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Overview

This paper presents and analyzes the results of a recent field experiment in which residential electricity customers in Washington State with price-responsive in-home devices could use those devices to change their electricity consumption autonomously. Doing so also required an important institutional change: the regulatory institutions had to change to allow dynamic pricing. Customers could choose a retail pricing contract from a portfolio of contracts, instead of the fixed, regulated retail rate. Here we focus on the results of the real-time contract, under which homeowners participate in a double auction with a market clearing occurring every five minutes. These customers saved money, and their peak demand (and pressure on infrastructure at peak capacity) fell by 15 percent. Moreover, this combination of technology and institutional design enabled decentralized coordination, and we use complexity science to interpret results that show that the real-time market outcomes were those of a self-organizing and scalable complex adaptive system. We also draw policy implications from these results.

Methods

Experimental economics, new institutional economics, complex systems analysis
Results

In the GridWise Olympic Peninsula Testbed project, distributed, price-responsive technology and institutional design that allowed dynamic pricing combined to create a complex adaptive system that was capable of self-organization. The real-time price contract group achieved this self-organization, and the resulting beneficial outcomes, through decentralized coordination. The combination of technology and institutional design made this decentralized coordination possible by making the network of residential customers, commercial customers, and generation suppliers a transactive network. Historically, such decentralized coordination in the electric power network was impossible because the network did not have this transactive capability, so economic and physical management relied on centralized control strategies. Thus the combination of technology and institutional design changes the nature of system-level issues in the electric power network from centralized control to decentralized coordination.
Conclusions

This decentralized coordination and the resulting emergent order are possible where they were not before in the electricity industry because of technological change. The analog electro-mechanical technology that has formed the core of the electricity infrastructure for a century necessitated central control – service reliability and network stability would not exist without central control. Distributed digital technology now makes decentralized coordination possible, and can lead to reliability and to reduced infrastructure costs. But the central control of the analog mechanical era persists. 

The policy implications of these results relate both to specific institutional design recommendations and to the broader culture and mindsets of regulation. One of the most effective institutional changes to enable decentralized coordination is to open retail electricity markets to competitive entry. Removing retail entry barriers and enabling retail competition would facilitate the promulgation of dynamic pricing options and product differentiation that could include green power and priority insurance, among other things.
Some of the more cognitive and cultural implications of these results are more challenging, because they suggest that in their decisions policymakers should recognize that distributed intelligence and complexity are beneficial, especially when institutions facilitate the self-organization of a complex adaptive system. These results suggest that policymakers should design institutions that facilitate decentralized coordination, and reduce transaction costs that prohibit private agents from engaging in mutually beneficial exchange.
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