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(1) Overview 
One of today’s most discussed topics in the international political arena is the issue of climate change, and subsequently the policy measures that are required in order to stop this alarming development. The European Commission has recently presented the so-called 20-20-20 plan where it is proposed that by the year 2020; (a) Europe has to cut their CO2 emissions by 20 percent; (b) 20 percent of all energy consumed in Europe have to come from renewable energy sources; (c) and energy efficiency have to increase with 20 percent. This study will focus on energy efficiency issues and more specifically on voluntary programs for improving energy efficiency in energy-intensive industries. Energy efficiency programs generally imply a reduced electricity-tax, which in itself lead to increased electricity consumption. However, the programs also involve the implementation of systems that will search for energy efficiency solutions for the participating firms. The main argument for introducing energy efficiency programs are that the implementation of these solutions will lead to lower electricity use. The net effect of the programs is though not known. Due to this it is important to understand electricity demand behavior in the heavy industries. For example; what are the substitution possibilities between important input factors, and how does investment in knowledge influence electricity demand. 


The purpose of this paper is therefore to analyse the electricity demand in the pulp and paper industry in Sweden, an industry where electricity consumption is high. We are interested in establishing electricity elasticities and short-run factor substitution between inputs in an industry with high electricity use, and thus with many firms that have joined an energy efficiency program. Of special interest is to study how R&D has affected electricity consumption. A hypothesis is that investment in knowledge is important in order to find energy efficiencies, something which hopefully will lead to lower electricity use. This information will be vital in understanding if the cost reduction from joining an energy efficiency program can be transferred into R&D, and thus possibly lead to lower electricity use. These findings will be important given that it is essential for policy makers to understand how and if energy efficiencies can be promoted. 

(2) Methods 
This study employs a standard flexible translog cost function. Assuming that firm’s minimize costs implies that electricity demand can be derived from a cost function.  Flexibility implies that the cost functions and their associated electricity demand equations are specified and estimated without placing restriction on the substitution elasticities (Söderholm, 2000). The translog form was first introduced within the agricultural sector by the economists Heady and Dillon (1961). Since then it has been further developed by, e.g., Christensen et al. (1971, 1973), and also been used extensively within the energy economics field, e.g., by Berndt and Wood (1975). Previous studies that have performed similar analyses to ours are, e.g., Brännlund and Lundgren (2005), Lundmark (2002). 


Our addition to previous studies of electricity demand in the pulp and paper industry is foremost the focus on the effect of investment in knowledge on electricity demand, but also the context of energy efficiency programs. The heavy industry in Sweden includes the pulp and paper industry, mining, chemistry, rubber and plastic industry, stone and non-metal mineral industry and the iron and steel industry. Most of these industries are considered as energy-intensive and as a consequence allowed to participate in the Swedish program for energy efficiency (PFE). The pulp and paper industry has the highest electricity consumption, and also represents the industry with most participants in the PFE. Due to this we have chosen to focus on the pulp and paper industry in this paper. The data set used is an unbalanced panel data set covering all firms within the pulp and paper industry for the time period 1985-1999, collected from Statistics Sweden. 
(3) Results 
Our results show that the short-run own-price elasticities have the expected negative sign, and the cross-price elasticities have positive signs indicating that they are substitutes in the production. Regarding the own-price electricity elasticity, we can see that if the price of electricity increases with 1% the demand decrease with a moderate 0.24%. This indicates that the industry is rather price insensitive. However, even if the firms probably are relatively insensitive to electricity price changes, our result also show that increasing the knowledge base correlates to decreasing electricity use. This thus suggests that energy efficiencies, i.e., here represented by less electricity use, is positively correlated to the amounts that a firm spends on R&D.

(4) Conclusions 
An important policy implication from this finding is therefore that if the cost-reduction from joining an energy efficiency program can be transferred into R&D, this will lead to a reduction of electricity consumption. This result is in favour of implementing energy efficiency programs. However, we cannot say anything of the overall effect given that we do not know the magnitude increase in electricity demand due to the tax relief. Furthermore, our data only covers the years 1985-1999, which is before the introduction of the PFE. It would therefore be interesting to perform a similar analysis using an extended time period, hopefully covering years when the program is running. In addition, this study only covers one industry and it would be interested to see if similar results can be found in other Swedish heavy industries.
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