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Overview

In this research, data envelopment analysis (DEA) is employed to study the comparative performance of German and Colombian manufacturing industries between 1998 and 2005. The results of the DEA indicate that the great majority of manufacturing industrial sectors improved on this index during the sample period, demonstrating that energy input is an important variable within the production structure and a key element in technology development. At a second stage, regression analysis using panel data analysis reveals that several factors, including labour productive, enterprise size, investments and capital input can be considered determinants of differences in energy efficiency among German and Colombian manufacturing industries. Our results also show that different energy policies should apply across manufacturing industries and that they should encourage the importance of energy efficiency in order to improve it, especially in non-energy-intensive sectors, small and medium enterprises and manufacturing industries of developing countries. 

Methods

This analysis consists of three phases: First, we define energy intensive sectors (EISs) and non-energy intensive sectors (NEISs) taking into account German energy tax law (German energy tax law defines EISs as sectors where the cost of energy is above 3% of total costs) and cluster analysis. Second, we examine the traditional measure of energy efficiency by computing the energy intensities defined as the energy used per unit of economic production (Giga-joule/Euro (GJ/€)) and a DEA model for measuring energy efficiency, which generates energy efficiency DEA scores for each EIS and NEIS in both countries. In the third stage, the energy efficiency scores are regressed (using an appropriate technique of panel data analysis) against different variables in an attempt to understand the determinants of energy efficiency during the sample period. 

Results

The average energy intensity of EISs in Germany and Colombia between 1998 and 2005 was 15.1 and 35.9 GJ/€, respectively, implying that in order to produce 1€ worth of output, the German and Colombian EISs used, on average, about 15.1 and 35.9 GJ of energy, respectively. The average energy-efficiency index of German and Colombian NEISs over the eight-year sample period was 0.73 and 0.63, respectively.
In the German case, the energy-efficiency indexes indicate that it is necessary to achieve technical efficiency to improve energy efficiency. On the other hand, in the Colombian case, we saw that the energy-efficiency indexes in both sectors were lower than in the German case, which might indicate that the Colombian manufacturing industries have an emerging and expanding industrial infrastructure with great potential to improve their energy efficiency.
In Colombian EISs, the improvements in energy efficiency are meaningful. Hence, these results show the potential of EISs to improve technical efficiency, especially in Colombia. This fact was mentioned in the study of IEA (2007), where it was suggested that the technical efficiency improvement potential for the whole manufacturing industry ranged from 18-26%, taking into account both process improvement and technological change. 

In German EISs, labour productive, size of enterprise and investments have played an important role in the improvement of energy efficiency, whereas in Colombian EISs, labour productivity and capital input are positively associated with energy efficiency. 
For NEISs in both countries, the results show that only labour productivity has influenced energy efficiency performance, probably because energy consumption is lower than other inputs in terms of production costs. Therefore, NEISs do not see energy efficiency as a strategy to improve general productive efficiency. Moreover, the low energy cost among the NEISs has important implications for energy policy instruments, especially because this sector does not have as its main objective the adoption of energy technologies and energy-management practices and because the influence of higher energy prices may influence investment decisions related to energy conservation (Kander and Schön, 2007).     
The results of EISs could indicate that the main factor behind improvement in energy efficiency is the technological change. Therefore, it is important to design energy policies that seek to generate possibilities for technology transfer in order to improve energy efficiency especially in developing countries as show Colombian case.    
Conclusions

DEA is used in this research to compute energy-efficiency indexes from 1998 to 2005 for German and Colombian EISs and NEISs. The results show that the great majority of manufacturing industries improved on this index during the sample period, demonstrating that energy input is an important variable within the production structure and a key element in technology development. 

Our findings have important policy implications where to improve energy efficiency; it should encourage the importance of energy efficiency, especially among SMEs and developing countries (according to the results for the Colombian case), increase the application of energy-efficient best practices, technologies, and innovations, and motivate investments related to energy conservation in manufacturing industries. 
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