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Overview

Empirical research on environmental innovations provides us with a good understanding of what leads to innovation in environmental technologies. In particular, the linkage between green innovation and policy has been a major area of research in environmental economics. These investigations stop at the innovation level and do not examine whether environmental innovations are profitable or when they are profitable. In this study we try to fill this gap by analysing the link between environmental innovation and performance (measured as value added) on the industry level.
Methods

Our research is based on a broad empirical basis. We use patent data to identify green and non-green inventions. Patent documents considered as covering green inventions are identified according to the OECD Indicator of Environmental Technologies (see OECD 2012) that distinguishes seven environmental areas.
 If an invention can be assigned to one of these sub-groups (a to g), it is counted as a green invention; otherwise it is counted as a non-green invention. Based on these counts and using the perpetual inventory method, we can define a quantitative measure to analyse non-linear effects of green inventions on performance. 

The data used for our analysis is aggregated on an industry level. The use of aggregated data has several advantages. Firstly, it allows us to use the OECD Stan database to estimate a standard Cobb-Douglas production function. Secondly, it allows us to generate a data set that cover the whole manufacturing sector (22 industries), the most important countries for green invention (12 OECD countries that are responsible for 95% of all green patents and total patents worldwide) and this over a period of 30 years. Furthermore, the balanced data set allows us to control for correlated unobserved heterogeneity between the industries of the different countries.

Results

The results show that green inventions are U-shape related to performance on an industry level. The turning point is, however, quite high and thus only relevant for a few industries. Accordingly, green innovation has not been profitable for most of the industries so far. 
Since the impact of green innovation is negative, why do we observe firms that invest in green innovation? To answer this question we made several interviews with multinational enterprises that have a good understanding of what happens on the global market of green innovation. These firms mentioned essentially two reasons. Firstly, green innovation is required to maintain market shares, as customers in existing markets demand green innovation (e.g., as new regulations force them to adjust their products), but due to intensive competition, the firms cannot transfer the additional costs for green innovation to their customers. 

Secondly, green innovation is seen as an investment in future markets. Firms try to patent technological advances in time in order to benefit, e.g. through royalties, from further research that is based on such early key findings. Since innovation in green technologies is a very complex task, it is possible that firms patent for a longer period in time without any technological breakthrough. We have seen such tendencies in some green technologies, like fuel cells or battery technologies for electric cars. This indicates that technological risks are considerable. Moreover, the demand for green innovation is very volatile due to the strong dependency on political issues. Hence, firms are often forced to stop their activities before they can bring the products on the markets. This point is especially true for small firms that are not able to diversify across technologies, markets, or regions. On the industry level we can thus often observe inventions without market success. The interviews also confirmed the low willingness to pay for green products, since very often the customers do not exclusively benefit from such innovations. Accordingly, returns are often low, even when firms are able to market their technologies.
Conclusions

These results are of significant policy relevance. Technological innovations are needed to solve environmental problems. “Without significant technological development of both existing low-carbon technologies and new ones, climate change is unlikely to be limited to anything like 2ºC by 2050” (see Helm 2012, p. 213). Our results indicate that the current policy framework is not sufficient to render environmental innovations profitableand thus more attractive market conditions are required to effectively turn on the private green innovation machine.
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� The OECD Indicator of Environmental Technologies distinguishes seven environmental areas, i.e. (a) general environmental management, (b) energy generation from renewable and non-fossil sources, (c) combustion technologies with mitigation potential, (d) technologies specific to climate change mitigation, (e) technologies with potential or indirect contribution to emission mitigation, (f) emission abatement and fuel efficiency in transportation, and (g) energy efficiency in buildings and lighting.





