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Overview
[bookmark: _GoBack]This paper evaluates the productivity growth of the electricity and gas networks in Great Britain (GB) since privatisation and the introduction of incentive regulation (around 1990). For the period up until 2013 networks operated under a regulatory regime known as RPI-X. Since 2013 a new regime, known as RIIO, has been put in place. This has emphasised a wider range of outputs, around quality, for energy networks.

Methods
The paper uses the Malmquist data envelopment analysis (DEA) method with the variable return to scale (VRS) input oriented approach (see Fare et al., 1994; Coelli et al., 2005). We use a new dataset collected with the help of the energy regulator in Great Britain, Ofgem. Our aim is to evaluate the productivity performance of the four regulated energy network sectors during different regulatory review periods.

We perform separate analyses for four network sectors: electricity and gas distribution and electricity and gas transmission. Different models are proposed for each sector with a combination of inputs/outputs and non-quality/quality variables. This work builds on earlier efficiency work on electricity networks (Giannakis et al., 2005; Llorca et al., 2016) and gas networks (Price and Weyman-Jones, 1996; Rossi, 2001; and Jamasb et al., 2008).

In each case we have a base model consisting of a number of physical outputs (including energy delivered) and two inputs (operating expenditure (opex) and capital expenditure (capex)). We report a number of other models (often estimated over shorter periods due to lack of data) which include measures of quality as additional inputs or outputs.

Results
Electricity Distribution: We find that electricity distribution sector shows TFP grows by 34% over the whole period (1990/91-2016/17) using a base model which does not include any quality variables. Adding quality variables in general improves measured productivity growth.

Gas Distribution: We find that gas distribution has TFP growth of 13.5% over the period 2008/09-2016/17 for the base model. Adding quality variables does not improve measured productivity growth.

Electricity Transmission: We find that electricity transmission shows a large decline in productivity for the period 2000/01-2016/17 of -30% for the base model. Adding quality variables substantially improves performance over this period.

Gas Transmission: We find a significant improvement in productivity for the period 2007/2008-2016/2017 with an increase of 72% for the base model. This is driven by lower capex figures over time. Adding a quality variable improves productivity still further.

In general, the energy networks sector has performed better than the reported performance for the whole market economy in the UK. This performance is hardly surprising given that the productivity growth for the whole economy has also been slow and the headline real revenue reductions from the different energy network price control periods are to some extent consistent with this. 

We discuss how the GB energy sector has been exposed to challenging conditions (which regulation has supported) in which to improve productivity since 2005, that may also contribute to low productivity growth. These include falling demand, increased pressure to improve quality of service and the rise of small scale distributed generation.

Conclusions
The addition of quality variables generally helps improve measured productivity, suggesting that the emphasis we have seen in improving quality in the move from RPI-X to RIIO is justified.

The data was surprisingly difficult to collect given the emphasis that GB energy regulatory agencies (Offer, Ofgas and Ofgem) have had on using data within price controls to undertake benchmarking. The gas data was particularly poor.

[bookmark: _Toc533157054][bookmark: _Toc532805545][bookmark: _Toc532801363][bookmark: _Toc532758524]As we look forward to the productivity impact of the next regulatory period (RIIO-2), we suggest that attention is paid by Ofgem to improving measures of customer satisfaction, measures of stakeholder engagement and the facilitation of the meeting of environmental targets (such as the addition of distributed generation to electricity distribution networks) and the valuation of the inputs and outputs of network innovation projects.
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