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Overview

Historically, the whole electricity industry was considered as a natural monopoly that was short of competition due to market failures. However, recent changes in the ownership structure have imposed direct constraints on investment activities. This led to a natural change in managerial targets, and hence also to resource and investment allocation. The investments into research and development (R&D) were also not an exception. These investments were mainly affected by the changes in stock ownership (privatization) and by introduction of competition in the production sector (liberalization). The R&D investments in electricity sector have significantly dropped after the privatization process, since the utility was no longer acting as a public welfare maximizer and, therefore, it focused more on projects that were directly linked to its core business and to its customers (Sanyal, 2007). Moreover, as argued by Munari et al. (2002a) the public utilities were often short of R&D efficiency as a consequence of waste or even project duplication. Therefore, the recent investment moves from the national interest objectives towards energy efficiency improvement. Before liberalization, the most widely used regulation across Europe was cost-based regulation. Since with this regulatory regime the utilities get back all their realized costs, the R&D expenditures can be considered as fixed costs leading to investment inefficiency and overinvestment (Averch Johnson, 1962). However, with deregulation the competing firms face an increased risk coming from R&D uncertainty.  Therefore, the utilities are pushed towards the effective R&D investment with the highest expected return. This encourages short-term and applied R&D with immediate return, since long-term research projects face reasonably higher uncertainty (although with higher expected return). Despite of this, Munari et al. (2002b) argues that with increasing competition the firms should focus more on long-term projects in order to retrain their position in the market with more radical innovations and product differentiation. 

In our paper we study the effect of electricity reforms on R&D expenditures. We take the two main stages electricity sector, generation, and transmission and distribution separately, and analyze the effect of six regulatory variables, third party access to the grid, liberalized wholesale market, minimum consumption threshold, ownership unbundling, overall degree of vertical separation, public ownership. Up to our knowledge this paper is the first that analyze the effect of electricity reform on electricity-related R&D investment in both sectors separately. 
Methods

The data on R&D expenditures in European countries shows a huge fluctuation and a decreasing trend that is similar to the U.S. case. We use data for the period 1974-2010 for 17 EU countries. Our empirical model is based on Bond et. al (2010), and is adjusted to control for the regulatory variables. The two equations for generations and transmission are estimated separately. Thus, our error correction model specification for modelling R&D takes the following form: 
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where r denotes the log of the R&D expenditure, y the log of the output, VAR the set of independent variables and additionally we include our six regulatory variables REG. Additionally, for the transmission and distribution sector we also include a price regulation variable, that controls for the type of the regulation (cost based or incentive based). As in our estimation we need to control for country-specific effects a natural choice for the panel estimation method would be a fixed effects model. However, when lagged dependent variable is among regressors the fixed effects model leads to biased estimates that arise from the correlation of the lagged dependent variable and the average of the past disturbances. Hence, for model estimation we use the GMM dynamic panel estimator that works through the utilization of all the available lags of dependent variable and regressors as instruments in the differenced form.
Results & Conclusion
Our results indicate a negative impact of privatization on R&D investment for the privatized firms. However, the impact of privatization on innovations for the electricity grid that remained under state control, was positive. For competing electricity producers we found a negative effect of competition on R&D investment, on the other side the effect on regulated transmission and distribution sector was ambiguous. The unbundled upstream firms (generators) invest less in technology development, while the effect on downstream firms was positive. Finally, we found a negative effect of incentive regulation on R&D investment indicating a lack of incentives for innovations in the regulatory rules.  
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