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EXECUTIVE SUMMARY

The natural gas Industry in the United States today, while not in
crisis, stends at an important croasroad. The direction of its future
evolution is not yet clear, bubt important changes io its organization
geem likely. The industry ig at the beginning of partial decontrol of
wellhead prices, has suffered through two years of an unexpected drop
in demand, ig ylelding to pressures to rtenggotlate supply contracts,
has witnegsed the emergence of a spot smarket, and fe being exhorted to
cffer unbundled transportatiom, storage, and brokerage services on a
nondigeriminatory beasis. Although the major regulatory reforms are
ocearring at the federal level, state public utility commissions (PUCs)
are active participants in the process, both separately and as part of
the Natlonal Association of Begulatory Utility Commissioners. Ta
assisec the scate PUCs in these matters, the Natiomal Regulacory
Besearch Ingtitute (NERI)} was asked by its Board of Directors to study
natural gas design issues in the context of the greater market uncer-
tainty that is likely to accompany the curtent teforms. This report
addresses these rate degign lssues (o particular and in additfon dis-
cugsges pas transportabion policy, & topic that has gained congiderahle
importance since the inceptlon of this research.

The natural gas market iz curreantly o a condition of disequi~-
librivwm. The recesseion of the 0.5. economy fm the early 19E80s, the
reduction in the world price of o0il, competition from Canadian and
Mexican imports, and the advent of a2 spot wmarket have placed signif-
icant dosmward pressure on prices, which remain sbove market-clearing
levels. Conseguantly, there are producers whose wells are not fully
utilized and who would be willing to =ell gas &t & favorable price, but
may not be abkle to arrange to have the pas transported te a potential
end user. Since 1983 the Federal Energy Regulatory Commission {FERC)
has isspued a series of innovatiwve rules and reforms intended to
facilicate the interstate tranmsportatien of pes. The FERC Motice of
Proposed Rulemaking (RM B5-1-000) and its Fimal Order 436 are the most
recent poliecy developments. In the final order, interstate pipeline
companies are given the cption of accepting a self-implementing
authority to transport gas for all users on a4 nondiscriminatory hasis.

These current regulatory and market conditfons are Important
matiers as state commissioners begin to congider transportation pro-—
grame and tariff structures that are appropriate to the new circum—
gtances. In additlon to current conditfoms, regulators may wish also
to consider fundamental factors that govern the efficiency of long-term
contractual arrangements. The large scale fixed Investments that are
very specialized and embedded in pipelines, combined with a fairly high
degree of uncertainty and Infrequency of transactions, suggest that
cosplex, long-term contracts for gas supply are likely to remain an
important part of an efficlent gas market. The spor market is quite
likely to endure, but its role is likely to be less important in the
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Future after the market has regained 1its equilibrium. Contract
carriage, on a nondiscriminatory basis, would facilitate this market
adjustment process. Hence, the current need for transporracion pro-
grams 13 mostly due to & disequilibrium in which cheap gas supplies
cannct be brought to market. Once a transportation program is erected,
the market transactions could take place, prices could be brought into
equilibrium, and the original need for the transportation program would
be much reduced. The eventual industry structure 1s likely to lnvolve
long-term contracts with the Iinterstate pipeline companies maintaining
& major role in the marketlng and brokerage of gas. A amall, but
viable spot market and comtract carriage business would be dmportant
elements of a competitively configured industry.

Besides transportation issues, state commissions arve Iinteresced in
rate desipgna, not only at the recail lewvel, but alsp at the pipeline
gupplier lewel since these become the basis for retall prices. Pipe-
line rate structures strongly influence the conmpetitive pressure oo in-—
dustrial rates, in particular, and in the extreme can create Induatrial
custoner interest in bypassing the local distributor in faver of a
direct connectlon to an Interstate pipeline supplier. Accordingly, the
HERI analysis Includes an eévaluation of fixed-variable rate designs
{mostly important in the context of FERC oversight of interstate pipe-
line tariffs), as well as a quantitative study of retail prices based
on an WBRI simulation model of a gas discributor. An important conclu=
gilon of this research is that natural gas pricing would be improved by
unbundled, time-ocf-use rates for separate services such ae the gas com—
modity itself, its transportation, and its storege. Such rates would
be based on cost—-of-service principles and would be avallable ro all
ugers on a nondiscriminatory basis. This industry has never adopted
time—ocf-use pricing, despilte a peak-responsiblity cype of justification
for the traditional centerpiece of pipeline rate structures--the demand
charge.

Because flxed costs exist, some price discrimination may be war-—
ranted as a way to recover the revenue requiresment and possibly as a
way to Improve the aggregate economic well-being of all customers.

Such price disrimimation has natural limits which, 1f violaced, cend to
induce a death spiral in any market where an actempt i3 made to recover
an excesslve amount of these fiwxed costs. In most cases, such limits
de not constrain the regulater im practice, since the regulatory pro-
cegs most likely produces a compromise set of prices that falls within
the extremes at vwhich such instability would be induced. Hopetheless,
there is a close relationship, oot previously developed in the litec-
ature, between market instability, fixed cost recovery, and unre-
stricted monopoly pricing. BRegulaters may find this relatiomghip help—
ful in evaluating such claims as "Preferemtial low prices for one cus-
tomer group cam actually reduce prices for the remalning customers
also." The circumstances under which such no-loser price discrimina-
tion is possible are gquite limited. Indeed, a price must exceed that
which an unrestricted sonopolist would charge (which turns ocukt to be a
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price gso high a3 to induce a death spiral) before reducing ic has the
favorable byprodect of alse allewing the prices paid by others to be
teduced, while keeping constant the regulated company's profits.

It ig Important to note that the argument concerning these limics
te price discrimination Iz equally appliecable te any of the unbundled
garvicea that might be offered by a gas diastributer or pipeline.

Henca, price discriminatiom iz not an {sgue =solely for full-service pas
auppliers who can load the Fixed costs of the embedded plpeline onto
the single commodity price pafd hy users for a comblnation of servicesn.
It also pertalns to companies that of fer separate services at unbundled
prilces, each of which is limited by the maximum price at which insta=-
bilicy occurs.

Three capacicy conserving rate designs are potentially important
in both pipeline and distributor tariffs: time-of-use rates, inter-
ruptible rates, and demand charges. For each of these, economic effi-
cilency princlples suggest pricing rulea that have the effect of sharing
capaclty costs smong all users. The Seaboard and Unlted formulas are
consistent with such & generally stated sharing idea. The fixed-
variable type of rate design sdvocated by many pipelines and large in-
dustrial customers, by contrast, collects wery little fixed costs from
interruptible customers who do not pay the demand charge.

The principal wirtue of currently configured demand charges is to
reduce the fimancial risk of the pipeline company. Buch rigk reduction
has merit. MNonsetheless, little or no empirical evidence iz available
about the magnitude of this reduction, which needs to be compared Lo
the risk which is shifted forward to distributors and from there
shifted Eo captive tetall customers by state commission pricing pol-
icies. Careful cmpirical study is needed to determine whether overall
social risk is reduced by fixed-variable rate designs. This overall
tisk redusticon bensfit, in turn, needs to be compared with the eco-
nomic efficiency gains that could be achieved with alternetive
capacity-conserving rate designs.

The presence of interruptible customers in a distributor's service
area can be Iimportant to other, firm customers in times of greater
uncertainty. Much of this advantage to firm wsers, however, 1s due to
the reductions of minimum purchase penalties in pipelime-distributor
contracte that are made possible by the additiom of inmtertuptible
uweers. From the narrow foecus of the gas distributor, such minimum pur=
chase regquirements are inhetently inefficient as evidenced by the
optimum, but clearly second=-best, dispatching seguence im which the
mast expensive gas should be takenm first, up to the specified minimums.
This is a socially perverse order in which to use the nation's nacural
regources. This disteriion to social well-being 1s juselified omly 1F
such minimum purchase requirements reduce the financial risk of the
plpeline company substantially. The resulting decline in the pipe-
line's coat of capital musc be suffieciently large to offset the



migallocation that is induced dn the distributor’s supply planning and
digpatching processes before the conclusion can be drawn that ninisum
purchase requirements improve overall ecomomie efficlency.

Cne repgulatory option in times of greater uncertsinty is to econo-—
mize by reducing the gquality of service. In this study, seevice relia-
biltey 15 the major indicator of service gquality. A reduction in
planned reliabilicy, from a curtallment rate of 1 percent bo that of 3
percent, can enable a discributor to significantly reduce maximum con-
tract delivery rates. Hence, degrading service rellabllicy 1s a viable
aAlternate as a responge to greater uncertainty. Whether such an action
would be wise social policy has not been addressed in this analysis.
The aptimum provision of public ubility capacity is a subtle macter
that requires estimation of the wvalue that consumers attach to high
quality service. The purpose here is merely to note that the capacity
savings assoclated with a relfability reduction are not trivial and
could become part of a commission's regulatory deliberations as a way
of dealing with the Increased uncertainmty facing the natural gas
Industey.
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FOREWORD

The facts of “deregulaticon and market uncertalnty"--phrasing in
thae title of this study--are increasingly found throughout the trans—
port and wcility sectors. Surely chese phenomena characterize the cur-
rent state of the natural gas industry. Thia repert iz Intended to
help regulators &8s they conslder transportation policles and tariff
gtructures that are appropriate co the new clrcumstances.

I commend it to you in this light.
Douglas M. Jones
Director

Columbusz, Ohlo
January 14, 1986
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CHAPTER |

INTEODUCTTON

The natural gas industry in the United States is currently being
reshaped by economlc circumstances and regulatery reform. It is en-
countering new tules, mnew forms of competitionm, and moce need for flex-
ibilicy than ewer before in its history. Long accepted comtractual
arvangements are vielding to pressures to renegotiacte the terms of
supply including price, length of contract, take-or-pay provisions, and
transportation services. Industry spokessmen suggest that unbundling
trangportation, storvage, brokerage and other services may bhe in the
self Iinterests of plpeline companies, both lacal and interstate. State
public utllities commission (PUC) regulation of gas distribution com=
panies ig likely to be affected profoundly. Alchough the major regula=
tary reforms are now (and likely to be in the future) ac the federal
level, stace commlssions are actlive participants in this procesa both
geparately and as part of the Mational Association of Regulatory
Ueilicy Commissioners (NWARUC). To assist the state FUCs in these mat-—
ters, The Wational Regulatory Research Inmstitute [(WRRI} has been di-
rected by its board to study and report on natural gas rate design
issues in the context of the current reforms. This report is intended
to address such rate design policies in general, including transporta-
tion rules and policies.

This research is reported in four, interrelated parts. The first
is a review of the current status of the nmatural gas market which
appears in chapter 2. Supply and demand conditions are sumwarlzed,
along with a review of the trend of regulatory reform, particularly at
the Federal Energy Begulatory Commission (FERC). At the time that the
WERT Board of Ddrectors Instituted this project, natural gas rate de-
sign during a perliod of wellhead price decontrol was che intended



focus, Since then, market cenditions and FERC rulemaking have placed
gaa tranaportation issues at the forefronc of che pelicy agenda, both
at the fFederal and state commission levels. This research project was
net directed at these specific transportation lssues,. MNonetheless,
these policy matters are sufficiencly important to state commissions to
be reported here in at least & preliminary fashion. The background Eo
this discussion i5 im the second and third sections of chapter Z. The
firset of these describes the recent deeclsions and directionsg of the
FERC. This begins with an analysis of the FERC minimum bill rule,
which 18 important im the subsequent gquantitatiwve work in chapters 5
and B, and ends with & summary of the recent Final Order 43é.

The last section in chapter 2 addresses Erends in gas regulation
at the state commission level. The MBRI surveved 1A states inm early
1985 regarding interruptihle rates, flexible pricing, speclal marketing
programs, and gas-on-gas competition within each state's jurisdictlon.
The responases are summarized 1in chapter 2, and a more extensive anal-
vals 1s contalned im appendiz C,

The secend part of this research is a discussion and analysis of
rate design [ssues In the natural gas industry Codav. This iz nof con-
Fined to state commission jurisdiction over retail rates. Tncluded
alse i%5 an analysis of fixed-variable rate designs which are important
mestly in the context of the FERC oversight of interstate pipeline
tariffs, State commissions are vitally interested io pipeline rate de-
sign, sioce such rates become the basis for retail prices. Also, pipe-
line rate designs strongly influence the competitive pressure on indus-—
trial rates, in particular, and in the extreme could become the source
of industrial customer interest in bypassing the local distributor in
favor of a direct connection to an interstate pipeline supplier. WVar-
ious sconomic efficiency perspectives on fixed-variable rate designs
are analyzed in chapter 3, The chapter concludes with a discussison of
a relationghip betwesn price diserimination and market Imstabilicy that
ig fmporcant to regulacory practice and which has not heen dewveloped in

che litceracurse to date.



The third part of this report is & discussion of the policy issues
regarding the transportation of natural ges. Chapter & summarizes both
long-and short-term consgiderations that may be of incerest to state
commdssione. The long-term perspective is presented in the context of
Oliver Willlasmeon's framework for understanding the transaction costs
of contracts. The major arguments for and against specifie Etransporta-
cion propogals are analyeed within this framework.

The fourth part of this research is reported in chapters 5 and &.
The NBERI developed a computer saimulation model to inwvestlgate natural
gas rate design and supply mix questions in the context of demand un-
certainty. The approsch is to formulate a ges distributor's problem of
choosing a least-cost mix of gas supplies as & chance-constrained pro—
gram. The random nature of demsnd ls made ewplicitc by & Monte-Carlao
simulation of the cptimum dispatching sequence of the selected sst of
gas supply contracts. The average pas prices that emerge from the
actual dispatching are compared to those used in the lomg-term, plan—
ning stapge of selecting gas suppliers. The entire numerical procedure
is repeatod until an equilibrive is achieved between the long- and
phort—term optimization problems. This model design allows the analyst
to study such matters as minimum putchase requirements and the curtail-
went of occasional excess domand, issues which are analytically in-=
tractable, A fechnical description of this optimization model is giwven
in chapter 5.

The model has besn uwsed to study a variety of regulatory policies
and demand conditions. The results of these numerical exercises are
summarized in chapter 6. A brief summary of this research constitutes
chapter 7.
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CHAPTER 2

CURRENT STATUS OF THE HATURAL GAS MAREET

A variety of factors have combined im recent years to create fun-
damental changes in the operation of the mational market for matural
gag. Chief among these has been the partial decontrol of most wellhead
prices, a reduction In the world price of oil, increased competition
from Canadian and Mexican imports, the advent of a spot market in
natural gas, and regulatery changes, particularly at the federal level,
that encourage competition by facilitating contract carriage programs.
Since this report deals with rate design issues under greater uncer=-
tainty, it is wseful to frame the discussion in terms of current market
conditicns. These are briefly reviewed in the first section of this
chapter. The second section contains a discussilon of tepulatory trends
at the federal lewvel that focuses on the most recent development, the
FERC Hotice of Proposed Rulemaking (RH 85-1-000) and the Final Otder
536 issued om October 9, 1985. The third section of this chapter

addresses regulatory trends at the state commlesion level.

Matutal Gas Supply and Demand

Much of the current turmoil in the patural gas industry has to do
with the changes in transportation programs. These cransportation
izsues, which are discussed later In this chapter and analyzed in
chapter &, derive much of thelr importance from recent U.5. supply and
demand conditions. The curreat disequilibrium in the national gas
market serves 8 8 backdrop agalnst which rate design and transporta—
tion policy must be viewed. For this reason, & brief review of natural

gas market conditions is & useful prelude to the remaining discussion.



This section summartizes & more in-depth teview that interested readers
can find in appendix A of this report.

The nationwide demand for natural gas declined in every year from
19680 to 1983, in large part due to the U.5. economic recession. Within
chis owerall trend, two kinds of consumption patterns can be distin=
gulshed. First, the residential and commercial sectors can be combined
and described as classes for which consumption peaked in 1979 and then
gradually declined umtil 1983, although the decline wes not steady.

For each, demand dropped by about 9 percent during this time. Although
demand of both sectors has recowvered some sinece 1983, 1979 usage lewvels
hawve not yet been reached. Part of this demand decline can be attrib-
uted to the recession and part to price=induced conservation. Demand
in these sectors tends Eo be somewhat insensitive to price; however,
the price increases during the early 19808 were large enough to induce
a noticeable wsage teduction, monetheless.

4 gecond consumption pattern ls diseernible for the Industrial amd
electrie wtility sectora. The econodie recesslon affected the users 1n
these groups more severely. By 1983 the demand of each had declined by
about 20 percent from the 1930 lewel. Users in these two groups are
relatively sensitive to price and consequently, part of the usage drop
can be sxplained by the price Increases during this period.

Whether caused by the recession or cretail price Increasess, hows
ever, the outcome was a significant reduction In gas demand in the
early 1380s. The other half of the matural gas market, that is,
supply, remalned relatively stable during this same period. Wellhead
prices, for the most part, were increasing or stable, which created
sufficient drilling incentives that total reserves Femained mota or
less comstant. Comsequently, the capacity to deliver gas from existing
resetves oxcecded demand causing some gas wells to be shut in. This
excess deliverabiliey is expected by the U.5. Department of Energy to
last until the late 19808 or early 1990s.l

leee appendix A for furcther discussion.
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The importation of natural gas «will be a major factor inEluencing
0.5. markers bath in the gear tetm and for many years. Although Mexisao
and Algeria export natural gas to the U.5., Camada is, by far, our
largeat foreign supplier. Canadian gas {s curreatly about 90 percent
of all imports. The Canadian governsent changed 1its export policy in
Hovember 1984 to allow Canadian suppliers to compete more effectively
in U.5. markets. Although the policy change at that time relaxed the
tules, exporters still had to meet seven conditions {discussed In
appendix A) before a negotiated contract would be accepted by the
governmant. These were arill]l reatrictive, although lesa ao than the
praceding rules. These rulea have been liberalized even further im
Detobar 1985. Im parciecular, the previous pricing floor, which had
been the Tovonmto city gate price, hag been replaced by pricing bench-
mirks in Che arvea adjacent to the export peint. Also, a condition chat
had prevented Canadian suppliers from undercutting the price of alter-
native fuels has been dropped. Canadian gas 1z likely to become even
more competitive im Iight of these new rulea.

The prices that are 1likely to emerge from the interactlon of
supply and demand are routinely forecasted by the U.5. Department of
Energy (DOE), DBI, Imc., aod others. Some of these are reviewed in
appendix A. DOE expects demand to expand in all energy mackets in the
neatr future. World demand for oil is likely to remain stable during
the 19808 but expand in the 19905, im the DOE view. The curremt deceg=
vlation of the natural gas Industry is expocted o make gas competitive
with alternative fuels for the remainder of this cemtury. FBecause Of
these predictions, DOE forecasts the price of patural gas to Temain
gtable during the 1980s and then increase in response to tieinmg oil

prices.

Federal Regulatory Trenda

Many factors contribute to the lewvel of uncertainty In the natural
gas Industry. But, as with any market tramsitiom to a8 deregulated en-

vironment, much depends on the role played by the commissions dnwvolwed.



The post-HGPA wvears have been a time of decisions and actione for the
FEREC as well as other commissions with jurisdictiom over matural gas
sales. If any one factor can be singled out as the most influential in
determining the Ffuture state of the natural gas iondustry, it is the role
played by the FERC. The actions taken by this federal agency during the
coming months will affect the ease with which the transition process
occurz. The path of deregulation in chis induscry will be influenced Iif
not determined by decisicns of the FERC. Tt is Important for stace
commizsions to monitor closely the stepa caken by the FERC during the
remalning phases of natural pas dereguelation.

Thias secclion reviews some of the basile rransitlons chat hawve
ogcurred fin the recent past, and the role the FERC has played in these
processes. The discussion beging wich recent changes to minimum BII1
tegulations where the FERC has ruled, in essence, that variable costs
must be eliminated From natural gas pipeline minimum bills. MHexe, the
advent of specilal marketing programs snd spot markets is briefly
teviewed. The section concludes with a discussion of the recent FERC's
Hotlce of Propogsed Rulemaking, and the Final Bule 436 which will shape
the natural gas market restructuring during the final phases of dersgu-
lacfon.

Hinimum Bills

Mindmum Bille are uwsed 1in pas purchase contracts between discribu-
tion companies and pipeline companies. A minimum bill generally con-
giate of a demand charge and may also include a minimum commodity
charge. A demsnd charge ia the price paid by & distributor for its
billing demand which is the maximum qQuentity of gas that a seller is
obligated to deliver without curtailment or interruption. The demand
charge coverse & certaln percentage of the fized coste of the pipeline
facilities as determined by the specifie ecost allocation method wased by
the FERC for rate design. Before 1952, a [ixed-variable method was used
that assigned all fixed coste to the demand charge. In 1952, the
Geaboard formula was adopted which assigned 30 percent of the fizxed



coskta to the demand charge. In 1973, the FERC began to use the United
method which assigne only 25 percemt of fixed costs to the demand
chacge.

4 commodity charge 1s a price per unit of gas actually delivered
and is intended to recover both the remaining fixed cost and all of the
variable cost, including that of the purchased gas. IF the sinimum
bill contains @ minimum commodity charge, a specified percent of the
billing demand must be purchased whether the pas 1s taken or onot. The
Zinder review of plpeline rates shows that in 1984 misiowe commadicy
charges were baged on take-cr-pay fractions as high as 50 percent,
although 75 percent was used most fraquently.Z

By recovering some part of fixed costs with eommodity charges, the
Seaboard and Uniced formolas fncrease the financlal risk of the pipe-
lines. Minimum commodity bills are intended to reduce this risk.
Pipeline companies typically sdvocate a minimum bill in that:

1. It protects pipelines from underrecowvery of fiwed costs be-

cavse of the Seaboard and United methods of computing the
commod ity charge,

2. It protects Full reguirements customers from the cost burden
caused by swings off the aystem by partial requiremsents
customers, and

3. It protects all customers from take—-or—-pay costs lncurred by
the pipeline since a minimum commodity charge prewvents the
Ioncurrence of take-or-pay payments by discouraging customer
eut backs.3

However, minimum bills have adverse effects on the gas industry

and the consumer. Hinimum bills tend to prevent the transmission of
market signals back from the burnser tip to the wellhsad. They also
shield the pilpelines from the riszk of market loss. Under such condi-
tions, pipeline companies may have less incentiwve to engage in hard

batgaining with producers since much of the risk associated with

2pate Schedules of Matural Gas Pilpelines (Washington, D.C.: W.
Zinder & Assoclates, September 190843,

3?ph11: Utilities Fortmightly, August 30, 1984, pp. 33-54.

o



producer-pipeline contracts 1s shifted to the disctribuclon company,
thereby inhibiting the development of market-based competition for the
delivery of gas supplies and services.

The importance of minimum bills hes chenged as the natural gas
matket has evolwed. Before the passsape of the Haturel Gas FPolicy Act
{HGPA), the repulated price of gas exhibited little fluctuation, and
hence, minimum bill provisions were of litcle dmporcance. Morsover,
during this time the regulaced price of gas was low compared with
alcernacive fuel prices, and the result was an oxcess demand for and
ghortage of natural gas. In such civcumstances, dizstribution companies
paid a low regulated clty-gate price for pas and agreed to a relatively
high minimum Bi1l. During such periods of short supply of gas, plpe-
line companies were not concerned with swings off the system by partial
regquirements customers and any adverse effects of minimum hills were
minor: Following the passapge of the Hatural Gas Policy Act in 1978,
however, a variety of clrcumstances combined to cresate an excess supply
of natural gsss In these circumscances, minimum bills were quite
burdensome to some customers that could not use all contracted gas
volumes. Moreover, they could not shop arownd For cheaper sources of
gas under the binding minimum {1l provisions.

Minimum ®11ls hawve caused a numbher of disputes between pipelines
and distributlon companies in the early 1980s. In some cases, partial
requirements customera have sought relilef from minimum bill paymenta
over the opposition of the plpeline companies, magurally encugh. Until
1984, the FERC settled such disputes om a case~by-case basis. The
Commisslion used one of three creative regulatory settlements.® One
suspended minimum bill obligations and Iinstead substituted fnterim
monthly and interim annual provisions.® In addition, this settlement
allowed a time period during which the distribution company could make

G1bid., pp. 51-52.

95¢e State of Michigan and Michigan Public Service Commission v.
Trunkline Gas Co., Docket Mo. EPE1-103-000, July &, 1983. See alse
Hichigan Consolidated Cas Co. v. Panhandle Eastern Pipeline Co., Docket
Ho. RPE3-84-000, February 17, 1984,
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up any shortfall in purchases below the annual purchase obligstion
under the interim annmual minimum bill: The second type of sectlement
waived all or a portion of the wariable cost components of the minimum
b111.% A third form of the settlement was specifically directed at the
Tenneco Inc.: speclal marketing program called Tenmeflex. A pipeline
tranaporting gas from & releasing pipeline to an end-user received a
credit against ics minfwmum bill for the guantity of gas transported, as
would the Iocal distribution company setving the end user. This effec—
tively credited against the mindimum bill requirement all wvariable costs
{including purchased gpas costs) sssoclated with the gquanticy of gas
tranapurtad.?

In the face of the parvasiveness and significamce of minlimum Hill
problems, the FERC issued a rule in May 1984 that elimimated wariable
costs from minimum bills.? The rule requires that purchased pas costs
{lncluding cake-or-pay obligationg) must be stated separarely inm all
pipeline cariffs. The FERC also prohibited the recovery of gas costs
for gas not taken on the effective date of the rule. The rule has the
following effects on the natural gas industry:

1l: The risk of market losa imposed on plpeline customers is
shifted to the pipelines.

2: Pipeline customers, mostly partlal regquirement customers, are
encouraged to pursue least-cost purchasing policies.

3. The potential for pipeline logs of load resultlimg from fuel
gwitching by customers is diminished since a decrease in the
gas costs due to the minlmum bill rule, especially to indus-
trial customers, allows the gas to be more competitiwe with
low cost alternatrive fuels.?

f5pe Texas Gas Transmission Corps., Docket Ko. RES2-137-000, July
12, 1983,

75ee Tenneco 0Ll Co. et al., Docket No. CIR3-269-001, January 16,
15984.

SFERC Order Mo. 380, Docker Ho. RME3I-TI1-0000.
9%ze Robert W. Stewart, "Challenges Facing the Hatural Cas

Industry and Its Regulation,” Public Utilities Fortnightly, September
27, 1984, p. 1&.
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Gpecial Markecing Frograms

From 1983 te 1983, Special Marketing Programs (SMPs) were uged by
pipelines and producers to improve the competitiveness of natural gas
in overall energy markets. Most 5MPe were characterized by several

conditions:

* Gas was sold direccly from the producer to final customers,
* The pipeline served as a transporter and cootdinator, and

* The ptoducer reduced the price below that in existing contracts
and provided take-ar-pay relief to the pipeline relessing the
EaB.
The 5HPs were a direct result of high natural gas prices and the
regulting loss of sales. Mentioned frequently in the licerature was
the fear of a "death spiral”™ where the load loss leads to an even
higher price, leading to more losd loss, and so cn. The notion of such
8 death spiral is discussed more thorowghly in chapter 3.

Mogt SMPe were structured so that only large customers could take
advantage of the opportunity to purchase low-cost gas. During this
time, pipelines and distributors tried several other ways to compete
with alternate fuel prices and thereby avoid the loss of large indus-—
trial sales, in particular. Contract carriage programs to transport
gas purchased in a spot market by the end user are an exampla. Another
is the action of distribution companies to tie gas prices for large
industrial users to the price of alternate fuels. State commission
responses differed. For example, the Michipgan Commission ruled that
such special gas rates for industrial customers with easily accessible
substitutes for natural gas were not diacriminatury.lu {m the other
hand, the Peansylvania Commission rejected such discount rates for

industrial customers with ready substicutes because Chese ractes were

10gee Southeastern Michigan Gas Company Case Mo. U=7652 and U-
7653, Hovember 1, 1%84.
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net In the public interest and could not be justified with a cost-
of-service study.ll

Although BMPs were supported by most Industty analvsts and groups
such as IMGAA, such programs accounted for at most only about 1.5
petcent of Cotal gas sales. The FERC established several guidelines
for each SMP in an effort to make these programs consistent with the
public interest. These had the effect of ensuring that the released
gas was priced higher than the pipeline's weighted average cost of gas
and also higher than the ceiling price of section 109 gas. The FERC
mandated transportation rates that were based om fullwy allocated costs
55 a8 Co profect sysCem customers from paving more than their fair
ghare of fixed costs. The FERC also placed restrictions on the type of
end uger eligible to participate in a SMP. These limitations were
intended to contrel the amount of competition permitted between plpe-—
lines in so-called core markets, ostensibly to protect captive cus-
tomers of a pipeline from bearing a larger fixed cost burden if a pipe=
line were to lose In such & competition.

The Special Marketing Programs represented a creative regulatory
response Lo a persistent disequilibrium market condition. Prices were
and are not sufficiently flexihle to =2liminate the current excess
supply deliverability. GSMPs are ioherently discriminatory, however, as
polnted out by the U.5. Court of Appeala on May 10, 1985, In the
court’s view, the FERC "has not adequately attended to the agency's
prime congtituency-—-the congumers whom the Natural Gas Act (NOA) was
deslgned tco ptute-r:r_."l2 This led to the most recent actlon taken by
the FERC in proposing comprehensive changes in its regulations governi=
ng transportatlion of natural gas by plpelines. Since this asction is
going to affect the industry for years to come, Che Commission rules
are discussed next in decail.

lgen Pennsylvania Public Ueility Commission v. Equitable Gas Co.,
RE=-822031 and B-322031C001, Wovembher 22, 19B3.

|2Hnryland Peaple's Coungel v. Federal Energy Regulatory
Commission, United States Court of Appeals Wo. B84-1090, Hay 10, 19B5.
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FERC's Notice of Proposed Rulemaking

On December 24, 1984 and Janwary 18, 1985 che FEEC initiaced a
Motice of Inquiry about patural gas transportation, rate design, and
tisk in which it undertook a comprehensive review of and received
extensive public comments about the state of the Industry. As a result
ef this inguity, and following the partial wellhead decontrol of
natural gas which took place on January 1, 1985 &s well as the afore-
mentloned court decision, the FEREC proposed a series of changes that
will referm the Commissicn's regulation of Interstate plpelines. On
May 30, 1985 the FERC unanimously approved a Motlee of Proposed Bule-
making (MOPR) (Docket Wo, RMAS=1) that would fmplement policles in four
specific areas.ld The changes are in the form of revislons to parcs 2,
154, 157, 161, and 284 of che Commission's Regulation pursuant Lo
sgctions 4, 5, 7, and 16 of the Natural Gas Act, 501 of the Hatural Gas
Policy Act, and 402 and 403 of the Department of Energy Organization
Aot

The MOPE bas four basic parts. In three of them, dealing with
transportation, optional certificates, and buy-outs of take—or-pay
liabilitles, the FERC uses itse conditioning power to induce interstate
plpelines to accept certaln operating procedures, In each of thaes
three parcs, the new procedures have the effect of improving the
campetltivensss of the natural gas market, and each iz conditlonal upon
the plpeline accepbing {voluntarily) particular rules of conduckt, The
Eourth part Ls not voluntary and would fmpose a new bllling system that
is intended to save the benefits of low-priced old gas for existing,
high priority customers,

The transportation portion of the WOPE creates a new blanket-
certificate program. Pipelines that accept the self-implementing
authority under section 7 of the Watural Gas Act and section 311 of the
Hatural Gas Policy Act must provide Cransportation services bto all

Ipadaral Energy Begulatory Commigsion, Motice of Proposed
Rulemaking, Docket No. BM 85-1-000, Hay 30, 1985,
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users on a nondiscriminatory basis. In addition, pipelines accepting
this role of comtract carrier must charge volumetric rates that are
based on representative volumes. This effectively imposes the tisk of
any lesses on the pipeline if its management decides to lower rates for
competitive or other reasocns. Customers would be able to comtract for
firm transporiation services or for interrupcible carriage., Customers
currently buying gas from che pipeline would be able to convert sales
entitlements Co Cransporbation entitlements at the rate of 15 percent
par year for the nmext four years. The wolumetric prices would be based
opon folly allocated costs during the peak period, while off-peak rates
would be hased on variable costs. Thoee pipelines that choose not to
accept these conditions may continwe to wse the tradictional section 7
procedutecs.

The second conditional part of the WOPR would allow pipelines Co
buy out their take-or-pay liabilities and amortize these owver five
years. Rate base treatment would mot be given to these liabilities and
the FERC suggested treatment would allow only a return of and not on
capltal. The precise detalle of the buy=out have not heen settled, and
the FERC has requested comments on the appropriate take-or-pay per-—
centage to use in this matter. Plpelines that take advantage of this
procedure, however, musat accept the asndiscriminatory carrlage
feature.

A third part of cthe WOPR, also 1llustrating cthe FERC wse of its
conditioning power, would provide expedited treatment of a pipeline’s
application for a new or expanded service certificate. This optional
certificate would be avallable to those plpelineas willing to accept the
rlsks assoclated with such new facilities by charging wolumetric
rates.

The final provision 1ls nedther conditional nor wvoluntary and
preserves the bereflits of low-priced old gas for existing customers,
Gas costs would no longer he ralled fn, Rather, the FERC proposes to
subastitute a8 three-part pricing structure. The first bhlock would
encompass old, price regulated gas and would bhe sllocated to existing

customers om the kasis of their three-year average consumption during
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1982 o 1984, All other gas costs would be recovered in the second
block., Afcer four wvears, the pipeline could sest this price at an
unregulated, market clearing rate providing it has accepted the nondis-
erimlnatory carriage tole. The third block would recover capital
cosbss The precise nature of the pricing for this block is, as vet,
uncertain, It appears that the FERC intends to recover these costs
with demand or customer charges, although the HOPE refers caly to a
non=gag race structirea.

The new FERC emphagis on competcicion, in parc, seems o ipclude
the view that If a few pipelines accept the self-implementing Eranspor-
tation authority and thereby achieve a competitive edpe, other pipe-
lines will ke encouraged, if not forced, to ales begin to merket
unbundled transportation services. The industry would he conwverted to
one that emphaslizes the carriage role, if the FERC wvigion 13 corvect.
Succersfully transforming the industry in this way, which relies on the
voluntacy adoption of competitive carciage by the industry, would allow
the FERC to achieve 1tz geal of increasing competition without Ethe FERC
having to impose politically sensitive policies such as mandatory
carriage, The strategy is interesting and is certainly different from
that adopted by the courts and the FCC in the case of the telephone
industry.

The Final Order

Om October 9, 1985 the FERC issued its final order {(Order &36)
regarding the MOPE (EM35-1). The final orvder implements the nondis-—
criminatory carriage portions of the MOPR (with some modifica-
tiona), delays the bhlock-bllling mechanfam, and completely dropa the
take—or—pay buyout provislon. The changes im the £inal rule reflected
the comments that the Commission had received during the HNOPR process.
Acknowledging this, FEEC Chalrmanm Raymond ' Connor sald We do tead

this stuff. We are giving serious, ohjectiwe consideration to ic." 1%

4 pERC's Flexibility on Final-Rule Provisions May Be ¥ey to Its
Success,” Inside FERC, October 14, L1985, p. l.
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The block Billing mechanism had been the subject of mich comment,

both to the FERC and to the Congress. After lengthy testimony by many
pipeline and producer spokesmen, Senator Don Nickles (R-Oklahoma), of
the Senate Energy and Matural Besources Committee, was prepared to
introduce an amandment to a pending budget bill that would have delayed
block Billing. Producers are worried that the FERC hilling scheme
would force all high priced gas contracts down o a market clearing
level, while at the same time it would keep all old, tegulated gas
prices low. In their view, fairness would be served by allowing old
gas prices to rvise to the market clearing lewvel if unregulated prices
are to be forced down to such a level.

This line of reasoning is an example of the comtentionm that almost
inevitably follows publie regulation of the profits assoclated wilth an
increasing cost indusctry. Such profits are discinct from the monopoly
profics asgoclaced with the exercise of monopoly power whereby produc-
tion is withheld from a market in order to force price up. OPEC's
control of world oll prices, now erodinmg, is an example of monopoly
power. The profite accrulng to a producer Iin an increasing cost
industry hawve an entirely different source. Such an industey is
characterized by the fact that producers hawve differing unit coats.

In the case of natural gas, some wells are less expensive than
nthers, either because the real cost of recovering the gas is fortui-
tously cheap or because the reserve was discovered at a time when
historical recovery costsa were low. The current, marginal cost at the
wellhead is associated wilth the most expensive, marginal well. Econom—
ically efficient prices are those that are based on current, margimal
cost. IFf swch wellhead prices prevail throughout the natursl gas
market, low cost producers would enjoy a windfall gain. Tt is these
ecoenomic rents, or pure econcmic profits, which are in contention.
These rents, however, are not the result of any opportunistic behavior
on the part of producers, whereas the exerciszse of monopoly power
invelves such soclally fpefficient behavior. Economic efficiency
offers no gulde oo which party should be deemed soclally worthy and

17



receive the rents in an increasing cost industry. The purpese here is
merely to note that as long as the identity of the recipient is uncer—
tain, rent-geeking behavior in public forums, such as witnessed in the
Genate Energy and Matural Resoucces Committee, is likely to remain a
COmmON OCCUCCENCE .

The FERC is accepting addictionmzl comments on the block-billing
mechanism. If the mechanism survives this new round of scrutiny, it
would become effective on July 1, 1984,

The FERC decision to abandeon the rebuttable presumptlon of pru-—
dence for limiced buyouts of take-or-pay obligations reflected fears
chat any percentage stated by the FERC to be a safe harber would have
become a floor. Pipelines argued that producers would poimt to the
FERC Benchmark as an important negotiatimg strategy, whereas the pipe-—
lines might be more successful in reducing the take-or-pay fraction
wlthout such a benchmark. Under L{ts final rule, the FERC review of
prudence will be conducted on a cage-hy-case basis,

The most important pact of the Einal rule is the transportation
program, which offers an optional blanket certificate to provide
carriage on a non—discriminatory hasis. The transportation authority
under the certificate is veoluntary and self implementing. It covers
fitm service, as well as interruptible service. Pipelines must use
unbundled, volumetric rates, differentiated by peak and off-peak
periods as well as gecgraphical areas, to ration capacity and encourage
full asset wtilization. A major change from the HOPE is that customers
may reserve firm transportation capacity by paving a reservatiom
charge. As in the HOPR, customers of pipelines accepting the blanket
certificate may reduce entitlements by 25 percent annually for four
vears, The transportation asthority deoes not depend wpon distributors
granting similar open access to their svstem or on producers granting
take—or-pay relief, beth of which had been suggested in comments.

As this report is written, it is not vet clear whether plpeline
companies will accept Ebe blapket certificate or napt. Host have not
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declared their wltimate intentions. Open access advocates are éx-—
P].I:'l'iﬂg ways Lo place Dﬂﬂﬂf&:ﬁﬂiﬂ-nﬂl and Justice Department pressure on
pipeline companies to embrace non—discriminatory transportation.l?

State Commissicn Regulatory Trends

In early 1985 a survey of selected state commissions was conducted
by the HRRET requesting infotmaticon tegarding pricing policies and
regulatory practices for major natural gas distributors. A letter, &
copy of which zppears in appendix B, was mailed to nineteen state
commissions., Of these, slxteen reaponded elther by letter ar through
follow-up phone calls. The sixteen states providing informstion were
California, Florlda, Tllinods, Kentucky, Louisiana, Michigan, Mlssouri,
Mew Jersey, Hew York, MNorth Carelina, Ohie, Pennsylvanla, Texas,
Washington, West Virginia, and Wiscongin, The MERI survey requested
information about interruptible rates, flexible priecing, Specisal
Matketing Progtams, and gas-on-gas competition within each state's
jutisdiction, This section summarizes the cesponses. A pore complete
description L& in appendix C.

At about the same time that the WERI survey was mailed, the HARUC
Staff Subcommitte on Gas surveved its members regarding intrastate
carriage of natural gas. Fifteen states were included in the subcom—
mittee's report, of which eleven were states that were also surveyed by
HERI. TIn one ar=a, intrastate carrlage, the two surveys were similar
in that the WRREI question abouwt speclal marketing programs within a
state’'s jurisdiction penerally requires some form of intrastate car-—
tiage. Hence, the two surveys teinforce one another on this particular
iggue, and complement one another more generally since the MERT survey
wag more extensive. Interested readers may wish to obtain the subocom-
mictee's results to supplement Che information reported here.lB

L3“producers Seek Probe of Fipelines: House, Senate BEesclutions
Offered,” Insida FERC, Mowamber 11, 19B5, p. 1.

161ag5 Eeport of Che Committee on Gas {(Washington, D.C.t HNational
Asgociation of Eegulatory Urilicy Commisslonecs, 1985), pp. 31=32.
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Most state commiesions reported that distributors in thelr states
uged interruptible rates. Most commonly, the interruptlble tariff is
fashioned so that customers that wvolunteer to be interrupted pay a
gmaller fractionm of the distributor's margln than fires custemers. In
some cAsEes, state commiseions reported that this lower price was hased
an coest-of-service principles, while others sald that interruptible
customers do not pay the demand component of the pipelime tariff. The
economic efficiency of such interruptible races {83 Jdiscussed in the
next chapter.

Flexible pricing is used in many states, although several commis-
gione reported that such a policy is not used in thelr atates.

Included In this latter group are Florida, Kentucky, Hissourl and
Texas. In the case of Eentucky, a flexible pricimg rule exists but has
never become effective because the flexible pricing formula has always
yilelded a price higher than the regular tarlff which 18 & ceiling price
in the rule,

In most states, flexible pricing formulas are linked to some
benchmark price of an alternate fuel. The price of low sulphur, number
6 fuel oil is the benchmark in California and Illinois, for example.
The benchmark in Wisconsin, Morth Carolina, and Pennsylvania is based
upon the Industrial customer's own circumstances. In effect, the
distributor amd industrial wser negotiate a price that allows the
customer to remaln on the gas avstem. In such cases, the customer is
typleally required to document the ability toe switch fuel suppliers and
to verlfy the price at which the customer can purchase the alternate
fuel.

The survey respondents reported a wide range of activicy regarding
intrastate carriage of gas and 5Special Marketing Programs. Several
states had no Intrastate carriage program at the Cime of the survey.
These included Californls, Florida, Mew Jersey, Mew York, Texas, and
Wisconsin. Since then, Callfornias and New York have begun to lavesti-
gate intrastace cartiage programs, and more state commissions are
likely te conslder such programs in light of the U.5. Court of Appeals
decision, the FERC NOPE, and the final order.
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DF those commissions reporting intrastate transportation tariffs,
two approaches were evident from the survey responses. Mentucky and
Misgourli permitted carrlage of SMP gas only if sweh gas were displacing
an alternate form of energy., Carriage wag not permitted LE the pgas
bedlng tranaported displaced the diatributer's firm salea. This
regtriction was not reported by most states, however, which typlcally
allowed any SMP gas to be Cransported.

Most state commissicns that hawve approwed intrastate carrlage
programs have based the transportation fee on some wersion of the
distributor's margin. This margin ia typleally caleulated as the
customer's general service rates less the coat of the distributor'sa
system supply. This type of methodology is wsed In California,
I1linpdis, &md New York among others. In practiece, this method can he
applied in a variety of wavs, In California, the marginal cost of gas
is subtracted from the general services rate. Because of Southern
California Gas Company's sequencing policy, its marginal cost of gas is
lower than its average cost which results in an wunusually large trans-—
portation rate. Most other states and companies subtract the average
cost aof system gas eupply. An alternative to this metheod is to base
tranaportation prices on a cost-of-zervice study of the unbundled set
of servicea offered by a local distributor. Swech cost studies are
likely to becoms more common Lf Intevstate carviage becomes more wide-
spread, as seems likely,

Direct compecitcion between pipelines is unvsual oubside of the
major gas producing states of Texas and Lowisiana where pipelines
compete openly for industrial load. Apart from chese, only the
I1linals, Hew York, Pennsgylvania, and Ohis Comalsslons reported any
gas=-on-gas competition. In Illinols and Mew York, several distributars
are partiazl reguirements customers of more than one pipelime, and the
respective commissions encourage the distributors to purchase the least
cost gas. In Dhio, the self-help gas program has been working effec-
tively since the mid-1970s5 to provide &8 small amount of competition to
the major pipelines. In addicion, one discributer in Ohio has chogen
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to connect with a second plpeline inm order to reduce gas coscs, The
Fennaylvanla competition has caken the form of nelghboring diztributors
competing for the same Industrial load, The Commission decides such

territorial disputes separately and has no generic rules,

SummALY

The current condition of excess deliwerability in the natural gas
matket means that there are opportunities to Find producere with wells
that are either shut inm or are not producing to capacity and who would
be willing Eo accept a price lower than the prewvailing price. The FERC
final order may open up the competition for such producers to distribu-—
tien companies and large industrial users. Whether such competiticn
will materialize depeads on the voluntary acceptance of non-discerimi-
natory carriage by che interstate pipeline companies. TIf the Interstate
companies move Coward a larger carriage role, state commissions need to
be prepared with complementary carriage programs and rates for local
distributers. Many have soch programs already; many have not ver had
the need to address the [ssue of carriage. 5Some {ssues regarding a
distribution company's CransporCation tariff are discussed in chapter 4,
following an analysls in chapter 3 of natural gas rate design issues
[rom several different economic efficiency perspecCives.
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CHAPTER 3

PERSPECTIVES ON FIXED AND VARIABLE (OST RECOVERY

The design of natural gas rate structures must balance a wvariety
of factors: the risk of reveoue recovery by producers, pipelines and
distributors; the relative cost of serving fiem wversus interruptible
users; the competitive pressures from slternative fuel suppliss; and
equitable, nondiscrimimatory treatment of =211 customera. A wvariety of
faederal and state regulatory practlees, polieles, and rate designs have
evolvwad im the pasc 50 years that have attempted to balance these
forees, with varyloeg degrees of success depending on the status of gas
gupply and demand,., Federal policies, in partlcular, are currently
changing Iin fundamental ways. Most gas has been freed of wellhead
price comtrols, and the Pederal Energy Regulatory Commission s about
to propoge new rules for the Interstate pipelinme Industcy. State com-
mlssions are faced with adapting rectall gas rates co the new trans-
portation and billing rules at the federal level. The purpose of this
chapter is to outlime the rate design issues that state PlUCs are likely
to encounter in these circumstances. The chapiter has flve sections be-
ginning with a short policy discussion of current fixed-variable rate
designs, espocially for interstate pipelines, and ending with a dis-

cussion of the limits to price discrimination.

Taward An Evaluation of Fixed-Variable Rates

Two-part tariffs, consisting of a demand charge for a customer's
own maxisum demand (in units of maximum mcf per day) and a commeodity
charge for each mcf wsed, have been the most common tate structure

used by gas wtilities. This has been particularly true for the FERG
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regulated rates of the Interstate pipelines, and to a lesser extent,
for state regulated distribucion weilicies. Time-of-use [(TOU) rates
have never been a standard feature of natural gas pricing policy,
degpice the strong seasonal nature of gas demand. The FERC Hotice of
Proposad Rulemaking and the final rule contain features of a TOU rate
structure for transportation, but these are not fully developed as yet.
The fact that gas storage 1a used to balance the load betweesn =seasons
does not eliminate, by itself, any differences in the marginal supply
cost between seasons.l To the extent that marginal cost differences do
exist, these are most likely to be a reflection of the limited pipeline
capacity to transport gas during high demasnd periocds. The cost of the
gas 1teelf does not wary seasonally. Since the commodliéy cost of the
gas 18 more than half of moat retall rates, it might be that time-
of-use pricing would create only a small seasonal differential. For
this reason, it may be true that TOU gas rates would have little prac-
tical value. Whether this is true or not, howewer, much of the conten-—
fion regarding gas rate design has to do with recovery of fixed costs,
meaning the capital cost of the pipelines owned by distributors and
interstate transporters. Economic efficiency suggests the recovery of
such costs on the basis of seasonal usage, with all wsers charged the
same transportation fee for gas delivered at the same time. TIn addi-
tlon, users who are willing to be dnterrupted would be charged a lower
price during those times when such interruptions were likely. The pur-
pose of calling the reader's attentilon teo TOU cransportation rates at
this juncture is merely as & reminder that one measure of the useful-
ness of rules of thumd such as "Interruptible customers should pay no
demand costs” 13 how well chey mimic TOU cost patcerns.

The two-part tarlffs actually approved by the FERC have drifred,
since 1950, towards a lacger recovery of demand costs in the commodicy
charge portien of the user's bill. Tn the 1950s, pipelines tyvplcally
used a fixed-variable formula in which all wvariable costs were

lFor a discussion of this polnt see Graham Pyatt, "Marginal
Costs, Prices and Stcorage,” The Economle Jowurnasl, December 1978,
PPs T49-TG2.
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recovered in the commodity charge and a8ll fixed costs in the demand
charge. The conventional practice was that "firm"™ customers paid the
demand chacge, while interruptible users did not. Large, industrial
customers who wore directly connected to the interstate pipeline
generally benefitted from a substantial diseount by agreeing to take
gas service on an interruptible basis., Local distributors were "firm”
customers of the pipeline company and paid the FERC approved demand
charge, The subsequent recovery of such demand charges from the dis-
tribucoc’s residential and industrial customers was and is regulated by
the state copmission. The state—approved industrial price might in-
clude some allocation of the pipeline's demand charge; however, the
state's pricing policies may be limited if some of the discributor's
industrial customers can plavsibly threaten to bypass the distributor
and coonect directly to the interstate pipeline. Hepce, the FERC
approved demand charge influences industrial retail pricing beyond the
very subgtantial, direct industrial level.

Partly in recognition of these pricing effects, the FERC (then the
Federal Power Commission)} adopted the Seaboard formuls in the 19&0=s
which effectivaely narrowed the difference hetween the pricea paid by
firm and interruptible customers., The gap was narrowed further im 1973
when the United method was adopted. Recently, pipelines and their
industrial customers have argued, with modest auccess, for & return to
rate design principles that place more of the Eized costs in the demand
charge. The FERC staff has presented a modified fimed-variable rate
design in a recent case. Alchough it was not accepted, the Adminis-
trative Law Judge adopted the Seaboard pethod which moves In the direc-
tion of unloading the commodity charge. The current pressure Eo revert
to a modified Fixed-variable structure has been characterized as a
"desperate attempt to help utilities retain and recover price-sensitive
industrial lsad."? Hence the link between the industrial pricing

Zarlon R. Tussing and Commie C. Barlow, "The Fixed-Variable
Faradigm,” ARTA Energy Imsights, April 1984, p. 3.
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policy of paving only the commedity charge and Che FERC non-TOU mechod
of recoverlng fixed costs resulta {n pressure te reallocate such fixed
costs In cimes of severe price competition from alternate fuels.

A fixed-variable rate design has been advocated by several com—
miéntators in recent years. Tussing and Barlow have summarized thase
arguments as having three major strands.? The first is that Inter-
tuptible customers would be charged a minlmum of zero of the fixed
costa amd more tham this only when market conditions allowed. Such a
fixed coat allocation Ls appropriate because these customers have not
"reserved” capacity, but rather are willing to be interrupted. Second,
because nonfirm users typically have multi-fuel burning capabilicy,
they can quickly drop out of the gas market when supplies are tight
which will help to dampen wild fluctuations in spot market prices.
Third, since such tates correaspond to the Ineurrence aof costs, the
fimancial risk to the plpeline's investors i3 reduced. These vlews are
commonly advanced by many Industry commentators Lo support Flzed-vari-
able rate designs.

The difficulcy in evalwating the fixed-variable rate proposal is
that, like many other regulated pricing structures, the final form of
the tariff has little to do with the arguments used to justify it in
the first place: The argument that certain customers are interrupt—
ible, are not respomsible for the cost of capacity, and therefore,
should pay nome of or only a small fraction of the demand charge when
market conditions allow it, is based onm two intcerrelated ideas: (1)
capaclty costs are associated with peak demand and (2) Interruptible
servlice s qualitatively dnferlar to firm service. The second idea 1s
diecussed in the next sectlonm where wvarious models of Interruption are
reviewed.

The first idea, that peak demand causes the need for capacity, is
the basis of TOU pricing In the economics literature. In practice, TOU
demend patterns of f£irm versus interruptible customers are compared,

possibly in a formal cost—of-service study, and the assertion is made

3tbid.
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that firm customers are tesponsible for the peak and hence should pay
all or most of the demand costs. The prices that emerge from che
typical wersion of such an exercise are the same in peak and off-peak
periods for a given customer class. Differences in the noo-TOU prices
batwoaen firm and interruptible customers are asserted to corrvectly
allocate fixed costs. Such an argument would be more persuasive,
however, if the rate design reflacted the TOU ecost differences that
motivated the assgertion in the first place, Indeed, the objective of
gtudying and diacerning TOU east pacterns i3 to design correspondling
pricing patterns, at leasat from the viewpolnt of prosmoting economic
efficiency. To wse such a atudy to fashlonm rates that do naet vary over
Eime may promote social equity in the view of many regulators, but most
if not all of the efficiency wvirtue is simply lost.

Mozt peak-load pricing models have advanced beyond the stage where
all capacity costs are collected, Iin effect, only from peak users.

Even in the case of the simplest possible circumstances in which only
peak uvsers pay for capacity, bowever, it seems clear that large indus-
trial customers, otherwlse Interruptible, usually would teke gas during
the winter heating season and thus would pay for part of capacity
during that time umder a TOU pricing polliey. The nonseasonal mature of
thelir demand undoubtedly would result in a leower, year-round, average
price for these users, but It seems unlikely that they would pay no
portion of the fixed coats, as suggested in the Fized-variable rate
designa.

The purpocese of dwelling on the TOU nature of gas race designa is
to 1llustrate the complexity of the issues. LIf the policy disecussion
muat be confinmed co rate designs that have Cwo parts, sach of which
doea nof vary over tlme but does wary between customer ¢lasses, then
the fixed-varlable proposal deserves serious coneideration. The FERC
Seaboard formula, however, la also likely to receive high marks im the
context of such second-best pricing options. The FERC is currently
proposing new rules that are likely teo change fundamentally the way Che
pipeline Industry provides transportation setvices. This 1s a good
sccasion to expand che policy discussion of rate designs Co include the
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possibllity of time-differentiaced cransportation fees as che FERDC has
done in at least a tentative way. If & plpeline’s load factor is ao
high that transportation costs 4o not wvary between seasons, for
example, then interruptible customers have no basis for their claim to
escape demand charges since the responslibllity for the peak would be
spread ewvenly over the wyear in such a case. 1In any case, empirical
studies of cthe time pattern of transportation cost-of-service would be
a good supplement to the FERC recent Notice of Proposed Bulemaking
(NOPR) .

& second, purported wvirtue of a fixed-variable rate sbtructure is

L]

that “...: becavse multi-fuel consumers can painlessly drop out of a
supply—constricted market, their presence at the margln sssures firm
usars that spot prices ... are umlikely to undergo wild fluctuations.?
The conclusion is that an industrial customer's poslitive contrlibution
to the owverall stabllity of the system ls a reason for adopting a
fixed-variable tariff. Im other words, price discounts are appropriate
for those customers whose market participation tends to dampen price
swingz. The effect would be to price discriminate in favor of the most
price-sensitive consumers.

While it iz true that all consumers benefit from the sctions of
the most price-sensitive customers, the idea to reward them for suach
service s unique. The authors know of no other suggestion that price
discounts for such a reasom be given to those customers who are on the
margin of any market. The same argument could be advanced for any
market, even those that are unregulated. Customers that receive any
consumers” surplus in any market are presumably pleased that others
value the product less, shop carefully, and buy cnly wheno the price is
favorable. Buch actions serve to hold down prices to the benefit of

all. We ordinatily de not wish to give price discounts for such

YFederal Energy Eegulatory Commission, Motice of Proposed
Rulemaking, RM85-1-000 (Washington, D.C.: Federal Energy Regulatory
Commission, May 30, 1985}, or gee 50 Fed. Reg. 24130 (1935},

5Tusaing and Barlow, "The Fixed-Variable Paradigm,” p. b.
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gervice, however., In addition, the stabilizing effect of marginal
consumers does not Incresse becavse of a price digscount which only
serves to ghift the market's margin o another growp of consumers with
a8 lower willingness to pay. Stated differently, the externality in
this cage Is purely pecunlary and does not have any real économic
content, The stabilizing influence of marginal conmsumers is correctly
transmitted to the market by the fluetuating price signalas themselwes.
There is no need to creste average priclng differentials to reward such
marginal customers, Indeed, the actempt fo do so Is self defeating
since snother group of margimal customers would crop up claiming the
need for & reward for their social service of price grabilization,

The third strand of the argument in laver of fixed-variable race
degigns is that financial tisk of the pipeline is reduced by rate
designg that have a large demand charge. This view is commonly
advocated by the pipeline companies. The argument has merit. Temand
charges, in the short term, are similar to lump—sum payments that are
collected by the pipelines. Becawse such paymente are relatively
Insensitive to random changes in demand, the pipeline’s financial
returns are atablilized, Thig uwltimately should have a faverabhle affect
an the utility's coat of capital since fnvestors would value such a
tlsk reductlion.

There are two difficulties encountered in attempting Lo évaluate
thisg risk reduction argument. First, the empirical evidence supporting
_the favorable cost-of-capital effects is quite sparse, if not nonexis-
tent. While it seéeems clear that risk is reduced, it is important to
hawve an estimate of the magnitude of the corresponding reduction in
cost. Becond, 1t is pot clear that owverall social risk is reduced by
pipeline demand charges. The risk is shifted, at leasst in part and
perhaps mostly, to the customers of the pipeline who must pay the
demand charge regardless of the volume taken. Hence, local distribu-
tion companies and captive residential and commercial customers bear
the finaricial visk that che FERC shifts downstream from the pipelinea.
Overall social risk may or may not be reduced by such a policy. The
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resolution of this issue requires empirical evidence about the effect
of demand charges on the pipeline's cost of capital, on the distrib-
utor's cost of capltal, and on the value of any risk that state regu-—
lators pass on Lo captive retail customers.

With this introductory view of matural gas rate designs, the three
following sections address three specific issues: the design of inter—
ruptible rates, the economie efficiency of demand charges, and the
limits of price discrimlnation, The reader should bear in mind that
any or all of the rate designs asgociated with thege issues could bhe
uged In conjunction with a T pricing polley.

Interruptible Rates

The bhasic regulatory pelicy upon which current Interruptible rates
policy is based can be described as a cost sllocation exercise that
gseparates filxed and varlable costs and then recovers some fractiom
{poasibly zero) of the demand costs with a demand charge that inter-
ruptible customers do not pay. Like all allecations of fixed cost,
this process iz imherently arbitrary to some degree. The academlc
literature containg several formulations of Interruptible pricing chat
getve as a4 benchmark against which cutrrenf practice can be compared.
Most of these models are formulated for am electric utility; however,
they are applicable to gas companies as well.

& variety of models describing optimal pricing of interruptible
service have appeared in the literature. The model of Marchand is
pechaps the esarliest.®? In it, he specifies that customers pay for both
energy and maximum power, and cam be interrupted whenever a shortage of
generating capaclety cccurs. HNeither the maximum power price or the
interruption scheme correspond ta actual U.5. wrilicy practices. The
maximus power 1s a contracted quantity, to be made available to the

b, 6. Marchand, "Pricing Powsr Supplied on an Interruptikle
Basiz,” European Economic Beview, 1974, pp. 203-274,
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customer with a particular probability. If the event on which the
probability is described actually occurs, the customer Ls limited to
the contracted maximum power and pays for it, regardless of whether he
uses that amount or less. In contrast, typlcal demand charges im the
0.5, elecericity industry are haged on billing demand, which is the
cusComer's own, actual, maximum usage. Most retail natural gas demand
charges are similarly baged on actual maximum. IE is true that matural
gas distributors typically pay for contracted maximum wolumes; however,
the actual demand charge differs from that deseribhed by Harchand in
thiz cage also., The digiribucor's demand charge is paid with 100 per=
cent prabability, That envisioned by Marchand is contingent upon the
events themselves and so a coustomar pays for various levels of the de-
mand charge with separate probabilicies.

The interruption scheme employed by Marchand s likewise unusual.
In his model, whether a customer is interrupted depends upon the cus-
tomer's actual use at the time a partieular eontingency materializes.
The interruptlon takes the following form: cthe utilicy reduces each
cugtomer's maximum allowable demand according Co a pre-arranged con=
tracted seguence. The seguence of maxlsum demand levels is selected
geparately by sach customer; however, the probabilities of the events
under which these maximums can be taken is the same for all customers.
In Harchand's scheme, customers do not buy a position on the rationing
list, such as first to be curtailed, last to be curtailed, etc.
Rather, each customer agrees to have his or her ocwn maximum demand ce-
stricted under certain contingencies. If such a customer happened to
be using very little electricity at the time of the maximum demand re-
gtriction, no personal curtailment would oceur. Hence, the Iist and
order of customers actually interrupted would change from instant to
instant. Each customer's demand 18 random. Each combination of cus—
tomer demands actually realized that yields the same system demand (and
consequently the same event that defines the curtailment scheme) will
result in a different set of cusComers being interrupted. This type of
contingency-dependent order of Interruption stands In sharp contrast to
the more commonly used contract In which & customer agrees to be
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interrupted in a pre-arranged seguence, 1f required by avatem
conditions, irrespective of his needs at the time of curtailment.

Ostensibly, Marchand's model is one in which customers sometimes
are interrupted and sometimes are not. Marchand himself, however,
notes that his rationing rule has the effect of always using generating
plane ac full capacity. Agpgregate demand, then, is never less chan
capacicy and the need for interruption is continuous. This is
consistent only with a capacity choice set egual to the smalles:i
possible realization of demanmd. An indication of how difficulc
Marchand's model is to interpret is Hamlen and Jen's characterization
of it se onme in which the customer is goaranteed the meximum lewvel
purchased, thereby requiring capaclty egqual to the aggregate of all
maxipum demands in customer contracts.’ With such inscalled plant,
agpregace demand would be almost continuously less than capacity,
except for the unlikely cccasion when everyone simultaneously wanted to
use his own maximum limit. Hence, Marchand's own characterization is
one in which capacity is always fully used, while Hamlen and Jen
interprat it as one where capacity is almost never fully used. These
two wiews can be reconciled only in the ecase of nonstochastic demand, a
condition that would make the entirs ezercise uninterssting.

Panzar and SihleyE, and Dansbyg modified the Marchand model hy
including the technological idea of automatie fuses to limit &
cugtomer s maximum usage. In the Panzar and Sibley treatment, the

tocal system capacity 1is equal te the sum of magimum fuse levels

W.A, Hamlen, Jr, and F. Jen, "An Alternative Model of
Interruptible Service Pricing and Rationing,” Scuthern Economic
Journal , April 1983, pp. 1108-21.

By. Panzar, and V. Siblev, "Public Utility Pricing Under Risk:
The Case of Self-Rationing,” The American Economic Review, December
1978, pp. BE8-95.

9r.E. Dansby, HMulti-Perlod Prieing with Stoechastic Demand,”™
Journal of Econometries, January 1979, pp. 223=37.

32



purchased by all custemers. Such & system Ig inefficient to cthe extent
that any excess system capacity cannof be used Co serve a customer an
those oeccaslons when his own fuse level is exceeded. Dansby envisions
a case whereby the wvtility can activate the fuses, which means that
only svstem-wide excess demand will trigeger the interruptions. While
this improves the utilization of plant, it is still inefficient since
all Fuses are Criggered. Since some customers will be using less than
their fuge levels when such & gystem event occurs, triggering all fuses
necessarfily means that excess capacity will exist afterwards.

The uvse of capacity is improved in the interruptible service model
of Tschirhart and Jen.l0 1In it customer groups are arranged im pri-
ority order, with different prices paid for wvarving degrees of relia-
bility. The highest pricrity 1s assigned to a group that can be bheat
degeribed ag the residential class. Ic i3 the only group with sto-
chastle demand, and it 1s Interrupted last. All other groups have non-
random demand and are Interrupted in priority fequence in 4 continuous
manner in accordance with che continuous excess of demand above capac-
fty, Techirhart and Jen show that i1f demand is itself not dependent
upon reliability then the price paid per unit (which is the only form
of payment for service since customers' bills have no fixed component)
inereases &3 the reliabllity of service alse increases. Customers that
are to be interrupted first pay the lowesat priece, while the residential
sactor pays the highest. This ordering is not neeessarily maintained
if demand depends upon reliability. The reason has te de with the sen-
sitivity of customers to the Interruption probability. Customers that
are highly sensitive to interruption may be given a favorable place onm
the priority list,; and if they happen to be guite sensitive to price,
the price may alsc be set low.

The concept of rellability used by Tschirhart and Jem has a single

dimension——the probability of imterruption. The model formulated by

107, Tschirhart and F, Jen, "Behavior of a Monopoly OFfering
Interruptible Service,”™ The Bell Journal of Economics and Management
Science, Spring 1979, pp. 244-57.
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Hamlen and Jem distimguizhes hetween the probablility of che curtallment
and its extent. They describe their curtailment scheme sz a "limicer”
method. A limiter is a complex fuse, which when activated allows a
customer to draw some pre—sget fraction of his own demand. ALl limiters
ara simultanecuwsly activeted im Hamlen-Jen's model when demand ewceeds
capacity. When that event occurs, all consumers are restricted to a
pre-set fractiom of the desired demand.

This concept of a limlter-type of curtallwent, Lltself, has several
limitations. IrC does not solve the capacity utilization problem of the
fuse system, Wwhich ig that after the fuses or limlters are activated,
the demand belng served is likely to be strictly less than capacicy.

Mo interconsumer allocations are possible because of the prefixed
nature of che limiters. Second, the concept is more applicable to
glectricity than to natural gas. It is likely to bhe difficult to par-
tially restrict gas flows and may even be dangercus in some applica-—
tions. For example, pas burning appliances could not be allowed to
draw more than the limited quantity since to do so wouwld tend to reducs
the gas pressure In the fesder line hetween the limiter and the appli-
ance, Third, since usage is limited by a2 pre-set fraction, some cus-
tomers mlght thwart the effectiveness aof the limiters by creating the
appearance of a large demand in order to recelve more. In the elec-—
tricity example, if the technology of ereating a limiter is awallahbhle,
there 1s nothing to prevent the customer from reversing such a tech-
nology on his own premiszes., That is, installation of a "delimiter” on
the customer's side of the junction to the central power scation could
be uvsed to increase a particelar customer's allocations. For example,
suppogte a customer wished to draw 100 kilowatts but was limited to 2/3
of his current desired demand. If he attempts to draw 100 kW, he will
receive 66 2/3 kW. But if he creates the appearance of desiring 150
kW, he can ocbtain 100 kW, and avald all curtallment. This type of
gtrategle behavior on the part of customers 18 possible because of the
prefized fractional mature of the limiter concept. A limlter that
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specifies the absclute level of maximum demand could not be manipulated
in this fashion. Hamlen and Jen do not address this strategic consid-
etation, but rather presume honest revelation of desired demand.

At their cutrent stage of development, the pricing guidance from
these models is somewhat imprecise, The Hamlen-Jen model iz the most
general amd its pricing implications warrant a brief summary. Welfare
maximizing prices cannot be characterized inm general, but Hamlen and
Jen are able to provide s few inslghts shout interruptible pricing.
Firm or noninterreptible customers pay a price equal cto varlahle plus
capacity costs, as expected. TIf the set of optimal prices ylelds
inadequate revenuwe, then the prlee paid by Eiem customers must be
increased above the level of variable plus capacity coats. Hemlen and
Jen distinguish ctwo categories of interruptible customers, thosze that
are partially interrupted and these that are completely interrupted.
In both cases, the pocially optimal price can be only vaguely
charvacterized as belng less than the sum of variable plus capacity
costs, There 15 no Indication, for example, that the price lor even
the complately interruptible customers consists solely of wariable
costa, as the Fixed-variable rate structure would Imply. The Hamlen
and Jen results suggest only that nonfirm congumers pay some fractCionm
of che capaclty cost, a palley not inconsiscent with cthe FERC

traditional Seaboard formula, for example.

Economic Efficiency and Demand Charges

The discussion thus far of nstural gas demand charges has touched
on itwo aspects of economie efficlency: tilme-of=-use and interruptible
gervice pricimg. The conclusions have bean that (1) currently con-—
figured demand charges do not have Che TOU characteristics used to
Juastify, in parc, Eized-variable rate designs in which large lodustrial
customers pay litcle, 1f any, fixed cost, (2} a TOU transportaction Fee
would result, wost likely, in large industrial customers paying for
gomes part of capacicy costs, and (3) the reduced quality of service
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represented by a4 willingness to be interrupied has a secially optimal
price which includes less than 100 percent of capacity costs, but most
likely more than zero percent. The idea of a reservation price based
upon capacity costs has some walidity, but there 1a mo theoretlecal jus-—
tification for supposing that consumers wishing to reserve capaclty
should pay for 100 percent of ft. Consequently, neither the TOU nor
quality of services arguments support the fixed-wvariable rate structure
that allows large 1ndustrial users to pay for only variahle costs.

There is & third economlc efficiency issue regarding demand
charges Chat mevits a brief review. Suppose, for a moment, that all
pipeline customets pay the demand charge. This allows us to abstract
from the ancillary issue that interruptible uwsers do not pay the demand
charge and hence avold the need to justify price discrimination between
large industrial and other uzers, Demand charges encourage Individual
ugers to manage Chelr own peak loads, which reflects favorably, to some
extent, wpon the syatem's peak demand. The guestion to be addressed in
this section is whether a socially optimal demand charge, designed to
account for any such favorable system peak—demand effects, would have a
fixed—variable nature, or would optimal demand charges tecover less
than 100 percent of demand costa?

The izsue has been addressed by Marchand!! and HendersonlZ using
the electricity industry as an example. The Henderasocn formulatiom, in
particular, is egually applicable to matural gas plpeline regulatliom
and forms the basls of the discusslon here, In times of excees supply,
such as the gas market 1s currently experiencing, peak demand Lz not
preasing upon plpeline capaclty, except possibly in fsolated reglons.
During such times, plpelime capaclty is truly fixed, in the economic

llMarchand, "Pricing Power Supplied on an Interruptible Basis,”
pp. 263=Z74.

127, Stephen Hendersom, "The Economics of Electricity Demand

Charges,” The Bnergy Journal, Special Electricicy Tssue, December
1983, pp. 127-139,
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sense of the word, and there is no economic efficiency justification
for recovering any of the capaclty costs In rates. The regulatory
pracbice of recovering these economically fixed costs gives rise Lo
impovtant egquity and fairness considerations which are discussed In the
next gectlion, There are no economic efficiency issues, however, Co
guide cogt vecovery when costs are actuwally fixed. Hence, the question
of designing desand charges so as to correctly convey price signals
regarding capital costs does not arise until peak demand begins to
cause a need for more transportation capascity. It is to these circum—
gtances, apparently several vears in the futvre, that this discussion
is directed.

The key to understanding the nature of an cptimal demand charge is
to envision the set of Factors that influence the demand for capacity,
that is, the system peak-period demand. The demand for capacity would
depend, in peneral, on both the billing demand and the wolume of gas
consumed by all customers during the peak period. The peak peried
might be A month or the entire heating season, for example, 1f the ex-
panse of time—of-day meters is to be awvoided. However the peak period
is defined, the important feature is to apeclfy that system pealk demand
depends on both billing demand and volume. The effect of each of theae
(for each customer group) on the svstem peak becomes a matter to he
egtimaced empirically., Optimal priclng depends on the reactlon of the
syatem peak to each of chese components of demand. An optimal commod=
ity charge for a customer group would include variable costs plus that
fraction of capacity costs represented by the responsivensss of the
svatem peak demand te that customer group's veolume taken durimg the
peak perind. The optimal demand charge would recover the Fraction of
capacity costs given by Che correspooding reaction of the svstem peak
to the group's billing demand. More specifically, Henderson shows that
the fraction of capacity coasts recovered by en optimal peak commodity
charge for any group is the elastieity of the system peak with respect
to that group's own peak consumption. Likewise, Cthe fractiom of capac—
ity costs recovered with am optimal demand charge for any group is the

elagticity of the system peak with respect to that group's billing
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demand during the peak period. An estimate of the responsiveness of
the system peak wich respect to the varicws demand components for which
customets are actually billed provides a direct, straightforward way of
sorting out how much of demand cost to allocate to the demand chatge
varsus the commodity charge.

The fixed-variable rate structure that allocates all demand costs
ta the demand charge would be corvrect omly Lf the system peak is com=
pletely unresponsive to changes in the volume of gas taken during the
peak pericd, which seems highly unlikely. Stated differently, the
optimal demand charge would inclede 100 percent of all demand costs
only if & one percent reduction in & customer’s own billing demand Te—
sulted im am equal one percent reduction in the customer’s demand at
the time of the system peak. Ordimarily, a reduction of a customer's
own paak demand does not result in & corresponding reduction of the
customer s portion of the system's load. Part of the effect is lost or
diluted because the customer’s own peak does not necessarily correspond
pecfectly Co that of the system. The elasticity of the system peak
with respect to a customer group’s billing demand correctly accounts
for this dilution, In the sense that it measures the marginal effecte
that demand chavges have on the system peak given that these are trans—
mitted through a customer's adjustment of his own billing demand 13 1
it is true that such dilutlon typlcally occurs (a question that re-
quires emplrical estimation and wverlfication), less than 100 percent of
demand coscs would be optimally recovered with demand charges. Compro-
mize formulas such as the FERC Seaboard mechod are consistenmt with this
conclugion, whereas the relatively more extreme type of [ixed-variable
tarlff would result in demand charges that are too high if billing de-
mand effects on the svscem peak are partially dissipated as expected.

Hence, Lf peak demand wete large enough te justify a capacity
expangion, economic efficiency would be promoted by demsnd charges that
were based on less than 100 peccent of capacity costs, with the actual

L3tnterested readers may wigh to refer to Henderson, "The
Economics of Electricity Demand Charges,” pp. 133-135 For the analyt-
ical details that support this conclusion.

38



percent based on the degrees of dilution between a customer's own bhilling
demand and that of che system peak. 1If demand is relatively slack in
comparisen to available capacity, the pipeline cost is Cruly fixed, and
fts vecovery bag no divect Implications for economic efficiency. Which
group pavs, bowewver, becomes an important social equity issue. The fair
allocation of fixed costs between customer groups ralses the question of

price digcrimination, a toplc addressed in the next section,

Flexible Pricing, Price Ceilings and Floors,
and the Possibility of a "Death Spiral”

The purpese of this section is to explore the issues surrounding
the recovery of capital cost, when such ecoat 1= truly fixed.l4% TOD
pricing, interruptible ratea, and optimal demand charges are pricing
pelicies that can have no effect on capacity deelsions unless peak
demand is pressing wpen and thereby creating a need for capacity. When
demand is slack, regulators may wish to maintain such pelicles for pur-
poges of continuity; howewver, there is no instantancous need for such
capacity-modifying pricing. Despite this, fixed costs must be pecovered
nonetheless. In such circumstances, a public utility commission may be
able to improwve owerall social welfare by allowing the utility to engage
in price discrimination. The existence of fixed costs wsually means
that prices must exceed marginal costs and hence some social well-being
muat be sacrificed im order for the wtility to break even, Priclng
palicies such ms the inverse-elasticity rule are Intended to minimize
thia 5a¢riE1¢&,J5

lﬁThis gection draws heawily wpon J. Stephen Henderson, "Price

Discriminacion Limits in Relatien to the ‘Death EBpiral,'" The Energy
Journal , forthcoming.

Lag pood discwesion of inverse-slascledity rules or Ramzey pricing
appears In William J. Baumol, "Beasonable Bules for Hate Begulatlonm:
Plausgible Folicles for an Imperfect World,”™ im Prices: Issues in
Theory, Practices, and Public Policy, eds,, Alwasrin Phillips and Cliver
E. Williamson, {(Philadelphis: Univ. of Penmsylvania Press, 19&7),
pp. 122-123.
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An aggregaced view of secial justice must be taken, howewver, inm
order to conclude that inverse-elaseicity rules improve economlc well=-
being., Some welfare of Inelastic wsers who arve charged a relatively
high price is implicitly exchanged For a proportionally Swaller mark-up
over marginal cost For the elastic consumer. In other words, it must be
true that in order to maintain constant profite, a price veduction for
one service necessitates & price inerease for some other service In at
leagt some small region near the Ramsey pricing peint or inverse-
elasticicy rule. Hence, price discrimination, in general, cannot bene-—
fir all customers. Regulators ususlly are Faced with substantive
choices that require a2 price increase for one group or service im order
to give preferential treatment to another. BSome public wtility econo=
mists have examined special conditions under which it is claimed that
such a trade-off is npot needed. For example, reducing a favored group's
price has such a propitious effect on the sharing of fixed costs that
all pther prices can be reduced also. Such a circumstance, if it
existed, would be che regulatory equivalent of a free lunch.

This sectiocn delineates the nature of these special conditions and
argues that such conditions are not likely Co be common. The topic is
closely related to cthe limics of price discrimination and also To the
prices at which market Instability is indoced. The connection between
these ideas has not appeared in che literature before and wags developed
as patrt of this researvch.

Ho=Loger Price DMscrimination
The Importance of the no-loser price discrimimation was recently
emphaslzed by Federal Energy Regulatory Commissioner Stalen in remarks

to the Matiomal Conference of Regulatory Attormeys that included the

sCacement,
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For a long tlme defenders of price discrimination

have relled heavily on an elementary economic theorem that

demonstrates that a regulated firm with monopoly power and

with unexploited economies of scale...can discriminate in

price and ma%e those customers who are discriminated

against better off than cthey would be without such

diacrlminatiﬂn;lﬁ
Commisaioner Stalon went oa Co propose Chat this elementary economle
theotem be used to establish price ceilings. A commission, for
example, might direct that a utility establiah a set of nondiscrimina-—
tory prices which would yleld the overall revenue requirement and which
would allow the wtility to lower the price Co all customers in a
particular class if the prices of other classes could be either lowered
alse or at least held constant. Such a price ceiling maturally is
attractive to tegulators since there is a set of lower prices for all
groups Chat covers the revenue requitement. The idea of wsing such a
no—loser price discrimimatilon erlterion to establish price ceilings has
been discussed by Merrill Roberts in the context of railrosd rates.l’

Variations of this no—loser price discrimination standard hawve
been discussed by several public wtility econcmists. The traditional
example of an unviable utdlity made feasible by second-degree price
discriminationl® is extended by Bahm to third-degree discriminatiom,

with one customer class having very elastic demand.!? Howe and

léCharles G. Stalon, “Finding Wew Objectives for Natural Gas
Pipeline Regulation,” remarks to the Hational Conference of Regulatory
Attorneys, Hartford, CT, May 13, 19853, Mimeo.

LiMarrill J. Boberts, "Railroad Maximum Rate and Discriminatiom
Control,” Transportation Journmal, Spring 1983, pp. 23-33.

18500 Charles F. Fhillips, Jr., The Regulation of Public Drilities

(Arlingtom, WA: Public Utility Reports, Inc., 1984), pp. 386-387.

1901 fred E. Eahn, The Economics of Regulation: Principles and
Institution, wol. l:; Economic Primcilples (MNew York, WY: John Wiley &
Sons, Inc., 1970), pp. 137-150.
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Rasmussen, and James Eoch use a similar illustratiom whereby third-
degree price discrimination allows an essentisl firm to survive .20
During recent years, a common assertion has been that lowering the
price of natural gas for large industrial customers will prevent them
from leaving their local distributeor, thereby contimuing to pay at
least part of the flwmed-coet burden that would otherwlse fall on
captive residentisl]l and commerclal customsars. Hence, a no-loser price
diserimination argument has been used to support industrial price Te-
ductions. The importance of demand elasticity to this assertion is ex—
plored in a8 report by the Mational Begulatory Bessarch Institute,?l

All of these issues can be best understood in the contex:t of a
simple disgrammatic analysls that shows the locus of prices for two
groupe that yisld constant profits. The farmal properties of such a
diagram are set out in appendix D. Suppose there iz a public utilicy
with geveral cusfomer groups of setvices. If declining block rate
structures are uged, all inframarginal revenue in excess of marginal
price is simply aggregated and combined with fixed cost.iZ The focus,
here, 1s on the single price charged to any fwo customer Froups or
gervices, holding constant all ocher prices.

205ee Keith M. Howe and Eugene F, Rasmugsen, Public Urdlity
Economics and Finance (Englewood Cliffs, MJ: Prontice-Hall, Inc.,
[982), pp. 196=199,. Addicional digcussion is in James V. Xoch,
Industrial Drganization and Prices (Emglewood Cliffs, MJ: Premtice-—
Hall, Inc., 1974}, pp. 317-319.

Zlgee Eevin A. Kelly, J. Stephen Henderson, Jean—-Michel GCuldmann,
et al., State Regulatory Options for Dealing with Natural Gas Wellhead
Frice Deregulation [(Columbus, OH: Mational Begulatory Research
Impticure, 43=7, 1933), pp. 206=209,

22Caution 1is needed here, The appropriate price 1a that upon
which customer demand depends. TIn the short term, the marginal or tail
block price may be the primary determinant of usage. In the longer
term, particularly for customers considering leaving the local wtility
altogether, the averape price may be more appropriate since investment
deciglions are at stake and total cost and benefits sre belng compared.
The gualitative mature of the analysis presented in thia paper,
however, 1s wnaffected by thias distinction.
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The locus of all pessible price combinations that yield zerc
profics is shown In figure 3-1. The axes of the diagram are price
levels for any two groups, say 1 and 2. The marginal costs of ser-
vicing each of the two customer groups are shown as dashed lines. For
the diagram to be i1llustrative of a public utility, it must be Che case
that the zerg-profit locus lies to the norcheast of the marginal cost
point, labeled E in figure 3-1. That is, the socially efficient
priciong point, E, must yileld negative proflts due elther to fixed costs
in the short=term or long-term decreasing cogts. Otherwise, the fun-
damental natural monopoly characteristie would be missing.

The mogt lmportant feature of figure 3= is the locaction of polnte
A, B, C, and D. The prices, E?. are the profit-maximizing single

prices that would be chosen by an unregulated monopolist. At points A
and D, the zero-profits schedule is vertical, and at points B and C it
iz horizomtal. Tt must be the case thet podnte A and D are at the
lewvel of the unrepulated monopolist's price for market 1 and similarly
for B and C with respect to market 2. This geometry follows from some
straightforward analyseis in appendix D.

The point M iz the unregulated monopolist's profit that would be
asgoclated with the combination of monopoly prices in both markets.
The # = K locus 1s assoclated with some positive profics, less than the
unregulaced level. Clearly, as prices are jointly Increased from the
origin to *™, profits will increase, Bevond *M, however, additiomal
“price increages actually vield less profit. The reason, as explained
in all publie wtility econaomiecs texts, i3 that at sueh prices, demand
fa gufficiently elastie Chat further price increases result in a
revenue reduction which is even larger than the cest saving. 35tated

differently, F? ig the price that yields the greatest revenues in excess

of marginal cost and hence the greatest contribution to fixed costs.

In simple terms, a public wutility commission's job to limdt
monopoly profits, savy to rero, is to choose among points along the
gero—profit lecus. Of these, tha only sensible cholces, in the
authors' view, are those between A and B. That L3, the regulator’s job
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Flg. 3-1: Constant-profit schedules

of limicing monopoly profics, when translated to a particular market,
means restricting monopoly power in each, separately. In this view,

Ef are price ceilings. Any regulator allowing a price in excess of
P? could be consldered negligent in his oversight, particularly from

the perspective of the particular market charged wmore under regulation
than by an unfettered monopolist. Imprecise estimates of the ﬁ?

naturally obscure whether these are ever exceeded in pracclce, however.
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Apart from the regulatory obligatiom to prevent monopoly abuses,
pricing pointes outeide of the A-B pegment, such as F' in figure 3=1, are
plainly inferior to some subsel of points along A-B. The point F, for
example, consists of the same zero proflts for the monopoliat, the same
price for group 2, and a lower price for group l. Economic efficiency
15 enhanced since at least one pacty has been made better off, without
hucting any other party: 1In this case, all soccial egquity considerations
im addition to economic efficiemcy are promoted if the regulator were Lo
choose polnt F instead of F'. [Indeed, all points between A and F that
yileld zero proflits are superlor to F' in all respects, Conseguently,
regulators should newver comsclously choose a pricing polnt where any
single price is in excess of the unregulated momopoly price. Con=
versely, all choices alomg the A-B segment are substantive and Involwve
dmproving the wolfare of one customer group or service at the expense of
anmother. Although the wisdom of Solomon is needed when selecting the
best pricing point out of these, It 1a precilsely this type of judgment
that the regulator mis: have, Day=to-day ecost allecation decislone in
tate cages are mich more likely to Involve choosing among poelnts along
the A-B segment Chan those in the backward bending segments. Public
ptility rvegulators usually do not have the opportunity of making every-—
one better off.

Hoting a few additional characteristics of the diagram facilitates
the remaining discussion. The shape of a constant-profit locus is
approximately that of an ellipse. (If the demand curve is linear, it
is exactly an ellipse.} The line is negatively sloped throughout,
slthough 1t may no: be convex for the entire range betiween A and B.

The ellipsoidal shape is elongated in the direction of the market with

the less elastic demand. In figure 3-1, for example, market 2 has the

less elastic demand. TIf social welfare 13 measured by the aggregate of
consumer surplus, then Ramsey pricing, or the lnwverse—elasticity rule,

is best and would be at a point such as R im figure 3-1. Each price at
E is abowve marginal cost, this distance being inversely proportional to
the demand elasticity.

i3



Although Beamesey pricing 1z agsuredly above marginal cost for all
markets, the regulator’s substantive cholce set, A-B, may extend below
marginal cost. Flgure 3-1 ghows a segment from G to B where the price
in market 1 can be below its marginal cost and wet the revenue require-
ment can be covered by charging a high enough price in marketr 2.
Whether such a range exlsts In reality depends on the price elasticity
in the other market. Harket 2, for example, having wery inelastice
demand would allow wvirtually any amount of reveénue to be extracted from
it, which would permit the market 1 price to be wvery low.

The gquestion of whether marginal cost should be a price floor is
naturally raised by the existence of segment G-B. Esahn asserts that
marginal cost “...would have to be the bottom 1limit, as far as economic
conagideratlons prevailq..“zﬂ The reaszon 1= that some othar service or
group suffers if one group 1s favored with a price below marginal cost.
That is, a movement from point G to B, which favors group 1 with a
price less than marginal cost, results in & higher price for group 2.
The difficulty is that the same can be said of a mwovement from any
point in the A-G segment, such as point R, towerds point &. It 18 mot
clear how 8 movement from G to B can be prohibited on these grounds
while allowing a movement from R to §. The same type of difficult,
soclsl judgment i inwvolwed in hoth cases. In principle, the cholces
gre quite aimilar.

Im practice, however, it may be the case that the position of
polnts A and B are more difficult to estimste than the position of
point G. Points A and B depend on demand elasticities, possibly in an
extreme range of customer ugage that has not been cbgerved histor-
ically. By contrast, poinat G mainly depends on marginal cost, and may
be easy, by compariscn, to estimate. Interested parties may argue, for
instance, that locad will be lost if price iz not reduced close to mar-
ginal cost. This Ls similar to 4 claim that podnt A i3 near point B,

23gse ¥ahn, Economic Principles, p. l44.
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and since the location of point A 1s mot easlly verified such a claim
is difficult to refute. Such an argument can be carrieﬁ below marginal
coat, however, only at the riak of consumer Intervention from the other
glde whose lawyera and economiasts also can estimate Che location of
polnt G and argoe persvasively that below such a price, economic hatm
to their clients ensues. Hence, the marginal cost pricing floor may be
based more on political conslderations than on economle reasoning.

Zome commentators have suggested an eatirely different type of
price floor, one equal Co the point where marginal cost eguals marginal
revenue, at least for elastic services.Z% Figure 3-1 makes clear that

this requires FT at point A to be a pricing floor. Such a price is ac

one extreme of the A-B range, and would, if adopted, eliminace vir-

tually all of a commission's judgment and discretion. In additiom,

guch a policy is at the threshold of being unstable, as discussed in
the next section.

The graphical framework can alaso be used to analyze the coneept of
no~loger price diserimination. Figure 3=2 illustrates the ldea of
deriving price cellings from such & notlon. The suggesilon made by
Roberts and eadorsed hy Commissloner Stalon 1ls to fipnd an equl-propor=
tional mark=up of prices that allows no=loser price diserimlnation and
also yields zero profits For the wtility, TIn figure 3-1, equi-propor-
tional mark-ups over warginal cost are located along a straight line
from the orlgin that passes through cthe point of marginal costs, E. A
no=loser prilce discriminatlon point must lie along this line and must
he on the zero=-proflt locus, but not In the segment from point A tao B,
Hence, the stralght line must Intersect the zero-proflt ellipee outside
the range of substamtive cholees. Im figure 3-2, the polnt F' satifies
these conditioms. The prices associated with point F' are to becoms

cellings, in this concept.

4 thege are discussed in Kahp, but the ldea is not suggested by
1'|I.El Ihidr. Prs 1'55-'-|-‘-'FE||
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This concept of price ceilings has several drawbacks. Flrvat, point
F' may not exist, in that the proportiomality line may not Intersect
the zero-profit locus at all, (The Lline may lie above the ellipse
everywhere.) Second, supposing the line does cross the zero-profit
gchedule,; figure 3-2 shows that the intersection is much moere likely to
be inm the & to B range than ocutside of ft., 1If so, the resulting prilces
could not be the basis of no=loser price discrimination, since the
pricing choices along the A-PF segment involve substcantive tradeoffs
between groups 1 and 2. Consequently, the Roberts-Stalon concept of
price ceilings is not generally applicable because its conditions may
pot, and indeed seem unlikely to, be fulfilled.

& more serlous drawback, however, is that the resulting price
ceilings do not seem very useful even if point F' exists, ass it does in

figure 3-2, The ceilings corresponding to F' are P? and Fg, which

includes all prices from F to F'. The range from A to F' is a set of
prices dominated by others along the A to B segment and should not be
chosen by regulators in normal circumstances. The remaining set of
pricing altermatives are merely those from A to F. The choices from F
to B are excluded by this rule. The elimination of this set of sub-
stamtive options seams unwarramted in that it is not hased on any well-
founded judgment. In practice, the Roberts-Stalom rule, 1f 1t exiasts,
seems likely to result in fessibhle price ranges near polnt A, as drawn
in figure 3-2, which means that the favored customers are those wlth
inelastic demand., If this i{s the desired outcome, a simple declaration
of such a goal would be superior fo a proposed set of price ceilings
that somebimes do nof exist and arbitrarily restrict the regulator's
set of pricing aliernatives when they do.

The Possibility of a Death Spiral

Thus far, the argument presented In this section has been that the
limits of price discrimination are established by the same phedcmencn
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Fig. 3-2. Heo-loser price discrimination and price ceilings

that even an unregulated monopollst must respect—-—the senalitivity of
market demand to price, Withia this very wide range, shown as segment
A o B in filgures 3-1 and 3-2, the regulator can improve the well=-being
of one group only at the expense of another. The fob of restricting
monopoly power naturally creates a set of substantive pricing choices
among which regulators must choose, The concept of no-loser price dis-
erimination does not add any wseful tool to the regulatory arsenal of a

comnission that has estimated the positionm of pricing points A and B.
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A& possibly more Important reason for understanding and estimating
the pricing limits of points A and B is that bevond these limits profit
regulacion 18 inherently uvnstable. At prices above the unregulated
menopolistic level, demand becomes sufficiently elastic that any price
increass serves only to induce "...a self-perpetuating collapse im
demand, accompanied (and driven) by ever-—increasing rates."I? This is
poepularly konown as a "death spiral”, since any service subject to such
a vicious cycle would not be viable. Either the price of such & ser-
vice must bhe reduced helow the monopoly level or the service will
suffer a total collapse of demand. If all services of a public utilicy
vere In such a position, the wtility {tself would fail.

That death spirals are a possibility {s not news. Several com—
méntators, notably Arlem Tussing, have suggested that some natural gas
markets are perllowsly close to such & pﬂaitinn,zﬁ The purpose of this
gection 1s to support the claim that a death splral Is triggered when
regulatory coat allocation results in prices above the monopoly level.
Indeed, a necessary and sufficient condition for this type of self-
perpetuating Instability in a regulated market {s that the price ex—
ceeds the monopoly level. This close link between these two ideas has
not been developed im the literature. The technical details estah—
lishing this proposition are in appendix D. An intultive pxplanstion
13 graphiecally presentad im thls section.

It 1a not the case that a commisalon that Inadvertently sets a
price ahowve the monopoly level sust necessarily induwee an irreversihle
death spliral. The slaple, even obvlows, resedy i to reduce such a
price below the monopoly level, inte the stable reglon., The discussion
of the phenomenon for the purposes of this paper, however, requires
that cthe regulatory pollicy from which the unstable prlce emerged hag a
certaln degree of permanence. In particular, in keeping with the cype

23prlon R, Tussing, “The Price-Elastlelty of Regidential Gas
Demand,” ARTA Energy Insights, December 1981, p. 6.
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of cost allocation assoclated with tradlitional cost-of-gservice studles,
guppose that & commission assigne a particular fractlon of fixed costs
that are to be recovered by a particular service or customer class.

The typlcal regulatery pricing rule can be approximated as the sum
of two components: warlable (or marginal) costs and the asllocated
fixed costs that are epread over the sales of each secvice or in each
customer <lass. Tf the allocation of Fixed costs remains the same, the
price of the service cam decline as sales increase. The regulatory
allocation tvesults in a pricing formuela that sleopes downward when
depicted on a graph of price and guantity. Such a formula 1s shown im
Figure 3=3. The figure also contalns a demand schedule for the ser-
vice., Under ordimary clrcumstances, the demand curve ls steeper than
the regulatoty pricing schedule. In such cltcumstances, the market is
stable. T1f, for some teason, the market were not in eguilibrium, say
at sales volume Q,, the commission's ecost alloecation policy would re-
gult in the price F,. At such a price, demand would be at point A, and
sales would increase. At the next rate case, the same cost allocetion
would reduce the service's price because of the Ingreased sales wvolums
and io twrn demand would Increase te polnt B. The adjustment process
would contdimue untll the atahle equilibrium is reached at podint Z.

The unstable market occurs when the demand curve is flatter than
the regulated pricing schedule. This is depicted im figure 3-&. Be—
Einning, as before, at some arblitrary point other tham Z, the process
of recalculating prices 30 as fo racover the same amount of Eixed costs
tasults in ever higher rates and an eventuwal collapse of demand.

The condicions that determlne whether the regulated marketr i1s
stable or not are stralighcforward, and proven in appendix D. Two
numbers muet be compared. Flrsc, for each service, find its fixed cost
allocatlon as a fractionm of total custComer bhills, where the aggregate
billing covers wvarlahle costs, as well as the allocaced fixed costs.
Second, estimate the reciprocal of the service's demand elasticity.

The market ls stable 1f and only 1f the fixed cost fraction of cus—

tomers' bills 1s smaller than the inverse of the demand elasticity.
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This means that profit regulatiom induces Instability into & market hy
attempting to recover a large fraction of fixed costs in relation to
the demand elasticity. HMarkets with inelastle demand, therefore, are
always stable in this sense because the Inverse of such an elasticlity
is larger than unity and therefore not a fraction. Industries with no
fixed cost, likewise, would not suffer a death spiral. Such an indus-
try might wither to nothing because varlable costs become hi'.gher than
any buyer's willingness to pay, but not because of an Increasingly
futile attempt to recover fixed costs from an ever declining sales

vo lume .

To illustrate the magnitudes necessary to Induce {nscability,
suppose the industrial sector as a growp has & demand elasticicy of
—-2.0. The raciprocal of this {im absclute magnitude} is .30. Any
attempt to recover more tham 50 percent of fixed costs in customer
bills would result in a death spiral. That is, 50 percent or less of
the bills must ba fixed cost in order for the eguilibrium te he atahle.
1t is not 50 percent of the utility's fixed cost that is used as the
benchmark. It is 50 percent of the users’' bdlls. If the elasticity is
quite high, say -3, then no more than 33 percent of the bills could be
Eixed cost, The elasticity would have to be enormously high, say -5.0,
in order to prevent a 20 percent fixed cost recovery. Plausible
estimates of industrial sector elasticities are -1.5 to -2.0,
suggesting fixed cost portions of this sector's bills would have to be
50 to BB percent before inducing stability., Consequently, a death
spiral does nof seem very likely for an entire sector, consisting of
many customers, Individual industrial customers may be on the verge of
gwitching fuels and consequently may have very large demand elas-
ticities. If, in order to maintain this particular customer's load,
the price paid by all industrial users in a class muat be reduced, Ehe
prices paid by all remaining customer classes would have to be in-
creaged if the aggregate Induatrial ¢lass elasticity fulfills the
gtabkility requirementa.
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This atabllity conditlon i1s easily and directly related to the
price charged by an unregulated monopolist, The fraection of fixed
co8ts In customer billae 1s just another way of expressing the perceent-
age deviation of price above marginal costc. The monopoly price level,
where marginal cost equals marginal revenue, is characterized by the
equalicy of this percentage deviation with the inverse elasticity of
demand, Under a regulated cost allocatlon that remains the same, then,
& death spiral 1a assoclated with prices that exceed those of an wunreg-
ulated monopolist,

Because all methods of allocatlong fixed costs are arbitrary to
gome extent, a commisalon can avold the death spiral by the slmple
gxpedient of veducing the fized cost allocation in such a Chreatened
market: 1In terms of Figures 3-1 and 32, the required reduction must
result in prices in the A-to—B portion of the zero—profit locus. This
range is the stable set of pricimg alternmatives. A point such as F' in
figure 3-2, for example, could not be mainmteined, even if the regulator
were willing to charge a price higher than the monopoly level im & par-
ticular market.

There 1s, then, a close correspondence hetween the limits of
third-degree price discriminatlon and the stabllity of regulated
martkets, ©Commissions that are willing to charge prices that are even
higher than those of an unregulated market would €lnd such a policy to
e unviable. The reaulting instabllity would foree such a commission
to reallocate fixed costs so as to reduce all pricea below the monopoly
level: WNo—loser price discrimination is possible only by initially
exceeding the monopely price level in at least one market. The in-
herent Instability of such a price would force Che cegulator to realle-
cate fixed costs. In such circumstances, it 1s not clear whether we
would wish to credit the magnanimity of the regulator with the regult=-
ing LImprovement Eo the well-belog of all customers, when market Insta-
bility would necessltate the same result,
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Flexible Pricing

Competitive pressures from alternate fuels have caused several
commissions Eo approve flexible pricing tariffs that plpelines and dis-
tributors can offer to thelr sulti-fuel cuatomers, The commiszslon
typically approves a zone of redsonableness by setting price floors and
ceilings within which the wtility is allowed to exetrcise its discre-
tion, This allows the utility's management to react to market condi-
tions more rapidly than wowld bae posslihble {f regulatory approval wers
required. In establishing these pricing zones, commigalons may wish to
consider the inherent scability (or lack thereof) of prlees that
approach sonopolistie limits as described in chis section.

For example, the notion of using the smenopoly price as a floor in
the elastic market, as reported by Kahn (see footnote 24), results in a
pricing policy on the edge of the Instability reglon (point A in figure
3-2). Likewlse, the no-loser price discrimination formulationm of price
cailings also ylelds a sat of feasible prices that are close to the ex-
tramas of the stable reginn.i? Pricing policies near the extremes of
tha stable A-B region are somewhat risky in that changing demand or
coat conditions may render them unstable.

Prudent regulators may wish to chooze pricing policies near the
center of the stable reglon, Iin antleipation that economie condltlong
can change more rapldly than the capaclty of coamigsion regulatlon to
adjust. The Ramsey pricing rule ia maturally robust in this regard.

It ia located im the center of the atable reglon, in aceordance with
the relative demsnd elastieities. Commissions Interested in establish-
ing plawsible price cellings and floors might conmsider the Followlng
type of rule: beginning at the Ramsey point, B in flgure 3-1, estimate
the pricinmg point midway between It and sach of the two pricing limits,
& and B. The associated high and low prices for each marke: could be
candidace cellings and floors. Buch prices would tend o be robust

E?If, ag sesms unlikely, the no-loser price discrimdnation rule
ghould favor the elastle demand, the set of feaslhle prices would be
near the other extreme, or polnt B fn figure 3=2.
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since they are in the center of the stable region and therefore are
less wvulnerable to economic shocks. Such a range could be widened or
narrowed to account for other 1imits, such as marginal cost.

Setting the zone of reasonableness of a flexible pricing peolicy in
the ceater of the stabllity reglon has several advantages, 1Tt allows
the utilicy some flexibilicy in fts competition with altecnace fuels,
Since changes In alternate fuel prices naturally change the momopoly
pricipng limits, points A and B in figurea 3=-1 and 3-2, there is always
a risk that market conditions might change severely enough that a pre-
vioualy approved zone of reasonableness would suddenly be In the Insta-
bility reglon beyond polnts A or B. Selecting the zome to be near the
center of the stable reglom Is a way of minimizing chis risk.

Summary

This chapter examineg a varlety of matural gas rate design lssues,
This industry has never adopted blme-gf-uge pricing, despiie a peak-
regponsibllity type of Justification for the traditicnal centerplece of
gas rate structures--the demand charge. The current FERC initiative in
the area of pas transportatlen policy provides a convenlent setting in
which to congider TOU transportation feea. A seasonal warlation in
tranaport prices is likely to capture wost of the soclal bensfits of
such a8 poliey, a change that would not regquire any additional metering.
The current pricing practice 1s uwusuwally justified on the baais of the
load-balancding wvirtuwe of customers whose demand is more or less con—
atant over the year. Desplite this, the resulting prices do not wvary
during the wyear, with the conseguence that most of the soclal benefit
of time-differentlated prices is sgimply lost.

The principle wvirtue of the pipeline’'s demand charge, as currently
confipured, is to reduce the finamcial risk of the enterprise. While
there 18 no disputing that risk is reduced, the magnitude (about which
we know wery little) needs to be compsred to the risk which 1s shifted

forward to distributore and from there shifted to captive retail
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customers by state commission rate designs. It ia hy no means abvious
without some careful empirical work that overall soclal risk is reduced
by the pipeline's current rate design.

Three capacity congerving rate designs were rveviewed in this
chapter: TOU rates, Interrupifible rates, and optimal demand charges.
In each case, economic efficiency primciples supgest pricing rules that
hava the effect of sharing the capaclity costs among all usera. The
Seabosrd and United formulas are consizctent with such a generally
stated sharing {dea, The fixed-variable type of rate design advocated
by many pipelines and large industrial coustomers, by contrast, collects
vary lictle of the fixed costs from interruptible customers——npone in
extreme verslons of this design. All three seonomically effielant
rate deslgns need serioue conslderation in the design of matural gasg
rate structures. Any efficiency benefics assoclated with these need Co
be compared, in turn, wicth the net soelal benefite of the financial
risk-reduction assoclated with currently-used demand charges.

Adding to the complexicy of the overall problem of gas rate de-
glgn, regulators must worry about the limivs of price discrimination
between customer groups and whether the attempt to collect an excegsive
amount of Filzed costa, particularly from eansumers that are guite sen-=
gitive to price, will destabhilize such a market., Price dizserimination
limite and market lmetabilicy of this sart are ¢losely related ldeas,
an observation that has not been developed heretofore In the public
utilicy economics literature, 1f prices are sef se that all markets
are stable, no—loser price diseriminatlion ls not poesible. That [s, if
markets are stable (not undergoing a death spiral) it ia not pogalble
for a commiassion to teallocate fiwxed costs so &8 to reduce one group's
price and simultaneously hold eonstant or reduce prices of all other
groups 1f company profits are to be maintalned. If a market iz um-—
atable in this sense, & condition that some multifuel boiler markets
may have approached or even reached in recent years, then reducing such
g market's share of fixed cost Indeed can restore stabllity with no

other customer class being made worse off. Such opportunizies to

57



gaclgfy all parties, however, are wnusual. The common clrcumstance en—
countered in a rate case is that fixed cost reallocation will benefit
one group to the detriment of another,

Compared to the qulte sophlaticated cost=of-zervice studles that
are toutlnely presented In electricity rate cases, rate design and cost
gtudies In the natural gas Industry have remained virtuwally unchanged
in the past 40 years. Shifts {n the allocation of demand costs first
toward and more recently away from the commodity charge have been the
only innovation considered. The FERC Motice of Proposed Rulemaking Is
g good occasion for conaidering innovative gas rate designs, as well as

transportation policy.
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CHAPTER 4

THE TRANSFORTATLON OF NATURAL GAS

The design of natural gas rate structures, particularly as reg—
ulated by the Federal Energy Regulatory Commission (FERC), reflects the
historical role played by the interstate pipelines as merchant car—
riers. Im this role a pipeline company purchases most gas that travels
in its system and resells the commodity at a price that recovers the
cost of both the transportatlon serviece and the purchase price of the
gdg. Theé Cranspotrtation of gas owned by others, although increasing in
importance in recent years, remains & minor part of the busimess. Such
contract carriage is wvoluntary currently, and would remain so under the
FERC Motice of Proposed Rulemaking (NOPR).! Alternative Institutional
arrangements Include mandatory contract carriage and common carriage.
Both arrangements place an obligation on a pipeline Eo Cransport gas
owned by others. The distinctlon betwesn the two has to do with the
rights of customers if the pipeline capacity is insufficient. As
common carriers, pipelines would reduce the transportatiom of all useérs
more of less proportionally in order to accept & new customer. Host
proposals that would mandate the carcriage of gas for others, on the
other hand, allow the pipeline to accept or reject tramsportation Te—
gquests on the basis of available capacity.? Few observers are recom—
ménding common carcier status; mandatory carriage is freguently

espoused, however, and is contrasted to the FERC wvoluntary program in

IThe NOPR (RM 85-1-000) is described in chapcer 2 of this reporc.

2par a good digeussion of this polnt, see Jeremlah B, Lambert and
Jay D. Pedelty, "Mandatory Contract Carriage: The Changlng Role of
Pipelines in Competitive Matural Gas Markets,” Public Ucilities
Fortnightly, Pebruary 7, 1985, pp. 26-33.
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this chapter. The chapter begins with an owerview of carrlage in the

gas industry. The factors that fundamentally influence the choice of

Institutionsl arrangements are outlined in the following zectlon. The
final sectlon presents the arguments in favor of and against mandatory
carcviage In light of the FERC recent initiative.

Ristorical Owerview of Carriage

In recent years, the pressure for access to transportation ser-
vices has come from congumers (mostly large industrial users), pro-
ducers and a few regulatory bodies, notably the Illinoils Commerce
comnlzaion among state commissions. Consumers have been seeking gas
supplies that are priced lower than those available from the tradli-
tional suppliet, wsuvally an Interstate pipeline. Producers whose wells
have been shut in pecceive that their marketing would be improved if
Ehey could lower price and contact a wider range of cusComers Chan
theic tradicional pipeline buyer. Regulators Frequently have wished to
facllitate such trades, partlcularly when it would bensfif a local dis-
tributor's captive residential and commercial users. Mandabory
carviapge is a commonly espoused way of reducing gas prices In such cir-
cumstances, by requiring that interstate pipelines provide Cramsporta-
tionm services to move the gas between producer and consumer. Pipelines
are pevcelved, for the most part, as wunwilling participants In such
ACTANGSMENTE .

The pressure for natural gas carriage has not always been of this
nature, Within Texas and Louisiana, intrastate pipelines have a long
history of carrying gas owned by others. TIndesd, industrial gas sales
are gufficiencly competitive In Louislana that the state commisslon
chooses not to regulate them at all, TInterest in carriage depends in
part on the prices offered by traditfonal suppliera, Customers who are
fortunate enough to be served by pipelines with low gas costs have
1ittle need to presa for carrlage since the opportunity to Eind =
better price 1s gquite limited, Oklahoma Matural Gas and Batural Gas
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Plpeline Company, as examples, offer some of the lowest prices in the
indusltr}',3

Interest in carriage programs also depends on the character of the
regulation, State commissions such as those fn Illinocis, Ohia,
Kentucky and Towa encourage local gas distributors to provide transpor—
tation services with the result that such programs work well, with
lictle controversy. In Tennesges, the Comsslsslon has no general
polley, mostly because there is no general Interest in such services.
The California PUC, wniil recemtly, has not encouraged contract
carriage. This is due, in part, to the Comsission's extensive control
over pricing by customer prilorlty categories and the gas seguencing
practices of the two major gas uwtllities, Southerm Callfornia Gas
Company and Paclifie Gas and Electric Company. The Commission sees that
ltr comtral over indurtrial prices In particular (which are tied Lo
high-priced discillate oil and thus are higher than cosct-based tates)
1g likely to erode Lf it authorizes direct sales by allowing contract
carriage, Recently, however, the California PUC has deweloped an order
that would sec up an IncrastCate carriage program so that local pro-
ducers can serve Che state's enhanced-oil-recovery market. The
Commission apparently is sensitive to interstate pipeline proposals
that have been Filed at the FERC to searve this market.®

In the 19508, several interstate pipelines were proposed te the
Fedaral Power Commission (FPC) for the purposes of contract carriage.
The Houston Corporation pipeline from south Texas to Miami was con-
Structed primarily bto serve as a contract carrier for gas that Lwo
large Florida electric companies had directly purchased from Louisiana

and Texas producers. The motivation of the end wsers, in this case,

Ing reported by Connie Barlow "Carriage of Customer-Owned Gas,”
ARTA Energy Insights, September, 1984.

443 reported in Inside FERC, (Washington, D.C.: McGraw HilL,
Septembar 2, 1985).
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was to avoid the wellhead price rtegulation as imposed bty the Supreme
Court In 1954. That decision applied to "sales for resale” under the
Ratural Gas Act of 1938. The combination of end users purchasing
directly [rom producers (which only large industrial uwsers or electrie
ubilities found possible), and the pipeline acting as contract carrier
allpwed the FPC-administered wellhead prices to be circumvented.
Although the FPC approved the Houston Corporation proposal, the
Commission declined to Issue certificates that had been regquested Eor
several similar pipelinme projects at about the same time. Accordimg to
Barlow, "The commissioners worried that proliferation of new pipelines
under such comtractual arrangements ultimately would reduce the amount
of gas available to residential customers, who necessarily depend on
local distributors.”? By 1959, the FPC had formulated its Transco
policy, which demled tranasportation services for monjurisdiectiomal gas
gales, that is, sales for which the price was mot Tegulated by the FEC.
In effect, the Comzlsailon deelded te protect the matlon's gas supplies
from being used by customers who were willling to pay more tham the low,
FiC-administered price. When actual gas shortages materislized in the
1970a, the FPC authorized self-help programs, off-system gales, and a
few joint=venbure, contract-carriage pipelines which allowed limited
access Co higher-cost gas. By contrast, the blanket transportatiom
certificates and Special Marketing Programs of the post=HCFPA era facil-
itate access to lower=cost gas during a time of gas surplus.

From this brief review of contract carriage, it is clear that the
interest im this institution depends om the conditiom of the gas market
and the perception by the FERC of its role 1o administering the HGA and
HMEPA. The forees that shape long-term contractual arrangements, such
a8 gas carriage, are gquite subtle and underatood only Imperfectly. It
ig, perhaps, not surprisimg that long-term, complex coantracts to
deliver gpass purchased direccly by epd-users 1s sometimes sncouraged and

other times discouraged by goverament regulation. Regulatory

3¢onnie Barlow, “Carriage of Customer—Owned Gas," p. 1.
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palicy in this area has been influenced by macker conditions, which
suggests that the FERC and state commissions may wish to find a basis
for formulating a long-term policy about carriage. Sech a policy would
not necegsarily be unchanging, Indeed the need for a flexible policy
geems clear; however, 1t would be grounded on enduring principles. The
academic literature regarding the fowundation of contractual arrange-
ments is not sufficiently well-developed to provide the definitive Teg=
platary structure of an optimal carriage policy; nonetheless, Tecent
conteibutions by Williamson, in particular, are worth reviewing in this
context.

Influences on Long-Term Contractual Relaticos

There {5 a danger, possibly minor, that public utility regulators
may formulate policy regarding contract carriage on the basis of the
strength of corrent palitical factions. The purpose of this section is
to outline some fundamental economic conslderatlons that govern long-
term contracts so that commissioners can include these In their delib-
erations, as well as current political reality.

The academic literature on the topic of contractual arrangements
has focused on transaction costs. This literature is extensive;® this
section draws mainly upon the work of Williamson, which has been

gppliad to electricity tramsportation {i.e., transmiesiom) by Joskow

STransaction costs are important in R.H. Coase, "The Hature of the
Firm," Econometrica, &%, 1937; R.H. Coase, "The Prohblem of Social Cost”
Journal of Law and Economics, January 1960; Victor P. Goldberg,
“Hegulation and Administered Contracts,” Bell Journal of Economics, 7,
1976; and Benjamin Elein, Bobert G. Crawford and Armen A. Alchian,
"Vertical Integration, Appropriahle Rents, and the Competitive
Contracting Process,” Journal of Law and Economics, 21, 197E.
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and 5¢hmalenaeeqr Vhen applied to competitive markets, the theory of
transaction—cost econcwice sugppests that efficient institutional
arrangenents for governlng and overseeing transactions will economize
on the coat of negotiating, wonitering and enforcing contracts, in-
cluding the costs assoclated with contract falilure. In the case of
regulated markets, commigeions would promote efficiency by choosing in-
gtitutional Eorms that tend to minimize the costs of maintaining and
enforeing contracts. The spectrum of possible contractual relations
includes wvery short-term transactions such as in & spot market, long-
term market contracts between separate entitiles, as well as differing
degrees of wertical and horizontal integration. Thus internal organi-
zation and market transactions are part of a continuem of contractual
relgtiona. The efficlent cholice along this range is influenced, In
Williamgon'e framwework, by characteristics of the human agents who are
party to the coantracts and also by cheracteriscics of the transactlions
themgelves.

Jne characteristic of the economic agent is that although his
aoetions are guided by self intereste, the complex, uncertain nature of
the world combined with what Herbert Simon calls bounded ratinnalit}'E
{the impoesibility of completely enumerating and computing the coats of
all possible future eventa) makes uneconomical or impractical the
writing of complete contracts Chat list the actions to be taken by both
parties In every possible future contingency. Second, contractual
arrangements must regpect the proclivity of human agents to act oppor-
tunistically. In Williamson's work, such opportuniss means chat

Tﬂee Oliver E. Williamgsen, Markets and Hierarchies: Analysisz and
Antitrust Implications (New York: The Free Press, 1975); Oliver E.
William=on, "Trangsactlon-Cost Egonomies: The Governance of Contractual
Belations,” Journal of Law and Feonomics, Detober 19793 and Paul L.
Joskow &nd Richard Schmalemsee, Markera for Power, An Analysis of

———

Electric Utility Regulation (Cambridge, Ma: The MIT f}eaa. 19837,

BHerbert A. Simonm "Bationality as Product and Process of
Thought,” American Ecomomic Review, May 1978, pp. 1-16.
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agents pursue thelr saelf intetests in possibly puileful wawse, including
a willingness to lie, deceive, distort or confuse the other party.
Contractual language forbidding such behavior will be respected, in
this wiew, only if doing so0 is in the party's self interest. Both
parties may know that the other csonot be relied upon to be wholly
truthful either before or after the contract. Monibsring and enforce=
ment costs, then, are part of the consideracions driving the seleckion
of the ipstitutional arvangement.

Apart from husman behavier, the nature of the tramsaction has im=

portant ramificacions for the contract form. These sre mainly the fre
quency with which such transactions cceur, the uncertainty or complex-—
ity surtounding the transactions, and the extent to which transaction-
specific investments are involved. Transactlon-specific investment is
called idlosyneratie by Willlamsen o indicate that ies walue is
agacclated in some specifie way to the contrast. Hence, once the con-—
tract has been entered into, the walue of sueh iovestments in other
uges Is greatly diminighed. Williamgen intends this concept to be
applied breoadly, coverimg for example human-capital imvestments that
are specific to a contract and not easily transferable. 1In the public
utility arena, idiosyncrasy is closely related to the notion of sunk
costs that arve not easily transferred to alternate applications.

The existence of idiosyncratic sunk costs usually means that boch
the buyver and seller are locked-in to the transaction after the con-
tract is gigned. Prior to award of the contract, competition among a
large tumber of parties 1s frequently possible; but, this 1s quickly
transformed to a bllateral monopoly afterwards. In such a situstion,
gach party is in a positlon to negotiate over any incremental gain
whenever the other party suggests contract changes or adaptations in
the future. Ewen though both have an interest in maximizing their
joint profits, each also would like to appropriate as large a share of
the gain as possible. An anticipated need for frequent ex-post adapta-
tlons in the contract would require a governance structure cthat econo-
mizes on such opportunism, possibly wvercical integration.
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When transactions occur frequently, each party ia interested im
building and maintaining & reputation for good performance. Poor per-—
formance cam quickly lead to the terminstion of an ongoing relatiom
that sach party would otherwise consider valuable. Congequently, con—
tractas for frequent transactions tend to be self-enforcing and commonly
may conslat of complex, Implicit arrangements. The transaction costs
tend to be low In such cases, because the tisk of reputatiom loss re-
duces opportunistic behavior amd the corresponding need for costly
cversight. Markets work well in such circumstances. Infrequent trans—
actions, on the other hand, are often characterized by high contracting
costs; which may be reduced by internal organization.

Transactions characterfized by great uncertalnty and complexity are
1ikely to have high costs of contracting. As the sumber of future
contingencies to be considered grows, contracts will either tend to
become more complex (and costly to negotiate) of more incomplete C(and
costly to enforce againmst opportunism). Internal organizatiomal forms
would economize on transaction costs in such a case. Markets would be
the efficient chodce if wncertainty is either unimportant or easily
hedged .

In summary, spot markets are likely to be an efficient form of
contracting when transactions are frequent, umcertainty 1s menageable,
and sunk costs are small. Longer-term matket <ontracts or intermal
crganization are likely to bhe better when transactions are infrequent,

uncertain, complex, and require idiosyneratic iavestment.

Natural Gas Transportation Alternatives

Some insight Iimto the efficient govermance of matural gas trans=
pertation transactions is gained by comparing the characteristics of
the actual transactions with those that Willfamsom outlined. For this

discussion, it is useful eto distinguish three alternative arrangements
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of the transportation portion of the nmatural gas Industry. Firstg, mer-
chant carriage signifies that the plpeline sells gas tn.uhith it has
title amd thus the selling price covers both the commodity cost of the
gag itaself, as well as the cost of transportatiom. Most Interstate
pipelines are currently metchant carriers. Second, voluntary carriage
refers to gas owned by others that a pipeline wvoluntarily transports for
a fee. Interstate pipelines are currently expanding their role as
voluntary carriera; however, this role remains secondary to that of mer-
chant carrier. The third institutional form considered here is commonly
called mandatory carriage, meaning that Interstate pipelines would be
required to carey gas for others, at an FERC administered fee, if the
pipeline capacity were adequate.

Kote that the discussion here is Focused on a compatrisom of trans-—
portation altetnatives. We shall assume that the local gas distribution
networl and che Iaterstate pipelines themselves will remain regulated,
given the nmatute of the transactions involved, and the long-lived char-
acter of the Investments. Consumers have no other wviable way of belng
protected from unwarcanted exercise of monopoly power once the pipeline
company has begun service.

Competitive entry 5 unlikely to be economically efficient when
dealing with local distribution companies. Competicion among interstate
plpelines may be possible In some areas of the U.5. A recent study by
the American Gas Assoclation (AGA) reported that 56 percent of sales for
regale are In the service tervitories of local distribution companies
[LbCa) that have two or more iupplier:.g A FERC study sugpgests the com—
pecitive patemcfal is less than reported by the AGA, since 70 percent of
all LOCs are gerved by only one ptpelinc.in The differences between
these two findings may be consistent since the AGA Included producers

IAmerican Gas Agsoclatlon, Competitlion in the Matural Gas
Industry (Washington, D.C.: American Gas Associatlion, February 19843,

10pgvid E. Mead, "Concentration in the Watursl Gzs Pipeline
Industry,” Staff Working Paper, Office of Begulatory Affsirs, Federal
Energy Regulstory Commission, Washingtom, D.C.: Aupust 1984,
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and aven other LDCs in its definitiom of suppliers. Also, it is posai-
ble that those LDCs with two or more suppliers were relatively large and
thus accounted for a disproportiomate fraction of the ges gales. In any
case, the importance of multiple supplliers iz itself not elear, since as
Williamson pointe out, the LOC and itg single plpeline supplier form a
bilateral monopoly, an arrangement with no inherent advantage for elther
PATLY.

From the viewpoint of the producers, long-tecm, complex contrackts
are likely to be required under either a merchant or mandatory carriage
aystem. The high risks of drilling and exploration, and the Ffixed
natuce of the puaping and gatherinmg facilities mean that the producer
will want protectlion agalnst future opportuealstic behavior that might
result Im his well being shut in. A mandatory carrlage system, however,
would Ingrease the producer’s range of potential cusComers and should
teduce this risk, FKnowing cthat a spot market 1s avallable, for example,
ghould have a favorable effect on the producer's perception of his risk
of being shut in, This, in turn, may be reflected In a need for less
cantract protection against guch risk., Long-term contracte, then, could
be expected to have lower take-or-pay levels under any Institutional
arcangement that reduces the producer's shut—in risk. Availabilicy of a
spot market and mandatory carciage are likely to have this effect.

Lower take—or—pay levels would allow the gas industry to be more respon-—
sive to changing market conditione and would serve to lessen the chance
of another episode, as occurted in 19682 and 1983, of uneconomical se—

; quencing of gas takeas so as to avold take-or-pay 1iabilities. Ewven
though long-term, complex contracts would continue to he typical 1n the
Industry, the producer’'s need for protectlon agalnst shubt In iz likely
to be reduced by a mandatory carriage system. The result s likely Cto
be lower levels of take-or-pay, move rtellance on the spol market, and
hence an overall shortening of gas contracts that would ieprove Che re-
gponsiveness of the market., Long-term conCracts are likely co remaln
quite common, however, and it seems quite wnlfikely that the Industry
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would rely primarily on a spot market. Some instant-by-instant econcmic
efficiency muet be sacrificed in crder to prowide long-term protecticon
against opportunism, without which the Incentiwve to make idiocsyncratic
investments In wells and associated pathering facilities is lacking. A
mandatory carriage systems would appear to strike a better balance here,
bacausa it velieves the producer of the perception of being controlled
by a single buyer, the interstate pipeline. A woluntary carriage svs—
tem, of the type exiscing now or thar envisfoned in the FERC NOPH, may
gchieve a simdlar reduction in the producer's percefived risk, depending
on how many plpelines wvoluntarily choose to become nondiszcriminatory
contract carrisers. Iaportant parts of the U.S. marker may remain under
the merchant carrier aystes.

Local distribution companieg [LDCs) wmay benefic from & mandatory
carriage system in two ways. Flrst, to the extent that producers are
willing to accept lower take-gr-pay provisions in contraces, LDCs would
incur reduced fiwed pavment obligationa to gag suppliers. Hinimum bills
intended to reduce the finsncial risk associsted with the gas trans-
porters sunk costa would be unaffecred by this argument. Second, LDCs
could shop for gas over a wider range of suppliers. Opportunitieas for
finding attractive gas deals, of ecourse, are better during a surplus
condition such as the U.5. is currently experiencing. These can be ex—
pected to disappear as the surplus 1s worked off in the next few wears.
It is precisely for such conditions, howewver, that a mandatory carrilage
gyastem iz deslipgned. Transactions between buyer and sellser are exactly
the actiwvities that ultimately have the =ffect of eliminating the sur-
plus that created the opportunities to begin with. A mandacory carriage
gystem facilitates such Cransactions during eplsodes when they are
neaded most and thereby {mproves the responsiveness of the industey to
changes Iin che marketplace. Latvgely because of federal regulatory
apparatus requived by the Watural Gas Act, such as certificatlion and
abandooment procedures, the current merchant carrier system lacks this

kind of flexibility.
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The financial risk to the pipelines should not be changed funda-
mentally by the Institutional character of the carriage system adopted.
This risk iz mostly controlled by the nature of the FERC administered
prices. Either [ixed-variable or time-of-use rate designs for transpor-

tation fees could be used irrespective of the instituticnsl framework.
The Case For Mandatory Carriage

The interstate pipelines' manner of doing business would be changed
subgstantially by adopting mandatory, imstead of mecchant carriage. Most
management spokesmen for the pipelimes, including their trade group the
Interstate Watural Cas Assoclation of America {INGAA), are opposed to
mandatory carriage. A wvarlety of argumenta have been used to support
thiz positlon. The industry notea that many LDCs are served by more
than 8 eingle pipeline and that woluntary carrlage iz encugh to impose
competiclive discipline on the market. These are important consldera-—
tions and it is cercainly true that these have the effect of reducing
the aocigl benefits from adopting & mandatory carriage syatem. In this
context, the U.5. Department of Energy (DOE} has estimated that manda-
tory carrlage would wield 59.7 billiosn of net economic benefits, larpely
because the DOE estlmates that transmission marging could be reduced by
8 cents per mef.ll  The DOE estimete is based on the real increase in
transmission margins between 1981 and 1984, which, in DOE's view, was
unwarranted. Assuming the estimate is accurate, it is nonetheless &
matter of some conjecture to suppose that a mandatory carriage system
will imposa sufficient competitive pressure on the transportation seg-
sent of this Industry so as to eliminate such waste. The pipeline’s
crangportation fees would rvesain under the FERC jurisdiction in a man-
datory carriage svstem. If FERC oversight was Incapable of preventing

llp.s. Department of Energy, Increasing Competieion in the Hatural
Gas Market (Washington, D.C.: U.5. Depattment of Energy, Januwary 1985).
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an unwarranted & cent per mef increase from 1981 te 1284, it is not
clear how a different carriage svstem that remains regulated by the FERC
will be more successful. Hote that 70 percent of all LDCs are served by
a single pipeline accerding to DOE's own study, which means that compet-
itive pressutre due to LDCs choosing transmission companies will not be &
major force in reducing thess margins.

A separate argument sométimes advanced in support of voluntary con-
cract carrfage Is that much carciage is taking place already and there
i no need for legislation that would give the FERC the authority Eo
mandate carriage. THGAA issues periodic updates on the status of volun-
tary carriage showing dramatic inecreases In the past few years. These
show that voluntary carriage has grown from lé.& percent of the sales
and trenaportation market in 1974 to 3T percent In the filrst thres gquar-
ters of 1984.12 Moat of this aetivity, however, 1ia on behalf of ather
pipelines when twe or more pipelines are needed Co move gas fo Ehe flnal
uger, Only 3 percent of gas is carried for end users.l3 In additien,
geveral ingtances of plpelines and LDCs discouraging gas trangportation
for end wsers were reporied 1lan public comments to nog, 14 Although wol-
untary earriage, as 1t ia eurrenctly structured, seems to he only par-
tlally succegasful In promoting wellhead gas competition, the FERC pro-
gram putlined In its HOPR and final order may sccomplish much by giving
pipelines a regulatory incentive to bhecome woluntary, non—-discriminatory

contract carriers.

121nterstate Natural Gas Association of America, “Voluntarcy
Cartiage in the First Three Quarters of 1984," Issue Analysis
{Washington, D.C.: Interstate Watural Gas Associlation of America,
February L[985).

13y,s. Department of Energy, Energy Information Administration,
Statistics of Interstate Hatural Gas Fipeline Companies, 1983
(Washimgton, D.C.: U.5. Department of Emergy, November 1984).

légas Appendix B of the U.5. Department of Enmergy, Imcreasing
Competition in the Matural Gas. Market.
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Some legal experta belleve that a plpeline's refusal to transport
gaga for end uwusers may be remedied under antitrust law, Such a case
agalnat Panhandle Eastern Plpeline Company, for example, has heen filed
by the State of Illinoisil7 Meither the Matural Gas Policy Act nor the
Watural Gas Act requires Interstate pipelines to provide such services.
Pespite this, a refusal to transport gas may be interpreted as a "re-
fusal to deal” wnder the =ggential facilities doctrine of federal antl-
trust laws., The Otter Tall case ls sometimes clted as an example in
which the Suprewme Court held that Otfer Tail Power Company must provide
electricity transmission wheeling services under the Sherman Act, de-—
gplte the lack of any such mandatory feature Iin the Pederzl Power Act,.l6
The analogy to natural gas 1s direct, prompting some observers to be-—
lieve mandatory gas carriage can be compelled by the courts, The JLiffi-
culty with this appreoach is the lengthy and cestly litigation required
in 2 single case, 1In addition, success in precedent-setiing cases like
Otter Tall does not ensure Chat the principle will be applied simllarly
in the next case by the court, and it certainly does not imply that pub-
Jde wtilitdes will cransport gas or electricity wupon request without
litigation. Antitrust may be a costly substitute for more carefully
cralted administrative rules, such as the FERC final ccder, or addi-
tional legislation.

Embedded Cost Begulation

In addition to the competitive pressure exerted by the 30 percent
of LICs served by multiple pipelines, & mandatory carriage system is

15gtate of Illinois v. Panhandle Eastern Fipeline Company, No.
B4-1048 (C.D. I11. filed February 7, L984).

16geter Tail Co. v. Onited States, 410 D.5. 366 (1973). BSee the
discussion in U.B5. Congress, Congressiconal Research Service, Matural
Gas: 0On the Boad to Deregulation by Alvin Eaufman, Donald P. Dulchinos,
and Bobert D. Poling, THBBD U.5. B, {(Washingtonm, D.C.: July 1985},
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likely to reveal, for the flrst time, problems associated with LDCs
choosing transmission paths for uneconomic reasons. FERC-administered
regulation based on histerical costs means that transportation fees for
individual pilpelines will reflect the age of the investments. More fe-
cently built pipelines command higher tramsportation fees under cost-
plus regulation. LDCs wlth options will avoid the higher-priced trans—
portation paths. These transportation fees become more visible when
they are unbundled from purchased-gas cost. It cam be predicted now
that 10 years after adopting mandatory carriage, & then recently-built
pipeline will ask the FERC to prevent market raidimg by an older pipe-—
line that then discovers it can build & short link to its competitor®s
customer (amn LDC, say) and transport gas at a lower system average
price. The problem here has nothing to do with carriage, per se, except
that unbundling transportation cost from gas cost reveals it more
clearly. 1Its solutlion requires that economic regulation distinguish be-
tween monopoly profits, the source of which is opportumistic behavior
made possible by monopoly power and is therefore to be prevented, and
other profits, such as those associated with an increasing cost industcy
ot the fortuitous (early) entry into an industry, which does not repre=
sent opportunism. The regulatory prevention of the second source of
profits has been & major source of the economic disorders experienced

under federal regulationm of wellhead prices.

Opportunistic Behavior

In Williamson's framework, possibly the most important type of
opportunism to conslder here cccurs in a plipelime’s role of gas reseller
under the current merchant carriage system. Some profit opportunities
may arise because the gas 1teelf is purchased and resold. Whether such
opportunism cocurs is by no means clear. If it does oot occur, howewer,

it most likely has been prevented at the coet of additional regulatory
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ovarslght or added complexity im gas contracts. One study, by Graves,
Hogan and McWhinney, has estimated that because of affillated gas pro-
duction, #ach 10 percent Inctease in the gas cost of the 12 largest
interatate pilpeline companies regults in 4 & percent Increase In pre-tax
profits.l7 This stremgly suggests that affilfated production creates
profit opportunities. Mandatory carriage would eliminate such
opportunism, elither that which actually occurs pechaps because of affil-
lated production, or that which 18 only latent and prevented by the
social cost of regulation or contracts that could be simplified in its
absence.

Bequiring that a pipeline's production affiliastes sell directly Eo
gnd vsers eliminates the opportunism completely. In effect, mandatory
carriage would allow a vertically integrated pipeline producer Eo con-—
tinua to enjoy the real economic benefits of Intepration, whether the
gource is management expertise or the economisa agacciated with holding
certain land leases, and at the same time would prevent opportuniatic

manipulation of prices.
Matural Cas Brokerage

Under the current merchant carrier system, interstate pipelines
combine the functions of transportation, storage asnd brokerage Into a
gingle service. The unbundling of these that would occur under & manda-
tory carriage system raises several important issues. It is undoubbedly
tyue that pipeline companies are velatively efficelent pas brokers. Owver
many wears the managements of these firmse have sccumulsted an expertise,
an informstrion beses, and a set of market contacts that are invalushle

tools in bidding for and writing pgas purchase contracts. The brokerage

177.3. Graves, W.W. Hogan, and R.T. MeWhinney, Mandatory Concract
Carriage: An Egsential Conditfon for Watural Gas Wellhead Comperition
and Least Conguser Cost {New York: Putnam, Hayes and Rartlett, Imc.,
September 1984},
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function, however, is not a monopolized actiwvity, as witnessed by the
emergence of new firms that recently have been established for the pur-
pose of facilitating and brokering gas sales. This competition iz &
socially healthy development that will lead to least-ceost provision of
brokerage services.

Efficient brokerage servicea by plpelines are llkely to be encour—
aged by & system of mandatory carriage alsc. Combining the transporta-
tion and brokerage roles, as under the current merchant carrier aystem,
may allow the plpelines' moncpoly control of transportation to be ex-
tended to marketing nepotiations with producers. Hote that from the
viewpoint of the ultimate consumer, the wielding of such monopoly power
may nef be necessarily bad. If such monopely buying power {(called
menepsony power, by economists) results In low gas prices because a
pipeline Ils able to exert some control over non—-affiliated, captive gas
producers, consumers would enjov at least part of the resulting benefits
ag Chese arve flowed Chrough under the FERC oversight. Such an outcome,
however, s not economically efficient and represents a market distor-
tlon from the viewpolnt of overall soclal welfare. Im chis case, inde=
pendent producers have been exploited. If a mecchant pipeline deals
with an affiliated producer, the result may be Che oppesite, with gon=
sumers paying higher than competitive prices. Such an outcome likewise
ig a market distortiesn and serves to reduce overall saclal welfare.
Mandatory carriage would tend to prevent both types of distortiong since
the pipeline would no longer hold the producer nor fts cusfomers
captbive,

If mandatory carciage were adopted, or if a pipeline chooses to be
a non—discriminatory contract carrier as outlimed im the FERC final
order, regulatocy oversight will be complicated by the need to recognize
the pipeline’s competitive brokerage services. In effect, a contract
carrler's regulated transportatlon fess mist be estahlished separately
Erom the prices of its competltive brokerage services. Thie ralses the
thorny regulatory lague of cost separation, partliculasrly between a regu—

lated entity and a closely assoclated, but essentially compatitive,
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complementary service. BRegulatory experience with the ATST system and
gubgldiaries of regulated electric companies suggest ome of two
approaches: elther encourage the pipelines to set up a separate broker—
age subsidiarcy or Improve the cost accounting system to include reports
on unregulated activities or both: Begulators, then, should be sware
that elimination of the pipeline's monopoly power over the brokerage
function may come at the cost of some, possibly modest, increase in the

coat of regulatory oversight.

Adequate Capacity

Opponents of mandatory carriage point out that the allocation of
scarce pipeline capacity during peak demand periods would be complicated
by a mandatery carriage system. Deteraining the capacity of a gas pipe-
line is complicated by the Inherent properties of the substance which,
for example, allows “line packing™ during the winter heating season, a
procedure whereby the pipeline ftself acts as a storvage reservolr during
davlight hours so as to meet overnight demand. Oppenents fear that reg-
ulatery oversight of capacity avallability sould be so detailed thac the
gystem would not be operated efficiently.

While such fears must be tsken into comnsideration, other cbservers
believe the problem to be manageable. The DOE, the Congressional
Research Service and the Illincis Commerce Commission Indicare that
capaclty planning and operation problems should be no more difficult to
solve 1f the system wers converted to mandatory :nrriage.tg Changing
ownership of the gas does not affect the actual physical constralints or
the seasonal nature of demand. In che asar term, the pipelines have

ample capaclty to transpore substantially sore gas than is currently

18zge poE, Increasing Competition, Congressional Research Service,

Hatural Gas, and Illinoise Commerce Commission, The Gas Induatry: Changes

and Challenges, Sunset Monograph Serfes 2 {Epringfiéld, I1: Tllinois
Commerce Commission, December 19843,
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flnuing,lg which suggests that this might be & convenlent time to affect
institutional change. The system has room to accommodate substantial
demend growth while adjusting to new carriage rules before encouncering
the need to turn away carriage reguests for lack of capacity. In addi-
tion, transportation regquests and setvices provided by pipelines can
have a variety of forus. BPBesldes firm transportation service, plpelines
may wish to arrange for intertuptible carriage or possibly seasonal
carriage. Such services combined with seasonal transportation fees are
likely to ratiomalize the use of the pipellne network with lictle, if

any, deterioration in 1ts operating efficiency.

State Transportation Policy

As interstate pipclines decide whether or not to accept the FERC
offer of non—discriminatory carriage, some state commissions may have to
address similar transportation issues for the first time. Some commia—
slons may need to expend and trainm their staffs to deal with new reg-—
ulacory functions auch as oversight of gas acquisicion practices; trans—
portacion alternatives, and spot market operacion. In additilon, atate
comnissions may encounter Che problem of industrial bypass, elther
actual or threatened, of the local gas distributor. Bypass has become a
familiar issue to many commissioners in the telephone sector im par-
tleular and to a lesser extent Iin the electric Industry. This Issue is
basically the same in Che natural gas area, although 1t 1s In some ways
less complex than the bypass problems of local telephone exchanges.
Large industrial gas usere that currently are served by a local distrib-
utor may be able co strike a favorable bargain with a distant gas pro-
ducer and wish to have the gas transported te a plant currently served
by a local distribution company. I1f the industrial user is successful
in arranging for interstate transportation to the LDC's city gate,
because all Iintervening pipelines have woluntarily become non-

discriminatory carciers, the policy questions are whether or not

19p0E, Increasing Competition, p. 104.
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to sllow the gas to flow through the LDC's svatem to the industrial cos-
tomer and, if so, &t what price?

If the distributor and state commission decide against the indus-
trial customer and do not allow the gas to be transported by the LDC,
the Industrial uvser may decide to bypass the LDC altogether by con-
necting dicvectly to the closeat interstate pipeline. The bypass threat
also may be exercised if the LDC provides transportation service but
doea so at such a high price that the iadustrial user is better off by
bypagsing anyway. State commissions, of course, are intecested in all
potential bypass sitwatlons but particularly way wish Eo aveid so=called
uneconomic bypase. Bypass which 1s not esconomically justified is that
which oceurs even though the LDC could have provided the transportation
for less than the Interstate pipeline‘s cost plus the cost of any needed
direct interconnection.

In the opinion of the authora, a view that 1s shared by the HARIC
Staff Subcommittees on Gaa,zﬂ the bypass ilssue is most appropriately
addresged by cost-baged Lransportation tariffs that offer unbundled,
transportatlion service to any user on a non-discriminatory basis. The
investment decision of a large gas wser to bypass Che LDC will be baged
on a compacison of the costs of alternate transportaticn choices. This
basically Invelves a comparison of the LDC's tramsportation fee with the
annualized cost of the capital required to build a pipeline spur to the
neacest point of conmection with the interatate carrier. Several fac-
tots work in favor of the LOC in such & comparison. The LDEC's tariff
based on embadded costs has an Immediate sdvancage over the current cost
of building the connection spur. Also, the LIC"'s expertise in main-
tailning gas mains would have to be developed by the industrisl customer
who may have little intereat in entering the pas transportation business

on an ongoing basis.

20peport of the NARUC Subcommittee on Gas on FERC Rule Making

Docket RM-85-1-000, {(Washington, D.C.: Hational Association of
Regulatory Utilicy Commissionsrs, Wowvember 1, 1983).
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It is good to recall that the Industrial customer's basic motliva-
tion for even comsldering bypass 1z that the wellhead price which has
been negotlated is attractive relative to the LIC's system supply. Such
prices will remain attractive as long as the current excess deliver-
abllity sltuation perslsts. As national demand grows or reserve dls-
coveries slow down, spof market prices will rise and eliminate much of
the difference between system supply prices, which are based mostly on
long-term contracts, and short-term contract priees, whiech are currently
low.

The current saving In gas cogts that an Industrial cugtomer can
fFind at the wellhead may be 51.00 per mcf or more compared to the LDC's
svatem supply, Such a price differential is large enocwgh to justify
bullding a connectlion spur in Che event that the LDC refuses Co trans-
port the gas. The difference between the LDC's transportation fee and
the annualized capital cost plus malntenance costs af the spur is likely
to be of a puch smaller magnitude, however. Allowing the LD to offer
unbundled, transportation service geems gquite likely to diffuse most of
the incentive to bypass the local distribution network.

If the LDC embedded cost transportation rate Is still too high and
an industrial user continues to threaten to bypass, the commission may
wish to investigate a further reduction in transportatiom rates, pos—
8ibly based on incremental costs. The owerall public interest of such a
price reduction can bé evaluvated separately for esach case. The discus-—
gion of the limits of price discrimination in the previous chapter is
relevant in such deliberaticns. Tf the price reductlom can be pin=
polnted ac the particular customer who would otherwlise exercisge his by=
pass opilon, the remaining systes customers are likely to be better off
hecause auch a cusifomer would b paylag at least some part of the LBC's
fized coste. 1f, however, the price reductlon mwus:t be given alsoc to
other industrial customers, perhaps because of an unwillingness to dis-
criminate between customers within the industrial category, then the de-
mand elasticity of the aggregate customer group must be conaidered.

That 18, in applying the no-loser eriterlon developed in the previous

chapter, the relevant demand sensitivicty Chat a commission sust conslder
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is the elasticity of the entire group for which a favored rate is pro-
posed. Only if the demand elasticity of the aggregate set of customers
is very high (higher than the reciprocal of the fixed cogt fraction
recovered in the customers® bills) will it be true that all other cus-—
tomery classes can be held fres of any economis hara.

State commisslons may wish to evaluate the use of reservation
prices that would be assessed on customers who wish separate transporta-
Eion service but who also wish to wmaintain the eption of being sarved by
the LDC's system supply at a future deete. 1In addicion, cost-of-service
studles of the LDC may need to take account of greater locatlonal detail
than has been included herecofore. Attributing specific portions of the
LDC pipeline metwork to speclfic customers may be needed in order to
develop a rational cost-of-service tariff that is compecitive with an
1ndustrial user's transportation alternatives.

To prevent all uneconomlic bypass, trangsporcation rates need to be
based on cost-of-gervice principles. Such principles allow a reasconable
degres of flexibility on the part of the commission and the distribution
company in setting rates. A plpeline’'s demand charge is an example of a
quasi-fized costil that commissions may wish to aveld shifting te trana-
porcatlon customers. Although it is true that such [fized costs of che
LDC"s gas supply are shifted as transportation customers reduce cheir
takes from system supply and substitute thelr own contracted supply,
these costs are shifted for a variety of other reasons as well. Cus-
tomers leave an LDC's service area, go out of business, use some other
fuel or simply conserve, all of which result in a shifting of the gas
supply fixed costs. As the Staff Subcommittee on Gas pointed out,
"There is no reason Lo sinogle out the transportation customer Eo Con=
tinue Co pay costs assoclated with a product (gas supply) vhich it s no
longer purchasing."?? Such a charge is completely inappropriate, of

ElQuaﬁl-Eintd means fixed in the short run. TIn this case, pipeline
demand charges are changed at sach FERC rate hearing. The LDC can
ad just maximum rates of gas pucchases at such times and on other
cocasions under the final rule 436.

digeport of the NARUC Subcommittee on Gas, pe T
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course, 1f the LDEC can reduce its supply by an smount corresponding cCo
the transportation customer's volume. Since the FERC final rule 436
gllows LDCs to reduce syatem supply by 25 percent per year, the
pipeline's demand charge may not be fixed costs im reality. For these
reasons, a cost—-based transportation rate would inelude the dis-
tributor's fixed and wariable costs of operating the local pipelipe
eystem but would nmot imclude any quasi-fixed costs of the gas supply

contractas

Summary

The institutional arrangement of the transportation sector of the
natural gas matrket has been the topic of substantial debate in the past
year of two. The FERC bas deflected much of this polemic by a carefully
crafted NOPR that appears to accommodste the wishea of most market par-
ticipants and tegulators. If the FERC is successful in restructuring
the industry so that all or at least most pipelines agres to carty gas
for others on a mondiseriminatory basis, mcat of the objectives associ-
ated with mandatory carrlage proposals will have been accomplished with
voluntary programs. The FERD Initfative in this area 1s imnovacive and
while the final rules will uvadoubtedly be modified in response to com-
ments and criticiems, the basic plan seems to be gquite consistent with
the promotion of competition within the gas industry while allowing
pipelines to operate either as woluntary carriers or as merchant
catriers, according to their choice. The clearly defined policy direc-
tion of the FERC is likely to supplant any congressional interest im
mandatory carriage legislatlon untll 1its success or fallure can be
evaluated.23

There has been a tendency in the carriage debate to cast the argu-
ment in terms of curremt gss market conditiona. These are lmportant.
In part, however, the discussion in this chapter has been intended to

focus the attention of regulators on fundamental fectors that goverm the

23cRS, Watural Gas, p. 66.
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efficiency of lomg-term contractual arrangements. Im Williamsom's ter-—
minolegy, the bounded ratiomality of human decision—makers combined with
g willingness to engage inm opportunlstic behavior creates a nmeed for
contracts and Iinstitwtions that sre tallored for Individual economic
clrcumstances, The need fo economize on transaction costs 1s likely

to result in complex long-term contracts or perhaps vertical Lntegration
when transactions arce Infrequent, uncertainmty is high, and idiosyncratic
investment makes possible opportunistic behavlor that must be gpuarded
aalnst.

Matural gas plpelines, Iinterstate and LOCs bath, have these charac-—
terlstiecs. The institution of mandatory carrlage is llkelw to have
favorable risk-reducing Influences on wellhead gas contracts aimce pro-
ducers may have less risk of belng shut in opportunistically by thelr
pipeline-buyer. The emerging spot macket provides a way of reducing
lang—term supply risk, also. The long=term natute of wmost gas demand,
howevar, is likely to mean that most gas contracts would be corcespond-
ingly long, so the spot market s not likely to be a predominant force.
The need for contract carrlage and the Iimportance of the spot market are
likely to wary over the hbusiness cycle and to depend on the nesd that
producers or end users have for adjusting the contract terms In accord-
#nce with market conditions. MHWence, carriage and the Bpot market will
dct as market stabilizers, and by their actions serve to eliminate the
need for such transactions in the First place. Carriage, In eflectk,
enables transactions that take advantage of arbitrage opportunities
which digsappear as a result of the trading. The curcent demand for
carriage, then, should not be intecpreted as meaning that Interstate
pipelines should mo longer buy and sell gas. Their brokerage expertise
and the future need for Eirm, long=-term supply contracts are likely to
create a major role for plpelines in the gas marketing business. Ewven
under a mandatory carriage system, plpelines most likely would continue
to be major brokera. They would compete, howewver, with other inde-
pendent brokeras in a market that offers a range of contracts from the

ppat market to long-term arrangemencs under elther a mandetory carciage
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eystem of the nondiscriminatory veoluntary contract carrler status envi-
sloned in the FERC MOPR.

The transportation system that evolves under the FERC final rule is
nob likely to fovolve mandatory carriage. This finesses the issue of
tegulatory determination of adequate capacity, which might otherwise he
a complex problem under a mandatory regime. Rate desipn issues remain
importamt, however. Thesa Include such matters ag seasonal transporta-
tion fees, optimal demand charges and the difficulties assoclated with
embeddad-cost regulation that wleld different prices for the game trans-
portation service depending on the age of the pipeline investments. The
coat allocatlon assoclated with separating competitive brokerage ser-
vices from the regulated tramaportation fumstion of pipelines is likely
to e a minor, but nonetheless controverslal {gaus,

Cogst=baged tfransportation rates for unbundled transpeortation ser-
vice by local distributors seem likely to prevent most incentives for
large industrial costomers, in particular, to uneconcmically bypass the
local gas utility. If the econcmic circumstances are such that a large
user decides fo bypass the LDC desplite such cost-bssed rates, the com—
miszion may wish to consider A reservatlon price for those wsers who
wigh the option of belng served by the LDC in the future.

In many ways, the final rule that FERC has crafted addregses many
af the Industry's transportation problems without imposing mandatory
rules, Depending on bow many plpelines choose bo become sondiscrimina-
tory carrlers, the industry may be transformed into one with workably
competitive purchased-gas markets and an accessible, regulated carriage
program. Mandatory carrisge is an alternative to the direction chosen
by the FERC. Many observers feel that the FERC proposal should be
tested before adopiing mandatory rules becavse the incremental benefits

from a mandatory program may be quite small 1if the FERC is successful.
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CHAPTER 5

A GAS DISTRIBUTION HODEL OF OPTIMAL SUPPLY MIX,
SERVICE RELTABILITY, AND INTERRUPTIELE RATE DESIGN

The rapldly changing energy scene and the competitive pressures
from alternabive fuel supplies are likely ko produce a growing market
of natural gas Interruptible customers with multiple fuel-burning
capabllity. Attracting and retaining such customers may lead to
improved cost recovery for the distribution utility as well as to
improved service reliability for firm customers. However, there is
much warlabllicy in the structure of currently applied interruptible
ratea, and &= indicated by the discussicn in chapter 3, the theorecical
and methodologlcal issues relating to the approprilate cost allocation
among firm and interruptible customers are scill unresclved. The
purpoge of thls chapter is to present a modeling methodelogy for the
dealpgn of firm and interruptible rates at the distribution lewvel, with
a particular emphasis on {1} alternatlve cost allocation procedures,
and (2% the role of westher randomness in the optimal determinatfon of
the supply mix and the reliabilicy of gervice to firm customers. The
proposed wmodel is cast az & partial equilibrivum pricing model,
involving the cptimizetion of supply mix, the Monte-Carlo simulation of
gas putchases and usage by firm and interruptible customers, and a
financial and pricing analysis that computes new rates in order to meet
the revenue requirement. This seguence of calculations is tepeated
until equilibrium tates are achieved under the selected policies.

An overview of this model 1s presented in the Ffirst section of
this chapter. 1Its detalled structure is presented in the next section
and includes the principal features of a gas demand, supply-mix cost
minimization, Monte-Carlo dispatching simulation, and rate desipn

85



submodels. The tesults of applying the model with data pertaininmg in
part to the East Ohio Gas Company (EOGC) under warious cost alloction

and sarvice reliabllity policles are presented in the next chapter.

Overview of che Model

The model used to amalyze the effects of alternative relfabilicy
and cost allocation policies on firm and interruptible retaill rates Is
a partial equilibrium model that determines equilibrium rates for a
target year under specific policies for a single utilitv. The eguilib-
fium rate for each end-uwse sector 13, In effect, the intersectlom of
that sector's demand and the corresponding regulated supply curve. The
resulting regulated rates are functions of the gquantities demanded, and
the zervice rellabllity anmd cost allocation procedure selected. A&
general flow diagram of cthe medel is presented in figure 3-1.

Exegenous dats, assumptions, and policies ave the baslc inputs to
the model and fpclede (1) parameters (e.g., elasticities) that charac-
terize the sttucture of the fitm and interruptible gas demand curves;
{2) parameters that characterize the set of potential suppliers of gas
to the distribution utility (e.g., demand charges, commodity rates, and
minimum bills)d; (3) parametera that specify the utility's operations,
gconomice, and finances (e.g., rate base, allowed rate of return, non-
supply operating costa); and (4} parameters that determine the selecced
reliability and cost alloeatlon policles (e.g., acceptable curtaflment
rate for firm customsrs, share of fixed costes allocated to Interrupt-
ible customers.)

Initial end-uge rates are gelected arbitrarily and are Inputs to
the formulatiem of the fi{rm and interruptible gas demand curves, which
then depend only upom the random degree=day wvariables. These random
demand functlions are next used in the formulation of a chance con-
gtrained, supply-mix cost minimizatlion submodel, which explicitly
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EXOGEROUS DATA, ASSUMPTIONS, AND POLICIES

= End-use gas desand structurs

-~ Gas suppliers' charescteristics

= Ugility operating, economic, and financisl
characteristics

— Relliabkilicy and cost allocation policies

Seleccion of inlcfial races

lteration IT=1

Firm and interruptible gas
demand curves formulacions

|

Chance=Constrained cost
minfimization of supply mix

Honte-Carlo simulation of gas
purchases and digpatching to firm
and interruptible customers

Iteration IT+L
Cost analyseis, allocation, and

firm and interruptible ratee design

g price

Mo equilibrium Tes
End of
Analwsis

Fig. 5-1 Model overview
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incorporates the selected service reliability for firm customsrs.

Given a set of potential suppliers, each with its tates amd other
supply conditions, the submodel selects the least—-coat subset of these
suppliers, accounting for demand charges, and commodity charges as well
as For any penalties related to minimum bill conditions, subject to
gatisfying the gas demand of firmm customers with & given probability
(i.2., reliability). The outputs of this cost minimization submodel
are esgentially the demand contracte with each selected supplier.

These contracts, which specify the mazximum daily amount of gas that may
be purchased from each supplier, are inputs Co the Monte-Carle simu-
lation submodel, where the process of gas purchasing and dispatching to
customerg iz simulated over a large number of years. The weather com=
ponent of monthly demands Is selected randomly from a set of numbers
that are distributed normally with a specified mean and varianca. The
outputs of this simulation fncluding the expected (that is, average)
values of the purchases from each supplier and of the corresponding
costs, are Inputs to the cost analysis submodel, where all costs are
allocated among Che warious end-uge sectors according to the pre-
gelected coat alloecation policv. The end product of this analysis is a
get of new Flrm and interruptible rates that would recover the expected
revenue reguirement. These new rates are then inputs to the next cycle
of calculations, starting wilth the formulation of new demand curves.
Thia cycle of calculations stops when equilibrium rates are obtalned,

that 1s, when rates do not change from one iteration to the next.

Structure 0f the Interruptible Eate Desigan Model

This sectlon comtalns & technilcal descriptiom of the rate design
model. Tt is divided into four subsections that correspond to the Four
modulea shown in figure 5-1. The nontechnical reader may wish to skip

ahead £o the next chapter which describes an application of the model.
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End-Use Gas Demand Structure

Gas end-users can be divided into two broad groups——firm and
interruptible cuetomers. Flrm customers requlire continuous gas provi-
sion and may be curtailed only under exceptional circumstances, Eor
example, a plpeline breakdown or extremely cold weather. They are
cugtomarily grouped into three sore and less homogensous sectors——
residential, commercial, and industrial. Interruptible customers are
generally large industrial or commercial concerns with dual fuesl-
burning capability. The subscript s is an index, from 1 to 5, of the
firm customer sectors, whereas I 1s a subgscript denoting the Iinterrupt-
ihle cuscomer sector. The year is subdivided into M homopgeneocus sub-
perliods denoted by the index w. The gas demand of each sector during
gach subpericd is a function of that sector's size {(e.g., number of
customers), the prices of gas and altermnative competing fuels, and
weather conditions which have a random component. The heating degree-
day warlable best expresses the effest of weather on gas demand. The

genaral formalation of the demand functiona for period = 1s assumed to

be:
Dgm = Dgm (Pom:; Poms Zm) E=1+5 , (1)
Dm = Dim (PIms Poms Xms Bm) , (2}
whare:

= paa demand by [ilrm sector a during period m,
= pag demsnd by the interruptlible sector during perlod m,

= price of gas to sector 8 during period m,

= price of the altermative fuel {e.g., o1l) during periocd m,

Dgm

Dim

Fem

Fig = interruptible price of gas during period m,

Fom

Xy = number of heating degree-days during periocd m, and
Ea

= supply reliability (or dinterruptibility)} to interruptible
customers during period m.
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Chance—Constrained Cost Minimization of Supply Mix

The supply alx problem is basically that of optimally selecting
the gas suppliers and the corresponding demand comtracts In such a way
as to provide pes to all customers at least eost, where cost includes
all commodity and demand charges and any penalties due to minimum
bills. TIf gas demands were koown In advance and were stable From year
o year, the supply =mix problem would be reduced to a simple linecar
PEQEZTAm Wery easy to solve. However, demands are stochastic, and the
determinacion of the optimal contracts as well as purchasing patterns
has to be made under uncertainty conditions, leading to the formulacion
of a chance-constralned programming model. The detecmination of the
least-cost purchase mlx 1s furcher complicated by the possibilicy of
gas storage, which the distributor may operate directly or rent from
octher companles. Gag can be injected into storage during of f-peak
summar months and withdrawn during winter, enabling the wtility to con-
eract for a lesser maximum delivery rate, and hence to reduce demand
charges. Storage 1s part of the least—cost supply mix If its cost Is
smaller than the decrease in demand charcges.

In the following discusselon, it is first assumed that end-use
demands are known with certainty, from which is obtained a
deterministic wversion of the cptimal supply mix model. Demand
randomness 1s next introduced, leading to the formulation of a chance-

constrained programming model.

The Deterministic Model

It 1s assumed that the uwtilicy can purchase gas from ¥ suppliers
denoted by the index 1. For purposes of describing the wmedel, thesea
suppliers are called pipelines since the following ser of parametera
are generally positive numbers when the supply source 1s an interstate
pipeline. Other sources, however, such as a spot market or & discri-
buter's own production, can be Incorporated inte the wodel by speci-
fving some parameters to be gere, for example.
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The variables and Chelr definitions aved

Sqm = Eas purchases from pipeline i dutring peried m,

Dy = maximum dailly deliveries from pipeline i (demand contract)},
and

Tig = maximum of the actual purchage and of the minimum take from
plpeline i durlng pericd m.

The parameters are:

Ny = number of days in period m,

ty = minimum perceant take from pipelinme i,

mix
Di = maximum demand contract with plpeline 1,
C
Ei = pcommodlity rate of pipelimne [, and
o
ci = demand rete of plpeline L,

The total firm demand during periopd m L3 defined by

F B
Da=1 Dem - ()

g=]
Let the storage flows be defined as follows:

5Ip = storage injection during pericd m, and

SWp = storage withdrawsl during period m.

Pariodic storage injections and withdrawals, together with storage
capacity, can be viewed as decision variables.! In the present model,
howaver, thess are treated as exogencus parameters, that is, the '
existing storage capacity cannobt be expanded and the Injection=
withdrawal schedule iz predetermined and is to be adhered to, whatever
the pattern of gas demands.

lgee, for Lastance, J.M. Guldmann, "Bupply, Storage, and Service
Reliability Decisions by Gas Distribution Utilicies: A Chance-=
Constrained Approach,” Management Science 2%, August 1983, pp. B84-9306.
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The constraints of the deterministic model are related to the
maximum periodic purchases, fo the endogencus determinmation of the

varlables Ty, and to the balance between supply and demand (while

accounting for storage flows), with

Sim = HpDq = 0 i=l+HN, m=l+M , (4
T . 20 i=l+N, 1=d

im Hm = (5]
Tim — E{lgDqy > 0 i=1+N, m=1+M ,

N F

I 8ip = Dy + 5Iy - SWy w=I+H . (6)
t=]

The total cost of gas purchases Is then

N o N M .
CaY1rermy +] }oCf Tegs (7)
i=1 1= &=]

The deterministic model Is the linear program consisting of the
objective function {(7) and constraints (4)=(B). Thiz model szelects the
values of the veriables Dy, S5y (and Typ) that minimize the total pur=-
chase cost € subiect to tha constcralats.

The Chance=Constrained Model

The linear program presented in the previous section is essen=
tially an ex-post pptimization model, where the end-use gas demands are
assumed to be knowm. In actuality, however, gas demand depends upon
weather, which is not known in advance. Despite this uncertainty,
decisions must be made during each period ahout levels of gas purchases
from the differeant suppliers and allocatfons among the various end-usa
pectore, including the need for emergency curtallment. TIn addition,
the demand contracis must be Eixed before the annuwal cyele of opera-—
tiona atarts. The bhaaic problem ia then to determine the demand

cantracts and to devise operating rules, which recognize the random

92



character of gas requirements and which are, in some economic sense,
optimal . '

One approach is bo eolve the deterministic model for a large
number of randomly generated gas patterns and to Infer some rules and
principles from the results. Chance-constrained progtamming (CCP) is
an alternative, less cumbersome apptnach-z One majfor advantage of CCP
ig the posalbility of Introducing reliability constraints explicitly.
Another iz that optimal decision and management rules can be derived in
some cases. The detecministic model just presented can be transFormed
into a chance-constralned one as followa.

The price of gas and the price of the alternative fuel are

exogenous Co Che optimal supply mix model. Congequently the aggregate
F
firm demand Dy only depends upon the random degree—day wariable X;, as

T
does the aggregate gas supply 5p, with

T H F
Sgp = E Sim = Dp (Xp) + 8Iy - SWy , £8)
1=1
ar
T T
Sm = Sp (Xa)- (9

Given Mg, and hence EE, the individual purchases S5{g can be
determined £f the optimal values of the conttacts Dy are known, along
with the alalmum required purchases NytyDy. The optimal values of Sy,
then, are the natural outputs of an economic dispatch amalysis. The
least-cost dispatcehiag of gas purchases is simllar te that In tradf-
tipnal eleceevicity dispatchinmg with the exceptlon of the creatment of
minlmum purchase obligations. With this constralnt, the least-cost
sequence Is to take gas In the order of most expensive gag flrgc until

Eﬂee, for instance, A. Charnes, and W.W. Cooper "Deterministie
Equivalents for Optimieing and Satiafieing Under Chance Conatraints,”
Operations Research, 11, 1963, pp. 18-39.
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minfmum purchase requirements are fulfilled and then in the order of
leagt expengive gag first, afterwards. Because of the minlous purchase
requirement constrains the sequencing, the dispatch rule iz optimal

only In & second=best sense. Im a general form then
e
im = Fin [En- b, ¢c, t), {10}

where T, CF, € are the vectors of the wariables Dy and the parameters

c
Cy and t{. As the latter are taken as given, it follows that
T e
Sim = Fim [Sms D) = Fig (Xq, M. (11)

The wvariable B, depende upon the random variable ¥, and hence ia
a random functlion of E, and has a probabilicy density Eunctilon

min
Pip{8ip). Let Pyjp be the probabllicy that the supply 5iy takes on a
value less than or equal to the minimum take HgetqiDy, with

Hptily
min
Pim = f Fig (v) dwv. {12}

0

The total expected cost of aupply 1s the sum of (1) the demand
charge, (?) the penalty assoclated with purchases below the specified
minimum, and (3) the wsual commodicy charge for purchases above the

ainimum, ot

H o H M C min
E(C) =] 120Gy Dy +] | ©Cy Wy ty Dy Pyg
1=1 i=1 m=1
[
H M .
+ 1 1 ©f J8ip P(Sen) @51y - {13)
1=1 m=1
HpcyDy
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Hinimizing the expected coat 18 the uwsual criterlon when dealing

with cost miniwmization under uncertainty. Fundamentally, the

expected cost (13) 13 a function of the demand contract varfables D.
These may have upper bounds related to the phyaical and other
characteristics of the pipelines, and the optimization problem cam be
reformulated as

ainimize E[C(D)] {14)
subject to: D < pRax {153

However, the above problem cannot be solved as such because the supply
funcelons Fyp and the probability functions Pygy cannot be represented
in cloged form. As an alternative, the functions Fyy can be

approxlaated as linear funcéions of the necessary aggregate supplies

T
Spe With

T
Sim = 8ig S5y - {16)

The coefflcients ayy are decision varlables to be determimed

endogenously to the model, with of course the constraint that

N

] agg=l . (17}

i=1

Equation (18) is & first-order approximation of the true function
Fi{m which can be interpreted as a Taylor serles expansion truncated at
the first-order level. Im & nonstochastic framework, the maximum

supply constralnt for esach suapplier and pericd wouwld require that

T
djm 3q % YpDg - (18}
T
5p iz a random variable, however, and hence constraint (18) is likely
to be wviolated under at least some clrcumstances. The frequency of
such comstraint viclations may be explicitly incorporated into the

model by tramsforming (18} into the chance constraint
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T
Priaguiy — gDy € Q) » l-wyy , (19)

where iy 18 the probability measure of the extent to which constralnt
violations are permitted. As such, the ajy 13 the reliability level
for pipeline service i in month m which is a parameter to be selected
a3 an laput to the overall modeling analysla.

In practice, a chance constralnt must be transformed into a
nonatochastic equivalent ome. In the above case, conslder the random

variable

T
V = aieSn - NPt - (20)

Its expected value and standard deviation are

i

E(V) = aypE(Sp) — gDy , and (21)
T

o(V) = agp olSy) - (22)

The wariable ¥V iz normally diseributed, as is demonseraced later. Let

Iui be the walue of the standardized normal wariable & so that
m

Pri{zfzy ) = l-ayy - (23}
im

A m=({V=E({V})/o(V), it can be shown that constraint (19) is

aquivalent to the deterministic conmstralnt

T T
ajm [E(Sg) + %, o(5g)] - NgDg & O . (24)

Constraint (24) is linear, with unknowns agy and Dg. As the storage

Elows 5Iy and 5Wp are determiniscic parameters, we have
I F
E{Em} - Etnﬂ.} + SIM i 5“', ¥ {25}

ﬁ{ﬁ:} = UED:} . (26)
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In addirion to the above constralnts velated to the violations of
Individual dewmand contracts, It is mecessary to consider the aggregate
supply capacity constraint

T H
Pr{S; & Hy E Oy)» 1-By 4 (273
1=1
where By Is a parameter representing the monthly, overall system supply
reliability level for firm custosers. The detersinlstie equivalent of

(27) i=s

T i
Fm I Dy » E{(Sp) + z5 o(Sp) (28)
1=1 m
or
M F ¥
M Eini 3 E(Dy) + Eﬁmucnmj + 81 - Wy - (29)
=

Chance constraint {27} is redundant and superseded by chance

consgtraints (19) 1if, and only 1f,

(l-oyp) > (1-B5) . {30)
1

n = =

i

This possible redundancy thus depends upon the gelection of the policy
parameters oy and Bg.

Further approximations to the basie model (143-(15) must vet be
made to render it computatlonally tractable. Indeed, the commodity
charge and minimum bill penalty components of the expected cost E{C) in
equation {13} cannot be used as such. Instead, they must be replaced
by the expected commodity cost computed owver the whole supply range and
a penaley assoclared wich the differesnce between the minimum purchass

and the average supply. The expected commodity cost is
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=

N oM .
sep = 11 f Stm P(51n)dS1p

i=1 m=
v
. H < H M - T
=1 1 CcuESi) = I I Cf agg E(Sy)- (31)
i=1 m=1 =1 m~]

In order to Inttoduce the peoalty component into the objective

function, it is First necessary to add the following constraints:
E + -
Mpt1Dy = a40B(Sp) = Xy = Xy for i=l+N, m=leM, (32)

+
Rim = O .

Xygm » O .
+ —

whers xygm and Xyp are nonnegacive wariables to be chosen In the
optimization. Any expected penalty is assoclated only with the excess

+ T
wvariable xpg (that 1s; whenever aqgpE(Sgp)s HptyDi) and is defined as

I S
Py = i E Cj B = (33)

i=1 =

The expected supply cost is finally approximsted as

H D H N g 1 +
E(C) = L 12C3 D3+ | I €4 [a3q E(Sp) + Xgal - (34)
i=] i=1 m=1

'y
E(C) is linear Iin the unknowns D¢, ayy, and %x{y. The CCP is thus

reduced to a4 linear program with the objective functlon {(34) and the
congtralntas (24), (29}, (32}, (15% and (17).
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Monte-Carle Simulation of Gas Purchases and Dispatching

In the CCP supply mix asnalysis, optimal demand contraces hawve
been determined while approximating the exact dispatch functions {Fig)
and the penalties associated with minimum purchase obligations. The
purpeses of the Monte-Catrlo simulation submodel are (1) to account For
the implications of the true dispatching and penslties, and (2) to
introduce the role of interruptible customers into the analysis. One
very Important consequence of the latter 1s to reduce or aliminate the
minimum purchase penalties that are more likely to occur if a discci-
butor has only firm customers. BSecond, interruptible customers may pay
Eor some fixed costs {the demand chacges are examples), the burden of
which would otherwise be solely borne by fipa customers. The inter-
ruptible customer class share of Eixed costs Is a policy parameter in
this model.

The Monte-Carle simulation approach is approprilate becavse of the
random character of gas demands. The monthly simulation is repeated
over several yeara, and key policy outputs are then averaged to Find
expected values. A sequence of computer-generated random numbers is
uged Eo compute a sequence of random heating degree-day varlables XK,
from which the Firm supplies and interruptible dewands, Dgm and Drp,
may be found. MNext, total flrm supplies are computed according to
equation {8). The other Inpubts to the simulation are the deamand
conteacts Dy, the suppliers' commodity rates, and minimum purchase
peecentages. The following steps deseribe the remaining analysis Eor
each month of the simulation period:

b s
Step 1. The total firm supplies 5; are compared to the aggregate

max min
of the maximum and minimum purchases, Dyp, and Dy ,

which are defined as:

max H
Drg = | DRy (35)
{=1
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min i}
Oy = 1 Dyfgty - {36)
i=1

T mawx
If Sy > Dpy . the available supplies are itnsufficlent and
curtallments are necessary. In this case, step 2 18 next. TIf
T min
Sp 4% Dpp » flem customers are unable to use the minimum

aggregate purchase rvequirement, and If the slack can not be

used by Interruptible customers, minlmum bill penaltlies must

min T max
be paid. In this case, step 3 is next. If Dpy < 55 < Dy o

no penaltles are agsessed, and there fs still gas avallable
for interruptible epstomers. Go to step & for this allo-

cation.

Step 2. Customers are curtailed up to thelr demands (Dgn) in the
following order: Industrial, commercial, and

a
residentlal. Let Dgy be the actual gas provided to
sector 8 during period m. TFor degcriptive purposes
later, the amount and rate of the curtallments can be

computed as

a
Curgy = Dgy = Dgm (37}
Peurgy = Curgge/Dgm - (38)

In this situation, no gas 13 avalilable For interruptible
a
customers, and Dy, = 0. Gas purchases 3y can be subdivided

fnto four components

1
S8ig = amount of gag purchaged for firm customers below the

minimum take (tgNgDy),

2
8ig = amount of gas purchased for fire customers above the

minimum take and below the maximum take (MEDy),
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3
Sim = amount of gas purchased for interruptible customers

below the minimm take, and

4
Big = amount of gas purchased for Interruptible customers
ghove the minimmm take and below the maximum one.

It must be crue that

1 2 3 4
S4m = Sim * Sig * S4p + S4p . {39)

In the present case, these cosponents are

1

Sim = EyNpDy i=l+N ¥ (50}
2

Bim = I:l"t’_}ﬂ'm'ﬂi i=1+HN - f41)
3 &

Sgg = Sig = O i=1+N : (423

Supply costs are computed nmext In step 5.
dctep 3. All firm custowers are provided thelr requirements.
a
Suppliers are rvanked in decreaslng commodity rate {Ei}

order. Asaume that the minlmum purchase requlrements
of the flrst Ny suppliers are necessary to provide firm
custoners’ needs. Then

1
Sim = t{¥gD{ i=1+N1-1 , (43}
1 T H1-1
Sim = Sm - 1 tyiuDy i=hy (44)
i=1
1
Sipg =10 1> W1, (45)
and
F
Sig = 0 1=1+H . (46)
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Hext, intercuptible demand, Dyp, 1= fulfilled up to the

minimum purchase requirements in the same order. For

1
inastance, 1If Dyy > EiNgpDy = Siy for 1=H;, then
3 1
Stm = TNl = Him =ty . (47)

and the remaining interruptible demand is sstisfied uwp to
the ainimum putrchase rvequitements of the remaining suppliers.
Thus

3
Sim € tyMyDy 1>M . {48)

If all minimum purchase requirements are fulfilled, (i.e.,

3
S8im = E{HgpD¢, 1 > W), then the remaining intarruptible demand

is satisfied with available gas supplies asbove the minimum and
below the maximum purchases. Thias alloecatien, howewver, 1s
in increasing commodity vate ovder. Assume that the Filrgk Hp

suppliesrs are to be used. Then

4

Sim = (l=b{)NgpDy i=l+Ny-1 , (49)

4 Ha-1

Sim = Drm - El (1-t §)H,D 5 i=Hz (50}
jl.'

4

Sym = 0 1>¥% - {31}

Supply costs are compubted next in atep 3.
Step 4. All firm customers are provided thelr requirements. AlLL
minimun requirements are purchased for firm customers,
hence

I
Sim = tgNgDy i=1+§F (52}

3
Sim = 0 1=1+K . (53)
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The remalning firm requirements are allocated nezt to
guppliers la Ingcreasing commodity price order.- Whenm all firm
requiraments are allocated, intervuptible demand 15 allocated
to any unuged supplies In the same priority order. Supply
costs are computed next In step 5.

Step 5. Compute the commodity charges, assoclated with the

k
actual supplies 555 as

I N ¢ k

Cw= [ CiSig - (54)
i=1

The actual penalties, 1f aany, for wiclating any ninimum

purchase requiresents are

pen o e 1 3
Cry - E Cqy Max (0, tgNuDy - 54p - Sqim)- (55
i=1

After the ahove stepa are repeated for the M periode of the
current year and for the WY years of the simulacion, various
average values are computed. The average curtallment volumes
and ratea are policy evaluatien criteria that are used after a
price equilibrium 1z aschleved. The average purchase coats and
actual gas dispatching are used in the rate design submodel

described in the next section.
Firm and Imtercuptible Gas Rates Design

The rate design submodel replicates, im & very simplified
fashion, the calculatlons that are perforwmed prlor to rate cage pro—
ceaedings, when the utllicy requests a change in its retall prices in
order to achleve an approprlate rate of return on Che net velue of ics
plant in service {or rate base), as allowed by scacte regulatory

aucthoricies.
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HMest coats belong te one of two categories: peak-related (FR)
and non-peak-relaced (NPR) costs. PR costs include operating and plant
costs related to storage, transmission, and distcibution In part, as
well as the corresponding depreciation costs. Demand charges are also
part of PR costs. MHPE costs include {1} operating costs related to
customer accounts, customer services, salea, and discribution in parc,
{2) plant costs related to distribution, anod {3) depreciation costs.
Commadity charges, including anmy mdnimum bill payments, are Included in
this category. A third cost category Includes costs related to admin-—
istrative activitles, to taxes, and to the general plant. This is a
hybrid categery, the allocation of which depends upon the allocabion of
PR and KFR costs-

The firat step in the cost allocation procesa is to compute
the coats to be charged to interruptcible customers, which include

(1) the commodity cost of actual purchases by Intecruptible
customers, and

(2) a share, called Shy, of all other costs of service (COS),
imcluding all demand charges, but excluding the commodity cost of
purchases by firm customers. The total smount of cost allocated
te interruptible customers 1s

L
CTr = | (Cp + Cgp) + Shp(cCO8) , {56)

m=1
where a bar owver a wvarlable denotes its average walue from the
Monte-Carle simulation. The total average annual gas sales to

{nterruptible customers are

a H _a
I]I_'I' - E Dlu - {5?:'
m=1

The ex-post average price that tecovers CTy is then

d
Py = CT1/Dyt - (58)

Hote that the interruptible rate is constant across all M pericdsz. The
interruptible customers' share of Eixed costs (COS) 1is a basic policy
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paramecer. Tf this share {s zero, then interruptible customers pay
only the the commodity cost of the gas specifleally purchased for them,
and none of the remaining fixed and wariable costs.

Coce CT7 has been determined, the remaining costs must be
allocated among the firm customers. PR and NPR sllocation factors are
commputed as follows. Let p be the peak period for aggregate firm
galea. Then the pesk-related allocation factors are

5 a
FPg = Dgp/ ( El Dgp) g=1s5 . (59)
E:

The non=peak related allocation factors, based on average annual sales,
are

M _a 5 H a

Prg = (1 Daud/( ] I Tgy)  s=les . (60)

m=1 g=1 m=1
Let CAlLg be the costs allocated to firm sector s by applying the
allocation factors FPg; and FYg te FR and NPR costs. The allocarion
factora for the hybrid cosc category are then

$
FHg = CALg /( | CALg) =145 . (61)
g=1

The factors are used to allocace hybrid ecasts. The tecal costs

allocated to secter g 13 denoted EﬂL:. The ex=post average prices
guarantesinp cost rescovery are then
T H a
Py = CAL; /¢ } Dgad g=lsg . (62)
=1

Hote that, as for Interruptible rates, prices pald by firm cus—
tomers are constant actoes the H periods. The end-use rates Pg and Pg
are next compared to the same rates as obtained at the end of the pre=
vious cycle of calculations. If the absolute walue of each of the
differences is less than some pre-determined threshold €, price
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gquilibrium is consideted to be achleved, and the calculations are
terminated. Otherwlige, these prices are used fo begin a next cyele of
caleulations, starting with the forpulation of new gas demand curves.

FuRmATY

In esgence; the NERI model determines the least-cost supply mix
and dispatching order of these supplies for a4 natural gas discributor
under conditions of demand uncertainty and reliability constraints.
The optimization technlque emploved is chance-constralned programming.
The novel feature of the model fs Ehe equilibriom determinatfon of
average supply costs in a Monte—Carlo simulation that includes minimum
putchase requirements and the assoclated dispatching o meet random
realizations of demand. The model is waaed Iin the next chapter ta
analyze a wvarlety of regulatory policies and conditione of uncertainty.
The intent iz to inveatigate imterruptible rate degign and service
reliability policies under different degrees of demand wncertainty and

gaupply prices.
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CHAPTER &

AN AMALYSTS OF MATURAL GAS RATE DESIGH
AND SUPPLY MIX UMNDER UNCERTAINTY

The stochastic optimization model described in the previous
chapter was used to analyze a varlety of regulatory policies and
economic conditions. The resultes are reported In this chapter. The
policies Include such matters as the share of Eixed cogts pald by
interruptible customers, the reliasbilicty of service for Firm customers,
and supply contract parameters such as minimum purchase requirements.
The last of these is not defermined solely by regulatory authoritles;
however, the FERC minfmum bill rfule discussed in chapter 2 suggests
that regulators can Influence this contract parameter to some degree,
This chapter also reports the gensitivity of these policles with
respact to demand uncertainty, demand elasticity, and the presence ot
absence of an interruptible sector. The chapter has several sections,
the first two of which set oot the basic data wsed for this analysis.
Each of the scubhsequent sections deala with particular policies or

demand conditiona.

Data Description

The data used in this spalysis were gathered, in par:, from the
East Ohio Cas Company (EOGC). EOGC serves Cthe northeasiern part of
Dhio and is one of the natlon's largest gas ucilities, wizh 923,212
resldential, 55,653 commerclal, and 1370 Industrial customers in 1984,
the base year of the analysis. Data sources Include the 1984 Annual
Report of the EJGC to the Public Utilities Commission of Ohio (PUCO)
and the 1954 Uniform Statistical Report {(USR) submitted by EOGC to the
American Gas Assoclation.
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A statlstical amalysia of the weather sensltive component of the
demand for matural gas was conducted for the residential, commercisl
and imdustrial sectors. A demand equation for sach =zector was
estimated by ordinary least squares using 1984 monthly observations

from EOGC. The estimated equaticons and assoclated statisclics are

Residential Demand = 2534.41 + 17.463 DOj , (1}

(t-value) (4.65) (23.05) RZ = 0.982
(sign.) (0.0001) (0.0001)

Commereial Demand = 837.09% + 7.038 DDy , {2]

ft=valee) (7.32) {41.79) RZ = 0.994
(sign.) (0.0001) (0.0001)

Industrial Demand = 3283.82 + 3.839% DD, . {3)

{t-value) (7.86) f6.61) RZ = 0.814
(sign.) (0D.0001Y (D.0DOD1)

where D0, iz monthly degree-days and demand iz measured in millions of
cubic feet of gas {mmcf).

As expected, the explanatory power of each equation is wvery good,
cgpacially in the residencial and commercial secroras that are rela-
tively semsitive to weather. The Intercept and regression coefficients
can be interpreted ag the bagse and space-heating requirements. TFor -a
total average annual number of degree-days equal to 6255, the average
annual space-heating loads of the residential and commercial sectors
represent 78 percemt and Bl percent of their total loads, respectively.
In the case of the industrial sector, this share 1s only 3B percent.
Because industrisl losd also is influwenced by factors ather than
weather, such as economie conditiona, the correlation coefficient ia
lower, although atill stacistically significsnt. The demand functioms,

equations (1)} in chapter 5, are assumed to take the general form
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f ELE
Dem = (ag + bg DDyl EE_ ' (4)
\PEG

where a, and by are the estimated coefficients in equations (1) to (3).
Hote that the demsnd functions are assumed to have a constant-price—
elasticity form, wherein Py is the actual gas price to sector s, Pgy is
a calibracion reference price, and ELg is the price elasticity. Om the
basis of a review of 25 gas demand studies,l! the following elasticity
values are used in this analysis: residential ELp = -0.22; commercial
EL, = =0.32; industrial ELy = —0.64. These correspond to the typlcal
magnitudes af short-run price elasticities. Long-term elasticities
tend to be 2 to 3 times larger. Using such long—term elasticities
would change the eguilibrium walue of prices in the follewing analysis
but would have little effect onm the conclusions, since theas deal with
the changes induced in the equilibrium by changes in policy parametars
or economic conditions. The reference prices Fg, are taken as equal

to the 1984 average prices (i.e., sectoral revenues divided by sectoral
gales), with: Ppgy = 55.41 per mef, Pog = 54.98 per mef, and Ppp =

84 .52 per mcf.

A statletical analysis of degree-days 1in each month over a 26
vear period (1930-1976) ig summarized in table &-1, which ghows the
gample means and gtandard deviations for each month. The correlations
between the degree-days of consecutive months were insignificant. The
conclugion i that the monthly degree-day random variables DDy are
independent of one another. In addition, goodness—-of-fit testa at the
3 percent significance lavel {indicate that these monthly observatilons

are normally distributed.

ly.s. Iepartment of Energy, Natural Gas Eate Design Study,
{Washington, D.C.; Government Printing Office, 1980).

109



TABLE 6-1

CHARACTERISTICS OF HONTHLY DEGEEE-DAYS DISTREIBUTIONS
{Degree—Days}

Scandard Standard
Honth HMean Deviacion Monkth Hean Deviation
January 1207 .7 129.5 July 11.0 9.4
February 1046.3 115.2 August 18.92 14.1
March B92.5 125.4 September 120.5 £2.1
April 506 .46 80.5 detaber Tl.6 g91.1
May 248.2 BE.3 Movember  712.6 B5:6
June 50.5 28.8 December 1071.6 145.8

Source: Authors' calculations.

Although BEOGC has no interruptible customers, such a sector is
included in the wmodel to illustrate interruptible pricing policy. The
demand of this sector iz assumed to be independent of the random
degree-day wariable, and takes the form

ELz

Dy = bgg | F2_ : (5)
Pzo

where ELz = -1.3 1s assumed to be the Intercuptible sector’s elas-
ticicy. The calibration reference price, Pzg, i3 54.00 per month, aod
Dy, the reference demand, is 2500 mmcf. Hence, when the interruptible
demand price Py is equal to Ppp, the annual intercuptible gas demand is
equal co 30,000 mmef, or about 10 percent of the firm gas demand of the
EOGC in 1984,

The storage flows, 51y and 5W,, wsed In this analysis model are
presented In table 6=2. These flows closely reflect, but are not
exactly equal to the observed 1984 flows. BScac slight adjustments were
made so that total deliveries equalled total withdrawals. TIn 1984, an
inventory build=up of 2497 mmcf, or 4 percent of total deliveries, toock

place.
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TABLE 62

STORAGE DELIVERIES AHD WITHDRAWALS (mmci)

Honth Deliveries Withdrawals Honth Deliveries Withdrawals
January 0 17856 July 0300 0
February 0 9300 August D238 0
March 0 11408 September BT42 0
April a556 o October AO44 o
May 9796 H Howvember 0 L1035
June 9424 H Decesber 0 L2400

Source: Authors' calculations.

EGGZC has two major Interstate pipeline suppliers: Consolidated
Gaa Supply Corporatlon and Panhandle Eastern Pipeline Company. In lieu
of thesge, three hypotheclcal suppliers are used in this analyals o
fllustrate a wider varlety of supply opportunicies. 1In particular, the
recent advent of a spot market in natural gas is an important develop-
ment which is of interest to state commissions. The analysis that
follows includes a small, but nontrivial, opportunity for the distrib-
utor to purchase gas from a apot market. BSince 1t is not possible Eo
purchase exclusively from this market, the analysis incorporated a
limit on maximum deliveries of 100 mmcf per day. Considering the size
of the utility belng studied, thils constrains spot market purchases to
be ng more than sbout 10 percent of any daily purchase. The spot i
market ls characterized here as having no demand charge and no minimum
purchase requirement, Bealdea chesae small spot purchaseas, the discrlib-
utor has two majer plpeline sources of supply In this study, These are
deplcted, along with the spot market, In table 6-3.

The contract parvameters displayed in table 6-3 have been pelected
g0 that the optimal supply mix includes some purchases from all three
soutces, with a distinct limit to the spot market which fs supplier 3
in the table, The maximum putchase limits for suppliers 1 and 2 hawve
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been set large enough %0 45 never to constralnm the distributor's
choices. The optimal supply mix includes both of the first two sources
becauae thelr prices sre competitiwve with one ancther. Abowve 8 load
factor of about 45 percent, the average price of gas from supplier 2 ias
lower than that from supplier 1 because of the lower commodity price of
the second supplier. Below that load factor, however, supplier 1 has &
lower average price because of [ts favorable demand charge. The
monthly demand pattern described previowsly in this section has a load
facter of about 50 percent. Corrected for storage injections and
withdrawals, the load factor ia sbout 70 percent. This demand pattern
and get of cogt-of-supply characteristics combine in guch a way that
supplier 2 serves the base load while gupplier 1 has more of a peak
gervice role. Both suppliers have a natural market niche, in other

worda, which Is not the result of any constraint on the other.

TABLE £-3

GAS SUPPLIERS' CHARACTERISTICS

Supplier
— M —g—
Commodity BRate 3.95 3.80 3.00
(§/meE)
Demand charge 1.50 3.50 0.00
(8 /mcE)
Minimum Purcheass 40 &0 1]
(2}
Maximu= Purcheass 1200 1200 1040

(mmcf per day)

= — —e——

Source: Authors' calculations.
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The spot market source, supplier 3 in table &5-3, dominates both
pipeline suppliers in that its commodity price, its demand charge, and
Lt minimum purchase requiresents are all smaller. In such
elrcumatances, the optimum would be to purchase all requirements from
the spot market. BSince such a golution 18 warealistic, this supplier
is limired to providing up to 100 mmcf per day. In che absence of any
sinimum purchase requiresents by the two major suppliers, this spot
marker limit always would be purchased as the base load supply. The &0
and 50 percent minimums in table 6-3 hawve been selected, in part,
bacause these are large enough to prevent soch full wse of the spot
market in some circumstances reported later in this chapter.

The 1984 EOGC operating costs, depreciation costs, plant-im-
parvice values, taxes, and actusl rate of return were used in
thie analysia. The operating cogtgs Included: storape (512,000,0003,
transmiggion (53,00,000), disceibution (535,000,000), customer accounts
{540,000,000), customer services [57,000,000%, sales expenses
(53,000,000), and adminfgtracion (549 000,000). EOGC produces gpome
natural gas, but thils source was neglected In this analysis, and go
waere the corcesponding operating costs and plamt in service. The plant
in service Included: storage (564,000,000), transmission
(5129,000,000), distribution (5480,000,0003%, general (526,000,000).
Depreciation coats were S22 000,000, while taxes were $141,000,000.
The rate base (or net plant In service) is about &0 percent of the
gross plant In service. Finally, the actual rate of return, calculated
ag the ratioc of the operating income to the rate base, was 12.34 -

percent.
Bage Casge

To avold fnundating the reader with numerical detatil, the
remainder of this chapter is organized so as to first present in this
section the basic natute of the least-cost eguilibriom and then to
introduce variations of this basic theme, one at a cime In successive
sactions. The base case described in this sectlion has the following

113



characteristics. Reliabllicty of service in any month has been
epecified to be 99 percent or better for all firm customers. An inter—
ruptible gector is serwed, but such users pay no portion of the dia-
tributor’s fixed costs:. The suppliers and demand patterns (including
the random weather—-sensitive component) are as described in the pre-

wiogus section. The equilibrium is described in tables 6-& and 6-5.

TABLE h=4

EQUILIERIUM PRICES, SALELS, AWD CURTAILHMENWT RATES

Annusl
Prices Sales Curtallment
Sector (5 /mcE) (bef) Bate (&)
Residential 5.365 139.8 H
Commercial 5.374 53.3 o
Industeial 5.215 57 .9 «16
Interruptible 3.709 33.3 NSA

Soutce: Authors' calculations
TABLE 65

EQUILTERIUM SUPPLY CONTEACTS

CameF/day)
Supplier
1 2 3 Total
Contract Demand 483.6 581.A° 100.0 1165.4

Source: Authors' ealeulacions

The interruptible gector price in table 6-4 is quite low, only
§3.71 per mel compared to §5.37 or 55.22 for the fira customer secCors.
Interruptible use comprises about 1l percent of total sales. The

maxwimim actual curtailsents in any month 1s only .16 percent, which ia
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gmaller than the one percent relisbility as specified im the chance-—
constrained program. Thesa curtailments occur in April because in that
month average demand plua scheduled injections into storage 1s the
largest and hence net requirements occasionally excead the econtracted
maximus pupply., The average total ammual cost assoclated with this
hage cage iz 5[, 462 million. OF this, a very minor amounmi, %.38
million, is due to payments for viclating contracted minimum putchasa
raguirements. Most of these paysents oceur in the month of Movember.
Although MWovember has a large average demand, planned withdrawals from
storage comblnad with the random I{nfluence of weather {(Novembers can be
unusually mild) occaslonally result in legs demand than contracted
alnimume. The bage casze has been degigned so that although these
minimum bill penslties are part of the equilibrium, they are minor.
This is meant to reflect clrcumstances after the FERC minimum BL11l rule
that should alleviate distibutors® problems dus to minimum purchase
requliremence.

The equilibrium maximum contract delivery rates are shown in
table 6-5. The maximum cbtainesble from the spot market, 00 mmcf per
day, is selected, of coutse, since there 15 no demand charge for maxi-
mum delivery rates In this market. The needed contract demand lewvael
that remains is divided between the two major pipeline suppliers, some-—
what favoring the second supplisr because of its lower commodity rate.

A variety of circumstances and policies have been studied wsing
this base case as. a benchmark. These are described in the following
sectlons.

Minimum Purchaess Bequirements

The effects of various lewvels of the pipelines' minimum purchase
requirements are summarized im table 6-6. 1If no minimum purchases are
required, pipeline 2 1is the bhiggest supplier, with total contract de-—
mand lewvels from the three scurces being 1167.9 mmcf (not shown in the

tabled, The total contracted demand decreases as the minimum purchase
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TABLE 6-6

INFLUEHNCE OF MINIMUM PURCHASE REQUIREMENTS

Minimum Purchase (%} Concract Demand
cmmef per day)
Supplier Supplier Prices (5/mcf)
1 2 L 2 3 Bes Comm  Ind Inter
o ] 230.3 837 .6 106 5.32 5.33 5.17 3.82
a0 30 244 .3 822.6 100 5.34 5.35 5.18 3.81
40 &0 Bl.6 D84 . & 100 5.35% 5.386 5.19 3.77
50 50 a 1064 .2 100 5.39 5.40 5.23 3.37
&0 B0 Q 1060 .7 100  5.40 5.47 5429 3.65
70 7o Q 1046 .9 100 S.7d 5iTY F3.35 Jub7

Source: Authors® caleculations

percentage is ralszed, falling to 1045.9 mmcf if the minimuss are set
equal to 70 percenc. The residential price beging at 5.32 per mcf. As
the ainimum purchase requirements are increased, prices to fimm
customers are Increased, while interruptible users actually hawve a
reduction in price uncil the 50 percent minimum level is reached, at
which point this price algo rises ag the nminimum purchase percentage
increases even further.

The reagon why the price paid by firm customers Increases along with
the minfmum purchase requivement is that more and more payments must be
made for gas not actuslly taken. At the 60 percent lewel, these pay-
mente are still small, only about .7 percent of total costs. At the 70
percent lewel, however, thece have ballooned to 4.1 percent of total
coste and cause a corresponding increggse in the prices pald by firm
customerse. It should be noted that these price incresses are paild on
average. If such prices were pald year after year in order to cowver
the cost of occcasionslly violating minimum purchaee lewels, the pipe-
line would recover revenue in excess of ite costs, assuming the demand
charge and commodity price are set so as to allow the pipelime to break
averi. Three actions could then be taken by the FERC. One is to

2llow the owverrecovery. A second is to reduce the commodity price or
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demand charge to compensate for the expected level of minimum bill pay-
ments. The third is to allow distributors to take gas in later wvears
that has been pafid for under the minimum purchase agreement. This
would convert the minfmum pucchase requlrement into a more Etraditfonal
take=-or=pay type of contract that allows buvers to make up purchases at
later dates. In any case, the first policy is implicit in the WERI
model and results in more revenue recovered by pipelines as the minfimum
purchase percentage increasas.

The reason why the Interruptible sector's prilece inltially de-
creages la more subble and has to do with the lesagt-cost digpatching of
the apot mearket suppliss im particular. With no minimum purchasgses re—
quired by the two plpeline guppliers, gas 1s dispatched in what would
be called the most efficient wmanner, least cost flest. All cheap,
apot-market gas 1s dispatched solely to flrm customers in these clrcum-
stances. As the plpelines' minlmums Increase, however, the approprlate
digspatching, which might be termed second-best, is to use the most ex-
pensive gas Eirst up to the minimum purchase requirements since such a
policy avolds the largest possible amount of minimum bill penalty.
Since a large Eraction of the plpelinea’ wmore expensive supply is dis-
patched first, some of the cheaper, spot-market gss i3 occaslonally
lafr over and ig wsed to aerwve interruptible customers. Hence, an un-
intended side effect of the minfmum purchase requirement is that the
appropriate digpatching In such clecumstances shifts cheaper gas to
low-priority custemers. This is an example of a perverse and uneco-
nomic ordering of supplies that soclety as a whole presumably would
prefer to avold. It illustrates that subtle economic distortions can
result Erom well-meaning policies, in this case, a minimum purchase te-—

qulirement intended to reduce the Financial riskiness of the pipeline
company .

Spot Market Price

The base case used Iin this study iz Intended bo reflect current
{1985} market conditions, which are somewhat wnusual in that spot
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market prices are much lower than current pipeline prices. This is
partly a disegquilibrium condition that has resulted From the combina-
tion of long-term contracts signed before 1982 and the subgequent re-
ceselon that suppressed the demand for natural pas. In more normal
circumsatances, spot market prices would be much eloser to the plpe-
lines® commodity rates, in all likelihood. The effects of a wide ranpge
of spot market prices on the discrlibutor’s equilibrium are shown in
table 6-7.

TABLE 6=7

INFLUENCE OF THE 3FOT MARKET PRICE

Contract Demand Spot Market
Spot Harket {mmcf per day) Purchases Frices

Price (5/mef) 1 ] {bet) Res Tnter
.00 583.6 S581.8 35.18 5.37 371
3.80 2Th.6 TB3.2 34.76 5.47 3.81
3.90 2TT.0 782.8 7.06 S.47 3.82
4 .00 277.1 TB2.6 1.24 5.47 3.83
4.10 277 .2 fB2.5 1.24 G547 3.B4
4. 20 2172 THZ.5 1.24 Selal .84

Source: Authors' calculations

Because of the 100 mmcf per day limit incorporated into this
etudy, the maximum annual purchases from the spot market are 36 billion
cuble fFeet [befd. As table 6=7 shows, the annual amount purchased from
the spot market 1z close to 36 bef as long as the spot market price ié
less echan the smallest commodity price from any pipeline supplier. 1In
table &=7, as the spot market price rises above $3.80, the second major
gupplier becomes the cheapest source of gas in terms of commodity cost.
{The average cost of pipeline supplies iz somewhat higher, abowt 53.95
to 54.00 per mcf). Hence, at 53.90 the spot market becomes much less
attractive and annual purchases are reduced to 7.00 bef, only about 20
percent of the available supply. At 54.00, the spot market is dis-
patched last and serves only in the role as the “peaker” supply. 1In
this role, about 1.243 bcf are used annually which is only about .5

percent of total sales-
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Hence, the role of the spot market Iin a gas distributor's ocptimal
supply mix depends critically upon its price in relatiom to other
gsuppliers. If the price 18 gquitce low, the spot market provides hase
load supplies to whatever extent is allowed by the market. At higher
prices, the spot market becomes the peak supply source, the [mportance
of which depends on the shape of the distributor's load curves The
demand pattern incorporated into this analysis has a load factor of
about 70 percent, which leaves a relatively small role for the spot
market in this particular study.

Bemand Elasticicies

For coapleteness, a brief mention of the effect of demand elastic-
ities on the distributor's equilibrium is warranted. 1In nost cases,
the solutlon to the cost-minimization problem studied here was not par—
ticularly sensitlive to varlationms In the varlfous demand elasticitles,
within reasonable ranges, The reason is that the model is Intended to
[nvestigate least-cost gas purchasing strategies under conditions of
uncertalnty, The nmedel does not find prices according to the inverse-
alasticity rule, for example. Because the pricing is based on tradi-
tional, embedded cost-of-secvice principles, thers is a Cendency for a
specific fraction of fixed costs to be assigned to particular customer
clagses, As the demand elasticity is increased, there is a tendency
for sales to decline and prices to rise as the same fized costs are
apread over Fewer unlts.

As discussed In chapter 3, wvery large demand elasticicles can In-
duce gelf-reinforcing reductions In sales so that the higher prices
lead to ewver shrinking demand. This type of death spliral was arclfl-
clally Induced for the Interruptible sector using the WHRI model to see
whather the preaence of demand uncertainty changed the rule that wes
deseribed Ln chapter 3. The anmalysla showed that & death spliral is
trlggered In this chance-constrained, rellabllity of service model by
virtually the same conditions as are discussed in chapter 3 in the

119



context of nonstochastic demands.? Hence, there is no need to
elaborate upon the previows discussion, although this conclusion was
not readily apparent before the amalysis.

An Analysis of Interruptible Rate Design, Uncertainty,
and Relfabllity

The chance-constrained programming model allows the amalyst to
investigate the ndture of the least-cost equilibrium under a wariety of
uncertainty and service reliability conditlons. Four factors, in par-
ticular, were studlied jJolntly in order to detect any Interactions
within this group. The factors are (1) the presence or ahsence of an
interruptible sector, (2) the fraction of fixed cost payments made hy
interruptible users, (3) the degree of uncertainty, and (4) the relia-
bility of fiem eevvice, as defined by By In eguation {27) in chapter 5.
The influence of each of these four factors om retail prices and the
contract demand levels, as well as any interactions among these factors
are described in the following four subsections. Each of these factors
was studied at only two levels.

The intercuptible sector was either omitced or specified to be
2300 mmef per month at the refetrence price, as described inm the Eirst
gection of this chapter. Interruptible users, 1f served, paid either O
or 5 percent of the distributor's fixed costs. The degree of demand
uncertalinty, as meagured by the standard deviation of degree—days, was
specified to be eicther 75 or 125 percent of the level im the base case,
described in the first seccion. Hence, uncertainty 1s eicher 25 per-
cent morse or 25 percent less than the benchmark case. The service re-

liability for firm customers was elicher 1 aor 5 percent. All posaible

2The condition that induces instabilicy, as described in chapter
3, is that the demand elasticity iz larger than the reciprocal of the
fraction of fixed costs recovered in a particular sector's bills.
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combinations of these parametrer settings were studiled. The effects of

each factor and the interaction among them are described next.-”

Presence of An Intervuptible Sector

The existence of a set of customere willing to accept imterrupt-
ible service generally has a favorable effect on the prices paid by the
remaining customers. Recall that the aize of the interruptible sector
ig about [0 percent of total sales. Adding such a sector has the
advantege of reducing minimus bll]l penalties. If these interruptible
customers pay some of the Eimed coets, in additlon, fire customer
prices can be reduced even further. In the context of the constant-
profit ellipenids presented in chapter 3, the addition of a new set of
cugtomere 1s similar to a movement from point F' to point G Im figure
3-1. That 1s, the sudden introductlon of a customer group that payas no
fized ceoets 1a aimilar to an abrupt change in the price pald by that
gector. Initially, the price ig so large that the gsector does not
exist, and next, the price is wery low. PFoint © 1s only an example.

In effect, the iaterruptible gector price ships from one axtreme Lo
another. The effect oo the remalning customers depends on the position
of points F' and G In figure 3-l. 1In the present case, the favorable
effects on firm customers of Introducing an interruptible sector are
gzall. Firm prices drop by about .B cents per wmef. The improvement Eo
firm prices would be larger if minfimum bill penalties were larger and
hence could be aveided by the addition of such flexible customers. The
average price effect just described was i{tself influenced by uncer=-
tainty and reliability conditions.

The residential and commercial prices were reduced by caly .5

centa with the introdection aof the interrvuptible users 1f demand

31a simplify the arithmetiec, these effects and interactioms were
found using standard scatistical procedures. Technlcally, the
parameter sattings comprise & full faetorial design, which allows
ordinary least agquarss to be ueed o "egtimare” or "determine”™ all
first and second-order effects.
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uncertainty was small (75 percent of the base case). The drop was
somewhat Larger, l.7V cents, If demand uncertalnty was 125 percent of
the basse case: The reasldential and commercial price effects did not
change with rellabllity level since these sectors wWere never cur—
tailad,

The industrial price effect was similar to that just described for
regldential and commercial uses, except that the relfabilicy level also
mattered. I particular, the price reduction (due to the introduction
of the Interruptible sector) was about -3 cents smaller if relfabilicy
wag specified to be 5 percent, instesd of 1 percent. Hence, the
presence of Intertuptible users has a more favorable price effect for
customers who are Likely to be curtailed If a policy of requiting a
high degree of reliability is followed.

Interruptible Usecs' Share of Fixed Cost

The advantage to firm customers of Introducing an Interruptible
gector, a3 Just described, Is relatively small in this example because
sinimum bill penalties are minor to begin with. There i{s & more
substantial benefit enjoved by firm customers Lf the Interruptible
gector pays sowe fractionm of fixed costs. The following analysis [s
based upon a compatison of O and 5 percent of such cost being paid by
the Interruptible users.

Residential and commercial prices declined by about 8.8 cents per
mcf in responmse to 5 percent of fixed costs beilng recovered Erom
nonfirm users. The similar bepmefit to flrm industrial users was
slightly smaller, about 8.1 cents per mcfs: These price reductions ware
not particularly sensitive to either the degree of rellabllity or the
extent of demand uncercaimty.

By comparison, the 5 percent fixed cost burden caused interrupt-—
ible prices to increase by abouc 77.4 cents per mef. Since the inter-
ruptlble gector is oaly about 10 percent of toktal sales, the Interrupt-

ible price naturzlly must inecresse by about 10 times as much as any
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decreage in flrm prices. This necessary price Increase paid by inter-
ruptible users was somewhat sensitive to rellability aéd uncertainky
conditions. Since high reliability and a high degree of demand uncer-
tainty increases costs that are paild for by firm customers (which is
appropriate since Interruptible users are not respongible for such
costesl, thess same conditions regquire a smaller price increass for in-
terruptible cuatomers when their fized coat burden 15 increased. The
needed [nterruptible price I(ncresse was about 2.6 cents smaller if
supply rellability for firm users was 1 percent instead of 5 percent.
Eimilarly, the price Increase was about 3.8 cents smaller 1f demand um-
cartainty was 125 percent of the base casse inatesd of 75 percent.
Hence, the burden of paying a gpecified fraction of fized coats ia
emaller 1f the remaining ugers enjoy & high service reliability or have
a larger random compounent fn thalr demand.

Hote that 5 percent of the distributor's Eixed cost was about 17
percent of Interruptible users' bills. Depending on the price
elasticity of this nonfirm sector, the fixed cost burden could be
inereased bevond the 5 percent level studied here, and still remain in
the stable reglon deplcted in Elgurs 3=1 between points A and B.
Hence, prices pald by flrm customers could be increased even further,
the limit being the point at which a death spiral [s induced.

Demand Uncertainty

Greater demand uncertalnty requiree larger contract demands Iin
order to malntala the same level of service reliabllity. The resulting
higher cogt, im turn, leads to higher average prices for filrm cus-
tomers. Contract demand levels, In the aggrepgate, Increaged by about
63 mmcf per day when uncertaloty increased from 75 to 123 percent of
the base case If reliability was low {(that 1s, a8 5 percent chance of
curtallment}. The contract demand increase was even larger, 9% mack,
1f a 1 percent curtallment probabllity was malntained. These represent

a 6 to B percent Increase in maximum contracted delivery rates.
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The corresponding price Increases assoclated with these higher
contract demand levels were much smalletr as a percentage because the
pipelines' demand charges comprise leas than 5 percent of thelr total
billa. BResidential and commercial prices increased by about 3.3 cents
per mcE, which was about a .5 percent increase. In the absence of any
interruptible customers the needed Increase was scowmewhat larzer, 4.6
cants.

The required price increass for firm industrial customers in
regponde to greater demand uncertalinty was about 3.4 cents per mef. As
with the resldential and commercial sectors, this Increase was a litcle
larger, 4.3 centg, If the distributor served ao interruptible cus-
tomers. Unlike che residential and commercial secters, Iindustrial
users were occasionally cortailed in the examples wsed in this study.
Consegquently, the specified reliability also afFfected the price in-
ctease Induced by demand uncertainty. The Increase was about 3.9 cents
per mcf at the high veliability lewvel (1 percent curtailment proba=
bility) and only 2.0 cents at the lower level (5 percent curtallment
chance).

Demand uvncertainty affected the interruptible sector in the
ocpposite fashion—the interruptible price went dowm by about 6.5 cents
as uncertainty increased. The r=ason can be traced to the uneconomic
dispatch order associated with the minimum purchase regquirements- As
demand uncertainty is vtaised, higher lewvels of contract demand are
needed. Since minimum purchases are specified as a percentage of these
demand levels, the absolute sizes of the minimums increase as well.
Least—cost dispatching reguires that the most expensive gas be used
first, up to the minimum. This rule results in more of the expensive
pipeline supplies beling assigned to firm users, thereby freelng up mora
af the cheaper, spot-market gas for incerruptible users. This is
clearly an unintended and inefficient comsequence of the minimum pur-
chase requirement.

This analysls suggests that regulators can offser greater
uncercaincy, in part, if reliability of service can be lowered.
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Whether thie is a wise socilal pelicy depends oo the value that con-
sumers attach to high quality service. This analysis suggests only
that the opportunity for offsetiing greater demand uncertalnmcy with
reduced gervice reliability exists and 1s a viable pelicy cheice. By
contrast, the introduction of an Interruptible sector 1= not a wviable
alternative, because the presence or absence of such am entire sector
iz not mormally a policy optlon to begin with. Ewven 1f it were, the
benefits to Eirm custowers of adding an interruptible sector {which is
about 10 percent of total sales) are only about a half or less of the
benefite of reducing reliability. In the event that a regulatory com-
misglon has the opportunicy to encourage a distributor to serve new
interuptible custosers, however, it is true that firm customers benefit

more from such an addition when uncertainty is greater.
Beligbility of Service

The chance-constrained programming model offers the anslysc the
opportunicy to study the affects of service reliability on demand con-
tracts and retail prices. HMHaintalining a greater reliabilicy level is
bagically accomplished by higher contract demand lewvels. Aggregate
maximum delivery rates were required to be about 43 mmcf higher for the
1 percent curtailment chance as compared to the 5 percent probability,
at the low level of demand uncertainty. If demand uncertainty was
high, thils Increase In contract demand was about 71.3 mmcf,. much
higher.

The result of the higher contract demand levels was kigher prices
for firm customers and somewhat lower prices for imterruptible users.
All firm customers paid about 1.6 cents per mcf more at the higher
reliability level. This effect for residential snd commercial
customeras remained essentlally the same for warlows combinstione of
demand uncertainty, fixed cost share of interruptible users, and the
pregence or ashsence of an interruptible sector.

The industrial price effect was sensitive to some of the other

conditions. For example, the reliabllity-induced price inctesse was
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gbout 2.4 cents per moef 1f demand was highly uncertain, vhereas 1t was
only 1.3 cencte 1f this uncertainty was low. The preseﬁce of an
interruptible sector also reduced this price effect by about .3 cents
per mcf, alchough the cost-sharing parameter was of oo consequence Eo
this effecr.

The interruptible sector typically enjoyed a price reduction in
the ewvent Chat Eirm customers werg provided with more reliable service.
Although there is no a priocri resson to expect interruptible prices to
increase along with firm prices as teliability is improved, it nome-
theless seems somewhat wunusual that intercuptible prices actually de-
creased. The reason has to do with the previously explaioed perverse
role of minimum bills.

An increase in veliabilicy and the associated greater contract de=
mand levels lead to larger absolute quantitfes of gas Lhat are covered
by minimum purchase tequirements since these are expressed in percen=
tage terms. In the presence of these minimume, the appropriate dis-
patch order is to take the most expensiwve gas first, up to the required
minfimums. With higher teliability levels, mote expensive pipeline sup-
plies are assigned to firm customers, leaving more of the cheaper spot
market gas to be sold to Iinterruptible users. <Consegquently, interrupt—
ible prices declined about 4 cents per mef 1n response to higher relil-
abilicy, if demand uwncertainty was low. This favorable effect was even
larger, & cents per mcf, 1f the interruptible uwsers pald 5 percent of
fixed costa. .

That Interruptible wsers benefit from increasing the service re—
liability of fira customers 18 clearly an unintended side effect,
traceable once again to the albeit optimum but nonetheless perverse
dispatching that takes place because of minimum purchase requirements.
The expected effect is completely neutral, neither positive nor nega-
tive, which would have been the case in the absence of such minimums.
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The NREEI model determines least—cost solutions to a natural gas
distributor's problem of selecting the optimum mix of gas supplies and
best dispatching policies in the face of demand wncertainty. The role
of an Interruptible sector and its share of payments for fixed costs,
as well as the Implicaticns of a spot market, minimum purchase
requirements, service reliability levels, and demand uncertainty have
been discussed in this chapter.

Minimum purchase requirements were shown to have several ineffi-
cient ocutcomes. The hase case used In this study (see table 6-3) re-
gulted in more contract demand being purchased from supplier 1 than was
optimum in the absence of the minimum purchase requirements (compare
tables 65 and 66). This iz a distortion of the longer-term planning
process. In addition, short-term dlepatching 1s distorted hy such
minimums 1in that the least-cost sequence 1 to take the most expensive
gas first up to the minimum required. This Ia clearly uneconomic and
indeed is the opposite of an efficient respurce uge. Two Inefficlent
consequences of this second-best dispatching policy were discussed In
this chapter. 1In both, Intertvuptible prices declined as the result of
greater quantitles of cheaper, spot market gas belng dispatched o this
gector. The examplea involved Increases in demand uncertainty and re-
11ability levels, both of which Increased contract demand and the
associated minimum requirements. In each case, flrm customars recelved
more expenglive plpeline supplies hecauwse af the second-best dispatching
rule, leaving more of the cheaper, spot-market gas for Interruptible
usars. This distortlon Ia likely to be smaller now than before the
adeption of the FERC minimum bill rule discussed in chapter 2.

The spot market is patticularly attractive as a source of natural
gags In the curtent circumstance of its price being lower than most
pipeline sources. As the curtent market disequilibrium is corrected
over the next several wvears, the spot market is likely to be used
primarily as & peak pupply source, principally because thisz spurce has
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relatively few fixed charges associated with fr. Tts Importance will
be greater for distributors with greater demand uncertainty and for
those with more proncunced seasonal demand patterns.

The presence of an interruptible sector that pays no fixed costs
had only a moderate advantage for firm customers in this analyeils.

This was due to the relatively small amounts of minimum purchase penal-
ties in the examples atudied. The payment of some fraction of the dis-
tributor'as fixed costs by interruptible customers, however, did reduce
the firm customers’ prices. The Issue here iz bagically price discrim-
ination, the limits of which are discussed In chapter 3.

Demand uncertainty and parvice rellability affect the noed for
maximum conbttact demand levels. Each tends to raise the prices pald by
fitm customers, and in this analysis each also had the effect of re-
ducing interruptible prices. The latter &ffect waa the rasult of the
gecond-best dispatching, as discussed previously. The model used in
this analysis determines the optimum supply mix for specified lewvels of
relliability, demand uncertalnty, and sinlmum purchase requirements.
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CHAPTER 7

SUMMARY AND CONCLUSIONS

The natural gas Industry in the United States currently faces
ma jor forces from several dicections that may tesult in some painful
reorganization. The U.5. economic recession of the early 1L%80s, the
reduction of world oil prices, amd regulatory preassure to transport
gignificantly more gas as contract carriers have called into question
the traditional merchant carrier role of the interstate pipelimes. The
availability of cheap, spot market gas combined with the fnability of
many users to arrange for it to be transported has led to congressional
and federal regulatery scrutiny of the natlon's pipeline network. HMost
plpeline companies appear, at this writing, to be resisting the Federal
Energy Regulatory Commission (FERC) offer to become wvoluntary, nondis—
criminatory carriers of gas. The Iindustry is clearly in & period of
transition, the outcome of which has yet to be revealed.

State commissions are interested im natural gas rate design as
well as transportation issuea. These issues &t the federal level must
be underatoocd by state commissions 1in order te adopt anpropriace
policies at the tetall level. Thie report has addreased both rate
design and transportation matters, although emphasis has been placed om
the former.

The design of natural gas rates 1s addressed In chapter 3 and also
in chapter 6 1o the conmtext of the dumerical examples studied with the
HERT simulation model. A principal conclusion of this research is that
natutal gas pricing would ba improved by unbumdled, time-of-use rates
for se¢parate gervices such as the gas commodity, Lts tramsporeation,
and its storage. Such rates would be based on cost-of-service
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principles and would be available for all users on a nondiseriminatory
basis.

A zocend principal conclusion of this research is that there are
important limits to price discrimination, which tend to induce market
instabkility, 1if violated. Hecause Eixed costa exist, priece ddserimina-
tlon can be an important way of Lmproving aggregate economic well-belng
and at the same Cime, recovering Che tevenus rtequirement. ITf a ucility
or regulator attempts to digeriminate eaxcagalvely, however, a death
gpiral may result Inatead. Interegtingly, the point at which such a
gelf-reinforcing collapae of Jdemand occura la at the price an unregu-
lated monopolist would change. That is, a death spiral Llg brought
about by an attempt Lo recover such a large portion of Fized costs from
2 particular cusfomer group or market that the resulting price is
higher than even that which would occur in the absence of any regu-—
lation to bhegin with. The partieular condlition that cavses such market
ingtabillcy is that the Fixed cost fraciion of a customer group's hills
exceeds the Inverse of that group's price elasticity of demand. In
woet cases, this condition establighes price discrimination limlts that
do not congtraln the regulator in practice, since the cegulatory pro-
cess most likely produces i compromise set of prices that Falls within
the extremes at which a death spiral would be Induced. Honetheless,
the conceptual link between Che noticns of a death sprial, unregulated
menopaly pricing, and fixed cost recovery may be of value to regulators
in assessing Che Qarita af claims such as those asscciated with no—
loser price discrimination.

It is Importamt to note Ehat the argument concearning these limits
te price diserimination is equally applicable to any of the unbundled
garvices that might be offered by &8 ges distributoer or plpeline.

Hence, price diserimination fs not am fzsue solely for full-service gas
guppliers who can load the fixed costa of the embadded plpeline ontao
the single commodity price pald by users for a combination of services.
It alszo pertalns to companles that aoffer separate services at unbundled
prices, sach of which iz limited by the maximum price at which insta-
bility ocears.
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The role of demand charges in such unbundled, time-of-use rates is
likely to be gmall compared to its current Ifmportance. A time-of-use
varfation Iin transportation fees would capture most of the economic
efflicliency benefits of a capacity-consetving nature in pipeline rate
designs. This most likely would lesve only a small role for pilpeline
demand charges in an efficlent rate deslagn. The risk reduction argu-
ments that support the current design of pipeline demand chargess, for
example, are rather weak on economic efficiency grounds and are unsup-
ported by empirvical evidence.

The presence of Interruptible customers in a distributer's service
area can be imporfant to the other, firm customers in times of uncer-
tainty. It is Iimpoctant to remember, however, that muoch of this advan-
tage to firm users is due to the reduction in minimum purchase penal-
ties that accompanies such an additiom of interruptible users. From
the nattow foacus of the gas distribuotor, such minimum purchase regquire=
ments are inherently inefficiemt as evidenced by the optimum {but
clearly second-beet) dispatching sequence in which the most expensive
gas is takenm first, up to the apecified mindmums. This is a socially
peeverse order in which to use the nation's natural resources. The
resulting distortion to social well-being is justified only 1f the
financial risk of the pipeline company is reduced substantially. The
rasulting decline in the pipeline’s cost of capical oust be suffi-
ciently large to offset the misallocation that is induced in the dis-
tributor's supply planning and dispatching processes.

one regulatory option in times of greater uncertainty is Eto econo-
mize by veducing the quality of service. In the chapter 6 analysis,
service reliability has been the major indicator of service quality.

In this study, a reduction In planned reliabilicy, from a curtallment
rate of 1 percent to that of 5 percent, enabled the distributor to
glgnificantly reduce maximum contract delivery rates. Hence, degrading
gervice reliability 1s a viable alternate as a response to greater
uncertainty. Whether such an action would be wise social policy has

not been addressed im this analysis. The optimum provision of public
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utilicy capacity is a subtle matter that requires an estimate of the
value that consumers attach to high quality serviece. The purpose harae
is only to report that the capacity savings assaciated with a reliabll-
ity reduction are not triwvial and could becoms part of a commisalon's
regulatory deliberations as a way of dealing with the increased uncer-
tainty facing the natural gas industry,

Finally, as the Interstate plpaline companles declde whether or
not to accept a nondlscriminatoary earrler role, atate commigalons are
likely to be faced with the need to encourage or allow gag Eo be trans-
ported by local distributors, This may require separate transportation
tariffs based on cost=-of-service principles, Such unbundling of a
local distributor'se services may be regulred to prevent uneconcmic by-
pags of the local plipeline neiwork, in particular, by large industrial
CURTOMETS -

The current turmoil in the natucal gas industcy is basically
traceable to the historical link between gas transportation services
and the supply of the commodity iteelf including the associated bro-
kerage services. The diascovery and aelling of matural gas and, to a
legger exient, the long-distance transportation of the commodity are
gervices for which some degree of competitlen 13 poasihle. As this
competition actually materializes, there i a matural tendency for 1t
to ercde the historical full=-szervice role of laterstate plpelines and
logal distributors. HRegulators are familiar with this interface he-

tween competition and lacal matural monopely in the telephone Industey;
the lssues have a similar root ln the natural gas Industry.
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APPENDIX A

SUFPLY AND DEMAND CONDITIONS IN THE
RATURAL GAS MAREET

This appendix is an extension of the discussion of natural gas

supply and demand that appears in the first section of Chapter 2. It
18 inecluded hera as a more detelled rewiew of natural pges market condi-
tions that are responsible, in part, For much of the current policy
discussion about gas transportatiom and pricing issuss. The appendix
has four sections, beginning with a discusslion of demsnd conditions,
and anding with an owerview of price forecsasts that are made hy several

apencies.

Hatﬁsfﬁ Gag Demand

This section presents information concerning the consumption of
natural gas. Table 4-] lists yearly consumptlon levels and annual per-
centage changes in these levels by customer class for the period 1978
ta 1%83. Table A-2 liats information for the residential class and
digplays the relationship between the level of salea and the price of _
natural gas aas well as the relationship hetween the level af sales and
heating degree daya. Thess tables show that total consumption as well
ag congsunption by each elass bhas declined since 1978, Total consump=
tion in 1983 was 13 percent helow the 1978 level, which Is a reduction
of 2,6 tef. Among cuatomer classes, the largest deeline cocurred in
the Industrial claas-—a decline of 2] percent. Commerclal consumption,
by contrast, declined only 3 percent.

Residentlal consumption, which Is about 25 percent of the total,
peaked in 1979 at 4.97 tcf and then decreased to 4.33 tef by 19B3.

This trend is due partly to ensrgy conservatlion and partly to
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TABLE A-1

HATURAL GAS CONSUMPTION, 1978-81,
BY CUSTOMER CLASS

{trilliem cubic feet)

Tatcal
Total Tocal Toeal Elaccric Tocal Tacal

Rasidencial 3 Commercial X Indusaceial X Ueilicy X OCher X b ] X
El: Silg!_ l:hunEu fales E'hl'ngz Salas Change Zalesn EJLI.TLE-& fales ':h-I.TI.E-E Consumption 'I.'.]'h.l.'nE
1274 4, %0 — .60 — 6.Th — 3.19 -— i.18 -_— 19.63 -—
1979 4,587 +1.43 2.79 +1 .31 &.90 +2.07 3.49 +0 40 2.0 =431 20.24 +3.11
L1980 4. 75 =4.63 2.8] ~h. %0 TL17 +3.31 1,68 +5 .44 166 =25.90 19.88& -1 .81
1981 4,55 =h 40 2.52 =3.37 713 =.5& 3.54 =110 1.57 =5.73 19.40 =2.47
1382 &,083 =176 2.1 +1.37 5.83 -18.21 3:22 =13 .6% .70  +8.28 18 .00 =T fl
L9E3 4,53 -2.21 2.53 J.1B 5.50 =t 04 2.91 =11.00 1l.56 =4 .97 17 .33 =5.75
Seurce: Enecgy Information Adminiscracion, Batural Gas Aonual, 1981 ana Enarcgy

Monthly, March 1984,

As ciced im DDESPE-O06%.

Informacion Adminiscration, Hacural Gas



TABLE A&=2

RESIDENTIAL COMSUMPTION AND DEMAND DETERMIMANTS
COMPARISON FOR FLRST SIX MONTHS, 1982-1984

Resideatial Residential Heating

Sales? Percentage Price® Percentage Degree

Year Lbek) Change 19835 /maf) Change Daysb
1982 3103 = 4.97 —r 3l42
1333 2739 =]10.12 5.94 +19.52 2889
1984 2850 +2.19 .78 =2.77 3019

Source: OVolume-welighted average price from Natural Gas Monthly, July
1984, adjusted using the GNP Deflator; PEnergy Information Administra-
tien, Short Term Energy Outlook, (Washington, D.C.: August 1984).

gaturation of gas appliance marketa. Ewvidence presented in table A-2
suggeats resldentlial demand 1z only mederately sensitive bto price,
Estimates of short= and long=run price elasticities are commonly around
~0.4 and =0.7, respectively.l Most observers attribute this low elag-
ticity to the fact that natucal gas heating, in particular, is & neces—
sity for wost tesidential uwsers. Another factor that affects tesi-
dential congsumption is the weather. WMot surprisingly, residential con-
sumption [s largest among states with the coldest winters.,2

The congumption pattecn for the commetcial sector during these
years was very slmilar to that of the residential sector. Commerclal
consumption, which is approximately 14 percent of the total, peakad in
1979 at 2.79 tcf and then declined to 2.53 tcf by [9831. HMHost estimates
of this sector's long=tunm price elasticity are approximately =1.0

lpouglas Bohi, Price Elasticitles of Demand for Energy:
Evaluating the Estimates, prepared for the Electric Power BReseach
Imstltute, (Washington, D.C.: Resources far the Future, September
1982) . .

2y.5. Department of Energy. Increasing Competition in the Hatural
wag Market, The 3econd Heport Requived by Sectiom 123 of the Natural
Gas Palicy Act of 1978, (Washington, D.C.: January 1985).
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suggesting that commercial consumpiion is slightly more sensitive to
price and to economic activity in gemeral than is resldential consump-
tion.? Climate conditions also affect commersial consumption, but the
influence Is lesgs than that on resideatial users. Nationally, states
with the largest levels of commercial consumption are California,
T1linoig, Michigan, Ohio, Mew York, Texas, and Pennsylvania.®

Industrial users consume approximately 34 percent of all matural
gas produced and comprise the largest consuming sector. Industrial
consumption increased from 1978 to 1980 when it peaked at 7.17 tef.
The peciod 1981 fo 1983 was characterized by a rapid decline in con-
sumption Co a 1983 consumption level of 5.5 tef—23 percent below the
1980 level. Estimates of long—tun price elasticity are commonly above
=1.0 suggesting that economical and technically feasible energy alter-—
natives are available,?

Ratural gas provides 30 percent of the eoerzy needs for the indus-
trial sector, where its major use is to generate steam and process
heat. Over one—third of all industrial sales are in Texas and
Louisiana.® 1In addicion, approximaetely B0 percent of imdustrial gas
sales occur in the petroleum, coal products, and chemical industries.

Electric utilitles consume about 18 percent of natural gas pro—
duced, third largest among customer classes. Comparatively, the elec—
Eric utility consumption resembles that of the industrial class. Elec—
tric utility use of natural gas gradually increassed from 978 to 1930
reaching a peak of 3.68 tcf, and then rapidly declined. The 1983 con-
sumption level was 2.91 tef—21 percent less then in 19B0. Estimates
of long-tun price elasticitv generally exceed —l.4% implying that elec-

tric wtilicy demand for matural gas is relatively elastic,’

3Bohi, Price Elasticities.

4p.5. DOE, Increasing Competition.

Bohi, Price Elasticities.

by.5. DOE, Increasing Competition.

'Bohi, Price Flasticities.
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In shork, two consumption patterns can be distinguished. For both
the residential and commercial classes, consumption peaked in 1979 and
then gradually declimed until 1983 although the decline was not steady.
For aach, the percentage difference between the peak and minimum levels
of consumption was about 9 percemt. The demand of each clags 1s rela-
tively ingensitive to price and is heavily influenced by weather.

The second consumption patterm is associated with industrial and
electric uwellicy users. For both, consumptiom peaked im 1980 and then
rapidly declined thereafter. By 1983 consumption in each class had
decreased by about 20 percemt. Also, natural gas consumption for hoth

is relatively sensitive to price but not to weather.

Matural Gas Supply

Over recent years the consumpilon of natural gss has declined
while total reserves and deliverability therefrom have remained rela-
tively constant. Estimates of the resulting surplus deliverability
range between 1.8 and 3.5 tcf for the period 1982 to 1983 and 2.0 tef
for the year 1984.% Price theory suggests that such exceas supply
should induce a reduction in price that would reestablish market egui-
librium. BRegulation combined with long—-term supply comtracts, however,
is preventing price from Falling sufficiently to eliminate the excess
supply. Consequantly, most cheervers project a surplus deliverability
until 1988. i

High, low and best-guess estimates of surplus deliverability for
the perfiod 1985 to 1990 by the DDE are preosented in table A-3. In this
analysis, surplus deliverability depends on past, present, and future
domestic regulation as well as Canadian export pricing policles. The
high estimates were baged on the following assumptions:

8gee American Cas Asscclation, "Natural Gas Productisn
Capability,” Gas Energy Beview, July 1984, and Energy Information
Agency U.5. Crpde DLl, Matural Gas, and Matural Cas Liqyidq Eegerves.
{(Washlogton, D.C.: U.5. Department of Energy, 1984).
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TABLE &-3

ESTIMATES OF HATURAL GAS SURPLIUS
{erillion cublc feer)

Estimate 1965 1956 1957 1958 1989 1990
High 2.0 2.0 2.0 2.0 1.6 1.2
Low 0.8 - - = = -
Best-guess 1:4 B ad 0 - o

Source: Energy Projections to the Year 2010: A Technical Report in
Support of the Wational Energy Folicy Flan {Washington, D.C.: D.5.
Department of Energy, Dctoher 19B3).

* Canadian imports to the [.5. increase annually at the rate of
400 bef to a lewel of 2.6 tef by 1988,

= 0.5, natural gas consumptlon increases at the moderate rate of
109 bef per vear as a result of low economic growth,

* Domestic gas prices have low wariabilicy, and
* Nonassociated reserves increase to 12 tcf.
The assumptions used In formulating the low eatimates were:
= A moderate riee In Canadlan exports toe the .8.,
* Domestle gas prices having high wvarlabilicy,

* Domestle gas consumption increases at a high rate as a result of
high economic growth and declining gas prices, and

* Wonassoclated reserves stay below 8 tef.

The best-guess estimate was an average of the high and low
scenarios and incorporated the following assumpticons:
* Canadian exports to the U.5, increase annually by 300 bef,
* Domestic gas consumptlon increases at an annual rate of 350 bef
in response Lo a &4 percent aonual growth rate of iopdustrial

output, and

* Nonassociated resecves are 9.6 tef.
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The speed of reserve dissipation depends on sewveral factors: the
pallcy measures taken by the FERC and other regulatory agencies, the
expott policies of Canada and Mexico, and the amount of spot market

activity.

Watural Gas Imports

For the past 12 vears, annual exports of natural gas to the U.5.
hayve been about 1 tef., Im 1979 asz a reguli aof rlsing oll prices the
D.5. imported 1.23 tef; however, in recent years natural gas Ilmporis
have substantlally decreased, In addition to Canadian amd Mexican
imports, the U,5, also imports natural gas from Algerla. The amounts
imported from each of thege countries for the period 1979 to 1984 are
listed in cable A-4.

Canada Is the main gas exporter t£o the U.5. and im 1984 supplied
90 parcent of our import needs. Algeria supplied 20 parcent of U.5.
imports In 1979, but only & percent in [984. WNWatural pas from Mexico
similarly daclined and in 1984 accounted for only 6 percent of U.5. im=
ports. The explanation for the declime in Hexican and Algerian imporis
{s mssentially that Canadian gas became relatively cheaper. In
February 1984, the Secretary of Energy reduced regulatory barriers
which had contributed to high ismport prices. This, alomg with existing
gas surpluses, reduced domestic gas prices prompting imporiers to ad-
just their buying policies. Also, differences between policies of the
: exporting countries enabled Canadian exporters to acquire a :umpa:i:i%n
advantage.

Accocding to the Canadian export policy, effective Rovember 1,
19684, the price of gas exports 1s determined by one of two methods:

e If a contract price negotiated between a Canadian exporter and

a U.5. importer differs from the current government
administered price, then the exporter must demonstrate that

the negotiated price, in combination with other contract
provisions, resulis in an enhanced economic return to Canada.

2y Uneil & contract [s negotlated and approved by the appropriate
regulatory acthority, the export price ls determined by the
provislons of a volume-related Incentlwe pricing program as
determined by the Hational Energy Board (HEB).
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TABLE A-4

0.5. MATURAL GAE IMPORTS BY COUNTRY
Canada Mexwico Alpgeria
Year (bef) (Percent) (bcfh (Percent) {bef) (Percent) Total
1979 1001 80 == =l 253 20% 1253
1980 797 8L 102 10% BE 09 985
1981 o2 Bg 105 12 a7 04 S04
1982 783 Bty 95 14 EE] 06 933
1983 712 78 75 08 131 L4 918
1984 740 90 50 06 A5 04 BZ5

Source: _Eﬁergy Information Adﬁlnietratlnn,
1983 and July 1984.

Matural Gas Honthly, July

Presented below is a list of the seven requirements mecessary for

the acceptance of a negotiated contract:

The prilce must recover appropriate cost.

The price must be greater than or at least egual to the

wholesale price at the Toronto city gate.

The export price must be set so that the resulting U.5. price

does not undercut the prices of major domestic competitors.

changing market conditionss

be sold.

the export contract.

T
gains to the Canadian economy.

Export contracts must be flexible in order to accommodate

The exporter must guarantee that the volume contracted will

Producers supplying gas for export must endorse the terms of

For renegotiated contracts, the eéxporter must demonstrate the

These Canadian and U.5. policies have created Incentives to

redesign contracts.

Recent contracts have lower take-orv-pay clauses

and incorporate a two—-part pricing system to share the risk assoclated
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with unanticipated market shifts. The implementation of a flat charge
engured the exporter of fixed cost recovery while lower take-or-pay
provigions reduce the burden on Importers of paving for untaken gas.
The use of semiannual reviews, of even more frequent teviews if war-
ranted by changing matket conditions, enables the new conktracts Eo
maintain the required flexibility. These conditions effectively have
reduced the import price of Canadian gas, thereby benefiting U.5. con-
BUMETS

These conditions were liberalized even further in Dctober 1985
when the Canadian Government dtopped the Toronto city-gate pricing
flootr. This has been replaced by a pricing benchmark that is linked to
the Canadian price in the area adjacent to the export point. Also, the
condition that restricted the export price from undercutting cthe prices
of alternmative fuels has been eliminated. The result 1s likely to he
even more vigorous competitlion by Canadian exporters.

Future imports from Canada will depend on the level of excess
supply in Canadian markets. The NEB predicts a positive but declining
level of excess supply in Canadian markets oatil the year 2005, this
Implying a gradual reduction In exports to the B.5.7 Canadian pra jec—
tions of future exports to che U.5. differ somewhat from those of the
HEE. Some Canadian prognoaticators anticipate that exports to the U.S.
will be zero by 1996.

Energy Prices
Energy prices have been wolatile over the past decade because of
changing circumstances in the oil, coal, electricity amd matural gas
production industries. A highly influential event was the formation of
the Hiddle East oil cartel. The cartel enabled owners of the world's
largest ofl reserves to take control of their assets and make decisions
concerning production and price. In addition to international events,

Iational Energy Board, Canadian Energy Supply and Demand,
1983-2005, Tables &-1, 6-3, &~4, September 1984,
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Internal clrcumstances have created changes in domestic energy markets.
In 198], the price of domeatle o0ll was decontrolled, prompting competl-
tion Iin the open sarket. 1In 1978 the Natural Gas Pollcy Act (NGPA) was
enacted cauvsing a phased decontrol of domestic gas prices. The
Staggers" Rall Act of 1980 reduced the ICC jurisdiction over rallroad
carrler rates, a move which ifncreased transportation cost in the coal
industey, The Three Mile Island nuclear incident heavily infloenced
the elactric industcy by creating & need for stricter safety regula-
tiona. For this and other reasons, the cosat of bringing a nuclear
plant on-line has increased, emphaszsising coal for Future electricliy
generation, In additiom o the aforementioned events, the economic re—
cegslon of the eacly 19808 depressed the demand for energy, resulting
In excess generating capacity im electricity and excess resecves of
natural gas. These latter events are partially responsible Eor the
moderate energy prices experilenced In recent years.

Ags the economy recovered from the recession, the DOE anticlpated
expansion In all energy markets: electricity first, followed by eoll,
and then natural gasilﬂ In 1983, the DOE predicted that the demand for
electricity would double over the next 25 to 30 years. World oil de—
mand was axpected to remsin stable throughout the 19805 but to expand
in the 1990s5. The DOE concluded that oil prices would imcrease at an
annual cate of 3 to 8 percent. In addition, the on-golng deregulation
of natural gas is likely to make it competitive with oil for the re-
mainder of the century. Based on this, the DIE projected the price of
natural gas to remain stable for the remainder of the 19808 and then to
increase in response to rislng oil prices.

Many agencles regularly forecest energy prices by customer class.
Table A-5 lists some forecasts from Data Resources Inc. (DRI}, the

Hational Energy Policy Plan (HEPP)}, and the Annual Energy Outlook

10y, 5, Department of Energy, Energy Projections to the Year 2010:
A Technical Beport in Support of the Hational Energy Policy Plan,
{Washington, D.C.: October 1983).
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[(AEDY. Im particular, table A-5 represents the projected prices of
natural gas and other major competing Fuels (except elettriclcy} for
the years 1985, 1990 and 1995.

The projections of the AEQ are provided by the Department of
Energy. Essentlally, these projectiona are based upon the presise that
world oil prices drop sharply im the emdd 1980s followed by substantial
price increases between [985 and 1990. This premise In cowhinacion
with competlitive energy markets underlies the AED forecast that the
price of natural pgas will increase substantially after 1935. Using
1985 as the base year and 1995 as the year in comparison, the AED pre-
dicts Ehe price of natural gas %o Increase by 77 percent in the res-
identlial sector, Bl percent inm the commerclal sector, and by as much as
99 percent in the industrial sector.

The DRI makes use of a broad macroeconomic model to formulate its
projections. The "base case” Forecast of DRI assumes that OPEC will
act conservatively for the remainder of the century, staving close to
the 529 per barrel as agreed in Ceneva during the December 1983
meetings, As a result of stable oil prices, the DRI predicts that the
prices of all end-user énecgy will increase at low real rates. Com-
paring 1985 prices to thoge forecasted for 1995, the DRI predicts the
price of matural gas to Iocreage by 32 percent in both the residential
and commerclial sectors and by 26 percent in the Industrial sector,

Table A-3 presents the HEPP-B forecast which is the middle of
three scenarios amalyzed by the NEPP. The NEPP-B forecast ls based
upon the following assumpbions:

* The price of world ofl increases after 1985 to 532 per barrel by
1990 and o 384 per barrcel by 1995.

* When the price of world oil surpasses 550 per barcel, oil
production from unconventional sources becomes profitable.

* Lurreant eavironmental laws and tax incentives are substantiglly
unchanged .
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TABLE A=3

ALTERHATIVE FUEL PRICE FORECASTS
(1982 Dollars per Million Beu)
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* The federal land leaging programs and federal support for
long-term reseach and development continue at current levels.

* The Matural Gas Consumer Regulatory Reform legislation Ls
implemented .

* The Synthetic Fuels Corporation continues its efforts.

Energy use per unit of cutput decreases at the rate of I percent
pEr YEAaT.

* In the commercial sector, energy usage per square foot decreases

at the rate of 2 percent per year.

Compating 1985 projecticns to theose for 1995, the NEPP predicts
that the price of natural gas will incresse by 23 percent in the
resgidential sector, by 26 percent in the commercilal sector, and by 3&
percent In the industrial sector.

In ghort, each of these forecasts Is for increasing energy prices,
and In additlon, predicts that natural gas will remain price competi-
tive for the remalnder of the century.
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APPENDIY B

SURVEY OF MNATURAL CGAS BATE DESIGN
AND INNOVATIVE PRACTICES

This appendix containg the survey instrument regarding natural
gas rate design and innovative practices that the Wational Begulatory
Regsearch Institute (NRRI) sent to nineteen state public ucility
comaligsions in January 1985. The letter requested information om
interruptible rates, flexible pricing, special marketing programs and
agsoclated transportation programs, and gas—on-gas competition. The
responses are briefly discussed in chapter 2 and are summarized more
coapletely in appendix C.
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The Mationzsl Regulatory Basearch Institute

Survey on
Matural Gas Rate Design and Innovative Practices

January 1985

We are interested in pricing policies for major matural gas
digtributers within your jurisdiccion. Although 1t is not necessary
that these gquestions be answered for every major gas distributor, we
would appreciate sufficient information te understand regulacory
policies and practices within vour state.

The survey may be answered in one of fwo ways, at vour optlom.
Answers can be written on the survey form itself and ceturned to us, or
we can Celephone You and rely om our notes of the conversation. Inm any
cage, we will call In about twe weeks to see which la convenlent for
you. [f written comments are provided, please return this survey by
February 15, 1985 co

Ja« Stephen Henderson
MEEI=Archer House
2130 Neil Avenus
Columbus, Ohis 43Z10
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MATURAL CAS EATE BESLGN

L.

Interruptible Rates

Aa

b.

Are such rates commonly used by ges distributors in your
gtate?

Please send a copy of represemtative tariffs based upon
interruptible service principles.

What general principle is used in differentiacing
interruptible from firm service rates? Examples of such
principles would include

= Cost of service studies based on peak-load responsibility
in some form.

— Interruptible customers do not pay the demend component
of the pilpeline rates ms set by FERC.

= Interruptible customers pay a smaller fraction of the

digtributor's margin, but perhaps not directly based on
cost-opf-gervice stuwlies.
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Flexible Pricing

=

b

Please send a copy of representative tariffs that Include
flexible pricing.

Are such tariffs commonly used by discributors im your
gtate?

Are these tariffse typically linked to elternete fuel
prices? Which onss and how?

Is the distributor®s revenws reconciled wicth ita total
purchased gas cost, and if so, te what extent? Such a
reconcilation might include adjustments in the rates for
other customerg, S0 as Co prevent over= or under=recovery
of purchased gas cost.
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IX.

[NHOVATIVE BEGULATIORY PRACTICES

special Markecing Programs and Fates

be

Please send information sbout epecisl marketing programs
within your jurisdiction.

Have distributors tskem advantage of such programs to
retaln industrial load?

How do rates under speclal marketing programs and ocdinacy
tariffs compere? Examplea of each would be appreciaced.



2. Gas=on-Gas Competition
#. Iz there direct competition between gas suppliers im your
state? If so, please describe some specific examples.

(This might include competition between pilpelines for
direct industrisl ssles or for distributor sales.)

b: Pleage describe the general pature of any such competition.

ce I8 such competition encouraged or discouraged by your
commission?

THAME. ¥OU FOR ¥OUR PARTICIPATION. RESULTS OF THE OVERALL SURVEY WILL EE
SENT TO ¥OU.
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APPENDIX O

STATE COMMISSION USE OF IMMOVATIVE
MATURAL GAS RATE DESICKS AND PRACTICESR

In early 1985 a survey of gelected state commisslons was conducted
by the NERI to request information regarding pricimg policies and
regulatory practices for major natural gas distributora. 4 letter, s
copy of which appears in sppendix B, was malled to nineteen state
commizgions. OF these, sixteen responded either by letter ovr through
follow-up phone calls. The sixteen states providing information were:
California, Florida, Tllimoisz, Kentucky, Louisiana, Michigam, Misgouri,
New Jergey, Hew York, Morth Cavolina, Ohic, Peansylvania, Texas,
Washigton, West Vieginia, and Wisconsin. The NBEI survey requested
information about interruptible rates, flexible pricing, special
matketing programs [SMPs) and pas-on-gas competition within each
state's jurisdiceion. This appendix summarizes the responses. IE has
two gections. The firsrc reports the state commissions' policies
regarding interrvuptible tariffs and flexible pricimg. The second

summarizes any SMP activity or gas-on-gas competition.

Matural Gas Rate Design

The WRRI asked state commissions to report on the use of
interruptible rates and flexible pricing, policies that are avallable
only to large, wsually industrial customers. Commissions responded ko
these questions Iin a wvariety of ways. Some included tariff sheets, or
excerpts from commission orders, while other described such rate
designs in gencral terms. Of the states gqueried, two indicated a
complote absence of interruptible pricing (Ohio and West Virginia).
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Four states do not apply Elexible pricing. ©One state {Louisiana) does
not regulate its industrial matural gas sales: thus, these gquestions do
not apply. What follows 1s & brief susmary of the Important points,
presented separately for Iaterruptible rates and EIE{ib]E priciang.

Interruptible Bates

Californfia

Interruptible tates are wsed widely by distributore in Californias
The rate 1s typically set so that an interruptible customer pays a
gmaller fraction of the diastributor‘s margin. To be eligible for thease
interruptible rates, the customer mist have alternative fuel capa-
bility. The reader should note that the entire California ratemaking
apparatus, of which Interruptible tariffs for low priovity users is a
part, is under review and may be changed soon.

g;urida

The industrial cuatomer is offered an interruptible rate based
golely on an energy charge. This charge 1s determined by using peak
load cost—-of-service methods. The tariff ineludes minimum b1ll prowvi-
gions as well as penalties for using gas during times of Iinterruption.
Intertuption of service is under the sole discretlon of the distri-

butor.
Tliinedis

Eleven of the sixteen utilities offer interruptible service and
cut of the five wvhich do not, only one has ipndustrial customers. The
intertuptible rate incorporates both & facility charge snd a cﬁmmndiqy
charge. The minimum bill is the facility charge and possibly more
depending on the distributor. The distributeor must give prior notice
to interrupt service.
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Eentucky

Five companies are currently offering interruptible service. The
customers of this service pay & lower commodlity charge and a smzller
fraction of the distributor's wargin. The mininum bill is based on che
contract capacity and & penalty is assessed for excessive use. The

distributer must glve prior notice for Imterruption.

Michigan

Interruptible service has been available for more than thircy
vears in Michigam. The typical tariff incorporates a customer charge
{the minimum bill) plus & distribucion charge that 1is based on =&
smaller fractlion of the distributor's margin. In addition, there iz a
penalty charge for excessive wuse. The distributor must provide a
thirty-day written notlee o interrupt service unless there is an

emergency Iin which case an oral notice is sufficient.
Hissouri

Hine of the twelve distributors offered interruptible service.
The tariff is composed of a customer charge (the minimum %111) and &
commodity charge. Although no set method is used, the commission staff
indicated that intertruptible rates are determined with a lower distri-
buter's margin in mind. Alse, there is a penalty charge for excessive
uge. Interruptions are at the discretion of the distributer and are

implemented by recourse ko a pricrity system.

New Jersey
All distribution companies offer inmterruptible service to

Industrial customers. MNon—-firm customers purchase gas at a rate less

than the tall-block rate used in firm customer tariffs. The tariff
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fncludes a flat charge (the minismum Bill)} as well as a penalty charge
for excessive use. Conditions for interruption are apecified within

Iindividual contracts.

Mew York

Most distributors offer interruptible service, and in some cases,
offer multiple interruptible service. The distinction is that &
customer with miltiple interruptible service can be only Interrupted
for pre-agreed reasons, where as wicth regular incerrupcible service,
interruption 1s at the discretion of the distributor. Interruptiblae
rates are set with reference to the prices of competing fuels, In an
authorized range bounded at the floot by the commodity cost of gas, and
at the celling by the lowest firm gas Tate.

Worth Carolina

Interruptible rates are set so that noo—firm customers pay a
gemaller fraction of the distributor's margin. Interruptlion i3 decided
by recourse to a prilorvity system which 1s on file at the commission.
The penalty rate on excessive use Ilncreases wlth the size of the

OVETrTUN -

Pennsylvania

Interruptible rates are frequently wsed by gas distributors with
the tate being determined monthly. The minimum bill {is comtractwally
set and priced asccording to the monthly rate. Distributors must give

at least seventy—two hour notlce pricr to Interruption.
Texas

All industrial customers can select their {nterruptible status.
The tariff 1s composed of & commodity charge which is based on & lower

digstribucor's margin. Interrupticons are made on & priority besis.
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Washington

Distributors frequently offer imterruptible service to industrisl
customers. A declining block commodity charge which reflects a lower
distributor®s margin is used im setting the tariff rate. The tariff

Incorporates minimum bill provisions plus pesalties for excessive uge.
Wisconain

Interrupiible service is available to steam gencrators who meet a
minimum usage level. The tariff includes a Eixed charge (which is tChe
minimum b1ill}) as well as a variable charge. Pepalcies for overruns are
asseased on a per—unit bagis. Interruption requires a one-hour

notice.

Flexible Pricing

EE}ifntuia

Gag rates for low priority customeras are indexed and adjusted in

accordance to the price of an aleernative fuwel; uswally a Mo. 6, low
sulphur reslidual fuel oll. The adjustments generally occur on a

semf-annual basis. The price for high priovity customers is set
residually, implying that residential and commercial customers assume

- some of the risk associated with wolatile energy prices.
Florida

There ia mo flexible pricing of natural gas in Florida.
Illincis

Two wtilities practice flexible pricing: Peoples Gas Light & Coke
Company and its sister company, MHorth Shore Cas Company. In part, the
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rate 1s obtained by averaging the lowest gquoted priees of low—sulphur
Ho. & fuel 1n the Chicago area as published ia Platt's Dilgram Frice
Report for the first twenty daye of the filing month. The rate Is
determined by adjusting this average price for differences in Btu
content, taxes, as well as differences In the cost of oll and gas. Am
Alcternative Fuel Adjustment is filed wmonthly by the wtilities along
with relevant cost and revenue Iinformation. Any revenue discrepancies
are compensated by the Uniform Purchese (Gas Adjustment. Annual
reconciliation of practices and procedures 1s required by the

commiseion.

Eentucky

Columbia Gas of Eentucky 1is the only gas distributor which
employs flexible pricing for industrial customers. The procedures are
detailed in the company's Alternative Fuel Displacement Service tariff.
The company seta the rate to Ingure competitiveness with No. 2 fuoel
oll, and is regulred to use one or more of the following sources to
eatablish the alternative fuel'as price:

* Platt's 04l Gram,
* Energy User Mews,
* 011 Daily,
* Platt's Bunkerwise.
NWormally, the flexible price must he at least ten cents above
the tax—adjusted commodity charge, but below the customer’s- regular
tariff. In practice this price has never been uged hecause the rate as
calculated under Alternmative Fuel Displacement has always been higher
than the regular tariff rate.
411 gaa utllities have Purchased Gas Ad justment Clauwses which

allows thelr rates to adjusc toe changes in che cost of gas.

Hichigan

All customers capable of using an alternacive fuel are eligible
for flexible pricing 1f they obtain an affidavie certifying such
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eligibility. Customers desiring service under the recent Load
Developmant and HEetention Rate must provide sn affidawvit of elipihility
to the wtility on s monthly basia. The affidavit must state the
location and intended use of the gas. The rate includes a customar
charge equal to the interruptlible rate plua a flexibls commodficy
charge .

A 1982 Public Act rvequires gag utilities to render a detalled
reconciliation of revenues and costs for all gas sold in the Michigan
Public Service Commission jurisdiction.

Hissouri

e e

There Is no flexible pricing of gas in Misaouri.

HEH"JEIEEE

Flexible rates are commonly used in MNew Jetse¥ under the tetm
parity-pricing. The tariff rates are linked to the prices of a wvariety
of alternative fuels ranging from Mo. & oil to Mo. 2 oil. The parity=
price of gas iz calculated by adjusting the selected alternative fuel
for Btu equivalence and muledplying this by ira per-gallon price. The
flexible rate Iz pensrally combined with Interruptible service
tariffg.

The monthly rate per therm of gas is set by the distributor and
ranges from 100 percent to 110 percent of the chosen alternative fuel's
price. The price selected for the alternative fuel is the lesser of
either the consumer tank car price, ot the average of the high and low
peice as posted by sellers and published in the Jourpal of Commerce.

The N.J. Board claims that gas contracts are necessary to mest
firm demand loads during peak periods. As & consequence, 1f Elexible
pricing is offered only to Intevruptible cugtomers then no discrep—
ancies will occur between a distributor’s revenue and the coat of
purchage gae since the regponsibility of covering the gas costs is

placed on firm customers.
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Morch Carclina

Distributors are permitted to use flexible pricimg if they are
selling gas that otherwise would be lost to the company and its cus-
tomers. To be eligible to purchase the gas, the customer must be non=
regidential, have alternative fuel capability, and be located om or
ad jacent to the company's mains. The gas price is based on current
competitive fusl prices and cannot exceed the commodity charge on the
customer'a normal teriff, nor be less than the pilpeline tax-adjusted
commodity rate plus a pemny. The Horth Carclina Commigsion reviews

this pricing procedure annually.

Penngylvania

Many of the larger pas utilities uwse flexible pricing to sell gas
that otherwise could not be socld uwnder exiating conditions. The com-—
pany is permitted to gell the pas at reduced rates toe commercial and
industrial customers who have the capability to wse alternstive fuals
in their production procesa. To he eligible, the customer must flle am
affidavit with the distributor testifving that he hag alvermacive fuel
capabllity ss well as goverament authorizatlon to use this capabllity.
In addition, the customer must provide estimates of his aleernate fuel
requirements for each of the preceding 12 monthe. The affidavit is to
be filed on or before the twenty-fifth day of each month and includes
{nformation concerning the prices of the alternative fuels as well ag a
statement asserting that the customer will switch unless gas is compet-=
itively priced. The flexible rate cannot be above the customer's
normal tariff, and depending on which is used, not helow the aversge
cost of purchased ges or the altermative fuel price. BRevenue informe-
tion 18 ecollected monthly with recomciliatien occurrimg on an annusl

basis wia the purchased gas adjustment.

Taxas

Texas state law prohibits Flexible pricing of naturtal gas.
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Weat Wirginia

According to the cosmigsion staff, intevest in flexible pricing is
growing even though current use i minimal. Flexible rates are appli-
cable when the distributor has gas that cannot be sold pursuant to
filed tariffa. Under this condieion, the company is permitted to offer
guch gas ar reduced rates to commerclal and industrial customers who
have the capabfllity to use alternative fuels.

The tariff we examined was from a company that has a similar
tariff in Pennsylvania. Thus the terms and conditions comprising the
West Virginia tarlff are essentially the same as we desctibed in the
Pennsylvania case.

Wigconsin

The use of flexible pricing by gas companies is prevalent. As an
example of such a tariff, the commission made available Wisconsin Gas
Company's Bpecial Dual Fuel Service tariff. This tariff is avallable
to customers for whom the gas company has estsblished a separate
purchase contract with the pipeline company. The tariff includes a
fixed charge, a meter billing charge, and a flexible commadity charge
based on the customer's alterpnative foel price. The flexible rate
cannot exceed the customer"s normal tariff rate and mist remaln above
the cley-gate purchased gas cost. The cuptomer's rate 1s detersined by
private negotiatcians.

Innovative Bepulatory Practlces

The survey respondents reported a wide range of ackivity in Che
areas of special marketing programs and gas-on—-gas competition. Im
some states these activities are strongly governed with decailed
regulations; in other states the commission has adopted a lafissez faire

approach. In some, the issues have not yvet surfaced.
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Speclal Marketing Approaches

The mode by which state commissions are able to regulate of mon-=
itor SMF activities is through the distribution company's transporta-
tion rate. Two broad approaches to state regulation of SMP activities
could be discerned from the responses. One 18 to allow transportatiom
tariffe only for delivery of gas which 13 displacing altermate formz of
energy, rather than firm sales previcusly sold by the distribetion com—
pany. This method Is espoused by the Kemtucky and Missouri commis-
glons. The other approach, used by Illinois and North Carolina, as ex-=
amples, is to allow gas traneportation tariffs for any SMP gas.

The tecent Botice of Proposed Rulemaking by the FERC regarding in=
terstate carrisge of natural gas and also the U.5. Court of Appeals’
decision that S5MPs were discriminatery, undoubtedly will change the
nature of the interstate transportation sector of the natural gas in-
dugtry. ©State coamissions may be Influenced by Chese events to con-
slder policy modifications within their own jurisdictions. In addition
to developments at the federal lewvel, a kmowledge of the activities iIn
other states may be useful. The following report reflecte the status
of intrastate transportation issues in early 1985. Hany states will
continue with the polieles described here; others may choose to follow
in the directlen that the FERC has recently taken.

Palifnruia

The California Publie Utilitles Commission (CPUC) and the gas
utilities have merely watched the progress of 5MPs, thus far. The CPUC
has not authorized any tariffs for pas earriage within the state;
although, discussions regarding & distributien company'as purchase of
tranaportation gas are proceading and the Commission expects a final

order Ehnrtly-l

lTaken from Janice E. FKerr, et al. "Comments of the Public
Ucilicies Commission of the State of Calfifornia,” (FERC Docket MNo.
BMBES—1-000: Washington, D.C., February 1, 1985).
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Florida

No SMP asctivity reported by the Public Service Commission.

I11liponis

Panhandle Eastern's Penmark Program is the scurce of SMP activity
in T1linols. Essentlally, distributors act as carriers transporting
customer-owned gas which is then made available to all industrial cus-
tomers within che ucility's service area. To be eligible for the gas,
an Industrial customer must accept the following conditions:

{1) The gas delivered camnnot be resold or redistributed,
({2) The customer must purchase at leaat 100 mef per day, and

{3) The service is temporary with a specified ctime 1imit.

Currently, there are sgeveral tariff schenmes emploved to charge
cugtomers. In one, the transported gas 1s considered che Elrst gas
meterad durlng the billing pericd and results In a credit to the
custoner's regular bllling. The quantity of transported gas multiplied
by the company's gae charge becomes the credit amount. In another,
the transported gas is billed sccording ko a fixed-variable method.

The fixed charge is based on the service charge whareas the variable

chactge fs the commodity charge minus the cost of purchased gas.

Eentucky

Presently, there are five pss utilicles that offer tranaportaetion
rates to customers. A customer 1s eligible for delivery service 1f the
followling conditions are met:

{1} The customer has submitted an affidavic to the utility

verlfying that gas obtalned from delivery service will be used
sgalely as a replacement for alternative fuels, and
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t2) The customer has executed a contract with the distribution
cogpany for delivery service.

The transportation rate s the base cate within the regular taviff
structure.

Michigan

Although me Information regarding transportation rates was sent,
the information provided indicated that SMP activity was being

ancouraged.

Hisgouri

Interest In SMP activity is growing and currently several
companies employ transportation rates. These rates can be eaployed 1f
the transported gas putchased {s nmot replacing normal purchases; im
other words, the new perchases must tepresent new demand.

Hew Jera&z

The Mew Jersey Beard's response Indicated no SMP activity in New
Jersey.

MNew York

There has been limiced use of SMPs by discriburors. Several
companles participated in Transce's first SMP, but discrimination
fssues fmpelled the Hew York Commission to restrict fts use.

Currently, Congolidated Gas Supply’s Con Gas Harket Retention Plan
i1z the only known SHP. Here distvibetors have established a transpor-
tatfon service which moves gess from clty gates to end users at rates

equal to the sales rate minus gas cost and revenue taxes.
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Horth Carolina

Transportation rates are available te industrial customers who are
currently connected to a distributor’s waine amd have a legal title om
gas to be deliversd. The customer muet enter into a service sgresment
with the company, which lists total entitlement volume and average

daily entitlemant volume to be deliwered in each sessonal period-

onto

Since 1972, Ohio has had a Self-Help intrastate carriage
program. Since Ohio i3 a gas producing stace, distribucion companies
provide the gathering and tranamission services to transport gas to
end-userg. The commission has authorized independent pipelines to

provide transportation service for some end users.

Pennsylvania

All major diatributora have heen directed by the Public Ucility
Commission to file tramsportation rates under specific guidelines. The
following ia a list of recommendations established by the Commisalon:

* Imterruptible as well as fimm tranaportation service will Le
provided,

* & customer must have & minimum annual use of 50,000 mcf and
groups of thres or less may form to meet this requirement,

* Tramsportation gas will be the last gaa through the meter,
* The bill for tramsportation service will be based upon the
tegular tate for owned gas mious the ucilicy's average commodity

cast,

* The burden of proof regarding ingsufficlemt capacity to deliwver
ges 1= upon the utilicy,

* Upilities have the right to purchase gas not used, and

* Uerilicies have the right to purchase customer-cwned gas during
emergencies.
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Texas

The staff indicated that the Commizelon 1z begimning to inwvesti-
gate thelr role In SMF activity. Currently, one-to-one negollatfons
between suppliers and distributors is the major way of reducing the
price of pnatural gas. An example of this occurred in 1983 with an
agresment that enabled the release of surplus gas for resale in naw
markets. The gas was sold to customers willing to accept interruptible

garvice.

Washington

SHF rates are set lower than regular tariff rates In an attempt to
recover lost load, to retain existing load, or to procure a new load.
Tha Commissiocn requires that the rate he set to provide adequate margin
to contribute to the demand coats. Ho Information about transportation

ratea waa provided.

West U!rginia

SMP aectivity Is increasing rapidly. All negotiated contracts
between suppliers, distributers, and customers must be approved by the
Commission.

Wisconsin

Currently there leg no SMP actlvity: however, the Commizgsion
expects some actlvity in the near future. The Commiszslon decided that
appropriate compensatien for trangportation service will be the gross
margin above the purchased gas costs ag set under the present gas
tarlff sctructure. The gross margin is the difference between the
customer'e normal rate and the tranmsportimg utilicy's average commodity

CO8L.
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Gas—on—Gas Competitlon

According to the survey responges, gas—on-gas competition 1s mot
common in intrastacte markets. Only four respondents indicated such

competicion and these cases are guite diverse.
I1linotis

The Illinois Commerce Commission stromgly encourages competition
within the gas industry. Presently, there i3 competition between plpe—
line snd distribution companies im which utilities attempt to purchase
low cost gas subject to the limlitations of take-or—-pay provisions as
well a5 physical limications within their distribution system. Ucil-
ities Involved Include Peoples Gas Light & Coke Company, which pur-
chages pas from Natural Gas Pipeline Company and Midwestern Gas Trans-—
mission Company, and Worthersm Illinois Gas Cowmpany, which purchases gas
Erom Hatural Gas Pipeline Company, Hidwestern Gas Transmission Company,
Fanhandle Eastern Pipeline Company, &nd Wicer Supply Imc.

Mew Yotk

Regulation, in conjuncetion with lagislacion, has encouraged com—
petition through the requirement that distributers purchase the least—
cost reliable supplies. Presently, there are no dirvect sales to end
ngers by Interstate pipelines, but interest in the idea ia.grﬂﬂing- -
Dmly a few major distributors still tely on a single supplier since
most have adapted to the more competitive envitomment and purchase gas

from smltiple sources.

Peonsylvania

In some areas of the state there is pas-on-gas conpetition between
distributors servicing the same Iindustrial load. As a result,
terricorial disputes have arisen placing pressure on the Commission to
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resolve the 1ssue. Presently, the Commission resolves each dispute
soparately since no general rule has been advocated.
As wet, there have been no instances of gas—on-gas competition

betwesn pipelines.

Texae

Gag-on-gas competicionm ds strong in the Texas Gulf Coast Region
because several pipeline companies have the capability to serve the
game Industrial end user. In additiom, there is competition between
producers as well as between interstate and intrastate plpelines.

The Railroad Commiszsion is supportive of the more conpetitive

environment .
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APFENDLIX D
MOHCPOLY FRICING AND REGULATED MARKET STABILITY

Thia appendix containa the technical details that support Ewo
propositions that were used in chapter 3: {1} constant-profit
gchedules display a negative relaclonship between the prices of any two
gervices 1f both prices are below the unregulated profit-maximizing
monopolistic level and are backward bending If one or the other exceeds
this level, and (2} a constant allocation of flxed costs that results
in a price in excess of the unregulated momopoly level is inhetently
unstable.

Firset, the profit of a regulated firm can be written as

¥ =5 PyQi(P3) = C (Q1(P1). Qa(P2), ..., Ou(Pp)),

where Py 1a the price of gervice 1 and Qy{P;) is the corresponding
demand schedule. Holding constant proflt and all prices but two, say 1

and 2, the slope of the relation between Py and Py can be found by the
implicit functionm rule as

dFy . . 'E. (1)

dFa Tp
i |

whete 'Pi = 3n/3F¢. The reaction of profits to price changes, 1p1,

iz the difference between margimal revenue and margimal cost,
multiplied by 3Qy/3P;. It is positive for prices below the
monopolist's profit meximizing level and negative above that level.

Hence, if both P; and Ps are legg than the profit-maximizing lewel,
M o
called either P or Py in figure 3-1, then dP)/dPs; is negative as

claimed. If Pj ig equal to ET, then ﬁgl = 0, and the constant-profit
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locus 1is wvertical since the denominater of dPy/dPp is zero. 1If Pp is
equal to F?. then HPE = [ and the constant-profit locus iz horizontal.

These ate the properties of the constant-profit schedules illustrated
in fipures 3-1 and 3-2.

Hote that the profit equation has been written as if the service
demands, Q(Fg}, are Iindependent of one another. This corresponds to
cugtomer clags demands since industrial demand does not depend on
residential price, for example. The reasoning ewbodied in equation
(1}, however, can be extended to interdependent demands with no loss of
generality. The key is that eguation (1) containe a ratio of two
profit-maximizing, first-order condltlons, regardless of the exact
structure of the profit funcclon.

second , suppose the regulator allocates a particular fraction, £4,
of Eized costs bto be recovered from service . The stability of this
allocation is most easily demonstrated by specifying the cost function
to be linear. That is,

C=CbyQqy +F ,

where by is the marginal or variahle coats of service { and F is
overall fimed costs. By allocating a particular fraction, f;, of fixed
costs to service I, the regulator sets price im accordance with the
formula

Py = by 4 I4F | (23

04

which iz termed the "Regulated Pricing Schedule” in figures 3-3 and
3=4. The arabilicy conditfon is that the absolute wvalue of the slops
of thia regulated pricing schedule iz smaller tham the slope of the
demand curve. The slope of equatien (2) 1s

dPFy _ £4F

—a

dqy i

and the elasticity of this curve is
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" N ¢ . £qF - Pi-by

ddy Pq by + £4F Py

Hote that MCy = ME; can be expressed as

Pi_hi - L L] Ej.:l
i

Pi &
where 2y is the demand elasticity. Hence, the regulated market, with
& conetant allocation of fixed costs, is stable if snd only 1f the
price that results from the cost allocatiom is less than the monopoly
level in equation {3}.
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