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Abstract

This paper examines market power in the wholesale eldgtspiot market in
the Canadian province of Alberta. The characteristics e€tekity markets and
the structure of the post-regulation industry suggestttiere is the potential for
the exercise of market power by electricity generators.niysiata for the period
from 1998 to 2002, | estimate a parameter indicating theaegf competitiveness
in the market, and find it is consistent more with competitizam with the exercise
of market power. | conclude that the market design and imgusstructuring have

been successful in constraining the strategic behaviofimos.
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1 Introduction

In the past fifteen years, governments in North America, perand Australia have
started deregulating their electricity industries, andhynathers are considering such a
policy. Generally, the objective has been to reduce pricesdnsumers, to encourage
new investment and to reduce the government’s costs ofatgglthe industry. In most
cases, a competitive market has replaced the regulateof r&tirn pricing systems un-
der which electricity generators operated in the past. Turpgse of these markets is
to encourage efficient generation of electricity and to mte\appropriate price signals
to potential entrants. Historically, however, electgditdustries have been typified by
a small number of vertically integrated incumbents. Thisaamtration in electricity
generation raises the possibility of firms exercising mgpksver. In view of this, gov-
ernments must carefully consider the post-regulatorystrgustructure and the design
of market mechanisms.

The experience of Alberta, Canada, reflects many of the caxgacisions involved
in deregulation. Alberta began restructuring its eletttricndustry in 1995, and its
wholesale electricity market has been nearly fully deratpa since 2001. The Alberta
case can thus provide insight into the policy consideratiohderegulation and the
subsequent outcomes in the marketplace, which is impoftargther markets now
considering deregulation.

This paper considers whether firms in the Alberta wholedalgricity market have
exercised market power since generation was deregulatsdmiAimizing potential
market power was an explicit objective of the wholesale ratdlesign and the industry
restructuring, resolving this question would provide a suea of the success of these
policy choices. Furthermore, evidence that firms can ané kbaercised market power
would have significant consequences for the Alberta ecoramaythe current Alberta
government, which has made deregulation of the electriotiystry a key political
objective.

Using data from 1998 to 2002, | employ a method developed bgiahan (1982) to

estimate a parameter indicating the degree of market p&sémates of the parameter



are less than what is predicted by the Cournot model of obyopvhich has been

commonly used to analyze electricity markets. The resuéschboser to the perfectly

competitive outcome, suggesting that the industry resirirgg has been successful in
minimizing the exercise of market power.

The paper is organized as follows: Section Il discusses eng@dwer in the context
of electricity markets. Section Ill summarizes the deragah process in Alberta and
provides an overview of the industry structure during theqekstudied. In Sections
IV and V, | develop the empirical framework and discuss th@adesed to estimate the
degree of market power. Section VI presents the resultseoéthpirical analysis and

Section VIl concludes.

2 Market Power in Electricity Markets

Electricity industries can be divided into four segmentsngration, transmission, dis-
tribution and retail services (Joskow (1997)). Electyicgén be generated using a vari-
ety of technologies, including oil-, coal- and natural dgjasd thermal generation plants,
hydroelectric dams, and wind farms. Generated power istnéted by high-voltage
power lines to utilities, which convert the power to loweltages suitable for distri-
bution to residential, commercial and industrial consisnerhese utilities may also
provide retail services such as metering and billing toghmssumers. Transmission
and distribution are considered natural monopolies, boegdion and retail services
are not (Newbery (1995)). In most cases, generation hasthedirst segment of the
industry to be deregulated, and it is in this market wheretrstnglies have considered
market power.

A firm exercises market power through strategic behavioair d@fffects the market-
clearing price and quantity. Typically, this behaviourotwes reducing its output or
raising its price (Borenstein et al. (2000)). This is morsacly expressed in the classic
model of Cournot competition, under which firms choose tles#ls of output knowing

that their strategy and the strategies of other firms wiketfthe market equilibrium.



Shapiro (1989) shows that a firm’s profits are maximized u@tarnot when the fol-

lowing condition holds:

=2 i=1,..n, 1)

where P(Q) is the industry demand functio is total output,c;(q;)is theith firm’s
marginal costs; is the ith firm’s market share), is the price elasticity of demand and
is the number of firms. From (1), it follows that each firm’s market power is directly
proportional to its share of the market and inversely propoal to the price elasticity
of demand. Moreover, Cournot is socially inefficient, simdlefirms are producing at
levels where the market price is greater than their margioat. Under a monopoly
or collusive oligopoly, price-cost mark-ups will dependedp on the price elasticity
of demand; at the other extreme of perfect competitié(ry)) = MC;(¢;) and hence
the price-cost mark-up is zero. The Cournot oligopoly ootedhus lies somewhere
between perfect competition and monopoly. It is clear thidid industry is dominated
by a few firms with large market shares or if demand exhibitspoice elasticity, then
firms behaving as Cournot oligopolists can unilaterall\geaihe market price above
their marginal cost of production by reducing their output.

Although Cournot has often been used to analyze electrigitgkets, it is not clear
whether it is the best model of the behaviour of electricéperators, as generally firms
can also choose the prices at which they offer electricitys Suggests that the Bertrand
model of oligopoly may be more applicable, in which case tlaeket price would be
expected to be closer to the competitive outcome. Boremsteal. (1999), however,
contend that Bertrand competition is inappropriate bezaiuassumes that each firm
can expand output sufficiently to serve the entire marketchvts unlikely to be the
case in electricity markets. Indeed, models of Bertrandpeition with capacity con-
straints may have equilibria that are closer to the Courattame (see Tirole (2002), p.

215). Klemperer and Meyer (1989) provide a solution to a rhofieligopoly in which

1The cost function is assumed to be non-decreasing in output.
2See Borenstein et al. (1999) for a list of studies of eleityrimarkets that apply Cournot.



firms choose a “supply function” relating their quantity aftput to the market price,
which is a closer fit for the nature of competition in this caBeey find that “quantity-
setting models” (i.e. Cournot) may be more appropriate wimanginal cost curves
are steeper relative to demand, whereas “price-settingeledf.e. Bertrand) describe
competition better when marginal costs are flatter. In ganerdustry marginal cost
curves in electricity generation are flat along most of thairge, but become increas-
ingly inelastic as capacity constraints are approachedielv of this, it is likely that
Bertrand competition is a better approximation when thespare generation capacity,
but the outcome approaches that of Cournot as productioroagpes capacity con-
straints (Newbery (2002)). This would imply that Cournosdébes the behaviour of
firms during peak demand periods.

In electricity markets, generators can exert market powerugh either physical
or economic withholding. In most market designs, firm subangchedule of price-
guantity “blocks” reflecting how much electricity they ardlimg to generate at differ-
ent prices. The system controller then dispatches cap@cihcreasing order of cost,
and the marginal block (i.e. the last block dispatched totrdemand) sets the market
price. If a generator physically withholds a block from tharket by not offering it,
the controller may have to dispatch higher-priced genamdti order to meet demand,
resulting in a higher market price. Assuming the generaasrdubmitted other, lower-
priced blocks and the increased profit on these blocks framwiie in price is greater
than the profits lost by not offering the withheld block, trengrator will increase its
total profits. Similarly, a generator may employ economithivolding by offering a
block at a price sufficiently high that it will not be dispaéth Again, other, possibly
higher-priced blocks may have to be dispatched, with theesasult. In both cases,
assuming that the withheld blocks would have been dispdtiohd they been offered at
marginal cost, the generator’s behaviour will result inghler market price.

The profitability of withholding depends on the nature of th@ustry supply rela-
tion. If, for example, a number of firms submit blocks of elaxty at similar prices in

the range where supply and demand are expected to balaribbpiding output may



not be profitable, as the price may not rise sufficiently to pensate the firm for the

revenues lost from withholding output. If supply is inelashowever, such as when de-
mand rises close to capacity, then withholding may be a piwétstrategy (Borenstein
et al. (1999)).

The responsiveness of demand to price may mitigate thetgefd@enarket power. If
demand is price elastic, a reduction in quantity will resul& proportionately smaller
increase in the market price. Wholesale electricity makiebwever, tend to be very
price inelastic, since residential, commercial and srmalustrial consumers are gen-
erally not exposed to the market price in real time. Onlydagdustrial consumers
participating directly in the market can reduce their loadsesponse to changes in
the wholesale market price. This lack of price responsissimaplies that withholding
capacity may be highly profitable for a firm, as it could resalan increase in price
without a significant loss of market share.

The foregoing considers only the unilateral exercise ofkeigpower, but electric-
ity generators may be capable of exercising market poweugir implicit or explicit
collusion. Given the concentration of firms, the repeateadifeaquent interaction in the
market, the predictability of demand, the similarity of teguctures, and the ability to
observe prices (and in some markets, offery)ost, the Folk theorems imply that tacit
collusion may be sustainablelhus, the exercise of market power in electricity markets
may be the result of either unilateral and multilateral@tsiof market participants. As
Borenstein et al. (1999) note, however, models of colludmnot provide much insight
into how to identify the exercise of market power throughwsive behaviour. Thus,
the hypothesis that generators may engage in collusiort isureued here.

A number of studies have found that the ability to exerciseketgoower is greater
in highly concentrated markets and when demand is high asldstic, which is an
accordance with the theory developed above. Brennan andni¢e{1998) simulate
the deregulated electricity market in Australia and find¢his potential for the three

dominant firms in New South Wales to exert market power, padrly during peak

3See Tirole (2002), p. 245-250, for a general discussion@fabtors affecting the sustainability of
tacit collusion in the context of supergame theory.



hours. Similarly, Green and Newbery (1992) consider thédrimarket and find that
early in the deregulation process the two dominant genexatassessed “very consid-
erable” market power. Borenstein and Bushnell (1999) atmbtfiat there is potential
for market power in the California market.

Other studies have estimated market power retrospecti@ifram (1999) exam-
ines the behaviour of firms in the British market during 1988 4994 and finds that
price-cost mark-ups, while significant, were below the leygedicted by the Cournot
and supply function models of oligopoly. Both Borensteinakt(2000) and Puller
(2002) find evidence of market power in California duringpleeiod from 1998 to 2000,
primarily during high demand periods. Similarly, Joskovddtahn (2002) find a large
difference between actual prices and simulated benchmarkspin California during
June, July and August, 2000, which they attribute in part éoket power exercised by
suppliers withholding supply during peak hours. Harvey Bioggan (2001a,b,c) chal-
lenge this finding, however, contending that a lack of pujpkwailable data introduces
error into the calculations, making inference unreliable.

The exercise of market power in electricity markets can tsagmeificant effects on
consumer welfare, economic efficiency and the environmésitelectricity demand is
nearly price inelastic, the exercise of market power wifule in higher prices and a
transfer of economic rents from consumers to producersaridim of higher profits.
Moreover, as demand response to higher prices is minimakishort-term, no ineffi-
ciency will arise from underconsumption, but less efficiprdduction may have to be
substituted for withheld capacity (Borenstein et al. (200Mansur (2001) shows that
this substituted generation may also have higher air potilemissions, so the exercise
of market power may also lead to an increase in pollutidn.the long term, higher
prices in the wholesale market may also distort investnmagntives. As Borenstein et
al. (2000) note, high prices caused by market power may eawkfficient investment
in new generation and a reduction in investment by firms ordémeand side. Despite

these effects, however, a market subject to limited mardegp may still be preferable

4Mansur (2001) also notes that in some cases, less pollugingrgtion may be substituted for with-
held capacity, with the result that air quality may actuathprove if firms exercise market power.



to regulation. Newbery (1995) points out that if the costshaf exercise of market
power are less than the costs of inefficient investment uadegulated regime, then an

imperfectly competitive market achieves higher total aedf

3 TheAlbertaElectricity Industry

In Alberta, generation and retail services have been openedmpetition, but trans-
mission and distribution remain under government reguieti Prior to deregulation,
three vertically-integrated utilities, TransAlta Utiés, Alberta Power and Edmonton
Power, dominated Alberta’s electricity industry. Thes#itigs owned most of Al-
berta’s transmission system and supplied electricity taisipal utilities and their own
franchise areas. The largest, TransAlta, owned over 50%eoptovince’s generation
capacity, with the two others each holding approximatel$o2@aniel et al. (2003)).
All generation was centrally dispatched based on the agetagt of production, and
generators received a regulated rate of return based aratregage costs.

The creation of the wholesale market for electricity in 1926 one of the first steps
in the deregulation process. This market is managed by theiPBool of Alberta,
which is also responsible for dispatching generation andtaiaing the stability of the
electricity network (Government of Alberta (2002)). Aleelricity traded in Alberta is
sold through this market, and it sets the spot price for etgist for every hour of the
day. A day ahead, generators submit a schedule for eachrmtigating at what prices
they will supply different quantities of electricify.Similarly, utilities and industrial
customers submit bids to reduce their load when the markeg gses above their bid
price. The Market Administrator sorts offers and bids bgetio create a “merit order.”
On the day of production, the System Controller moves up awhdhe merit order to

dispatch supply and demand blocks as system load (i.e.rielgciemand) changes.

SDaniel et al. (2003) provide a detailed history of the Alaegtectricity industry and the deregulation
process.

5Generators are permitted to restate the quantity of subdnittfers. Generally, capacity that is not
economic to run in a given hour at forecasted prices will lstated downwards, resulting in a left shift
of the day-ahead curve (Power Pool of Alberta (2002)). Atspacity may be restated in order to meet
reserve requirements.



The price of the marginal block - the last bid or offer that tus dispatched - sets the
System Marginal Price (SMP) every minute. At the end of therha time-weighted
average of the marginal prices is used to calculate the “Brazd” for that hour. Utilities
and industrial customers pay this price to generators fon ezegawatt-hour (MWh) of
electricity consumed.

The change from a regulated regime to a competitive marksédawo issues
(Daniel et al. (2003)). Plants built under regulation weoastructed under the as-
sumption that their output would earn the average cost oéiggion and a legislated
rate of return. With the change to marginal cost pricing, @egéants would be earning
below their average costs, leaving the owners with highateted” fixed costs. On the
other hand, the owners of older, fully depreciated plantald/@arn returns far above
what they would in the regulated environment. The goverriragAlberta decided that
residents of the province should retain these residualftbeibet also bear the stranded
costs. Furthermore, as generation remained highly coratedt there was a risk of the
three dominant generators exercising market power in trideghle market.

To address this, the provincial government introducedislaged hedges,” which
protected previously regulated units from the Pool pricein€rs of these plants contin-
ued to sell the output through the wholesale market, bututhéehedges, they received
returns similar to those earned under regulafidks the regulated units accounted for
most of the generation capacity of the three dominant gémsiavery little of their
output was exposed to the Pool price and hence they hadifittntive to exercise
market power. London Economics Inc (1998) concludes treh#dges were success-
ful in this respect, and prices in the wholesale market didaie low during the period
when the hedges were in effect. However, London Economic1898) also found
that the hedge structure distorted Pool prices downward$iance reduced incentives
for new investment. Indeed, despite increasingly tighpduphere was very little new

investment in generation capacity during the period fro61® 20018

’See Government of Alberta (1998) for a detailed explanaifdhe hedge structure.
8Daniel et al. (2003) argue that low Pool prices cannot preeidufficient explanation for the lack of
investment and ascribe it to uncertainty over the path cégidation.



To eliminate the distortion imposed by the hedge structutieomt creating opportu-
nities for the dominant firms to exercise market power, theegament required owners
of regulated units to sell the rights to the future produttdthose units. Output from
regulated units was sold at auction under the terms of deec&ower Purchase Ar-
rangements (PPAs). The successful bidders obtained thetagffer the output into
the wholesale market, and in exchange, PPA purchasers waylthe owners of the
regulated units for their output under formulae calculadtegive a return similar to that
which would have been obtained under regulation. Mitigatimarket power was an
explicit objective of the PPA auction, and the auction rilese designed to minimize
the chance of firms obtaining generation portfolios that iguermit them to exercise
market power (Charles Rivers Associates Inc. (1999)). TAsRook effect on January
1, 2001, and apply for periods of three to twenty years, déipgnon the expected life
of the unit. The auction was held in August 2000, but only emjtthe twelve PPAs,
constituting 66% of the 6425 MW of generation capacity ala#, were sold (Daniel
et al. (2003)). The Balancing Pool of Alberta, an organ@aset up to manage the fi-
nancial aspects of deregulation, assumed responsilmlityffering the unsold capacity
into the wholesale market.

While the PPA auction permitted new entry into the genenatiaarket by power
marketers, there has also been a significant expansion efaerg capacity in Al-
berta in recent years (Figure 1). Since 1996, almost all@h#w generation has been
gas-fired, reflecting the lower investment required for {daof that type (Government
of Alberta (2002)). Total capacity grew by over 9% in both @Ghd 2001, and by
approximately 22% overall between 2000 and 2002. Albertaatao import or ex-
port power through connections to the neighbouring prasraf British Columbia and
Saskatchewan. The BC and Saskatchewan interconnectengide small in relation
to Alberta’s installed capacity; the former has a capadit§a®d MW and the latter 150
MW. At the end of 2002, Alberta had a total capacity of 11,75%Mbut only approx-

imately 10,200 MW is available to the Alberta electricaldgfGovernment of Alberta
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Figure 1: Alberta Installed Generation Capacity by Type9@2001. Source: Alberta
Energy and Utilities Board (2002).
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Over 60% of Alberta’s generation capacity continues to beexhby the three major
utilities (Government of Alberta (2002)), but as a resultlod PPA auction and new
entry, concentration in the wholesale market is much loagiTable 1 shows.

The demand for electricity can be decomposed by sector (&g Industrial de-
mand is a little over half of the total, and its share has béeng during the the past
ten years. Residential demand has grown in proportion tewdfs population and has
remained at a relatively constant share of around 15%. Taeeslof commercial and
farm demand have been decreasing, but this likely refleetsaihid growth of industrial
demand-

Electricity demand is highly variable depending on the seaslay of the week
and time of day. Figure 3 reflects the seasonality of elattriiemand and the overall
growth in electricity demand over the period due to popalaind economic growth.
Demand peaks in winter when there is greater demand foirighbut there is also a

smaller peak in summer, likely due to demand for air conditig. Unlike many other

9The unavailable capacity consists of generation for insedndustrial purposes.
9Commercial demand includes street lighting and industiéahand includes transportation.
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Table 1: Approximate Generating Shares of Participantslireaa Wholesale Market,
2002.Source: Power Pool of Alberta (2002).

Participant Capacity (MW) Share
Balancing Pool 2156 19.2%
Participant 2 1386 12.3%
Participant 3 1381 12.3%
Participant 4 1310 11.6%
Participant 5 829 7.4%
BC Tie Line 800 7.1%
Participant 7 743  6.6%
Participant 8 445  4.0%
Participant 9 345 3.1%
Participant 10 310 2.8%
Participant 11 296 2.6%
Participant 12 240 2.1%
Participant 13 205 1.8%
Saskatchewan Tie Line 150 1.3%
Other 656 5.8%
Total 11252

Figure 2: Alberta Electricity Demand by Sector, 1992-208burce: Alberta Energy
and Utilities Board (2002).
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Figure 3: Total Alberta Electricity Demand by Month, 199802. Source: Power Pool
of Alberta Historical Data.
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markets, almost all of Alberta’s homes are heated by nagiaslhence heating demand
is minimall? Examination of historical load data shows that during thg damand
reaches a minimum during early morning hours and a maximutimerevening. More
electricity is demanded on weekdays than weekends, butmitich@es not otherwise
vary significantly during the week. As in most electricity nkets, price elasticity of
demand is very low, as residential, farm and commercialocusts will only adjust
their use with a significant lag. Large industrial customémvever, may be able to
vary their use of electricity depending on the spot marketepr The Power Pool of
Alberta (2002) notes that in Alberta, load grew increasingksponsive to price spikes
throughout 2001.

To my knowledge, only London Economics Inc (1998) has fotynebnsidered
potential market power in the Alberta generation markedifig that in the absence of
the legislated hedges, the three major utilities would Heagesignificant market power
due to their concentration of generation capacity. AltHoegncentration has since

decreased, firms may still be capable of exercising marks&epdue to the low price

1198% of residences in Alberta are heated by natural gas agd &by electricity. Of total residential
electricity demand, 1.87% is used for heat, 1.50% is for csiiméot water, 4.5% is for Heat Recovery
Ventilators, 0.38% for air conditioning and 91.7% for appltes and lighting (Aydinalp et al. (2000)).
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elasticity of demand and the inelasticity of supply durirggk periods. The question
of whether this is in fact the case can be answered to sometdit@n estimate of the

competitiveness of the market.

4 Empirical Framework

Bresnahan (1982) considers a general model of demand irhvelimgenous variables
both shift and rotate the demand curve. He argues that if fir@hsive as price takers,
then changes in the price elasticity of demand (i.e. ratatmf the demand curve) will

not affect their behaviour and the market equilibrium wal bnchanged. However, if
the firms are exercising market power, then they will adjosirtstrategic variables and
the market will move to a new equilibrium. He shows that byneating a system of

equations consisting of the market demand function andrttlestry supply relation,

one can obtain a parameter indicating the degree of marketipo

Following this analysis, | assume the following general glad electricity demand:

Qi = D(P, Y, a) + &y, 2

where(@); is the quantity of electricity demanded (MW, is the price of electricity
($/MW), Y; is a vector of exogenous variables that shift and rotate ¢neashd curveq
is the vector of parameters to be estimated arsdthe econometric error term. Further

assume that firms have identical marginal cost functions of the form:

MCi(Qit) :Ci(q%aw/taﬁ)+ntvi: 17"'7”7 (3)

whereg;; is firm i’s output in periodt, W, is a vector of exogenous variables that shift
the marginal cost curve andl is the vector of coefficients. A profit-maximizing firm
will set outputg; such that marginal revenue is equal to its marginal cost:

oP

Pt(Qt)‘i‘;\i@Qit = MCi(gu),i=1,...,n, 4)
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where); is a parameter reflecting the firm’s degree of market powerand > , g;.
If a firm is a Cournot oligopolist, thek; = 1. If the firm is a price-taker, thek; = 0.

Taking the average across all n firms, obtain

oP - S\iQit
P=—-—— + MC , 5
1= 5o o, T MC@) (5)
where
1 n
MC(Qt) = g Z MCi(Qit)- (6)
=1
For simplicity, let
- S\i%
\ =
200

and obtain the industry supply relation:

oP
P = —)\%Qt + MC(Qy). (7

The parametek is thus the market share weighted average of each fikparameter.
It follows that if all firms are price-takers\ = 0. In a Cournot oligopoly withn
symmetric firms\ = % Thus, this parameter indicates the degree of market power
exercised by firms in the industry.

To make the foregoing more tractable, consider the follgWwag-linear version of

equation (2):

Qt = Xt/(]{ + O[th + O[pthW[NTERt —+ Et (8)

P, and(@; are the price and quantity in each peridd, is the vector of variables that
shift demand ané I NT E R, is a dummy variable that takes the value of 1 during the
months of January and December. Since these months areakel@amand periods, |
expect industrial customers to be more responsive to pticegthe winter, and hence

demand will be more price elastic.
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As most of the generation in Alberta is coal- or gas-fired) fugsts are likely to
have the largest effect on marginal cost. Due to the aburdaicoal in Alberta, fuel
costs for coal-fired plants are low and stable (Governmertlioérta (2002)). Firms
operating gas-fired plants, on the other hand, must purdbaeken the open market, in
which they are assumed to be price-takér©ther costs are not so easily observable.
In particular, “ramping” generation output up or down atfemaintenance costs, par-
ticularly with coal-fired plants, so some plants may not ratess prices are expected to
remain sufficiently high to warrant bringing them online.rBostein et al. (2000) note
that opportunity costs also include foregone sales in atiekets. In Alberta, genera-
tors may export power to neighbouring markets, but giverttdai@smission constraints
of the British Columbia and Saskatchewan interconnectierpgort opportunities are
limited.

Based on the above, | assume the following log-linear inglustirginal cost func-

tion:

MC(Qr) = Bo + 51Q: + BoNATGAS + ;. (9)

From (8), obtain:

o _ 1
0Q o+, WINTER'

Using this and equations (7) and (9), obtain:

P, = =X\Q; + Bo + 51Q¢ + BoNATGAS + n, (10)
where
Q= <

a, + a,,WINTER'

2In general, owners of natural gas-fired plants enter intg4@mm supply contracts or purchase for-
ward contracts for natural gas to ensure stable fuel costaieler, the spot price of natural gas reflects
their opportunity cost of production.
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Following Bresnahan (1982), it is clear from the above tlwhlihe demand function

(8) and the supply relation (10)are identified. Furthermaris identified.

5 Data

To estimate the equations described above, | obtained aatad number of sources.
Hourly data on Pool prices and load for the period 1998 to 206/ obtained from the
Power Pool of Alberta. For simplicity, daily indices of loadd price were constructed
from the hourly data. The daily load is the sum of the hourads, and the daily average
price is the average of the hourly prices weighted by loadohéhour.

In Alberta, the most appropriate index of natural gas prisehe AECO-C/NIT
spot price, which is the price of most gas traded in the pr®irHowever, as data on
the AECO-C/NIT price was unavailable for the entire periagljbstituted the NYMEX
Henry Hub daily spot price, adjusted by the daily US-Canaxtzhange raté® As
the North American natural gas market is tightly integratéese prices are highly
correlated and it should be an appropriate proxy. It is diesn Figure 3 that the Pool
price closely tracks the price of gas. This is to be expecieghghat gas plants often
set the Pool price during peak hours (Market Surveillanceingstrator (2003)) .

As a proxy for lighting demand, | used the number of minutedaflight in each
day, which I calculated from sunrise and sunset times obtbirom the United States
Naval Observatory for the city of Calgary. Calgary is theé&st city in Alberta and is

located roughly in the middle of the most populated regiothefprovince.

6 Resultsand Discussion

Table 1 shows the results of the Two Stage Least Squares j2&itigation of the
log-linear demand function 8 for the period 1998 to 2002 gisine price of natural gas
(NATGAS) as the instrument for the included endogenousatéei P-4

3pata on natural gas prices and exchange rates were obtagmadatastream.
Due to the presence of both heteroskedasticity and firstr setéal correlation, Heteroskedasticity
and Autocorrelation Consistent standard errors are Gketdiin accordance with the procedure developed
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Figure 4: Average Daily Pool Spot Price and Natural Gas Phgévonth, 1998-2002.

Source: Power Pool of Alberta and Datastream.
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Table 2: Results of 2SLS Estimation of Demand Function f&@8l® 2002 (N=1826).

Dependent Variable: LOG(Q).

Newey-West HAC

Variable Coefficient Std. Error t-Statistic Std. Error &ftic
Constant 12.9 0.0291 442 0.0480 268
LOG(P) -0.00533  0.00198 -2.69  0.00357 -1.49
LOG(DAYLIGHT) -0.161  0.00426 -37.9  0.00644 -25.0
WEEKDAY 0.0565  0.00143 39.5 0.00148 38.2
AUGUST 0.0348  0.00241 14.4  0.00409 8.50
JULY 0.0564  0.00261 21.6  0.00473 11.9
JUNE 0.0289  0.00269 10.7  0.00439 6.57
WINTER 0.0503 0.0115 4.37 0.0360 1.40
LOG(P)*WINTER -0.0128  0.00290 -4.42  0.00960 -1.34
1999 0.0110 0.00195 5.64  0.00370 2.96
2000 0.0709  0.00286 24.8  0.00589 12.0
2001 0.0775  0.00226 34.2 0.00462 16.8
2002 0.129  0.00195 66.1  0.00464 27.8
R? 0.850 Sum of Squared Residuals 1.22
Adjusted R? 0.849 Durbin-Watson Statistic 0.579
S.E. of Regression 0.0260 F-statistic 868
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The results for the demand function are generally condistéh the a priori as-
sumptions about the Alberta wholesale electricity markell. coefficients have the
correct sign, and most are significant at very high le¥elss all variables with the ex-
ceptions of the weekday, month and year dummies are in lag, ftire price elasticity
of demand can be obtained from the coefficient of P. As expettes very low, imply-
ing that changes in the spot price have little effect on I&ithilarly, demand is higher
during the summer and winter months, reflecting the use afaaiditioning in summer
and electric lighting in winter. The coefficients of the ydammies are also consistent
with the growth in electricity demand over the period. Theftoient of the interaction
term (LOG(P)*WINTER) suggests that demand is more elastiing winter months,
but as it is not statistically significant, this cannot berfiaily inferred.

Using these results, the variable Q* can be constructed s@d 1 estimate the the
supply relation (Equation 10). Based on the Newey-West Hts@dard errors, how-
ever, the coefficients of LOG(P) and LOG(P)*WINTER are natistically significant
at the 5% level, which immediately casts the reliabilitytu supply relation results into
doubt. Nonetheless, the Ordinary Least Squares (OLS)tsemd provided in Table 2.

The estimates of the coefficients of the supply relation areegally consistent with
the assumptions about the industry and with microeconohgory. Given the log-
linear form of the marginal cost function, the estimatedstant and the estimated co-
efficient of Q imply that marginal costs increase sharplycasllapproaches capacity
constraints. In general, one would expect the coefficierthefprice of natural gas
(NATGAS) to be one, but a one-tailed test of the null hypoithd3, : 5> = 1, against
the alternative hypothesif, : 5, > 1, can be rejected at a 5% confidence level. Atkins
and Chen (2002) note that most maintenance on Alberta gemecurs in the fall
months, so a dummy variable (FALL) was included for obseovetin September, Oc-
tober and November to capture the effects of scheduled esiag maintenance. The
estimated coefficient of this dummy is positive and stat#ly significant. The coeffi-

cients of the dummies for 2001 and 2002 are negative, refpttie growth in capacity

by Newey and West (1987).
15An estimation of a linear form of the demand function yieldadilar results.
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Table 3: Results of OLS Estimation of Supply Relation, 12982 (N=1826). Depen-
dent Variable: LOG(P).

Newey-West HAC

Variable Coefficient Std. Error t-Statistic Std. Error &ftic

Constant -29.6 2.96 -10.0 4.39 -6.74
LOG(Q*) -0.000137 2.11E-05 -6.50 3.59E-05 -3.82
LOG(Q) 2.65 0.248 10.7 0.368 7.21
LOG(NATGAS) 1.24 0.0376 32.9 0.0728 17.0
FALL 0.0955 0.0256 3.73 0.0491 1.95
1999 0.0407 0.0334 1.22 0.0571 0.71
2000 0.168 0.0452 3.71 0.0861 1.95
2001 -0.272 0.0449 -6.06 0.0747 -3.64
2002 -0.806 0.0511 -15.8 0.0910 -8.86

R? 0.612 Sum of Squared Residuals 364

AdjustedR? 0.610 Durbin-Watson Statistic 0.797

S.E. of regression 0.448 F-statistic 358

Log likelihood -1119

and the concomitant downward effect on prices. The coeffi@éthe 1999 dummy is
positive but statistically insignificant, which reflectetlack of expansion during that
year. By (10), the coefficient of Q* i3. It has the correct sign and is statistically
significant, but its small magnitude implies that the exsr@f market power was very
slight during the period. While the hypothesis that the raaik perfectly competi-
tive (A = 0) can be rejected, it is nonetheless well below the level expei€ market
participants behaved as Cournot oligopolists.

Given the changes in the industry structure since 1998, unlgkely that firms’
behaviour has been static during the period. In generalgherythe results for 2001
and 2002 (Tables 4 and 5) are very similar to those from theedinte year sample.

Again, the coefficients have the anticipated signs and yedlrlare significant at
the 5% level. The price elasticity of demand is greater festhtwo years, which re-
flects the increased responsive of industrial loads to adangprice. Otherwise, the
estimated coefficients for the demand function are simil@anagnitude to the estimates
for the five-year sample. The same holds for the supply orlativith the exception

of the coefficient of the FALL dummy variable, which is now agége, but statisti-
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Table 4: Results of 2SLS Estimation of Demand Function,
pendent Variable: LOG(Q)

2P002 (N=730). De-

Newey-West HAC
Variable Coefficient Std. Error t-Statistic Std. Error &f#tic
Constant 13.0 0.0482 269 0.0783 165
LOG(P) -0.0112  0.00336 -3.33  0.00549 -2.04
LOG(DAYLIGHT) -0.159  0.00742 -21.4 0.0113 -14.0
WEEKDAY 0.0534  0.00239 22.3 0.00246 21.7
AUGUST 0.0234  0.00432 542  0.00698 3.35
JULY 0.0563  0.00479 11.8  0.00906 6.22
JUNE 0.0209  0.00469 4.45 0.00704 2.96
WINTER 0.0884 0.0216 4.10 0.0480 1.84
LOG(P)*WINTER -0.0255  0.00542 -4.70 0.0113 -2.24
2002 0.0474  0.00255 18.6  0.00459 10.3
R? 0.737 Sum of Squared Residuals 0.574
Adjusted R? 0.733 Durbin-Watson Statistic 0.565
S.E. of regression 0.0282 F-statistic 239

Table 5: Results of OLS Estimation of Supply Relation, 2@0D2 (N=730). Depen-

dent Variable: LOG(P)

Newey-West HAC

Variable Coefficient Std. Error t-Statistic Std. Error &&stic
Constant -30.5 4.46 -6.84 6.78 -4.49
LOG(Q*) -0.000284 6.42E-05 -4.43 1.14E-04 -2.50
LOG(Q) 2.70 0.370 7.28 0.563 4.80
LOG(NATGAS) 1.27 0.0492 25.9 0.0813 15.7
FALL -0.0650 0.0387 -1.68 0.0615 -1.06
2002 -0.534 0.0367 -14.5 0.0630 -8.47

R? 0.568 Sum of Squared Residuals 126
Adjusted R? 0.566 Durbin-Watson statistic 0.813
Log likelihood -393 F-statistic 238
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cally insignificant. This change may reflect the Power Pdatsroved scheduling of
maintenance of generation units in order to reduce the teffedool prices. In this
sub-sample, the estimate bfs greater than that for the entire sample, but it is stilllwel
below the level predicted by Cournot.

Overall, these results suggest that the exercise of madwetiphas been very lim-
ited, but they must be interpreted with some caution. Badlide econometric problems
described above, Corts (1999) argues that the methodoleggiaped by Bresnahan
(1982) may underestimate the degree of market power. Huntire, as Borenstein et
al. (2000) point out, methods of estimating market powehatharket level capture all
inefficiencies in the market, not just the exercise of magmter. Thus, these results

may not be an accurate reflection of market power in the Adbsholesale market.

7 Conclusions

The foregoing has considered both the potential for andceseeof market power in the

Alberta wholesale electricity market. Although the chéeastics of electricity gener-

ation, the structure of the Alberta industry and the expegein other markets would
suggest that there is potential for the exercise of markeepdhe empirical results im-

ply that firms have not exercised or have not been successfbircising market power
during the period studied. This suggests that the legigl@tédges employed until 2001
were sufficient to remove incentives to engage in strategi@biour aimed at raising
market prices. Furthermore, it would appear that the aituof market shares through
the PPA auction has been successful in limiting market p@ivexe the elimination of

the hedges.

Clearly, however, further study is required. Given the dvaeks of the empirical
technique employed here, one strategy would be to simutatgetitive benchmarks
using firm level data as other authors have done for the @aig@nd British markets.
The feasibility of such a study is constrained by the avditslof data, but it is the

obvious next step towards a robust estimate of market pawglbierta.
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