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Overview

In 2007 EU Member States endorsed an integrated approach to climate and energy policy with the purpose of mitigating climate change, increase energy security and strengthen the competitiveness of the European economies. This effort resulted in three climate and energy targets to be met by the year 2020: (a) a reduction of greenhouse gases within the EU of at least 20 percent below the 1990 level; (b) a 20 percent share of renewable energy in the energy mix and; (c) a 20 percent reduction in primary energy use compared to projected levels to be achieved by improving energy efficiency. Collectively, these targets are known as the 20-20-20 targets. In January 2008 the European Commission proposed binding legislation to implement the 20-20-20 targets, which were agreed by the European Parliament and Council in December 2008 and became law in June 2009.
In this paper we address.

The purpose of this paper is to provide an empirical assessment of the third target, i.e., that of improving energy efficiency, specifically the electricity efficiency improvement potential in the Swedish pulp and paper industry. This is done by employing a data envelopment analysis (DEA) and mill-specific data for the years 1995, 2000 and 2005. The choice of the Swedish pulp and paper industry is motivated for a number of reasons. In Sweden, the pulp and paper industry accounts for almost 50 percent of the energy use of the manufacturing sector and it is the largest user of electricity. In 2008, total electricity use in Sweden was 144 TWh out of which 55.5 TWh was used in the industry sector. Out of this the pulp and paper industry accounted for 41 percent (Swedish Energy Agency, 2009b), something which in turn implies that this sector will be an important target for the implement-tation of energy efficiency policies. In the paper we discuss the results of the DEA modelling exercise in the light of the self-reported outcomes of the Swedish program for improving energy efficiency in energy-intensive industries (PFE). 

Since 2005 PFE has provided energy-intensive companies the opportunity of a reduced tax on electricity use. In return the companies have had to introduce and obtain certification for a standardised energy management system and carry out an energy audit. The latter has been done to identify specific energy efficiency measures to be implemented in subsequent years if these have a pay-back time of less than three years (e.g., Henriksson and Söderholm, 2009; Stenqvist et al., 2009). Participation in PFE is voluntary, approximately 1,200 companies have had the opportunity to participate representing a total electricity use of about 40-45 TWh.
According to the report from the first program period, presented in December 2009, the PFE participants have carried out almost 1 100 energy efficiency measures at an aggregate cost of SEK 636 million (about USD 80 million). These measures have resulted in self-reported electricity efficiency improvements totalling about 1.4 TWh. The pulp and paper industry accounts for 0.67 TWh of this total, something which in turn corresponds to 2.9 percent of the industry’s electricity use (Swedish Energy Agency, 2009a).

Methods

The analysis is based on data drawn from Statistics Sweden’s industrial statistics and includes mills producing mechanical pulp, chemical pulp, printing paper and kraft and wellpaper. The data set contains data on outputs and inputs, i.e., on the quantity and the value of labour, electricity and oil inputs. The DEA approach, a non-stochastic, non-parametric linear programming technique for evaluating the performance of decision making units (DMU:s) here taken to signify individual pulp and paper mills. is then employed to estimate the electricity use impacts of a (hypothetical) situation where all pulp and paper mills in the sample operate as efficiently as the best-practice mill(s). A number of important implications can thus be highlighted for the outcomes of the first PFE period. 

The definition of efficiency in DEA can be decomposed into three types of efficiencies, which combined provide a total measure of economic efficiency (Farrel, 1957; Coelli, 1996; Coelli et al., 2005): a) Technical efficiency measures a mill’s capability to obtain maximum output from a given set of inputs; b) Allocative efficiency implies a mill’s capability to use its inputs in an optimal proportion given the prevailing input prices; and c) Scale efficiency measures the productivity of a mill with respect to what it could accomplish if it operated at the most productive scale. In this paper we focus on the first two types of efficiencies.
Results

Under the assumption of increasing returns to scale, the average technical efficiency for mills within the kraft and wellpaper sector was 0.78 in 1995, indicating a potential general input reduction by 22 percent without affecting output. The technical efficiency of this sector seems to have increased over the period, and the corresponding score for 2005 is estimated at 0.85.
Allocative efficiency, which is affected by the institutional environment facing the mill, the ability of mill-management and so forth, is found to be lower then their purely technical counterparts. For some mills considerable cost reductions could have been achieved if inputs had been properly allocated according to prevailing factor prices.  For instance, mills in the kraft and wellpaper sector could have achieved cost reductions by 40 percent on average in 2005 if they had been able to allocate inputs properly according to the factor prices. It can also be noted that low technical efficiency at a mill often corresponds with a similar low allocative efficiency. In the short-run, substitution prospects, and hence improved input allocation, may however be limited due to the technical characteristics of the industry.

Based on the estimated electricity (power) efficiency scores the energy efficiency gaps for each year are calculated. The estimated electricity efficiency gap is relatively stable over the time period 1995-2005, and amounts to roughly 1 TWh. Given the fact that electricity use is strongly embodied in new technology, this result should come as no surprise. As some mills invest in new (and less energy-using) technology the best-practice frontier will move downwards with the direct effect of an increase in the industry-wide efficiency gap. Eventually, as the other mills also introduce more energy efficient technology (as their existing equipment becomes out of date), the gap becomes smaller due to this catch-up effect. The above indicates that it would be economically inefficient to remove the electricity efficiency gap entirely since this cannot be achieved without a very rapid capital turnover and thus a pre-mature removal of for instance, well-functioning energy using equipment. By employing mill-specific electricity prices it is possible to calculate the potential monetary savings inefficient mills can (hypothetically) achieve if they reduce their electricity usage and thus become more efficient. On average the actual cost of the purchased electricity by the pulp and paper mills in the sample has increased over time from around SEK 8.2 in 1995 to 9.6 billion in 2005 (USD 1 billion and 1.2 billion, respectively). The increased costs reflect a combination of changing electricity prices and the amount purchased. Our results indicate that if all mills are able to increase their allocative efficiency according to best-practice they would collectively be able to reduce their electricity costs by approximately SEK 1.5 billion (about USD 200 million). In percentage terms this corresponds to an electricity cost reduction by 20 percent. Based on the number of mills in the sample, the per mill electricity cost savings can be estimated at roughly SEK 50 million (USD 6 million).  
While the presence of, for instance, different capital vintages will explain the presence of a sustained electricity efficiency gap it should be clear that such a gap could also exist due to different market failures. For instance, the presence of asymmetric information, implying that one actor holds information but faces too few incentives to transfer this to other actors although this would increase overall economic efficiency, may lead to inefficient (and too high) electricity use levels.
For the above reasons it is useful to compare the outcomes of our estimations with the electricity savings reported during the first program period of PFE, and elaborate on how any differences can be understood. The reported electricity savings obtained in PFE equals 0.67 TWh for the pulp and paper industry (Swedish Energy Agency, 2009a). In order to obtain comparable numbers we have calculated the fraction of electricity use of those mills that are included in our sample out of total electricity use in the pulp and paper industry as a whole. Total electricity use in our sample is 9.65 TWh for the year 2005, while total electricity use for the entire Swedish pulp and paper industry was 22 TWh in the same year (Swedish Energy Agency, 2009a). This indicates that our sample includes 43.9 percent out of the industry’s total electricity use. Thus, the corresponding PFE-induced electricity savings of our sample is 0.29 TWh (43.9 percent out of 0.67 TWh). This can be compared to the estimated electricity efficiency improvement potential of 1.09 TWh for the year 2005, the year of the start of PFE. At first glance this suggests that PFE has implied far from insignificant electricity savings compared to our estimate of the total electricity efficiency gap in the industry. Still, as was noted above, a non-insignificant share of this gap may represent the fact that different mills have different technologies (and associated electricity use), and it may make little economic sense to increase the speed of capital turnover to attain an essentially temporary decrease in this gap. It is plausible to assert that some of the measures reported in PFE achieve only this. While our paper cannot resolve this question in any detail it does suggest that voluntary energy efficiency programs such as PFE could be better targeted at explicitly promoting technological progress (i.e., on moving the frontier) rather than on technological diffusion (i.e., moving mills closer to the frontier). 

Still, this does not preclude the fact that PFE in Sweden may also have addressed some relevant market failures and barriers in the energy efficiency market. It is worth noting that according to our estimates the smaller mills are generally overrepresented among the more inefficient units. This may be a reflection of the fact that smaller mills could be serving niche markets. This makes them more limited in their choice of technology, and they may therefore find it infeasible to cost-effectively improve their electricity use per unit of output due to issues related to scale. However, previous research also suggests that even medium-sized firms may face difficulties in obtaining strategic information on new and already existing equipment, and at the same time the priority given to energy efficiency issues is relatively low (Thollander et al., 2007). Even bigger companies in already electricity-intensive industries may face significant barriers to improving energy efficiency. For instance, Thollander and Ottosson (2008) show that the most significant barriers to reducing the energy efficiency gap in the Swedish pulp and paper industry have been technical risks, e.g., production disruptions and its associated costs. While these barriers may simply reflect the presence of transaction costs, they also tend to involve the fact that new information (about production processes) may possess substantial public good characteristics and it therefore implies important positive spillover effects. This means that a single firm cannot generally reap the entire benefits of its investment in new knowledge and experimentation activities, and therefore does not enough incentives to undertake such activities in the first place (Gillingham et al., 2009).
Conclusions

An important finding is that the estimated efficiency gap has been more or less unaltered during the period 1995-2005, and this is largely a reflection of the fact that in the pulp and paper industry electricity efficiency improvements are typically embodied in the diffusion of new capital equipment. A fraction of the energy efficiency measures that have been induced by PFE may thus represent economically inefficient increases in capital turnover. In other words, the program contributes to a catch-up effect in that inefficient mills are encouraged to move close to the frontier but with the introduction of new best-practice technology the gap will persist in the longer run. One relevant example is the change of motors with higher efficiency levels, a measure which has been undertaken at least in 85 cases during the first program period of PFE (Stenqvist et al., 2009). While this paper cannot resolve the extent to which these concerns matter a lot for the effectiveness of the program, the results indicate, though, that PFE could benefit from a stronger emphasis on measures that spur technological progress (and thus move the frontier). 

The conclusion for the allocative efficiency scores is that most of the cost inefficiencies are caused by inappropriate input mixes rather than the way with which inputs are converted into outputs. However, a mill’s potential electricity cost savings are determined by the relevant input and output market structures. We have also emphasised that this does not preclude the presence of market and behavioural failures that motivate the use of policy instruments to make industrial electricity use more efficient. The presence of information inefficiencies and asymmetries represent one of the major motives for policy intervention in the industrial energy efficiency field, but it should also be noted that the substitution of energy management systems for electricity taxes will not necessarily address these asymmetries cost-effectively. Other policy combinations to address energy efficiency in the industrial sectors may be more efficient, not the least those that could offer strong price signals while at the same time providing the necessary information to identify the most important measures at the mill level. These policy challenges constitute an important area for future research, and motivate not the least studies that address the sources of any energy inefficiencies at the mill level. 
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