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Overview

The `win-win' nature of energy efficiency improvements, providing benefits for both carbon reduction and competitiveness of industries facing higher energy prices, contributes to explain why decreasing the energy intensity of production processes is at the core of climate policies. Understanding the drivers of energy intensity, in particular the role of technological innovation in that respect, is thus particularly relevant for policymakers at the national and international level. In the last two decades, most industrialized countries have witnessed a decrease in the energy intensity of their economy. 

According to recent studies (Mulder, 2012; Voigt et al., 2014), this decline is mainly explained by improvements within sectors, rather than across sectors. In other words, energy efficiency gains at the aggregate levels are not the result of a composition effect in the economy but rather the result of more efficient use of energy within sectors and industries. There are two main factors that can explain such energy intensity improvements within sectors, namely input substitution -- whenever firms substitute energy by using more labor or capital for instance, and technological innovation -- given the same amount of inputs, firms save on energy by using new energy-efficient production techniques. This paper aims to clarify the (long-run) effects of innovation and contrast it with the (short-run) effects of input substitution by industries.
The environmental economics literature has provided little empirical measure of the impact of green innovation - at home and abroad - on the energy intensity of industries, because of the lack of availability of global datasets on innovation, and the absence of means to relate technologies to their potential sector of use. Typically, energy-efficient innovation is measured by a simple time trend in input demand functions (Welsch and Ochsen, 2005; Ma et al., 2008; Boluk and Koc, 2010). This presents important drawbacks. First, it does not allow to identify the impact of energy prices on technological change, which was shown to be an important incentive to innovate in energy-saving technologies in the induced innovation literature (Hicks, 1932; Ahmad, 1966; Jaffe and Palmer, 1997; Newell et al, 1999): innovation seems to be energy using when energy prices are low and and energy saving when they are high (Energy using technologies increase the factor share of energy, while energy saving reduce it) Second, it allows to observe only aggregate changes, without differentiating between energy-saving and energy-using innovation, or to differentiate those from any random shock on energy demand, caused for example by changes in relative prices for energy intensive products due to consumer preferences. Other authors have measured innovation indirectly by using past energy prices (Sue Wing and Eckaus, 2004; Sue Wing, 2008; Mulder et al., 2014), which requires the ex-ante assumption that industries react to price incentives. In contrast with this stream of literature, Popp (2001) presents a unique study on the role of energy-efficient innovation on sectoral energy intensity in the United States where technology is measured using patent data. This was made possible by the use of a concordance table based on Canadian industries, the Yale Concordance Table, to match technologies to their potential sectors of use. 

This paper has comparable aims and means, and contributes to the literature by taking advantage of the newly developed `Triadic Families Database' from the OECD to measure patent stocks at an international level, making our study the first attempt to estimate the impact of green innovation on the energy intensity of multiple industrial sectors in multiple countries using global patent data. We identify energy-efficient patents by using International Patent Classification (IPC) codes, in line with the empirical literature on green patents (see for example Noailly and Smeets, 2012, or Dechezlepretre et al. (2011), and allocate them to their sector of use by applying the recently developed ALP concordance table by Lybbert and Zolas (2012). We follow the framework developed by Berndt and Wood (1975), approximate our cost functions by the (widely-used) Translog functional form by Christensen et al. (1973) to derive input demand functions (see for example Kim and Heo, 2013; Kratena, 2007; Welsch and Ochsen, 2005):

Methods

We apply this framework to a sample of 20 industrial sectors across 18 OECD countries from 1970 to 2005, and estimate this equation using iterated three-stage least squares (Berndt, 1991). We take advantage of our panel data structure to recover sector-specific constants, and control for unobserved heterogeneity at the sector and at the country level. In a second step, we also estimate these cost functions sector-by-sector, and include stocks of patents from foreign inventors: considering that energy-efficient innovation is concentrated in a handful of countries (the United States, Japan and Germany account for appox. 80\% of total patents over our sample) we expect that cross-border flows of technologies will be a major driver of energy consumption (Pizer and Popp (2008) identify two ways in which foreign innovation can influence domestic energy demand, namely knowledge spillovers, where foreign innovation makes R\&D more productive at home, and direct transfer of technologies. In this paper, we focus on the latter, by counting patents filed in a country by foreign inventors.)
Results and conclusion
Our preliminary results suggest that 1) green innovation is energy saving, and has played some role in decreasing energy intensity in most sectors/countries - 2) short run elasticity of energy efficiency w.r.t. patents varies greatly across sectors and countries: sectors with the largest green patent stocks are also those where energy consumption is more reactive to green innovation, but, surprisingly, not where average energy intensity is highest  and 3) inputs pairs are mostly substitutes, as measured by own-, cross-price and Morishima elasticities and 4) foreign flows of patents do not have a statistically significant impact on domestic energy consumption.
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