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ABSTRACT

This document analyses the effects of regulation and competition policy on the structure of the
gas market. The natural monopoly features of transportation, added to the physical and technological
featnres of gas as a commodity, allow this activity to be the focus of interesting regulatory procedures
directed to increase the level of competition in the wholesale trading and supply segment. We will
focus on the mandatory open access regime, and employ the most relevant analytical frameworks
including the Ramsey Pricing structure and the Efficient Component Pricing Rule (ECPR). While
presenting these schemes, we try to introduce the principles of nonlinear pricing (second-degree price
discrimination) Yo take advantage of customer's heterageneity in different dimensions as duration or
reliability of the contracts. As is traditional in studies related to access pricing, we show that under
spesific conditions the ECPR yields the same results of a Ramsey structure.
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INTRODUCTION

The objective of this document is first to analyze from a general point of view
the structure of the gas market. After getting some ideas about that, we will analyze
the effects that the regulation and competition policy, developed in the last years,
have had on the composition of this sector.

Once we show that the regulatory environment generates the separation ot
unbundling of the market in () 2 natural gas market (encompassing both physical
and financial markets), and (ii) a gas transportation market; we will develop a detailed
description of the latter, given its economic and technical relevance. This means that
the natural monopoly features of the transportation activity, added to the physical
and technological properties of gas as a commodity; allow this activity to be the
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focus of interesting regulatory procedures. This regulation activity is intended to
increase the level of competition in the wholesale trading and supply segment which
is contemplated as a potentially competitive one. This section of the market employs
as an "essential input” the transportation services administered by a gas utility which
corresponds to a vertically integrated monopolist that not only is responsible for
transportation of gas along high-pressure pipelines, but also is a participant in the
wholesale trading activities.

To accomplish this objective, the regulator may impose an open access regime
which can be negotiated or mandated. We will focus on the mandatory open access,
which makes the regulator responsible of designing publicly known price lists for the
access charges. Regarding to this, we try to follow the most relevant frameworks up
to these days about access pricing. One of them, corresponds to the Ramsey Pricing
structure, developed by Laffont and Tirole (1994, 1998, 2000). The other one is
called the Efficient Component Pricing Rule "ECPR" initially proposed by Baumol
(1983) and Baumol and Sidak (1994, Ch. 7), but compared to the first by Armstrong,
Doyle and Vickers (1996). Both of them cortespond to a linear framework that
accomplish the principles of third-degree price disctimination, where the pricing
rules are designed to satisfy a second-best condition motivated by the breakeven
constrain of the gas utility.

While presenting these schemes, we try to introduce the principles of nonlinear
pricing (second-degree price discrimination) to take advantage of customer's
heterogeneity in different dimensions as dutation or reliability of the contracts. We
will focus on the last dimension because it has been considered one of the most
relevant by different authors as Wilson (1989) and Lawrey (1998). Finally, as it is
traditional in the works related of access pricing, we show that under specific conditions
the ECPR yields the same results of a Ramsey structure.

I.  GENERAL STRUCTURE OF THE GAS INDUSTRY

Following the analysis of the gas sector developed by Jutis (1996), the natural gas
industry is an economic activity composed by the following segments: production,
pipeline transportation, trading and supply, and distribution. Natural gas production
consists of the large set of operations necessary to deliver natural gas to the wellhead,
such as exploration, drilling, production, and gathering'. Production is characterized
by multiproduct scale economies across the whole set of operations at the firm level,
but these scale economies typically are not large enough to eliminate competition at
the industry level. Moreover, producers must incur substantial fixed start-up costs,
much of them sunk; first in the acquisition of drilling rights and technology and then
in exploration and drilling. Accordingly, the optimal size of a production firm is large
because it is more feasible for it to perform both exploration and drilling than to

1 Gathering is the aggregation of natural gas produced by individual wellheads and its delivery to a
location such as a terminal, where it is injected into a pipeline. It is usually considered part of the
production, because producers often own and operate gathering pipelines.
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separate these tasks because of the uncertainty in searching for natural gas.
Nevertheless, the size of a production firm is normally small relative to the dimension
of the natural gas market.

Natural gas transportation is the set of operations to deliver natural gas from a
producer to wholesale markets through high-pressure pipelines’. It comprises the
pipelines of high pressure and the storage installations with the purpose of stocking
reserves until the level of distribution. The transportation segment is considered as
the most important one, because of the physical properties of gas; represented by
the fact that one cubic meter of natural gas under a normal pressure contains 10-6
less energy than oil. In addition to this, transportation costs of gas are ten times
higher than oil ones (measured as cost per unit of energy).

This component of the market is charactetized by natural monopoly because of
the large multiproduct economies of scale resulting from the substantial participation
of fixed and sunk costs over the total cost. Pipeline capital costs include the cost of
the pipe and the cost of compressors needed to push the gas through the pipe’.
Morteovet, economies of scale are also determined by technical properties of the gas
transportation activities; for example, according to Lawrey (1998), pipeline capacity*
is proportional to the diameter of the pipe raised to the power of 2.5 rather than the
power of 2 due to the greater ease of flow through pipelines as diameter is increased.
Contrary to this, operating expenses are relatively low, because it costs little to move
natural gas through pipelines.

There are also economies of scale associated with the multiproduct characteristics
of transportation services. A pipeline company can use the same pipeline system to
offer a range of services coveting storage and a variety of transportation services
that differ in time, location, calorific value of natural gas, intake and offtake pressure
of the pipeline, and reliability. The latter dimension, is considered the most relevant
of all ; and will be considered in detail in this document. When we add together all
these facts, we get that only one pipeline company can typically operate in the
transportation segment, although we have to mention that in the future, large markets
can accommodate several pipeline companies”.

Trading and supply activities, correspond to the resale of natural gas in the
wholesale market, and in the retail market, respectively. Because these two operations
are closely related, they are often performed by the same firm. The gas trading and

2 The normal dimensions of a high-pressure pipeline are: Diameter 600 to 1400 mm and pressure 40 to
80 bars.

3 As pressure decreases with distance, it is necessary to install compression plants, but their capital
costs increase at a rate less than the increase in the pressure ratio they bring about (IEA (1994)).

4 The capacity of a pipeline is determined by the pressure differential between its extremities and by its
diameter. An increase in diameter implies an increase of the capacity in more than a proportional way.

5 The scope for competition between pipelines depend not only on the economies of scale, and the
geographic location of producers and consumers, but also on the demand level. As a rule, however,
given the substantial economies of scale in transmission pipelines, it is not possible at all in the short
and medium term to speak about inter-pipeline competition.
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supply business is a very competitive segment because of the limited scale economies
(its participants need little direct investment to start operations). This fact determi-
nes that the optimal size of a gas trader or supplier be small relative to the gas market.

Finally, natural gas distribution involves the operations required to deliver natural
gas to the end users, including low-ptessure pipeline transportation, supply of natu-
ral gas, metering, and construction of customer sites. Distribution is characterized by
natural monopoly because of economies of scale in transportation operations.
Additionally, there are economies of scope among various operations of a distribution
company, because they are performed by the same distribution pipeline system. It is
still unclear whether the economies of scope are latge enough to prevent efficient
unbundling of transportation and supply operations at the distribution level®.

II. "OPEN ACCESS" AND MARKET PERFORMANCE

The regulatory reform in the gas sector has tried to introduce competition in the
segments where it is possible to do so (See IEA (1998)). The viability of competition
in the natural gas industry, as in any other economic activity, is determined by three
factors: technology, the size of the market, and entry barriers. After having exposed
the structure of the market in section 1, it results comprehensible that the regulatory
activity and specifically its competition policies try to induce entry in the production
and wholesale trading segments.

However, to accomplish this goal, the regulatory agency should design adequate
measures to minimize the distortions of the related noncompetitive segments. With
tespect to the trading and supply segment, the entrants need access to the pipeline
transportation services considered as an essential facility. This fact makes it crucial in
the regulatory activity, to optimally design the access charges to the pipeline's operator
services. Additionally, there are two important actors in the regulation of the
transportation segment: the pipeline operator and the storage operator. Sometimes
they can be integrated in the same gas utility (as in most of the European countries),
but deregulation measures are trying to introduce some "unbundling" of these two
activities in order to moderate the monopoly power distortions on the pricing rules.

The establishment of a market structure with competing suppliers and consumers
who have the right to exetcise choice encourage suppliers systematically to seek out
productivity gains and comparative advantages. This is a self-reinforcing process. As
new market entrants appear, they disturb the rules of the game and generate new
competitive pressures and commercial initiatives. The drive for economic efficiency
leads inevitably to a radical reorganization of market and industry structure.

In the new market structure created by the "Open Access" regime, a gas utility
offers two kinds of services: supplying natural gas to final consumers and making

6 Distribution companies typically enjoy exclusivity in natural gas supply in their region, but an increasing
number of countries have instituted open access in this segment.
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available transportation services to large end users and other eligible industry
participants that purchase natural gas independently in the wholesale market. These
two different kinds of setvices engender their respective matkets: the natural gas
market, which facilitates the trading of gas as a commodity, and the transportation
market, which enables market participants to trade the transportation setvices necessary
to ship natural gas through the pipeline system (S¢e Figure 1).

Once it has been put in practice, the open access policy promotes efficiency in the
wholesale gas market and benefits all its participants. Producers gain because this
guiding principle significantly increases the number of buyers, eliminating the
monopsony problem of a vertically integrated monopoly. Like so, downstream industry
participants, such as distribution utilities or large end users, take advantage of direct
access to the production segment and a greater choice in gas supply.

Even though the open access policy implies gains to almost everybody, its
implementation generates new tasks, as the rigorous coordination of proper and
third-party natural gas transportation from side to side of the pipeline network
(rationing mechanisms) that will have direct and indirect effects over the structure of
the access charges. Additionally, the building of this dynamic environment requires
three fundamental regulatory tasks: (i) protect end users from the monopoly power
of gas utilities, (ii) promote competition in the wholesale gas market, and (iif) restrict
the market power of pipeline companies relative to the users of their pipeline networks.

Under mandatory access, the regulator takes responsibility for the level of access
prices and for the extension of competition to the entire market. As we will see
further, price caps on access and on the final prices in the wholesale market have
become important instruments in carrying out this task. Now, owing to the relevance
of the transportation market in the regulatory activity, we will analyze comprehensively
its properties in the next section.

FIGURE 1
Natural Gas Market Structure under Open Access Regime
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A. Transportation Market

A good description of this new market is given by Jutis (1998a). He defines it as
the place where transportation services, recognized as the combination of pipeline
capacity and natural gas shipments for delivery to a desired location, are sold in the
form of transportation contracts. As we mentioned before, the transportation market
emerges when pipeline companies offer open access to their pipeline grids; however,
it develops further with unbundling’ and the introduction of retail competition.

The supply side of the market is composed by the national pipeline companies,
and the demand side by shippers®, local distribution companies (LDC), power
generators and large end consumers; that procure pipeline capacity and transportation
from the supply segment of this market. Many gas customers are captive, since they
have no immediate alternative to using gas, so that overall demand may be price
inelastic in the short term. Captive customers require uninterrupted supply at all
times. Conversely, non-captive customers with the ability to switch fuels or plant may
be supplied under interruptible contracts, allowing supplies to be diverted to captive
customers at times of peak demand.

With respect to the contracts, they are sold by pipeline companies to shippers.
The most common conditions specified in them relate to the size of reserved capacity,
the size of natural gas shipment, the location of points of injection and withdrawal,
pipeline pressure, the time and duration of service, service reliability, and charges for
capacity and throughput (transportation service). This last condition, represents the
tradition of designing two part tariffs in this market; where the fixed fee is intended
to recover fixed costs (capacity) and the marginal price to recoup the variable cost
(transportation).

1 Primaty Transportation Market

The primary transportation market facilitates the initial distribution of
transportation contracts. The contracts supplied by pipeline opetators, give the shippers
that buy them the right to transportation services under previously specified conditions.
The characteristics of service determine the structure of the contracts, with the most
important being duration and reliability. Duration-based transportation contracts are
divided into long, medium, and short-term contracts, linking them to the duration of
gas supply. However, we will not take into account this dimension in the present
document.

7 In this case, unbundling refers to the separation of natural gas supply and wholesale distribution from
pipeline transportation. The fundamental reason for this policy is determined by the ability of pipeline
operators to restrict competition in the wholesale gas market through non-price measures, such as
offering low-quality transportation measures. A deeper explanation of this incentives to non-price
discrimination can be found in Economides (1998).

8 Shippers is the technical name of a firm that buy gas from producers, sell it to suppliers and contract a
public gas transporter for transportation of the gas to consumers. They are usually marketers and
traders.
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Alternatively, reliability-based transportation contracts can be divided into two
major categories: firm and interruptible. A firm transportation contract gives its hol-
der the right to capacity and transportation over the whole life of the contract,
regardless of the season. The holder of the contract can ask for shipment of natural
gas up to the maximum reserved capacity (capacity utilization is measured by the
load factor, calculated as the ratio of average daily capacity usage to the maximum
daily reserved capacity). Conversely, an interruptible transportation contract’ gives its
holder the right to ship a specified volume of natural gas within a certain period, for
example, within a particular month. But the timing of transportation is determined
by the pipeline company according to the availability of capacity.

The nature of contracting for transportation services varies with industry structure
and regulation. Vertically integrated natural gas companies typically offer long-term
firm transportation contracts (take-or-pay) that specify the total volume of gas to be
delivered to the users over the life of the contract. Users then specify monthly or
quarterly deliveties that must add up to this total contracted volume by the end of
the contract.

Shippers and the other participants purchase transportation contracts in
combinations that allow them to achieve the desired service reliability at the minimum
cost and to take advantage of time and locational price differentials in the natural gas
market'’. The premium a holder is willing to pay for a high-reliability contract is
mainly determined by the probability of congestion and the size of price differentials
between two spot markets''. If local spot prices of natural gas are high because of
congestion in the pipeline system, a shipper who possesses a firm transportation
contract can buy lowet-priced natural gas in a neighboring spot market and sell it in
the congested local market. The shipper's ability to reduce its own cost of natural gas
or earn extra profit through locational price arbitrage is reflected in the price of firm
transportation services, which tends to be higher than the price of interruptible
services. Additionally, the minimum acceptable service reliability for a shipper depends
on many factors, such as its pattern of natural gas consumption, its ability to substitute
natural gas for other fuels, and the structure of its gas contract portfolio.

2. Secondary Transportation Market

The main justification for the existence of a secondary transportation market
consists on the need to facilitate simultaneous clearing of natural gas and transportation

9 In some countries, interruptible transportation is available only for transportation of more than a specified
capacity per year, and it can be interrupted for up to a fixed number of days each year.

10 As this economic decision implies an important relationship between the natural gas market and the
transportation market, any distortion in the price of transportation services is going to decrease the
welfare level in both markets. This fact and the natural monopoly characteristics of pipeline transportation
constitute a straight justification for the regulation of prices of transportation contracts.

11 Spot markets develop at the terminals of the pipeline network as a result of increasing need to balance
supply and demand in the short term.



100 JUAN DANIEL OVIEDO ARANGO

markets. This requirement arises as a result of short-term changes in supply and
demand for individual customers that often lead to a situation in which some users
do not utilize all their contracted pipeline capacity while others lack sufficient capacity
to meet their needs. If regulation permits the existence of a secondary transportation
market, holders of unused transportation contracts can resell them here. Buyers and
sellers in this market come from all segments of the gas industry, although pipeline
companies are typically excluded because of market power concerns.

Regulation of the secondary transportation market is not necessary if there is
competition among buyers and sellers of transportation contracts. The price of a
firm contract resold in this market has to reflect the short-run marginal cost of
pipeline operation and the opportunity costs of capacity. The carrying out of this
mechanism allows the prices of capacity and transportation services to adjust to
changes in short-term supply and demand.

As we will see further, a secondary transportation market (linked to a spot market)
is not the only solution for these kind of problems, and it could be the case that it is
very costly to implement. On this topic, a secondary trading market requires
standardizing transportation contracts across all important dimensions in order to
promote efficient pricing of the contracts. It also requires other characteristics of a
liquid spot market, such as a large number of buyers and sellers, large available capacity,
and the concentration of trading in one or several locations.

Another way to realize this objective, could be established by the regulator through
the design of a priority pricing mechanism that fully takes into account the
heterogeneity among consumers concerning to reliability. In this situation, it would
be necessary to proscribe the existence of a resale market so as to avoid the distortions
derived from arbitrage activities. However, we will limit now to the above desctiption
of the theoretical properties of a secondary market, and further we will study in
detail the priotity pricing alternative.

III. GENERALITIES OF THE PRICING STRUCTURE IN THE GAS TRANSPORTATION
MARKET

Once we have a general view about the market, we can start to formalize our ideas
about the functioning of the transportation market in terms of the regulatory context
of "Open Access". In this manner, our objective now is to explain the pricing behavior
under this setting, in order to give bases to a posterior normative analysis about the
optimal measures that could increase both economic and allocative efficiency in this
market. All of this, has to be done taking into account the important development of
this policy in other environments as energy transmission and telecommunications.

The difficulties in the analysis of an access tariff structure, appear because it has
to accomplish at the same time several and incompatible objectives. The allocative
efficiency criteria call for prices that reflect the marginal cost, but in the presence of
economies of scale or scope this leaves aside the problem of cost recovery. The
restrained availability of information also creates some troubles, since regulatory and
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competition authorities generally know less about cost and demand conditions, than
the participants of the industry. As a consequence, firms will be trying to take advantage
of these informational asymmetries which suggests that they should have some
restrained discretion over their pricing schedule, reptresented, for example, by the
arrangement of global price caps.

Additionally, this task becomes an important responsibility in a context, where
pricing rules instead of being established on economic efficiency criteria, have been
settled applying some accounting methods. Following Brown and Sibley (1986), this
idea comes from the regulator's worrying about the breakeven constraint of the
vertically integrated monopolist (gas utility); and at the same time preventing it to
exercise market power. As in the next lines will be discussed, the main soutce of
inefficiency is the arbitrary allocation of fixed costs under the average accounting
cost pricing concept'”.

In line with these criteria, we will discuss first some economic issues related to the
gas transportation market, and after we will present the general assumptions of the
modeling configuration of the following sections. There, we will analyze the optimal
access pricing policy designed by a benevolent regulator who has the widely known
objective of the maximization of social welfare.

A Gas Transportation vs. Other Networks

Initially, it is common to relate the gas industry with other network activities so as
to establish a benchmark for the analysis of the pricing behavior in this sector. Although
it could be natural to say that the gas transportation activity resembles the electricity
transmission one, we consider the point of view of Sharkey (1989)" where it is
sustained that it is more relevant to make compatison between the former and the
telecommunications business. Both industries are concerned with transporting
commodities on a network of a great complexity. In both of them, local distribution
(low pressure pipelines) is separately owned and is regulated by state authorities,
while long-distance (high-pressure pipelines) transmission is considered a target of
competition policy. As well, in both activities, rate structures have been designed to
contain cross subsidies from industrial or business customers to residential customers
or from region to region.

However, we consider that despite of the important lessons to learn from the
telecommunications industry, we have to keep in mind their differences. One of
them, involves the nature of the commodity cartied on in the network. The role of
the telecommunications network is to transfer an intangible commodity (considered

12 See Laffont and Tirole (1995) for some traditional methods of determination of access prices in
telecommunications. The techniques applied to gas industry can be found in |EA (1994) and Boyer
(1997). For structures related to specific countries see: Juris (1998a) for the U.K., Juris (1998b) for the
U.S., and Lawrey (1998) for Australia.

13 In Nowotny Smith and Trebing (1989).
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as information) on demand, for a large set of customers. The role of the pipeline
network is to transport a physical commodity from a small set of producers to a wide
set of consumers. Since the commodity is physical, there are some possibilities of
storage (both in storage plants and in the network itself by varying the internal pressure
'line packing')' so that the operator is able to partially soften the peak-load constraints.

The most important difference, however, has to do with the market boundaries
and technological change in the industry. The telecommunications industry is currently
seen as one of the most dynamic in terms of research and development, which
makes difficult to draw a line of separation between the transmission information
and the enhancement of information. On the opposite, the transmission of natural
gas is an easily defined activity with few close substitutes (the most relevant is the
liquefied natural gas which in some circumstances could result more profitable in
extremely long distances). Additionally, technological change in the pipeline industry
is considered to follow predictable lines, in the sense that the development of a
entirely new technology that replace the current one is almost impossible.

B. Applied Pricing Rules

Traditionally, in the gas transportation market, the regulator determines tariffs for
tirm and interruptible transportation services using the straight fixed variable rate-
making method. This is a cost-based price mechanism that uses the average accounting
cost pricing concept. In this context, charges for firm services are divided into a
demand charge, which recovers most of the fixed costs of transportation, and a
usage charge, which recovers variable (or operational) costs. The demand charge is
related to the maximum daily capacity reserved by users, but the greater the reserved
capacity, the lower the unit charge.

Charges for interruptible services range between maximum and minimum charges.
The maximum interruptible charge recovers variable costs and a portion of fixed
costs, while the minimum one recoups variable costs only. Fixed costs are allocated
between firm and interruptible services on the basis of the ratio of firm to interruptible
service loads in the pipeline. The firm load is equal to the total capacity reserved by
firm users.

From a theoretical point of view, these pricing rules corresponds to a system of
two part tariffs (See Lawrey (1998)). However there are problems with this structure
as the fact that the entry fee can deter customers from participating in the market.
The solution for this problem would be to design an additional markup on the entry
fee to exercise discrimination based on contractor's elasticity of participation in the
transportation market, but it is ignored in the present document.

14 This also constitutes a difference of the gas industry with respect to electricity transmission because in
the latter, there are only opportunities of storage as potential energy.
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C. General Assumptions

Now, we are in position to set the fundamental hypothesis that will be considered
in the different models that we will develop in the subsequent sections. First, we
should state that the good subject to transactions is defined as the transportation
service to ship natural gas through the pipeline. It comprises the concept of pipeline
capacity and the natural gas shipments. As was emphasized above, the price of the
first component has to recover the fixed costs, while the pricing rule for the latter has
to be directly associated with the variable costs. On the topic of the price/cost
relationship, we identify the short run marginal cost of the natural gas pipelines as
the additional operating costs associated to an additional unit of throughput without
altering the overall capacity. Conversely, the long run marginal cost includes all operating
costs, the cost of additional capital and the depreciation expenditures.

Moreovet, the participants in the market are: (i) a vertically integrated pipeline
operator'® or incumbent firm which is present in the upstream segment as a natural
monopoly, and at the same time, it or one of its affiliates is a participant of the
downstream segment characterized as the wholesale gas trading and supply activity;
(ii) an entrant in the downstream segment that could be considered individually or as
a competitive fringe. In terms of the gas market, the latter can be identified as gas
traders (shippers), local distribution companies, large end usets or many other eligible
industry participants that act in the wholesale market. Although gas producers also
have access to the pipeline services, the are ignored in this specification.

As we have mentioned from the beginning, we analyze the access pricing problem',
where a vertically integrated pipeline operator controls the supply of the service not
only as a final product, but also as an essential input for its competitors. In this
situation, there is an obvious danger that the integrated gas utility will seek to exclude
competing final product suppliers by establishing high access prices that are intended
to increase its competitors costs in the downstream level.

It is assumed that the access regime is such that its threshold level prevents
inefficient bypass of the low-pressure pipelines by some large end users. By this, we
mean that the criteria that define the concept of eligible clients” in this environment,
is such that only allows the 'physical connection’ and the implicit contracting of large
end consumers that is considered socially efficient. Though, this kind of bypass will
not be taken into account here because it is associated with the regulatory activity in
the retail distribution segment (ignored in the present document).

15 Here we have to mention that this transportation segment couid include the storage infrastructure or
not. As will be seen below, this fact constitutes the possibility of increased efficiency gains in the price
designing task.

16 Armstrongy Vickers (1998) states, '...the "network access pricing problem" is perhaps the most controversial of all
pricing structure subjects in regulated industries."

17 Eligible Clients are those who can sign transportation contracts in order to get some amount of natural
gas. Following the 1998 European Directive about Gas Market, it must be the case that by August of
2000 be eligible the final consumers of 25 millions m3 or more, of 15 millions m® or more by the same
month of 2003 and 5 millions m® or more by 2008.
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It is obvious that in this kind of industry we have to manage the problem of
seasonallity but until we do not elaborate a specific setting to cover this feature, we
will make the simplifying assumption that the storage infrastructure (storage plants
and variations of internal pressure), the efficient and the competitive rationing method
implemented in the market, and the tradition of building pipelines in order to respond
to the maximal feasible demand; are so well settled that allow the integrated monopolist
to continuously satisfy the demand requirements.

Furthermore, about the technological characteristics, both in the upstream
(transportation activity) and downstream (wholesale distribution) sector, there is a
fixed proportion technology (cartiage), where for each unit of gas transported it is
necessary one unit of capacity. This condition is going to play a vital role in making
straightforward some calculations of the model.

On the other hand, from Armstrong, Doyle and Vickers (1996) we will assume
the different ways to determine access prices for gas transportation services are
restricted to: (i) Arrangement of access terms by the regulator, and (i) the regulator
allowing the firm to choose from a menu of regulatory schemes'®. The other condition
to obtain efficient access prices requires the accounting separation of transportation
and wholesale activities of the integrated pipeline operator (Sez David and Mirabel
(1998) for more details about the justification of this two necessary conditions).

With respect to the initial conditions, the characteristics of production and
transportation investments have made that gas transactions be determined by take or
pay contracts”. This way of doing business introduces to the market enormous
rigidities, which are softened by the introduction of short and middle-term contracts.
This typology of contracts is implicit in the open access regime. The transition period
implied by this change generates the presence of stranded costs?. This kind of costs
will be ignored in this document, but has to be taken into account for any type of
normative analysis of the social suitability of a price structure to be implemented.

In the present analysis, we also exclude the need of regulated prices of access to
reflect the costs of providing non-commercial service obligations. To solve this
problem, we assume the presence of universal service funds that are in charge of
financing this requirements without distorting prices.

Finally, even though legislation in most of the countries determines that
transportation, distribution and storage companies cannot discriminate the network

18 This is consistent with OECD (2000) recommendations for regulation of the gas industry. They sustain
that whatever approach is chosen to regulate this industry, its prices must be settled by the regulatory
agency. Therefore, the guestion arises as to the appropriate structure of regulated prices.

19 Take or pay contracts are long term contracts (ten or more years) where the producer assures an
available amount of gas to an operator and the latter has the obligation to pay, no matters if he uses it
or not. In this kind of contracts prices are indexed taking as a base the liquid hidrocarbures prices.

20 Stranded costs are a form of sunk costs which cannot be recovered due to a change in the regulatory
regime.
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users, we will keep aside of this reality and assume that it is feasible to discriminate
between consumers of gas both as a final good and as an input.

IV. MODEL 1: RAMSEY BENCHMARK IN SINGLE PRODUCT CASE

In this model we take advantage of the background developed by Laffont and
Tirole (1994) and Laffont, Rey and Tirole (1998). In these two papers they build a
pricing structure that takes account of the monopoly power of the incumbent and
the lack of information of the regulator about productivity and demand parameters.
As it was mentioned before, we start under the assumption of accounting separation
in the gas utility activities in the upstream and downstream level. This to avoid the
problem of cross subsidization that generates large distortions in the regulatory
process.

We focus initially on the incentives of the network's monopolist to provide access.
As we said before, there is a benevolent regulator whose objective corresponds to the
maximization of social welfare, understood as the unweighted aggregation of the net
consumers' surplus, the utility of the incumbent and the profits of the entrants.
Concerning to this aggregation, it is also assumed a social cost for public funds
(deadwreight loss) financed by the consumers and employed to reimburse the costs
incurred by the gas utility.

Initially, as we take as read the separability of the total cost function of the gas
utility, we can define:

C,=C, +C O

where C, corresponds to the total cost in both the upstream and the downstream

level, Cy in the cost of operating the network (fixed and variable costs), and Cj

covers the expenditures related to offeting the final good in the wholesale market.
Corresponding to the network cost function, we have that

Cy=CyB.en.q1) when there is no open access policy and (2a)

Cy =Cy(B,ey,q, +q; ) with open access policy, and q; correspond to (2b)
the amount of access provided to the entrant

B is an adverse selection parameter related to the productivity of the monopolist in
administering the network and constitutes private information of the monopolist.
Despite the fact of this informational lack, the distribution function F(B) of this

parameter over the interval (E, B) is common knowledge. Additionally, the classical

monotone hazard rate assumption d[F—(ﬁ—)J /dB >0 is satisfied.

£(B)
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On the other hand, in the current model we have a double informational lack
because there also exists a reduction cost parameter of the monopolist that is part of
his set of private information. This parameter can be associated to the responsibility
of the pipeline operator to optimize gas flows and minimize imbalances between gas
intake and offtake. This reflects a discretionary power of the gas utility over the
possibilities of cost reduction in the short and medium-term. Howevet, this objective
brings about a disutility in both the upstream and the downstream levels; represented

by wle,)=wlex.es) with W' >0,y">0and y” >0 (increasing and convex function)

When we exploit the assumption of fixed proportions (carriage) technology for
both participants of the gas market. This implies one unit of transportation generates
one unit of gas offered to the wholesale market. Therefore, in terms of the access

policy, we have q, =q;, where q, is the entrant's demand of access and qg is the
access supplied by the incumbent

Concerning to the entrants, they produce an impetfectly substitute to the gas
offered by the incumbent in the wholesale market”. The technology is also
characterized by constant returns to scale with a marginal cost ¢ that is publicly
known by both the monopolist and the regulator. These notions make straightforward
the definition of their profit function

Mg =pgqe —Ceqe —aqg

With respect to consumer's behavior, as the transportation of gas is associated to
an input market, the only goods that are included in the gross surplus functions are
the unit of gas obtainable in the wholesale market: q;; from the gas utility (incumbent)
and q; from the entrants. In this environment, we will work with the traditional
aggregate gross surplus function V = V(q,.,q ) which is separable between both kinds

of gas offered in the wholesale market. Its properties are:

V(@ (py.Pe hae Prope)) _ V(g (p1.Pe }9e (106 )) _
dq, I 0q, £
av(ql(pl»pﬁ)’QE(pl’pE)):p X/(p p ) aV(QI(PI’pE)»QE(vaPE)):p Xl(p p )
! 1X1\P1sPe . eXe\Pi>-Ps

3

9p, ' dpe

a(V(a)——TI (qI )—TE (qE )) x, (PI,PE ) a(V(O')—T, (‘h )_TE (qE )) - _XE(pI’pE)

where x,(p;,pg) and x;(p;.ps) represent the demand functions met by the

incumbent and the entrants. Finally, we consider at first that the gas delivered in the
wholesale market is an homogeneous product, even tough we have mentioned that it
is widely differentiated. In section V we will relax this assumption

21 This assumption also justify the presence of several firms in the competitive segment.
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A. Symmetric Information Case

Here we take for granted that the benevolent regulator observes prices, quantities,
the cost function, the productivity and the cost reduction parameters. Additionally, it
is suitable the accounting assumption that the regulator reimburses the cost to the
incumbent and at the same time receives the entire amount of wholesale and trading
revenues. Conversely, the firm receives the access charges. After this, we can represent
the components of the welfare function as

Pipeline's Operator U, =t-yley,es)+aq, o)
Utility Level

Consumer's Utlhty Level Uc =v(q1:qE)"p1ql ~Pefe —(1+7u)[t+C] _plql] (5)

Entrants' Utility Level TI; =prqr —cpq; —aq; (6)

Where p, corresponds to the price of delivered gas by the subsidiary of the
monopolist in the downstream sector; and p_is the price offered by the entfants. Placing
all of this together means that the social planer maximization program is

Max W=U_.+U, +II;
s.t. U, 20

¥
I, >0

When both restrictions are binding, the optimization program becomes

Max w=V(ql(pl’pE);qE(pl’pE))+)\’[plql(pl’pE)+quE(p]’pE)]_

Py ProCy g
(l+7\')[W(CN’es)+CN(B’eN’qI(pI’pE)+qE(pI’pE))+CS(BieS’qI(pl*pF,))+CEqE(plva )]

W o
dp,

First, we solve the system | oW _ o 2nd it gives the following result
dp

94, 99

(1+7\. dp, ap, Py —CNQ —-qu] = q:
3 3 || py-Cyo—ce | lae| () and applying Cramer's
op:  Ipy Rule we obtain

22 CNQ corresponds to the total marginal cost of transportation of gas along the pipeline, and qui is the
marginal cost incurred by the pipeline operator or its affiliate in providing gas to the wholesale market.
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pI_CNQ—CSql =_7L__1 NMe +NNip =_7L_1
P 1+7"nl NiMe ~NeNe 1+}‘ﬁ1 ®

Pe ~Cno —Ce _ A _L MiMe *NeNe |_ A _1
Pe I+A Mg { MM ~MeNa 1+A g ©

9P, - %ePe o _0% Pe 9 P
- =% Ps

op; q; F dpg Qg

- dpe q, . dp; Qg

fi, <M, and i, <M; as a result of the substituability assumption between the
incumbent and entrants' gas (This last result is signaled by Laffont and Tirole (1995)).

where T = an

oW _ 0
de
Afterwards, we solve the system | dW _ 0 which yields as an outcome the condition
deg
, . 0Cy _ dCg
\v(eN,es)——E——g (10)

The result obtained in (10) express that the cost reimbursement rule is such that

the marginal disutility of effort equals the marginal cost reduction in both the network

. and the wholesale distribution cost functions. To conclude, as we are interested in

obtaining the price for access, we use the assumption of constant returns to scale for
the entrants, or in other words, that they set prices equal to the marginal cost

_h_Pe
1+A fig

a=p;—cg, then a=Cy+ (11)

This implies the access charge has to be not only cost-based, but also demand-
based. The last feature implies that the price of access should reflect the interactions
of demand in the downstream sector. Given that there is substituability between the
services offered by the subsidiary of the gas utility and the entrants in this level, the
access charge should be increased from the initial level (assuming independent
demand). Additionally, as it is expressed in Laffont and Tirole (2000), as competitive
entrants charge purely cost-based final prices, and so are unable to ptice discriminate;
this action has to be developed through the access pricing

B. Asymmetric Information Case

In this case, we want to analyze the way, asymmetric information affects access
pricing, In order to accomplish this objective, we consider now, that the only obser-
vable variables are the separate accounting costs of the gas utility in the transportation
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and wholesale distribution activities. Again, following the methodology of Laffont-
Tirole (1994), we denote E (B, C,, q, + q,) and E((B, C,, q) as the effort required for
a gas utility of type P to provide q,* q, units of transportation and q, units of gas in
the wholesale market at cost C and C_ respectively.

In this case, the application of the revelation principle allow us to consider a
revelation mechanism

tB)c.BlesBla,B)a. B1alB)} 12)

With the above assumptions, we can express the Incumbent's utility level as

Ui (B)=tB)-v(ExB.CyB)aiB)+a: B)EsB.CsB)a,BN)+aac B) (13)

Therefore, the incentive constrain of the pipeline operator can be written as

U](B)z‘wi(ewes{a:; +a§g ] (14)

Given that 0E /0B >0and 9E /9B >0, we know that the utility function of the

monopolist is decreasing with respect to § which implies that the rationality constraint
of this optimization program ends up as

U, ()20 (15)

When we introduce all this constraints to the social welfare maximization program
we get,

Max W = _[f{v(QI(Pl(ﬁ)va(B»CIE (pl(B)’pE(B)))_(l +AIW(CN (B)’es(ﬁ))
+CyB.exB)a, (b, B)p:B)+ae (0, B)pe B))+CsB.esB)a,p, B)p: B)
+CEQE(p1(ﬁ)va (B))] —)\'UI(B)+)"[pE(B)QE(pI(B)’pE (B))

+p,(3)a;(p, (B) pe B))F()
S.t. UI(B): _W,(CN*GS)[a;EBN (B’CN (B,CN7Q1(p1([3)-PE(B))+CJE(PI(B)sPE(B)))’QI(Pl(B)va(B))
+qE(pI(B)’pE(B)) + a;; (B’CS(B’eS‘qI(pI(B)’pE(B)))’qI(pI(B)’pE(B)))]

u,)=0

Where after writing the Hamiltonian, the first order conditions are given by

oH . JdH oH JH oH
—:_I’L(B) —_— e =) —=——=()
oy, dp;  dpg dey e
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Regarding to the first condition, we find that M(B) =1 (B) and given that the
utility of the monopolist is decreasing in B, the transversality condition of this

optimization program implies that Ll([_i )= 0; therefore
B B
[au®)=[2@HE) = up)=rrp)

The first order conditions with respect to both prices will deliver similar solutions
to the perfect information case, but adding the distortion generated by the
informational lack. Still, to obtain the above mentioned solution, it is important to
clarify the following procedure. When we totally differentiate the unbundled cost
function of the gas utility, we get the following expressions

_ac ac ac aC aC aC
dc N dB+—Nde, +—2dQ. dC, =— dp+—>de, +—>d
g P 50, Jon 0 4G 9Ty B o, S ag,

If we evaluate this total differential in the optimal levels of effort, E g (B.Cx.q; +qz)

and Eg (B Cy>q; ), we can say that dC =dQ =0 and dC =dq, =0, as an application
of the Envelope Theorem.

Then, we get that dE =_8CN aCy and dEg =_8CS aCy
dp P / dey dp op / deg
H _,
ap,
Once we have explained that, we solve directly the system | dH _ 0 which gives,
ope
da; 9 - __L_(E i 9Cs [9Cs
2 gl ek v el ) dql[ aa 3 e
99, 99g (b, —C )_Z*_.ﬂ 3 _aC 1+A{qe
Ir e SR TN DM _Q 3 aeN
and applying Cramer's Rule we will get
PoCozCo _ A 1, & FB)WE) 0 Cy (16)
P, 1417, 1+Af@) p, |0Q| B E)eN aq, BB aes
pE—CNQ_cEz AL A FB) w'(e) 9 doCy /dCy a7
Pe 1+Af, 1+Af@) ps |0Q| 9B, ey

As a result. we obtain the next expression for the access charge
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that is very similar to equation (11) and shows that under asymmetric information.
All prices are modified by the incentive correction term that is determined by the rate
at which the gas utility is able to substitute decteases in effort for improvements in
productivity (given the same cost level). However, if the incentive-price dichotomy
assumption (See Laffont and Tirole (1993, Ch. 3) represented by

d [ dCy /dCy
e 0 (19)
0Q|{ 9B/ dey
is accomplished, the incentive-cotrection term disappears. Then, the access charge
would be the same to the one under perfect information.

oH
—— =0
dey

Finally, we solve the system | 0H _ 0 and it gives the following result
deg

, _9Cy . A F() s
vienBheB)=-52 *m‘—){ CenBe s@){ aﬁj <<Blee<ﬁ){agac ]}(20)

vesbre®)=-3es 12 TV e 01 T 2 fevte e 2| o

Those two last equations represent the modified cost reimbursement rules, where
for reasons of simplicity, we assume that the conditions that determine the correction
term to be positive are accomplished. This expression represents the increase in the
utility of all types up to 3 when, the latter increases effort in one unit (This term is

zero for PB).

Finally, as it is shown in Laffont and Tirole (1994 and 1996), this Ramsey pricing
rule can be induced in practice by the designing of a global mark up that defines
symmetrically an average price level for access and final prices®, of the form

W,a+®,p, <p

This possibility, also leaves aside the informational problems of Ramsey prices
argued by the common criticism (See Laffont and Tirole (2000), and Wilson (1993)).
However it is important to mention that this is not a perfect measure, because there
is a possibility that the GPC leaves substantial profits to the gas utility.

23 If the weights in a linear global cap are set correctly (in function of quantities demanded for each
relevant range), Ramsey pricing is induced.
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V. MODEL 2: RAMSEY BENCHMARK IN MULTI-PRODUCT CASE

Up till now, we have ignored the fact that gas transportation, as all network
industries, is essentially multiproduct in nature. Accepting that a pipeline company
can use the same network system to offer transportation services that differ in time,
location, calorific value of natural gas, intake and offtake pressure of the pipeline,
and reliability; it results crucial to take advantage of this special feature. However, as
was highlighted in section II, we will restrict ourselves to a single dimension, that
corresponding with our objectives deals with reliability.

Along these lines, and for ease of the analysis, we assume that there are only two
types of reliability, (i) firm transportation contracts, and (ii) interruptible transportation
contracts. Although this simplification, we consider that it will reflect adequately the
characteristics of the market. Furthermore, this attribute will be the same for the
final service offered by the gas utility, the access supplied to the entrants (one or
competitive fringe) and the service delivered by the latter. Thus, we have that

q,=(a.9'") 9 =(5qz) da =(q5.9x)  will represent the vector of
quantities, and

p, ={p.p) pe=(L.py) a=(a",a™) relate to the vector of prices.

In this new setting, we will analyze the results in both the symmetric and asymmetric
information case.

A. Symmetric Information Case: Differentiation in Reliability

Here we have that the regulator’s optimization program is given by

Max W= V(qI(PIsPE)’qE(PUpE))"'}"[pI 'qI(PnPE)"' Pe 'qE(pI’pE )]‘

PisPe.Cx.Cs

(1"'7‘) [W(eN’es)+CN (B’CN’ql(.pl’pE)+qE(pI’pE ))+Cs (B’es’ql(pnpp: ))

+Cg Qg (p[’pE)]

TR

. pl pE . . . 24

First, we solve the system w w and it gives the following result
" Opg

24 To clarify, the notation is the following: Q" =45 +4r O =41 +q5 Q= of+0™
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oq; dqp 94, dqgp

£t apt dpp || PeCyg e
dq;  9g¢  9q)  9qi" || P —Cyge —C
dp” A" apy dpi || ppt-C
oq; dq; dq; dqp
dps’ dpy  dpr  Odpp |

NQ\'—

901}: 3q§ aChNF E)ng Pr _CNQ“ “qu[

Sqp
—Cy

113

q,
A lar
(1+1)[q)

q.\"l"

I

To simplify the solution of this system, we assume that the demand of the two
types of transportation contracts is independent (this constitutes a strong assumption,
because it would result interesting to analyze the effect of changing prices on firm
transportation contracts on the demand for interruptible ones). This suggests that,

And the system of equations boils down to

(. F F T
NoKe o g
apl‘ dp, .
aq:— aqi O 0 pl _C:NQr _CSqf
F
8p§ ap; Pe -CNQ’ —Cr
1S NF NF
o o 94 94z [P =Cipw —Cy
ap?”‘ api\”: pllj}‘ —‘CNQM _CE
o o 4 94p
i opy  dpp |

The matrix of partial detivatives can be interpreted as a diagonal partitioned matrix

dqf 0 pr —Cyor = Cyyr

apf p; _CNQ[' —Cg _ A
3, || Pt —Cyow —Cyv ——(1+X)[

Jp; ' pr -C,

o ~Ce

qy
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Taking into account that

-1 -1
oqy 0 aq;,
ap* ap! we obtain identical results to the
’ | T e ! | single product case
0 o 0 9
Ip; op}"
¢
P Cro =Csu _ A 1 (mimp+mimi |_ A Lo,
‘ 1A nt T —nEnL | IeA A =~ FNF (22
P: TA T L NMMe — NN +AM,
£
pE_—CNQ’ ~Ce _ A _1 nfﬂé"‘ﬂéﬂéu _ A 1_ Vo=
‘ TIAA N T Rl T TEA A = ENF (23)
pE 1+ nE nlnE nIEnEI nE

Here we will take as granted that C . 2 C .« which implies that serving low
reliability contracts is less costly than serving firm contracts. Additionally, i} <A
and fij <A} as a consequence of the fact that firm contractors are captive clients,

while interruptible customers are not. Now, we derive the access charges and get:

F A pMF
E a¥=C .+ Pe

F " A p d
W A o PTARY

a =C

We straightforward see that the tariff of firm access (intended to satisfy firm final
wholesale customers) must be higher that the one intended for interruptible access.

B. Symmetric Information Case: Peak Load Pricing

Up to now, we have followed the assumption of slackness in the capacity constraint
of the pipeline. Now, we are interested in how the multiproduct background studied
in the above subsection, help us to analyze a problem directly associated to allocative
efficiency, as it is the peak-load pricing in networks. To do so, we assume there are
two classes of independent demands, (i) low-peak, and (ii) high-peak for both access
and final transportation services. This means that

q; =(@q°,q™) q5 =(@q",ql®) q, =(q5°.q%") will represent the vector of
quantities, and

LD

P =(p".p0) Pg=(ps.pr) a=(a".a

HPy  relate to the vector of prices.
Under this circumstances we assume the structure of Laffont-Tirole (1993, Ch.
3) where it is said that the capacity cost for the incumbent is unknown, while the

marginal cost is known. This creates the following changes in the gas utility cost
functions (upstream and downstream segment):
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cC.=C (B )_ ( LD | HD LD HD) @ (B HD HD)(24)
N =CnPsenaqp g )=Cy g q; +qg +qg J+PyP.ey.q, de

Cs =CS(B,eS,q.)=C5(B,es,q,LD,qf’D) (25)

Here we have that the regulator's optimization program is identical to the one
described in Model 2 under complete information, and gives the next outcomes

e —Cop 21 (n%"né"+n%"n?£’]_ Al

= I = <ip 26
pr” LA (none -nigng’ ) 1+AR° 29)
Pe—Cx—=Ce _ A 1 (n"nP+nPn? ) A 1
Pe TAn” (mong” —migng’ | 1+ARE° &
H
Pi"” —Cx ~ Py ~Copo IS N (i P i - Y VD 8)
pi LAn®™ " ng” -ngni” ) 1+A AP
P —ex~Pugo =Ce A 1 (0P 4P a1 2
Pe A | ni™ng” —nengy ) 1+ R @9)

As in the other models, the access charges are obtained with the help of the
constant returns to scale technology of the entrants,

}\’ pLD

LD _ E

aE ~CN+mﬁED (30)
HD

a:D =cCy +¢NQ“"' +LPE_ (31)

1+ AP

This implies that access in peak-demand states of nature should be priced higher
than in cases of idle pipeline's capacity, and most include the marginal expanding
capacity cost.

C. Asymmetric Information Case®: Peak Load Pricing

In this setting we apply the same methodology of subsection 5.1, due to the
independence between the peak and non-peak demands.

25 In this section, we ignore the asymmetric information case of the reliability differentiation, because if
we maintain our assumptions for the perfect information case, the model will yield the same results of
the single product case.
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It is important, to highlight that in the case of the non-peak demand we lose
some fraction of the informational rent given to the gas utility, as will be shown in
the next equation,

p'LD—CN—CSq%” Al + A F(B)W,(')[ 0 (_ (DNB(B*CN’QHD)1 d ( Csp ])

= +
py” 1+ A;° 1+7\-f(B) pr” aQLDk (I)NeN(B’eN’QHD) aq]fD c

Seg

Therefore, we obtain that,

plLD‘—CN_CSquLD A 1 + A F(B)\V'(°)[ J [_ Csﬁ ]:l

pr” TTAAP IFATE) P |90 | Cs, 2
LD
P S~ ~Ce Al
- M 33
p'ED 1+7\,nED 63
PP e e ~Cap 4 1 3 FOVE)_5 ([ Pw ), 3 [ Cu
pP _l+lﬁ§“)+m-f®w QP | @ +aq:‘“) Cs., (34)
PP o= Pygu=ce _ a1 % FRWE) 2 [ P
pgD 1+7\’ ﬁEID 1+7\’ f(B) pgD aQHD (I)N’N (35)

Therefore, the access prices are represented by,

A PE

LD
a =C + —
F YU+ A R

A pi° A FB) 9 Dp
aSD:CN+®NQHD+1+7mﬁE{D+1+Xf(ﬁ)\u(.) BQH” —(I):

As we can see the incentive-price dichotomy holds per-se in the case of access
charges in the non-peak situation. Conversely, in the asymmetric information case, is
we keep on the positivity assumption of the incentive correction term, the access
charge in the case of peak-demand:-should be increased because of the regulator's
desire to extract the informational rent earned by the gas utility in the administration
of the pipeline capacity costs.



ANALYSIS OF OPTIMAL TARIFF SCHEDULES IN GAS TRANSPORTATION UNDER OPEN ACCESS 117

V1. MODEL 3: NONLINEAR PRICING

Here we will consider not only the asymmetry of information of the last sections,
but also the possibility that the gas utility is ignorant of the demand characteristics of
individual customers and must thus practice second-degtee price discrimination. First,
we assume that the gas utility sells a single homogeneous product (transportation
service) to the final wholesale consumers. The entrants, once more, produce and
imperfect substitute of this service. Additionally, we will take for granted that there
are two types of wholesale consumers: (i) those who are willing to sign firm
transportation contracts (in proportion o), and (ii) those who prefer to establish
interruptible contracts (in proportion 0" ).

Wholesale customers of type (*) are considered as "high-valuation consumers" in
the sense that they rate highly the transportation service. This implies that this group
may be composed by captive customers like large end consumers that have designed
their infrastructure with no possibilities (or very limited) of fuel substitution; and
local distribution companies which have the obligation, under state regulation, to
guarantee supplies on behalf of their customers”. Conversely, clients of type ™)
correspond to industrial enterprises with fuel-switching capability, and marketers (as
intermediaries between producers and end-users) who generally hold a diversified
mix of transportation service contracts of which interruptible and released capacity
account for about two thirds of their total capacity needs (See IEA (1998)).

We also keep on the assumption that the gas utility knows more about its own
technology than the regulator, which is represented by the productivity parameter B,
and the effort of reducing costs (e, €)-

Consequently, we have to redefine some of our variables,
.« NF )
Viapuspe a (1op, )= 0V ot BF.0E ok 07 0! )+ oV o™ b1 pi o 1" 61

Fle NF (g Fle NF (o
NV VN) |, aVI) aVTEe)
oq; aq}" oq;" aq;*

Vi=LE (Single-Crossing Property)

Additionally, to simplify our notation we will say that

ve(a! o 0t ot pE )= 07Via! (% bat o 1) whee 97 > 0™
VI e Jad bl i) = 0 Vi b hat b)) & 66)

Q :anr +aNFq1NF Qe =(xFqE +0‘NFng Q=Q, +Q;

26 gt +a™ =1

27 A poor storage infrastructure to manage demand and supply imbalances also constitutes a reason for
this behavior. '

28 We have to mention that 8" V’(e)=p' and oM V/(e)=p)"
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and we will achieve the following maximization program:

MW= o6V B bl Bt )+ "6 e o) o B i)

— 1+ 1fule (B) o5 8)+ CulBen (Bl o (a7 (b (B) pE(B) + a5 b (B pE(B)

o*q" (o} ) p2"(B) + X" (i (B) oY) 37
+Cs(B e Bl o al (of (B) pE(B))+ 0"} (o) (B o1 (B) +ceate (py (Bl s (B)

AU, (B)+Aoc" (T, (q! (oF () pE(B))-+ T, (aF (oF (8). 0% (B)

+a™ (T, (0" (o B) o)+ T (0 B) o (@) hER)

UI@>=-w'(eN,es)(%Eﬁu-»%(-)] 69
U, )20 (39)
67 v(a.af )~ (1, af )+ T 5 )2 07V (@)* 2 )- (1, )+ 1. @) (1) (40)

)
0" V(g".aF )- (1,0 )+ T @) )2 0¥ vigE a8 )- (1, aF )+ T (o)) (1C™) (41)
0*v(af.qf)-(1,af )+ Te (a5 )= 0 (RF) 42)

0¥ V(aM™,qt )~ (1, () )+ T, (@)= 0 (R**) 43)

Where the tariff structure will be assumed as the traditional two-part tariff applied
in the gas transportation contracts, where the fixed fee correspond to the "capacity
charge" and the marginal price to the "throughput (commodity) charge" (For more
on this, See Section A and B of this document). Therefore we have that,

T(!)=P*)+pla’ V=" and Vj=,, (44)

J

A. Informational Symmetry about Demand Parameters

Under this assumption (perfect discrimination), the gas utility is able to observe
directly the consumet’s taste parameter about reliability and as a consequence,
constraints (42) and (43) will be binding. Therefore, the remaining maximization
program is expressed as,

Max W = I{aFO 1+ A)v(al b @)t B)ka ] B)pE (B))+ o 0™ (1+ AV (2 (B) o B ot (o1 B)p* B))

l+7\,X\V(€ (B)’es(B +C (13 (.B)'a (ql(p (B)’pE(B))+qE(pI(B)’pE(ﬁ)))
+ ™ (@) X ) B)+ 0 b B pY 3)))
+Cs(BesBhoral (pF BLpE @)+ " ai (o} (LY (B))+ coar (b, (B) ps B))]- AU, (B) ()



ANALYSIS OF OPTIMAL TARIFF SCHEDULES IN GAS TRANSPORTATION UNDER OPEN ACCESS 119

st. UI(B):—w'(eN,eS)(aEN (.)+83(-)}

9B B
U, )20

To obtain the first order conditions with respect to prices we solve again

oH _, H _,
op; Jpr
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0 0 dar  9qe” aNF(pIF ~Cho — Gy, )“(XNFII 0
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o o 94 aqy
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L= 1+xf(ﬁ)“'( Be S(B))[ Q[ B/ de, }'aql[_ B 'a'és'n
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If we assume that the Incentive-Pricing dichotomy is accomplished, the above
results imply that with respect to the tariff schedule; the gas utility and the entrants
must set the "commodity charge" equal to the marginal cost of providing the final
units of gas in the wholesale market. Regarding to the fixed fee or "capacity charge",
it should be equal to the customet's net surplus aftet paying the "commodity charge".
Following, the assumptions given at the beginning of this section, the capacity charge
is higher for the high-valuation consumers. (See Tirole (1988)).
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This result is consistent with the tradition in the natural gas market of setting a
demand chatge, which recovers most of the fixed costs of transportation, and a
usage charge, which recovers variable (or operational) costs. Additionally, the fact
that fixed costs are allocated between firm and interruptible services on the basis of
the ratio of firm to interruptible service loads in the pipeline shows the theoretical
relationship between the fixed fee of the high-valuation consumers and the low-ones.

Finally, just as in preceding sections, the marginal access charge could be expressed as,
ayt =ap =Cy +1; 48)

because the discrimination is done throughout the "capacity charge". However, as
the gas utility does not observe petfectly the characteristics of its customers, this
allocation cannot be implemented. Additionally, the existence of a secondary
transportation market will generate in some situations the incentive for interruptible
contractors to mimic being firm ones to have spare capacity that could be released in
peak-demand periods.

B. Double Informational Asymmetry

In this situation, we consider that it is impossible for high valuation customers in
the short and medium-term to modify their substituability boundaries. If it were
possible to do so, the high valuation consumer could "bypass" the gas transportation
service in two ways: (i) a complete way in which he decides to leave the gas
transportation market”, and (i) a partial one, where he stays in the market as an
interruptible contractor and acquire a fuel-switching technology. In both cases, he
would incur in a fixed cost G and a constant marginal cost ¢ of using the alternative
sources. Therefore, to formalize this assumption, we state the following:

VF(e)=max [8"V(q, )-o-9a,]<0

9

VE@)= max [v).al.q,)-pi"a} - pifal ~o-ga, [<0
Those technological conditions, and the legal unfeasibility of non-serving the
final retail consumers in the case of LDC (High penalties by the Regulator) determi-

ne that (IC") can be neglected because it is never binding, Thus, as it can easily be
shown, (IR") has to be binding, (See Laffont and Tirole (1993, Ch 6)).

Concerning to the interruptible contractors, they already acquired the switching
technology, so the threat of leaving the transportation market is not relevant in this
case. On the contrary, as we mentioned in the last part of subsection A, the presence

29 This could be the case of purchasing liquefied natural gas which only is more profitable in extremely long
distances. This fact also reduces the possibilities of complete bypass.
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of a secondary transportation market, and the implicit opportunities of arbitrage,
motivates the interruptible contractors to appear to be firm or captive customers. In
order to avoid the distortion over allocative efficiency, generated by this strategy, we
assume that (ICY) is binding, These assumptions imply

T,(af )+ T, (aF) =6"V(al,qf)
T )+ Te @) =6"V(gh.qf)-6"Vial,qt )+ 0 V(g g

Therefore, the remaining maximization program is expressed as,
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And similarly, the marginal access chatges are represented by

7\, C(.NF
2 =Cno =y aF [pyF —(ov™/aqt )+ 1, (53)
2l = Cyg +1; (54)

which in general terms calls for discrimination in the access charges to presetve
the consistency of this policy in the final wholesale market. If we take for granted the
Incentive-pricing dichotomy, (49)-(52) mean that the matginal price of gas provided
in the wholesale market is fixed in such a way that it is equal to its related marginal
cost for the interruptible customers. On the contrary, the marginal price or "throughput
charge" has to be lower than the matginal cost for the firm contractors so as to
prevent that the non-firm ones mimic to be captive customets.

To find a simple way to justify this result, we have to remember that the tariff
structure initially assumed corresponds to a two-part tariff (Eq. 44) where the margi-
nal price is a decreasing function of the fixed fee™ (See Laffont and Tirole (2000), and
also Tirole (1988)). In this way, the lower than marginal cost "commodity charge" for
the firm customers bring about a higher "capacity charge” that only can be supported
by the firm customers. This is due to the technological and legal boundaties of this

group of customers.

Regarding, to the efficient access charges, if the tariff is increasing and concave,
the efficient access charge paid by the entrants is a decreasing and convex function
of the "capacity charge" (fixed fee) paid by the final wholesale customets.

Additionally, if we presuppose that (i) the secondary contracting is absolutely
forbidden, and (ii) the amount of gas procured by interruptible customers is strictly
lower than the firm shipments; the two-part tariff implemented for firm customers is
always dominated for the interruptible contractors. However, two-part tariffs do not
completely avoid the possibilities of arbitrage, and therefore some limited arbitrage
may occur, depending on the relative cost and benefit. In the case of a constrained
capacity activity; like gas transportation, there are large opportunities of making profits
by reselling contracts taking advantage of locational and time price differences.

Thus, under the above conditions two-part tariffs are not optimal in preventing
the interruptible contractors mimicking to be firm customers in the primary
transportation market. As a consequence, the proportion of non-firm customers
diminishes as the secondary market is developed. Therefore, as o _ ¢ the
distortionary term in (49)-(50) disappears and the "transportation charge" for the
firm contracts is priced at the marginal cost.

This fact is consistent with some trends of the empirical transportation market.
Following IEA (1998), there has been a sharp decline in the share of interruptible

30 The concavity of the tariff structure is another justification for this result.
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service, whereby the pipeline company has the right to withdraw capacity at short
notice to ensure that sufficient capacity is available for customers who have reserved
firm service. This service has been largely replaced by primary firm transportation.
As an example, interruptible transportation accounted for only 14% of total US gas
deliveries in 1995, compared with over half in the mid-1980s. Conversely, released
capacity traded on the secondary market now represents a significant element in the
transportation market.

Covering another topic, in theory, it is expected that the price of interruptible
contracts reflect the short-run marginal cost of supplying the service, while, for firm
service, the price has to signal the long-run marginal transportation cost (See definitions
in subsection C). In this framework, this is adjustment is partially reached for the
interruptible contracts. In this line, we consider that this result must arrive because
we do not take into account the impact of the reliability provision over the cost
structure. In other words, we ignore the fact that the marginal cost decreases as the
level of reliability diminishes.

As a consequence, for the implementation of optimal nonlinear pricing structures,
it is important to find a tariff structure that assigns simultaneously prices to both
reliability and quantities in the transportation contacts; which will be studied in the
next section.

VII. MODEL 4: PRIORITY PRICING

Now we explore the possibility of taking advantage from the heterogeneity of
the customers in the reliability dimension. In terms of access policy, this means that
the incumbent would be interested in assigning differentiated prices for gas
transportation contracts in function of the reliability of supply that they provide.
This measure will help the gas utility to ration efficiently its limited capacity and
additionally to extract a larger proportion of its customers' surplus. In addition to the
incumbent, as we have assumed all over this paper that the entrants do not have
monopoly power, they will apply the same pricing ptinciples to their final customers
(wholesale traders).

In the gas transportation market, the first best solution determines that the price
of the traded contracts be varied continually to keep demand wit..n capacity, while
ensuring an efficient allocation of scarce supplies (in other words, a short-run margi-
nal cost pricing). As we have mentioned before this property can be approximated by
establishing a secondary transportation market for idle capacity, as it has been done
in the US. and the UK. (See Juris (1998a), (1998b)).

However, Wilson (1989) sustains that, spot pricing has a lot of difficulties in the
presence of limited possibilities of storage. The most frequent reasons are
technological boundaries and pervasive transaction costs. It results difficult or
expensive to inform a customer continually about prices and to monitor the time
pattern of purchases, even if the right prices to support capacity utilization and to
prevent congestion were known by the gas utility. Similarly, it is expensive for customers
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to monitor prices continually and adapt their purchases. As a consequence of these
limitations, it has been traditional in the gas industry to set a fixed price for
transportation contracts that generates idle capacity in some petiods and allocative
inefficiencies when customers' preferences over reliability differ.

As an alternative to the hard-to-set spot markets, Chao and Wilson (1987) and
Wilson(1989) propose a priority pricing mechanism that approximates in almost all
dimensions the gains obtained by the short run marginal pricing. In this way, the
contracts dealt in the primary gas transportation market will be called prioniy service
contracts that specify each customer's priority in obtaining service.

In the gas industry, in the simplest design, each supplier (shippet) selects between
interruptible and firm service, offered at different prices. In addition to the direct
charge for transportation, a customer pays a premium depending on the priority class
he selects. In the simplest case that has been implemented in the gas industry, two
priorities are offered and each customer selects a base portion of his load to assign to
the first priority and the residual to the second priority.

Regarding to the number of priority classes, it is constrained by the technology of
supply and the costs of market organization. However, Chao and Wilson (1987)
show that the incremental welfare gains from priority service decline rapidly as the
number of priority classes increases. Thus, a few priority classes can capture most of
the potentials from priority setvice.

Priority service causes efficiency gains by serving customers consistent with their
valuation of reliability or cost of interruption. The perceived advantage, is the increased
product differentiation the wholesale shipper or the entrant will find in the primary
transportation market™. In addition to the advantages for customers, these contracts
provide the gas utility of tools (like reserve capacity) to meet in a profitable way high-
demand periods. This means that under this scheme, the monopolist is able to
substitute low-priority contracts that reflect a customers' low-valuation for expensive
additions to capacity required to sustain reliable service to high-value end uses.

The role of pricing in this new scenatio is to achieve an efficient allocation in the
case that each consumer knows privately its type. This implies the need to induce
consumers to reveal their type through their selections of reliability conditions from
a menu of contracts. Finally, with priority service the gas utility can replace partially the
"capacity" charge initially designed to satisfy the breakeven constraint, by priority charges.

A. General Structure

Initially, we assume the absence of a spot market that resolves the asymmetries
generated by the difference between the information known to customets (each one

31 This mechanism differs form ordinary product differentiation in that the qualities obtained are endogenous:
they depend on how many other consumers select the same and higher priorities.
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knows his type) and the information known to the gas utility (the available capacity).
Also the secondary market is forbidden by the regulator.

We follow the methodology of Wilson (1993, Ch. 13) for priority service pricing.
We start by saying that the incumbent offers n different reliability contracts to both
the entrants and the final wholesale consumers. Those contracts™ are mdexed by
¢=1,...,n, and linked to each contract ¢, there 1s a service reliability r and an
expected sub cost C!. Regarding to the rehablhty r’, it decreases with ¢, and it also
corresponds to a discrete distribution function® characterlzed by

Prob(r[ Srz)zF(rz)zrz = f(r”)zsg =r' -

In relation to the cost structure, in terms of our general notation we have

Cy =Cy(Ben.ar +a5)=CyBc’ o™y +a, ) =CL B.e”)

+ Y chlpetaf +af) (55)
=

Cs :CS(B,eS,qI):Cs(ﬁ,el,...,e",ql): icg(ﬁ,eé,qf) (56)
=

where C? corresponds to a fixed cost associated to the pipeline construction,
and C’ is the sub-cost associated to each reliability contract. For simplicity of analysis,
we will assume that the sub-cost is considered as a result of a constant marginal cost
technology in each production set®. Thus,

Cy =ClB.e’) + ic;(qﬁqg) (57)
/=1
chq] (58)

Therefore, the incremental cost of an augmentation in reliability ¢, in both the
access and the final wholesale transactions, is defined as

¢ £+1 £+
Cy —C —'C
R e

32 Here, each contract represents a different product.

33 This is a generalization of the structure of discrimination sketched in section 5.2, where it was assumed
that there were two types of reliabilities (firm and interruptible service).

o

¢ ¢
C 7 i
34 The fact that c‘, is a expected measure of the effective marginal cost is represented by EL"[} F(f )r—}=
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and this function is decreasing in ¢, which implies that it is less costly to serve
low-priotity contracts than high-priority ones (this assumption has not been taken
into account in section VI). For notational concerns we assume that thete exists 2

contract n+1 with "' =0 and Ci"=0

Finally, we keep on the assumption that the entrants' technology is defined by
constant returns to scale, and they still produce an imperfectly substitute to the gas
offered by the incumbent in the wholesale market. Thus, the profit function expressed
in (6) can be rewritten as

M, =Y (L —ct —a )l
£=1

On the other hand, each customer preferences are identified by a nonnegative
number 6 that represents the customer valuation for each contract reliability®®. The
population of customer is taken to be a continuum over the support (Q,é). Thus, if
G(0) represents the distribution of types in the population, then also G() is a measure
of types not exceeding (6). Note that G(§§=1and G(8)=0. Although it is not
necessary, we make the simplifying assumption that there are no large set of customers
of the same type. Furthermore, this distribution function satisfies the traditional

monotone hazard rate assumption d{—&—:l / de=0.

1-G(0)

Moreover, V(q, (). q:(0).0) represents in this environment the gross consumers'

surplus® and it preserves the properties expressed in (3). It is also assumed to be
separable and increasing in both quantities and willingness to pay for reliability. The
concavity assumption is also fulfilled. Therefore,

9 [av(s)
08| dq;

ov(e) 0 0*V(e) <0, aV(e)

¢ = £ m 20
aq; dq;9q; 00

20

)

A customer of type 0 has a marginal valuation V; (X, 0)Vj= 1 for an x-th unit of

transportation service if actually delivered (and zero otherwise), assumed to be
decreasing in x and increasing in 6.

35 Implicitly, we suppose that the distribution of 8 is the same for the set of customers of the incumbent
(entrants and wholesale suppliers) and of the entrants (wholesale suppliers).

36 It is important to distinguish between 4; = (7}"',4}) V' j=ie that represents the total customer
purchase from the set of contracts established by the incumbent or the entrants (measure the reliability
effect on consumption decision); and _Q}’ = ij that indicates the number of units assigned reliabilities
greater than rf . kst
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Taking into account all these factors, we can express the consumers' gross surplus as

(ql(e)qu(e)ve) z zr v, Ql 1 X, G)

=LE £=1

it 0ha, 0)0)= YU 01.6) and uf @010, 610

= iSkUE (Q::,G)
k=2

where the term inside the integral expresses the "expected" marginal valuation for
the additional units of gas transportation service, along the reliability contract £%.

Before be go to the solving of the program, we should specify that the regulator
observes prices, quantities, the cost function, the productivity and the cost reduction
parameters of the incumbent. However, the marginal willingness to pay for reliability
constitutes a private information of the consumers®. This fact has a central role in
nonlinear pricing because the optimal payment schedule has to be designed to induce
self-selection among the final customers.

Additionally, we change the accounting assumptions of Model 2 (Perfect
Information Case), and we assume that the regulator is prohibited from transferring
money to the gas utility. In this case, the term in square brackets in equation (5) has to
be equal to zero, and therefore

Incumbent's Utility Level Us = Ti(q:(8))-C, —wley,es) Za (59)

Consumer's Utlity Level U, = v(q,(e),qE(e)e)— 1((11(9))— E(qE( )) (60)

37 The proof of the result of this derivation is the following

V(e)= ’F[zr' ‘v(Q“+xj 6 )dx, +r’ "’v(Q"‘+xj,6)dxj+[ilI U(Q“+x 6) )
= rleg) 30T L bleg e )

aq/ b=m+l

3 =r U(Ql , ) Z ( (Q;,O)— D(QJH,O)) and using the contract ¢,,,, with 7, , =¢,,, =0
q, toml

aql kzm‘r UCQ/ " )

38 The different preferences among the customers are reflected in their purchases and the heterogeneity
we allow is restricted to an indexing of the consumer's types along a single dimension.
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Entrants' Utility Level Te = 2. (0% —¢f —a* bt 1)
£=1

This implies that the regulator should maximize the expected welfare, constrained
to the breakeven condition of the incumbent and the entrants. Though, the second
restriction can be omitted due to the constant returns to scale (no fixed costs)
technology for the entrants. Therefore

Max E[W]= E{UC +{1+7)u, +11, JdG (o)

st Uc = Vy(a,(6).q(8).6) » that can be expressed as the
U.()=20 Vo following Hamiltonian

H= {(1 + X)i:v(‘h (9),qE(9),6) C -y eN 9es ZCEQEjl _XHE}
2(0)+1(0)V,(a,(6) 45 (6).6)

As in equilibrium the identity T, =0 is accomplished, the above expression boils

down to

{7 Ve 0ha, 010)-c vy Stat |- ue]
2(0)+ n(6)Vs (a1 (6} q;(6).6) ©2)

The first order conditions of this optimization program are given by

. "V ag T aql dey  deq

M _ ie) MM _ oH _OH_

Regarding to the first one, we find that the transversality condition implies that
u(@)— 0; therefore, we have that p(6)=—A(1-G(8)). With respect to the units of
transportation service we get,

V(e ) AN ¢l = 3 E)Ve(-)l—G(e)
dq; aql o) C1+x oqf g(e) (63)
av(.)—aﬁzué(')“qu -cp = 2 WVa(t)1-GO) (64)

dq;  dqf 1+A oqr  g(6)
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n
. SOl ] _SE € SO B, 2 k Kk
Applying the fact that Cn =Ox8" +Cy" =8y8" +8y's™ +cy" == §,5NS and

the integrability condition of the gross consumers' surplus, (66)-(67) can bek =rlewritten as

A 9v,(Q].0)1-G(6
UI(Qf’e)_sil‘a;:l_'_x UIE(;SI ) g(()g) Vi=1...,n (652)

A 0v:(QL,0)1-G(6
DE(QE’G)_SIN_SE:HX Egeﬁ ) g(e()) ve=1,...,n (65b)

In the simple case of a multiplicative taste parameter where

V(q,(8) q;(0)6)=6V(g,(8)q(0)) (652) and (65b) boils down to a standard
inverse elasticity rule (see Laffont and Tirole (2000) for more details).

p; -8, -8 X 1-G(68)

=— Vi=1,..., n
p’ 1+ 6g(®) (062
4 Z £ A
pL-84 -8 X 1-G(®
e On 0 _ A ©) voorn (66b)
Pl 1+% 6g(6)

As it can be seen, each reliability contract has a different incremental cost.
Additionally, the price paid by the customer who values more reliability, g is equal to

the incremental cost of providing the gas in the wholesale market ("no distortion at
the top"). It is also shown that for every reliability contract, the tariff schedule is
increasing and concave; and as we mentioned before, this fact allow to implement the
optimal allocation through a menu of two-part tariffs (See more in section VI).

On the other hand, with respect to the access charge the only way to preserve this
discrimination principle in the wholesale gas market consists on the designing of
discriminatory access charges for each reliability contract

N £
al =54 +5L + P2 17GO)

1+7~k—é— g(G)

This means, that depending of the reliability contracts that the entrant is willing
to serve in the wholesale market, he should be charged in such a way that is consistent
with (66b).
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Finally, to obtain the optimal tariff schedule, the optimization of the consumer
program gives

oT, (‘h(e)) _ BV(O) _ iSkD,(Qlf,e) and dT (‘IE(G)) _ aV(’) _ N SkDE(Q‘E,B)

d Qf - an k=t d qé aqé k=t

Up to this moment we have expressed the optimality conditions in such a way
that it is possible to measure the effects of the reliabilities on the optima tariff structure.
However, it results vital to also express those conditions in terms of the volume of
the customer's purchase. Consequently, we start by rephrasing the gross consumers'
surplus as a function of the cumulates Q} and Qp,

n H oV. e .’e n ¢ »
Va3 5Ly s o)
V(Q,0)Q:0)0)=F Y r'(v,(Q!,6)-v,(Q"",6))  and then,

j=LE f=1
av(Q,(6) Qs (6)6) __,

_ ¢
an =3 Dj(Qj,G)

Therefore the nonlinear tariff as function of the cumulates is given by,

JoT.Q,(6
%ZSZUJ(Q?G):pf(qj)_p?l(qj) ©7)

0

Tj(Qj(G))=ZS‘Fﬁvj(xj»G‘(Xj))dxj (68)

£=1 0

As Wilson (1993) states, the important feature of these conditions is that they can
be solved for each contract separately as a function of the cumulatives, thus eliminating

the dependence among contracts (however A has to be the same for all the reliability

contracts)®, 1+2

39 Some application of this structure in the case of U, (x,.9)=6—xj and q uniformly distributed over
[0,1)] yields after some computations that

__1 '[z )t &7"’,, LY YIRS
1@ E)= =Xl e+ m q,[l Slof -2 ]]

I N I AW’ 5 "rll __1 ¢ el where5=—~
TE(QE(O))‘1+$§(5N+’E)7E"’H’a; QE(I ZLQE Ok ]] 1+4

This represents that the optimal tariff structure is not only cost-based (first term) but also demand-
based (second term). And the demand criteria is in function of both reliabilities (discrimination following
customers' heterogeneity) and cumulates (quantity discounts).
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At last, the solution with respect to the reducing-cost effort of the gas utility
yield,

’ a (;1.
W(eI\UeS):_ Se%() (69)

which represents the traditional cost reimbursement rule for the gas utility where
the marginal disutility in reducing the fixed cost associated to the pipeline is equalized
to the marginal cost reduction in this division of the gas utility.

VIII. MODEL 5: "EFFICIENT COMPONENT PRICING RULE"

Adhering to Armstrong, Doyle and Vickers (1996), there is another way to analyze
the rationality of access prices based on the concept of opportunity cost. This idea
was formalized by Baumol (1983) and Baumol-Sidak (1994, Ch. 7). In general the
ECPR rule says that the access price should be set equal to the direct incremental
cost of access plus the opportunity cost (e.g. lost profit from) supplying it. Although
in its origins, the ECPR results in a intuitive margin rule, we want to analyze the
concept of opportunity cost under various assumptions about demand and supply
conditions. Additionally, we assume that p, and are going to be fixed by the regulator.

In this case, it is necessary to suppose that the entrant's price is always set equal to
marginal cost. This result comes from the first best solution to the entrant profit
maximizing behavior represented by

I, ={p —cx—aj, . . . .
Max e =(pe-c. -ak, which gives as a solution p, =c, +a
Qe

This postulation is equivalent to Laffont-Tirole (1994) idea of constant returns to
scale in the entrant's technology. Likewise, the incumbent and entrant's demand are
imperfect substitutes. They accomplish the conditions of symmetry of the Slutsky
matrix, which can be represented by

ax](pl’pE)EaXE(pl’pE)Z

0
opy dp,

IT;,

On the other hand, by Envelope theorem we have that 9 =q; (ps.a,c, )and

E

==q,(a;.2,¢;5). In this sense, p;. (p,,a,c, ) is such that

E

da

d
by Sheppard's Lemma

qE(p:.(pl’a’cE)’a’CE)ExE(pl’p:E(pl’a’cE))
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These statements bring in the need to redefine the Pipeline's Operator Utility
Level; so as to express it in terms of the new control variables,

Ul(pl’a)= plq:(Pl'a)+aq;(pI’a)—CN(B’CN’q:(pI’a)+q;(pl’a))
- Cy(B.e5.a1(p1,2)) (70)

Whereq;(p,,a)=x;(p,,a) corresponds to optimal demand function met by the
gas utility, which is derived from q, {p,, p; (p;»2, 5 )) Besides, g, (p,»a)=q5(p;,2)=
x; (p,,a) represents the equilibrium supply and demand of access. Taking this into

account, the maximization of social welfare can be represented as:

Max W(p,,a)=U.+U,(p,,a)+ HE(p;,a,c)
s.t. U, 20 (X)

Where the entrants breakeven constraint® is ignored due to the assumption that
gn

they ate pricing at the marginal cost. We let X >0 be the endogenous shadow price
of the constraint over the profits of the incumbent. In this way, we have that the first

order conditions of this problem with respect to p; and are the following

A ox; aq,,

®) mxl :"(Pl —Cro =Gy, )‘é‘i_(a_CNQ)a_p‘? (71)
A ox; aq,

() 1+XQA =—(P] _CNQ_CSxI )'a}aL_(a_CNQ) a; (72)

In this case, the first best would have achieved productive and allocative efficiency.
However, given the breakeven constraint, it is impossible to meet these conditions

together. And given P, > Cyq + Cy,, we have that access is priced above marginal cost
and can be represented as:

ox, _
— )\’ *
a=CNQ+(pI_CNQ_CSx[) _aq* +I+X _Z;i]t
A A
oa da

40 In the presence of fixed costs for the entrants, this constraint aiso represents the fixed-cost recovery
constraint.
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ox; /oq,
If that ——‘/ —A =0 t
WE assume a aa aa we ge

Al 4
a=Cy,+0 -C —Cx +—= - "
NQ (PI NQ s ,) 1+5 an (73)

oa

where 6 can be interpreted as the displacement ratio, in the terminology of
Armstrong, Doyle and Vickers (1996). It roughly measures the reduction in the demand
for the incumbent's product originated by providing additional units of access to the
entrants.

A. Input Substitution: Storage and Transportation Unbundling

Unbundling pipelines gives natural gas storage a new role in natural gas and
transportation markets in addition to its traditional role of load balancing. In this
possible structure, storage operators become active in the gas market, buying and
selling natural gas as market conditions change. Storage can be crucial in relieving
pipeline congestion in local gas markets and helping to lower gas prices.

A storage operator can use the available pipeline capacity in off-peak periods,
when natural gas prices are low, to inject natural gas into storage, and then sell this
gas in the local market for higher prices during peak periods. The storage operator
gather the benefits of high peak prices, but it also pushes peak prices toward
competitive levels because the availability of natural gas from storage relieves
congestion, at least partially. And its high profits will attract additional storage facili-
ties to the market, which will further lower prices.

In this case, we consider a storage operator as a new supplier in the transportation
market, and we will show, based on the above results that the implementation of this
policy helps to lower the access charge in the transportation market.

6 =0, X0, =[_ axl/apE ][aqE/aa]

dqz /op; )| 0q, /0a

where O, represents the supply-side substitution possibilities. As we have assumed

along this document, when they are not present, then q, =q, and 6, =1. Additionally,

if we take account of

qi\(pl‘a)EqA(x;Z(pI’a)’a)EqA(qE(p;E(Pl’a)’a)'a) and,
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aq;(Pl’a) = an(’) aX*E(')+ an(.)
da dqy da da

_ da _ 1

_an_ax_’;+% _an+ 9q, /9q;
dgz da  da  9q, da / da

we get that O,

The ability to substitute transported gas by stored gas is represented by a;lA . So,
a

an increase in the absolute value of this partial derivative implies a reduction in the
value of ©.Therefore, based on (73) we can sustain that the introduction of separated
storage operators determines a reduction in the access price charge by the gas utility
to entrants in the downstream sector.

B. ECPR and Ramsey Pricing

Under the initial assumptions of fixed proportions technology, homogeneous
product and no possibilities of bypass we get that ¢=1"; and if we ignore the

breakeven constraint for the incumbent (} =0 ) we will obtain

a:CNQ+(PI_CNQ_CSx,) 74

This cotresponds to the traditional ECPR formula where the first term of the
right represents the direct cost of providing access and the second justifies the existence
of an opportunity cost of doing so, given by the incumbent's lost marginal profit.
However, our interests are focused to the case which the breakeven constraint is
relevant for the pipeline operator. This implies that when the access charge and the
wholesale price are chosen optimally, the access charge should be greater that the
applied by the ECPR (adding a Ramsey term involving elasticities of demand).

Finally, it is important to show the way that ECPR approximates to Laffont-
Tirole approach of Ramsey pricing, In this way, we should express conditions (71) and
(72) in terms of for p; and p,, using the identities q, =qj,q; =x; and py =a+cy.-
This yields,

A dp, x| p 3q’, 9
pr=m— LI P Lo re +a-Cy)| -2 R
dp, ox,

g4 _ 9%
% oa

41 q:a Z-Q_X; =,Q*q;. Therefore,
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A p dq; dp,
=2 P(e +Cy )+ (pr —cp —Cro)l -
P, M ( no t sy ) (PE Ce NQ)[ 3, aq: (75)

A 9p: qb P ox; op
a=——Tﬁq—E—h+CNQ+(pI—CNQ—CSXI)[ I E]

1+% 09,  Ps ~ 0p; 9q;
A pe dq; dpe
=-— 0= +{C +cp J+lp, —Co = C -
Pk 1+, ( NO E) (Pl NQ SX,)[ apE aqE 76)

This gives a system of equations which after being solved and taking into account
the fact that,

1 941 9pe 99¢ 9Py 1991 %Pe 99; Op,

R opy dqx Op; 9q; . dp: dqy Op, 9q;
fi, =7, E qf Pr 99, and A, =", Pe qf Py 09,
_Pe 99, Op, My _ Py 99y Ope M

P; 9P: aQT MNe Pe 9P aq; N,

and brings the same result of the perfect information case of Laffont-Tirole
approach (Equations 8 - 9).

IX. CONCLUSIONS

In this document we have applied the general literature of access pricing which
has been widely developed in the telecommunication and electricity sectors. It is
common that the various tariff schedules try to take advantage of the opportunities
of price discrimination, that can be reached in different frameworks. However, the
most common in this citcumstances (as it is signaled by Boyer (1997)) is the Ramsey
structure of third degtee price discrimination. From this point of view the access
charges have to be not only cost-based but also demand-based. This implies that this
prices should reflect the possibilities of substituability between the gas utility service
and the one from its competitors in the wholesale trading and supply market.

However, this Ramsey benchmark can be extended to the multiproduct structure
that accommodates perfectly to the nature of the pipeline transportation service.
Although, it is difficult to obtain a simple measurement of the cross effects between
the demand for the differentiated services offered by the gas utility, and between
them and the ones offered by the entrants. As a consequence, we have supposed that
the demand of the variety of services offered by both the entrants and the gas utility
are independent. So, the access charges will only reflect the characteristics of the
substituability of the final service offered by the different participants of the market.
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Under the same structure, the possibility of peaks in demand that make binding
the capacity constraints led us to apply a simple structure of peak-load pricing to the
gas sector in both the symmetric and asymmetric information environments. As it is
traditional, we obtained that the access tariff in the case of peaks on demand should
be fixed higher than in the idle capacity periods, owing to the cost of expanding
capacity to satisfy the demand requirements.

After doing so, we introduced the principles of nonlinear pricing to this
multiproduct structure to show the effect of the technological substituability
boundaries in the self-selection constraints and implicitly in the optimal tariff sche-
dule. There we show the way the regulator manages the interest of non-firm
contractors of mimicking being captive customers to increase the profit making
opportunities in the unavoidable secondary market. Alternatively we made a remark
on the fact that the structure of section 6 does not take into account the behavior of
the marginal cost with respect to the provision of reliability.

To solve this problem, we designed a tariff structure that assumes that the
'incremental cost' is increasing with respect to the level of reliabilities (it is less costly
to serve low reliability contracts), taking as a base the methodology of Wilson (1993;
Ch. 13). Under this assumptions we could obtain a tariff structure which assigns
prices simultaneously to increments in quantities and reliability.

Finally, we make use of the Efficient Component Pricing Rule to design optimal
access charges, due to its empirical relevance. Under this framework, we show in
section 8 that the unbundling of transportation and storage helps to reduce the
monopoly distortions over the access prices. In addition to this we conciliated (under
some restrictive optimality conditions) the ECPR and the Ramsey pricing setting of
gas transportation services.
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