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Overview
20% renewable energy in the European Union by 2020 is the ambitious target set in 2007 by the European Commission (European Commission, 2007). In 1997 the Commission set a target at 12 % of total energy supply in 2010 (European Commission, 1997), which is not going to be reached. Following, the big question is: How are we going to reach this target? Presently, 6.4 % of global primary energy supply and 14 % of global electricity production is delivered from renewable energy in the European Union (Euractiv, 2008), wherefore, we have to count on instant significant investments in renewable energy technologies. First, several studies find that the investment climate for renewable energy technologies is very unattractive for investors, partly due to high regulatory risks (Regwitz et al., 2007). These are not becoming less with the current discussions on harmonization (Ragwitz et al., 2007), and trade with certificates or origin (European Commission, 2008) that indicates interference on present policy schemes. Second, support schemes addressed at renewable energy technolgies are correlated with several other support schemes, e.g., tradable emission permits, and local industrial regulation, which are also addresses in the recent suggested directive from the Commission (European Commission, 2008). This calls for further knowledge on interaction between support schemes from an investor’s point of view to evaluate whether or not the support is used efficiently.   

This paper analyzes how choice of support mechanisms influence the investor behaviour, i.e., how is the correlation between support mechanisms and risk premiums for renewable energy technologies under consideration of the market mechanisms that are present in the conventional power market. The aim of this analysis is to illustrate that the choice of support mechanism affects the risk premiums in different ways, depending on other uncertain parameters, and hence, the effectiveness of the support mechanism as a hedging instrument is influenced. The focus is on the case of renewable energy technologies used for electricity production.
Methods
The analyses are conducted by the use of a partial equilibrium model of a liberalized power market that calculates optimal investments in production capacity by maximizing social welfare under perfect competition. Risk adjustments are included through an interaction with a risk module that calculates risk premiums based on uncertainties implemented in the power market model (method developed from Lemming, and Meibom, 2003).  The idea of the model is to calculate optimal investments in production capacity by maximizing an objective consisting of sum of producer and consumer surplus under perfect competition during a given time horizon. Following, the model will result in different technology-mixes under different support schemes, i.e., under more effective support schemes the share of renewable energy production will be higher than in other cases. The measure used to illustrate this, is the risk premium demanded by investors in order for them to pursue renewable energy investments.  

One of the important aspects of this model is the inclusion of risk adjustment in a more traditional power market model. Consequently, it is important to include various uncertain parameters relevant for the investment decision in this model. Wherefore, we include parameters that influence the cash flow. For simplicity in the analyses, we choose to illustrate the results with calculations on wind power onshore and offshore. As conventional energy technologies, we include coal fired power plant and combined cycle gas turbines. The stochastic input from these technologies are: variable production costs (including gas and coal prices), and production from wind turbines (wind speeds). Of exogenous uncertainties, we include power demand and CO2-prices. CO2-prices could be included as endogenous parameters determined from an emission quota, but we choose to make it exogenous as our model is assumed to represents a small fraction of an overall emission permit market. 

Finally, different support schemes and their influence on the cash flow for the renewable energy projects are included in the analyses. We choose to analyse tradable green certificates, feed-in tariffs, premiums, and investment subsidies. Consequently, the final output is an analysis of the interaction between support schemes and investments by linking information on uncertainties in different parameters affecting the profitability of renewable energy technologies, the very different characteristics of renewable energy technolgies, and which policy instruments that are used. Following, we analyse the different support schemes by addressing how different risk factors influence investment in new technologies, through the discussion of how each risk factor affects the required risk premium, that is, which element has the highest contributions to the risk profile of the technology.
Results
The main result in this paper is how different policy mechanisms influence risk premiums for renewable energy technolgies. The results are conformed by an analysis of both the interaction between different support schemes and cash flow values, but also of how market equilibrium prices indirect influence these. It is expected that the model will show different sensitivity towards stochastic parameter depending of the selected support scheme. The sub conclusions will focus on how uncertainty on CO2-prices affects the risk premiums, and the resulting technology-mix, and furthermore, how CO2-prices are correlated with policy instruments. The final conclusion addresses how the choice of support schemes for renewable energy technologies are important for the success and efficiency implementing more renewable energy sources. As a result hereof, we will be able to make recommendations for which support mechanisms that are more or less favourable to promote in order to meet the 20% renewable energy target set for 2020.
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