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The Honorable

E. Spencer Abraham
Secretary of Energy
Washington, D.C. 20585

Dear Mr. Secretary:

On behalf of the members of the National Petroleum Council, I am pleased to submit to you the
Council’s report on natural gas: Balancing Natural Gas Policy — Fueling the Demands of a Growing Economy.
This report was prepared at your request to provide insights on energy market dynamics 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. We further recognize the importance of your request and the urgency of our
recommendations, given the heightened sensitivity among consumers to energy costs and reliability.

Natural gas continues to be a vital source of energy and raw material, and will play an important
role in achieving the nation’s economic and environmental quality goals. The Council finds that recent
fundamental shifts in North American natural gas markets have led to the current market conditions of
higher gas prices and increased price volatility. This situation will likely persist and could deteriorate unless
public policy makers act now to reduce the conflicts that are inherent in current public policies.

Clearly, the recent tightening of the natural gas supply/demand balance places greater urgency on
addressing the future of this important energy source and resolving conflicting policies that favor natural gas
usage, but hinder its supply. The Council has reached out to hundreds of experts in the public and private
sectors, representing both suppliers and consumers, to analyze future supply, demand, and infrastructure
requirements, in order to advance recommendations that we believe will equip local, state, and national
policy makers to make sound and balanced decisions for the future.

The Council recommends a balanced portfolio of actions by industry and government that includes:

+  Encouraging conservation and efficiency

+ Improving demand flexibility and efficiency

+ Increasing supply diversity

+  Sustaining and enhancing infrastructure

+  Promoting efficiency of markets.
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Policies most likely to have an immediate impact are actions to promote consumer conservation
and energy efficiency. Actions to increase supply diversity and demand flexibility should also be taken
immediately because several years will elapse before their full impacts will be felt. The Council's
recommended approach includes action in all of these interdependent areas, because neither increasing
supplies nor improving the efficiency of gas consumption would alone be sufficient to achieve the country’s
goals. It is vital to accomplish both.

The Council further recommends that the Department of Energy schedule a series of workshops
designed to review steps taken to implement the report’s recommendations, and to monitor the implications
of ongoing changes in market conditions.

The Council is available to discuss further the results of this report and to aid in the implementation
of its recommendations.

Respectfully submitted,

Lot Sk

Bobby S. Shackouls
Chair
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INTEGRATED REPORT

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 reference
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 nation-
al security, a changed near-term outlook for the econ-
omy, and turbulence in energy markets based on
perceived risk, price volatility, fuel-switching capabili-
ties, 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 supplies could be affected by
“the availability of investment capital and infrastruc-
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ture, the pace of technology 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 Committeel, 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,

1 William A. Wise, Retired President and Chief Executive
Officer, El Paso Energy Corp., served as Chair of the
Committee until May 16, 2003.



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 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,
three Task Groups and their subgroups. In addition to
the participants listed in Appendix B, many more peo-
ple were involved in regional and sector-specific work-
shops 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 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-section
of the power industry as well as industrial consumers
from gas-intensive industries. It drew on expertise
from the power industry to develop a broad under-
standing of the role of alternative sources for generating
electric power based on renewables, nuclear, coal-fired,
oil-fired, or hydroelectric generating 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.

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.

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, stor-
age, marketing, and local distribution companies as
well as from the producing community, the Federal
Energy Regulatory Commission, and the Energy
Information Administration.

Separately, two other groups also provided guidance
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.
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Due to similarities between the Canadian and U.S.
economies and, especially, the highly interdependent
character of trade in natural gas, the evaluation of
natural gas supply and demand in Canada and the
United States were completely integrated. The study
included Canadian participants, and many other par-
ticipating 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 limita-
tions. 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.
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 speci-
fied 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 indi-
cators of trends and ranges of likely outcomes stem-
ming from the particular assumptions made. In
particular, the model results are indicative of the like-
ly directional impacts of pursuing particular public
policy choices relative to North American natural gas
markets.
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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:

e A detailed play-based approach to assessment of
the North American natural gas resource base,
using regional workshops to bring together indus-
try 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 models distinguished between conventional
and nonconventional 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 perform-
ance history, including virtually every gas well drilled
in the United States and Canada between 1990 and
2002. This analysis clearly identified basins that are
maturing and those where production growth poten-
tial remains, and helped establish forward-looking
assumptions in the models.

o 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.

e 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 Recommenda-
tions, provides insights on energy market dynamics
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 ener-
gy 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 outlook for nat-
ural gas demand, supply, and transmission in the
United States, Canada, and Mexico under two pri-
mary scenarios and a number of sensitivity 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.

o Task Group Report Volumes and Appendices 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. The
output of the study's computer modeling activities is
also included. The Council believes that these mate-
rials 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 state-
ments and conclusions contained in these docu-
ments but, rather, to approve the publication of
these materials as part of the study process.

Included with the Task Group Reports is a CD-ROM
containing further model output on a regional basis.
The 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.

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 and II
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 substan-
tially since the Council’s 1999 study. These changes
were the reasons why the 2003 study needed to be a
comprehensive analysis of natural gas supply,
demand, and infrastructure issues. By way of back-
ground, the 1999 study was designed to test the capa-
bility 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 centu-
ry. 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 convert the
nation’s resource base into available supply also
included the first major analytical attempt to quanti-
fy the effects of access restrictions in the United
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
discussions of the 1999 analyses are contained in the
Task Group reports.
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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 capaci-
ty. 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 tradition-
al supply basins in North America is another signifi-
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cant consideration. In the four years leading up to the
publication of this study, North America has experi-
enced two periods of sustained high natural gas
prices. Although the gas-directed rig count did
increase significantly 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 nor-
mal, 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, ener-
gy efficiency, and demand flexibility necessary to sus-
tain the nation’s economic growth and meet
environmental goals.



CHAPTER 1

INTEGRATED OUTLOOK

atural gas is a critical source of energy and raw
‘ \ ‘ material, and will play a vital role in achieving
the nation’s economic and environmental
goals. Current higher gas prices are the result of a fun-
damental shift in the supply and demand balance.
North America is moving to a period in its history in
which it will no longer be self-reliant in meeting its
growing natural gas needs; production from tradi-
tional U.S. and Canadian basins has plateaued.
Government policy encourages the use of natural gas
but does not address the corresponding need for addi-
tional natural gas supplies. A status quo approach to
these conflicting policies will result in undesirable
impacts to consumers and the economy, if not
addressed. Further, a continuation of incremental pol-
icy reactions to market events will likely lead to higher
energy costs and increase the potential for economic
dislocations of North American industries. The solu-
tion is a balanced portfolio of actions that includes
increased energy efficiency and conservation; alternate
energy sources for industrial consumers and power
generators, including renewables; gas resources from
previously inaccessible areas of the United States; lig-
uefied natural gas (LNG) imports; and gas from the
Arctic.

While there is considerable uncertainty in any projec-
tion, the NPC arrived at this view through fundamental
analysis of the basic components that make up the bal-
ance of supply and demand. Thorough study was con-
ducted of the North American indigenous natural gas
resource base, the production history of mature North
American basins, and likely advances in upstream tech-
nology, to arrive at an overall view of indigenous supply.
This was complemented by a comprehensive review of
the potential for LNG imports and Arctic gas to supple-
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ment that supply. Analyses of demand were similarly
undertaken with particular attention paid to the poten-
tial for demand growth for power generation, and for
demand impacts on key industrial, residential, and com-
mercial sectors in response to higher gas prices. The
capability of existing transmission, distribution, and
storage infrastructure as well as requirements for new
infrastructure were also projected based on the outlooks
for supply and demand.

Scenarios

The current policy direction — unaltered —
will likely lead to difficult conditions for
natural gas, but industries, government, and
consumers will react. Therefore, this study
assumes action by all these parties beyond
the status quo.

A status quo approach to natural gas policy yields
undesirable outcomes because it discourages econom-
ic fuel choice, new supplies from traditional basins and
Alaska, and new LNG terminal capacity. The NPC
developed two scenarios of future supply and demand
that move beyond the status quo. Both require signif-
icant actions by policy makers and industry stakehold-
ers to effect change. These scenarios, “Reactive Path”
and “Balanced Future,” are discussed below.

These scenarios were developed by a range of mar-
ket participants, including representatives of produc-
ers, pipelines, local distribution companies, industrial
consumers, power companies, and government agen-
cies. These scenarios bring together the data and



analyses of North American supply, demand, and
infrastructure in internally consistent frameworks for
analyzing choices open to the principal stakeholders in
North American gas over the study time period. Thus,
they are not forecasts, per se, and reflect in some areas
the offsetting and/or complementary effects of actions
by suppliers and consumers. For example, certain
combinations of actions may lead to lower demand in
a lower-price environment; conversely, the lack of
those actions could foster higher natural gas demand,
despite a higher-price environment.

Each of the two scenarios has different assumptions
regarding key variables related to supply and demand in
response to public policy choices. These key variables
included degrees of access to gas resources, greater
energy efficiency and conservation, and increased flexi-
bility to use fuels other than gas for industry and power
generation. The two scenarios result in contrasting
demand, supply, infrastructure, and price profiles. Each
scenario assumes a continuation of current standards
for environmental compliance.

Reactive Path Scenario

o Public policies remain in conflict, with actions
taken in a reactive mode

o Siting industrial facilities and powerplants con-
tinues to favor natural gas due to investment
and regulatory uncertainties

o No additional alternative fuel backup to exist-
ing facilities

o Significant new generation capacity including
coal with firm environmental control, and
renewables

o Access/permitting restrictions to lower-48 pro-
duction persist

o Two-year LNG regasification plant permitting;
seven new terminals during the study period

o Arctic pipelines built

“Reactive Path” assumes continued conflict between
natural gas supply and demand policies that support
natural gas use, but tend to discourage supply develop-
ment. However, in addition to these broad policies, the
assumptions built into this case acknowledge that
resultant higher natural gas prices will likely be reflect-
ed in significant societal pressure to allow reasonable,

economically driven choices to occur on both the con-
suming and producing segments of the natural gas
industry. In essence, market participants, including
public policy makers, “react” to the current situation
while inherent conflicts continue. The supply response
assumes a considerable amount of success and devia-
tion from past trends, evidenced by a major expansion
of LNG facilities, construction of Arctic pipelines, and
a significant response in lower-48 production from
accessible areas. The resulting demand level is lower
than other outlooks including the EIA, with less
upward pressure on the supply/demand balance. Even
with uncertainty surrounding air quality regulations,
there is potential for construction of new, state of the
art, fully compliant coal-based generation plants at lev-
els that approach the prior coal boom years in the
1970s. Together, this scenario implies a degree of suc-
cess in supply and demand responses significantly
beyond what has been demonstrated over recent years.

The Reactive Path scenario results in continued
tightness in supply and demand leading to higher nat-
ural gas prices and price volatility over the study peri-
od. Federal Reserve Board Chairman Alan Greenspan
provided the best characterization of the conflict
between policy choices in his testimony to the United
States Senate Committee on Energy and Natural
Resources: “We have been struggling to reach an agree-
able tradeoff between environmental and energy con-
cerns for decades. I do not doubt we will continue to
fine-tune our areas of consensus. But it is essential that

Balanced Future Scenario

 Public policy more symmetrical, proactive

o Siting new plants is emission performance ori-
ented, and more fuel neutral

e Clean air goals met with time, technology, and
market-based mechanisms; emissions trading
and fuel-switching ability expanded

o Additional new generation capacity including
coal with firm environmental control, and
renewables

o Access to lower-48 supplies enhanced

o LNG permit timing improved; nine new termi-
nals

e Arctic pipelines built

CHAPTER 1 - INTEGRATED OUTLOOK



our policies be consistent. For example, we cannot, on the
one hand, encourage the use of environmentally desirable
natural gas in this country while being conflicted on larg-
er imports of LNG. Such contradictions are resolved only
by debilitating spikes in price.”

Alternatively, “Balanced Future” is a scenario in
which government policies are focused on eliminating
barriers to market efficiencies. This scenario enables
natural gas markets to develop in a manner in which
improved economic and environmental choices can be
made by both producers and consumers. On the
demand side, opportunities for conservation, energy
efficiency, and fuel flexibility are both authorized and
encouraged while adhering to current environmental
standards. On the supply side, barriers to development

of new natural gas sources are progressively lowered,
both for domestic and imported natural gas. The
result is a market with lower gas prices and volatility
due to enhanced supply and more flexible demand.
This scenario results in a better outcome for North
American consumers than the “Reactive Path.”

It would be possible to construct many different sce-
narios or visions of the future to illustrate the NPC
analysis. For example, neither the Reactive Path nor the
Balanced Future scenario reflects the effect of not devel-
oping major new LNG import facilities or the Arctic gas
pipelines; neither scenario reflects actions that might
severely limit CO2 emissions or the permitted carbon
content of fuels; and neither scenario attempts to spec-
ulate on ground-breaking new technology that could

Demand

Greater energy efficiency and conservation are
vital near-term and long-term mechanisms for
moderating price levels and reducing volatility.

Power generators and industrial consumers are
more dependent on gas-fired equipment and less
able to respond to higher gas prices by utilizing
alternate sources of energy.

Gas consumption will grow, but such growth will
be moderated as the most price-sensitive indus-
tries become less competitive, causing some
industries and associated jobs to relocate outside
North America.

Infrastructure

Pipeline and distribution investments will average
$8 billion per year, with an increasing share
required to sustain the reliability of existing infra-
structure

Regulatory barriers to long-term contracts for
transportation and storage impair infrastructure
investment.

policy must support these objectives.

Findings

There has been a fundamental shift in the natural gas supply/demand balance that has resulted in high-
er prices and volatility in recent years. This situation is expected to continue, but can be moderated.

A balanced future that includes increased energy efficiency, immediate development of new resources,
and flexibility in fuel choice, could save $1 trillion in U.S. natural gas costs over the next 20 years. Public

Supply

Traditional North American producing
areas will provide 75% of long-term U.S. gas
needs, but will be unable to meet projected
demand.

Increased access to U.S. resources (excluding
designated wilderness areas and national parks)
could save consumers $300 billion in natural
gas costs over the next 20 years.

New, large-scale resources such as LNG and
Arctic gas are available and could meet 20-
25% of demand, but are higher-cost, have
longer lead times, and face major barriers to
development.

Markets

Price volatility is a fundamental aspect of a free
market, reflecting the variable nature of
demand and supply; physical and risk manage-
ment tools allow many market participants to
moderate the effects of volatility.
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fundamentally alter demand patterns or supply poten-
tial. The NPC did not consider such possibilities as
being likely enough to be integrated into the base sce-
narios. However, each scenario was tested against vari-
abilities in these and other major underlying
assumptions through the use of sensitivity analyses.
Major assumptions tested included weather patterns,
economic growth, the price of competing fuels, the size
of the domestic gas resource base, timing of infrastruc-
ture implementation, and the role of other electric gen-
eration technologies such as nuclear and hydroelectric
plants. These sensitivity analyses provide additional
insight to the conclusions reached from the base sce-
narios and reinforce the study findings and recommen-
dations.

In either scenario, it is clear that North American
natural gas supplies from traditional basins will be
insufficient to meet projected demand; choices must be
made immediately to determine how the nation’s nat-
ural gas needs will be met in the future. The best solu-
tion to these issues requires actions on multiple paths.

Flexibility in fuel use must be encouraged, diverse sup-
ply sources must be developed, and infrastructure
must be made to be as reliable as possible. Policy
choices must consider domestic and foreign sources of
supply, large and small increments of production, and
the use of other fuels as well as gas for power genera-
tion. All choices face obstacles, but all must be sup-
ported if we are to achieve robust competition among
energy alternatives and the lowest cost for consumers
and the nation. The benefits of the Balanced Future
scenario to the economy and environment unfold over
time; but it is important that these policy changes be
implemented now; otherwise their benefits will be
pushed that much farther into the future, and the
uneasy supply/demand balance we are experiencing
will continue.

Findings

National Petroleum Council projections of future
demand and supply are illustrated in Figures 1-1
and 1-2.
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*Includes net Mexico exports, lease/plant/pipeline fuel, and net storage.

+ Natural gas demand for power generation increases, reflecting future utilization of recent, significant

additions of natural gas-fired generation.

* Natural gas use in the industrial sector erodes, illustrating projected losses in industrial capacity

in the most gas-intensive industries.

Figure 1-1. Natural Gas Demand History and Outlook
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* Production from traditional basins remains strong but has plateaued; Rockies and deepwater
Gulf of Mexico offset declines in other areas.

* Growth is driven by LNG imports and Arctic supply.

Figure 1-2. Natural Gas Supply History and Outlook

Natural Gas Supply

Abundant natural gas resources exist in North
America and worldwide. Historically, the producing
regions of the Gulf Coast and Gulf of Mexico, the
Midcontinent, and West Texas have provided the
majority of the U.S. natural gas supply as shown in
Figure 1-3. In recent years, the Rockies have become a
significant source of supply, primarily from noncon-
ventional tight gas and coal bed methane production.
Natural gas imports via pipeline from Canada have
also played an expanding role in the U.S. supply picture
and now account for 14% of U.S. consumption. Of the
other sources of imports, LNG currently accounts for
only one percent of U.S. supply and Mexico is a small
net importer of gas from the United States.

A thorough study was conducted to assess the
remaining potential of traditional North American
natural gas producing basins, as well as the potential
for growth from new supply sources. The resulting
outlook is that indigenous North American produc-
tion will remain relatively flat, as increasing production
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from the Rockies and deepwater Gulf of Mexico offsets
declining production from the maturing traditional
basins. Supply growth will be met by LNG imports
and new Arctic developments.

Natural Gas Demand

Government policies have encouraged industrial
consumers and power generators to become increas-
ingly reliant upon natural gas-based technologies to
meet their energy requirements and to satisfy more-
stringent air quality standards. Recent major growth in
natural gas-fired generation capacity and continued
residential customer connections create the potential
for even greater natural gas consumption. Continued
energy conservation and more efficient use of existing
equipment can ease short-term market pressures, and
will continue to have a significant impact on future
energy consumption. However, this alone will not
solve the problem; additional supplies are required.
Figure 1-4 shows regional demand growth patterns for
North America.
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Infrastructure Expansions

Significant new infrastructure will be needed
through 2013, then the projected need for capital for
new infrastructure will decrease while sustaining capi-
tal becomes an increasing percentage of total capital
requirements. Regulatory policy that supports long-
term contracts and regulatory certainty will be
required to develop new infrastructure and maintain
the same level of reliability.

Potential Price Ranges

The NPC-projected price ranges for the alternate
scenarios are illustrated in Figure 1-5. Supply and
demand are projected to balance at higher price ranges
than historical levels. The price ranges will be prima-
rily determined by demand response through
increased efficiency, conservation, and alternate fuel
use, the ability to increase conventional and noncon-
ventional supplies from North America including the
Arctic, and increasing access to world resources
through LNG imports. As has previously been
described, the scenarios that drive these outlooks move
beyond the status quo. They require significant initia-
tive by policy makers and industry stakeholders to
implement the recommendations of this report and

take market-driven actions. Each scenario has poten-
tial additional price variability due to external factors
including weather, lower-48 supply response to higher
prices, timing of infrastructure development, potential
breakthrough technologies, and use of competing
fuels. These projected ranges are not intended to be
precise estimates of future prices but are provided to
provide insights to the effects of government policy.
Additionally, sensitivity analyses (detailed later in this
report) were performed to test the effects of changes in
key assumptions.

Capital Expenditures

Over $1.4 trillion (2002 dollars) in capital expendi-
tures will be required to fund the U.S. and Canadian
gas upstream and infrastructure industry from 2003 to
2025. Eighty-five percent will be spent in the explo-
ration and production sector ($1.2 trillion), with the
remaining 15% ($0.2 trillion) spent on pipelines, stor-
age, and distribution, as shown in Figures 1-6 and 1-7.
These expenditures represent a significant increase
over the 1990-2000 period for the exploration and pro-
duction sector. Expenditures for the pipeline, storage,
and distribution sector are expected to remain relative-
ly constant, considering increasing needs for “sustain-
ing capital” to meet reliability requirements.
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Figure 1-5. Average Annual Henry Hub Prices
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Figure 1-7. North American Infrastructure Expenditures — Balanced Future Scenario
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Sensitivities

There are many factors that will affect future gas
markets in North America. The NPC considered these
factors and created base assumptions for the Balanced
Future and Reactive Path scenarios. Because of the
uncertainty inherent in making such assumptions for
20+ years into the future, the NPC often developed
alternative sets of assumptions to test how the natural
gas market might evolve under different circumstances.
Those alternative assumptions addressed the effects of a
different economic environment, government policies,
natural resource size, upstream technological trends,
weather, end-use efficiency improvements, and other
factors. Figure 1-8 shows the price and volume effect of
differing assumptions. Table 1-1 lists the assumption
change for each case. The factors have widely varying
probabilities.

Recommendations

The findings of the National Petroleum Council
described in this report represent the conclusions of the
Council from the detailed analysis undertaken over the
course of this study. They provide the clear motivation
for the recommendations that follow. Collectively and
individually, policy makers will make decisions affect-
ing the future of natural gas in the economy. These
choices will have significant effects on resource avail-
ability, on natural gas production, on the cost-effective
use of natural gas, on the capacity of infrastructure to
serve markets, and on prices and price volatility.
Prompt implementation of the NPC’s recommenda-
tions will reduce the conflicts in current public policy
and benefit both consumers and the environment.
Further details on the recommendations can be found
later in this report.

Sensitivity

High Resource Base
(10% probability)

Fuel Flexibility

High Supply Technology

Low Economic Growth
Increased Access to Resources

High LNG Imports
Less Access

No Alaska Pipeline
High Electricity Growth

High Economic Growth

West Texas Intermediate
$28 Qil Price

Low LNG Import
Static Supply Technology

Low Resource Base
(90% probability)

Assumption
+35% of base, +570 TCF

Industrial switching increased from 5% to 28% by 2025,
fuel backup included in 25% of new gas-fired generation

Increase exploration success, cost reduction,
well recoveries from ~ 1% to 1.5%/year

2.7%/year GDP growth (vs. 3%/year base)

10%/year improvement in access to
new resources for five years

15 BCF/D imports (vs. 12.5 BCF/D Reactive Path)

Continued trend toward more restrictive permitting,
higher costs to develop resources

4 BCF/D pipeline not built

Limited energy efficiency; GDP-to-electricity
elasticity fixed at 72%

3.3%/year GDP growth (vs. 3%/year base)

+$8/bbl vs. Reactive Path and Balanced Future
Scenarios

6 BCF/D (vs. 12.5 BCF/D Reactive Path)
No improvement in exploration success, costs, recoveries
-30% of base; -490 TCF

Table 1-1. Sensitivity Analysis
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HIGH RESOURCE BASE P10

FUEL FLEXIBILITY

HIGH SUPPLY TECHNOLOGY

LOW ECONOMIC GROWTH

INCREASED ACCESS

HIGH LNG IMPORTS

LESS ACCESS

HIGH ELECTRICITY GROWTH

HIGH ECONOMIC GROWTH

WTI $28 OIL PRICE

NO ALASKA PIPELINE

LOW LNG IMPORTS

STATIC SUPPLY TECHNOLOGY
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| |
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Note: Values shown are averages for the 2011 to 2025 period.

1 | 1 1
-4,000 -2,000 0 2,000
CHANGE IN VOLUMES
(BILLION CUBIC FEET PER YEAR)
VS. REACTIVE PATH

Figure 1-8. Price and Volume Impacts of Selected Sensitivities

Recommendations

Improve Demand Flexibility and Efficiency

Encourage increased efficiency and conservation
through market-oriented initiatives and con-
sumer education.

Increase industrial and power generation capa-
bility to utilize alternate fuels.

Sustain and Enhance Infrastructure

Provide regulatory certainty by maintaining a
consistent cost-recovery and contracting envi-
ronment and removing regulatory barriers to
long-term capacity contracting and cost recovery
of collaborative research.

Permit projects within a one-year period utiliz-
ing a Joint Agency Review Process.

Increase Supply Diversity

Increase access and reduce permitting impedi-
ments to development of lower-48 natural gas
resources.

Enact enabling legislation in 2003 for an Alaska
gas pipeline.

Process LNG project permit applications within
one year.

Promote Efficiency of Markets

Improve transparency of price reporting.

Expand and enhance natural gas market data col-
lection and reporting.
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CHAPTER 2

BACKGROUND

Role of Natural Gas in the Economy

Natural gas is a critical source of energy and raw
material, permeating virtually all sectors of the econo-
my. Today natural gas provides nearly one-quarter of
U.S. energy requirements! and is an environmentally
superior fuel, thereby contributing significantly to
reduced levels of air pollutants. It provides about 19%
of electric power generation and is a clean fuel for
heating and cooking in over 60 million U.S. house-
holds. U.S. industries get over 40% of all primary ener-
gy from natural gas. Figure 2-1 illustrates the
contribution of natural gas to U.S. energy needs, and
Figure 2-2 shows gas use by sector.

North America’s natural gas exploration and pro-
duction industry has been successful in efficiently find-
ing and developing the continent’s indigenous
resources, and an extensive infrastructure has been
developed to efficiently transport natural gas from its
diverse sources to its multiple markets. Technology
advances throughout the supply chain have increased
supply, reduced costs, and minimized environmental
effects. Effective mechanisms for the sale, purchase,
and pricing of natural gas have evolved, and there has
been a progressive reliance in recent years on competi-
tion and open markets at each point along the natural
gas supply value chain.

Today, many regulations and policies affecting natu-
ral gas are in conflict. Public policies promote the use
of natural gas as an efficient and environmentally
attractive fuel. These policies have led to restrictions

' Data from Energy Information Administration,
Monthly Energy Review, April 2003.
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on fuels other than natural gas for the siting of power
generation and industrial facilities, restrictions on fuel
switching, and fuel choice limitations. Other laws and
regulations have been enacted that limit access to gas-
prone areas — areas where gas can be explored for and
produced in an efficient and environmentally friendly
manner —and there are outright bans to drilling in cer-
tain regions. There are laws and regulations that
unnecessarily hinder pipeline and infrastructure siting
or interfere with the functionality of the market in
ways that lead to inefficiencies. Overall, these conflict-
ing policies have contributed to today’s tight

NATURAL GAS
24%

PETROLEUM
38%

[

NUCLEAR 8% RENEWABLES 7%

Source: Energy Information Administration.

Figure 2-1. Average Annual Energy Use, 1997-2001
97 Trillion Cubic Feet per Year (Equivalent)
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Figure 2-2. U.S. Energy Use by Sector, Year 2002

supply/demand balance, with higher and volatile gas
prices. The beneficial effects of additional gas use can
be achieved more efficiently and at a lower cost with
policies that eliminate the current conflicts.

Natural Gas Market History

Natural gas use in the United States has reflected
changes in the economy, in natural gas infrastructure,
in natural gas-based technologies, in the regulation of
natural gas, and in environmental initiatives.
Regulation of the natural gas industry in the United
States has had profound effects on natural gas supply
and demand and has at times led to stresses on the
economy, including the natural gas shortages experi-
enced in the 1970s. In 1938, Congress passed the
Natural Gas Act, representing the first major federal
involvement in natural gas sales and distribution, and
gave the Federal Power Commission (the forerunner of
the Federal Energy Regulatory Commission) jurisdic-
tion over interstate natural gas sales and the rates
charged for interstate natural gas delivery. The
Supreme Court later determined that the FPC also
should regulate the prices of natural gas sold in the
interstate market. This decision had a complicated and
far-reaching effect on the natural gas industry and cre-
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ated significant administrative difficulties for the FPC
in trying to set prices for a large number of natural gas
producers.

Ultimately, the regulated prices were lower than the
market value of the natural gas. These relatively low
prices prompted a surge in demand, but failed to
encourage additional production, thus leading to a
shortage of supply. In addition, since the intrastate
market was unregulated, producers sold as much of
their production as possible into the intrastate market,
thereby exacerbating the shortage in the interstate
market. In turn, the natural gas shortages led the FPC
to impose priority systems whereby scarce natural gas
was allocated to certain customers, with deliveries cur-
tailed to certain customers, such as industrial con-
sumers, who were deemed “low priority.”

U.S. gas consumption grew for many years before
peaking at 23 trillion cubic feet (TCF) per year in 1972
as shown in Figure 2-3. Post-1972 declines in gas con-
sumption and production were the result of both eco-
nomic and regulatory forces. For example, gas
utilization by industrial consumers and power genera-
tors was severely limited by the Power Plant and
Industrial Fuel Use Act; gas demand was further damp-
ened by the attendant effects of two economic reces-
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Figure 2-3. U.S. and Canadian Natural Gas Demand

sions. During this period, price-induced conservation
reduced residential gas use by 16%. At the low point in
1986, both gas consumption and production had fallen
in excess of 25% from the 1972 peak.

Factors that contributed to a rebound in gas con-
sumption and production in the second half of the
1980s continue to shape today’s natural gas market-
place. These factors include repeal of the Power Plant
and Industrial Fuel Use Act in 1987, the elimination of
gas price controls (1989), a restructuring of interstate
pipeline contracts, implementation of FERC Orders
436 and 636, passage of the Clean Air Act Amendments
(1990), and robust economic growth. Generally falling
gas prices after the mid-1980s also stimulated gas
demand. Gas became a commodity, one where there
was a competitive market and a financial framework
for gas buyers and sellers to make short- and longer-
term decisions.

U.S. gas consumption increased from 16.2 TCF in
1986 to 23.5 TCF in 2000, surpassing the 1972 peak.
Residential and commercial gas growth returned as
limits on new hook-ups were lifted, and continued as
gas was competitively priced and environmentally pre-
ferred. Industrial consumers found gas an attractively
priced fuel for process heat, feedstock, and cogenera-
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tion, as well as an effective method to meet air quality
standards. Electric generators also found gas prices
attractive; especially with new, highly efficient, low-
emission and low-cost gas-fired turbines providing an
environmentally acceptable and economically efficient
way to satisfy electricity demand growth. Falling real
gas prices during the 1990s made gas attractive as a fuel
and feedstock.

In response to demand growth, U.S. gas production
rose after 1986, utilizing excess well deliverability and
applying advances in production technology. Much of
this gain was a result of the industry’s transition from
a regulated market where most gas was sold by
pipelines and was bundled with transmission to one
where gas was sold in a competitive market. This tran-
sition resulted in a temporary “gas bubble” where both
productive capacity (supply) and deliverability (trans-
mission and distribution) exceeded gas demand. By
the mid-1990s this excess capacity dissipated due to
demand growth and limited increases in productive
capacity, as illustrated in Figure 2-4.

Canadian gas imports increased five-fold between
1986 and 1999, filling a growing gap between U.S. con-
sumption and lower-48 production. Canadian pro-
duction growth occurred from increased drilling
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Figure 2-4. Lower-48 Dry Gas Production vs. Dry Gas Productive Capacity

activity and pipeline capacity expansions to U.S. mar-
kets. In addition, small volumes of liquefied natural
gas (LNG) were imported to terminals in
Massachusetts and Louisiana.

During the 1990s, gas prices were generally flat to
declining. Although gas supply and demand were
more closely balanced, mild weather and new
Canadian import projects masked any pronounced
tightness. However, by the late 1990s, gas prices began
to reflect the value of natural gas in its more diverse
applications where gas was becoming a competitive
alternative. These applications were often electric gen-
erating plants or industrial boilers capable of burning
oil or oil-derivative fuels. Increasingly, gas prices were
becoming correlated with oil prices.

Another driving factor in gas demand growth dur-
ing the 1990s was environmental regulations. The
Clean Air Act Amendments of 1990 were primarily
focused on reducing sulfur dioxide (SO2) and nitro-
gen oxide (NOx) emissions from electric powerplants
and, to a lesser extent, from other industrial and
transportation sources. To comply with the mandates
of both the first (1995-1999) and second (2000+)
phase of the Act, generators and industry turned
increasingly to natural gas, either in the form of fuel-

22

switching or investments in new, gas-only equipment.
While this strategy has been highly effective in reduc-
ing emissions, it has limited the ability to switch to
other fuels when the natural gas market becomes
stressed.

Finding: There has been a fundamental
shift in the natural gas supply/demand
balance that has resulted in higher prices
and volatility in recent years. This trend is
expected to continue, but can be moderated
through policy actions.

Natural Gas Prices

Natural gas prices remained in the $1.50 to $3.00 per
million Btu (MMBtu) range through the 1990s. With
the tightening supply demand balance in the late
1990s, prices have risen and become more volatile, as
shown in Figure 2-5. In late 2000, gas prices rose sig-
nificantly with a short peak at nearly $10.00/MMBtu.
Low gas storage levels at the start of the 2000-2001
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Figure 2-5. Henry Hub Monthly Index Prices

winter, record cold temperatures in November and
December, and record storage withdrawals prompted
fears of gas shortages. Gas consumers responded to
these price signals by reducing gas consumption
through a variety of measures that included fuel
switching, factory closings, and conservation.

Producers responded to these record prices in late
2000-2001 by embarking on an intensive drilling pro-
gram. Gas production rose moderately in 2001 as
drilling peaked. With rising prices, producers pursued
their available inventory of higher-cost, lower-produc-
tivity prospects. Supply available to U.S. markets
reached its highest level in 20 years as a result of these
transitory factors

Gas prices on the New York Mercantile Exchange
(NYMEX) fell from $9.00/MMBtu at the start of
January 2001 to under $2.00/MMBtu in October 2001.
The transitory factors that contributed to this price
variability were: mild weather from late winter of 2000
through the summer of 2001; reduced gas demand due
to weak GDP growth and falling industrial output; and
declining oil prices (West Texas Intermediate (WTI)
crude oil falling from $30/bbl in January 2001 to under
$20/bbl by year-end).
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In 2002, another mild winter and stagnant manufac-
turing activity depressed gas demand. Gas storage lev-
els were at record-high levels throughout most of 2002.
Gas prices fell significantly from the 2000-2001 peaks.
The early onset of cold temperatures in the 2002-2003
winter and falling natural gas production depleted
North American storage inventories, which fell to
record lows in early spring contributing to the run-up
in prices in 2003.

Major Assumptions/Methodologies
Macroeconomic Assumptions

Throughout history, economic growth has been
associated with higher energy consumption. In the
past 25 years, energy use grew 1.0% annually while
gross domestic product (GDP) increased at a 3.0%
annual rate. While energy use is pervasive in the U.S.
economy, there have been steady gains in efficiency
with a downward trend in the amount of energy neces-
sary to produce one dollar of GDP. U.S. GDP growth
was assumed to average 3.0% per year from 2005 to
2025, similar to the historical trend. The impact of
changes in natural gas prices on GDP growth was ana-
lyzed, but analysis conducted for the NPC by Global
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Insight suggests that GDP growth rates would not be
significantly impacted by higher natural gas prices.

U.S. industrial production was assumed to grow at
a rate of 3% per year, which is below the 1995-2002
historical growth rate of 3.4% per year. The lower-
than-historical growth rate was chosen to reflect the
effect of higher-than-historical natural gas prices on
gas-intensive industries.

Prices for alternative fossil fuels were assumed with-
in historical ranges. WTTI crude oil was assumed to fol-
low the forward curve for the first few years and then
settle at a long-term equilibrium price of $20/bbl in
constant 2002 dollars. This is similar to the average
real price in the 1990s and consistent with the financial
community view. Coal prices were assumed to follow
the historical trend of decline from a level of
$1.25/MMBtu in real terms. This decline reflects con-
tinued productivity improvements and competition.

Macroeconomic and other assumptions used in the
Reactive Path and Balanced Future scenarios are sum-
marized in Table 2-1. Additional assumptions used in
the Reactive Path scenario are highlighted below.

Residential and Commercial Demand

e Residential and commercial demand for natural gas
is driven primarily by population growth and demo-
graphic patterns.

e Trends in conservation/efficiency improvements
continue.

o Natural gas demand in this sector is fairly insensitive
to natural gas prices.

Industrial Gas Demand

o This NPC study included more detailed modeling of
the gas-intensive industries than the 1992 and 1999
studies because of the recent higher-than-historical
gas price environment. This study also incorporates
feedback obtained from gas-intensive industry rep-
resentatives in several workshops.

e Natural gas-intensive industrial production is
assumed to grow at a 1.0% to 1.5% average annual
rate.

e The chemical and refining sectors represent 50%
of the total output from gas-intensive industries.
The sectors most impacted by higher natural gas
prices are chemicals, ammonia, methanol, and
metals.

o Capacity idled for at least two years is assumed to
shut down permanently.

e Local, state, and federal government environmental
regulations are assumed to continue to limit fuel
switching from natural gas to oil.

Macroeconomic Assumptions
U.S. GDP Growth

Canadian GDP Growth

Inflation Rate (GDP Deflator)

Other Assumptions
Weather
Qil Price

Residual Fuel QOil Price
Distillate
Coal Price

Refiner Acquisition Cost of Crude Oil (RACC)

Average Annual Growth Rate
2.8% 2002-2005; 3.0% thereafter
2.4% 2002-2005; 2.6% thereafter
2.5%

Historical averages

WTI at $20/bbl (2002$) 2005-2025
90% of WTI

84% of RACC by 2004

140% of RACC

$1.25/MMBtu and declining in real terms
at 1.0%l/year to $1/MMBtu by 2025

Table 2-1. Macroeconomic and Other Assumptions
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Electric Power

Electricity Demand Growth — Growth rates were
based on income elasticity that declines from 0.72 in
2003 to 0.62 in 2025 to reflect a continued shift in
the U.S. economy away from energy-intensive indus-
tries, and some power conservation as a result of an
extended period of higher-than-historical natural
gas prices.

Technology — Power generation technology is
assumed to continue to improve incrementally.

Coal — Mercury emission regulations are assumed to
result in the closure of approximately 20 gigawatts of
coal capacity by 2015, although the financial struc-
ture of the industry is assumed to support some
environmental retrofits of existing coal-fired power-
plants. A limited number of new coal plants are
built in selected locations.

Nuclear — Nuclear powerplant utilization is assumed
to rise to 90-92% after 2006. No episodic or perma-
nent nuclear plant shutdowns are assumed.
However, no new nuclear plants are built due to the
long lead-time and high capital costs.

Oil and Gas Steam — Some existing oil and oil/gas
steam units are retired before 2010 and
regional/local government limitations on oil usage
are maintained.

Renewables — Renewable capacity will be aggressive-
ly constructed, such that over 70 gigawatts of renew-
able generation will be constructed by 2025.

The remainder of new generation capacity required
is assumed to be gas fired.

Supply

The study used U.S. Geological Survey, Minerals
Management Service, and Canadian Gas Potential
Committee play-level assessments and conducted
industry/government workshops to review the
North American resource base.

A detailed 72-region supply model was used to eval-
uate supply, with detailed finding rates and costs.

Production performance was 