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Overview

The Future Grid Research Program is a $13 million research collaboration between the Australian science agency, the Commonwealth Scientific and Industrial Research Organisation (CSIRO), and four leading Australian universities - the University of Sydney, University of Newcastle, University of Queensland and University of New South Wales - to improve the nation's capacity design and implement the most appropriate, low emission electricity grid for Australia. It will deliver the first analytical framework of its kind for Australian electricity and natural gas networks incorporating technical, economic, commercial and policy perspectives.

This framework will allow systematic investigation of the most economically efficient energy network configurations, facilitating the electricity sector to make the key decisions required to successfully develop and evolve the nation's future grid over the next two decades.

Led by the University of Sydney, the program involves each participating university managing a major research project and working with CSIRO to develop a new suite of tools to understand, develop and optimise energy grids of the future as Australia transitions from its present carbon intensive energy sector.

The three year project builds on CSIRO's broad electricity sector and energy management work, including the industry-led Future Grid Forum that reported in 2013 (http://www.csiro.au/Organisation-Structure/Flagships/Energy-Flagship/Future-Grid-Forum-brochure.aspx).  
Methods

The program is conducting research that draws together engineering, economic and policy aspects of grid development and optimization and focuses on four major areas:

· Improved understanding of impacts of different loads, generation sources and energy storage on system security, led by the University of Sydney

· Grid planning and co-optimisation of electricity and gas networks, led by University of Newcastle

· Economics of alternative network development paths and estimates of total cost and price impacts, led by University of Queensland

· Policy measures and regulatory changes to facilitate a smooth and robust transition to a decarbonised future grid, led by the Centre for Energy and Environmental Markets at the University of New South Wales.

Models and tools developed by the program will help identify lowest cost pathways to successfully integrating large and small scale renewables into the electricity grid, better engaging the demand-side sector towards improved energy productivity and facilitating other energy technologies that might assist in delivering a more secure, affordable and environmentally sustainable sector. 
Results

The preliminary results discussed in the paper include:
· The combination of residential PV and energy storage has been analysed as a significant future component of the electricity grid in Australia. However the combination of existing time-of-use tariffs with a step transition may result in the generation of a new early morning peak load, as battery charge algorithms seek the lowest cost means of managing storage state-of-charge.
· At the high voltage (transmission level), the increasing integration of renewable generation creates challenges in maintaining stable power flow in the Australian NEM grid. Analysis shows that if widely distributed energy storage can be aggregated and applied at the HV level, then periods of voltage instability arising from variable renewable generation can be greatly reduced. However the effectiveness does depend on assumptions about the location and availability of this aggregated storage.
· Uncertainties in multi-stage system expansion planning can fundamentally change the feasibility of an expansion plan, particularly in a combined gas and electricity market. An ideal expansion co-planning approach need to effectively identify expansion plans regarding where, when and what type for gas power plants, gas pipes and power transmission assets, while minimizing risks of uncertainties. It provides a systematic and comprehensive planning approach to understanding, developing and optimizing energy grids in order to reach higher social welfare.
· Co-planning of gas and electricity networks can provide the strategic contemplation of the interactions of the two systems. Expansion co-planning approach is able to guide the energy industry to form a holistic approach to operating and planning of gas and electricity networks, subject to various technical constraints. Specifically, the co-planning approach can: 1) guide the energy industry to form a holistic approach to supporting operating and planning decisions, subject to the operating and planning criteria and other characteristic requirements; 2) identify energy infrastructure weakness and facilitate network augmentation/reinforcement for meeting long-term energy demand; 3) understand the physical and economic interactions between the two systems, in order to improve the social welfare of future energy grids.
· The highly disruptive take up of distributed and embedded generation by consumers is shown to require a considerable redesign of market and tariff structures that can ensure network assets are appropriately utilized. Initial analysis of consumer demand shifts and the deployment of distributed generation will have profound effects on the ability of centralised generation to make adequate returns. The modelling will show that the need to replace the ageing fleet of fossil fuel based generation assets could be deferred and via the take up of distributed generation.
· The transition to gas fired electricity production has been touted as a transition fuel to reduce carbon emissions. The effects of Western Australia's integration with the global gas markets has been previously shown to significantly increase the price of local gas for electricity generation. We show that the integration of the Eastern Australian gas with the Asian LNG market will have profound effects for electricity prices, but will also result in higher rates of volatility due to absence of gas a balancing mechanism. Moreover, we show that the long term future of gas power generation in Australia will not only depend on domestic policy, but on international energy markets that are outside the control of policy makers. 
· The key policy challenge is less about individual policy instrument design and implementation but, rather, achieving a coherent and comprehensive policy, market and regulatory framework that is robust against the high levels of future uncertainty present in the energy sector. Coherence is particularly important given the inevitable tradeoffs between some energy industry objectives, and legacy energy policy and regulatory settings that often favour incumbent players and business practices.
· Major penetrations of highly variable and somewhat unpredictable renewable generation pose particular challenges for wholesale yet also retail electricity and gas market design, as well as regulatory frameworks for monopoly network investment and operation. 
