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Overview

In the course of liberalisation of the European energy markets an increasing number of countries have introduced incentive regulation schemes for electricity and gas distribution utilities. In a system of incentive regulation the firms receive a cap on the revenues or prices for the duration of a regulation period. This upper limit requires the network operators to achieve certain efficiency gains by cost containment. To achieve the imposed efficiency gains, namely cost reductions, firms have an incentive to reduce investments in their network´s infrastructure. Omitted maintenance and replacement investments lead to a lower reliability of energy supply. There are different measures to encounter these disincentives. Setting explicit investment incentives is the most importantinstrument, the introduction of a specific quality regulation, with influences on the price or revenue cap in form of bonus or malus payments (q-factor) can be another. However, the latter is usually understood as an accompanying measure.
Most recently discussions on quality of supply and measures for quality regulation, especially in electricity regulation, have emerged and underline the importance of the issue of appropriate incentives for investments in incentive regulation schemes. In some regulatory systems first experiences have been made with a quality regulation based on quality indicators such as the SAIDI (system average interruption duration index) or ENS (energy not supplied). However, the implementation of such an ex-post system is challenging. On the one hand, the definition of the appropriate quality indicator and its reference value is challenging since the available data base on quality indicators often does not cover many years. Due to the fact that interruptions may occur stochastically data covering a longer period is needed in order to separate correctly for stochastic influences. Reference values need to take account of initial differences in the quality of supply depending on the different network structures in order to set appropriate target that can be realistically reached by the network operatords. On the other hand, an adequate monetarisation for each unit off the target needs to be defined, in order to set incentives to avoid underinvestments. This paper analyses the challenges and pitfalls that come along with the implementation of an ex-post quality regulation and discusses alternative possibilities for quality regulation schemes.
Methods

In a first step the appropriateness of adequate investment incentives in a revenue or price cap regulation are disussed theoretically. In practice, different instruments to set quality and thus investments incentives are in place. Their mechanisms and application in selected countries will be shortly described and summarized in a second step.

In order to shed light on the challenges that arise when implementing an ex-post quality regulation (q-factor) based on quality indicators such as SAIDI a data set of about 100 German electricity network operators is used for the empirical analysis. First, the data quality with respect to stochastic influences is discussed. Second, methods to define appropriate reference values or levels are outlined and tested with the available data. Structural differences between the networks operators, for example with respect to the customer density in the supplied area, the load density or the infrastructure of the network (share of cables compared to total line length) might have an influence on the observerd interruption frequencies and durations and should thus be considered when setting targets or reference values. Different functional forms are tested by polynomial and linear regressions to derive a reference function, which sets a firm specific reference value for the SAIDI.

Results
As an outcome of the theoretical discussion of setting adequate investments in an incentive regulation scheme general conditions for investment incentives are defined and measures on how to set up an investment-compatible regulatory framework are proposed. The challenges of defining an ex-post quality regulation based on quality indicators and the problems of monetarizing are discussed.
The result of the empirical analysis includes a set of different functional forms explaining the level of SAIDI. Various structural characteristics are tested for their influence, deriving a functional form that optimally fits the available data. Sensitivity analysis show the effect of data changes on the definition of the optimal functional form and illustrate the challenges regulators have to face when finding adequate reference values. 
Conclusions

In the light of the liberalisation of the energy sector incentive regulation schemes become more common in Europe´s electricity distribution industries. In order to encounter disincentives to invest and thus avoid a deterioration of reliability of supply, ex-post quality regulation schemes are in place or being discussed. Measuring reliability by indicators such as SAIDI and integrating bonus-malus-mechanisms into the cap function are one possibility. It remains a difficult task setting adequate reference values and monetarisation rates to encounter the fact that disturbances and interruptions are a result of different network infrastructure and stochastic.influences. However, the design of an appropriate regulation that on the one hand sets sufficent investment incentives and on the other hand provides a predictable framework for the electricity distributors is challenging. Based on a data set of German electricity network operators these challenges of defining an adequate reference function under consideration of stochastic influences and structural differences are discussed. The regression analysis shows that the load density has a high explanatory power for the observed SAIDI and thus should be taken into account of, when defining reference values. Once a reference function is found, the crucial question is whether the resulting bonus- or malus-payments are high enough to set the desired incentives for sustainable investment activities in maintenance or network stability in order to increase the reliability.
Due to the delayed consequences of omitted investment activity on quality of supply, the overall framework of incentive regulation needs to be appropriately designed to set incentives for investment. Necessary elements for sustainable investement include a guaranteed adequate return on investments and a stable regulatory framework (regulatory commitment), an adjustment mechanism of the price-or revenue-cap within a regulatory period in the case of investment activities and for the case, that an individual x-factor is defined, a robust benchmarking with respect to the underlying cost basis (comparable capital costs) and the quality of supply.
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