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Overview

In the past ten years a number of European regulatory authorities have introduced incentive regulation in the electricity distribution sector. It is well known, however, that a potential conflict exists between incentive regulation and the provision of efficient levels of service quality. For this reason, several European regulators have introduced quality-specific regulation, often in the form of penalty and reward schemes. 

This paper focuses on the Italian experience with regulating service quality in the electricity distribution sector. As the fourth tariff revision approaches, two specific problems have become apparent. First, despite a significant convergence of results, the level of quality in the South of the country is still lower than in the North. Second, a significant number of distribution areas have already achieved the long term objectives set by the regulator; even if further improvements are not observed, companies are entitled to significant rewards.  

We thus proceed to analyse how incentive regulation and quality-specific regulation have affected the choices of electricity distributors; in particular, we model the behavior of the largest Italian utility, Enel Distribuzione, responsible for more that 80% of the distributed volumes in the country. The objective is to build a sound, quantitative background for the development of regulatory proposals for the next tariff review.
Literature review
Theoretical studies have suggested that, in the absence of service quality standards, incentive regulation is associated with non-optimal levels of quality (e.g. Sappington, 2005). Empirical work (e.g. Ter-Martirosyan and Kwoka, 2010) has found, however, that “careful design of quality standards can allow incentive regulation to achieve cost savings without quality degradation”. 

In exploring how the largest Italian distributor has responded to incentive and quality regulation, we use a benchmarking technique. Whether benchmarking models should also incorporate quality of service is an open issue. Giannakis et al., (2005) and Growitsch et al., (2009) argue for inclusion; on the contrary, Coelli at al. (2008) find that, in their study, the incorporation of quality does not have a significant effect upon technical efficiency scores.
Moreover, the few empirical studies on the Italian distribution sector date from before the liberalization reform. Although Italian quality-only data have been previously analyzed, we have access to a much larger data set, that was specifically developed for this work.
Methods

In this work we estimate several benchmarking models using Data Envelopment Analysis (DEA) to measure technical efficiency. We model the production process using an input oriented distance function and introduce quality as an input variable. Building on the existing literature and on our knowledge of the industry we carefully choose a set of variables to be included in the models: this choice is not restricted by the availability of data, indeed quite ample. 

Our dataset is a comprehensive and balanced panel for 115 different distribution zones, that belong to Enel Distribuzione, observed from 2004 to 2009, for a total of 41,400 observations.
Technical variables include: area served (in km2), number of and energy supplied to Medium Voltage (MV) and Low Voltage (LV) customers, transformer capacity (in MVA), for primary and secondary substations, network length for MV and LV (as well as the share of overhead lines vs. underground and naked vs. cable lines). 
Economic variables include: revenues, gross value and depreciation for the above-mentioned assets, and operating expenses for several cost items (e.g. services acquired internally or from third parties, materials and personnel).

Quality-related variables include number and duration of unplanned interruptions, differentiated by causes and origin. In addition, we have information on the development of remote control in secondary substations and on the deployment of a different grounding system (Petersen coil); these are specific, quality-related investments.

A key novelty of our dataset is the detailed information on the regulatory incentive mechanisms and monetary transfer for quality provision, namely, yearly information on regulatory standards and on the amounts of monetary incentives paid in penalties or received in rewards for, respectively, failing to or meeting the regulatory standards, for every zones in which our distribution utility – Enel Distribuzione – operates. 
This allows us to open the “toolbox” of regulation and to investigate whether quality – and in turn the consequent investment - is sensitive to changes in the regulatory incentives. To this aim, we perform a fixed effects estimation and a linear generalized method of moments (GMM) estimator to estimate a quality-provision function using (lags of) technical variables as main determinants, as well as the monetary incentives (penalties and rewards).
Results and conclusions
This work uses a DEA benchmarking approach to analyse the effects of incentive and quality regulation in the Italian electricity distribution sector; it also explores the determinants of the quality function with an econometric approach. 
Focusing on the largest utility, we propose a choice of variables to accurately describe the electricity distribution activity in the Italian framework. Using the benchmarking model we find that it is indeed possible to achieve cost savings together with quality improvements. 
We also show that for a distribution utility that serves a vast territory, large rewards in areas where quality is already high can mask the weight of penalties in poor performing areas. This last result can be important for regulatory decisions regarding the next tariff period. 
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