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Abstract

Governments have regarded the electricity industry as a leading industrial sector  throughout the
history. Because of its strategic importance to industrial  development, its impacts on the social and
environmental issues and its natural  monopoly characteristics, it has been seen necessary to regulate
electricity  industry effectively. However, in the mid 1980s it was realised that even though
transmission and distribution networks are natural monopolies, the scale  economies in electricity
production at the generating unit level had exhausted at  a unit size of about 500 MW. This meant that
supply and generation had become  potentially competitive activities. In Finland the new Electricity
Market Act  (EMA) came into force in 1.11.1995. According to it the production and supply of
electricity became deregulated and competition was introduced to the industry.  The main aim of the
law was to improve efficiency.

This dissertation analyses, both theoretically and empirically, the impacts of  deregulation to the
Finnish electricity markets. In chapter two we discuss on the  grounds and incentives of the
deregulation processes that have been carried out  in different countries. We also determine the crucial
factors in order succeed in  the deregulation process. According to our view the success depend on
the number of active players in the wholesale market,  the rules of the bidding procedure, the
organisation of the demand side operation, the neutrality of  transmission grid, the structure of
production  technologies and the ownership structure of the  industry.

In chapter three we theoretically model the profit maximising behaviour of the  Finnish electricity
companies based on different stages of vertical integration  and on different stage of competition.
According to our results the profit  maximising pricing rules of distribution units is dependent on the
stage of  integration and on the stage of competition. The separated distribution company  maximises
profits by setting the distribution price equal to the long-run  marginal costs plus mark-up determined
by price elasticity of demand. The  integrated distribution unit has to take also the impacts on the
supply unit into  account when setting the distribution price.

Chapter four considers the consequences of deregulation to the wholesale price of  electricity and
the market structure of the industry. It is interesting to  question whether deregulation in some
circumstances may lead to higher prices  instead of lower ones. The relationship between the Cournot
equilibrium on the  one hand and Bertrand equilibrium on the other will be quantitatively explored.
The results indicate that deregulation can result in a significant price increase  and output decrease in
Finland if there occurs Cournot type of competition. 

In chapter five we consider alternative pricing policies for a regulated  distribution company and
empirically analyse is it possible to achieve welfare  improvements by changing the prevalent price
structure to the more efficient one.  We use four different pricing methods which are marginal cost
pricing, fully  distributed cost pricing (FDC), Ramsey pricing and optimal two-part tariffs. The
results indicate that it is possible to improve welfare quite markedly by  switching from the existing
pricing principles to more efficient ones. The  resulting welfare is highest if we use the first best prices
based on marginal  costs or optimal two-part tariffs.

Keywords: vertical integration, welfare improvements, market structure
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1 Introduction 

1.1  Background and purpose of the study 

Historically the electricity supply industry has been seen as a strategically important 
industry sector. Because the industry is characterised by high sunk costs, and it is 
important from both the social welfare and from the environmental point of view, it has 
been seen to need effective regulation. Most countries have used indirect regulation 
through public ownership to solve this question, while countries with mainly private 
ownership, have relied on some form of a direct regulation. In the mid-1980s it was 
noticed that public ownership and a high level of government control had resulted in an 
industry characterised by overly costly generation technologies and, a lack of 
competition. In addition, a lot of emphasis had been put on engineering excellence, but 
little on cost minimisation and customer service1 (see Pollitt (1997)).  

By 2001 the outlook of the industry has changed radically as a result of a worldwide 
tendency towards deregulation, restructuring and privatisation. Chile was the first country 
to start restructuring its electricity industry in 1978 (see Spiller and Martorell (1996)). 
However, the most radical liberalisation took place in the UK, where the deregulation 
process started in 1983 and finally was accomplished by a full supply competition in 
1998 (see Green (1994), Green and Newbery (1992), Newbery and Green (1996), 
Newbery and Pollitt (1997), Pollitt (1997)). In Europe Norway, Finland and Sweden have 
followed UK. In Finland the regulation of the supply and generation of electricity ended 
in November 1995, when the new electricity market law became valid. Since then the 
electricity sales and generation have been under competition while electricity distribution 
and transmission has remained as a local monopoly. 

                                                           
1 However, there have been some exceptions to these general rules, such as the small-scale 
electricity distribution by municipally owned utilities in Scandinavia. 
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The restructuring of the electricity supply industry is not a single exemplar of 
liberalisation. Similar changes are taking place also in other sectors of the infrastructure, 
such as telecommunication and natural gas industries. If the restructuring is done well 
and the design of the new models of industry structure, competition, and regulation 
functions in reality it is possible to achieve substantial benefits. Moreover, it should be 
noted that reforms to any of the so-called infrastructure sectors will necessarily involve 
potential winners and losers. Thus it should be guaranteed that the winners compensate 
the losers in order to have different groups support the restructuring instead of opposing it 
(see e.g. Joskow (1998)). 

The concept of liberalisation or restructuring may take several different forms. It may 
mean an allowance of independent generators to enter the market, the creation of power 
pool, or the horizontal separation of incumbent generators. In addition it can refer to the 
vertical disintegration of state-owned monopolies into generation, transmission and 
distribution businesses. In its most comprehensive form liberalisation usually culminates 
in the sale of the state-owned assets, either completely or at least partially, to the private 
sector (see Pollitt (1997)). 

The electricity supply industry (ESI) as a whole consists of three vertically related 
businesses: generation, which is the conversion of the energy from different sources into 
electricity; network services2, in which electricity is transmitted over networks, and 
supply, which refers to the metering, billing and bundling of contracts with the other 
businesses3 (see Pollitt (1997)). 

Network services are natural monopolies4 but supply and generation are potentially 
competitive. Traditionally these functions have been vertically integrated. Usually the 
vertical integration has been justified by the argument that while the transmission is a 
natural monopoly, its operation and expansion need to be closely coordinated with that of 
the generation (see Newbery and Pollitt (1997)). Also the generation has been argued to 
be a natural monopoly because of the large scale of efficient generation plants and the 
losses that occurred on long-distance transmission. However, in the course of time the 
optimal scale of generating plants has declined. Additionally technological improvements 
have significantly reduced the losses that occur during transmission. These facts together 
have made the electricity generation a potentially competitive industry (see e.g. 
Borenstein and Bushnell (2000)). 

As a result of deregulation these formerly vertically integrated functions have now 
been separated in many countries such that network services have to be separated from 
generation and supply. This has been seen as crucial criterion in order to create a neutral 
market place for competitive functions. Problems of cross-subsidisation and exploitation 
of market power, among others, have also been seen to diminish as a result of vertical 
separation (see e.g. Guldbrandsen and Haugland (2000), Joskow (1998), Laffont and 
Tirole (1994), Newbery and Pollitt (1997), Riordan (1998)). 
                                                           
2 Network services consist of two vertical activities which are transmission and distribution. In 
transmission electricity is transmitted over high voltage networks. Distribution is a name of the 
process by which the transmitted power flows to the final consumers. 
3 Sometime the term supply is seen to include also generation.  
4 They are characterised by high sunk costs. 



15 
 

This chapter is structured such that next we discuss the deregulation process 
implemented in the Finnish electricity markets. We present the main characteristics of the 
Finnish electricity industry and give brief introduction to the main contest of the Finnish 
Electricity Market Act of 1995. We conclude this chapter by a summary of the main 
findings of the study. The rest of the thesis is organised the following way. First we 
discuss on the incentives for restructuring of the electricity industry and on the 
implementation of deregulation in different countries. We also provide a judgement of 
the critical factors affecting to the success of deregulation process. This is the subject of 
chapter 2. In chapter 3 we theoretically analyse the issue of optimal pricing in 
deregulated electricity markets. Pricing rules for both vertically integrated and vertically 
separated company structures are modelled. Additionally we consider the impact of 
deregulation to the incentives of market power exploitation and cross-subsidisation. 
Chapter 4 concentrates on high voltage level electricity markets. Here we utilise a 
simulation model in order to test the impact of market structure on the wholesale price. 
We consider both the Cournot market structure and the Bertrand market and calculate the 
resulting equilibrium. In chapter 5 we consider different possible pricing methods for the 
distribution part of electricity markets. We also calculate the impacts of different pricing 
rules on the social welfare.  

1.2  Restructuring of the Finnish Electricity Markets 

The development of the Finnish electricity industry has been rather rapid and efficient, 
considering that at the beginning of the century Finland was far from an industrialised 
country with a GNP per capita clearly below that of any other Nordic or West European 
countries. It is almost amazing that such a modern and well functioning electricity 
industry has developed from that original state (see Pineau and Hämäläinen (2000)). For 
a more detailed analysis of the historical development of the Finnish electricity industry 
until the 1990s, see Myllyntaus (1991).  

The nature of a multi-player industry has been characteristic to the Finnish electricity 
generation. Even though the former Imatran Voima Oy (IVO) (now called Fortum) has 
had a dominant position in the industry, smaller utilities have also been of importance 
already before deregulation. Another interesting issue is the functioning of the wholesale 
markets since they were, at least in theory, open to all generators. However, the operation 
of the wholesale markets was limited by the monopoly power of IVO and also by the 
long-term contracts and the difficult access to the grid. In addition to the open wholesale 
market, small private pools were in operation, functioning according to the efficient merit 
order5. The reliability of the system was guaranteed by the cooperation and self-
regulation between generators and network operators (see Pineau and Hämäläinen 
(2000)). 

Another specificity of the Finnish electricity industry, compared to almost any other 
country in the world, is that even before the restructuring there was to some extent 

                                                           
5 This took place under the leadership of IVO and other producers. 
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competition in the transmission network. Two companies, IVO and Pohjolan Voima 
(PVO) owned the network. The objective of PVO was to provide network services to a 
consortium of generators, who did not want to use IVO's network. While the network of 
PVO was open only to this specific group of generators, IVO’s network was open to third 
parties6.  

There are three main reasons for restructuring the electricity industry in Finland. One 
is the worldwide trend towards liberalisation of infrastructure industries, and the evidence 
of improved efficiency. Another is the deregulation of the electricity markets in other 
Nordic countries and the establishment of the common power pool, Nord Pool. Third, 
there has been a scheme for opening the European electricity markets, to which Finland 
wanted to be properly prepared.  

The phases of the deregulation of the Finnish electricity markets can be divided as 
follows. The new electricity market act came valid 1.6.1995. The main objective of the 
law is to guarantee the competitiveness of the Finnish electricity supply industry also in 
the future, preparing it for the integrated electricity markets in the Nordic countries and 
later also in the integrated European markets (see Finnish Government (1994)). The 
phases were such that 1.11.1995 all big consumers (over 500 kW) could choose their 
supplier through competition. Since the beginning of 1997 all consumers with an hour-
based metering of their own could also choose their energy supplier. Since 1.9.1998 also 
households have been able to choose their suppliers7 (see Peuranen and Kiviniemi 
(1999)). 

The major effects of the new law are the vertical separation of the industry, and the 
introduction of competition to the supply market of electricity. Basically this means that 
the electricity supply and generation have to be separated from the network services. 
Selling electricity is no longer a subject to permit. Regional retail monopolies have been 
abolished and instead free competition in the supply is now allowed. According to the 
law, electricity transmission networks are available to all potential users. Network 
companies are obliged to offer transmission services on equal terms of fee for all 
customers, which in this case are electricity producers. This service obligation applies to 
all networks i.e. from the national grid to local distribution networks (see Finnish 
Government (1994)). 

The competition in the electricity markets excludes network companies. Therefore the 
network companies will maintain their natural monopoly positions also in the future, and 
their operation will be based on a permit. The permit defines the primary geographical 
responsibility area of the company, within which the company should provide services to 
all consumers. 

It is especially important for the market structure that the network operations are 
separated, at least in the accounts, from the generation and supply of electricity. The 
network companies are obliged to publish their network prices, terms and pricing criteria. 

                                                           
6 For a more detailed description of the Finnish electricity system before deregulation see Pineau 
and Hämäläinen (2000). 
7 Since 1.9.1998 there has been no metering requirement for the households. Instead a so-called 
load profile has been used in balancing and also as the basis of estimated invoice.  
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A specific Electricity Market Board has been set up within the Ministry of Trade and 
Industry to resolve questions related to transmission. 

Even though the introduction of competition to the wholesale market has succeeded 
reasonably well, there was no real competition in the retail business before the small 
consumers8 could easily change from one electricity supplier to another. Since 1997 it has 
been possible, in theory, to any consumer to change supplier. However, the required 
meter was too expensive to make the change possible for the small consumers. This 
problem was solved in 1998 when the requirement of the metering system for small 
consumers was replaced by the introduction of the load profile procedure, which does not 
cause any extra costs to small consumers, thus enabling them to change supplier9. 
Because the deregulation of the Finnish electricity markets has been completed only three 
years ago, it is too early to draw any conclusions about its final effects. However, the 
wholesale price of electricity has clearly come down, and there has been a strengthening 
trend towards changing the suppliers whenever consumers see it profitable. More 
problematic issues seem to be related to the providers of network services, which are 
regional monopolies and thus outside of the competition. It seems that some network 
companies are using monopoly power, undoing some of the positive influence that has 
been reached at the wholesale level. Therefore it seems that we need more detailed 
regulatory rules to be able to control the network services.  

Even though competition is now concerning all consumer groups, the Finnish 
electricity industry as a whole is still in the middle of transition. There are many tasks 
uncompleted when we discuss the deregulation process of the integrated Nordic Power 
markets or more broadly the integrated European power markets. The next step in the 
integrated Nordic Power market is to unify the transmission-pricing systems, which still 
diverge somewhat between Norway, Sweden, Denmark and Finland. Also the future 
possibility of integration with the European electricity markets provides a great challenge 
to improve the competitiveness and know-how within the Finnish power producers and 
marketers (see FINERGY (1997), Fingrid (1997), Pineau and Hämäläinen (2000)).   

1.3  Main findings of the study 

1.3.1  Chapter 2: Restructuring of electricity industry – international 

experiences 

The objective of this chapter is to present and discuss on the grounds and incentives of 
the deregulation and liberalisation processes that have been carried out in different 

                                                           
8 Which have main fuses of at most 3*63 A and a maximum load of 45 kW. 
9 For more detailed description of the load profile system see Pineau and Hämäläinen (2000). 
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countries. Further, the success of already implemented deregulation processes are 
assessed and the crucial factors in improving efficiency are determined.  

Even though there are not very many significant economies that are not reforming 
their electricity supply industries we present the most significant of those, from the 
Finnish restructuring process point of view, of course. We have selected those OECD 
countries that have already completed (or at least almost completed) the restructuring of 
their electricity supply industries. Additionally we discuss some other countries, which 
were among the first ones to introduce competition into the electricity supply.   

Competition is full or almost fulfilled in Finland, New Zealand, Norway, Sweden, UK, 
Argentina, Brazil and Chile. Restructuring is already well advanced but competition is 
not close to the complete in Belgium, Denmark, Germany, Ireland, Netherlands, Spain, 
Switzerland and USA. In all these countries competition is introduced to the supply and 
generation of electricity whereas network services10 are still regional monopoly activities. 
In addition to these countries there are several countries that have taken some steps 
towards restructuring, but are still far away from fulfilment (see Amundsen et al. (1998), 
Culy and Wright (1996), Gilbert and Kahn (1996), Green (1994), Pollitt (1997), Spiller 
and Martorell (1996)). In the restructured countries the wholesale trade of power is 
carried out either through a pool or by using a bilateral exchange (see e.g. Bower and 
Bunn (2000)). In some countries, such as the Nordic countries and New Zealand, trading 
through the pool is optional while in other countries, as in England and Wales, 
participation is mandatory.  

Chile was the first country to restructure its electricity supply industry. Restructuring 
began in 1978 and it was followed by privatisation in the late 1980s. However, the most 
radical liberalisation took place in the UK. The partial deregulation began as early as 
1983. It was followed in 1989 by a restructuring and privatisation of the industry. In 
addition to the UK and Chile also the Nordic Countries, New Zealand, Brazil and 
Argentina have already opened their supply businesses for full competition. 

The restructuring process in Chile has been considered quite successful. Electricity 
prices have been, at least during the early years of 1990s, closely related to long-run 
marginal costs, private investment has took place in all areas of activity, and stocks of 
electricity companies have been widely held and daily traded in the local stock exchange 
(see Spiller and Martorell (1996)). Up to a couple of past years the British deregulated 
power pool has also been seen to operate quite well. However, it seems that the market 
power has became a serious problem there. Mainly because of market power the British 
government has announced that the Pool will be replaced by a series of bilateral markets. 
Thus all we can say now is that the British electricity sector is again in transition. In the 
United States the main objectives of deregulation and free competition in the power 
markets has been the possibility to make electricity production less fluctuating through 
changes in the market price. However, the expected real-time consumer price response 
has not developed so far (see Borenstein and Bushnell (2000)). In addition, especially 
California has suffered from big problems that have mainly resulted from the 
combination of liberalisation of the power market and lack of sufficient capacity. 

                                                           
10 Network services include as well the high voltage transmission as the distribution of electricity.   
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The Scandinavian electricity markets are the first multinational power markets in the 
world. Perhaps the most significant gain achieved by integrating the Nordic electricity 
markets is due to the more efficient allocation of productive resources (see Amundsen et 
al. (1999)). One of the objectives of the deregulation has been to have lower electricity 
prices and it seems to have been successful in this respect since both the wholesale price 
and the retail price of electricity have come down during the last few years11. 

According to our view the success of the deregulation process and the target to 
improve efficiency depend on six issues. First, the number of active players in the 
wholesale market seems to be important, not so much whether the wholesale is carried 
out through some kind of a spot market or a bilateral market. Second, the rules of the 
bidding procedure in the wholesale market clearly seem to affect the outcome of the 
market. Third, the organisation of the demand side operation in the wholesale market is 
much more important than has been recognised so far. Fourth, the transmission grid 
should offer a neutral market place for competitive activities. This requires that the 
access to the transmission grid is based on equality and furthermore that the transmission 
capacity is high enough to guarantee its efficient operation. Fifth, it seems that some 
production technologies make it easier for companies to use market power than others. 
And finally, the ownership structure may have some effect on the outcome of market. 

1.3.2  Chapter 3: Vertical integration versus vertical separation; a 

theoretical analysis 

According to the Finnish Electricity Market Act of 1995 network operations have to be 
separated from production and sales at least in the accounts. This requirement is based on 
the threat of cross subsidisation between production and networks and potential 
competitive problems (see Hobbs and Schuler (1985), Hogan (1992), and Joskow 
(1998)). In chapter 3 we model the profit maximising behaviour of the Finnish electricity 
companies based on different stages of vertical integration. Although the activities have 
to be separated in the accounts, we do not know whether the company actually aims to 
maximise its total profit or separate profits from the network and the supply unit. First we 
model a situation where the energy supply unit and the distribution unit are virtually 
separated12. We derive the optimal supply and distribution price when the company’s 
supply unit operates in perfectly competitive markets, and also in the case in which the 
supply unit has market power. Then we extend the analysis to include also the situation 
where the energy supply unit and the distribution unit maximise joint profits. It is also 
possible that the company operates solely in the supply or distribution markets. However 
the pricing rules for these cases are similar to those found out in the separated company 
case. 

                                                           
11 However, just recently we have witnessed a considerable increase in Nord Pool prices. 
12 In chapter 3 we concentrate purely to the supply and distribution of electricity and thus the high 
voltage transmission is excluded there. 
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If we compare the profit maximising pricing rules of both separated and integrated 
distribution units assuming that the supply markets are perfectly competitive, we find out 
that the company structure does not have any impact on the profit maximising prices. In 
both cases the distribution unit should set its price equal to the long-run marginal costs 
plus some mark-up defined by the price elasticity of demand. We assume that demand is 
quite inelastic with respect to the distribution price because of monopoly power and thus 
distribution unit have an incentive to use high mark-ups. From the social point of view 
this kind of pricing is not feasible and as a consequence strong and distinct regulation is 
needed. 

The profit maximising pricing rules of separated and integrated distribution units 
differ if the supply markets are imperfectly competitive. The separated distribution 
company maximises profits by setting the distribution price equal to the long-run 
marginal costs plus some mark-up determined by price elasticity of demand. However, 
the integrated distribution unit has to take also the impacts on the supply unit into account 
when setting the distribution price. If, for example, the distribution unit raises the 
distribution price it has to calculate how much the demand will decline as a consequence, 
and further, how much this reduces the revenue of the supply unit. Even though the 
distribution price is affected by the energy price, it does not give incentive for a rational 
profit maximiser to decrease the energy price under marginal costs by subsidising it by 
high distribution price. This kind of subsidisation does not increase total profits and thus 
it is not economical in the long run. The distribution unit has incentive to raise the 
distribution price above marginal costs independently of the behaviour of the supply unit 
and thus we should be more worried about the lack of distinct regulation than about the 
integration of companies. 

1.3.3  Chapter 4: The impact of market structure on the wholesale price 

of electricity in the deregulated Finnish electricity markets  

The main objective of this chapter is to consider the consequences of deregulation to the 
wholesale price of electricity and the market structure of the industry. It is especially 
interesting to study whether deregulation in some circumstances may actually lead to 
higher prices instead of lower ones. Similar kinds of studies have been done in Britain 
(Green and Newbery (1992)) and in Sweden (Andersson and Bergman (1995))13. This 
chapter follows closely the approach adopted by Andersson and Bergman by using a 
numerical model in order to analyse output and prices. The relationship between the 
Cournot equilibrium on the one hand and Bertrand equilibrium on the other will be 
quantitatively explored. 

Even though there are some similarities between the Finnish and the Swedish 
electricity markets, according to our results the Finnish may have better possibilities to 
succeed in promoting real competition even if we consider the autarky situation. This is 
                                                           
13 See also Klemperer and Meyer (1989) for derivation of the supply-function equilibrium approach 
used in Green and Newbery (1992). 
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mainly because the market structure is clearly more concentrated in Sweden than in 
Finland14. However, deregulation can result in a significant price increase and output 
decrease also in Finland if there occurs Cournot type of competition. This is because of 
the fact that also in Finland the biggest producer, Imatran Voima Ltd., has considerable 
market share. It produces approximately 28% of the total production and has significant 
market power. Therefore the integrated Nordic power markets, which increase the 
number of the active players in the industry, can be seen to diminish the risk of Cournot 
type of competition. 

1.3.4  Chapter 5: Distribution price of electricity and potential welfare 

improvements 

In this chapter we consider alternative pricing policies for a regulated distribution 
company15, which is assumed to be a natural monopoly. We calculate the distribution 
prices of electricity on the basis of four different methods, and then compare the possible 
welfare effects to the present pricing system. This study concentrates purely to the 
distribution of electricity and thus high voltage level of network services i.e. transmission 
is excluded here. First, we calculate the pure first best optimum prices based on marginal 
costs. Secondly, we calculate the distribution prices based on Ramsey pricing (see e.g. 
Berry (2000), Braeutigam (1979;1984), Horowitz and Seeto (1996), Ramsey (1927)). 
This method is especially interesting, since it is generally known in welfare economics as 
a second best pricing policy and it enables the firm to break even. Thirdly, we calculate 
the optimal Coasian two-part tariffs (see Brown and Sibley (1986), Coase (1946), 
Naughton (1989)). Finally, we calculate the distribution prices based on the fully 
distributed cost pricing (FDC) (see Braeutigam (1980)). FDC prices are determined by 
the Relative Output Method (ROM).  

The main finding is that it is possible to improve welfare quite markedly by switching 
from the existing pricing principles16 to more efficient ones. The resulting welfare is 
highest if we use the first best prices based on marginal costs or optimal two-part tariffs. 
However, because pure marginal cost prices may result in negative profits, and further it 
may be politically difficult to find a way of compensation, we suggest that the 
distribution prices should be based on optimal two-part tariffs. Ramsey prices also show 
improvement in welfare. However, Ramsey pricing suggests a considerable price increase 
in the 6-70 kV networks. This may raise strong objection from the middle scale industry 
that uses the 6-70 kV networks, and thus it may be difficult to execute Ramsey pricing in 
real life.  
                                                           
14 The biggest producer, Vattenfall, has over 50% market share in Sweden. 
15 Throughout this study we assume that the term “distribution company” covers only the network 
part of retail.  
16 There are no clear, commonly used pricing methods nowadays. On the contrary existing pricing 
methods vary largely between different distribution units and only few of them are based on 
economically efficient criteria but more or less on the some form of ad hoc method. 
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2 Restructuring of electricity industry – international 
experiences  

2.1  Introduction 

Governments have regarded the electricity industry as a leading industrial sector 
throughout the history. Because of its strategic importance to industrial development, its 
impacts on the social and environmental issues and its natural monopoly characteristics, 
it has been seen necessary to regulate electricity industry effectively. Many countries 
have relied on public ownership of electricity supply assets instead of strict direct 
regulation17. On the other hand, in countries with substantial private ownership since the 
early electrification, governments have typically subjected electric utilities to wide-
ranging financial, health and safety, planning and environmental control. These two 
approaches to the industry, both public and private control, have ensued large-scale 
investments in overly costly technologies18, concentration on engineering excellence 
instead of cost minimisation and high quality service, and lack of competition in the 
potentially competitive generation and supply businesses (see Pollit (1997)). Exceptions 
to these general rules can be found – for example the Scandinavian small-scale electricity 
distribution by municipally owned utilities – but most countries could be characterized as 
above. 

Also Newbery and Green (1996) argue that the relative performance of the industry 
does not depend strictly on whether the industry is under public or private ownership19, 

                                                           
17 In 1985, nineteen out of twenty-four OECD countries had sectors dominated by state-owned 
firms  (see Pollit (1997)). 
18 For example nuclear power. 
19 Public ownership may be preferable when we deal with issues such as coordination and 
restructuring, while private ownership may have comparative advantages considering the 
competition and self-centred objectives of the firm. 
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but rather on the state of the development of the industry, on technology, and on the 
balance of political and economic forces shaping its development. 

 Historically the electricity industry has been characterised by economies of scale in 
the generation and the necessity of an extensive transmission and distribution network in 
order to deliver the generated electricity to the final consumers. However, in the mid 
1980s it was realised in several countries that even though transmission and distribution 
networks are natural monopolies, the scale economies in electricity production at the 
generating unit level had exhausted at a unit size of about 500 MW (see e.g. Joskow 
(1987), Wolak (2001)). This meant that the natural monopolistic characteristics of 
electricity supply and generation had vanished and thus they had become potentially 
competitive activities. As a consequence it was noted that a separation of network 
activities from generation and supply and the introduction of competition to these 
potentially competitive parts of the industry might increase the overall efficiency. In all 
countries which have deregulated their electricity supply industries competition concerns 
supply and generation of electricity whereas the network services20 have been kept out of 
the competition.  

It is possible to organise the competitive wholesale trading by using many different 
systems, from which the pool based trade and bilateral trade have become most common. 
However, a certain degree of central co-ordination is needed because competitive 
wholesale trading arrangements all share the same need to match supply and demand, and 
this matching process must be carried out instantaneously21. This is true regardless of 
whether the electricity industry consists of a single vertically integrated public sector 
utility or of a multitude of competing generators and suppliers. 

One notable problem concerning the lack of effective co-ordination is the possibility 
of welfare losses. Newbery and Green (1996) argue that the optimal degree of co-
ordination or the optimal size of the area over which the central dispatch is exercised will 
depend on the benefits of the central dispatch compared to the costs of the required 
restructuring. A factor that affects strongly the need for central dispatch is the variation in 
the short-run marginal costs and also the degree of variation in demand. 

The objective of this chapter is to discuss the grounds and incentives of deregulation 
and restructuring processes in electricity industry. Further, the success of already 
implemented deregulation processes is assessed and the crucial factors in improving 
efficiency are determined.  

2.2  On liberalisation and deregulation 

The concept of liberalisation or restructuring may take several different forms. It may 
mean a permission for independent generators to enter the market, the creation of a power 
pool, or the horizontal separation of incumbent generators. In addition it can refer to the 

                                                           
20 Network services include the high voltage transmission and the lower voltage distribution of 
electricity. 
21 This is because power cannot be stored economically in significant quantities. 
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vertical disintegration of state-owned monopolies into generation, transmission and 
distribution businesses. In its most comprehensive form liberalisation usually culminates 
in the sale of the state-owned assets, either completely or at least partially, to the private 
sector (see Pollitt (1997)). 

It is often argued that liberalisation, and as an endpoint of it, privatisation, improves 
the economic efficiency. The reason why liberalisation and privatisation are assumed to 
improve economic efficiency and how significant improvements it creates are explained 
in different ways, depending on the theoretical basis adopted. Property rights theory 
(following Alchian (1965), see also Pollitt (1997)) argues that privatisation assigns 
particular assets to those who can utilize these assets most efficiently. The supporters of 
this theory claim that state-owned electricity utilities are not run as efficiently as they 
could be run under private ownership. This is basically due to the fact that the state-
owned firm is not supposed to minimise costs as would be as a result of privatisation. 
Bureaucracy theories (see Niskanen (1968), Pollitt (1997)) argue that managers in state-
owned companies may be more interested in maximising the budget of their department 
than in minimising costs or maximising profits. On the other hand the theory of 
regulation and incentives does not support privatisation as strongly as the two theories 
above. As a matter of fact, the famous Averch and Johnson study (1962) argues that in 
industries where privatised activities are regulated, the regulation may introduce negative 
incentives, which may not be present in the public sector and which would reduce 
economic efficiency22. More modern theories of regulation (see e.g. Baron and Myerson 
(1982)) stress the importance of the information problems connected to the regulators’ 
imperfect information about the true costs of the firm (see also Pollitt (1997)). The theory 
of influence activities asserts that ownership arrangements evidently change the 
relationships between groups and also their possibilities to influence within the company. 
These changes create some costs, which should be emphasised when planning 
privatisation. However the final effect can be positive since influence seeking is seen to 
be easier in private companies (see Pollitt (1997)).   

Even though privatisation may have a positive influence on the performance of a firm, 
it should be emphasised that it can also create some problems. However, they may be 
avoided if the deregulation can be carried out without privatisation. The potential 
problems arising from privatisation include the high cost of regulation23, and the 
possibility of deadweight losses24 if the privatised company can exploit market power. 
Because of these contradictory conceptions of privatisation Pollitt (1995) argues that it is 
more an empirical issue rather than a theoretical one, whether the privatisation process 
ultimately means lower costs and improved efficiency. 

                                                           
22 Averch and Johnson (1962) analyse the effect of rate-of-return regulation in the USA. They show 
how it creates incentives to over-invest in relation to the social optimum. They also argue that the 
rate-of-return regulation provides no incentive to reduce costs. 
23 The costs of regulation may include direct costs and also the costs resulting from poorer 
incentives for efficient performance.  
24 Deadweight losses may be due to the high prices, the social waste of entry-deterring activities, or 
the excessive entry caused by the high profits of incumbents (see e.g. Pollitt (1997)). 
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It should be pointed out that deregulation and liberalisation are not simply a matter of 
public versus private ownership. Liberalisation of markets has been done in different 
ways in different countries. Some countries have deregulated the industry by introducing 
competition and “stopping” the regulation of supply and generation while others have at 
the same time privatised the industry. Finland has chosen the strategy of introducing 
competition without forcing privatisation. Thus we can say that the debate on public 
versus private ownership is more like a matter of choosing the modes of control. 
Liberalisation itself includes subjecting utilities to markets forces, which can result in 
more changes in performance than privatisation. Replacing the monopoly activities by 
competition can increase efficiency. However, it should be noted that at the same time 
liberalisation also redistributes rents and raises new regulatory problems in managing the 
interface between the regulated and the competitive parts of the utility (see Newbery 
(1997)).  

A central issue in creating the new electricity industry structure has been the 
observation that even though regulation or public ownership is the only stable form of 
organisation in natural monopolies, many regulated industries lack that characteristic. 
Before, deregulation for example the airline and the trucking industries have shown that 
considerable productivity improvements can be achieved if regulation is replaced by 
competition. The fact that similar efficiency improvements may be reaped by separating 
the potentially competitive parts of network utilities, such as generation, from the natural 
monopoly network has acted as a starting shot for the new industry structure of electricity 
supply (see e.g. Newbery and Pollitt (1997)).  

However, before restructuring can be thought to be complete there is the crucial 
question of how to combine the necessary regulation of the network with the organization 
of competition in activities that use the network as an input and are potentially 
competitive (see Laffont and Tirole (1994)). The issue of efficient regulation is still an 
open question when writing this thesis. Some countries have adopted some form of direct 
regulation25, while others are still unsettled about the form and the need for regulation. 
However, in most countries the basis for price regulation has been the cost of supplying 
electricity, including an appropriate level of return on capital investments. Anyhow, the 
problems continually faced by regulators are how to determine “proper” costs, what is the 
appropriate depreciation rate of capital, and whether it is permissible to allocate more 
costs to one group of customers than to another (see e.g. Joskow (1998)). A further issue 
that has been seen as a threat to the success of deregulation is the possibility of some 
companies to exploit market power.  

                                                           
25 For example RPI-X regulation used in UK (see e.g. Acton and Volgelsang (1989), Armstrong et 
al (1994), Helm (1988), Liston (1993), Rees and Vickers (1992) for more detailed information 
about regulation in electricity industry). 
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2.3  Different grounds for deregulation  

There are at least two fundamental reasons acting as impetus for deregulation. First, 
deregulation can be based on changes in ideological atmosphere. This kind of a basis for 
deregulation usually culminates in the privatisation of public activities. This has been 
argued to be the driving force for the deregulation process for example in the United 
Kingdom, where during the Margaret Thatcher term many industries, including the 
electricity industry, commenced restructuring. The number of producers has not been 
seen politically as critical as the privatisation in order to reach the target of efficiency 
improvements as a result of deregulation. However, economists in UK argued already in 
the early stages of the restructuring process that the number of generators in electricity 
markets should be higher than it was in England and Wales (see Green and Newbery 
(1992), Henney (1987), Sykes and Robinson (1987)).  

Another ground for deregulation is based on the pure target to improve efficiency. In 
restructuring processes based on the pure efficiency target the number of operators 
(buyers as well as sellers) in the market has been seen as a crucial element, not the 
privatisation, in order to reach the target. The Nordic Electricity market is an example of 
this kind of a restructuring process. For example, there are more than 100 market 
participants only in the Nord Pool26. Although some privatisation has taken place, most of 
the generators have remained in public ownership also after deregulation. The crucial 
element, in addition to the number of operators, has been seen to be the actuality of the 
demand function used by the pool operator. In the Nordic Power Market the demand 
function is calculated on the basis of the real bids to the pool instead of an estimation by 
the pool operator27. The more efficient allocation of production capacity has also been 
one of the motives in deregulating the Nordic Power markets.  

Generally, even though the political forces behind the decision to change the market 
conditions have been strong and varied in many countries, it has been argued (see e.g. 
Derthich and Quirk (1985)) that deregulation would not have occurred if economists had 
not generally supported it through their research. However, it can be questioned whether 
economists have been able to develop a theoretical and empirical framework to predict 
the actual effects of deregulation (see Winston (1993)). 

Even though the potential benefits from deregulation are well known (see Borenstein 
et al (2000)), there is no worldwide agreement upon the set of market rules for 
guaranteeing a successful industry restructuring. However, economists generally agree 
that because technological changes have frequently lessened the presence of scale 
economies, the prevalence and importance of natural monopoly are overstated (see 
Winston (1993)). Already in 1982 William Baumol, John Panzar and Robert Willig 
argued by their theory of contestable markets that deregulation may be superior to 
regulation even in industries with scale economies. The contradictory opinions are related 

                                                           
26 The number of market participants is actually even higher since 75% of physical trade was 
carried out via bilateral contracts (in 1999), not through the Nord Pool. 
27 This has been the case in the British Pool. 
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to the questions of how the deregulation should be implemented, and which kind of 
market rules should be created. 

Theories of regulation commonly suggest that there are two ways, in which 
deregulation will enhance efficiency. First, inefficient operations that have developed 
because of regulations and lack of competition will be reduced. Second, well-organised 
groups (generally producers and labour) benefit from regulation and thus lose some rent 
as a result of competition. This rent could be accordingly transmitted to the less well-
organised groups (such as consumers) (see Winston (1993)). The view that regulation has 
protected and benefited companies more than consumers is supported also by the study of 
VanDoren (1998)), in which he argues that regulation has made it possible for the 
electricity companies to construct excessively costly nuclear-power and cogeneration 
contracts. Further he argues that if a market is let to discover the form of industrial 
organisation freely, it could not be any worse than the status quo. 

Although the major rationale for electricity industry restructuring is to provide 
stronger incentives for efficient production and delivery of electricity, it may not mean 
lower electricity prices if the firms possess market power and thus have the ability to 
raise output prices above competitive levels. Consequently it has to be decided which one 
of the two regimes will yield greater benefits to final consumers: (1) a competitive market 
with strong incentives for least-cost production but limited incentives for cost-reflective 
output prices, or (2) a regulated market with limited incentives for least-cost production 
but potentially more cost-reflective output prices (see Borenstein et al (2000)). 

The prevailing view is that the technologies for electricity generation and retailing are 
both such that competition is feasible. As discussed above, economies of scale in 
generation are exhausted at levels of production significantly below current levels of 
industry output. However, the problem is how to guarantee that the price for electricity is 
set for the perspective of economic efficiency i.e. such that it is set to mimic the market 
price in a competitive industry with many non-colluding firms and minimal barriers to 
entry (see Wolak (2001)). 

2.4  Implementation of deregulation in different countries  

In the push to restructure electricity industry, the main focus has been on generation. 
Most analysts accept the view that generation can become competitive, but networks 
services still require regulation. For that reason the vertical separation of generation and 
supply from network services, including distribution and transmission, has been the main 
feature of the restructuring process in almost every country that has deregulated its 
electricity markets. Also the horizontal break up of big generation units has been seen 
necessary in most of the countries.  

Actually, in every country where an Independent System Operator (ISO) has been 
created, except for Chile and the state of California, the transmission assets and the 
system operation have been separated from generation. In California, the system 
operation is responsible for the ISO even in the case that the property of the transmission 
lines remains under the control of the original owners (utilities) in the future. It is also 
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noteworthy that in Chile, investment in transmission is open to anyone and that there is 
some competition in that sector between the major transmission company, Transelec, and 
some smaller ones (see VanDoren (1998), Pineau and Hämäläinen (2000)).  

In the countries with restructured electricity industries the wholesale trade of power is 
carried out either through a pool or by using a bilateral exchange. In some countries such 
as the Nordic Countries and New Zealand, trading through the pool is optional, while in 
other countries such as England and Wales (E&W)28, participation is mandatory. The 
pools differ also in terms of how and when prices are set, and whether generators are 
explicitly rewarded for availability or not. There is also the question of the allocation of 
risks and responsibilities between the market/system operator and the pool participants.  

Chile, Colombia and Argentina have also adopted pool-based electricity markets 
followed recently by Alberta, California, Singapore, New South Wales, Spain and 
Victoria (see Bower and Bunn (2000)). From an international perspective, the choice 
between bidding procedure is a crucial issue. For example in the U.S., various forms of 
the bilateral model and the pool-based trading coexist in different regions. If the 
Comprehensive Electricity Competition Act is passed, all states in the U.S. will soon 
have to make the choice between different trading arrangements. The European Union’s 
Electricity Market Directive is having a similar impact in Europe, but it leaves the choice 
of trading arrangements to individual countries. The results presented by Bower and 
Bunn (2000) suggest that when the market power is prevalent, the Daily Pay System 
Marginal Price (SMP) characteristics of pool-based markets should produce lower prices 
than the Hourly Pay Bid features of bilateral markets. However, the success of pool based 
system is strongly dependent on the structure of bidding procedure, on the determination 
of demand when market price is calculated and on the number of active players.  

The system marginal price is a resulting price of the bidding procedure and it is used 
in electricity spot market worldwide. It is based on the bid of the most expensive set in 
normal use29 (see Green (1999a)). The system is defined such that the lowest cost 
generating capacity is dispatched first, unless such dispatch will compromise system 
integrity. According to this dispatching procedure “least-cost merit order” gives rise to an 
upward sloping aggregate electricity supply function for each price period of the system. 
The system marginal price is determined combining expected demand function to this 
supply function (see Wolak (2001).  

In an electricity supply system where there are only few large companies, as in the 
United Kingdom, they may try to manipulate the system marginal price by removing 
some of their capacity from the market. When the capacity is removed the capacity 
payments received by the remainder will rise (see Newbery (1995)). These generators are 
able to maximise their profits by keeping the industry’s capacity at a lower level than 
would be efficient. It has also been claimed that large generators have bid some of their 
stations above their marginal costs. As a result these stations have been displaced in the 
merit order, sacrificing some market share, but in that way the infra-marginal stations 

                                                           
28 Note that in 2001 E&W power pool was replaced by series of bilateral trades. 
29 Other components are added to the System Marginal Price to cover the cost of transmission 
constraints, and also to reflect the balance between demand and available capacity. 
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have earned more because of the higher level of SMP (see Green and Newbery (1992))30. 
In markets where there are many active players, as in the Nordic Power market, the 
influence of one market participant to the outcome of the market is smaller than in the 
case of only few big suppliers, and thus price manipulation is more difficult31. 

The way in which the demand function is constituted has also great influence on the 
outcome of the market. In some countries, such as in the United Kingdom, demand is 
based on the estimation by the system operator, not on the true bids of purchasers of 
electricity as in the Nordic Power market. For example in the United Kingdom the 
operators’ forecasts for demand are readily available for generators prior to their 
submissions of bid prices and availability declarations for the next day (see Green 
(1999b), Wolak (2001)). In other words, in this kind of a system generators can compute 
the forecast for demand for all load periods before they submit their bid prices and 
available generation capacity. Wolak and Patrick (1996b) argue that this market rule 
clearly improves the possibilities for generators to exercise market power32. Market 
power is observed to be clearly a problem at least in the United Kingdom and in the state 
of California (see Borenstein et al (2000)). Even though after the restructuring there has 
been a clear improvement in labour productivity in both of these countries the fall in the 
unit costs has not been used in order to reduce electricity prices, but to increase profits 
(see Newbery and Pollitt (1997). 

Up to now the competition is fully opened or at least almost fulfilled in Finland, New 
Zealand, Norway, Sweden, U.K., Argentina, Brazil and Chile. Restructuring is already 
well advanced but competition is not close to the complete in Belgium, Denmark, 
Germany, Ireland, the Netherlands, Spain, Switzerland and the USA.  In addition, there 
are many countries, which have taken some steps towards restructuring but are still far 
away from complete restructuring (see Pollitt (1997)).  

At the European Union (EU) level, there is also an ongoing process to open up the 
electricity exchange between members and affiliated countries. An Electricity Directive 
was passed in January allowing for a gradual liberalisation of the European market from 
1997 to 2006 (see OFGEM (1998)). However, individual nation states are under no direct 
pressure to privatise their state-owned monopolies, but because of agreements on state 
aids they cannot be subsidised anymore. In addition, the Electricity Directive in Europe 
states that foreign utilities will have a right of access to national power networks and thus 
in reality there are pressures for privatisation of the remaining state-owned enterprises 
(SOEs) (see Pollitt (1997)). However, the main aim Electricity Directive in Europe is to 
                                                           
30 However, it seems that the Pool prices, for example in the UK, are significantly lower than they 
would be according to the model of unrestrained Cournot duopolist pricing (see Wolfram (1999), 
(Green and Newbery (1992)). This may be because of the threat of entry. 
31 This is true at least if the competing companies are at least almost of the same size.  
32 Because of these problems the British government has replaced the pool by a series of bilateral 
markets. However, for example Green (1999b) has argued that draining the Pool will not solve the 
problems of market power. Furthermore he reasons that selling generating capacity and thus 
making electricity market more competitive could be a better answer to the current problems. 
Bower and Bunn (2000) have argued that a proposed bilateral market would actually produce 
higher prices than the Pool system. This is consistent with the findings of Wolfram (1998). 
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integrate the European electricity markets, which is expected to increase cross-border 
trade and cause prices to be determined by competitive mechanisms. The hope is that 
welfare gains rising from increased competition will filter down to households through 
large energy distributors buying power from outside their home countries (see Amundsen 
et al. (1999b)). 

According to the international experiences so far it seems that the ownership structure 
may have an influence on the outcome of the market price, since the objective of 
privately owned firms (as in the United Kingdom and Victoria (Australia)) may be pure 
profit maximisation whereas the objective of generation companies dominated by public 
ownership (as in the Nordic countries and in the New Zealand) may be wider than just 
profit maximisation33. Therefore, when a certain country is restructuring its electricity 
industry, it is strategically a crucial decision whether privatisation is required or not.  

Chile was the first country to restructure its electricity supply companies. 
Restructuring began in 1978 and it was followed by privatisation in the late 1980s. The 
development in Chile has been quite rapid since in less than a decade the electricity 
sector has moved from government ownership to private ownership. This concerns the 
generation and the distribution, as well as the transmission of electricity. This 
privatisation has led to a large investment, close to US$2 billion, carried out by the 
private sector. Even though the restructuring process in Chile, at least during the early 
years of 1990s, is considered quite successful, Spiller and Martorell (1996) claim that 
success may be merely due to the structural changes in the regulatory system and in the 
institution rather than due to privatisation. 

However, the most radical liberalization took place in the UK. In 1979 the 
Conservative Government criticised that many public enterprises, including CEGB, were 
much too inflexible, bureaucratic and out of political control. As a remedy the 
government suggested privatisation (see Foster (1993), Newbery and Green (1996)). 
However, it took a decade before the government announced a privatisation plan for the 
electricity industry. Finally privatisation was realised in 1990  (see Armstrong et al. 
(1994), Vickers and Yarrow (1991). When electricity privatisation was planned, it was 
seen essential that the new arrangements reproduce the efficiencies of the merit order34. It 
was argued by politicians that according to the fundamental theorem of welfare 
economics a competitive market solution can be found to replicate the results of any 
efficient planning mechanism. However, there was one thing that politicians did not take 
into account, and it was that the theory requires not just markets to be competitive but 
that they should be perfectly competitive (see Kay (2001)). Evidently the situation was 
quite opposite in the E&W electricity supply market where two big producers, PowerGen 
and National Power, dominated the market. This was the case, even though already 
before deregulation Henney (1987) has argued that the British generating companies 
should be split at least into nine separate companies. Sykes and Robinson (1987) have 

                                                           
33 According to the Wolak (2001) some of the price volatility in the United Kingdom and Victoria 
may be explained as episodes of the successful and unsuccessful attempts to exercise market 
power. 
34 By “merit order” it meant how to utilize (dispatch) existing generating capacity to meet the 
demand for electricity at the lowest cost. 
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also proposed that there should be at least five or six competing generating companies in 
the competing electricity market in order to reach the goal of lower prices. Green and 
Newbery (1992) have suggested that the generators using thermal power (in the United 
Kingdom) should be divided into five generators of equal size. Further, they have argued 
that the scope of exercising market power has been considerably underestimated.  

Therefore it was not a surprise that very soon after liberalisation it became clear that 
these two major generators had sufficient market power to raise prices in the Pool (see 
Green (1999a). This was possible through the specific structure of bidding procedure and 
by the way how the demand was determined35. In generally it seems that one thing that 
clearly affect the success of the restructuring process is the number of active players in 
the competitive markets. In some countries, such as the Nordic countries, the number of 
the market participants has been seen to be a crucial issue in order to achieve the target of 
deregulation, i.e. efficiency improvement. 

In New Zealand the restructuring of the electricity industry started when transmission 
activities were split from the state generating utility, ECNZ, into a separate grid 
company, Trans Power, in 1993. The retail sector was fully deregulated at the same time. 
Thus, 50 local distributors lost their monopoly franchises. In 1996, a second state-owned 
generator, Contract Energy, was established following the transfer of around 22% of 
ECNZ´s generation assets. There was full competition in the wholesale market in October 
1996. Even though privatisation was not the primary target of restructuring of electricity 
industry approximately half of the load is provided by power companies, which are at 
least partly privatised (see Culy et all (1996)).  

An interesting aspect, and a ground for electricity delivery problems in the New 
Zealand system is the fact that most of the population resides in the northern part of 
North Island, whereas most of the major hydroelectric resources are in the southern part 
of the South Island. As a consequence of this structure transmission constraints between 
the South and North Islands can play an important role in the electricity supply process. 
As in Nordic Power markets the wholesale electricity trading through the spot market is 
not mandatory. However, the proportion of electricity sold through the spot market is 
much larger in New Zealand than in the Nordic Power market (see Wolak (2001)).  

According to the experiences in the New Zealand and also some part of the United 
states a restraint that can significantly distract the operation of competitive markets is the 
operation of the transmission grid (see e.g. Joskow and Tirole (2000)). Transmission 
grids have become a clear problem in New Zealand36and also in some parts of the United 
States. For example there are areas in the United States, in which transmission lines 
become easily congested, which makes free competition difficult. According to the 
Borenstein and Bushnell (1999) the best way to improve competitive conditions might be 
to increase the contestability of separate areas by improving the transmission 
infrastructure.  

                                                           
35 For more detailed specification of bidding structure and determination of demand see the 
discussion above.  
36 In New Zealand most of the population resides in the northern part of North Island, whereas most 
of the major hydroelectric resources are in the southern part of the South Island. 



35 

Further, it seems that the diversity of generation technology also has significant impact 
to the outcome of the competitive market. It is interesting that for example market prices 
in the markets dominated by fossil fuel technology, for example in the United Kingdom 
and in the state of Victoria (Australia), are much more volatile37 and also higher than the 
prices in the markets dominated by hydroelectric or nuclear power capacity, such as the 
New Zealand and the Nordic Power market. Possible explanations can be that it is more 
difficult to manipulate market power when production is based on so called must run 
technologies. 

Even though the U.S. has been among the very first countries to introduce competition 
into the electricity supply industry, the regulatory system38 has always played an 
important role. It has been characterised by three basic features: geographically distinct 
franchise monopolies operated by vertically integrated firms, price regulation intended to 
limit monopoly profits, and the obligation to serve customers (see Gilbert and Kahn 
(1996)). However there is no certainty about the beginning or the origins of the regulation 
(see Jarrell (1978)).  

The beginning of competitive, independent power industry in the U.S. started as a 
result of many factors and without any explicit central policy design. The passage of the 
Public Utility Regulatory Policies Act (PURPA) in 1978 had a major effect and as a 
result a group of private suppliers was created. However, the most important driving 
force for the restructuring of the electricity industry in the 1990s may have been the large 
price differences between the states. This was mainly due to the fact that some states had 
signed long-term uneconomic PURPA contracts and made nuclear power investments, 
while other states, which had not signed so much long-term contracts and had not 
pursued nuclear power, could retain considerably lower prices (see Borenstein and 
Bushnell (2000)).  

According to the United States Energy Information Administration (December 1999) 
all states were at least in the process of investigating electricity industry restructuring. Up 
to now there are four regions in the country with independent system operators running 
spot markets for wholesale electricity. These regions are California, PJM (major parts of 
Pennsylvania, New Jersey, Maryland, Delaware, Virginia and the District of Columbia), 
New England, and New York.  The restructured electricity markets are a mixed system in 
the United States. Competition is introduced only to the wholesale markets while the 
retail segment is regulated (see Gilbert and Kahn (1996), Borenstein et al (2000)). The 
distribution of electricity is characterised by a natural monopoly position and the main 
purpose of the regulator is to set the prices so that they reach the goal of the highest 
possible efficiency, while the social goal is to provide electricity at a reasonable price to 
the end users. Therefore the regulatory scheme that would lead to both of these objectives 
should be carefully determined. 

Recently the main problem in the United States, as well as in the New Zealand, have 
been the operation of transmission grids and more specifically the lack of high enough 
transmission capacity. Consequently transmission grids become easily congested which 
makes it possible for some companies to exploit market power. For example more than 
                                                           
37 See Wolak (2001) for evidence and more detailed discussion of volatile prices. 
38 Applied mainly in the investor-owned structure. 
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half of the generation units in California are so called "must-run" units. This maintains 
local market power also in the case of free competition between different states. In 
Pennsylvania, New Jersey, and Maryland, the problem of market power is solved so that 
operators can ignore or cancel the bids made by generators that have been suspected of 
exercising local market power.  

The ”fight” between public and private electricity firms has continued throughout the 
history in the United States. Nowadays the investor-owned utilities are in a dominant 
position measured either in sales or in total capacity. Also the capacity per utility is much 
larger in investor-owned companies than in public or co-operative companies. 

The deregulation of the Nordic electricity markets started in Norway 1st of January 
1991, as a new Energy Act was made effective. Originally the Nord Pool was a national 
Norwegian power exchange, but it was expanded to cover also Sweden in 1996. It was 
extended further in 1998 when Finland joined the pool. In Finland the Nord Pool is 
represented by the Finnish power exchange EL-EX. Finally in July 1999 the western part 
of the Denmark became an own price area within the Nord Pool. Even though the Nord 
Pool was built almost at the same time as the Pool in England and Wales, they were built 
independently, and as a result they have quite different structures. The market structure of 
Nordic Power markets differs from the E&W market structure in many ways. First is that 
major part of generation capacity in integrated Nordic Power market is either hydropower 
or nuclear power, technologies which have very low marginal costs of producing 
electricity. In contrast, more than 80 percent of the generating capacity in the United 
Kingdom is higher marginal cost coal, oil or gas-fired generating technology. The second 
major difference is that Nord Pool is not a mandatory pool. Generators and consumers 
can voluntarily decide whether or not they wish to sell or purchase electricity through this 
market. The third difference between the Nord Pool and the E&W industry is that much 
of the generation capacity is fully or partially state-owned. When Nordic Power market 
deregulated some state-owned electricity suppliers, they were broken up into separate 
companies providing generation, transmission and distribution, but they were not 
privatised (see Wolak (2001)). The structure of bidding procedure and mechanism of 
demand function determination differs between Nord Pool and the Pool in the United 
Kingdom. Because three consequent studies in this thesis (chapters 3, 4 and 5) analyse 
the effects of deregulation in Finnish electricity market, which is part of the integrated 
Nordic Power markets, The Nordic Power markets are next discussed more detailed. 

2.5  Nordic Power Markets 

In this chapter we discuss the Nordic39 electricity markets. First, we present a brief 
history of the industry. Then we discuss the electricity industry and the progress of 
liberalisation in Norway, Sweden and Denmark. Finland is presented in chapter 1. We 
conclude the chapter with a description of the development and the present stage of the 
integrated Nordic power markets and the Nord Pool.   

                                                           
39 Except for Iceland, which is not included in this study.  
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The historical background of the electricity industry is fairly similar in all 
Scandinavian countries. Throughout the history there has been both public and private 
ownership of electricity companies. Another characteristic has been the relatively weak 
formal government-enforced regulation. Instead, there has been self-enforced club-
regulation and yardstick competition. Also the role of a publicly owned dominant firm 
has been extensive40. In addition the share of hydropower has been relatively large in all 
Scandinavian countries except for Denmark (see Hjalmarsson (1996)).  

The first commercial, relatively large-scale private power companies were established 
in the late 19th century. After that many local co-operatives were built, but the real 
expansion of the retail distribution of electricity took place shortly after the First World 
War. The next distinct stage of development in the electricity system was put forward 
after the Second World War. During the war it had become clear that import and export 
of fuels was extremely difficult, which gave an incentive to further develop domestic 
hydropower in Scandinavia. As a result, hydropower capacity was increased rapidly in 
the 1940s and the 1950s. In the 1960s the expansion of hydropower slowed down, 
because the potential for unexploited hydro capacity was reduced. The increasing interest 
in environmental issues also changed the focus of future production and capacity 
exploitation from hydro to other alternatives (see Amundsen et al. (1999b), Grohnheit 
and Olsen (1999), Hjalmarsson (1996)).  

In Denmark, Finland and Sweden several municipalities developed district-heating 
cogeneration systems based on oil, coal, biomass or peat in the 1960s. Especially Finland 
built also industrial cogeneration plants. The baseload production of electricity leant on 
hydropower in Norway, coal, oil and nuclear power in Finland, coal and oil in Denmark, 
and nuclear power in Sweden. The proportion of nuclear power was clearly increased in 
Sweden and Finland between the1960s and the mid-1980s. In 1963 a co-operation 
organisation, Nordel, was established. It enabled the collaboration between large 
generators in Denmark, Finland, Iceland, Norway and Sweden. In practice co-operation 
has been possible through high voltage direct current (HVDC) cables, which were 
constructed from Jutland to Sweden and Norway (see Grohnheit and Olsen (1999), 
Hjalmarsson (1996)).  

The retail distribution in urban areas was, already at the early stage of electrification, 
handled by utilities owned by towns or cities. In rural areas distribution co-operatives 
took the responsibility for retail distribution. As a result, there were numerous small and 
inefficient distributors in the mid-1940s. This problem was solved by regulation and 
nationalisation, which resulted in a significant decline in the number of distributors, for 
example in Sweden from 2000 (in the mid-1950s) to 300 in 1996 (see Hjalmarsson 
(1996)).  

A common characteristic to Norway, Sweden and Finland is that the population is 
concentrated in the south while the most of the hydro resources are in the north. As a 
result, transmission networks have been seen very important since the first decades of the 
20th century.  

                                                           
40 At least in Norway, Sweden and Finland. 
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2.5.1  Structure of the market 

The Norwegian electricity industry is characterised by a high number of small producers 
and distributors. The Norwegian electricity system is quite unique, because over 99 % of 
the production is generated by hydropower. There are over 600 10 MW or larger 
producers, 73 of which have at least 100 MW production. The total production capacity is 
approximately 23000 MW. The largest producer is a state owned company, Statkraft, 
which produces 25-30 percent of the total production. Production varies heavily from 
season to season depending on the rainfall. Before restructuring, Statkraft owned 
approximately 80% of the transmission network. Even nowadays 75% of the production 
and distribution units are owned either by the state or municipalities (see Bjørndal (2000), 
Hjalmarsson (1996)). 

The Norwegian Power Pool has provided a market place for the casual electricity 
production for over twenty years. This characteristic has made the operation of the 
electricity markets in Norway different from the other Scandinavian electricity markets. 
The reconstructing of the electricity industry started in January 1991 when the New 
Energy Act came in force. The new Power Pool was established, but the operation model 
of the Pool did not change markedly. In 1992 a state-owned network company called 
Stattnett was set up to take charge of the transmission. It is noteworthy that almost 
immediately after the restructuring several new companies, specialised in electricity 
trade, entered the markets (see Hjalmarsson (1996), Hope et al. (1993)). 

In Sweden the number of state-owned electricity companies has historically been 
considerable. However, private ownership has also been possible. Government regulation 
on electricity markets has been insignificant. Instead, the markets have been controlled by 
so-called club regulation. The “club” was composed by Vattenfall and the KGS group, 
which was formed by five producers. However, smaller outside producers were also 
indirectly connected to the club. The electricity sale price was determined by using a so 
called split-savings method. According to it electricity producers had to announce to the 
pool operator how much they had either shortage of electricity or potential for excess 
production of electricity at a certain point of time. Also the marginal costs at each 
production level had to be informed. Thereafter the club operator calculated the average 
price, which was based on the producers’ and buyers’ average marginal prices. This was 
the so-called pool marginal price. The importance of hydropower and close integration to 
the heavy industry have also been characteristics of the Swedish electricity markets (see 
Hjalmarsson (1996)). 

State-owned Vattenfall produces approximately 50 % of the total electricity consumed 
in Sweden and owns 52 % of the total production capacity. The main sources of energy 
are hydropower and nuclear power. Although there are quite many producers, ten biggest 
firms produce over 80 % of the total production. About 300 network companies account 
for the distribution of electricity. Vattenfall has traditionally conducted the electricity 
transmission, but since 1992 high voltage networks have been owned by the Svenska 
Kräftnätt (SwedeGrid) (see Hjalmarsson (1996), Hjalmarsson and Veiderpass (1992)). 

The Swedish electricity markets were reorganised in 1996 by using the Norwegian 
electricity market as a model. The reorganisation took place at the same time as the 
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international Norwegian-Swedish spot market, Nord Pool, was set up (see Amundsen et 
al. (1998)). The main driving force for restructuring the Swedish power market was the 
increasing concern of market power and aim to reduce electricity prices and increase 
productivity (see Amundsen and Bergman (2000)). 

The Danish electricity supply is organised by private companies, municipalities and 
customer co-operatives. Most of the electricity utilities are owned either by municipalities 
or by consumer co-operatives. Contrary to the other Nordic countries, the government 
does not own any electricity utilities. However, government-owned companies are in 
charge of gas and oil transmission via pipelines.  

In Denmark electricity production is largely based on fossil fuels. Typically a great 
deal of electricity is co-generated for district heating41 (see Gronheit (1993)). Peak-load 
demand is usually satisfied by imported hydropower from Norway or Sweden. Today 
there are 103 distributing utilities, which together own the 8 generating companies in the 
country. These companies operate under two regional associations, Elsam and Elkraft, 
which have been, up till now, responsible for fuel purchases, design and construction of 
new generating plant, transmission, central dispatch and international trade. It is 
descriptive to the Danish system that electricity is not used in space heating42. For this 
reason per capita consumption of electricity is much lower in Denmark than in the other 
Nordic countries. 

Denmark is interconnected by transmission lines to two different systems, from west 
of the Great Belt to the Continental Western Europe and from east of the Great Belt to the 
other Nordic countries43. Nowadays also other Nordic countries are connected to the 
Continental Western Europe by two 600 MW high voltage direct current (HVDC) cables 
(see Gronheit and Olsen (1999)).  

As a result of the liberalisation in the other Nordic countries also Denmark started to 
liberalise its electricity markets in 1996 by introducing limited competition concerning 
large customers44. In 1999 a New Electricity Supply Act was passed in the Parliament 
and at the same time the western part of the country became a separate price area within 
the competitive Nord Pool power exchange. The main contents of the New Act included 
the allowance of full third party access and obligation to separate monopoly operations 
from competition45. The limit for consumers has been reduced to 10 GWh from April 
2000 and from January 2001 also consumers with annual purchases of 1 GWh are going 
to be eligible. Third party access will cover all customers from the beginning of year 
2003. The New Electricity Supply Act also proposes state representation in the board of 
the system operators and gives the state a possibility to take over companies if they are 
                                                           
41 In the other words combined heat and power (CHP). The combined heat and power production is 
common also in Finland. In that kind of a combined system heat, which elaborates when electricity 
is produced, is utilised for example to the space heating.  
42 The same is true for many other European countries while for example in Finland electricity is 
the most common space heating system.  
43 Excluding Iceland.  
44 Industrial customers and distribution companies with an annual consumption of over 100 GWh. 
45 Generation, trade and supply of power are free activities. Other activities are regulated by the 
Energy Supervisory Board. 
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for sale. Prices of competitive actions are no longer a subject to be controlled by the 
regulation. However, the prices of network services, electricity prices for captive 
customers, prices of district heating produced by co-generators and power prices of 
priority generators46 will be regulated also in the future (see Gronheit and Olsen (1999)). 

2.5.2  Integrated Nordic Power Markets and operation of the Nord Pool 

The deregulation of the Nordic electricity markets started in Norway 1st of January 1991, 
as a new Energy Act was made effective. Originally the Nord Pool was a national 
Norwegian power exchange, but it was expanded to cover also Sweden in 1996. It was 
extended further in 1998 when Finland joined the pool. In Finland the Nord Pool is 
represented by the Finnish power exchange EL-EX. Finally in July 1999 the western part 
of the Denmark became an own price area within the Nord Pool.  

Even though the Nord Pool was built almost at the same time as the Pool in England 
and Wales, they were built independently, and as a result they have quite different 
structures. The main differences are 1) the mandatory versus voluntary role of the pool, 
2) the way in which the balance between supply and demand is controlled, and 3) the 
incentive of the reform and ownership structure of the industry. Additionally to these 
three issues the market structure is clearly different in the sense that while there are only 
a few active market participants in the British market, there are over one hundred market 
participants in the integrated Nordic Power market.  

The main difference in the basic operation of the Nord Pool and British power Pool is 
that in the British model all the physical trade of electricity is obliged to go through the 
Pool, meaning that trading through Pool is mandatory. In the Nord Pool there is no 
obligation to buy or sell through the Pool. Instead also bilateral contracts outside the 
Nord Pool are accepted47. This means that in the Nordic model the real time dispatch48 
and the merit order49 dispatch have been strictly separated. The central grid operator 
determines the real time dispatch50, but the merit order dispatch is determined by the 
outcome of the hourly spot market51. Originally the main reason to create a different 
institutional framework in the Nordic power market is the fact that around 2/3 of the 
power is generated in hydro power plants. Thus, the trade at the spot market is primarily 

                                                           
46 I.e. renewables and gas-fired local co-generation. 
47 Actually around 75% of physical trade was carried out via bilateral conracts in 1999 (see Nord 
Pool (2000) Annual Report). 
48 The real time dispatch it is refers to the real, implemented, sequence according to which different 
production units are utilised.  
49 The merit order dispatch refers to the sequence, according to which different production units are 
utilised if cost minimisation is used as a crucial argument. In the other words, units are organised 
such that the unit that has the lowest marginal costs is utilised first, the unit that has the second 
lowest marginal costs is utilised next and so on. 
50 As in the British system. 
51 Operated by the independent Nord Pool. 
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motivated by the need to adjust positions as there appear unexpected variations in supply 
and demand conditions (see Amundsen and Bergman (2000)). 

The Nord Pool closes every day at noon when the supply and demand bids are cleared 
against each other and commitments are made for the delivery of the following day on an 
hourly basis. The interval between the times the bids are made and actual trading takes 
place is at least twelve hours. It is significant that both generators and consumers are 
required to plan to meet all the commitments they have made. This means that trading 
through the spot market is seen more as a physical commitment than as financial 
positions (see Johnsen et al. (2000)).  Because of the time interval between the bids are 
made and actual delivery takes place, a certain amount of fluctuation in the actual supply 
and demand is therefore unavoidable compared with the commitments made on the spot 
market. In order to control the balance a regulation system has been created. 

In the British structure the balance is centrally controlled, whereas in the Nord Pool 
balance is based on the price for regulation. Balance is maintained separately in each 
participating country. In Norway the price for regulation is determined by the supply and 
demand bids such that supply of up- and down-regulation services are cleared against the 
need for these services in order to create a market balance. Practically speaking it means 
that if there is excess demand i.e. a power supplier delivers less or a buyer uses more than 
the amount agreed upon on the spot market, then the supplier has to pay for up-regulating 
power52 in order to be able to fulfil his agreement on the spot market. Other suppliers get 
paid to deliver the supply deficit or some buyers get paid to decrease their demand for 
power. If, on the other hand, there is excess supply i.e. an amount of electricity supplied 
is more or used less than that agreed upon on the spot market, then down-regulating 
power53 is implemented to maintain the power balance in the market. The excess supply 
is sold to buyers or other suppliers buy the excess supply in order to reduce their own 
supply (see Grohnheit and Olsen (1995), Skytte (1999)). In Sweden the bids of regulation 
services are arranged in merit order and are centrally dispatched via the system operator. 

Another distinct difference is the incentive for reform. While in England and Wales 
the reform was started with the aim of privatising the electricity supply industry, the main 
motivation in the Nordic countries was the possibility to improve efficiency54. Actually 
the degree of public ownership in the electricity supply industry has been intrinsically 
unaffected by the restructuring in the Nordic countries (see Amundsen et al. (1998)). The 
overall success of restructuring is discussed in the next chapter. 

Because the Nordic countries provide the first multinational electricity markets, where 
it is possible for the seller and the buyer to trade between nations, the possibility of 
congestion in transmission grid had to be carefully considered and distinctive rules had to 
be created. Transmission services are based on so-called point tariffs. Generally speaking, 
this means that at each location there is a given price per unit of power fed into or tapped 
from the transmission system. This price is independent of the location of the buyer or the 

                                                           
52 The price for up-regulating power is normally higher than the spot price and thus producer 
suffers a loss. 
53 The price for down-regulating power is normally lower than the spot price and producer 
therefore suffers a potential loss. 
54 Practically speaking this means lower electricity prices. 
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generator of that power.  The geographical distance between the seller and the buyer does 
not affect the price of the corresponding transmission service. However, whenever there 
is congestion in the network prices may vary between countries. Furthermore, Norway 
can be split into five different price areas, whereas in Sweden and Finland the grid 
operator solves the problem of congestion by buying power in net "export" regions and 
selling it to the net "import" regions55 (see Amundsen et al. (1999b)).  

2.6  Summary  

Prior to the worldwide wave of “deregulation” electricity was supplied by regional 
monopolies that owned both the power plants and the transmission lines for the 
distribution of power. Some form of regulation was used to set the rate of return of profit 
for the utilities in all nowadays restructured countries (see Hauter and Slocum (2001)). 
Even though it was recognized almost 30 years ago that the character of electricity 
generation had removed from natural monopoly to the potentially competitive activity, 
there was no real pressure for the creation of a “deregulated generation market” until the 
1990’s. This was either because the political atmosphere supported it (as in the United 
Kingdom), or because large industrial customers did not wanted to pay vertically 
integrated traditional utilities for their expensive electricity (as in the U.S.) (see 
VanDoren (1998)). Hauter and Slocum (2001) argued that also big generators started to 
support restructuring of the electricity industry because they saw the possibility to 
increase their profits trough speculative market. They also stated that “the legislation, 
written and supported by utilities, privatised their profit and socialized their risks”.  

There are many observable differences in how the deregulated electricity supply 
industries can be organised. The interaction between created market rules and the 
prevalent market structure of the industry determines whether economically efficient 
prices can be set by these markets (see e.g. Wolak (2001)). According to our view the 
success of the deregulation process and the target to improve efficiency depend on six 
issues. First, the number of active players in the wholesale market seems to be important, 
not so much whether the wholesale is carried out through some kind of a spot market or a 
bilateral market. Second, the rules of the bidding procedure in the wholesale market 
clearly seem to affect the outcome of the market. Third, the organisation of the demand 
side operation in the wholesale market is much more important than has been recognised 
so far. Fourth, the transmission grid should offer a neutral market place for competitive 
activities. This requires that the access to the transmission grid is based on equality and 
furthermore that the transmission capacity is high enough to guarantee its efficient 
operation. Fifth, it seems that some production technologies make it easier for companies 
to use market power than others. And finally, the ownership structure may have some 
effect on the outcome of market. Next we briefly discuss these six issues56.   

                                                           
55 In reality this power is generated within the net import regions by using reserve capacity. 
56 For more detailed discussion of these six issues see section 2.4 below. 
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The first thing that clearly seems to affect the success of the restructuring process is 
the number of active players in the competitive markets. In some countries, such as the 
Nordic countries, the number of the market participants has been seen to be a crucial 
issue in order to achieve the target of deregulation, i.e. efficiency improvement. 
However, some other countries, such as the United Kingdom, have relied on the market 
performance even when there have been only few active companies in the market. 

In an electricity supply system where there are only few large companies they can 
manipulate the system marginal price trough bidding procedure by removing some of 
their capacity from the market. When the capacity is removed the capacity payments 
received by the remainder will rise (see Newbery (1995)). These generators are able to 
maximise their profits by keeping the industry’s capacity at a lower level than would be 
efficient. In markets where there are many active players, as in the Nordic Power market, 
the influence of one market participant to the outcome of the market is smaller than in the 
case of only few big suppliers, and thus price manipulation is more difficult57. 
The way in which the demand function is constituted has also great influence on the 
outcome of the market. In some countries, such as in the United Kingdom, demand is 
based on the estimation by the system operator, not on the true bids of purchasers of 
electricity as in the Nordic Power market. If generators can compute the forecast for 
demand for all load periods before they submit their bid prices and available generation 
capacity, as in the United Kindom, this market rule clearly improves the possibilities for 
generators to exercise market power58. 

The fourth issue which can significantly distract the operation of competitive markets 
is the operation of the transmission grid (see e.g. Joskow and Tirole (2000)). If the 
capacity of transmission grid is not high enough transmission lines become easily 
congested, which makes free competition difficult. This maintains local market power 
also in the case of free competition between different areas. According to Borenstein and 
Bushnell (1999) the best way to improve competitive conditions might be to increase the 
contestability of separate markets by improving the transmission infrastructure. 

Also diversity of generation technologies and ownership structure may have an 
influence on the outcome of the market price. It is interesting that market prices in the 
markets dominated by fossil fuel technology, as in the United Kingdom and in the state of 
Victoria (Australia), are much more volatile59 and also higher than the prices in the 
markets dominated by hydroelectric or nuclear power capacity, such as the Nordic Power 
market and New Zealand. Possible explanations can be that it is more difficult to 
manipulate market power when production is based on so called must run technologies. 
The ownership structure may have an influence on the outcome of the market since the 
                                                           
57 This is true at least if the competing companies are at least almost of the same size.  
58 Because of these problems the British government has replaced the pool by a series of bilateral 
markets. However, for example Green (1999b) has argued that draining the Pool will not solve the 
problems of market power. Furthermore he reasons that selling generating capacity and thus 
making electricity market more competitive could be a better answer to the current problems. 
Bower and Bunn (2000) have argued that a proposed bilateral market would actually produce 
higher prices than the Pool system. This is consistent with the findings of Wolfram (1998). 
59 See Wolak (2001) for evidence and more detailed discussion of volatile prices. 
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objective function of privately owned companies may differ from those of the publicly 
owned. In generally it is assumed that the objective of privately owned company is to 
maximise profit whereas the publicly owned company may have some social objectives 
as well. 

Is it, then, possible to draw conclusions about the success or failure of deregulation in 
general on the basis of the international experiences? Clearly deregulation has offered 
some benefits, but it also has some weaknesses. Up to now it seems that if the 
deregulation is carried out such that the “accurate” market structure is designed carefully 
and effective market rules can be created, the deregulation can result in increased 
efficiency and lower prices. However, it should be noted that we are still far away from a 
perfectly competitive industry. Thus we can conclude this chapter by the words of John 
Kay (2001): “the real benefits of competitive markets over central planning are that 
decisions are made on a smaller scale, and a diversity of views can be implemented. This 
makes the consequences of good and bad decisions more obvious. Errors can be more 
quickly corrected, and the expectation that individuals may be held responsible for the 
outcome helps judicious decision-making. Markets are not a perfect form of economic 
organisation. They are just better than the alternatives.”  
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3 Vertical integration versus vertical separation; a 
theoretical analysis 

3.1  Introduction  

Historically electricity supply has been seen as a natural monopoly industry. It has been 
common that the generation, distribution, and sales units have been in the same 
possession. Municipal and other forms of public ownership have been in a dominant 
position in Finland. However, when The Finnish Electricity Market Act of 1995 (see 
Finnish Government (1994)) introduced competition to the industry and deregulated the 
generation and supply markets, changes in the market structure became possible. As a 
consequence, changes also in the company structure became possible (see KTM (1993); 
KTM (1994)). Actually, according to the law, generation and supply have to be separated 
from network services, which are excluded from competition, at least in the accounts. 
This has been seen as a crucial criteria in order to achieve the main objective of the 
Electricity Market Act of 1995, which is to ensure an efficient and competitive electricity 
system. Further, barriers to competition in the electricity generation and sales have to be 
removed. 

Although the generation and supply have to be separated from network services in the 
accounts, we do not know whether the company’s objective is actually to maximise its 
total profits or separate profits from the network and the supply units. In this study we 
model the profit maximising behaviour of the electricity companies in Finland based on 
different stages of vertical integration. The study focuses on the retail market of 
electricity60. The market is characterised by Cournot market structure because capacity 
decision plays a crucial role and consequently demand is formulated through the inverse 
demand (see Kreps and Scheinkman (1983).  A lot of emphasis is put on the role of 
distribution units as an important determinant of total electricity price. We also discuss 

                                                           
60 High voltage transmission is excluded from this study. 
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the concern for inefficient pricing of distribution units, which have remained local 
monopolies. 

It is an interesting feature in the market structure of electricity industry that a 
consolidated electricity company is formed by a production unit, which operates on 
competitive markets, and by a distribution unit, which is a local monopoly. The fact that 
makes this special is that even though the distribution is a monopoly, it is considered a 
public service and it is obliged to transfer electricity, on equal terms, independently of 
which company has produced the electricity. In other words, a distribution unit has to 
charge the same price regardless of whether it is transferring the electricity from its own 
production unit61 or the electricity produced by its rival. Because of this special 
characteristic of the market structure the modelling approach we used is not closely 
related to any existing literature. 

In this study the behaviour of the companies in the deregulated markets is modelled 
based on the company structure and on the market structure. It is possible that the same 
company operates both in the network markets and in the energy supply markets62. From 
the literature of merger (see e.g. Shy (1998), Tirole (1988)), we know that if a 
competitive upstream firm merges with a downstream firm operating in oligopolistic 
markets, the combined profits of the merging firms increases and thus the objective of 
these firms is always to maximise joint profits. However, because this study especially 
concerns electricity markets where the distribution unit63, despite its monopoly position, 
is obliged to provide services on equal terms for the own company’s production unit as 
well as for the rival’s production unit, this generally known result of merging firms’ 
profits is not necessarily true anymore.  

In this analysis we first model a situation where an energy supply unit and a 
distribution unit are virtually separated. We derive the optimal supply and distribution 
price as the company’s supply unit operates in perfectly competitive markets, and also in 
the case when the supply unit has some market power. Then we extend the analysis to 
include also the situation where the energy supply unit and the distribution unit maximise 
joint profits. It is also possible that the company operates solely in the supply or in the 
distribution markets. However, the pricing rules for supply and distribution companies in 
this kind of situation are similar to those found in the case of separated units. 

The structure of this chapter is the following. Section 3.2 gives some background 
information and explains the motivation for this study. In Sections 3.3 and 3.4 we present 
deregulated electricity markets and discuss the possibility of vertical separation versus 
vertical integration. Furthermore, optimal pricing rules for supply and distribution units 
are derived. Section 3.5 concludes the chapter.  

                                                           
61 I.e. the production unit that is owned by the same consolidated company, which also owns the 
distribution unit in question. 
62 By energy supply we refer to the generation and sales of electricity together. The distribution is 
hence seen as a separate activity here. 
63 We can consider that the production unit represents an upstream firm and the distribution unit 
represents a downstream firm.  
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3.2  Background and motivation for the study 

Many researchers have been interested in deregulation in the past few years. The concept 
of contestable markets (see Baumol, Panzar, and Willig (1982)) and the economic 
criterion of welfare have become crucial criteria in addition to the changes in the market 
structure when analysing the consequences of deregulation. Regardless of whether 
national electricity markets are deregulated or not, it is obvious that the electricity sector 
is in transition. However, the creation of fully deregulated markets for generation service 
can cause some serious problems. The competition may require horizontal separation of 
ownership of existing generating assets if the generation services are supplied both by 
incumbent suppliers and new entrants (see Green and Newbery (1992), Newbery (1995)). 
Common ownership of transmission and generation facilities also creates potential 
competitive problems (see Joskow (1998)). This is especially problematic if some 
competitors are independent generation services providers. Therefore, regulatory tools for 
networks should be carefully designed in order to avoid these problems. Additionally, the 
character of electricity supply, namely the very inelastic short-run demand and the real-
time nature of the market, makes it attractive to exercise market power (see Borenstein 
and Bushnell (2000)). If there is high enough concentration of ownership within a 
specific geographical region, there is the possibility that the firm restricts production and 
raises prices by exercising markets power (see e.g. Werden (1993); (1996)). It is known 
that the special nature of electricity transmission systems can have important effects on 
the equilibrium solution if we assume competitive markets (see Harvey, Hogan and Pope 
(1996), Hogan (1992), Shweppe et al. (1988)). Consequently many authors have argued 
that in order to attain the positive effects of deregulation it is essential that network 
services, which are natural monopolies, should be effectively regulated (see e.g. Gilbert 
and Newbery (1994)).  

It is possible to exercise market power in the imperfect markets of electricity with 
strategic interactions (see Hogan (1997)). From, spatial models of transmission pricing 
we know that competition in the electricity generation can be rather sensitive to the 
transmission pricing rules (see e.g. Hobbs and Schuler (1985)). Eliminating market power 
through vertical separation has supported the restructuring of the electricity markets and 
the increasing of competition. However it should be emphasised that the separation may 
be just a formal activity, while the electricity company is still interested in joint profits 
from different units. For example the Federal Energy Regulatory Commission (FERC) in 
the U.S. has stated that the possibility of combination of transmission constraints and 
strategically located generation facilities owned by the wholesale seller may result in 
market power in more localised markets (see FERC (1996)).  

Despite the formal vertical separation, it is possible that the owner of a consolidated 
company64 aims to maximise its total profits instead of maximising separate profits from 
different units. Therefore it is important to consider whether this has any effect on the 
final price of electricity. If it is possible that integration leads to the prices that diverge 
more from marginal costs than the resulting prices if the units were actually separated, 

                                                           
64 I.e. which operates both in the energy supply and in the networks. 
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more formal separation may be justified. Furthermore, it is important to consider whether 
there is some kind of a systematic factor due to the common ownership, which increases 
prices above efficient level. 

If the wholesale price of electricity is assumed to be close to the marginal cost price65, 
the main problem from the regulatory point of view is the distribution price. Actually it is 
quite realistic to assume that there is real competition in the integrated Nordic Power 
Market. Norway, Sweden, Finland and now also Denmark are selling electricity through 
the Nord Pool. In addition to the efficient pool system, the network tariff system used in 
Scandinavia also promotes competition. The fundamental idea behind the network tariff 
system is the recognition of the fact that the flow of electricity is exactly the same in the 
perfect competition equilibrium and in the perfectly planned equilibrium. The 
optimisation in both cases is based on the minimisation of short run marginal costs. 
Furthermore, the transmission tariffs do not depend on the distance between the seller and 
the buyer, which implies that the point tariffs are more useful than those based on 
distance (see Bjørndalen (1999)). 

Along with the point tariffs, another important feature in the Scandinavian electricity 
markets from the competition point of view is the functioning of spot markets. It is based 
on bids and asks from more than 100 participants66. After the bids and asks have been 
announced the Nord Pool calculates the equilibrium prices for the hours of the next day. 
It is important that each market participant recognises the spot prices as the true value of 
a marginal quantity of electricity. The operation of the Nord Pool and the network tariff 
system together enable the high level competition in the integrated Nordic Power 
Markets.  

Because of the relatively well functioning wholesale markets the main problem the 
regulator faces in Finland is connected to the distribution price. No exact, explicit 
regulation rule is stated67. However, the regulator has to somehow clarify what is the 
revenue level, which is allowed without considering that the distribution company in 
question misuses its monopoly position. Because we do not have any specific form of 
regulatory rule in use, we assume that the “cost of service regulation”68 is executed when 
deriving the profit maximising pricing rules for the company in question. 

In this study we differentiate between two kinds of market structures. First we 
concentrate on the case where electricity supply is perfectly competitive, and secondly 
we consider a situation in which an energy supply unit has at least some market power. In 
both cases the distribution unit is assumed to be a local regulated monopoly. However, 
because we in particular want to compare the effects of vertical integration and vertical 
separation on the prices, strategic gaming of competitors is out of the scope of this study, 
and the market structure is taken into consideration through price elasticity of demand 
and the possible level of mark-up. 
                                                           
65 Primarily due to the competition in the common Nordic electricity markets. 
66 The Spot Markets operate only in the wholesale of electricity. 
67 It is only stated that the network prices should be based on real costs and that the company is not 
allowed to exploit its monopoly power. 
68 The charge that the distribution company can use has to be based on the average costs of the 
industry plus a predetermined fixed factor. 
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3.3  Vertically separated electricity markets 

According to the electricity market legislation of 1995 the network services, i.e. 
distribution and transmission, of electricity has to be separated from production and sales. 
In this new situation network units and energy supply units have to be treated as separate 
companies. From now on we assume that the profit maximising company has one profit 
function for the distribution unit, which remains a natural monopoly, and another for the 
energy supply unit, which operates in competitive markets. Transmission is excluded 
from this study. The separation of profits has to be done even if the same holder owns 
both of the units. However, the customer of an electricity company is assumed to receive 
only one invoice, which includes both the invoice of the distribution unit and the invoice 
of the supply unit. The supply unit, which accounts the distribution part of the final 
invoice to the distribution unit is responsible for the billing. Therefore, the final supply 
price for the customer includes both the distribution price and the energy supply price. 
Even though billing is in practise organised this way both the distribution and the energy 
supply unit optimise their prices separately. The figure below roughly depicts the 
company structure in the deregulated electricity markets. 

P ro d u c tio n

R e ta il  (su p p ly  u n it)

S u p p ly
u n it

D is tr ib u tio n
u n it

T ra n sm iss io n
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Fig. 1. Company structure in the deregulated electricity markets. 
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3.3.1  Optimal pricing69 of a vertically separated supply unit; a case of 

competitive markets 

The role of an energy supply company has changed considerably since the selling of 
electricity is no longer a subject to permit. A supply unit should act as an independent 
company, which maximises its own profits. The behaviour of the energy supplier depends 
strongly on the market conditions. The market structure may develop either towards 
oligopolistic markets or towards perfectly competitive markets. The first alternative 
might seem more conceivable if we consider supply markets within one country. 
However perfect competition may occur70 if we consider the whole Nordic Power Market 
as one market area. In this study we first focus on the situation where the supply markets 
are perfectly competitive and then enlarge the analysis to cover the case where the energy 
supplier has at least some market power. The market is assumed to be segmented in the 
sense that all consumers within a company’s own service area, referred to as 1, belong to 
the same consumption group, and consumers within the rival’s service area, referred to as 
2, belong to another one.  

Explanation of symbols: 

py1  supply price71 of own company when it sells to the own service area72 
py2 supply price of own company when it sells to the competitors’ service area 
Y1  the quantity of own production sold to the own service area 
Y2 the quantity of own production sold to the competitors’ service area 
cy production costs 
εd price elasticity of demand towards distribution price 
εs price elasticity of demand towards supply price 
X1  the quantity of competitors´ production sold into own company’s service area 
cx distribution costs 
pk competitors’ supply price 
px1 own company’s distribution price 
px2 competitors’ distribution price 
pmc marginal cost price of production 

                                                           
69 By optimal prices we refer to the prices, that maximise profits and hence they might deviate from 
socially optimal prices. Further, we do not include welfare consideration in this study. Instead we 
concentrate on the profit maximising behaviour of companies.   
70 Or at least conditions that are relatively close to perfect competition. 
71 This is the same as the retail price of electricity excluded taxes. It is composed of the high 
voltage price of electricity and distribution price of electricity.   
72 Even though electricity supply is a subject of competition and thus interregional sales are 
possible, each electricity supplier is primarily responsible for a certain geographical area, within 
which it is obliged to offer electricity to any consumer. By own company’s service area we refer to 
this primary geographical service area. 
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pe high voltage price of electricity73 
πSS profits of a vertically separated supply unit 
πIS profits of a vertically integrated supply unit 
πSD profits of a vertically separated distribution unit 
πID profits of a vertically integrated distribution unit 

The profit of a separated supply unit is determined by the supply prices py1 and py2, by 
total quantity produced Y1 + Y2, by production costs cy and by distribution prices px1 and 
px2. It has to be noted that the supply price and the distribution price can vary between 
different market areas. Furthermore, while the supply prices are positive factors, the 
distribution prices have to be seen as exogenous costs to the energy supply unit74. 
Therefore, distribution costs can be written as constant unit costs of distribution75.  

Electricity production is characterised by the scale of economies in the sence that 
when a certain amount of capacity is installed the marginal cost of production are 
decreasing with a quantity up to a specific capacity limit76. Hence production costs are 
assumed to directly depend on total quantity produced. It should be emphasised that the 
quantity supplied depends also on competitors´ supply prices. If the competitor sets its 
supply price reasonably low the possibility to use high mark-up is limited. 

 We can write the profit function of the supply unit as: 
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where  py1 is supply price of own company when it sells to the own service area, Y1 is the 
quantity of own production sold to the own service area, py2  is supply price of own 
company when it sells to the competitors’ service area, Y2 is the quantity of own 
production sold to the competitors’ service area, cy is production costs, px1  is own 
company’s distribution price and px2  is competitors’ distribution price. 

Even though the energy price in principle can vary between different customers 
depending on the supply contract, the supply unit is obliged to offer electricity within its 

                                                           
73 Or just energy price.  
74 Distribution price can be seen as just an amount flowing through the supply unit such that the 
supply unit includes the distribution price to the customer invoice but then repays it to the 
distribution unit. 
75 Distribution price is predetermined by the distribution company/unit, and the supply 
company/unit has no power to have any influence on the distribution price in a short run. 
76 The level of capacity constraint depends on technology used. For example in nuclear power 
technologies the level and construction costs of installed capacity are huge compared to gas turbine 
plants. However, the variable costs of nuclear power plants are much lower than those of gas 
turbine plants.  
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own service area at the same price to all consumers that belong to the same consumption 
group77. For the sake of simplicity it is here assumed that the energy price differs only 
between supply areas, not between the consumer groups within the same supply area. In 
this theoretical model no exact capacity constraint is defined. However, it is of great 
importance in empirical studies and should then be carefully determined. The 
optimisation problem of a supply unit is given as: 
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 s.t. px1 is given yields the following proposition 

Proposition 1. Optimal supply price at the vertically separated and competitive markets 
depends on unit price of distribution, on marginal costs of production, and on price 
elasticity of demand. 
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Note: see Appendix for derivation of prices of propositions 1 – 6. 

Proposition 1 suggests that the optimal supply price of the vertically separated supply 
unit is positively dependent on marginal costs of production and unit price of distribution. 
Hence if the distribution unit and the supply unit are actually separated the distribution 
price is a pure expenditure to the supply unit. This should be true even though the 
distribution and the supply units are owned by the same company. 

The price elasticity of demand is a very important factor in determining the supply 
price. Even though the demand would be inelastic on the industry level, it may be elastic 
on the company level. This is because a rational consumer would change supplier 
immediately if the price is raised above the competitor’s price and there are no switching 
costs. However, it should be noted that demand is more elastic with respect to the electric 
energy78 part of the price. Consumers cannot choose distributor and consequently demand 
is less elastic with respect to the distribution part of the total price. 

Consumers make their final consumption decision, among other things, on the basis of 
the final price of electricity. Thus a supply company or a supply unit has to take the 
pricing strategy of the distribution unit into account. If they ignore the pricing behaviour 

                                                           
77 Consumption groups are households, agriculture, small scale industry, medium scale industry, 
and large scale industry. 
78 That is high voltage price of electricity. 
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of the distribution unit they might either set the energy price too high and lose customers, 
or set the energy price too low and lose some potential profit. If we consider all the facts 
above, we can conclude that if the supply markets are perfectly competitive and thus the 
demand is strongly elastic with respect to the energy part of price, the final supply price 
of electricity is equal to the unit cost of operation i.e. py = px +c’y. 

3.3.2  Optimal pricing of a vertically separated supply unit; a case of 

market power 

It is quite possible that the conditions in the liberalised electricity markets are such that at 
least the biggest producers have some market power also in the integrated Nordic Power 
Markets. The objective of a supply company is assumed to be profit maximisation. The 
profit defining factors are similar as in the case of competitive markets and consequently 
the pricing rule is exactly the same as in the previous case (see eq. 3.3). However, there is 
one major difference between the market power case and the perfectly competitive case – 
the price elasticity of demand. In the perfectly competitive supply markets we assumed 
that the demand was elastic with respect to energy price. This means that even a very 
small increase in energy price causes a considerable reduction in demand due to the 
switching of suppliers. In the case of market power demand is not so elastic and thus it is 
possible that the energy price includes some mark-up. The more elastic the demand is, the 
closer the energy price has to be to the marginal costs.  

The optimal behaviour strategy of the supply unit depends on three factors, which are 
the behaviour of the distribution unit, the behaviour of competitors, and the behaviour of 
consumers. If the distribution unit sets its price relatively low, a supply unit may possibly 
gather extra profit by setting the price above marginal costs. This is true only if the 
supply markets are not very competitive and demand is inelastic with respect to the price. 
However, if the distribution price is relatively high and at the same time demand is 
elastic, the pricing range of the supply unit is rather limited. In this case the company’s 
optimal strategy is to set the energy price near to the marginal costs. 

The second factor, competition, plays also an important role with regard to the 
behaviour of the supply company. If the competition is high, the supply unit has to set its 
energy price near to the marginal cost whatever the pricing strategy of the distribution 
unit is. The situation is made especially interesting if the production company has very 
low production costs compared to the contestant, and if in addition the distribution price 
is relatively high and demand is elastic. In that kind of situation it may be possible for the 
supply company to try to deter competition in its own service area by setting the energy 
price near to the marginal costs. However, the distribution unit may gather some extra 
profit by setting the distribution price relatively high.  

The price elasticity of demand has an impact on the behaviour of the distribution unit 
as well as on the behaviour of the supply unit. If the demand is very elastic, the final price 
has to be close to the marginal costs. On the other hand, if the demand is inelastic, extra 
profits can be gathered very easily by the distribution unit, and in some situations also by 
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the supply unit. The possibility for the supply unit to gather extra profits depends merely 
on the cost structure of the company and on the behaviour of the competitors. 

3.3.3  Optimal pricing of a vertically separated distribution unit 

The objective of the distribution unit in the vertically separated markets is assumed to be 
profit maximisation of network activities instead of the total profits of the power 
company79. The profit of the distribution unit depends on distribution price px, on total 
quantity distributed Y1 + X1, and on distribution costs cx. In accordance with the law of 
1995 (see Finnish Government (1994)), distribution price should be based on distribution 
costs and the price should not be altered without changes in the cost base. However, there 
are no specific regulatory rules settled and this may cause some problems from the 
regulatory point of view. 

In the equation below total quantity distributed is assumed to depend on the own 
company’s supply price py and on the competitor’s supply price pk. The interdependence 
between these prices should also be is emphasised. This is because the own company’s 
supply price py is, besides production costs cy and distribution price px, a function of the 
competitor’s supply price pk, and vice versa. We can write the profit function of the 
distribution unit as: 
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where X1 is the quantity of competitors´ production sold into own company’s service 
area, Y1 is the quantity of own production sold to the own service area and cx is 
distribution costs. 

It is important to notice that the distributor is not allowed to discriminate prices 
between customers. In other words the distribution unit has to charge the same price 
regardless of whether the electricity distributed is generated in its own plant or in 
competitors' plant. Hence the distribution network should offer a neutral market place for 
competitive parts of the electricity sector.  

                                                           
79 Of course in reality the objective can be much more diversified depending for example on the 
form of the ownership.  
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Distribution costs are characterised by increasing scale of economies up to a certain 
maximum capacity level. Total quantity distributed i.e. X1 +Y1, can be seen as the main 
determinant of the size of the network and consequently it significantly affects the real 
costs of distribution. The optimisation problem of a distribution unit is given as: 
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where F is a specific factor80 determined by the regulatory body and n is the number of 
distribution units. 
Solving equation 3.5 yields to proposition 2. 

Proposition 2. Optimal distribution price of a vertically separated company is 
determined by the marginal costs of distribution81 and the price elasticity of demand.  
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Proposition 2 suggest that the optimal distribution price is positively dependent on 
marginal costs of distribution and hence on total quantity distributed. Price elasticity of 
demand posts how much the price should exceed the marginal costs in order to lead to the 
maximum profit. Distribution costs are decreasing along with quantity up to a certain 
capacity constraint, which can vary between distribution companies. 

Because of monopoly position, we can assume that demand is inelastic towards the 
distribution price. This means that without price regulation the distribution price would 
be set at a very high level. However, the regulatory rule sets the upper limit to the price 
and actually it becomes a main determinant of the distribution price. In the other words, 
the distribution unit will raise its price until it is equal to the “cost of service regulation” 
price. This pricing rule is not an efficient one since there clearly is potential for social 

                                                           
80 The factor F can be, for instance, a percentage that the price can exceed the average costs of the 
industry. 
81 cx’ refers to the long-run marginal costs of distribution throughout this study. 
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welfare improvements that can be obtained by using first best prices or at least more 
efficient prices82.  

Because there is a variety of cost-based network pricing models, it is very difficult to 
supervise network prices in practice. As a result, the low voltage distribution prices in 
Finland (1998) have varied from approximately 4 p/kWh to 20 p/kWh, depending on the 
distribution area. This cannot be justified by the variety in costs and hence more 
efficient83 and exact regulation is needed. 

Even though distribution companies have market power within their own service area, 
they have limited possibilities for any true strategic behaviour. For example, they cannot 
independently choose their distribution area, which predetermines the number of their 
customers. However, they can optimise their distribution price such that it leads to the 
highest possible profit. From the equation 3.6 it can be seen that the distribution price 
depends directly on two factors: on marginal costs of distribution and on price elasticity 
of demand. If the elasticity is very high in absolute value, i.e. demand is elastic, the 
distribution unit is forced to set its distribution price near to the marginal costs. However, 
it is unrealistic to assume elastic demand in the monopolistic distribution markets and 
thus the price regulation is well justified. A rational distributor sets its price as high as the 
regulator allows it to do. 

When final customers make their consumption decision they do it based on the total 
price of electricity. The total price is composed of two factors84, the distribution price and 
the energy price. If the energy price is relatively low, the distribution unit has a wide 
range of options in determining its own price. It is notable that if competition leads to 
lower energy prices, it may be possible to increase distribution prices and hence profits as 
a consequence of deregulation. This may have negative effects in the overall welfare. In 
that kind of a situation it is especially important to have a well functioning and efficient 
regulatory system. However, if energy prices are relatively high the possibilities for the 
distribution unit to gather extra profits are more limited even without price regulation. 

3.4  Vertically integrated electricity markets 

Even though sales and generation have to be separated from distribution and 
transmission, these operation units can nevertheless be owned by the same company. 
However, they have to be separated at least in the accounts. A rational profit maximiser 
will, however, have incentive to maximise total profits instead of separate profits from 
these units. Thus we next assume that a consolidated company determines its supply and 
distribution prices by using a joint profit function. 

                                                           
82 See chapter 5 of this study, in which we analyse the potential welfare improvements if the 
prevalent pricing methods are changed to the more efficient ones.  
83 By efficient regulation we mean a pricing rule that leads to the highest possible social welfare 
measured as a sum of producer and consumer surplus. 
84 In reality a considerable part of the total price is composed by many forms of taxes. These are 
however excluded from this analysis.  
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When a company makes a short-run supply price decision, it can take the distribution 
part of the price as given. This is because of the price regulation concerning distribution, 
according to which the distribution price has to be based on real costs and should not be 
changed in a short run without a strong proof that the cost base has altered. 

We distinguish two possible markets structures. First, we consider a situation where 
supply markets are perfectly competitive. Secondly, we derive a profit maximising 
supply and distribution price assuming that the supply unit has at least some market 
power. The distribution unit is a regulated monopoly in both cases. 

3.4.1  Optimal pricing of a vertically integrated supply unit; a case of 

competitive markets 

The profit function for a supply unit is formed such that it takes into account the 
operations of both units. Therefore the objective function is formed by combining the 
profit functions of the distribution and the supply units. 

Profit depends directly on distribution price px1, on distribution costs cx, on supply 
prices py1 and py2, on production costs cy and on competitor's distribution price px2. From 
the equation 3.7 it can be seen that the distribution price is a positive factor to the 
distribution unit and a negative factor to the supply unit. This is due to the pattern of the 
profit function, where the distribution price multiplied by the distribution quantity 
composes returns to the distribution unit and at the same time is simply an expenditure to 
the supply unit. 

Total profit is indirectly determined also by the total quantity distributed Y1 + X1, and 
by the total quantity produced Y1 + Y2. The actions of the competitors should be taken 
into account and thus the profit function indirectly depends also on the supply price of the 
competitor pk. We can write the profit function of the supply unit as: 
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Distribution price is assumed to be exogenous in the short run and network companies 
should offer distribution services on equal terms of a fee to all consumers. Accordingly, a 
distribution unit cannot discriminate prices based on the holder of the supply unit. The 
energy price is not regulated. The optimisation problem of a supply unit is given as: 
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s.t. px1 is given yields the following proposition 

Proposition 3. The profit maximising supply price of the integrated and perfectly 
competitive electricity company depends on marginal costs of distribution, on marginal 
costs of production, on distribution price, and on price elasticity of demand. 
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Proposition 3 suggests that the optimal supply price of a deregulated but an integrated 
company depends positively on marginal costs of distribution c´x, and on marginal costs 
of production c´y. If the distribution price is equal to the marginal costs of distribution, 
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maximising price is determined purely by marginal costs and price elasticity of demand. 
However, if the distribution price is above the marginal costs, also the impact of supply 
price change on the distribution unit revenue has to be considered. If an increase in the 
supply price decreases the distribution of the own company’s generated electricity but at 
the same time increases the distribution of the electricity generated by a competitor i.e. 
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 becomes positive, the lost revenue of the supply 

unit as a result of the price increase can be compensated, at least partly, by a higher profit 
from the distribution unit. The overall impact on the revenue depends on the relative size 
of the changes in supply units revenue and distribution units revenue. 

The profit maximising supply pricing rule differs somewhat between the separated and 
the integrated supply units operating in perfectly competitive market if, and only if, the 
distribution price is unequal to the distribution costs (see equations 3.3 and 3.9). The 
supply price of a separated supply unit (see eq. 3.3) is directly dependent on the 
distribution price and on marginal costs of production. The mark-up level is determined 
by the price elasticity of demand. If the distribution price is unequal to the distribution 
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costs the pricing rule for integrated supply unit (see eq. 3.9) differs in the sense that the 
impact of supply price change on the distribution unit revenue has to be also considered. 
However, if the distribution price is equal to the distribution costs the pricing rule for the 
supply unit is the same, regardless of whether it is separated or integrated. Then the 
supply unit maximises profits by setting the supply price equal to the costs plus some 
mark-up, determined by the price elasticity of demand.  

The price in which the final consumers are really interested is the total price of 
electricity. However, the price elasticity of demand can be different with respect to the 
distribution part on one hand and to the energy part of the price on the other. It is 
reasonable to assume that demand is more elastic towards the energy part of the price, 
because it is possible for the consumer to change supplier whenever it chooses to do so. 
The distribution unit is, however, a regulated monopoly and it is not possible for the 
consumer to choose the distributor. As a consequence, demand is less elastic towards the 
distribution price and price regulation may be justified. If we assume perfectly 
competitive supply markets, the energy part of the price should be equal to the marginal 
costs. 

3.4.2  Optimal pricing of a vertically integrated distribution unit; a case 

of perfectly competitive supply markets 

Next we consider the situation from the point of view of the distribution unit. We 
continually assume that the distribution unit and the supply unit act as an integrated 
company. However, we now consider a longer period of time and thus we give up the 
assumption of exogenous distribution price.  

It is possible to distinguish at least two feasible market conditions, under which the 
distribution unit makes its pricing decision. On the one hand we can assume perfectly 
competitive supply markets, and on the other hand the optimal distribution price can be 
determined under the circumstances where the supply unit has at least some market 
power. The distribution unit remains a monopoly in both cases. First, we concentrate on a 
situation where supply markets are perfectly competitive. 

The profit function of the company is here formed following the same principle as 
earlier (see eq. 3.7). It is a combined function of the distribution and supply units. 
However, here the energy price is set equal to the marginal costs of production i.e. it is 
pmc, because supply markets are assumed to be perfectly competitive. Accordingly, the 
final supply price is formed as a summation of the distribution price and the energy price. 

Profit of the integrated company is directly determined by the distribution price px1, by 
the total quantity distributed Y1+X1, by the distribution costs cx, by the production costs cy 
and by the supply price py1. Indirectly profit depends also on the competitor’s supply 
price pk and on the total quantity produced Y1+Y2. We continually assume that the “cost 
of service regulation” is used. The optimisation problem of a distribution unit is given as: 
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where F is a specific factor determined by the regulatory body and n is the number of 
distribution units. 
Solving equation 3.10 yields to proposition 4. 
Proposition 4. Optimal distribution price of the integrated electricity company, assuming 
perfectly competitive supply markets, depends purely on marginal costs of distribution 
and on price elasticity of demand. 
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Proposition 4 suggest that the optimal distribution price depends strictly on marginal 
costs of distribution and on price elasticity of demand. Marginal costs of distribution are 
dependent on the total quantity distributed, which can be seen as the main determinant of 
the network capacity. 

If we assume that the distribution unit is not regulated, the price elasticity of demand 
is a crucial factor in determining the optimal distribution price. However, we should 
recognise that it is the total price of electricity, composed of distribution price and energy 
price, which affects the consumption decision. Therefore, if the energy price for some 
reason increases for all suppliers, the distribution price should decline in order to keep the 
demand constant. However, if the demand is relatively inelastic prices might be increased 
without a strong decline in the demand. 

If we compare the profit maximising pricing rules for separated and integrated 
distribution units assuming that the supply markets are perfectly competitive, we find out 
that the company structure does not have any impact on the profit maximising prices. In 
both cases the distribution unit should set its price equal to the long-run marginal costs 
plus some mark-up defined by the price elasticity of demand (see eq. (3.6) and (3.11)).  

The assumption of inelastic demand is quite realistic when we consider the 
distribution unit which is a local monopoly. This fact supports the idea of strict regulation 
of distribution price. If a specific pricing rule is put into force, the profit maximising 
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strategy of the distribution company is rather straightforward. First, the company 
determines a profit maximising price without any price constraint. If the resulting price is 
lower than the regulatory price, it chooses that price. However, if the profit maximising 
price is higher than the regulatory price, the company has to choose the predetermined 
regulatory price. It seems probable that the unconstrained profit maximising price is 
normally above the regulated price and thus companies have to use the regulated price. 

The regulator should be careful in determining the pricing rule because it may have 
strong effects on the efficiency of the companies. For example, in the price cap regulation 
the optimal level of the cap is difficult to determine. If the cap is set too low, it will 
discourage investments and if the price cap is set too high, the exercise of market power 
will cause significant wealth transfers form consumers to producers (see Borenstein and 
Bushnell (2000)). The above mentioned “cost of service regulation” may cause also 
disinvestments if the price is set too close to the costs or deadweight losses if prices are 
set much higher than costs. The incompetent cost minimising behaviour on the industry 
level is also a problem related to the cost of service regulation (see e.g. Armstrong et al. 
(1994), Newbery (1995)). Hence, it is not an easy the task to derive efficient regulatory 
rules85. However, it should be an objective of the regulator. 

3.4.3  Optimal pricing of a vertically integrated supply unit; a case of 

market power 

Even though the integrated Nordic Power markets increase the number of suppliers in the 
competitive markets, it is quite realistic to assume that at least the biggest producers have 
some market power. Next we derive a profit maximising pricing rule for a vertically 
integrated supply unit having market power. In order to make the model as simple as 
possible, we do not consider any strategic gaming between suppliers. Instead, the market 
power is presented according to the assumption that the supply price includes some mark-
up and thus it is not equal to the marginal costs. 

Profit function of the integrated company operating in imperfectly competitive supply 
markets depends on distribution price px1, on distribution costs cx, on supply prices py1 and 
py2 , on production costs cy and on competitors’ distribution price px2. Analogously to the 
earlier case (see eq. 3.7) the distribution price is on the one hand a positive factor and on 
the other hand a negative one. This is due to the pattern of the profit function, where the 
distribution price multiplied by the distribution quantity composes returns of the 
distribution unit, and at the same time is simply an expenditure to the supply unit. 

The total profit is also dependent on the total quantity distributed Y1 +X1, and on the 
total quantity produced Y1+Y2. Obviously the actions of the competitor should be taken 
into account as well in the company’s own service area as in the competitor’s service 
area. Therefore, the profit function indirectly depends also on the supply price of the 
competitor pk. The optimisation problem of a supply unit is given as: 
                                                           
85 For more detailed discussion on different forms of regulation see e.g. Acton and Vogelsang 
(1989), Beesley and Littlecahild (1989), Liston (1993) and Rees and Vickers (1995). 
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s.t. px1 is given yields the following proposition 

Proposition 5. The profit maximising supply price of the integrated electricity company 
operating in the imperfectly competitive supply markets depends on marginal costs of 
distribution, on marginal costs of production, on distribution price, on the relative 
changes in competitors’ supplied energy and on own company’s supplied energy, and on 
price elasticity of demand.  
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Proposition 5 suggests that the optimal supply price of the deregulated but integrated 
company depends positively on marginal costs distribution c’x and on marginal costs of 
production c’y. If the distribution price is equal to the marginal costs of distribution the 
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standard competitive case where the price elasticity of demand imposes the level of the 
mark-up. However, if the distribution price is above marginal costs of distribution, the 
change in own company’s supply price affects not only the own company’s quantities 
produced but also the competitor's quantities distributed. Furthermore, if the distribution 
price is above marginal costs it enables cross subsidisation between the supply unit and 
the distribution unit.  

It should be noted that the pricing rule for the supply unit is the same regardless of 
whether it operates on perfectly competitive markets or it has market power (see eq. 3.9 
and 3.13). The differentiating feature is its ability to affect the level of mark-up. If the 
firm is operating in the highly competitive markets the demand should be very elastic86 
towards the price and thus the possibility to gather extra profits is minimised. However, if 
we assume imperfectly competitive supply markets the demand is less elastic and 
regardless of the fact that the pricing rule is same as for the company operating highly 
competitive market, the resulting price may include high mark-ups and consequently 
diverge lot from the marginal cost prices.  

 
86 At least according to the economic theory. 
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In the case where a distribution unit transfers relatively large amounts of competitor’s 
electricity, the importance of the distribution price grows and consequently the 
importance of energy price reduces. In such a situation it may be possible to compile 
extra profits by setting the distribution price relatively high. By this extra profit the 
distribution unit may virtually subsidise the supply unit so that the company can set the 
energy part of the price rather low. This creates comparative advantage to the supply unit 
in the competitive part of the markets.  

However, it should be emphasised that selling energy under marginal costs, even 
though subsidised by a high distribution price, is not profitable in the long run. If the 
negative profit of a supply unit is compensated by a positive profit of equal size by a 
distribution unit, the total profit does not increase. For that reason it seems that there is no 
strong incentive for long-run subsidisation between these units. 

It is significant to recognise that if a company’s production technology is efficient and 
its production costs are low compared to the competitor, the company can possibly use 
high distribution prices as a barrier of true competition. This is due to three facts. First, 
the final price consists of two factors, distribution and energy price. Secondly, the 
distribution price has to be the same for all the energy suppliers within one service area. 
When we combine these facts to the third one, price elasticity of demand, we find out that 
if a company has lower production costs than its competitors, it can make a lower bid of 
the energy price and thus gather a large number of consumers. In this kind of a situation 
the company may have incentive to raise the distribution price in order to keep the 
demand more elastic, even without the incentive of cross subsidisation. However, in 
order to provide a formal analysis of this kind of behaviour we need a dynamic model, 
which is out of the scope of this study. However, by this discussion we want to bring up a 
possible prospect of the behaviour of consolidated company if the distribution price is not 
efficiently regulated. 

If we compare the pricing rules for the integrated supply unit and for the separated 
supply unit, both having market power, we find out that the pricing rules differ 
somewhat. The integrated supply unit has to take into account the impact of energy price 
change on the revenue of the distribution unit. If for example the energy price is 
decreased, the supply company may have more customers in its own service area and 
consequently the relative distribution share of the own company’s generated energy 
increases and competitors’ generated energy decreases. If the distribution price is above 
marginal costs of distribution the total revenue may, in come cases, decrease. The overall 
impact of price change to the revenue of integrated company depends on the relative 
changes in distribution units revenue and supply units revenue.  

3.4.4  Optimal pricing of a vertically integrated distribution unit; a case 

of imperfectly competitive supply markets 

In the above (see eq. 3.11) the distribution price was derived assuming that the supply 
markets were perfectly competitive. Next we consider a situation, where the supply unit 
has some market power. The interesting question is; does the stage of competition in the 
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supply market have any impact on the behaviour of the distribution unit, which itself is a 
regional monopoly in both cases? We continually assume that the distribution unit and 
supply unit act as an integrated company.  

The profit function is a combined function of the distribution unit and the supply unit. 
Nevertheless, contrary to the former case (see eq. 3.10) the energy price is not equal to 
the marginal costs of production. The profit is directly determined by the distribution 
price px1, by the total quantity distributed Y1+X1, by the distribution costs cx, by the 
production costs cy and by the supply price py1. Indirectly it also depends on the 
competitor’s supply price pk, and on total quantity produced Y1+Y2. The optimisation 
problem of a distribution unit is given as: 
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Solving equation 3.14 yields the proposition 6. 

Proposition 6. Profit maximising distribution price of the deregulated but integrated 
electricity company, which operates in the imperfectly competitive supply markets, 
depends on marginal costs of distribution, on marginal costs of production, on energy 
price, on the change in production costs, on change in revenue and on price elasticity of 
demand 
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Proposition 6 suggest that the optimal distribution price depends positively on marginal 
costs of distribution, which is dependent on the total quantity distributed. The distribution 
price is also affected by the gap between marginal costs of production and the actual 
price of energy, pe. If the energy price is equal to the marginal costs of production, the 

term [ ] [ ][ )()(*
)(

1y ppYpYc
pdY

−+′ ] is equal to zero. This implies that the 

change in the supply unit revenue as a result of change in the distribution price, has no 
effect on the final price of the distribution. However, if the energy price is higher than the 
marginal costs of production, the distribution unit has to take into account also the 
consequences of possible losses in the energy revenue, if it raises the distribution price. 

The term 
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implies how the energy price reacts, when the 

distribution price changes. This causes an additional impact on the revenue of the supply 
unit. 

The profit maximising pricing rules for the separated and for the integrated 
distribution units differ if the supply markets are imperfectly competitive. Continually the 
separated distribution unit maximises profit by setting the distribution price equal to the 
long-run marginal costs plus some mark-up determined by the price elasticity of demand. 
However, the integrated company has to consider the impacts of distribution price on the 
supply unit’s revenue when it calculates the profit maximising prices. If, for example, the 
distribution unit raises the distribution price, it has to compute how much the demand, as 
a consequence, will decline and further how much this reduces the revenue of the supply 
unit. It is impossible to define, according to theoretical results, which one of the company 
structures, vertically separated or vertically integrated, results in a ower distribution price. 
Besides company structure it depends on prevalent market conditions and is thus more an 
empirical than theoretical question.  

Notable is that even though the distribution price is affected by the energy price and 
vice versa, it does not give incentive for a rational profit maximiser to decrease the 
energy price under marginal costs by subsidising it by high distribution price87. This kind 
of a subsidisation does not increase total profits and thus it is not economical. The 
distribution unit has incentive to raise the distribution price above marginal costs 
independently of the behaviour of the supply unit. Thus, we should be more worried 
about the lack of distinct regulation than of the integration of companies. 

3.5  Conclusions 

Historically electricity markets have been seen as natural monopoly industry. However, 
technological development and improvements in economical knowledge have made it 
possible to restructure the industry. As a consequence of the Finnish Electricity Market 
Act of 1995, electricity supply has become a subject of free competition, while network 

                                                           
87 This is true at least in the long run. 
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units have remained natural monopolies. Deregulation of the electricity markets has made 
it possible for firms to decide more freely about their activities. 

In this study we have modelled alternative company structures and their pricing 
strategies in the deregulated markets. First, we consider the case where the supply unit 
and the network unit are really separated. In spite of the separation, the same holder can 
own both of these activities. In this vertically separated situation the supply part and the 
network part of the company act as independent firms and they both maximise their own 
profits without any cross subsidisation. Secondly, we modelled a vertically integrated 
company structure. In this model, the supply and the network units are integrated and the 
firm maximises total profits allowing cross subsidisation. Though cross subsidisation is 
against the law, it is very difficult to supervise it in reality. We can distinguish two 
market structures in both the vertically separated and the vertically integrated cases. First, 
the pricing rules can be derived assuming that the supply markets are perfectly 
competitive. Alternatively the supply unit may have at least some market power. The 
distribution unit is a regional monopoly in both cases. 

It can be argued that the role of the distribution companies has been underestimated in 
the deregulated Finnish electricity markets. It can have a significant effect on the strategy 
of the supply unit whether the same holder owns also the distribution unit or not. If these 
units are owned by the same company, the distribution unit may increase its distribution 
price in order to try deter competition in its service area. Consequently the supply unit 
may determine its energy price relatively low and thus gain some comparative advantage. 
This can happen even without cross subsidisation if the supply unit has relatively low 
production costs. It is essential to notice that deregulation may in some cases lead to a 
higher total price and thus possibly decrease the total welfare88.  

In the case where the distribution unit transfers relatively large amounts of 
competitor’s electricity, the importance of the distribution price grows and consequently 
the importance of the energy price reduces. In such a situation it may be possible to 
compile extra profits by setting the distribution price at a relatively high level. By this 
extra profit the distribution company may subsidise the supply company such that it can 
set the actual energy price rather low. This creates comparative advantage to the supply 
unit in the competitive part of the markets. However, it should be emphasised that selling 
energy under marginal cost, even though subsidised by a high distribution price, is not 
profitable in the long run. If the negative profit of the supply unit is compensated by a 
positive profit of equal size by the distribution unit, the total profit does not increase. 
Therefore we suggest that there is no strong incentive to long-run subsidisation between 
these units. 

It is significant to notice that if a company’s production technology is efficient and 
production costs are low compared to the competitors’ costs, the company may try to use 
high distribution prices as a barrier of true competition89. This can happen even without 
                                                           
88 Even though welfare considerations are extremely important, they are not discussed in this 
theoretical study in order to focus on the determinants of optimal pricing in vertically separated 
versus vertically integrated companies. 
89 Analysing this argument formally would require a dynamic model, which is not included to this 
study.  



71 

incentives for cross subsidisation. Another motivation to set the distribution price above 
costs is to gather extra profit. This incentive is independent of the behaviour of the supply 
unit and on the stage of vertical integration. Consequently we should recognise that one 
of the main problems in the Finnish deregulated electricity markets is the absence of 
explicit and efficient distribution price regulation.  

If we compare the pricing rules for integrated and separated distribution and supply 
units and try to decide, which structure leads to highest possible profit, we find out that 
there is no distinct answer to the question. If a supply market is perfectly competitive the 
pricing rule for the distribution unit is exactly the same regardless of whether it is 
vertically integrated or not. However, vertical integration may in some circumstances90 
lead to a lower supply price than vertical separation. The result changes if the supply 
market is imperfectly competitive. The pricing rule for the distribution unit as well as for 
the supply unit depends strongly on the stage of competition and on the price elasticity of 
demand. Therefore prices are not systematically higher in one form of a company 
structure than in another. Consequently, according to the theoretical results, we are not 
able to say whether we should allow vertical integration or separate the supply and 
distribution units of electricity more formally. In order to analyse this more specifically 
we should turn the model into a linear one and then solve the problem numerically. 
However, we leave it for the future research. 

                                                           
90 Depending on the price elasticity of demand. 
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 Appendix: Proof of propositions 1.-6.  

 
Proof of proposition 1. 

Profit function of the supply company; vertically separated case: 
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Maximising with respect to the supply price: 
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Proof of proposition 2. 

Profit function of the distribution company; vertically separated case: 
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Maximising with respect to the distribution price: 
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by using the formula of price elasticity of demand yields the following equation: 
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Proof of proposition 3. 

Profit function of the vertically integrated supply unit; competitive case: 
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Maximising with respect to the supply price: 
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by using the formula of price elasticity of demand yields the following equation: 
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Proof of proposition 4. 

Profit function of the integrated distribution unit; the case of competitive supply markets: 
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Maximising with respect to the distribution price: 
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Proof of proposition 5. 

Profit function of the integrated supply unit; the case of market power: 
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Maximising with respect to the supply price: 
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by using the formula of price elasticity of demand yields the following equation: 
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Proof of proposition 6. 

Profit function of the vertically integrated company; imperfectly competitive supply 
markets 
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Maximising with respect to the distribution price: 
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by using the formula of price elasticity of demand yields the following equation: 

[ ][

[ ] [ ][ ]

[ ] 1
*)(*

)()(

)()(*
)(*)(

)(

1
11

21

111

1

1
11

21
'

'
1

''
1

1

+





+
−

−+
+

+

d

d
y

yk

e

eyyy
ykk

y

pY
pYpXd

dp

ppYpYc
pYppX

pY

ε
ε

                                                                              )()(
1111

'

11
' +=⇔ ykxx pYpXcp

 

 
  
 





4 The impact of market structure on the wholesale price of 
electricity in the deregulated Finnish electricity markets 

4.1  Introduction 

When the new Electricity Market Act (EMA) came into force in 1.11.1995 the production 
and supply of electricity became deregulated and competition was introduced to the 
industry. The main aim of the law was to improve efficiency and to provide opportunities 
for the Finnish electricity companies to compete successfully in the opening international 
markets. According to the law production, supply and network services have to be 
vertically separated. Supply and production have been opened to free competition, but 
network services91 have retained their position as a natural monopoly and they are still 
regulated. In addition, network prices have to be equal for the own company and for all 
competitors.  

The purpose of this analysis is to study the consequences of the deregulation to the 
wholesale price of electricity and the market structure of the industry. Especially it is 
interesting to study whether it is possible that deregulation in some circumstances might 
actually lead to higher prices instead of lower ones. Similar kind of studies have been 
made in Britain by Green and Newbery (1992) and in Sweden by Andersson and 
Bergman (1995). Green and Newbery focus on symmetric duopoly situation prevailing in 
England and in Wales. They use a so called supply-function equilibrium approach 
suggested by Klemperer and Meyer92 (1989). Andersson and Bergman concentrate on an 
asymmetric oligopoly, where one firm has a very large market share93. Quantity decisions 
play a major role in this model because of the strong dependence on hydro power in 
Sweden. Our study follows closely the approach adopted by Andersson and Bergman. 

                                                           
91 Including transmission and distribution. 
92 See also Bolle (1992) for application of supply-function equilibrium approach. 
93 Vattenfall produces 50 % of total output. 
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We have used this approach since the production structure in Finland is much closer to 
that prevailing in Sweden than the one of the United Kingdom. 

Green and Newbery (1992) found out that in Britain the electricity production markets 
are far too concentrated if the target of lower prices is going to be reached through 
deregulation and free competition. Green and Newbery argue that since the British 
electricity production is characterised by a strongly duopolistic situation, achieving 
welfare improvements requires strict price regulation. Andersson and Bergman (1995) 
came to the conclusion that deregulation is not a sufficient condition to improve welfare 
in Sweden. In the Swedish electricity markets it is necessary to have at least five 
electricity-producing firms of equal size in order to have lower prices and higher 
production. 

Even though we follow closely the approach adopted by Andersson and Bergman, 
there are some differences in our study. The structure of the Finnish electricity markets is 
not as concentrated as the Swedish one. The largest and the second largest producers in 
Sweden have a market share of 50 % and 25% respectively (see Sørgard (1997)). The 
corresponding figures are 28% and 19% in Finland (1995). Moreover, 95% of the 
production in Sweden is based on hydro power and nuclear power. In Finland 
backpressure power and condensing power play also important roles. Because they are 
easier to adjust than nuclear power the Finnish electricity markets can be viewed as 
perhaps more flexible than the Swedish markets.  

In this paper we have used a numerical model in order to analyse the output and the 
prices of electricity in high voltage electricity markets. The relationship between the 
Cournot equilibrium and the Bertrand equilibrium will be quantitatively explored. 

4.2  Different oligopoly models 

There are different approaches to modelling the behaviour of electricity wholesale 
markets. It is possible to use different approaches. The behaviour of electricity producers 
has been analysed by the means of the supply-function approach (see Bolle (1992), Green 
and Newbery (1992)), the auction theory approach (see Von der Fehr and Harbord (1998) 
and the so called traditional model approach94 (see Andersson and Bergman (1995)). In 
this study we use the traditional Cournot and the Bertrand oligopoly model approaches in 
order to analyse the possible effects of deregulation on the outcome of the wholesale 
market of electricity in Finland. In these models each firm has conjectures about the 
actions of its rivals, on the basis of which it solves the corresponding equilibrium 
outcome. An equilibrium is a point at which neither firm in the pursuit of maximal profits 
wishes to change its own actions, given the reaction that it supposes others will take if it 
changes its own action (see e.g. Kreps (1990)). Before we go to the formal description of 
the model used in the empirical simulations of this study, we briefly introduce the main 

                                                           
94 By traditional oligopoly models we refer to the Cournot model and the Bertrand model of 
oligopolistic competition. 



83 

characteristics of the Cournot and the Bertrand models and also give some arguments 
why we have chosen these modelling approaches to be used here.  

4.2.1  The Cournot Market Structure  

Cournot (1838) was the first to provide a formal oligopoly theory of markets. Even 
though several different approaches have since been developed to model oligopoly 
markets, the Cournot model has retained its position as a benchmark model of oligopoly 
theory. The basic assumption on which the Cournot model relies is that firms 
simultaneously and noncooperatively pick quantities rather than prices and an auctioneer 
chooses the price to equate supply and demand. Each firm assumes that the other firms 
will act such that they do not change the quantity they sell. If we suppose that each firm 
has these conjectures about the others, we can compute what is called the reaction 
function of each to the quantity choice of others. The resulting equilibrium is a Nash 
equilibrium in quantities. This equilibrium is a state from which no firm wants to deviate. 
However, the equilibrium conditions are such that the price is higher than the competitive 
price but lower than the monopoly price. Prices are not competitive, because each firm 
take into account that it depresses price when it raises output. However, firms, by raising 
quantity, do not feel the full weight of the depressed price because it affects the outcome 
of competitors as well. Hence, the equilibrium is at a lower price and higher quantity than 
would be the case for a monopoly. However, because price exceeds marginal costs the 
resulting equilibrium is not allocatively efficient (see e.g. Kreps (1990), Shy (1998), 
Tirole (1988)) . Formally this can be illustrated as follows: 

Assume a market where two firms, i and j, are producing homogenous good. The 
profit function for firm i is determined as follows: 

 (4.1)                                                                                   )()(),( iijiiji
i qCqqPqqq −+=π

where P(qi+qj) is the inverse demand function95 and Ci(qi) is the cost function. Both of 
the firms are maximising their profits given the quantity chosen by the other firm. Given 
a set of choices {qi,qj} the price will adjust so that the market clears. Equilibrium 
quantities can be determined from the first order conditions for profit maximisation: 

                                                           
95 P is market price and (qi+qj) is market supply. 
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is the price elasticity of demand. 

There has been some criticism towards Cournot model. First, it has been argued that 
firms ultimately choose prices instead of quantities96. The second source of criticism is 
that other firms’ output level is assumed to be fixed.  However, we can release the 
assumption of fixed output levels of competitors by introducing the conjectural 
derivatives approach (see Hicks (1935)) to the model97. 

When the outputs of other firms are not treated as fixed, the marginal revenue of firm i 
can be written as 
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is the so called conjectural derivative. A positive value for the derivative 

indicates that the firm expects its rivals to co-operate. This means that if for instance the 
firm i restricts its output, the firm j will restrict its output as well. A negative value of the 
conjectural derivative indicates that if firm i restricts its output firm j will increase its 
output. A zero value indicates the Cournot case, the value of –1 indicates the perfectly 
competitive case.  
 

                                                           
96 We discuss the quantity versus price choice later under the headline of Bertrand competition. 
97 This approach has been used in the empirical simulations of this study. 
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4.2.2  Bertrand Market Structure 

While in a Cournot market structure firms were assumed to choose their output levels, in 
a Bertrand market structure firms set the prices. In 1883 Joseph Bertrand criticised 
strongly Cournot’s oligopoly modelling relying on the quantity decision, arguing that 
firms ultimately choose prices rather than the level of output. Up to now most economists 
believe that both of these oligopoly models can yield the observed market prices and 
quantities depending on the characteristics of each specific market (see e.g. Shy (1998)).  

In Bertrand competition each firm chooses its price simultaneously and 
noncooperatively. This means that a firm has to choose its own price without knowing 
the prices of the other firms. However, each firm has conjectures about other firms’ 
behaviour and we assume that these conjectures are correct. There are two critical 
assumptions about consumers’ behaviour that we have to pay attention to when we model 
Bertrand competition. First, consumers always purchase from the cheapest seller. Second, 
if two sellers charge the same price, half of the consumers purchase from firm 1 and the 
other half purchase from firm 2. The resulting equilibrium is called the Nash equilibrium 
in prices or the Bertrand-Nash equilibrium. In that equilibrium each firm prices at 
marginal costs and no firms make profit98. In other words, if firms have equal unit costs 
and the product is homogenous, the Bertrand equilibrium price and the output are the 
same as in the competitive equilibrium (see Kreps (1990), Shy (1998), Tirole (1988)). 

This kind of a market outcome is called also the Bertrand paradox because it is 
difficult to believe that firms in industries with few firms never succeed in manipulating 
the market price to make profits. Even though the assumption of perfect competition 
outcome in oligopolistic markets can be justly criticised, it is useful because it at least 
provides a benchmark case. In this study we have calculated the competitive outcome and 
the Cournot outcome. The Cournot model has been chosen because the assumption of 
quantity games is suitable to the characteristics of electricity supply markets99. The 
competitive outcome is calculated in order to provide a first best solution to which the 
outcome of Cournot market structure and also to the outcome of real market structure 
(1995) can be compared.  

4.3  The model  

The model we used in this study is a numeric, static and short-term model developed by 
Andersson and Bergman (1995). Its objective is to determine the market clearing price of 
high voltage electricity. Because of the short time horizon the production capacity is 
assumed to be exogenous and thus determined outside the model. The market price is 
resolved endogenously. 
                                                           
98 If the two firms charge unequal prices, the demand served by the low-price firm must equal all 
market demand at that price. As a consequence of this behaviour firms are undercutting prices until 
they are equal to the marginal cost of the firm. 
99 In many electricity production technologies capacity constraints are binding.  
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The model distinguishes between two categories of production capacity. The first 
category consists of nuclear and hydro power capacity, which together constitute 
approximately 51 % of total production. The second category is composed as an 
aggregate of backpressure, condensing and other fossil fuel and renewable fuel capacity. 
The model is structured so that it does not distinguish different technologies competing 
with each other. Instead, it distinguishes between individual firms, which could be 
described as portfolios of different production units using different technologies. 

The hydro and nuclear plants are denoted by i while the backpressure, condensing and 
other plants are denoted by j. The output of the firm f using plant type i is denoted by Xfi, 
while that of the other types of plants is denoted by Xfj . 

Because the model is assumed to be a short-term model, the output is constrained by 
pre-determined existing capacity denoted by Kfi and already existing production units 
denoted by Kfj. 

The total output for an individual firm is given by: 

(4.5)                                        ...,.........2,1;                                  2
1 FfXXX fjfiif =+= ∑ =

The total output of a firm is thus an aggregate of two types of production units, which use 
different power technologies. Firms are assumed to take different types of plant units into 
operation by using cost minimisation as the crucial criterion100. Thereby the marginal cost 
function has an essential role in the model. Marginal costs depend on the type of 
production units and they are determined as follows. 

Marginal cost of production units type i: 
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Firms are assumed to operate under profit maximising conditions. Let ci denote the firm 
specific unit cost of operation. Variable costs, including ci, are mainly composed of fuel 
costs, variable labour costs and maintenance of production equipment. It is notable that 
especially hydroelectric generation has very low variable costs. However, hydroelectric 
plants require large reservoirs to regulate the flow of water between wet and dry periods. 
Thus, computing generation costs requires computing the shadow price of stored water101 

                                                           
100 Because of the low marginal costs of hydro power it is the first in the merit order and it is useful 
to put all possible hydro power into use. However, in practice some hydro power is left in reserve 
in order to adjust demand and supply (see e.g. Lehto (1995)). 
101 This can be done by solving the generator´s intertemporal profit maximisation problem. 
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(see e.g. Johnsen et al (2000)). The λ is a firm specific scarcity rent or shadow price of 
the firm’s production when using the capacity of type i. The following inequalities and 
equalities define the properties of λ: 

(4.7)                                                         .0;0)(;0: ≥=−≤+ fififififififi KXKX λλλ

 
This has basically two implications. First the constraint Xfi - Kfi ≤ 0, determines that the 
production cannot exceed the existing capacity. The second constraint, λfi(Xfi - Kfi)=0, 
means that if the capacity is fully utilised i.e. Xfi - Kfi=0, λfi can deviate from 0, but if 
there is excessive capacity, i.e. Xfi - Kfi < 0, the scarcity rent λfi is equal to zero. Hence, 
when we operate on moderate capacity level the marginal costs of production units of 
type i is simply equal to ci. However, when the production reaches the maximum capacity 
marginal costs exceed unit cost of operation ci. 

Marginal cost of production unit type j: 
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Here, aj is cost per unit of output in the cheapest production units that belong to the group 
j. The cost per units includes purchase costs of fuel102 and other operating costs, which 
are basically caused by the same factors as in the case of the unit type i. Because 
marginal costs of fossil fuel plants depend strictly on the type of fuel used the marginal 
cost has to be different if we use more costly production units103 than combined heat and 
power units. aj +bj is used to determine marginal costs for these costly units. 

Because of different cost structure of power plant unit type j, the final marginal cost 
function also depends on capacity. If the production exceeds the capacity of the cheapest 
type of a power plant, more expensive types of plants have to be put into operation, 
which increases the marginal costs. The expression (Xfj/Kfj) prescribes how quickly this 
shift takes place. It means that if the amount of electricity produced by fossil fuel plants 
is quite small, the marginal cost will be close to aj. In the situation when production is 
equal to the capacity on work the marginal cost is aj + bj. However, if the production 
exceeds the already existing capacity of unit type j the marginal costs increase very 
rapidly. In practice, this means that gas turbines with high variable costs have to be put 
into operation. The value of parameter ø is greater than one.  

                                                           
102 These are primarily based on import prices in Finland. 
103 E.g. oil fired condensing power plants. 
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Total demand for electricity is determined as: 
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where DE is the market demand of high voltage electricity, PE is the market price of high-
voltage electricity, ε is the price elasticity of demand and subscript 0 denotes the pre-
reform value of the variable in question. 
Total supply is determined as: 
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where the aggregate of domestic production and M is imports of electricity. f
F
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Solving market equilibrium condition, i.e. where  DE = SE, with respect to the market 
price gives us the inverse demand function 
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where E0 is total electricity consumption in initial year104 (1995). 

Each electricity company is assumed to maximise its profits given the quantity chosen by 
other firms. Cournot form of profit function is given as: 

(4.12)                                                                                            ** ffEf
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where Xf is production of firm f and Cf is costs of firm f.  

                                                           
104 I.e. domestic production and imports together. 
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Solving the first order condition with respect to quantity yields to the following equation: 
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The equation 4.13 can be rewritten as follows when we release the assumption of rivals’ 
fixed output and introduce the Hicks (1935) conjectural derivative approach105 to the 
model 
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Where X-f is the total output of all other firms except for the firm f. Term 
f

f
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called conjectural-variation term in competitive equilibrium. We assume here that the 
conjectural-variation term is either 0 or -1. 

If the conjectural-variation term is assumed to be -1, we end up to the standard 
competitive market model 
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The resulting outcome is referred to as the Bertrand equilibrium. If one firm changes its 
output in this situation, other firms react so that the total output of the market remains 
unchanged. 

Alternatively, the conjectural-variation term can be equal to 0. This implies extreme 
monopolistic pricing, the solution of which is called the Cournot equilibrium. In this 
situation a firm takes the output of the other firms as exogenous. In other words the 
company thinks that even if it changes its supply, there would be no reaction whatsoever 
from the other firms in the market. 

The main aim of this analysis is to determine the total production and the price level of 
electricity in two different situations after deregulation. Then we compare the results to 
the values from the pre-deregulation period. The pre-deregulation situation is referred to 
as a base case and it includes the real production and the prices of electricity in 1995. 
First we define the market in terms of Bertrand competition, and then we solve the 
Cournot type of equilibrium. 

                                                           
105 See chapter 4.2 for the formal description of Hicks conjectural derivative approach. 
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4.4  Empirical background   

In 1995 the total production of electricity was 60 539 000 MWh in Finland, while the 
demand aggregated to the amount of  68 944 000 MWh. The excessive demand was 
satisfied by the import of  8 501 000 MWh mainly from Russia and Sweden. The largest 
consumer group was the refining industry with a yearly demand of 36 951 000 MWh. 
The second largest consumers were the private sector and the service industry. The 
smallest consumer group was agriculture with a yearly demand of 2 358 000 MWh. 

In the simulation ten biggest producers of electricity are treated as active competitors. 
However, although they are remarkable producers, UPM-Kymmene Ltd. and Enso 
Gutzeit Ltd. were excluded from this group because they use themselves all the electricity 
they produce. The biggest producer was (1995) Imatran Voima Ltd. with a yearly 
production of 16 855 018 MWh. The smallest of the ten active firms was Oulun Energia 
with its 836 425 MWh yearly production. The smaller producers are treated as an 
aggregated group and their production together amounted to 16 734 248 MWh in 1995.  
The reference year production and respective market shares are shown in the Table 4.1. 

Table 1. Active firms and electricity production (MWh) by production type, 1995. 

Firm Hydro Nuclear Backpressure Condensing Other 
Total 

Production 
 Share of 

production 

Imatran Voima Oy 3794541 6449312 3187930 3424908 -1673 16855018 0,278 
Teollisuuden Voima Oy 0 11678733 0 0 0 11678733 0,192 
Kemijoki Oy 3674966 0 0 0 0 3674966 0,061 
Helsingin Energia 0 0 3095512 438221 308 3534041 0,058 
PVO-lämpövoima Oy 0 0 0 1587728 1190 1588918 0,026 
Mussalon Voima Oy 0 0 299829 1170819 176 1470824 0,024 
Iijoen Voima Oy 1466777 0 0 0 0 1466777 0,024 
Vaskiluodon Voima Oy 0 0 478852 945343 0 1424195 0,024 
Tampereen kaup. sl. 46073 0 1180360 48405 62 1274900 0,021 
Oulun Energia 184809 0 518017 133599 0 836425 0,014 
Other 3620834 0 11956500 1147977 8937 16734248 0,276 
TOTAL 12788000 18128045 20717000 8897000 9000 60539045 1 

Note: The first column appoints the firms treated as active competitors. The next five columns 
indicate the generation of electricity by the type of production. The last column gives the firms 
market share. The data is from Electricity Statistics for Finland 1995. 

In the simulation we have specified five different categories of power generation plants. 
These are nuclear power, hydropower, backpressure power, conventional condensing 
power and other types of power plants. The primary fuel used in the plant will be 
considerably reflected in the costs of the electricity-producing firm. 
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The variable costs of the electricity generation consist of the primary fuel costs and of the 
other variable operating costs106. The fuel prices and fossil fuel taxes used were as 
follows: 

Table 2. Primary fuel costs and fossil fuel taxes, 1995. 

Primary fuel Fuel price Fossil fuel taxes, p/kWh 

Nuclear 2176 FIM/t  

Coal 191 FIM/t 0,96 

Gas 413 FIM/1000 m3 0,64 
Oil 438 FIM/t 1,04 

Note: FIM refers to the Finnish mark (1 FIM is 0,168187 Euros). t refers to the unit of weight, ton, 
and m3 to the unit of cubic contents. The source of data, see KTM (1997) and Kosunen and Leino 
(1995).  

Taking into account also the other variable costs, the approximation of the variable unit 
costs of operation are: 
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Fig. 2. Variable costs of electricity generation 

Note: The cost data is from Electricity Statistics of Finland, from the report “Sähköntuo-
tantokustannukset” and from the report “Biopolttoaineen kilpailukyky sähkön ja lämmön 
tuotannossa”.  

                                                           
106 These include maintenance costs, hour-based salaries and fuel taxes. 
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4.5  Simulation results  

In the pre-deregulation case the equilibrium price of electricity was 21,1 p/kWh and the 
corresponding output was 60,539 TWh. Historically it has been assumed that the demand 
is quite inelastic towards electricity price and hence we have first simulated the model by 
using the elasticity value of – 0,35107. However, because according to the economic 
theory demand should come more elastic as the stage of the competition increases, we 
have simulated the model also by using the elasticity value of –0,8. The base case has an 
important role since it will act as a calibration point in this study. The main aim of the 
new electricity law and deregulated electricity markets is to give incentive to more 
efficient production through competition. Consequently, the ultimate goal is lower market 
prices and improved welfare. 

If the deregulation will lead to price competition or at least to the real threat of 
Bertrand type of competition, the market price will be considerably lower than in the base 
case (see table 4.3). In the model above such a situation occurs if the conjectural variation 
term is fixed equal to -1 and the equation (4.6) reduces to the normal price-equal-to-cost 
condition. The resulting Bertrand equilibrium price is 17,82 p/kWh and the 
corresponding output is 66,03 TWh/year. The difference between the Bertrand price and 
the base case price is quite significant, refering to pre-deregulation inefficiency of the 
markets.  

However, it is also possible that there occurs no competition as a result of the 
deregulation. The market prices will then be distinctly higher than in the base case. This 
is the case if the conjectural variation term in the model is set equal to 0 for each active 
firm and -1 for the aggregate of the smaller firms. Every active firm is assumed to know 
the market demand and take the output of the other firms as exogenous. This leads to 
monopolistic pricing and the so called Cournot equilibrium. The production of electricity 
is then 56,30 TWh/year and the equilibrium price is 24,26 p/kWh. 

Table 3.  Production and equilibrium prices. 

 Production,TWh price, p/kWh 
% of pre-deregulation 

case 

Pre-deregulation case 60,54 21,1 100 

Bertrand equilibrium 66,03 17,82 84,5 
Cournot equilibrium 56,30 24,26 114,9 

                                                           
107 According to the estimation results by Törma (1985) the price elasticity of demand was 
approximately –0,35 in the beginning or 1980s. The results by Andersson and Damsgaard (1999), 
where they estimated the price elasticity or demand in Sweden, also support the assumption of 
inelastic demand.  
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As can be seen in the above it is very important to identify which kind of a market 
structure results as a consequence of the deregulation. If the biggest producers act as 
under the Cournot equilibrium, the deregulation will lead to higher prices and lower 
production than would be without liberalisation of the markets. However, if they take the 
threat of either national or international competition seriously the deregulation may lead 
to considerable welfare improvements.  

The two biggest producers, Imatran Voima Ltd. and Teollisuuden Voima Ltd., 
generate almost half of the total electricity consumed in Finland. It would be interesting 
to consider how the market price and the total production would change if we split both 
of these companies in two. On the other hand, if the two biggest companies co-operated 
or even merged the results would be yet different. Next the resulting prices and outputs 
are computed in both cases, first if the two biggest producers are split, and second if they 
merge. 

Table 4. Cournot equilibrium if the two biggest producers are split. 

 Production, TWh 
Equilibrium price, 

p/kWh 
% of pre-deregulation 

case 

Pre-deregulation case 60,54 21,1 100 
Cournot equilibrium 64,83 18,33 0,87 

As can be seen from the table above the consequences of the splitting of the two biggest 
producers has quite an effect on the equilibrium market price. The production would 
increase from 60,54 TWh/year to the 64,83 TWh/year and the market price would 
decrease from 21,1 p/kWh to the 18,33 p/kWh even in the case of Cournot type of 
competition. However in the other extreme, where the two biggest producers merge, the 
outcome is the opposite. 

Table 5. Cournot equilibrium if the two biggest producers merge. 

 Production, TWh 
Equilibrium price, 

p/kWh 
% of pre-deregulation 

case 

Pre-deregulation case 60,54 21,1 100 

Cournot equilibrium 53,30 27,91 132,27 

The effects on the market price and quantity would be quite remarkable in the 
hypothetical situation of merging the biggest producers. Price would increase from 21,1 
p/kWh to the 27,91 p/kWh. Correspondingly quantities would decrease considerably. The 
potential welfare effects of this kind of a market solution can be quite considerable. Thus 
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it is important to ensure in one way or another that the deregulation leads to a rather high 
degree of competition. One way of improving the possibilities for a high degree of 
competition is the integration of the Nordic electricity markets, which increases the 
number of the active players in the market.   

Up till now we have assumed that the price elasticity of electricity demand is -0,35. 
However, the demand may and should become more elastic as the stage of the 
competition increases. Also the possibility to open international markets may result more 
elastic demand. If we assume that the price elasticity of demand rises to -0,8, and other 
factors remain unchanged108 the above results will change considerably as can be seen 
from the table below.  

Table 6. Equilibrium price and price elasticity of demand in Cournot equilibrium. 

 Production,TWh price, p/kWh % of pre-deregulation case 

Pre-deregulation case 60,54 21,1 100 
Cournot equilibrium,
price elasticity –0,35 56,30 24,26 114,9 
Cournot equilibrium,
price elasticity –0,8 62,76 20,07 95,1 

If the price elasticity of electricity demand will rise to -0.8 the market price of electricity 
will decrease even in the Cournot equilibrium and without splitting. Hence deregulation 
may lead to welfare improvements even if the markets are not perfectly competitive as far 
as the price elasticity increases. This can result, for instance, if the threat of entry is 
factual or if the opening of international markets is a real option to the prevalent market 
structure.  

4.6  Conclusions  

In a similar kind of study made in Sweden it has been found that deregulation may not be 
a sufficient condition to improve welfare and lower prices in the Swedish electricity 
markets. Even though the situation is somewhat similar in Finland we have perhaps better 
possibilities to succeed in promoting competition even though we consider the autarky 
situation. This is mainly due to the fact that in Finland the biggest producer, Imatran 
Voima Ltd., produces approximately 28% of the total output while in Sweden the biggest 
producer, Vattenfall, produces over 50 % of the total electricity output. 

According to our results the impact of deregulation may be negative in the sense that 
prices may increase and production decrease if Cournot type of competition takes place. 

                                                           
108I.e. no splitting and no merging. 
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However, it should be noted that the result is very sensitive to the value of price elasticity 
of demand. Consequently, if demand becomes more elastic, from one or another reason, 
the deregulation may lead to the lower prices and higher output also in the case of 
Cournot competition. 

In any case, the integration of the Nordic power markets and thus increasing the 
number of eminent players in the market is supported since it clearly increases the stage 
of competition and hence also the price elasticity of demand. However, it should be 
ensured that no substantial number of mergers take place, since they may re-establish the 
market power that has been abolished through the integration.  

As far as the integration of the Nordic electricity markets increases the number of the 
active players in the market, it seems to be possible to create a really competitive 
environment. Amundsen, Bergman and Andersson (1998) have studied the effects of 
deregulation and free trade on the electricity prices in the Nordic countries. According to 
their results free trade tends to equalise prices across countries and it also reduces the 
difference between Cournot prices and perfect competition prices. Free trade price is 
lower than the autarky price but the difference between them depends on the pre-
integration market structure of the country. Of course the impact of integrated power 
markets is not so extensive if the pre-integration market structure is close to perfect 
competition. 
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5 Distribution Price of Electricity and Potential Welfare 
Improvements 

5.1  Introduction 

The wholesale price of electricity has been of interest to politicians, general public and 
scientists alike for many years. This is basically due to the restructuring of electricity 
industry and liberalisation of ownership in many countries. Several analyses indicate that 
the optimal wholesale price of electricity should be based on long-run marginal costs and 
merit order dispatch. Some countries, especially the integrated Scandinavian power 
markets109, have proved to operate reasonably well on wholesale production and pricing 
(see Amundsen et al. (1998), Hjalmarsson (1996)). In these markets no big distortions are 
shown to happen neither from allocative nor from X-efficiency point of view.  

However, in many countries electric energy constitutes only one third of the retail 
price of electricity. The other main elements are distribution price110 and energy taxes, 
both covering one third of the total price. Even if we can say that the wholesale price of 
electricity is determined reasonably efficiently, can we conclude that the retail price is 
also efficient? Up to couple of last years there have been relatively few studies 
concentrated on retail price of the electricity even though it may cause large welfare 
losses from the social point of view. Therefore the aggregate efficiency loss can be quite 
large even though the wholesale markets operate quite efficiently.  

This study deals with potential welfare improvement of electricity distribution in 
Finland. The term distribution can refer to two issues, namely distribution network and 
retail. Retail consists of trading electricity at the wholesale markets and further selling it 
to the end users. Distribution network, or here just distribution, means a natural 

                                                           
109 Including Sweden, Norway, Finland and Denmark. 
110 I.e. price based on network services. 
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monopoly activity, which should be regulated111. High voltage transmission is excluded 
this study. According to the Finnish electricity market legislation of 1995, distribution 
prices should be based on costs. However, the dependence on the costs is not specified 
and further no clear regulatory rule is set. In reality this has led to the situation where 
distribution prices differ largely between companies. Price differences have actually been 
so large112 that it raises a question of whether they can be justified by differences in costs. 

The important question is how much does it socially cost to have distribution price 
determined inefficiently? In order to be able to answer this question we have to find out 
the possible alternatives to price distribution and then compare them to the present prices. 
The main aim of this paper is to define efficient prices based on economic theory and 
then calculate the potential welfare improvements that can be achieved through these 
prices. 

5.2  Objective 

In this study we consider alternative pricing policies for regulated firms. We concentrate 
purely on distribution company113, which is assumed to be a natural monopoly in the 
sense that its costs are subadditive. Because local distribution company covers the main 
part114 of the regional network, its conjectural variation is close to unity. Thus, the role of 
a regulator is crucial in order to prevent distribution companies to exploit market power.  

The main objective of the regulator should be to maximise social welfare by choosing 
efficient prices. In reality this should be done, perhaps, subject to the breakeven 
constraint. Prices determined in this way can be said to achieve the object of maximum 
economic efficiency. 

There are three basic assumptions that underlie the idea of efficient prices. First, 
throughout this analysis we consider that efficient prices are those that lead to the highest 
possible level of welfare115. Secondly, if we move from an inefficient price to a more 
efficient price, potential welfare raises for all individuals. This is possible if the 
“winners“ of the price change compensate to the “losers“ of the price change. Third, if 
there are two firms, one of which is regulated and must break even out of its own sales 
revenues, but the other firm is not required to break even, the potential welfare of society 
cannot be higher in the first case. 

We calculate the distribution prices of electricity on the basis of four different methods 
and then compare the possible welfare effects to the present pricing system. First, we 
calculate the pure first best optimum prices based on marginal costs. This case is 

                                                           
111 For further explanation of terms see e.g. Román et al. (1999). 
112 In 1998 distribution prices varied from 8,2 p/kWh to the 19,4 p/kWh in 0,4 kV networks (1 
Finnish penny is approximately 0,168 Euro cents). 
113 Throughout this study we use assume that the term “distribution company” covers only the 
network part of retail.  
114 Only some single lines from some point to another may be constructed by other company. 
115 Welfare is defined as the sum of consumer surplus and producer surplus. 
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important to consider as a potentially best alternative, even though it may not be possible 
to execute it in real life116. Secondly, we calculate the distribution prices based on 
Ramsey pricing. This method is especially interesting, since it is generally known, in 
welfare economics, as a second best pricing policy and enables the firm to break even. 
Thirdly, we calculate the optimal Coasian two-part tariffs. This tariff structure is 
interesting since it utilises the pricing rule of marginal costs prices, however such that the 
firm enables to break even. Last, the distribution prices based on the fully distributed cost 
pricing (FDC) are calculated. FDC prices are determined by using Relative Output 
Method (ROM). This pricing policy is generally used, even though it does not take into 
account economically relevant criteria.  

Section 5.3 examines different pricing methods and theories. Section 5.4 discusses the 
empirical basis and data of this study. Calculation results are presented in section 5.5 and 
section 5.6 concludes the chapter.  

5.3  Four alternatives to price electricity distribution 

5.3.1  Marginal cost pricing 

One method of calculating distribution prices is based on marginal costs. It is well known 
in the economic theory of welfare that the highest possible welfare is achieved when the 
firm produces at the point where its price is equal to the marginal costs. However, if we 
consider a distribution company, which can be assumed to have substantial fixed costs, 
this kind of pricing procedure will evidently lead to negative profits. Is it still efficient in 
that kind of situation to set prices equal to the marginal costs? Many famous papers assert 
that the answer is clearly yes (see e.g. Houthakker (1951), Hirshleifer (1958), Williamson 
(1966), Littlechild (1970), Laffont and Tirole (1994)).  We can say that the first best 
optimum of any company, on the social welfare point of view, is to set price equal to the 
marginal costs. 

This simple result of efficient marginal cost prices holds true even in the situation 
where we have several commodities and we allow non-zero cross-elasticity of demand 
between services and further also in the situations where marginal costs are not constant 
(see Brown & Sibley (1986)). By setting prices efficiently, a social planner can thus 
maximise the amount of “welfare“, which then can be distributed as the society pleases.  

However, if average costs are declining with output, marginal costs are less than 
average cost and thus marginal cost pricing fails to break even. If the utility is not 
supposed to the cover its deficit, this is not a problem. However, many countries expect 
also regulated companies to at least cover their costs. Clearly this means that in the case 
of natural monopoly industry marginal cost pricing is not a feasible pricing method. The 
                                                           
116 This is because of the possibility of negative profits, the lack of proper compensation system 
and the objective to break even. 
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society is willing to deviate from the first best prices, even though this results in the 
decline of overall welfare. Next we present alternative pricing methods that fulfil the 
requirement of breaking even. 

5.3.2  Ramsey pricing – efficient pricing subject to a breakeven 

constraint 

Even though the company is expected to cover its costs it should be done such that the 
overall welfare decreases as little as possible. Thus given the constraint that the firm must 
break even, the efficient public utility pricing can be formed as follows: 

Given a regulated firm that must break even and which serves M markets, the 
efficient set of prices P1, P2,….., PM is that which maximises total surplus 
subject to the constraint that the firm earns zero profit (Baumol and Bradford 
(1970), Baumol, Panzar and Willig (1982)). 

If we want to use prices that take into account breakeven constraint we discuss no more 
fully optimal, so called first-best prices. The prices that maximise total surplus subject to 
the breakeven constraint are referred to as optimal second-best prices. There are of course 
a variety of different prices, which fulfil the definition of second-best prices117. However 
here we concentrate on prices, which are uniform118 and maximise total surplus subject to 
the breakeven constraint. This means that we derive prices where producer surplus is set 
equally to zero. The most efficient uniform second-best prices are determined such that: 

Maximise 
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117 For example prices containing quantity discount, quantity preemie, hookup charges etc.. 
118 Uniform prices are prices which do not vary with the level of consumption 
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where PS is producer surplus, CS is consumer surplus, Qi is quantity, Pi is price and C is 
costs. 
or we can write this equally 
 

Maximise CS              (5.2) 
{P1, P2,….,Pm} 

subject to PS = F,  

where F represents the fixed costs of the firm. 

For mathematical derivation of efficient prices see Appendix. 

Throughout this study we assume that marginal costs are constant and demand is 
independent in the sense that cross-elasticity values are equal to zero.  

In the case of optimal second-best prices it is practical to begin the derivation from 
marginal cost prices. In this kind of a situation those firms that have fixed costs, fail to 
break even. If we want the firms to break even with as little disturbance in the markets as 
possible what kinds of price changes should we do? As it is well known from economic 
theory, we should impose high mark-ups in the markets that are least influenced by them, 
and low mark-ups in the markets that are more easily disturbed. That is, we should aim to 
increase prices in markets where price elasticity of demand is relatively low and decrease 
prices in the markets where demand is more elastic. Thus, the second-best mark-up of 
price in each market is given by:  

Mark-up = (Pi - Ci)/ Pi = λ / εi              (5.3) 

Where Pi is the price, Ci is the marginal costs, and εi is the price elasticity of demand.  

In the equation above λ adjust mark-ups in all markets uniformly to the point where the 
firm breaks even. This is the well-known Inverse Elasticity Rule (IER)(see Ramsey 
(1927)). Another way to express the IER is: 

λ = ((Pi – Ci) / Pi) * εi = = ((Pj – Cj) / Pj) * εi ,  j ≠ i          (5.4) 

Generally speaking this, means that for any pair of markets served by a regulated firm, 
the percentage deviations from marginal cost, weighted by the price elasticity of demand, 
should be equal in both markets to the mark-up λ. 

The Inverse Elasticity Rule was derived by Frank Ramsey (see Ramsey (1927)) and 
thus the prices, which maximise total surplus subject to the breakeven constraint, are 
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often called as Ramsey prices.119 Braeutigam (1979; 1984), Horowitz and Seeto (1996) 
and Berry (2000) have used Ramsey prices as a method to charge stranded cost of a 
partially regulated firm. They have concentrated on the competitive part and access 
charges of a regulated firm. Furthermore, the famous paper by Laffont and Tirole (1994) 
concentrates on the Ramsey pricing in the context of access pricing in competitive 
markets. Our analysis concentrates purely on distribution activity, which is a monopoly in 
Finland. Hence we avoid many potential problems arising from more complex market 
structure.  

The numerical solutions to the Ramsey prices can become very difficult unless we do 
not assume that the price elasticity of demand in each market is constant, so that the 
quantity demanded in each market is 

Qi = kiPi
-εi             (5.5) 

Where εi is the constant price elasticity of demand and ki is a scaling term.  
Now we can write the Ramsey prices as  

Pi = εiCi / (εi - λ)             (5.6) 

The mark-up fraction λ is set such that total revenue equals total costs: 
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The above equation means that one simply sets prices with different values of λ until a 
value of λ is found which satisfies the equation PS = F.  

The problem of flowthrough should also be, at least in some cases, considered. If the 
customer of an electricity company is a company producing electricity intensive products, 
a change in the electricity output price will cause a change in the cost function of the 
industry customer, and will somehow flow through to the final output markets. However 
if the regulated monopolists’ business customers are selling in perfectly competitive 
industries, the Ramsey pricing formulae are unchanged (see Brander and Spencer (1983), 
Willig (1983)).  

                                                           
119 Even though Ramsey used this IER to the optimal excise of taxation the analogous to the 
negligible income effects in the case of distribution price of electricity is obvious. 
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5.3.3  Optimal two-part tariff 

If the firm is using uniform pricing, the only way the firm can break even is to set the 
price P so that at the resulting demand Q(P), the price is equal to the average cost. Every 
consumer is thus facing the same price even though they might have different tastes. 
However, should we take these taste differences into account, if we thus could reduce 
deadweight loss? In many cases it is possible to increase welfare if the company provides 
a tariff structure accorging to which the price varies with the quantity chosen. These kind 
of pricing methods are called nonlinear tariffs. One form of nonlinear tariffs are two-part 
tariffs. Two-part tariff structures in a profit maximisation setting have been examined by 
Oi (1971), and extended by Littlechild (1975) and Schmalensee (1981), among others. 
Two-part tariffs have also been applied to problems of social welfare maximization for 
example by Feldstein (1972), Ng and Weisser (1974), Littlechild (1975), Leland and 
Meyer (1976), Brander and Spencer (1985) and Panzar and Sibley (1989). Further, Pang-
Ryong (1997) has examined the effects of alternative profit regulations when the tariff of 
profit maximising firm consists of two-part and peak-load pricing.  

The third alternative pricing method used in this study is the optimal two-part tariff. 
It’s target is to maximise the total surplus over all economic agents. We do not concern 
the possible damage to individual customers, as long as the total surplus rises. However, 
the social planner meets with two fundamental problems when choosing the welfare 
maximising two-part tariffs. First, he has to choose the tariff such that it enables the firm 
to breakeven and second, the tariff structure should be such that consumer is willing to 
participate in the market.  As early as 1946 R.H. Coase suggested a special type of two-
part tariff as a solution to this problem:  

“Set marginal price (usage charge) equal to the regulated firm’s marginal cost and set 
the entry fee at a level sufficient to cover the firm’s total costs when it is paid by each 
consumer”. 

Formally the optimal Coasian two-part tariff structure can be presented as: 

R (Q) = E + P*Q                     (5.8) 

subject to R (Q) = C (Q)  

That is to say that consumer pays a fixed entry fee E and usage charge P such that the 
revenue R(Q) just covers the costs C(Q). He can escape the entry fee only if he does not 
buy any positive amount of the good. 

It was hoped that this kind of a pricing mechanism would result in a correct amount of 
consumption in such a way, that the total cost would be covered by an entry fee, which 
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would not itself be a pricing distortion. In other words, a firm will recover its costs under 
this tariff120. However, the most important thing is that consumers will buy exactly the 
same amount they would buy under straight marginal cost pricing. Thus, the deadweight 
loss is eliminated. The difference in the outcome under marginal cost pricing is that an 
amount equal to the fixed costs is transferred from consumers to the firm and thus this 
transfer can be seen as a pure distributional effect (see Brown and Sibley (1986),Coase 
(1946), Naughton (1989), Wilson (1993)). However, this kind of a pricing procedure is 
useful only if we are assured that none of the consumers will drop out of the markets as a 
result of price change.  

Therefore, if consumers are heterogeneous, this argument do not necessarily hold true 
anymore. This is because those who are prepared to pay relatively little for consuming 
the product will drop out of the market when a uniform fixed charge, sufficient to cover 
the loss the firm makes with marginal cost pricing, is posed. This reduces welfare if those 
consumers who are dropping out of the market would be prepared to pay a price at least 
equal to marginal cost for some units of the product. On the other hand, if the charge 
differs from marginal costs the allocative efficiency is reduced. This problem can be 
resolved, at least to some extend, by introducing more general form than simple two-part 
tariffs. Consumers can be, for example, offered the choice between a various of different 
two-part tariff schemes121. Typically in such cases the usage charge is set somewhat 
above marginal cost with a correspondingly lower fixed charge. If the steps between 
various two-part tariffs is converging to zero, we can derive a genuinely nonlinear tariff 
structure. However, if we can be certain that none of the consumer will drop out of the 
market as a result of change in the tariff structure, the optimal two-part tariff result in 
highest possible welfare122. In the case of electricity distribution, demand is known to be 
very inelastic, and thus we assume that every consumer will participate the market. 
Consequently we use optimal two-part pricing method as a one alternative method in 
calculating the welfare changes in the empirical part of this study. 

5.3.4  Allocation of common costs - FDC pricing 

The main problem concerning the common costs is that even though it is not, in most of 
the cases, possible to allocate them in any clear cost related way, they somehow have to 
be allocated to the specific services or operations.  

Marginal costs are the main element in the Ramsey pricing. However, the common 
costs also are covered in such a way that the firm manages to break even. This is based 
on price elasticity of demand. In many regulatory industries the requirement of cost-
based pricing forces, however, to use clearly different approach than the optimal second-

                                                           
120 Its revenue is exactly equal to the costs. 
121 A two-part tariff with a low fixed charge and higher usage charge together with a tariff with a 
higher fixed charge and lower usage charges. 
122 This is because in the optimal two-part tariff the usage charge is exactly equal to the marginal 
costs, which is not the case if multiple two-part tariffs are offered. 
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best Ramsey pricing. It is possible to allocate common costs at least in three ways 
different from Ramsey pricing or optimal two-part tariffs. These three alternative are the 
use Fully Distributed Costs method, the theory of cooperative games, and the axiomatic 
approach to cost allocation.  In this study we use the method of Fully Distributed Costs as 
an alternative pricing method. We have used this method because it is relatively largely 
used in practice. 

The objective of FDC pricing is to allocate common costs “somehow” and then set 
prices in such a way that each service just covers it’s fully distributed costs (see 
Braeutigam (1980)). Characteristic to the FDC pricing is that allocation of common costs 
is done without considering the economically relevant criteria. In this analysis we use the 
so-called Relative Output Method to allocate common costs when calculating FDC 
prices. This means that the allocation of common costs is based on each services´ share of 
the total output of the firm. More formally this is as follows 

FDCi = Attributable Cost of i +(Qi/ Q1 + Q2 +… Qm)* Common Costs         (5.9) 

5.4  The Data 

5.4.1  Background 

Next we present the prices and resulting welfare changes calculated by using the four 
alternative pricing methods presented in the chapter above. The data used is from the 
Finnish Electricity Market Centre, year 1998. It consists of 111 electricity distributors. 
The original data does not give any specific information about how each costs category is 
divided between 0,4 kV, 6-70 kV and 110 kV networks123. However the information of 
distribution cost on average, company by company, is included in the original data. 
Allocation to variable costs and fixed costs is done based on the concept of distribution 
companies. Costs are divided into medium run variable and fixed costs. Variable costs 
are costs of losses, variable operation costs, payments to the other networks and some 
other costs124. Fixed costs consist of maintenance costs, capital costs and some other 
costs125. Companies are divided into three groups named as A, B and C. Group A 
includes companies that operate only in the 0,4 kV network. Group B is composed of 
companies, which have activities in the 0,4 kV and in the 6-70 kV networks, while group 
C includes companies that operate as well in the 0,4 kV, in the 6-70 kV as in the 110 kV 
networks. 

                                                           
123 This is the classification that electricity companies use. 
124 For example variable salary payments. 
125 For example fixed salary payments. 
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In calculations concerning the 0,4 kV network we use price elasticity numbers 
estimated from Swedish data (see Andersson and Damsgaard (1999)). Calculations 
concerning 6-70 kV network are based on elasticity values estimated from Finnish 
industry data (see Törmä (1985)). Perhaps the most problematic category of costs was the 
transmission losses, and thus we next introduce some principles of how costs of losses 
are allocated between 0,4 kV, 6-70 kV and 110 kV networks. 

5.4.2  Calculation of losses 

As a starting point we assume that the relative share of total cost of losses of different 
voltage levels of distribution is similar to that found out in Denmark126 (see Olesen and 
Mortensen (1992), DEF (1995) and DEC (1999)). First, we have divided distribution 
companies into three groups, A, B, and C. Group A consists of distributors that operate 
only in the 0,4 kV network127. From the original data we know the average costs of 
losses, p/kWh. This is referred as Xp. Thus, in the group A the costs of losses in the 0,4 
kV network are the average value of losses128.  

Companies that have distribution in the 0,4 kV and in the 6-70 kV networks129 belong 
to the group B. We have used the cost of distribution of the group A as a reference value 
for the distribution in the 0,4 kV network. We assume that this group operates equally 
efficiently in this low voltage network so that the average price (Xp) over companies is 
the same 1,086p/kWh. Additionally, we know that the real average costs of losses in 
group B were 0,967 p/kWh. Now we can calculate the average costs of losses, referred to 
as Yp, in the 6-70 kV network over the companies by using formula: 

((X * Xp) + (Y * Yp)/total quantity = 0,967         (5.10) 

The resulting value of Yp is 0,701 p/kWh. 

The last group, C, includes companies that have distribution in all levels of network, 0,4 
kV, 6-70 kV and 110 kV network130. The calculation method for prices is similar as for 
the group B. However, now we assume that the companies in group C have operated 11,5 
% more efficiently in the 0,4 kV network than the firms in groups A and B, and 15,5% 
more efficiently in the 6-70 kV network than the firms in group B131. We use these prices 

                                                           
126 We have used Danish values because cost of losses in Finnish data is stated as a average number 
over all different voltage levels of  distribution. 
127 There are 16 companies in the group A. 
128 the average value over companies was 1,086121 p/kWh 
129 There are 76 companies in the group B. 
130 There are 19 companies in group C. 
131 This is based on the sample inquiry made to 5 electricity distributors in Finland. 
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as reference values and calculate the average costs of losses in the 110 kV network. 
Additionally, we know that the real average costs of losses in group C were 0,760 p/kWh.  

Now we can calculate the costs of losses, referred to as Kp, in the 110 kV network by 
using the formula: 

((X * Xp) + (Y * Yp) + (K * Kp)/total quantity = 0,760      (5.11) 

The resulting reference value of the costs of distribution in the 110 kV network is 0,332 
p/kWh.  

The reference values of the different company groups are summarised in the table below. 

Table 7. Reference values of the different company groups. 

 Xp Yp Kp 

firm type A 1,086   

firm type B 1,086 0,701  

firm type C 0,961 0,592 0,332 

Next we can calculate the relative value to the different types of companies by 
normalising the value of Xp equal to 1. 

Table 8.  Relative values of companies. 

 Xp Yp Kp 

firm type A 1 0 0 

firm type B 1 0,645 0 

firm type C 1 0,616 0,345 

The next step of calculation is to define the firm specific costs of distribution losses in 
different voltage level of networks. The group A is very clear since it has distribution 
only in the 0,4 kV network, and thus the cost of distribution losses of this network are 
exactly the same as they are in the original data. When we calculate the costs of 
distribution losses to the individual firms in groups B and C we just use the relative 
values and total costs of losses by using the following formulas in order to find out the 
firm specific value of Xp, and thus consequently the firm specific values of Yp and Kp: 
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For group B: 

(X * Xp) + (Y *0,0,645 Xp) = total costs of losses       (5.12) 

For group C:  

(X * Xp) + (Y *0,616 Xp) + (K * 0,345 Xp) = total costs of losses     (5.13) 

By solving these equations we can define firm specific costs of losses on different levels 
of network. 

5.5  Results 

We have calculated the welfare changes if the distribution prices are changed so that they 
are determined by using 1) marginal cost prices 2) Ramsey prices 3) Fully Distributed 
Cost prices and 4) Coase optimal two-part tariffs. Welfare calculations concern only 
distribution level and thus 110 kV networks are excluded.   

5.5.1  Prices 

First we introduce the prices that result from our calculations. In order to make 
comparisons, we also introduce the real prices that prevailed in 1998. All prices are 
average prices132. 

Table 9. Real prices133 (1998) and resulting prices when marginal cost pricing, Ramsey 
pricing, optimal two-part tariffs134 and FDC pricing are used, p/kWh. 

  Real prices 
  marginal costs 

prices  

                

Ramsey prices       Two-part tariffs        FDC-prices 

  0,4 kV 6-70 kV 0,4 kV 6-70 kV 0,4 kV 6-70 kV 0,4 kV 6-70 kV 0,4 kV 6-70 kV 

A 12,533  7,085    12,094  13,564  
B 12,882 6,298 5,783 5,696 10,957 14,851 13,994 5,785 12,095 12,008 

C 13,591 5,972 4,532 4,376 9,098 12,753 10,971 4,5708 10,092 9,935 

                                                           
132 Average prices are calculated as arithmetical mean. Every company in one group has equal 
weight. 
133 These are real average distribution prices without taxes. 
134 In order to make comparison between different pricing methods, optimal two-part tariffs are 
presented here as the average price per kWh. The real two-part tariff structure is presented in 
table5.4. 
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Note: A refers to the companies which have distribution only in the 0,4 kV network, B to the 
companies which have distribution in 0,4 kV and 6-70 kV networks and C to the companies which 
operate in 0,4 kV, 6-70 kV and 110 kV networks. FDC is abbreviation of Fully Distributed Costs. 

From the resulting prices above we see that the real prices in 1998 have been quite near 
to the prices suggested by the average two-part tariffs. However, as can be seen from the 
table 5.4 below the real tariff structure of two-part tariffs is constituted from a fixed entry 
fee and from a usage charge, which is equal to the marginal costs. Thus even though the 
average prices of two-part tariffs are close to the prevalent prices it does not evidently 
mean that prevalent prices are optimally determined. Clear welfare improvement would 
result if we move from the prevalent price structure to the optimal two-part tariffs as can 
bee see from the table 5.7 below. The real prices in the 0,4 kV network have been quite 
near also to the prices suggested by FDC pricing method. This is not a surprise since 
FDC pricing, even though it is not allocatively efficient, is widely used in reality. 
Interesting is that the prices in the 6-70 kV network have been perhaps suprisingly near to 
the first best optimum prices. Both FDC prices and Ramsey prices suggest considerable 
price raise in the 6-70 kV network. 

Table 10. Optimal two-part prices. 

Company type entry fee; FIM usage charge in 0,4 kV, p/kWh usage charge in 6-70 kV, p/kWh

A 891,01 6,844  

B 861,01 5,851 5,764 

C 781,81 4,712 4,549 

Optimal two-part prices are calculated such that each consumer pays a fixed entry fee 
independently on the quantity consumed and in addition a constant usage charge equal to 
the marginal cost of the distribution. The level of fixed entry fee is chosen such that it 
covers the fixed costs of the company. According to marginal cost prices and optimal 
two-part prices, a substantial reduction in 0,4kV unit prices should be implemented. 
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5.5.2  Welfare effects 

The effects of the price changes to the welfare are calculated by using the real prices from 
1998 as a reference. The overall welfare change is calculated as a sum of the change in 
producer and consumer surplus135. The welfare changes are illustrated in tables below: 

Table 11. Welfare changes when marginal cost prices are used, Million FIM136.  

company type 

d consumer 

surplus 

d producer 

surplus dCS +dPS 

A 57,24 -51,02 6,22 

B 1249,82 -1088,37 161,45 

C 1530,29 -1336,36 193,87 

Sum 2837,29 -2475,75 361,53 

Changing the prevalent pricing methods to the marginal cost pricing would result in a 
significant welfare improvement. Producer surplus decreases but the total effect is clearly 
positive since the increase in consumer surplus is bigger than the producers’ decrease. 

Table 12.  Welfare changes when Ramsey prices are used, Million FIM. 

company type 

d consumer 

surplus d producer surplus     dCS + dPS 

B -41,84 71,24 29,40 

C 284,35 -187,66 96,69 

sum 242,50 -116,42 126,10 

According to our results also the Ramsey pricing is better method than the prevalent one. 
However, as in the case of marginal cost pricing producer surplus decreases and thus the 
implementation may be opposed to producers. The welfare improvement is little less than 
third of that obtained by marginal cost pricing. 

                                                           
135 See appendix for formal description of consumer and producer surplus. 
136 In all welfare calculations welfare changes in 0,4 kV and 6-70 kV are summarised. 
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Table 13. Welfare changes when optimal two-part tariffs are used, Million FIM: 

company type 

d consumer 

surplus 

d producer 

surplus dCS +d PS 

A 4,40 1,82 6,22 

B 70,98 90,47 161,48 

C -191,59 385,46 193,87 

Sum -116,21 477,74 361,53 

According to the theory and also our results the welfare improvement of optimal two-part 
tariff is exactly the same size as the one obtained by the marginal cost pricing. However, 
even though the overall effect is equal size it comes from clearly different sources since 
in the two-part tariff structure the consumer surplus reduces and producer surplus 
increases. 

Table 14.  Welfare changes when FDC prices are used, Million FIM: 

company type 

d consumer 

surplus 

d producer 

surplus dCS +dPS 

A -6,04 4,40 -1,64 

B -72,75 -7,03 -79,78 

C 232,69 -191,59 41,10 

sum 153,90 -194,22 -40,32 

The fundamental feature that FDC pricing is not allocatively efficient shows in our 
results since welfare would decrease if we remove from the prevalent price structure to 
the FDC pricing. As in the cases of marginal costs prices and Ramsey prices, the 
producer surplus decreases and consumer surplus increases. However, now the decrease 
in producer welfare is bigger than the increase in consumer welfare and thus the overall 
effect is negative. 

In generally, by changing the pricing of network services it is possible to improve 
social welfare distinctly. The first best optimum prices, Ramsey prices and optimal two-
part prices improve welfare, whereas moving to the FDC prices decreases welfare as 
measured by consumer and producer surplus. Producer surplus decreases in all the 
alternatives except in the case of optimal two-part tariff. However the increase in 
consumer surplus compensates this decrease in the case of MC pricing and Ramsey 
pricing. Welfare improves most and equally in the case of marginal cost pricing and 
optimal two-part tariff system. The improvement, in average, is 126 FIM per customer. 
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However, because MC-pricing may not be possible to carry out in real life137 the best 
pricing method according to our results is to use optimal two-part tariffs.  

5.6  Concluding remarks 

The purpose of this study is to analyse whether is it possible to improve social welfare by 
changing the pricing principles of distributed electricity. Network companies have 
remained regulated monopolies also after the wholesale markets of electricity have been 
liberalised. The objective for many researches has been to guarantee efficient pricing and 
operation of wholesale markets of electricity. However, the share of distribution price in 
the total electricity price is equal size to the wholesale price and it thus can significantly 
disturb the total efficiency. Because network services are regulated, it has perhaps not 
been of primary interest for competing companies to ensure efficient operation in this 
area as well.  

The results of this study show that it is possible to improve welfare quite markedly if 
we change the existing pricing principles to more efficient ones. The resulting welfare is 
highest if we use first best prices based on marginal costs or optimal two-part tariffs. 
However, because pure marginal cost prices may result in negative profits, and further it 
may be politically difficult to find a way of compensation, we suggest that the 
distribution prices should be based on optimal two-part tariffs. Ramsey prices also show 
improvement in welfare. However, Ramsey pricing suggests considerable price rise in the 
6-70 kV networks. Therefore, the impacts on the downstream industries may be large and 
thus the welfare changes in that case may be controversial.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                           
137 Because of breakeven constraint. 
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 Appendix: Mathematical Derivation of efficient prices 

The consumer surplus achievable at a given set of prices P = (P1, P2, . …, PM,) can be 
written as the line integral138: 
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138 The mathematical derivation follows Brown and Sibley (1986). 
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Therefore, total surplus CS + PS is given by: 

(.))(.),....,(.),(

),.....,,.....,,(),.....,,.....,,(

21

1
2121

1

M

M

i
Miii

P
iMi

M

i
i

QQQC

PPPPQPdPPPPPQPSCS

−

+=+ ∑∫∑
=

∞

=

To obtain efficient prices we maximise total surplus CS + PS with respect to the prices P 
= (P1, P2, , …, PM,). We assume that the maximum is unique, so that the efficient prices 

P* = (P*1, P*2, , …, P*M,) are given by the following first-order conditions: 
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Thus the efficient set of prices P* = (P*1, P*2, , …, P*M,) is characterised by the equality 
of price and marginal cost in each market. 

Now impose the breakeven constraint that: 
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This yields the first order conditions: 
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In the case where demands are independent, these conditions simplify to the IER: 









∂
∂

−=

+
=


















∂
∂

−

=
∂
∂









∂
∂

−++

i

i

i

i
ii

iij

j
j

i

i

i
ii

P
Q

P
Q

P
Q
CP

or
P
Q

Q
CPQ

*

1*
1

0**)1(

ε

ελ
λ

λλ

 
 
 
 
 

 
 

 
 
 


	Abstract
	Preface
	Contents
	Figures and Tables
	1 Introduction
	1.1 Background and purpose of the study
	1.2 Restructuring of the Finnish Electricity Markets
	1.3 Main findings of the study
	1.3.1 Chapter 2: Restructuring of electricity industry – international experiences
	1.3.2 Chapter 3: Vertical integration versus vertical separation; a theoretical analysis
	1.3.3 Chapter 4: The impact of market structure on the wholesale price of electricity in the deregulated Finnish electricity markets
	1.3.4 Chapter 5: Distribution price of electricity and potential welfare improvements

	References

	2 Restructuring of electricity industry – international experiences
	2.1 Introduction
	2.2 On liberalisation and deregulation
	2.3 Different grounds for deregulation
	2.4 Implementation of deregulation in different countries
	2.5 Nordic Power Markets
	2.5.1 Structure of the market
	2.5.2 Integrated Nordic Power Markets and operation of the Nord Pool

	2.6 Summary
	References

	3 Vertical integration versus vertical separation; a theoretical analysis
	3.1 Introduction
	3.2 Background and motivation for the study
	3.3 Vertically separated electricity markets
	3.3.1 Optimal pricing69 of a vertically separated supply unit; a case of competitive markets
	3.3.2 Optimal pricing of a vertically separated supply unit; a case of market power
	3.3.3 Optimal pricing of a vertically separated distribution unit

	3.4 Vertically integrated electricity markets
	3.4.1 Optimal pricing of a vertically integrated supply unit; a case of competitive markets
	3.4.2 Optimal pricing of a vertically integrated distribution unit; a case of perfectly competitive supply markets
	3.4.3 Optimal pricing of a vertically integrated supply unit; a case of market power
	3.4.4 Optimal pricing of a vertically integrated distribution unit; a case of imperfectly competitive supply markets

	3.5 Conclusions
	References
	Appendix: Proof of propositions 1.-6.

	4 The impact of market structure on the wholesale price of electricity in the deregulated Finnish electricity markets
	4.1 Introduction
	4.2 Different oligopoly models
	4.2.1 The Cournot Market Structure
	4.2.2 Bertrand Market Structure

	4.3 The model
	4.4 Empirical background
	4.5 Simulation results
	4.6 Conclusions
	References

	5 Distribution Price of Electricity and Potential Welfare Improvements
	5.1 Introduction
	5.2 Objective
	5.3 Four alternatives to price electricity distribution
	5.3.1 Marginal cost pricing
	5.3.2 Ramsey pricing – efficient pricing subject to a breakeven constraint
	5.3.3 Optimal two-part tariff
	5.3.4 Allocation of common costs - FDC pricing

	5.4 The Data
	5.4.1 Background
	5.4.2 Calculation of losses

	5.5 Results
	5.5.1 Prices
	5.5.2 Welfare effects

	5.6 Concluding remarks
	References
	Appendix: Mathematical Derivation of efficient prices




