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Overview
Changes in technology do not occur in a vacuum.  It is now well recognized that technologies, including energy technologies, are part of a larger system that includes market forces, regulatory institutions, public perceptions of technology, etc.  Therefore, in order to understand how new technologies are developed and then eventually diffused (or not) into that system, it is necessary to take a broader approach than just looking at the relative cost and performance of new versus old technologies.  The purpose of this paper is to explore one particular linkage between technology diffusion and societal systems: how technological developments challenge existing regulatory structures and the conditions under which regulatory systems are changed to accommodate new technologies.

Regulations exist to govern a wide variety of behaviours within energy systems.  Some, like electricity monopoly service territories, serve to restrict entry into the industry.  Others regulate price formation and related activities.  Still others govern externalities, such as the pollution control regulations for power plants or the vehicle emission standards for cars.  The literature which links technology innovation and diffusion to regulations tends to fall into one of two approaches.  First is literature that examines how regulations spur innovation.  For example, the development of catalytic convertors and other pollution control technologies as a result of environmental regulations such as the Clean Air Act in the United States. (Jaffe, Newell et al. 2002; Beerepoot and Beerepoot 2007)  While this dynamic is certainly an important one, the concern here is with a causal chain that runs in the opposite direction, where technology development spurs change in the regulatory system.  The second body of literature looks at the barriers to diffusion that regulations can create.  (Alderfer, Eldridge et al. 2000; Montalvo 2008)  While this gets us closer to the subject at hand, it is still not sufficient for understanding more precisely under what circumstances those barriers are effective and under what circumstances a new technology results in the dismantling of those barriers (i.e. some form of change within the regulatory system).

Methods

To address this question, this paper will outline some of the key functions of regulatory systems within the energy field.  Then, using some stylized examples, it will illustrate ways in which new technologies have challenged the existing regulatory system and the resulting impacts of those challenges.  The paper then poses three questions:

1) Under what circumstances do new energy technologies pose a challenge to the regulatory system rather than simply being accommodated within the existing system?

2) Can these challenges be systematized according to a set of key factors that explain why they are a challenge and the nature of the challenge they pose?

3) Can these factors be used to understand the circumstances under which regulatory systems will change to accommodate the new technology versus remaining static and restricting the new technology?

The answers to these three questions will be used to develop a framework for understanding the relationship between the development of new energy technologies, the regulatory systems in which those technologies must operate and the impact that has on technology diffusion.

Results
Understanding new technology development is crucial for thinking about supply and demand problems under conditions of constraints on fossil fuels and carbon dioxide emissions, as well as for meeting broader goals related to energy poverty and access.  However, regulatory systems are developed in the context of a given technology or suite of technologies. This paper explores the regulatory issues that arise from the development of new energy technologies and develops a framework for understanding how these mismatches between regulatory development and technology development impact the diffusion process.  In particular, it lays out key factors that can result in new technologies changing the regulatory system.  
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