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Overview

There has been considerable research and development in the area of demand side management (DSM) and demand response (DR) in recent years. Much of the work in this area has focused on demand side energy efficiency, as well as peak shaving and load shifting, while there has been much less work in utilizing DR for the provision of ancillary services. Studies have shown that using DR to facilitate the integration of renewable generation is technically feasible (Strbac, 2008, Milligan & Kirby 2010) and this has attracted much interest around the world. While there exists a well-established body of research that examines variable generation integration issues as well as the potential of DR, the interrelationship between the two has largely been neglected (Cappers et al. 2011). However, some studies have considered the interaction between them; for example, Sioshansi (2010) and Madaeni & Sioshansi (2012) have shown that there may be a benefit in implementing DR measures in conjunction with renewable generation, in terms of social welfare gains and in terms of carbon emission abatement. A full understanding of the interaction between DR, renewable resources and the existing power system will be crucial for determining implications for both system operation and for market design, as well as the value of DR as a power system asset. As stated by Macdonald et al. (2012), without an appreciation of the value of DR in electricity markets, the magnitude of the opportunities for DR cannot be fully assessed. It is necessary to determine its value both as a standalone resource and in combination with renewable generation. 

Applying the concept of an integration cost[footnoteRef:1] (or benefit) to the analysis of the inclusion of DR on the power system could provide a means to ascertain its true electricity market value and which markets are most suited to demand side participation (Macdonald et al., 2012). The concept of energy systems integration (ESI) is also emerging as a very important research area and highlights that there are advantages to be gained from the interaction and interdepencies between the different energy systems and data networks (Kroposki et al. 2012). Renewable integration studies represent a significant set of methodologies to quantify the impacts of increasing penetrations of renewables on electricity systems and are important in the wider context of energy systems integration. While renewable integration studies are well documented in the literature, there are a number of issues and areas of contention associated with integration study methodologies in general. The results are heavily dependent on the underlying assumptions upon which integration studies are predicated and there is significant difficulty in establishing the conditions under which to compare the ‘with’ and ‘without’ cases (Milligan et al. 2011). Furthermore, it has been found that it is surprisingly difficult to accurately calculate integration costs because of the large number of assumptions, to such an extent that Milligan et al. (2011) suggest that, to date, calculations of integration costs have not been performed “in a completely satisfactory manner”. Without a robust integration study methodology underlying an assessment of DR, it will likely be difficult to answer some of the important research questions such as: What is the cost and benefit of DR, what is the true market value of DR and what would the market value need to be in order to make DR viable?  [1:  Integration costs can be defined as the additional system costs imposed by the inclusion of a new technology that are needed to meet system requirements at an acceptable level of reliability (Soder, 2005). This paper places focus on costs and integration costs, but it is understood that there are many benefits associated with the implementation of DR and thus ‘cost’ is used in its broadest sense. ] 

                                                                                                                                         Methodology

Different types of DR measures and programs were explored in order to ascertain the key characteristics. These characteristics, and the reasons for their inclusion in an integration study, are discussed in the paper. An extensive critique of the literature relating to integration studies was then completed. This raised a number of methodological issues, issues which are explored in this paper. The literature review also indicated areas of concern with extending integration studies to include DR technologies, including data availability and DR baseline calculations. 

Results and Discussion 

A number of major research questions pertaining to DR are raised and a detailed and extensive discussion of the issues associated with applying integration study methodologies to DR is included throughout the paper. Particular attention is given to the issues surrounding DR baselines and data availability. Many places in the literature raise concerns regarding DR baselines and suggest that the challenge of establishing a baseline for DR may be a serious impediment to the development of robust methodologies for determining the true value of certain DR programs in the market. While, the generation of DR baselines may not be the huge barrier to the development of DR it is touted as being, obtaining sufficient data poses an issue for the modeling of all DR programs and, in this regard, data availability could be seen as a greater concern. The challenge of sourcing sufficient data pertaining to both consumer behavior and consumer price elasticities in order to determine baseline conditions to assess DR availability and performance (Cappers et al. 2009) is just one example. A number of studies discussed in the literature, for example Sioshansi & Short (2009) and Dietrich et al. (2012), are based upon assumptions regarding price elasticities of demand. According to Dietrich et al. (2012), elasticities differ by customer-type, direction of demand variation and time of day. Thus, detailed data on the price elasticities will be crucial for robust integration studies. Additionally, participants in existing DR and DSM programs have historically overestimated their likely performance during declared curtailment events (Cappers et al. 2009). This could have serious implications for the accuracy of DR data and thus for the establishment of DR resource baselines. 

Conclusions

The term integration cost can be misleading and is often a source of contention. Many of the integration studies in the literature define integration costs differently and direct calculation of the costs is extremely difficult. Extending integration methodologies to incorporate DR in order to attain the true cost-benefit of DR operating on a system with considerable renewable generation is shown to be non-trivial. There is merit in using an integration study as the basis for DR evaluation, due to the significant body of work in the area of VG integration and the many lessons learned from previous studies. However, there are issues that would need to be addressed when including DR in the methodology. DR is multi-faceted and has important characteristics that distinguish it from thermal generators. There are numerous types of DR programs and mechanisms in which to exact a response from the demand side, as well as different market interactions. As many different programs are likely to be implemented in reality, it is suggested that a system approach is required in order to account for interactions and interdependencies between different programs and load types.  
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