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VOLUME V

PREFACE

Study Request

By letter dated March 13, 2002, Secretary of Energy
Spencer Abraham requested the National Petroleum
Council (NPC) to undertake a new study on natural
gas in the United States in the 21st Century.
Specifically, the Secretary stated:

Such a study should examine the potential impli-
cations of new supplies, new technologies, new
perceptions of risk, and other evolving market
conditions that may affect the potential for natu-
ral gas demand, supplies, and delivery through
2025. It should also provide insights on energy
market dynamics, including price volatility and
future fuel choice, and an outlook on the longer-
term sustainability of natural gas supplies. Of
particular interest is the Council’s advice on
actions that can be taken by industry and
Government to increase the productivity and effi-
ciency of North American natural gas markets
and to ensure adequate and reliable supplies of
energy for consumers.

In making his request, the Secretary made refer-
ence to the 1992 and 1999 NPC natural gas studies,
and noted the considerable changes in natural gas
markets since 1999. These included “new concerns
over national security, a changed near-term out-
look for the economy, and turbulence in energy mar-
kets based on perceived risk, price volatility,
fuel-switching capabilities, and the availability of
other fuels.” Further, the Secretary pointed to the
projected growth in the nation’s reliance on natural
gas and noted that the future availability of gas sup-
plies could be affected by “the availability of invest-
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ment capital and infrastructure, the pace of technol-
ogy progress, access to the Nation’s resource base,
and new sources of supplies from Alaska, Canada,
liquefied natural gas imports, and unconventional
resources.” (Appendix A contains the complete text
of the Secretary’s request letter and a description of
the NPC.)

Study Organization

In response to the Secretary’s request, the Council
established a Committee on Natural Gas to undertake
a new study on this topic and to supervise the prepara-
tion of a draft report for the Council’s consideration.
The Council also established a Coordinating
Subcommittee and three Task Groups — on Demand,
Supply, and Transmission & Distribution — to assist the
Committee in conducting the study.

Bobby S. Shackouls, Chairman, President and Chief
Executive Officer, Burlington Resources Inc., chaired
the Committee, and Robert G. Card, Under Secretary
of Energy, served as the Committee’s Government
Cochair. Robert B. Catell, Chairman and Chief
Executive Officer, KeySpan Corporation; Lee R.
Raymond, Chairman and Chief Executive Officer,
Exxon Mobil Corporation; and Richard D. Kinder,
Chairman and Chief Executive Officer, Kinder Morgan
Energy Partners, L.P, served as the Committee’s Vice
Chairs of Demand, Supply, and Transmission &
Distribution, respectively. Jerry J. Langdon, Executive
Vice President and Chief Administrative Officer,
Reliant Resources, Inc., chaired the Coordinating
Subcommittee, and Carl Michael Smith, Assistant
Secretary, Fossil Energy, U.S. Department of Energy,
served as Government Cochair.



The transmission, distribution, and storage part of
this volume of the report was prepared by the
Transmission & Distribution Task Group and its sub-
groups. Scott E. Parker, President, Natural Gas
Pipeline Company of America, Kinder Morgan Inc.,
chaired the Transmission & Distribution Task Group,
and Mark R. Maddox, Principal Deputy Assistant
Secretary, Fossil Energy, U.S. Department of Energy,
served as Government Cochair. The Transmission &
Distri-bution Task Group was assisted by three sub-
groups:

e Transmission Subgroup
e Distribution Subgroup
e Storage Subgroup.

The liquefied natural gas (LNG) part of this volume
of the report was prepared by the LNG Subgroup of the
Supply Task Group. John Hritcko, Jr., Vice President,
Shell NA, LNG, Inc., led the LNG Subgroup. Mark A.
Sikkel, Vice President, ExxonMobil Production
Company, chaired the Supply Task Group, and Elena S.
Melchert, Program Manager, Oil and Gas Production,
Fossil Energy, U.S. Department of Energy, served as
Government Cochair.

The members of the various study groups were
drawn from the NPC members’ organizations as well
as from many other industries, non-governmental
organizations, and government organizations. These
study participants represented broad and diverse inter-
ests including large and small producers, transporters,
service providers, financers, regulators, local distribu-
tion companies, power generators, and industrial con-
sumers of natural gas. Appendix B contains rosters of
the study’s Committee, Coordinating Subcommittee,
the Transmission & Distribution Task Group and its
subgroups, and the Supply Task Group and its LNG
Subgroup. In addition to the participants listed in
Appendix B, many more people were involved in the
work of the study’s other task groups and subgroups as
well as in regional and sector-specific workshops in the
United States and Canada.

Study Approach

The study benefited from an unprecedented degree
of support, involvement, and commitment from the
gas industry. The breadth of support was based on
growing concerns about the adequacy of natural gas

supplies to meet the continuing strong demand for
gas, particularly in view of the role of gas as an envi-
ronmentally preferred fuel. The study addresses both
the short-term and long-term outlooks (through
2025) for North America, defined in this study as con-
sisting of Canada, Mexico, and the United States. The
reader should recognize that this is a natural gas study,
and not a comprehensive analysis of all energy sources
such as oil, coal, nuclear, and renewables. However,
this study does address and make assumptions regard-
ing these competing energy sources in order to assess
the factors that may influence the future of natural gas
use in North America. The analytical portion of this
study was conducted over a 12-month period begin-
ning in August 2002 under the auspices of the
Coordinating Subcommittee and three primary task
groups.

The Transmission & Distribution Task Group ana-
lyzed existing and potential new infrastructure. Their
analysis was based on the work of three subgroups
(Transmission, Distribution, and Storage). Industry
participants undertook an extensive review of existing
and planned infrastructure capacity in North America.
Their review emphasized, among other things, the
need to maintain the current infrastructure and to
ensure its reliability. Participants in the Transmission
& Distribution Task Group included representatives
from U.S. and Canadian pipeline, storage, marketing,
and local distribution companies as well as from the
producing community, the Federal Energy Regulatory
Commission, and the Energy Information Adminis-
tration.

The Supply Task Group developed a basin-by-basin
supply picture, and analyzed potential new sources of
supply such as liquefied natural gas (LNG) and Arctic
gas. The Supply Task Group worked through five sub-
groups: Resource, Technology, LNG, Arctic, and
Environmental/Regulatory/Access. Over 100 people
participated. These people were drawn from major
and independent producers, service companies, con-
sultants, and government agencies. These working
groups conducted 13 workshops across the United
States and Canada to assess the potential resources
available for exploration and development.
Workshops were also held to examine the potential
impact on gas production from advancing technology.
Particular emphasis was placed on the commercial
potential of the technical resource base and the knowl-
edge gained from analysis of North American produc-
tion performance history.
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The Demand Task Group developed a comprehen-
sive sector-by-sector demand outlook. This analysis
was done by four subgroups (Power Generation,
Industrial Utilization, Residential and Commercial,
and Economics and Demographics). The task of each
group was to try to understand the economic and envi-
ronmental determinants of gas consumption and to
analyze how the various sectors might respond to dif-
ferent gas price regimes. The Demand Task Group was
composed of representatives from a broad cross-sec-
tion of the power industry as well as industrial con-
sumers from gas-intensive industries. It drew on
expertise from the power industry to develop a broad
understanding of the role of alternative sources for
generating electric power based on renewables,
nuclear, coal-fired, oil-fired, or hydroelectric generat-
ing technology. It also conducted an outreach program
to draw upon the expertise of power generators and
industrial consumers in both the United States and
Canada.

Separately, two other groups also provided guid-
ance on key issues that crossed the boundaries of the
primary task groups. An ad hoc financial team looked
at capital requirements and capital formation.
Another team examined the issue of increased gas
price volatility.

Due to similarities between the Canadian and U.S.
economies and, especially, the highly interdependent
character of trade in natural gas, the evaluation of nat-
ural gas supply and demand in Canada and the United
States were completely integrated. The study included
Canadian participants, and many other participating
companies have operations in both the United States
and Canada. For Mexico, the evaluation of natural gas
supply and demand for the internal market was less
detailed, mainly due to time limitations. Instead, the
analysis focused on the net gas trade balances and their
impact on North American markets.

As in the 1992 and 1999 studies, econometric mod-
els of North American energy markets and other ana-
lytical tools were used to support the analyses.
Significant computer modeling and data support were
obtained from outside contractors; and an internal
NPC study modeling team was established to take
direct responsibility for some of the modeling work.
The Coordinating Subcommittee and its Task Groups
made all decisions on model input data and assump-
tions, directed or implemented appropriate modifica-
tions to model architecture, and reviewed all output.
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Energy and Environmental Analysis, Inc. (EEA) of
Arlington, Virginia, supplied the principal energy mar-
ket models used in this study, and supplemental analy-
ses were conducted with models from Altos
Management of Los Altos, California.

The use of these models was designed to give quan-
tified estimates of potential outcomes of natural gas
demand, supply, price and investment over the study
time horizon, with a particular emphasis on illustrat-
ing the impacts of policy choices on natural gas mar-
kets. The results produced by the models are critically
dependent on many factors, including the structure
and architecture of the models, the level of detail of
the markets portrayed in the models, the mathemati-
cal algorithms used, and the input assumptions spec-
ified by the NPC study task groups. As such, the
results produced by the models and portrayed in the
NPC report should not be viewed as forecasts or as
precise point estimates of any future level of supply,
demand, or price. Rather, they should be used as
indicators of trends and ranges of likely outcomes
stemming from the particular assumptions made. In
particular, the model results are indicative of the
likely directional impacts of pursuing particular pub-
lic policy choices relative to North American natural
gas markets.

This study built on the knowledge gained and
processes developed in previous NPC studies,
enhanced those processes, created new analytical
approaches and tools, and identified opportunities for
improvement in future studies. Specific improvements
included the following elements developed by the
Supply Task Group:

o A detailed play-based approach to assessment of the
North American natural gas resource base, using
regional workshops to bring together industry
experts to update existing assessments. This was
used in two detailed descriptive models, one based
on 72 producing regions in the United States and
Canada, and the other based on 230 supply points in
the United States, Canada, and Mexico. Both mod-
els distinguished between conventional and noncon-
ventional gas and between proved reserves, reserve
growth, and undiscovered resource.

e Cost of supply curves, including discovery process
models, were used to determine the economically
optimal pace of development of North American
natural gas resources.



e An extensive analysis of recent production per-
formance history, which clearly identified basins
that are maturing and those where production
growth potential remains. This analysis helped
condition the forward-looking assumptions used in
the models.

¢ A model to assess the impact of permitting in areas
currently subject to conditions of approval.

o A first-ever detailed NPC view and analysis of LNG
and Arctic gas potential.

The Demand Task Group also achieved significant
improvements over previous study methods. These
improvements include the following:

e Regional power workshops and sector-specific
industrial workshops to obtain direct input on con-
suming trends and the likely impact of changing gas
prices.

¢ Ongoing detailed support from the power industry
for technology and cost factors associated with cur-
rent and future electric power generation.

o Development of a model of industrial demand
focusing on the most gas-intensive industries and
processes.

Study Report

Results of this 2003 NPC study are presented in a
multi-volume report as follows:

e Volume I, Summary of Findings and Recommen-
dations, provides insights on energy market dynam-
ics as well as advice on actions that can be taken by
industry and government to ensure adequate and
reliable supplies of energy for American consumers.
It includes an Executive Summary of the report and
an overview of the study’s analyses and recommen-
dations.

o Volume II, Integrated Report, contains discussions
of the results of the analyses conducted by the three
Task Groups: Demand, Supply, and Transmission &
Distribution. This volume provides further sup-
porting data and analyses for the findings and rec-
ommendations presented in Volume I. It addresses
the potential implications of new supplies, new
technologies, new perceptions of risk, and other

evolving market conditions that may affect the
potential for natural gas demand, supplies, and
delivery through 2025. It provides insights on
energy market dynamics, including price volatility
and future fuel choice, and an outlook on the
longer-term sustainability of natural gas supplies. It
also expands on the study’s recommended policy
actions. This volume presents an integrated out-
look for natural gas demand, supply, and transmis-
sion in the United States, Canada, and Mexico
under two primary scenarios and a number of sen-
sitivity cases.

The demand analysis provides an understanding of
the economic and environmental determinants of
natural gas consumption to estimate how the indus-
trial, residential/commercial, and electric power sec-
tors may respond under different conditions. The
supply analysis develops basin-by-basin resource
and cost estimates, presents an analysis of recent
production performance, examines potential tech-
nology improvements, addresses resource access
issues, and examines potential supplies from tradi-
tional areas as well as potential new sources of sup-
ply such as liquefied natural gas and Arctic gas. The
transmission, distribution, and storage analysis pro-
vides an extensive review of existing and planned
infrastructure in North America emphasizing,
among other things, the need to maintain the cur-
rent infrastructure and to ensure its reliability.

Task Group Report Volumes and CD-ROMs include
the detailed data and analyses prepared by the
Demand, Supply, and Transmission & Distribution
Task Groups and their subgroups, which formed the
basis for the development of Volumes I and II
Information on the study’s computer modeling
activities is also included. The Council believes that
these materials will be of interest to the readers of
the report and will help them better understand the
results. The members of the National Petroleum
Council were not asked to endorse or approve all of
the statements and conclusions contained in these
documents but, rather, to approve the publication of
these materials as part of the study process. These
documents are provided as follows:

— Volume 111, Demand Task Group Report, provides
in-depth discussions and analyses of economic
and demographic assumptions; consumption in
the industrial, residential, commercial, and elec-
tric power sectors; and uncertainties/sensitivities.
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— Volume 1V, Supply Task Group Report, provides
in-depth discussions and analyses of resource
assessment, cost methodology, production per-
formance, technology improvements, access
issues, and arctic developments.

— Volume V, Transmission & Distribution Task
Group and LNG Subgroup Reports, provides in-
depth discussions and analyses of LNG imports
and transmission, distribution, and storage
infrastructures. (While the LNG Subgroup oper-
ated under the Supply Task Group, its report is
provided with that of the Transmission &
Distribution Task Group due to the interrela-
tionship of their infrastructures and issues.)

— CD-ROMs are available as part of the documenta-
tion of the Task Group Reports. One CD contains
further input/output on a regional basis for the
study’s principal modeling activities. That CD
also contains digitized maps, which were used in
assessing the potential impact of conditions of
approval for access to key Rocky Mountain
resource areas. Another CD contains the input
data developed by the NPC for use in the study’s
supplemental modeling activities.

A form for ordering additional copies of the report
volumes can be downloaded from the NPC website,
http://www.npc.org. Pdf copies of Volumes I through
V also can be viewed and downloaded from the NPC
website.

Retrospectives on 1999 Study

In requesting the current study, the Secretary noted
that natural gas markets had changed substantially
since the Council’s 1999 study. These changes were the
reasons why the 2003 study needed to be a compre-
hensive analysis of natural gas supply, demand, and
infrastructure issues. By way of background, the 1999
study was designed to test the capability of the supply
and delivery systems to meet the then-public forecasts
of an annual U.S. market demand of 30+ trillion cubic
feet early in this century. The approach taken in 1999
was to review the resource base estimates of the 1992
study and make any needed modifications based on
performance since the publication of that study. This
assessment of the natural gas industry’s ability to con-
vert the nation’s resource base into available supply
also included the first major analytical attempt to
quantify the effects of access restrictions in the United
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States, and specifically the Rocky Mountain area.
Numerous government agencies used this work as a
starting point to attempt to inventory various restric-
tions to development. This access work has been fur-
ther expanded upon in the current study. Further dis-
cussions of the 1999 analyses are contained in the Task
Group Reports.

The 1999 report stated that growing future demands
could be met if government would address several crit-
ical factors. The report envisioned an impending ten-
sion between supply and demand that has since
become reality in spite of lower economic growth over
the intervening time period. On the demand side, gov-
ernment policy at all levels continues to encourage use
of natural gas. In particular, this has led to large
increases in natural gas-fired power generation capac-
ity. The 1999 study assumed 144 gigawatts of new
capacity through 2015, while the actual new capacity is
expected to exceed 200 gigawatts by 2005. On the sup-
ply side, limits on access to resources and other restric-
tive policies continue to discourage the development of
natural gas supplies. Examples of this are the 75%
reduction in the Minerals Management Service’s
Eastern Gulf Lease Sale 181 and the federal govern-
ment’s “buying back” of the Destin Dome leases off the
coast of Florida.

The maturity of the resource base in the traditional
supply basins in North America is another significant
consideration. In the four years leading up to the pub-
lication of this study, North America has experienced
two periods of sustained high natural gas prices.
Although the gas-directed rig count did increase sig-
nificantly between 1999 and 2001, the result was only
minor increases in production. Even more sobering is
the fact that the late 1990s was a time when weather
conditions were milder than normal, masking the
growing tension between supply and demand.

In looking forward, the Council believes that the
findings and recommendations of this study are amply
supported by the analyses conducted by the study
groups. Further, the Council wishes to emphasize the
significant challenges facing natural gas markets and to
stress the need for all market participants (consumers,
industry, and government) to work cooperatively to
develop the natural gas resources, infrastructure,
energy efficiency, and demand flexibility necessary to
sustain the nation’s economic growth and meet envi-
ronmental goals.
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LNG SUBGROUP REPORT

I. Executive Summary

A Liquefied Natural Gas (LNG) Subgroup was
formed as part of the NPC Supply Task Group to
develop a short- and long-term (2025) outlook for
North American LNG imports. In addition to devel-
oping an outlook for imports of LNG, the LNG
Subgroup developed a “primer” on LNG. This primer
describes the LNG value chain, summarizes the history
of LNG, presents an outlook for global LNG supply
and demand, and provides a summary of competitive
supply cost and prospects for permitting and con-
structing terminals in the United States. This LNG
report summarizes the issues facing U.S. terminal
development that may impact the level of LNG
imports and offers recommendations.

A. Study Results and Recommendations

The study concludes that LNG, which now supplies
about one percent of U.S. demand, will become a
major source of gas supply for North America. By
2025, it is estimated to account for 14-17% of U.S.
demand. LNG also adds diversity beyond traditional
indigenous sources by linking the U.S. supply system to
the rapidly developing global LNG market.

Three LNG model scenarios were developed includ-
ing the Reactive Path scenario (significant new LNG
imports/terminals), the Balanced Future scenario (sig-
nificant new LNG imports/terminals and a streamlined
regulatory process), and a Low Sensitivity case (public
opposition). Each of these cases assumes the four
existing LNG terminals plus expansions will be fully
utilized and that multiple new terminals will be built to
meet the growing natural gas demand.

LNG SUBGROUP REPORT

Growth in North American LNG imports will be
gradual, but it will increase steadily as new LNG sup-
plies are developed and new LNG terminals are built.
The pace will be driven by (1) the time required to
secure permits for new terminals (assumed at 2 years),
(2) time to construct those terminals (3 years), (3) the
availability of the locations for new LNG terminals,
and (4) access to global LNG supply and ships.

LNG projects are large; they have long lead times
and face major barriers to development. As a result,
the cost of LNG is higher than the cost of gas from
some domestic sources. Nevertheless, LNG can
become a significant and economic source of long-
term supply for the United States. However, LNG sup-
plies will only be attracted to North America if new
LNG terminals can be built to receive them.

Although in recent years federal policy and legisla-
tion has eased the regulatory review process for new
LNG import projects, there are still actions that federal,
state and local governments and agencies can take to
increase LNG imports. These include:

e Improving coordination among federal, state, and
local agencies to expedite facility permitting

o Establishing specified timeframes for processing
LNG-related permit applications

o Together with local communities and authorities,
undertaking public education regarding the safety
and the benefits of LNG

¢ Funding and staffing regulatory agencies so that per-

mitting and regulatory needs can be achieved in a
timely manner

L-1



o Within the limits of safe operations, facilitating
updates to interchangeability standards and
reassessment of current pipeline specifications
regarding gas quality

¢ Reviewing and, if necessary revising, LNG industry
standards/specifications.

B. LNG Overview

LNG is the liquid form of natural gas that has been
cooled to a temperature of —256°F or (-161°C) and
maintained at atmospheric pressure. It is an odorless,
colorless, non-corrosive, and non-toxic liquid. The
process for liquefying natural gas reduces the volume
of the gas to approximately 1/600th of its original vol-
ume. This process enables it to be transported eco-
nomically in specially designed ocean vessels through-
out the world.

The LNG industry is often described by the expres-
sion the “LNG chain” This chain is a reference to the
fact that LNG projects are large and require critical
mass and alignment throughout the many phases of
supply production, liquefaction, transportation,
regasification, and distribution to consumers. These
investments must be large enough to achieve
economies of scale and must be tightly coordinated if
the overall project is to be economic. LNG projects
require massive natural gas reserves (7 to 10 TCF), pro-
duce significant volumes (0.5 to 1.0 BCF/D), and
require investments as large as 4 to 10 billion dollars.
Also, because of the large scale of these projects, and
the considerable financial risk involved in undertaking
them, a secure market for the natural gas is usually a
necessary condition for their development. That is the
reason why most of the world’s LNG is sold under
long-term contracts (20 to 25 years), although short-
term and spot-market sales are being introduced as
markets mature.

LNG is already a significant supply source for many
countries in the world. However, gas reserves that pro-
vide the gas for most LNG supply projects are located
where there is minimal local demand for natural gas or
in areas far from pipeline transportation systems.
Reserves located near demand areas are typically con-
nected to those areas by a network of pipelines. The
LNG industry has been steadily growing since the first
LNG flowed from Algeria to Europe in 1964. Propelled
by growing gas demand in Asia and countries where
domestic production is inadequate to cover local needs,

the global LNG trade has grown at an annual rate of
about 8% since the late 1970s. While the major estab-
lished markets of Japan and Korea are showing signs of
maturity, new and developing markets in the United
States and Europe are expected to support continued
demand growth at an annual rate of 6-10%, which
would double the size of the industry by 2010.

Initially, most LNG was produced in Africa and Asia
and, more recently, the Middle East and Trinidad.
Small amounts of LNG were produced in the late 1960s
in Algeria, Libya, and the United States. In the 1970s,
developments in four Asia-Pacific countries (Brunei,
Indonesia, Malaysia, and Australia) were initiated
which have since grown significantly over time. In the
late 1990s, major supply sources emerged in the
Middle East and the Atlantic Basin. In the Middle East,
LNG projects were developed in Qatar and Oman, and
in the United Arab Emirates. In the Atlantic basin, new
projects emerged in Trinidad and Tobago and Nigeria.
Significant resources remain in these countries and
multiple new projects have been announced.

The global LNG industry has demonstrated an
excellent safety record throughout its almost 40-year
history. This is the result of an emphasis on safety and
on attention to detail in engineering, construction and
operations. This emphasis has been codified in strin-
gent safety standards that have been adopted by many
countries, including the United States, Japan, Australia,
and European nations.

C. LNG in the United States

LNG imports to the United States started in 1970 at
the terminal in Everett, Massachusetts. U.S. import vol-
umes, predominately from Algeria, remained low until
1978 when terminals in Cove Point, Maryland and Elba
Island, Georgia were completed. LNG imports reached
a peak of 253 BCF in 1979, or about 1.3% of total U.S.
gas consumption. The fourth U.S. LNG terminal at
Lake Charles, Louisiana was completed in 1981. In the
1980s, because of falling U.S. natural gas demand and
competition from lower-priced pipeline gas, LNG
imports declined rapidly. Consequently, in 1980 the
Elba Island and Cove Point terminals were mothballed.
In 1983 the Lake Charles terminal was also taken out of
service after only two years in operation. The industry
hit a low in 1986-1987 when almost no LNG was
imported. With the re-opening of Lake Charles in
1989, volumes slowly returned and in the 1990s aver-
aged about 50 BCF per year.
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Significant changes in the market began in 1999.
Higher demand for gas, higher prices, changes in the
regulatory environment, and new, lower-cost sources
of supply led to a substantial increase in LNG imports.
The two mothballed terminals were re-opened (Elba
Island in 2001, and Cove Point in 2003), and imports
from Qatar and Trinidad and Tobago entered the mar-
ket for the first time. In 2002, these terminals imported
nearly 230 BCF or about one percent of U.S. gas
demand. The number of countries supplying LNG to
the U.S. market has also increased.

The industry activity has picked up substantially and
its potential has increased. Expansions have been
announced at three of the existing U.S. terminals. An
onshore terminal (Cameron LNG) recently received a
construction permit (the first since 1981), and the U.S.
Coast Guard is reviewing two proposed offshore termi-
nals. Over 30 new North American terminal projects
have been announced during the past few years, and
new supply deals have also been announced. The four
existing terminals are fully functioning once again,
although these terminals will not be fully utilized
because current sources of supply and the existing
shipping fleet is mostly dedicated to other markets.
Over time, as new supplies come on stream and new
LNG ships are constructed, that will change.

New potential import terminal projects have many
hurdles to overcome including permitting, obtaining
supply, shipping, financing, and other issues. In this
study, the LNG import scenarios were developed based
on the following considerations:

o North American market demand and pricing
e International supply availability and cost
e Availability of LNG tankers

e The number, location, and timing of terminal
expansions

e Regulatory and permitting issues

o Support from local communities and authorities for
new facilities.

The scenario called Reactive Path assumes seven new
terminals are built in North America (five in the
United States) and that three of those terminals are
then expanded. Together with the existing terminals
and their expansions, this scenario indicates an
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increase in imports from 0.6 BCE/D (2003) to 12.5
BCE/D by 2025. Streamlining the permitting process,
as in the Balanced Future scenario, together with addi-
tional two new terminals, could increase imports to 15
BCF/D by 2025. Fewer new terminals can have a sig-
nificant effect on supply availability. The Low
Sensitivity case assumes public opposition will allow
only two new terminals to be built in the United States.
The effect of this case is to increase average (2003)
Henry Hub natural gas prices by about $0.70 per mil-
lion Btu through 2025 on the Reactive Path projection.

D. Elements of Success

There are several reasons why LNG supply is now
competitive in the U.S. market when only a short time
ago it was not. The first of these is a reduction in sup-
ply cost, a result of significant reductions in the cost of
supply at every stage in the LNG value chain. For
example, significant cost reductions from new technol-
ogy and economies of scale have occurred in the LNG
liquefaction process, particularly over the past 15 years.
The industry has witnessed large increases in the size of
new LNG liquefaction plants (referred to as trains).
The traditional liquefaction train size was 2 million
tonnes per annum (MTA) or about 260 million cubic
feet per day; newly constructed trains are now as large
as 4.8 MTA or about 550 million cubic feet per day, and
larger train sizes have been announced. These larger
trains have resulted in significant reductions in the cost
of liquefaction. Equally large cost reductions, almost
40% since 1996, have also been achieved in shipping,
mainly because of new competition from Korean ship-
yards. New shipyards in China will assist in maintain-
ing this competitive environment for some time.

Another reason why LNG is now poised to enter the
U.S. market is that new sources of supply are being
developed. These include new developments as well as
expansions of existing projects. Announced supplies
from the Atlantic Basin, the Middle East, and the Asia
Pacific region are competitive in U.S. markets. These
potential supplies have a full LNG chain cost in the
$2.00 to $5.50 per million Btu price range, with a large
percentage of the supply able to deliver LNG into the
U.S. economically at a cost in the $2.00 to $4.00 per
million Btu range.

Reserves of natural gas that are used to produce
LNG around the world vary greatly in quality and in
the composition of the natural gas stream. At present,
much of the international LNG production has a heat



content that is above U.S. pipeline limits. This problem
can be, and is being, addressed. The ability of the U.S.
market to accommodate a wide variation in gas com-
position will result in more supply options for the U.S.
gas buyers.

A critical element for increasing U.S. imports will be
construction of several new regasification terminals.
To achieve the aggressive outlook represented in the
Balanced Future scenario, the permitting process will
need to be streamlined. Expediting the approval
process throughout all agencies (federal, state, and
local) is critical for overcoming the many obstacles that
may surface, including local opposition. In addition,
public education about LNG is needed in order to
communicate to the public that LNG is safe and that it
is critically important to the health of the national
economy.

LNG is set to become an important supply source
for growing North America natural gas demand.
While not a “quick-fix” for short-term demand, LNG
can provide a long-term, growing, and economical
source of natural gas that will enhance the North
America supply mix.

II. LNG Overview

A. What is LNG?

LNG or Liquefied Natural Gas is the liquid form of
natural gas that has been cooled to a temperature of
—256°F or (-161°C) and maintained at atmospheric
pressure. It is an odorless, colorless, non-corrosive and

non-toxic liquid. Natural gas is liquefied through a
refrigeration process that reduces the volume of the gas
to approximately 1/600th its original size. This process
enables it to be transported globally in specially
designed ocean vessels.

LNG is typically produced in countries or regions
that have significant natural gas reserves but very little
local demand. These areas also tend to be far from nat-
ural gas pipelines that could transport the gas to mar-
ket. The manufacture of LNG is one way to overcome
these market limitations.

B. The LNG Value Chain

The LNG industry is often described using the
metaphor of an “LNG chain,” as shown in Figure L-1.
This is a reference to the fact that LNG projects consist
of large interdependent investments that must be
closely coordinated to be successful. All links of the
chain must work together for natural gas to be pro-
duced, liquefied and exported, transported, imported,
regasified and sold as natural gas to consumers. LNG
projects require significant reserves (4 to 10 TCF); they
must produce substantial volumes (500 to 1,000
MMCEF/D), and they may require end-to-end invest-
ments of 2 to 5 billion dollars for up to a 1.0 BCF/D
facility. The large initial capital investment implies an
extended payback period, and corresponding financial
risk, which means that most of the world’s LNG is sold
under long-term contracts (typically 20 to 25 years).
There are, however some short-term and medium-
term markets and, occasionally, there are sales of indi-
vidual cargoes.

FIELD PRODUCTION

LIQUEFACTION

o o

REGASIFICATION & STORAGE

Figure L-1. The LNG Value Chain
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A briefing paper on LNG can be found at
http://www.energy.uh.edu/Ing/ (University of Hou-
ston, Institute for Energy, Law & Enterprise,
Introduction to LNG, January 2003).

C. The Global History of LNG

The LNG industry has been growing steadily since
1964 when the first cargo was delivered from Algeria to
Europe. Propelled by growing gas demand in Asia and
other countries where domestic production is inade-
quate to cover local needs, LNG production has grown
steadily so that by 2002 it accounted for 6.1% of global
natural gas demand.

Historically as many as twelve countries have
imported LNG: three in Asia, seven in Europe, one in
North America (excluding Puerto Rico, which is
counted as a U.S. territory), and recently the
Dominican Republic. LNG was first delivered to the
United Kingdom in 1964 and to France the following
year. Spain and Italy began importing LNG in the
1970s, followed by Belgium (1982), small amounts to
West Germany in 1986-1987, and Turkey in 1994. Asia,
which consumes about 70% of all LNG production, is
by far the largest importer of LNG. Japan received its

first deliveries of LNG in 1969; Korea followed in 1986,
and Taiwan in 1990. North American imports began in
the United States in 1970, and recently Puerto Rico
(2000) and the Dominican Republic (2003) began to
import LNG.

Worldwide, as illustrated in Figure L-2, LNG
imports have grown from less than one MTA in 1964 to
more than 100 MTA in 2002. LNG volumes are typi-
cally measured in millions of metric tonnes per year,
which is equivalent to about 132 million cubic feet per
day. Historically, Asia has been the dominant LNG
importer, followed by Europe and, to a much lesser
extent, North America.

Due to the capital-intensive character of the LNG
industry only a relatively small number of companies
or national governments participate in it. LNG was at
one time limited to very few projects but, because of
advances in technology that have identified new natu-
ral gas fields and reduced production and exploration
costs, many new LNG projects are being developed or
considered. There are currently 12 countries that
export LNG. These include four in Asia, three in
Africa, three in the Middle Fast, one in North America,
and one in South America. Many new LNG supply
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Figure L-2. Historical LNG Demand — LNG Import Countries and their Start Dates
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projects are under construction or have been proposed.
These locations are shown in Figure L-3.

The first country to export LNG was Algeria in 1964
followed by the United States (from Alaska) in 1969.
During the 1970s, export facilities were developed in
Libya (1970), Brunei (1972), Abu Dhabi (1977), and
Indonesia (1977). Two Asian projects were initiated in
the 1980s, Malaysia (1983) and Australia (1989). The
1990s witnessed the addition of new projects in Qatar
(1996, 1999), Oman (2000), Trinidad (1999, 2002-
2003), and Nigeria (1999, 2002).

These liquefaction facilities typically consisted of
two separate liquefaction facilities, each referred to as
an LNG train. Many of these projects were later
expanded. Throughout its 30-plus-year history, the
LNG industry has demonstrated significant growth
and is set to expand its global reach.

D. LNG Safety

The global LNG industry has an excellent safety
record throughout its 40-year history. This record
arises from an emphasis on safety and attention to
detail in engineering, construction, and operations in

all aspects of the LNG chain. This emphasis has been
codified in stringent safety standards, which have been
adopted by countries such as the United States, Japan,
Australia, and European nations.

The main hazards associated with LNG are its low
temperature, its flammability of vaporized gas if
released into the environment, and its dispersion char-
acteristics as a gas. As a liquid, LNG is neither flam-
mable nor explosive. It therefore poses little risk as
long as it is contained in piping or storage tanks. All
piping and storage tanks are made from materials that
will maintain their strength at cryogenic temperature.
The tanks are also insulated to help maintain the tem-
perature of the LNG while protecting workers and sur-
rounding materials from exposure.

LNG ships are double-hulled and specially designed
so that the LNG is stored in special containment sys-
tems that are only slightly above atmospheric pressure
and at —256°F. These vessels are designed to protect the
cargo tanks and to prevent leakage or rupture in an
accident. The International Maritime Organization
has developed international standards for the con-
struction and operations of all ships, including LNG
ships.
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Figure L-3. Global LNG Supply
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If LNG leaks out accidentally or if there is a release
for any reason, the LNG will be exposed to warmer sur-
faces (such as air, water, or ground) and it will begin to
evaporate rapidly, turning back into its original
gaseous form. The natural gas formed from evapora-
tion of LNG is not toxic. If LNG vaporizes in high con-
centrations and if in an unventilated or inside a confine
area, it can cause asphyxiation due to insufficient oxy-
gen. The gas is flammable when mixed with air in con-
centrations between 5% and 15% by volume. Between
these limits, called the flammability limits, the gas will
ignite if exposed to an ignition source. In unconfined
areas, the gas, if ignited, will burn but will not deto-
nate. If there is no ignition source, it will continue to
mix with the air and ultimately dissipate.

If the gas ignites close to the source of the leak or
release, the result will be a fire burning at the release
site. The size of the fire will depend on the amount of
LNG that is released, where it is released (on land or
water), as well as environmental conditions (wind,
temperature, relative humidity, waves, etc.). The
largest potential release at an onshore facility would be
from a massive failure of a storage tank. In that event
the contents would spill out into a berm surrounding
the tank. Regulations require a thermal exclusion zone
around the impoundment that is large enough that the
heat from an LNG fire within the berm will not exceed
specified limits at the terminal boundary. The thermal
exclusion zone must be owned or controlled by the
operator of the LNG facility. The formula and heat
flux factors used for calculation of the exclusion zone
are described in the U.S. Code of Federal Regulation
(CFR), 49 CFR Part 193. All current and prospective
LNG sites are required to adhere to the National Fire
Protection Association NFPA 59A standards, which
specify substantial protection measures in the unlikely
event of a storage tank breach.

If LNG is released and the gas formed does not
ignite close to the source of the release, it will form a
visible cloud. The cloud will be visible because the low
temperature of the gas condenses the water vapor in
the air, forming a fog. The size of the cloud will depend
on, among other things, the quantity of LNG released,
the rate at which it is released, the surface onto which
it is released, and the atmospheric and wind conditions
at the time of the release. Initially, the cloud will be
heavier than air and will remain close to the surface; as
it warms, the gas will become lighter than air and will
rise and dissipate. The portion of the cloud that con-
tains between 5% and 15% natural gas will be flamma-
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ble; if ignited, it will burn back to the source of the
release and will continue to burn there.

The risks associated with LNG have been extensively
tested and researched by industry, independent schol-
ars, the U.S. Coast Guard, and other government agen-
cies. This research has contributed to many of the
standards and regulations now in place and to the
design and operating standards of the industry.

Because of the emphasis on safety, since 1944 there
has not been an accident involving LNG that has
affected a member of the public anywhere in the world.
The overall incident rate for LNG facilities is also lower
than other industrial operations. The industry has
made more than 40,000 LNG voyages covering more
than 60 million miles without major accidents or safety
issues in port or on the high seas.! Terminals have also
had no major reported incidents for almost 25 years.

A briefing paper on LNG Safety can be found at
http://www.energy.uh.edu/Ing/ (University of Hou-
ston, Institute for Energy, Law & Enterprise, LNG
Safety and the Environment, September 2003 ).

III. Why LNG Now?

LNG is now viable in the U.S. market for two rea-
sons. First, natural gas prices are higher and potential
new sources of low-cost domestic supplies appear to be
limited. Second, advances in LNG producing technol-
ogy and market competition have reduced supply-
chain costs (liquefaction, shipping, and regasification),
allowing LNG to compete against domestic sources of

supply.

For the first 40 years of its operations, the LNG
industry financed its projects with the help of long-
term supply contracts, mostly with “triple A” rated
Japanese and Korean utilities. The industry has now
entered a second phase in its evolution — a phase char-
acterised by more potential customers with varied
credit risk profiles. In addition, new projects in the
Atlantic Basin and the Middle East are creating new
trade patterns.

There are many other changes occurring as well.
The regulatory framework of the natural gas industry

1 University of Houston, Institute for Energy, Law &
Enterprise, LNG Safety and the Environment, September
2003.



has been, or is being, restructured in many countries,
and traditional markets are being deregulated. One
result is that LNG is gaining access to new markets and
there is opportunity to compete with pipeline gas in
southern Europe and the United States. More flexible
sales contracts are also emerging. These changes are
subjecting the LNG industry to increased competition,
which will continue to exert pressure on the industry
to reduce its costs of production. Already, full chain
costs have fallen by approximately 30% since the early

1990s, and a similar reduction is expected by the end of
the decade.

A. Cost Reductions in the LNG Supply Chain

The cost reductions have come in two main areas:
(1) LNG production and (2) shipping.

1. LNG Production

The first natural gas liquefaction trains, which came
on line in 1964, produced around 350,000 tonnes per
annum of LNG. Since that time, liquefaction trains
have continued to grow in size, reaching 4.7 MTA with
the Qatar RasGas Train 3 design that will start up in

January 2004. This continued growth in train size has
allowed LNG producers to achieve considerable sav-
ings on a unit of production basis (i.e., dollars per
tonne per annum of annual plant capacity). This trend
is set to continue as another project in Qatar scheduled
to start up in 2007, has announced a new two train
project which will have capacities of 7.8 MTA for each
train.

These evolutions in train size have been brought
about through continued development in refrigerant
compressors, their drivers, and the heat transfer equip-
ment used to liquefy the gas. The drivers have gone
from steam turbines in the early plants, to General
Electric (GE) Frame 3, Frame 5C, and 5D gas turbines,
to Frame 6 and Frame 7 drivers being used in the most
modern plants currently in operation. The recently
announced 7.8 MTA train in Qatar will employ three
GE Frame 9E gas turbines per train, with each turbine
developing an ISO rating of 120,000 KW.

Cost savings have also been achieved through com-
petition of manufacturers. As illustrated in Figure L-4,
liquefaction typically represents 20% to 30% of the
cost of producing and delivering LNG.
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Figure L-4. Delivered Cost of LNG From a New Train Development
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More than 90% of the world’s current LNG lique-
faction capacity is based on spiral wound heat
exchanger technology developed by Air Products and
Chemical Incorporated. Recently, however, new lique-
faction process licensors have appeared, adding a level
of competition within the licensing and contracting
industry, helping to reduce costs even further. For
example, the first train of LNG in Trinidad completed
in 1999, uses the Phillips Optimized Cascade technol-
ogy which has set new benchmarks for scale and unit
cost for a new, single-train development. Other new
entrants include Linde with their Mixed Fluid Cascade
process, now being implemented in Snohvit project in
Norway, and dual mixed refrigerant (DMR) Liquefin
processes from Shell and IFP/Axens process. The
entrance of competition into the heat transfer equip-
ment combined with increased economies of scale has
been the primary driver for unit cost reduction in the
LNG industry.

Additional equipment competition could come into
play as the LNG industry evaluates the potential bene-
fits of using an all-electric drive option for the lique-
faction plant. The Snohvit Project in Norway will be
the first LNG project to employ large (60 megawatts)
motor drives for the refrigeration unit compressors.

This all-electric drive technology offers the potential
for competition between suppliers of large electric
motors, and between providers of large electric power
plants, versus General Electric’s virtual monopoly sta-
tus for drivers in existing LNG plants.

Until recently, LNG developers have generally
selected the largest liquefaction train size available;
projects have gone ahead whenever a sufficiently large
market, secured by long-term agreements, could be
identified. As the feasible scale for new trains
advances beyond 8 MTA to perhaps 10 MTA, develop-
ers will need to consider market needs in choosing the
right scale for their projects. It may well be that the
advantages of scale economies are sufficiently great to
justify accepting a greater share of initial market and
resource risk.

As shown in Figure L-5, liquefaction capital costs per
ton of yearly capacity have significantly dropped in the
last 15 years. Most of the reduction in cost is due to
achieving economies of scale through larger train sizes.
Due to existing infrastructure, expansions of existing
operations have a significant cost advantage over new
developments as they experience lower incremental
costs when adding trains to existing facilities.
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Figure L-5. Reduction in Liquefaction Plant Cost Over Time
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2. Shipping

Shipping has also experienced a dramatic reduction
in cost over the last six years. As shown in Figure L-6,
the cost of a standard 138,000 cubic meter vessel has
fallen by approximately 40% since 1996. This reduc-
tion was primarily caused by increased competition in
the shipbuilding industry, which in turn resulted from
the entry of the Korean shipyards into the LNG vessel
industry.

Even though Korean ship companies had built LNG
carriers for Korean LNG supply contracts, before 1986
they had not won an international tender. Because the
entry of Korea into the market also coincided with the
devaluation of the Korean Won during the Asian finan-
cial crisis, their pricing became even more competitive.
Hyundai Heavy Industries was the first Korean ship-
builder to win an international bid when they won the
tender to build two vessels, each with a capacity of
137,300 cubic meters for the Nigerian Bonny Gas
Transport. Two other Korean companies, Daewoo and
Samsung, have also provided LNG vessels to other
international companies.

The Chinese are the most recent entry into the LNG
ship building industry. They will be providing the ves-

sels for the Guangdong project in China, and will be an
additional competitor for new projects in the future.

Shipping will soon follow the trend of LNG lique-
faction plants by achieving additional cost reductions
through economies of scale. Already many companies
have announced plans to built larger sized ships,
increasing capacities to over 200,000 cubic meters.

3. LNG Cost Reduction Summary

Cost reductions in the liquefaction and transporta-
tion of LNG have made it possible for some previously
uneconomic sources of supply to become competitive
in the U.S. market. The recent increase in gas prices in
the U.S. market has also made more supplies econom-
ically viable. Figure L-4 shows the effect of cost reduc-
tions in liquefaction and shipping for supplies 6,000
miles away from the United States. Even using the un-
escalated costs from the two charts above, a dramatic
decrease in delivered price is evident.

LNG storage facilities are another key element of the
value chain. These facilities, which require special
insulated tanks, use a technology — high-nickel alloy
steel tanks — that has changed little in the past 20 years.
Cost reductions in storage have mainly been achieved
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Figure L-6. Reduction in LNG Ship Costs
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through improvements in schedule and scale. For
example, the typical tank size has doubled to around
160,000 cubic meters during the past 20 years. Future
reductions in storage costs may be possible by further
increasing tank sizes, by innovations in construction
methods, or by use of all-concrete tanks, which were
first used successfully 20 years ago in Barcelona,
Spain.2

The LNG industry will continue to seek ways to
lower the cost of LNG through larger train and ship
sizes. Although future gains are not likely to be as great
as the ones already achieved, the next stage in the evo-
lution of this technology promises to make LNG from
even the most distant countries competitive with local
gas supplies.

B. Growing U.S. Natural Gas Demand

The U.S. Energy Information Administration (EIA)
predicts total U.S. energy consumption will increase
from about 97 to about 130 quadrillion British thermal
units (Btu) between 2001 and 2020, an average annual
increase of 1.5%. This study projects natural gas con-
sumption in the United States will increase by 7.2
TCF/year or 19.7 BCF/D during the same period.
Demand for natural gas is projected to increase at an
annual average rate of 1.2% between 2001 and 2025,
primarily due to rapid growth in demand for electric-
ity generation in the early part of the study period.

U.S. natural gas production has plateau since the late
1990s. This situation, combined with growing natural
gas demand has lead to a tightening of the U.S. sup-
ply/demand balance, which in turn has lead to higher
pricing levels. For example, early in 2003, the NYMEX
strip price for gas delivered at the Henry Hub averaged
over $5.00 per MMBtu.

C. Global LNG Demand

Until recently, the LNG industry has been separated
into two major supply/demand regions, with only
occasional marketplace interaction between the two.
North African supplies have generally been directed to
Europe, though some was also shipped to the U.S east
coast. North Asian demand was met primarily by sup-
plies from Southeast Asia and the Middle East, and to a
limited extent, the U.S. (Alaska).

2 Davies, N., “PC/PC Tanks — Is It Time For a Revival,” LNG
Journal, May/June 2002.
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However, with the development of major Middle
East LNG supplies that can economically go either east
or west, the LNG industry is rapidly becoming a global
market. African supplies are competing for both
European and U.S. customers. Middle East supplies
are competing for Asian and European as well as U.S.
customers. And Southeast Asian supplies, though
continuing to compete for north Asian customers, are
also looking to expand their reach to the U.S. west
coast.

This change in the market has important implica-
tions; it affects the security of supply of importers, and
it also gives suppliers greater flexibility in their choice
of markets. LNG supplies that were once thought to be
too far away to be developed may now be developed
economically. With more markets to choose from,
LNG suppliers will naturally choose to go to those
markets that offer the best combination of price, terms,
market security and risk profile. Similarly, LNG buyers
have more suppliers available to them so that they too
can choose the best combination of price, terms, sup-
ply security, and risk profile. With increasingly global
LNG trade, previously disconnected regional gas mar-
kets will become increasingly linked. If LNG grows to
the point that it becomes a substantial component of
each market’s supply, natural gas could, ultimately,
become a global fungible commodity, similar to crude
oil today.

Table L-1 is a summary of historical LNG demand
by importing country. Although Europe was the first
destination for LNG, during the 1980-2000 period Asia
(more specifically Japan, Korea, and Taiwan) has been
the main LNG buyer. Demand in Asia was motivated
mainly by the growing need for energy due to high
rates of economic growth in the region. Lack of local
sources of supply, limited access to pipeline gas and the
desire for energy diversity also played a role. In this
situation, the LNG “demand” was created and met with
a long-term supply project.

By contrast, North America and Europe, which have
very large natural gas markets, have not yet become
large LNG importers mainly because of their greater
access to pipeline gas supplies. LNG has penetrated in
these markets only when local supplies are for some
reason not competitive.

Import facilities in the United States were originally
developed as part of a plan for moderating seasonal
demand patterns. These facilities are unique compared



Note: Totals may not add due to rounding.
Sources: 2000 — DOE/EIA; 1965-1995 — Cedigaz.

1965 1970 1975 1980

Europe

U.K. 0.1 0.1 0.1 0.1

France <01 0.1 0.3 0.2

Spain <0.1 0.1 0.2

Italy 0.2 0.1

Belgium

Turkey

Greece

Subtotal 0.1 0.2 0.7 0.6
Asia

Japan 0.1 0.6 2.2

Korea

Taiwan

Subtotal 0.1 0.6 2.2
Americas

United States <01 <01 0.2

Puerto Rico

Subtotal <0.1 <0.1 0.2
World 0.1 0.3 1.3 3.0

1990-2000
1985 1990 1995 2000 Growth
(%lyear)
<0.1
0.8 0.9 0.8 1.0
0.2 0.4 0.7 0.7
<0.1 0.5
0.2 0.4 0.5 0.4
0.1 0.4
0.1
1.3 1.7 2.0 3.2 6.3%
3.6 4.6 5.6 7.3
0.3 0.9 1.8
0.1 0.3 0.6
3.6 5.0 6.8 9.7 6.8%
0.1 0.2 0.1 0.6
<0.1
0.1 0.2 0.1 0.7 10.6%
4.9 7.0 8.9 13.5 6.8%

Table L-1. Historical International LNG Demand (Billion Cubic Feet per Day)

to other nations in the world (see discussion of U.S.
import facilities in Section V).

Historically, LNG has not been shipped to South
America or to Asian countries other than Japan, Korea,
and Taiwan, because of limited gas demand in those
areas and ample supply from regional pipelines. This
pattern is soon to change; China and Brazil have both
announced potential LNG import projects.

Continuing growth in natural gas demand in the
United States and Europe together with declining or
flat indigenous production is creating opportunities
for LNG supplies in these markets. With the resulting
increases in natural gas prices in the U.S and U.K,, and
to some extent continental Europe, combined with the

presence of existing deregulated, fully functioning
infrastructure, and competitive “liquid” gas markets,
LNG can now penetrate these markets in larger quan-
tities. The only remaining barrier to increasing LNG
imports is the construction of new import terminals.

Recent industry forecasts show significant increases
in LNG demand, in the United States as well as in
Europe and Asia. The traditional markets of Asia will
continue to be the largest importers of LNG, but new
entrants, such as India and China, will also be increas-
ingly important buyers. Economic growth will be the
main reason for continuing growth in demand from
the traditional Asian buyers, Japan, Korea, and Taiwan,
but policy choices with regard to fuel priorities (gas,
coal, nuclear) will also play a role.
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India and China are expected to experience signifi-
cant overall energy demand growth. Their limited
access to pipeline gas and alternate energy supplies,
coupled with their need for supply diversity and secu-
rity, is expected to result in their becoming significant
importers of LNG. For India and China, and poten-
tially other regional countries, uncertainty concerning
LNG import demand is more related to commercial
concerns than to doubts about the demand for the
product. Regulation and credit worthiness are exam-
ples of commercial concerns.

Table L-2 shows a forecast of future worldwide
LNG demand. Demand in the United States and
Mexico is based on the work of this study. The fore-
cast for the rest of the world is taken from Cambridge
Energy Research Associates (CERA). While other
studies show higher or lower values, most agree to the
following:

Worldwide LNG demand growth to 2020 will be
substantially higher than worldwide gas demand
growth (6-7%/year versus 2-3%/year) and substan-
tially higher still than worldwide energy demand
growth (6-7%/year versus 1.5-2.0%/year)

U.S. LNG demand will accelerate rapidly, especially
in the pre-2010 timeframe (the growth rate is higher
in the 2002-2010 period than in the later years)
because of a growing supply/demand gap that is a
result of the inability of indigenous gas production
to keep pace with gas demand growth.

European LNG demand will accelerate rapidly, and
will begin sooner, because of indigenous production
limitations.

Asian LNG demand will follow historical growth
rates, which will be lower than those expected in
Europe and North America.

2000-2010 2010-2020 2000-2020
2005 2010 Growth 2015 2020 Growth Growth
(%lyear) (%lyear) (%lyear)

Americas

United States 2.3 5.6 7.1 9.9

Mexico 0.0 1.7 1.8 1.8

Carribean &

Central America 0.2 0.4 0.4 0.5

Subtotal 23 7.7 27.1% 9.3 12.2 4.7% 15.4%
Europe 4.8 8.7 10.5% 10.2 11.7 3.0% 6.7%

(Europe not available

by country)
Asia

Japan 8.0 8.8 10.1 11.8

Korea 2.7 3.3 4.3 4.8

Taiwan 1.0 1.4 1.7 2.1

China 0.2 0.7 0.9 1.6

India 0.2 1.3 2.3 2.9

Philippines 0.0 0.0 0.0 0.4

Subtotal 12.1 15.5 4.9% 19.3 23.6 4.3% 4.6%
World 19.2 31.9 9.0% 38.8 47.5 4.1% 6.5%
Sources: U.S. and Mexico from NPC study; rest of world from CERA.

Table L-2. International LNG Demand Forecast (Billion Cubic Feet per Day)
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D. Global LNG Import Terminals

Table L-3 lists the worldwide LNG import regasifica-
tion terminals in service as of the end of 2002.
Numerous additional terminals, as well as expansions of
existing terminals have been announced and are in vari-
ous stages of planning and development. Analysis of
these terminal projects and forecasts of future worldwide
terminal capacity are beyond the scope of this study
(other than for the United States, which is provided in
Section VI). However, it is the view of the authors that
adequate terminal capacity will be developed worldwide
to meet the demand forecast provided above. Figure L-7
illustrates the worldwide locations of existing and poten-
tial future LNG import regasification terminals.

E. Market Drivers

LNG is a capital-intensive industry. For investors to
make the commitments necessary to finance these
projects they need to be assured about the stability of
the commercial structures and the economic return,
taking into account the risk at each stage of the value
chain. This consideration has become even more
important as the size and capital intensity of LNG has
increased over the years.

The projects in the LNG value chain are interde-
pendent in that they share commercial, political, and
operating risks. Among the key risks are the physical
characteristics of the gas resource, reliability of and
access to local infrastructure, capacity availability, the
full utilization of all the facilities throughout the value
chain, and the customer’s ability to pay.

The LNG value chain is held together by the com-
mercial structure. A commercial structure is the
framework of fiscal regimes, laws, regulations, con-
tracts, and financial obligations that governs the indi-
vidual segments, as well as the links between them.
This commercial structure must be flexible if it is to
accommodate changes in the business environment. It
must also be durable, and it must allocate risks and
rewards fairly throughout the life of the project.

Historically, most LNG plant developments were
supported in advance of construction by one or more
long-term sales contracts with one or more buyers,
who typically were high credit-rated electric utilities or
gas distribution companies in the importing country.
Such contracts were typically 20-25 years in duration,
with limited volume flexibility, and with high take-or-
pay provisions. Pricing was usually indexed to crude
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