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Overview

During the last 30 years, there has been a remarkable change in the wind power industry with declining costs and increasing electricity output. A factor that might speed up the innovative process and development of wind power is knowledge spillover, something that has been found and is considered important for other industries. However, when it comes to wind power, there is a shortage of comprehensive studies and previous research has found only limited evidence of knowledge spillovers in the industry. The paper studies the patents granted during the time period 1978-2008 as an innovative measure and focuses on core wind power countries in Western Europe in order to examine those countries that as a matter of fact invest and are engaged in the wind power industry. 
It is established that the cost of renewable energy falls as the usage of a technology expands (Ek & Söderholm, 2010); less is however known about to what extent renewable energy technology knowledge spills over from the original source to new areas (Lehmann, 2013). In general production- and non-renewable energy technologies there is empirical evidence of knowledge spillover effects (Lester & McCabe, 1993; Zimmerman, 1982). In this paper, knowledge spillovers within the wind power sector and related industries are studied to determine if there are any spillover effects present. Knowledge spillovers refer in this paper to whether one countries innovative output have a positive effect on a neighbouring countries ability to produce patents.
Technological knowledge stocks based on patents in each country was constructed constructed and studied, they reflects the cumulative technological knowledge that a country or a firm possesses at a given point in time (Park & Park, 2003). If there is a positive correlation between output and the foreign knowledge stock it is usually interpreted as a sign of knowledge spillovers (Bode, 2004). This paper draws its inspiration from the approach of measuring spillovers from a working paper by Braun et al. (2010) but extends and develops it in a number of ways. First of all it focuses on the main actors within the European wind power knowledge production market to investigate their relation instead of incorporating many countries where no wind power research is performed. Further the dataset is extended to cover a larger time period and contains granted patents instead of applications which give the results a further qualitative edge since approximately half of the patent applications to the EPO are granted. 
The main purpose of this paper is to investigate the possible occurrence of spillovers in the wind power sector and to test whether geographical distance has an effect on technological spillovers in this field. It is important to investigate this for several reasons. When there is knowledge spillovers there tend to be underinvestment in R&D since the full value cannot be kept (Popp, 2005). For policy makers that attempts to resolve environmental issues an answer on this question is necessary to be able to choose the right approach to public policy.
Methods

The quantitative analysis in this paper is conducted by using patent data consisting of granted wind power patents
 at the European Patent Office. The dataset cover the eight nations in Western Europe which has the highest output of wind power patents. The time period covered is 1978-2008. 

A knowledge production function will be estimated using the conventional negative binomial regression with direct estimation of the fixed effects will be performed instead of conditioning them out of the likelihood. Simulation results by Green (2001) suggest that this estimation method does not suffer from incidental parameters bias, the previously used when using the negative binominal model which is a questioned econometric approach is also used and commented on.
Results 
This paper found that the domestic knowledge stock of wind power patents has a statistically significant impact on a country’s ability to innovate, the same held true for wind power related industries
. There were very limited support for international knowledge spillovers and when there were statistically significant results they were negative. This could possibly indicate that if there are one or more technological leaders, as Germany and Denmark are in the wind power case, other countries will take a non-innovation strategy.
After relaxing the initial assumption that distance is not an issue for knowledge spillovers we apply different geographical distance weightings on the knowledge stock as suggested in several previous studies, see (Bode, 2004). After applying this method no statistically significant effect of international knowledge spillovers were discovered. His result reinforce the previously obtained result where no international spillovers were discovered This goes in line with previous regional studies who have emphasized the importance of geopolitical borders and distance. 
Conclusions

The findings in this paper suggest that the research effort in bordering countries could not with certainty be said spillover to other countries. Domestic research is however important for the future chance of new patents this is an indication of that there are research spillovers. For the development of green energy in Europe the existence of cross border spillovers due to research effort would have been a positive finding. 

What the results show is that even though the installed capacity is going up in Europe the patents taken in one country does not necessarily increase other countries ability to take own patents at least when looking at the selected countries as a whole. These findings does not exclude the possibility of knowledge spillovers between for example the technological leaders in the field like Germany and Denmark which could be a topic for further investigation. The positive externality of knowledge, in the form if increased technological development capacity, have a hard time crossing country borders at least at the moment. The results of this paper can indicate that there are reasons to worry about underinvestment in wind power technology since free riding possibilities might exist. 
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� The patent count forms the key explanatory variable and is defined by The World intellectual Property Organization’s Green IPC inventory and the category of interest is F03D, wind motors, it is, by the UK intellectual property organization, estimated to contain approximately 96 percent of wind power related patents.


� The patent stock in related fields are derive by summing over all applications belonging to the field “energy machinery” except for those belonging directly to wind energy (“F03D”)





