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Abstract

It has been argued that having a contract market before the spot
market enhances competition (Allaz and Vila, 1993). Taking into
account the repeated nature of electricity markets, we check the ro-
bustness of the argument that the access to contract markets reduces
the market power of generators. In particular, we investigate the sen-
sitivity of this result with respect to the �nite horizon assumption.
This paper proposes a model of the electricity market where �rms
sign long-term supply contracts with their retailers. Subsequently,
the �rms repeatedly interact on the spot market. It is shown that
contract markets help sustain collusion on the spot market.
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1 Introduction

For many commodities, there are essentially two ways of selling the good;

either �rms sell it through long-term contracts, or they sell it on the spot

(day-ahead) market. Some formal arguments support the view that �rms

may have less incentive to exercise market power, if they have large contract

positions (Allaz and Vila, 1993, among others). Intuitively, a �rmmay obtain

a leadership position by selling contracts before going on the spot market.

Motivated by this opportunity, all players participate in the contract market

and as a consequence compete more aggressively overall. Access to contract

markets prior to the spot market may thus decrease the market price.

In the process of redesigning domestic electricity markets, many countries

have in fact decided to facilitate the access to contract markets. In March

2001, the New Electricity Trading Arrangements (NETA), which allow bilat-

eral contracts between producers and retail companies, were introduced in

England and Wales (Ofgem, 1999). Following the energy crisis in the State

of California during the summer of 2000, the Market Surveillance Committee

(MSC) recommended an unrestricted ability for utility distribution compa-

nies to contract. According to the MSC, such a measure would limit the

ability of generators to exercise market power (MSC, 2000, p.15). Regu-

lators thus seem to believe that the market power of generators would be

reduced by an enhanced opportunity for �rms to contract and several au-

thors have con�rmed this result for the wholesale electricity market (von der

Fehr and Harbord, 1992; Powell, 1993; Newbery, 1998; Green, 1999; Wolak,

2000).

A central feature of the analysis of Allaz and Vila is based on a framework

with a �nite horizon. As a result, the access to a contract market gives

rise to a situation reminiscent of the prisoners�dilemma; each producer has

an incentive to o¤er a contract, but when all producers do so, everyone is

worse o¤. The repeated nature of many markets (in particular for electricity

markets) raises the question of whether this result is applicable to that market

(Borestein and Bushnell, 1999 or Harvey and Hogan, 2000).1

1Electricity prices have decreased in England since 2001, that is, after the introduction
of NETA. The empirical study of Bower (2002) suggests, however, that the price reduction
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The purpose of this paper is to check the robustness of the argument

that access to contract markets reduces the market power of generators. In

particular, it investigates the sensitivity of this result with respect to the

assumption of a �nite horizon. We consider a model where two �rms initially

o¤er a long-term supply contract before repeatedly interacting on the spot

market by choosing prices. Both �rms o¤er retailers the opportunity to sign

a contract, which stipulates a quantity of electricity to be bought in every

future period at a ceiling spot price. That is, in every period, the retailers

commit to buy the contracted quantity at the prevailing spot market price,

unless this price is higher than a threshold level speci�ed in the contract; if

so, the retailers buy the contracted quantity at a price equal to the threshold

level.2

In this setup, �rms enforce price collusion even though they have signed

contracts stipulating that they will supply large amounts of electricity in the

future. In fact, the contract market enables collusion on the spot market

when �rms would compete in the absence of such a market. The reason is

twofold. First, the incentives to deviate are smaller than in classical repeated

price games. Indeed, a �rm undercutting the monopoly price will earn less

than the monopoly pro�ts during the deviation phase, since the rival �rm

still sells the quantity stipulated in its long-term contract. Second, �rms�

ability to punish deviators is not reduced relative to classical repeated price

games. This is due to the ceiling spot price which implies that the contracted

quantities will be sold at the spot market price, if su¢ ciently low. By pricing

at marginal cost on the spot market, a �rm thus ensures that its rival earns

pro�ts equal to zero in the punishment phase.

The above result is related to the work by Schnitzer (1994) who considers

a �nitely repeated price game with best-price clauses. She shows that sellers

can sustain monopoly pro�ts with a meet or release (MOR) clause, that is a

clause according to which the seller promises a rebate to its customers if the

was due to changes in market structure rather than increased contracting opportunities.
2Such a contract is commonly used in many electricity markets between generators

and retailers or between generators and big industrial consumers, mainly as an insurance
against events such as high spot prices. It is called "Rate Cap Contract" in the Alberta
market, "Vesting contract" in the Australian NSWmarket or "Physical One-way Contract-
for-di¤erence" in the UK market.
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purchase price is undercut by competing sellers in the future. The mechanism

driving this result is di¤erent from the mechanism in the present paper due

to the assumption that consumers are strategic. If one seller deviates by

undercutting the monopoly price, it triggers a price war in the following

period. Anticipating the price war, all consumers buy from the seller o¤ering

the MOR clause, since this clause guarantees them a rebate in the future

due to the price war. In turn, the initial deviation becomes unpro�table.

The analysis in the present paper di¤ers from that by Schnitzer in several

respects. First, we consider a game with an in�nite horizon and analyze

equilibria sustained by irreversible punishments (trigger strategies). Second,

we analyze contracts that constituting a combination of the MOR clause and

a most favored customer clause.3 Third, consumers are non-strategic.

A few other papers have analyzed the interaction between contract and

spot markets in a dynamic setup. A common feature of these studies is that

the contract market is in�nitely repeated, while the spot market takes place

in one period only. Anderson and Brianza (1991) show that �rms are able to

sustain collusion if they take long positions and corner the market of their

opponents. In e¤ect, each �rm nominally commits itself to purchase the

whole of its rival�s output in each contract period. This result is also valid

in a model of a price-setting duopoly with di¤erentiated products (Mahenc

and Salanié, 2002). In contrast, we consider a setup where the contract is

o¤ered once while the spot market is in�nitely repeated. This model can

be viewed as a version of a repeated game with capacity constraints (Benoit

and Krishna, 1987, Davidson and Deneckere, 1990 or Fabra, 2003). Unlike

the case with capacity constraints, the contracted quantity must, however,

be ful�lled in each spot period.

The paper is organized as follows. Section 2 presents the model. Section 3

solves for equilibria in the repeated price game, taking contracted quantities

as given, and Section 4 analyzes the contracting stage. The paper ends with

some concluding remarks.

3The most favored customer clause stipulates that buyers are o¤ered a rebate if a
seller undercuts its own price in the future. Schnitzer (1994) shows that such a clause is
insu¢ cient to enable �rms to collude on the monopoly price.
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Figure 1: The timing of the game

2 The model

Consider two �rms (generators), 1 and 2, who produce an homogeneous good

(electricity) with identical constant marginal costs c and no capacity con-

straints. They sell the good to retailers on two successive wholesale markets,

namely a contract market (taking place in period t = 0) and an in�nitely

repeated spot market (taking place in all periods t = 1; 2; 3; :::). We consider

n regional retailers, which, at the national level, have relatively small market

shares. For this reason, retailers are assumed to be price takers, i.e. to be non-

strategic players. In each period t � 1, the demand of each retailer is given by
D (p), which is a decreasing and continuous function of the price p. Aggregate

pro�ts in each regional market are given by � (p) � (p� c)D (p) and are as-
sumed to be single peaked with an unique maximum at pM � argmaxp � (p).
To eliminate the variable n from the analysis, the total demand facing the

�rms is summarized by the demand D (p) of a single representative retailer.

The timing of the game is illustrated in Figure 1. The spot market takes

place in all periods t � 1. In this market, the �rms repeatedly compete for
sales of short duration. More precisely, each �rm i (i = 1; 2) posts a price

psit in each period t � 1. As a result, the spot price prevailing in period t is
determined as pst � min fps1t; ps2tg. (Henceforth, the superscript s stands for
spot market.)

In period t = 0, the contract market opens and the generators simulta-
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neously propose a binding and observable long term supply contract to the

retailers. A supply contract between �rm i (i = 1; 2) and a retailer speci�es

a pair (qci ; p
c
i), whereby the retailer commits to buy and �rm i commits to

supply the �xed quantity qci in every subsequent period t � 1. The price pci
constitutes a ceiling spot price whereby the retailer, in each period t, pays

the spot price pst for the quantity q
c
i ; if p

s
t > p

c
i , the generator, however, com-

pensates the retailer for the di¤erence pst � pci . (Henceforth, the superscript
c stands for contract market.)

The analysis will focus on collusive equilibria such that the �rms o¤er the

same ceiling spot price, that is equilibria such that pc1 = p
c
2 = p

c. We assume

that a retailer is willing to sign two contracts (qc1; p
c) and (qc2; p

c) as long as

qc1 + q
c
2 � D (pc).4 In fact, we will focus on equilibrium contracts such that

qc1 + q
c
2 = D (p

c).

Stage-games: A stage-game consists of a single spot market period where
each �rm i is already committed to the contract (qci ; p

c). Its outcome is

illustrated in Figure 2, assuming that pst � pc. D (pst) is the total quantity sold
given the spot price pst . In addition of the contracted quantities q

c
1+q

c
2 = Q

c,

the �rms thus supply Qst = D (pst) � Qc in period t, that is the residual
demand evaluated at pst . For this residual demand, �rms compete in prices

and retailers buy from the cheaper supplier.

In each stage game a �rm earns pro�ts, which are decomposed in two

parts, namely the pro�ts derived from the contracted quantity qci and the

additional pro�ts derived from the residual demand. These pro�ts depend

on the contract positions ((qc1; p
c) ; (qc2; p

c)) and on the pair of prices (ps1t; p
s
2t)

chosen by the �rms in period t. Below, we provide expressions for these

pro�ts assuming that max fps1t; ps2tg � pc. Our focus will be on equilibria in
the repeated spot market, which satisfy this inequality. Subsequently, we will

check that the �rms do not have an incentive to deviate from the proposed

equilibrium by choosing a price in period t which exceeds pc.

Consider the pro�ts earned by �rm i in a single stage game, that is the

sum of the pro�ts derived from the contracted quantity and the residual

demand. If psit = psjt � pc (where i; j = 1; 2 and j 6= i), �rm i shares the

4Both generators and retailers are assumed to be risk neutral and hence, there are no
risk sharing bene�ts in signing long-term contracts.
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Figure 2: An outcome in a spot-market period

residual demand on the spot market with �rm j. Firm i�s stage game pro�ts

are then given by

�it = (psit � c) qci + 1
2
(psit � c)

�
D (psit)� qci � qcj

�
= 1

2

�
� (psit) + (p

s
it � c)

�
qci � qcj

�� if psit = p
s
jt � pc: (1)

If instead psit < p
s
jt � pc, �rm i supplies all the residual demand in addition

of its contracted quantity. Its stage game pro�ts are then given by

�it = (psit � c) qci + (psit � c)
�
D (psit)� qci � qcj

�
= � (psit)� (psit � c) qcj

if psit < p
s
jt � pc: (2)

Finally, if psjt < p
s
it � pc, �rm i only sells its contracted quantity qci . Its stage

game pro�ts are then given by

�it =
�
psjt � c

�
qci

= �
�
psjt
�
�
�
psjt � c

� �
D
�
psjt
�
� qci

� if psjt < p
s
it � pc: (3)

Unlike the traditional repeated Bertrand game, the �rm posting the highest

price thus earns strictly positive pro�ts as long as qci > 0 and p
s
jt > c. Note

also that in equations (1)-(3), the contracted quantity qci is sold for the spot
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price pst = min fps1t; ps2tg rather than for the ceiling spot price pc. This is due
to the de�nition of the ceiling spot price and to the fact that in equations

(1)-(3), it is assumed that max fps1t; ps2tg � pc:
Trigger strategies: We restrict our attention to stationary collusive agree-
ments supported by trigger strategies, that is, �rms remain at the collusive

price unless someone cheats.5 If at any point time anyone is detected cheat-

ing, players revert to the static Nash equilibrium and remain there forever

(Friedman, 1971). This greatly simpli�es the analysis as well as the exposi-

tion and does not restrict the scope of the results.6 Let �Ni denote �rm i�s

per period pro�ts on the spot market when the �rms post the one period

Nash equilibrium price vector pN =
�
pNi ; p

N
j

�
. Let �Ai denote �rm i�s static

payo¤when the �rms stick to the stationary tacit agreement A, that is when

the �rms post the collusive price vector pA =
�
pAi ; p

A
j

�
. Let �Di denote �rms

i�s static payo¤ from unilaterally deviating from A by setting the static best

response price pDi
�
pAj
�
.

Given the common discount factor � and using the one-stage deviation

principle for in�nite-horizon games (Fudenberg and Tirole, 1991, p.110), a

collusive agreement A is sustainable as a subgame-perfect equilibrium as

long as neither �rm has an incentive to defect unilaterally from the collusive

agreement. For �rm i, this condition is equivalent to

�Ai
1� � � �

D
i +

�

1� ��
N
i :

This inequality can be rewritten in terms of the minimum level of the discount

factor, �i, such that �rm i has no incentive to deviate from the agreement A,

that is,

� � �i �
�Di � �Ai
�Di � �Ni

: (4)

The agreement A is sustainable if, and only if, neither �rm has an incentive

to deviate, that is if, and only if, � � � � max f�1; �2g.
5I assume that renegociation and side payment are not possible.
6Exactly as in a repeated Bertrand competition, unrelenting trigger strategies are �op-

timal punishments�in our setting, since the players are at their security levels. Expressed
di¤erently, no complex punishment mechanism can enlarge the set of supportable equlibria
(Abreu, 1986).
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3 Equilibrium in the repeated spot markets

Throughout this section, we take the contract positions ((qc1; p
c) ; (qc2; p

c)) as

given and analyze collusive equilibria in the repeated spot market. As a

preliminary, we introduce a benchmark, namely the case when no contract

market is available or, equivalently, when contracted quantities are equal to

0. This case corresponds to the classical repeated (Bertrand) price game.

The purpose is to de�ne the minimum discount factor �B at which the �rms

can sustain collusion in the absence of a contract market. (Henceforth, the

superscript B stands for the Bertrand case.)

Benchmark (Repeated spot market without a contract market): Assume
that the �rms are able to sustain a collusive price pA 2

�
c; pM

�
. In equi-

librium, aggregate pro�ts in a stage game are then given by �
�
pA
�
. If

�rm i sticks to the agreement, it shares the market with �rm j and thus

earns �ABi = �
�
pA
�
=2. If �rm i deviates unilaterally by undercutting pA,

it earns at most �DBi = �
�
pA
�
during the deviation period. In all future

periods, the unilateral deviation triggers a retaliation by �rm j. As a result,

�rm i earns the static Nash equilibrium pro�ts in all future periods, that

is �NBi = � (c) =2 = 0. By equation (4), �B1 = �B2 = 1=2 and consequently

collusion is sustainable if � � 1=2.

Remark 1 In the absence of a contract market, �B = 1=2 is the lowest

discount factor that sustains collusion on the spot market (Friedman, 1971).

We now turn to the more interesting case when the �rms attempt to sustain

collusion given the contract positions ((qc1; p
c) ; (qc2; p

c)) where qc1+q
c
2 = D (p

c)

and pc > c. The purpose is to �nd an expression for �C , that is the lowest

discount factor enabling the �rms to sustain collusion, and to compare �C

with �B.

Assume that the �rms are able to sustain the collusive price pA 2
�
c;min

�
pc; pM

	�
.

By equation (4), we need to de�ne �rm i�s pro�ts by sticking to the agree-

ment (�ACi ), by deviating unilaterally (�DCi ) and its pro�ts in the punishment

phase (�NCi ). (Henceforth, the superscript C indicates the value of a variable

when the contract positions ((qc1; p
c) ; (qc2; p

c)) are given.
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First, consider �rm i�s payo¤s by sticking to the collusive price pA. By

equation (1), we have that

�ACi =
1

2

�
�
�
pA
�
+
�
pA � c

� �
qci � qcj

��
(5)

Second, consider �rm i�s payo¤s in the punishment phase. Note that

pricing at marginal cost constitutes a Nash equilibrium of the stage game for

any pair of contracts f(qc1; pc) ; (qc2; pc)g such that qc1+qc2 = D (pc) and pc > c.7

Consequently, playing the pair of prices (ps1t; p
s
2t) = (c; c) in all periods of the

subgame starting in the beginning of the punishment phase constitutes an

equilibrium. By equation (1), we thus have that

�NCi = 0: (6)

Third, consider �rm i�s payo¤s by deviating unilaterally from the col-

lusive price pA. Let pDi � argmaxp �itjpsit=p; psjt=pA denote the optimal price

associated with a unilateral deviation. Clearly pDi < p
A.8 By equation (2),

it follows immediately that

�DCi = �
�
pDi
�
�
�
pDi � c

�
qcj : (7)

Next, we derive an expression for �Ci . Insert into equation (4) the expres-

sions for �ACi , �NCi and �DCi in equations (5)-(7) and rearrange:

�Ci = 1�
1

2

�
�
pA
�
+
�
pA � c

� �
qci � qcj

�
� (pDi )� (pDi � c) qcj

: (8)

We are now ready to establish the main result of this section.

7To see this, assume that psjt = c. If �rm i posts a price psit � c, it makes 0 pro�ts. If it
posts a price psit < c, it makes negative pro�ts. Consequently, the price p

s
it = c constitutes

a best reply to psjt = c.
8To see this, assume that psjt = pA and note that deviating to a price p > pA does

not increase the pro�ts of the deviating �rm. Indeed, by sticking to the price pA, �rm i�s
static pro�ts are equal to �ACi =

�
pA � c

�
qci +

1
2

�
pA � c

� �
D
�
pA
�
� qci � qcj

�
(by equation

(1)). If �rm i deviates unilaterally to the price p 2
�
pA; pc

�
, �rm i�s static pro�ts are

equal to
�
pA � c

�
qci (by equation (3)). Note that D

�
pA
�
� qci � qcj � D (pc)� qci � qcj = 0,

since pA < pc. Consequently
�
pA � c

�
qci � �ACi . If �rm i deviates unilaterally to the

price p > pc, �rm i only sells its contracted quantity qci at the spot price p
s
t = p

s
jt = p

A.
Consequently �rm i�s pro�ts are once more given by

�
pA � c

�
qci and we already know that�

pA � c
�
qci � �ACi .
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Proposition 1 Assume that qc1 = qc2 > 0. Then �rms are able to sustain

collusion on the spot market even when � < �B.

Proof: The proof establishes that �C < �B. Note that pD1 = p
D
2 , since q

c
1 =

qc2. By equation (8), it follows immediately that �
C
1 = �

C
2 = �

C . Consequently

�C < �B = 1=2 if, and only if,

�
�
pA
�
=
�
�
�
pDi
�
�
�
pDi � c

�
qcj
�
> 1:

First, note that �
�
pDi � c

�
qcj < 0, since qcj > 0 and pDi � c > 0. Second,

note that �
�
pA
�
> �

�
pDi
�
, since � (p) is single peaked and pDi � pA � pM .

Consequently the above inequality is ful�lled. �
A contract market with a ceiling spot price helps to sustain collusion for

three reasons. First, when a �rm deviates, it only �steals�market shares

on the spot market. Indeed, the opponent still sells it contracted quantity.

Therefore, the deviation pro�ts are smaller when �rms have committed to

sell positive quantities through the contract market (that is �DCi < �DBi ).

Second, the fact that the contract speci�es a ceiling spot price implies that

the �rms�ability of punishing deviators is not reduced (that is �NCi = �NBi ).

Third, by focusing on equilibria where qc1 = qc2, it follows that the pro�ts

from sticking to the collusive agreement are not a¤ected by long term con-

tracts (that is �ACi = �ABi ). Consequently, long term contracts with a ceiling

spot price help to sustain collusion, since their only e¤ect is to reduce the

incentives to deviate from the collusive agreement.

The above analysis has also the following interesting implications.

Remark 2 The larger the quantities speci�ed in the long term contracts, the

easier it is to sustain collusion on a given price pA.

Recall that the deviation pro�t is decreasing with the contracted quanti-

ties of the opponent. As an immediate consequence if the contracted quan-

tities of both �rms increase, both �rms have less incentive to deviate.

Remark 3 The more asymmetric the contracted quantities are, the more

di¢ cult it is to sustain collusion.
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To see this consider an initial situation where qc1 = qc2. Increase q
c
1 and

decrease qc2 by dq. Such a change, reduces �rm 2�s incentive to deviate (that

is �C2 decreases). The change, however, increases �rm 1�s incentive to deviate

(that is �C1 increases). Since �
C = max

�
�C1 ; �

C
2

	
, it follows that the proposed

change makes collusion more di¢ cult.

4 Equilibrium in the contract market

In this section, we analyze the �rms�initial choices of contracts (in period t =

0), before the repeated spot market game starts (in period t = 1). We assume

that the �rms o¤er contracts of the form analyzed in the previous section,

that is contracts, which de�ne a quantity qci and a ceiling spot price p
c
i . The

end of this section provides an informal discussion about this assumption.

Assume that the �rms wish to cooperate by choosing the same contract

(qc; pc) such that 2qc = D (pc) and pc > c. The next Proposition shows that

such a cooperation is possible to implement by means of trigger strategies.

Proposition 2 Assume that the �rms are able to sustain the collusive price

pA 2
�
c; pM

�
in the repeated spot market if both �rms �rms have signed the

contract (D (pc) =2; pc). Then there exists a subgame-perfect equilibrium in

which both �rms o¤er the contract (D (pc) =2; pc) in period t = 0 and collude

on the price pA 2
�
c; pM

�
in all periods t � 1.

Proof: Consider the following strategy for �rm i = (1; 2). Choose the

contract (D (pc) =2; pc) in period t = 0. If �rm j 6= i chooses any contract

(qci ; p
c
i) 6= (D (pc) =2; pc) in period t = 0, then punish �rm j in all future

periods by pricing at marginal cost. If instead �rm j chooses the contract

(D (pc) =2; pc) in period t = 0, then cooperate in period t = 1 by choosing the

collusive price pA. In all periods t � 2, cooperate by choosing the collusive
price pA unless �rm j deviated in period t � 1. If so, punish �rm j in the

current as well as in all future periods by pricing at marginal cost.

Assume that �rm j follows the same strategy. The proof establishes that

�rm i has no incentive to deviate from the proposed strategy, given that �rm
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j follows the same strategy.

If �rm j cooperates in period t = 0 by choosing the contract (D (pc) =2; pc),

we know by Proposition 1 that �rm i has no incentive to deviate in any pe-

riod t � 1, provided that �rm j sticks to its strategy in all future periods. If

�rm j deviates in period t = 0, both �rms price at marginal costs and thus

make 0 pro�ts in all periods t � 1. This constitutes an equilibrium in the

subgame starting after �rm j�s deviation. The reason is that the price pc is

a ceiling spot price. Therefore, �rm i cannot raise its pro�ts by increasing

or decreasing its price in any future period. Finally, �rm i has no incentive

to deviate in period t = 0. Indeed, by sticking to the proposed strategy, it

makes strictly positive pro�ts. In contrast, by deviating at t = 0, it triggers

a punishment forever by �rm j, implying that �rm i will make 0 pro�ts. �
Like in Allaz and Vila (1993), Proposition 2 shows that when the �rms

have the choice to sell their output either through long term contracts or on

the spot market, both �rms may choose the �rst solution. In a repeated game

setting, this choice does not imply, however, that the spot market becomes

more competitive. Moreover, the consequence of such a strategy may be that

only a small proportion of total output is sold on the spot market. This is a

commonly observed feature of electricity markets; according to Shuttleworth

and McKenzie (2002), only 10% of the total output of electricity is bought

on the spot market.

To derive the result it was important to assume that �rms choose con-

tracts with a ceiling spot price, rather than a contract with a �xed price.

One way of motivating this assumption would be to assume that the con-

sumers are strategic. Intuitively, such consumers would refuse to sign such a

contract. The reason is that strategic consumers realize that a deviation by

a �rm triggers a price war in the following periods. Signing a contract with

a �xed price prohibits the strategic consumer from bene�ting from the price

war.
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5 Conclusion

It has been argued that having a contract market before the spot market

enhances competition on the latter market (Allaz and Vila, 1993). This paper

proposes a model of the electricity market where �rms sign long-term supply

contracts with their retailers. Subsequently, the �rms repeatedly interact on

the spot market. We show that contract markets help sustain collusion on

the spot market.

We do not argue that sustaining collusion is the only motive behind �rms�

contracting decisions. One important motive might be to hedge risk. Unlike

the collusion motive, the hedging motive has bene�cial e¤ects. However, we

believe that the pro-collusive motive is one important reason behind the large

amount of contracted quantity. Of course it would be desirable to check this

belief empirically. An interesting research project would be to analyze the

outcomes of the new market designs in the UK and the State of California

where access to contract markets are encouraged by regulators.
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