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Overview
The use of quality of service (QoS) regulation to complement incentive regulation (IR) for electricity distribution operators (DSO) has increased. However, the consequences of QoS regulation on cost efficiency and productivity of DSOs of varying sizes is understudied. The concern is how to incorporate QoS adjustments in benchmarking and remunerating DSOs. The 1990’s electricity industry reforms introduced competition in the generation sector, but the transmission and the distribution sectors remained natural monopolies subject to regulation. To induce cost efficiency and achieve lower prices, rate-of-return regulation is replaced with IR and yardstick competition. Despite achieving cost efficiency and a lower price, IR is believed to cause supply reliability to deteriorate. This results from the trade-off between cost saving and QoS. In Norway, QoS regulation, cost of energy not supplied (CENS), was introduced in 2001. However, how CENS affects DSO’s efficiency and productivity is understudied. This paper presents empirical evidence relating QoS with technical efficiency, productivity growth, scale economies, and firm size. Data on 119 Norwegian DSOs for the period 2004-2012 is used. We estimate two input distance function models (with and without QoS consideration) using the stochastic frontier analysis method. Our analysis aims to determine how introducing the QoS dimension into the analysis affects the estimates for technical efficiency, technical change, productivity growth, and scale economies. Results show that technical efficiency significantly increases when CENS is introduced. However, technical change, scale change, returns-to-scale, and productivity growth rates significantly reduce. Further, we find significant unexploited scale economies, and small-scale DSOs perform relative better and provide a higher level of QoS. Therefore, under IR, QoS should be part of every utility’s economic, efficiency, and productivity analysis; it has serious revenue and financial implications especially to small-scale.

Methods
We follow Growitsch et al. (2009) to determine how the introduction of QoS dimension into the analysis affects the estimates of technical efficiency (TE), technical change (TC), scale change (SC), returns-to-scale (RTS), and total factor productivity growth (TFPG). We specify a multi-inputs and multi-outputs production technology using the input distance function approach. Two separate models, cost-only and cost-quality, are specified and estimated using stochastic frontier analysis method. We use CENS as an input to measure QoS. The second input variable is the monetary value of DSO’s total expenditure (TOTEX). Three output variables -amount of energy delivered, number of customers, lengths of voltage line operated- are used. We include environmental variables -two composite geographical variables, portion of underground cable, and the number of substations- to account for variations in inefficiency due to observable heterogeneity in operating environment.  Whereas, we include only one input, TOTEX, in the cost-only model, we introduce CENS in the cost-quality model. We apply the panel data stochastic frontier estimator proposed by Battese and Coelli (1995) to obtain the technology parameters and TE scores. We estimate the parameters for both technology and nondiscretionary variables simultaneously in one-step, as two-step estimates are biased (Wang & Schmidt 2002). For each model, we parametrically decompose the malmquist productivity index to explore the difference in each component of productivity resulting from considering QoS. We test a number of mean comparison hypotheses to confirm whether the differences are significant.
Results

· Results indicate that estimates of TE, TC, RTS, and TFPG significantly change when QoS is incorporated into the analysis. While TE significantly increases, TC, scale change, RTS, and overall TFPG reduce. 

· A comparison of these estimates across utility’s size indicate that, small-scale utilities have higher TE scores whether QoS is considered or not. Likewise, estimates of TC and TFPG rates are relatively higher in favour of small-scale utilities when QoS is considered.
· Significant unexploited economies of scale exist mainly in small-scale utilities. This shows a potential to perform better by expanding operations say, through mergers. The cost-only and cost-quality models respectively estimate increasing RTS in over 71% and 61% of the utilities. Only 3% of the utilities are estimated to exceed optimal capacity. Moreover, utilities facing increasing returns to scale are associated with high QoS and TE. 
· Regarding the provision of high quality services, results seem to concur with the proximity to customers’ hypothesis. The hypothesis emphasises that small-scale utilities provide relatively better quality services due to advantages derived from their nearness to their customers (Growitsch et al. 2009; Kwoka 2005).
Conclusions

Results indicate that, technical efficiency, scale, and productivity growth significantly change when the QoS dimension is incorporated. We observe that complimentary regulations to induce QoS have become important as regulation of utilities continues to shift towards incentive regulation and yardstick competition. Therefore, benchmarking of utilities and computation of allowed revenues should always put into consideration QoS; it has serious financial implications especially to small-scale utilities. Thus, QoS should be part of every economic, efficiency and productivity analysis of utilities.  
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