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Preface

The Energy Modeling Forum (EMF) was established in 1976 at Stanford University to provide a struc-
tural framework within which energy experts, analysts, and policymakers could meet to improve their
understanding of critical energy problems. The ninth EMF swdy, North American Natural Gas Markets,
was conducted by a working group comprised of leading natural gas analysts and decisionmakers from
government, private companies, universities, and rescarch and consulting organizations. The EMF 9
working group met five times from October 1986 through June 1988 to discuss key issues and analyze
natural gas markets. '

This report discusses indepth the issues and results studied by the working group. It supplements the
major conclusions appearing in the summary report released earlier. In addition, a third volume containing
background technical papers prepared during the study is available through the Energy Modeling Forum,
406 Terman Center, Stanford University, Stanford, CA 94305 (Telephone: 415-723-0645). This volume
contains the study design, individual modeler papers, a technical comparison of the model responses, and
background studies on regulatory and supply issues.

Funding for this study was generously provided by the U.S. Department of Energy, the Electric Power
Research Institute, and member organizations of the EMF Affiliates Program. Affiliate organizations in-
clude: Alberta Department of Energy, ARCO, Bonneville Power Administration, Conoco, Consolidated
Edison, Gas Research Institute, General Motors, Interstate Natural Gas Association of America, Maxus,
Pacific Gas and Electric, Shell U.S.A., Southern California Edison, and Union Pacific Resources. Addi-
tional support for this study from Amoco, California Energy Commission, Southern California Gas, and
Benjamin Schlesinger and Associates is also gratefully acknowledged.

EMF’s Senior Advisory Panel continues to offer valuable advice on topics as well as comments and
suggestions for improving EMF reports. And finally, we would also like to acknowledge George Kohler,
Edith Leni, Pamela McCroskey, Douglas Robinson, Dorothy Shefficld, and Susan Sweeney for their
assistance in the production of this report.

This volume reports the findings of the EMF working group. It does not necessarily represent the
views of Stanford University, members of the Senior Advisory Panel, or any organizations providing
financial support.
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Executive Summary

This report summarizes the research by an En-
ergy Modeling Forum working group on the evo-
Iution of the Norih American natural gas markets
between now and 2010. The group’s findings are
based partly on the results of a set of economic
models of the natural gas industry that were run
for four scenarios representing significantly differ-
ent conditions: two oil price scenarios (upper and
lower), a smaller total U.S. resource base (low U.S.
resource case), and increased potential gas demand
for electric generation (high U.S. demand case).
Several issues, such as the direction of regulatory
policy and the size of the gas resource base, were
analyzed separately without the use of models.

Pricing

e By 1990, gas prices in the United States and
Canada begin to reverse their decline of the
1980s in the scenarios analyzed, reflecting the
elimination of the current excess deliverability
condition.

After 1990, gas prices in the United States and
Canada rise continuously, reflecting higher oil
prices and smaller field size and higher ex-
ploration and development costs of future re-
serve additions. By 2000, inflation-adjusted
gas prices reach their peaks of the early 1980s,
even in the lower oil price case.

e In the long run, bumertip natural gas and
residual fuel oil prices need not necessarily
equate on a per Btu (i.e., heat content) basis.
Depending upon the model, gas prices are at
or below parity with residual fuel oil in the
upper oil price case; are generally at parity

Xv

in the high demand case; and are at or above
parity in the low resource and lower oil price
cases.

There currently exists considerable capability
for switching between natural gas and resid-
ual oil in equipment that can bum either fuel
(the dual-fuel market). When gas supplies
are plentiful enough 0 saturate this dual-fuel
market, gas prices may fall below the price
of residual fuel oil; conversely, when sup-
plies arc limited enough to cause this dual-
fuel market to be lost, the gas price will rise
above the residual fuel oil price. As long as
a large amount of gas continues to be used
by these dual-fired industrial and powerplant
customers, gas prices will tend to be capped
by residual fuel oil prices.

Supply

e Resource base estimates are highly uncer-
tain. The cost of proving and producing re-
sources is as important as the extent of re-
sources in place for determining gas supply
and price. Despite standardizing on oil price
and the physical magnitude of the resource
base, substantial variations in incremental re-
source costs exist among the models.

e Poorly drained reservoirs or uncontacted com-
partments in existing reservoirs may con-
tain significant gas reserves that can be pro-
duced through infill drilling and recomple-
tions, This phenomenon, reserve growth, rep-
resents a potentially significant source of ad-
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Xvi

ditional gas, although confirmation of prelim-
inary estimates is needed.

e Changes in oil prices, undiscovered resources,
and gas demands can lead to a wide variation
in production across the four scenarios—from
14 10 18 Tcf by 2000 and from 12 to 19 Tcf by
2010 (according to the average of all model
results).

e Total U.S. gas imports rise substantially in
all scenarios, reaching 1.5 Tcf by 2010 in
the lower oil price case and 2 Tcf or more
in the other scenarios compared to 1 Tcf in
1987, Although Canada remains the principal
source of U.S. imports, liquefied natural gas
(LLNG) and, in some instances, Mexican gas,
also contribute to U.S, imports.

o To sustain annual Canadian gas export levels
at 2 Tcf in the upper oil price case, Canadian
frontier and unconventional supplies need to
be developed in a timely manner for delivery
after the turn of the century. In this study,
Canadian gas exports are generally less in the
Canadian and North American models than in
the U.S. models in all scenarios.

Consumption (Demand)

e Variations in the projections of industrial de-
mand are quite large by 2010, ranging from
a total of 4 Tef to approximately 8 Tcf in
different models in the upper oil price sce-
nario, constituting 22 10 41 percent of total de-
mand. Much of this variation stems from fuel-
switching and different assumptions about the
penetration of new industrial gas-fired tech-
nologies. The range in the demand by electric
utilities is also large—from 2.9 to 5.7 Tef by
2010—depending upon assumptions about en-
vironmental regulations, fuel prices, and load
growth.

¢ In the lower oil price and low resource cases,
gas consumption declines rclative to the up-
per oil price case as industrial and electric

North American Natural Gas Markets

utility users switch to oil, primarily in dual-
fired boilers. Since U.S. oil production is ex-
pected to decline in the future, some of the
lost gas consumption will be met by rising oil
imports. The average gas consumption de-
cline across all models was 2.9 Tef in 2010 in
the lower oil price case and 3.5 Tcf in the low
U.S. resource case, or in oil-equivalent terms,
1.4 million barrels per day (MMBD) and 1.7
MMBD, respectively.

Satisfying the higher electric utility gas de-
mands of the high U.S. demand case requires
higher gas prices than in the upper oil price
case. The higher gas price brings forth addi-
tional gas supplies, primarily domestic, by en-
couraging exploration and development, and
reduces consumption in other gas demand sec-
tors. While potential gas demand is increased
by 2.8 Tcf, actual total gas consumption rises
by only 1.5 to 2.0 Tcf by 2010 as a result of
the higher gas price.

Regulatory Policy

¢ The U.S. gas industry has been highly regu-

lated and regulatory decisions have often in-
terfered with market forces. With increased
competition, the focus of regulation is chang-
ing from price and volume controls to the
conditions of access to and participation in
the gas market. In the future, regulators—
state, provincial, and federal in the U.S. and
Canada—will continue to have a major impact
on the gas market.

The distribution of gains and risks among pro-
ducers, pipelines, local distribution companies
(LDCs), and end-users will be an important
element in many regulatory issues, such as
rate design, the allocation of pipeline capac-
ity, and bypass of LDCs by their customers.
Nevertheless, market forces will constrain the
ability of regulators to reallocate economic
benefits and risks among market participants.
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¢ A streamnlined approval process for the con-
struction of new interstate pipeline facilities
into new markets will be important to improve
the allocation of resources,

e Under some scenarios—especially a lower
resource base—regulators may face political
pressures to overturn, or not adopt, some pro-
competitive policies. To the extent indus-
try participants anticipate that pro-competitive
policies will be reversed by regulators, some
pardiicipants may respond to this uncertainty
by reducing investment.

Natural Gas Modeling

e Several methodologics exist to model nat-
ral gas markets. Methodology, however, ac-
counts for only a portion of the variation
among model results. Different perspectives
about fundamental gas supply, demand, and
pricing relationships are also important expla-
nations for variations between model results.

xXvii

e The models used in this study were originally

developed to project long-term trends in gas
prices, production, and consumption, They
have been useful for understanding some key
long-run relationships and developing insights
about the industry’s development. Most mod-
els, however, did not directly incorporate reg-
ulatory behavior in their structures, nor did
they allow transmission and distribution mar-
gins to be determined by gas market forces.

As the gas market develops, it will be impor-
tant to better reflect within the model frame-
works the increasing integration of the U.S.
and Canadian gas markets, interregional com-
petition within each country, impacts of reg-
ulatory policy, technological changes in gas
supply and demand, alternative natural gas re-
source base cstimates, the setting of transmis-
sion and distribution margins, price volatility,
environmental regulations, and short-run dy-
namics. Developing better analyses of these
factors will improve decisionmaking and rep-
resents an important challenge.
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A dozen years ago, the United States was in
the throes of a severe natural gas shortage. Mora-
toria on new customers were instituted and large
existing customers had their gas service curtailed.
Prices were set under long-term contracts, which
were subject to regulation from the field to the
burnertip.! In this environment, frequent refer-
ence was made to natural gas being a “premium”
fuel that in an unregulated market could attract a
price above that of distillate fuel oil, reflecting its
cleaner-burning properties.

(as market conditions are dramatically differ-
ent today. The gas-producing industry has been
mired in excess deliverability for several years.
Both U.S. and Canadian producers are aggres-
sively searching for new markets for their sur-
plus gas, while consumers are enjoying the ben-
efits of lower prices. Many long-term contracts
with fixed prices have been renegotiated to incor-
porate market-responsive pricing and many have
been replaced by shorter-term contracts and spot
market sales. More than half of today’s annual
gas sales are spot-market transactions. The regu-
latory policy debate has shifted from an emphasis
on the security of supply to the deregulation of
field prices and then to the issues of access to and
the allocation of pipeline capacity. Gas prices are
being set by “gas-to-gas” competition, which has
lead to bumertip gas prices falling below residual
fuel oil prices.

This shift in market conditions from one con-
strained by regulations to one relying more upon
market forces emphasizes the uncertainty about
this industry’s future evolution. What will this

Ytalics indicate the first use in the summary report of
words or phrases listed and defined in the Appendix.

market look like through the 1990s and beyond?
Will excess deliverability continue? Will the pric-
ing of natural gas revolve around the switchable
end-use market comprised of large industrial and
electric utility users with dual fuel-buming capac-
ity? Or will natural gas and residual fuel oil
prices diverge under certain conditions? How will
the regulatory environment resolve such issues as
“open access” to the nation’s gas transmission sys-
tem?

In short, growing competition in the North
American natural gas market has increased the un-
certainty about the industry’s development. In ad-
dition, industry experts hold divergent opinions on
such critical issues as resource availability, end-
use demands, the proper regulatory climate, and
pricing.

The Energy Modeling Forum working group
(EMF 9) analyzed the development of the North
American natural gas industry under different con-
ditions with respect to oil prices, the natural gas
resource base, and gas demand. In addition, reg-
ulatory policy issues were addressed. This group
comprised leading natural gas analysts, listed at the
beginning of this report, from government, indus-
try, universities, and research and consulting orga-
nizations. In conducting the analyses, the group
pursued two broad goals. First, it sought to de-
velop insights about the gas market's development
under a range of different environments by using
economic models and additional analyses. Sec-
ond, it sought to evaluate the existing analytical
approaches available for understanding this indus-
try and discuss their strengths and limitations.

The models of the natural gas industry guided
the group’s thinking about many important market
relationships and helped identify important differ-



ences of opinion about future outcomes. While
many of the conclusions depend on the model re-
sults, several issues, such as regulatory policy and
the size of the resource base, could not be ana-
lyzed using the models. These latter issues were
studied separately by group members to determine
how they might affect the industry’s evolution.

Scenarios

Models are often used to develop projections about
the "most likely” market conditions. The work-
ing group, however, did not define such a case in
this study. Given the uncertainty about the future
development of the North American namral gas
market, the group found it more valuable to de-
velop insights about key gas market relationships
under very different environments. In this study,
the working group evaluated four standardized sce-
" narios that included the effects of different gas re-
source bases, oil price paths, and potential sources
of gas demand on the natural gas market.

The key scenario inputs are listed in Table 1.
The two oil price scenarios are extensions of price
paths analyzed in a National Petroleum Council
(NPC) study.? In the upper oil price scenario, the
oil price rises from $15 per barrel in 1986 to $36
in 2000 and $44 in 2010 (1986 dollars). In the
lower oil price scenario, it rises to $21 in 2000
and $26 in 2010. The two oil price scenarios in-
corporate a lower-48 natural gas resource base of
033 trillion cubic feet of undiscovered and inferred
resources plus proved reserves.® Using the upper
oil price assumptions, the group also investigated
two other scenarios. In one scenario, the effects
of a lower U.S. resource base of 591 trillion cubic
feet of undiscovered resources plus proved reserves

ZNational Petrolenm Council, Factors Affecting US. Oil
and Gas Outlook, Washington, D.C., 1987,

3For comparison, a recent DOE lower-48 estimate is 1059
trillion cubic feet. See U.S. Depariment of Energy, An Assess-
ment of the Natural Gas Resource Base of the United States,
Washington, D.C., May 1988.

North American Natural Gas Markets

(low U.S. resource case) were examined.® An-
other scenario assumes a higher level of potential
gas demand for electric generation resulting from
an acid rain policy and from increased penetration
of combined-cycle gas turbine technologies (high
U.S. demand case). In all four scenarios, Cana-
dian gas exports to the United States are capped at
2 trillion cubic feet per year, reflecting the working
group’s assessment of the maximum economically
sustainable export levels between the two coun-
tries.

Eleven models of the U.S. and Canadian gas
markets were run for each scenario by standard-
izing on the key inputs contained in Table 1. In
some cases, ¢.g., the resource base, the EMF inputs
differed substantially from those often used by the
proprietors of a model.

The EMF 9 working group also surveyed a
group of oil companies and other organizations
to determine their natural gas supply and demand
outiooks for comparison to the model results. A
similar survey was conducted by the National
Petroleum Council in 1986. The results from the
EMF 9 survey were in close agreement with the
NPC survey results.

Major Findings and Issues

Based upon discussions and analysis, the group
reached conclusions on gas pricing, consumption,
supply, regulatory policy, and the use of models.
Table 2 contains averages of the model resulis for
selected variables for the 1985- 2010 period across
the four scenarios.

Natural Gas Pricing

Surplus deliverability—the gas bubble—has ex-
isted in the U.S. gas industry since the beginning
of the 1980s and has contributed to declining gas
prices in recent years. The model results show
this price trend reversing by 1990 in all scenar-

*For comparison, a preliminary 1988 Department of Inte-
rior estimate is 517 trillion cubic feet.
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Table 1: Key Scenario Inputs for EMF 9

Upper Oil  Lower Oil  Low U.S. High US.
Key Assumptions Price Price Resource Demand
World crude oil price
(1986%/barrel)
1986 $15 $15 $£15 $15
1990 $22 314 $22 $22
2000 $36 $21 $36 $36
2010 $44 $26 $44 $44
US economic growth rate,
1985-2000 (% p.a.) 2.6% 2.7% 2.6% 2.6%
US Lower-48 inferred and
undiscovered resources (Tcf) _
Conventional 627° 627° 388° 627°
Unconventional at $5/Mcf o7 97 0 97
Infill Drilling at $5/Mcf 50 50 44 50
TOTAL 774 774 432 774
Proven Reserves Lower-48 (Tcf, 1986)° 159 159 159 159
Total Undiscovered Plus Proven 933 933 591 933
Canadian Export Cap (Tcf/yr) 2 2 2 2
Extra potential U.S.
utility gas demand (Bcf/yr)
1990 0 0 0 296
2000 0 0 0 1431
2010 0 0 0 2807

TefewTrillion cubic feel.
Bef—Billion cubic feet,
Mcf—Thousand cubic fee
21986 Potential Gas Comm:uee {PGC) Most Likely Estimate, plus 7 Tef for offshore gas deeper than 10600 meters. Estimate

is noL based upon any explicit price assumplions.

Based upon 1986 PGC Low Estimate, which assumes “that there is approximately a 90 percent or greater probability that at
least this much natural gas resources is present.” Also includes 4 Tcf of offshore gas in water deeper than 1000 meters. Estimate
is not based upon any explicit price assumptions. See "EMF 9 Study Design” in Volume 3.

“Discovered gas that is excluded from estimates of undiscovered resources.
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Table 2: Average of Model Results from EMF Scenarios

Gas Volumes in Trillion Cubic Feet (Tcf)
Oil and Gas Prices in 1986%/Thousand Cubic Feet (Mcf)

1985 1990 1995 2000 2005 2010
Upper Qil Price: .
Marketed Production 16.38 16.47 16.69 17.25 17.14 17.11
Total Imports 0.95 1.12 1.58 1.58 1.84 2.17
Total Consumption® 17.28 17.41 18.03 18.87 19.04 19.35
Average Wellhead Price  $ 2.57 $225 $3.10 $ 3.86 $ 450 $4.96
Average Delivered Price  § 4.84 $4.07 $ 4.86 $572 $ 6.36 $6.75
Crude Oil Price $4.83 $3.79 $ 4.83 $6.21 $6.90 $7.59
Lower Qil Price:
Marketed Production 16.38 15.19 14.45 14,92 14.07 14.79
Total Imports 0.95 0.93 1.43 1.39 1.56 1.69
Total Consumption® 17.28 15.94 15.67 16.14 15.47 16.43
Average Wellhead Price  $ 2.57 $ 1.86 $2.54 $3.10 $3.71 $4.17
Average Delivered Price  § 4.84 $3.59 $4.22 $ 4.84 $5.50 $6.03
Crude Oil Price $4.83 $ 241 $293 $ 3.62 $3.97 $4.48
Lower Resources:
Marketed Production 16.38 16.07 15.41 14.84 14.07 12.92
Total Imporis 0.95 1.17 1.70 2.23 2,74 2.88
Total Consumption® 17.28 17.07 16.88 16.88 16.63 15.77
Average Wellhead Price  $ 2.57 $2.40 $3.38 $4.93 $5.59 $7.28
Average Delivered Price  § 4.84 $422 $5.19 $6.82 $7.56 $9.36
Crude Oil Price $4.83 $3.79 $4.83 $ 6.21 $6.90 $7.59
High Demand:
Marketed Production 16.38 16,73 17.31 18.12 18.13 18.76
Total Imports 0.95 1.12 1.65 1.95 2.26 2.52
Total Consumption® 17.28 17.66 18.69 19.84 20.12 21.21
Average Wellhead Price $2.57 $234 $3.26 $4.28 $4.95 $5.77
Average Delivered Price  § 4.84 $4.14 $ 499 $6.09 $6.84 $7.57
Crude Oil Price $4.83 $3.79 $ 4.83 $6.21 $6.90 $7.59

Averages for seven U.S. models; excludes GRI Hydrocarbon for which no consumnption or imports were reported.
*Consumption excludes changes in inventories and unaccounted for.
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Figure 1: Model Means for Average

ios (Figure 1), suggesting that the period of excess
deliverability is nearing an end.

Once the current excess deliverability of natural
gas is eliminated and gas supply and demand are
more in balance, gas prices in the United States and
Canada rise continuously in the scenarios analyzed.
Prices increase most rapidly in the low resource
case and least rapidly in the low oil price scenario.
By 2000, the inflation-adjusted gas price exceeds
its early 1980s peak of almost $3 per thousand
cubic feet (Mcf) in 19868, even in the low oil price
case.

Through the early 1990s, higher gas prices re-
flect increases in oil prices and the elimination of
today's excess deliverability condition, Over the
long run, wellhead gas prices reflect the higher
cost of finding and developing gas reserves. Over
the next 25 years, the results show that the U.S.
gas industry will need to find and develop another
350 to 400 trillion cubic feet (Ttf) of reserves.
Increased drilling productivity, above that repre-
sented in the model runs, could reduce the rate

U.S. Welthead Price by Scenario

of cost increase but is unlikely to reverse the up-
ward trend in costs and prices. In addition, price
volatility around these long-run trends can be ex-
pected as the industry adopts more flexible-pricing
mechanisms. Seasonal conditions will contribute
to swings in price as well.

As the North American natural gas industry be-
comes more competitive, rapid and accurate gas
price signals from the welthead through the bum-
ertip will maintain a better balance between gas
supply and demand. Moreover, in the long run,
natural gas and residual fuel oil prices need not
necessarily track each other on a B (ie., heat
content) basis, Simple “rules-of-thumb” relating
the two fuels, e.g., oil netback prices, may lead to
incorrect forecasts and decisions,

There currently exists considerable capability for
switching between natural gas and residual fuel oil
in equipment that can burn either fuel (the dual-fuel
market). When gas supplies are plentiful enough to
saturate this dual-fuel market, gas prices may fail
below the price of residual oil; conversely, when
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Figure 2: Industrial U.S. Gas-Oil Price Ratio by Model in the Upper Oil Price Scenario

supplies are limited enough to cause this dual-fuel
market to be lost, the gas price will rise above the
residual fuel oil price. As long as a large amount
of gas continues to be used by these dual-fired in-
dustrial and power-plant customers, gas prices will
tend to be capped by residual fuel oil prices.

In the upper price path, sufficient gas supply is
forthcoming to meet a growing gas market at in-
dustrial burnertip prices competitive with or less
than residual oil prices. Half of the models show
national residual fuel oil and natural gas prices
in rough equivalence on a Btu basis (Figure 2).5
In the other models, the gas price falls below the
residual fuel oil price at the industrial burnertip.

Under the lower oil price conditions, industrial
bumertip gas prices risc relative to residual fuel oil
prices. Gas loses market share to oil as it becomes
less price competitive. With oil prices only mod-

$Model abbreviations in Figure 2 are identified in Table 4.
Burnertip parity pricing for large industrial customers is main-
tained in the ICF resuits by the assumption that ransportation
costs are heavily discounted for these customers.

estly higher than today's lévels by 2000 ($21 per
barrel in 19868%), gas prices rise above the average
residual fuel oil price in those models that indi-
cated residual oil-gas parity in the upper oil price
case (Figure 3). Meanwhile, gas competes directly
with residual fuel oil in those models that had indi-
cated a gas price below the oil price in the higher
oil price scenario,

Fuel Switching

Fuel swirching between oil and gas, especially in
dual-fired boilers, has important implications for
how gas markets will adjust to changes in market
conditions. As gas supply and demand conditions
change, gas price change, restoring the supply-
demand balance. If gas becomes more or less ex-
pensive to use than oil, the larger the amount of de-
mand that can readily switch between gas and oil,
the smaller the price change needed to rebalance
demand and supply at any one time. Estimates of
the amount of fuel switching capability with dual-
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Figure 3: Industrial U.S. Gas-Qil Price Ratio by Model in the Lower Qil Price Scenario

fuel boilers vary considerably. As much as 30 per-
cent of U.S. gas consumption may be switchable
to other fuels with the lion’s share being to oil—
primarily residual fuel oil—in the electric utility
and industrial sectors,

This potential fuel-switching response will be
critical in determining gas prices under altemative
conditions. When fuel choices are very sensitive
to relative fuel price changes, gas prices will not
change appreciably in response to shifts in sup-
ply or demand conditions because large swings in
gas usage will be experienced. Under these condi-
tions, oil prices will essentially be determining gas
prices. On the other hand, if fuel switching is less
extensive, shifts in supply or demand conditions
could cause gas prices to rise or fall sharply, with
oil and gas prices diverging from each other.

Consumption {Demand)

The future level of gas demand will depend on
gas and other energy prices, economic and de-

mographic growth, technological change, regula-
tory and environmental policy, and the adequacy
of the gas transmission and distribution infrastruc-
ture. Variations in the projections of industrial de-
mand are quite large by 2010, ranging from a total
of 4 Tcf to approximately 8 Tcf in different mod-
¢ls in the upper oil price scenario. Much of this
variation stems from fuel switching and different
assumptions about the penetration of new indus-
trial gas-fired technologies. The range in the de-
mand by eleciric utilities is also large—from 2.9
to 5.7 Tcf by 2010—depending upon assumptions
about environmental regulations, fuel prices, and
load growth.

Based on the averages of the model results, to-
tal gas use (Figure 4) ranges from 16 to 20 Tcf by
2000 and 15.5 to 21.5 Tef by 2010. Total consump-
tion averages 19.4 Tcf in the upper oil price case
by 2010, ranging from 18.4 to 21.4 Tcf, depending
upon the model.

In the low oil price scenario, total gas consump-
tion in the various results falls by between T and 5
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Figurc 4: Model Means for Total U.S. Consumption by Scenario

Tcf by the year 2010 relative to the high oil price
scenario, with an average decline of 2.9 Tcf. In
the low resource case, total gas consumption falls
by between 1 and 7 Tcf by the year 2010, with an
average decline of 3.5 Tcf.

Natural gas consumption declines in both the
lower oil price and low U.S. resource cases because
gas becomes more expensive relative to residual
fuel oil. Initally, a Jower oil price causes gas users
to switch to oil. Gas prices fall but not by as much
as residual fuel oil prices, however, because lower
gas prices reduce the incentives for gas production,
making gas a scarcer, more valued fuel (relative
to residual fuel oil) than before the decline in oil
prices. In the low U.S. resource case, the available
gas supplies are less than in the upper oil price
at any given price level. In order to allocate the
scarcer gas supply to higher valued uses, gas prices
must rise even though oil prices remain unchanged
in this scenario.

Much of the reduction in gas consumption in
these two cases is due to industrial and electric

utility users switching to oil. While not all lost gas
consumption will be replaced by oil imports, the
average declines are equivalent to 1.4 to 1.7 million
barrels per day of oil use. These trends indicate
increasing reliance on oil imports to replace gas.
However, other indigenous fuels, e.g., coal, may
also be substituted for gas.

The effect of an increase in gas demand in the
electric utility sector is analyzed in the high de-
mand scenario. Additional combined-cycle gas
turbine capacity and an acid rain policy favoring
gas use are assumed to augment potential gas de-
mand in this scenario by 2.8 Tcf by 2010.

The model results indicate that higher demand
levels by electric utilities can be sustained under
these conditions, but gas prices must increase to
bring forth the required gas supplies. The higher
price encourages additional exploration and devel-
opment of gas resources. It also reduces electric
utility and industrial gas usage that competes with
lower valued fuels (such as residual fuel oil) as
well as gas consumption in other sectors. As a re-
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sult, the net increase in total consumption is con-
siderably smaller than 2.8 Tcf--between 1.5 and
2.0 Tef by the year 2010. Increased U.S. domestic
production in responsc to the higher gas prices ac-
counts for most of the additional gas sold. Imports
rise by less than 0.2 Tcf from their upper oil price
case levels in most models, due partially to the up-
per bound of 2 Tef per year imposed on Canadian
gas trade.

While gas prices in the high demand scenario are
higher than those in the upper oil price scenario,
gas continues to be competitive in the dual fuel-
buming boiler market in most models. In several
models, where there is already price parity between
natural gas and residual fuel oil, fuel switching
by industrial customers prevents prices from rising
much more with the higher demand,

Supply

The level and location of U.S. and Canadian gas
production will depend on oil and gas prices, the
two countries’ resource bases, advances in explo-
ration and production technology, the producer de-
cisionmaking process, and pipeline availability to
move domestic and imported supplies.

Resource Base

Future gas production depends on future reserve
additions, which are influenced by future wellhead
gas prices as well as by the size of the resource
base. Recently, the Department of Energy (DOE)®
and the United States Geological Survey (USGS)
and Minerals Management Service (MMS) of the

SFisher, W.L., Finley, R.J., Seni, 8.1, Ruppel, 5.C., White,
W.G., Ayers, WR,, Ir.,, Dutton, 8.P., Kuuskraa, V.A., Mc-
fall, K.5., Godee, Michael, and Jennings, T.V., An Assess-
ment of the Natural Gas Resource Base of the United States,
The University of Texas at Austin (Bureau of Economic Ge-
ology), ICF-Lewin Energy Division (ICF, Inc.), and Argonne
National Laboratory, report prepared for Office of Policy Plan-
ning and Analysis, U.S. Department of Energy, under contract
no. 80622401, 77 p., plus appendices (bound separately), 126
pp. May 1988.

Department of Interior (DOI)’ developed new U.S.
gas resource estimates, which have generated some
CONtroversy.

Table 3 places the EMF scenario inputs in the
context of the recent DOI and DOE estimates. The
1988 DOI estimate of unproven recoverable gas is
34 percent lower than its 1981 estimate—358 Tcf
versus 670 Tcf—because (1) new discoveries since
1979 have caused some undiscovered resources to
move into the proved reserves category, (2) drilling
since 1979 has produced new geologic informa-
tion that has reduced the estimated undiscovered
resource in some basins, (3) DOI now uses a play
methodology, as opposed to a volumetric approach,
which reduces the amount of estimated undiscov-
ered gas in some basins, (4) DOI is using a more
explicit economic criterion in its current report for
assessing how much gas may become recoverable,
and (5) tight gas formations are explicitly excluded
from the 1988 gas estimate.

The assessment of natural gas resources con-
ducted for the U.S. Department of Energy also an-
alyzed the major components of the natural gas
supply, based upon existing resource estimates de-
rived using established methodologies. This study
found a technically recoverable resource base of
1059 trillion cubic feet of natural gas in the lower-
48 states, including proven reserves (Table 3).

In addition to the traditionally defined ele-
ments of the natural gas resource base, a new
component—reserve growth from heterogencous
reservoirs—is quantified in the DOE study. Disag-
gregation of oil reserve addition figures® has shown
that most recent additions have been through re-
serve growth rather than new field discoveries. De-
spite the greater mobility of gas in the reservoir,
the same factors of reservoir heterogeneity are be-
lieved to apply to gas. In the DOE study, a geolog-
ical assessment of the gas reserve growth capacity

U.S. Department of Interior, U.S. Geological Survey and
Minerals Management Service, National Assessment of Undis-
covered Conventional Oil and Gas Resources, USGS-MMS
Working Paper, Open-File Report 88-373, May 1988,

3W.L. Fisher, “Can the 1.8, Oil and Gas Resource Base
Support Sustained Production?” Science, Yol. 236, pp. 1631-
1636, 1987,
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Table 3: Estimates of the Recoverable Gas Resource

Trillion Cubic Feect

PGC 1986 DOI°
Most EMF EMF DOE 1981 1988
Likely Control Low 1988 Mean  Mean

Undiscovered®
Lower-48
Onshore 356.1 356.2 212.4 219.0 390.2 187.7
Off-shore 109.9 116.9 61.4 134.0 1024 74.0
- Total Lower-48 466.0 473.1 273.8 353.0 492.6 261.7
Alaska, Total 109.8 n, . n e. 93.0 101.2 24
Total Undiscovered 531.6 446.0 593.8 264.1
Lower-48
Undiscovered Conventional (From Above) 466.0 4731 273.8 353.0 4926  261.7
Inferred/Probable 153.6 153.6 113.8 108.0 1719 95.8
Unconventional at $5.00/Mcf n. e. 97.0 0.0 146.0 n e. n ¢.
Infill Drilling n. e. 50.0 44.0 180.0 n e. n. e.
Lower-48 Unproven 619.6 773.7 431.6 787.0 664.5 357.5
Proven Reserves 158.9 158.9 158.9 158.9 1589 158.9
(end of 1986)
Unconventional above $5.00/Mcf n. e. 37.0 0.0 113.0 n. e. n. €.
Total Resource 718.5 969.6 590.5 1058.9 8234 516.4

Table places EMF scenario inputs in the context of other resource estimates; it is not meant to be a rigorous comparison
of estimates because: (1) economic assumpticns are not the same across studies, and {2) some studies did not estimate all
categories, resuliing in their totals not being directly comparable.

7. e—not estimated. PGC and 1981 DOI estimates include some unconventional gas in undiscovered category; 1988 DOI
estimates include little or no unconventional in this category.

%The 1988 Department of Interior (DOI) estimate was developed by the United States Geological Survey (USGS) and Minerals
Management Service (MMS) using different methodologies, while the 1981 DOI estimate was developed by USGS.

bPotential Gas Commitiee {PGC) and Energy Modeling Forum (EMF) undiscovered includes possible and speculative resource
only. PGC estimate includes some gas in tight formations.
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was made on a play-by-play analysis. The result is
a reserve growth potential of 180 Tcf through infill
drilling when extrapolated across the full lower-48
onshore associated and nonassociated gas reserve
base, including probable resources.

Estimates of gas volume from reserve growth
are less sensitive to price because this gas exists
in reservoirs already discovered. In addition, since
most existing fields are already attached to existing
pipeline systems, this gas will be fairly low cost
to bring to market, if the cost estimates for reserve
growth are correct.

As shown in Table 3, the EMF low resource sce-
nario for the lower-48 gas resource base falls close
to the new DOI estimate. Moreover, the EMF esti-
mate of 774 Tcf of unproven natural gas resources
(plus 159 Tcf of proved reserves, totaling 933 Tcf)
for the other scenarios is close to the DOE estimate
of 946 Tcf of technically recoverable natural gas
resources available in the lower-48 states.? Thus,
the EMF cases provide a reasonable range of esti-
mates for those who want to analyze the impacts
of variations in the resource base.

Gas Costs

The costs of proving and producing reserves are
as important as the extent of resources in place for
determining gas supply and price. There is wide
disagreement, however, over what these costs will
be in different producing regions.

Costs to find, develop, and produce the gas re-
source are critically affected by field size, location,
geologic setting, and depth of occurrence. As-
sumptions about these factors and the way these
assumptions are implemented affect the relation-
ships between future gas supplies and wellhead gas
prices (the supply curves) represented in a model.
The model results emphasize that these costs are
at least as important as geologic estimates of the
extent of the resource base in physical terms in de-

*This number does not include unconventionel gas eco-
nomic above $5.00 per thousand cubic feet (Mcf). The addi-
tion of this category would bring the DOE total to the 1059
Tef shown in Table 3.
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termining gas supply. However, since most pub-
lished resource estimates are given in terms of the
ultimate resources yet to be discovered, market an-
alysts must translate the published estimates into a
form usable for their analyses.

As a result, despite standardizing on oil price
and the physical magnitude of the resource base in
this study, there were substantial differences in in-
cremental resource costs among the models, Mod-
elers using the same aggregate resource base are
generally not using the same supply curve relating
future production to prices. More optimism about
supply costs leads to lower market-clearing prices
and higher consumption; less optimism about these
costs results in higher market-clearing prices and
lower consumption. In addition, important differ-
ences in interpretation of the low resource scenario
were discovered. One expert may believe that a
more pessimistic resource outlook means less high-
cost gas but little change in the amount of low-cost
gas. To another, a lower resource base may mean
less gas for all cost categories. Gas production and
prices generally change more between the two re-
source scenarios when the gas resources for ail cost
categories arc reduced proportionately than when
only the high-cost gas resource is reduced.

Gas Production

Based on the average model results, changes in oil
prices, the level of the resource base, and gas de-
mand cause marketed U.S. gas production to range
from 14 to 18 trillion cubic feet (Tcf) by 2000
and from 12 to 19 Tcf by 2010 across the four
scenarios. Despite this wide range, gas produc-
tion remains below 19 Tef in all scenarios through
2010 (Figure 5), or several Tcf below its histori-
cal peak of 21.7 Tcf in 1973. Substantially higher
wellhead gas prices are required to keep gas pro-
duction at the upper end of this range. Generally,
the models indicate that while gas supplics are def-
initely responsive to price, the percentage increase
in marketed production is less than the percentage
increase in the wellhead gas price.
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Figure 5. Model Means for U.S. Marketed Production (Dry Gas) by Scenario

Marketed production in the United States re-
mains relatively stable at about 16 to 17 Tcf in the
upper price scenario, as shown in Figure 5. Both
the lower oil price and the low resource conditions
result in declines in U.S. gas production relative to
the upper oil price scenario. Production, on aver-
age, is 2.5 Tcf lower in 2010 in the lower oil price
case and 4.5 Tcf lower in 2010 in the low resource
case.

Production declines in the lower oil price case
because falling gas prices reduce drilling and ex-
ploration incentives. It falls in the lower U.S. re-
source case because it becomes more costly to find
and develop the same volume of gas as in the upper
oil price case. As gas prices rise in this scenario,
consumers demand less than before, resulting in
lower levels of production and consumption.

A survey of industry forecasts was also compiled
and averaged. Figure 6 shows that the EMF indus-
try survey’s average estimate for U.S. dry gas pro-
duction with the upper oil price assumptions lies
much more in line with the EMF model results for

the low U.S. resource scenario through 2000. By
2010, the average survey estimate lies between the
average EMF results from the upper oil price and
low U.S. resource cases, but closer to the latter.
The lower estimates from the survey respondents
can be attributed to one or more of the following
factors: a lower resource base estimate than in the
EMF control resource inputs, less future spending
for oil and gas drilling, and higher costs for find-
ing and developing natural gas. For the lower price
case (Figure 7), the survey respondents show less
production than the modelers, the average being 15
percent lower in 2000 and about 30 percent lower
in 2010.

Gas Imports

U.S. gas imporis rise in all scenarios (Figure 8), re-
flecting the need to supplement stable or declining
domestic production in meeting U.S. demand at the
projected prices. In most scenarios, total U.S. gas
imports reach an average of 2 Tcf or more by 2010
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Figure 6: U.S. Marketed Production in Industry Survey and EMF Results with Upper Oil Price Path
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Figure 8: Modecl Means for Total U.S. Imports by Scenario

compared to about 1 Tcf in 1987, The import share
of total consumption is higher under the low U.S.
resource and high U.S. demand cases. Most of the
imports are from Canada, but some of the models
also include large amounts of liguefied natural gas
(LNG) or Mexican gas.

Imports become more important in the low re-
source case. They rise to 2.5 Tcf by 2000 and
3.0 Tcf by 2010, increasing the import share from
about 5 percent o 15-20 percent of total U.S. con-
sumption. In the other cases, the import share rises
steadily to about 10 to 15 percent of the U.S. mar-
ket in this case.

To sustain Canadian gas export levels at 2 tril-
lion cubic feet in the upper oil price case, Canadian
frontier and unconventional supplies need to be de-
veloped in a timely manner for delivery after the
tum of the century. Under the low oil price condi-
tions, Canadian gas exports to the United States are
likely to remain below 2 trillion cubic feet since
inadequate incentives exist to maintain Canadian

production and develop new transmission facilities
to the United States.

The response of Canadian gas exports to differ-
ent U.S. market conditions underscores the value
of considering the North American gas industry as
an integrated market. Many U.S. projections do
not incorporate the feedbacks between Canadian
and U.S, markets. In this study, Canadian gas ex-
ports are generally less in the Canadian and North
American models, which incorporate these interac-
tions, than in the U.S. models for most scenarios,
These differences are particularly pronounced for
the low oil price case (Figure 9).

Regulation

The U.S. gas industry has been highly regulated
and the regulators’ decisions have often interfered
with market forces. Virnually unregulated at its be-
ginning, the gas industry became increasingly reg-
ulated from the 1930s through the 1970s with re-
gard to supply, demand, price, and entry. Since the
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late 1970s, the trend has been toward deregulation
in the more competitive aspects of the industry, pri-
marily wellhead gas sales, pipeline transportation,
and end-user/local distribution company (LDC) gas
supply.

A key to this pro-competitive shift is the un-
bundling of pipeline and LDC services, allowing
market forces to guide the allocation of goods and
services. Most important is the separation of gas
sales from transportation, encouraged by partial
welihead decontrol and increasingly open access
to interstate pipeline transportation. The two ma-
jor regulatory issues facing the gas industry are:

1. how best t0 complete the process of un-
bundling gas sales and transportation service,
assuming political support for pro-competitive
policies continues to prevail, and

2. under what conditions to place a higher pri-
ority on regulatory objectives other than eco-
nomic efficiency.

Key Issues in Completing the Process of Un-
bundling

While much progress has beecn made, a number
of regulatory issues must be addressed in order
to complete the unbundling of pipeline and LDC
services:

Pipeline—FERC Issues

1. Implementation of pipeline open access—
The Federal Energy Regulatory Commission
(FERC}), in Orders 436 and 500, facilitated
the unbundling of services in the interstate
gas market, but difficulties in resolving take-
or-pay concerns have slowed the transition to
a more competitive market.

2. Pipeline rate structure—Even though many
pipeline services will be unbundled, they will
remain regulated. The rate structures used by
regulators to price those services will have
a significant impact on the efficiency of the
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Local Gas Distribution Company (LDC)—
Public Utility Commission {(PUC) Issues

evolving market, on the allocation of differ-

ent types of service, and on the interplay of
regulated and unregulated services.

Pipeline service obligation—Part of the tradi-
tion of public utility regulation in the pipeline
industry has been that pipelines, in exchange
for monopoly privileges in a particular mar-
ket, are not allowed to unilaterally reduce the
level of service provided once they are of-
ficially certificated. FERC Orders 380 and
500 have reduced the obligation of local
distribution companies (LDCs) to purchase
gas from pipelines, but have left pipelines
with the obligation to remain ready to meet
the original contract demand levels of their
LDC customers. A method of compensating
pipelines for this responsibility must be found
if pipelines are to remain reliable gas suppli-
ers.

Economic allocation of pipeline capacity—A
key aspect of pipeline rates is how they allo-
cate pipeline capacity, especially during peak
periods. On an annual basis, there is con-
siderable excess capacity in the U.S. pipeline
system as a whole, but in some segments bot-
tlenecks exist during peak periods. Allocating
capacity on these Scgments on an economic
basis, e.g. through the use of a secondary
market in capacity rights, will increase the
likelihood that gas is used by those who value
the space most and may provide a clearer in-
dication of where additional pipeline capacity
is needed.

New pipeline entry—Proposals to build new
pipelines must currently move through a
lengthy regulatory process. Improvements to
the approval process are needed to enhance
the responsiveness of the pipeline network to
changes in supply and demand, while recon-
ciling gas needs with environmental concemns
and property rights.

6. LDC open access with unbundling-—In re-

sponse to the unbundling of pipeline service
initiated by the FERC, many state public util-
ity commissions (PUCs) are requiring utilities
to offer transportation through their system on
an unbundled basis. As at the pipeline level,
open access at the LDC level must be rec-
onciled with the LDC’s obligation to serve,
particularly in the case of large industrial cus-
tomers, for whom an obligation to provide gas
sales service may no longer be appropriate.

. LDC bypass—Under current utility rate struc-

tures, some industrial customers find it de-
sirable to build their own direct link to the
pipeline system rather than go through their
local utility. More competitive utility rate
structures or legal restrictions on bypass will
reduce the tendency of industrial customers to
connect directly to pipelines. PUC decisions
in this area are likely to be important as the
gas industry evolves.

. LDC marketing/growth policy—Historically,

many PUCs, concemed about possible gas
shortages resulting from wellhead price con-
trols, have impeded the attempts of utilities to
market gas service to new customers. With a
largely deregulated wellhead market allowed
to balance supply and demand, such policies
need rethinking,

. PUC oversight of LDC contracts—As the spot

market has grown, PUCs and state legisla-
tures have imposed a plethora of new regu-
lations affecting gas purchasing decisions of
local gas utilities. These policies are designed
to encourage their gas utilities to choose a mix
of long-term contracts and spot-market pur-
chases that will ensure supply reliability and
price stability at the lowest possible cost to
CONSumers.
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Regulations Affecting Canadian Natural Gas
Exports

10. Canadian export policy—In 1987 the National
Energy Board replaced its surplus determina-
tion formula for natural gas exports with a
“Market-Based Procedure.,” This procedure
has two main objectives. First, Canadians
should have access o Canadian gas on terms
and conditions similar to those of the pro-
posed export (for comparable service). Sec-
ond, the proposed exports should not cause
Canadians difficulty in meeting their energy
needs at fair-market prices. The operation of
this new framework will unfold in forthcom-
ing export applications. In addition to Cana-
dian policies, U.S. pipeline regulations and
tariffs will continue to influence the amount
of Canadian gas exported to the United States.

Regulatory Policy Stability and Market
Conditions

Under some scenarios, regulators may face strong
political pressure to overturn scme pro-competitive
policies. Some of the factors which may prompt
regulators to place greater priority on objectives
other than economic efficiency are described be-
low.

If delivered gas prices fall and stay below par-
ity with delivered oil product prices, policymakers
might face political pressures to raise bumertip gas
prices to industrial customers with dual-fuel capa-
bility, and use the additional revenue to subsidize
residential customers. Such cross-subsidization,
however, will be possible only if industrial gas
customers are restricted from buying their own gas
and transporting it through the utility, or from by-
passing the utility altogether.

If gas prices increase sharply, regulators may
face pressure to ensure that high-priority customers
(e.g., residential customers, hospitals, schools, etc.)
receive the supplies they nced at “just and rea-
sonable” prices. In essence, such a strategy im-
plies price controls for high-priority customers and
cross-subsidization by lower-priority customers. In
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addition, a PUC may choose to disallow the recov-
ery of some gas costs if the utility’s average cost of
gas rises too high. The frequent price renegotiation
required under most new long-term contracts may
protect LDCs from some retroactive disallowances,
but there is nothing to prevent PUCs from later ar-
guing that LDCs should have locked in low prices
when the market bottomed out.

Lastly, with additional gas demand, capacity
bottlenecks might become increasingly tight, lead-
ing to price increases on these segments. Regu-
lators, seeking to protect high-priority customers,
might abandon an economic system for allocating
capacity and adopt fixed priorities for particular
customer classes.

If industry participants believe that regulatory
policies are unpredictable and may be reversed,
they may respond to this uncertainty by reduc-
ing investment in gas-using capital equipment, new
pipeline capacity, new gas wells, and computerized

- systems to cut costs in gas trading and transporta-

fion,

Natural Gas Modeling

The models used in the study were particularly
helpful in organizing information about various
segments of the industry into a coherent and con-
sistent picture of the natural gas market. For exam-
ple, in a competitive environment, the underlying
U.S. resource base and supply conditions will af-
fect the oil-gas pricing relationship, which will, in
tumn, alter overall gas demand levels and the incen-
tives for Canadian producers to export gas. Such
relationships are often difficult to follow and ana-
lyze fully without the use of a formal framework.
Such use of models helped to focus the working
group’s discussion on the critical issues and quan-
tify their relative importance (e.g., the relationship
between oil and gas prices, the interaction between
Canadian and U.S. markets, the implications of a
lower resource base, and the effects of increased
gas demand).

In general, the models assume competitive be-
havior; producers and consumers respond io price,
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Table 4: Natural Gas Models Used in EMF 9
Model Organization Primary Focus
Group A:
AGAS Alberta Research Council North America
GRI North American (GRI N A) Decision Focus, Inc. North America
Gas Trade Model (GTM) Stanford University North America
MIT North American (MIT) Massachusetts Institute Canada
of Technology
Rowse University of Calgary Canada
Group B:
Gas Analysis Modeling System (GAMS) Energy Information United States
Administration
GRI Hydrocarbon (GRI Hydro) Energy & Envir. Analysis United States
ICF Gas Market Evaluation System (ICF) ICF, Inc. United States
Lewin Natural Gas Model (LEWIN) ICF-Lewin Energy United States
NEB Energy Demand/Gas Supply Models (NEB)  National Energy Board Canada
A.G.A—TERA (TERA) American Gas Association United States

Abbreviation of model name used in this report is shown in parentheses.

and prices adjust with shifis in supply and demand
conditions. Many of the models used in the study,
however, did not incorporate the regulatory envi-
ronment explicitly in their frameworks.

While the models used in this study have a
similar focus, they form a heterogeneous group.
Those listed under Group A in Table 4 were de-
veloped primarily to study the inlerdependence of
supply-demand balances in many different regional
markets. Rather than using detailed submodels
to describe drilling activities and finding rates by
resource category, these models represent supply
conditions as reduced-form relationships linking
gas production to gas prices. These relationships
are often based upon more detailed studies of the
resource base and production activities. Similar
reduced-form relationships are used to describe
consumption as a function of price, The models
focus their analyses on how gas produced in a sup-

ply region is allocated to demand regions on the
basis of competitive economic conditions. These
models are particularly well suited for analyzing
future regional gas flows if the industry is work-
ably competitive at all levels.

The meodels in Group B devote considerably
more attention to studying the specific relationships
governing supply and demand decisions in the mar-
ket. They generally employ engincering-economic
relationships to describe these interactions. The
demand submodels usually represent residential
and commercial consumption decisions with sta-
tistical equations, while using detailed submod-
els representing different technologies and pro-
cesses to simulate industrial and electric utility de-
cisions. These models were generally constructed
for detailed studies of the economic and techni-
cal factors influencing supply and demand deci-
sions. They were not developed primarily to an-
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alyze how regional gas flows would be allocated
based upon competitive economic conditions, even
though all but one were used in this study to deter-
mine market-clearing prices equating the quantity
supplied to that demanded.

Methodology accounts for only a portion of the
variation among mode! results. Different perspec-
tives about fundamental gas supply, demand, and
pricing relationships are also important explana-
tions for why model results vary,

Both groups of modelers potentially can leamn
much from each other. Additional physical real-
ities, such as leasing, exploration, development,
and the production cycle, could be usefully incor-
porated in economic models focusing on regional
supply-demand interactions. Additional economic
realities of regional competition for gas flows could
be usefully incorporated in engincering-economic
models that represent supply and demand decisions
in consiagerable detail.

Many of the models used in this study were orig-
inally developed to reflect a long-term, workably
competitive natural gas market. Most of the mod-
els did not directly incorporate regulatory behav-
ior in their structures, nor did they explicitly link
transmission and distribution margins to changes
in market forces. As the gas market develops, it
will be important to better reflect within the model
frameworks the increasing integration of the U.S.
and Canadian gas markets, interregional compe-
tition within each country, impacts of regulatory
behavior, technological changes in gas supply and
demand, alternative natural gas resource base esti-
mates, transmission and distribution margin devel-
opment, price volatility, environmental regulations,
and short-run dynamics. Developing better analy-
ses of these factors will improve decisionmaking
and represents an important challenge.
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Further Research

During the study, the group identified several nat-
ural gas industry issues, listed in Table 5, that
required additional research. Some of the topics
require theoretical analyses (e.g., effects of regula-
tory decisionmaking on the gas industry’s structure
and behavior, and gas price volatility) before they
can be modeled. Other issues that are understood
theoretically require more accurate data (shape of
the gas demand curve and fuel switching) to im-
prove the analysis. Several analysts have already
begun work on some of these issues. Nevertheless,
further resolution of these uncertainties is needed.
A better understanding of these issues, both the-
oretical and quantitative, will improve analyses
and decisionmaking within the gas industry at all
levels——regulatory, producer, distributor, pipeline,
and end-user.
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Table 5: Issues Identified by the EMF 9 North American Natural Gas Working Group as Requiring
More Analyses

1. Modeling of Regulations
2, Transportation and Distribution Rates
3. Regional Wellhead Price Differentials
4. Interaction of Canadian and U.S. Gas Markets
5. Price Volatility and Seasonality
6. Shapes of Gas Supply and Demand Curves
7. Potential Fuel Switching
8. Gas Conservation
9. Effect of Electric Utility Deregulation on Natural Gas Use
10. Impact on Natural Gas Use of Advanced Gas/Non-Gas Technologies
11. Potential for Namral Gas as a Transportation Fuel
12. Supplemental Gas Supplies (e.g., LNG, Alaska, Canadian, Frontier, etc.)
13. U.S. and Canadian Resource Bases
14. Effects of Advanced Gas Drilling and Production Techniques
15, Effect of Environmental Regulations on Gas/Oil Drilling and Production
16. Pipeline and Storage Capacities
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Chapter 1
Introduction

Background

A dozen years ago, the United States was in the
throes of a severe natural gas shortage. Moratoria
on new customers were instituted and large cus-
tomers had their gas service curtailed. Prices were
set under long-term contracts, which were subject
to regulation from the field to the burnertip.! In
this environment, frequent reference was made to
natural gas being a “premium” fuel that in an un-
regulated market could attract a price above that
of distillate fuel oil, reflecting its cleaner-burning
properties.

Gas market conditions are dramatically differ-
ent today. The gas-producing industry has been
mired in excess deliverability for several years.
Both U.S. and Canadian producers are aggres-
sively searching for new markets for their sur-
plus gas, while consumers are enjoying the ben-
efits of lower prices. Many long-term contracts
with fixed prices have been renegotiated to incor-
porate market-responsive pricing and many have
been replaced by shorter-term contracts and spot-
market sales. More than half of today’s annual
gas sales are spot-market transactions. The regula-
tory policy debate has shifted from an emphasis on
the security of supply to the deregulation of ficld
prices and then to the issues of access to and the
allocation of pipeline capacity. Gas prices are be-
ing set by gas-to-gas competition, which has lead
to burnertip gas prices falling below residual fuel
oil prices.

talics indicate the first use of words or phrases kisted and
defined in the Appendix.
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This shift in market conditions from one con-
strained by regulations to one relying more upon
market forces emphasizes the uncertainty about
this industry’s future cvolution. What will this
market look like through the 1990s and beyond?
Will excess deliverability continue? Will the pric-
ing of natural gas revolve around the switchable
end-use market comprised of large industrial and
electric utility users with dual fuel-burning capac-
ity? Or will natural gas and residual fuel oil prices
diverge under certain conditions? How will the
regulatory environment resolve such issues as open
access to the nation’s gas transmission system?

The last dozen years underscore the uncertainty
about how the North American natural gas mar-
ket will evolve through the end of this century
and beyond. In addition, divergent opinions exist
among experts on such critical issues as resource
availability, end-use demands, the proper regula-
tory climate, and pricing. The range of possible
outcomes in this market motivated the current En-
ergy Modeling Forum study focusing on the future
of the North American natural gas market.

The Energy Modeling Forum Work-
ing Group

This report summarizes the research of an Energy
Modeling Forum working group that analyzed how
the North American natural gas market will evolve
over the next 25 years. This working group com-
prised leading natural gas analysts in government,
industry, universities, and research and consulting
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organizations. Members of the group are listed at
the beginning of this report. In conducting this
analysis, the group pursued two broad goals. First,
it sought to develop insights about the indusiry’s
performance under a range of different environ-
ments by using computer models and additional
analyses. And second, it sought to evaluate the
existing analytical approaches available for under-
standing this industry and discuss their strengths
and limitations.

The findings depend partially upon a set of com-
puter models that have been used previously to an-
alyze natural gas markets. The results from these
models were used to guide the group’s thinking
about key market relationships and to identify im-
portant differences of opinion about future out-
comes. While many of these conclusions resuit
from the use of these models, they do not represent
an uncritical acceptance of numerical outputs. In
many instances, the conclusions of the study were
developed by comparing and contrasting model re-
sults with perspectives of participating experts who
were not modelers,

The group also relied upon other research that
was not tied to any explicit modeling of the nat-
ral gas industry. Although certain gas supply and
many regulatory policy and market structure is-
sues were not amenable to analysis by the existing
models, they were considered important enough to
warrant further probing. In these cases, a member
or group of members conducted special analysis
of the issue, emphasizing how it might affect the
industry’s evolution.

The Use of Models

The models used in the study were particularly
helpful in organizing information about various
segments of the industry into a coherent and con-
sistent picture of a total market for natural gas. For
example, in the current competitive environment,
the underlying U.S. resource base and supply con-
ditions will affect the oil-gas pricing relationship
and will alter the incentives for Canadian producers
to export gas. Such relationships are often difficult
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to follow and analyze fully without the use of some
formal framework. The use of these models also
helped to focus the working group’s discussion of
several critical relationships: the relationship be-
tween oil and gas prices, the interaction between
Canadian and U.S. markets, and the implications of
a lower resource base and increased gas demand on
the market. By using them in this study, the group
was able to focus its discussions on these issues
and to quantify their relative importance.

The models used in the study focus on the sup-
ply and demand response to changes in prices and
other economic, technological, and geologic con-
ditions. Most of the models assume competitive
market conditions and do not explicitly incorpo-
rate the regulatory environment that exists in the
industry. As already noted, a separate study group
was formed to analyze how changes in the reg-
ulatory environment might evolve and affect gas
markets. ‘

The group emphasized conclusions based upon
all or most of the models. Inthe course of the anal-
ysis, interesting differences were discovered that
often reflected altemative views of important gas
market relationships and alternative ways of mod-
eling these relationships. The group probed these
differences and their implications for the gas mar-
ket.

Scenarios

Although models are often used to develop pro-
jections to represent the “most likely” market con-
ditions, the working group has not attempted to
define such a case in this study. Given the uncer-
tainty about the future development of the North
American natural gas market, the group found it
most valuable to use the models to develop in-
sights about very different conditions. In this
study, the working group considered four standard-
ized cases that examined the effects of different
resource bases, oil price paths, and new potential
sources of gas demand on the natural gas market.

The working group designed four scenarios: up-
per and lower oil prices, a low U.S. natural gas
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resource base, and a high U.S. demand case. The
two oil price scenarios are based upon price paths
analyzed in a National Petroleum Council (NPC)
study? on the oil and gas markets. The upper oil
price path ranges from $15 per barrel in 1986 to
$36 in 2000 and $44 in 2010, while the lower
oil price path rises to $21 in 2000 and $26 in
2010. (All prices in this report are in 1986 dol-
lars unless noted otherwise.} The two oil price
cases incorporate the same U.S. natural gas re-
source base assumptions, using the 1986 Poten-
tial Gas Committee’s most likely estimate for con-
ventional undiscovered resources, with supplemen-
tal estimates provided by the EMF working group
for additional discoveries through infill drilling and
unconventional gas resources. Gas exports from
Canada to the United States are capped at 2 tril-
lion cubic feet (T¢f), reflecting the working group’s
assessment of maximum economic export capacity
between the two countries. Using the upper oil
price path, the group also investigated the effects
of a lower U.S. resource base (low U.S. resource
case) and increased potential gas demand for elec-
tric generation Chigh U.S. demand case).

Plan of the Report

After a brief chapter on the history of natral gas
markets, this report discusses critical future issues
in supply, demand, prices, and regulation. This
discussion provides a conceptual framework for
reviewing the quantitative results from the mod-
els. Chapter 4 analyzes extensively the findings
based on the model results., Particular attention
is devoted to developing key conclusions common
to all models and drawing the implications of dif-
ferences among models on key issues. Chapter 5
reviews the key regulatory and market structure
issues that need to be resolved if the gas industry
is to continue becoming more competitive. Chap-
ter 6 discusses the principal findings from the re-

National Petroleum Council, Factors Affecting US. Oil
and Gas Outlook, Washington, D.C., 1987. The EMF working
group extended the NPC trends, which ended in 2000, through
2010.
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search conducted on supply issues that were not
amenable to formal modeling. The last chapter
suggests additional issues that should be addressed
cither through modeling or detailed analysis.?

3Supporting technical papers will appear in a forthcoming
Volume 3.



Chapter 2

History of Natural Gas Markets and

Regulation

Although the study focuses on the dynamics of
the North American natural gas markets, a histori-
cal perspective to the transition in U.S. natural gas
markets and regulatory policy is useful, This chap-
ter begins with a review of the effects of regulation
on the U.S. gas market, mentioning some changes
in Canadian regulation as well.! The appendix to
this chapter reviews the overall U.S. gas supply
and demand conditions since 1950,

The U.S. natural gas industry has followed a
course from being unregulated to almost fully reg-
ulated to partially deregulated at the wellhead. Vir-
tually unregulated at first, the gas indusiry became
increasingly regulated from the 1930s through the
1970s with regard to supply, demand, price, and
entry. In this decade, the trend has been toward
deregulation in the more competitive aspects of
the industry, primarily welthead gas sales, pipeline
transportation, and end-users/distributor gas sup-
ply.

Early Developments

From its beginning in the 1850s until the 1930s,
the natural gas industry was generally confined to
the gas-producing regions of the U.S. Southwest
since no reliable or inexpensive means to transport
gas over great distances existed. Advances in high-

'Readers familiar with this background information may
want to proceed directly to the next chapter,
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pressure pipeline technology in the 1930s allowed
the development of a national pipeline grid system,

Until the 1930s, the gas industry was verti-
cally integrated; large holding companies con-
trolled production, transmission, and local distri-
bution throughout the country. State regulatory
commissions were set up in the early part of the
century to monitor the activities of the local distri-
bution companies (LDCs) and other public utilities.
They had only limited regulatory powers over the
services and rates offered by these interstate hold-
ing companies.

In response 10 a Federal Trade Commission re-
port contending that a small number of compa-
nies dominated the transportation of natural gas,
Congress passed the Natural Gas Act of 1938
(NGA). Specifically, the NGA gave the Federal
Power Commission (FPC) authority to regulate the
sales for resale and interstate transportation of nat-
ural gas. (The FPC was succeeded by the Federal
Energy Regulatory Commission (FERC) in 1977.)
FPC approval was also necessary for the exten-
sion and abandonment of service and facilities.
The FPC was further empowered to grant cenifi-
cates of “public convenience and necessity” for all
new jurisdictional pipeline construction. The NGA
specifically excluded from federal regulation gas
production and gathering, intrastate activities, lo-
cal gas distribution, and pipelines’ direct sales to
end-users, Initially, the Act was not interpreted to
cover wellhead prices.
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The Public Uiility Holding Company Act of
1935 forced holding companies to sell their
pipclines. These pipelines became private carri-
ers, or gas merchants, generally buying gas at the
wellthead from producers and selling it to LDCs.
The merchant function of the pipelines was to ag-
gregate long-term gas supplies for their customers.
The FPC required that pipelines have long-term
gas supply contracts and it reviewed and approved
long-term contracts with their gas utility customers.
Both kinds of contracts contained minimum pur-
chase provisions, called fake-or-pay, in producer-
pipeline contracts and minimum bills in pipeline-
LDC contracts. These developments created the
traditional natural gas supply chain of offsetting
obligations from producer o pipeline to LDC, with
the pipelines and LDCs owning the gas flowing
through their systems.

Emergence of Wellhead Price Con-
trols

In 1954, the U.S. Supreme Court, in Phillips
Petroleum Company vs. Wisconsin, held that in-
terstate sales taking place afier the gathering or
production function constituted a sale for resale re-
quiring FPC regulation. This ruling initiated a long
series of decisions that set wellhead gas prices for
interstate sales. The decision also set up two mar-
kets for natural gas at the wellhead: the regulated
interstate market (between states) and the unregu-
lated intrastate market (within a producing state).
Due to the Phillips decision, the FPC set ceiling
prices for wellhead gas. Initially, the FPC tried to
develop wellhead prices by producer on a cost-of-
service basis. However, given the large number
of producers in the United States, this proved un-
manageable. In 1960, the FPC moved to an “area
rate” methodology in which uniform ceiling prices
were set for all gas produced in a geographic area,
The methodology was based on average production
costs and other costs incurred by local producers.
A two-tier pricing system developed: old (existing)
gas and new gas. The higher new-gas price was

North American Natural Gas Markets

designed to offer producers incentives to continue
exploration.

As already noted, the FPC had no control
over wellhead prices in the intrastate gas market
(e.g., within Texas, Louisiana, and other produc-
ing states). Under the dual market system, gas
prices in the intrastate market rose well above gas
prices in interstate markets during the 1970s. Con-
sequently, producers increasingly dedicated their
supplies to the intrastate market, where they com-
manded higher prices. This caused interstate sup-
plies to dwindle.

During the mid-1950s to early 1970s, low regu-
lated wellhead prices fostered significant gas con-
sumption growth. By 1960, gas consumption had
doubled from the 1950 level to 12 Tcf and reached
its peak of 22 Tcf in 1972,

Though U.S. gas consumption peaked in 1972,
domestic gas reserves began to decline precipi-
tously after 1967. In 1973, domestic gas produc-
tion started a decline that continued until the late
1970s. Wellhead price controls, the lack of supply
development incentives, regional pipeline capacity
problems, and the abundance of gas dedicated to
the intrastate market all served to decrease avail-
able interstate gas supplies. With shrinking sup-
plies, pipelines began limited curtailments of in-
dustrial customers in 1970 to ensure that residential
and commercial customers had adequate supplies,
In 1974, widespread curtailments occurred. The
curtailments led regulators to recognize the need
for higher gas prices to increase exploration and
development activity. By 1976, the FPC raised
its highest allowable wellhead price to $1.42 per
million Bru (MMB1w), approximately 700 percent
higher than the average price in 1972. Even so,
the unusually cold winters of 1976-1977 caused
curtailments to reach 3.7 Tcf in 1977 and forced
the closings of businesses, factories, and schools
throughout the country.

The Natural Gas Policy Act (NGPA)

In response to the curtailment problems and af-
ter 18 months of debate, Congress in 1978 passed
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the Natural Gas Policy Act (NGPA) and the Power-
plant and Industrial Fuel Use Act (PIFUA or FUA)
as part of the National Energy Plan.

The NGPA set price ceilings for dozens of cate-
gories of gas according to vintage, location, and
type, including previously unregulated intrastate
gas. It decontrolled the prices for certain categories
of natural gas in January 1985, and for other se-
lected categories in July 1987, Ceiling prices for
new and “high-cost” gas escalated, based on the
change in economy-wide prices plus other factors.
Most “old” gas was to remain regulated at escalat-
ing price ceilings until it was depleted. Finally, the
incremental pricing mechanism of the NGPA was
designed to shift the burden of increased gas prices
onto industrial users up to a competitive fuel price
level, thus limiting increases in residential rates.
The ceiling prices contained in the Act were based
on a price forecast through 1985. This price fore-
cast proved inaccurate but the FERC could not eas-
ily modify the ceiling prices to meet actual price
levels.

Section 311 of the NGPA provided temporary re-
lief from interstate gas shortages by allowing lim-
ited interstate pipeline transportation of intrastate
supplies on a contract carriage basis. This provi-
sion became the basis of the pipelines’ transition a
decade later from gas merchants to transporters of
gas owned by others.

The Powerplant and Industrial Fuel Use Act pro-
hibited the use of oil and natural gas in new large
industrial and electric utility boilers and it limited
usage in existing industrial boilers 1o the average
level consumed from 1974 to 1976. Exemptions to
these rules, however, could be granted by the De-
partment of Energy. The prohibition on the use
of gas and oil in existing boilers was removed
in 1983, In 1987, the remaining portion of the
Act conceming new gas-fired construction was re-
pealed,

In the late 1970s, the pipeline industry’s percep-
tions were that lower-priced controlled gas could
be averaged with higher-priced gas to keep deliv-
ered prices competitive. In addition, gas demand
and gas and oil prices were projected to rise. Since
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pipelines were unable to offer prices above the ceil-
ings, they competed for available supplies in the
late 1970s by offering increasingly high take-or-
pay levels and inflexible price escalators.

In the late 1970s and early 1980s, in response
to the relaxation of regulatory constraints at the
wellhead (NGPA 1978), prices rose significantly
as pipelines bid aggressively to lock in supplies to
avoid additional curtailments. In most instances,
pipelines signed long-term contracts at the maxi-
mum lawful price. When the FPC's successor, the
FERC, subsequently removed or raised the maxi-
mum lawful price on certain gas categories, prices
on those categories shot to record levels (e.g., over
$10 per thousand cubic feet (Mcf) for certain con-
tracts for gas found below 15,000 feet in 1979).

Basically, high gas prices did exactly what they
were designed to do; additional supplies were de-
veloped and lower-valued uses were discouraged.
By 1980, deliverability had increased to the point
where curtailments were no longer necessary.

Declining Demand and the Gas
Bubble

The industry’s expectations of increasing gas de-
mand, however, were not met. Price-induced con-
servation, long-term fuel switching, industrial re-
structuring away from gas-consuming industries,
and energy efficiency improvements reduced gas
demand from about 20 Tcf in 1980 to approxi-
mately 16.8 Tef in 1983. Commercial and resi-
dential gas usage declined due to more efficient
equipment and other conservation measures which
caused per-customer and total usage to decline.
In the industrial sector, demand declined due to
energy conservation and the industrial restructur-
ing of the US. economy away from many gas-
intensive industries. Finally, powerplant consump-
tion decreased mostly due to the replacement of
gas-fired base load capacity by new coal and nu-
clear powerplants.

Therefore, while deliverability had increased as
a result of the energy price increases of the late
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1970s and the resulting exploration boom, gas con-
sumption declined, creating the gas bubble or ex-
cess deliverability of natural gas. Although it has
dwindled somewhat, the gas bubble still remained
in 1988, '

The gas bubble has continued much longer than
expected for several reasons. First, there has been
an unwarranted optimism about the recovery in
gas demand. Many respected forecasters expected
demand to rise to the 19-20 Tcf range. Second,
oil production was higher than many expected, in-
creasing the amount of associated gas produced.
Third, the large anticipated declines in Gulf of
Mexico production did not occur. In fact, reserve
additions and production potential in the Gulf were
maintained. Fourth, the decline in gas drilling
costs allowed producers to drill profitably even
with lower wellhead prices. Moreover, the growth
in high deliverability wells in relation to productive
reserve capacity, especially in the Gulf of Mex-
ico, has maintained supply above most expecta-
tions throughout the 1980s. Fifth, many producers
needed cash flow to service debt so they opted
for drilling programs that maximized deliverabil-
ity. Finally, Canadian gas export policy became
more market responsive.?

As a result of the excess deliverability which de-
veloped in the early 1980s, the gas industry began
to experience gas-on-gas and pipeline-on-pipeline
competition. Gas-on-gas competition was caused
by the gas bubble as gas suppliers competed for
markets. This caused wellhead gas prices to soften.
Pipeline-on-pipeline competition was caused by
cxcess pipeline capacity as customers with more
than one supplier sought to choose the cheapest op-
tion. Inflexibilities in gas industry contracts from
the wellhead to the bumertip did not initially per-
mit gas markets to clear. What was needed was
a spot market and more flexible transportation ar-
rangements to move gas to market. However, in
the early 1980s, the spot gas market and flexible
transportation were inhibited by regulations,

Shuttlesworth, G., “North American Natural Gas Mar-
kets,” New York: Petroleum Industry Research Associates,
presentation, November 1985,
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For the first time, in early 1983, increasing gas
prices collided with decreasing residual fuel oil
prices. When this occurred, gas Iload was lost
to residual fuel oil as industrial and powerplant
customers with dual-fuel capabilities switched. At
this point, pipelines were required to charge all
customers the same weighted average cost of gas
for their merchant sales, and widespread access to
gas transportation services did not exist. In short,
changes in the gas industry’s structure were needed
to make gas prices more flexible and increase ac-
cess to transportation services.

Industry Response to the Gas
Bubble

" During this period, pipelines instituted various

mechanisms to regain gas competitiveness, Many
pipelines reduced their prices by invoking the
market-out clauses in their contracts with produc-
ers. Where possible, pipelines also varied their
purchase patterns within contract constraints—
they bought cheaper gas supplies in preference
to higher-priced supplies. The lack of market-
out clauses and high take-or-pay levels in many
contracts left pipelines with long-term obligations
which did not permit them to achieve gas supply
costs low enough to compete effectively, Pipelines
started to renegotiate their producer contracts to in-
clude market-sensitive pricing and reduced take-or-
pay provisions. Finally, an increased emphasis on
marketing started to develop as the industry sought
ways to stop the erosion of its sales. Initially, these
actions were limited in their effectiveness.

The regulators also began to put programs
into effect that were designed to provide more
fiexibility and encourage the development of a
gas spot market. In 1983, the FERC began
to approve pipeline Special Marketing Programs
(SMPs), which allowed pipelines to release gas un-
der contract with producers and transport it as re-
duced prices to large industrial customers. These
policies made gas prices more competitive with
oil prices. The SMPs were designed to prevent
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industrial customers from switching from gas to
alternative fucls.

As noted above, after passage of the NGPA, the
FERC began to promulgate rules to implement and
expand the emergency Section 311 transportation
of gas in minor ways. Through a series of or-
ders from 1979 through 1983, the FERC allowed
both interstate and intrastate pipelines to transport
gas for each other, other LDCs, and for both high-
priority and low-priority end-users. In 1983, how-
ever, the FERC made basic changes by stream-
lining the application process for these transporta-
tion authorizations by issuing blanket certificates
for this transportation to pipelines that met certain
criteria, rather than individual centificates for each
transaction.

As a means of giving interstate pipeline cus-
tomers greater flexibility in choosing between com-
peting suppliers, in August 1984, the FERC in-
stiited Order 380, which eliminated the variable
portion of minimum bills that pipelines charged
their LDC customers. These minimum bills with
pipeline customers had provided an offsetting obli-
gation to pipelines’ take-or-pay requirements from
producers. When a pipeline customer bought less
than the minimum bill amount of gas, he had to
pay for the cost of the gas not purchased. Order
380 eliminated this obligation. With Order 380,
the LDCs no longer had a financial incentive to
buy gas from their traditional pipeline suppliers,
for it eliminated the economic penalty imposed on
LDCs for buying less than their minimum con-
tract quantitics from pipelines. This freed LDCs
to seek cheaper alternative gas suppliers. How-
ever, the corresponding take-or-pay provisions in
pipeline and producer contracts remained in place.
As the LDCs reduced their purchase of more ex-
pensive pipeline gas, pipelines accumulated take-
or-pay liabilities with producers for gas not taken
betow the take-or-pay contract level.

FERC Order 380 spurred the development of
the spot market in natural gas by allowing and en-
couraging LDCs to turn away from their traditional
pipeline suppliers to new sources of lower-priced
gas supply. As a result, the spot market grew
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rapidly from 5 percent of the market in 1983 to
33 percent of the market in 1985.

The wide availability of large supplies of gas
from a myriad of producers, and the emerging seg-
ment of gas marketers (buying and selling third-
party gas), made the wellhcad gas market increas-
ingly competitive. Additionally, the existence of
at least two pipelines serving most major distri-
bution companies caused transportation of spot-
market gas to end-use markets to be competitive as
well, Finally, gas still had to compete with residual
fuel oil in industrial markets at a time when crude
oil and petroleum product prices were falling.

By the fall of 1985, many of the FERC's
pipeline transportation programs were due to ex-
pire, and the U.S. Court of Appeals had declared
SMPs illegal because not all consumers had equal
access to the cheaper gas supplies. In response, the
FERC issued new rules for transportation service
in Order 436. This voluntary open-access plan re-
quired a pipeline that accepted the Order to trans-
port gas for all customers {including end-users)
on a nondiscriminatory, first-come, first-serve ba-
sis, The FERC continued to regulate carriage ser-
vice and maximum transportation rates, but now
pipelines could also discount their carriage fees to
a minimum variable cost rate. Thus, a greatly in-
creased number of gas consumers had the oppor-
tunity to shop for gas supplies from any source,
producers gained direct access to end-use markets,
and both entities could obtain transportation ser-
vice.

The spot market continued to grow under Or-
der 436 and the interim Section 311 transportation
to over 50 percent of the market in 1986. As the
merchant function continued to diminish with the
growth of the spot market, pipelines began to un-
bundle their services, offering a menu of separate
gas commodity, transportation, storage, and other
auxiliary services to their customers,

One area that Order 436 did not address was
the take-or-pay problems of pipelines. As already
noted, shrinking gas demand and the remendous
growth of pipeline transportation had caused most
pipelines to incur significant take-or-pay liabilities.
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This overhanging liability caused many pipelines
to not accept the open transportation system de-
signed by Order 436.

In June 1987, the U.S. Court of Appeals largely
affirmed Order 436, but remanded the Order to
the FERC primarily because it did not address the
growing take-or-pay problem. In response, the
FERC issued Interim Order 500, which retained
the open-access transportation program and sought
to satisfy the court’s objections on the take-or-
pay issue. The Order included a procedure for
pipelines to share take-or-pay costs with their cus-
tomers. It also required a producer to give a
pipeline take-or-pay credit for gas transported by
the pipeline.

In response to competition in gas markets, FERC
has also streamlined the procedures for abandon-
ment of wellhead sales and certification of new
pipeline construction. For example, Order 451 sets
a single ceiling price, equal to that for NGPA 102
gas, for old gas dedicated to interstate commerce
prior to enactment of the NGPA. It provides the
producer the ability to terminate a contract and
move old gas on the spot market, with the pipeline
required to provide transportation, if satisfactory
prices below the ceiling cannot be renegotiated
with the pipeline. It does, however, allow the
pipeline to retain the gas if it is willing to raise
old gas prices to the ceiling.

Gas transportation has increased as a result of
the new regulatory initiatives. Since 1985, it has
grown from 33 percent to over 60 percent of total
deliveries in 1987,

The changes in federal regulation have shifted
more responsibility to state and local regulators.
Most PUCs recognize the new gas purchasing
opportunities available to their state’s LDCs and
many have focused their attention on the prudence
of the LDCs’ gas purchasing practices. Where
once the PUCs had merely to look at FPC- and
FERC-approved pipeline rates to determine pru-
dence, they must now assess the price and re-
liability aspects of a myriad of supply options.
The PUCs are also beginning to address the ef-
fects of greater compeltition in the market and the
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unbundling of LDC services, which follows the
trend of pipelines unbundling their gas commod-
ity, transportation, and other services in the wake
of their transition from gas merchants to gas trans-
porters.

Canadian Regulation

Canada has also implemented major changes in
its regulation of the natural gas trade, to provide
for market-determined pricing and reserve alloca-
tion. Unlike the United States, Canada had no
gas price regulation until 1974, never had well-
head price controls, and eliminated minimum bills
between TransCanada Pipeline (TCPL) and LDCs
in the mid-1970s. LDCs pay demand charges
for pipeline capacity, and they have contracts in
place with TCPL for annual gquantities and maxi-
mum day takes. From the mid-1970s to Novem-
ber 1985, a regulated Toronto citygate natural gas
price existed, and border prices for exports were
regulated. Until 1985, as in the United States,
pipelines offered a bundled merchant-transporter
function and limited access was available to other
shippers. In Canada, TCPL is the only pipeline
connecting Western producers with markets east
of Alberta.

Since November 1985, policies have been im-
plemented to increase competition in Canadian gas
markets. Open access to transportation now ex-
ists, This has caused the direct sales market to
grow substantially—particularly in the industrial
and large commercial/institutional markets. The
National Energy Board (NEB) has not made pro-
visions for gas utilities to displace volumes under
contract with TCPL; however, this matter is now
under review in the current TCPL rate hearing.

Since 1987, Canada has used a market-based
procedure for evaluating the public interest in li-
censing export applications. In essence, it rests
on the premise that normally markets should allo-
cate gas efficiently. There may be circumstances,
however, in which this will not occur. Hence, the
NEB considers gas proposed for export to be sur-
plus within the context of Canadian needs, pro-
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vided that the export arrangement meets certain
market and public interest criteria.?

Appendix to Chapter 2

U.S. Gas Reserves, Supply, and De-
mand, 1950-1987

Reserves

Proved U.S. gas reserves grew from 180 Tcf in
1950 to a peak of 290 Tcf in 1967 before declin-
ing to about 190 Tcf in 1986, From the mid-1950s
through the 1970s, the Gulf of Mexico became an
increasingly important source of U.S. natural gas
reserves. As a percent of total U.S. proved gas re-
serves, the Gulf of Mexico peaked at 20 percent in
1679 before declining to 17 percent in 1986. Cur-
rently, the Gulf of Mexico accounts for one-fourth
of lower-48 natural gas production. Gas reserves
increased in 1970 due to the addition of 26 Tcf
from Prudhoe Bay in Alaska. Currently, Alaska
accounts for about 17 percent of proved reserves.
These reserves, however, are not economic at to-
day’s prices.

Marketed Production

Total marketed production grew from 6.2 Tcf in
1950 to a peak of almost 22 Tcf in the early 1970s.
Due to insufficient incentives under wellhead price
controls, production declined in the mid-1970s.
Although deliverability has remained relatively sta-
ble since 1980, gas production has fallen as gas
demand has declined.

Including both onshore and offshore production,
Texas and Louisiana remain the two most impor-
tant sources of domestic gas production. They
have accounted for 65 to 75 percent of U.S, mar-
keted natural gas production since 1950. Including
Oklahoma, the three states account for between 70
percent and 80 percent of U.S. production,

?As described in the National Energy Board's Reasons for
Decision in the Matter of Review of Natura! Gas Surplus De-
lermination Procedures, July 1987.
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Reserves-to-Production Ratio

The U.S. natural gas reserves-to-production ratio
fell from almost 30 in 1950 to about 10 in the late
1970s. Since 1980, the ratio has risen somewhat
because of the effect of declining demand on pro-
duction,

Total U.S. Gas Supply

In addition to lower-48 and Alaskan production,
total U.S. gas supplics also include net imports by
pipeline and liguefied natural gas and other cate-
gories such as propane air and coal gasification.
The primary source of U.S. gas supplies has been
lower-48 production, accounting for at least 94 per-
cent of total supplies. It was not until 1958 that
imports exceeded exports. Net imports peaked at
about 1 Tcf in the 1970s, primarily from Canada,
as domestic supplies were curtailed. Imports were
cut back in the carly 1980s due to their high cost.
In 1987, imports rose to almost 1 Tcf again as they
became increasingly price competitive.

The curtailments of the late 1970s stimulated the
development of several liquefied natural gas (LNG)
projects to augment conventional gas supplies. In
general, price and supply reliability problems have
hindered the development of these projects. Thus,
while peak LNG imports were 253 Befin 1979 and
131 Bef in 1983, imports in other years averaged
40 Bcf.

U.S. Gas Demand

The low regulated wellhead gas prices of the mid-
1950s to mid-1970s caused U.S. gas consumption
to rise from 5.8 Tcf in 1950 (18 percent of U.S.
energy) to a peak of 22.1 Tcf in 1972 (30 percent
of U.S. energy). Consumption remained in the 19-
20 Tcf range in the late 1970s, but declined in the
1980s due to gas price increases, energy conser-
vation efforts, industrial restructuring, energy effi-
ciency improvements, and a recession,

While residential gas demand has been ex-
tremely stable since 1970, industrial and electric
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Figure 2.1: U.S.Natural Gas Consumption (Tcf), 1950-87. Source: Annual Energy Review 1987, Energy
Information Administration, Washington, D.C., May 1988.

utility or powerplant gas use has declined (Fig-
ure 2.1), exhibiting wide swings from year to year.
The proportional usages by sector were 21 per-
cent residential, 7 percent commercial, 59 percent
industrial, 10 percent powerplant, and 3 percent

other in 1950. By 1987, U.S. gas consumption
was 26 percent residential, 14 percent commercial,
34 percent industrial, 17 percent powerplant, and
9 percent other.



Chapter 3

Future Natural Gas Market Issues

This chapter focuses on the major supply, de-
mand, and pricing issues that will shape the North
American market. It provides a conceptual frame-
work for discussing the model results presented
in the next chapter as well as the major findings
- reported in Chapter 6 that are derived from supple-
mentary analysis not directly tied to the computer
models.

Future Gas Supply Issues

The supply of natural gas for U.S. markets depends
on several important physical, economic, technical,
and institutional factors: the characteristics of the
gas resource base, the economics of gas recovery
(e.g., prices and production costs), prices, advances
in gas exploration and production technology, pro-
ducer exploration and production decisions, and
imports from Canada and other countries. Careful
evaluation of these issues is required in projecting
how much gas will be available in a particular year
at different prices.

The Natural Gas Resource Base

The physical size of the resource base is a ma-
jor constraint on the future supply of natural gas.
There exists substantial uncertainty about the size
of the gas resource base because techniques do not
exist to determine it definitely. Several organiza-
tions, including govemment agencies, trade asso-
ciations, and individual companies, make assess-
ments of the gas resource base. These estimates
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can differ significantly from one another, both na-
tionally and regionally, Moreover, the same or-
ganization may change its estimates considerably
between assessments on the basis of new infor-
mation, Compounding the problem is the use of
different terminology, different definitions for the
same terms, different methodology, and different
accounting conventions. Once these differences
are reconciled, the remaining disparity often re-
duces to the professional judgment of geologists.

The proper use of any resource estimate requires
a good understanding of the methodology and as-
sumptions underlying it. Some of the issues in-
volved include:

o What is included in the resource base? Is
it only undiscovered resources, or is the tra-
ditional expansion of known fields (variously
called inferred reserves or probable resources)
included? Are unconventionai resources such
as tight gas formations incorporated? Which
ones? Did the evaluators consider deep gas
or formations under deep water?

What economics are embodied in the resource
estimate? Was an economic criterion used
in considering what resources to include, ei-
ther explicitly or implicitly, e.g., by the use
of minimum field sizes?

What assumptions were made about explo-
ration and production technology to be used
when estimating recoverable gas? What well
spacing was assumed? These considerations
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can be important factors in determining recov-
ery efficiency.

Even when these definitions are standardized,
there remains considerable uncertainty about the
resource base. This situation requires that the pru-
dent analyst consider the implications for gas mar-
kets of a range of resource estimaies. Some or-
ganizations estimate a range for the resource base
as well as presenting a most likely estimate. Esti-
mates of recoverable gas in different resource cate-
gories have varying levels of uncertainty associated
with them, ranging from proved to speculative. It
must be emphasized that all elements of the natu-
ral gas resource base, except proved reserves, must
be converied to reserves before they can be pro-
duced and become part of the supply stream. This
requires discovery and development and in some
cases further research to improve understanding of
reservoir characteristics and extraction technology.
The volume of gas that is ultimately produced de-
pends on the amount of drilling, which is in tum
sensitive to price, transportation, and technology
development.

The Economics of Gas Recovery: Determin-
ing the Supply Curve

Analysts forecasting gas supply need to know more
than just the total amount of gas in the resource
base. They must distribute that resource along a
supply curve by determining the cost 10 recover
successive increments of gas. Since most resource
estimates do not include explicit economic crite-
ria, analyst must derive this supply curve. There
are several ways to do this, ranging from simple
functional forms to detailed analysis of field sizes
in individual basins.

How the supply curve is developed can signif-
icantly affect the results of a forecast. For ex-
ample, the way analysts implement a lower re-
source base assumption can strongly influence the
results from their models. One analyst might shift
the whole supply curve proportionately, thus in-
creasing or decreasing resources at all cost levels.
This approach would be appropriate if uncertainty
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about the resource base applied equally to low-cost
and high-cost gas. Another analyst might change
mainly the high-cost portion of the resource repre-
sented at the upper part of the supply curve. The
rationale behind the latter approach would be that
less is known about the high-cost gas, which will
be produced later and which is likely to be in fron-
tier areas, hostile environments, very small fields,
or at greater drilling depths.

Geologic Issues

Some of the geologic issues that should be con-
sidered when constructing a supply curve from re-
source estimates include:

e The amount of the resource in high-cost ar-
cas, such as deep water, the Arctic, or deep
formations;

e The number of small fields still to be found
onshore;

o The amount of recoverable gas existing in un-
conventional resources, such as tight sand-
stone formations, Devonian shale, and coal
beds;

e The amount of incremental gas to be added
by strategic infill drilling.

Costs

Attention must also be paid to the cost estimates
that are used in constructing the supply curve. If
cost data from a single year are used, this consti-
tutes an assumption that year is representative of
future years. Yet, costs for exploration and de-
velopment have swung widely in recent years, and
studies show that costs depend upon energy prices,
market conditions, and technology. These factors
should be taken into account when choosing the
costs to be used in an analysis of future supply.

Technology

Assumptions about technology and the rate of tech-
nology advancement are embedded in resource and



Future Natural Gas Market Issues

cost estimates. Usually, estimates that are histor-
ically based assume a future rate of technological
progress that is the same as that which has occurred
in the past. More detailed analyses may make
explicit assumptions about technological achieve-
ments, This is especially important when estimat-
ing the potential of unconventional resources, gas
from frontier areas, or infill drilling. Advances in
both exploration and production technology will
significantly influence the size of the recoverable
resource and recovery economics.

Producer Decisionmaking

A supply analysis must represent producers’ de-
cisions to explore for and produce gas resources.
Some general economic factors include: explo-
ration and production costs, wellhead prices, cost
to transport the gas to market, gas market char-
acteristics, and for the resource owner, the value
of selling the gas this year rather than waiting for
a future period. Other factors include willingness
to explore for new gas fields versus developing
reserves within existing fields, willingness to use
advanced technology, the cost of capital, taxes, and
regulations such as well-spacing limitations.

These factors will affect the timing of invest-
ment and production decisions with regard to each
category of the natural gas resource, e.g., onshore,
offshore, frontier, infill drilling, or unconventional
resources. The results of any gas supply forecast
must be understood in the context of how the in-
dustry is represented in the model and how deci-
sions to explore and produce are made.

Imports

In a competitive North American natural gas mar-
ket, U.S. demand for imported gas should depend
upon the extent to which this gas is competitive
with U.S. supply in each regional market. Com-
petitiveness depends upon relative direct supply
costs and transportation costs from source to mar-
ket. Each cost has a number of contributing fac-
tors.
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Issues that should be considered in assessing the
availability of Canadian gas imports to the United
States include:

e The geologic characteristics of the Canadian
gas resource base, including conventional
sources, unconventional gas (primarily tight-
formation gas from the Deep Basin area of
Alberta and British Columbia), and gas from
frontier areas, such as the Mackenzie Delia
and the Arctic Islands;

e Canadian exploration and production costs;

e The availability and cost of transportation for
Canadian gas, including pipelines from fron-
tier areas and pipelines for carrying gas across
the U.S. border and to the appropriate demand
regions;

¢ Canadian demand for gas, which will compete
for supply with U.S. demand;

o {].S. and Canadian trade and pipeline regula-
tion and tax structures.

Ideally, an analysis that includes U.S.-Canadian
gas trade would have an integrated representation
of the North American gas market, including sup-
ply, transportation networks, and demand in both
the United States and Canada, on a regional basis,

While Canadian gas is seen as the largest source
of future U.S. imports in the time frame of this

" analysis, it is not the only source. LNG from over-

seas {e.g., Norway, Nigeria, Algeria) may also be
a significant source of supply. The major issues
concerning LNG are the price at which it will be-
come available and the capacity of regasification
facilities, While existing facilities on the East and
Gulf Coasts will accommodate about 800 billion
cubic feet per year, additional capacity may be con-
strained by barriers to siting such facilities. Gas
may also be imported by pipeline from Mexico.
The availability of this gas has been largely deter-
mined by Mexican intermal energy and oil export
policies, making analysis of this supply source by
traditional methods very difficult.
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Gas Demand Issues

Future gas demand will be determined by a vari-
ety of factors, ranging from the rate of economic
growth in each of the end-use sectors to the pace
of technological advance. Although the basic eco-
nomic factors affecting gas demand in aggregate
are fairly well understood, no one can say with
certainty what the level of gas demand will be.
However, it is possible to review current trends
and issues and develop projections about the fu-
ture.

There are at least six general factors which con-
tribute to the variation in future gas demand; the
rate of economic and demographic growth, gas
price, price competition from alternative fuels, ad-
vances in gas and nongas technologies, regulatory
and environmental policies, and pipeline availabil-
ity. A better understanding of these factors can
be gained from examining the factors affecting the
individual demand sectors.!

Industrial Consumption

In 1987, the industrial sector consumed over 40
percent of the gas in the United States. Gas con-
sumption in this sector includes gas use for petro-
chemical feedstocks as well as heat and power in
manufacturing, agriculture, and construction and
mining. Factors affecting future industrial gas de-
mand include the continuing restructuring of the
industrial sector, the penetration of cogeneration,
fuel switching due to price competition and tech-
nological change, and conservation.

Historically, growth in industrial energy con-
sumption has been driven by strong growth in
energy-intensive industries, such as chemicals, pri-
mary metals, and pulp and paper. However, future
growth in industrial energy consumption will be
similarly affected by the restructuring of the indus-

YThis discussion focuses on developments that are more
likely to be important in the near term. A number of other
developments may be important in the future, including the
potential for gas use in the transportation sector, wasie dis-
posal, and conversion lo gasoline.
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trial sector. Recent history demonstrates the new
trends. Total U.S. industrial production grew at an
annual rate of 2.2 percent between 1973 and 1986.
Among the most energy-intensive industries, only
the food and chemical industries grew faster than
the average. The pulp and paper industry grew
at the average, while stone, clay, and glass grew
slower than the average. The petroleum refining
industry showed no growth over this period, and
production in the primary metals industry actually
declined by over 30 percent.

The dominant growth industries over the period
from 1973 to 1986 were fumiture and fixtures,
printing, rubber and plastics, and electric machin-
ery. All of these industries grew from 50 to over
100 percent faster than the industrial sector as a
whole, but most of these industries are not very
energy intensive. A number of factors have con-
tributed to this shift in economic activity, including
higher energy prices and changes in the value of
the dollar. This growth patiern, combined with dif-
ferences in the energy intensity of production by
different industries, has significantly affected the
energy requirements of the industrial sector.

The industrial sector is the largest producer of
cogenerated electricity among end-use sectors. In
1987, it had roughly 20,000 megawatts of cogener-
ation capacity. Much of this capacity is gas-fired.
The potential for gas consumption in the industrial
sector will be affected by the continued growth in
industrial cogeneration, which will depend upon
the level of buyback rates and the attitude about,
or changes to, the Public Utility Regulatory Policy
Act (PURPA),

Fuel switching is important in determining fu-
ture gas demand in the industrial sector. Fuel
switching traditionally refers to the switching be-
tween oil and gas and other fuirels based on relative
price competition,

Gas also faces fuel switching due to technolog-
ical change. For example, today gas dominates
fuel use in direct process heat applications (indus-
trial processes where the flame impinges on the
product); however, as new technologies enter the
market (e.g., infrared drying, lasers), gas could lose
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part of its share of this market, mostly to electricity.
Unlike the price-based fuel switching in boilers,
technological change could result in a permanent
loss of market.

Industrial sector gas demand also will be influ-
enced by the goals of industrial decisionmakers.
With more moderate energy price increases, the
incentives that govem the design and selection of
production methods are changing. Industrial cost-
cutting attention now emphasizes reductions in la-
bor costs, raw materials, and other factors of pro-
duction, as well as energy costs. The most sig-
nificant example of these trends is increased use
of automation. (Gas may not be as conveniently
adapted to automated production processes as is
electricity.)

Electric Utility Consumption

In 1987, electric utilities accounted for over 15 per-
cent of U.S. gas consumption. The utility sector,
however, has the potential for a large increase in
gas demand. Factors which will affect this growth
include the level of electricity demand growth, the
penetration of cogeneration in end-use sectors, the
impact of deregulation on utility industry capacity
issues, the penetration of clean coal technologies,
changes in nuclear or environmental issues, and
relative energy prices,

Electricity demand depends upon the demand by
other sectors for lighting and electrically driven
equipment and is highly uncertain, During the
period from the mid-1970s to 1983, electricity
demand growth was slow duc to low economic
growth and rapidly increasing electricity prices, but
recently it has been growing more vigorously, re-
flecting stronger economic growth.

The penetration of cogeneration in end-use sec-
tors will be another important factor in determining
the demand for electricity from utilities. To the
extent cogeneration grows, correspondingly less
utility-generated electricity will be required. This
may depress electric utilities” use of natural gas,
although gas use for cogeneration will be higher.
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Recently, the federal government has begun a
process to deregulate, to some degree, the electric
utility industry. As part of deregulation, indepen-
dent power producers (IPP) may play a bigger role
in providing electricity. IPPs will tend to have
shorter investment horizons and will tend to build
smaller capacity generating systems. These criteria
favor natural gas.

The reliability of electric utility capacity to meet
future generation requirements is receiving in-
creased attention today. Little new capacity is for-
mally included in currently published electric util-
ity plans. By the mid-1990s, however, new electric
utility plants will be required. Given the long lead
times required to construct coal-generating capac-
ity, there is some concem that capacity will be
inadequate to meet the generating requirements in
the mid-1990s. If short lead times are required in
the mid-1990s, more new gas-fired units, which
can be more quickly constructed than new coal-
fired plants, will be placed in service, increasing
utility gas demands. Moreover, the lifting of the
Powerplant and Industrial Fuel Use Act (PIFUA)
restrictions creates potential opportunities for in-
creased use of combined-cycle, gas-fired units.

Environmental concemns may also significantly
alter electric utility gas demands, as reflected in
changes in nuclear or environmental issues and the
penetration of clean coal-burning technologies. If
no new nuclear powerplants are constructed be-
yond those currently announced or if acid rain leg-
islation is passed that allows gas to be used, the po-
tential for increased gas demand by electric utilities
will be enhanced. By contrast, if electric utilities
adopt clean coal-buming technologies, the demand
for gas could be reduced,

Commercial Consumption

Energy consumption in the commercial sector is
dominated by requirements for ventilation, space
cooling, spacc heating, and lighting. In the past,
these four loads have generally been captured by
electricity. Newly introduced gas technologies—
cogeneration, engine-driven chillers, and desiccant
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systems—now provide gas with the opportunity to
capture the space cooling services directly and the
ventilation and lighting services indirectly. The
possible market penctration of these three tech-
nologies accounts for much of the potential varia-
tion in the level of future gas demand in the com-
mercial sector.

The rate and type of growth in commercial
square footage also help to shape future levels of
gas demand. A shift in the economy toward a
larger service sector suggests a larger commercial
sector with greater energy demand levels. The rel-
ative growth by building type is also important.
Commercial buildings historically have tended to
use different fuels depending on their service re-
quirements. For example, hotels, health facilities,
and restaurants have tended to use more gas per
square foot than education or office buildings.

The location of the growth is also particularly
important, A higher Ievel of growth in warmer re-
gions implies a greater emphasis on space cooling.
A greater level of growth in cooler regions implies
a greater space heating demand.

Residential Consumption

Through the early 1970s, natural gas was the fuel
of choice in the residential sector. Gas tradition-
ally captured over 60 percent of the new residen-
tial space heating market in the United States. As
a result of rising prices in the 1970s and early
1980s and moratoria on new pipeline hookups in
the 1970s, the gas market share sagged through the
early 1980s, although it has recently recovered.

The level of gas demand in the future will de-
pend to some degree on the influence of a number
of issues which are identifiable today-—the rate and
location of population growth, the type of housing
constructed, average fuel use efficiency trends, and
the extent of the transmission and distribution in-
frastructure.

U.S. population today is growing at roughly one
percent per year. Variations in population growth
and its regional distribution will influence energy
demand. Increased growth in warmer regions im-
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plies a greater emphasis on space cooling; a greater
growth in cooler regions implies a greater space
heating demand. Competitively, gas is favored in
regions with large space heating loads because of
lower overall costs relative to competing fuels.

Also important to determining the level of future
gas demand is the mix of housing types. Histori-
cally, electricity has captured a much larger share
of space heating in multifamily homes than gas
because the investment cost for electric heating
equipment is lower than for gas or oil. By con-
trast, gas tends to capture a larger share of space
heating in single-family homes.

The average fuel use efficiencies of gas-buming
equipment (AFUE) have been increasing as newer
more efficient units have been substituted for older
lesser efficient ones. Trends in the AFUE of both
gas equipment and equipment using alternative fu-
els will help to determine future levels of gas de-
mand through their effect on both the type of direct
energy input required and the relative equipment
efficiencies.

A potential major impact on the AFUE trends
is the recently passed “National Appliance Energy
Conservation Act” of 1987. The Act establishes
appliance efficiency standards for gas, electric, and
heating oil appliances. In particular, the Act re-
quires that by 1992 fumaces with an output of
greater that 45,000 Btu per hour must have an
AFUE of 78 percent. By comparison, approxi-
mately 50 percent of the gas-fired fumnaces sold in
1987 could not meet this standard. The Act may
also have a major impact on the fuel shares of new
appliances sold in the United States after 1992 for
competitive as well as safety reasons,

A final issue which will affect future residential
gas demand is the extent of the transmission and
distribution pipeline infrastructure. Due to pipeline
moratoria in the 1970s, some areas do not have gas
service available to meet growth outside of major
metropolitan areas. This is particularly true in the
growing Southern and Northeastern markets of the
United States. Residential gas demand could be
significantly increased at existing prices if gas dis-
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tribution companies could extend gas distribution
lines into arcas that do not now have service.

Fuel Switching in the Industrial and
Electric Utility Sectors

Fuel switching between gas and other fuels will be
an important determinant of future natural gas de-
mand, If gas prices rise relative to alternative fuel
prices, the responses of those gas users who can
switch fuels, especially in the dual-fired industrial
and electric utility boiler markets, will strongly in-
fluence gas demand, Different estimates of the size
and switching capability exist, contributing to the
uncertainty about gas demand.

The number and type of fuel-switching cus-
tomers vary depending on the period of adjust-
ment. Fuel switching can be separated by the rate
at which it can occur:

o Very short-term switching (within a few
months} of gas to an altemate fuel in dual-
fired boilers, primarily to residual or distillate
oil;

e Intermediate-term switching (within a year)
through retrofits to make gas boilers that can
only bum gas, dual fired with other fuels; and

¢ Longer-term switching (within several years)
of gas equipment to use nongas fuels.

The determinants of the amount of short-term
fuel switching are the relative prices of gas and
alternative fuels, relative equipment and operating
costs, the capacity of dual-fuel capability equip-
ment currently installed, and environmental con-
trols restricting the emissions of air pollutants.
Electric utilities can also accomplish fuel switch-
ing by generating power from different plants us-
ing different fucls. This short-term fuel switching
on the basis of small uncxpected changes in fuel
prices, sometimes referred to as a penny-switch sit-
uation, is the response frequently discussed in en-
ergy trade journals.

41

If higher gas prices occurred and persisted for an
extended period of time, additional fuel-switching
capability in the intermediate term could be created
by minor modifications in fuel-using equipment.
With an additional several months, much of the
industrial gas equipment can be retrofitted to use
alternative fuels,

A key factor affecting the amount of switching
in the intermediate term is the price differential
between the alternative fuel and gas. The price
differential must be great enough and expected to
persist long enough to justify the capital expendi-
ture. In the current regulatory environment, elec-
tric utilities are constrained in retrofitting existing
equipment.

The long term involves a more complex com-
bination of factors affecting gas markets. Capital
substitution becomes increasingly possible, The
longer time frame allows additional displacement
of gas by alternative fuels and conservation mea-
sures.

Natural Gas Pricing

The pricing of natural gas has been radically trans-
formed over the last decade. Regulated cost-based
pricing was the norm until the early 1980s with
prices since then increasingly determined by mar-
ket conditions. This section discusses pricing con-
cepts, competition between oil and gas, and devel-
opments in transmission and distribution margins.

Cost-Based to Netback Pricing

As discussed in Chapter 2, until passage of the Nat-
ural Gas Policy Act of 1978, wellhead gas prices
paid by interstate pipelines to producers were reg-
ulated on a cost-justified basis. Transmission and
distribution charges were regulated on a cost-of-
service basis and added to the field or wellhead
price to determine delivered or bumertip prices.
The resulting delivered prices, based upon incurred
costs, generally remained below the prices of com-
petitive fuels until the early 1980s.
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Figure 3.1: Supply-Demand Representation of a Market-Clearing Price

Over the last decade, less gas has been held un-
der wellhead price controls. As gas and oil prices
in end-use markets moved closer together, netback
wellhead pricing was used in many contracts. In
this approach, wellhead gas prices could be deter-
mined by subtracting or netting out transmission
and distribution costs from the delivered Bt in-
dustrial residual fuel oil price.

Netback pricing rules, however, will not reflect
the relative abundance or scarcity of gas resources
10 meet potential demand. If producers have abun-
dant gas, prices will tend to move lower, com-
peting with lower quality residual fuel oil, other
gas supplies, and perhaps even with coal. Due to
the gas bubble, gas prices have been largely deter-
mined by competition among gas suppliers, with
gas prices falling below residual fuel oil. On the
other hand, if gas becomes relatively scarce and
expensive, gas might compete in industrial mar-
kets with higher quality residual oil and even with
distillate oil under certain conditions. By contrast,
world oil prices are not strongly influenced by

domestic supply and demand conditions because
crude oil and petroleum products are more readily
traded in an international market. As a result, the
market prices for gas and oil, while related, need
not move in tandem.

Market-Clearing Prices

The relationship between oil and natural gas prices
can be shown most clearly through the use of a
simple analytical framework. Figure 3.1 presents
the basic approach emphasizing market prices be-
ing determined jointly by supply and demand con-
ditions in the short term.

The demand curve in Figure 3.1 shows that
lower prices encourage more consumption.? At
higher prices, only gas demand by the residential

The position of this curve is determined by factors other
than the gas price, including alternative energy prices, the level
and composition of economic output, and some advances in
energy-using technology. Over time, changes in these factors
will shift the position of this curve. In addition, as discussed
later in this section, the shape of the curve may be altered by



Future Natural Gas Market Issues

and commercial sectors is observed. This market
consists primarily of small users whose alterna-
tive energy choice is electricity or distillate oil and
who require new equipment o substitute between
fuels. While consumption is responsive to price,
the cost of new energy-using capital limits this re-
sponse. Hence, the curve at these higher prices is
steeper than at lower prices, where gas demand by
the switchable industrial and electric utility sectors
enters the market and is added to the demand by the
premium sector, This new source of demand repre-
sents users whose dual fuel-buming equipment al-
lows them to switch easily between residual oil and
natural gas. Hence, the demand curve becomes rel-
atively flat in this portion because a small change
in gas price can lead to a large change in demand
levels. At still lower prices, the demand curve
turns steeper again as gas saturates the switchable
market and begins to compete with coal. The cost
of new coal equipment makes users at these lower
prices less responsive to the gas price than in the
switchable market.

The demand curve for gas in the fuel oil compet-
itive segment is not completely flat because end-
users have differing fuel oil requirements: some
can bumn a relatively inexpensive high-sulfur resid-
ual fuel oil, while others can bum lower-sulfur
residual fuel oils, and still others only high-cost
distillate oil as an alternative. Another source of
variation is the degree of fuel-switching capability:
some end-users who can technically bum fuel oil
don’t have the fuel oil handling equipment installed
to do so. For them, the price of gas must exceed
that of the competing fuel oil by a margin sufficient
to justify the capital costs of installing the fuel oil
equipment before fuel switching will occur. The
third source of variation in the demand curve in the
fuel oil competitive market (when viewed against
changes in gas wellhead prices) is transportation
and distribution costs. An end-user facing high
gas transportation and distribution costs will tend
to switch sooner than one whose T&D costs are
low. The low end of the demand curve, therefore,

the introduction of new energy-using equipment that changes
the responsiveness of gas demand to gas prices,
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tends to represent end-users with installed dual-fuel
capability who can burn a dirty, relatively cheap
oil. The upper end of the fuel-competitive portion
of the demand curve (the last to switch to oil) rep-
resents those who must install equipment to burn
high-cost distillate oil.

The supply curve in Figure 3.1, which repre-
sents production and not deliverability, shows that
lower prices reduce the amount produced by low-
ering the incentives to find more costly resources.?
The intersection of the demand and supply curves
determines the market-clearing price (P on the
vertical axis) and the amount sold (¢; on the hor-
izontal axis) in a particular year when the market
is in equilibrium.

Note that Figure 3.1 shows the supply curve
intersecting the demand curve to the right of its
very flat portion; gas is being priced below resid-
ual oil under these conditions, At gas prices above
this level, e.g., at P>, surplus gas would remain,
even after meeting the gas demand in the compet-
itive or switchable end-use market. Under these
conditions, there would be incentives to find new
end-use markets for gas, which might be priced
to compete with coal. Prices would tend to fall
until increased consumption and decreased quan-
tity supplied restored the market to its competitive
equilibrium at price P; and quantity Q.

The adjustment described above does not happen
instantaneously. Temporary surpluses or shortages
may appear but over time would be eliminated by
market forces, particularly if pro-competitive regu-
latory policies prevailed. Other regulatory policies,
however, could inhibit the adjustment process. In
addition, the position and shape of the supply and
demand curves will change over time as new in-
vestment is realized. As institutional and capital
constraints are relaxed, the steeper portions of the
demand curve would tend to flatten. However, as
long as the end-use markets can be characterized

*The position of the supply curve is determined by factors
other than the gas price, such as the cost of capital. Concep-
tually, the curve could also exhibit different price sensitivites
at different price levels. However, there is less consensus on
whether the response varies, and if so, at what prices,
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by two sectors, one with dual fuel-buming capacity
and one without, the generic representation of Fig-
ure 3.1 remains a useful framework for explaining
how gas prices are formed in this market.

In the North American natural gas market,
many different supply regions are linked through
a pipeline system to particular demand regions.
Thus, in reality, there are many different regional
wellhcad prices rather than one single national
price. In general, wellhead prices over the long
run should be lower in supply regions that are far-
ther away from the major demand service areas be-
cause transportation costs must be included in the
delivered gas price. While the regional issue adds
complexity to the discussion of price formation, the
same basic supply-demand framework operates at
a regional level as well.

Qil and Gas Prices

This conceptual framework emphasizes that oil and
gas prices will not necessarily be tied 10 each other.
If plentiful and relatively inexpensive, gas would
capture (in the short-run sense in which installed
dual-firing capability or gas transportation capac-
ity are fixed) the entire fuel-competitive market.
In this case, gas-to-gas competition is setting gas
prices so that changes in oil prices will have little
effect on gas prices. This circumstance, for exam-
ple, was evident in the early part of 1987 as gas
prices fell even while cil prices were rebounding
from their 1986 lows. Aliemnatively, gas could be-
come relatively scarce and very expensive, thereby
losing the industrial and utility fuel oil competitive
market. In this second case, oil price changes will
have little effect on gas. Between these two cases,
gas is competing with some type of fuel oil in some
marginal market and thus wellhead gas prices are
set as a “‘netback” from that marginal market. The
degree to which a given change in oil price affects
wellhead gas prices depends upon the shape and
position of the supply and demand curves for gas.

The trends in residual fuel oil and gas prices to
industrial users since 1978, displayed in Figure 3.2,
provide three historical examples of fuel switching
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in the United States This experience emphasizes
that oil and gas prices reflect conditions in the two
fuel markets and that the oil-to-gas price relation-
ship is volatile in the short run as well 4

After the passage of the Natural Gas Policy Act
(NGPA) in 1978, industrial gas prices rose from
$1.86/MMBtu in January 1979 to $4.25/MMBtu
in January 1983 (21 percent per annum). Residual
oil prices fell from the peak levels of 1981 and
stabilized in latc 1982 at around $4.20/MMBtu,
As a result, in early 1983, gas prices collided with
residual fuel oil prices. When this occurred, gas
Ioad was lost to residual fuel oil as industrial and
powerplant customers switched.

Gas prices regained competitiveness from mid-
1983 through 1985 as oil prices firmed and the
emerging spot market allowed for lower average
gas prices. Fuel switching again occurred as resid-
ual oil prices fell in the first quarter of 1985 due to
the settlement of the British coal strike. Residual
oil prices decreased from $4.50/MMBtu in January
1985 to $3.57/MMBtu in June 1985. Gas prices
decreased slowly and regained parity with residual
oil briefly in the third quarter, 1985. Following
this, gas prices drifted upward due to seasonal fac-
tors in the fourth quarter, 1985,

Then the dramatic plunge in oil prices in early
1986 ($28/Bbl in December 1985 to $10/Bbl in
April 1986) created a wide disparity in residual oil
and gas prices, and caused additional fuel switch-
ing. By the summer of 1986, average gas prices
were in the vicinity of $3.00/MMBtu while residual
fuel oil prices were below $2.00/MMBtu. Since
then through the fall of 1988, natural gas has re-
gained competitiveness with residual fuel oil.

Transportation and Distribution Margins

Many natural gas analyses assume that transporta-
tion and distribution (T&D) margins don’t change

“The source for the energy prices in Figure 3.2 is the
Energy Information Administration: industrial gas prices are
from Table 13, Natural Gas Monthly, high-sulfur residual fuel
oil prices o end-users are from Table 9.5, Monthly Energy
Review,
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Figure 3.2: Energy Prices (3 per million Btu) Delivered to Industrial Customers, 1975-1987. Source:
Energy Information Administration.

0
1980 1981 1982 1983 1984 1985 1986 1987

— Sales — — Transportation

Figure 3.3: Top 20 U.S. Interstate Pipelines Sales versus Transportation. Source: FERC Form 2; Tenneco.
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Gross Margin, 1987 $/Mcf
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Figure 3.4: Top 20 U.S. Interstate Pipelines Sales and Transportation Margins (1986%/Mcf). Source:

FERC Form 2; Tenneco.

over time. In reality, T&D margins will almost
certainly not be constant.

Prior to 1983, pipeline-owned gas (sales vol-
umes) comprised 75 percent of the gas delivered
by interstate pipeline (Figure 3.3). Transportation
on interstate pipelines was largely performed for
other interstates (75 percent of total transportation),
and tota! transportation volumes were fairly con-
stant at 4 Tcf/yr. Since 1983, however, as noted
in Chapter 2, regulatory change has led to a dra-
matic increase in the transportation of gas that was
not owned by pipelines. These deliveries, or trans-
portation volumes, now comprise over 60 percent
of total gas sales. Meanwhile, sales volumes have
decreased as end-users have gained more direct
supply access, producer direct gas marketing has
increased, and the spot market has expanded.

The shift in the role of pipelines, from predom-
inantly merchant to predominantly transporter, has
affected most gross margins (Figure 3.4). Sales
margins have incrcased as fixed costs have been

spread over smaller sales volumes. Transportation
margins increased slightly through 1983, but gener-
ally declined after 1983 due to competitive market
forces and open access, which allowed transporta-
tion margin discounting. The rise in 1986 was due
partly to longer transportation hauls. Although fi-
nal data are not available, it is expected that both
sales and transportation margins fell in 1987 af-
ter the reduction in tax rates and the discounting
mechanisms provided by Orders 436 and 500.

Uncertainty surrounds the future trend in trans-
poriation margins, which may vary by region. If
the industry continues to become more competitive
and transportation service continues to increase,
transportation margins could decrease, The dra-
matic rise in transporiation for others on interstate
pipelines since 1983 (Figure 3.5) has been a re-
flection of producer, end-user, and broker activity.
Several components may lead to increased com-
petition and decreased margins. For example, as
the gas bubble ends, competition for gas supply
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Figure 3.5: Top 20 U.S. Interstate Pipelines Transporiation Components. Source: FERC Form 2; Tenneco.

will cause wellhead gas prices to rise. Therefore,
competition for supplies may force pipelines to bid
down margins to remain competitive.

Furthermore, continued excess pipeline capacity
in many areas will serve to put downward pres-
sure on margins. Peak-year consumption is not
expected to reach historical levels of 22 Tef under
any EMF scenario. Meanwhile, pipeline capacity
remains at about 25 Tcf, Especially in an era of de-
creasing supplies, competition for end-use markets
may reduce transportation margins. Less discount-
ing may occur in those regions with tighter pipeline
capacity.

The distribution margings of LDCs have de-
creased slightly in recent years as gas prices have
failen (Figure 3.6). The average calculated dis-
tribution margin has fallen 6 percent from 1985
to 1987.° However, distribution margins have re-
mained above the average interstate pipeline mar-
gins of $.70/MMBtu (See Figure 3.4). The threat

5Average calcolated margins equal the average delivered
price minus the average citygale price.

of LDC bypass could lower distribution margins
through increased competition. If bypass oc-
curs, however, the margins to remaining customers
could increase.

The loss of industrial lpad has increased the con-
tribution of residential and commercial revenue,
mainly in the winter, for the distribution company.
This has tended to make the average calculated dis-
tribution margin appear more seasonal. Increased
fuel switching may tend to further increase the sea-
sonality of margins, If LDC bypass occurs, sea-
sonality of the margins would increase mildly. On
the other hand, if new gas-fired electric generation
markets develop, scasonality could be reduced.

Regulation

As discussed in Chapter 2, the history of regu-
Iation in the natural gas industry reveals ongoing
tensions between alternative regulatory objectives.
Regulators must balance concems about atlocating
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Information Administration, Natural Gas Monthly, Tenneco.

gas efficiently with those about the distribution of
benefits and costs among market participants.

Since the enactment of the Natural Gas Policy
Act in 1978, regulatory policy in the gas industry
has been moving steadily in a more competitive di-
rection, The key to this pro-competitive shift has
been the move toward unbundling of pipeline and
some local distribution company (LDC) services,
allowing market forces to guide the allocation of
goods and services. Most important has been the
separation of gas sales from transportation, encour-
aged by partial wellhead decontrol and increasing
access to interstate pipeline transportation. Given
the recent changes in gas regulation, the two key
regulatory issues facing the gas industry today are:

1. How best to complete the process of un-
bundling gas sales and transportation, assum-
ing political support for pro-competitive poli-
cies continues to prevail, and;

2. Under what conditions to place higher priority
on regulatory objectives other than economic
efficiency.

Key Issues in Completing the Process of Un-
bundling

A number of regulatory issues must be addressed
in order to complete the unbundling of pipeline and
LDC services:

Pipeline-FERC Issues

1. Implementation of pipeline open access—
The Federal Energy Regulatory Commission
(FERC), in Orders 436 and 500, has facili-
tated the unbundling of services in the inter-
state gas market, but difficulties in resolving
take-or-pay concems have slowed the transi-
tion to a more competitive market.

2. Pipeline rate structure—As pipeline services
are unbundled, many will remain regulated.
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The rate structures regulators use to price  Local Gas Distribution Company (LDC)-Public
those services will have a significant impact  Utility Commission (PUC) Issues

the efficiency of the evolving market, on .
on y s 6. LDC open access with unbundling—In re-

the allocation of different types of service, and
on the interplay of regulated and unregulated
services.

. Pipeline service obligation—Part of the tradi-
tion of public utility regulation in the pipeline
industry has been that pipelines, in exchange
for monopoly privileges in a particular mar-
ket, are not allowed to unilaterally reduce the
level of service provided once they are of-
ficially certificated. FERC Orders 380 and
500 have reduced the obligation of local
distribution companies (LDCs) to purchase
gas from pipelines, but have left pipelines
with the obligation to remain ready to meet
the original contract demand levels of their
LDC customers. A method of compensating
pipelines for this responsibility must be found
if pipelines are to remain reliable gas suppli-
ers.

. Economic allocation of pipeline capacity—A
key aspect of pipeline rates is how they allo-
cate pipeline capacity, especially during peak
periods. On an annual basis, there is con-
siderable excess capacity in the U.S. pipeline
system as a whole, but in some segments bot-
tlenecks exist during peak periods. Allocating
capacity on these segments on an economic
basis, e.g., through the use of a secondary
market in capacity rights, could ensure that
they are used by those who value the space
most and provide a clearer indication of where
additional pipeline capacity is needed.

. New pipeline entry—Proposals to build new
pipelines must currently move through a
lengthy regulatory process. Improvements to
the approval process are needed to enhance
the responsiveness of the pipeline network to
changes in supply and demand, while recon-
ciling gas needs with environmental concemns
and property rights.

sponse to the unbundling of pipeline services
initiated by the FERC, many state public util-
ity commissions (PUCs) are requiring utilities
1o offer transportation through their system on
an unbundled basis. As at the pipeline level,
open access at the LDC level must be rec-
onciled with the LDC’s obligation to serve.
This need arises particularly in the case of
large customers with alternative gas and non-
gas fuel sources, for whom an obligation to
provide gas sales service may no longer be
appropriate.

. LDC bypass—>Some industrial customers find

it desirable to build their own direct link to
the pipeline system rather than to go through
their local utility. The extent to which PUCs
constrain the ability of LDCs to be bypassed
is likely to be an important issue as the gas
industry evolves.

. LDC marketing/growth policy—Historically,

many PUCs, concemned about possible gas
shortages resulting from wellhead price con-
trols, have prevented utilities from marketing
gas service to new customers. With a largely
deregulated welthead market allowed to bal-
ance supply and demand, such policies need
rethinking.

9. PUC oversight of LDC contracts—As the spot

market has grown, PUCs and state legisla-
tures have imposed a plethora of new regula-
tions designed to encourage their gas utilities
to choose a mix of long-term contracts and
spot-market purchases that will ensure supply
reliability and price stability at the lowest pos-
sible cost to consumers. These policies may
have a significant effect on how gas utilities
operate in the gas supply market.
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Regulations Affecting Canadian Natural Gas
Exports

10. Canadian export policy—Canada has been
moving towards a market-oriented regime for
natural gas since 1985. In 1987, the National
Energy Board abandoned reserve/production
(R/P) ratio requirements for determining the
exportable surplus; instead the board adopted
a “Market-Based Procedure” for considering
the licensing of ¢xport applications. Within
this procedure the Board will use public hear-
ings and ongoing monitoring to ensure that the
market operates in an efficient manner, and
correspondingly, that Canadian customers are
not placed at a disadvantage relative to export
customers,

Regulatory Policy Stability and Market
Conditions

Under some scenarios, regulators may face strong
political pressure 10 overturn some pro-competitive
policies. Some of the factors which may prompt
regulators to place greater priority on objectives
other than economic efficiency are described be-
low.

0Oil-Gas Competition

If delivered gas prices fall below parity with de-
livered oil product prices, policymakers might face
political pressures to raise prices to industrial cus-
tomers with dual-fuel capability, and use the addi-
tional revenue to subsidize residential customers.
(The incremental pricing provisions of the NGPA
prescribed such a policy of cross-subsidization.)
Many industrial customers have or could develop
options other than buying from their local utility,
however, such as buying their own gas and trans-
porting through the utility, or bypassing the utility
altogether. Thus, cross-subsidization will only be
possible to the extent industrial users’ options are
restricted.

On the other hand, if delivered gas prices are
above parity with oil product prices, dual-fuel cus-
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tomers can switch from gas to oil, and regulators
will have little opportunity for cross-subsidization.

Sharply Rising Gas Prices

If gas prices increase sharply, regulators may face
pressure to ensure that high-priority customers
(e.g., residential customers, hospitals, schools, etc.)
receive the supplies they need at “‘fair” prices. In
essence, such a strategy implies price controls for
high-priority customers and cross-subsidization by
lower-priority customers. In extreme cases, a con-
gressional move toward wellhead price recontrol
and restrictions on the access of low-priority cus-
tomers to gas supplies could occur.

Sharply rising gas prices may affect PUC over-
sight of gas contracting practices as well. Even
if the PUC grants prior approval to a utility’s gas
supply plans, it may later choose to disallow the
recovery of some gas costs if the utility’s aver-
age cost of gas rises too high. The frequent price
renegotiation required under most new long-term
contracts may protect LDCs from some retroactive
disallowances, but in theory there is nothing to pre-
vent PUCs from later arguing that LDCs should
have locked in low prices when the market bot-
tomed out.

Sharply Rising Rates for Transportation
Capacity

With additional gas demand, capacity bottlenecks
might become increasingly tight, leading to price
increases on these segments. Regulators, seeking
to protect high-priority customers, might abandon
an economic system for transportation capacity al-
location for one with fixed priorities for partic-
ular customer classes. By restricting the access
of low-priority customers to the transportation net-
work, demand would be reduced, and prices could
be held down for those customers allowed ac-
cess; such a policy creates cross-subsidies simi-
lar to those generated by wellhead price controls
and attempts to allocate available supplies to high-
priority users.



Chapter 4

Key Findings from the Model Results

Most decisionmakers are familiar with forecasts
from computer models. Given the considerable
uncertainty about the development of the North
American natural gas markets, the EMF working
group decided not to make forecasts but to explore
the range of possible market outcomes based on
a set of scenarios about the industry’s develop-
ment. ‘The scenarios have been selected to chal-
lenge both the modelers and nonmodelers in the
working group to think broadly about how the in-
dustry might evolve under very different sets of
conditions. Thus, no one scenario or one model
output is considered to be most likely.

This chapter describes the scenarios chosen by
the working group, reviews the general conclusions
drawn from the model results, and presents more
detailed comparisons of the individual model re-
sults by scenario.!

Models

Eleven models were simulated using standard-
ized assumptions describing four scenarios. These
models, listed in Table 4.1, focus on the U.S. and
Canadian markets.

The models use multiple relationships to de-
scribe the production and consumption decisions
of the market participants. Although the work-
ing group focused on aggregate indicators of the
North American market, the models generally rep-

! A forthcoming Volume 3 contains several technical papers
covering the scenario design in depth, the resulis for individual
models, and a detailed comparison of model responses.
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resent regional markets and the interregional flow
of gas. The models chosen for this study were orig-
inally developed to examine long-run trends based
upon market-clearing prices rather than short-run
dynamics of markets under conditions of excess or
limited capacity.

While the models have a similar focus, they
form a heterogeneous group. Those listed under
Group A in Table 4.1 were developed primarily to
study the simultancous equilibria in many differ-
ent regional markets. Rather than using detailed
submodels to describe drilling activities and find-
ing rates by resource category, these models rep-
resent supply conditions as simple, reduced-form
relationships linking gas production to gas prices.
These relationships are often based upon more de-
tailed studics of the resource base and produc-
tion activities. Similar reduced-form relationships
are used to describe consumption as a function of
price. The models focus their analyses on how gas
produced in a supply region is allocated to demand
regions on the basis of competitive economic con-
ditions. The industry is assumed to be workably
competitive at all levels. These models are partic-
ularly well suited for analyzing the regional flow
of gas.

Three of the models in this group are either op-
erated at Canadian institutions or focus primarily
upon Canada (AGAS, MIT North American, and
Rowse). The Gas Trade Model was developed at
Stanford to study the potential gains from gas trade
between countries, while GRI North American is
used by the Chicago office of the Gas Research In-
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Table 4.1: Natural Gas Models Used in EMF 9
Model® Organization® Country Focus

Group A:

AGAS Alberta Rescarch Council North America
(Don Quon)

GRI North American (GRI N A) Decision Focus, Inc. North America
(Dale Nesbitt)

Gas Trade Model (GTM) Stanford University North America
(Alan Mamne)

MIT North American (MIT) Massachusetts Institute Canada
of Technology
{Charles Blitzer)

Rowse University of Calgary Canada
(John Rowse)

Group B:

Gas Analysis Modeling System (GAMS) Energy Information United States
Administration
{Barbara Mariner-Volpe)

GRI Hydrocarbon (GRI Hydro) Energy & Envir. Analysis United States
(Harry Vidas)

ICF Gas Market Evaluation System (ICF) ICF, Inc. United States
{(William Stitt)

Lewin Natural Gas Model (LEWIN) ICF-Lewin Energy United States
{(Vello Kuuskraa)

NEB Energy Demand/Gas Supply Models (NEB)  National Energy Board Canada
(Mark Segal)

A.G.A—TERA (TERA) American Gas Association United States
(Leon Tucker)

“Abbreviation of model name used in this report is shown in parentheses.

*Working group representative is shown in parentheses.

stitute to cvaluate the potential benefits from addi-
tional gas research and development expenditures.
The GRI Bascline Projection issued by the GRI
Washington office is based upon a different set of
models: the GRI Hydrocarbon model, which is
listed in the second group of models, and the Data

Resources, Inc. Energy and Macroeconomic mod-
els, which were not used in this study.

The models in Group B devote considerably
more attention to siudying the specific relation-
ships goveming the supply and demand decisions
in the market. They generally employ engineering-
economic relationships to describe these interac-
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tions. Some models (ICF, Lewin, and GRI Hy-
drocarbon) include a detailed assessment of the
resource basc by depth and field size, while oth-
ers (the American Gas Association’s TERA model)
project supply from equations based upon statisti-
cal fits to historical data. The demand submod-
els usually represent residential and commercial
consumption decisions with statistical equations,
while using detailed submodels representing dif-
ferent technologies and processes to simulate in-
dustrial and eleciric utility decisions.

The models in this second group were generally
constructed for detailed studies of the economic
and technical factors influencing supply and de-
mand decisions. They were not developed primar-
ily to analyze how regional gas flows are allocated
based upon competitive economic conditions, even
though all but two (GRI Hydrocarbon and National
Energy Board) were used in this study to deter-
mine market-clearing prices equating the quantity
supplied with that demanded. Several of the mod-
els in Group B adjust exploration and development
costs to changes in market conditions,

These models were run for each scenario by
standardizing on certain key inputs agreed upon
by the EMF working group.? In some cases, the
EMF inputs, e.g., the resource base, differ substan-
tially from those often used by the proprietors of
a model. Since they may be strongly influenced
by these EMF scenario specifications, the reported
model results should not be interpreted as a fore-
cast of a particular model’s proprictor or organiza-
tion.

Scenario Design

The working group designed four scenarios: an
upper and lower oil price, a low U.S. resource, and
a high U.S. demand. The critical input assumptions
are summarized in Table 4.2.

2These scenarios were analyzed in the fall of 1987, Some
historical data have been revised since the model results were
finalized.
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Two Qil Price Paths

The two oil price scenarios were based upon price
paths analyzed in a recent National Petroleum
Council (NPC) study on the oil and gas markets.
In the upper path, the U.S. average refinery acqui-
sition crude oil price rises from $15 per barrel (all
prices are in 1986%) in 1986 to $22 by 1990, in-
creases 5 percent faster than inflation to $36 per
barrel by 2000, and grows 2 percent faster than in-
flation after 2000. The oil price in the lower path
decreases to $14 per barrel by 1990, rises 4 percent
faster than inflation to $21 per barrel by 2000, and
grows 2 percent faster than inflation after 2000,

The lower oil price path is assumed to result
from a higher level of world oil supplies being
available rather than from lower world economic
growth, The growth rate in U.S. GNP (adjusted for
inflation) is mildly stimulated by the lower oil price
trend, consistent with recent research that changes
in oil prices have a very modest effect on economic
growth rates.’

The two oil price scenarios assume the same
US. natural gas resource base. This resource
base assumes the 1986 Potential Gas Committee’s"
(PGC) “most likely” estimate for conventional,
undiscovered natural gas resources. This repre-
sented the most recently available, national-level
estimate of natural gas resources at the time the
modeling scenarios were specified and run for this
study.

The PGC estimates are supplemented with sep-
aratec estimates developed by the EMF supply
study group to include resources not incorporated

3While oil price shocks cause severe economic dislocations
and temporary reduction in real GNP, they do not apprecia-
bly alter the underlying economic growth rate, in the absence
of discretionary economic policies for controlling inflation.
See Energy Modeling Forum, Macroeconomic Impacts of En-
ergy Shocks, EMF Repori 7, Stanford University, Stanford,
CA {also published in Bert G. Hickman, Hillard G, Hunting-
ton, and James L. Sweeney, Macroeconomic Impacts of En-
ergy Shocks, Amsterdam: North Holland, 1987), and National
Petroleurn Council, op.cit.

*Potential Gas Commitiee, Potential Supply of Natural
Gas in the United States, December 31, 1986, Potential Gas
Agency, April 1987,
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Table 4.2: Key Scenario Inputs for EMF 9

Upper Qil Lower Oil Low US. High U.S.
Key Assumptions Price Price Resource Demand
World Crude Qil Price
(1986 /barrel)
1986 $15 $15 $15 $i5
1990 $22 $14 $22 $22
2000 $36 $21 $36 $36
2010 $44 $26 $44 $44
U.S. Economic Growth Rate,
1985-2000 (% p.a.) 2.6% 2.7% 2.6% 2.6%
U.S. Lower-48 Inferred and
Undiscovered Resources (Tef)
Conventional 627° 627° 388¢ 6278
Unconventional at $5/Mcf 97 97 0 97
Infill Drilling at $5/Mcf 50 50 44 50
TOTAIL _ 714 774 432 774
Proved Reserves Lower-48 (Tcf, 1986)¢ 159 159 159 159
Total Undiscovered Flus Proved 933 933 591 933
Canadian Export Cap (Tcffyr) 2 2 2 2
Extra Potential .S,
Utility Gas Demand (Bcffyr)
1990 0 0 0 296
2000 0 0 0 1431
2010 0 0 0 2807

Tef—Trillion cubic feet.
Bef—RBillion cubic feet.
Mcf—Thousand cubic feet,
#1986 Potential Gas Committee (PGC) Most Likely Estimate, plus 7 Tef for offshore gas deeper than 1000 meters. Estimate

is not based upon any explicit price assumptions.
®Based upon 1986 PGC Low Estimate, which assumes “that there is approximately a 90 percent or greater probability that at
least this much natural gas resource is present.” Also includes 4 Tef of offshore gas in water deeper than 1000 meters. Estimate

is not based upon any explicit price assumptions. See “EMF 9 Study Design"” in Volume 3,
“Discovered gas that is excluded from estimates of undiscovered resources,
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in the PGC estimates. These resources include
those from extended infill drilling, unconventional
sources (tight sand formations, Devonian shale,
and coal beds), and offshore areas in water depths
greater than 1,000 meters. The total lower-48 nat-
ural gas resource base equals 933 Tef of undiscov-
ered gas plus proved reserves.’

Gas exports from Canada to the United States
are capped at 2 Tcf each year. In the near term, this
upper limit represents the existing pipeline capacity
(1.75 Tcffyear) for Canadian exports, with minor
modifications such as repressuring. In the longer
term, the 2 Tcf cap reflects the group’s assessment
of the maximum economic export capacity from
Canada to the United States. No standardized as-
sumptions are adopted for the Canadian resource
base, leaving specific inputs to the discretion of
each analyst.

Low U.S. Resources

The low resource scenario is designed to study the
effect of a lower U.5. resource base on the North
American gas market. The Canadian resource
base, constraints on Canadian-U.S. gas trade, oil
prices, and economic growth assumptions remain
unchanged from the upper oil price scenario, which
serves as a control case for comparing the low U.S.
resource and high U.S. demand as well as lower
oil price scenarios.

The resource base in the low resource scenario
is derived from the minimum potential resource
estimate published in the 1986 PGC report.® This
resource estimate assumes a 90 percent probability
that there is at least this much conventional gas
remaining to be discovered. Separate estimates for
the resource from infill drilling and deepwater ar-
eas are also included in this scenario, but at lower
levels than those specified in the control resource

This scenario approximates the recent DOE lower-48 gas
resource estimate of 1059 Tcf, afier adjusting for minor dif-
ferences in definitions. See Chapter 6 for details.

¢A rule-of-thumb algorithm was used io approximate the
probabilistic methodology that would be required to correctly
add regional estimates. See "EMF 9 Siudy Design” in Volume
3 for the methodology used to derive these estimates,
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base. Total undiscovered resources (including the
additional sources) available at $5.00 per Mcf are
reduced from 774 Tcf in the control resource base
to 432 Tcf in the low resource base. Including
proved reserves, the low resource base incorpo-
rates 591 Tef.’

The PGC also publishes a high or maximum re-
source estimate, which assumes a 10 percent prob-
ability of at lcast that amount of conventional gas
remaining to be discovered. For purposes of this
study, however, the EMF working group decided
niot to consider a high resource base because the
range of resource estimates from the first two re-
source estimates in this study bracketed the range
of resource estimates from other studies.

High U.S. Demand

Gas use in electric generation has attracted con-
siderable interest within both the natural gas and
electric utility industries. Electric generation rep-
resents a potential growth sector for natural gas
use, which has been stagnant or declining for al-
most two decades. At the same time, producers of
electric power find gas-based technologies attrac-
tive for many reasons.

The high demand scenario is specified so that
the effects of increased gas use for electric gener-
ation on the natural gas market can be examined.
This analysis is not intended to predict the level or
potential for increased gas consumption for electric
generation. There is a number of available stud-
ies which examine this potential and predict future
consumption levels. Instead, the high demand re-
sults provide an opportunity to systematically ex-
amine the impact of increased gas use in generating
electricity on delivered and wellhead gas prices, to-
1al and sectoral consumption, marketed production,
and imports,

Most modelers have already incorporated sig-
nificant gas use for cogeneration and some gas use

"The EMF estimate in the low U.S. resource case is about
60 Tef higher than the recent Department of Interior estimate
of 527 Tef of undiscovered plus proved gas reserves. See
Chapter 6 for details.
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for combined-cycle gas turbines in the other three
scenarios. Thus, the high U.S. demand case rep-
resents extra gas demand by electric utilities for
combined-cycle gas turbines and an acid rain pol-
icy that encourages natural gas use. All other as-
sumptions remain unchanged from the upper oil
price scenario.

EMF Industry Survey

The EMF 9 Study Group also surveyed a group of
oil companies and other organizations to determine
their natural gas supply and demand outlooks for
comparison to the model results. A similar survey
was conducted by the National Petroleum Council
{NPC) in 1986. The results from the EMF 9 sur-
vey were in close agreement with the NPC survey
results.

Major Findings and Insights

Although there are some important differences
among models, the averages of the model results
from the four scenarios reveal some key trends and
relationships:

1. Gas prices in the United States and Canada
begin to reverse their decline by 1990, there-
after rising continuously in all scenarios. By
2000, inflation-adjusted gas prices reach their
peak of the carly 1980s, even in the lower oil
price case. :

Surplus deliverability—the gas bubble—has ex-
isted in the U.S. gas industry since the beginning
of the 1980s and has contributed to declining gas
prices in recent years, The model results show
this price trend reversing by 1990 in all scenarios
(Figure 4.1), suggesting that the period of excess
deliverability is nearing an end.

Starting from 1990, all scenarios show wellhcad
prices increasing over time, but by varying rates
depending on the scenario. Through the early
1990s, higher gas prices refiect increases in oil
prices and the elimination of today’s excess de-
liverability condition. Over the long run, wellhead
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gas prices reflect the higher cost of finding and de-
veloping gas reserves. Prices increase most rapidly
in the low resource case and least rapidly in the Iow
oil price scenario.

Over the next 25 years, the projections show that
the U.S. gas industry will need to find and develop
another 350 to 400 trillion cubic feet (Tcf) of re-
serves. Increased drilling productivity, above that
represented in the model runs, could reduce the
rate of cost increase but is unlikely to reverse the
upward trend in costs and prices. In addition, price
volatility around these long-run trends can be ex-
pected as the industry adopts more flexible-pricing
mechanisms. Seasonal conditions will contribute
to wide swings in price as well.

2. Namral gas and residual fuel oil prices need
not necessarily track each other on a Btu basis.
Future market conditions could cause oil and
gas prices to diverge. Simple rules relating the
two fuel prices, e.g., oil-netback prices, could
lead to incomrect forecasts and decisions.

Bumertip parity between gas and residual fuel
oil prices may not hold throughout the next several
decades. Across a reasonable range of uncertainty
in oil price, resource base size, and demand as-
sumptions, no “ironclad” rule relating gas to resid-
ual oil prices was observed in the model results,

Models such as those used here can help to iden-
tify precisely which fuel sets the price of gas. The
upper oil price path encourages sufficient gas sup-
ply to meet a growing gas market at prices compet-
itive with or less than residual oil prices. Half of
the models show average U.S. residual fuel oil and
industrial natural gas prices in rough equivalence
on a Btu basis. In the other models, gas and oil
prices decouple since gas supplies are more than
adequate to meet market demand at competitive
residual fuel cil prices.

Under the lower oil price conditions, gas produc-
tion and consumption generally decrease through
the period while gas prices rise relative to residual
fuel oil prices. Gas loses market share to oil as
it becomes less price competitive. With oil prices
only slightly higher than today’s levels by 2000
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Figure 4.1: Model Means for Average U.S. Wellhead Price by Scenario

($21 per barrel in 19868), gas prices rise above
the average residual oil price in those models that
had indicated residual oil-gas parity in the upper
oil price case, as gas competes against low-sulfur
residual oil and distillate oil. Meanwhile, gas com-
petes directly with residual fuel oil in those models
that had indicated oil-gas price decoupling with the
higher oil price.

3. The cost of proving and producing reserves is
as important as the extent of resources in place
for determining gas supply and price. There
is wide disagreement over what these costs
will be in different producing regions. De-
spite standardizing on the oil price and phys-
ical magnitude of the resource base, these
differences lead to substantial variations in
marginal resource costs among the models.

Costs to find, develop, and produce the gas re-
source are critically affected by ficld size, location,
geologic setting, and depth of occurrence. As-
sumptions about these factors will affect the shapes

of the supply curves represented in a model. The
model results emphasize that these costs are at least
as important as geologic estimates of the extent of
the resource base in physical terms in determin-
ing gas supply. However, since most published
resource estimates are given in terms of the ulti-
mate resources yet 1o be discovered, market ana-
lysts must translate the published estimates into a
form usable for their analyses.

As a result, despite standardizing on oil price
and the physical magnitude of the resource base
in this study, there were substantial differences in
marginal resource costs among the models. Mod-
elers using the same aggregate resource base are
generally not using the same supply curve relating
future production to prices. These differences ex-
plain much of the variation in consumption in the
upper oil price scenario among those models with
a detailed set of supply and demand balances—
ICF, GAMS, and TERA. More optimism about
supply costs leads to lower market-clearing prices
and higher consumption; less optimism about these
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costs results in higher market-clearing prices and
lower consumption. In addition, important differ-
ences in interpretation of the low resource scenario
were discovered. One expert may believe that a
more pessimistic resource outlook means less high-
cost gas but little change in the amount of low-cost
gas. To another, a lower resource base may mean
less gas for all cost categories. The impact of these
two views on the gas market can be dramatically
different.

4. The level of future U.S. production will de-
pend upon oil prices, the costs of undiscov-
ered resources, and gas demands, These fac-
tors alone can result in a wide range of pro-
duction across the four scenarios—from 14 to
1§ trillion cubic feet (Tcf} by 2000 and from
12 to 19 Tcf by 2010 (according to the model
means).

A combination of changing market conditions,
structural shifts in the U.S. economy, and re-
source considerations may cause a wide variation
in the amount of gas produced. Future conditions
keep gas production below 19 Tcf in all scenarios
through 2010 (Figure 4.2), or several Tcf below
its historical peak (21.7 Tef in 1973). While this
would seem to indicate a surplus of pipeline capac-
ity throughout that period, regional shifts in both
supply and demand centers could mean that the
existing capacity is not located where it will be
needed in the future.

The working group also polled industry ana-
lysts on their projections for the gas market un-
der the two predetermined oil price paths. These
alternative projections represent a combination of
company-specific modeling and informal analysis.
Figure 4.2 shows that the EMF industry survey’s
average estimate for U.S. dry gas production with
the upper oil price assumptions lies much more
in line with the EMF model resulis for the low
U.S. resource scenario through 2000, By 2010,
the average survey estimate lies between the aver-
age EMF results from the upper oil price and low
U.S. resource cascs, but closer to the latter. The
lower survey cstimates can be attributed to one or
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more of the following factors: a lower resource
base estimate than in the EMF control resource in-
puts, less future spending for oil and gas drilling,
and higher costs for finding and developing natural
gas.

5. Marketed production in the United States re-
mains relatively stable at about 16 Tcf in the
upper oil price scenario. Both the lower oil
price and the low resource conditions result
in declines in U.S. gas production relative to
the upper oil price scenario. Production, on
average, is 2.5 Tcf lower in 2010 in the lower
oil price case and 4.5 Tcf lower in 2010 in the
low resource case.

In the lower oil price case, reduced production
is caused by lower drilling and exploration incen-
tives due to lower gas prices and to fuel switching,
since burnertip gas prices do not fall as much as
residual fuel oil prices. In the low resource case,
insufficient gas production exists to meet the de-
mand, causing gas prices 1o rise relative to fuel
oil prices. The higher relative gas prices induce
fuel switching from gas to oil to rebalance the gas
market.

6. The demand for U.S. gas imports grows sig-
nificantly, reaching 2 Tcf or more by 2010
in most scenarios compared to about 1 Tef in
1987. The import share of total consumption
is higher under the low U.S. resource or high
U.S. demand cases.

U.S. gas imports rise in all scenarios (Fig-
ure 4.3), reflecting the need for large amounts of
foreign gas to supplement domestic production to
meet U.S. demand at the projected prices. Most
of the imports are from Canada, but some of the
models also call on significant amounts of LNG
imports and some Mexican gas to satisfy demand.
Imports become very important in the low resource
case. They rise to 2.5 Tcf by 2000 and 3.0 Tcf by
2010, which raises the import share from about §
percent to 15-20 percent of total U.S. consumption.
In the other cases, the import share rises steadily
to about 10 to 15 percent of the U.S. market.
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Figure 4.2: Model Means for U.S. Marketed Production (Dry Gas) by Scenario
Note: Figure is not based at zero in order to show clearly the differences in wends. Hence, relative

differences are exaggerated.

In the low oil price case, switchable load sub-
stitutes oil for gas, shrinking the size of the U.S.
gas market. Initially, gas prices fall to meet this
competition, but the marginal cost of gas increases
over time, causing gas prices 1o rise relative to oil
prices. In this kind of world, low prices and a con-
stricted gas market limit opportunities for Canadian
€XpOTts.

7. Canadian export levels of 2 Tcf can be sus-
tained with the upper oil price path if frontier
and unconventional supplies are developed in
a timely manner. Under lower oil price con-
ditions, however, gas trade between the two
countries is likely to decline below this level.
Additional analyses need to be undertaken to
reconcile U.S. import requirements and Cana-
dian export potential.

While most industry observers do not expect sig-
nificant U.S. gas trade with Mexico, they do an-

ticipate growth in Canadian imports. The recent
shift towards more competitive policies in Canada
and in the United States and regulatory changes in
energy trade between the U.S. and Canada mean
that pipeline imports into the United States will be
increasingly driven by market conditions.

Models that contain explicit representation of
Canadian gas production and the Canadian gas
market cast doubt on whether the exports (Ameri-
can imports) assumed by the other models will be
forthcoming at the projected prices. In the low oil
price case, gas prices are low and result in enough
Canadian production to supply only about 1.5 Tef
of exports by 2010. However, half of the U.S.
models forecast a need for 2 Tcf or more by 2010
in this scenario. Higher prices in the other scenar-
ios result in more Canadian exports, although much
of that Canadian gas may have to come from the
Canadian frontier (e.g., the Mackenzie Delta and
the Arctic Islands) and from tight formations in the
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Figure 4.3: Model Means for U.S. Imports by Scenario

Deep Basin areas of Alberta and British Columbia.
The needed transportation facilities for frontier gas
and production technology for tight gas must be
put in place in time for production to occur in the
projected time frame.

The response of gas imports to different U.S.
market conditions underscores the value of con-
sidering the North American gas industry as an
integrated market. Many U.S. projections, and a
few of the models in this study, do not incorporate
the feedbacks between Canadian and U.S. markets.
This approach may lead to projections of imports
that are too high under lower oil prices or too low
when U.S. supplies are more expensive.

8. Varations in the resulis of industrial demand
are quite large by 2010, ranging from a to-
tal of 4 Tcf to approximately 8 Tcf in dif-
ferent models in the upper oil price scenario.
Much of this variation stems from fuel switch-
ing and different assumptions about the pen-
ctration of new industrial gas-fired technolo-
gies. The range in the demand by electric

utilities is also large—from 2.9 10 5.7 Tcf by
2010-—depending upon assumptions about en-
vironmental regulations, fuel prices, and load
growth, Furthermore, commercial demands
will vary substantially, depending on the pen-
etration of gas-fired cooling and cogeneration.

9. Gas consumption falls in the low oil price
and low resource cases as many industrial
and electric utility users switch to oil. These
trends indicate increasing reliance on oil im-
ports to replace gas. However, other indige-
nous fuels, e.g., coal, may also be substituted
for gas.

Total 1.5, gas use (Figure 4.4) ranges from 16 to
20 Tef by 2000 and from 15.5 to 21.5 Tcf by 2010,
according to the mean of individual model resulis
by scenario. In the low oil price scenario, total
gas consumption in the various projections falls
by between 1 and 5 Tcf by the year 2010 when
compared to the high oil price scenario, with an
average decline of 2.9 Tef. In the low resource
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Figure 4.4: Model Means for Total U.S. Consumption by Scenario
Note: Figure is not based at zero in order to show clearly the differences in wends. Hence, relative

differences are exaggerated.

case, total gas consumption falls by between 1 and
7 Tcf by the year 2010, with an average decline
of 3.5 Tcf. While not all lost gas consumption is
replaced by oil impons, these average declines are
equivalent to 1.4 to 1.7 million barrels per day of
oil use.

10. The high demand scenario suggests that
higher demand levels by electric utilities can
be sustained, but gas prices must increase to
bring forth the required gas supplies. The
higher gas prices reduce gas consumption in
other gas demand sectors and encourage ad-
ditional exploration and development of gas
resources.

The effect of an increase in gas demand in the
electric utility sector was analyzed in the high de-
mand scenario. Additional combined-cycle gas
turbine capacity and an acid rain policy favoring

gas use are assumed to augment potential gas de-
mand in this scenario by 2.8 Tef by 2010.

The model results indicate that higher demand
levels by electric utilities can be sustained under
these conditions, but gas prices must increase to
bring forth the required gas supplies. The higher
price encourages additional exploration and devel-
opment of gas resources. It also reduces electric
utility and industrial gas usage that competes with
lower-valued fuels (such as residual fuel oil) as
well as gas consumption in other sectors. As a re-

- sult, the net increase in total consumption by 2010

is considerably smaller than 2.8 Tcf—between 1.5
and 2.0 Tcf. Increased U.S. domestic production
in response to the higher gas prices accounts for
most of the additional gas sold, Imports rise by
less than 0.2 Tcf from their upper oil price case
levels in most models, due pardally to the upper
bound of 2 Tcf per year imposed on Canadian gas
trade.
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While prices are higher than those in the upper
oil price scenario, gas continues (0 be competi-
tive in the dual fuel-buming, switchable market in
this scenario for most models. In several models
where price parity between natural gas and resid-
ual oil already exists in the upper oil price (con-
trol) case, fuel switching by industrial customers
prevents prices from rising much more with the
higher demangd.

11. Fuel switching between oil and gas in dual-
fired boilers has important implications for
how gas markets adjust to changes in mar-
ket conditions. The larger the potential fuel-
switching response to changes in the oil-to-
gas price ratio, the smaller the price adjust-
ment required to restore the balance between
gas supplies and demands as industry condi-
tions change.

Estimates of the amount of fuel switching in
dual-fired boilers vary. This response can be criti-
cal in determining gas prices under altemative con-
ditions. When potential fuel switching is exten-
sive, gas prices will not change appreciably in re-
sponse to shifts in supply or demand conditions be-
cause large losscs in loads are experienced. Under
these conditions, oil prices essentially determine
gas prices. On the other hand, if fuel switching is
less extensive once gas and oil prices are decou-
pled, shifts in resource or demand conditions could
cause prices to rise or fall sharply.

12. The response of gas supply to price changes
will be important for determining how gas
markets adjust to changes in market condi-
tions. The more responsive gas supply is to
price, the smatler will be price adjustments for
balancing supply and demand when resource
or demand conditions change.

Prices in the North American gas markets are
increasingly being set by the interaction of supply
and demand conditions. When demand or supply
conditions change, prices must change to restore a
balance. The response of gas supplies to price will
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have a significant effect on how high prices will
have to increase to encourage more supply to meet
higher levels of demand. The more responsive gas
supplies (including imports) are to higher prices,
the less gas prices will need to increase. Gener-
ally, the models indicate that while gas supplies
are definitely responsive to price, the percentage
increase in marketed production is less than the
percentage increase in the wellhead gas price.

13, Several methodologies exist for modeling nat-
ural gas markets, with the appropriate ap-
proach depending upon the objectives of the
analysis. However, methodology appears to
account for only a portion of the variation in
model results. More important are different
perspectives on and uncertainty about funda-
mental supply, demand, and pricing relation-
ships in the market.

The models used in this study represent two dis-
tinct approaches to determining natural gas prices
and quantitics. One group of models represents
supply and demand decisions in considerable de-
tail, using a combination of detailed resource esti-
mates, engineering process description, and econo-
metric relationships. Another group of models fo-
cuses on the allocation of gas to satisfy competi-
tive equilibria in many regional markets, using rel-
atively simple relationships between supply (and
demand) and prices.

Key differences in model results did not ap-
pear to be directly attributable to the methodologies
adopted. The responses in prices, production, con-
sumption, and imports are more dependent on key
parameters, such as the response of supply and de-
mand to price, reflecting fundamental uncertainties
about gas market dynamics.

Both groups of modelers potentially can lecam
much from each other. Additional physical reali-
ties, such as leasing, exploration, development, and
production cycle, could be usefully incorporated
in economic models focusing on regional supply-
demand equilibria. Additional economic realities
of regional competition for gas flows could be use-
fully incorporated in engineering-economic models
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that represent supply and demand decisions in con-
siderable detail.

14, Models of the natural gas markets have been
very useful in this study for understanding
some key long-run relationships governing the
gas markets under workably competitive con-
ditions in the industry. As the market de-
velops, it will become important to use these
frameworks for representing the increasing in-
tegration between supply and demand deci-
sions in different regions and countries, At
the same time, the models used in EMF 9 do
not completely represent either short-run mar-
ket dynamics or regulatory behavior changes.
Developing analyses that incorporate short-
run market and regulatory behavior represents
an important challenge for modelers and other
analysts.

The use of these models has helped to focus the
working group’s discussion of several critical re-
lationships: the relationship between oil and gas
prices, the interaction between Canadian and U.S.
markets, the implications of a lower resource base,
and increased gas demand on the market, By us-
ing the models in this study, the group was able to
focus its discussions on these issues and to quan-
tify their relative importance. While the model
results stimulated discussions of many important
issues, gas price volatility, for example, could not
be probed with the models. Additionally, regula-
tory issues, such as the pricing of pipeline access,
could not be examined. Future natural gas mod-
eling should include efforts to incomporate these
critical issues,

Upper Oil Price

Summary

The upper oil price scenario is based on oil prices
escalating from $18 in 1986 to $22 in 1990 and
$36 in 2000 (1986%). The undiscovered resource
base of 774 Tcf used in this scenario was the PGC
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“most likely” estimate, adjusted to include uncon-
ventional, infill, and deepwater Gulf of Mexico re-
serves. Under these conditions, several key con-
clusions emerge:

e There are important differences among mod-
els in the costs of U.S. resources, even though
all models used the same volumetric esti-
mate of physical gas resources. In this sce-
nario, models using a detailed resource base
description generally have lower production
than those using a more aggregated descrip-
tion of the resource base.

e Gas prices rise in all models. However, gas
competes favorably in the switchable market
with prices equal 1o or less than residual fuel
oil prices.

e Total consumption is expected to be at least 16
Tcf through 2010. While model consumption
results vary by as much as 4 Tcf, historical
peak consumption levels of 22 Tcf are not
reached. '

e U.S. imports are projected to be 1 to 2 Tcf
from now to 2000, and 2 Tcf or greater in the
post-2000 period.

Trends

As represented by the average projection in Ta-
ble 4.3, this scenario calls for a market in which
marketed production (dry gas) remains remarkably
stable, with much of the growth in consumption be-
ing satisfied by rising imports. Although gas prices
rise throughout the period, the industrial gas price
remains well below the residual fuel oil price on a
Btu basis. There exists some variation around the
average in these results (as shown in Table 4.3).
Relative to the averages reported at the top of the
table, this variation is particularly large for imports
and small for production and consumption.

Representation of the Scenario

Differences in supply conditions explain much of
the variation in the projected prices and quantities



Averages for seven U.S. models; excludes GRI Hydrocarbon for which no consumption or imports were reported.

“Excludes changes in inventories and unaccounted for.

*Crude oil parity is the crude oil price in 1986%/Mcf.

“Measures how much each model result deviates from the average on a percentage basis. In actuality, calculated as the
standard deviation divided by the mean (in percentage terms).
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Table 4.3: Key U.S. Results from Upper Qil Price Scenario, 1985-2010
1985 1990 1995 2000 2005 2010

Average
Teffyr:
Marketed Production 16.38 16.47 16.69 17.25 17.14 17.11
Total Imporis 0.95 1.12 1.58 1.84 217 2.30
Total Consumption?® 17.28 17.41 18.03 18.87 19.04 19.35
Import Share (%) 5.5% 6.4% 8.7% 9.8% 11.4% 11.9%
Price (1986%/Mcf):
Average Wellhead 2.57 2.25 3.10 3.86 4.50 4,96
Average Delivered 4.84 4.07 4.86 572 6.36 6.75
Crude Oil Parity® 4.83 3,79 4.83 6.21 6.50 7.59
Pct of Crude Oil
Parity Price:
Average Wellhead Price 53.2% 59.4% 64.2% 62.2% 65.3% 65.4%
Average Delivered Price 100.3% 107.3% 100.6% 92.2% 92.2% 89.0%
Pct of Residual Fuel
Oil Price:
Industrial Gas Price 100.0% 99.6% 94.9% 88.7% 88.1% 87.1%
Relative Deviation
From Average® (%):
Marketed Production 4.9% 6.9% 7.1% 6.8% 6.0%
Total Imports 31.0% 28.4% 36.1% 48.0% 42.1%
Total Consumption 4.2% 5.5% 5.6% 5.1% 5.2%
Average Wellhead Price 14.6% 21.1% 22.4% 18.0% . 14.3%
Average Delivered Price 8.4% 13.7% 15.2% 14.0% 11.8%
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Figure 4.5: Representation of Different Resource Cost Curves

among the various models. This important result
can be demonstrated by referring to the rudimen-
tary framework from Chapter 3 to explain the in-
teraction between supply and demand conditions
in determining prices and the amount sold. Fig-
ure 4.5 extends that framework by showing the
effect of two different supply curves on prices and
consumption, holding the demand curve fixed. The
price required to bring forth any given production
level is consistently higher for the curve labeled
*“high-cost supply” than for the one marked “low-
cost supply” (the first curve lies consistently above
the second one). With the low-cost supplies, gas
markets clear at price Pj, and quantity ¢y, for the
reasons discussed in Chapter 3. Under high-cost
supply conditions, however, prices cannot remain
at P, because there is insufficient gas supply to
meet demand at that price. As a result, prices must
rise to reduce consumption and increase production
and imports, until gas markets clear—at a higher
price Py and lower consumption level Qg than
with the low-cost supply conditions.

This inverse relationship between price and con-
sumption should be observed consistently among
models in the EMF results if resource cost con-
ditions vary more across models than do demand
conditions.®

Models with higher-cost supply should exhibit
higher prices and less consumption than models
with lower-cost supply. The technical difficulties
in translating resource base estimates into projec-
tions of marketed production suggest that this will
be the case, particularly for models projecting de-
mand by sector, where the EMF scenario inputs
could be implemented more precisely. To empha-
size these relationships, the discussion of this sce-
nario begins with a comparison of marketed pro-
duction, proceeds to the issue of market-clearing
gas prices and consumption, and ends with a sec-
tion on gas imports.

*If demand conditions are more variable than are supply
conditions among the models, prices and consumption will
move together. Models showing higher (lower) consumption
will show higher (lower) prices.



66

Production (Tcf)
2

North American Natural Gas Markets

—+ GRINA
—O— AGAS

—— GAMS
%~ TERA

20

- GTM
——  GRi Hydro

= ICF
%~ Lewin

12 L 1
1985 1990 1995

2000 2005 2010

Year

Figure 4.6: U.S. Marketed Production (Dry Gas) in the Upper Qil Price Case

Marketed Production

Two very different sets of results for production
are displayed in Figure 4.6. After 1990, one set
declines slowly while the other group rises slowly
over time. Differences in the underlying supply
conditions, rather than differences in the projected
wellhead prices, appear to explain these different
production paths.

The production estimates for Lewin, ICF, and
GRI Hydrocarbon after 1990 remain consistently
lower than those for the other models, despite the
fact that wellhead prices in these models are gener-
ally higher, as will be discussed in the next section.
These three models employ detailed information on
the costs and type of resources. In this study, their
approach appears to lead to higher costs of finding
new gas supplies,

In contrast, marketed production estimated by
the other models rises slightly over the hori-
zon. Among these models, only the Energy In-
formation Administration's GAMS projections are
based upon detailed resource base inputs, and this

model’s higher production path is due partially to
higher wellhead prices than are projected by the
other models in this group. The TERA supply
estimates are based upon supply equations fitted
statistically to historical data with no explicit rep-
resentation of the resource base. GTM and GRI
North American use reduced-form supply curves
that relate gas production to prices. While these
curves are implicitly linked to aggregate resource
base inputs, they do not categorize resources by
depth and field size.’?

Prices

Gas prices risc in all models. However, gas
competes favorably in the switchable market with
prices equal to or less than residual oil. Although
the models agree that the clear trend is up, they
disagree on the actual price path.

*GRI North American disaggregates the gas resource curve
by type of technology.
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Figure 4.7: U.S. Average Wellhead Price by Model in the Upper Qil Price Case

In Figure 4.7, wellhead prices in the upper oil
price casc are generally higher for models with
lower production paths. Thus, the lower produc-
tion estimates among these models in Figure 4.6
are not due to lower wellhead prices. This gen-
eral result applies to GRI Hydrocarbon, ICF, and
Lewin. The price projections for TERA, GRI
North American, and GTM—models with higher
production levels—generally remain at the lower
end of the range for most of the 1990-2010 period.
The GAMS results do not follow this pattern; they
show a higher path for both price and production.

All but one model determined a market-clearing
price that satisfied both supply and demand condi-
tions. GRI Hydrocarbon was simulated as a stand-
alone supply model, using netback wellhead prices
calculated by EMF. Hence, the price path shown in
Figure 4.7 for this model is an assumption devel-
oped by the working group rather than a market-
clearing price as in the other models’ price paths. It
is constructed by equating natural gas and residual
oil Btu prices at the industrial burnertip and then

subtracting a fixed transportation and distribution
charge from the delivered gas price.'?

The average delivered natural gas price for the
industrial sector usually equals or falls below the
residual fuel oil price on a Btu basis in this sce-
nario (Figure 4.8). Among the models showing
fuel price parity during the period, ICF’s average
industrial gas price initially exceeds the average
residual fuel oil price through 2000. In the model,
however, competition between the fuels is main-
tained by the assumption that large industrial and
powerplant customers pay a lower transmission
charge than other industrial customers. GAMS and
AGAS! also indicate Btu parity between natural
gas and residual fuel oil prices. The GTM results
alternate between Btu-parity pricing and price de-
coupling over the period. The remaining models—

°Chapter 3 contains a discussion of the limitations of net-
back price calculations and assumed fixed transportation and
distribution (T'&D) margins.

" Although AGAS did not report industrial gas prices, the
proprietors of this model have confirmed that gas prices are
set by residual fuel oil prices in this scenario.
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Figure 4.8: Industrial U.S. Gas-0il Price Ratio by Model in the Upper Oil Price Case

GRI North American, Lewin, and TERA—show
gas prices falling below oil prices, reflecting the
relative abundance of gas supplies.

Consumption

Total consumption is expected to be at least 16
Tcf through 2010. While model consumption re-
sults vary by as much as 4 Tcf, historical peak
consumption levels of 22 Tcf are not reached.

GTM, GAMS, ICF, and TERA disaggregate
gas use by the four major end-use sectors, while
GRI North American, Lewin, and AGAS do
not. TERA’s projected consumption levels are ex-
ceeded by GTM in the residential sector and by
GAMS in the eleciric utility sector. The variation
of consumption levels within any one sector across
models appears to be greater than within total con-
sumption as a whole.

1t should be expected that the four models that
disaggregate demand by major end-use sectors
were able to standardize more precisely their de-

mand conditions to the EMF specifications for en-
ergy prices, economic activity, and demographics
for this scenario. Under these conditions, gas con-
sumption should be highest for those models pro-
jecting the lowest gas prices, shown in Figure 4.7
above. This trend is observed in the upper oil price
results for these four models.

The TERA consumption path remains consis-
tently higher than the other results in Figure 4.9.
Higher supply keeps the gas price lower and more
competitive with the oil price, thus stimulating gas
use, particularly in commercial and industrial sec-
tors (except for ICF in 2010), than in the other
models. Except for the year 2000, GTM’s con-
sumption shown in Figure 4,9 lies above the levels
projected by GAMS. This result is attributable to
the lower gas prices in GTM. The ICF consump-
tion levels are the lowest of the four models—
consistent with its higher price path—until after
2000, In later years, industrial gas use in ICF
grows sharply, spurred by rapid penetration of gas-
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Figure 4.9: Total U.S. Consumption by Model in the Upper Qil Price Case

fired cogeneration and smaller increases in gas
prices.

Imports

U.S. imports are projected to be 1 to 2 Tef from
now to 2000, and 2 Tcf or greater in the post-
2000 period. In the model results, Canada is the
primary source of U.S. gas imports, with Mexico
and foreign suppliers of LNG being secondary. All
modelers adopted the EMF guideline that imports
from Canada not exceed 2 Tcf/year.

Imports grow between 1990 and 2010, at a rate
averaging approximately 2 percent per year. How-
ever, imports remain low relative to domestic con-
sumption, growing from 6.4 percent in 1990 to
11.9 percent in 2010.

The import projections reveal a considerable
range among models (Figure 4.10). U.S. impors
from all sources exceed 2 Tcf by 2000 in three
models: ICF, Lewin, and TERA. By the end of
the time period, ICF and Lewin include about 0.8

Tef of liquefied natural gas (LNG), while TERA
reports about 0.7 Tef from Mexico. (Unfortu-
nately, the import estimates reported by ICF are
not directly comparable to others because they
also include some Alaskan gas as imports,) GRI
North American, GTM, GAMS, and AGAS do not
foresee any gas imports from sources other than
Canada throughout the period under the upper oil
price conditions.

The higher import levels in ICF and Lewin occur
in a market in which U.S. demand grows modestly
while domestic production remains essentially sta-
ble. Along with GRI Hydrocarbon, which did not
project imports, both ICF and Lewin are character-
ized by relatively low U.S. domestic gas produc-
tion, relative to other models. This result implies
that domestic gas is relatively more expensive than
imported gas in these models. The higher import
levels in TERA result from considerably stronger
U.S. gas demand than in other models in all years;
gas production, too, is substantial and the highest
of all models after 2005.
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Figure 4.10: U.S. Imports by Model in the Upper Oil Price Scenario

GRI North American depicts a situation opposite
to that described above for the ICF and Lewin re-
sults. It projects the lowest import levels of all the
models because U.S. gas resources are viewed as
being relatively inexpensive compared to Canadian
gas resources, under the resource base conditions
specified for this scenario.

Differences in import projections alse depend
upon modeling approach. As a group, modelers
focusing primarily upon the U.S. market foresee
higher import levels in this and other scenarios
than do modelers focusing on the Canadian or both
U.S. and Canadian markets. Imports from Canada
will depend upon the relative costs of Canadian
and U.S. gas, Canadian gas consumption levels,
and the location of incremental Canadian gas re-
sources, substantial volumes of which are long dis-
tances from some major end-use markets. These
factors, which tend to limit the economic feasibil-
ity of Canadian gas imports, are incorporated less
well, if at all, in many models of the U.S. gas
markets.

This point is clearly demonstrated in the pro-
jections of Canadian gas exports shown in Fig-
ure 4.11. The models have been grouped into two
classes: (1) those focusing on the U.S. market, and
(2) those focusing on an integrated North Ameri-
can market or on Canada alone. The first group in-
cludes GAMS, ICF, Lewin, and TERA, while the
second group includes AGAS, GRI North Amer-
ican, GTM, MIT North American, and Rowse.
(The NEB results are discussed below.) The av-
erage Canadian export levels for the two groups
are comparable through 1995, but depart notice-
ably from each other after that year. The average
Canadian exports projected in the U.S. models ex-
ceed those in the North American/Canadian models
by about 0.5 Tcf from 2000 to 2010.

The third trend shown in Figure 4.11—the Na-
tional Energy Board (NEB) result—illustrates the
importance of allowing the Canadian gas price to
be determined by the supply and demand for gas
rather than by a rule imposing oil-gas pricing par-
ity. Using EMF oil-related netback prices for nat-



Key Findings from the Model Results

5 Exports (Tcf)

71

—— US Models
05 - e
-~ NEB
0 £ 1 i | |
1985 1990 1995 2000 2005

Year

2010

Figure 4.11: Total Canadian Exports in the Upper Oil Price Scenario for U.S. and North Ameri-
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ural gas, NEB calculated excess supply potential
from Canada. The NEB result is a simulation of
the export potential at oil-related netback prices
rather than of exports per se.!? These estimates are
based upon NEB's view of Canadian supply and
demand at these prices. A growing surplus occurs
as long as price exceeds marginal cost, and a de-
clining surplus occurs as Canadian demand grows
and the netback price becomes less attractive rela-
tive to the cost of incremental Canadian supplies,

With market-clearing prices, the path of ac-
tual exports would become more stable than the
NEB’s projection of export capacity. Exports
would be less than NEB’s estimates prior to 2000
and greater after that year. Figure 4.11 implies
that prior to 2000, NEB’s estimate of the export
potential for Canadian gas would exceed the U.S.
gas demand import projected by the models us-

2After the completion of this work, NEB has developed
& modeling procedure which finds equilibrium gas prices by
interacting between its domestic demand and supply models.

ing market-clearing prices. Under this condition,
market forces would drive the gas price below the
oil-price parity level, gradually eliminating some
of this surplus capacity. After 2000, the reverse
situation would prevail. Since Canadian produc-
tion would be 100 small to meet domestic and ex-
port gas demands, gas prices would rise above the
oil-parity price in order to bring forth additional
Canadian gas production and reduce the demand
for Canadian gas. '

Lower QOil Price

In the lower oil price scenario world crude oil
prices rise from about $15 in 1986 to $21 per bar-
rel in 2000 (19863). A comparison of this scenario
with the upper oil price case underscores several
points about the outlook for natural gas markets
under low oil prices;
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e Gas prices fall but by less than oil prices. As
a result, gas is often priced at the bumertip at
or above the average residual fuel oil price.

e Gas consumption declines and to some extent
is replaced by oil imports.

o Gas consumption falls in the switchable mar-
ket, where industrial and utility users have
dual fuel-buming equipment.

¢ Gas imports and U.S. gas production decline.

e (as prices and consumption tend to fall most
in those models where residual fuel oil and
gas prices are most closely linked in the upper
price scenario.

Trends

The size of the U.S. gas market, as measured by
the average projection of domestic consumption,
declines somewhat over time under the lower oil
price conditions (Table 4.4). Falling gas consump-
tion to some extent is replaced by oil. Since do-
mestic oil production is expected to decline in the
future, this implies rising oil imports. Gas prices
rise more rapidly than oil prices, resulting in gas
becoming less competitive in the switchable mar-
ket than under higher oil prices. The average Btu
industrial gas price is some 30 percent greater than
the residual fuel oil price, in contrast to being 10 to
15 percent below that price in the upper oil price
case. As in the other oil price scenario, the widest
range of results occurs with the projections for gas
prices and imports,

Representation of the Scenario

The analysis shown in Figure 3.1 of Chapter 3 can
be extended to a world of lower oil prices. The
simple netback pricing rule would hold that, on a
Btu basis, gas prices would fall a dollar for every
dollar decrease in the residual oil price. The anal-
ysis based upon market-clearing prices shows that
gas prices are likely to fall by less than a dollar,

North American Natural Gas Markets

thus causing the average gas price to rise relative
to the average residual oil price.

Suppose that the market clears under the upper
oil price conditions at a price Py in Figure 4.12,
where the last unit of gas has been sold to an in-
dustrial user in the Mid-Adantic region who can
switch easily to high-sulfur residual oil, a lower
quality fuel oil. If the price of this residual oil
falls by a dollar, gas prices would have to fall
accordingly to maintain that customer. The de-
mand curve shifts downward by that amount to
the curve labeled “lower oil price demand”, where
P represents the new oil-equivalent price for that
customer. As gas prices fall, however, gas pro-
duction will be discouraged, as shown by the sup-
ply curve depicted in Figure 4.12. Suppliers will
allocate their relatively more scarce gas to higher-
valued uses, causing gas prices to rise to P, above
the oil parity price for that industrial user in the
Mid-Atlantic region. The user will switch to fuel
oil, and his fuel oil alternative no longer sets the
market-clearing price for gas. The last unit of gas
sold may now occur in a region closer to the well-
head or may be competing with a higher quality
fuel oil. In this case, the ratio of the average well-
head gas price to residual oil price will rise. In
the process, some switchable load is lost to the oil
market.

Prices

Wellhead prices in Figure 4.13 rise but at a slower
rate than in the upper oil price scenario. They are
usually equal to or above the EMF average net-
back price that assumes price parity at the indus-
trial bumertip between residual fuel oil and natural
gas (the GRI Hydrocarbon trend in Figure 4.13),
Delivered industrial gas prices equal or are
above the residual fuel oil prices on a Bt basis in
this scenario. Figure 4.14 highlights these trends,
where the legend orders the models according to
the oil-gas price ratio in 2010 in the upper oil price
scenario, from highest to lowest. This result con-
trasts with the upper oil price scenario, where gas
is generally priced at or below residual fuel oil.


eleni
Rectangle


Key Findings from the Model Results 73
Table 4.4: Key U.S. Results from Lower Qil Price Scenario, 1985-2010
1985 1990 1995 2000 2005 2010

Average
Tef/Yr:
Marketed Production 16.38 15.19 14.45 1492 14.07 14.79
Total Imports 0.95 0.93 1.43 1.39 1.56 1.69
Total Consumption® 17.28 15.94 15.67 16.14 13.47 16.43
Import Share (%) 5.5% 5.8% 9.1% 8.6% 10.1% 10.3%
Price (1986%/Mcf):
Average Wellhead 2.57 1.86 2.54 3.10 371 4.17
Average Delivered 4.84 3.59 422 4.84 5.50 6.03
Crude Oil Parity® 4.83 241 2.93 3.62 3.97 448
Pct of Crude Oil
Parity Price:
Average Wellhead Price 53.2% 77.1% 86.6% 85.5% 93.6% 93.0%
Average Delivered Price 100.3% 148.5% 143.8% 133.7% 138.7% 134.6%
Pct of Residual Fuel
Qil Price:
Industrial Gas Price 100.0% 137.1% 133.1% 129.0% 132.6% 129.9%
Relative Deviation
From Average® (%):
Marketed Production 6.7% 9.7% 9.8% 8.7% 4.0%
Total Imports 33.7% 32.3% 49.9% 48.5% 49.5%
Total Consumption 6.6% 8.9% 9.6% 11.3% 1.3%
Average Wellhead Price 14.1% 19.3% 21.1% 18.3% 16.8%
Average Delivered Price 0.8% 13.3% 15.4% 14.3% 14.0%

Averages for seven U.S. models; excludes GRI Hydrocarbon for which no consumption or imports were reported.

“Excludes changes in inventories and unaccounted for,

®Crude oil parity is the crude oil price in 1986$/Mcf.

“Measures how much each model result deviates from the average on a percentage basis. In actality, calculated as the
standard deviation divided by the mean (in percentage terms).
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Figure 4.14: Industrial U.S. Gas-Oil Price Ratio by Model in the Lower Oil Price Scenario

In the face of this competition with oil, gas loses
some of the market share, particularly in the dual-
fuel industrial and utility markets.

The top half of Table 4.5 shows that relative to
the upper oil price scenario, the increased competi-
tion from oil occurs because gas prices fall by less
than oil prices. The average delivered gas price for
all sectors falls by $0.30 per Mcf for each $1.00 per
Mcf decline in the crude oil equivalent price (ap-
proximately $5.60 per barrel). Gas prices fall very
littde with the lower oil price in the Lewin results,
shown in Table 4.5 as the minimum change. This
rigidity in gas prices occurs because investment in
gas exploration and production is reduced sharply
by both the lower oil prices and the reduction in gas
demand levels, In the Lewin model, gas becomes
a scarcer fuel that is allocated primarily to the resi-
dential and commercial markets, where consumers
arc willing to pay gas prices substantially higher
than residual fuel oil prices. The Lewin analysts
think that the lower oil price scenario is essen-
tially untenable, given the severe problems it cre-

ates for oil and gas investment. Other analysts do
not project such a sharp drop in gas investment,
although they see gas production still falling with
lower prices.

The maximum decline in gas prices due to the
lower oil price path shown in Table 4.5 is ac-
counted for by either the AGAS or ICF results.
Both show intense oil-gas price competition in the
upper oil price case. As oil prices fall, gas prices
must follow if the switchable market is to be main-
tained. Gas prices, however, do not need to fall as
much as oil prices because in a smaller gas market,
supplies will be allocated to higher-valued uses.

Production and Consumption

Gas consumption declines relative to the upper oil
price case levels and, to some extent, is replaced by
oil imports. Gas consumption falls in the switch-
able market, where industrial and utility users have
dual fuel-bumning equipment. The bottom half of
Table 4.5 reveals the substantial decline in U.S. gas
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Table 4.5: Average U.S. Delivered Price, Production, and Consumption Responses to Lower Qil
Prices, 1990-2010 (with respect to the upper oil price case)

1990 1995 2000 2005 2010
Average Delivered Price
Upper Oil Price (Mean) 4.07 4,86 572 6.36 6.75
Change (1986%/McfH)*
Maximum -0.72 -1,17 -1.78 -1.65 -1.31
Mean 040 -0.64 -0.88 -0.86 -0.72
Minimum -0.20 -0.05 -0.15 -0.40 -0.25
Change in Crude Oil
Parity Price (1986 $/Mcf) -1.42 -1.96 -2.67 -3.03 -3.21
Change in Delivered Gas
Price for each $1/Mcf
Change in Crude Oil
Parity Price
Maximum 0.51 0.60 0.67 - 0.54 0.41
Mean 0.28 0.33 0.33 0.28 0.22
Minimum 0.14 0.03 0.06 0.13 0.08
Marketed Production
Upper 0il Price (Mean) 16.3 16.5 17.0 16.7 16.6
Change (Tcf)
Maximum -2.61 -3.80 372 -6.40 -3.55
Mean -1,13 -2.03 -2.22 -2.85 -2.48
Minimum 0.00 -0.76 -0.33 -1.33 -1.13
Total Consumption
Upper Oil Price (Mean) 17.1 17.5 18.7 18.8 15.2
Change (Tcf)
Maximum -3.04 -4.00 -3.82 -6.08 -4.83
Mean -1.30 -1.97 -2.71 -3.54 -2.89
Minimum 0.00 0.00 -0.82 -1.52 -1.33

*Change in each variable equals the value in lower oil price scenario minus that in upper oil price scenario,
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production and consumption due to the lower oil
prices. The average decline in domestic marketed
gas production ranges from 2.0 to 2.8 Tcf per year
after 1990, while the average decline in total con-
sumption varies between 2.0 and 3.5 Tcf per year
during the same period. Qil import demand will
likely be higher in this scenario, as oil replaces
gas in many applications. Although not all lost
gas consumption will be replaced by oil imports,
the lower oil price reduces gas use by an average
of 2.7 Tcf by 2000, or 1.4 million barrels per day
oil equivalent.

The decline in total gas consumption from the
upper oil price case varies by model from almost
no effect to 3 Tcf as carly as 1990. Afiter 1995,
ICF and AGAS report the largest reductions in con-
sumption due to the lower oil price. As indicated
previously, these models reported the largest de-
clines in gas prices. In addition, gas supply in
these models is more responsive to price declines
than in many other models, resulting in large re-
ductions in consumption after the gas market has
equilibrated under the lower oil price conditions,
Thus, the effects of a lower oil price on gas con-
sumption appear to be most pronounced when: (1)
oil and gas prices are closely linked to begin with
{see previous section), and (2) gas supply is more
responsive to price,!3

Fuel Switching

Much of the adjustment in the gas market occurs
in the switchable market, where large industrial
and electric utility users operate equipment that
can bum either natural gas or residual oil. As
shown in Table 4.6, the fall in total consumption is
overwhelmingly concentrated in these two sectors
in ICF and TERA and in the electric utility sec-
tor alone in GAMS. The responses are noticeably
smaller in the GAMS results for industry and in the
GTM results for both sectors. The other models—

3This point can be seen by referring to Figure 4.12, A
downward shift in the gas demand curve produces larger
changes in quantity when both the demand and supply curves
are flatter.
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GRI North American, AGAS, and Lewin—did not
report demand disaggregated by the four major
end-use sectors.

More fuel switching is observed when gas prices
compete directly with oil prices in the upper oil
price case (e.g., the ICF results) than when gas is
priced below residual oil (e.g.. the TERA results).

Table 4.6: Effect of Lower Qil Price on Total,
Industrial, and Electric Utility Consumption by
Model, 2000 and 2010 (with respect to upper oil
price case)

Change in: 2000 2010
Total Consumption (Tcf)
GAMS -2.19 -2.30
ICF -3.82 -4.83
TERA -3.70 -3.42
GT™M -0.82 -2.12
Industrial Consumption (Tcf)
GAMS -0.53 -0.09
ICF -1.20 -2.55
TERA -1.46 -1.38
GT™ -0.03 .36
Utility Consumption (Tcf)
GAMS -1.79 -2.50
ICF -2.86 -2.25
TERA -141 -1.21
GT™M -0.10 -0.55
Industrial Gas-QOil Price
Differential (1986 $/Mcf)e
GAMS 1.58 2.03
ICF 1.20 2.48
TERA 1.72 2.45
GTM 1.79 1.0

“Industrial gas price change (negative) minus oil price
change (negative). Charge in the average delivered gas price
was used for GTM because indusirial gas price was not re-
ported,
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Imports

Gas imports are well below their levels of the upper
oil price scenario, accounting for a smaller share of
the U.S. gas market. Lower imports result because
the decline in oil prices causes U.S. gas consump-
tion to fall more rapidly than U.S. gas production.
Nevertheless, gas imports still grow at 1.8 percent
per year from 1990 to 2010,

Projections of U.S. imports from all sources
(Figure 4.15) differ considerably among models,
following the patterns established in the upper oil
price case. Lewin’s U.S. gas resources are rel-
atively more expensive than Canadian resources;
hence, imports represent a higher proportion of to-
tal gas supply. GRI North American, on the other
hand, portrays the Canadian gas resources as be-
ing relatively more expensive; hence, Canadian ex-
ports decline to 0.3 Tcf by 2010. The major differ-
ence between the two scenarios occurs with ICF,
which shows Canadian frontier supplies becom-
ing uneconomic with the lower oil and gas prices.
(ICF’s imports also fall sharply because it includes
Alaskan gas, which is uneconomic as well with the
lower oil prices.)

Under the upper oil price conditions, Canadian
exports were consistently higher after 1995 in the
U.S. models than in the North American/Canadian
models. This result applies even more forcefully
in the lower oil price case. The export levels pro-
jected in the U.S. models cannot be sustained in
the other models, as revealed by the average trends
for the two groups in Figure 4.16. The Canadian
export volumes projected by the U.S, models (ex-
cept ICF) remain unchanged with the lower oil
prices. Meanwhile, exports decline strongly from
their upper oil price levels in the North Ameri-
can/Canadian models.

In the NEB results in Figure 4.16, the oil-
related netback price is too low to provide an ex-
portable supply from Canada after 2000, Without
oil-related netback pricing, however, the wellhead
price for Canadian gas would increase to a level
that balances domestic and export gas demand and
Canadian gas supply. At these prices, there would
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be some level of cxporfs from Canada that is com-
petitive in U.S. regional markets.

Low U.S. Resource

Summary

The low resource scenario depicts a lower level of
the U.S. gas resource base. A comparison with the
upper oil price case emphasizes the market adjust-
ment needed to balance the gas quantities supplied
and demanded under these conditions:

e Gas prices rise even though oil prices are un-
changed. In general, bumenip industrial gas
prices by 2000 are at or above residual fuel
oil prices in this scenario, as opposed to being
at or below in the upper oil price scenario.

e By the year 2010, marketed production is 4
Tcf lower in this case relative to the upper oil
price case.

¢ There are wide differences in the model re-
sults for the price and production impacts,
depending upon how the changes in resource
conditions are implemented. Gas production
tends to fall more and price tends to rise more
when the lower resource condition is applied
by changing low-cost as well as high-cost re-
sources.

¢ Gas consumption falls in the switchable mar-
ket, where industrial and utility users have
dual fuel-burning equipment, and to some ex-
tent is replaced by oil imports.

o Relative to the upper oil price case, gas im-
ports are about 1 Tcf per year higher, reaching
almost 3 Tcf per year.

Trends

As a result of the lower U.S. resource base, the
average result (Table 4.7) shows domestic produc-
tion declining throughout the period to 13 Tcf by
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Table 4.7: Key U.S. Results from Low U.S. Resource Scenario, 1985-2010

1985 1950 1995 2000 2005 2010
Average
TeffYr:
Marketed Production 16.38 16.07 15.41 14.84 14.07 12.92
Total Imports 0.95 1.17 1.70 223 2.74 2.88
Total Consumption® 17.28 17.07 16.88 16.63 16.63 15.77
Import Share (%) 5.5% 6,9% 10.1% 13.2% 16.5% 18.2%
Price (1986$/Mcf):
Average Wellhead 2.57 2.40 3.38 493 5.59 7.28
Average Delivered 4.84 422 5.19 6.82 1.56 9.36
Crude Qil Parity® 4.83 3.79 4.83 6.21 6.90 7.59

Pct of Crude Oil

Parity Price:

Average Wellhead Price 53.2% 63.2% 69.9% 79.4% 81.04% %6.0%
Average Delivered Price 100.3% 111.2% 107.4% 109.8% 109.4% 123.4%

Pct of Residual Fuel
O1il Price:
Industrial Gas Price 100.0% 103.6% 101.4% 107.8% 107.8% 122.7%

Relative Deviation
From Average® (%):

Marketed Production 72% 11.1% 10.3% 11.3% 15.5%
Total Imports 28.6% 16.1% 19.0% 25.2% 19.5%
Total Consumption 6.3% 10.0% 10.0% 13.1% 15.5%
Average Welthead Price 18.9% 17.8% 21.0% 19.9% 27.5%
Average Delivered Price 8.9% 11.7% 16.1% 16.4% 25.0%

Averages for seven U.S. models; excludes GRI Hydrocarbon for which no consumption or imports were reported.
“Excludes changes in inventories and unaccounted for.
¥Crude oil parity is the crude oil price in 1986%/Mcf.
“Measures how much each model result deviales from the average on a percentage basis. In actuality, calculated as the
standard deviation divided by the mean (in percentage terms).
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2010, Declining U.S. production is partially re-
placed by rising imports. As with the lower oil
price path, an increase in gas prices causes a loss
in competitiveness in switchable markets. In gen-
eral, the average delivered industrial gas price is
at or above the average Btu residual fuel oil price.
Variations in the model results are substantial for
all variables and are greater than those observed
for the other scenarios.

The results of this scenario require careful in-
terpretation. The enormous pressures due to the
lower gas resource base will create major incen-
tives for developing new gas sources and for uti-
lizing gas more efficiently. While some of these
responses are incorporated in the models included
in the study, other developments, perhaps tied to
R&D activity, may be represented less well. If
the low resource case materialized, and decision-
makers began to expect significantly tighter gas
markets, these efforts will presumably be acceler-
ated, thus easing some of the pressures in ways not
incorporated in these model results.

Representation of the Scenario

There are strong parallels between the impacts of
fewer resources and lower oil prices on the natural
gas markets, even though gas prices in this sce-
nario are rising rather than falling from their upper
oil price case levels. Both conditions make domes-
tic gas scarcer relative to oil. In both cases, gas
prices must rise relative to oil, reducing gas use
in the switchable market, thereby releasing gas for
higher-valued uses. At the same time, changes in
the wellhead gas price will alter the levels of do-
mestic gas production and Canadian exports. For
these reasons, the same adjustments that were im-
portant in the lower oil price case need to be ex-
amined here as well, e.g., 0il imports replacing gas
in the dual-fired market.

This adjustment process can be represented in
terms of the analytical framework described in
Chapter 3. The supply and demand curves in the
upper oil price case intersect at a market-clearing
price P, and quantity (), in Figure 4.17. A lower
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resource base is represented as a leftward shift in
that supply curve to a new schedule labeled “lower
resource supply”~fewer resources can be found at
all prices. If gas prices were to remain fixed at
the prevailing oil-parity price, there would be too
much demand for the available gas supply. Prices
would begin to drift upward, some gas users would
start to reduce their gas consumption {as shown by
the demand curve in Figure 4,17), and Canadian
and domestic producers would supply additional
gas (as shown by the low resource supply curve).
This adjustment would continue until the quantity
that producers are willing to sell matches the quan-
tity demanded at a price P;.

Costs to find, develop, and produce the gas re-
source are critically affected by field size, location,
geologic setting, and depth of occurrence. As-
sumptions about these factors and the way these
assumptions are implemented in a model will af-
fect the interpretation of the low resource scenario.
One expert may believe that a pessimistic resource
outlook means less high-cost gas but little change
in the amount of low-cost gas, To another, a lower
resource base may mean less gas for all cost cate-
gories. The impact of these two views on the gas
market can be dramatically different. However,
most published data on gas resources refer only
to physical volumes of gas (Tcf) without explicit
reference to cost.!* Consistent with this practice,
EMF provided estimates of physical volumes only,
leaving the interpretations of cost/volume relation-
ships to the analysts.

GTM and GRI North American consistently
show larger reductions in marketed production than
the other models as a result of a lower resource

Recently published research conducted by the Colorado
School of Mines for the Gas Research Institute and Electric
Power Research Institute does address the cost issue; Insti-
tate for Energy Resource Studies, Golden, Colorado, “Projec-
tions of Cost of Development of U.S. Natural Gas Potential”, -
Electric Power Research Institute, EPRI P-5284, June 1987.
New work currently in progress by Geological Exploration
Associates, sponsored by Gas Research Institute and Ameri-
can Gas Association, will also present cost analyses: Geolog-
ical Exploration Associates, Ltd., **Natural Gas Resource Data
Base for the United States (1987)", Gas Research Institute and
American Gas Association, February 1988.
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Figure 4.17: Supply-Demand Representation of the Low Resource Scenario

base. These models use a relatively simple repre-
sentation relating gas resources and supply to price,
without explicitly accounting for resources at dif-
ferent depths and field sizes. In this study, the
lower supply estimates are applied across the full
range of resources in these models. Each cost cat-
egory is reduced proportionally in accordance with
the reduction in total resources provided by EMF.
Each point along the low-resource supply curve in
Figure 4.17 is some fixed percentage of the point
on the reference supply curve at all prices, These
inputs are consistent with the view that there exists
comparable uncertainty about low-cost as well as
high-cost supplies,

An alternative approach to represent the lower
supply conditions is adopted by the models with
extensive detail on the resource base by cost
characteristics—ICF, Lewin, and GRI Hydrocar-
bon. Here, high-cost gas is reduced proportionally
more than low-cost gas, as indicated by the al-
ternative low-resource supply curve (indicated by
an asterisk in Figure 4.17). Essentially, this view

holds that there exists more uncertainty about the
amounts of high-cost gas available in this low-
resource world. As can be seen from this figure,
the supply curve shifts very little in the vicinity
of the market-clearing level for the wellhead price
under the latter assumption. As a result, the price
and amount sold change less in these models.

The low-resource conditions are implemented
differently in the two remaining models. The find-
ing rate for conventional resources in GAMS is
lowered so that more drilling (footage) is required
to produce each unit of gas. In TERA, 100 Tcf of
reserve additions are removed, representing sup-
plemental sources which are unresponsive to price
in the model.

Prices

Scarcer gas resources mean a higher gas price than
in the upper oil price case, even though the oil price
has not changed. Wellhead prices rise more rapidly
in this scenario, with GTM and GAMS reporting
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Tabie 4.8: U.S. Production, Consumption, and Delivered Price Responses to Lower U.S. Resources,
1990-2010 (with respect to the upper oil price case)

1990 1995 2000 2005 2010
Average Delivered Price
Upper Oil Price (Mean) 4.07 4.86 5.72 6.36 6.75
Change (1986%/Mcf)°
Maximum 0.60 0.87 343 . 2.86 5.36
Mean 0.15 0.33 1.09 1.20 2,61
Minimum 0.00 0.00 0.20 0.50 1.05
Marketed Production
Upper Oil Price (Mean) 16.30 16.50 17.00 16.70 16.60
Change (Tcf)
Maximum -1.30 -3.28 -4.49 -5.70 -6.99
Mean -0.35 -1.10 -2.19 -3.03 -4.47
Minimum 0.00 -0.01 -0.20 0.7 - -1.64
Total Consumption
Upper Qil Price (Mean) 17.10 17.50 18.70 18.80 19.20
Change (Tcf)
Maximum -1.20 -2.51 -3.33 -4.94 -6.94
Mean -0.16 -0.74 -1.95 -2.36 -3.52
Minimum 0.00 0.00 -0.10 -0.40 -1.57

“Change in each variable equals the value in the low 1.8, resource scenario minus that in upper oil price scenario.

significantly higher wellhead prices by 2010 (Fig-
ure 4.18).

In the upper oil price scenario with resource as-
sumptions based upon the PGC most likely case,
gas prices in a number of models lie below the Bru-
equivalent price of oil (Figure 4.8). With less abun-
dant U.S. gas supply, an equal number of models
report gas prices in 2000 above the residual fuel oil
price (on a Btu basis) and below, (Compare price
trends with GRI Hydrocarbon in Figure 4.19). In
several models scarce and more expensive gas can-
not compete in the dual fuel-burning market that
can switch easily between residual oil and natural
gas. As a result, this market is lost, either partially

or totally, as gas prices move closer to oil prices,
and sometimes above it.

Once again, a range of impacts for the aver-
age delivered gas price for all sectors can be ob-
served in the upper half of Table 4.8. However,
all but two of the models show delivered prices to
be higher than their upper oil price case levels by
about $1.00 per Mcf or less in 2000 and by $1.00
to $1.50 per Mcf in 2010, The two exceptions—
GAMS and GTM—show substantially stronger in-
creases in delivered prices, partly because they im-
plemented the low resource assumptions by reduc-
ing significant amounts of low- to mid-cost gas as
well as higher-cost volumes. In order to achieve
the fuel switching required to balance quantity de-
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manded with the lower levels of production, a sig-
nificantly larger price increase was needed in this
scenario. This issue is discussed more extensively
in the next section.

Consumption and Fuel Switching

Gas consumption falls in the switchable market,
where industrial and utility users have dual fuel-
buming equipment. Based upon the average result
reported in Table 4.8, total consumption is some
2 Tef lower in 2000 and 3.5 Tcf lower in 2010
than in the upper oil price case, due to the lower
U.S. resource base. These reductions are less than
those in marketed production because imports re-
place some of the lost domestic production.

The ICF and TERA results in Table 4.9 follow
the patterns established in their fuel-switching re-
sults in the lower oil price case (e.g., see Table 4.6).
While both GAMS and GTM appear to have quite
strong responses by the utility sector in this sce-
nario, some of this can be attributed to the very
large price changes required to balance the market
under the lower domestic supply conditions.

Production

Although the impacts of a lower resource base on
marketed production (Figure 4.20) cover a wide
range of possible outcomes, marketed production
is on average 4 Tcf lower by 2010 in this case rel-
ative to the upper oil price case. By the end of the
period, declines in production are relatively modest
in Lewin, TERA, and ICF because fewer low- and
mid-cost resources were removed in these models.
Production falls more sharply in GRI North Amer-
ican, GTM, and GAMS because low- as well as
high-cost resources were affected in implementing
this scenario.

Through the year 2000, domestic production is
affected only minimally in the Lewin, TERA, and
GRI Hydrocarbon results. Somewhat larger im-
pacts can be observed for ICF and GAMS, while
GTM and GRI North American report the largest
declines. By the year 2010, however, GAMS and
GRI Hydrocarbon join the latter two models in
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showing marketed production some 6-7 Tcf lower
in the low resource case.

The sharp divergence of the GRI Hydrocarbon
production path from the ICF and Lewin results
after 2000 partially reflects the price assumptions
used by the GRI Hydrocarbon model. In the EMF
scenarios, the GRI Hydrocarbon model is not sim-
ulated by balancing supply and demand to derive

Table 4.9: Effect of Low U.S. Resources on To-
tal, Industrial, and Electric Utility Consumption
by Model, 2000 and 2010 (with respect to the
upper oil price case)

Change in: 2000 2010
Total Consumption (Tcf)
GAMS -1.96 -5.03
ICF -2.21 -2.36
TERA -0.72 -1.80
GTM -3.08 -6.94
Industrial Consumption (Tcf)
GAMS -1.04 -141
ICF -0.50 -1.80
TERA -0.30 -0,72
GT™M -0.68 -1.85
Utility Consumption (Tcf)
GAMS -0.76 -3.20
ICF -1.66 -0.36
TERA -0.16 -0.42
GT™M -092 -2.19
Industrial Gas-Oil Price
Differential (1986 $/Mcf)®
GAMS 1.54 5.21
ICF 0.14 0.93
TERA 0.47 1.42
GTM 343 5.36

“Industrial gas price change; oil price remains unchanged
by assumption. Change in the average delivered gas price was
used for GTM because industrial gas price was not reported.
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Figure 4.20; Change in U.S. Marketed Production (Dry Gas) by Model in the Low Resource Scenario

(relative to the upper oil price case)

a market-clearing price. Instead, it is run as a
stand-alone supply model with exogenous wellhead
price paths that assume that oil and gas are priced
equivalently on a Btu basis at the bumertip. This
“netback” price rule prevents gas prices from ris-
ing relative to oil prices, in contrast with the other
models, which solve for market-clearing prices.

Imports

Relative to the upper oil price case, gas imports are
higher, reaching almost 3 Tcf/yr. The mean growth
rate of imports is a relatively high 3.5 percent per
year, and imports grow to 18 percent of domestic
consumption by the end of the study period. This
happens because the resource constraint is imposed
on U.S. supply but not on external supply, and U.S.
wellhead prices are relatively high.

Differences in the level of U.S. imports from all
sources are considerably less among models in this
scenario (Figure 4.21) than in the two oil price sce-
narios discussed previously. Imports are virtually

unchanged in ICF and Lewin, the two models in-
dicating the highest import levels in the other sce-
narios. GAMS and TERA, two more models with
high import levels, show some LNG being added,
but TERA does not show any additional imports
until after 2000 (about 0.4 Tcf more of Mexican
imports). In contrast, U.S. imports in GRI North
American are sharply higher in this scenario, in-
creasing from 0.6 Tcf in the upper oil price case
to 2.4 Tcf, all but 0.3 Tcf coming from Canada,
The more limited U.S. resource base increases the
incremental costs of domestic gas relative to Cana-
dian gas, reversing the favorable cost advantage of
the former in the two oil price scenarios. These
conditions allow Canadian gas, and some LNG
(0.3 Tcf), to penetrate the U.S. market successfully,

Interestingly, the average projections for Cana-
dian exports from U.S. and from North Ameri-
can/Canadian models are similar (Figure 4.22). In
the U.S. models, Canadian exports are virtually un-
affected by the more limited U.S. resource base,
whereas exports are stimulated in all Canadian and
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Figure 4.23: Supply-Demand Representation of the High U.S. Demand Scenario

North American models. These trends narrow the
gap between the two sets of models. No results are
shown in Figure 4.22 for the NEB model, which
analyzed the two oil price scenarios only.

High U.S. Demand

Summary

The high gas demand scenario is based upon the
upper oil price and control natural gas resource as-
sumptions. Comparing this scenario to the upper
oil price case suggests the following general con-
clusions:

e Gas supplies are available to meet a signifi-
cantly enhanced level of gas demand for elec-
tricity generation, although higher gas prices
are required to produce these resources, Gas
prices rise even though oil prices are un-
changed.

Net gas demand increases by only 1.5 t0 2.0
Tcf by 2010 in response to the exogenous in-
crease in potential electric utility demand of
2.8 Tcf.

Higher U.S. domestic production accounts for
most of the increased consumption, Imports
increase by about 0.2 Tcf.

The impact of an increase in potential demand
in the electric utility sector is proportionally
greater on delivered gas prices than on total
gas consumption and proportionately greater
on wellhead prices than on .S, production.
Thus, supply has an inelastic response to gas
prices.

Industrial burnertip natural gas prices and
residual fuel oil prices tend to track each
other.
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Table 4.10: Key U.S, Results from High Demand Scenario, 1985--2010

1985 1990 1995 2000 2005 2010
Average
TeffYr
Marketed Production 16.38 16.73 17.31 18.12 18.13 18.76
Total Imports 0.95 1.12 1.65 1.95 2.26 2.52
Total Consumption® 17.28 17.66 18.69 19.84 20.12 21.21
Import Share (%) 55% 6.4% 8.8% 9.8% 11.2% 11.9%
Price {1986%/Mcf):
Average Welthead 2.57 2.34 3.26 4.28 495 577
Average Delivered 4.84 4.14 4.99 6.09 6.84 7.57
Crude Oil Parity® 4.83 3.79 4,83 6.21 6.90 7.59
Pct of Crude Qil
Parity Price:
Average Welthead Price 53.2% 61.7% 67.5% 69.0% 71.8% 76.1%
Average Delivered Price 100.3% 109.2% 103.4% 98.2% 99.2% 99.7%
Pct of Residual Fuel
Qil Price:
Industrial Gas Price 100.0% 97.3% 93.5% 92.8% 92.9% 96.0%
Relative Deviation
From Average® (%):
Marketed Production 5.1% 7.8% 9.8% 6.5% 5.2%
Total Imports 30.5% 26.1% 31.5% 43.7% 34.8%
Total Consumption 4.5% 5.6% 8.2% 5.9% 5.1%
Average Wellhead Price 15.5% 19.0% 18.7% 16.4% 15.9%
Average Delivered Price 9.0% 13.2% 13.7% 13.3% 13.6%

Averages for seven U.S. models; excludes GRI Hydrocarbon for which no consumption or imports were reported.

“Excludes changes in inventories and unaccounted for.

*Crude oil parity is the crude oil price in 1986$/Mecf.

“Measures how much each model result deviates from the average on a percentage basis. In actuality, calculated as the
standard deviation divided by the mean (in percentage terms).
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Table 4.11: Demand Shifts in the Models to
Represent High U.S. Demand Scenarios (Tef)

2000 2010
50% Acid Rain Policy
+ 25% Combined Cycle
(Lewin) 0.7 1.4
Acid Rain Policy
(TERA®) 1.0 23

Acid Rain Policy
+ 50% Combined Cycle®
(GAMS, GRI NA, ICF, AGAS) 14 2.8

Acid Rain Policy

+100% Combined Cycle

+ Cogeneration

(GT™) 25 4.0

Model listed in parenthesis.
“Scenario was implemented by reducing coal demand and

increasing residual oil price rather than exogenously augment-

ing gas demand.
bShift recommended in EMF study design.

Trends

On average, both domestic production and con-
sumption rise through 2010 in the high demand
scenario. As shown in Table 4.10, higher gas
prices are necessary to sustain these higher produc-
tion levels, but gas still remains competitive with
residual fuel oil. Price competition between the
two fuels is more intense in this scenario than in
the other three scenarios, particularly from 1990
through 2010. Deviations from these averages
once again appear most pronounced in the projec-
tions for imports and prices.

Representation of the Scenario

The EMF scenario design specified increments in
potential gas demand due to the increased pene-

North American Natural Gas Markets

tration of cogeneration and combined-cycle tech-
nologies and to an acid rain policy, based upon
several Gas Research Institute studies. The effect
of these assumptions is {o shift the demand curve
outward (and to the right) at every price level to
the curve labeled “high demand” (Figure 4.23). At
the old price P, demand exceeds supply, causing
prices to rise to 5. A new market-clearing equi-
libdum is restored at P because the higher gas
price encourages more production and reduces gas
consumption in other sectors.

Modelers were allowed the flexibility to select
which increments to include, so that they would
not be adding new demand that was already rep-
resented in their base case. Therefore, the imple-
mentation of this scenario is not uniform across
models, but the size of the demand shifts are ef-
fectively similar in all models except GTM and
Lewin.

Table 4.11 compares the size of the demand
shifts in the various models. GAMS, GRI North
American, ICF, and AGAS followed the recom-
mendation of the EMF scenario design to include
the full effects of the acid rain policy and 50 per-
cent of the combined-cycle gas use. The implicit
assumption was that the remaining 50 percent of
combined-cycle gas use was already represented
in most models’ control case projections. The de-
mand increment in TERA was somewhat smaller
because only an acid rain policy was simulated.
Due to its structure as an integrated energy model
on the demand side, TERA was simulated by re-
ducing coal demand and increasing the residual
oil price. Thus, its demand curve may have been
shifted by more or less than that reported in Ta-
ble 4.11, which shows the acid rain policy’s con-
tribution to the increment in potential gas demand
as estimated in the GRI studies.

The table emphasizes that the Lewin results rep-
resent a substantially smaller demand increment
equal to half that for most of the other models. At
the other extreme, the GTM simulations added the
full amount of the combined-cycle gas use as well
as the increment associated with gas-fired cogener-
ation to the acid rain policy. As a result, industrial
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Figure 4.26: Change in the Average U.S. Wellhead Price by Model in the High U.S. Demand Scenario

(relative to the upper oil price case)

as well as utility consumption is increased, result-
ing in a larger demand shift in this model than in
other models.

Price

The results indicate that gas resources could be
available to meet a significantly enhanced level of
gas demand for electricity generation, but higher
prices will be required to produce these resources.
Gas prices rise even though oil prices are un-
changed.

Wellhead gas prices rise more rapidly in this sce-
nario than in the upper oil price case; more models
report wellhead prices above the EMF netback path
used by GRI Hydrocarbon in Figure 4.24 than for
the upper oil price case. However, gas remains
competitive in the dual-fuel market in many mod-
els. Figure 4.25 shows as many models with an
industrial gas price above the Btu-equivalent resid-

ual fuel oil price as those with a gas price below
the oil price.

As new demand enters the market, prices at all
levels are bid higher by the increased competition
among consumers for gas supplies. The average
delivered price, as reported for the average model
result in the top of Table 4.12, moves about $0.40
per Mcf higher than in the upper oil price case
by 2000 and about $0.80 per Mcf higher by 2010.
In responding to the high-demand conditions, the
average wellhead price rises proportionately more
than marketed production. For example, in the
year 2000, domestic production increases by 6 per-
cent relative to the upper oil price scenario in re-
sponse to a 10 percent increase in the average well-
head price. Thus, while gas production is respon-
sive to price, it is generally inelastic, i.e., it re-
quires a proportionately greater increase in price
to increase production by 1 percent.

The impact on the average wellhead price gen-
crally rises throughout the period in all models
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Table 4.12; Averge U.S. Delivered Price, Production, and Consumption Responses to Higher U.S.
Gas Demand, 1990-2010 (with respect to the upper oil price scenario)

1990 1995 2000 2005 2010
Average Delivered Price
Upper Oil Price (Mean) 4.07 4.86 512 6.36 6.75
Change (1986$/Mcf)"
Maximum 0.16 0.36 0.88 0.92 2.00
Mean 0.07 0.14 0.37 0.48 0.82
Minimum -0.02 0 0 0.19 0.22
Marketed Production
Upper Qil Price (Mean) 16.3 16.5 17.0 16.7 16.6
Change (Tcf)
Maximum 0.77 1.04 2.69 1.49 2.61
Mean 0.26 0.62 0.87 0.98 1.65
Minimum 0 0.18 0 0 1.14
Total Consumption
Upper Oil Price (Mean) 17.1 17.5 18.7 18.8 19.2
Change (Tcf)
Maximum 0.87 1.18 3.04 1.45 2.63
Mean 0.25 0.67 0.97 1.08 1.85
Minimum 0 0.20 0.07 0.30 1.21

“Change equals the value in high U.S. demand scenario minus that in upper oil price scenario.

(Figure 4.26). Since transmission and distribution
costs do not fluctuate greatly between scenarios,
the change in the average wellhead price across
models generally reflects that in the average deliv-
ered price.

Prices risc modestly relative to the upper oil
price scenario—seldom by more than $0.30 per
Mcf—in four models: ICF, Lewin, AGAS, and
GRI North American. Prices change very little in
ICF and AGAS because gas prices in the upper oil
price case—before the increment in potential de-
mand —are equating with residual oil prices on a
Btu basis. The new utility demand is met primar-
ily by rapid fuel switching by boiler users; total
consumption and prices change very little in these

models. Natural gas is less sensitive to price in the
GRI North American model than in ICF or AGAS
because the market-clearing gas price lies below
the oil-equivalent level in the upper oil price case.
Even so, the demand response to price is stronger
than in other models, requiring relatively modest
gas price increases to restore a supply-demand bal-
ance. The Lewin results reflect the smaller shift
in demand as well as the fact that gas supplies
are more responsive to higher prices than in other
models. As a result, gas prices do not need to rise
very much to encourage sufficient new supplies to
meet the higher potential gas demand for electric
generation.
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Prices rise above the upper oil price path more
in GAMS and TERA because both supply and de-
mand are less responsive to price than in the other
models. In GAMS, electric utility demand is al-
ready high (above 5 Tcf in the 2000-2010 period)
in the upper oil price (control) case. The introduc-
tion of 2.8 Tef of additional nonswitchable poten-
tial gas demand in this sector in the high demand
case places considerable upward pressure on gas
prices to bring forth the additional supplies that
satisfy the higher demand levels, The significantly
higher price impact reported by GTM primarily
reflects a larger demand shift combined with a rel-
atively weak demand response to price.

Marketed Production and Consumption

Both marketed production and total consumption
increase steadily from their levels in the upper oil
price scenario but by less than the increase in po-
tential demand, as shown by the model averages
reported in the lower half of Table 4.12. Con-
sumption rises by less than the increment in po-
tential demand because higher prices reduce gas
consumption in other sectors as well as in lower-
valued utility boiler uses. About 65 to 70 percent
of the increase in potential gas demand is eventu-
ally realized as gas consumption in any one year.
The potential gas demand increase of 1.4 Tcf by
2000 generates about an extra 1.0 Tcf of gas con-
sumption; by 2010, a potential demand stimulus
of 2,8 Tcf results in additional gas consumption of
about 1.8 Tcf,

The additional gas consumption is overwhelm-
ingly met by U.S. gas production rather than gas
imports in most of the models. Thus, the analysis
can focus on the trends in total consumption by
model (Figure 4.27) with similar implications for
domestic gas production by model.

Total consumption increases steadily from its
upper oil price path in four models—TERA, GRI
North American, GAMS, and Lewin. By contrast,
the impact on consumption in GTM shows a spike
in 2000 before retreating to a more modest increase
comparable to the other models by 2010. The os-
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cillatory behavior of the gas consumption response
reflects GTM’s assumptions about the expectations
of gas producers and consumers. In the current
version, decisionmakers do not anticipate future
market conditions and select their strategies on the
basis of current market conditions. The ICF sim-
ulation shows little influence of the high demand
conditions on total gas consumption through the
year 2000, after which the response grows rapidly
to 2.6 Tcf by 2010.

Imports

Both the low U.S. resource and high U.S. demand
cases increase the demand for imports relative to
the upper oil price case level. Imports in the high
demand scenario, however, do not grow as much
as in the low resource scenario, because wellhead
gas prices in the North American market do not
rise as much. Relative to the upper oil price con-
ditions, U.S. imports from all sources by 2010 av-
erage about 0.2 Tcf more under the high demand
conditions rather than 0.6 Tcf more under the low
resource conditions. The import share of domes-
tic consumption is similar to that in the upper oil
price scenario, being in the 10 to 12 percent range
in 2000 and beyond.

The range of results for U.S. gas imports from
all sources (Figure 4.28) is somewhat less than in
the upper oil price case. Once again, imports in
the U.S. models often do not change from their
relatively high levels in the upper oil price case.
At the lower end of the range, imports increase to
some degree in AGAS, GRI North American, and
GTM, which all model the interactions between
U.S. and Canadian markets.

The average projections for Canadian exports in
U.S. and North American/Canadian models (Fig-
ure 4.29) depart from each other by 2000, as they
do in the upper oil price scenario. Growth in Cana-
dian gas consumption and the cost of transporting
gas from remote areas account for the lower levels
of gas exports projected by the second group of
models.
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Figure 4.27: Change in the Total U.S. Consumption by Model in the High U.S. Demand Scenario (relative
to the upper oil price case)
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Figure 4.28: Total U.S. Imports by Model in the High U.S. Demand Scenario
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Figure 4.29: Total Canadian Exports in the High U.S. Demand Scenario for U.S. and North Ameri-

can/Canadian Models

Comparison of Industry Survey and
Model Results

The EMF 9 working group also surveyed a group
of oil companies and other organizations to deter-
mine their natural gas supply and demand outlooks,
for comparison to the model results. A similar
survey was conducted by the National Petroleum
Council (NPC) in 1986. The results from the EMF
9 survey were in close agreement with the NPC
survey results,

The survey respondents’® have been separated
into two groups with the four higher forecasts of
production in Group 1 and the five lower forecasts
in Group 2. Table 4.13 summarizes the mean re-
sults of U.S. dry gas production for the industry
survey and the modelers for the upper and lower
oil price cases.

5 About 60 questionnaires were sent out, but only 12 were
returned. Three were excluded because no oil price trend was
specified.

Although the survey responses are limited, for
the upper oil price case, the mean of the respon-
dents is closer to the modelers’ low resource case
than the comparable upper oil price case results,
The Group #1 respondents’ means are similar to
the modelers’, but the Group #2 respondents’ are
lower. This implies that the Group #2 respondents
assumed that the natural gas resource/reserve base
was lower than that used by the modelers, that the
cost of finding and developing the resources was
higher, that the rate of developing the resources
was slower, or a combination of these factors.

These more pessimistic assumptions are re-
flected elsewhere in the survey as well. For the
lower oil price case, the Group #2 respondents
were again more pessimistic than the modelers, and
even Group #1 respondents showed lower produc-
tion in 2010 than the modelers. In Table 4.14, the
U.S. consumption results for the industry survey
were more similar to the EMF 9 models in the low
resource than in the upper oil price case,
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Table 4.13: Mean U.S. Dry Gas Production (Tcf)
In EMF Industry Survey and Model Results
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Table 4.15: Comparison of Mean U.S. Dry
Gas Production (Tcf) with National Petroleum
Council (NPC) Survey

1990 2000 2010 1990 2000
Upper QOil Price Case Upper Oil Price Case
Group #1 NPC Survey 164 145
Mean 162 162 15.8 EMF 9 Survey 16.1 147
Range 13 05 05 EMF9 Model Results 164 166
Group #2
Mean 160 133 121 Lower Qil Price Case
Range 1.6 17 44 NPC Survey 155 124
All Respondents EMF 9 Survey 15.1 125
Mean 16.1 147 140 EMF9 Model Results 15.6 15.0
Range 16 17 44
EMEF 9 Moc.lclers The National Petroleum Council (NPC) con-
Upper Price 164 166 165 ducted a survey in 1986 using the same price trends
L9w Resource 161 148 120 as did the EMF 9 survey, except that no post-
High Demand 168 180 183 2000 information was requested. There were 28
. responses to the NPC survey, which included infor-
Lower Oil Price Case mation on oil and other energy sources as well as
Group #1 56 147 116 natural gas. Table 4.15 compares the results of the
Group #2 148 110 90 NPC survey with the EMF 9 survey and the mod-
gﬂhdg;spﬁggz;t; }gé gg 128 els. For cither price trend, the differences in the

Table 4.14: Mean U.S. Consumption (Tcf) In
EMF Industry Survey and Model Results

1990 2000 2010

Group #1 173 176 183

Group #2 172 151 142

All Respondents 172 167 162
Modelers

Upper Oil Price 172 185 18.8

Low U.S. Resources 169 16.7 15.6

1990 forecasts by the three groups are small. The
lower oil price case results are about 1 Tcf lower
than the upper oil price case levels. For either price
trend, the results in 2000 for the EMF 9 and NPC
surveys are almost identical, but the survey means
are 2-2.5 Tcf lower than the model means. The
implications of these results are similar to those
already discussed——that the survey respondents en-
vision less resources, higher costs of finding and
development, or both,
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Chapter 5

The Structure and Regulation of the

Natural Gas Industry

Introduction

The natural gas industry is in the midst of a funda-
mental revision of its traditional market institutions
and business practices. Because formal models are
not well suited to studying such global changes, a
separate subgroup of the EMF 9 working group
was formed to focus on issues of regulation and
market structure in the gas industry. The purpose
of the group was to:

1. Understand how the industry will evolve in
a more competitive world, and identify the
policy issues which will most strongly shape
the evolving market.

2. Specify the scenarios under which the indus-
try might not evelve toward a competitive
world, i.c., the circumstances in which reg-
ulators may have incentives to overturn some
pro-competitive policies.

The work started from one fundamental premise:;
the unbundling of transporiation and gas sales,
encouraged by partial wellhead decontrol and in-
creasing access to interstate pipeline transportation,
is the new reality within which the future evolution
of the natural gas industry must be understood. In
addition to this overriding point of view, several
other recurrent themes guided the group’s thinking
about future market issues:

. Gas production is essentially a competitive in-

dustry; transmission and distribution are less
so, although competition between pipelines,
between sales and transportation service, be-
tween distributors and pipelines, and between
gas and other fuels at the bumertip is signifi-
cant in many regions,

. Rapid, accurate transmission of price signals

throughout the industry leads to a better bal-
ance of supply and demand,

. Regulators will continue to have a major ef-

fect on the gas market through their pricing
and access policies for transmission and dis-
tribution services.

. With greater pricing flexibility throughout the

industry, concemns about supply reliability are
being joined by concems about price stability.

. A streamlined approval process for entry

into the interstate transportation market and
greater ease of access by pipelines to end-use
markets tend to improve the allocation of re-
sources.

. The distribution of economic benefits and

risks is an important ¢lement in many of the
regulatory issues facing the gas industry, but
market forces will ultimately constrain the
ability of regulators to allocate economic ben-
efits.
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7. To the extent industry participants anticipate
that pro-competitive policies will be reversed,
some pardicipants may reduce investments.

Economic Efficiency and Distributional Is-
sues

Any analysis of regulatory policy and market struc-
ture in the natural gas industry must be sensitive
to the tension between two regulatory objectives:
economic efficiency, on the one hand, and satisfy-
ing public policy concerns regarding the distribu-
tion of economic surplus, on the other.

An efficient market is attractive because it max-
imizes the total economic value created by an in-
dustry, generating a larger “pie” (compared to less
efficient market structures) to be shared by all par-
ticipants in the market. Surpluses and shortfalls of
production (not deliverability) are avoided by al-
lowing the market price to equilibrate supply and
demand.!

In the gas market, efficiency has often yielded
to distributional concemns. Holding down prices
to residential customers has been a frequent mo-
tivation for legisiators and regulators, sometimes
prompting them to adopt inefficient practices.
For example, cross-subsidies between customer
classes, which distort prices away from marginal
costs, have long been commonplace. As another
example, the severe curtailments of service that
occurred in the 1970s caused many gas-using in-
dustries to cut back production and lay off work-
ers. The curtailments were a direct result of well-

In the parlance of economists, efficiency requires that
price equal marginal cost for goods and services with no
economies of scale or externalities, and that departures from
marginal-cost pricing be minimized for goods and services
exhibiting increasing returns to scale. Efficient market struc-
ture is characterized by free competition in the provision of
goods and services lacking economies of scale, and by reg-
ulation which minimizes quantity distortions (i.e., departures
from the quantities that would be consumed under marginal-
cost pricing) in the provision of goods and services exhibiting
increasing returns to scale, The sort of regulatory pricing just
described is referred 1o as Ramsey pricing, which requires
markups over marginal cost to each customer class that are
inversely proportional to that class’ elasticity of demand.
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head price controls that held prices below marginal
costs, subsidizing consumers at the expense of pro-
ducers.

Although the industry is currently moving to-
ward a more competitive structure than in the past,
the tension between achieving efficiency and pro-
tecting at least some classes of consumers remains,
and is a recurring theme throughout this chapter.

This potential conflict will be an important con-
sideration underlying the issues that regulators
must deal with in the future, as discussed in the
following section.

Key Regulatory Policy Issues

This section explores in greater depth the nature
of the ten issues identified in Chapter 3, dis-
cussing what pro-competitive policies will look
like, whether regulatory policy can be expected to
move in the competitive direction, and what ef-
fects a pro-competitive policy will have on the gas
industry.?

Pipeline Issues
1. Implementation of Pipeline Open Access

The general thrust of FERC Order 500 and its pre-
cursor, Order 436, is to open the pipeline network
to transportation by third parties on a nondiscrim-
inatory basis. The DC Court of Appeals, while
affiring the general principles of Order 436, re-
manded it to the FERC to address the take-or-pay
issue (defined below); Order 500 is the FERC’s re-
sponse. There is still some disagreement within the
industry, however, as to whether this response is
adequate. In addition, a potential weakness of cur-
rent FERC policy is that the incentives it provides
pipelines to offer nondiscriminatory transportation
may not be strong enough to persuade all pipelines
to open their systems,

Long-term contracts with gas producers typi-
cally contain “take-or-pay” (TOP) clauses specify-

Discussion papers on these issues will be included in a
forthcoming Volume 3.
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ing ex ante a minimum quantity that the purchaser
must pay for regardless of his need for gas ex
post. In the 1980s, an unexpected drop in world oil
prices and shrinking gas demand have meant that
many gas contracts that appeared sensible when
originally signed have become uneconomic in to-
day’'s gas market. Apportioning the losses from
this unexpected decline in the gas market is a slow
and disputatious process that continues to hinder
the gas industry in its efforts to move toward a
more efficient structure.

Some pipelines and producers have already ne-
gotiated TOP settlements, while others have been
waiting for a FERC or court resolution. Pipelines
in the latter category have strong incentives not
to become nondiscriminatory transporters; carrying
the burden of excess contract supplies, they prefer
to sell their contract gas to reduce their take-or-pay
liability rather than transport gas for others. FERC
policy on TOP settlements is important because it
affects the speed with which pipelines and produc-
ers resolve TOP issues that are currently preventing
some pipelines from becoming nondiscriminatory
transporters.

Relative to gas market patterns in 1988, any res-
olution of take-or-pay problems that passes settle-
ment costs along to end-users could lead to price
increases and load loss. Regulatory policy for take-
or-pay cost recovery needs to be carefully struc-
tured so that market signals and consumption pat-
terns are distorted as little as possible. Regard-
less of how Order 500 and the take-or-pay liability
issue is eventually resolved, long-term contracts
with some form of minimum purchase obligation
are likely to continue to be used in the gas industry
because some market participants think they pro-
vide benefits such as security of supply, reduced
transactions costs, and price stability.

Successful implementation of Order 500 will
depend heavily on the FERC's allocating in an
acceptable manner the cost of existing take-or-
pay obligations and establishing a framework for
the future within which contracting parties can
choose the allocation of risk suited to their circum-
stances. It will also depend on nondiscriminatory

transportation being adopted by most, if not ali,
pipelines and on the state Public Utility Commis-
sions (PUCs) establishing a set of policies for local
distribution companies (LDCs) that are consistent
with the open-access principles of Order 500,

2. Pipeline Rate Structure

As gas industry services are gradually unbundled,
pipeline rate structures will be crucial in determin-
ing whether unbundling and partial deregulation
actually produce a more efficient gas market.* In
theory, an efficient rate structure will fully unbun-
dle rates and allow market forces to set prices for
services that do not have economies of scale. The
unbundled services that could be provided include
capacity reservations, backhauls and exchanges,
standby supply services, and—to the extent the
pipeline retains the merchant function—supply se-
curity and price stability. '

The possible effects of implementing an efficient
rate structure include: a decline in average trans-
mission and distribution rates in real terms due
to increased competition at the bumertip; a mod-
est increase in gas demand as markets expand; a
shift on the part of gas utilities from purchases
of pipeline system gas toward a greater reliance
on direct purchases; displacement of a portion of
the pipeline merchant function by competitive gas
marketing companies; and reliance on a gas inven-
tory charge by pipelines that keep at least a portion
of their merchant function. Many of these changes
had already occurred by 1988.

In practice, the move to increase efficiency by
unbundling pipeline services at competitive prices
is hindered by 50 years of cost-of-service regu-
lation. Assuming that this half-century of legal
precedent is not overturned, a partial solution may
be to repackage pipeline services in new “bun-
dles” that more accurately fit the current needs of
pipeline customers, with pipeline rates held to just
covering the cost of service in the aggregate, while
allowing rates on some segments in some time pe-

*FERC Order 436 has already established some new prin-
ciples for unbundled rates.
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riods to go above or below cost-based rates. Re-
bundling of pipeline services might prove supe-
rior from a pure market-based perspective as well:
the transaction costs faced by customers who must
coordinate unbundled pipeline services themselves
could be significant enough to make some bundling
of services economically efficient.

3. Pipeline Service Obligation

Part of the tradition of public utility regulation in
the pipeline industry has been that pipelines, in
exchange for monopoly privileges in a particular
market, are not allowed to unilaterally reduce the
level of service they are committed to provide af-
ter being officially certificated. This “obligation
to serve” prevents pipelines from opportunistically
threatening to cut off service to local distribution
companies after the LDCs have made specialized
investments to connect to and use the pipeline’s
services.

While protecting LDCs from potential pipeline
market power is a legitimate concem, the service
obligation as it has evolved under case law is un-
responsive to market signals and to recent changes
in the gas industry. In recent years, pipeline mar-
ket power in most regions of the U.S. has been
greatly weakened by interpipeline competition—
more than one pipeline serves most major LDCs—
and pipelines now transport more gas for others
than they take title to and sell themselves. Fur-
thermore, under FERC Order 380, variable costs
(such as gas costs) in minimum bills have been
struck from contracts between pipelines and dis-
tributors, thereby relieving distributors of any obli-
gation to purchase under these contracts. De-
spite these changes which enhance the ability of
L.DCs to purchase gas from alternative sources,
pipelines’ service obligations remain at the “con-
tract demand” (CD) level initially specified in the
original centificates issued under section 7(c) of the
Natural Gas Act that granted them the right to en-
ter a particular market. The pipeline must maintain
the supply to provide this level of “CD” service, re-
gardless of changes in—or expiration of—the gas
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supply contracts that arrange for the actual pro-
duction and consumption of gas moved through
the pipeline. If an LDC suddenly calls upon its
traditional pipeline supplier for gas supplies and
the pipeline is unable to meet its CD service level,
the LDC can require performance of the pipeline’s
service obligation. Thus, pipelines have been left
with gas supply obligations for which they are not
currently being compensated.

As at least a partial step toward providing for ad-
equate fumre pipeline supplies, FERC Order 500
contains principles for a “gas inventory charge”
(GIC) that pipelines can collect from their cus-
tomers, indicating the FERC believes that in a
competitive market there is value in assured sup-
ply. Once the GIC is implemented, and the “CD
contracts” problem recedes, a second element of
the pipeline service obligation may come to greater
attention, i.e., whether pipelines should be given
incentives to offer, at some charge, a standby ser-
vice to transportation customers or whether such a
service should remain purely a matter of individual
negotiation between the pipeline and the buyer.4

4. Economic Allocation of Pipeline Capacity

Historically, pipeline regulation has carefully lim-
ited the construction of new pipelines, thereby re-
ducing duplicative facilities and bestowing extra
value on those pipeline projects that were actually
allowed to be built. However, regulators also em-
ployed cost-of-service pricing to allocate the excess
value of pipelines above their historical costs to lo-
cal distribution companies and their customers.
As the pipeline system moves toward a regime
of nondiscriminatory transportation, traditional ca-
pacity allocation practices are challenged by the
need for a more flexible and efficient allocation
system. Current methods of allocating pipeline
transportation capacity—such as first-come first-
served policies—are inefficient: it is highly un-
likely that capacity will end up in the hands of

*Standby service provides gas supply “insurance” for trans-
portation customers who wish to improve the reliability of
supplies they purchase on the direct sale market.
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those willing to pay most for it. Improving these
allocation mechanisms would be a significant step
toward a more efficient industry.

It appears possible for a secondary market in
pipeline capacity rights to work efficiently in the
gas industry; the difficulty lies in determining the
initial allocation of firm capacity from which the
secondary market will be allowed to start oper-
ating. Simply allowing the secondary market to
begin operating immediately would in effect allo-
cate all excess pipeline value above historical costs
10 those currently holding firm capacity rights, pri-
marily local distribution companies. Whether this
would be a fair policy is debatable, but LDCs will
surely fight vigorously any FERC policies that in-
terfere with their current firm capacity rights.

Regardless of how the initial allocation prob-
lem is handled, it is possible to outline some of
the features that would characterize a more open
market in transportation capacity. Capacity would
be offered in both firm and interruptible varieties,
and for long- and shori-term periods. Customers
holding unneeded long-term firm pipeline capacity
would be allowed to sublet the space at market-
clearing rates (i.e., on the secondary market) which
could be above or below cost-based rates.

Tensions between regulatory objectives may af-
fect how a more efficient system of capacity al-
location will be implemented, Traditionally, cost-
of-service regulation has been used as the standard
for pricing pipeline services, yet the sort of sec-
ondary market in capacity rights discussed here
uses a market-based standard instead. As men-
tioned above in the discussion of rate structures for
unbundled pipeline services, reconciling the two
standards may be a delicate matter. One option
may be for regulators to hold pipeline rates to just
covering the cost of service in the aggregate, while
allowing rates on some segments in some time pe-
riods to go above or below cost-based rates.

Beyond the benefits of more efficient allocation
of existing capacity, more flexible allocation of ca-
pacity could lower total industry costs by reducing
the need for new pipeline construction and increas-
ing utilization during off-peak periods. In addition,

pipeline capacity expansion would be guided more
accurately, through the use of market signals, into
the areas where it is most valuable.

5. New Pipeline Entry

In tandem with opening up access to pipeline
transportation capacity, the FERC has also taken
steps to expedite the construction of new pipeline
projects by those pipelines that have elected to be
nondiscriminatory transporters. However, a num-
ber of potential pipeline entrants into the bottle-
necked northeastern U.S. are now awaiting regula-
tory approval. Further steps to speed the approval
process for new pipeline projects would decrease
the lead time for construction and generally tend
to increase competition. These policies should in-
crease total gas consumption.

True free entry for new interstate pipelines is
unlikely to occur since it would raise the possibil-
ity that duplicative facilities would be built, for-
feiting economies of scale and—if cost decreases
from increased competition did not outweigh the
loss-of-scale economies—increasing the unit cost
of the transporiation network. A system that com-
bines the use of market signals to indicate where
new capacity is needed (as mentioned in the pre-
vious section) and a streamlined approval process
for new pipelines may be a workable compromise.
It is important to note, however, that the FERC’s
ability to speed up the approval process is inher-
ently limited. New pipelines must obtain environ-
mental approval under the National Environmental
Protection Act (NEPA) and face the problem of ob-
taining the right to use space from the many prop-
erty owners along a planned pipeline route, These
hurdles can create delays regardless of any FERC
policy.

Local Distribution Company Issues

6. LDC Open Access with Unbundling

Many of the issues involved in unbundling gas sup-
ply from pipeline transportation services are dupli-
cated at the local utility level. Gas utilities are
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increasingly offering open access transportation o
large end-users who prefer to purchase their own
gas supplies and arrange transpoitation for them.
Such responses by LDCs 10 increased pressures in
their service territories move the competitive mar-
ket in gas supply all the way downstream to indus-
trial customers, putting increased pressure on the
gas supply purchasing practices of gas utilities.

One major effect of LDC open access is that lags
between changes in the spot price at the wellhead
and at the citygate are reduced, making the market
as a whole more responsive to changes in demand
or supply.

Another important effect is to move the market
away from average-cost pricing toward marginal-
cost pricing at the bumertip, at least for indus-
trial customers. In theory, since most PUCs do
not allow utilities to procure separate supplies of
gas for industrial and residential customers, any
movement toward marginal-cost pricing of indus-
trial gas supplies should also affect residential and
commercial prices. In practice, however, while
industrial prices have dropped significantly over
the last few years, prices to residential and com-
mercial customers have fallen considerably less.
What appears to have happened is that the access
of many industrial customers to low spot market
prices and nondiscriminatory transportation has ef-
fectively reduced their gas costs, while the residen-
tial/commercial market has remained on more of an
average-cost pricing basis.

The Califomia PUC, on the other hand, has been
explicit in separating the gas supplies of core (i.c.,
residential and small commercial) and noncore cus-
tomers, recognizing that core customers may have
different preferences regarding price stability and
supply reliability than do larger customers. Under
this sort of regime, in which core supplies would
for the most part be procured under contracts with
more price fixity than spot purchases, the core mar-
ket will also remain on essentially an average-cost
basis.

As the market moves toward greater reliance on
marginal-cost pricing, contracts between LDCs and
producers increasingly will tie contract prices to
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the spot price, although contract prices may still
not track spot prices exactly. Part of the motiva-
tion for such pricing provisions may be to reduce
the impact of industrial demand swinging on and
off system supply as spot prices fluctuate above
and below the utility’s average cost of gas. Such
fluctuations in industrial demand are undesirable
for residential customers because they increase the
average cost of gas to the residentials. Residential
customers must pay system supply prices when the
spot price is lower than system supply costs, but
industrial customers can purchase spot gas. How-
ever, industrial customers share the benefits of sys-
tem supplies, since they can buy system gas when
the spot price is higher than system supply, thus
raising the cost of system supply. Some state PUCs
are developing regulations that restrict the ability
of industrial customers t0 swing on and off the
system, or are implementing rate structures that
explicitly charge such customers for the privilege
of doing so. Trying to keep noncore customers
from imposing burdens on core customers (or vice
versa) could eventually lead more states to follow
California’s example of separating the gas supplies
of core and noncore customers.

The effects of industrials swinging on and off
the system will be intensified if PUCs are inflexi-
ble and do not allow seasonal prices, If LDC gas
prices are not flexible by season, then high load
factor customers will prefer to buy their supplies
in the spot market during summer periods when
prices are lower, and will retum to system sup-
ply during the winter if spot prices rise above the
price of system supply, producing costs to residen-
tial customers similar to those described above,

The issue of industrials moving between sys-
tem supply and direct purchases raises questions
about the LDC’s service obligation that parallel
those about service obligation at the pipeline level.
Should LDCs be required to provide standby ser-
vice, at some charge, to transportation customers?
If so, what charge would be appropriate?

Another effect of LDC open access and un-
bundling is that it increases competition in the
wellhead market, and helps to make the well-
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head market more nationally integrated. Suppliers
around the country will have greater ability to shift
supplies to those areas where gas is most needed;
as a result, the effects of sudden regional demand
increases or supply outages can be spread over the
entire integrated market, possibly necessitating a
lower level of aggregate reserves than was needed
when the market was more segregated by region,
Open access and unbundling also tend to better
balance LDC load throughout the year.

7. LDC Bypass

When industrial customers are dissatisfied with the
cost or reliability of the gas supply and the trans-
portation service provided by their LDC, they may
prefer 10 bypass the utility altogether and connect
directly to a pipeline.

The threat of bypass puts pressure on LDCs to
offer more competitive rates in order to retain in-
dustrial load. Given its economies of scale, the
LDC should be able to respond to bypass threats
with competitive rates that retain the customer and
prevent the duplication of distribution facilities.
However, the ability of 1.DCs to provide compet-
itive rates may be hampered by PUC policies that
attempt to subsidize residential rates at the expense
of industrial rates. If state PUC policies do not
allow LDC rates to respond efficiently to compe-
tition from prospective bypasses, it is possible for
bypasses to be profitable to individual customers
but also economically inefficient, causing duplica-
tion of facilities and unnecessary cosis.

To the extent that bypass provides greater fiexi-
bility and reliability of service than traditional LDC
service, perhaps due to less PUC regulation, its in-
troduction will tend to increase gas demand on the
part of those customers who can take advantage
of bypass opportunities. However, an increase in
the gas demand of potential bypassers may be par-
tially offset by reduced demand on the part of other
customers whose rates must rise if LDC cost re-
ductions do not cover the lost contribution to fixed
costs from customers who leave the system.

The effect of bypass on total gas demand de-
pends in part on whether the lost contribution to
fixed costs is placed in the demand or commodity
charges of other users. Increasing the commodity
charge might distort prices and could decrease to-
tal demand below what it would be if the increased
costs were placed in the demand charge. Marginal
consumption decisions would not be changed by
placing costs in the LDC’s demand charge, al-
though some customers might leave the system al-
together because of the increased demand charges.

In addition to its possible effects on the total
quantity of gas sold, bypass also tends to increase
the aggregate elasticity of industrial demand; with-
out the intervention of the PUC in pricing, by-
passers can react more quickly and flexibly to
changes in the marketplace.

8. LDC Marketing/Growth Policy

Closely related to the question of how much com-
petition to allow into the LDC market is the ques-
tion of whether it is desirable to have restrictions
on the ability of LDCs to compete for new sales.

Until very recently, some PUCs discouraged
utilities from marketing gas service to new in-
dustrial and commercial customers through such
means as:

e Full rate proceedings required to respond to
price competition. Until the 1980s, full pro-
ceedings were required in order to adjust rates
to meet competition (e.g., from changes in
residual oil prices to industrial boilers).

¢ Restrictions on advertising. A survey of
LDCs conducted by the American Gas As-
sociation in 1982 found that 78 percent of re-
spondents faced some restrictions on advertis-
ing imposed by their state PUCs.

e Hookup moratoria. In the mid-1970s more
than half of the nation was subject to
PUC-mandated moratoria on new customer
hookups.
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Furthermore, until it was rescinded in 1987 the
Powerplant and Industrial Fuel Use Act (PIFUA)—
passed by Congress when interstate gas supplies
were scarce due to price controls—explicitly re-
stricted the use of gas for many “low priority” uses.

Some PUCs are now allowing L.DCs greater
pricing flexibility to meet competition for indus-
trial load from other fuels. However, limits on
advertising by LDCs and taxes on LDC gas sales
(though not on transportation) continue to place
LDCs at a competitive disadvantage compared to
other gas marketers and other energy sources.

Restrictions on marketing may hinder efficient
increases in gas use. From the perspective of
many state regulators, however, the key issue is
whether increased gas sales will benefit residential
customers. They clearly will do so in periods of
surplus deliverability, because increased demand
tends to reduce unit transportation and distribution
costs and unit take-or-pay costs, with little well-
head price impact. The net impact on residential
customers when deliverability is tight is more dif-
ficult to analyze, since increased nonresidential de-
mand will then put upward pressure on wellhead
prices, partially counterbalancing the positive ef-
fects of spreading fixed costs over more units sold.
For any given service territory, however, any in-
crease in demand is likely to be only a very small
part of the whole wellhead market, and will prob-
ably have a negligible effect on wellhead prices.
Thus, even from the perspective of maximizing the
benefits to residential customers alone, restrictions
on gas marketing are likely to be detrimental.

As competition from unregulated marketers of
gas and other fuels increases, deregulation of in-
dustrial gas sales (though not necessarily of trans-
portation service) may be necessary to allow LDCs
to compete effectively. Separating the marketing
division from the rest of the LDC, or at least pro-
viding guidelines for the relationship between the
two, might be needed to ensure fair competition,
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9. PUC Oversight of LDC Contracts

As is illustrated in some of the issues above, it is
easier to bring competition to bear on industrial
gas prices than on residential prices. Industrial
customers have more alternative sources of energy,
and often consume enough gas to justify becoming
sophisticated players in the gas market.

PUCs across the country are experimenting with
new regulations designed to induce LDCs to re-
duce residential customers’ gas costs; PUCs are
concerned in particular with the mix of long-term
contracts and spot market purchases that com-
prise a utility’s system supply. A few states have
tried regulations which share gas cost decreases
between ratepayers and stockholders; these have
given utilities increased incentives to purchase ef-
ficiently with minimal regulatory oversight. Much
more common, however, are “least-cost purchas-
ing” requirements, which direct LDCs to purchase
the cheapest gas supplies available consistent with
maintaining reliable service.

Enforcement of least-cost purchasing require-
ments has generally been of two types: (1) The
PUC closely scrutinizes the LDC’s gas supply
plans before they are implemented, requires any
changes it sees as necessary, and then “blesses”
the plans, declaring them to be prudent given all
the available information, or (2) The PUC may au-
dit the LDC’s gas supply plans afier they have been
implemented, and disallow the recovery of any gas
costs it deems imprudent.

The first approach requires substantial PUC in-
volvement in LDC contracting decisions, increases
informational lags in the gas system, and places
the risk of cost increases on consumers. Even if a
PUC adopts this approach and prices later get too
far out of line, it is still possible that the PUC may
decide it was misled by the utility and disallow the
recovery of costs which are unacceptably high.

The second approach allows the utility flexibil-
ity to make its own decisions, but exposes it to the
risk that it will be “second-guessed” in hindsight.
If an LDC believes that regulators will engage in
opportunistic disallowance of costs ex post (i.e.,
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disallowances not based solely on the information
available to the LDC at the time it entered its gas
contracts), it will design a gas acquisition strat-
egy to avoid retroactive disallowance rather than to
minimize purchased gas costs. Regulatory policy
that induces such a strategy tends to increase the
expected consumer cost of gas, and unfortunately
no PUC can credibly commit itself to eschew op-
portunistic hindsight review. (The implications of
the inability of present regulators to bind future
commissions are explored further in a later sec-
tion.)

How the pipeline service obligation is resolved
may also have important implications for LDC sup-
ply purchasing. At present, LDCs backed up by
continuing pipeline CD obligations can buy cheap
spot gas with very little risk, since they can al-
ways retum to pipeline system supply when spot
prices tum upward. If pipeline obligations were no
longer available free of charge but instead priced
out through a gas inventory charge, LDC spot pur-
chases decisions would become more risky, almost
inevitably increasing the chance of opportunistic
hindsight reviews.

Canadian-U.S. Gas Trade Issues
10. Regulations Affecting Canadian Exports

Since 1985, Canada has been moving toward
a market-oriented regime for natural gas. In
September 1987, the National Energy Board (NEB)
abandoned reserve/production (R/P) ratio require-
ments for exports; instead the Board adopted a
new “Market-Based Procedure” for determining
whether to license an export application. The
Board will use two mechanisms to ensure that nat-
ural gas to be licensed for export is “surplus 10
Canadian needs™ (1) public hearings to consider
applications for export licenses, and (2) ongoing
monitoring of developments in the natural gas mar-
ket that may merit concern.’

SThe Energy Regulatory Administration (ERA) authorizes
gas imports and exports to and from the United States.

The public hearings will allow for the denial of
export licenses: (1) if there are unresolved, valid
complaints from Canadian customers that they are
unable to obtain gas on terms and conditions simi-
lar to those under which it is to be exported, (2) if
the exports are considered likely to cause difficulty
to Canadians in meeting their energy needs at *“fair
market prices”, or (3) if the exports are viewed as
being contrary to the national public interest.

Canadian/American nondiscriminatory trade pol-
icies and regulatory practices in gas sales and trans-
portation are also important to creating a more
competitive gas market. Even if trade and reg-
ulatory practices within each country are nondis-
criminatory, competition might still be distorted on
account of particular regulatory arrangements that
affect gas supply differently on each side of the
international border. It may not be possible or de-
sirable to make both countries’ regulations identi-
cal; however, a more integrated market will more
clearly expose the impacts of alternative regulatory
practices on competition.

The Canadian-U.S. Free Trade Agreement has
been signed and ratified. This agreement commits
Canadian and U.S. governments not to restrict en-
ergy imports or exports or {0 impose minimum ex-
port price requirements, except as allowed in the
Agreement.

Gas Industry Evolution in a More
Competitive World

This section draws upon the discussions of indi-
vidual issues from a preceding section to produce
two alternative views of the future natural gas mar-
ket, The first is a hypothetical benchmark case
representing a very pro-competitive regulatory en-
vironment; the second is a more moderate but still
competitive case that reflects several possible non-
competitive regulatory policies. These cases pro-
vide a framework for the next major section that
examines future scenarios in which the gas market
may fail to move even to the moderately competi-
tive case described below.
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The Benchmark Case: Characteristics of
a Hypothetical Pro-Competitive Regulatory
Environment

Even in the most competitive possible future for
the gas industry, regulation will continue to play
an important role due to elements of market power
in the interstate pipeline industry, and natural mo-
nopolies in the provision of some local distribution
services. The focus here is on defining the charac-
teristics of the most competitive possible future for
the industry in the context of wellhead decontrol
and open access to transportation.

In this situation, gas demand would be stim-
ulated, competitive pressures would lower trans-
mission and distribution margins, and cross-
subsidization would be reduced. As a result, pro-
ducers would have correct incentives to explore for
reserves. Greater competition would lead to exten-
sive use of short-termn contracts or contracis with
flexible price terms, although some players would
prefer contracts with a degree of price fixity as a
means of sharing risks. Contracts for firm gas sup-
ply would probably continue to contain minimum
purchase obligations, reflecting the costs to suppli-
ers of reserving supplies for particular customers.
Time lags to reach equilibrium would be reduced,
and periods of surplus (or inadequate) deliverabil-
ity would be of shorter duration. In a nationally
integrated market, production is less likely to be
“shut-in”, and aggregate reserve to production ra-
tios could decrease.

Existence of a competitive gas industry certainly

requires the continued unbundling of services, with

pipelines and LDCs acting as nondiscriminatory
transporters. Pipeline obligations would be priced
by type of service under a market system, e.g.
through a demand charge, backup charge, reser-
vation fee, etc. A secondary market in pipeline
capacity rights would be developed. Other poli-
cies conducive to a competitive market include a
streamlined regulatory process for approving the
eniry of new pipeline projects; a “level playing
field” in the area of gas marketing, including the
same tax policies for all marketers, be they in-
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dependent marketers, pipeline affiliates, or LDC
affiliates; and reduced restrictions on bypass of
LDCs. PUCs would give LDCs a share of any
cost savings they bring about through astute gas
purchasing, thus giving them additional incen-
tives to purchase efficiently. In addition, a truly
competitive gas market would provide adequate
mechanisms for sharing risks, such as enforce-
able long-term contracts and a gas futures mar-
ket. A competitive market place would also re-
quire Canadian/American nondiscriminatory trade
policies and regulatory practices in gas sales and
transportation.

The Moderately Competitive Case; What
Limits to Competition Can Be Expected?

Movement to a competitive gas market is hin-
dered by three primary factors: (1) regulators’ re-
sponses to the political demands of residential and
other “high-priority” customers, (2) market power
on the part of local distribution companies and
some pipelines, and (3) incomplete markets for
risk-bearing.

For example, two types of policies likely to be
affected by public policy concerns other than ef-
ficiency are bypass regulations and oversight of
LDC contracts. As discussed previously, bypass
by a given end-user may harm remaining cus-
tomers as rates rise to cover lost contributions to
fixed costs. Thus, regulators may face consider-
able pressure to prevent bypass. (To date, only
Indiana has a law prohibiting bypass, However,
strong sentiment against bypass has been expressed
recently in the U.S. Congress in the form of three
bilis—two in the House and one in the Senate—
which would prevent the FERC from overruling
state PUC attempts to block bypasses.)

PUCs may also face political pressure if well-
head gas prices tum sharply upward. Consumer
groups may press regulators to protect consumers
by disallowing full recovery of gas costs, thus im-
posing additional costs and risks on stockholders.

Natural monopolies in portions of the LDC
and pipeline segments of the industry make a
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truly “competitive” industry impossible, but the
use of pricing to minimize quantity distortions
(i.e., departures from the quantities that would be
consumed under marginal-cost pricing) can bring
about efficiency in a second-best sense., Regula-
tors, however, are generally unenthusiastic about
such pricing because it requires markups over
marginal cost to each customer class that arc in-
versely proportional to that class’s elasticity of
demand: residential customers must pay higher
markups than industrials. Regulatory pelitics thus
make it likely that some inefficiency will always
characterize local distribution company rates,

Within the emerging competitive market struc-
ture, most pipelines and LDCs will find it to their
advantage to offer transportation services. How-
ever, some 1.DCs and pipelines, in some regions
of the country, may choose to reduce the competi-
tiveness of the industry by refusing to offer trans-
portation service at nondiscriminatory rates. This
could be addressed through legislation if Congress
and the respective state legislatures implemented
mandatory carriage bills.

Price volatility will also create problems for the
gas industry to the extent markets for risk are not
fully developed. Long-term contracts consistent
with the new regulatory regime have not yet fully
evolved, a gas futures market does not yet exist,
and vertical integration is regarded with suspicion
by regulators. Even if a futures market does de-
velop, it will be unlikely to extend far enough into
the future to allow for the complete hedging of ail
relevant gas industry risks, The effect of allocat-
ing risks among market participants is an important
topic deserving more analysis.

Scenarios in Which the Industry
May Not Evolve Into a Competitive
World

The previous section described how the natural gas
industry is likely to look as it becomes an increas-
ingly competitive industry. There is no guaran-
tee, however, that the gas market will continue to

evolve in the competitive direction it is currently
taking. Under some scenarios, regulators may face
strong political pressure to change course, overtum
(or simply not adopt) some pro-competitive poli-
cies.

Three main sources of political pressure may be
anticipated: (1) if gas prices are below parity with
oil product prices, regulators may attempt to in-
crease revenues from dual-fuel customers in order
to subsidize high priority customers, (2) rapidly
rising gas prices may lead regulators to control
prices to high priority customers, or (3) rapidly
rising prices for pipeline transportation may lead
regulators to subsidize the use of firm capacity
by high-priority customers. Other pressures may
emerge in particular situations. The pressures that
may be faced by regulators in alternative scenarios
are explored more fully below.

Political Pressures for Inefficient Regula-
tory Policies

Upper Oil Price Case

In the results for the upper oil price case, all models
show the wellhead gas price clearing at or below
the netback price of oil (i.e., the burnertip price
of oil minus transportation costs). This observa-
tion has implications for the political incentives
that might be faced by state regulators in this sce-
nario. Industrial customers who have the capacity
to use either gas or oil are saving money by us-
ing gas. Regulators may question why industrial
customers should receive all the benefits from gas’
low price relative to oil. They may once again raise
industrial prices closer to the oil-parity price and
use the proceeds to hold down prices to residential
customers, as was done under the incremental pric-
ing provisions of Title 2 of the Natural Gas Policy
Act. Most industrial gas customers have other op-
tions, however, such as buying their own gas and
transporting it through the utility, or bypassing the
utility altogether. Thus, cross-subsidization will
only be possible to the extent industrial users’ op-
tions are restricted. Regulators and legislators can
act to reduce the options of industrial customers
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by: (1) limiting (or taxing) access to transporta-
tion through gas utility systems, and (2) restricting
bypass. In fact, the first restriction will have lim-
ited impact on industrial customers who are close
enough to pipelines to make bypass an economical
option.

Thus, in the upper oil price case, policymakers
may have strong incentives to impose restrictive
measures on a competitive gas market. For in-
dividual state PUCs, such anticompetitive policies
carry their own risk: they could drive some indus-
trial customers to other states with more competi-
tive policies.

The above observations call into question
whether regulators will allow bumertip oil and gas
prices to remain decoupled in the future. If prices
are coupled by regulatory fiat, the total demand that
occurs in the future will be less than projected by
the models, as highly elastic industrial customers
face higher prices than expected and inelastic resi-
dential customers face lower prices than expected,

As gas prices rise, PUC policies governing gas
contracting practices could be reversed: even if the
PUC grants prior approval to a utility’s gas supply
plans, it may later choose to disallow the recovery
of some gas costs.

Lower Qil Price Case

The lower cil price case contrasts sharply with the
upper oil price case in that many of the models
show wellhead gas prices clearing above parity
with oil product prices. Regulators thus have little
ability to reallocate benefits in this case.

If lower oil prices result in significant loss of in-
dustrial gas demand, the delivered cost to residen-
tial customers will rise as the contribution made to
the fixed distribution costs by the industrial sector
is reduced. This may generate policies directed at
ensuring adequate supplies to the residential cus-
tomers at “fair” prices, such as increased cross-
subsidization of residential customers by remain-
ing nonswitchable (in the short term) industrial
and powerplant customers or recontrol of wellhead
prices. LDC marketing efforts would be discour-
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aged and their gas purchase contracts would re-
ceive greater review with an increased possibility
of cost increases being disallowed.

The implementation of such policies would in-
troduce distortions in the market which would also
affect the Canadian market. This would likely
result in the introduction of compensating regu-
lation in Canada, further interfering with market
forces, and introducing additional market distor-
tions. Interested parties might also intervene with
complaints at National Energy Board hearings on
gas export applications, under the complaints pro-
vision of the Board’s “Market-Based Procedure”,
if they thought the terms and conditions of the pro-
posed export more favorable than those available
to Canadian customers.

Low Resources Case

This case resembles in some respects the “supply-
constrained” environment of the 1970s. In this sce-
nario, gas prices rise rapidly and regulators may act
to ensure that residential customers receive the sup-
plies they “need” at “fair” prices. In essence, such
a strategy implies price controls for residential cus-
tomers and cross-subsidization by industrials, It is
conceivable that a move toward welthead price re-
control would arise. Even without recontrol, there
are ways for regulators to soften competitive pres-
sures in the low resources case. Regardless of the
means employed, this appears to be the case that
would create the greatest pressure for reregulation
of the gas industry. '

Many of the pro-competitive policies discussed
earlier in the chapter would be vulnerable to re-
vocation in this case. PUCs would certainly dis-
courage LDC marketing efforts. As gas costs in-
creased, PUCs might increase their use of retroac-
tive review of gas contracts, disallowing certain
cost recoveries by LDCs that had not locked into
long-term contracts at lower prices. Even open-
access transportation could be threatened if regu-
lators feel that by reducing industrial gas demand
through regulatory measures, LDCs could increase


eleni
Rectangle


The Structure and Regulation of the Natural Gas Industry 111

their monopsony power in the gas market to the
benefit of residential and commercial customers.

Congress and the FERC might also be expected
to respond to concemns about high prices and pos-
sible shortages. They would be less inclined to
allocate gas supply on the basis of customers’ will-
ingness to pay, and might return to a system with
fixed priorities for given classes of customers. The
pipeline service obligation would be enforced with
renewed vigor, with little attention paid to pricing
out supply guarantees efficiently. Whether pipeline
open access would be revoked could tumn on the
political ability of pipelines to protest the imposi-
tion of a binding service obligation without corre-
sponding purchase obligations on the part of LDCs.
Development of new pipeline projects would be
carefully scrutinized.

Overall, the low resource case would put consid-
erable pressure on the gas industry to move back
to a more heavily regulated world.

High Demand Case

The pressures impinging on regulators in the high
demand case arise principally from increased com-
petition for pipeline capacity and rising prices.

With additional gas demand, regional pipeline
bottlenecks will become increasingly tight, Price
increases on these segments would provide a signal
that new capacity is needed, and applications for
new pipeline projects would be made to the FERC.
However, most new pipelines will be more ex-
pensive than existing, largely depreciated pipeline
systems. The prospect of significant increases in
pipeline costs might lead the FERC to abandon
an economic system of capacity allocation for one
with fixed priorities for particular customer classes.
By restricting the access of low-priority customers
to the transportation network, pipeline demand
would be reduced, and pipeline prices would be
held down for those customers allowed access;
such a policy would create cross-subsidies simi-
lar to those generated by wellhead price controls
and would attempt to allocate available supplies to
high-priority users.

At the state level, gas price increases might trig-
ger close retroactive scrutiny of LDC supply con-
tracting practices, even on supplies regulators had
previously thought to be prudent.

Volatility

Although it was not considered as a separate sce-
nario, a “Volatile Qil Price Case™ may be at least ag
likely as either the upper or lower oil price trends.
In this case, regulators will be inclined to “pro-
tect” core customers from swings in the market,
attempting to stabilize the market through closer
regulation. PUCs may intervene in LDC contract-
ing practices, pethaps encouraging LDCs to rely
on long-term contracts with stable prices—and thus
potentially setting the stage for a repeat of the gas
market dynamics of the mid-1980s, when a sud-
den shift in market conditions rendered many high-
priced contracts unmarketable. A less intervention-
ist regulatory response to volatility might be con-
certed support for the development of a gas futures
market, which would allow for efficient hedging of
gas price risks by LDCs themselves.

Can the Competitive Genie Be Put Back in
the Bottle?

If the gas market continues in a more competitive
direction for the next few years, the new competi-
tive market structure may become entrenched, with
a large number of stakeholders having vested in-
terests in maintaining the new structure. If this
happens, it will be much more difficult for regula-
tors to depart from the pro-competitive path at this
point than earlier in the process.

Effects of Policy Reversals on the Gas Mar-
ket as a Whole

To the extent industry players anticipate that pro-
competitive policies will be reversed, some may
reduce investments in gas-using capital equipment,
in computerized systems to cut costs in gas trading
and transportation, in new pipeline capacity, and in
new gas wells.
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Can regulators credibly commit themselves to a
more competitive gas market? Their instruments
for so doing appear rather limited. Any regulation
or legislation can always be overturned, and as dis-
cussed above, policymakers may face strong polit-
ical pressures to roll back pro-competitive policies
in some scenarios. In general, it appears that the
only way for regulators to commit credibly to a
policy is for the policy to clearly be in their own
interest (i.e., the interests of their most highly val-
ved clientele), under all foreseeable future circum-
stances. If this were the case, fimns could confi-
dently make investments for the future, However,
very few policies are likely to pass such a test.

More specifically, some likely results of turn-
ing back from the path of increasing efficiency by
overtuming (or failing to adopt) particular policies
are presented below:

1. If regulators were to inhibit attempts to cre-
ate better markets for allocating risk among
industry participants, e.g., by failing to allow
pipelines to levy a gas inventory charge in re-
turn for holding supplics in reserve or by lim-
iting the ability of LDCs to use a gas futures
market, the form of contractual relationship
preferred by many buyers and sellers would
be frustrated, leading to less efficient pattems
of consumption and supply development than
would otherwise result.

2. Methods of pipeline capacity allocation based
upon noneconomic criteria (¢.g., first-come,
first-served approaches) would tend to re-
strict the access of high-valued users to gas
pipelines, To the extent that aggregate de-
mand for gas in the field is reduced, these
policies will reduce the incentives for produc-
ers relative to methods based upon ¢conomic
criteria. In addition, expansion of the pipeline
network to meet these high-valued uses would
be hindered.

3. The failure of L.LDCs to unbundle gas sup-
plies and transportation would tend to in-
crease costs to industrials, and decrease costs
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to residentials, compared to the policy of un-
bundling and open access to LDC transporta-
tion. Depending on relative elasticities, de-
mand could increase or decrease compared to
the competitive case with unbundling; a de-
crease in total demand is more likely, since in-
dustrial users generally have much more elas-
tic demand than do residential customers.

4. If LDCs believe that regulators will engage
in opportunistic disallowance of costs ex post
(i.e., disallowances not based solely on the in-
formation available to the LDC at the time it
entered its gas contracts), they will design gas
acquisition strategies to avoid retroactive dis-
aliowance rather than to minimize expected
costs. Such strategies would increase ex-
pected consumer costs and reduce demand.

5. If Canadian rules were to restrict exports be-
low competitive levels, the effective supply
curve for all gas (including imporis) in the
United States would be shifted inwards, in-
creasing costs and decreasing sales.5 If these
same policies made gas more available to
Canadian users, the corresponding effect in
Canada would be to temporarily shift the do-
mestic supply curve outward, reducing prices
and increasing sales. While Canadian produc-
ers would be earning more on each unit sold
to the United States, they would earmn less on
each unit sold within Canada. Drilling incen-
tives could be reduced by such policies under
certain conditions,

Implications of Regulatory Issues for
Future Modeling Efforts

Most of the models in the EMF 9 study are de-
signed to portray a generally competitive gas mar-
ket; a few models include detailed information on
such items as pipeline tariffs and FERC regula-
tions. Competitive assumptions are generally rea-

SThe effects of this policy are similar to those for a lower
U.S. resource base, as represented in Figure 4.17 of Chapter 4.
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sonable for the wellhead supply market, but are
less so for transmission and distribution (T&D)
rates, which will remain regulated. In fact, the
way in which T&D rates are regulated may well
change under various scenarios.

Most modelers have assumed that T&D rates
will remain essentially constant in real terms
from 1988 through 2010, In reality, real T&D
charges on a per-unit basis will probably fall in all
scenarios.” In addition, the relative allocation of
distribution costs between industrial and residential
customers will change as the market becomes in-
creasingly competitive: less of the fixed costs will
be allocated to industrials, which should increase
aggregate demand.

In the upper oil price case, on the other hand,
regulators may have strong incentives to raise the
distribution charges to industrial customers, bring-
ing oil and gas prices at the bumertip closer to
parity. In this case, aggregate demand would be
less than forecast by the models, since industrial
costs would be higher and residential costs lower
than assumed.

Conclusions

Public utility regulation will remain a key fac-
tor for local distribution companies (and some
pipelines) duc to their natural monopoly charac-
teristics; LDCs may be further constrained in the
move toward competition by the political concerns
of state regulators.

Under certain EMF 9 scenarios, regulators at
both the state and federal level may face substan-
tial political pressure to overturn (or fail to adopt)
some of the pro-competitive policies currently be-
ing applied or formulated in the gas industry. If
regulators cannot credibly commit to competitive
policies, industry investment will be suboptimal as
will total gas production and consumption. The
low resources case seems to hold greatest poten-
tial for a reversion to the heavily-regulated, supply-
constrained environment of the 1970s.

7See the discussion of T&D margins in Chapter 3.

The assumption of constant real transmission
and distribution rates, made in most of the models
participating in this study, probably leads to un-
derestimates of total demand, since real T&D rates
may decrease in the future. More detailed model-
ing of T&D rates would be an important step in
improving the ability of models to analyze the gas
industry.
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Chapter 6

Key Results from Special Studies of

Natural Gas Supply

During the study, several critical natural gas sup-
ply issues werc identified that were not directly
amenable to analysis by modeling. These issues
include: (1) the new Departments of Interior and
Energy estimates of the U.S. gas resource base,
(2) Alaskan and Mackenzie Delta/Beaufort Sea gas
potential, (3) alternative estimates of the Canadian
resource base, (4) reserve growth through infill
drilling as a potential additional source of reserves,
and (5) the impact of environmental regulations on
natural gas supplies. By drawing upon the research
of some working group members and other ana-
Iysts, these issues were probed to determine their
likely impact, Where appropriate, important dif-
ferences in perspectives are also discussed.

New Departments of Interior and
Energy Assessments of the Natural
Gas Resource Base of the United
States

The U.S. Geological Survey (USGS) and the Min-
erals Management Service (MMS) are nearing
completion of a 2-year effort to assess the undis-
covered oil and gas resources of the United States.
Preliminary estimates have been released and a
working paper describing the details of the method-
ology and their assumptions will be reviewed ex-
tensively before the study is considered final. In
addition, in May 1988, the Department of En-
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ergy (DOE) completed a new assessment of the
U.S. natural gas resource base.! This assessment
made extensive use of existing resource estimates
by the Potential Gas Committee (PGC), USGS, and
MMS.? Included were preliminary 1988 estimates
made by USGS and MMS. '

Resource assessments typically proceed from
consideration of reasonably well known quanti-
ties (proved reserves) to consideration of increas-
ingly less well known quantities (undiscovered re-
sources). Other than proved reserves, all volumes
of future natural gas supply are estimates based on
information derived from past and current experi-
ence in gas production and reservoir development.
Even proved reserves are an estimate subject to
periodic revision. Natural gas reservoirs termed
unconventional are usually reviewed separately, in-
cluding gas in low-permeability reservoirs, gas in
shale formations such as the Devonian of the East-

!Fisher, W.L., Finley, R.J., Seni, $.J., Ruppel, §.C., White,
W.G., Ayers, W.B,, Jr., Dutton, S.P.,, Kuuskraa, V.A,, Mc-
fall, K.S., Godec, M., and Jennings, T.V., An Assessment
of the Natural Gas Resource Base of the United States, The
University of Texas at Austin, Bureas of Economic Geol-
ogy; ICF-Lawin Energy Division, ICF, Inc.; and Argonne Na-
tional Laboratory; prepared for the Office of Policy, Planning,
and Analysis, U.S. Department of Energy, under coniract no.
80622401, 77 p., plus appendices (bound separately), 126 p,,
May 1988.

2U.8. Department of Interior, U.S. Geological Survey and
Minerals Management Service, National Assessment of Undis-
covered Conventional Qil and Gas Resources, USGS-MMS
Working Paper, Open-File Report 88-373, May 1988.
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ern United States, and coalbed methane resources.
Alaskan gas reserves represent a special case, be-
cause they are significant and proven, but currently
lack a transportation system from the North Slope
to the lower-48 states.

The 1988 USGS estimate of undiscovered re-
coverable gas is 34 percent lower than its 1981
estimate (Table 6.1). There are several reasons for

this decrease.

e New discoveries since 1979 (the vintage of
the data used in the 1981 report) have moved
some of the resources from the undiscovered
column inio the inferred and proved reserves
categories.

e Drilling since 1979 has produced new geo-
logic information that has reduced the esti-
mated undiscovered resource in some basins.

¢ DOI used a different methodology from the
1981 effort. They used a play analysis
methodology, as opposed to a volumetric ap-
proach. The play analysis forced the analysts
to locate the gas in fields of specific sizes and
to verify that undrilled areas exist into which
these fields could fit. This reduced the amount
of estimated undiscovered gas in some basins.

o A more explicit economic truncation is used
in the current report. This is most likely to
have the greatest effect offshore where rela-
tively large fields may become uneconomic.
This effect was seen when the Minerals Man-
agement Service updated the offshore oil and
gas estimates in 1985.3

o Tight gas formations were explicitly excluded
from the 1988 gas estimate.

The assessment of natural gas resources con-
ducted for the U.S. Department of Energy analyzed
the major components of the natural gas supply

3Larry W. Cooke, Estimates of Undiscovered, Economi-
cally Recoverable Oil and Gas Resources for the Outer Conti-
nental Shelf as of July 1984, United States Department of the
Interior, Minerals Management Service MMS 85-0012, 19835,
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based on existing resource estimates derived using
established methodologies. In addition to tradition-
ally defined elements of the natural gas resource
base, a new component—reserve growth in het-
erogencous reservoirs—is quantified in this study.
The DOE assessment is based on technically recov-
erable natural gas volumes reviewed by a national
review panel of 17 leading geologists, engineers,
and economic analysts from government, industry,
universities, and research and consulting organiza-
tions. This panel also made judgments about the
amounts of economically recoverable resource.

A summary of the results of this assessment (Ta-
ble 6.2) shows that the technically recoverable re-
serve and resource base of 1,059 trillion cubic feet
(Tcf) of natural gas exists in the lower 48 states, Of
this resource base, 800 Tcf exists or is estimated to
exist in conventional reservoirs. More than half of
the lower-48 states resource, or 583 Tcf of gas, is
judged economically recoverable (including find-
ing costs) at less than $3/Mcf (all prices are well-
head prices in 1987 dollars). An additional 174
Tcf of gas is judged economically recoverable at
$3 to $5/Mcf. The panel adopted a conservative
view of technical recoverability and the total U.S.
resource accessible at different price ranges. This
was particularly true for unconventional resources,
which were assumed to be recovered using only
current technology.

The EMF resource cases, however, are based on
the 1986 estimates of the Potential Gas Committee,
modified to add an estimate of deep water (greater
than 1,000 meters) resource. The control resource
case used PGC’s “most likely” estimates, while
the low resource case was based on PGC's “min-
imum” estimates, using a rule-of-thumb algorithm
to approximate the probabilistic methodology that
would be required to correctly add the regional es-
timates, Table 6.1 shows the DOE (1988), the PGC
and Department of Interior (1981 and 1988) esti-
mates of recoverable gas resource, along with the
numbers that are used for the EMF scenarios, Note
that the PGC and EMF numbers for undiscovered
resource include only the possible and speculative
resource categories in order to correspond to DOI's
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Table 6.1; Estimates of the Recoverable Gas Resource

Trillion Cubic Feet

PGC 1986 DOI°
Most EMF EMF DOE 1981 1988
Likely Control Low 1988 Mean Mean

Undiscovered®
Lower-48
Onshore 356.1 356.2 2124 219.0 390.2 187.7
Off-shore 109.9 116.9 614 134.0 1024 74.0
Total Lower-48 466.0 473.1 273.8 353.0 492.6 261.7
Alaska, Total 109.8 n e. n e. 93.0 101.2 24
Total Undiscovered 531.6 446.0 593.8 264.1
Lower-48
Undiscovered Conventional (from above) 466.0 473.1 273.8 353.0 492.6 261.7
Inferred/Probable 153.6 153.6 113.8 108.0 1719 95.8
Unconventional at $5.00/Mcf n e. 97.0 0.0 146.0 n e. n e.
Infill Drilling n e 50,0 44.0 180.0 . e n e
Lower-48 Unproven 619.6 7737 431.6 787.0 664.5 357.5
Proven Reserves 158.9 158.9 158.9 1589 158.9 158.9
{end of 1986)
Unconventional above $5.00/Mcf n, ¢. 37.0 0.0 113.0 n e . e.
Total Resource 778.5 969.6 590.5 10589 §23.4 516.4

Table places EMF scenario inputs in the context of other resource estimates; it is not meant to be a rigorous comparison
of estimates because: (1) economic assumptions are not the same across studies, and (2) some studies did not estimate all
categories, resulting in their totals not being directly comparable.

n.e. ~ not estimated. PGC and 1981 DOI estimates include some unconventional gas in undiscovered category; 1988 DOI
estimates include little or no unconventional in this category.

9The 1988 Department of Interior {DOI) estimate was developed by the United States Geological Survey (USGS) and Minerals
Management Service (MMS) using diffezent methodologies, while the 1981 DOI estimate was developed by USGS.

bPotential Gas Committee (PGC) and Energy Modeling Forum (EMF} undiscovered includes only possible and speculative
resource. PGC estimate includes some gas in tight formations.
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Table 6.2: Total U.S. Gas Reserves and Resources Assessed in the U.S. Department of Energy Study

Technically Recoverable Gas
Recoverable By Price®
Gas (Tcf)? <$3/Mcf $3-5/Mcf
Lower-48 (Conventional)
Proved Reserves, 12/31/86,
Onshore and Offshore 159 159 —
Inferred Reserves/Probable .
Resources, 12/31/86, Onshore 85 85 -
Inferred Reserves, 12/31/86,
Offshore 23 23 —
Extended Reserve Growth in
Nonassociated Ficlds, Onshore 119 56 18
Gas Resources Associated with
Oil Reserve Growth® 61 30 i1
Undiscovered Onshore Resources 219 88 59
Undiscovered Offshore Resources? 134 54 28
Subtotal 800 495 116
Lower-48 {(Unconventional)
Gas in Low-Permeability Reservoirs 180 70 49
Coalbed Methane 48 g 4
Shale Gas 31 10 5
Subtotal 1,059 583 174
Alaska
Alaska Reserves 33 7° 0
Alaska Inferred Reserves
(Cook Inlet Area) 3 3 0
Alaska Undiscovered Onshore
and Offshore 93 2¢ D€
TOTAL 1,188 595 176

Source: Fisher et. al., op. cit.
“Volumes of gas (Tef) judged recoverable with existing technology by the DOE Review Panel at wellhead prices shown
(19873).
®Volumes of gas judged recoverable with existing technology.
“Judged at oil prices of less than $24/bbl and $24-40/bbl.

4Quter Continental Shelf.
“Component in Southern Alaska,
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undiscovered resource. The probable category is
defined the same as DOI's inferred reserves, ie.,
reserves expected to be added in known fields, and
is added at the bottom of the table along with gas
from unconventional resources and infill drilling to
arrive at total recoverable gas for the lower-48.

The preliminary USGS estimate falls about 60
Tef below the EMF low resource scenario for the
lower-48 gas resource base. The DOE assessment
shows that the EMF estimate of 774 Tcf of natu-
ral gas resources included in the control resource
base is reasonable and very close to the comparable
DOE assessment estimate of 787 Tcf of technically
recoverable natural gas resources available in the
lower-48 states.* Thus, the EMF cases provide a
useful sensitivity analysis for those who want to
analyze the impacts of variations in the resource
base.

Gas Resources of Alaska and the
MacKenzie Delta/Beaufort Sea Area
of Canada

Substantial gas resources exist on the North Slope
of Alaska and in the Mackenzie Delta/Beaufort Sea
area of northern Canada. Estimated recoverable re-
serves in Alaska’s Prudhoe Bay are approximately
28 Tcf. Nearby areas of the North Slope contain
substantial additional resources. Some estimatcs
indicate potential resources on the North Slope to
be about 50 Tcf. Esso Rescurces Canada Ltd. es-
timates discovered recoverable gas reserves in the
Beaufort area 1o be 11.1 Tcf, while the Canadian
Department of Energy, Mines and Minerals esti-
mates total potential resources in the Mackenzie
Delta/Beaufort Sea area to be as great as 76 Tcf.
It has generally been assumed that, because of
their remoteness and difficult operating conditions,
these extensive gas resources could be produced
and delivered to major North American gas mar-

“This number does not include proved reserves or uncon-
ventional gas economic above $5.00 per Mcf, The addition of
these categories would bring the DOE total to the 1,059 Tef
shown in Table 6.1.

kets only at high gas prices. At the outset of its
work, the EMF study team, considering historically
available cost estimates for this gas, chose 1o ex-
clude North Slope gas from explicit consideration
in determining the U.S. resource base for model
runs.

Significant uncertainty remains regarding the
cost and availability of Alaskan and Mackenzie
Delta-Beaufort Sea gas for shipment to the ma-
jor North American gas markets. Major capital
investments in transportation systems would be re-
quired. A recent estimate” indicates that significant
volumes of this gas could become available by the
year 2000 at future U.S. lower-48 gas prices pro-
jected by the EMF models.

Natural Gas Supplies of Canada

Canadian gas supplies are now and will continue
to be an important component of the U.S. gas mar-
ket. Uncertainties about the size, productivity, and
economics of the Canadian resource base result in
considerable differences about the level of Cana-
dian exports to the U.S. The estimates of the west-
em Canadian resource base reviewed by the group
ranged from 200 to 300 Tcf. Up to 50 percent dif-
ference is due to differing estimates about forma-
tion and reserve growth in existing (known) fields.
In addition, up to 25 Tcf of tight gas resources are
estimated to be developable at $7.00/Mcf. How-

5On June 6, 1988, Northwest Alaskan Pipeline Company
and Foothilis Pipe Lines (Yukong) Lid., sponsors of the Alaska
Natural Gas Transportation System (ANGTS), announced a
reestimate of the cost of transporting Prudhoe Bay gas to U.S.
lower-48 markets. As a result of a 45 percent reduction in cap-
ital costs (10 $14.6 billion in 1988 U.8S. dollars) and some other
changes, the average levelized transportation cost over the first
10 years of operation has been reduced to $3.05/MMBtu in
1988 U.S. dollars. Esso Resources Canada Lid. has recently
made available an economic assessment of a “Mackenzie Val-
ley” pipeline to deliver Mackenzie Delta-Beaufort Sea gas to
the northern border of the United States via a route through
the Northwest Territories and Alberta. The economics for this
pipeline, with an annual capacity of 0.44 Tcf and flow starting
in 1997, indicate a pipeline tariff of $1.40/MMBtu or less in
1987 U.S. dollars. Capital investment is projected (o be §3.3
billion in 1987 U.S. dollars.
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Table 6.3: Canadian Conventional Resource Estimates (Tcf)

NEB WGML ICF-Lewin

Technically Recoverable 205 293 244-260
(less) Cumulative Production 1o Date 54 54 54
= Remaining Resource 151 239 190-206

at $2.00 per Mcf 86 n.e. n.e.

at $3.00 per Mcf 111 n.e. n.e.

at $5.00 per Mcf 136 n.e. ne.

(less) Proved Reserves 74 74 74
(less) Reserve Growth n.e. n.e. 46
= Undiscovered Resource 17 165 70-86

at $2.00 per Mcf 12 n.e. n.e,

at $3.00 per Mcf 37 n.e. n.e.

at $5.00 per Mcf 62 n.e. ne.

n.e. - not estimated.

ever, significant technological improvements will
be required to produce these latter resources,

Conventional Resource

The National Energy Board (NEB), Western Gas
Marketing, Lid. (WGML), and ICF-Lewin pre-
pared estimates of the resource available from con-
ventional formations in the Western Sedimentary
Basin, Overall, the NEB estimates of the resource
base, at 205 Tcf, are lower than those of ICF-
Lewin, at 244 to 260 Tcf, and those of Western
Gas Marketing, at 293 Tcf, as shown in Table 6.3.

The principal difference between the NEB and
ICF-Lewin estimates of conventional gas from the
Western Sedimentary Basin is the 46 Tcf potential
for reserve growth through extension and more in-
tensive development of known ficlds. The Cana-
dian Geological Survey (CGS) is updating its es-
timate of the Canadian natural gas resource. The
preliminary indication, based on work to date in
oil, is that CGS may increase the size of the re-
source from their previous estimates. In addition,
Western Gas Marketing, Ltd. has submitted an esti-

mate of 293 Tcf for the Westemn Sedimentary Basin
total resource, with a remaining undiscovered po-
tential of 165 Tcf.

Tight (zas Resource

Canadian Hunter and ICF-Lewin provided esti-
mates of the tight gas resource for a defined portion
of the Deep Basin where Canadian Hunter holds
significant leases. As shown in Table 6.4, the two
resource estimates are compatible and indicate that
a portion of the tight resource is economically com-
petitive with conventional gas.

Amoco Canada stated that technology has not
yet been demonstrated for producing the tight gas
resource. This situation results from undesirable
fracture height growth in the portion of the Deep
Basin being developed by Amoco.

Production and Constraints

The EMF 9 working group reached a consensus
that Canadian export capacity would be limited to
2 Teffyr in the time period 1988-2010, Within this
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Table 6.4: Canadian Tight Gas Resource Esti-
mates

Wellhead Resource
(3/Mcf) (Tcf)
ICF-Lewin $2.50 4
$3.50 11
$7.00 25
Canadian Hunter $3.00 6
$5.00 18
$7.00 24

constraint, however, Canadian gas would need 1o
compete economically with U.S. and other sources
of imported gas.

Summary of Key Resources Studies
National Energy Board of Canada

The National Energy Board (NEB) staff study of
Canadian export potential concentrated on conven-
tionally producible natural gas. Although the po-
tential for supplies from low permeability reser-
voirs was recognized, NEB did not feel that suf-
ficient information was currently available to esti-
mate with confidence either the size of the resource
base or the future levels of production.

The NEB estimates for the Western Canada Sed-
imentary Basin are summarized in Table 6.5, The
resource assumptions are founded on the average
expectation estimate of 88 Tef of undiscovered re-
coverable natural gas potential, made in 1983 by
the Geological Survey of Canada. Afier allowance
for subsequent discoveries, the undiscovered re-
source currently becomes 83 Tcf. Combining this
with 54 Tcf of cumulative production and 68 Tcf
of remaining established reserves yiclds a total re-
source base for the Basin of 205 Tcf. NEB notes
that this resource base estimate is between a high
probability estimate of 170 Tcf and a speculative

Table 6.5: National Energy Board Estimates of
Conventional Resources of the Western Canada
Sedimentary Basin (Tcf)

Initial Remaining

Technically Recoverable 205 151
Economically Recoverable
at $2/Mcf 140 86
at $3/Mcf 165 111
at $5/Mcf 190 136

Resources based on the average expectation estimate of
the Geological Survey of Canada, 1983,

estimate of 290 Tcf, as calculated from Geological
Survey data,

NEB noted that the average size of pools booked
between 1976 and 1986 was less than 2 Bcf/pool.
NEB considers that many of these small pools have
limited scope for reserve appreciation. Hence,
NEB thinks that reserve growth may not be a
significant component of future gas supplies from
small pools.

NEB estimated the economically recoverable re-
source by using a supply function which related
discovered resource to marginal supply costs. The
principal determinant of future gas costs was the
rate of new reserve additions per unit of new
drilling.

The NEB also provided estimates of reserve po-
tential for the Beaufort Sea-Mackenzie Delta re-
gion, the Arctic Islands, and the eastern Canada
offshore regions, also based on the 1983 estimates
of the Geological Survey of Canada. These to-
tal 263 Tcf at average expectation, including 35
Tcf discovered to date. Some production from the
Beaufort-Mackenzie and eastern offshore regions
is assumed by the NEB in arriving at its estimate
of export potential.
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ICF-Lewin Energy

The ICF-Lewin Energy natural gas resource study
concentrates on the conventional and tight gas
resources of the Western Sedimentary Basins of
Canada. This swudy estimates that the total eco-
nomically recoverable natural gas resource base is
from 244 to 260 Tcf, as shown in Table 6.6. The
estimate for undiscovered economically recover-
able conventional natural gas resource is 70 to
86 Tcf. This estimate was developed using two
approaches—a field/pool size distribution analysis
for the gas plays of Alberta and a finding-rate anal-
ysis, again for Alberta. The minimum economic
field size was set at 1 Bef. The results from Alberta
were then extrapolated to the total for the West-
emn Sedimentary Basin, assuming that Alberta ac-
counts for 75 percent of undiscovered conventional
resources in the basins. The ICF-Lewin Energy
estimate for additional reserve growth in existing
fields of 46 Tcf was based on work by Alberta’s
Energy Resources Conservation Board as well as
an independent appraisal using the data base on
discovered gas fields and pools of Alberta. Gas
production to date and remaining proved reserves
are from official Canadian sources. The estimates
for tight gas of 25 Tcf were prepared for the Deep
Basin area of Alberta and rclied considerably on
work by Canadian Hunter and Amoco Canada.

ICF-Lewin’s economic analysis of tight gas is
based on simulation of prospect performance us-
ing realistic cost and financial parameters. The
ICF-Lewin Energy study made no estimates for the
frontier areas of the Mackenzie Delta, the Arctic
Islands, or the Scotian Shelf.

Canadian Bunter

The Canadian Hunter study addresses the tight gas
resources of the Deep Basin in Alberia and, specifi-
cally, the Elmworth/Wapiti study area within which
the company has obtained comprehensive technical
data on tight sand resources.

Canadian Hunter estimates 12 Tcf as the re-
coverable resource in the conventional reservoir
sands of this arca of the basin (sands with in-

North American Natural Gas Markets

Table 6.6: ICF-Lewin Energy’s Estimate of
Canada’s Conventional and Tight Gas Re-
sources of the Western Canada Sedimentary
Basin (Tcf), 1986

Total
Alberta Western
Conventional Gas Resources
Produced to date 43 54
Remaining Reserves 64 74
Reserve Growth 39 46
Undiscovered Recoverables 5466 70-86
(Greater than 1 Bcf/Pool)
Total 200-212  244.260
Tight Gas Resources 25 25
(Greater than 1 Bcef/Well) :
at $2.50 4 4
at $3.50 il 11
at $7.00 25 25

situ permeabilitics greater than 0.05 millidarcies
(md), 1.0 md at the surface). The company also
estimaies that an additional 24 Tcf of tight gas is
recoverable from formations with in-situ perme-
abilities between 0.006 md and 0.05 md. Cana-

Table 6.7: Canadian Hunter Estimates of Cana-
dian Tight Gas Resources at Different Prices

Wellhead
Gas Price Resource
(19878/Mct) (Tch)

$2.00 1
$3.00 5
$4.00 12
$5.00 18
$6.00 22
$7.00 24
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dian Hunter's tight gas resource is primarily in the
shallower Fahler (A-D) and Cadotte formations of
Deep Basin.

The price-supply curve for Canadian tight gas
in the study area is provided in Table 6.7, in 1987
U.S. dollars per Mcf. Using the upper oil price
track provided by EMF, Canadian Hunter estimates
that 0.4 Tcf of tight gas could be produced by 1995,
0.9 Tef by 2000, and 1 Tcf by 2010, assuming a
reserves-to-production (R/P) ratio of 15,

TransCanada Pipeline/Western Gas Marketing

In 1987, Western: Gas Marketing Ltd. undertook a
study of the ultimate gas reserves of the Westemn
Canada Sedimentary Basin. The results indicate
that significant remaining reserves could be devel-
oped in this area. The technically recoverable re-
serves, or ultimate reserves, are estimated to be
293 Tcf with a remaining undiscovered potential
of 167 Tcf.

The WGML study divided the Western Canada
Sedimentary Basin (WCSB) into 12 study areas.
Ultimate natural gas rescrves were estimated for
each area utilizing a statistical method which re-
lated cumnulative drilling effort to cumulative re-
serve additions. The results for each area were
tabulated to arrive at an aggregate estimate for the
basin, as indicated in Table 6.8.

A supplemental study was done to estimate the
economically recoverable reserves in Alberta. This
was achieved by relating plant-gare price and find-
ing rate 1o gas well costs in Alberta. The results
indicate that the plant-gate price would have to be
$3.00/Mcf to economically develop the estimated
236 Tcf of ultimate gas reserves in Alberta.

Amoco

Amoco Canada’s position on tight gas reservoirs
in the Deep Basin area of Alberta and British
Columbia is;

“Amoco is of the opinion that there is yet no
proven technology to economically produce the
low permeability reservoirs in which the uncon-
ventional gas resources of the area occur. It be-

lieves that pilot projects are necessary to demon-
strate commercial viability.”

A more detailed technical paper, presented by
J. Sherrod Moore and David J. Hassan of Amoco
Canada at the 11th World Petroleum Congress
(1983), addresses the deeper very tight Nikanassin
formation of the Deep Basin in the Grande Prairie
Block area. It concluded that large (greater than
500-foot wing-length) fractures are essential for
producing the tight sands in this area. The authors
conclude that such fractures cannot be achieved in
this formation without the occurrence of undesir-
able fracture height growth.

Reserve Growth and Infill Drilling in
Gas Reservoirs

The response of domestic oil production to price
decontrol and to the price structure that prevailed in
the period 1979 to 1985 was substantial. For many,
this response of reserve replacement from a mature
resource base was indeed unexpected. Disaggre-
gation of oil reserve addition figures® has shown
that by far the greatest category of recent addi-
tions, more than 80 percent in fact, was through
reserve growth rather than new field discoveries,
even after appreciation. Abundant case studies
are being developed that show that reservoirs are
more complex and heterogeneous than previously
thought. Thus, poorly drained or entirely uncon-
tacted reservoir compartments are left as targets
for infill drilling and recompletion of wells in all
but the simplest reservoirs with the most efficient
drive mechanisms. This is not surprising in view
of the average 38 percent primary and secondary
recovery across Texas oil reservoirs, Despite the
greater mobility of gas in the reservoir, the same
concepts of reservoir heterogeneity are believed to
apply to gas.

For the purpose of the Energy Modeling Forum
(EMF) analysis, an estimate of gas reserve growth

Spisher, W.L., “Can the U.S. Oil and Gas Resource Base
Support Sustained Production?” Science, Vol. 236, pp. 1631-
1636, 1987.
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Table 6.8: Western Gas Marketing Resource Estimates (Tcf) for Western Canada Sedimentary

Basin
Northeast

British Western Total

Alberta Columbia Saskatchewan WCSB
Produced to Date 46 6 2 54
Remaining Established 61 8 2 72
Remaining Undiscovered Potential 129 35 ' 4 167
Ultimate Resources 236 49 8 293

potential was developed as part of the resource
base assumptions for the models. The appropriate-
ness of this input is largely based on evidence from
studies that exist within state commission hearing
files or are part of research in progress. This re-
search, supported by the Gas Rescarch Institute and
by the U.S. Department of Energy under different
projects, is aimed at providing a sound fundamen-
tal basis for gas reserve growth.

For example, Texas Districts 2, 3, and 4 along
the Gulf Coast and the South Louisiana Onshore
contribute 21 percent of domestic production and
contain reservoirs which are highly complex and
probably have gas within numerous undrained
compartments. Furthermore, many reservoirs have
been bypassed in these types of fields. Whether
bypassed gas is included as undiscovered resource
in known fields needs to be clarified; most often,
undiscovered gas resources in known fields are
conceived of as deeper pool prospects with less
emphasis on those reservoirs already drilled into.

Recoveries from individual conventional gas
reservoirs have been quoted in the range of 50 to
80 percent. Reservoir type, drive mechanism, and
wellhead pressure relative to line pressure are fac-
tors most frequently cited as affecting gas recov-
ery efficiency. Geological reservoir complexity is
acknowledged, but little basis exists for describ-
ing, much less quantifying, its impacts. The initial
consensus of a number of gas analysts is that the

direction will be positive, based on the most recent
experience in oil. Based upon previous studies of
oil reservoirs, but accounting for the greater mo-
bility of gas, the EMF 9 group considered the gas
reserve growth potential to be about 20 percent of
estimated ultimate recovery, based on traditional
methods of reservoir development. As an exam-
ple, application of 20 percent growth to a reservoir
with 100 Bcf of original gas in place (OGIP) and
an estimated ultimate recovery of 65 percent would
mean the recovery of an additional 13 Bcef of gas
or 13 percent of OGIP. The degree of gas reserve
growth potential is expected to vary according to
the type of reservoir.

Other Reserve Growth Estimates

Reserve growth of gas ficlds has historically been
calculated from annual tables of ultimate recovery
by year of discovery published by the American
Petroleum Institute and the American Gas Asso-
ciation. This data series ended in 1979 and cap-
tures historical and traditional sources of reserve
growth, such as extensions and new pools. How-
ever, through 1977, the vast majority of major
nonassociated gas reservoirs were still at one well
drilled per 640 acres spacing and some even at one
well drilled per 1,280 acres. As a result, these data
do not reflect the potential recovery from reser-
voirs drilled at closer spacing. To affect the tables
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published in 1979, such infill drilling would have
occurred by at least 1977 and probably even ear-
lier.

In a new reserve growth assessment done for the
U.S. Department of Energy, some 10,000 fields
distributed across the U.S. in 334 groups of ge-
ologically related reservoirs, termed plays, were
evaluated for increased recovery on the basis of
their geologic complexity. Onshore nonassociated
gas reservoirs appraised from the data base rep-
resent 90 percent of lower-48 onshore nonassoci-
ated gas reserves. A geologic assessment of the
reserve growth capacity of these reservoirs was
made on a play-by-play analysis. The result is
a reserve growth potential of 119 Tcf when ex-
trapolated across the full lower-48 onshore nonas-
sociated gas reserve base, including probable re-
sources.

Because few major gas reservoirs are devel-
oped at spacings below 640 acres per well and
even fewer below 320 acres per well, it is likely
that there is minimal overlap with probable re-
sourcesfinferred reserves. Inferred reserves are de-
rived from historical reserve appreciation factors
in the methodology of the USGS and the MMS.
Probable resources defined by the PGC are primar-
ily deeper pool and extension development done in
the historical context of field development. Since
almost all of this historical development was done
at the well spacing cited above, projections of fu-
ture development based on these data do not in-
clude infill drilling.

Gas Reserve Growth in the EMF 9 Study
Design

The incremental gas resource available from ex-
tended reserve growth as entered into the EMF
scenario design amounts to 27 Tcf at $2.50/Mcf
and 50 Tcf at $5.00/Mcf for the reference case,
and 24 Tcf at $2.50/Mcf and 44 Tcf at $5.00 Mcf
for the low resource case. These volumes assume
primarily currently available technology and rep-
resent a conservative approach to reserve growth
potential. Advances in gas extraction technology

are expected to increase the availability of both
infill and unconventional resources. For gas re-
serve growth, research on the improved extraction
of bypassed and infill gas resources, as well as the
advanced prediction of deeper pool resources, is
now under way.

Estimates of gas volumes from infill drilling is
less sensitive to price than is gas from uncon-
ventional resources. This is because gas reserve
growth involves more current and foreseeable tech-
nologies, but unconventional gas will require more
advanced recovery technologies.

Environmental Regulations

The Environmental Protection Agency (EPA) re-
cently reviewed the need for increased levels of en-
vironmental regulations for domestic U.S. oil and
gas drilling and producdon. Several studies have
shown that the impacts of full RCRA Subtitle C’
hazardous waste regulations would have severely
reduced production and reserves. Therefore, the
EPA concluded in their report that full compliance
with potential Subtitle C regulations was unneces-
sary and impractical at this time. They made final
recommendations to Congress that will focus on
augmenting existing state programs, with no Sub-
title C regulations.

None of the models used in the EMF study in-
corporate environmental regulations of this type.
Yet EPA will continue to consider additional envi-
ronmental regulations and requirements that could
be costly to the industry. This section reviews the
potential cost impacts of such regulations, as esti-
mated in recent analtyses.

While most potential environmental regulations
primarily affect oil and water production and mud
disposal, the capital consequences of potential reg-
ulations may induce budgetary constraints and

"Under Subtitle C hazardous waste regulations of the Re-
source Congervation and Recovery Act (RCRA), hazardous
drilling wastes would be disposed of in special facilities and
hazardous water would be injected into Class I injection wells,
Subtitle C-1 assumes that produced water in secondary recov-
ery operations is exempt from regulation.


eleni
Rectangle


126

hamper gas-directed exploration and development
activities. The focus that follows is therefore on
the potential initial and annual cost impacts for
both onshore and offshore areas. Potential benefits
of regulation are not addressed, since no studies
have analyzed potential benefits.

For onshore production operations, the EPA
studied three major scenarios. A baseline scenario
represented current waste management practices.
Second, intermediate and Subtitle C-1 cases repre-
sented somewhat stricter controls. And finally, a
Subtitle C case represented full RCRA compliance.
For each case, twO Scenarios were run, assum-
ing that either 10 percent or 70 percent of wastes
were classified as hazardous. The EPA reporied
an annual cost of compliance that ranges from $49
million to $12 billion, depending on the severity
of regulations. Under the most stringent scenario
(Subtitle C, 70 percent), projected U.S. oil produc-
tion in 2000 falls by 19 percent and oil prices rise
$1.08/barrel (bbl).

Data Resources Inc. (DRI) performed a study
for the Department of Energy (DOE) using the
EPA scenarios and costs. The resulting impacts
are similar—a range from negligible to severe, de-
pending on the scenario. The maximum impacts
are that, relative to the baseline case, U.S. oil pro-
duction falls 16 percent (770/MBD) and gas pro-
duction declines 4 percent (.55 Tcf) for the 1995-
2000 period if full Subtitle C controls are imple-
mented. U.S. oil imports increase by 770 MBD in
1995.

ICF-Lewin Energy also studied potential regu-
lation using the EPA scenarios. Their results are
consistent with the EPA and DRI conclusions. The
impact of the intermediate case is small, but Subti-
tle C regulations severely reduced current reserves
and production. This study also quantified the im-
pacts on enhanced oil recovery (EOR) production.
The range of EOR reserve losses ranged from 55
million barrels oil-equivalent (MMBO) in the in-
termediate 10 percent case to 5.1 billion barrels
oil-equivalent (BBO) in the Subiitle C 70 percent
case. Production losses for this range are 0-290
MBO/D in 2000.

North American Natural Gas Markets

ICF-Lewin also performed a study on the im-
pact of increased environmental regulations on the
undiscovered resource base. The conclusions are
that full Subtitle C regulations have the same im-
pact on undiscovered U.S. crude oil reserves as a
$15/bbl decrease in oil price. As a result, up to
4.2 BBO of undiscovered reserves would become
uneconomical at $25/bbl oil prices.

Potential increased offshore costs as a result of
compliance with the proposed New Source Perfor-
mance Standard (NSPS) regulations on the reinjec-
tion of produced water were calculated by the EPA,
then critiqued by three groups: the API, Walk Hay-
del and Associates, and Lewin and Associates. The
EPA calculated that the impact of compliance with
NSPS shallow water regulations would be $587
million (1983), However, all other parties gener-
ally reported higher cost impacts than did the EPA,
Lewin and Associates estimated the maximum po-
tential capital impact for offshore operations to be
$1.4 billion through the year 2001, with annual
costs of $275 million in 2001. In addition, lost
revenues from early platform abandonments and
uneconomical fields could be up to $34.2 billion.
Finally, the lost reserves due to early abandon-
ments could be 60 MMBO and 80 Bcf, and could
be up to 1.2 BBO and 1.7 Tcf due to uneconomical
fields.

All of the above studies in general assume that
current drilling and production practices continue.
Practically speaking, drilling and production tech-
nology changes will occur in response o any new
regulations. This should serve to lower costs and
mitigate the impacis of increased environmental
regulations.
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Appendix to Chapter 6

Key Results by Resource Category
in the DOE Study?

Proved Reserves

All lower-48 onshore and offshore gas reserves of
159 Tcf (dry gas basis) are judged economically re-
coverable at less than $3/Mcf. This is the most cer-
tain element of the resource base because proved
reserves are those estimated quantities that analy-
sis of geologic and engineering data demonstrates
with reasonable certainty to be recoverable in fu-
ture years from known reservoirs under existing
economic and operating conditions.

Inferred Reserves/Probable Resources On-
shore

The DOE review panel estimates that 85 Tcf of
inferred reserves/probable resources occur onshore
in the lower-48 states. All gas in this category
is judged economically recoverable at less than
$3/Mcf. This gas is from the expected expan-
sion of known ficlds through development drilling
of field extensions and pools at other, generally
greater depths. This is more uncertain than proved
reserves because producing wells have not been
drilled; however, it is known that these reservoirs
exist.

Inferred Reserves/Probable Resources Off-
share

A total of 23 Tcf of inferred reserves/probable re-
sources exists offshore in the lower-48 states, and
100 percent is judged economically recoverable at

fess than $3/Mcf.

¥ This supplementary information is adapted from the report
by Fisher et al, op.cil., prepared for the U.S, Department of
Energy.

Extended Reserve Growth in Nonassociated
Gas Fields Onshore

This category of the natural gas resource base rep-
resents gas distributed in known fields recoverable
through intensive development of heterogencous
reservoirs. This gas is uncontacted in existing
reservoirs at current field spacings and completion
intervals, Definition: of this resource category is a
major contribution of the DOE study. More than
300 plays, or groups of geologically related reser-
voirs, including some 10,000 fields, were evaluated
nationally, and a natural gas resource of 105 Tcf
in existing fields was defined. This resource can
be accessed through infill drilling in new wells and
recompletion of bypassed zones in existing wells.
An additional 14 Tcf of resources can come from
extended reserve growth of new pools and exten-
sion drilling used to develop onshore inferred re-
serves/probable resources. Because the gas occurs
in existing reservoirs, it would tend to be relatively
inexpensive. The total volume of resource defined
as having extended reserve growth potential is 119
Tef. Of that, 56 Tcf is judged recoverable at less
than $3/Mcf and 18 Tcf is judged recoverable at $3
to $5/Mcf. A volume of 50 Tcf of gas resource ac-
cessible by infill drilling was included in the EMF
base case scenario design at prices of up to $5/Mcf,

Gas Resources Associated with Qil Reserve
Growth

Detailed data on 450 large reservoirs in Texas and
an in-depth study of part of the Permian Basin in
West Texas were used to extrapolate to the national
level (lower-48 states light oil resource base) the
increased amounts of associated gas potentially re-
coverable through oil reserve growth. Oil reserve
growth, the improved recovery of mobile oil from
known reservoirs, is currently the largest contribu-
tor to oil reserve additions. The national resource
evaluated by the review panel in this category is
61 Tcf, of which 30 Tcf is judged recoverable at
less than $24/bbl and 11 Tcf is judged recoverable
at $24 to $40/bbl.
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Undiscovered Recoverable Resources On-
shore, Lower-48 States

Estimates in this category by the USGS and the
PGC vary. The PGC estimates of undiscovered
resources include gas from low-permeability for-
mations, whereas the USGS estimates do not. The
difference between the two approaches must be ac-
counted for to make comparable evaluations within
this assessment. Therefore, a weighted-average
26-percent low-permeability resource in the PGC
estimate of possible and speculative resources was
excluded. Further, estimates of undiscovered gas
resources in the Anadarko Basin in both estimates
(25 Tcf by the USGS and 112 Tef by the PGC)
were replaced on a consensus basis by a 1988 esti-
mate of 46 Tcf made by Energy and Environmental
Analysis, Inc. for the Gas Research Institute. Ex-
cluding estimates of gas in low-permeability for-
mation and the Anadarko Basin, total national es-
timates by the USGS and the PGC are compara-
ble. The resulting estimate considered by the re-
view panel is an undiscovered lower-48 onshore
resource of 219 Tcf, Of this resource, 88 Tcf is
judged recoverable at less than $3/Mcf and 59 Tcf
is judged recoverable at $3 to $5/Mcf. The eco-
nomic estimates include finding costs but do not
necessarily consider the availability of pipelines or
markets or the timing of production.

Undiscovered Resources Offshore

The review panel used the MMS estimate of 128
Tcf for federal offshore lower-48 undiscovered gas
resources rather than an average of the MMS and
PGC estimates, This was done in view of the data
base used by the MMS and modeling conducted by
them, and because their estimates included deep-
water resources in the Gulf of Mexico, and the
PGC estimates did not. The Review Panel added
6 Tef for undiscovered state offshore resources to
the MMS federal offshore estimate for an undis-
covered offshore resource total of 134 Tcf. The
review panel judged that 54 Tcf is recoverable at
less than $3/Mcf and 28 Tcf is recoverable at $3
to $5/Mcf.
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Gas in Low-Permeability Formations

Large estimated volumes of in-place gas exist
in low-permeability formations, but only smaller
amounts are considered recoverable using cur-
rent technology. The review panel excluded low-
permeability formations of the Northem Great
Plains from consideration in this assessment to
maintain a conservative approach to economically
recoverable gas. Of a technically recoverable re-
source base of 180 Tcf, the review panel judged
70 Tcf recoverable at less than $3/Mcf and 49 Tcf
recoverable at $3 to $5Mcf. Volumes of gas in
low-permeability formations assume current tech-
nology, but with advanced technology larger vol-
umes can be recovered.

Coalbed Methane

Of 215 Tcf of original gas in place appraised by
ICF-Lewin Energy, 90 Tcf is considered techni-
cally recoverable. Of this technically recoverable
volume, 48 Tcf is accessible in areas of currently
producing basins where production has not yet
been developed. The review panel considered this
volume of gas as the basis for its assessment. Of
the 48 Tcf, 8 Tcf is judged recoverable at less than
$3/Mcf and 4 Tcf is judged recoverable at $3 to
$5/Mcf.

Shale Gas

Of 800 to 1,900 Tcf of original gas in place, iCF-
Lewin Energy appraised a resource of 84 Tcf. Of
the appraised resource, 31 Tcf is recoverable using
current technology. The review panel judged that
10 Tcf of the 31 Tcf resource is recoverable at less
than $3/Mcf and 5 Tcf is recoverable at $3 and
$5/Mcf.

Alaskan Natural Gas

Alaskan gas reserves are an exception to the defini-
tion of proved reserves in that they are largely not
recoverable at current (1987) economics because of
the lack of transportation to market. Thus, only 7
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Tcf of southern Alaska reserves is economic at less
than $3/Mcf. Similarly, the estimated undiscov-
ered Alaskan resources of 93 Tcf, if found, would
be producible only in southem Alaska.

Other Resources

Gas, both natural and synathetic, is available from a
- variety of other sources that are not considered vol-
umetrically in this analysis. These include gas in
water-driven, depleted reservoirs and gas in ma-
ture, saturated, geopressured geothermal waters,
each available through coproduction of water and
gas. Also not included is an increment of natural
gas potentially available through reserve growth
of natural gas fields yet to be discovered. Fi-
nally, this analysis does not consider gas hydrates
nor synthetically produced gas from coal and other
sources.

Estimations of natural gas in different categories
of the resource base, as well as volumes estimated
as recoverable at different price levels, have vary-
ing levels of uncertainty associated with them. It
must be emphasized that all elements of the narural
gas resource base, except proved reserves, must be
converted to reserves before they can be produced
and become part of the supply stream. The vol-
ume of the resource base that ultimately becomes
supply depends on volume of drilling, which is in
turn sensitive to price, technology, and technology
development. The estimates that have been incor-
porated into the EMF 9 study are summarized in
Table 6.2 in the chapter’s text.
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Chapter 7

Suggestions for Future Research

During the study, several natural gas industry is-
sues were defined that the group felt required addi-
tional research. For example, the effects of recent
regulatory changes in the gas industry are still un-
folding and their impacts on the market are only
beginning to be felt and analyzed. Lack of analysis
of these key issues is reflected in many natural gas
models, which do not explicitly incorporate many
important regulatory policies. Given the extent of
the recent federal and state regulatory changes and
the importance of their rulemakings, not incorpo-
rating their effects on the industry’s operation lim-
its the type of analyses that can be undertaken. In
addition, by not explicitly incorporating the regu-
latory environment, major changes in the direction
of the gas industry cannot be adequately analyzed.

Some models used in this study have addressed
several of the issues outlined below. However, the
group believes that the general analyses of the in-
dustry can be improved by addressing these issues
qualitatively and quantitatively. Finally, depend-
ing upon the objectives of the analyst, not all of
these issues need to be addressed.

The following topics werc identified by the
working group as requiring additional research.
The discussion of each topic is brief, and the order
does not refiect the relative importance attached by
the group to the particular issue.

1. Modeling of Regulation—As noted above,
few attempts have been made to quantitatively
analyze and model the effects of regulatory
decisionmaking at the state and federal lev-
els on the gas industry. Many of the models
assume a workably competitive market struc-
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ture and will be most appropriate for analyses
if the current trend toward a more competitive
gas market continues. Nevertheless, many of
the equations used to analyze the industry are
based on data from a more regulated time pe-
riod and could be statistically biased. More
significantly, changes in existing regulations
cannot be adequately analyzed to determine
the effects on the development of the market.
It is the working group’s opinion that signif-
icantly more resources nced to be devoted to
improve the methods to understand and ana-
lyze the impacts of regulatory policy.

. Rates—Most of the models utilized exoge-

nous and ofien fixed transmission and distri-
bution rates. As the industry competes with
alternative fuels in the future, transmission
and distribution margins could come under in-
creasing pressure. The working group iden-
tified this arca as being an extremely criti-
cal one for additional research, Transmission
and distribution rates should be analyzed care-
fully in future studies, and for some appli-
cations they should be incorporated endoge-
nously within the models.

. Regional Wellhead Gas Price Differentials—

Wellhead gas prices vary by region due to
the characteristics of the end-use markets in
which the gas is consumed, the alternative
fuel that gas competes against, and frans-
mission and distribution margins. Some of
the models contain only an average wellhead
gas price for the U.S. To properly determine
the incentives to explore, develop, produce,
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and deliver gas and to understand gas pric-
ing throughout the U.S., analytical tools must
be developed that better account for the dif-
ferences that exist in regional wellhead gas
prices. The framework used by some of the
EMFE 9 models (Group A in Table 4.1 of
Chapter 4) represents one possible approach
for studying regional wellhead price competi-
tion.

Interaction of Canadian and U.S. Gas
Markets ~Many analyses treat the United
States and Canadian gas markets as separate
entities. In studies of the U.S. markets, Cana-
dian gas imports and prices are often set ex-
ogenously. This assumption may have been
reasonable when each country’s gas market
was more tightly regulated, as in the late
1970s and early 1980s. To better understand
the reactions of Canadian and U.S. gas pro-
ducers and consumers in a market-oriented
trading environment, models which integrate
U.S. and Canadian markets are needed 10 an-
alyze wellhead gas price developments in the
United States and Canada. Examples of such
models in this study include GRI North Amer-
ican, GTM, and AGAS.

. Price Volatility—Price volatility has increased

in the natural gas market from the wellhead
to the burnertip over the last few years. His-
torically, gas prices have not been used as
a short-term, market-clearing mechanism, in
contrast to most commodity markets. As a
result, price distortions caused long-term im-
balances between the gas supply and demand
because natural gas prices followed long-term
cycles. Since 1983, gas prices have become
an increasingly important factor in the indus-
try and have displayed considerable month-
to-month changes. At this time, the effect of
price volatility on natural gas demand, sup-
ply availability, investment, and strategy de-
cisions is poorly understood. Further research
should be undertaken to more clearly under-
stand the effects of price volatility.
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6. Scasonality—As the gas market has become

more competitive and open, gas prices and
demand have displayed greater seasonal vari-
ation. Seasonality should be studied to under-
stand fully short-term supply, demand, pric-
ing, and pipeline allocation issues. All of the
models that participated in EMF 9 were an-
nual and unable to directly analyze this issue,

. Shapes of the Gas Demand and Supply

Curves—As shown in Figure 3.1 of Chapter 3,
the gas demand curve is inelastic at the ends
with an elastic section in the middle. The ex-
act shape of the curve, however, is uncertain.

Uncertainty also exists about the shape of the
gas supply curve—does it have the traditional
constant upward slope or does it also have in-
elastic portions at the top and bottom with
an elastic section in the middle? The lat-
ter curve reflects a situation where significant
price increases are required to produce the
initial and last amounts of gas; but within a
middle range, large supply changes could oc-
cur for small price changes—the elastic por-
tion. The uncertain shapes of the supply and
demand curves could yield either extremely
volatile gas pricing due to rapid supply and
demand shifts or a gas market which could be
in balance at a variety of different gas price,
supply, and demand levels.

Significant differences exist among the mod-
elers and other analysts in the working group
on the exact shapes of the industry’s supply
and demand curves. A better understanding
of the economic, technical, and geologic fac-
tors that influence the shapes of these curves
is required.

. Potential Fuel Switching—A major factor that

will influence the amount of gas used in the
next few years is the potential level of switch-
ing to other fuels by gas users. Fuel switching
can be characterized by the rate at which it can
occur:
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e Very short-term switching (within a few
months) of gas to an alternative fuel in
dual-fired boilers. Much of this switch-
ing could be to residual fuel oil.

o Intermediate-term switching (within a
year) through retrofits to make gas boil-
ers that can only burn gas, dual fired
with other fuels.

e Longer-term switching (within several
years) of gas equipment to totally or par-
tially use non-gas fuels.

Several estimates exist which indicate that a
significant potential loss of gas load could
occur if gas became uncompetitive with se-
lected oil products. In addition, the amount
of switching will be instrumental in deter-
mining how bumertip and netback wellhead
gas prices develop in the future. Unfortu-
nately, little agreement exists about the exact
size and rate at which this switching can and
will occur. Additional research into the dif-
ferent types of fuel switching is required to
better understand the dynamics of gas use in
the United States. This analysis will be more
useful if done at a very disaggregated level
(boiler-by-boiler when possible).

The extent of fuel switching from gas to resid-
ual fuel oil also depends upon:

o the effect of oil-refining capacity con-
straints on residual fuel oil prices;

e the resulting feedback effects of higher
oil prices on North American gas mar-
kets;

¢ the national security implications of in-
creased oil imports; and

o the effects of air quality and other envi-
ronmental considerations on gas and oil
use.

. Conservation—In general, it was not possible
to explicitly identify or quantify the factors
influencing conservation using the gas indus-
try models. Given thal real gas prices are

10.

11.

12,
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expected to rise in the future and that new,
more efficient advanced gas technologies are
being developed, better modeling of conser-
vation is an important factor in understanding
future levels of gas demand.

Effect of Electric Utility Deregulation on Nat-
ural Gas Usage—PURPA and recent FERC
proposals are starting to deregulate the pro-
duction and transmission of electricity. In ad-
dition, the problems many utilities are hav-
ing in passing through the costs of existing
and new large-scale generating plants—coal
or nuclear—are causing them to look into
the development of gas-fired generation—
combined-cycle gas turbine units, select use,
and cogeneration. This study analyzed the ef-
fect of additional gas usage by electric utilities
to determine the effects on gas pricing, pro-
duction, and feedback effects on gas demand
in other sectors. Substantially more needs to
be done to determine the level, location, and
type of gas-fired electrical generation (peak
vs. base) that might be developed in the fu-
fure.

Impact on Natural Gas Usage of Advanced
Altemative Fuel Technologies—Several non-
gas advanced technologies—such as clean
coal or fluidized bed technologies—are un-
der development that could significantly affect
the use of natural gas, especially in the indus-
trial and electric utility sectors. This study
did not analyze the effects that competitively
priced advanced technologies could have on
gas usage. For example, competitive clean
coal technologies could significantly replace
gas use in the industrial and utility boiler mar-
kets or a front-cnd coal gasifier could be in-
stalled on combined-cycle gas turbine plants,
The working group felt that the potential ef-
fects of these advanced technologies on gas
usage should be analyzed further.

Potential for Natural Gas as a Transportation
Fuel—Natural gas can be used as a transporta-
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13.

14.

tion fuel directly as compressed natural gas
(CNG) or when converted to methanol. More
research needs to be done to define the po-
tential market that natural gas could meet as
a transportation fuel along with requirements
and costs of developing the infrastructure to
deliver it.

Supplemental Gas Supplies—If domestic con-
ventional gas production is not available, ad-
ditional gas supplies, such as liquefied natu-
ral gas, could be imported by pipelines, coal
could be gasified, or unconventional supplies
could be developed. Additional research is re-
quired to define more precisely the potential
volume, cost, and location of these resources.

U.S. and Canadian Resource Bases—As indi-
cated in comparing the two U.S. gas resource
base cases used in the study, their levels and
geologic distributions will be critically impor-
tant in determining the amount and price of
gas available for production and trade. Cur-
rently, several distinct estimates exist about
the size and distribution of the U.S. and Cana-
dian natural gas resource bases—both conven-
tional and unconventional. Confirmation of
reserve growth through infill drilling is needed
to establish these resources as a separate com-
ponent not currently included by existing es-
timation techniques. Moreover, the distribu-
tion of the resource base—dcep vs. shallow,
onshore vs. offshore—is also critical in de-
termining the likely cost to explore and de-
velop fields. For example, if the U.S. re-
source growth in existing ficlds estimate iden-
tified in the DOE “Gas Inidative” study is cor-
rect, there will be less need to develop new
pipelines from untapped supply areas. Since
s0 much uncertainty exists about the resource
base, and given its importance in determining
the potential gas market that can be served,
additional research to better understand the
size and distribution and the cost to develop
and produce the U.S. and Canadian resource
bases should be undertaken,

15.

16.

17.
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Advanced Gas Drlling and Production
Techniques—One conclusion of the study is
that wellhead gas prices will be rising in the
future as the resource base matures, requir-
ing additional costs to find and produce the
smaller marginal gas deposits. Advances in
gas exploration and production techmology,
however, could reduce drilling costs, mak-
ing both conventional and unconventional re-
sources more economic to find, Additional
research on the effects of technology on gas
production costs is needed for understanding
future market dynamics.

Effect of Environmental Regulations on
Gas/0il Drilling and Production—As indi-
cated in one of the special topic papers,
the declaration of exploration and production
wastes as hazardous by the EPA could have
greatly increased the cost of exploring for and
producing natural gas and oil. Higher costs
due to the proposed regulations could reduce
drilling, reserve additions, and production at
a given wellhead price. None of the models
could adequately analyze this policy or other
changes in environmental regulations affect-
ing oil and gas drilling. Further work needs to
be done to more accurately assess the impact
of potential changes in environmental regula-
tions.

Pipeline and Storage Capacities and Costs—
In general, the models either assumed that ad-
equate gas pipeline and storage capacities ex-
ist and are in the right location when they are
needed or that the capacities are fixed. Given
the changes that will be occurring in gas sup-
ply areas in the future and due to potential ca-
pacity constraints in existing systems, the cost
to develop and operate new pipelines will be
an important factor in explaining the develop-
ment of the U.S. gas industry. Analyses need
to be underiaken to determine how pipeline
and storage factors will influence the gas in-

dustry.



Appendix

A Glossary of Economic and Industry
Terms

Allocation of Risk The distribution of the economic risks of investment between producers, pipelines,
distributors, and consumers.

Associated Dissolved Gas Natural gas which occurs in crude oil reservoirs either as free gas (associated)
or as gas in solution with crude oil (dissolved).

Barrel A volumetric unit of measure for crude oil and petroleum products cqilivalem to 42 U.S, gallons.
This measure is used in most statistical reports. A barrel of crude oil equals approximately 5.8
million Btus.

Bef One billion cubic feet of natural gas at 60F and atmospheric pressure at sea level.

British Thermal Unit (Btu) The quantity of heat required to raise the temperature of one pound of water
by one degree Fahrenheit at or near 39.2 F.

Burnertip The point of end-use consumption of a particular fuel, most often natural gas or residual fuel
oil.

Bypass The ability of industrial customers to obtain gas directly from a pipeline and thereby circumvent
local distribution companies.

Clean Coal Technologies Processes for making coal environmentally sound for power-generation pur-
poses.

Cogeneration The simultancous production of electricity and steam from a powerplant. Electricity is
most often sold for utility purposes, while steam is diverted to industrial uses.

Combined-Cycle Gas Turbine A turbine that uses the waste heat from an initial-stage turbine as fuel
for a second-stage turbine. Higher heating efficiency relative to a single-cycle gas turbine is the
result.

Commercial Consumption Gas used by nonmanufacturing organizations, such as hotels, restaurants,
retail stores, laundries, and other service enterprises; gas used in agriculture, forestry, and fisheries;
and gas used by local, state, and federal agencies engages in nonmanufacturing activities.
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Commodity Charge That portion of a natural gas rate based upon the volume actually purchased.

Contract Carriage A situation when a pipeline carries gas supplies for selected customers or shippers
on a contract basis rather than its own gas supplies for resale.

Contract Demand The amount of gas a scller agrees to deliver on a daily basis for a specific price
in accordance with a service agreement. The buyer need not take this maximum quantity on any
given day.

Cost of Service A rate-making concept used for the design and development of rate schedules to ensure
that the filed rate schedules recover only the cost of providing the gas or electric service at issue.
This concept attempts to correlate the utility’s cost and revenues with the service provided to each
of the various customer classes.

Cost of Service Pricing A tariff that specifies that a natural gas company (seller) shall be reimbursed
for his cost of service, including a specified rate of retumn on the rate base, as distinguished from
the tariff which specifies sales volume.

Cross-Subsidization The practice of charging rates higher than actual costs to industrial and utility
customers and passing on lower rates to residential and commercial customers.

Decoupling The dissolution of specified pricing relationships (e.g., parity among bumertip gas and a
refined oil product price). Decoupling of gas and oil prices refers to gas and residual fuel oil no
longer being priced at parity on a Btu basis.

Deep Gas Gas that lies in formations that are deeper than 15,000 feet.
Deepwater Gulf of Mexico areas with water depths greater than 1000 meters.

Demand Charge That portion of the charge for service which reflects a customer’s contract requircments
or special facilities.

Distribution Margin The excess of a local distribution company’s gas revenue over its total gas purchase
costs divided by throughput. On a system basis, end-user gas cost minus citygate gas cost.

Distribution Rates The rates charged by local distribution companies for gas supplies delivered and sold
to end-users.

Economic Efficiency An economic condition in which resources are allocated to move “as far as possible
in the satisfaction of wants within resource and technological constraints” (New Palgrave, ed. by
J. Eatwell, M. Milgate, P. Newman; New York: Stockton, 1987, Vol 2, p. 107.)

Economies of Scale An economic condition in which average costs decrease (economies) or increase
(diseconomies) as output expands, holding input proportions constant.

Electric Utility Consumption Gas used as fuel in electric utility plants.
Endogenous Originating from internal sources (i.e., calculated intemally).

Energy Modeling Forum An international activity headquartered at Stanford, devoted to improving the
application of analytical techniques to energy policy and planning.
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Estimated Ultimate Recovery (EUR) The ultimate reserves that a well or field will recover from pro-
duction initiation to depletion.

Ex Ante “Before the fact”.
Ex Post “After the fact”.
Exogenous Originating from extemal sources. An extemal assumption for a computer model.

Federal Energy Regulatory Commission (FERC) The federal agency with jurisdiction over natural
gas pricing, wholesalc clectric rates, hydroelectric licensing, oil pipeline rates, and gas pipeline
certification.

Federal Power Commission (FPC) The regulatory body authorized by the Natural Gas Act of 1938 to
regulate gas sales rates in interstate commerce. The FPC was the predecessor to the FERC.

Field A group of one or more wells producing from the same geologic formation.

Firm Capacity Pipeline service offered to customers (regardless of class of service) under schedules
or contracts which anticipate no interruptions. The period of service may be for only a specified
part of the year as in off-peak service. Certain firm service contracls may contain clauses which
permit unexpected interruption in case the supply of residential customers is threatened during an
emergency.

Frontier Frontier areas are new, large, relatively remote, and unexplored areas that are expected to be
productive. Examples are the Beaufort Sea and offshore Adlantic areas of Canada.

Fuel Switching The ability of a boiler to burn alternate fuels, such as gas or residual fuel oil. Switching
occurs when one fuel is substituted for another on the basis of price and can be categorized by the
rate at which it occurs:

e Very short-term switching of gas to an altemate fuel in dual-fired boilers. Much of this switching
would be to residual fuel oil.

e Intermediate-term switching through retrofits to make gas boilers which can only bum gas,
dual fired with other fuels.

o Longer-term switching of gas equipment to totally or partially use nongas fuels.

Gas Bubble The persistent excess of natural gas deliverability above market demand. Deliverability, or
the maximum rate at which a well or field can produce, is the important factor, not actual production.

Gas Inventory Charge An inventory holding charge paid by a pipeline to compensate producers for
holding reserves that are dedicated to the pipeline.

Gas-to-Gas Competition The competition between different gas suppliers competing for markets. Pri-
marily a function of decre¢asing demand, the presence of multiple pipelines serving particular markets,
and excess deliverability.

Independent Power Producers Electricity producers that are not part of a regional utility, but operate
in an entrepreneurial fashion, often with cogeneration facilities.
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Industrial Consumption Natural gas used by manufacturing and mining establishments for heat, power,
and chemical feedstock.

Infilt Drilling Reducing the effective spacing in already developed fields by drilling between existing
wells. This is a means of recovering incremental reserves or accelerating reserve recovery.,

Interruptible Capacity A pipeline service in which transportation capacity is assured only if there is
excess capacity after all firm commitments are satisfied.

Interstate Transmission of gas across state lines.
Intrastate Transmission of gas entirely within a state’s boundaries.

Liquefied Natural Gas (LNG) Natural gas which has been liquefied by reducing its temperature to
minus 260 degrees Fahrenheit at atmospheric pressure.

Load The amount of electric power or gas delivered or required at any point on a system, Load originates
primarily at the energy-consuming equipment of the customers.

Load Factor The ratio of average load to peak load for a specified period, usually expressed as a
percentage. '

Local Distribution Company (LDC) A company that obtains the major portion of its gas revenues from
the operation of a retail gas distribution system and that operates no transmission system other than
incidental connections within its own system or to the system of another company.

Marginal-Cost Pricing Pricing of a commodity (gas) based on the cost of producing and transporting
the most expensive unit actually sold.

Market Power When any buyer or seller, or group of buyers or seliers, exerts a disproportionate share
of influence or control in a market.

Mcf One thousand cubic feet of natural gas at 60F and atmospheric pressure at sea level. Roughly
equivalent to a million Btus,

Merchant Service The service of pipelines whereby gas is bought by a pipeline from a producer, then
resold by the pipeline to a distribution company or end-user. Actual transfer of title from producer
to pipeline to LDC occurs. (Also referred to as “sales service”.)

Millidarcy (md) One one-thousandth of a darcy. A darcy is the empirical measure of the permeability
of a formation in which a one centipoise viscosity fluid will move at a velocity of one centimeter
per second under a pressure drop of one atmosphere per centimeter.

Minerals Management Service (MMS) A department in the U.S. Department of Interior that is charged
with overseeing leasing operations and reserve analysis in offshore U.S. areas.

Minimum Bill A charge that requires the purchaser to pay the full commodity charge for a specified
percentage of contracted quantities whether or not the specified amount of gas is actually taken.

Monopsony A market situation with only one buyer.
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Natural Gas Act of 1938 This act gave the Federal Power Commission (FPC) power to issue certificates
of public convenience and necessity, and to regulate gas sales rates in interstate commerce. The
FPC was the predecessor to the FERC.

Natural Gas Policy Act of 1978 (NGPA 1978) This act set a series of maximum prices for various
categories of nawral gas, eliminated the dual market system of gas by bringing intrastate gas
under FERC jurisdiction, provided for the phased decontrol of some gas supplies, and set up an
incremental pricing mechanism that would tie certain industrial gas prices to oil prices.

Netback Pricing A calculation that involves starting at a competitive fuel burmenrtip price and calculating
backwards through the system, incorporating distribution and transmission charges, to arrive at the
resultant wellhead gas price.

Nonassociated Gas Natural gas that is unassociated with conventional oil—exists in the reservoir as a
dry gas phase. Liquids may condense and be a separate phase at the wellhead, but they contain
much lighter hydrocarbons than conventional oil.

Off-Peak The period during a day, week, month, or year when the load being delivered by a gas system
is not at or near the maximum volume that system could deliver in the corresponding period of
time.

Open Access Nondiscriminatory transportation of gas on a first-come, first-served basis. First initiated
by FERC Order 436 in October 1985,

Order 380 (August 1984) This act issued by FERC removed the variable-cost portion of the minimum
commodity charge of gas pipeline sales tariffs. As a result, LDCs are free to choose among pipeline
suppliers without incurring charges for gas that the LDCs do not take.

Order 436 (October 1986) The act issued by FERC that initiated nondiscriminatory, open-access trans-
portation of gas. Order 436 was designed to allow consumers to have greater access to competitively
priced gas supplies, and to allow producers and all consumers of gas the same access to pipeline
transportation services that were previously available only to large customers.

Order 500 (August 1987) The act issued by FERC that reaffirmed the open-access transportation pro-
visions of Order 436 and provided for take-or-pay recovery mechanisms for pipelines. The order
was in response to the D.C. Circuit Court of Appeals overturning Order 436.

Penny-Switch The characteristics of switchable markets that allow for switching between altemative
fuels over price differentials as low as one cent.

Permeability The state of having pores or openings that permits liquids or gases to flow through.

Phillips Petroleum vs. Wisconsin A landmark decision in 1954 in which the FERC was given regulatory
authority over wellhead prices of gas destined for interstate commerce.

Pipeline Service Obligation The contractual obligation of pipelines to hold supplics sufficient to meet
the contractual demands of customers.

Play A term for a geologic prospect that has not been drilled yet. Usually refers to an exploration target.
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Possible Reserves Resources that are a less-assured supply source because they are postulated to exist
outside of known fields, but are associated with a productive formation in a productive province.

Potential Gas Committee The PGC consists of volunieer members from the natural gas industry, gov-
emment agencies, and academic institutions who provide estimates, based upon expert knowledge,
of the potential supply of natural gas which, in conjunction with estimates of proved reserves of
natural gas, make possible an appraisal of long-range gas supply.

Powerplant and Industrial Fuel Use Act (PEFUA or FUA) A pan of the National Energy Plan of 1978
that (a) prohibited the use of oil and gas as a primary fuel in any newly-constructed utility power
generation facility or in new industrial boilers with a fuel heat input rate of over 100 million Btu
per hour, and (b) limited the use of natural gas in existing powerplants to the proportion of total
fuel used during 1974-1976, and (c) prohibited fuel switching from oil to gas.

Probable Resources Inferred resources associated with known fields that are the most assured of potential
supplics.

Proved Reserves The currently estimated quantities of gas which analysis of geologic and engineering
data demonstrate with reasonable certainty to be recoverable in the future from known oil and gas
reservoirs under existing economic and operating conditions and technology.

Public Utility Commission (PUC) A state regulatory body that govems intrastatc gas movements and
local distribution company operations within a particular state.

Public Utility Regulatory Policy Act (PURPA) A part of the National Energy Plan of 1978 that (a)
sought to foster conservation, more efficient energy utilization, and more equitable electric utility
rates by requiring state commissions to consider and to adopt, if appropriate, 11 federal standards,
and (b) increased FERC authority over certain electricity issues.

Ramsey Pricing Regulatory pricing that attempts to minimize losses in economic efficiency in goods
and services that have increasing retumns to scale. Prices are generally set lower for customers
whose demand is more responsive 10 price.

Regasification The transformation of Liquefied Natural Gas (LNG) from the liquid state necessary for
trans-oceanic shipping to the gaseous state required for pipeline transporiation.

Reserve Appreciation Factor A factor that describes how much greater arc actual rescrves relative to
initial reserve estimates, when new geologic, reservoir, or production data causes reserve revisions
on an existing well or field to be increased.

Reserve Growth Estimnate A revision in a reserve estimate for a single entity that changes with time
due to additional geologic, reservoir, or production data.

Residential Consumption Gas used in private dwellings, including apartments, for heating, air condi-
tioning, cooking, water heating, and other household uses.

Residual Fuel Qil Fuel that remains after the removal of valuable distillates (gasoline) from petroleum.
Different classes of residual fuel oil are based on differing physical properties and are used in
different applications. Generally, the higher the sulfur content of residual fuel, the lower the price
it commands on a Btu basis.
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Resource Base The amount of natural gas that is yet to be recovered. In order for reserves to be included
in the “resource base”, they must be recoverable using current or foreseeable future technology.

Sales Margin Pipeline gas sales revenues less purchased-gas costs divided by sales volumes.

Section 311 Transportation Under Section 311 of the NGPA, FERC has authority to authorize any
interstate pipeline to transport gas on behalf of intrastate pipelines or local distribution companies
(LDCs). Also, intrastate pipelines may transport gas for interstate pipelines or for LDCs served
by an interstate pipeline. FERC Order 436 specifically states that Section 311 arrangements under
no circumstances will extend beyond October 1987 for pipelines that do not become Order 436

transporters.

Select Use An environmental quality control method in which natural gas is bumed alone, or as part of
a mixture of fuels, to achieve compliance with air quality requirements.

Shut-in Production Wells or fields that are capable of producing but are temporarily closed off for a
number of reasons, such as curtailments or mechanical difficulties.

Special Marketing Programs (SMPs) Pipeline programs which provided discounted gas to certain users,
i.e., industrial customers who used the gas to displace altemate fuels, to prevent a plant closing, or
to reopen a closed plant, These marketing arrangements were effectively nullified in MI Maryland
People’s Counsel v. FERC D (D.C. Cir, 1985).

Speculative Reserves Resources expected to be found in formations or provinces that have not yet been
proven to be productive.

Spot Market The market for gas supplies in which gas is sold to the highest bidder without any long-term
commitment to sell or buy gas.

Supply Curve An economic representation that depicts the amount of production that can be brought
forth at different prices in a given time period.

Surplus Determination Formula A procedure that is used to determine whether proposed gas for export
in Canada is in excess of domestic needs and can be exported to the United States.

Synthetic Natural Gas (SNG) A manufactured product chemically similar in most respects to natural
gas, which results from the conversion or reforming of petroleum hydrocarbons or from coal
gasification and which may easily be substituted for or interchanged with pipeline-quality natural
gas.

Take-or-Pay Amount of gas required to be purchased and paid for, even if not taken. Some quantities
arc based on minimum daily quantities, annual quantitics, or minimum contract quantitics, Take-
or-pay quantitiecs may change over time under initial provisions of the contract or may be changed
in an amendment to the contract.

Tef One trillion cubic feet of natural gas at 60F and atmospheric pressure at sea level. Roughly equivalent
0 1 quadrillion Btus (quad) or 0.5 million barrels per day of oil.

Tight Gas Gas that lies in formations with very few pores or openings permitting the flowthrough of
gas and liquids. (Permeabilities are generally below .01 millidarcy.)
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Transportation Rates The tariff rates charged by pipelines for point-to-point delivery of gas not owned
by the pipeline.

Transportation Service The service of pipelines when they act solely as a transporter of gas, moving
gas from receipt to delivery point without taking title.

Unbundle The separation of pipeline services into discrete components, ¢.g., transportation, storage, firm
service, etc. With unbundling, separate fees are charged for each service.

Unconventional Reserves found in coal seams, Devonian shales, or extremely low-permeability forma-
tions that often require stimulation or secondary recovery mechanisms.

United States Geological Survey (USGS) A department in the U.S. Depariment of Interior with re-
sponsibilities for geologic analysis, research, and reserve estimates pertaining to U.S. domestic
areas.

Vintage Originally, a term used for a pricing scheme in which gas priced at different levels on the basis
of age (date of its initial production ). More recently, the term refers to a pricing scheme in which
prices are based on categories that are only loosely related to age or date of initial production.

Wellhead Price The price received by the oil or gas producer for sales in the field (at the wellhead),
including charges for natural gas plant liquids subsequently removed from the gas, gathering and
compression charges, and state production, severance, and/or similar charges.

Workably Competitive A market that has sufficient numbers of buyers and sellers, with no one firm or
group of firms exercising any significant control over the market, such that interfirm rivalry will
eliminate most distortions to marginal-cost pricing.
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