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Overview
Different countries and regions are introducing policies aimed at lowering the environmental footprint from the energy sector and increasing the use of renewable energy. For instance, the European Union is trying to implement its ambitious 20/20/20 targets by 2020, which aim at reducing greenhouse gas emissions with 20% (compared to 1990), increasing the amount of renewable energy to 20%, and reducing the overall energy consumption with 20% through energy efficiency (EU 2008). In the United States, a number of initiatives have been taken at the state level, from renewable portfolio standards (Wiser and Barbose, 2008) to regional greenhouse gas emission control schemes. Within the federal government, new energy and environmental policies and goals are also currently considered, and these are likely to substantially increase the use of renewable energy. 
With the current focus on energy and the environment, efficient integration of renewable energy into the electric power system is becoming increasingly important. In a recent report, the US Department of Energy (DOE) describes a model-based scenario, where wind energy provides 20% of the US electricity demand in 2030 (DOE 2008). The report discusses a set of technical and economic challenges that have to be overcome for this scenario to unfold. 
A large-scale introduction of wind power causes a number of challenges for electricity market operators, which will have to deal with the variability and uncertainty in the wind power generation in their scheduling and dispatch decisions. In this paper, we discuss how wind power is currently handled in electricity markets. In particular, we focus on how the information from advanced wind power forecasting tools are being used in the day ahead and real time market operations. Based on a survey of existing practices and procedures among selected system operators in the US, we identify important areas of improvement. We also make comparisons to how wind power is integrated into system and market operations in Europe.
The overall objective of our project is to contribute to a more efficient use of wind power forecasts in electricity market operations, from unit commitment and dispatch decisions to the procurement and use of operating reserves. Improved use of forecasting techniques in market operations can in turn facilitate a more efficient and larger introduction of wind power and other renewable energy sources in the electric power system. 
Methods
This paper will summarize the main results from an ongoing survey of how wind power is handled in electricity markets, and particularly how wind power forecasting is used in short-term market operations. The survey covers existing literature in this area and also includes direct communication with system and market operators in the US. The survey focuses on the following main issues:
· How is wind power generation handled in electricity market operations? Do wind power generators participate in day-ahead and real-time electricity markets? Do they bid into the market or are they price-takers? How frequently are commitment and dispatch decisions updated? How are real-time imbalances settled for wind power generation?

· To what extent are wind power forecasting systems currently used among system operators? What type of forecasting systems are used? Are wind power producers required to submit wind power forecasts to the system operator?
· How are wind power forecasts taken into account in day-ahead and real-time operations? How are the forecasts represented in unit commitment and dispatch routines? How is the uncertainty in wind power generation taken into account in the market operations?
· What type of security criteria are used to determine the amount of operating reserves? How are the additional variability and uncertainty from wind power generation handled in the procurement and use of operating reserves? Can wind power plants provide reserves? Do wind generators pay for the additional needs for ancillary services?
Through our survey we are particularly interested in finding out how system operators are planning to handle the increased uncertainty in power systems with an increasing penetration of wind power. Several new methods and procedures have been proposed to better handle uncertainty in unit commitment and dispatch models, and to optimize the trade-off between cost and security in electricity markets (Bouffard and Galiana 2008, Meibom et al. 2007, Wang et al. 2008). At the same time, wind power forecasting tools have improved rapidly over the last few years, and it is important to make use of the information these tools can provide to system and market operations. Deterministic methods are traditionally used to address security in electricity market operations, but the benefits of using stochastic approaches are likely to increase as more renewable generation like wind power is being introduced combined with the availability of stochastic forecasting tools. However, it is important to keep in mind that there is often a discrepancy between what is optimal from a theoretical perspective and what can be implemented in real-world electricity market operations. 
Results and Conclusions

In the full paper we will present the main results from our survey. We will summarize and compare how wind power is handled in different electricity markets, and how wind power forecasts are used in market operations. Based on our findings we will give recommendations for how methods and procedures can be improved in order to address the variability and uncertainty in wind power generation, and how to efficiently use the information available in advanced wind power forecasting systems. 
Our results so far indicate that there are large differences in how wind power generation is handled in different markets. Several US system operators have recently started using wind power forecasting systems as input to their operations, and others are in the process of testing such systems. However, this is an evolving area and no uniform set of procedures and rules have emerged. An important challenge is to design market rules which give the right incentives for market participants to acquire and make use of the information provided by the wind power forecasting tools. System and market operators in some European countries (e.g. Denmark, Germany, Spain, and Portugal) already have extensive experience in handling relatively large shares of wind power generation, but their counterparts in the US are quickly catching up. 
It is clear that advanced wind power forecasting can contribute to more efficient electricity market operations, and thereby facilitate a larger-scale integration of wind energy in electricity markets. In turn, this will make it easier for the electric power sector to reach ambitious goals for renewable generation and greenhouse gas emission.
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