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Overview
[bookmark: _GoBack]The recent restructuring of European electricity markets has brought about some unforeseen adverse effects. One of them concerns the missing money problem, which describes a lack of investment incentives for generation capacity from conventional fuel types. Among other factors, guaranteed feed-in tariffs for renewable energy (e.g. wind, solar) lead to lower prices at the spot exchanges and fewer number of hours running (NOHR) for conventional fuel sources (i.e. coal, gas, oil) which is said to lower investment incentives for the latter types. This is in line with the value of waiting theory by Dixit and Pindyck (1994) who claim that investment will be lower the higher the variance in the price. Bar-Ilan and Strange (1996) on the other hand argue that the value of lost option calls for higher investments when the variance of the price is higher. The missing money problem is a controversial issue since conventional power plants are needed as a backup system for the highly volatile renewable energy sources. Our analysis therefore investigates the effect of shrinking average prices and increasing price volatility arising from the feed-in of subsidized and intermittent renewables on investment incentives in generation capacity and whether investments different types respond differently to the increasing price volatility. (OECD (2012))

Figure 1 Higher renewable feed-in leads to lower variable cash-flows for conventional power plants and fewer NOHR for peak-load capacities, ceteris paribus. 
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Methods
A rich dataset provided by PLATTS PowerVision enables a granular firm-level investigation of physical investments in generating capacity in 15 European countries. Different types of generating capacity can be distinguished by fuel type and unit prime mover and can therefore be clustered in different groups such as renewables, conventional peaking capacities and conventional base load capacities. Information from the respective country’s power exchange provides information on an hourly basis regarding the price at the spot exchange  and thus the income each plant is generating. This is matched with the calculated variable costs  each plant type is accruing as well as the efficiency factor  and the available capacity  to estimate the variable cash-flows each plant is generating according to the following equation: 
 
Where the indices i, j, t, h, c denote the firm, the plant-type, the year, the hour and the country in which the plant is producing, respectively. Currently included are the years 2006-2013 but the Panel is unbalanced due to due to the incomprehensive price data.
In addition the NOHR for each plant-type is running in a respective year is calculated. For this calculation, each holding company’s merit order is calculated. The assumption made is that as long as the price at the power exchange is higher than the variable costs of a given generating plant-type that plant is feeding into the grid. Since the price at the power exchange balances supply and demand, the assumption should be quite accurate.
A further step will include the estimation of an investment equation building on the existing literature on electricity investment (e.g. Cambini and Rondi (2010); Joskow (2006)) and expanding a neoclassical investment model by indicators of price levels and volatility as well as the share of countries’ production from renewables in total electricity production. The reduced form estimation equation has the following form

Where  denotes the error term and the actual investment in generating capacity is described by the investment differential according to 

For a subset of listed firms explanatory variables that act as standard determinants of investment (e.g. sales, cash flows, Tobin’s Q, capex to total assets) from Worldscope and institutional and regulatory indicators (e.g. WACC, type of regulatory regime, share of private ownership) from external sources will be included. Given the panel structure of our data, we may control for time-invariant unobserved fixed effects. Moreover, GMM estimation may deal with dynamic panel bias and the potential problem of endogeneity stemming from including a lagged dependent variable.
Results
The data shows that variable cash-flows are very heterogeneous between types, firms and countries. The differences between types can be seen in Figure 2 for Germany and the types CCGT and hard coal. The variable cash-flows for CCGT plants in Germany decreased substantially in the years 2009-2013 which supports the claim made by Dixit and Pindyck (1994) that renewable feed-in has a negative effect on the revenues generated by peaking capacities. 
Figure 2 Yearly average variable cash-flows for CCGT and hard coal power plants in Germany.
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Scatterplots as seen below for the German electricity market show that the correlation between the NOHR and the variance of the price behaves differently for different types and thus lends support to both hypotheses. The correlation is negative for conventional fuel types (types 4-11) and is negative for pump storages (type 12) while for other types such as renewables (types 1-3) the variance of the price does not have an influence on the NOHR. The last result is probably driven by political decisions such as the subsidization. These results are intuitive and imply that the current mechanisms in European electricity markets where prices are diminishing have an adverse effect on the income of conventional power plants.
Figure 3 Scatterplot for the relationship between variance of the price (var_p) and the NOHR in Germany
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Conclusions
We empirically analyse the impact of lower spot market prices and/or price volatility on firms’ investments in electricity generation capacity. The purpose of doing so is to draw inferences on the missing money problem at European electricity markets. As can be seen from the data spot market prices have different impacts on different generating types. In general, our study helps to add depth on the understanding of electricity investment incentives in a vastly changing environment. Eventually, we may reach some policy advice on the debate of capacity markets.
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