3                                   Intelligent Well Technology: Status and Opportunities for Developing Marginal Reserves       SPE


ON THE RELATION BETWEEN WIND POWER GENERATION, ELECTRICITY PRICES AND THE MARKET VALUE OF WIND POWER
Carlo OBERSTEINER, Energy Economics Group (EEG), Vienna University of Technology, Gusshausstrasse 25-29/373-2, 
1040 Vienna, Austria, obersteiner@eeg.tuwien.ac.at
Marcelo SAGUAN, Department of Power and Energy Systems, SUPELEC, 3 rue Joliot Curie, 91192 Gif sur Yvette, France and GRJM, Faculté Jean Monnet, University of Paris XI, 27 avenue Lombart, 92260 Fontenay aux Roses, France, marcelo.saguan@u-psud.fr
Hans AUER, Energy Economics Group (EEG), Vienna University of Technology, Gusshausstrasse 25-29/373-2, 
1040 Vienna, Austria, auer@eeg.tuwien.ac.at
Céline HIROUX, GRJM, Faculté Jean Monnet, University of Paris XI, 27 avenue Lombart, 92260 Fontenay aux Roses, France, celine.hiroux@u-psud.fr 
Overview
In the last decade selected European electricity markets have faced a significant increase of wind power. Given the ambitious 2020 targets of the European Commission for Renewable Energies we can expect the historic trend to continue in the short to medium term.

As marginal cost of wind power is almost zero, rising amounts of wind power ceteris paribus have a dampening effect on electricity prices for a given power system. In literature this effect is referred to as the merit order effect and has already been studied extensively (see e.g. Neubarth et al. (2006) and Bode (2006)). From the power producers point of view the merit order effect lowers the market value of power generation. As wind power generation and electricity prices are correlated the question arises, if the effect on its market value is the same as e.g. for a base load technology. 
Within an investigation of the long-term system value of intermittent power generation technologies Lamont (2008) finds, that the market value of wind power decreases with increasing wind shares while the average system price remains stable. He identifies the decrease in covariance between wind power generation and power prices to be the reason for this effect. Based on this finding we aim to investigate in more detail the impact of fundamental wind and system related parameters on the market value of wind power.



To understand principles and parameters that are affecting the market value of wind power is crucial for a number of stakeholders. Policy makers have to take the (economic) performance of generation technologies into account within their strategic decisions. Regulators base the design of support schemes on expectations on the market value of RES-E technologies that determines the cost of support. Finally, depending on the support mechanism, the market value of wind power may also influence the investment decision of potential investors.

Methods
As a first step we compare the market value of wind power with the baseload price using EEX prices of day-ahead auctions and hourly wind power generation for Austria and Germany for the year 2006. Based on the principle of price formation in liberalised power markets, we then identify fundamental parameters that may influence the market value of wind power.
In order to understand the fundamentals of wind power - price relations, we conduct simulations using a stylized system. Based on actual and simulated hourly wind power and demand time series we calculate the residual system demand. The power price for each hour results from the equilibrium between residual demand and (conventional) supply which is reflected in form of a continuous function. Finally the average power price is compared with the market value of wind power. Within simulations we vary the wind power share, the level of correlation between demand and wind power generation and the degree of supply curve convexity (representing different power system characteristics). We also study the influence of the wind probability distribution representation and its characteristics.

Results
In 2006 the market value of wind power in Austria and Germany is lower than the baseload price. This result is reflected in a negative correlation between hourly wind power generation and EEX spot prices. The observed correlation is on the one hand determined by shocks of fundamental parameters not related to wind power like e.g. the price for gas, coal and CO2-certificates and on the other hand by parameters that determine the system immanent relation between wind power generation and power prices. Latter include the share of wind power, the degree of supply curve convexity, the correlation between wind and demand and the variability of wind power.
Simulation results indicate that the system immanent relation between wind power and power prices 
results in a reduction of the market value of wind power compared to the baseload price for given wind power and power system characteristics in Austria and Germany respectively. Several investigated parameters turn out to influence the market value of wind power significantly. 
The market value is most sensitive on changes of the wind power share as illustrated exemplarily in Figure 1 for the German data set.
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Figure 1. 
Sensitivity of the wind power market value on investigated parameters. Assumptions: German data, supply curve representation: 4th order polynomial, market value normalized with base load price



Conclusions

In power markets with significant wind power shares the baseload prices turns out to be no proper indicator for the market value of wind power. For current wind power and system characteristics instead we might expect the market value of to be lower than the baseload price.
The sensitivity of the market value on the wind power variance implies that geographically extended power markets are beneficial from the perspective of wind power given the relation between spatial distribution and wind power variability.
When estimating the future need for supporting wind power it is crucial to take into account the relations between wind power generation and wholesale electricity prices as illustrated in this paper.
Future work may include the extension and application of the model to regional power markets with realistic supply curve representation and an assessment of the empirical bandwidth of analysed influence parameters.
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