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Overview
Australia has been an early and enthusiastic adopter of market-based environmental regulation including one of the world’s first Mandatory Renewable Energy Target (MRET) schemes in 2001. It also has well over a decade’s experience of electricity industry restructuring and established a wholesale National Electricity Market (NEM) in 1999. Recent developments include the announced intention of greatly expanding the renewable energy target, and the imminent introduction of centralized wind forecasting and rule changes to more formally integrate wind farms into market processes. Australia therefore provides an interesting example for assessing different approaches to facilitating the integration of large wind penetrations into the electricity industry. This paper outlines experience to date with wind integration in the Australian National Electricity Market, and assess the possible implications of current policy developments. 
Current electricity market arrangements and renewable policy support measures

The Australian NEM supplies around 90% of national electricity demand with an installed capacity of around 42GW. It features a six region gross-pool wholesale spot market solved on a five minute cycle. A day-ahead pre-dispatch process provides demand and price guidance, however, participant rebidding is permitted on a five minute basis. Network losses and potential constraints between regions are incorporated into the spot market solution, while averaged loss factors apply for connection points within regions. A number of Frequency Control Ancillary Service (FCAS) markets manage contingency and regulation between five minute dispatches. Various derivative instruments are traded between market participants to manage spot price volatility and support investment. Generators of greater than 30MW capacity are generally obliged to participate in scheduling processes [1]. 

Australia’s MRET places an obligation on electricity retailers to purchase Renewable Energy Certificates, in proportion to their market share of electricity sales, from accredited projects providing ‘additional’ renewable energy generation. Trading between liable retailers and existing and potential project developers establishes a market for these RECs. 

Appropriate locational and temporal price signals can play a key role in driving wind farm investment in a way that maximizes its value to the electricity industry including integration costs and benefits. While wind farms have not been required to participate in the NEM’s formal scheduling processes, their energy revenue depends upon the market region within which the wind farm is located and it’s intraregional connection point, and the match of its time varying output with the half hourly market price. This price typically exhibits daily, weekly and seasonal patterns, considerable uncertainty and potentially significant volatility. Wind project developers and financiers in Australia must therefore make investment and operational decisions on the basis of both possible future renewable energy market and energy market income streams [2]. 
Wind energy projects have made a substantial contribution to meeting the admittedly modest renewable energy targets to date with around 1000MW of generation now installed. Average spot electricity prices of the order of US$30-40/MWh and broadly similar REC prices would appear to suggest highly cost effective wind farm policy support by international standards.
Market design and renewable policy support developments

The Australian Government has recently announced its intention to expand the present renewable energy target for the year 2020 from its present 9500GWh to 45,000GWh. This represents an estimated overall renewable penetration of 20%. It is expected that wind energy will play a major role in achieving this target. This might involve a tenfold increase in present wind generation and a significant integration challenge.  
Fortunately, some previous decisions on forecasting and market rule changes will support facilitation. The NEM market and system operator, NEMMCO, is currently implementing a centralised wind energy forecasting system to support security and commercial decision making with the NEM. Furthermore, there are now also formal changes underway to better incorporate wind farms into the market’s ongoing operational decision making through greater participation in its scheduling processes. The need and value of such participation will grow markedly as penetration increases, and wind generation has increasing impacts on the operation of other participants. NEMMCO has proposed rule changes that create a special semi-dispatch category of generation for intermittent resources that will allow the market dispatch process to consider constraining wind farms on an equal basis with conventional generators in particular cases. Wind farms will also be required to pay their reasonable share of ancillary service costs. Such arrangements are supported by the general market design, in particular its five minute dispatch cycle with rebidding (effectively no ‘gate closure’). A number of wind farms are, in fact, participating as standard scheduled generation with five minute rebidding on the basis of current output or short-term forecasts. 
Conclusions

In conclusion, Australia’s particular renewable energy policy support measures and electricity market design seem well suited for facilitating the integration of high wind energy penetrations. They achieve this by ensuring that wind farm developers see commercial energy price signals reflecting, to at least some extent, the range of the costs and benefits that their project will bring to overall NEM operation. Proposed changes to the market rules should enhance these commercial signals.
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