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Overview
Although the Polish electricity generation sector underwent several consolidations resulting in a significant change in market shares held by power companies, no quantitative analysis of market power in Poland has so far been carried out. Undeniably, the Energy Regulatory Office fulfils its obligation and submits national reports to the European Commission with analyses based on the use of concentration ratios and the Herfindahl-Hirschman Index (HHI). However, even more advanced analyses based on methods also incorporating the demand side of the power market (such as the Supply Margin Assessment (SMA), the Pivotal Supplier Indicator (PSI) and the Residual Supply Index (RSI)) have just recently been estimated for the first time (Kamiński 2011a). In addition there is no diversity in the power generation fuel-mix and the Polish power sector is still dependent on coal: more than 93% of electricity is generated by coal-fired power plants. There are many reasons determining this unique fuel-mix, among which the abundance of domestic coal supplies is the most important one. Although some efforts have been made to change this situation since the beginning of the economic transformation in the early 1990s, they did not lead to significant changes and the Polish power generation sector still requires substantial amounts of coal. Overall, 34% of electricity is produced by brown-coal power plants and 59% by hard-coal power plants. Taking into consideration these circumstances, the issue of market power in the Polish power generation sector should not be discussed without taking into account the influence of fuel prices.
[bookmark: _GoBack]Taking into consideration all these circumstances, the aims of this paper are: (i) to develop a game theory based computable market equilibrium model of the Polish power generation sector (the PolMark model), and (ii) to carry out an analysis of market power in the Polish coal-based power generation sector. In particular the impact of the strategic behaviour of power producers on electricity prices, production volumes, consumer and producer surpluses, dead weight welfare loss and fuel supplies to the power generation sector under different scenarios are considered.
Methodology
Computable game-theory market equilibrium models of the electricity generation sector have, as already pointed out, been developed for several national and international markets. However, such a model has never been developed for Poland. Taking into consideration the advantages and disadvantages of the most common methodologies, the Cournot approach, improved by the inclusion of Conjectural Variations, was chosen for this study. Classic Cournot models were severely criticised in the past, because, as a result of neglecting competitors’ supply functions, the prices were too high and the production volumes were too low when compared to actual market values. An improvement was therefore needed with regard to the standard formulation of the Cournot model. The Conjectural Variation for a given power producer is defined as its expectation of the competitors’ reaction to its production decision. Enriching the Cournot approach with the inclusion of Conjectural Variations increases the plausibility of the model outcomes and leads to better insights into the problem.
The market equilibrium game-theory based model which is employed for this study (the PolMark model) reflects the most important relations existing in the power market. Owing to the aim of the study, the generation sector is represented at power plant level. Power plants operate as individual units consolidated within energy groups and holdings. The remaining power plants operate on an individual basis. The model captures different market structures dependent on the strategies of the market players. As far as fuel supplies are concerned, fuel prices are assumed to be subject to quarterly fluctuations, hence leading to a more precise representation of the fuel price  electricity generation costs  electricity prices relationship. By including this, the model enables analyses to be made of the impact of the different behaviour of power generation companies with regard to fuel supplies to the power sector.
Results and discussion
[bookmark: _Toc98656391]Several measures have been applied to carry out the analysis of market power in the Polish power generation sector. In particular the following measures are discussed under the scenarios and cases assumed above: (1) gross electricity production [TWh], (2) market price of electricity [zł/MWh], (3) consumer surplus [Mzł], (4) producer surplus [Mzł], (5) net social surplus [Mzł], (6) dead weight welfare loss [Mzł], (7) electricity production fuel-mix [TWh], (8) CO2 emissions from the power generation sector [Mt] and (9) fuel supplies to the power sector (separately for hard coal, brown coal, etc.) [PJ].
The reference scenario (REF) assumes strategic behaviour by the largest player, with the intensity derived from the market outcomes of 2008. Under this scenario the total electricity production equals 147.97 TWh and the market price is 155.06 zł/MWh. In a fully competitive electricity market the price of electricity is based on the cost of the marginal supply, and no market power mark-up is applied by any producer (the COMP scenario). A comparison of such a scenario with the reference one (REF) shows that electricity consumption would increase, leading to an increase in total electricity production by 9.86 TWh. This would be accompanied by a decrease in electricity price to 132.26 zł/MWh (22.8 zł/MWh lower than in the REF scenario) (Table 1).
Under the scenario assuming full strategic behaviour of the largest power producer, according to the Cournot assumption (the FULL1ST scenario), the electricity price would soar to 331.6 zł/MWh suppressing electricity consumption. As a result the total production would plummet to only 108.61 TWh. Such a scenario would have a very negative impact on the surplus transfer, to be discussed later on. The scenario under which the 2nd biggest power producer behaves fully strategically would cause a drop in electricity production by only 4.91 TWh and an increase in electricity price by 12.73 zł/MWh. Interestingly, if all the power producers are assumed to behave strategically with the same intensity as the biggest power producer in 2008 (the ALLSAME scenario), the electricity production would decrease by 7.24 TWh causing an increase in price by 19.41 zł/MWh (Table 1).
[bookmark: _Ref289860662]Table 1
Electricity production [TWh] and wholesale price of electricity [zł/MWh] 
under the REF, COMP, FULL1ST, FULL2ND and ALLSAME scenarios, 2008
	 
	REF
	COMP
	FULL1ST
	FULL2ND
	ALLSAME

	Electricity production [TWh]
	147.97    
	157.83    
	108.61    
	143.06    
	140.73    

	Average market price [zł/MWh]
	155.06    
	132.26
	331.60    
	167.79    
	174.47    


Under the REF scenario the consumer and producer surplus are estimated to be at the level of 859.3 and 12.1 billion zł respectively. In consequence, the total net surplus amounts to 871.4 billion zł. If all the market players had behaved competitively (the COMP scenario) the consumer surplus would have increased by 3.2 billion zł and the producer surplus would decrease by 2.8 billion zł. Having calculated the producer and consumer surpluses, an estimate of the dead weight welfare loss is possible under scenarios assuming various behaviours of power producers. The dead weight loss of the REF scenario when compared to the COMP scenario is estimated to be at the level of 434.5 Mzł. This reflects the net social loss resulting from market power in the Polish power generation sector (Table 2).
Full strategic behaviour by the largest power producer (FULL1ST) would result in an immense surplus transfer from consumers to producers, causing a dead weight welfare loss increase of 4.36 billion zł when compared to the REF scenario. Strategic behaviour of the second biggest market player (FULL2ND) would not be that severe for the consumers, as it would lead to a decrease in their surplus by 1.6 billion zł and an increase in dead weight loss by 119.5 Mzł. Under a scenario in which all producers take the same strategy trying to apply the mark-up at the same level (ALLSAME), the reduction of consumer surplus of 2.5 billion zł would be accompanied by an increase in producer surplus of 2.3 billion zł, with an increase in dead weight welfare loss of 193.2 Mzł (Table 2).
[bookmark: _Ref289860670]Table 2
Consumer, producer, net social surplus and dead weight loss 
under the REF, COMP, FULL1ST, FULL2ND and ALLSAME scenarios [Mzł], 2008
	 
	REF
	Difference when compared to the REF scenario:

	
	
	COMP
	FULL1ST
	FULL2ND
	ALLSAME

	Consumer Surplus
	859 308.15    
	3 213.35
	-20 300.49    
	-1 647.39    
	-2 497.49    

	Producer Surplus
	12 064.23    
	-2 778.83
	 15 939.61    
	 1 527.93    
	 2 304.23    

	Net social surplus
	871 372.38    
	Dead Weight Loss

	
	
	434.52
	-4 360.88
	-119.46
	-193.25


Conclusions
The results presented in this paper confirm that the potential existing in the Polish power generation sector to exert market power has a negative impact on wholesale electricity prices and production volumes. The analysis indicates that under the competitive scenario the average wholesale electricity price would be approximately 22.8 zł/MWh lower when compared to the reference scenario. As a result of increased consumption, the total electricity production would be higher, by almost 10 TWh. In consequence, the consumer surplus would be 3.21 billion zł lower and the producer surplus would increase by 2.78 billion zł. Such a surplus transfer was accompanied by the dead weight welfare loss, which is estimated at the level of 434.5 Mzł. This amount reflects the net social loss resulting from market power in the power generation sector.
It is already commonly accepted that leaving the electricity markets without any control, agreeing on each and every merger or consolidation could eventually lead to malfunctioning of the market. This has an impact on the final consumers perceived not only via directly recognizable prices and quantities, but also on the surplus transfers and dead weight surplus loss.
Of course the biggest energy companies are focused on maximisation of profits in the short-term and increasing the value of a company in the long-term. In fact, this is absolutely correct, because supervision of the electricity market and ensuring its efficient functioning should fall under the responsibility of regulators, competition offices and appropriate ministries. Consequently, adequate policy actions should be carried out by these bodies to protect final consumers and smaller producers against the oligopolistic behaviour of energy companies. However, this can only be done if robust studies are carried out with the employment of appropriate tools. Otherwise, it is simply impossible to control and force the energy companies to refrain from exerting their market power.
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