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Overview

In the current and forthcoming decades, power sectors of major economies will experience fundamental technological transformations. The massive penetration of intermittent renewable generation technologies as well as the modernization of the electricity grid infrastructure are major components of this change (IEA, 2013). In modern systems, the demand side is called to play a much more active role. With renewables becoming an important share of generation mixes and the trends in the costs and capabilities of information, communication and automation technologies, the need and techno-economic feasibility of an active and flexible demand-side appear to grow (Joskow & Wolfram, 2012). 
Demand-side technologies, such as advanced metering infrastructure, home automation equipment or remotely controlled devices, and a wider and, perhaps, more complex offer of retail programs have the potential of bringing important benefits to the retail sector. While load serving entities can improve their distribution operations as well as their back-office planning processes, customers can reduce their electricity bills with little changes in their comfort levels (DOE, 2012). However, these benefits come along with significant costs, such as the capital necessary for deploying demand-side technologies or the resources required for educating customers on a more complex set of retail choices. What are the optimum levels of adoption of demand-side technologies and how much value adds a more complex portfolio of retail alternatives are the questions motivating this research.
The present work introduces a methodology for helping regulators and policy makers in the evaluation of portfolios of retail programs and the adoption levels of demand-side resources. The paper presents a model of a competitive electricity sector, which explicitly accounts for the interaction between the wholesale and retail levels. More concretely, the model captures the fact that the adoption of demand-side technologies and the structure of the retail offer determine the wholesale demand, which in turn drives the economic dispatch of power producers and, ultimately, the investment on generating capacity. Furthermore, the paper provides a method for efficiently finding a solution to the resulting equilibrium problem.

In order to illustrate the methodology, this work undertakes a welfare comparison of two portfolios of retail programs. While the first comprises two pricing options, a flat-rate and a time-of-use tariff (TOU), the second extends the first one including a real-time pricing program (RTP). The exercise assesses the welfare differences between the portfolios for various assumptions on the capital costs associated to demand-side technologies and different levels of penetration of intermittent renewables. Additionally, in order to improve the robustness of the results, this paper considers data from two systems, Denmark and California, and various assumptions for the elasticities of the customers’ demands. Policy implications are derived.
Methods

Convex and non-linear optimization theory, and stochastic partial equilibrium analysis. 
Results

Methodological:

· A model for evaluating portfolios of retail programs and adoption of demand-side technologies.
· An algorithm to solve the model.

Applied:

· The portfolio with three pricing programs always outperforms the one with two options. However, the bill reductions, which are the main drivers of the welfare gains, are never greater than a 3%. 
· The average customer adopts more demand-side technologies when presented with the portfolio with three instead of two options, and the bill reductions outweigh the corresponding additional expenses. 

· In most cases, under both portfolios of programs, the optimal configuration of the retail sector has a significant fraction of customers under the flat-rate tariff.

· The penetration of renewables and the decrease of the cost associated to the demand-side technologies increase the efficiency loss associated to implementing the portfolio with two instead of three pricing programs. However, the impacts of these factors seem rather mild.  

Conclusions

This paper develops a methodological framework for analysing portfolios of retail programs and the adoption of demand-side technologies, and proposes an algorithm to solve the model. The application of the method in a welfare comparison of two alternative portfolios provides the following insights. Even though the portfolio with three pricing programs outperforms the one with two options in all cases, the impacts on electricity bills seem rather minor. The average customer adopts more demand-side technologies when presented with the portfolio with the RTP program, however, in most scenarios, there is a significant fraction of customers that enroll in the flat-rate program. As the share in the production mix of intermittent renewables increases and the costs of demand-side technologies decrease, the efficiency losses associated to implementing the portfolio with two instead of three retail options increase. However, the impacts of these factors seem rather mild. The applied results suggests to regulators and policy makers a careful inspection of the interplay between the structure of the retail programs and the adoption of demand-side technologies before increasing the complexity of retail offer or rolling-out demand-side infrastructure.
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