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FORECASTING THE MARKET OUTCOME ON THE 
HUNGARIAN HOUSEHOLD ELECTRICITY MARKET 

AFTER LIBERALIZATION

Pálma Szolnoki†

and 
András István Tóth‡

According to the Directive 2003/54 EC from July 1, 2007 all electricity customers including 
households should be free to choose supplier. It is a question what will happen on the 
household market which until now was supplied by regional monopolies. In our paper we 
design a model for forecasting the Hungarian outcomes after liberalization based on a 
switching curve calculated from households’ answers to a survey conducted in April 2007. Our 
model is a three-player Bertrand-oligopoly model where customers are heterogenic in their 
switching costs and the companies in their initial customer base. Since as we will show in this 
setting a Nash-Bertrand equilibrium does not exist, we turn to the undercut-proof equilibrium 
concept (UPE). We show analytically the conditions for having an UPE then derive numerically 
the solution for the Hungarian market. According to the results the supplier with the smallest 
customer base will tend to offer the lowest price, while the other two firms will price the same 
19% higher price. This price difference will induce a 34% rate of consumer switching. 
Extending the model with new entrants shows that prices will be lower on the market than 
without the threat.
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1. Introduction

According to the second electricity directive – 2003/54/EC – electricity markets of Member 
States should be fully opened from July 1, 2007. This means that from this date all households 
will be eligible to choose a supplier they like. Although in Hungary this consumer group yields 
one-third of the total Hungarian electricity consumption, many obstacles could hinder the 
development of effective competition on this market. The two most important obstacles are the 
low contestability of the market and the costs consumers undertake when switching a supplier. 
The previous one can be explained by the returns to scale on this market1 and it imposes great 
initial costs to market entry. The latter one is the result of the administrative and time consuming 
steps of supplier switching. By impeding consumers from reacting flexibly to small price 
differences between suppliers switching costs weaken competition.

In our paper we aim to create a model which considers not only switching costs but the 
Hungarian characteristics of the market. With the help of the model we would like to forecast the 
effect of market opening in the electricity sector on the household segment.2 We will model the 
competition between suppliers after market opening as a Bertrand competition between three 
heterogeneous agents.3

Companies that operate on a market of a homogeneous product often compete by lowering 
their prices in order to gain larger shares of the market. As we have already mentioned above, in 
this case many factors can result in market power, one of this factor is switching costs. The 
British Office of Fair Trading (OFT) gives the following definition for switching costs: the real 
or perceived costs that are incurred when changing supplier but which are not incurred by 
remaining with the current supplier (OFT [2003]).

Klemperer [1987a] was the first who examined switching costs in particular. He focused on 
the effect of switching costs on competitive markets, especially he analyzed entry strategies in the 
market and different pricing behaviors. The basic model of Klemperer is a two period game, in 
which two firms are offering differentiated, but homogenous products to consumers. In his model 
the existence of switching costs compel consumers to stay at that firm in the second period, at 
which they were in the first one. Firms will increase their prices in the second period, since they 
recognize, that some of their first period consumers were locked-in. Klemperer [1987b, 1988]
showed also, that the existence of multiproduct firms and limit pricing behavior can also be 
interpreted by the existence of switching costs. Furthermore, he pointed out, that the incumbent 
firms’ reaction to the others’ entry is less aggressive, if switching costs are high. He also 
demonstrated that in the presence of switching costs social welfare might decrease, even if the 
industry supply increases, and both the incumbents and the new comer firms charge a lower
price. Gabrielsen and Vagstad [2003] generalized Klemperer’s model [1987a] with 
                                                
1 OFGEM, the British regulator together with Electricity Association has concluded during the analysis of the British 
electricity market that the efficient plant size in the segment of small consumers is between 3-6 million households. 
(Electricity Association [2000]-[2004]). 
2 In this paper we will not deal with consumers besides households.
3 In the Bertrand model the companies when deciding upon their prices consider the level of their competitors’ prices 
as given. The combination of price decisions form a Nash equilibrium if all companies’ decisions are the best 
responses to the others’ decisions, i.e. in equilibrium neither of the market players are motivated to diverge from 
their strategy. The Bertrand paradox is the interesting result of the classic Bertrand competition model where the 
competition of two companies with the same marginal costs produce the same result as perfect competition, i.e. their 
equilibrium prices coincide with their marginal costs. Many have tried to lift this result, one possible way is to 
introduce switching costs to the model.
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heterogeneous consumers, and showed, that the more heterogeneous are the consumers, and thus 
the larger the variance of switching cost, the more difficult to retain the consumers from 
switching to an other firm.

In spite of the wide theoretical literature on switching costs, there are not so many empirical 
studies. A big proportion of these empirical studies analyze the factors affecting switching costs 
(Sturluson [2002], Waddams-Price [2004]). Those studies, which analyzes firm behavior, mostly 
focus on the determination of retail prices (e.g. one or two part tariffs), and examine price 
differentiation (Salies and Waddams-Price [2004]). For example Brigham and Waterson [2003]
analyze the new market structure and price changes in the electricity sector affected by the 
mergers and acquisitions. A further example is the study of Kim et al. [2001] on the market of 
loans, and the paper of Knittel [1997], who analyzed the market power in the telecommunication 
sector in the presence of switching costs. According to the results of Sharpe [1997] switching 
costs decrease the level of competition in the market of bank deposits. These authors agree that 
switching cost is an important source of market power.

The above mentioned analysis were all ex post analysis, they either tried to explain the 
evolved situation or tried to estimate the size of switching costs from the existing time series. 
Since market opening among household consumers did not take place yet in Hungary we do not 
have the possibility to conduct such an ex post analysis. In our paper we will build a theoretical 
model to try to forecast the market outcome after market opening. To model switching costs we 
will use a supplier switching curve that we estimate based on a survey conducted among 
households, which is described in detail in the Appendix. 

Earlier Paizs [2003] delivered a forecast for the Hungarian household markets. In our paper 
we will further develop his three-player, static, Bertrand oligopoly model where players are 
homogeneous in the size of their customer base and their customers’ supplier switching costs. 
New entrants do not threaten the players. In order to apply conditions that are closer to the actual
Hungarian market we will lift Paizs’s assumptions and build a model where the size of the 
customer base of the suppliers, and their customers’ supplier switching costs differ.

The structure of the paper is the following. First we will describe the model of supplier 
switching. Then we will look for a Nash-Bertrand equilibrium solution in the model and show 
that there is no equilibrium in pure strategies. We will therefore turn to another equilibrium 
concept and will describe the under-cut proof equilibrium and will determine what conditions are
necessary for the existence of this kind of equilibrium in our model. We will then calibrate our 
model to reflect the Hungarian circumstances, and finally will present our results. 

2. The basic model

On the demand side of the model there are n consumers. Consumers maximize their utility 
conditional on their budget constraint. Utility generated by the consumption of electricity is so 
high that regardless of the price of electricity consumers will always be better off by consuming 
electricity than not consuming it. Consumers are supplied by N suppliers. Initially each consumer 
is already at a supplier. Consumers however can decide to switch supplier but switching is costly. 
Although consumption is perfectly inelastic concerning the size of their consumption and their 
switching costs consumers are heterogenic. Therefore in this model consumers’ decision is not 
about the size of their consumption but whether they stay at their original supplier or switch to a 
new one. 
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A consumer switches to a new supplier if her utility when switching is higher than her utility 
without switching. Formally the two utilities can be written the following way:

 






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IJsqp

qp
Isqu

ii
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, ),....,1( ni (1)

Where iq is the size of consumption of consumer i and is is its supplier switching cost, I denotes the supplier 

where the consumer is at initially,  is the utility generated by electricity consumption, Ip is the price of electricity 

at supplier I and Jp is the price of electricity at supplier J ( IJ  ).

Companies on the supply side of the model maximize their profits by deciding on the price of 
their service, which is defined by a linear tariff. Regarding their procurement costs, suppliers are 
homogeneous, however the size of their consumer base differs from one supplier to another.4

Suppliers cannot cooperate nor discriminate among consumers.5 Summarizing the above 
suppliers’ profits can be written the following way. 

    cpQcpQ IIIIIII  ,,, , ),...,1( NI  (2)

Where IQ is the initial consumption level at supplier I, I is the change in consumption at company I due to 

supplier switching,6 Ip is the unit price of electricity set by supplier I, and c is the unit procurement cost of the 

suppliers. 

The game is only played for one period,7 the course of the decisions is the following: 1. 
suppliers simultaneously determine their prices, 2. consumers see the prices and choose a 
supplier, 3. payments are made. We assume that consumers can observe all prices and they make 
their decisions based on these observed prices. As a result, if they decide to switch supplier they 
will switch to the cheapest supplier on the market (i.e. if a consumer originally supplied by 
supplier 3 observes the 321 ppp   price structure on the market, then even though the price of 
company 2 is lower than the price of company 3, since consumers can observe all three prices, if 
she decides to switch, she will switch to company 1 since it is even cheaper).

2.1. The suppl ier switching function

In the following – similarly to Paizs [2003] - we will simplify the above model by assuming 
that the second step, the consumers’ decisions, can be substituted by a supplier switching 
function (which implicitly contains the supplier switching costs), i.e. such a function could 
represent aggregate consumer decisions, therefore to find a solution for the model it will be 
enough to concentrate on the suppliers’ interactions. When applying the supplier switching 
function instead of the number of customers we concentrate on the size of the consumption at a 
given supplier, and we also assume that there is a functional relation between the price difference 
of the suppliers and the change in the consumption level at a given supplier that occurred due to 
supplier switching. To determine the exact form of this functional relation we will use the results 

                                                
4 Since consumers are heterogenic in their consumption, instead of the number of consumers the amount of 
consumption is considered. 
5 This latter condition excludes the possibility that suppliers seduce consumers from their competitors by charging 
low prices while at the same time they charge higher prices to their original consumer base.
6 The change in consumption can be either positive or negative at a given supplier.
7 This assumption could be verified by cases when suppliers offer long term contracts for the consumers. 
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of a survey conducted among Hungarian households and presented in detail in the Appendix. 
According to the survey results we can assume that this relationship can be described by a linear 
function, and there is a price difference level that if price differences are higher than this level, all 
consumers at the supplier would decide to switch to the cheaper supplier. 

Taking the above into account, we considered two additional things when constructing the 
function. First, this function has to cross the origin since if there is no price difference, due to 
switching costs higher than zero, there will not be any supplier switching. Second, all consumers 
have to leave the supplier at the price difference level where almost all respondents in the survey 
said they would switch to the cheaper supplier. Based on the above, the supplier switching curve 
is the following:

  
NI

I

I pppp
x

Q
...,min 21 , ),...,1( NI  (3)

Where x is the maximal price difference level where all consumers would decide to switch. (For simplicity x is the 
same for all the suppliers.) 

1. Figure: The switching function

The supplier switching function thus shows the amount of consumption that leaves the given 
supplier at a given difference between the supplier’s price and the price of the supplier that offers 
the lowest price on the market. It is apparent that the size of the consumption that leaves the 
given supplier positively correlates with the size of the initial consumption and the price 
difference and negatively correlates with the maximal price difference. Furthermore we assume 
that if there are more suppliers offering the same, cheapest price on the market, than they will 
have an equal share from the consumers who switch away from the more expensive suppliers.

Based on the above the basic model is simplified to the following problem: suppliers knowing 
each supplier’s supplier switching curve decide upon their profit maximizing price. 

2.2. The simplif ied model and i ts solution

In our model thus suppliers maximize their profits knowing each supplier switching curve. 
The model reflecting the Hungarian market’s structure has three players: supplier 1, 2, and 3. 
Supplier 1’s profit considering the price of company 2 and 3, and assuming that 

32
pp  , can be 

written the following way:
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Profit functions of the other two suppliers can be written similarly to (4). All three companies 
make their decision based on these profit functions taking into consideration how their decisions 
affect the others’ decisions. Company 1’s profit if 

32
pp  can be illustrated the following way:8

2. Figure: Profit function of supplier 1 as a function of supplier 2’s price

During the search for the equilibrium price vector we look for the Nash-Bertrand 
),,( 321

NNN ppp non-negative equilibrium price vector where for a given N
Ip )3,2,1(I price vector 

IJ  supplier chooses N
Jp so that it would maximize its profit. So if the other two companies set a 

N
Ip )3,2,1(I price, it would not be profitable for the third company to diverge from its N

Ip  price as 
well.

During the search we have investigated three possibilities: 1. all three suppliers set the same 
price, 2. two suppliers set the same low price, 3. there is only one low price company.

Proposition 1. In the described model a Nash-Bertrand equilibrium where all three suppliers 
set the same price does not exist.

Proof. Let’s assume that suppliers choose their prices from the  pcpI ˆ,  set, i.e. they do not 
choose a price lower than the unit cost of their service (in that case their profit would be negative, 
which cannot be optimal since zero profit is always available for them), and there is an upper 
limit, its limit goes to infinity but its value is a finite number. If the suppliers set the same price, 
company I ’s profit is:  cpQII  , where p is the common price. The question is whether is it 
profitable to a supplier to diverge from this common price unilaterally? If supplier 1 changes its 
price while the others still set p, than its profit and profit maximization problem is the following:

                                                
8 Which local maximum is the global maximum is the function of the parameters. 
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Its first order condition:
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(it is apparent that the second order condition is met). Therefore supplier 1’s optimal reaction 
is:
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For company 1 it is profitable to diverge from price p if its profit when diverging is higher 
than its profit at price p: 
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After some rearrangements we find that it is profitable for company 1 to diverge if
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So it is always profitable for company 1 to diverge if the optimal *1p  price can be obtained, 
i.e. cp *1

. This condition is met if 
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The previous expression is always true since the first term on the left side is always positive 
and cp  , since this price was also the element of the above described action set. Therefore in
the equilibrium all the three suppliers will not charge the same price.

Proposition 2. In the described model there is no such Nash-Bertrand equilibrium where two
suppliers set the same price and the third company charges a price higher than this common price.

Proof. Let’s assume that 321 pppp  . Then the payoff of supplier 1 is the following:
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In case company 1. cuts its price a bit below to the common price p charged by company 2, it 
will become the cheapest supplier on the market, so all customers who were initially at supplier 3 
but decided to switch, will go to supplier 1, moreover it could even gain consumers from 
company 2. Therefore company 1’s profit if it sets a  pp1  price is the following:
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It is profitable for company 1 to set this price if 1
1

0
1   , i.e. (6) is lower than (7), from which

after making some rearrangements we result at:
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Which is always true since   can have an arbitrarily small value, while the right side of the 
expression is strictly positive. The question then emerges, whether the 321 pcppp  price 
vector could be an equilibrium vector as it is the case in the Bertrand oligopoly model without 
switching costs. It can be seen that if we start out from the prices 321 pcppp  , then it is 
profitable to diverge upward from this price level to both companies, since if they stay at this 
price level, their profit is zero, while if they charge a price higher than this one their profit due to 
the existence of switching costs will be positive.

We have proved why there is no Nash-Bertrand equilibrium in the first two cases, we now turn 
to the third case. 

Let’s suppose that 21 pp  and 31 pp  . In this case the profit of the companies can be written 
the following way:
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Based on the profit functions the first order conditions of the companies are:
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It is apparent that the second order conditions are met. The reaction functions of the suppliers 
to the other suppliers’ prices are the following:

      222
,

32

3322

32

1
321

c

QQ

pQpQ

QQ

xQ
ppr 







 (14)

 
2

1
12

pcx
pr


 (15)

 
2

1
13

pcx
pr


 (16)

Thus if this equilibrium exists than the two ’high price’ companies will charge the same price. 
The optimal price combination is then:



 

© Regionális Energiagazdasági Kutatóközpont 2008  www.rekk.eu 

FORECASTING THE MARKET OUTCOME ON THE HUNGARIAN HOUSEHOLD ELECTRICITY MARKET AFTER 
LIBERALIZATION

  c
x

QQ

xQ
p 




33

2

32

1
1 , (17)

  c
x

QQ

xQ
pp 




3

2

3 32

1
32 . (18)

The initial condition for the existence of the equilibrium, that supplier 1 charges a price that is 
lower than the other two suppliers’ price is met if:

321 QQQ  . (19)

If this condition is not met, i.e. the 1. supplier’s market share is higher than the sum of the 
market shares of the other two suppliers (the first company is ‘big’), then the ‘big’ company will 
never charge low price. Since (17) and (18) best response price vectors were determined for a 
given relation of prices, we have to investigate whether is it profitable for any of the companies 
to diverge from this relation assuming that the others will not diverge. If a supplier decides to 
charge a lower price than the other two suppliers, then in order for prices (17) and (18) to form a 
Nash equilibrium these price have to fulfill two conditions. On one hand the supplier charging the 
low price has to be better off by charging this low price than charging a higher price than the 
price of the high-price companies. On the other hand the suppliers that charge the high price have 
to be better off charging the high price than charging a price lower than the price of the low-price 
company, assuming that the others stay at their prices. 

In the following we will show that in the case of price vector (17) and (18) there is always a 
high-price company that will be better off by charging a price that is lower than the price of the 
‘low-price’ company. Therefore although the ‘low-price’ company will not be motivated to 
deviate from its price and charge a price even higher than the ‘high-price’ companies (showed in 
the Appendix) the price vector (17) and (18) will not form a pure Nash-Bertrand equilibrium.

Proposition 3. With prices (17) and (18) there will always be a ‘high-price’ company that will
be better off by cutting under the price of the ‘low-price’ company, therefore prices (17) and (18) 
do not form a pure Nash equilibrium.

Proof. First let’s investigate whether it is profitable for company 2 to unilaterally deviate from 
the (17) (18) price vector and charge a price lower than '

1p . It is profitable for company 2 to 
deviate if such a price exists that is lower than the price of supplier 1 and it yields larger profit to 
supplier 2 than the initial price. Therefore the profit levels of the two states have to be compared. 
Company 2’s profit if it stays at the initial price:

2

32
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2 2

9 



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





QQ

QxQM ,

On the other hand if company two decides to deviate from the initial price and cut under the 
price of supplier 1, will have a profit in case of a price

  


 c
x

QQ

xQ
pp

33

2

32

1
1

(where ∆ > 0):9

                                                
9 If ∆ < 0, then supplier 2 does not undercut supplier 1. 
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The difference of the two values can be expressed by a second degree equation in ∆:

,2
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Q


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Supplier 2 will undercut if in the above second degree equation there exists a ∆ > 0, that the 
value of the expression will be negative, i.e. the profit with the undercutting price is higher than 
the profit with the high price.

Since the above equation always has real roots, i.e. the discriminant is non-negative (proof is 
in the Appendix), supplier 2 will undercut if there is a common set of the function’s domain and 
the interval between the two roots. The two does not have a common set if both roots are 
negative. Then supplier 2 will not benefit from undercutting. The two roots are negative if and 
only if the parameters B and C of the second degree equation are both positive (since A is also 
positive). According to these, we result at the following constraints:

0B , if 
32

2
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1
32
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0C , if 
132

132

2

3

2QQQ

QQQ

Q

Q




 (23)

If any of the two conditions is not met, then company 2 will undercut company 1. For the price 
vector (17) and (18) to form a Nash-equilibrium it also has to be insured that company 3 will not 
undercut company 1. Investigating the latter problem for the case of company 3 we result at the 
following two constraints which are needed to be met so that supplier 3 will not undercut supplier 
1: 

32
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132
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3

2

2QQQ

QQQ

Q

Q




 (25)

Hence neither of the two ’high-price’ companies will undercut the ’low-price’ company, i.e. 
the price vector (17) and (18) is a Nash equilibrium, if all four conditions (22), (23), (24), and 
(25) are met. However (23) and (25) cannot be met in the same time, since the right side of both 
expressions is a number lower than 1, while the left side of the expressions in one case is higher 
and in the other case is lower than 1 or is equal to 1, when Q2 = Q3. Therefore prices (17) and 
(18) do not form a Nash-equilibrium. 
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3. Undercut-proof equilibrium

So far we have shown that there is now pure Nash-Bertrand equilibrium in our model. 
However in this section we will show that in the case of two ‘high-price’ and one ‘low-price’ 
supplier there can be an equilibrium outcome called the undercut-proof equilibrium (UPE). This 
equilibrium concept was introduced by Peter Morgan and Oz Shy (Morgan-Shy [2000]). Unlike 
the Nash-Bertrand behavior, where each firm assumes that the rival firm does not alter its price, 
in an undercut-proof equilibrium each firm chooses its price so as to maximize profit while 
ensuring that its price is sufficiently low that any rival firm would not find it profitable to set a 
lower price in order to grab all of the first firm’s customers. Thus, in an undercut-proof 
equilibrium environment, firms assume that rival firms are more sophisticated and they are 
“ready” to reduce their prices whenever undercutting and grabbing their rivals’ customers is 
profitable. Thus according to this equilibrium concept supplier 1 has to set a price – lower than 
(17) – that for supplier 2 and 3 it will no longer be profitable to undercut supplier 1, and in the 
same time for supplier 1 this price will yield enough profit that she will be better off than setting 
a price higher than the two ‘high-price’ companies. 

Based on the above in our model a price vector p = ( *
3

*
2

*
1 ,, ppp ) forms an undercut-proof 

equilibrium (where company 1 is the player who sets the undercut-proof price) if 

   ],,[maxarg 131211
*

1
prprppp a  , (26)

With the following constraints:

       aaaaaa prprpprppp 322322 ,,,,   , (27) 

       aaaaaa prprpppprp 323323 ,,,,   , (28) 

               aaaaaaa prprpprprprrprr 3213231211 ,,,,   , (29) 

  *
2 2

pprp aa  (30)

  *
3 3

pprp aa  , (31)

where  
2

j
ji

pcx
pr


 .

The first two of the constraints ensure that neither supplier 2 nor supplier 3 will profitably 
undercut supplier 1. If a supplier sets a higher price than the lowest observed price on the market 
than this price has been set according to the reaction functions described in (15) and (16) 

 
2

j
ji

pcx
pr


 since her own profit will only depend on the lowest observed price and its own 

price.

The constraint in (29) ensures that the supplier with the undercut-proof price will not be 
tempted to diverge from the undercut-proof price and set a price higher than the two other 
companies. Finally constraints (30) and (31) ensure that the undercut-proof price is really the 
lowest price on the market. The solution – as we will demonstrate it shortly – greatly depends on 
the exact value of the parameters, therefore instead of providing an analytical solution, after the 
formal revision of the problem we will solve it numerically.



 

© Regionális Energiagazdasági Kutatóközpont 2008  www.rekk.eu 

FORECASTING THE MARKET OUTCOME ON THE HUNGARIAN HOUSEHOLD ELECTRICITY MARKET AFTER 
LIBERALIZATION

So the *
1p  undercut-proof price has to meet the conditions set in (26)-(31). Let’s see first when 

is (27) met, i.e. when is it the case that supplier 2’s profit while undercutting supplier 1 is lower 
than without undercutting. Supplier 2’s profit in function of p1:

1.  22
2 4

  x
x

QM where 
2

1
32

pcx
pp M 

  and (32)

2.   














 


 cpp
pcx

x

Q

x

Q

x

Q
QA

11
1331

22 2


 










 

x

Q

x

QQQ
Q

22
3313

2 , 

where cp  1  and  12 pp A . (33)

Supplier 1 has to choose its price so that AM
22   [i.e. (32) is higher than (33)] for every 

∆ > 0, furthemore the price also has to be lower than Mp 2 :

2
1

1

pcx
p




which implies that x . 

In this case 022  AM  if 
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Thus supplier 2 will not choose to undercut supplier 1 if the second degree expression in (34) 
is positive for every ∆ > 0. Since the expression CBAAM  2

22  has a minimum (A > 0), if 
there are two distinct roots ∆1 and ∆2, the discriminant is positive, than supplier 2 will undercut 
supplier 1 for every ),( 21  . Therefore if the discriminant is positive supplier 1 has to set its 
price so that the two roots will be negative. If the discriminant is negative then again supplier 2 
will not undercut supplier 1. Let’s see first when will the discriminant be negative. The 
discriminant of (34) is a second degree equation in  :

     2
213211

2
3 444 QQQQQQQD 

   221
2
3

2
213

2
3 )(44)(28 QQQQxQQQQx   (35)

The sign of this expression is the function of  , therefore the existence of the roots of
equation in (34) is the function of supplier 1’s price.

Now let’s suppose that the discriminant is positive. In this case our initial assumptions are:
β < x, (35) D > 0, and A< 0. Supplier 2 will not undercut if both roots of (34) are negative. The 
roots will be negative if and only if B and C in expression (34) are both nonnegative and they are 
not equal to zero in the same time: B0 és C0 és 0 CB .

B0 , if  x
QQ

QQ

31

32

32

2




 (36)
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C0 , if  x
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or if β > x, but this latter contradicts our initial assumption that β < x, and also to (36). If 
condition (19) is met, then C < B, therefore in this case 0 CB . Thus expression (34)’s roots 

will only be negative if 

x
QQ

Q
cp

32

2
1 2

  . 

Summarizing the above we have seen that supplier 1 has two ways to prevent herself from 
supplier 2’s undercutting. First it can set a price and consequently a β which will imply that 
expression (35), the discriminant, will have a negative value. Second, it can choose a price 

cx
QQ

Q
p 




32

2
1 2

.

Furthermore, the price of supplier 1 in order to be undercut-proof in the model also has to 
ensure that supplier 3 will not undercut either. Considering the symmetry supplier 3 will not 
undercut supplier 1 if supplier 1’s price will ensure that either (38) or (39) is met.

   )(28)(4)(44 312
2
2

2
312311

2
2 QQQQxQQQQQQQD  

  0)(44 331
2
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2  QQQQx (38)
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Q
p 




23

3
1 2

(39)

So far we have shown what is needed for (27) and (28) to be met. We have to further ensure 
that supplier 1 instead of setting an undercut-proof price will not set a price higher than the price 
of supplier 2 and 3, i.e. (29) is met. For this p1 has to be the element of the following set:10












 cxcx

QQQ

Q
p 2;

88

18

321

1
1 .11 (40)

Finally, the last two condition will be met if p1 satisfies (41):

p1 < x + c (41)

Summarizing the above, the five conditions [(27)-(31)] are met if 
 either the discriminant in (35) is negative or (37) is met, and

 either (38) or (39) is met, and

 (40) is met, and

 (41) is met.

Among the prices that satisfy all the above supplier 1 will select the price which generates the 
highest profit for her, that is expression (26) is met. This price will be the one from the possible 
prices that lies the closest to the global optimum location of supplier 1, to 

                                                
10 See Appendix for more detail. 
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We cannot further derive analytically the undercut-proof price therefore from here we will 
search for the solution numerically, applying the Hungarian parameters. Of course supplier 1 
could be any out of the three Hungarian suppliers, and depending on the parameters we could 
arrive at more than one undercut-proof equilibria. However it could be shown that the company 
with the highest market share will not set an undercut-proof price (see proof in the Appendix).

4. Calibrating the model

For the calibration of the model we needed three information. First, the initial consumption 
base of the suppliers, which could be found at the regulator’s homepage (www.eh.gov.hu). 
Second, the average cost of the suppliers. And finally the amount of the price difference that is 
needed for all consumers to switch away from their initial supplier.

INITIAL CONSUMPTION BASE ■ We had data on electricity consumption for the previous 
years, so we made a forecast for 2008. When making the prediction we have started out from the 
last published data, the data of 2006 and we have assumed a 2% annual growth rate to determine 
a consumption level for 2008 (Table 1.)

1. Table: Historical and forecasted consumption data

Supplier 2006 2008 2008. market share
MWh %

E.on 5 052 400 5 256 517 44.9
RWE 4 694 082 4 883 723 41.7
EdF 1 504 563 1 565 347 13.4
Total 11 251 045 11 705 587

Source: Hungarian Energy Office

E.on is the largest Hungarian supplier, which owns three regional supplier companies. The 
smallest player is EdF, which has only one supplier company. Looking at the consumption shares 
it is apparent that even the largest player does not own more than 50% of the market, i.e. the 
initial assumption (19) is met. 

THE SIZE OF THE AVERAGE PROCUREMENT COST ■ During the determination of 
average procurement costs we have assumed that all three suppliers procure their electricity from 
the same unified wholesale market, and therefore their procurement price is the same. Our 
prediction for the average wholesale price of 2008 is based on a previous paper prepared by the 
Regional Centre for Energy Policy Research (Paizs et al [2007]) which calculated a wholesale 
price around 18 HUF/kWh.12 This latter paper besides considering the market power of the 
wholesale suppliers also considers the effect of international trade and the different consumption 
amounts of the different hours. Since the procurement cost could greatly affect the final outcome 
of the model we will also perform sensitivity analysis for this variable. 

MAXIMAL PRICE DIFFERENCE ■ The maximal price difference, ‘x’ is the parameter of 
the supplier switching curve. As we have already mentioned it before in the prediction of ‘x’ and 

                                                
12 One euro is about 250 Hungarian forints (HUF).

http://www.eh.gov.hu/
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also in the determination of the size of the switching curve we rely on the results of a survey that 
was conducted among households in the Spring of 2007. Based on the survey we will set x to 
12.31 HUF/kWh.13

5. Summary of the results

With the above described parameters the model has only one undercut-proof equilibrium price 
vector: pEdF = 21.91 HUF, pE.on = pRWE = 26.11 HUF.

Thus the supplier with the smallest initial consumption base will set the undercut-proof price 
and the two larger companies will set a price 19% higher to that yielding altogether an average 
market price of 24.3 HUF. Due to the price difference 34.14% of the consumption base of E.on 
and RWE will switch to EdF. For RWE, the supplier with the intermediate consumption base it 
will not be profitable to set an undercut-proof price therefore this is the only equilibrium of the 
model. The result satisfies the 

cx
QQ

Q
p 




32

2
1 2

equation, i.e. the highest value of the constraint in expression (37) that was set so that supplier 
2 will not undercut supplier 1, is in the same time that element of the undercut-proof price
interval that is the closest to the firm’s global optimum place. 

It is a question how these results would differ if the initial parameters were set differently. 
Therefore we have investigated the sensitivity of our results to changes in the values of two of the 
parameters and also to changing one model assumption. First we will analyze how the results are 
affected by the changes in the procurement cost. Then we will look at how sensitive our results
are to changes in the maximal price difference. Finally we will analyze the effect of a new entrant 
to the market.

5.1. Sensitivity analysis: procurement cost

We have analyzed the model results setting the procurement cost between 8 and 28 HUF/kWh. 
When procurement costs increased by 1 unit equilibrium prices all increased by 1, i.e. there is a 
one-to-one relationship between the two.14 This means that suppliers are able to pass through 
there costs entirely to consumers. The following graph depicts the relation between the 
procurement cost and the average equilibrium market price.

                                                
13 See appendix for further detail.
14 This means that at every investigated cost level the optimum price for supplier 1 remained determined by the 

constraint in (37): cx
QQ

Q
p 




32

2
1 2

.
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3. Figure: Average price and procurement cost
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5.2. Sensitivity analysis – maximal price di fference

The second analysis was performed for the different parameter values of the maximal price 
difference. We have calculated the equilibrium price vector for maximal price difference values 
from 2 to 22 HUF/kwh, and again we have found a linear relationship between the maximal price 
difference and the average and individual prices on the market, however the slope of the line is 
now flatter. (The prices of Edf for a one unit increase in x increase by 0.32 while the prices of 
E.ON and RWE increase by 0.66, which leads to a 0.51 average price increase. The increase of 
the value of x could be interpreted as the increase of the consumers’ supplier switching costs, 
since the increase in x means that there needs to be higher difference between the supplier’s price 
and the lowest price on the market in order to have all the supplier’s consumers leave the 
supplier. 
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4. Figure: Average price and the x parameter
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Therefore the higher the switching costs the higher are the equilibrium prices on the market, 
but the supplier with the undercut-proof price will increase its prices by less than the high-price 
suppliers for the same increase in switching costs.

Summarizing the above, according to our analysis, after market opening in 2008 the average 
market price on the market will be 24.3 HUF/kWh. Since this value is greatly dependent on our 
parameter value assumptions we also give an interval for the ±20% values of the parameters: the 
expected average retail price than is between 19.62 (c = 14.4, x = 9.85) and 28.82 (c = 21.6, 
x = 14.78) HUF. 

Considering the additional system and network charges, which in the case of households 
altogether amount to 12 HUF/kWh, the full pre tax price will be around 36.3 HUFkWh or will be 
between 31.62 and 40.82 HUF/kWh as opposed to the regulated 28.2 HUF/kWh price in 2007. 
This means that even though 30 percent of the consumers will switch supplier, prices will 
increase by 29 percent (12% - 45%). However this price increase will not be only the result of the 
introduction of free tariff setting in the household segment but also the effect of the increase in 
the wholesale prices. In the first half of 2007 the average procurement price of the suppliers was 
14.32 HUF/kWh while for the first half of 2008 we estimate this price to be around 18 
HUF/kWh. In the second table we show the structure of the 2007 tariff and our estimation for 
2008.

2. Table: Price change in 2008

2007. January–
June

Justified 2008

HUF/kWh
change (%, base: 

2007)
HUF/kWh

change (%, base: 2007, justified 
price increase)

Procurement cost 14.32 18.00 25.7 18.00 0.0
System charges 12.00 12.00 0.0 12.00 0.0
Supplier margin 1.83 2.30 25.7 6.27 172.6
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Net electricity 
price

28.15 32.30 14.7 36.27 12.3

Source for the 2007 data: Hungarian Energy Office

According to our prediction the supplier margin in 2008 compared to 2007 will increase by 
36.27%. It is interesting to compare the predicted price with a price where the margin increases 
with a ‘fair’ rate. Let this ‘fair rate’ be equal to the rate of the increase in the procurement cost 
(than the relative margin will be constant). In that case the ‘fair price’ would be 32.3 HUF/kWh, 
where the increase in procurement cost would induce a 14.7% increase while the increase in the 
relative margin would yield a further 12.3%. 

5.3. Sensitivity analysis - new entrant

In the third stage of the sensitivity analysis we analyze the effect of the entry threat and also 
the actual entrance of a new supplier on prices. For this we assume that entry to the market is 
possible and that a new supplier will always enter if its profits would cover the entry costs. The 
incumbents will consider this when setting their prices and if its profitable for them will set a low 
price that the new entrant will not want to undercut. (The game is still played for only one period, 
there is no possibility for deterrence.) We have made the analysis for entry costs 1 to 21 billion 
HUF. Our results show that when entry costs are sufficiently low the new entrant will enter, i.e. it 
is not worth it for any of the incumbents to set a sufficiently low undercut-proof price. Figure 5 
below shows the relation between the entry costs and the average market price. 

5. Figure: Average price and entry cost

21

22

23

24

25

26

1 3 5 7 9 11 13 15 17 19 21

Cost of entry (HUF/kWh)

A
v
e
ra

g
e
 p

ri
c
e
 (

H
U

F
/k

W
h

)

When the entry cost is not higher than 4 billion HUF the new entrant will enter and it will set 
the undercut-proof price. In case of entry costs higher than 4 billion the low price incumbent will 
set such a low undercut-proof price that finally it will not be profitable for the new supplier to 
enter. However since the incumbents now are setting lower price to deter entry average market 
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prices will be lower than even when there is no entry than in the case when there was no 
possibility for newcomers. Thus if the entry cost is lower than 15 billion HUF it will reduce 
prices even without entry.

6. Conclusion

In our paper we have analyzed the possible effect of the 2008 market opening on the 
electricity market for households according to the currently known regulatory environment. In the 
model we use supplier switching is costly therefore the classic Bertrand oligopoly model’s 
equilibrium will not take place. Supplier switching costs create a certain degree of market power 
for suppliers which are further enhanced by the low contestability of the market. These 
characteristics are the main reasons for the almost 25% price increase that we predict after the 
demolition of regulated prices. This increase will take place even though 34% of the consumers 
will switch supplier. According to the sensibility analysis procurement costs will pass through 
entirely to the retail prices. Model results also show that suppliers would apply a margin much 
higher than a ‘fair’ level.

Furthermore we have investigated the effect of new entry on the market prices. According to 
our results the threat of entry on itself would be enough to lower market prices. However the 
evaluation is difficult in this case since we do not have information on the size of the relevant 
entry costs. 

Since in Hungary finally the government did not let the suppliers to set prices freely on the 
household market, but prices remained regulated, we cannot compare our results with the actual 
market developments. However we think that our model could be used for the prediction of 
outcomes for other product markets and other consumer groups as well.
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Appendix

1. ESTIMATING THE SUPPLIER SWITCHING FUNCTION

We use data recorded by studying 2200 households in 2007 to estimate the function of 
consumers' willingness to switch supplier. Since there is no real market, we are not able to 
estimate a switching function for households in the electricity sector; therefore we decided to 
use a questionnaire. The subjects of this survey were presented by a hypothetic situation offering 
the possibility of supplier switching, then were asked to tell how that would make them behave.

An advantage of the use of a questionnaire is that the consumers can be asked anything i.e. in 
this case: how she would behave if there was a possibility to switch supplier; however, the 
disadvantage comes from the same hypothetic nature of this method. Since a consumer's 
answer will not have any real consequence, we cannot be sure about its authenticity. The 
participant may give an answer that is different from her preferences, or she may not have 
understood well enough the situation presented to her, therefore will not give the same answer 
she would in a real decision-making situation. Furthermore, the answers can be influenced by the 
wording of the questionnaire. Whatever the reason behind the difference between the answer and 
what would be the actual decision, the problem is the same: the authenticity of data gained 
through surveys is questionable. Despite the problems mentioned above, we will estimate the 
supplier switching function using answers to questionnaires since we have no other manners to 
do so, however, because of a possible bias we will also examine the robustness of the results.

The sample we created in the survey -criteria like supplier field, age group of the head of the
household, his school qualification, and the number of the members of a household – is 
representative on the country level. The characteristics of the consumption of a household are 
shown on Table A1.

In order to survey the willingness to switch supplier the questionnaire contained several 
questions. Considering the answers to these questions we concluded that households are satisfied 
with their current supplier and unless there was a price difference between two suppliers they 
would stay with the current one even if they had a free choice. In other words, unsatisfaction with 
the supplier in itself would not indicate a switch of supplier after the opening of the market. 
(Only 3% answered to switch for sure.) 

A1. Table: Descriptives of household consumption

Household consumption (HUF/month)
Minimum 750
Maximum 87 000
Average 7 668
Standard deviation 4 802
1st quartile 4 500
Median 6 577
3rd quartile 9 800
Modus 5 500

In order to define the willingness to switch supplier, the introducing questions above were 
followed by questions regarding the savings the consumer would consider enough to join another 
supplier. More specifically, she was asked to indicate a specified amount of HUF. Each consumer 
was presented by a personalized amount of HUF corresponding to 2, 5, 10, 15, 20, 25, 30 and
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higher than 30 percent of the amount of her electricity bill. The use of HUF amounts was needed 
since it is a less abstract concept than percentage.

A1. Figure: Empirical switching function (based on the survey)
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When analyzing the answers we converted saving categories to HUF price-differences i.e. we 
specified the price difference that should be offered by a supplier in order to achieve savings 
between 2 and 35 percents with unvaried consumption. To define this we considered the current 
average household gross price - 35.18 HUF/kWh (www.eh.gov.hu). Afterwards we ordered a 
consumption quantity i.e. a price difference to each consumer that would surely encourage her to 
switch. This resulted in the switching function shown on diagram A2.

Apparently, at the 12.31 HUF/kWh (35%) price difference everybody would switch supplier. 
Since we have converted the category ‘more than 30%’ that was used in the questionnaire to 
35%, our supplier switching function could be biased. However, since at the price difference of 
10.55 HUF, which is related to the “30% difference”, almost 93 (92.76) percent of the 
consumers would switch, therefore the price-difference we had defined refers only to 7 percent of 
the consumption thus it is not to be considered determinative.

The switching percentages of the questionnaire were then used to define the households' 
switching function which, considering the 11251 GWh consumption in 2006 (www.eh.gov.hu) 
would be set as indicated by the function on diagram A2.

As diagram A2 shows, a line can be drawn around the switching function. (R2=0.9885). We 
are going to use this linearity in our model with the difference that the linear switching function
shown by diagram A2 will be substituted by a line crossing the origo and the point defined by the 
maximum price-difference and the initial consumption base. These two points define a line. We 
do not make a big mistake if we approximate the actual switching function with this latter line
since the explanatory power is still R2=0.9704.

Thus we have arrived to the switching function we use in the model.

http://www.eh.gov.hu/
http://www.eh.gov.hu/
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A2. Figure: Hypothetical switching function
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2. PROPOSITIONS AND PROOFS

A1. proposition. For the company setting the low price it is not profitable to set a price higher 
than the price of the two ’high-price’ companies instead of setting the low price.

Proof. Let’s assume that supplier 2 and 3 charge their price according to (18). Supplier 1 will stay 
at its initial price if its profit then is higher than its profit with a price higher than (18). Supplier 
1’s profits in the two cases have to be compared. If supplier 1 stays at the low price described in 
(17) then its profit is:
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If supplier 1 diverges from its initial level and decides to set a price higher than the price of 
supplier 2 and 3, then this price will be:

  c
x
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xQ
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6 32
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(A2)

which is higher than 2p and 3p  if (23) is met.
Then supplier 1’s profit is the following:
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This latter profit is lower than the profit with the initial price if )(4 321 QQQ  , which is a less 
stricter assumption than the initial assumption in (19). Thus if 321 QQQ  , then supplier 1 will 
not charge a price higher than supplier 2 and 3, but will charge a lower price described in (17).

A2. proposition. The discriminant of the second degree expression (21) is never negative.

Proof. The second degree expression in (21) can be rearranged the following way:
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After further rearrangements we result at an   baba  type of expression, where:
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The first term of the product is always positive (since both a and both b are positive) so the sign 
of the discriminant depends solely on the sign of the second term. The second term is negative if 

    31312312321 22423 QQQQQQQQQQQ   , 

And we know that 1 , therefore the following is true: 

    31312312321 22423 QQQQQQQQQQQ  .
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After the rearrangement of the latter expression we result at:

  03
2

312  QQQ

Which is a contradiction. Therefore the discriminant of (21) cannot be negative and can only be 
zero if 312 QQQ  .

A3. proposition. The low price company will not diverge from the undercut-proof price if 
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Proof. Let’s assume that a pa  undercut-proof price exists and it is set by supplier 1. In this case 
the prices set by supplier 2 and 3 are formed on the basis of their reaction function:

232
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If supplier 1 unilaterally diverges from the low price and sets a price higher than the price of 
supplier 2 and 3, then its profit is 
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While in the case of the low price it is:
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After rearranging the inequality am
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  , we result at:
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Te two roots of this second degree equation are:
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Since the function is concave, for am
11   to be met the β set by supplier 1 has to be between 

these two values. 

A4. proposition. The supplier with the highest market share will not set an undercut-proof price.

Proof. Based on the previous proof and also on the fact that β has to be lower than x, for supplier 
1 it will never be profitable to set an undercut-proof price if
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i.e. 132 8
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This latter expression is met if 12 QQ  and 13 QQ  , i.e. if supplier 1 is the largest on the market.


