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Overview

The oil sector in Spain experienced an intense restructuring in the late eighties and early nineties, marked by the approval of a number of liberalizing and price deregulation reforms, the entry of foreign oil companies, and the creation of Repsol as a state-owned company and its subsequent privatization. Such process led to a fundamental transformation in the functioning of the industry and particularly in the operation of the refining sector. Further, all the petroleum refineries established in Spain carried out a number of major investments in their conversion processes, leading to a substantial increase in their degrees of complexity, with the aim of (i) improving its ability to process heavier crudes; (ii) extracting a higher percentage of lighter products with greater economic value to the detriment of the production of heavy distillates and residuals; and (iii) reducing the energy intensity and the losses in the refining processes.

The objective of this paper is to analyze to what extent these public policies and firms’ strategies have been followed by improvements in the efficiency and productivity of oil refineries.

A number of studies have estimated cost and production functions from sectoral data (e.g. Mohammed and Burney, 2006) and firm level data (e.g. Shoesmith 1988, Al-Obaidan and Scully 1993), with the purpose of studying different aspects of the petroleum refining technology and its production structure (e.g. scale and scope economies, factor substitution, vertical integration). However, in contrast with other industries and activities, the measurement of the efficiency and productivity change of oil refineries is an unexplored topic. We are not aware of any previous research on measuring the efficiency and productivity of petroleum refineries. Bevilacqua and Braglia (2002), who evaluate the environmental efficiency of seven Italian oil refineries by means of Data Envelopment Analysis, is arguably the only one that could be somehow related to our work, though it differs from our study both regarding the research question as well as to the methodological approach.

Methods

We estimate a stochastic translog production frontier by using data on Spanish oil refineries throughout the period 1992-2007, following the model proposed by Battese and Coelli (1995).  A refinery obtains the output (a combination of oil products) from the utilization of four inputs: capital, labor, crude and electricity. The measurement of outputs and inputs of oil refineries requires dealing with three fundamental issues. Firstly, it requires the aggregation of the variety of petroleum products resulting from refining crude oil to construct the refinery’s output indicator. We do so by weighting the quantities of individual products with its Net Calorific Value.  Secondly, measuring the capital input requires taking into account differences in the capacity of diverse oil refining processes. To that purpose, we use the equivalent refining capacity as a proxy for capital, obtained by using the weights proposed in the Nelson index of refinery complexity (Nelson, 1976). Thirdly, the measure of the quantity of oil processed in the refineries needs to be adjusted to control for differences in the quality of crude. Unfortunately, the quality of the crudes processed in each refinery (e.g. gravity, sulphur content) is not an available information. However, since the refinery’s complexity is directly related with the quality of the oil processed (i.e. the higher the complexity the heavier the crudes processed), we then adjust it by dividing the total crude processed by the Nelson complexity index.
Our approach allows us to estimate the technical efficiency of each petroleum refinery. Further, it permits the analysis of the determinants of the efficiency. Particularly, we analyze to what extent differences in efficiency across refineries are attributable to differences in ownership, utilization capacity, storage capacity and refinery’s complexity.  Likewise, following Orea (2002) we estimate and decompose the total factor productivity change into its components, namely technical change, efficiency change and scale change. 
Results and conclusions
Our results, still preliminary, show a substantial improvement in the performance of Spanish refineries. Thus, the total factor productivity increased by 33% throughout the period considered. Such increase is mostly attributable to technical change. We do not find substantial differences in technical efficiency across firms, though we find that the refineries of the company Repsol show a higher efficiency increase during the period. Further, the differences in technical efficiency are explained by the utilization rate, the amount of storage capacity and the complexity of refinery.
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