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Overview
The question of how electricity systems are evolving or transitioning to new systems in response to resource and climate change pressures requires a systematic approach that is sensitive to political, social, technical and economic influences. The purpose of the research is to describe the effects of a complementary innovation on the endogenous dynamics of change in the Ontario electricity sector, using the specific case of large scale Li-ion battery energy storage. The purpose of this paper is to present a conceptual framework that is developed for future research that will empirically contribute to the growing theory on the formation and influence of complementary innovations in large energy technology systems. The Ontario electricity sector provides an appropriate context within which to apply this framework in exploring the endogenous elements of change in a sector, and the influence of complementary innovations. This is because the sector is: (1) in a process of transition in response to government pressure most notably through the Green Energy Act and FIT program; and (2) it has active actors, networks and institutions in the niche and complementary innovation fields. The case of Li-ion batteries has been chosen because of access to companies developing and marketing these in Ontario. Ryerson University (2010) and the University of Toronto (2011) are conducting research on the implementation of modular Li-ion storage units of 340kWh capacity and 250kWh capacity respectively to be scaled to MW capacity in partnership with companies in Ontario. Each of those projects are funded by various government and regime actors. 
Methods
A comprehensive literature review was conducted to provide a theoretical background on the growing theory around the formation and influence of complementary innovations in large scale energy systems.  A review of previous and contemporary studies was undertaken to help contribute to the development of the conceptual framework for gathering empirical evidence to analyze the role of large scale Li-ion battery energy storage.  More specifically the review distinguished the key actors within an urban energy system and identified important functions and external influences to be considered. The review established a holistic base of understanding of the structure and dynamics of change in technical sectors with heavy infrastructure, such as the electricity sector, and how the theoretical components of that base, and the concept of complementarity within the dynamics of change, fit into a framework of analysis. 
Results
The literature on change in large technical systems draws mainly on two approaches for analyzing endogenous and exogenous dynamics. The first is technology innovation systems (TIS), where sectoral change is referred to as the formation of innovation systems with the overall goal of developing, diffusing and utilizing innovations (Bergek et al., 2008). The TIS framework provides a functional analysis primarily of the endogenous dynamics, where the scope of a study includes the actors, networks and institutions engaged in seven principal functions: Entreprenuerial Experimentation, Knowledge Development, Knowledge Diffusion through Networks, Articulation of Demand, Market Formation, Resource Mobilization and Creation of Legitimacy (Heckert and Negro, 2009). The second approach is the multi-level perspective (MLP) of sectoral change, which provides a structural analysis of the actors, networks and institutions subject to external influences on the system. It focuses on changes to the existing regimes, through radical niche-innovations and the regulatory, social and resource landscape that they exist within (Verbong & Geels, 2007). These two approaches can be integrated (Markard and Truffer, 2008) to provide a functional and structural analysis of change in the Ontario electricity system. Using the development and diffusion of urban energy storage, such as Li-ion batteries, to provide a boundary to the system, the landscape pressures, regime and niche level actors, networks and institutions can be identified and included in a structural and functional analysis. More specifically they would include:
· The landscape pressures from energy prices, of regulation and government incentives from the provincial and federal government, along with increasing public pressure can be analyzed in its role as influencing investment decisions within the sector.

· The regime actors and networks can be identified as the provincial government, utilities supplying most of the electricity generation in Ontario, the local distribution companies (LDCs), the not-for-profit players such as the Independent Electricity System Operator (IESO), and associations facilitating R&D on behalf of the actors such as the Centre for Energy Advancement through Technological Innovation (CEATI) and Canadian Electricity Association (CEA).

· The niche-innovation actors and networks can be identified as the developers, retailers and proponents of renewable electricity and smart grid developers such as the Canadian Solar Industries Association (CanSIA), the Canadian Solar Manufacturer’s Association (CANSMA), the Canadian Wind Energy Association (CanWEA), and the Smart Grid Forum. In addition, university and government research labs provide support to the development of these niche innovations. Finally, the niche market perspective can include potential investors and consumers of Li-ion batteries as electricity storage options.
· The complementary innovation actors and networks can be identified as developers, retailers and proponents of Li-ion electricity storage as one example. Here the actors and networks can be found in niche environments where battery storage technologies are being advanced and invested in from the private sector, universities and associations. They can also be found within regimes as incumbents such as LDCs investing in R&D toward incremental innovations upon their existing infrastructure. 
The case of Li-ion batteries would be considered a case of technical complementarity for existing regimes and niche innovations because the ability to store electricity in a large variety of environments allows it to increase the value of the electricity service to the customer or generator.  In the case of electricity generated by wind and solar technologies, the Li-ion batters would increase the quality of the power generated by regulating the voltage, and the reliability of the power because it could be drawn from the battery regardless of the weather conditions. The value of the electricity generated through niche technologies such as wind and solar could be enhanced. Considering electricity distribution and the progression toward a distributed energy “smart grid,” Li-ion batteries would be an appropriate technology for managing demand so that peak demand during the day didn’t require extra generation, but could rather draw from excess generation stored during the nights. Thus the value of the electricity service in the existing system could be enhanced. It is this type of complementarity that can be explored through the integrated TIS and the MLP of sectoral change approach, using the case of Li-ion batteries.
Conclusions

This conceptual framework allows for the exploration of the effects of a complementary innovation, such as Li-ion energy storage systems, by analyzing the strategic response of regime and niche actors who would benefit from the complementarity of them, and by analyzing government policy intent. This framework will be used to delineate the system around Li-ion batteries in the way that Bergek et al. (2008) recommend, and guide the data collection and analysis of the system as it has for Hekkert and Negro (2009) and Markard and Truffer (2008). The theoretical contribution of this paper is the increased understanding of the dynamics of change surrounding complementary innovations within an existing energy system. The practical contribution is the insight into the internal dynamics of change in Ontario’s electricity sector as it begins to introduce urban energy storage into the markets. This insight enables the various actors to make more informed decisions about battery storage commercialization, investment, and policy support.
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