Natural Gas

Natural gasisthe fastest growing primary energy source in the | EO2002 forecast.
The use of natural gasis projected to nearly double between 1999 and 2020,
providing a relatively clean fuel for efficient new gas turbine power plants.

Natural gas is expected to be the fastest growing compo-
nent of world energy consumption in the International
Energy Outlook 2002 (IEO2002) reference case. Natural
gas consumption in 2020 is projected to total 162 trillion
cubic feet, nearly double the 1999 total of 84 trillion cubic
feet (Figure 31), and its share of total energy consump-
tion is projected to increase from 23 percent in 1999 to 28
percent in 2020. The growth of natural gas consumption
in developing countries (Figure 32) is expected to be sig-
nificantly greater than in the rest of the world, averaging
5.3 percent per year, as compared with 2.4 percent per
year in the industrialized countries, 2.3 percent per year
in Eastern Europe and the former Soviet Union
(EEZ/FSU), and 3.2 percent globally. In the developing
countries, annual natural gas consumption is projected
to almost triple over the forecast period. By comparison,
nuclear electricity consumption in the developing coun-
tries is projected to grow at a rate of 4.7 percent per year,
oil and coal at 3.2 percent per year, and renewable
energy (primarily hydropower) at 3.0 percent per year.
The largest increments in natural gas use are expected in
developing Asia and North America, and the smallest
increments are expected in Africa and the Middle East
(Figure 33).
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Much of the projected growth in natural gas consump-
tion throughout the world is in response to rising
demand for natural gas to fuel efficient new gas turbine
power plants. In the IEO2002 reference case, the projec-
tions for natural gas consumption by electricity genera-
tors show more rapid growth than the projections for
any other fuel. Natural gas consumption for electricity
generation is projected to grow by 4.0 percent per year in
the industrialized countries, compared with -0.1 percent
for oil and 0.9 percent for coal, accounting for 56.3 per-
cent of the projected increase in total energy used to gen-
erate electricity. World gas consumption for electricity
generation more than doubles in the forecast, from 27.2
trillion cubic feet in 1999 to 58.9 trillion cubic feet in 2020,
and consumption in the developing countries is pro-
jected to triple, from 5.9 trillion cubic feet in 1999 to 17.7
trillion cubic feet in 2020.

Although coal is expected to remain the predominant
fuel used for power generation, natural gas is projected
to capture 24 percent of the power generation market in
the industrialized countries and 21 percent in the devel-
oping countries in 2020, up from 14 percent and 13 per-
cent, respectively, in 1999. The natural gas market share

Figure 32. Natural Gas Consumption in the
Developing World, 1970-2020
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of total world energy consumption for electricity gener-
ation in 2020 is projected to be 26 percent, compared
with coal’s 32 percent.

The use of natural gas is increasing for a variety of rea-
sons, including price, environmental concerns, fuel
diversification and/or energy security issues, market
deregulation (for both gas and electricity), and overall
economic growth. In many countries, governments hold
equity in natural gas companies, and this can be used as
a policy instrument. Examples include Kogas (Korea),
Petronas (Malaysia), Pertamina (Indonesia), China
National Petroleum Corporation, Gazprom (Russia),
Pemex (Mexico), Oman LNG, Adgas (subsidiary of Abu
Dhabi National Oil Company), National Iranian Oil
Company, Sonatrach (Algeria), Nigerian National
Petroleum Corporation, Egyptian General Petroleum
Company, and Mossgas in South Africa. Most of these
governments are fostering the expansion of their respec-
tive natural gas markets.

The amount of natural gas traded across international
borders continues to grow, increasing from barely 20
percent of the world’s consumption in 1999 to 22 percent
in 2000 [1]. Pipeline exports grew by 8 percent and lique-
fied natural gas (LNG) trade grew by 10.3 percent
between 1999 and 2000. Numerous international pipe-
lines are either planned or already under construction.
Projected increases in world natural gas consumption
will require bringing new gas resources to market. The
fact that many sources of natural gas are far from

Figure 33. Increases in Natural Gas Consumption
by Region, 1999-2020
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demand centers, coupled with cost decreases through-
out the LNG chain, has made LNG more economical,
contributing to the expectation of strong worldwide
growth for LNG.

The economics of transporting natural gas to demand
centers currently depend on the market price, and the
pricing of natural gas is not as straightforward as the
pricing of oil. More than 50 percent of the world’s oil
consumption is traded internationally, whereas natural
gas markets tend to be more regional in nature, and
prices can vary considerably from country to country. In
Asia and Europe, for example, LNG markets are
strongly influenced by oil and oil product markets
rather than by natural gas prices. As the use and trade of
natural gas continue to grow, it is expected that pricing
mechanisms will continue to evolve, facilitating interna-
tional trade and paving the way for a global natural gas
market.

Reserves and Resources

Since the mid-1970s, world natural gas reserves have in
general increased each year (Figure 34). As of January 1,
2002, proved world natural gas reserves,® as reported by
Oil & Gas Journal, were estimated at 5,451 trillion cubic
feet, 173 trillion cubic feet more than the estimate for
2001. Most of the increase is attributed to developing
countries, where gas reserves have increased by 152 tril-
lion cubic feet since last year’s survey. Natural gas
reserves in the industrialized countries also increased

Figure 34. World Natural Gas Reserves by Region,
1975-2002
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5Proved reserves, as reported by the Oil & Gas Journal, are estimated quantities that can be recovered under present technology and
prices. Figures reported for Canada and the former Soviet Union, however, include reserves in the probable category. Natural gas reserves
reported by the Oil & Gas Journal are compiled from voluntary survey responses and do not always reflect the most recent changes. Signifi-
cant gas discoveries made during 2001 are not likely to be reflected in the reported reserves.

44 Energy Information Administration / International Energy Outlook 2002



between 2001 and 2002, by 52 trillion cubic feet. EE/FSU
reserves declined by 31 trillion cubic feet—mostly as a
result of lowered estimates for Russia and for the East
European countries Hungary and Romania, where
reserves were halved over the past year.

The majority (about 72 percent) of the world’s natural
gas reserves are located in the Middle East and the FSU
(Figure 35). Russia and Iran together account for almost
one-half of the world’s natural gas reserves (Table 14).
Reserves in the rest of the world are fairly evenly distrib-
uted on a regional basis.

Despite high rates of increase in natural gas consump-
tion, particularly over the past decade, most regional
reserves-to-production ratios have remained high.
Worldwide, the reserves-to-production ratio is esti-
mated at 60.0 years [2]. Central and South America has a
reserves-to-production ratio of 71.8 years, the FSU
79.6 years, and Africa 86.2 years. The Middle East’s
reserves-to-production ratio exceeds 100 years.

The largest expansion in natural gas reserves between
2001 and 2002 occurred in the Middle East, where 120
trillion cubic feet was added to the region’s reserve base.
Of that amount, 115 trillion cubic feet was attributed to
revised estimates of Qatar’s reserves by officials of
Qatargas and Rasgas [3]. Developing Asia also saw an
increase in reserves of 23 trillion cubic feet over the past
year. Among the developing Asian countries, the great-
est increase in proven reserves was in Indonesia, where
reserves grew by 20 trillion cubic feet. Pakistan and
Papua New Guinea, and to a lesser extent the Philip-
pines and Thailand, also saw modest increases in gas
reserves. Malaysia was the only developing Asian coun-
try with a notable decline in reserves, from 82 trillion
cubic feet in 2001 to 75 trillion cubic feet in 2002.

Figure 35. World Natural Gas Reserves by Region
as of January 1, 2002
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In the industrialized world, reserves have remained
fairly stable for much of the past 20 years. In both North
America and industrialized Asia, reserves increased
from 2001 to 2002. In North America, an increment of 10
trillion cubic feet in U.S. natural gas reserves offset
declines in Canada and Mexico. In industrialized Asia,
Australia’s reserves increased by 45 trillion cubic feet,
more than doubling its reserve estimate from 2001.

The U.S. Geological Survey (USGS) periodically assesses
the long-term production potential of worldwide petro-
leum resources (0il, natural gas, and natural gas liquids).
According to the most recent USGS estimates, released
in the World Petroleum Assessment 2000, a significant vol-
ume of natural gas remains to be discovered. The mean
estimate for worldwide undiscovered gas is 5,196 tril-
lion cubic feet (Figure 36), which is approximately dou-
ble the worldwide cumulative consumption forecast in
IEO2002. Reserves plus resources are four times the
cumulative consumption forecast.

Of the new natural gas resources expected to be added

over the next 25 years, reserve growth accounts for 3,660

Table 14. World Natural Gas Reserves by Country
as of January 1, 2002

Reserves Percent of
(Trillion World
Country Cubic Feet) Total
World ................. 5,451 100.0
Top 20 Countries........ 4,863 89.2
Russia................ 1,680 30.8
Iran .................. 812 14.9
Qatar................. 509 9.3
Saudi Arabia . .......... 219 4.0
United Arab Emirates . . .. 212 3.9
United States. . ......... 177 3.3
Algeria. ............... 160 2.9
Venezuela............. 148 2.7
Nigeria. . .............. 124 2.3
Iraq .................. 110 2.0
Turkmenistan .......... 101 1.9
Indonesia. . ............ 93 1.7
Australia .............. 90 1.7
Malaysia .............. 75 1.4
Uzbekistan ............ 66 1.2
Kazakhstan............ 65 1.2
Netherlands. ........... 63 1.1
Canada ............... 60 1.1
Kuwait . ............... 52 1.0
China................. 48 0.9
Restof World. .......... 588 10.8

Source: “Worldwide Look at Reserves and Production,” Oil &
Gas Journal, Vol. 99, No. 52 (December 24, 2001), pp. 126-
127.
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trillion cubic feet. More than one-half of the mean undis-
covered gas estimate is expected to come from the for-
mer Soviet Union, the Middle East, and North Africa,
and an additional 1,169 trillion cubic feet is expected to
come from a combination of North, Central, and South
America. It is estimated that about one-fourth of the
undiscovered natural gas reserves worldwide are in
undiscovered oil fields.

Although the United States has produced more than 40
percent of its total estimated natural gas endowment
and carries less than 10 percent as remaining reserves, in

Figure 36. World Natural Gas Resources by Region
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Figure 37. Natural Gas Consumption in
North America, 1970-2020
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the rest of the world reserves have been largely
unexploited. Outside the United States, the world has
produced less than 10 percent of its total estimated natu-
ral gas endowment and carries more than 30 percent as
remaining reserves.

Regional Activity
North America

Natural gas consumption in the IEO2002 forecast for
North America is projected to grow at a rate of 2.1 per-
cent per year between 1999 and 2020 (Figure 37).
Demand for gas is projected to increase in all three coun-
tries of the region (United States, Canada, and Mexico),
but the most rapid growth rates are projected for Mex-
ico, where the present immature gas infrastructure is
expected to expand over the forecast period (Figure 38).
The North American region is rapidly moving toward
becoming an integrated gas market, and a substantial
increase in the movement of natural gas between the
United States, Canada, and Mexico is expected in the
future.

United States and Canada

The United States currently is the dominant consumer of
natural gas in North America, and it is expected to
remain in that position throughout the projection
period. Total U.S. natural gas consumption is projected
to increase from 22 trillion cubic feet in 1999 to 34 trillion
cubic feet in 2020 (compared with Canada’s projected 4
trillion cubic feet in 2020 and Mexico’s 3 trillion cubic
feet). Much of the increment in U.S. gas use is expected
in the electricity sector, where electricity generators
(excluding cogenerators) are projected to account for 55

Figure 38. Natural Gas Consumption in Mexico,
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percent of total U.S. natural gas consumption by 2020,
according to the Energy Information Administration’s
Annual Energy Outlook 2002 (AEO2002) [4]. Electricity
generation is expected to surpass the industrial sector as
the largest consumer of natural gas in the United States,
with lower capital costs, higher fuel efficiency, shorter
construction lead times, and lower emissions favoring
natural-gas-fired generation over coal-fired generation.

Natural gas accounts for 25 percent of Canada’s total
energy consumption, and its share is not expected to
change substantially over the projection period. Because
the country already relies on its ample supply of cheap
hydroelectric power to provide more than one-half of its
electricity supply, natural-gas-fired generating capacity
is not expected to expand as dramatically as in the
United States. As a result, much of Canada’s natural gas
production is expected to be exported to the United
States, where increasing demand will be greatest.
Record high prices for natural gas in the United States in
2000 underscored the potential benefits to Canadian gas
exporters. Canada’s natural gas exports provided signif-
icant increases in revenues to producers, accounting for
close to two-thirds of the country’s 2000 trade surplus. It
is estimated that Canadian gas revenues reached $13.8
billion, compared with estimated 1999 revenues of $7.3
billion [5].

As the U.S. demand for natural gas increases, the coun-
try will come to rely more heavily on imports, particu-
larly from Canada (Figure 39). Over the past several
years, the United States has experienced a widening gap
between production and consumption, and in 2000 it
consumed 18.0 percent more than it produced. The

Figure 39. Net U.S. Imports of Natural Gas,
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difference was made up with pipeline imports from
Canada and Mexico and LNG imports from numerous
sources, including Algeria, the United Arab Emirates,
Australia, Qatar, Trinidad and Tobago, Malaysia, Nige-
ria, Oman, and Indonesia. Canada accounted for 93.8
percent of U.S. natural gas imports in 2000, LNG 5.9 per-
cent, and Mexico 0.3 percent.

Imports into the United States from Canada in 2000 were
5.2 percent higher than in 1999, and during the first 9
months of 2001 they were 10 percent higher than over
the same period in 2000 (2.9 trillion cubic feet vs. 2.6 tril-
lion cubic feet) [6]. Over the past several years,
cross-border pipeline capacity has increased consider-
ably between the two countries. Most recently, the Alli-
ance Pipeline was completed in December 2000,
allowing 1,325 million cubic feet per day of natural gas
from western Canada to be moved through North
Dakota and into Chicago.

Although recent pipeline additions have provided sig-
nificant increases in cross-border capacity between
western Canada and the United States, there are pipeline
bottlenecks within Canada that prevent some new sup-
plies from reaching U.S. markets. There are several pro-
jects underway to alleviate this problem. Canadian
Natural Resources (CNR), for example, has received
approval to construct a pipeline from Ladyfern (where a
discovery in 2000 is estimated to be one of the most pro-
lific gas discoveries in western Canada in the past 15
years) in northeastern British Columbia to Northwest-
ern Alberta, where it can then link up with TransCanada
Pipeline’s transcontinental network to move gas to
southern Canada and the United States. The new pipe-
line is scheduled for completion in March 2002. It will
have an initial capacity of 680 million cubic feet per day
but could eventually be expanded to 1.35 billion cubic
feet per day [7].

Another project aimed at increasing Canada’s ability to
export natural gas to U.S. markets is being implemented
in eastern Canada. Maritimes and Northeast Pipeline
plans to increase pipeline capacity to 1 billion cubic feet
per day to bring in new reserves from offshore Atlantic
Canada. According to Maritimes and Northeast presi-
dent Phillip Knoll, the existing system can be economi-
cally expanded through compression and looping to
allow producers competitive rates for getting their sup-
plies to New England markets for new gas-fired genera-
tors [8].

U.S. imports of LNG are expected to quadruple over the
next two decades, increasing the LNG share of gas
imports to 14.7 percent in 2020. The development of an
LNG market in the United States has been constrained
by limitations on the amount it can receive and regasify.
There are currently four LNG receiving facilities in the
United States. Two have been operating for several
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years, one in Everett, Massachusetts, and one in Lake
Charles, Louisiana. In September 2001, a facility
reopened at Elba Island, Georgia, after several years of
inactivity. The fourth facility is scheduled to reopen at
Cove Point, Maryland, by mid-2002.

Algeria was the only source of LNG supply for the
United States until May 1999, when supplies began
arriving from Trinidad and Tobago. Trinidad and
Tobago has now replaced Algeria as the primary source
of U.S. LNG supply. Trinidad and Tobago and Algeria
currently have the only long-term contract sales for
LNG, but spot cargos have been imported from Qatar,
Nigeria, Australia, Oman, Indonesia, and the United
Arab Emirates, and spot market sales in the U.S. market
continue to grow [9]. In the third quarter of 2001,
short-term LNG imports totaled 51.3 billion cubic feet,
compared with 44.7 billion cubic feet in the third quarter
2000.

As a result of the renewed interest in LNG, numerous
additional facilities are being considered, including sites
in the Gulf of Mexico, North Carolina, and Florida; how-
ever, siting an LNG receiving terminal in the United
States can be a formidable task. Aside from the geo-
graphical requirements, the NIMBY (Not In My Back
Yard) factor can be close to insurmountable and is likely
to be the most important factor in whether a facility is
built at a particular location. To avoid this problem,
there have been proposals to site the facilities outside US
borders, notably, in Baja California (Mexico) and in the
Bahamas. Local opposition makes the prospect of new
facilities to serve U.S. markets uncertain for the near
future.

The opposition to new LNG receiving facilities does not
preclude expansion at existing facilities, however. El
Paso subsidiary Southern LNG has plans to expand its
Elba Island facility by 80 percent, adding 360 million
cubic feet per day of sendout capacity to its current 440
million cubic feet per day. The added capacity is
expected to be in place by June 1, 2005 [10]. Talk of new
facilities continues in spite of a significant drop in natu-
ral gas prices over the past year, with many developers
stating that even with the current U.S. prices of under
$3.00 per thousand cubic feet, they expect LNG to be eco-
nomical in the future and are proceeding with their
plans. The AEO2002 forecast projects expansion of exist-
ing facilities and increases in gross LNG imports averag-
ing 7.1 percent per year, from 220 billion cubic feet in
2000 to 890 billion cubic feet in 2020.

Mexico

In Mexico, natural gas consumption has been growing,
but production has been falling. Mexico’s consumption
of natural gas is projected to increase by 3.4 percent per
year between 1999 and 2020, with much of the increase

in the industrial sector and for new electricity
generation. As a result of the widening gap between pro-
duction and consumption, Mexico has had to increase
imports, and its import capacity is also being expanded
with an eye to the future. In October 2000, the
bidirectional Coral Energy pipeline between Mexico and
the border near McAllen, Texas, became operational
(300 million cubic feet per day). Exports from the United
States to Mexico increased by 72 percent between 1999
and 2000 and by 24 percent between the first 9 months of
2000 and the first 9 months of 2001 (98 billion cubic feet
vs. 79 billion cubic feet) [11]. In addition, Tidelands Oil
and Gas, based in Texas, has filed for approval to build
three 6-mile pipelines from Eagle Pass in Texas to
Piedras Negras in Mexico, which would supplement the
current capacity at nine existing border crossings [12].

El Paso Natural Gas has filed to increase its capacity at
the Mexican border from 208 million cubic feet per day
to 308 million cubic feet per day [13]. According to El
Paso, the increase is to meet Mexico’s need for 60 million
cubic per day of natural gas initially to fuel the new Chi-
huahua Il power plant in El Encino and an additional 40
million cubic feet per day for a new turbine generator to
be installed in February 2002. El Paso plans to add the
capacity by increasing compression along the existing
Samalayuca Lateral. Another major incentive for
increased capacity between the United States and Mex-
ico, according to El Paso, is the rapid development of
northern Mexico’s pipeline infrastructure [14].

In addition to pipeline imports, LNG is expected to meet
some of Mexico’s growing demand, and several LNG
receiving facilities have been proposed to serve markets
in northwestern Mexico and southern California.
Sempra Energy and CMS Energy have proposed a joint
venture for a terminal north of Ensenada in Mexico’s
Baja California with a sendout capacity of 1 billion cubic
feet per day; Phillips Petroleum and El Paso Corporation
have proposed a 630 million cubic feet per day facility; El
Paso is also considering a terminal to be located offshore
California; and Chevron is evaluating both offshore Cal-
ifornia and Baja California for a 750 million cubic feet per
day facility [15]. Shell Oil, in partnership with El Paso, is
planning a 0.5 to 1.0 billion cubic feet per day receiving
facility in Mexico’s east coast Tamaulipas state at
Altamira that would receive gas from Africa, the
Carribean, and South America. Turning towards South
America, Mexico has had preliminary talks outlining an
economic agreement with Bolivia that would allow the
Pacific LNG consortium (Respol-YPF, British Gas, and
British Petroleum), to use Mexico’s pipelines and plants
to process LNG from Bolivia to be exported to the
United States for use in southern California [16]. The
arrangement would also provide Mexico with Bolivian
gas for its own use.
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Mexico is also struggling to restructure its natural gas
industry in order to develop its vast natural gas
resources. Two factors that hinder more rapid expansion
of the gas market in Mexico are the complete control of
the exploration and production sector of the market by
Petroleos Mexicanos (Pemex), the state oil and gas com-
pany, and the lack of infrastructure to move gas from the
main producing areas in the south to the major consum-
ing regions in the north. While the distribution segment
of the industry has been open to private investment
since 1995 and has seen significant growth in recent
years, exploration and production continue to be con-
trolled by Pemex.

The Mexican government feels it is imperative that prog-
ress be made in opening the natural gas production sec-
tor, because the government does not have the financial
resources to fully develop the country’s reserves. To this
end, Pemex is working to develop a multiple-service
contract that can be used to get foreign investors to help
develop Mexico’s natural gas. According to Dominguez
Vargas, first vice-president of technology and profes-
sional development for Pemex, the initial emphasis
would be on getting contracts in place for development
efforts in the Burgos basin in northeastern Mexico,
where the largest production increase could be achieved
[17].

The situation is a difficult one for Mexican President
Vicente Fox, who took office on December 1, 2000. Most
of Mexico’s current natural gas production is associated
with light crude oil production, and the declining ratio
of light crude to total crude production yields a corre-
sponding decline in associated gas production [18].
According to Energy Minister Ernesto Martens, Mexico
will need to increase its gas production from the current
5 billion cubic feet per day to 12 billion cubic feet per day
by 2006 [19]. The Fox administration favors restructur-
ing Mexico’s energy markets, but it will be difficult to
implement any sweeping reform, because the party
lacks a majority in both of the Mexican government’s
legislative bodies. At a minimum, Fox has indicated that
he intends to open up exploration and development of
nonassociated gas to private investment.

Western Europe

Natural gas is the fastest growing fuel source in Western
Europe, despite the region’s limited natural gas
resources. The region accounts for less than 5 percent of
the world’s natural gas reserves but in 1999 consumed
17 percent of the world total. Over the next two decades,
natural gas consumption in Western Europe is projected
to grow at an average annual rate of 3.0 percent in the
IEO2002 reference case forecast, compared with a rate of
1.0 percent for total primary energy consumption
(Figure 40). In addition to a preference for natural gas
over coal for environmental reasons, Europe’s natural

gas use is growing due to readily available supplies to
supplement domestic production coming by pipeline
from the FSU and Algeria, and by tanker in the form of
LNG from a number of sources. Recent demand
increases reflect rising gas use for power generation and
for the industrial sector. Consumption of natural gas for
electricity generation is projected to more than double
over the projection period.

The European Union (EU) has played an important role
in the development of Western Europe’s natural gas
markets, passing key legislation over the past several
years to liberalize both the electricity and natural gas
markets of its member countries. The EU Directive on
Electricity was passed in January 1997, opening up elec-
tricity markets in member nations to competition within
2 years, and its Natural Gas Directive was passed in June
1998 requiring the opening of gas markets.

The objective of the Natural Gas Directive is to ensure
the free movement of natural gas and improve security
of supply and industrial competitiveness. It established
common rules for the EU’s internal natural gas market
regarding the storage, transmission, supply, and distri-
bution of natural gas. The rules addressed market
access, criteria and procedures for systems operations,
and the granting of licences for natural gas supply,
transmission, storage, and distribution. The Directive
set a deadline of August 10, 2000, for members (with the
exception of emerging markets in Portugal and Greece)
to have arrangements in place for third-party access to
gas infrastructure. By that date all gas-fired power gen-
erators and customers using more than 883 million cubic
feet of natural gas per year were to be eligible to choose a
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gas supplier. Customers using at least 530 million cubic
feet per year are to be eligible by 2003, and those using at
least 177 million cubic feet per year are to be eligible by
2008.

In May 1999 a report by the European Commission (a
branch of the EU) was released, calling for the accelera-
tion of the gas market liberalization from 2008 to January
2005 at the latest [20, 21]. Subsequently, on March 13,
2001, the Commission outlined the current state of prog-
ress, recommending the following measures to achieve
the accelerated gas market objective:

<Adoption of appropriate rules with respect to the
pricing of cross-border trade

«Adoption of rules for allocation and management of
interconnection capacity

<Where economically justified, increasing existing
physical interconnection capacity.

The largest consumers in Western Europe by far are the
United Kingdom, Germany, ltaly, the Netherlands, and
France, and consumption in these countries is expected
to grow steadily over the forecast period (Figure 41).
More than one-half of the region’s resources are concen-
trated in the United Kingdom, the Netherlands, and
Norway, which are the region’s primary producers.
Almost all Western European gas production is con-
sumed internally, with the exception of small quantities
exported by France, Germany, and Norway to Eastern
European markets.

Although the projected incremental increases in con-
sumption are far less than those in the largest consuming

Figure 41. Natural Gas Consumption in Five
Countries of Western Europe, 1980-2020
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0219(99) (Washington, DC, February 2001). Projections:
EIA, World Energy Projection System (2002).

countries, some of the most rapid growth rates in natural
gas consumption in Western Europe are occurring in
countries where natural gas markets are just beginning
to flourish—including Portugal, Greece, Ireland, and
Spain (Figure 42). Portugal and Greece are two of the
smallest economies represented in the EU and are con-
sidered by the EU to be emerging gas markets, a status
that gives them flexibility in meeting the deadlines of the
Natural Gas Directive for opening their gas markets.
Both countries consumed less than 10 billion cubic feet
per year before 1998, when consumption in Portugal
jumped to 28 billion cubic feet and in Greece to 30 billion
cubic feet. Consumption in both countries rose dramati-
cally again in 1999, to 80 and 53 billion cubic feet, and the
growth is continuing. Natural gas markets in Ireland
and Spain have been developing for a longer period, and
recent consumption increases, while not as impressive,
are nonetheless significant.

Portugal

In Portugal, the natural gas market is less than 5 years
old. There was no measurable consumption until 1997,
when the Maghreb-Europe pipeline connected the Ibe-
rian peninsula to Algerian gas sources (via Morocco).
Since then, gas use has risen steadily. Although virtually
all of Portugal’s natural gas still comes by pipeline from
Algeria, it also began importing LNG in 1998 and in 1999
entered into a contract to purchase LNG from Nigeria
for 20 years beginning in 2002. The LNG will be
regasified initially in Spain and piped into Portugal until
a terminal under construction at Sines, Portugal, sched-
uled to become operational in 2003, is completed. The
Sines terminal will have a capacity of 580 billion cubic
feet per year and will be operated by Transgas.

Figure 42. Natural Gas Consumption in Four
Countries of Western Europe, 1995-2000
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Almost all of the natural gas consumption in Portugal is
to fuel electricity generation. A member of the EU, Por-
tugal has received EU assistance in investment in its gas
infrastructure. Approximately $417 million (485 million
euros) was spent on improving Portugal’s infrastructure
between 1994 and 1999, when the EU decided to cut back
on spending. Nevertheless, there are still plans to
expand the network from 3,761 miles in 1999 to 5,943
miles in 2010 [22]. Under the EU Gas Directive, as an
emerging natural gas market Portugal is not required to
open its domestic gas market to full competition until
2008. It was, however, required to open at least 33 per-
cent of its market to competition by 2001—a target that
still has not been met. As a result, the EU has begun
infringement procedures.

Greece

In Greece, the government historically has maintained a
prominent role in the energy industry, and the natural
gas market remains under the control of the state-owned
Greek Public Gas Company (DEPA). DEPA was estab-
lished in 1988 to promote natural gas use in order to
diversify Greece’s energy sources, but the market actu-
ally declined until 1997 when the government loosened
its control on the industry and allowed foreign partici-
pation. Since that time, rapid expansion has been
occurring.

A member of the EU, Greece has taken full advantage of
all the EU waivers its emerging market status allows in
order to delay EU-mandated energy sector privatiza-
tion, and it is only recently that privatization has made
any inroads. Under agreements signed in July 2001, a
new distribution company, EDA Attikis, 51 percent of
which is owned by DEPA and the remainder by Cinergy
of the United States and Royal Dutch/Shell, will supply
Athens and its surrounding areas with natural gas, cov-
ering 30 percent of Greece’s population. Although Ath-
ens was the first Greek city to have a gas distribution
network, at present only about 8,000 customers are con-
nected to the network in a city of more than 3.1 million
[23]. EDA Attikis plans to expand the network to reach
55 percent of the region’s population and expects
demand to reach about 35 billion cubic feet by 2020. In
2000, the Italian utility company, Italgas (a subsidiary of
ENI), won 30-year concessions to build and operate two
city gas distribution networks, in Thessaloniki and
Thessaly; and it will have a minority stake in the net-
work ownership and management of each. DEPA has
the exclusive contract to supply the three distribution
networks for 15 years [24].

Greece intends to diversify its import sources, and in
July 2000 it agreed to work with Turkey to develop con-
nections between their natural gas networks. The two
countries have agreed to work with the EU-sponsored
Interstate Oil Gas Transport to Europe (INOGATE)

project, which provides technical assistance to modern-
ize oil and gas transport in central Europe and Asia in
order to work toward European pipeline linkages to
Caucasus and Asian oil and gas.

In March 2001, Greece signed an agreement with Arme-
nia and Iran to strengthen economic and energy cooper-
ation. Discussions included the possibility of an
EU-subsidized natural gas pipeline from Iran through
either Armenia and Ukraine or Turkey and Greece to
other European customers. LNG is also a source of
imports for Greece. The country began importing LNG
from Algeria in late 1999 into its LNG terminal at
Revithoussa, near Athens. The terminal is small, with a
receiving capacity of 23 billion cubic feet per year. It is
possible that the terminal could be expanded, or that an
additional terminal could be built: however, an under-
sea natural gas pipeline from Italy to Greece is currently
in the feasibility study phase [25], and if that project is
approved it could reduce the impetus to expand LNG
markets in Greece.

Ireland

In Ireland, switching to natural gas is seen as a way to
reduce carbon dioxide emissions from electricity gener-
ation. According to the Ireland Department of Public
Enterprise, close to half of Ireland’s natural gas con-
sumption is currently for electricity generation, and its
share is expected to continue to increase [26]. There is
also a strong move to continue the expansion of the resi-
dential and small commercial/Zindustrial markets that
have been growing as the distribution infrastructure
expands. Phoenix Natural Gas, in particular, is currently
focusing on this market.

At present, Ireland’s only indigenous source of natural
gas is the Kinsale Head Gas Field, which has been pro-
ducing since 1978. The field is now in decline and is
expected to be depleted by 2004. Dependence on
imports is thus climbing as gas use accelerates. In 2000,
one-half of Ireland’s consumption of 134 billion cubic
feet was imported from the United Kingdom. Kinsale
production is likely to be supplemented in 2002 with
supplies from the Corrib Gas Field, a recently discov-
ered field off Ireland’s northwest coast.

Natural gas imports to Ireland were first made possible
by the completion of the 180-mile Interconnector from
Scotland, with a capacity of 194 billion cubic feet per
year [27]. Expansion of the country’s pipeline transmis-
sion infrastructure is currently underway. The Celtic
Energy consortium is planning to construct a pipeline
linking North Dublin to Wales and England, scheduled
for completion by the end of 2002, and the Premier
Transco group is assessing the possibility of a pipeline
linking Belfast and Dublin. Bord Gais Eireann has sub-
mitted an application to construct three natural gas
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transmission pipelines: (1) to the west, from Dublin to
Limerick to Galway Ringmain; (2) from Mayo to
Galway; and (3) a second Scotland to Ireland
Interconnector.

Spain

Strong growth in natural gas use is occurring in Spain as
the country phases out its older nuclear and coal power
plants in favor of gas. Estimates are that Spain could eas-
ily double its gas consumption by 2010 [28]. Spain is
almost entirely dependent on imports to satisfy its gas
demand, and that situation is not expected to change in
the foreseeable future. The country’s domestic resources
are limited: its one major gas field ceased production in
1995, and there have been no new discoveries since then.
In 2000, Spain imported half of the gas it consumed by
pipeline from Norway and Algeria (primarily Algeria).

The remaining half of Spain’s natural gas comes in the
form of LNG. Itis imported from a number of countries,
including (in order of magnitude) Algeria, Nigeria,
Libya, Trinidad and Tobago, Qatar, United Arab
Emirates, Malaysia, and Oman. In fact, Spain is one of
Europe’s largest importers of LNG, second only to
France. Spain currently has three LNG receiving termi-
nals, all operated by Enagas, located in Barcelona,
Huelva, and Cartagena. The three terminals, with a com-
bined capacity of 500 billion cubic feet per year, became
operational in 1969, 1988, and 1999. There is also consid-
erable growth in LNG receiving capacity on the horizon,
with two new terminals currently under construction
and athird in the planning stage. The first of those under
construction is scheduled to come online in 2003 in the
port of Bilboa in the northern Basque region and be oper-
ated by Bahia de Bizkaia Gas. The second is expected to
come online in 2005 in Valencia and be operated by
Union Fenosa. The proposed terminal, to be located in
Murgardos, will be operated by Union Fenosa, Endesa,
and Sonartrach, in addition to local companies [29].

Eastern Europe and the Former Soviet Union

With 2,003 trillion cubic feet of proven natural gas
reserves, the FSU accounts for 38 percent of the world
total. Russia lays claim to 85 percent of those reserves,
making it the largest potential source of natural gas in
the world. Reserves in Iran, which is second to Russia,
amount to less than one-half of Russia’s total. Other gas
producing countries in the FSU include Turkmenistan,
Uzbekistan, Ukraine, and Kazakhstan. Of the four,
Turkmenistan contains just over 100 trillion cubic feet of
reserves, accounting for almost 2 percent of the world’s
total reserves, and the others each account for around 1
percent of the world’s total.

Unstable political and economic conditions in the early
to mid-1990s led to significant declines in EE/FSU natu-
ral gas markets. Between 1990 and 1998, consumption

declined by more than 20 percent. Although the declin-
ing trend has been reversed, the region still falls far short
of both the production and consumption levels realized
in 1990. Gas markets in the EE/FSU continue to face a
number of complex issues, including curtailments, non-
payment, declining Russian production, transit dis-
putes, and economic and political conditions that have
not been conducive to foreign investment. Restructuring
of gas markets is occurring, however, and the prospects
for natural gas market growth in the EE/FSU look prom-
ising. The IEO2002 forecast is for increased growth, with
consumption increasing at an average annual rate of 2.3
percent over the forecast period, from 23 trillion cubic
feet in 1999 to 36 trillion cubic feet in 2020 (Figure 43).
Growth in Eastern Europe is expected to far outpace
growth in the FSU, with Eastern European consumption
projected to grow at an average annual rate of 4.7 per-
cent, compared with the FSU’s 1.9 percent. This may be
explained by the fact that most East European countries
have enjoyed sustained economic recovery since the
early 1990s, giving them a head start over the former
Soviet Republics, which have only recently begun to see
positive economic growth.

Natural gas production in Russia declined by 1.1 percent
in 2000, and Russia fell behind the United States to
become the world’s second rather than top natural gas
producer for the first time in a decade. Russia consumed
69 percent of its own production, exporting the balance.
Russia is the world’s largest exporter of natural gas
(Figure 44), supplying Europe with about 30 percent of
its gas supplies. Russia’s biggest European export mar-
kets are Germany, Italy, and France, each relying on
Russia for more than one-third of its natural gas. Most

Figure 43. Natural Gas Consumption in the
EE/FSU Region, 1970-2020
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EE/FSU countries continue to depend almost solely on
Russia for their natural gas supplies. Russia has also
begun to supply many of its customers, including Aus-
tria, Finland, Greece, Hungary, and Turkey, with well
over half the natural gas they consume.

Russia has an extensive network of domestic pipelines
as well as international pipelines linking it to export
markets. Three pipelines, the Brotherhood (Bratsvo),
Progress, and Union (Soyuz), deliver gas to Europe via

Figure 44. Russia’s Net Natural Gas Exports,
1992-1999
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Figure 45. Proposed Natural Gas Export Pipelines from Russia

Ukraine. A fourth pipeline, the Yamal, transits Belarus
to reach European markets. A fifth, the Northern Lights,
transits both Belarus and Ukraine en route to Europe.
Gas markets in Finland are served by the
Volga/Urals-Vyborg pipeline. A new pipeline slated to
serve markets in Turkey via the Black Sea, the Blue
Stream Pipeline, is currently under construction. Work
began in February 2000, and Gazprom has completed
the aboveground section of the pipeline from Russian
territory to the Black Sea coast at Tuapse. Turkey has
completed its segment of the line, from Ankara to the
Black Sea coast at Samsun. The final segment will run
beneath the Black Sea, connecting the Russian and Turk-
ish sections of the project. Laying of the underwater seg-
ment began in August 2001, with completion scheduled
for 2002 [30].

Russia hopes to both further expand its export capacity
(Figure 45) and at the same time diversify its export mar-
kets so that it can ship less gas to debtor nations, such as
Ukraine, and be less dependent on Ukraine as an export
route. Ukraine currently serves as a transit route for
more than 90 percent of Russia’s exports to Europe.
Problems between Russia and Ukraine continue, with
Ukraine failing to keep current in its payments for gas
imported from Russia, and Russia accusing Ukraine of
siphoning gas it is not entitled to during transit, thus
threatening Russia’s European customers with natural
gas shortages.
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Russia plans to build the Yamal-Europe Il pipeline,
which would allow it to bypass Ukraine and, instead,
transit Belarus, Poland, and Slovakia. A feasibility study
is underway. One glitch is Poland’s hesitancy to make a
move that might damage the interests of Ukraine,
because Ukraine is one of Poland’s strategic allies. While
Russia hopes to diversify its customer base, its custom-
ers have in turn attempted to reduce their dependence
on Russia as a primary supplier, especially given the
economic instability in Russia in the past. In order to
diversify, Russia is exploring the possibility of exporting
gas from eastern Siberia and/or Irkutsk to Asian mar-
kets, notably China, and several pipeline options are
being considered. Gazprom has also undertaken a feasi-
bility study on a pipeline, North TransGas, that would
carry Russian gas across the Baltic Sea to serve Scandina-
via and Germany. Firms developing the Sakhalin | field
have proposed a pipeline to deliver Sakhalin gas to
northern Japan and later Tokyo, and a feasibility study is
being conducted [31].

Although Russian production declined in 2000, the FSU
as a whole increased production by 2.7 percent, with
production in Turkmenistan more than doubling and
production in Kazakstan growing by 15.6 percent. Much
of the increased production in Turkmenistan was
exported, primarily to other EE/FSU countries but also
to Iran. At present, Turkmenistan is Iran’s only source of
imports. Turkmenistan is the only former Soviet Repub-
lic except Russia that is exporting substantial volumes of
natural gas. The country produces about 70 percent
more gas than it currently consumes. Approximately 85
percent of the excess production is exported to Iran for
use in Iran’s non-producing northern areas, with the
remaining 15 percent going to other EE/FSU countries.
This is almost the reverse of the situation in 1999, when
30 percent of Turkmenistan’s exports went to Iran and
70 percent to other EE/FSU countries.

Central and South America

Natural gas markets in Central and South America are
relatively small, but they are growing rapidly, with con-
siderable upstream and downstream development.
IEO2002 projects that gas consumption in Central and
South America will grow to 14.6 trillion cubic feet by
2020, at an average annual growth rate of 7.4 percent
(Figure 46).

Because much of Central and South America has not yet
been explored for gas, there is strong potential for new
discoveries. Recent exploration activity has yielded
promising discoveries, and the region’s reserves have
increased from 244 trillion cubic feet in 1999 to 253 tril-
lion cubic feet in 2001. The highest concentrations of
reserves are in Argentina and Bolivia in the Southern
Cone Common Market, also referred to as Mercosur,
and Venezuela and Trinidad and Tobago in the north.

Brazil

Consumption in Brazil has increased steadily over the
past decade and is expected to grow at an average
annual rate of 13.3 percent over the forecast period.
Brazil is making an effort to diversify fuel use in its elec-
tricity generation sector, which is almost entirely
dependent on hydropower. The country is currently
experiencing an electricity shortage brought on by sev-
eral years of below average rainfall that has left reser-
voirs less than 30 percent full and, in 2001, led the
government to mandate that industrial and residential
consumers reduce their electricity consumption by 20
percent. The energy crisis has added more urgency to
plans for constructing substantial natural-gas-fired elec-
tricity generators. The Brazilian government is pressing
to get 15 gas-fired power plants with a combined capac-
ity of 6,423 megawatts operational by 2003 and has set a
long-term goal of completing 55 new gas-fired genera-
tors before 2007 with a combined capacity of 23,000
megawatts [32] (see box on page 118). In an effort to pro-
mote natural gas use, plans are underway to privatize
parts of the country’s gas sector. Natural gas exploration
and production historically have been controlled by the
state company, Petrobras, with distribution handled at
the state level [33].

There are several pipeline projects available to serve the
Brazilian markets, and several more are planned (Figure
47). One pipeline in operation connects Parana, Argen-
tina, to Uruguaiana, Brazil. It has been providing gasto a
power plant in Uruguaiana since July 2000. An exten-
sion of the pipeline to Porto Alegre, Brazil, is currently
under construction, with a targeted completion date of
2002.

Figure 46. Natural Gas Consumption in Central
and South America, 1970-2020
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Additional Argentina-Brazil pipelines are in various
stages of the planning process, although recent natural
gas discoveries in Bolivia and potential Brazilian discov-
eries could prevent development of these pipeline pro-
jects. The potential Argentina-Brazil pipelines include
the Cruz del Sur, Trans-Iguacu, and Mercosur pipelines.
The Cruz del Sur would extend to Brazil an Argen-
tine-Uruguayan pipeline that currently is under con-
struction (construction began in March 2001, with the
first deliveries slated for early 2002). The Trans-lguacu
pipeline would cross from northern Argentina’s
Noroeste basin into southern Brazil. The Mercosur pipe-
line would tap northwestern Argentina’s Neuquén
basin to Curitiba, Brazil, and could extend to Sao Paulo
[34].

Other Central and South America

With new natural gas fields being discovered and devel-
oped in Bolivia and the completion of the Bolivia-Brazil
pipeline, Bolivia is poised to become a major participant
in the South American natural gas market. Bolivia has
plans for considerable expansion of its pipeline infra-
structure that will allow the country to supply gas to
new natural-gas-fired electricity generators in sur-
rounding countries, and discussions with Mexico raise
the possibility that Bolivia could become an exporter of
LNG.

Argentina is both South America’s largest producer and
consumer of natural gas, but it has been in arecession for
the past 4 years and now is in the throes of a full

Figure 47. Major Natural Gas Pipelines in South America
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economic crisis. Argentina has enormous debt that it
cannot repay, and on January 6, 2002, the government
announced a 29-percent currency devaluation. Before
the devaluation, the government placed a cap on bank
withdrawals that angered the citizenry, leading to pro-
tests and encouraging many to flee the country. Because
Argentina has already defaulted on part of its $141 bil-
lion debt, it has in effect been cut off from international
capital markets, and the International Monetary Fund
(IMF) froze aid to Argentina in December 2001 [35].
Argentina’s natural gas industry is entirely in the hands
of the private sector and is operated within a competi-
tive market structure. The economic crisis will certainly
affect energy markets, most likely throughout South
America, but the extent of the impact remains to be seen.

Chile is Argentina’s largest export customer. Four pipe-
lines currently connect the Argentine Neuquén basin
with Chile, and there are plans to extend the GasAndes
pipeline in central Chile, which has been in operation
since 1997, to Rancagua, Chile, by the summer of 2002.
In November 1999 the Gasoducto del Pacifico opened,
transporting Argentine gas to industrial consumers
in southern Chile’s Bio Bio region. The other two
Argentine-Chilean pipelines, the GasAtacama and the
NorAndino, run parallel to each other and, along with
Gasoducto del Pacifico, supply markets that do not yet
fully utilize their capacities. The GasAtacama pipeline
came online in July 1999 and primarily serves the Nopel
power plant. The NorAndino pipeline came online in
November 1999 and supplies two power plants.

Like Brazil, Chile’s expected increase in natural gas con-
sumption is fueled in part by a desire to become less
dependent on hydropower, which is currently its largest
source of electricity. Chile experienced rolling blackouts
from late 1997 until well into 1999 as a result of drought
[36]. Colombia saw less expansion of its natural gas sec-
tor in 2000 than did Brazil and Chile, but the government
plans to foster future expansion in an attempt, like Brazil
and Chile, to make its electricity sector less vulnerable to
droughts. In early 2001, the Colombian congress was
considering legislation to deregulate natural gas prices
by 2003, to increase natural gas production for both
domestic consumption and exports, and to support
increased domestic consumption of natural gas, espe-
cially for electricity, was under consideration [37].

In the northern portion of South America, an active LNG
market is developing. Atlantic LNG’s Point Fortin facil-
ity, located in Trinidad and Tobago, became operational
in 1999 with its first train of 3 million metric tons per
year, exporting 51 billion cubic feet to the United States
and 25 billion cubic feet to Spain by the year’s end.
Trains 2 and 3 are under construction and will add 3.3
million metric tons per year each by the fourth quarter of

6 A metric ton is equivalent to 48,700 cubic feet of natural gas.

2002 and third quarter of 2003, respectively. When com-
pleted, the expansion will triple Atlantic’s LNG export
capacity. Venezuela is planning to enter the LNG market
with two single-train facilities of 2.1 and 4.0 million met-
ric tons annual export capacity scheduled for comple-
tion in 2004 and 2005, respectively. Petroleos de
Venezuela (PDVSA), the state oil and gas company, is a
partner in both terminals. In addition to its major clients,
Trinidad and Tobago is currently supplying gas to the
EcoElectrica facility in Puerto Rico and has also signed
an agreement to send LNG to a new import terminal in
the Dominican Republic as early as late 2002. This high-
lights the potential for increased use of imported LNG in
smaller markets.

Industrialized Asia

Natural gas consumption in industrialized Asia (Aus-
tralia, New Zealand, and Japan) is projected to increase
by 1.9 percent per year from 1999 to 2020, much slower
than the 11.2-percent annual average increase from 1970
to 1999. Industrialized Asia contributed 7 percent of the
increase in world gas consumption over the past 3
decades, but its contribution over the next 2 decades is
expected to fall to 2 percent.

Australia

An expanding pipeline system and continuing deregu-
lation are moving Australia toward a more competitive
domestic natural gas market. Deregulation of the gas
market is being done by the states rather than central
authorities, resulting in a piecemeal approach that has
been blamed for the slow pace and wide variations in the
domestic gas market. Reform for free and fair trade in
natural gas was agreed to by the Commonwealth and all
states and territories in 1997 but has yet to be fully imple-
mented [38]. Gas consumption in Australia and New
Zealand is projected to increase by 2.3 percent per year
from 1999 to 2020 (Figure 48).

New and planned pipelines are starting to turn the once
separate supply systems into a national grid (Figure 49).
The creation of competing sources of supply has the
potential to change the structure of the gas markets. One
such project, a 3,200-kilometer pipeline from Papua
New Guinea down the east coast to Brisbane, could
eventually supply gas to markets in New South Wales
and Victoria [39]; however, the project continues to lan-
guish despite the new leadership of ExxonMobil [40].

Australia’s natural gas supply capability is expected to
expand at a faster pace than domestic consumption, pro-
viding opportunities for additional exports. A fourth
train is planned for the Northwest Shelf LNG venture.
Sales and purchase agreements were signed with two
Japanese utilities for LNG deliveries starting in mid-
2004 [41]. A methanol plant and a gas-to-liquids (GTL)
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facility are also being considered for the Northwest
Shelf. Officials point out that the Northwest Shelf has
ample gas to supply domestic as well as export projects
[42].

Royal Dutch/Shell appears to have convinced its part-
ners in the Greater Sunrise LNG project to develop a
floating LNG facility rather than build a pipeline and a
conventional onshore liquefaction plant near Darwin.
Equity issues still have to be worked out, and agree-
ments with buyers need to be secured. Greater Sunrise
lies predominantly in the Australian part of the Timor
Sea, but buyers remain wary because tax disputes with
East Timor have halted progress on the adjacent
Bayu-Undan project. Shell believes that the floating
facility will be up to 40 percent cheaper than the onshore
option [43].

The development of the 9.6 trillion cubic feet of
untapped gas reserves in the Gorgon fields remains
uncertain. The Gorgon partners have been trying for
years to decide between an independent project and
integratin