeline options
from Eastern Siberia. Shorter-term contracts and the spot market
are also being used to increase supply flexibility. But Korea’s energy
security concerns are increasing as it shifts away from long-term
contracts and it makes contingency plans for the decline in natural
gas supplies from Indonesia, now about 25 percent of its supply.
These concerns may lead Korea to liberalize its license policy for
LNG terminals and to reform its natural gas industry.

Asia will continue to rely on LNG for most of its natural gas sup-
plies. Pipeline gas currently plays a relatively small role but may
increase substantially with the development of new pipelines from
East Siberia and Central Asia. But regional supplies will not be able
to meet Asia’s voracious appetite for natural gas, and increasingly the
additional supplies will come from the Middle East, providing addi-
tional evidence of the emergence of a global natural gas market.
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Regional Issues in Supply

The Forum discussion of regional supply issues focused largely on
the three largest natural gas reserves owners—Russia, Iran and
Qatar. Each country presents different economic, national policy
and geopolitical issues that create uncertainties in the development
of future supplies and make increased exports in the long term
unlikely.

Russia

While Russia has huge natural gas reserves—about 26% of world
reserves—it is difficult to determine the rate of development.
Gazprom dominates the industry. Its investment practices are high-
ly questionable, being more politically motivated than economically
based, and its production figures are met with much skepticism. In
2006, Gazprom produced about 550 bcm, 90% of Russia’s 2006 pro-
duction. Gazprom’s own estimates of its production in 2020 vary
widely, with a range from 550 to 670 bcm. Other Russian analysts
have tried to develop projections of future production but have had
difficulty in arriving at accurate estimates.

While there are independent natural gas producers in Russia,
increasingly Gazprom is exerting full control over the development
of all natural gas reserves in Russia. Independent producers increas-
ingly are coming under Gazprom’s influence, including indepen-



dents such as Novatek, Rospan and TNK-BP. It is likely that
Gazprom’s control will be complete by the end of 2007 or by the
Presidential election in March 2008.

Gazprom, however, is evolving. In the 1990s while the oil indus-
try was going through the divestiture of state-owned assets, a simi-
lar goal was set for Gazprom. The oligarchs who bought other state-
owned industries in the 1990s, however, were not interested in
Gazprom assets. Consumer subsidies in the form of low domestic
natural gas prices and long-term contracts dominated the industry.
This was very different from the oil industry. The oligarchs found
the natural gas business less susceptible of quick profits and thus
they avoided it. There was some divestiture of assets and the devel-
opment of small independent natural gas companies, but Gazprom
was able to retain its core businesses through the Putin era, when the
government moved to strengthen the dominant role of Gazprom.
The appointment of Alexei Miller as Gazprom’s President put
Putin’s man in charge. Putin controls many of the top level appoint-
ments and monitors the company’s activities daily, and decision
making within Gazprom is totally opaque.

As previously mentioned, Gazprom has been increasing natural
gas prices to Former Soviet Union states such as Azerbaijan, Georgia
and Ukraine. The increases have been substantial and in some cases
have brought them to levels equal to those inWestern Europe. There
was a widespread perception in Russia that increasing these prices,
in particular to Ukraine, would throw these economies into reces-
sion or worse. While there was a temporary economic slowdown in
Ukraine after the initial introduction of higher natural prices in
2006, since then economic growth has been quite robust. This has
given Gazprom a strong argument that increasing prices within
Russia will not lead to an economic slowdown. As a result, domestic
industrial gas prices are now scheduled to increase through 2011 to
levels that should make them equal to Western European prices,
unless political factors intervene.

Since the future of Russian production is so dependent upon
Gazprom, Gazprom’s future is critical to the European and global
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gas supply picture. Gazprom is becoming a more commercial com-
pany. Gazprom asserts that it intends to establish a more predictable
investment program. After the election in March 2008, it is likely
that there will more internal management changes, possibly leading
to increasing transparency in the decision making process. Some
Forum participants expressed doubt about these changes occurring
in such a short time frame.

As stated above, Gazprom’s natural gas production is more politi-
cally motivated than economically based. Its national policy is not to
develop new fields until export markets are developed and long-term
contracts are in place. Based on this policy the next large natural gas
fields to be developed, in the Yamal Peninsula, will be delayed until
there are firm markets in Europe or China. Without them, Yamal
development keeps slipping. Putin’s goal is to secure the role of
Russian companies in global markets. Foreign investors in Russia are
expected to provide access to foreign markets so that Russian compa-
nies can continue to expand and become global players. Companies
either comply or are excluded or squeezed out of the market.
Moreover, those in power now control huge financial flows and are
able to enrich themselves without taking ownership positions.

The Russian government is pursuing its own interests and, as a
result, no new fields will be developed until there is greater certain-
ty in the export markets and long-term contracts are in place. Even
then, Russia may not be willing to invest to satisfy this external
demand. Thus, future natural gas exports from Russia are highly
uncertain. Production is declining from existing fields; delays exist
in developing new fields; domestic consumption is increasing,
although this may be tempered if price increases occur; and there-
fore less future production is likely to be available for export.

Iran

The second largest holder of natural gas reserves is Iran, with about
993 tcf or 16 percent of global reserves, behind Russia at 26 percent and
ahead of Qatar at 14 percent. Iran’s production in 2006 was about 16
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billion cubic feet per day (bcf/d). Iran claims that this will increase in
2010 to 24.8 bcf/d and then fall back to 20.7 bcf/d in 2020. However,
only 20 to 30 million tons of LNGmay be developed and even smaller
volumes in pipeline gas for export. (20 million tons of LNG = 974 bcf)

Presently, Iran is a relatively small exporter of natural gas with
total annual exports of 200.9 bcf, with most going to Turkey and
very small amounts to Armenia and Azerbaijan. This places it 15th
among the world’s natural gas exporters. The reasons for these lim-
ited exports include a very large gas re-injection program to sustain
crude oil production, a massive expansion of the domestic natural
gas pipeline grid selling gas at very low prices, a large program to
develop the petrochemical industry, a shift towards CNG to reduce
gasoline demand, a lack of external funds for investment in produc-
tion, and major political opposition to natural gas exports.

Most of Iran’s natural gas production is used for re-injection in
producing fields in order to maintain its crude oil production. Re-
injection accounted for about 56 percent of its gas production in 2000,
rose to 64.7 percent in 2005, and is expected in increase to 72.2 per-
cent by 2020. The Iranian government is projecting an increase in
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Russia has 26% of the world’s gas reserves, with Iran possessing over 15% and
Qatar 14%.

Total Gas Reserves Worldwide

Source: FACTS Global Energy Group
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crude oil production from today’s 4 million barrels per day (mbpd) to
5.4mbpd. This means an increase in production capacity of threemil-
lion barrels per day to account for the natural decline in production
as well as for new capacity. The Forum discussion indicated that this
level of investment and capacity building was impossible given today’s
political environment. It is more likely that oil production will remain
at the current level or fall. But even for production to remain level,
there will have to be a massive natural gas re-injection program of 10
to 11 bcf/d, which is about the same level as Qatar’s LNG exports.

Historically, a significant percentage of Iran’s natural gas produc-
tion has been lost to shrinkage (dry gas without liquids that is 8-13%
less than produced wet gas), loss (gas that escapes from pipelines)
and flaring (burning of associated gas). This percentage is declining,
however, and is expected to continue declining, from 19.4 percent in
2000 to 3.0 percent in 2020. This will approximately offset the
increased re-injection of gas.

The remainder of Iran’s natural gas production, averaging about 25
percent between today and 2020, is for domestic consumption and
exports. Iran’s domestic gasmarket in the last five years has been grow-
ing at an annual average rate of over 10 percent and is expected to con-
tinue its robust growth at over 7 percent out to 2020. The primary uses
for natural gas in the domestic market are power generation and resi-
dential and commercial demand.The latter two areas will comprise the
largest domestic uses by 2020. With very low domestic natural gas
prices there has been rapid growth in all domestic sectors. Price hikes
have been put on hold, especially for power and industry, in order to
promote development of these sectors. In the industrial sector, Iran is
putting in place more than 27 million tons of new petrochemical
capacity by 2010.Almost all of these plants rely on natural gas for their
supply. In the transport sector, compressed natural gas will be used to
displace gasoline in order to reduce the level of gasoline imports. There
are several domestic gas pipeline projects under construction or sched-
uled for construction in the near future. The goal of these projects is to
increase use of natural gas and reduce the use of oil. One of the pro-
jects, however, will create capacity for export to India and Pakistan,
since its line is larger than can be used just for domestic purposes.



In addition, many of Iran’s projects have been delayed due to the
lack of outside investment resulting from sanctions affecting inter-
national financial markets. At least as important is the mismanage-
ment of the energy sector stemming from divided authorities and
internal disorientation in the government. Internal subsidies also
have contributed to an unwillingness to invest, since the prospect of
an adequate return on investment is poor, and growing domestic
opposition to natural gas exports has slowed project implementa-
tion. Moreover, Iran has a habit of announcing various agreements
with no intention of implementing them. They often are announced
for external consumption to illustrate its continuing role in oil and
natural gas markets. Despite these problems, there will be some
exports due to pressure from China and India, both of which need
large infusions of natural gas to sustain their economic growth.

In sum, Iran is not likely to have sufficient capacity to meet all its
export commitments. Domestic consumption will be its highest pri-
ority. Increasing domestic demand means less gas available for
export. No increased gas exports are foreseen given the current eco-
nomic and political environment, and disruptions to export cus-
tomers can be expected in the future if domestic needs require even
more natural gas.

Qatar

The pessimistic view of future Russian and Iranian exports is mir-
rored in Qatar and the rest of the Middle East, where there is a grow-
ing shortage of future LNG capacity. Yemen, Oman and Abu Dhabi
have insufficient reserves for new capacity. Qatar, owner of the world’s
third largest natural gas reserves and the single largest natural gas
field—the North Field, has abundant reserves, but a significant per-
centage already is committed. No additional sales are contemplated.

Qatar has been aggressive in developing its fields. It created two
state-owned companies, Qatargas and Rasgas, to develop and market
its natural gas in conjunction with international oil companies.
Partners with Qatargas include ExxonMobil, Total, ConocoPhillips,
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Mitsui and Shell. Rasgas’ partner is ExxonMobil. Since Qatar is so far
from the countries seeking its natural gas, all of its exports have been
in the form of LNG. Deliveries to Asia (Japan, Korea and Taiwan)
began in 1997, have grown significantly to over 2 bcf per day in 2007,
and will remain flat through 2012. Deliveries to Europe began in 2003
and are expected to reach about 4.5 becf/d by 2012, more than deliv-
eries to Asia. Lastly, LNG deliveries to North America have started on
a spot basis and will continue to grow on a committed basis from 2008
through 2012, to about 3 bcf/d. Increasingly, LNG is moving in the
direction of Atlantic markets rather than Asian markets.

Qatar represents about 14 percent of global LNG trade. Given
that spot cargos now comprise about 13 percent of global LNG ship-
ments and given Qatar’s substantial role in the spot market, Qatar
(and the Middle East) plays the role of swing producer between the
growing Asian and Atlantic markets.

Qatar is now approaching a self-imposed limit to further develop-
ment. LNG exports will grow from 30 million tons per year current-
ly to 77 million tons per year by 2012. While there still seem to be
substantial reserves to be developed, a more conservative wait-and-
see approach rather than additional development of production and
export capacity apparently is now Qatar’s policy. Part of the reason is
the growing uncertainty over the size of the North Field. Recently,
ConocoPhillips hit a dry hole. Speculation has increased that the level
of natural gas reserves may not be as high as the generally accepted
number of 900 tcf or more. Pipeline and gas-to-liquids (GTL) pro-
jects have been reduced substantially while domestic consumption
has skyrocketed. If reserves are lower, then Qatar must be careful not
to over commit its reserves for future development. It has said open-
ly that it will not consider any more LNG development until 2010,
and even then its domestic needs for power generation, desalination
and industrial growth will take top priority over its exports.

Qatar dominates the addition of LNG capacity through 2012.
Four other countries—Nigeria, Australia, Russia and Iran—are
planning substantial increases that will total two thirds of new liq-
uefaction capacity or a combined 178 million tons per year. Given
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the discussion about Russia and Iran, the participants at the Forum
doubted whether these plans will play out fully. Russia could possi-
bly reach its planned 20 million tons of LNG capacity per year, but
at substantially higher prices. It is unlikely that Iran will reach its
planned 39 million tons per year. Nigeria is going through increas-
ing domestic turmoil, and the likelihood of it achieving its 60 mil-
lion tons of planned capacity is doubtful. One participant thought
that Nigeria could reach a total of only 43 million tons per year.
Australia, with plans for 59 millions tons of new capacity, alone
among the four has a strong likelihood of achieving its goals, but at
a later date than now projected. Other countries such as Malaysia are
essentially played out. Indonesia with large resources may get back
into the exporting business but at a much lower level. This puts
greater importance on Qatar, which is today’s largest LNG exporter
and will be the largest by far in 2012.

Qatar’s success rests on several factors including its large known
gas reserves, its willingness to develop these reserves in concert with
a small number of highly regarded international oil companies, its
foresight in developing world class export facilities, and strong gov-
ernment support and rapid decision making. Can other countries
– Nigeria, Russia, Iran, and Australia – offer the same key success
factors?
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Technology Issues

The discussion of supply and demand issues in the global market
consistently indicated that technological developments will have a
major impact on market fundamentals. Technology will also have an
impact on geopolitics, since its use can affect how countries produce
their resources.

The group discussed the highly technical nature of the industry
and the complexity of developing, producing, and transporting nat-
ural gas. In LNG, the highly complex nature of liquefaction facilities
requires cutting edge technologies not only to produce the LNG, but
additional technological advances to bring costs down. Recent devel-
opments include cryogenic pipelines, mega trains and floating liq-
uefaction facilities. Technology has brought innovations to the
transportation of LNG where tanker size and other technological
developments have helped transform the economics of the industry.
At the delivery end, on-board regasification and storage is helping to
reshape the industry by finding ways to deliver LNG to areas where
onshore re-gasification facilities cannot be built.

Similar technological developments are expanding the potential
use of natural gas for gas-to-liquids (GTL). Rather than liquefying
the natural gas, new processes are transforming the gas into a clean
liquid that has similar characteristics to diesel. Stranded gas can be
converted to a liquid that is highly marketable and easier to transport
than pipeline or liquefied natural gas. Oryx, the first of the big GTL



plants, is being developed with Sasol in Qatar and is costing $35,000
per barrel per day of capacity, with a total cost of about $1 billion.
Shell’s Pearl GTL facility, now under construction in Qatar, is costing
about $100,000 per daily barrel of capacity and the total cost is likely
to be in excess of $18 billion. This facility needs crude oil prices in the
range of $60-70 to be economic. The dramatic cost increases have
lessened the enthusiasm for GTL technology substantially.

Unconventional gas

Unconventional natural gas resources are very large—more than
30,000 tcf—and producing these reservoirs requires a different
mindset from normal production. As the quality of new natural gas
reservoirs deteriorates relative to earlier discoveries, enhanced tech-
nology is required to produce them, “to produce gas from lousy
rocks,” in the words of one participant. These reservoirs include tight
gas sands, gas shales, coal bed methane, and gas hydrates. All of these
deposits have similar characteristics. They have dense permeability
and therefore require significant hydraulic fracturing in order to
sustain the gas flow. They also require different drilling strategies.

The largest reserves of tight gas sands and gas shales are in North
and South America. Substantial gas shales also are found in the
Middle East and China. The worldwide resource for gas shales
exceeds 15,000 tcf, or almost twice the level of total natural gas
reserves. Tight sands are found throughout the globe in relatively
small amounts. North and South America have the largest estimated
reserves of tight gas sands at over 7,000 tcf—the largest unconven-
tional producing resource in the U.S. It requires multiple hydraulic
fracturing treatments from many wells which account for the largest
cost of production. In one example given, on a 40-acre area with 48
wells drilled, the recovery rate was about 55 percent; on a 20-acre
area with 82 wells, the recovery rate increased to 75 percent; while on
a 10-acre area, 165 wells produced an 80 percent recovery factor.
More wells clearly improve recovery. New technology is improving
recovery and reducing the environmental impact. For example, a
single well pad can permit drilling 16 wells that can access more dis-
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continuous sands, and allow a higher level of fracturing while mini-
mizing the environmental footprint.

The gas shale industry began in the U.S. in 1821 in Fredonia, New
York, where gas was found seeping naturally from a gas shale
deposit. A small well was drilled and gas piped to nearby buildings.
Since then the number of wells drilled into gas shale deposits has
increased to over 40,000 today. Production from these wells is over 1
tcf annually—about 5% of total U.S. gas production—with a poten-
tial resource base of 500 to more than 1000 tcf in gas shale resources
alone. Gas shales are located in basins in many parts of the US,
including the Appalachia, Michigan, Illinois, Arkoma (Arkansas-
Oklahoma), Fort Worth, and San Juan (NewMexico). The shales are
found in thick layers (up to 1,900 feet thick) ranging from 600 to
11,000 feet deep depending upon the location.

In Texas most conventional gas fields are in decline, while the
Barnett shale is rapidly expanding. With a 310 percent increase in
production in the last five years, it is now one of the largest produc-
ing fields in the state. This rapid change is due in part to the increase
in horizontal drilling, which is reducing the cost of production.
Multiple fractures are required to maximize gas flow to overcome
poor reservoir quality, and one horizontal well can utilize multiple
fractures rather than having to drill many wells to achieve the same
results. Another technology used in conjunction with horizontal
drilling is microseismic—the use of many small explosions to char-
acterize the formation in a way to maximize gas flow.

With a significant range in drilling costs, from $0.93 to $2.44 per
thousand cubic feet, unconventional gas can be quite attractive in
today’s high priced natural gas market. The Barnett shale basin
needs natural gas prices in the range of $4.50 to $5.00 per mcf for
development. Some areas may need prices as high as $6.00 to $7.00
for development. (Recall that the EIA projected real average gas
prices of $5.50 mcf out to 2030).

Some participants questioned why there is such a strong push for
LNG capacity in the U.S. when unconventional gas development is
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moving forward in such an aggressive manner. One possible answer
is the “dream” of $4.00 gas in the U.S. with LNG imports. Based on
the discussion of circumstances in many potential exporting coun-
tries, many participants thought that $4.00 gas was indeed just a
dream. Another possible answer is that U.S. energy models have not
adapted fast enough to the fast pace of shale development and are
overestimating the need for LNG and underestimating new supplies
from unconventional resources. If this is true, the U.S. companies
may be planning too much LNG capacity and future reliance on
LNG is significantly overstated.

Gas Hydrates

A final discussion on evolving natural gas technologies focused on
natural gas hydrates, a source not yet competitive but of interest
because of the huge resources to be found globally. Gas hydrates are
crystalline solids consisting of gas molecules, primarily methane, sur-
rounded by a cage of water molecules. Gas hydrates form when gas
and water combine under the appropriate conditions of pressure and
temperature. When gas hydrates are warmed or depressurized they
turn back to gas and water. The hydrates concentrate natural gas.

There are several types of gas hydrate deposits. They can be dis-
persed in shale, or filling the veins and fractures of shales, or located
on the sea floor in mounds around vents, or filling the pore space of
subsurface sands and gravels. They are found onshore in Arctic areas
and in water along the continental shelf. Estimates of gas hydrates in
the U.S. exceed hundreds of thousands of tcf, more than all other
natural gas resources combined.

Producing gas hydrates is expensive and complicated, and much
of the resource base will not be produced in the foreseeable future.
A hydrate stability zone has to be found, a gas source has to be found
and there has to be a method of gas migration – usually through a
well drilled into the gas source within the hydrate stability zone.
Many believe that a “bottom simulating reflector” or BSR has to exist
in order to find gas hydrate deposits using seismic data. But recent
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research leads other experts to the conclusion that a BSR is not
required to find a gas hydrate deposit. What is required are appro-
priate pressure and temperature conditions, reservoir quality sand,
and adequate gas flux.

From the perspective of those working with gas hydrates, many of
the pieces of a commercial industry are coming together. Companies
applying existing technology are making strides while new technology
is being developed. While past and present test wells have led to gas
hydrate recovery, none of the wells is commercial. By one estimate,
commercial wells are five to ten years away, although this estimate
engendered quite a bit of skepticism among some of the participants.
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The Geopolitics of Natural Gas

In addition to market fundamentals and technology, national
policies and geopolitical factors can have a significant impact on the
supply and price of gas. Geopolitics in the context of this report
focuses on countries using energy issues to achieve external political
objectives and diverging from free market principles. The Forum
looked in particular at two aspects of this global questions—Europe
and its suppliers, and the Middle East and Asia.

Russian supply to Europe

As imports become more important to Europe, so do the politi-
cal relationships between Europe and its external suppliers, Russia,
Algeria, Libya, Egypt, and Nigeria, and new potential supply sources
in the Caspian region and the Middle East. In examining the rela-
tionship between Russia and Europe, it was noted that Russian gas
comes from three major sources – Gazprom production, indepen-
dent production, and Central Asia. These sources supply the
Russian domestic market, Commonwealth of Independent States
(CIS) countries and European countries. Each of these supply
sources and markets is subject to complex economics and politics
that are rapidly changing.

Gazprom’s production from its existing fields has been declining
for several years. By 2020 there will be a decline from today’s annu-



al production of 550 bcm to about 350 bcm, not enough to meet
demand from the three markets indicated. If the potentially enor-
mous Yamal fields in the very far north of Eastern Siberia come on
line by 2011, then Gazprom production actually will increase for a
period of time before declining again by 2020. With Yamal on line,
production would stay above 500 bcm for most of the period out to
2020. If first Yamal production slips to 2015, then production will
sink below 500 bcm by about 2012 or 2013 and stay below 500 bcm
out to 2020. Gazprom must make massive investments to bring
Yamal online and it has not done so. To date, its investment level has
been barely sufficient to maintain its licenses. It certainly has not
made the investments necessary to bring first gas on line by 2011,
and there is skepticism about whether it has made or will make the
necessary investments to bring first gas on line by 2015.

Some European political leaders have come to the conclusion that
there is a pressing need to reduce the reliance on imports from
Russia. In part this reflects the view that President Putin does not
share the same democratic values as the Europeans, in light of
Putin’s attitude towards free elections and an open and free media
and ownership of strategic resources by the west. There is a wide-
spread perception that Russia does not respect the rule of law or
legal contracts; that corporate governance is unimportant; and that
corruption is endemic in the business environment. There is grow-
ing centralization and state control of energy and other industries.
Some Europeans fear from all this that Russia will use oil and gas as
a weapon against European and other countries in order to achieve
economic and political objectives. In addition, some Europeans per-
ceive that Russia supports a gas cartel to attack the European Union’s
interests. Moreover, Russia has not ratified the Energy Charter that
would provide for third party access to Russian gas pipelines and
which the Europeans see as providing protections for foreign
investors in Russia. There is also cause for concern over Gazprom’s
desire to buy downstream assets in Europe while European countries
are not given the same reciprocal opportunities in Russia.

Of course, Russians have a different viewpoint. They consider
European governments as hypocritical. They see one set of rules for
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Russia and its friends and another set for all others. They perceive
that western countries were happy when it was weak in the 1990s but
now are unhappy with Russia’s reassertion of its legitimate interests.
They see the EU dominated by anti-Russian new members and say
that EU regulators have undermined long-term natural gas con-
tracts and the security that they bring. Russia also sees the EU as a
gas importers’ cartel. The Russian government concludes from all
this that it will not allow the Europeans or the U.S. to dictate Russia’s
national interests—domestic and international.

There is widespread belief in Europe that Gazprom is not a reli-
able partner, due in part to recent disruptions in the flow of natural
gas through Ukraine and Belarus. One participant argued that the
evidence does not support this belief. Gazprom receives more than
$40 billion per year from its exports to Europe and Eastern Europe
and therefore has the incentive to maintain its reliability. Gazprom
has extended all of its 20-30 year contracts with western European
buyers well before their expiration dates. All are legally binding
agreements with international arbitration and liquidated damage
provisions. Gazprom Marketing and Trading has been a long-term
presence in Europe trading natural gas from many countries, not
just Russia. Russia’s biggest problem is reliable transit through
Ukraine and increasingly through Belarus. As a result, Russia is tak-
ing steps to limit its exposure to Ukraine and Belarus by building
pipeline bypasses that are under its control. These include the Nord
Stream pipelines under the Baltic Sea to Germany and the newly
announced South Stream pipeline in the Black Sea. From Gazprom’s
perspective, it has consolidated its position in Europe and is taking
steps to provide secure, reliable transit.

The first of the Nord Stream pipelines is due to open in 2010 and
the second may open by 2013 or 2014. These pipelines would pro-
vide capacity directly from Russia to Germany, bypassing both
Ukraine and Belarus. They are intended to replace existing capacity
in the latter two countries rather than adding substantial new capac-
ity. The source of the natural gas could be the Shtokman natural gas
field in the Barents Sea or Yamal. Both have been the subject of
delays. Recently Gazprom has announced that it intends to partner
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with Total in the development of Shtokman. A new company will be
formed to develop and operate Shtokman. Gazprom will retain 51
percent, while foreign investors will be offered significant shares in
the company; Total was offered 25 percent. These announcements
may augur an acceleration of the development of Shtokman, which
now is slated to come on line somewhere around 2017. But
Shtokman is not a substitute for Yamal, since Shtokman has about 90
tcm of reserves while Yamal has 280 tcm.

The South Stream pipeline is a very recent development.
Gazprom already operates the Blue Stream natural gas pipeline
under the Black Sea to Turkey. This has been a success. There have
been discussions aimed at expanding this system. But Turkey has
been selling Russian gas to other countries in violation of the long-
term contracts. Rather than expanding Blue Stream and letting
Turkey continue with its violations, Russia is now looking at anoth-
er bypass. With the announcement of a feasibility study for South
Stream, a new strategy may be to build a pipeline directly to Bulgaria
under the Black Sea. Gas going this way could supply markets
throughout Europe without having to transit Ukraine or Turkey.
The message is that if you mess with Russian natural gas, Russia will
bypass you. But Russia cannot bypass every country. Once a pipeline
has been built, it is difficult to avoid problems in the country or
countries where it transits. Russia’s policy is to diversify its pipeline
options, and with sufficient spare capacity it can avoid problems and
perhaps punish countries that create problems.

Gazprom views these pipelines as transit-avoidance systems,
increasing the reliability of natural gas supply to Europe. As men-
tioned, they are intended to replace existing transit routes through
Ukraine and Belarus, rather than add substantial new capacity for
new supplies to Europe. They suggest that Russia is concerned about
the reliability of European supply rather than the opposite. Both sys-
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tems are very expensive and if built will raise the transportation cost
to Gazprom unless European customers are willing to pay for the
enhanced reliability.

What about the future of Russian natural gas supplies to Europe?
Because supplies will be tight until at least 2015 when Yamal is
scheduled to come on line, it is likely that supplies to Europe will
peak at 180 to 200 bcm per year by 2010 or shortly thereafter and not
increase further. The impact may be felt in the Russian domestic
market rather than the export market. Moreover, internal prices for
natural gas are moving towards parity with European levels (at least
in the industrial market, which makes up most of the domestic mar-
ket) diminishing the incentive for Gazprom to export its gas. In the
past, Gazprom was content to leave the domestic market to inde-
pendent companies since profits, if any, were small. As this market
becomes more profitable, Gazprom will be less likely to leave it to
others and will move to assert its control over the independents in
order to maximize its control.

African supply to Europe

Two pipelines now connect North Africa to Spain and Italy, with
additional pipelines planned. Algerian pipeline supplies will peak in
the mid 2010s, or possibly sooner if domestic demand continues to
grow rapidly. There is no likelihood of pipeline supplies from Egypt
and limited additional LNG capacity. Nigeria will continue to sup-
ply Europe through LNG capacity; however, new capacity is threat-
ened by political turmoil and is likely to be delayed and not at the
levels planned. Equatorial Guinea and Angola are new sources with
large uncertainties in their potential supply. Libya is the great hope
for substantial new supplies but is more likely to provide LNG than
pipeline supply. Economics and national issues, not geopolitics,
appear to be the major factors in Africa.
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Caspian-Central Asian supply to Europe

The Caspian-Central Asia region presently supplies Europe

through the Gazprom system. This gas comes mostly from

Turkmenistan and is used internally or is sold to Ukraine; however,

it frees up Russian gas that can be exported. Could the Caspian-

Central Asia region supply Europe more directly? Azerbaijan is

developing its natural gas reserves and will not have large exports

available until the mid 2010s. For both Kazakhstan and

Turkmenistan, Europe is likely to be the third choice after

Russia/CIS and China. Turkmenistan, for example, just announced

an agreement for new sales of natural gas to China through a

pipeline yet to be developed. Iran is a highly unreliable source of

supply. Thus, even though Europe, with U.S. support, is looking to

the Caspian-Central Asia region for additional natural gas supplies,

little is likely to be forthcoming.

What does this mean for Europe? Politically, many in Europe

increasingly view Russia as unreliable and potentially threatening,

and Russia sees Europe as hostile. The concern over natural gas is

reinforcing a worsening political climate. Economically, possibly

after 2015, most likely after 2020, there will be no increased avail-

ability of natural gas in Europe. This means that large scale gas-fired

electricity generation cannot be built. Europeans will have to look

elsewhere for sources of incremental power generation. In addition,

from a policy viewpoint Europe will not be able to achieve its carbon

reduction ambitions using more natural gas. While this outcome is

not set in stone, the supply realities of natural gas will have to change

quickly and substantially to produce a different outcome. Europe

has a little breathing space until this reality occurs. The question is

whether Europe will take the opportunity to make some sensible

investments in storage to cope with short-term volatility or take

steps to lessen its future natural gas demand. One participant con-

cluded that faced with a false sense of security resulting from ade-

quate current supplies, it is unlikely that European policy makers

will react effectively and in a timely fashion.
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Middle East supply to Asia

The discussion of Asian imports of Middle East gas led to the
conclusion that geopolitical factors tend to gain importance as the
mismatch between supply and demand becomes larger. The natural
gas trade is based upon a strong interdependence between buyers
and sellers due to the reliance on long-term contracts. Despite this
interdependence, both LNG and pipeline transport face significant
security problems. For LNG, these include sea-lane chokepoints and
the consequences that would arise from the temporary shutdown of
these sealanes. For cross-border pipelines, security can be a signifi-
cant problem as pipelines cover long stretches where they can be vul-
nerable to natural or manmade disasters or political interruptions.

As natural gas markets evolve into global markets, there will be an
increasing need for long-haul supply. The Middle East is evolving
into the swing supplier, capable of moving LNG supplies to the
Asian or Atlantic markets. Long distance natural gas pipelines cross-
ing several borders also are being developed that will move regional
markets more towards global markets.

The Forum considered the political and security experience of the
increasing trade between the Middle East and Asia. Japan has been
the leader in developing the LNG trade, with its first shipment of
LNG in 1969. Since then it has developed many LNG regasification
terminals with almost half of the world’s total of these terminals by
2005. It has diversified its LNG imports from several sources within
Asia—Brunei, Indonesia, Malaysia, Australia—and increasingly
from the Middle East—Qatar, Oman and UAE. Future sources
include LNG from Sakhalin Island (Russia) and the Gorgon field in
Australia.

One of the major sea chokepoints in the delivery of LNG from the
Middle East to Asian markets is the Strait of Malacca between
Indonesia (Sumatra) and Malaysia and Singapore. The Strait is
about 900 km long, with the narrowest point near Singapore where
it is about 500 meters wide. Traffic through the Strait continues to
climb, with more than 65,000 vessels of all types transiting in 2006.
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These included more than 21,000 tankers (VLCC crude tankers,
smaller crude and product tankers, and LPG/LNG tankers) of which
almost 3300 were LNG/LPG tankers. Piracy and armed robbery at
sea in the Strait remains a serious threat, although the total number
of attacks in declining. In the period 2001 through 2006, more than
1900 people were taken hostage, about 260 injured, about 140 went
missing, and 97 were killed. Coordination among Indonesia,
Malaysia and Singapore in preventing terrorism takes place on an
ongoing basis; however, cooperation from the international com-
munity is needed, including sharing of the financial burden.
Alternatives to the Strait of Malacca are available; but these sea lanes
add four to five days to the trip in each direction, and there is an
urgent need for navigational upgrades. Pipelines across the
Malaysian peninsula have been under discussion for years with the
most serious proposal set forth in May 2007, when Malaysian,
Indonesian and Saudi Arabian firms signed an agreement to build
the Trans-Peninsula Oil Pipeline.

The Trans-ASEAN Gas Pipeline (TAGP) has been an excellent
example of regional cooperation in building a pipeline that connects
the Philippines, Brunei, Malaysia, Singapore, Indonesia, Thailand,
and Vietnam. Additions to this pipeline grid are underway or under
discussion. The next step in development among the ASEAN nations
is an interregional power grid to complement the natural gas grid.

In the East China Sea, an era of confrontation between China and
Japan appears to be coming to end with the signing this year of an
agreement on the joint development of natural gas resources. This
agreementmarks a departure from the past period of confrontation and
may lead to a “business-first” rather than “politics-first” principle.

In another area with strong geopolitical overtones, a gas pipeline
from Iran to Pakistan to India has been in the development stage for
over ten years. Some progress was made as the countries appear to
have reached agreement recently on the pricing of the natural gas
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from Iran. Future meetings this year are planned to finalize the
agreement on pricing and on the transit fees through Pakistan.
Continued progress is in question, however, due to U.S. opposition
in light of their heightened concern about Iran’s nuclear activities,
support for terrorism, and human rights violations.

As natural gas markets evolve globally and more long distance
transport of natural gas occurs, security concerns increase. Ways to
ameliorate these concerns include: supply diversity for importing
countries, market diversity for exporting countries, diversity in the
means of transportation (LNG and pipelines), inter-regional coop-
eration including cross-investment among regions, intra-regional
cooperation such as the Trans-ASEAN Gas Pipeline, and enhanced
transport security. Geopolitical risks can be lessened with a growing
sense and recognition that the Middle East and Asia are becoming
inextricably linked.
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