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Overview

This paper deals with the effect of cross-border knowledge spillovers on technological innovation in the renewable energy sector. Namely, the main objective is to provide empirical evidence on the relationship between the patenting activities of industrialized countries in renewable energies and knowledge spillovers stemming from other countries over the 1990-2006 period. 
Energy innovation plays a crucial role in the reduction of carbon emissions (e.g. IPCC, 2007; Popp et al., 2009a). Recent aggregate models have increasingly represented technological change as endogenous to the energy sector, and have assumed that it can arise not only from knowledge creation by R&D, but also from learning-by-doing dynamics (e.g., Popp, 2004, 2006a; van der Zwaan et al., 2002). While this approach illustrates quite well the most advanced energy innovation systems, it seems to be less appropriate to represent laggard countries, which are more likely to exploit the new energy technologies that other countries have developed (Bosetti et al. 2008, OECD 2008). In particular, both new energy technologies and new knowledge originating from energy R&D could flow from foreign countries to domestic players via trade in goods and services, foreign direct investment, licensing, joint ventures, published information in patent applications, etc (OECD 2009).

The empirical analysis is targeted to assess the effectiveness of international knowledge spillovers in the development of renewable energy technologies. From the policy point of view, if international knowledge spillovers are confirmed to be beneficial, it is important to understand how they can be reaped and under which conditions technological laggard countries can exploit them. To this aim, it is necessary to distinguish between embodied and disembodied knowledge spillovers in the sense that countries are technologically linked through a number of channels other than imports of intermediary goods and FDI, for example employee turnover and published information. The empirical findings are expected to add to the literature in the field of renewable energy technologies by exploring the potential of  disembodied cross-country knowledge flows as a means to enter the technology development arena in the energy sector.

The analysis is conducted using patent data on a panel of 18 countries over the period 1990-2006. Three different indicators are constructed to represent disembodied cross-country knowledge spillovers. One is the unweighted sum of R&D stocks in other countries, i.e. POL. The second and third indicators use different weight to aggregate R&D stocks in other countries. The second indicator, i.e., DIS, uses the inverse geographic distance as weights and the third indicator, i.e. TRF uses the ratio between trade flows and the GDP of the partner country as weight. The aim of using the weighted indicators is to represent cross-country linkages among countries. Specifically, POL is intended to represent the diffusion of technological ideas through codified information (e.g. papers, conferences, etc), without a real need to have repeated contacts and interactions. DIS assumes that closer countries have quite naturally a larger amount of contacts and interactions to exchange technological knowledge and it captures localized spillovers. TRF is intended to represent the diffusion of the components of technological ideas that are more tacit and less codified and as such need repeated contacts and interactions to be exchanged. The usage of trade flows in the numerator is not intended to describe the effects of bilateral trade as such, but it means to capture the frequency and size of contacts between two countries, that is the intensity of cross-country interactions and relations.
Methods
A preliminary analysis is carried out on a panel of 18 OECD countries from 1980 to 2006 for renewable energy technologies as a whole, and for wind technologies and solar technologies respectively. The dependent variable is patent count. The data for total renewable energy technologies is retrieved from OECD patent database 2010. Patent count for wind and solar technologies is retrieved from the PATSTAT 2010 April version. The patent classes in wind and solar technologies are determined according to the classification offered by Johnstone et al. 2010.

As to the estimation methods, we apply panel negative binomial fixed effect model because the dependent variable is over dispersed. However, by now we have not been able to obtain negative binomial estimates for the solar sector  models and instead we report panel poisson fixed effect models.
Results
The models that represent cross-country spillovers through the TRF indicator have some interesting features. First of all, if compared to the POL and DIS models, they depict international spillovers as significant inputs to the knowledge production function in all the three sectors (i.e. renewable energies as a whole, wind technologies, solar technologies). In addition, as far as the solar technologies are concerned, the effect of cross-country spillovers is comparable in magnitude to the effect of domestic R&D stock. In the other sectors the TRF effect is more significant and larger than the effect of domestic R&D stock, whereas the other indicators of cross-country spillovers result to have an impact that is extremely large if compared to any other variables. Finally, most control variables (e.g. CGI, FIT, REC and OB) play a similar role in the baseline model and in TRF model, while their effect disappear or change substantially in some POL or DIS models. This could be an additional signal of the validity of TRF indicator.
Conclusions
The preliminary empirical results seem to indicate that international technology diffusion through knowledge spillovers generated by public R&D expenditures plays a role in the renewable energy sector. Aside from the international pool of R&D stocks and R&D stocks mediated by geographical proximity, knowledge flows stem from countries that invest more in public research and at the same time have more intense linkages with the focal countries. 
The preliminary empirical evidences offered by the models that rely upon TRF confirm that both domestic and international public energy R&D are relevant inputs to innovation in solar technologies. For renewable energies as a whole and wind technologies, knowledge from abroad have a larger and more significant effect than domestic R&D. 
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