1. Overview

Natural gas use in the United States has shown substantial
gains during the past decade, returning to the upward
growth trend experienced prior to 1972 when consumption
peaked at 22.1 trillion cubic feet (Tcf) (Figure 1). In 1996
and 1997, the Nation again consumedwt 22.0 Tcf of
natural gas, close to the 1972 record level. For the past
25 years, however, the development and structure of the
industry contrasted ahply with the industry prior to 1972.
From 1950 to 1972, natural gas use grew at an annual rate
of 6.3 percent. This growth was reversed in the mid-1970s
as the market, saddled with a regulatory and contractual
structure that did not allow price signals to be quickly or
effectively transmitted tlmughout the system, began to
decline. Curtailments of natural gas supplies to some high
priority users, such as hospitals and schools, in the winter
of 1976-77 highlighted the market imbalances ande
difficulties. Natural gas was ineasingly viewed as a scarce
and unreliable resource.

Congress reacted to th&976-77 curtailments with
legislation to encourage additional supplies of natural gas
and to conserve natural gas for nonboiler fuel applications.
This legislation, which included the Natural Gas Policy Act
of 1978 (NGPA), iitiated a major restructuring of
the industry: a restructuring that is still evolving. The ®
NGPA gradually removed price controls on much of the gas
produced domestically, a process completed with the
Natural Gas Wellhead Decontrol Act of 1989.

From 1972 tal986, natural gas use dropped to less than
three-quarters of the peak level. From 886 low of
16.2 Tcf, consumption has recovered, growing at an annuaé
rate of 2.3 percent through 1998. This average rate of
growth has occurred despite the leveling off of
consumption in 1996 and 1997 at approximately 22 Tcf,
followed by a 3-percent decline in 199%his recent decline

in consumption reflects the impact of moderate weathere
with lower heating demand during the past two heating
seasons and the lower oil prices during the past year. The
return of natural gas consumption to levels close to the
peak of 25 years ago has been accompanied by dramatic
market and regulatory restructuring. Some of these events
include:

An entirely new contracting structure has developed
for purchases of the commodity and also for services.
Purchases of natural gas were once typically arranged
under contracts of 20 or more years, but nemdg+
term” contracts may have terms of 1 or a few years.

Gas productiomas shown a long-term increase, rising
from 16.1 Tcf in 1986 to an estimated 19.0 Tcf in
1998, despite an average wellhead price of $2.03 per
thousand cubic feet (in constant 1998 dollars) during
the 1990s—49 percent below the 1983 peak of $3.99.
Technological advances have enhanced the industry’s
ability to find and develop new gas reserves at
competitive prices.

Pipeline deliverability has increased sharply. At least
17 new interstate pipeline systems have been
constructed sitt®80, adding more than 8lllmn
cubic feet per day of capacity by the endl888. In
addition, several pipeline expansions have been
completed to bring greater flows from Canada. Today,
the interstate pipeline system is a national grid with
sufficient flexibility to move gas in many directions.

New England, which for many years has been served
principally by fuel oil, now has significantly greater
access to natural gas. The expected flow of gas in late
1999 from the Sable Island project in the northern
Atlantic off eastern Canada will further expand the
potential for growth in the Northeast market.

Imports have taken a greater role in meeting supply.
They supplied 4 to 5 percent of U.S. natural gas
consumption in the early 1980s but provided about
14 percent in 1998.

Price volatility has become a significant characteristic
of the market, and financial markets have developed to
ilitefeecthe trade of natural gas and the hedging of
prices.

Most notably, the perception of the availability of natural

gas has changed from that of concern about scarce supplies

to an assessment that the United States has relatively
® Federal Energy Regulatory Commission (FERC) burglantesources. In the near term (1999-2000), growth

Orders 436 (1985) and 636 (1992) have altered the
market for natural gas, splitting off oaibundling” the
commodity purchase from the transmission service.

in natural gas consunifitidkkelw be related to the

effect of more normal weather patterns and continued,

although slowing, economic growth. Through 2020, the

outlook for natural gas is robust with demand projected to
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Figure 1. Natural Gas Consumption Is Expected To Increase About

50 Percent by 2020 . . .

... And even more if the Kyoto Protocol is implemented
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Note: The Energy Information Administration report Impacts of the Kyoto Protocol on U.S. Energy Markets and Economic Activity examines a
series of six cases looking at alternative carbon emission levels. The reference case represents projections of energy markets and carbon emissions
without any enforced reductions and is presented as a baseline for comparison of the energy market impacts in the reduction cases. The highest
consumption patterns for natural gas are seen in some of the intermediate cases, principally the “Stabilization at 1990 Levels” and the “3 Percent Below
1990 Levels.” For this figure, the reference case and the “3 Percent Below 1990 Levels” are used to illustrate a potential range of additional demand.

Source: Energy Information Administration, /mpacts of the Kyoto Protocol on U.S. Energy Markets and Economic Activity (October 1998), AEO98
National Energy Modeling System runs KYBASE.D080398A and FDO3BLW.D080398B.

grow to about 32 Tcf, aimcrease of about 50 percent from

consumed by the industrial sector. By contrast, in 1997,

the 1998 level. Further, as environmental concerns havelectricity generation aceinted for about 15 percent of

led to proposals (such as the Kyoto Protocol) to limit
carbon emissions wiolwide, interest has heightened in the
role that natural gas can play in meeting environmental
goals. Natural gas is viewed as a relatively benign fossil
fuel for the environment and is projected to play a large role
in meeting targets associated with the reduction of
greenhouse gases. If the Kyoto Protocol is implemented,
gas usage could move as high as 35 Tcf by 2020.

total natural gas consumption compared with 38 percent by
industrial consumers of natural gas.

New generation capacity will be needed to meet growing

electricity demand and to offset the expected retirement of
nuclear plants. Major factors behind the increased use of
natural gas in the electric generation sector are the lower
capital costs, shorter construction lead times, and higher

efficiencies associated with advanced combined-cycle

The concern about scarce natural gas supplies in the late

1970s led to limits on expansion of the gas market,
particularly in the boiler fuel market. Sind®90, yearly
consumption of natural gas for use in electricity generation
has varied from 2.7 to 3.2 Tcf, down from 4 Tcf in the early
1970s. Now the future of natural gas is expected to be
closely tied to electric generation, with consumption in that
sector projected to climb to more than 9 Tcf in 2020—an
annual rate of 4.5 percent from 1997. In 2020, electricity
generation is expected to account for about 28 percent of
natural gas consumption, slightly below the 32 percent

plants in comparison with conventional pulverized coal
plants. Part of the push for lower-cost generation and

shorter construction lead times can be attributed to the

impact of the restructuring of the electric generation and
transmission industry. If the impacts of Kyoto
eimg@htation are taken into @emt, assuming no
changes in domestic laws and policies, electric generation
use of natural gas by 2020 could range from 12 to 15 Tcf.
In some cases by 2010, electric generators could consume
more natural gas than that consumed in any other sector.

Energy Information Administration
2 Natural Gas 1998: Issues and Trends



Natural Gas 1998: Issues and Trend#empts to put
industry developments within an environmental perspec-
tive, highlighting some of the issues associated with the
impact of natural gas operations on the environment, as
well as developments that will be necessary for natural gas
to fulfill the role that has begorojected. Some of the major

water has increased significantly dsntdogy has

developeditatéaand rduce costs associated with

drilling in offshore water deeper than 1,000 feet

(approxima@ely meters). This area has great

potential and is seen as important to expanding
domestic production levels. Chapter 4 analyzes recent

topics addressed in the report are:

Near-term market effects of relatively mild winters

the past 2 yearsThe market for natural gas leveled off ®
in 1997 and then declined byp@rcent in 1998 as mild
winters have dampened seasonal gas deniBinel
lower-than-usual seasonal demand has contributed to
lower prices, lower price variation, and flat domestic
production levels. Storage operations are showing

higher inventories than have been seen in several years.

Additional pipeline and storage development has been
slowing. A synopsis of these and other current data
trends and developing issues is contained in Chapter 1
of the report.

Environmental effects of using natural gasNatural

gas is a cleaner burning fuel than other fossil fuels
While natural gas does emit grdmuse gases,
particularly cabon dioxide, the level of pollutants
associated with its use is lower than for other fossil
fuels. Chapter 2 summarizes and compares the
emissions of natural gas relative to other fuels. It also
provides a summary of other ways that the exploration,
development, drilling, and use of natural gas affect the
environment. And lastly, it illustrates some of the
technology developments and other ways that natural
gas can be used to reduce emissions.

Potential supply of natural gas.With projections of

a 50-percent expansion of the domestic natural gas
market, questions ariseb@ut the sources of these
additional supplies and technological developments
that may be critical to meeting these projections. Some
of the issues being addressed in the report include the
expansion of the offshore production potential by the
use of deep-water technology and the much longer-
term potential of natural gas hydrates. As discussed in
Chapter 3, gas hydrate resouraes massive and dwarf

production trends in the offshore Gulf of Mexico and
examines the economics of offshore projects.

Marketing and distribution of natural gas. In
competitive energy markets, the pricing of natural gas
and related services is critical to the marketability of
natural gas, particularly to the expanding electric
generation industry. With generation-dispatch
decisions made continuously based on fuel costs, the
cost and deliverability of natural gas to electric
generation units is a critical component of the decision.
The institutional and pipelinefrastructures associated
with the delivery of natural gas are undergoing
substantial adjustment and investment. Pipeline
construction can require long lead times and large
investments. Analysis of pipeline expansions
requirements and accompanying investment
requirements is presented in Chapter 5.

Contractual arrangements for transporting natural gas
that have been in place for 10 to 20 years are expiring
and being renegotiated. These new contracts will
provide more flexibility to shippers of natural gas,
allowing them to adjust contractual terms to their
needs, and potentially lower the cost of transmission
services to many consumers. Chapter 6 presents
analyses of developing trends in new contracts and
capacity trading. In addition to the financial and
contractual needs of the expanding market, new
pipeline companies will be required to matcipgly
sources with developing markets. Mergers of natural
gas companies in all aspects of the industry from
produdion through distribution with other natural gas
companies or with other energy entities portend a new
era in the provision of natural gas services. Chapter 7
presents an analysis of what is behind these mergers
and how service to consumers is likely to be affected.

current fossil fuel resources. The advent of gas hydratélhe opportunities available to the industry are substantial.
production could have a major impact on energy The natural gas market is projected to show significant
supply patterns, energy consumption patterns, and@yrowth over the next 20 years because North American

prices of crude oil and pducts and conventional

natural gas resources are considered both plentiful and

natural gas worldwide and in the United States. In thesecure and their increased use relative to other fossil fuels
nearer term, the production of natural gas from deeggan reduce levels of harmful emissions.
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Figure 2. Price Variation Is a Significant Characteristic of the Market
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Wellhead and Spot Market Prices

Prices are an important indicator of tineluistry’s capaibity
relative to current market requirements. Prices also are a
bellwether of future trends, and so the decline in natural gas
prices from 1997 to 1998 is interesting both as a measure
of current industry performance and for the implications for
likely developments in the next few years. The average
wellhead price irl998 was $1.92 peritiion Btu (MMBtu),
which is $0.34 or 15 percent less than in 1997. Prices declined
from 1997 to 1998 at least part because of mild weather that
lowered demand. Additional downward pressure on prices was
provided by abundant gas supplies from both domestic and
foreign sources, as well as interfuel competition driven by
lower oil prices.
[ J
® After significant increases in the previous 2 years, the
average wellhead price declined in 1998 as warmer-
than-normal weather and abundant stock levels
dominated the marketplace.The 15-percent warmer-
than-normal temperatures in 1998 helped reduce
consumption by an estimated 683 billion cubic feet (Bcf)
or 3 percent from the previous year. Domestic production
increased only slightly, by 75 Bcf, which was somewhat
surprising in light of continually weakening prices in the
latter half of the year. Foreignugplies also increased,
with estimated net imports rising 134 Bcf as crossborder
capacity expansion increased. These factors combined to
produce a generally downward price trend from the
monthly peak of $2.85 per MMBtu in November 1997 to e
the low of $1.69 in December998? Along with the
decline in the wellhead price, the range of monthly prices
in 1998 was only $0.48 per MMBtapmpared with $1.37
in 1996 and $1.57 in 1997 (Figure 2).

® A counterseasonal pattern similar to that in 1997-98 is
evident in the 1998-99 winter as monthly prices
declined after an increase early in the seasoBuring
the past few years, storage-related concerns have led
to price increases before or at the start of the heating
season. As the 1997-98 liag season approached, prices
were driven upward by expectations related to storage
levels. Working gas in storage at the end of October 1997
was 2.89 trillion cubic feet (Tcf), only slightly above the
initial 2.80 Tcf for the previous heating season, during
which average prices peaked at $3.31 per MMBtu in
January. This price increase was driven at least partially
by the reluctance of storage operators to draw down stock
levels heavily in the initial portion of the heating season.
However, temperatures were unduaiarm in late 1997,
unlike in the prior year, reducing demand. The lack of
market tindamentals supporting higher prices caused
prices to fall from November 1997 to January 1998.
Prices then began to climbto a peak of $2.16 in April.

After the heating season, firms began to refill storage at
accelerated rategoisae® foecasts calling for
unusially hot summer weather in many parts of the
itedJ8tates. The forecasts, however, proved accurate
only for the Southwest, and so prices subsequently
declined. The low prices did contribute to high storage
refill rates, resulting in the highest stock levels in 4 years
at the starl®9&89 heating season. High storage
levels and warm weather were primary factors
contributing to a sharp decline ($0.21) in the average
wellhead price from $1.90 per MMBtu in November to
$1.69 in December 1998.

Competitive pressure from a steady decline in
petroleum prices during998 has contributed to the
legive “softness” of gas pricesThe composite refiner
acquisition cost of a barrel of crude oil averaged
33 percent less in the first three quarters of 1998
compared with the corresponding period of 1997. As
prices for the raw product fell, refined petroleum product
prices declined but to a lesser degree. The 15-percent
decline in yearly natural gas prices HEd@éesnd
1998 is consistent with the expected downward pressure
from petroleum cotitipa. Monthly gas and oil prices
weragsually close to parity for much of 1998
(Figure 2).

Monthly spot prices show increasedonvergence as the
network expands to improve interconnections between
regional markets. Market hub prices in the initial years of
open-access transportation were rathemglstr
correlated. As markets evolved, howevehytieal
network did not reflect the growing needs of the system.
By 1996, obvious examples of price divergence between
regions appeared. In February, prices spiked at the Henry
Hub as a sudden cold snap caused demand to soar in
northern markets, but other markets were relatively
unaffected. Prices at Blanco and Opal in 1995 and most of
1996 were persistently below and not conforming to the
patterns seen elsewhere. Major capacity expansions in
mid-1996 helped to alleviate transmission bottlenecks at
the San Juan Basin (near Blanco) and allowed more New
Mexico gas to get to Midwest and Eastern markets.
Additionally, daily pipeline capacity for moving gas from
the central Rocky Mountain area (Opal, WY) to the
Southwest has grown by more than 60 percent since 1990.
These actions have helped to improwanatdians
between regional markets, however, continuing price
disparities indicate that further adjustments are necessary
to achieve an integrated North American network
(Figure 2).
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Figure 3. Futures Trading Is a Key Component of Efficiently
Functioning Natural Gas Markets

The volatility of natural gas futures prices at the Henry Hub
declined over the past 2 years
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Note: The price volatility illustrated in these graphs is the annualized standard deviation of daily price changes expressed in percentage terms.
This volatility measure is “annualized” by multiplying the standard deviation corresponding to the series of daily prices being examined (here, monthly
and annually) by the square root of 250, the approximate number of trading days in a year. For lower right graph, see endnote 7 for descriptions of
trader categories.

Sources: NYMEX Near-Month Futures Contract Settlement Prices: ~ Commodity Futures Trading Commission. Volatility Indices: Energy
Information Administration (EIA), Office of Oil and Gas. Reportable Interest in Natural Gas Futures Contracts: New York Mercantile Exchange.
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Natural Gas Futures Market

The range of settlement prices of the New York Mercantile
Exchange (NYMEX) near-month futures contract for delivery
atthe Henry Hub narrowed markedly in 1998 with respect to
the previous 3 years. The spread between the highest and
lowest prices in 1998 was just over $1.00 pdlfion Btu
(MMBtu), while in each of the previous 3 years this spread
exceeded $2.00, reaching @htime high of $2.81 in 1996. In
fact, only 1991 had a narrower spread than 1998, but only by
$0.035. Contrary to the normally expected pattern of prices
peaking in the third or fourth quarter, 1998 futures prices
reached their highest level in the spring; from there the trend
was down. Despite rallies in the summer and at the beginning
of the heating season, the futures price dropped nearly one-
third from its April high of $2689 per MMBtu, ending the
year at $1.945.

® During the past 2 years, the price volatility of the
NYMEX futures contract has declined(Figure 3). Not
surprisingly, the price volatility of the near-month futures
contract tends to be greater during heating season months
and less in the summer months, reflecting the increased
levels of and swings in demand together with greater
uncertainty bout the availaitity of supply. In the three
heating seasons prior t©998-99, colder-than-normal
November weather and concerns about the adequacy of
storage levels contributed to futures prices spiking to
peaks in the fourth quarter. Despite these peaks, price
volatility has been declining since ti895-96 heating
season. This decline is partly attributable to the fact that
the December-tlmugh-March periods of both 1996-97
and 1997-98 hasomewhat milder weather than average.
By contrast, 1998utures prices peaked at the beginning
of the second quarter. From this point to the end of the
year, the general trend was down, as market fundamentale
of large and uninterrupted supplies, moderate demand,
and a robust stock build prevailed. The beginning of the
1998-99 heating season sawa of warmer-than-normal
weather in November and early December, and, with
storage inventories on November 1 at a 6-year high,
futures prices collapsed in the final 2 months of 1998.

® Despite the decreased volatility duringl998, natural
gas futures price volatlity is the second highest of all
energy sourcesPrice volatility in the natural gas market
generally exceeds voléty in markets for other energy as
well as other commodity markets (Figure 3). A number of
characteristics of the gas market contribute to this
volatility. For instance, the variability of end-use
consumption of natural gas directly affects gas flow in the
transmission and distribution network, requiring constant
adjustment of market supplies to maintain system integrity
under banging delivery conditions. Further, pipeline

capacity can be constaited certain coritions.
Also, about 86 percent of annual gas consumption is
uppbed by domestic pduction, yet production offers
limited flexibility intdswDaring the heating season,
storage is the primary source of swing supply, satisfying
as much as 80 percent of demand in some areas on peak
days. Thus, markets are particularlytisen® stock
levels leading up to, as well as during, heating seasons.
Yet storage levels can be quite variable, since stocks at
any point during the Isestsan reflect the outcome of
myriad decisions to withdraw or replenish stored gas,
which affect, and are affected by, any number of
norego factors regardingupply and price and the
market's perception of these factors.

Since the launch of the Kansas City Board of Trade
(KCBOT) futures ontract in 1995, itstrading volume
has leveled off at less than half the level of its first
month of trading, while the NYMEX Henry Hub
trading volume has continued to grow.The monthly
number of KCBOT contracts traded has yet to return to
the level recorded in that contract’s first month, when over
19,000 contracts were traded. Since February 1996,
monthly trading volumes have fallen in a range of about
4,000 to 10,000. By contrast, trading of the NYMEX
Henry Hub contracts has continued to grow. The yearly
total of NYMEX contracts traded increased by 9 percent
frorh995 to 1996, by 3percent the following year, and
by 34 percent in 1998. There continues to be an order of
matydie difference in trading between the two
contracts, as monthly trading volumes of the NYMEX
contracts have exceeded 1 million since August 1997.

Natural gas marketers control the largest proportion
of open interest in NYMEX Henry Hub futures
contracts.They typically hold around 60 percent of total
monthly reportable open interest (Figure 3). The share of
open interest heldnopmmercial traders, such as
financial firms and mutual and hedge funds, has steadily
increased since the beginning of natural gas futures
trading. Today, they holdbaut 25 percent of monthly
reportable open interest.d®ucers’ proportion of open
interest has tended to decline over the years and since
October 1997 has remained at about 7 percent. The share
held by all other commercial traders has held fairly
constant over the past 5 years at just over 5 percent. Based
on current NYMEX Henry Hub trading levels alone, on
any given trading day, marketgrsicthe disposition of
bout2.2 to 2.6 ilfion cubic feet ofgas, speculators about
iliotr cubic feet, and mducers and other hedgers
about 200 to 300 billion cubic feet.
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Figure 4. Annual Natural Gas Production Is at its Highest Level Since
1981, 19.0 Trillion Cubic Feet in 1998

Dry natural gas production has been slowly increasing . . .
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Natural Gas Production

Dry natural gas production has been increasing slowly duringe
the past several years. Production in 1998 is estimated to be
19.0 trillion cubic feet, 7Billion cubic feet (Bcf) more than in
1997. The1998 level is the highest since 1981 when
19.2 trillion cubic feet was pduced® As production has
grown in recent years, tligfferences in daily production rates

in each month have narrowed (Figure 4). Durit@P4,
produdion in any month was between 50.1 to 53.7 Bcf per
day, a difference of 3.6 Bcf per day. For 1998, the estimated
low and high rates are 51.3 and 52.9 Bcf per day, respectively,
for a difference of only 1.6 Bcf per day. More stable
produdion rates during the year may be attributable to
increased availability and use of storage bgdpicers, and
slightly lower monthly peak consumption levels because of
less severe temperatures during recent winters.

e Conventional nonassociated production in the onshore
Lower 48 States was 7.4 trillion cubic feet (Tcf) in
1997, accounting for the largest share of U.S.
production, 39 percent? The 1997 level was virtually
unchanged from that of 1996. Contienal nonassociated e
production has been in the range of 7 to 9 Tcf since the
mid-1980s after experiencing a strong downturn the
previous 10 years. Bduction from this source had
peaked at nearly 14 Tcf in 1973. lacent years, the
natural decline in production from mature fields has been
countered, in part, by thoological improvements.
Horizontal drilling and 3-D seismic studies have slowed
the rate of production declines and found new natural gas
resources.

® Dry natural gas production from the offshore Lower
48 States increased about 91 Bcf (2 percent) 1997,
reaching 5.6 Tcf.Because of drilling restrictions in the
Atlantic and the Pacific, almost all domestic offshore
production comes from the Gulf of Mexico. Deep water
areas of the Gulf are a prime growth area for domestic gas
production. In Jund 997, Shell Deepwater set a new e
water-depth record for pduction as gas began to flow
from Shell's Mensa field located in 5,376 feet of water.

e Natural gas production from unconventional sources
in the onshore Lower 48 States grew by 32 Bcf
(1 percent), reaching 3.7 Tcf in 1997Unconventional
production includes natural gas from coalbeds, Devonian
shale, and tight sands. It has been the largest contributor
to increased gas production during the 1990s, growing at
an average annual rate of 4.3 percent from 1990 through
1997. The oudok for continued production growth is
uncertain, however, because thelifying period for new
wells to receive a specialgauction tax credit ended in
the early 1990%'

Monthly natural gas well completions gradually
declined during 1998 in response to generally lower
wellhead prices(Figure 4). Monthly completiod$ have
risen since mid-1995 as wellhead gas prices increased,
although that trend reversed itself as markgioosnd
worsened @98. Gas well completions in 1997 were
19.6 percent higher than in 1996. The 10,937 wells reflect
the growth in average wellhead price, which rose to $2.32
hqesand cubiteet (Mcf) in 1997—its highest yearly
level duriri®20e. Despite a slight price peak of
$2.22 per Mcf in April 1998, the highest level for all
montHO#8, prices generally have been below the
average of the previous 2 years. Drilling began at a
relatively high level in the early month@0&f
However, it declined thereafter as wellhead prices
declined to $1.73 per Mcf in December and to $1.96 per
Mcf for the year. Although gas wells in 1998 grew to
11,907, the low gagiges projected for 1999 are likely to
result in reduced gas drilling at least in the short term.

The Gulf Coast region saw the largest number of
natural gas wells drilled in 1998, while the Rocky
Mountain region had the largest increase compared
with 1997 Gas well drilling in the Gulf Coast region
(including offshore) has generally increased sincé'1992.
The 19-percent increase in 1998 brought the number of
new gas wells in this region to 2,837. Gas well
completiotiseiRockies reached 2,733 wells in 1998,
an increase of 881 wells or 48 percent. This was the
sead year ofirilling increases for the area after 3 years
of decline. Overall, gas well completions in the Lower 48
States increased by 9 percent in 199aching an
estimated 1802 wells. Dilling in the Northeast has
generally declined througthe 1990s. The Northeast is
the only region where drilling declined in 1998, falling by
394 wells or 15 percent.

The gap between the number of drilling rigs directed
toward natural gas and crude oil generally increased
during 1998 (Figure 4). Natural gas rotary rigs have
exceeded oil rigfor several years, but the gap has grown
since early 199%. Relativelyeaker crude oil prices have
led the push toward natural gas drilling domestically. Rig
conts for1998 show that the average number of rotary
rigs for both oil and gas has fallen, but while gas rigs
ceeded oil rigs by only 60 penat in January 1998, they
were triple the oil rigs runnieceimtiz1998—491
gas rigs compared with 155 oil rigs.

Energy Information Administration
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Figure 5. U.S. Proved Reserves Totaled 167.2 Trillion Cubic Feet at
Year-End 1997

Six areas contain 71 percent of U.S. dry natural gas proved reserves

U.S. Dry Natural Gas Proved Reserves by Area
(Billion Cubic Feet)
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U.S. Total = 167,223 Billion Cubic Feet

Reserve additions exceeded U.S. natural Gas discoveries per exploratory gas well
gas production 4 years in a row have been trending up since the mid-1980s
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Source: Energy Information Administration, U.S. Crude Oil, Natural Gas, and Natural Gas Liquids Reserves: 1997 Annual Report
(December 1998).
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Reserves and Resources

U.S. proved reserves of natural gas moved 0.4 percent highew
in 1997 to 167.2rillion cubic feet (Tcf). Proved reserves are

in effect the on-the-shelf inventory of natural gas from which
production is obtained, and thus are an important indicator of
near-future gas production potentfal. This was the fourth
consecutive increase in natural gas reserves, following a
downward trend evident since the early 1980s. Via the
exploration and development process, proved reserves are
replenished from the natural gas resources that exist as
unproven valmes either in known fields or in fields yet to be
discovered. Estimates ahproven natural gas resources are ®
less certain than those of proved reserves and are the object of
considerable stly owing to the important role they play in
formulating the future energy outlook.

® Proved reserves of dry natural gas showed yearly
increases of 1.3 to 1.4 Tcf fromi994 through 1996,
with a smaller (0.8 Tcf) increase inl997.The smaller
1997 increaswas primarily caused by a combination of
negative adjustments and higheoguction. The 4-year
increase in reserves of almost 3 percent brought the level
to 167.2 Tcf at year-end 199Ihe majority of proved gas
reserves are located in the onshore and offshore Gulf
Coast area. Texas, Louisiana, Mississippi, Alabama, and
the Gulf of Mexico Federal Outer Continental Shelf e
(OCS) had 80.9 Tcf, which is 51.6 percent of the total for
the Lower 48 States.

® Proved reserves increased despite an almost 8 percent
increase in production during the 4-year period.
Reserve additions replaced nead®6.5 percent of
production (1994 ttough 1997), arresting the prior long-
term decline in proved reserves. Total discov&ries in the
period were 51.2 Tcf, and the net sum of revisions and
adjustments was 27.9 Tcf. Reserve additions associated
with the phenomenon ofittimate recovery appreciation
(i.e., field growth)® were 71.5 Tcf, representing
90.2 percent of total reserve ditths. New field
discoveries of 7.7 Tcf made up the rest. °

® The average volume of discoveries per exploratory well
increased by 32 percent from 1996 to 199The net 4-
year increase of proved gas reserves in the Lower 48
States was nearly 4 Tcf, and in Alaska 0.8 Tcf. The
element underlying this performance has been a
substantial increase in discoveries per exploratory gas well
completion (Figure 5). Exploratory wells include new
field tests (wildcats), which discover new fields, new
reservoir tests, which discover new reservoirs in
previously discovered fields, and extension tests, which
expand the proved areas of previously discovered
reservoirs.

Recovery from coalbed methane deposits, located
principally in New Mexico, Colorado, Alabama, and
Virginia, has grown rapidly in recent years.Coalbed
methane reserves accounted for nearly 7 percent of 1997
proved gas reserves, and coalbedtigsasdconsr
5 percent of 1997 gas production. Most of the increase of
coalbed methane proved reserves and production occurred
before 1995, subsequent to which they have increased
only about 9.2 and 14 percent, respectively.

The Nation has a technically recoverable natural gas
resource base of 156 Tcf remaining to be tapped
(exclusive of proved reserves and Alaskan gg¥
Estimates of the Nation’s oil and gas resources are
periodically developed by the U.S. Geological Survey
(USGS) for onshore lands and those under State-
jurisdiction waters, and by the Minerals Management
Service (MMS) for those lands urfgederal OCS waters.
These estimates are substantially better founded than those
produced just a few years ago. For natural gas, they are
confirmed at the national level by estimates developed
independently by the industry-based Potential Gas
Committee using different methods and data sources.

The mean estimates of undiscovered technically
recoverableconventionalnatural gas resources in the
onshore Lower 48 States and State waters are
155.9 Tcf for nonassociated gas and 34.5 Tcf for
associated-dissolved’daswever, not all technically
recoverable resources are likely to beoremmically
@verable. For example, the USGS has estimated that
only 79 Tcf ofrtbeassociated gas accumulations in the
onshore Lower 48 States has unit costs (inclusive of
discovery, development, and production) no greater than
$2.4Bopsand cubic feét. A large proportion of
remainingdiscovered resources are expected to be in
small fields, which have inherently higher unit costs.

Approximately one-half of the remaining untapped
natural gas resource base underlies federally owned
land$, which has important implications for future
supply. These resources are splitoait evenly between
onshore and offshore locations. However, in recent years
environmentally motivated concerns have led to the
imposition of leasing and/or drilling moratoria in many
Federal onshore and offshore areas. Oil and gas drilling is
presently prohibited along the entire U.S. East Coast, the
west coast of Florida, and all of the U.S. West Coast
except a few areas off the coast of southern California.
Drilling in Alaska is allowed off the Arctic Coast in the
Gulf of Alaska and in Cook Inlet/Shelikoff Strait.

Energy Information Administration
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Figure 6. U.S. Gas Trade with Canada Reflects Growing Competition

After growing almost 16 percent yearly from 1986 to 1995,
imports from Canada have grown only 1.5 percent since 1995
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Foreign Trade—Canada

Canada remains by far the largest foreign supplier of natural
gas to the United States, achieving a record volume of
3.0 trillion cubic feet (Tcf) in1998. This represented
96.7 percent of all natural gas imports to the United States
and 14 percent of total U.S. consumption. This record volume
was achieved although anngabwth has slowed substantially
since 1995 (Figure 6). Gas imports are bounded by the
available crossborder capacity, which increased again in 1998
with the opening of new facilities, such as the major expansion
project along the Northern Border system. This project
increased import capacity by 0.7 billion cubic feet (Bcf) per
day at a cost of roughly $800ilhon. Virtually all Canadian

gas (99 percent in 1997) is produced from the Western
Canadian Sedimentary Basin (WCSB), which is located
primarily in Alberta but extends into British Columbia,
Saskatchewan, and Manitoba. The expected late-1999 opening
of the Sable Island project in the northern Atlantic is seen as @
change with potentially far-reaching consequences as it will be
the first commercial production of natural gas from a major
Atlantic field off North America.

® The price of natural gas imports from Canada has
declined relative to U.S. wellhead prices during the
1990s.The average border price for gas imports from
Canada exceeded U.S. gas wellhead prices by 10 percent
in 1990. However, by 1997, the average import price of
$2.15 per thousand cubic feet (Mcf) was 7 percent below
the U.S. wellhead price. The increasing competitiveness of
Canadian supplies may be attributed to two related factors.
First, operators of the capacity expansions during the
period, especially in the West, have relied on price-
responsive short-term authorizations to market the
incremental flows from Canada. The share of imports
purchased under short-term authations rose from 28to e
52 percent during this period. Secondly, although long-
term authorizations tend to exhibit relatively stable
average prices, more price flexibility even in these
arrangements seems apparent in recent years (Figure 6).

® Capacity limitations in recent years have slowed the
growth of U.S. imports from Canada. Canadian
gas volumes volumes imported into the United States
during1997, only 2.9 percent more than the 1995 level,
likely would have been considerably greater had more
mainline transmission capacity been available to shippers.
U.S. imports of Canadian gas grew by 4.5 percent to
3.0 Tcf in 1998 as adtibnal capacity became available.
Almost all large-capacity crossborder pipelines from
Canada have shown high utilization rates in recent years.
Given a typical seasonal utilizatipattern, it is very likely
that these lines were utilized at or in excess of their

certified capacity levels during peak demand periods. In
fact, accordi®§@ousage patternspport lines with
eapty of more than 250 million cubic feet (MMcf) per
day, with the exception of the Empire Pipeline (a
“Hinshaw” pip&line), had an overall average utilization
rate of 92 percent. The rate for those large-capacity lines
dwab8hercent utilization of the smaller lines. The
titmation rates for smaller lines often reflect their
intended use for peak-season requirements, dedicated use
for a single customer, or support of storage operations,
rather than a lack of demand itself. Another sign of
significant pent-up demand for additional imports from
Canada is the great interest in proposed expansions during
the open-season exercises held by pipeline companies
testing potential markets.

The largest import volumes from Canada flow toward
West Coast markets, principally in California. Imports
eadéd to West Coast markets are transacted mainly
under short-term authorizations, 76 percentl897,
which significantly exceeds the next highest regional
fraction of 46 percent for the Central Region. This reliance
on short-term arrangements contributed to continued or
expanded flows by allowing prices to respond
competitivehdames changed (Figure 6). Import
volumes to all regions have increased during the 1990s,
with the largest growth by far, both absolutely and
opopionally, in the Northeastjhere annual gas receipts
from Canada increased n&@ Befrfrom 1990 to
1997. Expanded flows to tidortheast were facilitated by
construction and expansion of crossborder transmission
capacity.

Planned expansions would add approximately 3.7 Bcf
per day to crossborder pipeline capacity during 1999
and 2000.The largest project is the Alliance pipeline,
which was desigrnggéss the capacity-constrained
existing syliseroe Avas originated by aa@up of
western Canadian pducers, although most of their
interests have beebought out since by pipeline
companies and other shipping concerngduers
thought that the market potential was present for greatly
expanded salesroingdke WCSB. The economics of
the Alliance pipeline is enhanced by its fairly unique
ility sloship “wet” natural gas, which is natural gas that
has not been processed to remove hydrocarbon liquids.
The liquids will be removed at the terminus of the line,
just south of Chicago, lllinois. The natural gas liquids then
will be sold at the generally higher U.S. prices, thus
enhancing the total return to producers.
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Figure 7. U.S. Gas Trade with Mexico Is Expected To Grow as the
Industry Expands on Both Sides of the Border

Price movements show the increasing interrelatedness of
North American gas markets
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U.S. gas exports to Mexico from El Paso, Texas, were roughly
40 percent of all exports during 1996 and 1997
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Source: Energy Information Administration, Office of Oil and Gas, derived from data collected quarterly by Department of Energy, Office of Fossil
Energy.
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Foreign Trade—Mexico

Mexico has been a net importer of small volumes of U.S.
natural gas in the 1990s, with considerable variation in yearly
net flows. Mexico has faced significant economic difficulties
that have affected its yearly gas imports. Although U.S.
gas exports arestimated to have reached 50 billion cubic feet
(Bcf) in 1998, they remain only 52 percent of the 1992 peak.
However, Mexican consumption of natural gas could grow at
unprecedented ratedriven by demand growth and regulatory
reform that is opening up parts of the industry to foreign
investment. Additional demand growth also is expected as th®
Mexican tariff on imported U.S. gas declines. The North
American Free Trade Agreement (NAFTA) established a
10-percent tariff, commencing 1993, that is reduced

1 percent annually.¢fnoval of the tariff, which was 5 percent
in 1998, was theubject of unsuccessful negotiations in 1998.

® Prices paid for gas traded between the United States
and Mexico have differed on average by less
than 7 percent on a nonthly basis since January 1997,
after average discrepancies of almost 16 percent in
1996. Discrepancies in monthly prices for 1996 were
caused by major macroeconoriictuations that affected
Mexico’s gas markets. By early 1997, competitive forces
had reasserted themselves and prices again moved in
tandem. The sbing price correlation between the border
and the U.S. wellhead markets is indicative of the
increasing integration of gas markets across Northe
America.

e While U.S. natural gas exports to Mexico fell from a
high of 96 Bcf in 1992 to aecentlow of 34 Bcf in 1996,
export volumes have increased since and reached an
estimated 50 Bcf in 1998lIf the turnaround continues, it
is possible that several postponed proposals to expand
capacity would proceed. At least six projects (totaling
about 1.4 Bcf per day) are atiag regulatory approval or
improvements in marketonditions. In 1998, daily
utilization rates averaged baut 12 percent of
the beginning-of-year export capacity between the
United States and Mexico, which totaled 1.1 Bcf per day.

state-owned Mexican national energy company, indicated

that they could*poréed more but could not find
shipping capacity available on the U.S. side of the border.

This problem could have been due at least in part to

PEMEX’s inexperience with acquiring rights to capacity

in the newpgs-awcess marketplace. U.S. imports of

Mexican gE39® are 7 percent above the 17.2 Bcf
recorded in 1997.

Exports of U.S. natural gas to Mexico primarily
provide supplies to manufacturing/service industries
and a growing number of electric generating plants in
the northern states of Mexico.Despite the substantial
indigenous gas resources further south in Mexico, these
northern states can be served most efficiently from the
readily available supplies on the U.S. system. The largest
export vdume location since 1995 is adjacent to El Paso,
Texas (Chihuahua State), aboutp#dcent of total exports
(Figure 7). This figure is expected to grow significantly
with the completion of EI Paso Energy Company’s
Samalayucca project (212 million cubic feet (MMcf) per
day). While the line initially transported oblyua 70
MMcf per day, it is expected to become fully utilized in
1999 with the completion of an electric generating plant
Cimhuahua State.

Since 1996, Mexico’s national energy regulatory
agency, the Comision Reguladora de Energia (CRE),
has approved projects in at least 10 Mexican states or
districts to improve the distribution of natural gas to
residents and industriedMost of these projects are joint
ventures, often with one or more U.S. energy companies
representing a major, although not a controlling, interest.
As Mexico expands its gfforéire, or at least relax
its regulatory control over the gas distribution
infrastructure, it is likely that more such ventures will
develop, which would increase gas demand.

Mexico holds substantial promise for expansion on both the
demandupply ssides of the market, although the short-

Mexican imports of U.S. gas of 50 Bcf in 1998 are
31 percent greater than during 1997 (Figure 7).

term prospects for increased domestic production have become
more uncertain as low oil prices in 1998 have forced spending
cutbacks, affecting gas field development. Despite Mexico’s
endowment of naturglas resources of an estimated 70 trillion
cubic feet in reserves with an additional 180 trillion cubic feet
in remaining undiscovered recoverable gas resources, it likely
will remain an active purchaser of U.S. gas supplies owing to
the transportation logistics in each country. Thus, the future of
Mexico’s gas markets and that of U.S. nargetseal
southern border likely will continue to become increasingly
interwoven.

® After several years of almost no activity, U.S. imports
of Mexican gas have risen slowly but steadily since
December 1993. While recent U.S. import volumes
represent the equivalent of less than 0.5 percent of the gas
consumed in Texas alone, the 18.5 Bcf in 1998 is almost
triple the 6.7 Bcf in 1995. The 1998 volume represented
only about 13 percent of available capacity at the border.
Energy officials from Petroleos Mexicanos (PEMEX), the
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Figure 8. Liquefied Natural Gas (LNG) Provides the United States With
Access to Global Markets

The UAE and Australia have recently entered U.S. markets
through spot transactions
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Notes: LNG prices in Louisiana are measured at the “tailgate,” where the gas has been regasified. LNG prices in Massachusetts are on a “landed”
basis, so the gas is still in liquid form. Regasification costs vary widely depending on numerous factors including throughput, but representative values
of $0.26-$0.46 per thousand cubic feet may be used for reference. This range is based on information provided in The Potential for Natural Gas in
the United States: Source and Supply, National Petroleum Council, Volume Il, Appendix F (December 1992).

Sources: Energy Information Administration (EIA). LNG Import Volumes: 1988-1997—Natural Gas Monthly, Table SR4 (August 1998).
1998—Office of Fossil Energy. LNG Export Volumes: 1988-1997—Natural Gas Monthly, Table SR5 (August 1998). 1998—Natural Gas Monthly
(February 1999). LNG Import Prices, Citygate Prices, and Wellhead Prices: Natural Gas Annual (various issues).
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Foreign Trade—Liquefied Natural Gas

The United States has been importing increasing volumes of
liquefied natural gas (LNG), exceeding 85 billion cubic feet
(Bcf) in 1998, compared with 18 Bcf in 1995. In 1998, LNG
accounted for 2.7 percent of all U.S. natural gas imports
(double the 1996 share), although less thaertent of total e
U.S. gas consumption. LNG imports are shipped to the United
States via ocean-going tankers from Algeria, the United Arab
Emirates (UAE), and Australia. U.S. LNG exports, from south
Alaska to Japan, compete primarily with higher-priced
petroleum liquids and thus command a higher price than U.S.
LNG imports; from 1992 through 1997, the export price on
average was 41 percent above the import price.

® LNG imports into the United States have increased
significantly since 1986-87, when they were suspended
because of a contract dispute with Algeria.They
reached relative peaks of 84 andBZ in 1990 and 1993,
then dropped to only 18 Bcf in 1995 while liquefaction
facilities in Algeria were being refurbished. As
liquefaction capacity was restored and supplies from the
UAE and Australia became available, LNG imports to the
United States resumed with steady growth, reaching
slightly more than 85 Bcf in 1998. One reason for the ®
increase has been the competitive LNG import prices
relative to domestic prices (Figure 8).

® The amount of LNG exported by the United States
tends to be quite stable, being generally constrained to
the level of available liquefaction capacity in south
Alaska. From 1995 through 1998, LNG exports from
Alaska averaged roughly 65 Bcf annually. Despite the
economic downturn affectinguch of Asia, LNG exports
from the United States remained fairly strong in 1998,
rising 6 percent to 66.0 Bcf (Figure 8).

® U.S. LNG imports can continue expanding for many
years, based on current capacity and planned
expansion. LNG imports serve as supplemental gas
supplies for regional systems. In Massachusetts, LNG
imports comprise the equivalent of about 12 percent of the
State’s natural gas consumption, based on deliveries to a®
consumers of 378 Bcf in 1997he LNG received at Lake
Charles, Louisiana (almost 43 Bcf in 1998) is sold almost
entirely to Florida Power and Light as fuel for electric
generation. A third facility at Cove Point, Maryland, is
currently operating as a peak-service storage facility using
gas received from the transmission networkhalgh
reopening for importation is being considered. A fourth
U.S. facility designed for LNG importation is located at
Elba Island, Georgia, but it is not operational and there are
no plans at present for it to reopen. Although each of these

sites has substantial unused capacity, the Massachusetts

facility is expected toiexpagasification capacity by
50 percefiQarillion cubic feet (MMcf) per day in
early 1999.

The economic difficulties in many countries of Asia
have altered the relative supply and demand balances
for global LNG trade. The macroeconomic difficulties in
eastern Asia have resulted in reduced demand for energy
in general and LNG in particular. The net impact of these
tikcwill depend greatly on Japan, which consumed
about 57 percent of LNG worldwide #997.Korea, the
second largest purchaser of LNG, reduced imports in the
first quarter of 1998 by 17.5 percent compared with the
first quarter of 1997. Korea Gasdfas) has both canceled
planned purchases and delayed purchases of 770 million
tons, equivalent to 36 Bé. Concern about future market
conditions has led to the suspension of a number of
proposed projects, including development off Natuna
Island in Indonesia (46 trillion cubic feet in reserves) and
450aMMcf-per-day export project in western Canada,
which was scheduled to start operation in late 1999.

In 1998, U.S. importersreceived eight LNG cargoes
that were purchased under spot saleg.he presence of
a spot market is a substantial development in global LNG
trade, as it promotes a more dynamic system that can be a
very important element in the resolution of current trading
difficulties precipitated by th&sian economic crisis. LNG
trade has been conducted primarily on the basis of direct,
ongd-term arangements between a supplier and particular
arusts. The spot market provides LN@ppliers
holding excess fuel the opportunityeszhr interested
buyers. Current surpluses are expected dalgpece lower
prices than otherwise, which may stimuléteredar
new market penetration by LNG. Expanded trade under
short- or bng-term arrangementsilikbe promoted with
the 7 new tankers placed in service at the enti96f7,
bringuegtotal to 103. This is 45 percent more than the
71in 1991.

Further growth in global LNG trade is expected as
Asian economies recovel.NG'’s attractiveness as a fuel
of choice is indicated by the fact that global LNG trade
increased more than 2 perd@f7rdespite pipeline
xperts being virtually urfttanged. Additional liquefaction
projects are expected to begin operations in the next few
years, adding to potential market growth. These projects
include the Atlantic LNG Co. plant (400 MMcf per day) in
Trinidad and Tobago, andaheyB_.NG project in
Nig26aMcf perday), both expected to begin LNG
shipments by the end of 1999.
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Figure 9. More Than 80 Natural Gas Pipeline Projects Were
Completed Between January 1997 and December 1998
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. Adding 2.5 billion cubic feet per day to interregional interstate pipeline capacity

Interregional Natural Gas Pipeline Capacity as of December 31, 1998

Sending Region {Volumes in Million Cubic Feet per Day)

Receiving Total

Region Entering
Central Midwest Northeast Southeast Southwest Western Canada Mexico Capacity

Central .................... -- 2,354 -- -- 8,609 298 2,266* - 13,527
Midwest . .................. 10,913* -- 2,038 9,821 - -- 3,234* 26,006
Northeast .................. -- 4,887 -- 5,180* -- -- 2,428* - 12,495
Southeast .................. -- -- 520 -- 20,846 - - - 21,366
Southwest . ................. 2,314* -- -- 405 -- -- -- 350 3,069
Western ................... 1,194 - - - 5,351 -- 3,860* -- 10,405
Canada .................... 66 2,543 - - - - - - 2,609
MexiCo .............ouuu... -- -- -- -- 1,056* 70* -- -- 1,126
Total Exiting Capacity ...... 14,487 9,784 2,558 15,406 35,862 368 11,788 350 --

ncludes only the sum of capacity levels for the States and Canadian Provinces bounding the respective region.

*Includes increase in capacity since 1996.

MMcf/d = Million cubic feet per day. -- = Not applicable.

Sources: Energy Information Administration (EIA), EIAGIS-NG Geographic Information System: Natural Gas PipelineConstruction Database
through December 1998; Natural Gas State Border Capacity Database (preliminary 1998).
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Interstate Pipeline Capacity

During 1997 and 1998, the interstate natural gas pipeline
network in the United States experienced more upgrades and
installation of new pipeline capacity than occurred in most of
the previous 6 years. The completion of more than 80 projects
(Figure 9) during these 2 years resulted in 14.2 billion cubic
feet (Bcf) of new daily deliverability being added to the
national network. Of this, 6.8 Bcf per day representede
expansions to existing facilities and the rest installation of new
pipeline routes. The largest aomt of new capacity (5.4 Bcf

per day, 16 projects) and new pipeline development was in the
Southwest, where 9 new systems were completed, 4 of which
were 600 million cubic feet (MMcf) per day or larger.
Nationally, 13 projects (totalingbaut 2.6 Bcf per day) that
were originally scheduled to be completed in 1998 were
postponed utii 1999, and another 4 were canceled mainly
because of changed market conditions.

Yet only about 18 percent (2.5 Bcf per day) of this new
pipeline capacity directly increased interregional transmissione
capacity. Compared with1990 through 1996, when
interregional capacity grew byaut 15 percent (2.5 percent
annually), additions between regions durlt®P7 and 1998
resulted in an increase of less than 1.5 peréent. This trend
reflects the recent emphasis on improving and expanding
pipeline service within the region and/or increasing access to
new or expanding production facilities.

® \With the completion of nine separate projects
associated with the expanding production areas of
Wyoming and Montana, producers in the area can
reach customers in the Midwest in addition to
their traditional markets in the Western Region. Thesee®
projects, including the newoRy Express project (KN
Interstate Pipeline250 MMcf per day) and Trailaker
System expansion (190 MMcf per day), helped relieve an
eastward capacity constraint problem that had existed in
the Rocky Mountain area for several years.

® Another capacity-constrained production area, the
San Juan Basin of New Mexico, experienced some
relief in 1997 and 1998 with the completion of several
key projects. The two major pipeline transporters

move sipplies that are redirected eastward (either
physically or by displacement) just east of the California
border. This increased El Paso’s deliverability in the
Waha area of west Texas by an additional 180 MMcf per
day.

During 1997 and 1998, 12 natural gas pipeline
projects were completed in the Gulf of Mexico,
representing a total of 5.2 Bcf per day of new pipeline
capacity. Seven of these projects now bring an additional
3.6 Bcf per day to onshore Louisiana; the others are

gathering systems linkingdpcing platforms in the

Gulf with mainlines directed to onshoriétilzc The
largest of the lines to onshore Louisiana were three new

pepines: the Destin Pipeline (1 Bcf per day) and the

tiNmand Discovery, eaclepresenting 600 MMcf per

day of new capacity.

After expanding by more than 69 percent between

1990 and 1996, very little new import capacity from

Canada was added in 1997 and 1998he largest

addition, 700 MMcf per day, was the Northern Border
Pipeline expansion, which began service in December

1998. Only one expansion project, Viking Gas
Transmission Company (60 MMcf per day), was placed

in service during 1997, although TransCanada Pipeline

Company increased capacity on its side of the border by

a total of 170 MMcf per day (at four points: three in

Quebec (to New York) and one to the Viking System in

Minnesota).

Regional service improvements dominated in the

Northeast and Southeast regionsThe majority of

projects (30 of 35) and 59 percent of the new capacity
added in these regions expanded existing pipeline

dellitgrtabdocal customers in 1997 and 1998. In the

Northeast, added senicketiround storage sites and

for storage customers along several major sections of

mainline, accountetbr nearly half of the capacity added

during the period.

These past 2 years also saw the completion of new natural gas

operating in the basin, Transwestern Pipeline and El Pasoxporténes taViexico for the first time in 5 years. Installation

Natural Gas Company, completed projects that improved
deliverability out of the basin (mostly through increased
compression) by about 400 MMcf per day. Several
additional projects were approved, which would bring
pipeline capacity more in line with productive capacity in
the area. In mid-1997, El Paso completed its Havasu
Crossover expansion project. This project expanded
capacity on the westward-bound portion of the system to

of the twoxpewt points, one from California (25 MMcf
per day) and one from 2&RablIkIcf per day) increased
U.S. naturakper eapaliities to Mexico by 27 percent. In

thela&0s, the Mexico market was expected to provide a
major outlet for Southwestigiion. But the approval and

execution of a number of early proposals has been slow,
primagdgiuse of regulatory delays and the smaller-than-
expected growth in natural gas demand in northern Mexico.
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Figure 10. The Interstate Natural Gas Pipeline Network Is Expected
To Grow Significantly Through 2000

Annual pipeline investment could reach ... Spurred by growing import capacity
$6 billion in 2000 . . . from Canada and Northeast expansions
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Total added capacity in 1999 and 2000 could exceed 20 million cubic feet per day
Proposed Additions to Interstate Natural Gas Pipeline Capacity, 1999 and 2000
1999 2000 Total
Proposed for Canadian
Region Capacity Capacity Capacity Import
Number of Addition Number of Addition Number of Addition Portion 2
Projects (MMcf/d) Projects (MMcf/d) Projects (MMcf/d) (probable)
Central........... 4 910 5 1,330 9 2,240 253
Midwest® ......... 10 1,956 7 3,865 17 5,821 1,394
Northeast .. ....... 17 2,253 9 4,293 26 6,546 2,027
Southeast ........ 5 1,161 1 200 6 1,361 -
Southwest® .. ... .. 10 3,099 2 398 12 3,497 -
Western® .. ... .... 5 562 1 130 6 692 0
US.Total ....... 51 9,941 25 10,216 76 20,157 3,674
Canada® .......... 4 1,564 3 2,675 7 4,239 -

®EIA estimate of how much import capacity will actually be built. Some proposals are competing for or are within the same markets, and therefore
some may be consolidated, downsized, or canceled.

PIncludes export projects to Mexico or Canada.

°Includes Canadian projects that may support expanded exports to the United States.

MMcf/d = Million cubic feet per day. -- = Not applicable.

Notes: Excludes projects on hold as of January 1999. In the table, a project that crosses interregional boundaries is included in the region in which
it terminates.

Source: Energy Information Administration (EIA), EIAGIS-NG Geographic Information System, Natural Gas Pipeline Construction Database through
December 1998.
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Potential Interstate Pipeline Capacity

The large annual increase in natural gas pipeline capacity
expansions seen in 1998 should continue through the turn of
the century. In 1998 alone, 47 pipeline expansion projects
in the United States were completed and placed in service,
adding more than 1Gillion cubic feet (Bcf) per day of new
capacity on the national pipeline grid. Moreover, a similar level
of increase may occur in both 1999 and 2800. The greatest
amount of pipeline expansion activity is expected to occur in
the Midwest and the Northeast regions as demand for greater
Canadian export capilities continues to grow. More than 3.7
Bcf per day of Canadian export capacity expansion has been
proposedor completion during 1999 and 2000. For the most
part, the poposals are driven by Canadian natural gase
producers seeking markets for their expanding production
capabilities.

® Annual investments in pipelineexpansions could reach
the $6 billion level by 2000 (Figure 10)with the
scheduled completion of several major new pipeline
systems. Among the largest W be the Alliance
(%$2.9 billion), Independence ($676 million), Millennium
($684 nilion) and Vector $447 nillion) pipeline
systems. After2000, however, the level of aitidnal
investment is scheduled to drop off, as very few projects
have been proposedase inservice dates extend beyond
the close of the decade.

[ J

® Several new pipelines, as well as expansions to existing
systems, will begin in western Canada and route
supplies to the Chiago, llinois, area. But a sizable
portion of gas delivered there will actually be destined for
the Ontario, Canada, market and/or the U.S. Northeast. As
much as 1.8 Bcf per day of new capacity is scheduled to
reach the Chicago area by 2000. At least four pipeline
systems (two of which are new), accounting for 3.2 Bcf
per day, have been proposed to pick up Chicago area
supplies and carry them eastward.

e Construction of the first phase of the Maritimes and
Northeast Pipeline began in 1998/Nhen finished in late
1999, the project W have the capability of bringing e
440 Bcf per day of Sable Island gas (off Nova Scotia)
directly to the New England marketplace. While it will
account for aly about 3 percent of total Canadian export
capabilities to the United States, it represents the first
major gas supply project off the east coast of North
America and the first Canadian supply project in close
proximity to New England markets.

® The expanding deep-water development in the Gulf of
Mexico will necessitate the building of additional new
natural gas systems to bring the new production

onshore. At least two supporting natural gas gathering
systems are slated for expansion in 1999 (about
349 nillion cubic feet (MMcf) per day). These systems
will link expanding or melucton deep-water
platforms to several néishore mainlines, which in turn
will tie the ngpply sources to onshore processing
plants arahimetons with major interstate pipelines.
The larggsbged deep-water project is the new Sea
Star Pipeline (Koch Gateway Company, 600 MMcf per
day), which, if approved, could link up with the interstate
system in Louisiana by the end of 1999.

The Southeast Region, which is adjacent to the growing
Gulf Coast production and hosts most of the longhaul
pipelines serving the Midwest and Northeast regions, will
probably be the destination of a substantial portion of the
new Gulf supplies. As new development in the Gulf of
Mexico has moved to deeper waters and further eastward,
the Southeast Region has also been experiencing a
growing demand for natural gas. Several of the regional
inter- and intrastate pipelines naeiigaced plans for
systenexpansions. Although not as large (in capacity) as
the offshore projects, about 40 percent of the new capacity
in the region (0.6 of 1.4 Bcf per day) is slated to serve
local customers directly.

Pipeline expansions in the Western Region, while small
in comparison with those in other regions, are unique
in several respecktrst, Northwest Pipeline Company
has plans to deliver Canadian-produced gas to the
VancouvatisiBIColumbia, area via transshipments
from Alberta, Canada, southwagh tRG&E
Transmission-NW witlormiections to Northwest
Pipelinagihigton State. This would be the first time
natural gas would move back across the border in
fisagmi quantities in the West. Sea, Colorado
Interstate Gas hap@spd project that, for the first time,
would institute gas deliveries to northern Nevada from
fields located in the Powder River Basin of Wyoming.

Several projects are scheduled for completion in 1999
that would increase export capacity to Mexico by
260 MMcf per day, 23 percent above thel998 level.
The Tennessee Gas Pipeligazs&eroject would
deliver U.S. gas to the Petroleos Mexicanos (PEMEX)
pipeline system in Mexico for delivery to the local
distribution system in the state of Nuevo Leon. A second
project, which would deliveippies to industrial
customers south of the Arizona border, would be installed
by El Paso Energy and connected to a new 65-mile
pipeline being built within Mexico by Mexcobre Pipeline.
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Figure 11. Underground Storage Operations Are Crucial to Meeting
Seasonal Customer Demands

As stocks move below normal ranges, prices generally move up
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The Midwest and Southwest regions have the most storage capacity
Aquifer Depleted Gas/Oil Field Salt Cavern Total
Working Working Working Working
Number Gas Number Gas Number Gas Number Gas
of Capacity Deliverability of Capacity Deliverability of Capacity Deliverability of Capacity Deliverability
Region Facilities  (Bcf) (MMcf/day) Facilities  (Bcf) (MMcf/day) Facilities  (Bcf) (MMcf/day) Facilities  (Bcf) (MMcf/day)
Central 8 98.2 1,565 40 473.3 4,534 1 21 160 49 573.7 6,259
Midwest 28 224.9 6,091 98 870.3 17,649 2 21 78 128 1,097.3 23,818
Northeast 0 0.0 0 119 710.5 11,799 2 1.8 185 121 712.3 11,984
Southeast 2 6.0 67 27 145.1 2,722 4 22.6 2,430 33 173.8 5,220
Southwest 1 8.3 10 48 886.7 12,458 18 92.8 9,033 67 987.8 21,501
West 1 15.2 550 11 162.9 6,590 0 0.0 0 12 178.1 7,140
Total 40 352.6 8,283 343 3,249.1 55,755 27 121.6 11,886 410 3,7235 75,925

Bcf = Billion cubic feet. MMcf/day = Million cubic feet per day.

Note: The regions in the table conform to those shown in the map on page 24.

Sources: Energy Information Administration (EIA), Office of Oil and Gas. Working Gas Inventories and Capacities: EIA, Form EIA-191 “Monthly
Underground Gas Storage Report” and EIAGIS Geographic Information System, Existing Underground Storage Database as of December 1998.
Wellhead Prices: EIA, Natural Gas Monthly (February 1999).
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Storage Operations

At the end of the first month of the 1998-99 heating season,
working gas inventories stood 343 billion cubic feet (Bcf),

the highest level for November 30 since 1990 and 16 percent
more than last year. Storage stocks have been at unusually high
levels since last winter, when warmer-than-normal
temperatures prevailed across most of the Lower 48 $tates.
Working gas inventories at the end of the 1997-98 heating
season were 1,184 Bcf, or 17 percent greater than the average
for the preceding 5 years for that point in the year. The refill
season was quite robust, reinforced by low prices, moderat®
demand, no significant supply disruptions, and apparent
expectations of normally cold temperatures in the upcoming
winter. By the start of th&€998-99 heating season, storage
stocks were 3,72 Bcf, the highest level since 1992 and only
the third time in this decade that inventories wdreva the
3,100 mark.

® Between February and Decembefl998, stock levels
exceeded the seasonally adjusted normal rarnde in
every month but one.Since the implementation of Order
636 in Novemberl993, it appears that inventories are
being managed more efficiently by operators and their
customers. As one indication, monthly average storage
levels over the past 6 yeark992-1997) have generally
shifted downward compared with the previous 6 years
(1986-1991). However, 1998 ran counter to this trend.
Beginning with May end-of-month inventories, 1998
monthly levels were the highest of the past 6 years, ande
were consistentlylzve the seasonally-adjusted normal
range from March through ézember. Ahough stocks
were at their second-lowest level in the past 6 years
entering the 1997-98 heatisgason, the mild winter, with
a particularly warm January, left stock levels at the end of
March at their seand-highest level in the past 6 years.
From this point, net injections were strong, boosting
inventories above the upper bound of the normal range.

® In the past three heating seasons, signs of upward
pressure on wellhead prices have appeared when
inventories fall below a “normal” range (Figure 11). In
1995-96, ample storage levels early in the season served
to limit price increases in the wellhead markets until
storage levels later fell relative to normal. In 1996-97,
working gas storage levels were relatively low as the
heating season began because of generally higher
wellhead gas prices during the 1996ilfefeason in
combination with low futures prices for the upcoming
heating season. The lessenegsies available to the
market thoughout the heating season resulted in a price
surge, which only diminished as weather warmed. Yet a
third scenario was played out in 1997-98. Storage levels

began the heating season at close to the mid point of
normal, yet wellhead prices were relatively high from the
middle of the year into November. Limited demand owing
to the El Nin6-driven warm winter and the ample supplies
in storage led to declining prices through most of the

heating season. The relative gas abundance signaled by th

low pEteés low storage withdrawals, leaving a hefty
inventory balance at the end of March 1998.

Salt cavern storage utilization dropped slightly in the
past two heating seasonslhe average heating-season
cycling rate for salt cavern storage facilities had increased
every year bef@8€hand 1996 wadrupling from 0.27
to 1.05 (Figure 11). However, the rate dropped slightly for
the 1996-97 heating season and remained flat during the
1997-98 heating season.  Warmer-than-normal
temperatures, with fewer and less extreme episodes of
frigid temperatures, contributed to the lower utilization of
salt cavern storage in these two heating seasons. Further,
decreasing price volatility (see Figure 3, p. 6) has likely
meant fewer or less potentially profitable arbitrage
opporturties, further reducingsage of high-cycle storage
capaiditgoBtrasting with the overall average for salt
caverniliies,” average utilization of the top five (by
cycle rate) facilities increased by 27 percent to over 3
cycles per heating season (2.64 to 3.34).

A large number of storage facilities appear to be
inactive. Of the 410 faitities included in the EIA-191
monthly survey, “Underground Gas StoRejmort,” 38
cilities have had either no activity whatsoever, or
withdrawals of gas only, for at least the past 2 years. These
fields compaseX07 Bcf ofvorking gas capacity and
824 MMcf per day of deliverality, or about 3 and 1
percspectvely, of national totals as of November 1,
1998. The largest amounts of inactive capacity are in the
Southwest and Midwest regions (71 and 21 Bcf of
working gas capacity, respectively, and 485 and 219
MMcf per day of deliverability§’

The Midwest and Southwest regions together comprise
56 percent of working gas capacity and nearly 60
percent of deliverability (Figure 11). Though similar in
terms of capabiti¢so regions are very different with
respect to storage asset profiles and utilization. Midwest
storage is primarily market area storage, while much of the
storage in the Southwest is an adjunodwétipn.
Average perifil¢g working gas capacity and
deliligrdbr the Southwest is over 60 percent greater
than for the Midwest, largely because of
popderance of high-deliveéséity storage and relatively
large depleted fields in the Southwest.

the
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Figure 12. Interest in Storage Development Has Slowed But 50
Projects Are Planned Between 1999 and 2003

Over half of the scheduled projects are in the Midwest and Northeast
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Storage Development

Twenty-two storage-fality expansion projects were
completed in time for the beginning of th898-99 heating
season. These projects added more than 28 billion cubic feet
(Bcf) of working gas capacity and 1,120llian cubic feet
(MMcf) per day of storage deliverabilify. Still, as of e
November 1,1998, and taking intoaccount capacity
adjustments at existing facilities that were reported to the
Energy Information Administration, working gas capacity was
43 Bcf less (just over 1 percent) than the year-earlier level of
3,767 Bcf, although daily deliverdity increased by 1,346
MMcf (almost 2 percent) from 74,579. Interest in storage
development has slowed substantially during the past 2 years.
Since July 1997, only 19 storage development projects have
been proposell. Theaee offset by the attrition of previously
announced pregts; 10 of which have been canceled outright,
while another 15 are on hold or inactive.

® Since the decade’s banner year of 1993, development
of additional storage capacity has slowedn that year,
about103 Bcf of working gas capacity amearly 4 Bcf
per day of deliverability were added. The years since then
have seen a significant drop in expansion activities. In
1996, only about 1Bcf of working gas capacity and 680
MMcf per day of deliverability were added and, in 1997,
only another 12 Bcf of working gas capacity and about
269 MMcf per day of deliverality.* During 1998,
expansions were only marginally higher (seewe)®
The absence of new-facility developmenggests that
few clearly profitable sites currently exist. The industry is
likely to continue to focus primarily on expansions of e
proven fadities (Figure 12), unless demand or prices
grow sharply or a breakthroughstorage technology is
achieved.

® The development slowdown includes salt cavern

storage. Of the six proposed new salt cavern storage
facilities as ofL997,none has been realized to date. Three
have been canceled and three are currently on “hold.” One
project that once appeared attractive was the Avoca site in
southeastern New York. Avoca was one of only four salt
cavern storage facilities either planned for or in operation
in the Northeast. Plagued by brine disposal problems, the
project filed for bankruptcy in July 1997. Another
Northeast projectnvolved CNG's plan to lease salt
caverns formerly used for petroleum liquids storage by
Bath Petroleum Storage. However, the idea was dropped
when the Federal Energy Regulatory Commission (FERC)
ruled that the mposal violated pertinent regulations.
What once may have been the most promising of potential
new salt cavern facilities is the Tioga project in
Pennsylvania. Although approved by FERC, it has been
stalled owing to legal interventions by other parfies.

Whilegent reports indicathat the opposing parties may
be nearing a resolution, the project tilasrs hold in
early 1999.

Interest continues in developing alternative methods
for high-deliverability —peaking service. High
deliverability is most often associated with salt-cavern
storagiitiésc whose share of currently-scheduled
deliitgralditions (Figure 12) is out of proportion to
the relatively small number of sites or their total share of
working gas capacity. Nonetheless, suitable sites for salt
cavern development are limited, particularly near the
dempanarket areas along the Eastern Seaboard. This
limitation may help explain an apparent growing interest
in liquefied natural gas (LNG) projeotsughthigh
deliverability has always been a characteristic of LNG
facilities, as recently a4997 only four LNG storage
projects were planned. Since then, at least five additional
projects have beeroposed, with three of them in the
Northeasf. The newer facilities are being designed and
ilt with larger capacitiesnany can sustain deliverability
rates fongsaks 10 days, which is comparable to salt
cavern performance (albeit with much smaller capacities).
hotigh a relatively expensive source opgly, high
dedbility and the ability to cycle LNG capacity
mutiple times in a given season make it an excellent
peakingupply source while helping to lower the per-unit
cost of operations.

Horizontal wells in depleted-reservoir storage may be
another high-deliverability alternative. Horizontal
drilling is not a new heology (it has been used
extensively in exploration andguction applications),
but its application to enhance the performance of reservoir
storage is still somewhat experimerifal. To date, only a
few companies have used horiitintplatistorage
facilities and with mixed r8sults. However, there have
been some instances that were quite successful. At least
one storage company is currently working on applying this
hrietogy at a site in Pennsylvania and is also scouting
other potential sites in the Northeast .

As of November 1998, 50 storage projects are scheduled

thugh 2003 (Figure 12). If all were implemented as
proposed, working gas capacity would increase by close to 5
percent to approximately 3,908 Bcf, and deliverability would
increase by more than 5 percent to over 80 Bcf per day. The

Mieeast, with high concentrations of gas consumers and
significant wintertime swing demand, ranks first in planned

additions to deliverabilith@itd..2 Bcf per day, or almost

pe8tent of scheduled deliverability additions.
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Figure 13. The Capacity Release Market Appears To Be a Reliable
Source for Transportation Capacity
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Capacity Release

In today’s competitive natural gas market with increasede
marketer presence and a demand for flexibility in contracting,
capacity release provides a mechanism for shippers to improve
transportation flexiity and react more quickly to market
changes. This mechanism became available to shippers with
the Federal Energy Regulatory Commission (FERC)
implementation of Orde636 in 1993, which gave firm
transportation contract holders the right to sell all or part of
their transportation capacity for any length of time during the
contract. Over the period Novemb&®93 through March
1998, capacity release saved releasing shippers up to
$3.6 billion, or &out 6 percent of the U.S. transportation
revenues to interstate natural gas pipeline companies during the
same period.

® The capacity release market continues to grow butat e
a slower pace The amount of capacity held by
replacement shippers grew between seasons and years
from November 1993 through March 1988. The most
rapid growth occurred in the first few years under Order
636 with increases of lilton cubic feet between each
heating season from Novemb#&®93 through March
1996. The growth then slowed tbaut half that pace
between the 1995-96 and 1997-98 inggseasons (Figure
13). The same general pattern of rapid growth followed by
a slowdown was evident during the nonheating seasons
1994 throughl997. During the 12 months ending March
31, 1998, theapacity held by replacement shippers was
8.0 Tcf, or the equivalent of 40 percent of the gas
delivered to U.S. markets during the same petiod.

® The evolution of trading mechanisms and standards
since 1993 has made the release market easier to use.
In the early years of the release market, each pipelines
company developed its own electronic nonstandardized
bulletin board. The market has since moved to using the
Internet with protocols established by the Gadulstry
Standards Board.

® Rates received by shippers for released capacity were
discounted, on average, almost 70 percent below the
maximum rate for 1995 through 19982 Discounts for
the year ending March 31, 1998, averaged about
50 percent, considerably less than the average discount of
about 9(Qpercent for the comparable period in 1995. The
total revenue generated by the capacity release market in
the year ending March 31, 1998, is estimated at $1.3
billion or about 1@ercent of the transportation revenues
for 1997.

The price of released capacity has increased on both a
per contract and a contracted capacity basiBetween
1994 and 1998, the average price of released capacity
measured across all active contracts increased by 61
percent, from $3Gupand cubic feet (Mcf) per
month during the 12 months ending March 31, 1995
(heating yé@&95) to $6.04 imeating year 1998 (Figure
*43). Comparable rates on a contracted capacity basis,
although lower than those averaged across contracts,
incesed from $3.05 to $4.97 per Mcf per month (63
peieng) the same period. The difference between
the two price series is apparent particularly during the
heating season when relatively small, higher-priced
parcels of capacity are being traded on the release market.

The decline in the amount of capacity subject to recall
and the increasingaverage price for released capacity
from 1994 through 1998 may indicate that shippers
perceive the release market as a reliable sme for
transportation capacity. About 58 percent of the
released capacity was subjestath during the 1997-98
fating season (November thugh March), down from
the 64 to pBrcent levels for the three previous heating
seasons. At the same time, the amount of awarded
released capacity increased by 18 percent between the
1996-97 andl997-98 heating seasons. The decrease in
aleprovisions and the increase in awarded capacity
between those two heating seasons may be the result of
warmer-than-normal w¥ather. However, the general
trend in recall provisions indicates that firm capacity
holders are comfortable with uoreditional release of
capacity.

The leveling-off of capacity held by replacement
shippers may indicate that the release market has
matured (Figure 13). As older, long-term contracts
expire and new contracts more representative of current
market catiahs are put in place, there could be less
capacity available for the release market. Market behavior
during the 12 months ending March 1998 suggests that
this may be happening. The slowdown in the growth rate
of capacity released, coupled with a modest 2-percent
growth in average price during the 12 months, suggests
that the release market may be entering a phase of more
stable operations without large, rapid shifts in market
onditions. However, changes in market operations, such
as the removal of the price cap, could draw new players
to the market.
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Figure 14. End-Use Consumption in 1998 Fell 4 Percent from Its
Record High in 1997

Only electric utilities increased The residential price in 1997 caught up
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(a) Industrial consumption declined 0.3 percent from 1996 to 1997.

(b) Total end-use consumption rose 0.1 percent from 1996 to 1997.

Tcf = Trillion cubic feet.

Notes: Sum of end-use consumption does not equal the total because of independent rounding. End-use prices for all but the electric utility sector
are for onsystem sales only. The heating season is from November through March.

Sources: Energy Information Administration (EIA), Office of Oil and Gas. Consumption, Prices, and Expenditures: derived from EIA, Natural
Gas Monthly, various issues and Chain-Type Price Indices for Gross Domestic Product from U.S. Department of Commerce, Bureau of Economic
Analysis. New Housing: U.S. Department of Commerce, Bureau of the Census, Characteristics of New Housing, 1996 and 1997.
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End-Use Consumption and Price

End-use natural gas consumption is estimated to have been
19.3 trillion cubic feet (Tcf) irl998. This is 4 percent lower
than in 1997, but consumption in both 1997 and 1996 had set
all-time records at just over 20.0 Téf. The largest decline in
1998, in both quaity and percentage terms, occurred in the
residential sector. Residential consumption in 1998 is estimated
to have been 4.5 Tcf, 477lllon cubic feet, or 10 percent,
lower than in 1997 (Figure 14). The decline can be attributed
to milder weather in 1998 relsing in part from the El Nifio
event in the Pacifi® Warmer temperatures reduced thes
demand for natural gas for space heating, the major use of
natural gas in both the residential and commercial sectors.
Natural gas consumption in the commercial sector in 1998 is
estimated to have been 3.1 Tcf, 4 percent lower than in 1997.
The industrial sector saw thecsad-largest drop in natural gas
consumption between 1997 and 1998infg by 381 bllion

cubic feet, or 4 percent, to an estimated 8.5 Tcf.

The electric utility sector ithe only sector that had an increase
in natural gas consumption in 1998. Consumption for the full
year 1998 iestimated to have been 3.3 Tcf, 10 percent above
that of 1997. Extremely high summer temperatures in the
Southwestboosted the demand for electric-powered air
conditioning. Uilities met much of this peak in demand by
burning natural gas.

Estimates of natural gas priceslif98 are available through
October for electric utilities and thugh November for the
other sector. Cumulatively, average prices, unadjusted for
inflation, are lower than in 1997 for all sectors. Residential and
commercial users paid an estimated $6.91 and $5.50 per
thousand cubic feet (Mcf), respectively, during the period,
1 and 5 percent below that of 1997. The average prices paid by
the industrial and electric utility sectors were $3.10 and $2.38
per Mcf, respectively, 12 and 13 percent lower than in 1997.

® The average residential price of natural gas rose $0.49
per Mcf in 1997, reflecting the sharp rise in the e
average wellhead price in 199@Figure 14). (All prices
are in 1998 dollars) Increases that occurred in the
monthly average wellhead price late in 1996 were not
fully passed on to residential consumers ub®97, in
part because of the billing practices of many local
distribution companies. These companies tend to base
their charges to residential and commercial customers on
long-term average costs in ordectesshion the blow from
sharp increases in wellhead prices. For example, between
1995 and 1996, treeverage residential price rose by only
$0.17 per Mcf, even though the average wellhead price

rose $0.61. T9@n, ithe average residential price
ra$6.49 per Mcf to $7.01, while the average wellhead
price rose only $0.11 to $2.34 per Mcf. Prices in the
ndustrial and electric utility sectors are much more
ise@so changes in the wellhead price. The price paid
by both sectors rose over $0.60 [39dcl/et in
1997 the electric tility price was unchanged and the
industrial price rose by only $0.11.

Residential expenditures for natural gas increased
during the 1996-97 heating season even though
consumption declined (Figure 14). Residential
expenditures were $23.5 billion (in 1998 dollars) during
the 1996-97 heating season, 7 percent higher than in the
prior heating season, even though consumption had
declined by 6 percent. In contrast, both residential
expenditures and consumption declind®7 188
heating season. A combination of factors contributed to
the higher expenditures durinkP¥6e97 heating
sedson. Unusually cold weather in Nal@@6ber
caused many natural gas providers to acquire higher-
priced gas for their customers rather than withdraw
upies from storage, out of fear that storage supplies
would not lasbubh the winter. The prior heating
season had been colder than normal, and the amount of
natural gas in storage at the beginning of the 1996-97
heating season was lower than the previous season. The
weather returned to normal, and for some months warmer
than normal, later in the h886r@yseason, resulting
in a net decline in natural gas consumption for the season.
dimg demand in Bvember 1996, however, had put
pressure on wellhead prices, which rose from $1.94 per
Mcf in Gd8Ben$3.40 in January 1997. Although
the impacts of this increase were somewhat delayed in the
residential sector, they were felt before the heating season
ended in March 1997.

Gas continues to be the fuel of choice for heating most
new single-family housegFigure 14y° Approximately
twdsttof the new single-familyiouses bilt from
1992 through 1997 were heated by gas, while nearly
30 percent were heated by electricity. The Midwest
nsbe Region has the largest percentage of new single-
famoilises heated by gas, 91 percent, but only
21 percent of the 1.1 million new singleeiaseity
constructed 997 were in the Midwest. The largest
share of new home construction, 45 percent, was in the
South where 52 percent dioweses were heated by
gas.
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Figure 15. Industrial Natural Gas Consumption Was 8.5 Trillion Cubic
Feet in 1998, 4 Percent Below the 1996 Peak
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Industrial Gas Consumption

The industrial sector consumes moegural gas than any other
sector, aocsunting for an estimated 44 percent of end-use
consumption in 1998. Industrial consumptiorached an
historical peak of 8.9 trillion cubic feet (Tcf) in 1996 and has
declined somewhat since th&n. Consumptiorl@98 is
estimated to have been 8.5 Tcf, a 4-percent decline from the
1997 level 088.8 Tcf. Monthly industrial consumption during
1998 ranged from 3 to 7 percent lower tharl®97 in all
months except July, when levels were virtually the same. The
South Census Region has long dominated industrial gas
consumption, accounting for over half the total in 1997 (Figure
15). Industrial consumption in both the South and Northeast
declined by 1 percent from 1996 to 1997, was unchanged in
the Midwest, and increased by 4 percent in the West.

Industial users paid an estimated $3.10 g@usand cubic e
feet for natural gas on average for January through November
1998 This is 12 percemwer than the average of $3.54 paid
during the same period in 199idustrial prices were lower in
1998 than in 1997 during most months of the year, with the
most significant declines occurring at the beginning and end of
the year. For example, the industrial price in January 1998 was
21 percent below that of January 129id the November 1998
price was 31 percent below that of 1997.

® Industrial consumption of natural gas generally
follows the trend in manufacturing activity (Figure
15). From March 1991 (tHsottom of the last recessiéh)
through Marchl997, the seasonally adjusted indices of
industrial consumption and manufacturingpguction
increased annually by 3.8 and 5.1 percent, respectt/ely.
Since then, generally lower crude oil prices, fluctuating
natural gas prices, and periods of warmer-than-normal
weather have contributed to a leveling off and lowering
of industrial natural gas consumption, yet the strong
economy has continued to boost manufacturing output.
From March 1997 to March 1998, the industrial gas
consumption index declined by 1.5 percent while the
manufacturing index rose by 5.6 percent.

e Nonutility generator consumption of natural gas o
accounts for a significant share of total industrial
consumption—25 percent in 1997 (Figure 15)°
Nonutility generators (NUGs) consist mainly of
cogenerators, but also include independent and small
power producers. Cogenerators use one source of energy
to produce both electric power and another useful form of
energy, such as heat or steam. Cogeneration can take
several different forms. For example, natural gas may be
used to generate electricity directly, with the waste heat
used for another purpose, or the natural gas may be used

in a boiler to generate steam, which in turn is used in
manufacturing processes and to generate electricity.
Nortilities consumed aastimated 2.2 Tcf of natural gas
19a7. Natiral gas consumption by nonutilities grew at
an average rate of 4 percent annually from 1992 through
1997, while total industrial consumption grew 3 percent
nraually. However, anutility consumption had grown at
a 7-percent annual rate from 1992 through 1996 before
falling by 8 perd®®7nNontilities generate more
icdeatsing natural gas than any other fuel. In 1997,
natural-gasdimedility gross generation was 206
billion kilowatthours, 54 percent of tottlitynonu
generation. Coal was second, responsible for 15 percent
of nonutility gross generation.

Manufacturing data provide insight into the average
price paid for natural gas in the industrial sector.As
the interstate natural gas transportation system was
restructured during1880s, large consumers, such as
ndustrialfirms, were among the first to seek alternatives
to thetiomadi providers of natural gas. The Energy
Information Administration (EIA) collects pricing
information from the companies that actually deliver
natural gas to the end user, typically a pipeline company
or a local distribution company. The purchasing of natural
gas from alternative providers, such as marketers, has
been so strong in the industrial sector that by 1997 price
data were available to EIA for only 18 percent of natural
gas deliveries to industriaPusers. EIA’s quadrennial
survey of manufacturers, last conducted in 1994, provides
additional information on the average price that this
portion ofrttiesitrial sector pays for natural gas. In
1994, EIA’'s averdgstrial price was $3.01 per
thousand cubic feet (Mcf), but this applied to only 26
percent of natural gas deliveries to industrial firms
(Figure 15). In 1994, manufacturers paid an average of
$2.65 per Mcf for natural gas. Total manufacturing
purchases were 6.5 Tcf, or 79 percentofuistidedli
consumption in ¥994.

Electricity generation may be a growth area for
natural gas in the industrial sector as distributed
power becomes more economi¢.The use of natural gas
to generate electricity may increase among manufacturers
that are able to take advantage of distributed power
technologies, many of which may be fueled by natural
®gas. Distributed power consists of small generation units
located closer to the user than the typical electric utility.
Such units usually have a capacity of 30 kilowatts to
50 megawatts, compared with,800 tonegawatts for
a central power plant (see p. 33).
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Figure 16. The Use of Natural Gas To Generate Electricity Is Expected
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Electricity Generation

The electric utility sector is the onnd-use sector that showed
strong growth in natural gas consumption in 1998. Estimates
for the first 11 months of 1998 show that electridity
consumption of natural gas was 11 percent above that of 1997
for the same period. The average price paid for natural gas
(available though October 1998) was $2.38 per thousand
cubic feet, 13 percent below that of 1997. Annually, natural
gas consumption by electric utilities during the 1990s has been
in the range of 2.7 to 3.2 trillion cubic feet (Tcf). Consumption e
in 1997 was 3.0 Tcf, 9 percent above the 1996 level but short
of the historical peak of 4.0 Tcf set in 1972.

Several nuclear plant outages 1997 helped boost net
electricity generation by all types of fossil fuels. Total net
generation set a record in 1997 at 3,123 billion kilowatthours
(kwh), 45 billion kwh higher than i4996. Electric power
from nuclear plants declined by 46 billion kwh (7 percent) in
1997, but generation fronoal increased by 50 billion kwh (3
percent) and from g&ls by 21 billion kWh (9 percéht).

® Although coal is used for most electricity generation,
nearly all anticipated capacity additions will be fueled
by gas(Figure 16¥* Sixty-three percent of the gas-fired
additions are planned for the South Census Region, which
generates more electricity than any other region. The
South Census Region also generates the most electricity
using gas. The 188llion kWh generated by gas in the
region in 1997accounted for 13 percent of the region’s
total generation.

[ J

From 1998 through 2007, 52 gigawatts of generating
capacity is planned to be built in the United States,
89 percent of which will be gas-fired (Figure 16). Gas-
fired units also dominate planned retirements during the
period, accounting for 53 percent, but the total retirement
capacity is only 13 gigawatts. Gas-fired capacity additions
of 46 gigawatts planned for the period will more than
offset the 7 gigawatts of gas retirements. The increase in
gas-fired capacity W have environmental benefits
because natural gas has much lower emissions of many
pollutants than do coal or oil per Btu of fuel consumed
(see Chapter 2, Table 2). For example, consumption of
natural gas generates less than half the carbon dioxide of
coal and approximately one-third less than that of oil.

e Natural gas used to generate electricity is projected to
reach 9.2 Tcf in 2020, almost ttee times the 1997 level
(Figure 16§ The use of natural gas to generate electricity
is expected to grow 4.5 percent annually from 1997
through 2020. This growth is spurred by the increased
utilization of gas-fired plants and the addition of new
turbines and combined-cycle faddi that are less capital-

intensive than building new coal, nuclear, or renewable
plants. The restructuring of the electric utility industry is
also expected to open up new opportunities for gas-fired
gerfération. The South Census Region is expected to see
the most growth in natural gas use by electric generators,
accounting for 38 percent of the increase projected from
1997 through®2020.

New “merchant” power plants, many of which are
gas-fired, are coming on lineThe restructuring of the
electric powwtustry’ allows the construction of
generation facilities witout first acquiring long-term
commitments for sale of the power generated. Several
plants are being constructed in Texas where the State
pulility ucommission is discouraging traditional
electric utilities from building new generation facilities.
An 85-megawatt plant, the first exempt wholesale
generator in Texas, has been operating since 1997; a 240-
megawatt plant came on line in the summer of 1998, in
time to serve theunusually high demand for air
conditioning; and &00-megawatt plant is expected to
come on line iNL999. These plants are among the first
merchant plants in the United States. Florida’s first
merchant pBd@-raegawatt gas-fired fiéity, is
being planned by Duke Energy Power Services and is
expected to come on lir0ilawhen providing
peak generatioBQ@megawatt fality could use as
much as 100 million cubic feet of gas per &ay.

Distributed power generation may provide a new
niche for natural gas, but there are different views on
the role electric utilities should play.Distributed power
generation utilizes small (50 megawatts or less)
generating units situated near the end user. Many of the
new units may use natural gas, while others will use
petrolemaupts or renewablés.Increased use of
distributed power generation would help mitigate the
need for utilities to increase their own generation
capacity. However, whdearates agree that an open
market with the ability to send clear price signals is
crucial to the acceptance and development of distributed
power generation, the ownership of the distributed units
is a controversial issue that needs to be addressed. Some
view ownership of these units by electric utilities as
speeding the acceptance of distributed power generation.
Others oppose tility ownership, fearing that such
relationships could retard competition. Not all endorse the
concept of distributed power generation. Critics,
including sdititees, oppose the concept, arguing that
the lack of clear standards could degrade system
intedFity.
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Figure 17. Eighteen States and the District of Columbia Have Some
Form of Residential Choice Program
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Retail Unbundling

The continuation of industry sucturing at the State level has o
important implications for residential and small commercial
natural gas consumers. Retail unbundling, or restructuring, is
division of the services required to provide gas to the end user
into various corponents, and the dity of the customer to
purchase those components separately. Large commercial and
industrial consumers have had the option to purchase natural
gas from offsystem providers for yedts, whereas a “choice”
for residential and small commercial customers (traditionally
known as “core” customers) hasly recently been availabl@.
State regulators and lawmakers, who are responsible for
designing and implementing retail restructuring programs,
have delayed implementing customer choice until they could
ensure reliable service and protect the interests of captive
residential and commercial customers. As of July 31, 1998, 5
of the Lower 48 States have implemented complete unbundling
programs for core customers, 13 States plus the District of
Columbia have customer choice pilot programs, 12 States are
considering action, and 18 have no plans to implement even
pilot programs (Figure 17j.

® About 65 percent of U.S. residential gas consumers
live in States that have either completely
unbundled retail service orhave active pilot programs
in place. The degree to which these core customers are
eligible and participating in choice programs varies.
Currently, 78 percent (14.3 million) of the residential
customers living in the five States with complete retail
unbundling are eligible to choose their natural gas
provider* However, only 2 percen8ql,721) of the
eligible customers are participating. There is a larger
participation rate for the 2.3 million residential customers
who are eligible for the pilot programs underway in 14
States, with over 17 percent (392,448) participating. ®
These 2.3 million customers represent 13 percent of the
residential customers in those 14 States.

® Unbundled residential gas purchases could have
reached an annualized level of 67ilion cubic feet
(Bcf) in 1998, or 1.4 prcent of the 5.0 trillion cubic
feet (Tcf) of gas consumed by residential customers in
1997, lmsed on current customer choice participation
levels” However, the amount of unbundled gas
purchases varies significantly by region (Figure 17). Thee
largest estimated offsystem purchases exist in the
Northeast where 31 Bcf is associated with customers
participating in choice programs. While end-use services
in New Mexico are completely unbundled, customers are
not participating in a choice program because third-party
service providers have not offered service in the State.

Residential customers have not fully embraced retail
unbundling programs when given the opportunity.
Customers and State regulators have raised questions
boutahe benefits of retailnbundling. There does not
appear to be systematic monitoringeasurement of the
overall impact of retail restructuring. In addition, the
ability to measure price and customer savings may
degrade as more LDC customers purchase offsystem
"gas. Some rural communities are particularly concerned
that they will face radically increased costs and fewer
chasing options as a result of restructuring. In
response, marketers have offered incentives to attract
retail customers, such as a guaranteed fixed percentage or
dollar savings as compared with the LDC'&gas cost.

Some marketers have withdrawn from participation
in retail restructuring programs as a result of the lack
of customer participation.”” Marketers fear that the
staffing and administrative costs of providing retail
service may not be recovered without enough customer
participation. Marketers are also concerned that direct
assignments of LDC transportation capacity will erode the
profitability of providing retail services. One way
marketers have been able to lower costs is to use more
interruptible service in their transportation portfolio. If
they are required to acqeptsielty for the LDC’s
firm transportation contracts, the marketers’ profit
margins may $bffer. Conversely, if the LDCs are
ireduo retain unneeded firm transportation capacity,
the stranded costs may have to be recovered from LDC
shareholders, the pipeline company, or other customers
within the LDC’s service area.

Service reliability and supplier performance are two
issues of general concern to State regulators as they
determine how to capture the benefits of unbundled
service for core customersQuestions relate to supplier
gualifications, access to information, allocation of
upstream pipeline capacity, and the LDC’s obligation to
serve core customers if a “third party” service provider
fails to deliver gas. A number of States are examining
these and other retail restructuring issues.

In an effort to protect consumers, some Statés

require marketers to agree to certain business

practices and standards in order to operate in the

State Currently these standards vary by State, although
there has been a proposal to establish national standards
of conduct for mafketers. Under the proposal, the
mdrketer would be able to use a seal of approval,

“Certified Energy Marketer,” if it agrees to abide by these

“fair marketing” practices.
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Figure 18. Natural Gas Industry Partners with EPA To Reduce
Methane Emissions to the Atmosphere
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*The 1998 goal was recently increased from 18.9 to 22.7 billion cubic feet.

The partner reported opportunities in the transmission and distribution sectors include: replacing engine gas starters with air starters, lowering
pipeline pressure prior to maintenance, installing 3-phase separators on dehydrator reboilers, and other operational practices.

*The partner reported opportunities in the production sector include: utilizing down-hole plunger lifts in wells, using lower heater treater temperature,
inspecting and replacing tank vent seals, eliminating and consolidating excess dehydrators, and numerous other operational practices.

Source: Environmental Protection Agency, 1997 Natural Gas STAR Annual Report.
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New Technology and the Environment

Several new natural gas technologies and initiatives could lead
to environmental improvement. The natural gas industry in
partnership with the Environmental Protection Agency (EPA)
established the “Natural Gas STAR program”1893 to
reduce methane emissions to the atmosphere. In the program,
companies agree to implement technologies and management
practices designed to minimize or prevent gas loss and to
improve system efficiency. Reducing methane emissions can
have an impact on slowing the rate of climate change and can
also save money for the indys In another program, research
and testing efforts are underway to use liquefied natural gas
(LNG) in place of diesel fuelyhich could significantly reduce
nitrogen oxide, carbon dioxide, and hydrocarbon emissions in
comparison with those of current diesel fuel. In addition, gas-
to-liquids tetinology may be coming of age, with much
activity in the research end of the industry, potentially reducing
methane flaring.

® Partners in the Natural Gas STAR program exceeded
their emission reduction goal for 1997 (9.1 iion °
cubic feet (Bcf)) by 75 prcent, or 6.8 Bcf. STAR
partners have prevented the release of about 54.8 Bcf of
methane through th@ogram from 1993 to 1997 (Figure
18). This success prompted the 1998 goal to be changed
from 18.4 to 22.7 Bcf. EPA has worked with several
States and program partners to adjust regulations so as to
facilitate use of “best anagement practices” (BMPs) that
reduce methane emissions. Otherhtexlogies and
management practices initiated since the STAR program
was implemented (“partner reported opportunities”) have
resulted in 41 percent of the methane reductions in
transmission and distribution operations and 64 percent of
those in production-related activities.

® The Natural Gas STAR program has two BMPs to
reduce methane emissions from natural gas
dehydration fadilities, which emit about 22 Bcf of
methane per year into the atmosphere.These
dehydrators were ranked as the fourth greatest source of
toxic emissions of hazdous air pollutants in 1993 (the e
latest year available). EPA has a proposed rulemaking
regarding reduction of hazwus air pollutantérom oil
and gas operations that specifically addresses
dehydrators. The BMPs include the installation of flash
tank separators and a reduction of the triethylene glycol
(TEG) circulation rates. As TEG absorbs water from
natural gas, it also absorbs the methane that is vented to
the atmosphere when the glycol is regenerated. Economic
analyses demonstrate thahgldration units circulating
between 150 and 450 gallons of TEG per hour can
achieve payback of costs in 6 months to 2.5 years of the
installation of a flash tank separator. Depending on the

size of the unit and the percent of overcirculation, a
rieduct TEG circulation rates can save between 130
and 13,140 thousand cubic feet of methane per year.

LNG has been tried in a locomotive engineEngineers
at the Southwest Research Institute working for GasRail
USA, a coopethistey research project of industry,
Federal, and State participants, have achieved a 75-
percent reduction in nitrogen oxide emissions on a 4,200-
horsepower, 16-cylinder, natural-gas-fueled engine for
use in passenger®engines. The selected system usec
small amounts of diesel fuel as an ignition source for the
high-pressure natural gas that is injected late into the
combustion cycle. The engine also reduced carbon
dioxide emissions by 25 percent. EPA has called for
railroad locomotives to meet a 25-percent reduction in
nitrogen oxides and a 40-percent reduction in
hydrocarbons and particulate matter by 2000.

Gas-to-liquids technology has taken significant steps
towards commercial operation in specific producing
areas in the United States.Gas-to-liquids (GTL)
projects have beeowaced in several locations around
the world, with BP and Exxon considering it for Alaskan
North Slope gas. In October 1997, ARCO announced a
joint project with Syntroleum Corporation to build a pilot
plant bbat 70 barrels per day at an ARCO refinery
near Bellhgham, Washingtoft. The Syntroleum
Corporation effort is to develop GTL systems that are
onawic at the level of 50,000 29000 barrels per d&y.
The Department of Energy has selected Air Products and
Chemicals, Inc. to develop a ceramic membrane, which
could reduce greatly the cost of converting natural gas to
transportation-grade  liquid fuels and premium
chemicalé’ Praxair Inc., Amoco Corp., BP, Sasol, and
Statoil have a technical alliance toudy ceramic
membranes for GTE Several other companies have
shown an interest in GTL plafits.

New developments in fuel cell technology could lead to
substantially lower carbon dioxide emission levels.
Liquid methanol as laydrogen caier to power a fuel cell
was developed for the military by the National
Aeronautics and Space Administration’s (NASA) Jet
Propulsion Laboratory and the University of Southern
California. This direct methanol fuel cell runs relatively
cool, is highly efficient, and can be supported by existing
gasoline fueling infrastructure. A full fuel-cyclé®analysis
shows that the carbon dioxide emissions released by a
thamel fuel cell will be less than half that of today’s
gasoline internal combustion engines.
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Figure 19. Kyoto Implementation Could Have Far-Reaching Impacts on
Gas Use and Prices

Gas use for electricity generation  Wellhead prices are projected to move up,
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Note: The Energy Information Administration report Impacts of the Kyoto Protocol on U.S. Energy Markets and Economic Activity examines a
series of six cases looking at alternative carbon emission levels. The Reference Case represents projections of energy markets and carbon emissions
without any enforced reductions and is presented as a baseline for comparison of the energy market impacts in the reduction cases. The highest
consumption patterns for natural gas are seen in some of the intermediate cases, principally the “Stabilization at 1990 Levels” and the “3 Percent Below
1990 Levels.” For these figures, the Reference Case and the “3 Percent Below 1990 Levels” are used to illustrate the potential range of additional
demand.

Source: Energy Information Administration, /mpacts of the Kyoto Protocol on U.S. Energy Markets and Economic Activity (October 1998), AEO98
National Energy Modeling System runs KYBASE.D080398A and FDO3BLW.D080398B.
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Kyoto Protocol

Overall natural gas consumption is projected to increase about
10.3 trillion cubic feet (Tcf) fronl997 to 2026* mainly
because of its ineased use as a fuel for electricity generation.
The expected use of natural gas for generation is even higher
when the potential impact of the Kyoto Protocol is considered.
This agreement, which has been signed but not ratified by the
United States, sets dam emission reduction targets relative

to 1990 for the “Annex I” countrie$, which include the
United States, Canada, and other developed countries. For the
United States, the target is 7 percent below 1990 carbon
emission levels. In 1997, U.&ergy-related carbon emissions e
from fossil energy consumption were 1,48@dlion metric

tons, @out 10 percent above the 1990 level. Without new
policies, these emissions are projected to increase at an annual
rate of 1.3 percent through 2028;cording to theAnnual
Energy Outlook 199AEQ).

Electricity use is a major cause of carbon emissions. Although
electricity poduces no emissions at the point of use, its
generation currently aoants for 36 percent of total carbon
emissions. According to th&EQ, that share is expected to
increase to 38 percentin 2020. Coal, which accounts for about
52 percent of electricity generation in 2020 (excluding
cogeneration), is projected to produce 81 percent of electricity-
related carbon emissions. In 2020, natural gas is expected to
account for 30 percent of electricity generation but only 18
percent of electricity-related carbon emissions.

Findings in a recent Engy Information Administration (EIA)
Service Reportmpacts of the Kyoto Protocol on U.S. Energy
Markets and Economic ActivitfKyotg), highlight the
significant role that natural gas may play in any approach toe
reduce carbon emissiofis. The report was undertaken at
the request of Congress using the same methodologies and
assumptions in theEO 1998with no changes in assumptions
about policy, regulatory actions, aurfding for energy and
environmental programs. In 1990, U.S. energy-related carbon
emissions were 1,346 million metric tons. The Kyoto target is
1,250 nillion metric tons, on average, in the commitment
period 2008 to 2012. While the details of the final
implementation are not fully decidedountries have some
flexibility in how they can meet these targets. Joint
implementation projects are permitted arg the Annex |
countiies, allowing a Nation to take emissions credits for e
projects in other @untries that reduce emissions or enhance
emission-absorbing sinks, such as forests and other vegetation.
Meeting the target entirely by domestic reduction is the most
constrained option for the United States. Some results of the
Kyotostudy include:

e If the emission reduction target of the Kyoto Protocol
were imposed, thaJ.S. coal and oil industries would

see lower consumption and production whereas the
natural gas industry would expand. Compared with the
reference case (which does not incorporate the Protocol),
natural gas consumption would be 0.6 to 3.5 Tcf higher
2010 and 1.8 to 3.3 Thigher in 2020 under a number
of alternative scenarios. Natural gas wins out over coal
and oil in the carbon reduction cases, because its carbon
conpartBtu is only 55 percent of that for coal and 70
percent of that for oil.

When carbon emission limits are first imposed in
2005, rapid growth in natural gas electricity
generation is projected in scenarios with rapid
increases in carbon price$! The scenario presented in
Figure 19 (1990 -3%) results in one of the higher gas
consumption projections in tiéyoto study. In this case,
gas-fired generation ramps up quickly2@05, lecause
the rising carbon price makes existing natural gas plants
maooaaruical than existing coal plants anechuse
new natges plants can be quickly brought on line. In
this case, after the #fiitiito natural gas, the growth in
natural gas generation continues, but at a slower rate. In
the later years of tleea$brperiod, natural gas
generation does not increase as rapidly, because carbon-
free renewable technologies become economical as the
demand for electricity grows and natural gas prices
increase. Under this scenario, natural gas could hold as
much as a 60-percent share of electric generation in 2020,
compared with one-third of the generation in the
reference case, which excludes the Protocol (Figure 19).

Higher natural gas prices lead to conservation and the
penetration of more efficient technologiesNatural gas
prices are kigheaibon reduction cases than in the
reference case, both at the wellhead (Figure 19) and at the
burner tip. At the wellhead, higher productisatisfy
increased natural gas consumption, in the face of
increasingly expensive respoosts,prices. At the
burner tip, some consumers mayredban double the
ices they could have expected laut the carbon
reduction polices. This results in lower consumption
levels for the nongeneration sectors of the economy.

Pressure to merge gas and electricity companies could
mount as the advantages of arbitraging the two
markets become apparentPowerplant use of natural
gas (excludingtiial cogeneration) in the carbon
reduction cases is projected to rise from roughly 3 Tcf in
1996 to between 8 and 12 Tcf 2010 and between
12 and 15 Tcf in 2020. By 2010, the electric generators
could become the largest consumers of natural gas
(Figure 19).
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Chapter 1 Endnotes

Energy Information AdministratioAnnual Erergy Outlook 1999DOE/EIA-0383(99) (Washington, DC, December 1998).

Energy Information Administrationmpacts of the Kyoto Protocol on U.S. Energy Markets and Economic Activity
SR/OIAF/98-03 (Washington, DC, October 1998).

Average wellhead prices were converted to a Btu-basis using 1,026 Btu per cubic foot, which is the estimated heat content
for dry gas production as reported in: Energy Information Administratlomthly Energy RevieWDOE/EIA-0035(98/12
(Washington, DC, December 1998), Table A4, “Approximate Heat Content of Natural Gas.”

The Decembet998 wellhead price of $1.69 peiilion Btu was not available in the February edition of the Energy
Information Administration’Natural Gas MonthlyDOE/EIA-0130(99/02), but it appears in subsequent issues.

Correlation coefficients were 0.77 or more. A correlation coefficient measures the degree of linear association between two
random variables, and its values range from -1 to +1. Four trading centers were cuzsese Ithey are located in
geographically separated markets. They are Henry Hub, LA; Waha, TX; Opal, WY; and Blanco, NM.

There are currently two other natural gas futures contracts traded on NYMEX. One is the NYMEX Division Permian Basin
contract, designed to reflect more closedynditions in the Western United States. This contract was initiated on May 31,
1996. Physical delivery ahis contract occurs at El Paso Natural Gas Company’s Permian Pool facility in West Texas. The
other is the so-called Alberta contract, based on delivery in Alberta, Canada (Nova Gas Transmission Ltd. pipeline system
or specified interconnect points). That contract began trading on September 27, 1996.

Traders must disclose all futures positions consisting of 100 or more contracts. The standardized delivery volume for a
contract is 10,000 iffion Btu. Marketerdall into the category of “Commercial Trader,” or industry participants that actually

trade in the physical commodity. Othetitis that are classified as comwiat traders include producers, pipeline companies,

gas processors, local distribution companies, and end users. The category “Noncommercial Trader” consists of entities that
have no interest in actual receipt of fiteysical commodity but are either trading on a very short-term basis in order to
facilitate trades of others (market makers) or are attempting to profit from futures contract price fluctuations (speculators).
Noncommercial traders consist of financial companies, mutual and hedge funds, floor traders, and individual investors.

The historical peak in dry natural gas production was 21.7 trillion cubic feet in 1973.

Natural gas production from different resources in 1997 was estimated by the Energy Information Administration’s (EIA),
Office of Oil and Gas. The estimated proportion of production feach resource was derived from dafauit to EIA’s
National Energy Modeling System (NEMS) for thenual Energy Outlook 199®0OE/EIA-0383(99) (Washington, DC,
November 1998), NEMS run, AEO99B.D100198A. These proporti@ne applied to the total U.S. dry production for 1997

in EIA’s Natural Gas AnnualDOE/EIA-0131(97) (Washington, DC, October 1998), Table 1.

A new water depth record was set on August 13, 1997, when PBirag#ieiro SA began producing crude oil from its South

Marlin 3B off the coast of Brazil in 5,607 feet of water. See Pedro J. Barusco and others, “Water depth production record set
off Brazil,” Oil & Gas Journal(September 29, 1997), p. 3%r more information on offshore production issues, see Chapter

4, “Offshore Development and Production.”

The production tax credit is available for gas produced from geopressurized brine, Devonian shale, coal seams, or tight
formations. The gas must be produced from wells drilled after December 31, 1979, and by December 31, 1992. To receive
the credit, the gas must be produced and sold before January 1, 2003.

Natural gas well completions are the sum of gas exploratory and developmental wells. Data are from the Well Completion
Estimation Procedure (WELCOM) as of April 5, 1999, which is maintained by the Energy Information Administration’s
Office of Oil and Gas.
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

These regions conform to those used for the onshore Lower 48 States in the Oil and Gas Supply Model in the Energy
Information Administration’s National Energy Modeling System. They are defined as: (1) Northeast: CT, DC, DE, GA, IL,

IN, KY, MA, MD, ME, MI, NC, NH, NJ, NY, OH, PA, RI, SC, TN, VA, VT, WI, and WV; (2) Gulf Coast: AL, FL, LA, MS,

State and Federal waters of the Gulf of Mexico, and Eastern and Southern TX (Railroad Commission Districts 1-6); (3)
Midcontinent: AR, 1A, KS, MN, MO, NE, OK, and the TX Panhandle (Railroad Commission District 10); (4) Southwest:
Eastern NM and West TX (Railroad Commission Districts 7B, 7C, 8, 8A, and 9); (5) Rocky Mountain: AZ, CO, ID, MT, ND,
NV, SD, UT, WY, and Western New Mexico; (6) West Coast: CA, OR, and WA.

Energy Information Administration, Well Completion Estimation Procedure (WELCOM) as of April 5, 1999.

Energy Information Administratioljonthly Energy RevieiDOE/EIA-0035(99/01) (Washington, DC, January 1999), Table
5.1.

Proved reservesf natural gas are the estimated quantities that analysis of geological and engineering data demonstrate with
reasonable certainty to be recoverable in future years from known reservoirs under existing economic and operating
conditions.

Total discoveriesire the sum of extensions to the proved volume of old reservoirs in old fields, the proved volume of new
reservoir discoveries in old fields, and the proved volume of new field discoveries.

Ultimate recoveryappreciation (URA) refers to the commonly observed phenomenon that the estinmttedtaly
recoverable volume of oil or gas in most oil and gas fields tends to increase (appreciate) over post-field discovery time. This
occurs for a wide variety of reasons.

The stated volume represents the sum of onshore and offshore Lower 48 States undiscovered resources in conventiona
reservoirs, continuous-typesources, and the expected proved ultimate recovery appreciation in known fields. Alaskan gas

is neither now nor in the foreseeable future expected to be markétedLiower 48 States. Resource estimates are from: D.L.
Gautier and others, U.S. Geological Survey Digital Data Ser35 National Assessment of United States Oil and Gas
Resources — Results, Methodology, and Supporting [ZRaROM] DDS-30, Release 2 (1996); and Minerals Management
Service, Resource Evaluation Programn,Assessment of the Undiscovered Hydrocarbon Potential of the Nation's Outer
Continental ShellDCS Report MMS 96-0034 (Washington, DC, 1996).

Nonassociated natural gésnatural gas not in contact with significant quantities of crude oil in the reséssaciated gas

is the volume of natural gas that occurs in crude oil reservoirs either as free gas (associated) or in solution with crude oil
(dissolved). E.D. Attanasi, D.L. Gautier, and D.H. Rd&tonomics and Undiscovered Conventional Oil and Gas
Accumulations in the 1995 National Assessmedt®f Oil and Gas Resources: Coterminous United Steké&s Geological

Survey Open File Report 95-75H (Washington, DC); and E.D. Attdfasnomics and the 1995 Assessment of United States

Oil and Gas Resourcebl.S. Geological Survey Circular 1145 (Washington DC, 1998).

These unit cost estimates are based on assumptions reflecting the technology and economic conditions existing as of the mid
1990s and an assumed 12 percent after-tax rate of return. U.S. Geological Survey Open File Report 95-75H (Washington,
DC); and U.S. Geological Survey Circular 1145 (1998).

At least 551 trillion cubic feet of the remaining untapped natural gas resource base underlies federally owned lands.

A Hinshaw pipeline is exempt from regulation by the Federal Energy Regulatory Commission (FERC). Although it imports
natural gas from Canada, Empire State Pipeline operates within New York State and is subject to regulation by the New York
Public Service Commission. Nonetheless, FERC authorization was required for Empire to construct import facilities at the
U.S./Canada border.

The conversion value used is 47,063 cubic feehpaic ton of LNG. SourceCosts for LNG Imports into the United States
prepared by Energy and Environmental Analysis, Inc. for the Gas Research Institute (August 1988), p. 7.

For more information on interstate pipeline expansion during the early 1990s, see Energy Information Administration,
Deliverability on the Interstate Natural Gas Pipeline SystB@E/EIA-0618 (Washington, DC, May 1998).
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The potential capacity levels for 1999 and 2000 in this section include adjustments and updates to data presented in Chaptel
5, which covered project proposals and completions only through the first 8 months of 1998. In general, these adjustments
reflect the postponement of 13 projeatiyinally scheduled for completion in 1998 to 1999 or beyond. They also reflect the
addition of several new projects announced in late 1998 and scheduled for completion in 1999 or 2000.

Temperatures during the winter of 1997-98 were warmer than normal for 43 of the Lower 48 States; 13 States experienced
average winter temperatures that were more than 10 percent warmer than normal. For the 27 States east of the Mississipp
River, which account for 60 percent of workigs inventories on average at the beginning of the heating season, there were
9.4 percent fewer heating degree days than normal for the 1997-98 winter.

A seasonal adjustment technique, developed by the Bureau of the Census (designated “Census X-11") and adapted to nature
gas storage data, is used to remove annuatigarizom the data. The procedure calculates “seasonal factors” that determine
the upper and lower bounds of the expected monthly inventory ranges.

National average utilization rates for the past two heating seasons are based on data reported to the Energy Information
Administration on the EIA-191, “Monthly Underground Gas Storage Report” for 26 salt cavern facilities.

In 1998, aleast three companies made application to the Federal Energy Regulatory Commission to abandon operations at
eight storage fields. ANR Pipeline Co. plans to abandon five storage fields in Michigan, two of which it owns and three that

it leases from its affiliate Mid Michigan Gas Storage Company. Columbia Gas Transmission Corporation has applied to
abandorone field each in West Virginia (Derricks Creek) and Pennsylvania (Munderf—inactive since 1992). Williams Gas
Pipelines Central plans to close the Craig storage field near Kansas City, KS. In most cases, the companies assert that the
abandoned capacityill not be missed and that their respective systems will be more efficient and less expensive to operate
without them. The eight abhdoned fields comprise about 10.flibn cubic feet of working gas capacignd 154 million

cubic feet of daily deliverability.

One company—Columbia Gas Transmission Corporation—accounted for 14 of the 22 projects, comprising over 6 billion
cubic feet of added working gas capacity and almost 120 million cubic feet per day of added deliverability.

According to annual capacity reports filed by respondents to the Energy Information Administration’s monthly EIA-191
survey, “Monthly Underground Storage Report,” 19 companies made capacity adjustments to a total of 98 existing storage
facilities, effective for1998. These gstments amounted to a net decrease in working gas capacity of about 82 billion cubic
feet and a net decrease in deliverability of about 94 million cubic feet per day.

Eleven of these are expansions to existing facilitieth€@gight proposed new facilities, five are LNG projects, two of which
are new only in the sense that they will offer interstate storage services for the first time.

Does not include annual capacity adjustments filed by EIA-191 respondents.

Particularly notable is the lack of additional capacity from new storage facilities in the past 2 years, after havireg been t
leading source for added capacity earlier in the decade.

Northeast Hub Partners’ Tioga salt cavern project involves developmesalirf@mation that happens to lie directly beneath
CNG’s Tioga depleted reservoir storage field. CNG maintains that project development could seriously damage or even
destroy its reservoir storage. The Federal Energy Regulatory Commission certificated the project in April 1998, contingent
upon the twgoarties reaching a mutually agreeable arrangement requiring Northeast Hub Partners to indemnify CNG from
any losses that might result from project construction. The fight therefore most recently centered on issues of asset valuation
and types and amounts of insurance.

The unique thing abotliese projects is that they all propose to connect to interstate pipelines and to offer some if not all of
their storage capacity to customers on an open-access basis. Until recently, most LNG facilities were “captive” assets of
individual LDC’s’ distribution systems and were primarily held in reserve for peaking needs.
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Horizontal wells can vastly increase the deliverability and cycling characteristics of certain reservoirs becauseoties well b
expose a much greater surface area to the stored gas than traditional vertical wells that pass through or terminate in the pay
zone. The Gas Research Institute hasled research in this technology a@sdapplication to gas storage operations for a
number of years.

Companies that have experimented with the technology include ANR Pipeline Co., CNG Transmission, Colorado Interstate,
Columbia Gas Transmission, and Tejas at facilities in CO, MI, OK, PA, and WV.

Annual information and comparisons are represented on a “heating year” fiasie®112 consecutive months ending March

31. The total volume of released capacity held by replacement shippers during a season is the sum of the capacity effective
on each day of the season. For example, if a 60-day contract for Z thousand cubic feet per day is effective within a season,
then the sum of capacity held for the season would include Z thousand cubic feet 60 times for that contract. If that 60-day

contract were only effective, for example, for the last 20 days of the season, then the sum for the season would include Z
thousand cubic feet 20 times, and the $ointhe next season would include Z thousand cubic feet 40 times for that contract.

It is assumed that each unit of pipeline capacity held by a replacement shipper was usEaDfpkydent load factor) to
deliver natural gas to market.

The percent-of-maximum rates were derived from a subset of capacity release transactions, representing 85 percent of all
capacity release transactions, that contained reliable maximum rate information.

Capacity reservation rates are stated in units to identify the cost to reserve a specified amount of capacity onreach day fo
entire month. For example, $1.00 per Mcf-Mo. indicates that it would cost $1.00 to reserve 1 thousand cubic feet of capacity
each day for a given month.

Based on heating degree days fromNhgiral Gas MonthlyDOE/EIA-0130(98/04) (Washington, DC, April 1998), Table
26.

Total natural gas consumption, which is end-use consumption plus lease and plant fuel, and pipeline fuel, was 21.4 trillion
cubic feet in 1998. The highest level of total natural gas consumption ever recorded was 22.1 trillion cubic feet in 1972.

January and November, in particular, were warmer in 1998 than in 1997. Heating degree days were 18 percent lower in
January 1998 than in January 1997 and 14 percent lower in November.

Energy Information Administration prices paid for natural gas in the electric utility sector are the average for &lsdeliver

to the sector. However, prices paid for natural gas in the residential, commercial, and industrial sectors are for oesystem sal
only. Nearly all deliveries are onsystem in the residential sector. During 1995 through 1997 (and for preliminary monthly data
in 1998), onsysteraales were roughly 65 to 80 percent of commercial deliveries and roughly 15 to 25 percent of industrial
deliveries.

Prices and expenditures were adjusted to 1998 dollars by the Energiatidn Administration, Office of Oil and Gas, using
chain-type price indices for gross domestic product from the U.S. Department of Commerce, Bureau of Economic Analysis
Internet site <http://www.bea.doc.gov>, as of August 13, 1998, Table 7.1.

For a more detailed discussion of events during the 199@G8ideeason, see Energy Information Administration, “Natural
Gas Residential Pricing Developments during the 1996-97 Winkatlral Gas Monthly DOE/EIA-0130(97/08)
(Washington, DC, August 1997).

U.S. Department of Commerce, Bureau of the Census, Current Construction Reploaiseteristics of New Housing996
and 1997, C25/96-A and C25/97-A (Washington, DC, June 1997 and July 1998), Table IbaNatéhese data, “gas”
includes natural gas and propane.

Industrial consumption of natural gas in both 1996188F exceeded the previous peak of 8.7 trillion cubic feet set in 1973.
Annual consumption data go back to 1930.
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The estimated price paid by industrial users for natural gas in 1998 (through November) is applicable to only 15 percent of
natural gas deliveries in this sector.

As determined by the National Bureau of Economic Research.

Original data on manufacturing production were the Manufacturitiges, Code B0O0004, from the Internet site of the Board
of Governors of the Federal Reserve System <http://www.bog.frb.fed.us/releases/G17/ipdisk/ip.sa>, as of January 19, 1999.

Energy Information Administration. Prior to 1992, data on nonutilities were collected for facilities of 5 megawatts or more.
In 1992 the threshold was lowered to include facilities with capacities of 1 megawatt or more. Nonutility data for 1992 are
from the Annual Energy Review 199DOE/EIA-0384(97) (Washington, DC, July 1998), Table 8.14. Information on
cogeneration andontility data for1993-1997 are from thElectric Power Annual 1996/0l. Il, DOE/EIA-0348(96/2)
(Washington, DC, December 1997), p. 82, Figure 14 and Table 51.

That is, 18 percent of the natural gas that was delivered to indusirialves sold by the delivering company. This is referred
to as “onsystem” gas. The other 82 percent was only transported by the delivering company, thus the company did not have
information on the purchase price of the natural gas. This is referred to as “offsystem” gas.

In 1994, the industrial sector included manufacturing, mining, construction, and all nonutility generators of electricity.

Energy Information AdministratioManufacturing Consumption of Energy 19®0DE/EIA-0512(94) (Washington, DC,
December 1997), p. 16.

Information on manufacturer’'s use of natural gasoisndl in Energy Information AdministratiotManufacturing
Consumption of Energy 199BOE/EIA-0512(94) (Washington, DC, December 1997).

Distributed Power Coalition of America, Internet site <http://www.dpc.org/fag.html>, as of August 6, 1998.

“Gas” includes natural gas, refinery gas, blast-furnace gas, coke oven gas, and propane for data on net electrigity generati
and for retirements and additions of generation capacity.

Many of the nuclear plant outages extended through much of 1997 and were due to scheduled refueling, maintenance, or
repair. Net electricity generation from coal also set a record in 1997. Energy Information Adminidilattic Power
Annual 1997Vol. 1, DOE/EIA-0348(97)/1 (Washington, DC, July 1998), p. 1 and Table 10.

Data on electricity generation capacity retirements and additions are from the Energy Information Administregidoty
of Power Plants in the United States: As of Januaf@93 DOE/EIA-0095(98) (Washington, DC, December 1998), Tables
1, 11-13, and 16.

Energy Information AdministratiomAnnual Energy Outlook 1999AE099, DOE/EIA-0383(99) (Washington, DC,
Decembefl998), Table A13. In the projections, natural geesdufor the generation of electricity includes that used by electric
utilities andnonutility generators except for cogenerators. In the data presented elsevitexgdh Gas 1998: Issues and
Trends all nondility consumption of natural gas is included in theustrial sector. Also, in theEO99 1997 data were based
on preliminary estimates and 1998 is the first year of projected data.

Energy Information AdministratioAnnual Erergy Outlook 1999DOE/EIA-0383(99) (Washington, DC, December 1998),
p. 72.

Energy Information AdministratioAnnual Erergy Outlook 1999DOE/EIA-0383(99) (Washington, DC, December 1998),
National Energy Modeling System, reference case, run AEO99B.D100198A.

See Energy Information Administrationhe Changing Structure of the Electric Power Industry: Selected Issues, 1998
DOE/EIA-0562(98) (Washington, DC, July 1998).
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68. Barbara Shook, “CSWE Plans New Merchant Plant To Increase ERCOT RelialN#ityral Gas WeekJuly 13, 1998), p.
8. “Capline’s Pasadena Power Plant Feeds Big, Hungry Texas Mavlegtfal Gas WeelJuly 13, 1998), p. 11. “Duke to
Build Merchant Plant To Serve Florida Power Markblgtural Gas WeekAugust 24, 1998), pp. 14-15.

69. Distributed Power Coalition of America, Internet site <htipal.dpc.orgfag.html>, as of August 6, 1998. Distributed power
technologies include “small combustion turbinegyators, internal combustion engine/generators, photovoltaic solar panels,
wind turbines, and fuel cells.”

70. For a discussion of these issues in the California market, see: Califdiiaiecé for Distributed Energy Resources,
Collaborative Report and Action Agen@lanuary 1998).

71. Local distribution companies (LDCs) traditionally provided the commodimydled” with a package of related services,
including interstate transportation, storage, and distribution service to all customers on its distribution system.yn the earl
1980s, large volume consumers were ptech access teervice providers who operate outside the LDC'’s service area or
“offsystem.”

72. The lowa Public Utility Commissiondapted small customer unbundling in 1986, however, marketer and consumer
participation has been slight. As a result, the commission did not renew the pilot program and is now considering further
action.

73. This analysis is based on data from a variety of industry reports and information gathered by Energy Information
Administration analysts. The principal reports used in this analysigaeegy Deregulation: Status of Natural Gas Customer
Choice ProgramsGovernment Accounting Office (Decber 1998) andProviding New Services to Residential Natural Gas
Customers: A Summary of Customer Choice Pilot Programs and Initiatives 1998 Ju@técan Gas Association Issue
Brief 1998-03 (July 31, 1998).

74. A customer who lives in a State that has complete retail unbundling may not be eligible to select its natural ga§ provider i
it resides in (1) a local jurisdiction that has decided not to institute customer choice, (2) a service area of an LDibthat has
yet received approval to unbundle services by State regulators, or (3) an area where third-party providers have not offered
service.

75. The estimated annual unbundled gas @seh are derived by multiplying the State’s average residential consumption (from
EIA’s Natural Gas Annual 199DOE/EIA-0131(97)) by the number of residents participating in the respective State’s
unbundling program. State levels are summed to arrive at regional amounts, and regional amounts are summed to arrive at
national levels. Since actual unbundtdchases by residential customers are not available and many choice programs have
been active for only a short time, the derived purchases are used to approximate customer activity.

76. According to the Government Accounting Office repBrtergy Deregulation: Status of Natural Gas Customer Choice
Programs marketers are unable to compete with the low gas prices available in New Mexico.

77. The price a local distribution company (LDC) charges its customers for gas is reported to the State regulatory body and is
commonly used as a benchmark by which marketer prices are compared. Marketers, as nonregulated entities, are not requirec
to disclose their prices to regulatory bodies. The benchmark LDC prices may become less representative as customers move
their purchases from LDCs to marketers.

78. Marketers are able to guarantee savings in most States because they are not required to pay the same State t@eads that the lo
distribution companies pay.

79. “Discouraged by ‘Numbers Game,” Texaco Exiting Retail Markéafural Gas Weekv/ol. 14, No. 22 (June 1, 1998), p. 4.

80. Local distribution companies have traditionally been required to contract for large amounts of relatively expensive, firm
transportation capacity to serve their retail customers.

81. For example, Massachusetts, New Jersey, and New York.
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83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.
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The proposed “Certified Ergy Marketer” (CEM) seal would be an indication to consumers that the marketer has agreed to
operate by a series of fair marketing practices and is committed to providing reliable service. These standards are intended
to protect residential and commercial customers in both the natural gas and electricity markets and to promote competition
and integrity of emerging gas markets.

Marketer in this context refers to marketers, aggregators, or suppliers, including utility affiliates marketing or ctbiingise
natural gas (or electricity) and arranging for interstate transportation or transmission capacity to residential and commercial
customers eligible to participate in customer choice programs.

According to Southwest Research Institute, “a locomotive engine that produces approximately 12 grams of nitrogen oxides
per horsepower hour (g/bhp-hr) using diesel fuel only produces 2.8 g/bhp-hr using this new liquefied natural gas (LNG)
engine technology. Southwest Research Institute (SWRI) N&esRail USA reduces Nox by 75 pert&egws Release

(May 29, 1998). (Http://www.swri.org/9what/releases/rail.htm)

“ARCO,SYNTROLEUM begin joint development of synfuels reactor technology: ARCO to build pilot-scale plant facility
on West Coast,” Press Release (October 24, 1997).

“New Combustion Technology Hidetes Smaller @pacity GTL Plants,” Syntroleum Corporation Press Release (September
16, 1998).

“DOE selects research partner for project to make liquids from naturaDgai,Fossil Energy TechlingMay 20, 1997).
“GTL technologies focus on lowering cost®il and Gas Journa{September 21, 1998), Vol. 96, No. 38, p. 76.
For example, Statoil, Texaco, Marathon, and Conoco.

The full fuel-cycle analysis includes the carbon dioxidssed from actual use of fuel in the vehicle as well as the additional
gases released during the finding, manufacture, and transport of the fuel.

Energy Information AdministratioAnnual Erergy Outlook 1999DOE/EIA-0383(99) (Washington, DC, December 1998).

The “Annex I” countries include: Australia, Austigglgium, Bulgaria, Canada, Croatia, Czech Republic, Denmark, Estonia,
European Community, Finland, France, Germany, Greageg#&ty, Iceland, Ireland, Italy, Japan, Latvia, Liechtenstein,
Lithuania, Luxembourg, Monaco, Netherlands, New Zealand, Norway, Poland, Portugal, Romania, Russian Federation,
Slovakia, Slovenia, Spain, Sweden, Switzerland, Ukraine, United Kingdom of Great Britain and Northern Ireland, and the
United States of America. Turkey and Belarus are Annex | nations have not ratified the Convention and have not committed
to quantifiable emissions targets.

The reporimpacts of the Kyoto Protocol on U.S. Energy Markets and Economic A¢Hyitto), SR/OIAF/98-03
(Washington, DC, October 1998), examines a series of six cases looking at alternative carbon levels. The reference case
represents projections of energy markets and carboni@nsisgithout any enforced reductions and is presented as a baseline

for comparison of the energy market impacts in the reduction cases. The most extreme case examined is the “7 Percent Below
1990Level” (1990-7%), which essentially assumes that the 7-percent target in the Kyoto Protocol must be met entirely by
reducing energy-related carbon emission, with no net offsets from sinks, other greenhouse gases, or international activities.
The highest consumption patterns for natural gas are seen in some of the intermediate cases, principally the “Stabilization at
1990 Levels” and the “3 Percent Below 1990 Levels.”

The reference case used for Kyotoreport is different from thAEO99reference case. The results for 2010 and 2020 are

very similar for the natural gas sector (usually within 2 to 3 percent for the major variables). Because of these differences,
the discussion generally focuses on differences from the reference case. When volumes are used, they are generally cited a
ranges.
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To reduce emissions, a carbon price is applied to the cost of energy. The carbon price is applied to each of thesenergy fuel
relative to its carbon content at its point of canption. Electricity does not directly receive a carbon fee; however, the fossil

fuels used for generation receive the fee, and this cost, as well as the increased cost of investment in generation plants, is
reflected in the delivered price of electricity. In practice, these carbon prices could be imposed through a carbon emissions
permit system. In this analysis, the carbon prices represent the marginal cost of reducing carbon emissions to the specified
level, reflecting the price the United States would be willing to pay in order to purchase carbon permits from other countries
or to induce carbon reductions in other countries. In the absencermixéete analysis of trade and other flexible mechanisms

to reduce international carbon emissions, the projected carbon prices do not necessarily represent the international market-
clearing price of carbon permits or the price at which other countries would be willing to offer permits.

The Energy Information Administration analysis assumes that the Government would hold an auction of carbon permits. The
cost of the permits is reflected in energy prices, and the revenues collected from the permits are recycled either te individua
by means of an income tax rebate or to individuals and businesses through a social security tax rebate.

In 2010, the carbon prices projected to beassary to achieve the carbon emissions reduction targets range from $67 per
metric ton (1996 $) in the “1990+24%”" Case to $348 per metric ton in the “1990-7%" Case.
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