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Overview

Electricity, and thus electricity transmission, has become essential for modern economies such as the Australian. Transmission lines deliver electricity from the generation sources to the major demand centres and facilitate competition amongst the providers of electricity to ensure efficient use of resources.  

As demand for electricity increases, new transmission is often required. In Australia, transmission providers are regulated monopolies, who must justify any investments in new transmission through the application of a market benefit test known as the RIT-T; see AER (2010). 

However, assessing the benefits of transmission is a complex problem due to issues such as the uncertainty about future fuel and carbon prices affecting what generation that will be build, the lumpiness of transmission investments, the impacts of wind variability on transmission flows and interrelation with investments in generation and other transmission. 

This paper will focus on the latter and discuss how recent developments in computers and modelling software allow better analysis of the interaction between investments in interconnectors and investments in generation and other transmission using a recent study from South Australia as a case; see AEMO & ElectraNet (2010). 
Interconnector economics is covered in academic literature, such as Turvey, R. (2006), de Nooij (2007), Elforsk (2008) and LBNL (2009). One of the common suggestions found is the inclusion of dynamic benefits (benefits from longer term changes in generation investments as result of new interconnectors) as opposed to the traditional focus on static (allocative and productive benefits) only. The static benefits arise from savings in production costs through more optimal dispatch and potentially lower system losses. 

While there are numerous applications of cost-benefit type analyses available from energy regulators websites through submitted applications to built new transmission, few of these capture these dynamic benefits. That dynamic benefits can be important was shown in Transpower (2008), where the dynamic benefits of the proposed HVDC option equalled 160% of the static benefits. 

The Transpower case also looked into the impact on future investments in the AC grid that were needed given the proposed HVDC link and the resulting generation build. This was an add-on analysis and it could potentially have changed the optimal generation mix and thus affected the economics of the HVDC link. In the analysis presented in this paper, investments in the AC grid in addition to the interconnector options are co-optimised along with the generation expansion to ensure consistency.

Methods

For the South Australian case study, the PLEXOS model was used to find optimal generation and transmission expansion plans for a 20 year period given different interconnector options connecting South Australia to the neighbouring states. Each of the 20 years were split into months each represented by five load blocks.
The majority of the transmission network in the National Electricity Market was modelled (approximately 270 nodes and 375 lines) using Security Constrained Unit Commitment (SCUC). This ensures the modelled power system can survive any one grid contingency (N-1), which is the most common standard the grid is designed to meet. 

For each option (including a “do-nothing” base case) and scenario (defining load growth, fuel and carbon price assumptions), the model calculated the optimal expansion plan of generation and transmission to meet the demand at minimum cost overall while maintaining N-1 reliability. 

Results

Given the modelling approach, both static benefits of savings in operational costs and dynamic benefits of changes in investment patterns for generation and the supporting AC grid were captured. 

Some of the proposed options showed a net market benefit under some scenarios. A key to this was allowing more renewable generation to be built in South Australia than otherwise delivering significant reductions in generation costs longer term. 
Conclusions

Overall, the study has shown that it is possible to capture the dynamic impacts of interconnectors on both generation and transmission. It comes at the price of significant increased computation time and in many cases it may be more appropriate to focus the computational efforts on other aspects, e.g. competition benefits or wind variability.  
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