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1 Introduction

1.1 Background
Sustainable development as a concept and global objective dates back to the UN confer-
ence on the Human Environment in 1972. A definition of sustainable development,
widely approved and still much cited today, was then introduced by the commission on
environment and development (World Commission on Environment and Development,
1987).

present without compromising the ability of future generations to

Already then was it stated that in addition to economic growth there is need for adoption
process of

change, both economic and ecological. The change process has gained momentum since
the beginning of the 21st century, where after policy actions to mitigate climate change
have been seen globally. The first international agreement, committing its parties to re-
ducing greenhouse gas (GHG) emissions was the Kyoto Protocol in 1997 (United Na-
tions, 1997) then followed by the Paris Agreement in 2015 (United Nations, 2015) aiming

-industrial levels. To meet the
goals in the Kyoto protocol and Paris agreement, the EU and its member states have then
set their own climate goals binding each country to a certain emission reduction. In 2009
the EU climate and energy package came to force, including the 20-20-20 goals for 2020
(EU, 2009). The 20-20-20 goals stand for 20 % less GHG emissions (compared to 1990
levels), 20 % of final energy consumption covered by renewable energy sources and 20
% higher energy efficiency in the EU by 2020
% of the final energy consumption covered by renewable energy by 2020. The renewable
energy directive was revised to set goals for 2030, being among the most ambitious re-
newable energy policies worldwide and making Europe a forerunner in climate policy.
The goal for 2030 was raised to 32 % renewable energy for the whole EU (European
Commission, 2019).

Alongside with the ambitious climate politics, Finland has, together with the Nordic coun-
tries been a forerunner in the development of liberalized and deregulated electricity mar-
kets, with a deregulation process that started in the 1990s (Bergman et al., 1999). The
goal with liberalized electricity markets is to improve market efficiency and hence in-
crease the quality of the services, decrease electricity prices and improve innovation in
the field. In deregulated electricity markets the goal is for prices to be pushed down by
competition between market participants instead of by authorities controlling the market.
The risk with free competition however, is a market participant s ability to alone control
prices in case of lacking competition. If a market participant profitably can alter prices
from competitive levels it is said to be exercising market power (Stoft, 2002). Therefore
market power is strived to be avoided, since it eliminates the positive effects of liberalized
markets.

Consequently Finland has two important goals to strive for concerning its electricity mar-
kets: firstly to mitigate climate change by reducing emissions and increasing the share of
renewable electricity, and secondly to keep the market efficient with proper competition,
ensuring low prices and high quality for consumers. The question is if these goals can be
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met simultaneously, or whether the goals are in contradiction with each other? Newbery
(2016) refers to an energy sector trilemma when security of supply, sustainability and
affordability should be ensured simultaneously on the energy markets. The author states
that sustainability in the energy sector is not necessarily available at the lowest market
prices for consumers. Bataille et al. (2019) state that varying renewable energy sources
(RES) can be said to compete on a separate market, whereas the conventional plants then
only compete for the residual demand (the total load minus the load of variable renewa-
bles). When more renewable electricity production is implemented, conventional energy
might become scarce, which can increase the risk of market power. Therefore the im-
portance of market power assessment increases when the structure of the market is chang-
ing.

A remarkable share of the new installed renewable energy capacity in Finland has been
wind power. In Finland wind power is feasible with our long coast line and sparsely pop-
ulated country side. Wind power has, according to The Finnish Wind Power Association
(2019a) been the fastest growing form of electricity production since the 1990s globally.
The characteristics of wind power including its distributed availability, varying produc-
tion and small scale projects makes it a special actor on the energy market. The rapidly
increased amount of wind power that the Finnish market has seen, especially from 2011
onwards, can thus have affected the electricity market. Wind power projects have been
mostly small scale and the large increase in installed wind turbines has led to many new
companies taking part in the market with small and varying production. The growing role
of wind power on the electricity market can have affected the competition situation on
the market. If the market is seeing less competition and higher risk of market power due
to the increase in wind power, there is reason for authorities and policy makers to oversee
the situation to ensure efficient markets. That way it can be ensured that the goal of more
renewable energy to mitigate climate change does not overrule the goal of keeping the
market efficient. It is important to assess that both the ecological and economic perspec-
tives of sustainable development are ensured on the Finnish electricity market, so that
also future generations can meet their needs in both of these aspects.

1.2 Research questions
As described in the previous section, this thesis investigates whether the increase in in-
stalled wind power in Finland has impacted the efficiency of the electricity market. The
thesis strives to assess how the increase of wind power has impacted the potential for
market power on the Finnish electricity market. In other words; can we have an efficient
liberalized market with proper competition and still include a remarkable share of wind
power, produced mostly by small companies and with varying production?

The research questions that this thesis aims to answer are the following:

1. How does wind power and its recent remarkable increase impact the potential of
market power on the Finnish electricity market from 2005 to 2018?

2. Has there been potential for market power on the Finnish electricity market be-
tween 2005 and 2018?

3. How can market power be analyzed on electricity markets?

Of the above mentioned questions, the first research question can be highlighted as the
main research question for this thesis. The aim is to study the potential for market power



3

both during the development of wind power and for the most recent years. The goal is
also to study how wind power has impacted and is impacting the market power potential.
Therefore, a closer look into the recent market conditions is performed. Research question
two is a sub question to the first one assessing the competitive situation on the market
both before and during the growth of wind power, up until the situation of 2018. The third
research question aims to give tools to examine the potential for market power as well as
studying how market power assessment and analysis has been done by previous research-
ers and on different markets.

1.3 Scope and limitations
This thesis consists of a theory part, giving background and reference points to the re-
search, as well as a calculation of two market power indices to assess the competition
situation and potential for market power exercise on the Finnish electricity market. The
results of the market power indices are compared with wind power data to assess the
impact of wind energy on the market.

Introduction and background to the thesis, as well as the research questions for the thesis
are given in chapter 1. The chapters 2 and 3 form the theoretical part. Chapter 2 concen-
trates on the Finnish electricity market, describing the characteristics and structure of the
market as well as the deregulation process towards a liberalized market. The growing role
of wind power on the market is also reviewed. Chapter 3 on the other hand, focuses on
market power as a phenomenon, explaining the definition of market power and the exer-
cise of market power specifically on electricity markets. Different indices to measure
market power on electricity markets are also reviewed and compared. Finally the chapter
consists of a literature review in which previous studies covering similar topics as this
thesis are presented. The literature review is divided into two parts: first studies on the
impact of renewable energy sources on electricity markets in general and then studies on
market power on electricity markets. In chapter 4 the data used for the calculations is
presented and the methods for the two chosen market power indices are described and
justified. The limitations of the methods are also assessed. Then the results are presented
in chapter 5 and discussed in chapter 6. Finally, the thesis is concluded in chapter 7.

The scope of this thesis includes the Finnish electricity market, although the market is a
part of the Nordic interconnected market and trading platform, Nord Pool. By focusing
only on Finland we get a picture of the market situation within our country borders, and
limit the needed data for the calculations. At the same time, however, the results may
differ from reality since the Nordic market works as a whole entity.

In this thesis we look only at wholesale electricity markets. Retail markets and the com-
petitiveness and market power possibilities of those are not considered. Other types of
markets for electricity such as balancing markets and financial markets are also left out-
side the scope of this thesis.

Wind power has experienced an extensive growth during the 2010s. Therefore, as an
overview of the market situation, data from 2005-2018 is used. This to get a picture of
the situation both before the wind growth started and of the situation as of today. Future
estimates are not considered in the study. Hourly spot prices are only available for 2013
and onwards, which means that a closer look at the market conditions can only be carried
out for the most recent years. Therefore, we cannot get the same data for the years before
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wind growth as a comparison. But we do get an overview of the market for a longer period
of time and a closer look at the recent conditions.
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2
2.1 Description of the market
Finland is part of the Nordic interconnected electricity market, which means that no com-
pletely separate Finnish market exists, although some parts are operated within Finland
only. In this thesis however, the market is viewed as if it was only Finnish. This leads to
some limitations of the results not covering the whole interlinked market, but just the
Finnish part, when the market in practice works as an entity. In this section the structure
of the Nordic electricity market is explained and the market participants are presented.
The actors specific for Finland are also assessed.

2.1.1 Characteristics of the Finnish and Nordic electricity markets

Figure 1 Electricity production in Finland 2018 by source (Energiateollisuus ry, 2019a)

There are some characteristics typical for the Nordic and Finnish electricity market that
affect the market and distinguish the Nordic market from other electricity markets in the
world. Firstly, over 50 % of the electricity supply in the Nordics comes from hydropower.
In Finland it is not as high as in Norway, where hydro power stands for as much as 99 %
of electricity production (Amundsen and Bergman, 2006). In Finland the share of hydro-
power of produced electricity was 23 % in 2018 (Energiateollisuus ry, 2019a). Typical is

er production is located in the north, whereas the
majority of the population lives in the south of the countries. This enhances the im-
portance of a functioning transmission network.

Besides hydro, Finland has a large share of nuclear power contributing to cheap base-load
production year round. Moreover, Finland and the other Nordic countries have a large
demand of heating also from electricity. Therefore changes in weather may cause shocks
on the market. At extremely cold periods the prices can skyrocket due to the suddenly
increased demand. In Finland 80 % of industrial and district heating is produced by CHP
(The Finnish Innovation Fund Sitra, 2017) this is higher than in many other countries,
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being a special characteristics of the Finnish market. CHP plants are significant players
both on the heat and electricity market.

The Nordic market is also characterized by one large company possessing a significant
market share in each country. These companies are Statkraft in Norway, Vattenfall in
Sweden and Fortum in Finland. Fortum developed from the former state-owned company
Imatran Voima (IVO) after the deregulation of the Finnish market.

Figure 1 and figure 2 display the electricity production 2018 in Finland and in the Nordic
countries, respectively. In figure 1, the significant decrease in production during the sum-
mer months can be seen, as well as peaks in the production during the coldest months.
The base load nuclear is run steadily throughout the year despite a couple of maintenance
breaks. Figure 2 shows the electricity production by source for all the Nordic countries.
The high hydro dependency in Norway can be pointed out, as well as the high share of
nuclear power in Finland and Sweden. The highest wind power production can be seen
in Denmark, with 50 % wind power, whereas the share of wind power in Finland was still
only 7 %.

Figure 2 Electricity production 2018 by country and energy source in the Nordic electricity market
(Energiateollisuus ry, 2019a)

Typical for the Nordic market is also a relatively high electricity consumption per capita.
The Nordic market had a total electricity production of 414 TWh in 2018 (Ener-
giateollisuus ry 2019) so the size of the market equals that of the major European elec-
tricity markets such as the markets of France or Germany (Bergman et al., 1999).

2.1.2 Wholesale electricity trading
Electricity in the Nordic market is traded at Nord Pool, the common trading institution
for wholesale electricity. Nord Pool facilitates a day-ahead market for electricity, Elspot,
where producers bid electricity for every hour for the following day and accordingly the
consumers put in offers to buy electricity for every hour the following day. The market is
closed at noon each day before the trading day. The market is cleared based on the re-
ceived bids from producers and consumers to form a market clearing price. All bids and
offers are collected into two curves, one for supply and one for demand, for every hour.
The market clearing price forms at the intersection of the demand curve and the supply
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curve of all the bids so that the cheapest production bid is accepted first and then the bids
in order towards the most expensive production. Therefore, the production with the lowest
marginal costs gets traded first and the production with the highest marginal costs are
only traded when the demand is high or the supply of cheap production, such as renewa-
bles, is limited. The price is calculated separately for each hour, and all electricity sold
that hour is traded at the same price. The price formation principle with different produc-
tion technologies is illustrated in figure 3. In the figure the price is shown on the y-axis
marked by P, and the quantity of electricity is shown on the x-axis marked by Q.  The
bids are binding and form a contract between the supplier and the consumer for a certain
hour and a certain amount of power to be traded at the market clearing price of that hour.

Figure 3 Price formation principle with different production types

If transmission capacity is sufficient, the hourly market clearing price equals the whole-
sale electricity price in the whole market area, but differences in supply between areas
may lead to transmission constraints and thus prevent trade over borders. Therefore, the
market is divided into different bidding areas that can have different electricity prices than
the market clearing price. Finland forms one price area on Nord Pool. Hence the electric-
ity wholesale price is the same in the whole country. Figure 4 shows an example of how
the market clearing price is formed on Nord Pool, at the intersection of the supply and
demand curve. The figure also illustrates how the price changes when a bidding area has
surplus production and can export to other areas and vice versa. In the figure, PL stands
for low price and PH stands for high price. These refer to the price in an area with low and
high prices respectively, when trading is performed between areas. Pcap on the other hand,

shows that prices in a low price-area rise when electricity is exported, due to higher de-
mand (the buy-curve is moved to the right). In the same way the prices in a high price-
area decrease when electricity is imported, due to higher supply (the sell-curve is moved
to the right). (Amundsen and Bergman, 2006; Bergman et al., 1999; Nord Pool, 2019)
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Figure 4 Nord Pool market clearing price formation in areas with surplus production and surplus
demand (Nord Pool, 2019)

In addition to Elspot, Nord Pool also operates an intraday market. Since the contracts
from the day-ahead market are binding and actual production and consumption may vary
from the bids, the intraday market can be used to balance the market when changes are
seen the same day. For longer periods of time than one day beforehand electricity pro-
ducers and consumers can also tra
cial markets. The national network operators in each country then balance the market in
real-time being responsible for ancillary markets and balancing markets on a national
level. (Bergman et al., 1999)

2.1.3 Other actors on the electricity market
The transmission system operator (TSO) is separate for each country and has a natural
monopoly position. In Finland the TSO is Fingrid. The TSO is responsible for high-volt-
age transmission of electricity to different parts of the country. The TSO is also respon-
sible for balancing the market, so that supply and demand match at every moment. This
is important to secure the delivery and safety of electricity. To balance the market, the
TSO operates reserve power plants and reserve markets. Fingrid operates an automatic
Frequency Restoration Reserve (aFRR), and Frequency Containment Reserves (FCR-N
and FCR-D) to keep the frequency of the electricity transmitted to the grid at a constant
level even if
a common balancing energy market to trade balancing energy and adjustable capacity.
The balancing energy market is used whenever necessary to ensure sufficient reserve ca-
pacity. (Fingrid, 2017)

The distribution system operators (DSO) are different for different geographical areas.
The DSO operates and maintains local low-voltage networks and is responsible for the
local distribution networks of a certain geographical area.

Electricity generators or producers operate power plants of different types to supply elec-
tricity to the network. The producers sell their electricity at Nord Pool by making con-
tracts with consumers. The electricity production that is used depends on the demand.
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Since the market price is at the intersection between demand and supply, the cheapest
production is used first and then the more expensive, so that the most expensive produc-
tion is needed only when the demand is the highest.

Retailers make electricity contracts with the end-users to deliver electricity to them at an
agreed-upon price. The price paid by end-users to the retailers may thus differ from the
wholesale price to keep the retailing profitable for the companies. The retailers bid and
buy electricity on Nord Pool wholesale market and in return get paid by the users. In
Finland every consumer is free to choose their electricity retailer since the deregulation
of the electricity market.

2.2 Deregulation of the electricity market
Electricity markets have been characterized by their strategic importance for industrial
development, large impact on social and environmental issues as well as their monopoly
characteristics. These features have led to heavily regulated electricity markets, either by
public ownership or extensive control. Regulated markets, however, have shown to lead
to investments in expensive technology and to engineering excellence being prioritized
over cost minimization and to lack of competition.(Kopsakangas-Savolainen, 2002)

Liberalization of electricity markets has been argued to improve economic efficiency.
Kopsakangas-Savolainen (2002) presents two theories to explain this. One theory is that
state-owned companies are not run as efficiently as private ones, due to them not mini-
mizing costs. Hence, liberalization gives assets to those who can utilize them most effi-
ciently. Another theory refers to bureaucracy: state-owned company managers are inter-
ested in maximizing their budget rather than minimizing their costs. Joskow (2008) lifts
up several benefits of liberalization of the electricity market. These include the encour-
agement of new innovation, incentive for producers to control their costs, incentive to
provide network services of good quality and to shift risks in production from consumers
to suppliers. Arguments against liberalization can on the other hand be that vertical inte-
gration between generation and transmission ensures a high security of supply, that econ-
omies of scale outweigh the benefits from competition and the major electricity compa-
nies being so large that if the market were open, they could exercise market power and
then eliminate the advantages of competition (Amundsen and Bergman, 2006).

In the end, the reasons to deregulate electricity markets can be either ideological (privat-
ization) or an effort to improve efficiency on the market. The first is seen as the reason
behind the electricity reform in the UK regime, while
the latter is seen as the reason behind the EU electricity market directive in 1997 leading
to liberalized markets in the EU. (Kopsakangas-Savolainen, 2002)

Liberalization of the electricity market requires, according to Jamasb and Pollitt (2005)
at least one of the following steps:

Vertical separation of generation, transmission and retailing
Horizontal separation of large generation companies
Introducing competition on the wholesale and retail markets
Opening up the market for the entry of new private actors
Implementing independent regulation of the market
Selling publicly owned assets to private actors
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In Finland the deregulation process started with the new electricity market act (EMA),
entering to force the 1st of June 1995. (FINLEX, 1995). The aim of the act was to ensure
efficient markets and reasonable prices. The act included deregulation and competition
and was aimed to raise the efficiency for Finland to be competitive on the future interna-
tional markets. Production, supply and network services were vertically separated. On
November 1st 1995 the market was opened for large-scale consumers (over 500 kW) to
choose their suppliers. After 1995 the market has experienced gradual deregulation to
include all consumers. First consumers with hourly metering in 1997 and then from Sep-
tember 1st 1998 all consumers, including households, when the old regional retail monop-
olies gave way for free competition. (Kopsakangas-Savolainen, 2002). In 1998 Finland
joined the Nordic electricity market and trading platform Nord Pool. On EU-level the first
electricity market directive came in 1997, becoming legally binding in February 1999. In
2001 the European Commission (EC) came up with a new directive, requiring third party
access to electricity, stronger requirements for separation of transmission and generation
as well as freedom for all consumers to choose their electricity suppliers by January 1st

2005 (Newbery, 2002). The deregulation process for the electricity market in Finland is
illustrated in figure 5.

Figure 5 Timeline of the Finnish electricity market deregulation

The Nordic market liberalization began in Norway in 1991, when a Norwegian spot mar-
ket, which later became Nord Pool, was founded. Nord Pool expanded to include Sweden
in 1996, Finland in 1998, eastern Denmark in 1999 and western Denmark in 2000. The
Nordics were forerunners in electricity market liberalization and became the first interna-
tional power market, with trading over national borders (Kopsakangas-Savolainen, 2002).
The development in the EU is going towards more liberalized electricity markets in the
whole union and increasing international electricity trading. Nord Pool has expanded to
include trade also with the Baltic countries and Germany and several other countries in
EU are opening up their electricity markets.

2.3 Wind power on the Finnish electricity market
Despite their early occurrence in history, windmills as of today were not developed until
the 1960s when the three-bladed upwind rotor with horizontal axis was introduced in
Denmark. An important phase in the global wind power development was the oil crisis in
1973. Due to the high prices of oil, wind power started to develop rapidly as a fossil free
alternative, especially in the USA. The windmills grew from domestic scale to utility
scale, with mills up to the size of 600 kW. From the 1990s the activity in the wind power
industry shifted mostly to Europe. (Kaldellis and Zafirakis, 2011). Together with dereg-
ulation of the electricity markets in many countries and political support, wind power
started to get integrated into the energy systems at a growing pace. Since the 1990s wind
power has been the fastest growing form of electricity production globally (Finnish Wind
Power Association, 2019a).
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Finland has lagged behind other European countries in wind power development and be-
gan building wind power later than many European countries. The first utility wind power
plants in Finland were installed in 1992. Most of the projects, especially in the early years,
have been small scale. (Aslani et al., 2013) There are still many small owners on the
Finnish market. In 2018 the total ownership of the cumulative installed capacity was di-
vided among more than 70 different owning companies, with Tuuliwatti Oy having the
largest share of ownership with 23 % of the installed wind power. (Finnish Wind Power
Association, 2019b)

Finland introduced a feed-in-tariff for renewable energy (including wind power) in 2011.
The feed-in-tariff had a target price of 83.50 euros per produced megawatt hour.
(FINLEX, 2010). Whenever the electricity price on the market is below 83.50
the producers would be paid the difference by the state. An exception is when the prices

/MWh, in which case the feed-in-tariff paid would still only be a maximum
. After 2011, when the feed-in-tariff was introduced, a remarkable in-

crease in installed wind capacity could be seen in Finland, with a growth spurt starting in
2012. This growth phenomenon goes in line with Hatziargyriou and Zervos (2001) state-
ment that feed-in-tariffs have had a large positive impact on the development of the wind
industry. The authors also state that countries without such support mechanisms have lied
behind in the development and have not experienced as rapid increases in capacity as
countries with support mechanisms. Aslani et al. (2013) also stress the importance of
governmental support systems for wind power, because of the low electricity price that
had lasted on the market for many years at that time.

Wind energy was removed from the feed-in-tariff in 2017 and the feed-in-tariff was re-
placed by an auction-based system. The auctioning includes all renewable energy. The
state sets a target of renewable energy production, and the producers then give bids of a
certain amount of energy they are willing to produce and at what price. The bids are then
accepted, in order from the cheapest to the most expensive, until the whole target is filled.
The producers are paid according to their bids.(FINLEX, 2010). The idea is to ensure cost
efficiency in renewable energy production and create competition. After the feed-in-tariff
was abolished in 2017, the increase in wind production ceased abruptly. According to the
Finnish Wind Power Association (2019) Finland had 2041 MW of wind power capacity
installed at the end of 2018 and no new capacity was installed that year, compared to
2017, when 516 MW of new wind power was installed. However, several projects are
under development, so the growth of wind power will continue even without financial
support. Figure 6 shows the cumulative installed wind power capacity in Finland from
year 2000 forward.
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Figure 6 Cumulative installed wind power capacity in Finland 2000-2018 (Data from (Finnish Wind
Power Association, 2019a)

The costs of wind energy have decreased remarkably in the 21st century, which also can
be a reason behind the increase in installed capacity that has been seen globally (Interna-
tional Renewable Energy Agency, 2019). Vakkilainen and Kivistö (2017) report that the
investment costs for wind power have decreased from 2000-

 in 2017. For offshore wind power the investment costs lie at
-

and Kivistö (2017)
 Hence, the electricity price would

.
Kaldellis and Zafirakis (2011) on the other hand, find wind power costs comparable to
conventional fossil fuel production cost, and refer to investment costs of 1000-1400

 The size and efficiency of the wind turbines have also increased, which makes
them more profitable. The largest wind turbines in Finland are now the size of 5 MW and
the average size of all installed wind turbines is 2.9 MW and of new installed turbines 3.3
MW (Finnish Wind Power Association, 2019b).

Wind turbines are now built also completely without subsidies. According to the Finnish
Wind Power Association (2019) there are wind turbines at a total of 738 MW under con-
struction planned to start producing between 2019 and 2021, all of which are built without
state support. In addition to that, there are 570 MW worth of wind turbines under con-
struction that are supported through the auction system for renewable energy support.
Moreover there are over 200 wind power projects in the planning stage. Figure 7 shows
a map of the wind turbines in Finland, both installed (dark blue) and the ones in earlier
development stages. Hence, it can be said that the development of wind power has not
stopped with the feed-in-tariff 2017 and that wind power is still planned to be integrated
in the energy system to a larger extent. Thus, we can expect wind power to gain an even
greater role on the electricity market in the future. Therefore its impact on the market
conditions needs to be assessed.
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Figure 7 Installed and planned wind power projects in Finland. The dark blue indicates already ex-
isting plants, whilst the other colors represent plants in an earlier development stage. (Etha Wind,

2018)
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3 Market power on
3.1 Definition of market power
There are a range of different definitions of market power in the economic literature. A
widely used definition referred to by several references (Biggar and Hesamzadeh, 2014a;
David and Fushuan Wen, 2001; Overbye et al., 2001) is that market power is the ability
of a market participant to profitably maintain prices above a competitive level for a sig-
nificant period of time.

Biggar and Hesamzadeh (2014) state that a main consensus in literature is that a firm does
not have market power if it is a price taker (it does not have influence on the market price).
Thus market power is by Biggar and Hesamzadeh defined as the ability of a producer to
affect the wholesale market price by varying its own production.

Stoft (2002) distinguishes between a regulatory definition and an economic definition of
market power. The regulatory definition is the above stated used also by David and Fu-
shuan Wen, Overbye et al. and Biggar and Hesamzadeh. Whereas the economic definition

Market power is the ability to alter profitably
prices away from competitive levels

It is also important to stress the difference between possessing market power and exercis-
ing market power. Possession of market power means that a market participant has the
ability to impact market prices, but does not necessarily do so. If, on the other hand, a
market participant possesses market power and deliberately chooses to alter prices, it is
exercising its market power. Stoft (2002) suggests that rational economic behavior would
always be to exercise any possessed market power (since it is, by definition, profitable).
The definition concerns short-run profitability though, so there can be long-run conse-
quences for companies acting as a reason not to exercise market power.

It is worth noting that market power can also be possessed and exercised by buyers. A
large consumer can have the ability to influence the wholesale prices to its own
profit.(Overbye et al., 2001)

3.2 Sources of market power on electricity markets
Electricity markets are especially prone to market power due to the unique characteristics
of such markets. There are several reasons for market power to easily occur on electricity
markets. When combining these characteristics, electricity markets can be experiencing
market power, especially at high demand, although they may seem competitive by con-
ventional measures.(Biggar and Hesamzadeh, 2014a)

Firstly, the price elasticity of demand is typically very low. This means that electricity is
needed almost regardless of its price, hence prices do not affect the demand remarkably.
Furthermore, most end-consumers are not even affected by the wholesale price since they
have retail contracts in which the price is independent of occasional peaks in the whole-
sale price.(Biggar and Hesamzadeh, 2014a)

Secondly, electricity demand is strongly linked to time. This meaning that electricity con-
sumption cannot be changed for consumption at a later time. Also, electricity storage is
very limited, which in combination with the need for supply and demand to be equal at
all times makes the electricity demand inelastic.(Biggar and Hesamzadeh, 2014a)
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A third factor contributing to a high risk of market power on electricity markets is the
limited capacity. At peak demand hours, although the price is high, electricity can be
produced only up to the amount of installed capacity. There is no possibility to produce
extra to take advantage of high prices.(Biggar and Hesamzadeh, 2014a)

Since electricity needs to be transmitted physically within certain geographical areas, the
risk of local market power increases. Network constraints and line congestion can limit
the competitors in a certain area, giving the possibility for local market power situations.
(Overbye et al., 2001) Suppliers in regions with limited ability to import cheaper electric-
ity can be able to exercise market power locally. Due to transmission constraints it can
sometimes even be profitable for a supplier to increase production to create congestion in
points in the network and thus prevent competitors from accessing the area.(David and
Fushuan Wen, 2001)

3.3 Exercising market power, impacts and consequences
Market power can be exercised by suppliers by changing their offer curves to get a higher
price. This can be done either by reducing the output quantity that they offer at a certain
price or raising the prices of their output. Market power is exercised by companies with-
holding capacity from the market. Withholding can be divided into economic and physi-
cal withholding. Economic withholding includes reducing output offered at a certain price
and raising the prices, whereas physical withholding means physically making capacity
unavailable for example by shutting down power plants. The effects on the market are the
same from both types of withholding.(Biggar and Hesamzadeh, 2014a)

With higher market prices for electricity, market power leads to higher profits, not only
for the company exercising market power, but for all suppliers. Since all electricity traded
on the market is sold at the same price, the increase in market price affects all suppliers.
Sometimes the profits of market power can even be greater for the other companies than
the one exercising it, due to costs related to market power exercising. Most importantly
though, market power makes the market inefficient. When market power is exercised it
means that the electricity production could have been carried out at a lower cost than its
value. The inefficiency causes a deadweight welfare loss to society. The loss is equal to
the difference between the lost benefit for consumers and the cost savings for producers.
The benefit for consumers is reduced more than the profits for suppliers is increased,
therefore it leads to a net loss for society in economic point of view. Figure 8 illustrates
the economic output when a firm exercises market power. By withholding capacity from
Q2 to Q1, it can raise prices from P1 to P2. This leads to fewer buyers, but a greater surplus
for the producers. It also leads to a deadweight loss. The deadweight loss is formed be-
tween the supply and demand lines and the vertical line by the monopoly pricing. (Stoft,
2002)
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Figure 8 The principle of deadweight welfare loss caused by monopoly pricing

Although market power is usually an issue of short-run markets (David and Fushuan Wen,
2001; Overbye et al., 2001) it can have impacts in the long-run as well. Market power in
the long-run can lead to firms under-investing in new capacity or it can be an incentive
for firms to reduce base-load nuclear power.(Fridolfsson and Tangerås, 2009). On the
other hand companies may also find it needed to invest in new capacity before it would
be needed under efficient market conditions. Likewise, old inefficient plants can be closed
with delay, compared to an efficient market situation.(Biggar and Hesamzadeh, 2014a).
In the long-run high electricity prices due to market power can also lead to new compet-
itors offering lower prices and thus being able to enter the market. This threat of entry
then again contributes to decreasing the exercise of market power. So although companies
tend to behave myopically towards future consequences, the long-run consequences in a
stable market can help to reduce market power.(Stoft, 2002). Market power also affects
the consumers. In the long-run customers may decrease their investments due to a higher
electricity price, especially electricity intensive investments that make them dependent
on the electricity price. (Biggar and Hesamzadeh, 2014a)

3.4 Measuring market power on electricity markets
This section discusses different indices that are used to measure market power. The most
common market power indices used in different industries are the Herfindahl-Hirschman
Index (HHI), which is based on market concentration and the Lerner index, which
measures the relative difference between marginal costs and price. In addition to these
two, there are several other indices, some of which are especially developed to suit the
characteristics of electricity markets. The HHI and the Lerner index as well as three other
common indices are presented, and their strengths and weaknesses are discussed.
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3.4.1 The Herfindahl-Hirschman Index
The Herfindahl-Hirschman Index (HHI) is commonly used to assess concentration on a
market. When analyzing the potential of market power of suppliers the HHI is often used
in the first step of the analysis as a screening of the market structure. (David and Fushuan
Wen, 2001). The HHI is calculated according to equation 1, by summarizing the squared
market shares of all suppliers.

In equation 1, N represents the number of suppliers on the market, whereas Si is the mar-
ket share for each individual supplier expressed as a percentage. The HHI approaches
zero when the amount of suppliers is large and no single supplier has a large market share.
For a complete monopoly, on the other hand, HHI would equal 10 000. The United States
Department of Justice (2010) classifies three market types based on the HHI value for
market concentration. These HHI values and their corresponding classifications are pre-
sented in table 1.

Table 1 HHI values for different market concentrations (Data from: (US Department of Justice,
2010))

HHI value Market concentration
< 1500 Unconcentrated

1500 - 2500 Moderately Concentrated

> 2500 Highly concentrated

The HHI is widely used in mergers in several industries, but it can only present the con-
centration of the industry as a whole and not be applied on firm level (Melnik et al., 2008).
Moreover, there is limited theoretical background for the HHI and previous benchmarks

(Blumsack et al., 2002). Despite the lack
of theory, the HHI is broadly used and accepted because of its specific nature and sim-
plicity due to the limited need of data. In the Nordic electricity markets the HHI is con-
stantly followed up to watch over the competition level on the market. (Hellmer and
Wårell, 2009). Other benefits of utilizing the HHI is the overview of the whole market as
all suppliers are taken into account. The index also gives proportionally greater weight to
suppliers with large market shares (David and Fushuan Wen, 2001).

Physical restrictions are not taken into account when calculating the HHI. Therefore it
does not always give the right picture of the electricity market, in which the transmission
system plays a great role. In the competition situation as described by the HHI, produced
electricity could be transmitted to any location in the interconnected system, as if the
market power of a supplier depended only on their market share in the whole system. In
reality though, transmission limitations of electricity between different geographical ar-
eas can lead to local market power possibilities.(Overbye et al., 2001)

Another problem when applying HHI to the electricity market is the fluctuating demand.
At peak electricity demand hours, certain firms can exercise market power and increase
prices due to a momentary monopoly or oligopoly status when their capacity is needed to
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meet the temporary high demand. The criticism for HHI on this issue is pointed out by
Vassilopoulos (2003). Due to this problem Blumsack et al. (2002) suggest that market
power instead of being calculated by HHI, should be calculated based on the ability of a
firm to shut down the market.

3.4.2 The Lerner index
The Lerner Index is also an established method to measure market power in economic
research. Vassilopoulos (2003) sees the Lerner index as the most appropriate way to
measure current or potential market power. The Lerner index is based on the price-cost
margin, and thus reflects firm  The price-
cost margin, which is the relative difference between price and marginal cost, for the
Lerner Index is calculated according to equation 2.

Where Li refers to the Lerner index for firm i, P is the market price and MCi is the mar-
ginal cost for firm i. Hence, theoretically the Lerner index should equal zero for perfect
competition on the market (when the price equals the marginal costs). Accordingly, when
the exercised market power increases, the Lerner index grows and approaches 1. David
and Fushuan Wen (2001) suggest that a market can be considered competitive if P does
not exceed MC by more than 5 %.

Vassilopoulos (2003) also shows that the Lerner index can be theoretically linked to the
demand elasticity and to the HHI according to equation 3, in which Si is the market share

Hence, the impact of demand elasticity on market power is included in the index, as well
as the impact of supply elasticity, since it includes the price P, which is based on the
supply. Prabhakar Karthikeyan et al. (2013) however, express the weakness of the Lerner
index to be the inability to reflect price response on demand.

Although the Lerner index is a reliable measure of market power, it is rarely used for
electricity markets due to the lack of available cost data that is needed for the calculations.
(Bataille et al., 2019). The Lerner index requires marginal cost data for each production
unit at a given time. The limited public availability of cost data prevents the index from
broader use on electricity markets.

As for the HHI, the Lerner index cannot take the impact of transmission constraints and
the physical electricity system into account. Moreover, Bataille et al. (2019) see the sen-
sitivity of the Lerner index to the absolute cost level as a problem, since it makes the
index vulnerable to inaccuracies in cost level estimations. The Lerner index can also lead
to misinterpretation if calculated for a longer period of time. The Lerner index can on
average be close to zero if a producer behaves competitively 99 % of the time and is
exercising market power 1 % of the time. In this case, taking peak demand into account,
the impacts on average electricity prices can be remarkable, although market power is
only exercised 1 % of the time and the average Lerner index is low.(Biggar and Hesamza-
deh, 2014b)
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Another drawback with the Lerner index is its inability to recognize a wedge between P
and MC coming from the need to cover fixed costs. All deviations of the price from mar-
ginal costs do not necessarily come from monopoly power, and the reasons behind these
differences cannot in that case be assessed by the Lerner index. (Elzinga and Mills, 2011)

3.4.3 Other indices
In addition to the above mentioned HHI and Lerner indices, there are other indices used
to measure market power especially on electricity markets. This section presents the Piv-
otal Supplier Index, the Residual Supply Index and the Must-Run-Ratio.

The Pivotal Supplier Index (PSI) and the Residual Supply Index (RSI) were developed in
the beginning of the 21st century specifically for the electricity industry, taking its varying
supply and demand into account.

The Pivotal Supplier Index (PSI) examines the pivotality of a single supplier on the elec-
tricity market. The PSI is a binary index, taking the value zero if the electricity demand
can be met without the capacity from the studied producer. Accordingly, the PSI takes
the value 1 if at least some of the capacity of the studied producer is needed to meet the
electricity demand at that moment. The PSI can be too simple to give an extensive picture
over the possible market power possibilities. Producers can, at high demand, exercise
market power even when they are not pivotal. Vice versa, the PSI suggests that a producer
is pivotal, and thus possesses market power even with just the smallest possible margin
to balance the demand. (Biggar and Hesamzadeh, 2014b) (Vassilopoulos, 2003)

The RSI was developed from the PSI. RSI measures the impact of one supplier on the
demand at a certain time according to equation 4. (Möst and Genoese, 2009). It gives the
percentage of the total demand that can be met without the supply of the studied producer.
The RSI was introduced by Sheffrin (2002) and used to explain the markups during the
California Energy Crisis in 2001.

RSI for firm i at hour h is calculated with the Stot,h representing the total available capacity
(supply) at hour h, Si,h representing the capacity of firm i at hour h and Dh representing
the total demand at hour h. At any hour, when the RSI for a company is below 100 % the
capacity of that company is necessary to satisfy the demand. This then gives the company
a possibility to exercise market power at that hour. Usually 110 % is used as a threshold

 (Mulder and
Schoonbeek, 2013). However, the RSI cannot alone determine whether market power is
being exercised, only provide a condition for the possibility of market power.

The importance of RSI for measuring market power on the electricity market is discussed
with contradicting opinions in literature. Swinand et al. (2010) modeled the competition
on several electricity markets in the EU, using the RSI. They found RSI to be a significant
variable leading to market power and thus propose the use of RSI to measure market
power on local electricity markets in future analyses. Arnedillo (2011) on the other hand,
claims the methods of Swinand et al. to be flawed, leading to false results. Arnedillo
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therefore neglects the importance of RSI as a variable to measure market power. The
earlier results by Sheffrin (2002) are also claimed wrong by Arnedillo. Bataille et al.
(2019) on the other hand, argue RSI to be an important indicator of market power due to
the impact of temporary pivotal market power on the electricity market. They also see
RSI as a relevant index for market monitoring, and refer to its utilization by several au-
thorities in the US and in Germany.

The Must-Run-Ratio (MRR) is an index developed to screen locational market power in
a certain geographical area. In the MRR the network, location and imports are taken into
account. The index takes values between 0 and 100 %. The MRR value represents the
percentage of a meet the local demand, re-
gardless of the market price.(Gan and Bourcier, 2002).

Hence, whenever the MRR for a producer exceeds 0 %, it is able to control the market
price and thus, theoretically, has market power in the area. When MRR approaches 100
%, the potential for market power grows and so does the incentive for the producer to
raise its prices.(Hu et al., 2004).

The MRR can provide information about market power possibilities in congestion zones,
for example when transmission lines are filled due to extensive export from low-cost ar-
eas to high-cost areas. The MRR does not, however, completely indicate how well a com-

account. Hence, two companies can both have an MRR of 100 %, but with different mar-
ket shares, they still have different possibilities to affect the market price and exercise
market power. A larger market share gives a larger impact on the price.(Peng Wang et
al., 2004).

3.4.4 Discussion about market power indices
To compare the indices described in this section, the characteristics of each index are
presented in table 2. As the table shows, the HHI and the Lerner index are the only indices
which can be used to give an overview of the electricity market as a whole. All of the
other indices are calculated for one company specifically. Moreover, it can be seen that
only the Lerner index can provide information on whether there actually have occurred
markups between prices and marginal costs, i.e. whether market power has been exer-
cised. The other indices only show the potential of market power based on market con-

hand, shows the actual difference between price and marginal cost that a company has
achieved, but it does not show where the difference comes from.

The data needed differs a lot among the indices as well. Here the Lerner index stands out
as the most complicated, due to the marginal cost data that is needed for each firm. This
kind of cost data is scarcely available publicly. For the HHI though, only market shares
of all producers are needed. For PSI, RSI and MRR in addition to the capacities, the
electricity demand for a certain time is needed, and for MRR also the import limit of the
studied area.
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Table 2 Characteristics of market power indices

The information provided by the indices varies. The PSI only gives a binary value, 1 or
0, to tell whether the studied supplier is pivotal or not. This gives limited information
about the competition situation and the degree of market power of the firm, since the
differences can be very small and the market share of the firm, although it is pivotal, can
be smaller than those of other firms. Moreover, both the PSI, RSI and MRR, although
taking the demand into account, are indices only providing information about a certain
moment in time. Since demand and supply vary, these indices need to be calculated sep-
arately for every moment in time to give reliable values. The price also varies with time,
so since the Lerner index includes the price, it is also most expressive when calculated
separately for every moment in time. If averages are used for these indices, they may be
disinformative, due to the fact that the market is most prone to market power under ex-
treme conditions, such as low demand and peak hours, so averages may erase these from
the index values (Biggar and Hesamzadeh, 2014b).

To sum up, the positive and negative aspects concerning each index are summarized in
table 3. It is clear that the positive aspects of the indices developed especially for electric-
ity market purposes lie in their abilities to define zonal and peak hour market power,
which are typical for electricity markets. But on the other hand, they only give infor-
mation about a specific moment in time, and need to be calculated for every moment and
company of interest separately. The Lerner index as well as the Herfindahl-Hirschman
index can give an overview of the market, despite not taking transmission constraints into
account and the HHI not taking demand variations into account either. The HHI requires
little data and is broadly used in other industries than electricity as well. The Lerner index
requires a lot of data, but tells the actual difference between price and costs and can hence
provide information on whether market power actually has been exercised, when the other
indices only show the potential for market power.

Index Data needed
Market power
measure

Overview /
Firm level Values

HHI
Capacities of all
producers Market concentration Overview

0-1500 low
1500-2500 moderate,
2500-10000 high

Lerner
Market prices, marginal
costs of all production

Relative difference
between market price
and marginal cost of
production

Overview or firm
level

0-1
0 = no market power,
the larger the more
market power

PSI

Total demand, total
supply, supply of
studied company

The need of the
capacity of the firm to
fulfill the demand Firm level

0 (no market power)
and 1 (market power)

RSI

Total demand, total
supply, supply of
studied company

Share of demand that
can be covered by other
producers than the
studied company Firm level

0-110 % market
power
over 110 %
no market power

MRR

Load in the area,
import limit, capacity
of all producers in the
area

The share of a certain
company's capacity that
is needed to fulfill the
demand in an area Firm level

0-100 % the higher
value, the more
potential for market
power
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Table 3 Advantages and disadvantages of market power indices as found by the studied references
Index + - References

HHI
easy to calculate
little data needed
overview of all suppli-
ers

no physical
restrictions taken into
account
cannot be applied on
firm level
little theory
background

David and Fushuan
Wen (2001),
Melnik et al.
(2008), Blumsack
et al. (2002), Over-
bye et al. (2001),
Vassilopoulos
(2003)

Lerner

Provides information
on exercise (not just
potential) of market
power
includes supply and
demand elasticity
can be calculated on
firm level

Sensitive to absolute
cost level
lack of available data
no transmission
constraints taken into
account
can be misinterpreted
if calculated over a
long period of time

David and Fushuan
Wen (2001), Prab-
hakar Karthikeyan
et al. (2013), Ba-
taille et al. (2019),
Biggar and
Hesamzadeh
(2014b), Elzinga
and Mills (2011)

PSI

Simple
developed for
electricity markets
takes varying demand
and supply into
account

too simple to provide
useful information
binary index not so
expressive
does not take trans-
mission constraints
into account
Calculated only for a
specific moment in
time

Biggar and
Hesamzadeh
(2014b) Bataille et
al. (2019)

RSI

developed for
electricity markets
takes varying supply
and demand into ac-
count
screens peak demand
market power

Contradictory
opinions in literature
does not take
transmission
constraints into
account
Calculated only for a
specific moment in
time

 Möst and Genoese
(2009), Mulder and
Schoonbeek
(2013), Swinand et
al. (2010),
Arnedillo (2011),
Bataille et al.
(2019)

MRR

screens locational
market power
takes transmission
constraints and net-
work into account
provides information
about congestion
zones

Only company
specific
Needs to be calculated
for every time and
area
separately

Gan and Bourcier
(2002), Hu et al.
(2004), Peng Wang
et al. (2004)

3.5 Review of previous literature
No previous studies on the impact of wind power on market power in Finland were found
when writing this thesis. There are however, studies investigating the impact of wind
power on other aspects of the electricity market and in other countries. Most of these
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studies examine how wind power impacts the electricity price. There are also studies in-
vestigating the market competitiveness and exercise of market power in the Nordic coun-
tries and other markets in the world. Most of these studies do not, however consider the
impacts of wind power or other renewable energy sources.

3.5.1 Studies on the impact of renewable energy on electricity mar-
kets

Twomey and Neuhoff (2010) present the relationship between wind power and market
power. However, the article takes the perspective of market power affecting the feasibility
of wind power, contrary to this thesis, which aims to answer how wind power impacts the
potential of exercising market power. Twomey and Neuhoff do state that low wind power
output tends to lead to higher market power exercise and accordingly high wind power
output leads to less market power. The article then looks at how the market price is af-
fected and how wind power producers gain from the changed market price in the cases of
perfect competition, oligopoly and monopoly pricing.

Several authors have studied how wind power and other intermittent energy sources affect
the electricity price. Morthorst (2003) studied the Danish market and found that an in-
creased amount of wind power production leads to lower spot prices in the short run.
Although no strong relationship could be seen, this type of tendency was observed for
some of the data. Brancucci Martinez-Anido et al. (2016) also studied the impact of wind
power on electricity prices, but for the electricity market in New England and found that
more wind power leads to decreased prices, but increased price volatility. The authors
also assess the impact of wind forecasts and curtailment on the prices. The same results
(wind power leading to lower prices but higher volatility) were achieved by Ketterer
(2014) who studied the German electricity market, Woo et al. (2013) for the market in
Texas and Nicolosi and Fürsch (2009) for the German market. Nicolosi and Fürsch also
state that the increased volatility due to high share of wind power leads to a need for a
higher share of peak load plants and reduces the utilization of conventional plants. Pereira
and Saraiva (2013) studied the long-term effects of different amounts of wind power on
the Iberian power market. They also found that in the long term, increased wind power
leads to decreased spot market prices. Moreover, Pereira and Saraiva pointed out that an
increased amount of wind power can also lead to reduced feasibility of conventional
power plants and risk the security of supply. Clò et al. (2015) study the effects of both
wind and solar power separately for the Italian market. They found that the price-reducing
effect declines when renewable production increases.

For Ireland, contrary to the above mentioned authors,  (2014) found that
an increased share of wind energy does not affect the average market prices. The authors
argue that the reason behind this is the large dependency on imported gas from the UK,
which steers the market price so much that wind power does not affect it.

Munksgaard and Morthorst (2008) study the impact of wind power on the electricity price
on the Danish market. Especially the subsidies of wind power, and their effect on the
consumer price, are studied and it is found that increased wind power can lead to a small
price increase for consumers. This increase is due to the subsidies scheme in Denmark, a
feed-in-tariff increasing the price for the consumers. Nevertheless, wind power, as also
found by the other above mentioned authors, would decrease the spot market price. The
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net impact for the private consumer can still be a small increase, with both of these im-
pacts taken into account. The authors also study how renewable policy schemes have been
modified to be compatible with liberalized markets.

Amundsen and Bergman (2012) on the other hand, studied the Green certificate system
in Sweden. They found that market power within the tradable green certificates can be a
problem, due to dominant players accessing the most feasible wind power locations.

3.5.2 Studies on market power on electricity markets
There are numerous studies on market power in the Nordic electricity markets that do not
assess the impact of renewable energy. These studies cover different methods of assessing
market power as well as comparisons of different markets.

Among others are Hellmer and Wårell (2009) assessing how to measure market power
and using an alternative to the HHI, the threshold value, which is based on the market
shares of the two largest suppliers. The authors argue that the size of the largest firm
compared to the second largest one, defines whether there is market dominance on the
market. Furthermore, they state that an increased amount of small companies will not
increase competition if there is one dominant player on the market. Halseth (1999) pre-
sents a model for market power measurement and applies it to the Nordic market. The
author finds that Vattenfall could exercise market power and profit from withholding ca-
pacity. It can be noted though, that the study was performed before the Nordic market
became international and fully open.

Bask et al.(2011) studied market power on Nord Pool and how it has developed during
the different steps of deregulation and internationalization that the market has undergone.
The authors do not use marginal costs to calculate price-cost markups due to the lack of
marginal cost information available. The authors found statistically significant market
power during the whole studied time span, although the potential for market power de-
creased as the market expanded. The corresponding Lerner index values, though, are only
1 %, which indicates little market power. Fridolffson and Tangerås (2009) studied the
Nordic wholesale market as well. They could not find evidence of systematic market
power in the Nordic market. Instead they state that local market power due to transmission
constraints is more problematic. Sandsmark and Tennbakk (2010) present a method for
assessing market power and water value in hydro dominated markets. The method is ap-
plied to the Nordic market in 2002-2003, which was an exceptionally dry period resulting
in high market prices. The authors propose a new form for the Lerner index, calculated
as a sum for several hours of each day and replacing MC with the water value. Peak load
hours are also taken into account separately. The goal of their developed Lerner index is
to screen market power abuse by hydropower producers.

Outside the Nordics, studies on market power on electricity markets have also been car-
ried out. These also include articles on different forms of applying the Lerner index and
other market power indices. Möst and Genoese (2009) studied the German market in
2001, 2004, 2005 and 2006 and used 4 different ways of calculating the Lerner index.
The Lerner index remained low for the whole studied period, although a small increase
could be seen over the studied years. Market power could not be confirmed based on the
results. Nazemi et al. (2016) studied the Iranian market, which differs from the Nordic
market since the pay-as-bid system is used, instead of the Nordic system with a common
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market clearing price for all producers. Therefore, a new form of Lerner index was de-
veloped to suit the Iranian market. Mulder and Schoonbeck (2013) studied the Dutch
market by using the RSI. They also stress the relevance of using the Lerner index of the
system marginal firm, the firm with the highest marginal cost that is needed to fulfill the
demand. The positive values of the firms with lower marginal costs do, according to the
authors not mean inefficiencies in the market, only an ability to produce more efficiently.
RSI is also used and found significant to assess market power by Swinand et al. (2010)
for several markets in the EU.

Kaminski (2012) uses several market power indices to determine the impact of the Polish
market consolidation on market power. As several of the indices show, the policies aim-
ing at market consolidation have led to increased market power on the Polish electricity
market from 1999 to 2008.

The literature review in sections 3.5.1 and 3.5.2 is summarized in table 4.
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Table 4 Summary of literature review

Author(s)
Studied
market

Impact of
RES on elec-
tricity price

Market
power Results

Twomey and
Neuhoff (2010) x x

Low wind power leads to more mar-
ket power exercise and more wind
power leads to less market power

Morthorst 2003 Denmark x Lower spot prices
Brancucci Marti-
nez-Anido et al.
2016 New England x

Lower spot prices, but increased
price volatility

Ketterer 2014 Germany x
Lower spot prices, but increased
price volatility

Woo et al. 2013 Texas x
Lower spot prices, but increased
price volatility

Nicolosi and
Fürsch 2009 Germany x

Lower spot prices and higher share
of peak loads, lower utilization of
conventional plants

Pereira and Saraiva
(2013) Iberia x

Lower prices, but risk of security of
supply

Clò et al. 2015 Italy x

Lower prices, but price reducing
effects decline as RES production
increases

O'Flaherty et al.
2014 Ireland x

Increased share of wind does not
affect market prices

Munksgaard and
Morthorst 2008 Denmark x

Feed-in-tariff paid by consumers can
increase consumer prices when wind
energy grows

Hellmer and
Wårell 2009 x

Threshold value, to assess market
power based on the relative size of
the second largest firm

Halseth 1999 Nordics x
Vattenfall has potential to exercise
market power

Bask et al. 2011 Nordics x

Statistically significant, but
decreasing market power as the
market has expanded

Fridolffson and
Tangerås 2009 Nordics x

No evidence of systematic market
power, local market power more
problematic

Sandsmark and
Tennbakk 2010 Nordics x

Method for screening market power
by hydropower producers

Möst and Genoese
2009 Germany x

Lerner index. Market power not
confirmed

Nazemi et al. 2016 Iran x

Developed a new type of Lerner in-
dex for the Iranian pay-as-bid
market

Mulder and
Schoonbeck 2013 Netherlands x

RSI important index to determine
competition on electricity markets

Kaminski 2012 Poland x
Polish policies in 1999-2008 have
led to increased market power
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4
In this section the data and methods used to examine the potential of market power on the
Finnish electricity market are presented. Data on wind power in Finland is also used to
examine whether the increase in wind power can have affected the competitiveness of the
market. The methods chosen to screen market power in this thesis are the HHI index and
the Lerner index. These two indices were chosen because they are suitable for giving an
overview of the competition situation on the market as a whole and show how the trend
has developed over the examined period of time, which is from 2005 until 2018. The HHI
and the Lerner index show the possibility for market power, and together with data on
wind power, the impact of wind power on these indices is studied as well. Both chosen
indices are common and well known, although the Lerner index is not so widely used on
electricity markets. The Lerner index can therefore here bring new perspective to the re-
search. The two indices use different data and give different measures of market power.
Therefore, we can get a broad picture of the market by using both and comparing them.
The HHI is used to give an overlook of the development from 2005 to 2018, whereas the
Lerner index gives a closer look at the market situation in the recent years, as it is calcu-
lated for 2015-2018.

4.1 Data
The data used in this thesis is summarized in table 5. Power plant registers provided by
the Finnish Energy Authority have been used as a main source of data in this thesis. The
register from 2005 is the earliest one available, where after there are registers for each
year up until 2018. The registers include data on all power plants in Finland larger than 1
MW. The registers contain information on the owning company of each power plant, the
power plan The
data in the registers is reported to the authority by the power plants themselves and is not
verified by the Energy Authority. Hence it may contain errors. Moreover, the power plant
registers contain all power plants in Finland, so there are a lot of power plants included
in the data that are rarely used at all. There are also reserve power plants included in the
data, intended only for special situations. Therefore the total capacity seems high and the
utilization low when looking at the data.

In addition to the power plant registers, more specific data on wind power was obtained
from the Finnish Wind Power Association. Yearly statistical reports from the Finnish
wind power a . The statistics include installed and decom-
missioned wind power plants, wind power production and owner companies of wind
power.

Electricity prices were obtained from Nord Pool. Hourly spot prices for Finland were
used. The
wards. In addition to the hourly spot prices, monthly average prices are used for an over-
view and for comparison between years before 2013. The monthly average spot price for
Finland from 2010 to 2018 is plotted in figure 9. As the figure shows, the market has
experienced high peaks in the spot price both in 2010 and 2011, with prices over 90

er, although they have risen from 2015 to
2018.
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Figure 9 Monthly average spot price 2010-2018 (Data from Nord Pool)

Data on fuel prices was provided mostly by Statistics of Finland. Fuel prices for coal, gas,
peat and liquid fuels were all obtained from Statistics of Finland. For peat and forest-
based fuels Statistics of Finland provided quarterly prices, whose average then was used
for each year. For coal and gas monthly prices were available and the yearly average was
used. For liquid fuels a year total was available and used for the calculations. The price
for forest residues was assumed to be the same as for forest based fuels.

byproduct from
Kraft processing in the pulping industry and hence does not imply any direct fuel costs if
the energy producer is the same as the pulp producer.

The fuel price for municipal waste was assumed to be zero. The waste-fueled power plants
in Finland do not pay for the waste, but instead the municipalities are required to pay the
power producers for handling their waste and turning it into heat and electricity. So the
assumed fuel price could in fact be negative, but since the power plants also need some
extra fuel such as natural gas, the price is assumed to be zero.

Other fuel prices, which are not provided by Statistics of Finland were biogas and nuclear
fuel. The uranium oxide price was estimated to 1. e of biogas was
estimated to 18.  In cases when the fuel price data was available but the price
data was not available for all of the years, the value for the closest available year was
used.
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Table 5 Used data and sources (Danish Energy Agency, 2016; Energiateollisuus ry, 2019b, 2019a;
Energy Authority, 2019; Finnish Wind Power Association, 2019b, 2019a; Nord Pool Group, 2019;
Statistics Finland, 2019a, 2019b, 2019c)
Source Data Years

Energy Authority
Power plant register (including
capacity, fuel company) 2005-2018

Finnish Wind Power
Association

Wind power capacity, projects,
companies 2005-2018

Nord Pool Nord Pool Spot prices for Finland
2013-2018 (hourly)
2005-2018(monthly)

Statistics Finland Fuel prices (peat) 2005-2018

Statistics Finland Fuel prices (forest based) 2015, 2018

Statistics Finland Fuel prices (Coal, natural gas) 2005-2018

Statistics Finland Fuel prices (light fuel oil) 2005-2018

Statistics Finland Fuel prices (Heavy fuel oil) 2005, 2010

Danish Energy Agency Variable operational costs
2016 (assumed to stay
constant)

Finnish Energy
Electrical efficiencies per power plant
type

2018 (assumed to stay
constant)

Finnish Energy
Hourly electricity production and
consumption data (by source) 2010-2018

Hourly data including electricity production, consumption, imports and exports as well
as hourly wind power and hydro power production was obtained from the Electricity Sta-
tistics by Finnish Energy. The data sets covering every hour of each year from 2010 on-
wards are based on hourly metering of the electricity producers and imports and exports
measured by Fingrid.

The average efficiencies of the power plants, both thermal and electrical, have been esti-
mated based on the production and fuel use data from the District Heating Statistics by
Finnish Energy. The efficiencies are estimated for each type of power plant and fuel. This
assumption gives the same efficiency for each same type of power plant. It is assumed
that the power plant efficiencies have stayed constant over the studied period of time,
therefore the same efficiency data is used for all of the years.

The variable operation and maintenance costs (VOM) are estimated based on data from
the Danish Energy Agency. The variable operation and maintenance costs are given for
each production technology and type of fuel. The variable operation and maintenance
costs are assumed to stay constant over the studied period of time.
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4.2 Herfindahl-Hirschman-index
The HHI is used to give an easy overview of the whole market and the market structure
in order to spot possibilities for market power due to the market concentration. The data
used to calculate the HHI is available from the Energy Authority. Additionally data from
the Finnish Wind Power Association is used to see the relationship between market con-
centration and the amount of installed wind power capacity. HHI is a commonly used

screening. Due to its widespread use, the results can be benchmarked for example against
values from the US Department of Justice guidelines. Although the HHI cannot specifi-
cally indicate whether market power has been exercised, it can show an overview of the
market concentration and the possibilities of market power.

Figure 10 Method for calculation of the HHI

The data used for the HHI consists of power plant registers from 2005 to 2018 provided
by the Finnish Energy Authority. To get a picture of the overall trend and development 4
different years are examined: 2005, 2010, 2015 and 2018. Thus, the power plant registers
for each of these years have been used. The data in the power plant registers is from the
end of each examined year and it includes data on capacities and owning companies. The
first step is to sort the power plants in the register by company to obtain the total capacity
of each generation company. The market shares of each company are then calculated
based on the total res of the total capacity are then
squared and summed to obtain the HHI value of the market, as presented in equation 1 in
section 3.4.1 earlier in this thesis. The method for calculating the HHI is illustrated in
figure 10. HHI is then compared to the amount of installed wind power capacity for each
year to see a possible connection between the HHI index and the wind power develop-
ment.
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The companies are in the calculation of the HHI treated as separate companies, as they
have reported to the Energy Authority. In reality many companies own shares of other
electricity companies or shares in joint power plants, which gives them more power on
the market than the data will let know. The HHI obtained here does not take that into
account, which may lead to slightly lower values compared to the actual power on the
market that these companies possess.

4.3 Lerner index
The Lerner index shows the relative difference between the price and the marginal costs
of a producer. Hence it gives a more exact picture than the HHI of whether there have
been mark-ups between the prices and the costs and in that way exercised market power.
The Lerner index is benchmarked against a theoretical case of perfect competition, in
which case the price would equal marginal costs and the Lerner index would thus equal
zero.

When writing this thesis no previous studies were found, which would present or analyze
Lerner index for the Finnish electricity market. Some other applications of the Lerner
index were found in literature, these are reviewed in section 3.5. The presented applica-
tions described in the literature are not applicable for this study, since they are developed
for special cases or different markets. Mulder and Schoonbeck (2013) however, point out
that the Lerner index for the system marginal producer is relevant and can be used as the
system level Lerner index. Moreover, positive Lerner index values of low marginal cost-
producers should according to the authors not be seen as inefficiencies on the market. The
system marginal Lerner index is used as a market overview index in this thesis as well.

The data for the Lerner index is more difficult to obtain than for the HHI, due to the lack
needs

to be based on a few estimates and assumptions.

The Power plant registers from the Finnish Energy Authority were again used for the
Lerner index. As described in section 3.4.2, the Lerner index requires data for every hour
separately to give accurate results. Therefore the years 2015-2018 are studied, since the
hourly price data from Nord Pool is available only for years 2013-2018. The power plant
registers include data on the power plant type and the fuel type, which are also needed for
the Lerner index calculations. The hourly demand and hourly production (including wind
production and hydro production) was obtained from Finnish Energy. The marginal costs
were estimated separately for each power plant using the efficiency, fuel costs and the
variable operation and maintenance cost found in data from Statistics of Finland and The
Finnish Energy Industry as well as the Danish Energy Agency. The marginal costs of
each power plant were then calculated according to equation 5.

Where MC is the marginal cost, Pfuel is the fuel price of the primary fuel that the plant
el is the estimate of the electric efficiency of the type of power plant based on the

used fuel and VOM is the assumed variable operational and maintenance costs. Both Pfuel
and VOM
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Since we are only considering electricity production, it needs to be stressed that the fuel
costs for CHP production are divided into both heat and electricity production. Therefore
the whole fuel cost and VOM should not be allocated for electricity production. There are
different methods in literature to allocate costs between heat and electricity for CHP
plants. For the purpose of this thesis the Energy method referred to by Siitonen and
Holmberg (2012) is used. The data needed for the Energy method for cost allocation is
available and the method can be applied to all of the CHP plants and for the whole studied
time span in this thesis. The energy method is based on the amounts of energy products
that the CHP plant produces, so the fuel allocation is executed based on the efficiencies
of the plants. Thus, based on the energy method, the marginal costs for CHP plants are
calculated according to equation 6.

el th stand for the electrical and thermal efficiency for the CHP plant, re-
spectively. Pfuel is the fuel price and VOM the variable operation and maintenance cost,

Figure 11 Method for calculating the Lerner index

With this data the Lerner index can be calculated, the method is illustrated in figure 11.
The power plants are organized from smallest to largest MC, and the cumulative capacity
is followed up in that order. Then capacity is added to the wind and hydro production of
every hour to meet the total production for every hour. A Lerner index is calculated for
every power plant needed to meet the demand using equation 2 in section 3.4.2 earlier in
this thesis. By finding the lowest Lerner index each hour, the system marginal producer
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can be defined. That is the last (most expensive producer) needed to satisfy the electricity
demand. The system-marginal producer is relevant when detecting market power on the
Finnish electricity market, since the market clearing price is determined based on the bid
of that producer. The system-marginal producer can possibly be seen as a price-maker
and if there is a markup between the market clearing price and the marginal costs of the
most expensive producer, there is reason to suspect that the producer has been gaming in
order to increase the price and gain higher profits.

The power plants whose marginal costs are low, such as wind power plants, have high
Lerner index values, which means that they are gaining profits when they receive such a
high price compared to their low marginal costs. This, however, is not due to inefficiency
on the market, but the fact that the market is built so that all electricity in Finland (since
it is one price area in the Nordic market) is sold at the same price. Since the actual bids
of these companies are unknown, we cannot determine whether they are gaming to push
up the prices or not. However, although the cheaper technologies raise their prices, it is
still only the system-
which means the cheaper production technologies cannot affect the market price unless
they raise their price so much that it is above the bid of the system-marginal producer. A
company that owns several types of power plants can here have a possibility to game by
withdrawing more expensive capacity and in that way gain higher profits for their lower-
cost power plants when the price rises.

It needs to be stressed that this method to calculate the Lerner index is based on several
assumptions, due to the inaccessibility of marginal costs and bids of the market partici-
pants. Therefore we cannot be sure whether a positive Lerner index indicates exercised
market power or if the marginal between market price and marginal cost is caused by
inaccuracies in the cost assumptions. The Lerner index can help to show a trend in the
competitiveness of the market, but we cannot surely state that there has or has not been
market power exercised based on these figures due to the inexact data. As found in the
literature review there are many different ways to calculate the Lerner index when apply-
ing it to electricity markets. Different calculation methods may lead to different results.
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5
5.1 Herfindahl-Hirschman index
The capacities of the electricity producing companies and their share of the total capacity
determine the HHI for each studied year. The capacities are plotted by company in figure
12.

Figure 12 Electricity production capacity by company from year 2005 to 2018. Each color block rep-
resents the capacity of one company on the market. (Data from Finnish Energy Authority)

To the left in the figure, a market consolidation can be seen. The figure shows that several
companies with little capacity, existing in 2005 have either ceased to operate or have been
acquired by medium or large sized companies. Several medium sized companies, on the
other hand, have grown their capacity. To the right in the figure, we can see new compa-
nies entering the market, increasingly from 2010 onwards. These companies have small
market shares, although some of them have grown remarkably from 2010 to 2018. These
companies consist mostly of small wind power companies that have entered the market
as wind power has grown. Consequently, we can say that the market has shifted from
small old companies being acquired by larger ones or shutting down, to small new wind
power companies entering the market and some of them growing rapidly. The market
shares of the major companies on the market has stayed somewhat constant.
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Table 6 Summary of results HHI index and wind power (Energy Authority, 2019; Finnish Wind
Power Association, 2019b, 2019a)

2005 2010 2015 2018

Total capacity [MW] 16263 16215 16091 17432

Wind capacity [MW] 82 197 1005 2041

Number of producers 110 120 163 189

Number of wind power
producers 7 8 48 76

Share of wind capacity 0.5 % 1.2 % 6.2 % 11.7 %

HHI 941 839 649 567

The total number of electricity producers has increased from 110 companies in 2005 to
189 companies in 2018. Hence, the net increase of companies has been positive although
some companies have been acquired, due to the entry to the market of numerous small
companies, especially in wind power. The total installed capacity has stayed at a constant
level up until 2018, when an increase can be seen. So the development has gone towards
more producers sharing a similar amount of capacity, which gives each producer a smaller
market share. The smaller market shares can be seen in a decreasing Herfindahl-Hirsch-
man-index over the studied years, although it was low already in the first studied year,
2005. Hence the HHI has for all of the studied years stayed below the limit of 1500 for
moderately concentrated markets set by the US Department of Justice (see table 1 in sec-
tion 3.4.1). The market can therefore be claimed unconcentrated based on the HHI index,
which implies low potential for market power. The summary of the results from the HHI
index is presented in table 6 together with the corresponding wind power data.

Table 7 Correlation between HHI and other variables

Correlation with HHI

Number of producers -0.987

Wind share of capacity -0.954

Installed wind capacity -0.942

Table 6 shows that as the number of producers and the installed wind capacity grows, the
HHI decreases. The HHI can, by definition, be expected to be correlated to the number
of producers on the market. The results accordingly show a correlation between the num-
ber of producers of -0.99. The negative correlation between wind power and HHI is also
strong, giving a correlation of -0.95 for wind power share and -0.94 for total installed
wind capacity. Although correlation does not explain causality, it shows the simultaneous
occurrence and development of two variables. The correlations between the number of
producers as well as wind power and HHI are summarized in table 7 showing a clearly
decreasing market concentration with increasing wind power capacity.

5.2 Lerner index
The monthly average of the calculated Lerner index for years 2015-2018 is presented in
figure 13. The figure shows a high Lerner index overall for the whole studied time span,
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and a slight rise in the average can be seen towards the end. Over the whole time, the
Lerner index keeps varying a lot from month to month. The overall trend, however, is
that the index takes the highest values in the summer months.

Figure 13 Calculated system level Lerner index (monthly average) for years 2015-2018

The consistently high Lerner index implies a significant potential of market power to have
been exercised on the market. Nevertheless, the limitations of the method need to be
stressed before conclusions about market power are drawn. This will be assessed further
in the discussion section.

Although we can see a slight rise in the average Lerner index over the years, the maximum
Lerner index has stayed at a constant level. We can also see that the amount of hours with
extremely high Lerner index values (above 0.9) has decreased over the years, whereas the
amount of hours with an index over 0.7 has increased. So, the high Lerner index values
have become more common, but the very highest values have been occurring less fre-
quently.

The lower Lerner index values, with values below 0.5, on the other hand, have dropped
radically from 2016 to 2017, being only around 100 hours per year in 2017 and 2018,
compared to 1000 hours in 2015 and 2016. This means that for almost 99 % of the hours
in the year the Lerner index was above 0.5. This number for years 2015 and 2016 is only
86-88 %. At the same time wind power has grown, both in terms of production, capacity
and share of electricity production. The Lerner index values however, do not follow the
increasing wind power numbers. Hence, based on these numbers we cannot state that
wind power has affected market power potential. The results of the Lerner index calcula-
tions as well as the wind power data is summarized in table 8.
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Table 8 Summary of results Lerner index and corresponding wind data 2015-2018

2015 2016 2017 2018

Average Lerner index 0.643 0.722 0.759 0.766

Lerner index max 0.934 0.975 0.959 0.966

Lerner index min -15.88 -1.81 -0.80 -3.72

Lerner index <0 [hours] 156 20 18 78

Lerner index > 0,9 [hours] 416 543 230 78

Lerner index > 0,7 [hours] 3992 5571 6051 7528

Lerner index  < 0,5 [hours] 1268 1079 101 132

Wind over 500 MWh/hours 1044 2260 3972 4676

Average wind share of production 0.035 0.046 0.072 0.087

Hours with wind share > 10 % 67 917 2491 3324
Highest wind production
[MWh/h] 868.35 1327.09 1772.77 1859.93

The results show negative Lerner index values for some hours each year. A negative Ler-
ner index here means that the market price has been lower than the marginal costs of the
most expensive plant in production. Thus, according to the index, some power plants have
been producing electricity on defeat these hours. The hours with negative Lerner index
values, occur seldom and for short periods of time. As the Lerner index only measures
the market power potential for a certain hour, it is measuring the short term situation on
the market. For long term feasibility, occasional hours with low electricity price might
not affect the power producers. Therefore, in the long run, the losses for the power plants
producing on defeat might be even greater if not producing. According to the model and
the calculations, these plants are still needed to satisfy the demand, and therefore the sys-
tem level Lerner index becomes negative. These hours, however, mark points of time
when the market has not experienced market power.
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Figure 14 The calculated Lerner index and the corresponding electricity demand week 2, 2018

Figure 15 The calculated Lerner index and the corresponding spot price week 2, 2018

The Lerner index, in addition to yearly and seasonal variations, shows weekly and daily
variations. The Lerner index often follows the demand and the spot price by rising over
workdays and decreasing night-time. In the weekends we can see the same variation,
though not as clear and systematic as for the workdays. This phenomenon is illustrated in
figures 14 and 15, which show the Lerner index plotted against the electricity demand as
well as the spot price, both for week 2 in 2018. The same trend can be seen for many
other weeks in the data as well.
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Figure 16 Wind power production and Lerner index, January 2018

In figure 16 the wind power production and the Lerner index for January 2018 are plotted
in a graph, and as we can see, the Lerner index does not follow the wind power production
in either direction. At some points there is high wind power production and low Lerner
index and at some points the high wind power gives high Lerner index values. This fact
makes it difficult to tell the impact that wind power has had on the Lerner index. Looking
at the data however, the Lerner index quite often drops when there is a peak in wind power
production. The behavior is not systematical, since the index can also drop without a wind
peak and can stay high with only small variations, although the wind power peaks drasti-
cally.

The drop in the Lerner index occurring at peaks in wind power production happens when
the electricity price drops as well. If there is high wind production, but the electricity price
stays normal, the Lerner index most often stays normal. This can be seen for example
when looking at the spot price, wind power production and Lerner index for May 2018.
In May 2018, the electricity price was highly fluctuating and so was the wind power pro-
duction. The Lerner index fluctuated more than in January as well, as we can see several
drops below zero. Whenever the price was the lowest, the Lerner index dropped too. This
was often at times with high wind power production. At times with high wind production
without extremely low electricity prices, the Lerner index does not drop. The impact of
the spot price on the Lerner index is hence stronger than that of wind power. This is
illustrated in figure 17, where wind power production and spot price are plotted together
with the Lerner index for May 2018.
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Figure 17 Wind power production, spot price and Lerner index, May 2018
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6
6.1 Herfindahl-Hirschman index
The results from the HHI index are constantly below 1500, implying an unconcentrated
market with low risk of market power. In the calculation of the HHI, however, the cross-
ownership of companies and power plants on the market is not taken into account. Each
company is just viewed as its own entity on the market although in practice, there are
several cases in which the ownership of a company is divided by larger companies owning
certain shares of them. In this way, the companies that own shares of other companies or
power plants have greater power on the market than just their own capacity and thus the
HHI value represents lower concentration than what it is in reality. So if cross-ownership
were considered, the market would be more concentrated and HHI values would be
higher. The market could however still most likely be considered unconcentrated.

From the HHI index we can see many companies having entered the market in the recent
years. These companies are mostly small companies, many of them only focusing on local
wind power projects. The entrance of these companies to the market has contributed to a
less concentrated market over the years, at least theoretically, when only considering the
capacities.

The high correlation that can be seen between the number of producers and the HHI is
natural, since the definition of the HHI is based on the number of producers sharing the
total capacity. We can also see a strong correlation between wind power and HHI. This
is due to the fact that many of the small new companies on the market have been wind
companies. So actually, we can say that the correlation between wind power and HHI
comes from the fact that the increased number of producers and the wind capacity are
correlated. This is because the wind companies are small and numerous, due to the de-
centralized nature of wind power. The linear relationship between the HHI and the share
of wind capacity is plotted in figure 18.

Figure 18 The relationship between HHI and the share of wind power capacity
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The graph in figure 18 tells that the decrease of HHI is very close to linearly dependent
on the increase in the share of wind capacity. Nevertheless, it needs to be kept in mind
that since HHI is only calculated as an overview with one number for the whole year, we
have only got four data points in the comparison. Therefore, we cannot draw conclusions
completely based on these graphs or on the correlation, since a small number of data
points gives a lot of room for uncertainty and coincidence. With the same study for several
more years, the trend could possibly be confirmed. Based on the data points we have,
however, we can say that HHI has decreased almost linearly dependently on the increase
of wind power share of capacity.

6.2 Lerner index
The results show high Lerner index values for the whole studied time span, with an aver-
age of around 0.7. This would imply that there is a high potential of market power to have
been exercised on the market. However, there are several aspects regarding the methods
of calculation of the Lerner index that could also be a part of the explanation for the high
index values.

The marginal costs, which highly affect the outcome of the Lerner index, are based on
estimates, which might be too high. Moreover, the results show the tendency of the aver-
age Lerner index being the highest in the summer months. In the summertime the cheapest
CHP plants are often given as the system marginal plants. The model does not however,
consider the fact that CHP is not operating at full capacity in summertime, but only a
small share of CHP capacity is in use (see figure 1 in chapter 2). Therefore, all CHP
capacity that is counted on might not be available, and more expensive plants are needed
to cover the demand. This would lead to higher system marginal costs and lower Lerner
index values for the summer months and hence a lower yearly average as well. Also
shown in figure 1 in section 2, nuclear power is run all year round in Finland. In the model
calculating the Lerner index however, the marginal costs for electricity production for
most CHP plants are lower than the costs of nuclear power. (7.49-

This implies that the Lerner index from
the model is too high in the summertime, when the marginal plant given is often a CHP
plant, instead of a nuclear plant. So if the marginal plant were at least nuclear year round,
in the model as in reality, the Lerner index would be lower due to higher marginal costs
of the last needed plant. We do not know the individual bids of the producers, but since
the Lerner index is based on the marginal costs, the value gets high when not considering
the year-round production of nuclear power. Another uncertainty in the Lerner index cal-
culation is the cost allocation for CHP. The Energy method is used to model the costs
allocated for electricity production, but it does not necessarily affect the actual costs for
each plant, since it is a simple model based on the assumed efficiencies of the power
plants.

Furthermore, a problem with the Lerner index is, as mentioned in section 3.4.4, that it
does not include the need of firms to cover fixed costs. Therefore, part of the wedge be-
tween marginal costs and price can be originated from a need for the firms to cover fixed
costs.

The above mentioned factors are mostly affecting the Lerner index in the summer months,
making it higher than it could be in reality. These factors affect all of the years similarly
in the summer, which means that the change between the years would still be comparable.
Looking at the yearly averages of the Lerner index values, we can see a slight rise. Al-
ready based on the monthly values, however (pictured in figure 13) we can see that the
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index has been varying a lot and thus we cannot confirm a growing trend of the index
overall, since the increased average is largely impacted by the occasional low values at
the beginning of the studied time period. To confirm a trend of growth, we would need to
consider a longer period of time.

Negative Lerner index values occur occasionally in the results. The negative values come
from the fact that all power plants needed to satisfy the current electricity demand (when
taking wind and hydro production into account) are counted. The negative values occur
at moments when the market price is lower than the marginal costs of the system marginal
plant. This means that the plants with marginal costs higher than the electricity price are
producing at defeat. The Lerner index, however, measures market power potential only
in the short run. In the long run it can be more profitable for the power plants to produce
continuously, even if it means they produce at defeat for certain hours, since the negative
values occur seldom, and for short periods of time.

Moreover, it needs to be kept in mind that a significant amount of the electricity sold in
Finland is produced together with heat in CHP plants. So these plants gain a significant
share of their profit from heat production and can thus be profitable although the electric-
ity price is below their marginal costs calculated in this model. According to Sitra (The
Finnish Innovation Fund (2017)) 80 % of the industrial heat and 70-80 % of the district
heating used in Finland is produced by CHP. So the CHP plants play a great role on both
the heat and electricity markets in Finland. The market for district heating is not liberal-
ized and deregulated as the electricity market, instead producers receive a regulated price
for the heat they produce. The incomes from heat production can with a steadier price,
cover up for occasional losses for electricity production due to volatile prices. So even
though the electricity price decreases below the marginal costs for electricity production
for CHP plants, the net profit can still be positive thanks to the heat production. Therefore,
we can say that CHP plants are beneficial for the competitiveness on the electricity mar-
ket, since they do not rely only on the electricity price for income, but also gain incomes
from heat production. Hence, they do not need a high electricity price to be profitable. A
negative Lerner index for a CHP plant in the model may hence not mean production at
defeat at all.

The negative index values in the model do indicate a competitiveness of the market since
the system marginal plants have not been able to push up the market price in their favor.
The negative Lerner index values in the results occur at night time, when the electricity
price is extremely low (0- , often just a couple of euros per MWh. At the times with
negative Lerner index, the demand is low and the share of wind power is often high (at
least 10 %). These conditions were observed for example in May 2018 (see figure 17 in
section 5.2), when the Lerner index was negative May 1st, 6th and 10th. The same could
be observed in situations when the demand stays constant at a low level, but the wind
power production increases, which leads to the Lerner index dropping down below zero.
This phenomenon can be seen for example June 22nd 2018.

On average, the share of wind power is very low at the hours of extremely high Lerner
index (above 0.9), whereas the share of wind power is high at the hours of negative Lerner
index. For the extremely high Lerner index values a wind share of around 3 % of produc-
tion has been the average, the total production experienced at these hours has stayed con-
stant at about 240 MWh/h except for 2015, when it was lower. For the hours with negative
Lerner index, on the other hand, the wind production and share of wind power has grown
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with the installed wind capacity. The production at the negative hours has stayed at 50
60 % of the maximum installed capacity. Based on this, we can say that the chances for
the very highest values of the Lerner index (and thus the highest risk for market power)
are lower with more wind power in the system, since the low wind share is more rarely
occurring with more wind power supply. And as shown in table 8, we can see that the
hours with extremely high Lerner index have actually decreased over the studied years.
The wind data for the hours with the highest and lowest Lerner index values is presented
in table 9.

Table 9 Wind data for the hours with the highest (>0.9) Lerner index and negative Lerner index
High Lerner index Negative lerner index

Wind power produc-
tion (average)

[MWh]

Share of wind
power production

(average)

Wind power produc-
tion (average)

[MWh]
Share of wind power
production (average)

2015 128.51 0.02 316.82 0.05

2016 236.19 0.03 859.90 0.12

2017 236.93 0.03 1026.22 0.13

2018 239.82 0.03 1301.42 0.19

Summarized in table 9, the hours with extremely high or low Lerner index values are
examined. The corresponding wind data for those hours shows a tendency that high Ler-
ner index occurs with low wind power and vice versa. However, when the impact of high
wind power production was studied in terms of looking at the Lerner index for the hours
with extremely high wind production or wind share, no similar pattern was found. In other
words, when looking at hours with extremely high wind power, we cannot see systemat-
ically high nor low Lerner index values. The Lerner index stays consistently high, with
small variations, although the variations in wind power production are large.

As displayed in the scatter diagram in figure 19, the wind power production does not have
a large impact on the Lerner index, since it stays mostly between 0.5 and 1, even though
the amount of wind power production rises. The negative Lerner index values begin to
occur at just above 600 MWh/h of wind production and appear more frequently when the
wind power production increases. The trendline shows an almost constant Lerner index
over the graph of wind power production, however it shows a slight trend towards de-
creasing Lerner index with increasing wind power production. The very highest Lerner
index values are also only represented to the right in the graph, where the wind power
production is low. Nevertheless, the trend is weak, and as we can see, most data points
are still up at high Lerner index values regardless of the amount of wind power produc-
tion.
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Figure 19 Scatter diagram of Lerner index and corresponding amount of hourly wind power pro-
duction 2018

We see in section 5.2 that the Lerner index value often follows the spot price. The corre-
lation between the spot price and the Lerner index for 2018 was significant: 0.49. Previous
studies as mentioned in section 3.5.1, show that more wind power in energy systems leads
to lower spot prices. This implies that more wind power can be beneficial for the market
competitiveness as well, as lower spot prices lead to lower Lerner index values. Never-
theless, the correlation between wind production or wind share and Lerner index for the
results seen in the data in this thesis is weak.

Looking at table 8 in section 5.2, we see that the amount of hours with low Lerner index
values has dropped radically between 2015-2016 and 2016-2017. This indicates an in-
crease in hours with significant market power potential, however the reasons behind the
drop can be several. As illustrated in figure 9 in section 4.1, the electricity spot price has
varied a lot over the studied years. The variations in the spot price can be a reason behind
the rise of the Lerner index value since it can have caused the Lerner index to follow as
the price has risen from 2015 to 2018, since the Lerner index tends to be higher when the
spot price is higher. The data from Statistics Finland shows that the fuel prices for coal
and gas have been rising too. The rise of the fossil fuel prices however only affects the
marginal costs of the plants using them. Hence, whenever the system marginal producer
is not a fossil fuel plant, the fuel prices do not have an impact on the Lerner index, but
the spot price still does. This pushes the Lerner index up. Another clear difference be-
tween 2015-2016 and 2017-2018 is that the system marginal plant for the two latest years
in the model is always nuclear or lower cost, whereas in 2015 and 2016 the marginal plant
is at times (especially wintertime) a higher cost plant such as natural gas or wood fueled
plant.
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So we can see that the spot price has risen although an increasing amount of cheaply
producing power plants has been installed over the studied years. A smaller amount of
expensive power plants should according to this be needed, but the prices have still be-
come higher. The spot price however, depends on many factors. The price is dependent
on the other parts of the Nordic market, which is not taken into account in these calcula-
tions at all. Furthermore, imports and exports affect the market price as a part of the en-
ergy produced in Finland can be exported to more expensive areas, whereas cheaper en-
ergy can be imported from other areas. The data shows peaks in the spot price as high as

2011, when barely no wind power was installed in Finland. So
the price can fluctuate remarkably, depending on other factors than wind power.

6.3 Differences and perspectives between the HHI and the Ler-
ner index

The two calculated indices show quite different results. The results and limitations of the
two indices are compared in table 10. The HHI is low, indicating an unconcentrated mar-
ket (and even less concentrated as the amount of wind power companies has grown),
whereas the Lerner index gives high values, indicating high potential for market power
and even a slight increase in the recent years. The contradiction between these indices
shows that there is no simple solution to assess market power potential, but on the other
hand, there are a few factors behind the calculations of the indices that help to explain the
difference in the results and the factors behind market power. In the literature review in
section 3.5, we could also see that the overall results of different authors studying market
power in both Nordic and international electricity markets are widely varied. There is no
consensus among the studied authors, since the results are different depending on which
methods and indices that are used. This needs to be kept in mind also when discussing
the results of this thesis. The results are affected by the methods and we should not base
a statement of market power on only one index result.

What needs to be considered, is that the obtained HHI values can be too low compared to
reality due to the cross-ownership between companies that is common on the Finnish
market, but is not considered in the calculations. The Lerner index, on the other hand, can
be giving too high values compared to reality, due to the estimation of the marginal costs
and the CHP, which is not operated fully in the summertime although it is counted in in
the model.

The HHI is calculated solely based on the capacity (also including rarely used reserves)
whereas Lerner is calculated based on the actual production each hour. Wind power can-
not produce at maximum capacity all hours due to varying wind conditions. Therefore,
the competition on the market is not always between all of the wind companies and other
companies, but instead at times with low wind, the competition is almost only between
the residual demand plants. This cannot be seen by the HHI index, since it includes the
full capacity of wind for each year, but from the Lerner index taking the wind production
for every hour into account, this can be studied. The Lerner index also gives significantly
more data points, since it is calculated for every hour of the year.

Out of the two calculated indices, the Lerner index is the one associated with more un-
certainties. The Lerner index is based on a lot of estimations due to lack of available data
of marginal costs and the costs of CHP need to be allocated using a theoretical model.
The HHI index is based on more exact data. The HHI, which is suitable for a first screen-
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ing of the market, shows an unconcentrated market although we can see market consoli-
dation among the older companies. Based on the HHI there is no need to worry about
market power. The Lerner index is high, but since it is so unsecure, the low HHI values
gives a reason to suspect that the Lerner index can be too high.

By studying the Lerner index we can see trends and tendencies in the data over time for
different hours. We can also see the impact of production and demand on the market. HHI
can only give a big picture of the market on a yearly basis. We can therefore say that the
Lerner index is more informative, when studying the impacts of certain factors on market
power potential. The Lerner index can give signals of which type of situations on the
market that can especially lead to market power. The Lerner index takes more factors into
account and gives results for specific moments in time and the circumstances occurring
then. Thus, the correlations and dependencies can be studied better with the Lerner index.

The impact of wind power can be seen with the HHI as a split up on the market, when
numerous small wind companies have entered the market and have been growing their
market shares, whilst the capacities of traditional large companies have stayed at a con-
stant level. With the Lerner index we can see the impact of wind power as hourly varia-
tions. The Lerner index, however, is affected by many other factor as well, which makes
it difficult to determine the impact of wind power alone on the results.

From the Lerner index results, we could not see any systematical trends in either high or
low Lerner index values for hours with high wind power production. The Lerner index is
also affected by the spot price, which it follows more systematically. So therefore, we
cannot say that wind power alone has impacted the potential for market power. What
could be seen, though, was the fact that the hours with the very highest Lerner index
values occurred when the wind production was low, and the lowest Lerner index values
occurred when the wind production was high. This, on the other hand, can give us a pic-
ture of the tendencies on the market, with the moments with a high risk of market power
occurring at low wind power and a low risk of market power when the wind production
is high.



48

Table 10 Comparison of the results and the limitations of the HHI and the Lerner index
HHI Lerner

Sources of
uncertainty

Capacities in power plant
registers reported by owning
companies, not checked by
authority

MC estimated based on several
assumptions, CHP cost
allocation method

Limitations / Not
considered factors

Cross-ownership of companies
and power plants

Level of actual CHP
production, year-round nuclear
production

Assessment of wind
power impact

Share of installed capacity,
number of companies

Actual production (and share of
production) per hour. The
impact on other variables (spot
price, Lerner index)

Wind power impact-
result

More unconcentrated market,
more small companies,
increasing competition

No systematical impact of wind
power on Li (weak correlation),
but high Li when low wind and
low Li when high wind

Result: Market
power

Unconcentrated market, very
low possibility for market
power

High possibility for market
power (although some
uncertainty)
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7
The number of wind power producing companies in Finland has grown rapidly from 7
companies in 2005 to 78 companies in 2018. From 2011 onwards, after the feed-in-tariff
for renewable energy was introduced in Finland, the growth has been the fastest, the com-
panies and capacity growing remarkably each year. The growth stopped in 2018, but as
more wind power is under development, the growth is expected to continue in the coming
years. Therefore, as wind power continues to grow, it is important to study the impacts of
wind power on market power on the electricity market, to see if wind power is economi-
cally sustainable on the liberalized electricity market.

The growth of wind power has brought a large number of small market share companies
to the Finnish electricity market. This has resulted in the market developing towards less
concentration over the years 2005-2018. According to the Herfindahl-Hirschman Index
the market has been consistently unconcentrated with a development towards even less
concentration with the implementation of more wind power. A consolidation of the mar-
ket is seen over the studied time span, but simultaneously the entrance of numerous small
(mostly wind power) companies has led to a net increase of companies, whilst the total
capacity has not grown. Based on the four examined years, HHI has decreased clearly
with the increase of wind power. The HHI values have decreased from 941 in 2005 to
567 in 2018 (where 1500 is the limit for moderate market concentration).

The two calculated indices show contradicting results, as the HHI implies low concentra-
tion and low risk for market power, whereas the Lerner index gives high values indicating
high market power potential, with the average for 2018 being 0.77 (where the theoretical
benchmark of no market power lies at 0). The HHI values can be low compared to actual
market concentration, since cross-ownership of companies is not considered. Accordingly
the Lerner index values are based on estimations and can be too high, due to CHP pro-
duction variation and year-round nuclear production not being considered in the model.
In the literature review, no consensus among previous authors studying market power on
the Nordic market could not be found either. Therefore the statements of market power
should not be based only on one index, but the impacting factors of different methods
need to be taken into account when evaluating the results.

The calculated Lerner index shows a significant correlation of 0.49 (for year 2018) with
the spot price. A common tendency in the data is that the Lerner index follows the spot
price. This can be seen especially on a weekly basis, when the Lerner index often follows
the daily rises of the spot price over the weekdays. In the literature review it was found
that several authors on several different markets have come to the conclusion that more
wind power leads to lower spot prices. This means that adding more wind into the system
can also lead to less potential for market power since the Lerner index tends to follow the
spot price. So if more wind power leads to lower spot prices, then it would often also lead
to lower Lerner index values, and thus less potential for market power, based on the re-
sults from this thesis.

In terms of the impact of wind power on the Lerner index, no systematical pattern of the
Lerner index following the hours with high wind power production can be found in the
data. When studying the peak wind production hours we often see a drop in the Lerner
index, while sometimes the Lerner index stays high. Hence, based on this, it cannot be
determined how wind power alone has impacted the possibilities to exercise market
power measured by the Lerner index. But we can see that a drop in the spot price often
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leads to a drop in the Lerner index. This can occur at peak wind power but also at other
times. A weak trend for lower Lerner index with higher wind power can be seen, even
though the Lerner index values mostly stay high.

If looking at the hours with high or low Lerner index values, on the other hand, we can
see a pattern with wind power. On average, at the hours with the highest (above 0.9)
Lerner index values, the wind power production has been low, covering only 2-3 % of
the total production and staying at around 240 MWh/h. At the hours with negative Lerner
index on the other hand, we have seen a high average wind power production, as negative
Lerner index values begin to occur at 600 MWh/h wind power production. Based on this
tendency, we can state that the risk for the highest Lerner index values (and thus the
highest potential for market power) is lower with more wind power in the system. This
tendency can also be seen over the studied years, since the hours with a Lerner index
value above 0.9 have decreased from 416 hours in 2015 to 78 hours in 2018.

The Lerner index takes negative values 78 hours in 2018. The negative Lerner index in
this model means that the electricity price has been so low, that it is below the marginal
costs of the last needed producer. This does not necessarily mean that these producers are
not profitable. Additionally, CHP plants gain a significant share of their income from heat
production, and are thus not highly affected by the electricity price to be profitable. CHP
plants can hence stay profitable although the Lerner index is negative.

To conclude, we can say that the increase of wind power has led to a more competitive
Finnish electricity market. The HHI index shows that the market has become less con-
centrated with more wind power. The increasing competition on the market, indicated by
the HHI, is due to new small wind companies that have entered the market and grown to
have larger market shares, whilst the market shares of the traditional power producers
have stayed mostly constant. From the Lerner index we can see varying values, mostly
high, with a slight trend towards lower Lerner index with more wind power. Also the
highest values have decreased remarkably with more wind power whereas the negative
values increase with more wind power. The impact is not from wind power alone, as at
least the spot price also affects the Lerner index.

As wind power is still continuing to grow, and new projects are under development in
Finland, it is suggested that the potential of market power is studied further and followed
up in the future, when the impact of wind power can be larger. Although wind power has
grown rapidly from 2011 onwards, the market share of wind power in Finland is still
small. With a greater market share, the impacts may be clearer or even different. There-
fore it is in the interest of both policy makers and companies that the situation is followed
up as the growth of wind power continues. It is also recommended to use different indices
or calculation methods to get a broader perspective of the conditions on the market, since
the results may differ based on the methods.
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