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Abstract: 
 

 
Sweden, together with Norway, Finland and Denmark, have created a multi-national 

electricity market called NordPool. In this market, producers and retailers of electricity can buy and 
sell electricity, and the retailers then offers this electricity to end consumers such as households and 
industries. Previous studies have shown that pricing at the NordPool market is functioning quite 
well, but no other study has to my knowledge studied if pricing in the retail market to consumers in 
Sweden is well functioning. If the market is well functioning, with competition and low transaction 
costs when changing electricity retailer, we would expect that a homogeneous good such as 
electricity would be sold at the approximately same price, and that price changes would be highly 
correlated, in this market. Thus, the aim of this study is to test whether the price of Vattenfall, the 
largest energy firm in the Swedish market, is highly correlated to the price of other firms in the 
Swedish retail market for electricity. Descriptive statistics indicate that the price offered by 
Vattenfall is quite similar to the price of other firms in the market. In addition, regression analysis 
show that the correlation between the price of Vattenfall and other firms is as high as 0.98.  
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1. Introduction 

In Sweden, electricity is traded as a commodity in a multi-national power market. This 

power market is the achievement of a cooperation between Sweden, Finland, Denmark and 

Norway. From Bask et al (2011), we know that the wholesale electricity market NordPool 

works quite well in the sense that markups over marginal production cost have been found to 

be low. However, we are not aware of any studies of whether the retail electricity market to 

end consumers in Sweden is also well functioning.  

The purpose of this thesis is to test whether Vattenfall, who is the largest energy firm in 

Sweden, has market power in the sense that it can refrain from changing its price when its 

competitors in the market does. If the market is efficient and well-functioning, market 

participants have no market power, this means that if any of the firms lower their price, this 

will immediately make the other ones lower their prices to the same level, otherwise they lose 

sales. In such a market, price movements will be highly correlated to each other, and I will 

use this idea to investigate if Vattenfall has market power in the Swedish retail market for 

electricity.  

Price data for several types of contracts were gathered and supplied to us by the 

Swedish Energy Market Inspectorate for both Vattenfall and its competitors. In addition, data 

over the NordPool spot price was gathered from the Nordpool website. From Bask et al 

(2011) and Nylund (2013), we know that the NordPool spot price closely follows the 

marginal cost of energy production. And since different production techniques are employed 

at different times of the year, the price series of the retailers would always be highly 

correlated if we ignored this. Thus, the correlation depending on input rather than output 

prices will be purged from the data using an ordinary least square (OLS) regression model of 

the firm price Vattenfall. We use the NordPool price as an independent variable, while the 

price of Vattenfall in one case and the average price of the group of competitors in the other 

as the dependent variable. Then, we use the residuals from these estimations as the input-

price purged price series and present descriptive statistics to see if these input-price purged 

price series are highly correlated as well. This would be a first indication that Vattenfall does 

not have market power in the sense that they can refrain from changing their price when their 

competitors do. In a second step, we use a time series regression model to investigate the 

level of correlation in the two input price purged data series. The results show a high degree 
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of correlation between the price series. Thus, Vattenfall does not seem to have market power 

in the Swedish retail energy market. 

The structure of the rest of the thesis is as follows: Chapter two is a review of some 

previous studies related to competition in electricity markets, the two main topics relevant to 

this study. Chapter three describes the central concept in this thesis, the law of one price. 

Chapter four gives a description of the Nordic energy market, while Chapter five introduces 

data and method. Chapter six contains the analysis and conclusion part of this study. Chapter 

seven discusses the results and possible limitations of this study. 
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2. Literature review 

Owing to the electricity markets technical nature (Weidlich, 2008), it has rendered itself 

one of the most complex to study, and it is also strongly linked to the input fuel markets in 

energy production. The years after 1993 have witnessed a great evolution in the electricity 

industry in several countries in terms of deregulation and competition, changes aimed at 

increasing economic efficiency in the sector (Ventosa, 2005). Given the importance of 

economic efficiency, markets can be categorized into three types with different levels of 

efficiency: monopoly (or perfect cartel) markets, oligopoly markets, and competitive markets. 

The market form with the highest level of economic efficiency is the perfectly 

competitive market. Seldom existing in the real world, the perfect competition model is an 

ideal model where “all firms produce homogeneous, perfectly divisible output and face no 

barriers to entry or exit; producers and consumers have full information, incur no transaction 

costs, and are price takers; and there are no externalities” (Carlton, 2005 p.57). In competitive 

markets, homogeneous goods will thus be sold at the same price in different markets if there 

are no transaction costs (Friedman, 1953). This also known as the Law of One Price (LOP), 

and that prices follow the LOP is a necessary but not sufficient condition for a competitive 

market to exist.  

Later, this has been used to study similarities of price movements in the markets for 

homogenous goods as for example silver and flour (Stigler and Sherwin, 1985), but also in 

more diversified markets as the one for seafood in the EU (Asche et al. 1997). The level of 

statistical sophistication in these studies also differ substantially; while the analysis in Stigler 

and Sherwin (1985) is largely descriptive, Asche et al. (1997) use cointegration tests in their 

empirical work.   

There is another type of existing market, called the monopolistic or cartel market, 

where large firms are prone to colluding with each other to maximize joint profits. One 

previous study, (Jofré, 2010) has suggested that the electricity market in the US is indeed 

monopolistic. However, since the deregulation in 1996, electricity is traded in a common 

Nordic market with several active firms, making collusion difficult to uphold.  

A final market form that could be present in the Swedish electricity market is none-

corporative oligopoly, which refers to the situation when a small number of firms are 

competing separately, but aware of each other’s’ existence and actions (Carlton, 2005). In the 
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energy sector, the British electricity market with competition mainly among three major 

corporations has been suggested to be an oligopoly energy market (Maiorano, 1999), and in 

popular debate the Swedish wholesale electricity market has often also been seen as an 

oligopoly market（Johnsen, 1998）. 

A variant of the non-cooperative oligopoly market is the “dominant firm with a 

competitive fringe”, that refers to a market containing several firms, one of which is large 

enough to be the price setter in the market facing competition only from a group of small 

companies who act as price takers (Carlton, 2005). In Sweden, Vattenfall could perhaps be 

large enough to act as price leader, but that is an empirical question to be investigated in this 

thesis. 

Previously, a few studies have been conducted on the degree of market power in the 

wholesale Nordic power market, NordPool, and these suggest a low degree of market power 

(Hjalmarsson, 2000 and Vassilopoulos, 2003). A comparison between the Nordic and the 

Californian markets also suggested that the wholesale power market in the Nordic countries 

is more competitive (Amundsen, 2006). A later study also showed that the expansion of the 

wholesale Nordic energy market reduced and eventually eliminated the market power that 

was present in the first years after deregulation (Bask et al. 2011).  

How the reform of the wholesale electricity market has affected consumer’s welfare 

was studied by Lundgren (2012a), and his results show a small but statistically significant 

increase in consumer welfare due to the reform. Lundgren also studied price movements in 

the electricity market, with a special focus on the occurrence of sudden price jumps 

(Lundgren, 2012b, 2012c). In the Nordpool market, the larger the market size is, i.e. the more 

countries that have joined the market, the less probable are sudden large price jumps 

(Lundgren, 2012b). Also, the structure of the market can be crucial to the price movement of 

electricity, and whether shocks in supply or demand have large effects on prices or not 

(Lundgren, 2012c). One crucial factor in how well the market works is the absence of 

bottlenecks in transmission of electricity between countries, and thus certain initiatives for 

regional cost sharing in the investments in grid capacity have been launched in the Nordic 

electricity market, and recently also in the EU (Nylund, 2013a). That said, there are still 

differences in efficiency between the Transmission System Operators (TSO) within the EU, 

and how the regulation of TSOs within the EU should be conducted is not straight forward 

because of inefficiency resulting from differences in the TSO’s control (Nylund, 2013c). 
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Also, having an efficient electricity market will be increasingly important, since the 

population age-structure for 2030 is projected to increase the average per capita consumption 

of electricity by around 5-10% in Sweden (Nylund, 2013d). 

The evidence from the wholesale Nordic energy market, NordPool has indicated it is a 

power market with low or no market power. However, there has to my knowledge not been 

any study about the functioning of the retail electricity market in Sweden. Thus, as a first 

study of the functioning of the retail market for electricity in Sweden, this thesis will focus on 

how well the market prices follow the law of one price.  
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3. The Law of One Price 

The law of One Price (LOP), as has been mentioned in the last section, can be 

introduced by the following model. For example, if we let  PS and PB denote the prices of the 

Volvo cars in Stockholm and Beijing respectively. PTs represents the transport and transaction 

costs in shipping the cars from Stockholm to Beijing. When all prices are measured in the 

same currency and units, say, one Swedish krona per Chinese yuan, we can thus get the 

following equation: 

𝑃𝐵 = 𝑃𝑆 + 𝑃𝑇𝑠 (3.1) 

Since neither 𝑃𝑆  nor 𝑃𝑇𝑠  would be valued as zero, the above equation can be 

transformed as follows: 

𝐼𝐵𝑆 =
𝑃𝐵

𝑃𝑆+𝑃𝑇𝑠
= 1 (3.2) 

In case the two markets both produce and can trade the cars in either direction, the law 

of one price states that the price difference (we noted as 𝐼𝐵𝑆) should be smaller or equal to the 

transport and transaction costs, which means 𝐼𝐵𝑆 ≤ 1. 

When the price difference is larger than the transport and transaction costs, rational 

consumers would choose to buy the cars from the lower price market which boost the 

suppliers to reconsider their pricing strategies so as to reach another equilibrium. 

In this study, the commodity under study is not Volvo cars but electricity, and instead 

of comparing prices at different geographical locations, prices from different electricity 

providers are compared. More specifically, the price offered by the dominant firm in the 

market, Vattenfall is compared to the prices offered by Vattenfall’s competitors, including 

E.ON and Fortum, denoted as firm 1, firm 2, and so on.  

So we get the following equation, if the LOP holds: 

𝑃𝑉 = 𝑃1 + 𝑃𝑇1 = 𝑃2 + 𝑃𝑇2 =···=
1

m
(∑ 𝑃𝑖 +∑ 𝑃𝑇𝑖𝑚

𝑖=1
𝑚
𝑖=1 ) = 𝑃𝐹 + 𝑃𝑇𝐹 (3.3) 

𝑃𝐹 represents the fringe price of the market, i.e. the average price offered by 

Vattenfall’s competitors to consumers. 

We rewrite equation (3.3) and get: 
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𝐼𝑉𝐹 =
𝑃𝑉

𝑃𝐹+𝑃𝑇𝐹
= 1 (3.4) 

Instead of transportation and transaction costs, we now focus on the transaction cost of 

switching energy supplier in the Swedish energy market. In this thesis, I will argue that 

compared to the price of the commodity traded, the costs of changing supplier is low. Prices 

from most suppliers are presented and easily compared at several price comparison sites 

online, and the energy firm gaining a new consumer usually handles most of the practical 

work with switching suppliers. Assuming that transaction costs are zero, we get: 

𝐼𝑉𝐹 =
𝑃𝑉

𝑃𝐹
= 1 (3.5) 

where, 𝐼𝑉𝐹 stands for the interest for price difference. 

There are several studies of the law of one price, see e.g. Stiegler and Sherwin (1985), 

Ardeni, (1989), Asche et al. (1997),  Jiménez-Toribio (2007), Halderup et al. (2008), who all 

address the law of one price for different commodities and markets. However, the previous 

study most closely related to ours, since it is based on Swedish data and also studies markets 

with small or zero transaction costs, is Asplund and Friberg (2001). In order to get rid of 

transport costs and stick to the “identical goods assumption”, they chose to study identical 

physical products sold in one market but in (at least) two currencies by examining duty-free 

outlets’ products on Birka Line ferries. They found LOP to hold in these duty-free outlets 

with a maximum deviation of seven to ten percent, which are in accordance with costly 

arbitrage and fixed costs of adjusting nominal prices. Our study is different from theirs in that 

we study a national market having large economic significance rather than a very specific and 

economically quite small market for duty-free goods. That said, there are also similarities in 

our studies, as both focus on markets with homogenous goods where transaction costs are 

negligible, making identification of the law-of-one-price possible.   
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4. The Swedish Energy market 

Before 1996, the Swedish electricity market was a vertically integrated monopoly 

market. Local and regional firms were active, they produced and sold electricity to consumers 

and ran the distribution network as well. There were no competition within any one district at 

all, making the local electricity firm the only supplier of electricity in that region. At that 

time, the market was simply divided into a low voltage and a high voltage market. The high 

voltage market aimed at the retailers, generators and large industries, while the low voltage 

market were for the consumers, that is, mainly households and small firms. Since there was 

no competition in a certain area, the consumer could not change his choice of supplier. 

However, at times local energy production could not meet local demand, and at those times 

there was a “electric power pool” which allowed exchange of power between different 

regions supplying those with a shortage from regions with a surplus. It also has to be 

mentioned that collaborations to handle surplus/shortage situations in the Nordic countries 

was started several years before the deregulation in 1996, allowing transportation of 

electricity between countries in such situations. 

Starting with political discussions in 1990, the deregulation officially took place in 

1996. The deregulation was aiming at providing an efficient and competitive market for 

electricity production and retail. Sweden joined the Nordpool market in 1996, Finland and 

Denmark gradually entered as well in 1998 and 2000.  The deregulation is still carrying on 

today, with NordPool now having Germany, the Netherlands, Poland and the Baltic states as 

its members. By entering the Nordpool market, each member country has to compete with all 

suppliers in the other countries as well on the power price, the day of monopoly pricing in the 

wholesale market has gone. Also with the expansion of the market, former larger generators 

are now having a smaller and smaller market share in the common market.  

The wholesale Nordic power market can be divided into three parts. The first one is the 

voluntary power exchange, called Nordpool. This market deals with the one-day ahead daily 

market, Elspot, as well as the intraday market, Elbas. The second one is the market for 

bilateral contracts, in which two actors in the market trade on their own. The last part of the 

Nordpool market is a financial derivatives market, dealing with futures, forwards and option 

contracts.  In the Nordic electricity market, the wholesale price for electricity is largely 

determined in the one-day ahead spot market in Nordpool, where hourly prices are 

determined based on the demand and supply bids posted by the firms active in the market. 
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Finally, there is the retail electricity market in Sweden, with a large number of retail 

electricity firms. For example, according to data from the Swedish Energy Market 

Inspectorate, in the year 2010 there were a total of 77 firms supplying 120 different contracts 

to end customers in the 20,000 kwh per year category (Rudholm, 2015), and this is also the 

market under study in this thesis. 
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5. Data and Method 

5.1 Data and method 

The data are gathered from two sources, one is the NordPool spot price downloaded 

from the Nordpool website, and the other is a data set provided by the Swedish Energy 

Market Inspectorate containing price data for different types of electricity contracts for 

Vattenfall and its competitors. Vattenfall offers at least four types of contracts to their 

customers: enkeltariff (simple tariff), kärnkraft (nuclear power), vattenkraft (hydro) and 

vindkraft (wind). Since there is no way of physically distinguishing what type of source the 

energy provided has, this can be seen as a way for Vattenfall to differentiate its product in an 

effort to achieve market power.  

There are several types of contracts in the data set, e.g., the 2,000 kwh per year 

contract, the 5,000 kwh per year contract and the 20,000 kwh per year contract.  I choose to 

study the 20,000 kwh per year contract, which represents those who own small houses with 

electricity heating. This is the most common contract in terms of quantity sold for the energy 

firms under study. Note that, although data are measured on a daily basis, the firms tend to 

change the price to consumers only once a month. The data have therefore been aggregated to 

show monthly averages. Studying daily data would not represent the price setting behavior of 

the firms, and would misleadingly give a very high correlation in the empirical estimations. 

Calculating the average price of these four contracts, we get one price series for 

Vattenfall. Together with the Nordpool price data and the average price data for all contracts 

offered by Vattenfalls’ competitors - we call it the fringe price, which is the terminology 

commonly used in the Industrial Economics literature (Waldman and Jensen, 2013, chapter 

5), and this terminology has also been used in studies of the market power in electricity 

networks (Cardell, 1997). Additionally, two other price series were considered, one is the 

average price data for Vattenfall’s large competitors, say, E.ON and Fortum, the other is the 

average price data for its’ small competitors. So we get our data set, containing five variables, 

three of which shall be used in our main test: price of Vattenfall, the spot price of Nordpool, 

and the average price of the competitive fringe consisting of all other firms offering the same 

type of contracts as Vattenfall does; the others will be used to disprove cartel market. 
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The data-set contains 44 observations of monthly prices, from February, 2008 to 

September, 2011. The monthly price  data are presented in Figure 1, while descriptive 

statistics are presented in Table 1. 

Figure 1. Monthly price data (Feb, 2008 till Sept, 2011) 

 

Table 1.  Descriptive statistics of the monthly price data, in öre per Kwh.  

Variable N Mean Std. Dev. Min Max 

Price of Vattenfall 44 106.0262 16.50826 81.88 163.48882 

Nordpool Price 44 47.57065 13.29425 29.75513 93.15261 

Fringe Price 44 107.2330 16.67300 82.09994 165.53321 

Average Price for Large 

Competitors 

44 106.9923 16.76820 82.15 164.92355 

Average Price for Small 

Competitors 

44 107.2836 16.67930 82.10825 165.65003 

 

Just looking at the descriptive statistics for the price series of Vattenfall, the average 

price for larger competitors, the average price for small competitors, and the competitive 
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fringe price (Waldman and Jensen, 2013, Chapter 5, we find the mean, standard deviation and 

the min and max of these four price series seem very similar. Since the price of Vattenfall is 

highly correlated with the price of both its large and small competitors, the similarity in the 

price series could be due to collusion if and only if all firms in the market were in the cartel 

and not just the large ones, otherwise the different price series would diverge. From previous 

studies (Bask et al. 2011), we know that the Nordpool spot price is a good estimate of the 

short run marginal cost of the electricity produced. Thus, the markup over marginal cost is 

approximately one hundred and twenty percent, or 60 öre per kwh for both Vattenfall and the 

competitive fringe. This markup should then cover all fixed costs in the production of 

electricity and give a reasonable return on investment for the firms. 

As we are interested in investigating if the price series are highly correlated due to 

competition rather than through having the same input prices, a step must be taken where the 

effects of the wholesale prices are purged from the firm price series. Following Mohamed 

and Bodger (2005) and Bask et al. (2011) we use OLS regression, using the NordPool spot 

price as an independent variable, and the firm prices of first Vattenfall and then the 

competitive fringe as the dependent variable. Then, we use the residuals from the OLS 

regression estimations as the input price purged price series to test if the prices of Vattenfall 

and the competitive fringe are highly correlated (Mohamed and Bodger (2005). The line chart 

of the residual’s data are shown in Figure 2, while the residuals’ descriptive data are 

presented in Table 2. 
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Figure 2.  Line chart of the monthly residual data  

 
Table 2.  Descriptive statistics of the monthly residual data  

Variable N Mean Std. Dev. Min Max 

Vattenfall residual 44 0 12.40925 -22.15205 49.39597 

Fringe residual 44 0 12.68869 -22.62838 50.28634 

 

Again we see from Table 2 that the mean, standard deviation and the min and max 

value of these two residual series are very close to each other. After the data collection and 

input price purging, we can now start building our empirical model. 

5.2 “ARMAX” modeling 

The ARMAX model is a well-known model that has been widely used in econometric 

research, especially in forecasting (Diaconis, 2000), and was first proposed by Baillie (1980). 

The ARMAX model has been used to investigate the dynamic relationship between tourism 

demand and real income of Japan (Bierens, 1987), while also having been used to forecast the 

2002-2007 period Turkish tourism arrivals in terms of revenues with a data set for the 1963–

2001 sample period (Akal, 2004), based on the fact that international tourist arrivals were 

seasonally dependable on earlier arrivals.  
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This model has also been used in some previous energy market price studies. Wang 

Rui-qing et al. (2013), for example, forecasted the short-term electricity price in the 

Pennsylvania- New Jersey- Maryland (PJM) market based on the ARMAX model,  (). The 

ARMAX model was also used to forecast the market clearing price in a hybrid mid-term 

electricity market (Yan et al., 2013). An extension of this model, the ARMAX-GARCH 

model has also been used to study risk measures in the energy market (Yan et al., 2013), and 

was proved to be very efficient in forecasting value at risk in the market. 

The Auto-Regressive and Moving-Average Model with exogenous inputs (ARMAX) is 

an extension of the Auto-Regressive and Moving-Average Model (ARMA). I therefore start 

by discussing the ARMA model first, and then we show how the ARMAX model used in this 

thesis is constructed based on this model. 

The ARMA model has been widely used in modern economics. This model was 

proposed by Whittle (1951) in his paper “Hypothesis testing in time series analysis”. Then, 

Box and Jenkins (2008) made it better known by the public. It is a regression model 

containing one regression equation, and the model is mainly used in predicting future values 

of the dependent variable, and is made up by two basic models in time-series analysis, the 

Auto-Regressive (AR) model and the Moving Average (MA) model. 

The Auto-Regressive (AR) model can be defined as: 

     (5.1) 

where C is a constant,  is the dependent variable,  being the first lag of the 

dependent variable,  is the parameter to be estimated, and  is a white noise error term. To 

make sure that the AR process is stationary, we must ensure that the parameter .  

The Moving Average (MA) process is defined as: 

    (5.2) 

Where is the expectation of , always assumed as =0,  is the parameter to be 

estimated, and  is a white noise process.  
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Combining the two process, we arrive at the Auto Regressive Moving Average 

(ARMA) model, which can be written as: 

   (5.3) 

The ARMA model is a popular model in time-series energy market studies. Nogales et 

al. (2003) have used this method when forecasting the electricity spot-prices in the power 

exchange (PX) market. Not only is the ARMA model well-known, it also has several 

extensions such as the Autoregressive Integrated Moving Average (ARIMA) model, which 

has also been widely used in studies of energy markets.  For example, Nogales et al. (2003) 

used the ARIMA model to predict the next day electricity price in the power exchange 

market, while Conejo et al. (2005) used this method to carry out one day-ahead electricity 

price forecasting in a pool-based electric energy market.  

However, for my purposes an ARMA model with one additional independent variable 

seem more reasonable as the fringe price also need to be added to the set of explanatory 

variables.  Thus, the following empirical model will be used in this thesis:  

    (5.4) 

This model is called the Auto-Regressive and Moving-Average Model with exogenous 

variables model (ARMAX). In this model, the dependent variable  is determined by both 

its lagged values, Yt-i, and the impact form the independent variable, , which is the fringe 

price, together with its lagged values. The model is thus similar to the ARMA model, but has 

been extended. 

Introducing the variables we are studying, we get the reformed model as follows: 

𝑅𝑉 = 𝐶 + 𝜀𝑡 + ∑ 𝜃𝑖𝑅𝑉𝑡−𝑖
𝑝
𝑖=1 +∑ 𝜑𝑖𝜀𝑡−𝑖

𝑞
𝑖=1 + ∑ 𝜂𝑖𝑅𝐹𝑡−𝑖

𝑏
𝑖=0   (5.5) 

where 𝑅𝑉𝑡  stands for the input price of Vattenfall, while 𝑅𝐹𝑡  is the input price of the 

competitive fringe, 𝜀𝑡 is the white noise process, 𝜃𝑖 and 𝜂𝑖 are the parameters to be estimated.  

Since transaction costs has been assumed to be negligible, we know that the the price 

difference between Vattenfall and the fringe can be expressed as the value of the fringe price 
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divided by the price of Vattenfall. If the market is functioning well, price changes for 

Vattenfall should follow price movements by the fringe in the same direction and with the 

same pace. Thus, when estimating equation (5.5), we expect that 𝜂1 shall be close to one. 

Before estimating our regression model, some practical problems still have to be dealt 

with. First, it must be confirmed that the time series used is stationary in order to avoid 

spurious regression. The problem arises if there are common trends in the data, which do not 

derive from the competitive process we want to study. As has been shown by Granger and 

Newbold (1974), using regression analysis on non-stationary time series would make the t-

test and F-test less convincing, and it would also contribute to a high R2 and a low Durbin-

Watson statistic.  That is, a high correlation in the data could be found but is only due to 

similar trends moving upwards or downwards at the same time. Thus, to make sure the time 

series are stationary we have to do some statistical testing. However, the purging of the input 

prices from our data should at least remove the common trends that are caused by trends in 

the NordPool spot price for electricity, reducing the occurrence of common trends in our 

price data to some extent. 

Finally, we need to decide the number of lags of the dependent and independent 

variables to be used in the estimations. From table 1 and 2, we can see that we have 44 

monthly observations in total. If a too long a lag length is chosen, then there will be fewer 

degrees of freedom, and potential problems of multicollinearity. On the other hand, if too few 

lags are included, the estimations would suffer from a specification error. Considering the 

time length, we assume that the maximum lag length for the monthly data will be six lags 

(half a year). Following Gujarati (2003), we then test all models with lags up to the assumed 

maximum, and use the Akaike information criteria (AIC) and the Schwarz information 

criteria (SC) to decide which model is best.   

5.2.1 Unit Root Test 

As has been stated above, it is important to test the stationarity of the time series, even 

after the purging of the input prices.  

There are mainly two kinds of test for unit root, the Dickey-Fuller test (DF test) and the 

Phillips-Perron test (PP test). We chose to use the Dickey-Fuller test, as it has better 

statistical properties when working with datasets of limited length as we do (Schwert, 1987). 

We assume that the variables contain a unit root, and the variables are generated in a non-
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stationary process. If a unit root is found on levels, we will then use the first and/or second 

difference of the price series until the unit root has vanished. Our hypothesis to be tested is 

thus: 

H0: the data has got a unit root.  

H1: the data does not have a unit root, and is stationary.  

The unit root results are presented in Table 3(a) and 3(b), and the test show that both 

time series are stationary. 

Table 3(a): Augmented Dickey Fuller Unit Root test Results for Fringe Series - Monthly 

 t-Statistic   Prob.* 

Augmented Dickey-Fuller test statistic -5.590370  0.0000 

Test Critical Values: 1% level  -3.592462  

 5% level -2.931404  

10% level -2.603944  

*MacKinnon (1996) one-sided p-values. 

 

Table 3(b): Augmented Dickey Fuller Unit Root test Results for Vattenfall Series - Monthly 

 t-Statistic   Prob.* 

Augmented Dickey-Fuller test statistic -5.729896  0.0000 

Test Critical Values: 1% level  -3.592462  

 5% level -2.931404  

10% level -2.603944  

*MacKinnon (1996) one-sided p-values. 

5.2.2 Lag Order Selection 

As stated above, we should choose a lag order which is neither too long nor too short 

since both creates statistical problems. Following Gujarati (2003), the Akaike information 

criteria (AIC) and the Schwarz criteria (SC) are used to select the lag length. To make it more 

accurate, we tested lag lengths from zero lags to the assumed maximum of a six month lag 

structure, and choose the one that best described the data available.  According to AIC and 

SC criterion, we should choose the smallest value so as to have the best choice for our 
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number of lags (Guajarati, 2003). Based on the AIC and SC criterion results presented in 

Table 4, it is clear that they, for both test statistics, reach their minimum at lag one, which is 

then optimal for our purposes of estimation as models using one lag gives the best fit to the 

available data when also counting the number of parameters estimated. 

Table 4: Lag length choice for monthly data 

Lag 0 1 2 3 4 5 6 

AIC 2.2809 1.5713* 1.6254 1.6635 1.6187 1.6807 1.6877 

SC 2.3620 1.7351* 1.8736 1.9979 2.0409 2.1926 2.2910 

* The minimum value of the criteria 
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6. Results and analysis 

The result for the analysis of the monthly price data is presented below in Table 5. We 

can see from the results that R-squared together with Adjusted R-squared are both over 0.99, 

which means our model is highly significant. Meanwhile, viewing the F-statistic, we see a 

value of nearly 8,543, and this also confirm the significance of the model in another way. To 

check whether the variables we considered are significant, we focus on the t-statistics. As the 

1% confidence level t-statistic for our degrees of freedom is 2.695, and all the coefficients t-

statistics are larger than that, this means that our estimated coefficients are all significantly 

different than zero. 

We should first focus on our main variable of interest, which is the correlation between 

the price of Vattenfall and the fringe price. The reason why we discuss it first is because this 

parameter estimate relates to the law of one price (LOP),  as explained on page 16, first 

paragraph, above. So, if the coefficient for the fringe price is close to one, it means that the 

prices of Vattenfall and the competitive fringe are highly correlated. The results presented in 

Table 5 indicate that this parameter is 0,98, which is a value very close to one. Thus, if the 

fringe price change by one SEK, the Vattenfall price changes on average with 0.98 SEK. This 

implies that price movements are highly correlated in the Swedish electricity market. 

Then, let’s look at the coefficients which represents the previous month’s prices: the 

input price of Vattenfall with one month’s lag and the price of the fringe with one month’s 

lag. The coefficient for the first one is a significantly positive 0.67, while for the latter is a 

significantly negative 0.67. This means that the former month’s price of Vattenfall has a 

significant impact on this month’s price of Vattenfall as well. If Vattenfall’s price last month 

change by one SEK, the price of Vattenfall this month would change with, on average, 0.67 

SEK in the same direction. At the same time, the price of the fringe last month also has a 

significant impact on Vattenfall’s price as well. When the fringe price last month change by 

one SEK, the price of Vattenfall this month would change on average 0.67 SEK, however, in 

the opposite direction. It should, however, be noted that the two price series variables are 

highly correlated, and that the parameter estimates could suffer from multicollinerity issues, 

reducing the efficiency of the estimates.  
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 Table 5: result of monthly data 

Variable Coefficient Std. Error t-Statistic Prob.   

C -0.029742 0.077458 -0.383977 0.7031 

Residual of Vattenfall(-1) 0.667744 0.107398 6.217486 0.0000 

Residual of Fringe 0.984395 0.006230 158.0170 0.0000 

Residual of Fringe(-1) -0.669921 0.105170 -6.369891 0.0000 

R-squared 0.998481     Mean dependent var -0.017458 

Adjusted R-squared 0.998364     S.D. dependent var 12.55556 

S.E. of regression 0.507885     Akaike info criterion 1.571284 

F-statistic 8542.987     Schwarz criterion 1.735116 

Prob(F-statistic) 0.000000      
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7. Conclusions 

In markets where homogenous goods are sold, there are many suppliers active in the 

market, and where transaction costs are low, the law of one price should hold. In this thesis, it 

has been argued that the Swedish retail market for electricity has all these features, and thus 

prices should follow the law of one price with price movements that are highly correlated 

over time.  

Previous studies of energy markets in most cases indicate that they are oligopoly 

markets. This has been found for the British market, where its three major companies 

dominate the market (Maiorano et al., 1999). However, coming under the threat of further 

entry or fear of further regulations, British generators are not exercising as much market 

power as they are able to (Wolfram, 1999). Also, even with a much lower market 

concentration than in the UK, the Californian market has been shown to have significantly 

higher market power than the UK, especially during periods when hydro-power is scarce 

(Borenstein et al., 1999). 

Competition in the Nordic wholesale market for electricity has been investigated by 

Hjalmarsson (2000), Vassilopoulos (2003), and Bask et al. (2011). Their main finding is that 

there is a low degree of market power in the NordPool market, and also that it has diminished 

over time as the market expanded with more countries joining. In a related article, Lundgren 

(2012a), it is also shown that the reform of the Swedish wholesale electricity market in 1996 

resulted in a small but statistically significant increase in consumer welfare due to the reform. 

 However, none of these previous studies addresses the functioning of the retail market 

for electricity in Sweden. From statistics presented by Svensk Energi (Swedenergy), we know 

that the top three electricity producers in Sweden are Vattenfall, E.ON and Fortum. They 

have a total output share of more than 84.8 percent during 2008-2011. Especially, Vattenfall, 

the fifth largest electricity firm in Europe (Vattenfall Annual Report), has had a market share 

in energy output of 58.7 percent in Sweden during 2008-2011, while E.ON and Fortum 

divides the rest approximately equal between the two. It should, however, be noted that as 

part of the production of Vattenfall is sold to other energy retailers who then caters to the 

consumers, their consumer market share is approximately 30%.   

As such, the purpose of this thesis has been to investigate if Vattenfall, the market 

leader in the Swedish retail market for electricity, has market power in the sense that they can 
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refrain from changing their prices when their competitors do. Previous studies indicate that 

the Nordic wholesale power market does not suffer from any large market failures, and 

electricity is priced very close to marginal cost (Bask et al., 2011). However, we are not 

aware of any studies reporting on the functioning of the Swedish retail market for electricity, 

and this thesis is thus a first attempt at addressing that shortcoming in the literature.   

Our results show that price movements are highly correlated in the Swedish retail 

market for electricity, indicating that even for Vattenfall it is difficult not to follow price 

movements in the market. It should be noted that this is a necessary but not sufficient 

condition for the market to be well functioning. It could for example be that Vattenfall is the 

price leader, setting a price above marginal cost. However, as stated in Waldman and Jensen 

(2013) in their chapter about cartel behavior, each of the more than 100 firms in the Swedish 

energy market then has a profit motive to diverge from the price set by Vattenfall. I thus 

deem the possibility of Vattenfall acting as price leader without fringe firms diverging form 

the Vattenfall price to be an unlikely explanation for the similarities in prices and price 

movements in the energy market. So although Vattenfall has a significant market share in the 

Swedish electricity market with around 58% of production and 30% in retail, we interpret the 

results from this study to be a first indication that the market is functioning quite well.  

The results from this thesis are in accordance with those from Hjalmarsson (2000), 

Vassilopoulos (2003), and Bask et al. (2011), all finding evidence of a low level of market 

power on the wholesale (NordPool) level. However, we are now also able to get a first 

indication of how well functioning the retail market for electricity in Sweden is. The results 

show that the price series of Vattenfall and a competitive fringe are highly correlated, and 

that not even Vattenfall can refrain from following the general price movements in the 

market. As such, the Swedish retail electricity market is perhaps also a power market without 

market power, as suggested by Hjalmarsson (2000) when it came to the wholesale market.  

However, it should be noted that a high correlation in the price series of market actors 

is only a necessary and not a sufficient condition for a competitive market, and much more 

research is needed. We do not consider the amount of electricity consumed during that 

period, if the fringe price would be a weighted mean for all the competitors, the result of ours 

would be much more convincing. Also, our setup does not investigate profitability in the 

energy sector, and one possible area for future research would be to estimate the newly 
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developed Boone indicator (Boone, 2008) of market power to further investigate the 

functioning of the market.  
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