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Overview

This paper examines the extent to which innovative firms pursue improvements in energy efficiency (EE) within their innovation objectives. The increase in energy consumption and its influence on greenhouse gas emissions justifies the greater attention being paid to energy efficiency and especially to industrial EE. There is a global consensus on the correlation between energy consumption increases and rising greenhouse gas emissions. The European Commission has emphasized the need to raise EE, especially in manufacturing activities, in order to reach the “20-20-20” program targets. In this scenario the ability of manufacturing companies to innovate and improve their EE has a substantial influence on reaching these objectives. 
One of the challenges for the analysis of EE is to identify the characteristics of firms that drive the adoption of EE improvements in order that policy can be correctly designed. Nevertheless the effort to design more efficient energy policies, the EE determinants in manufacturing firms have been little studied in the empirical literature. The paper pursues two objectives. On the one hand it goes in depth into the profile of firms that carry out process innovation and pursue improvements in EE levels among their objectives. On the other the paper analyses whether the behaviour of firms around organizational innovations and environmental impact control are related to the EE objectives that Spanish manufacturing firms are trying to achieve.
Methods

From an exhaustive sample of Spanish manufacturing firms, we examine the energy efficiency determinants to those firms that have innovated. To carry out the econometric analysis, we use a panel data coming from the CIS (Community Innovation Survey) for the period 2008-2011 that includes 4,458 manufacturing firms. 

The dependent variable is dichotomous and takes the value of 1 when the firm seeks energy efficiency as an objective of innovation (with a medium or high level of intensity) and zero when this objective has a low or insignificant level of intensity. The determining factors of energy efficiency in manufacturing firms can be broken down into two groups. Firstly, there is a set of variables related to the individual characteristics of firms such as size, age, whether or not it belongs to a group of companies or nationality. Secondly, there is another set of variables associated with the behaviour of the firm which the literature frequently considers as facilitators of the adoption of strategies related to energy efficiency – investment in R&D, investment in tangible assets, organizational innovations and access to public subsidies. The estimations have been carried out for the manufacturing industry group and, individually, for the four sectors with the highest degree of energy intensity.
Results

The results of the estimations show that certain firm characteristics influence innovations connected with energy efficiency. In the first place, size and export propensity have positive and significant parameters. However, in the individual estimations for the most energy intensive sectors, neither of the variables, size or export, are significant, which suggests that all type of firms in these sectors consider energy consumption reduction per output unit to be very important. Other characteristics of firms such as age are not significant in explaining the introduction of energy efficiency innovation. In contrast, being part of a group of companies is significant, which suggests that the exploitation of synergies between companies in the group is useful in overcoming existing barriers to eco-efficiency innovation. 

Secondly, for innovation in the field of energy efficiency, capital goods investment is important while neither internal R&D nor external R&D are significant in the estimations. Consequently the type of process innovation that is carried out does not seem to need a great R&D effort while the introduction of tangible assets that permits process innovation resulting in reduction of energy consumption per output unit is required. Thirdly, there is no relation between public R&D subsidies and energy efficiency innovation. The estimations by sectors show the robustness of these results and in none of the four cases is a significant parameter obtained. The existing literature also confirms this result. In the studies of both eco-innovation and eco-efficiency models the public subsidies variable is only significant in the first whereas if the analysis is limited to energy efficiency innovation no positive effect is found.

Finally, energy efficiency innovation is closely related to other innovation objectives. The parameters for the innovation objectives “less environmental impact” and “to meet legal requirements” are positive and highly significant, especially regarding environmental objectives. Additionally, there is also a positive relation between organizational and energy efficiency innovations, suggesting that this type of innovation goes together with changes in firm practice and procedures in the production area. 

Conclusions

The empirical evidence of this paper shows that a firm’s profile stands out as a key factor when it comes to introducing innovations aimed at improving energy efficiency levels. On the other hand, variables relating to the firm’s behaviour produce revealing results. Investment in tangible assets has a direct relationship with a commitment to energy efficiency, while investments in R&D per employee do not directly affect the firm’s capacity to improve its energy efficiency. Improvements in energy efficiency are associated with the introduction of more efficient machinery, the adoption of the use of sustainable materials and the development of processes that are less reliant on the intensive use of technology, all of which are associated with investment in tangible assets and have little to do with R&D activity per se. Additionally, the empirical evidence shows that environmental and energy efficiency objectives complement each other and that it is often the case that the innovative firm addresses them together, either as a result of the firm’s own sensibilities or through the retroactive effects generated by the firm pursuing both objectives. Along with this result, it is worth highlighting the importance of organizational innovations as a key factor when it comes to overcoming the internal barriers that cause resistance to change and energy efficiency improvements. 

The results obtained show that the profile of manufacturing firms, along with their adoption of specific strategies – especially investment in tangible assets, organizational innovations and measures relating to the environment – increase the probability that an innovative company will place energy efficiency among its objectives. These results highlight the need to design cross-cutting policies that generate incentives for innovative firms in the manufacturing sector to jointly tackle the challenges associated with energy efficiency and environmental sustainability without compromising the firm’s competitiveness. To implement these policies and to advance in our understanding of the factors that explain the gap between the optimal and the current level of energy efficiency requires a more detailed analysis of the barriers that firms face in reducing their energy costs. Therefore, further research should complement the analysis of the characteristics of the firms carried out in this paper with analyses regarding the obstacles that may hamper the introduction of innovations that have the objective of increasing energy efficiency. While the literature has described the different barriers related to energy efficiency and proposed some taxonomies, the few empirical analyses carried out to date do not allow definite conclusions to be drawn.

