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Overview

The restructuring and deregulation process of the Australian electricity supply industry (ESI) led to the establishment of the National Electricity Market (NEM) on 13 December 1998. NEM is a gross pool arrangement for wholesale electricity trade in Australia and operates a deregulated wholesale market in the electrically connected but separate regions of New South Wales, Victoria, Queensland, the Australian capital Territory, South Australia  and Tasmania. One of the fundamental objectives of the wholesale electricity market reform in Australia is to deepen competition in wholesale electricity trade and facilitate the fuller integration of the separate regional electricity markets into a NEM (Worthington, Kay-Spratley and Higgs, 2005; IEA, 2005). However, direct empirical evidence on whether these separate regional electricity markets are fully integrated and well-functioning is missing in the Australian context since the establishment of the NEM. Empirical evidence on the role of interconnections in achieving fuller integration of regional electricity markets into a NEM is missing in the Australian context.
The purpose of this paper is to empirically assess the existing degree of market integration and provide evidence on the role of interconnections in achieving an integrated wholesale market for electricity in Australia. The results are particularly relevant from a policymaking perspective as this kind of evidence can serve as an input into decisions as to whether investment in new interconnectors should be undertaken. Concerns about under-investment in interconnectors, in contrast to broader concerns of excessive distribution network investments in Australia (Productivity Commission, 2013), must also be addressed. Hence, findings on the state of market integration can provide guidance in reforms of the existing wholesale market arrangements in the NEM. 

Methods

We mpirically assess the existing degree of market integration and provide evidence on the role of interconnections in achieving an integrated wholesale market by obtaining a fuller understanding of the pricing relationships (price convergence /divergence) between the interconnected regional electricity markets in the NEM. We analyse the prices because they reveal and aggregate all available information in efficient markets (Grossman, 1976). Price convergence (divergence) shows how strongly the prices are related (unrelated) across similar markets and cointegration analyses can detect if the prices share a common long-run equilibrium (Engle and Granger, 1987; Johansen, 1995). The lack of cointegrating relationships among the markets considered is indicative of significant underlying transfer constraints within the grid connecting these markets (De Vany and Walls, 1999). However, cointegration implicitly assumes a fixed structural relationship among the prices over the considered time-period which is not very appropriate for studying a relatively new market with an emergent connective structure. So we also apply the Kalman filter methodology based on a state-space model which allows for estimating time-varying coefficients. This can account for possible dynamic structural changes that cannot be identified by cointegration analysis (Kalman, 1960). A time-varying coefficient is indicative of the strength in pricing relationships among the markets considered and gives us a guide to the level and development of market integration.

Results

We use pairwise unit root tests, cointegration analyses and a time varying coefficient model to determine the level and study the development of market integration in the regionally separate but interconnected markets in Australia. The results from the pairwise unit root tests provide a mixed evidence of price convergence while cointegration analyses does not clearly reject the absence of persistence price differences across the physically interconnected regions. The results from the time-varying coefficient model suggest an integrating market for electricity in Australia although full market integration has not been achieved yet. Our results from cointegration analysis also supports the findings by Gonzalo and Lee (1998) that a proper use of the Johansen cointegration analysis requires a deeper data analysis than just the standard unit root tests. 
Conclusions

The results suggest the presence of significant transmission bottlenecks across the inter-regional interconnectors. Additional investment in interconnector capacity may be both desirable and urgent. However, it is essential that interconnector investments decisions are guided by a proper cost benefit analysis, bearing in mind the controversy that has arisen concerning the heavy cost burdens of transmission infrastructure investments in recent years in Australia. The underlying regulatory framework and regulation of electricity networks is critical in facilitating trade across the interconnectors. Future research concerning the wholesale market integration in the NEM can focus on examining the market integration impacts based on the actual usage of interconnector capacity. Event studies can be performed to assess the impacts of different events on market integration. In addition, it would be useful to further examine the time- series properties of electricity spot prices from the perspective of market integration. The fact that network regulations vary across states also suggests that further research on their effect on market integration would be useful.
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