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Overview
Since the liberalisation of Australia’s electricity supply industry spot market prices have a significant effect on retail pricing of energy to consumers. With the interconnection of all of the eastern states in Australia and their integration into the National Electricity Market (NEM), spot market behaviour has been greatly affected by a number of natural disasters, droughts and insufficient infrastructure investment. The possible broad scale deployment of Distributed Generation (DG) onto an electricity market could have many benefits for system regulators and retailers by reducing wholesale electricity market volatility.  

Furthermore, the significantly shift in peak demand in Australia is also placing pressure on system adequacy and future investment is centralised peaking plant will drive up average wholesale electricity prices. Deciding on the optimal mix of centralized power plant and DG to fulfil system adequacy and the desire for renewable generation will require long-term forecasts. To enhance our understanding of the full economic benefit of the deployment of DG, modelling must be performed at a market level to examine the behavioural consequences of such a wide spread deployment.

Methods
Establishing a framework for forecasting long-term electricity market behaviour and subsequent real emissions will require the following suite of models to examine:

· Electricity market behaviour

· Short and Long Run Marginal Costs of electricity generation (SRMC and LRMC respectively) 
· Renewable generation and technological innovation
· Carbon price forward curve behaviour.
The simulation of market behaviour and the inevitable change in electricity production trends has been performed using a model of the National Electricity Market (NEM) that simulates operation and dispatch of power generation assets on a half-hourly basis over the medium- to long-term. The modelling software we use for this investigation (PLEXOS), developed by Energy Exemplar, provides an extensive database of all generating assets and transmission operations within the NEM. This model evaluates the dispatch of the optimal fuel type mix based on an order of merit determined by bidding behaviour of generators to recover short run and long run marginal costs (SRMC and LRMC).  Marginal cost recovery for generating units is the primary driver for bidding behaviour within the NEM, while possible fuel mix changes due to increased demand will also change price behaviour. 
Initially we will establish a base case scenario to produce load forecasts and capacity factors which we shape to historical data obtained from the market operator’s (AEMO) data server. We then use PLEXOS to establish a benchmark for greenhouse gas (GHG) emissions which provides an emissions profile for the NEM. Furthermore, the introduction of the emissions trading scheme in 2013 will also uplift wholesale spot prices across the NEM.  The five policy frameworks were modelled for each year from 2012 out to 2050 as follows:
1. Business-As-Usual (BAU) case with no carbon trading: in which the Carbon Pollution Reduction Scheme (CPRS) is not implemented.
2.  15% reduction in emissions and no DG (CPRS-15): The CPRS is introduced in combination with the renewable energy target to reach an overall reduction of emissions by 15% below 2000 levels. 
3. 25% reduction in emissions and no DG (CPRS-25): The introduction of the CPRS with a deeper emissions abatement pathway is implemented to achieve an overall reduction of emissions of 25% below 2000 levels. 
4. 15% reduction in emissions with DG (DG+CPRS-15): Following the introduction of the CPRS, emissions permit prices stimulate the deployment of small scale distributed generation technologies. The roll out of small scale de-centralised generation will allow for the further cut in emissions than the corresponding CPRS -15% case study. 
5. 25% reduction in emissions with DG (DG+CPRS-25): With the implementation of deeper cuts to emissions following the introduction of a 25% target via the CPRS, higher permit prices stimulate a variety of alternative distributed generation options for deployment across the NEM. Furthermore, with increased pressure from permit prices reducing demand, results in the decreasing reliance over time for centralized higher emitting generation types. 
Results
With the introduction of the CPRS, wholesale electricity prices are set to increase to meet the marginal cost increase imposed by a carbon price. Consequently, modelling results indicate that the marginal increase in electricity prices will vary depending on the price setting generating unit. While there is a significant increase in electricity prices for Scenario 2 (compared to the reference case), it should be noted that there is a significant shift in installed generating assets. 
For example the installed capacity of low-cost coal-fired generation in the reference case will ensure that energy prices will remain relatively low especially with brown coal generators having a LRMC of less than $30/MWh. Conversely the increased cost of the installation of high cost generation types such as Combined Cycle Gas Turbines (CCGT) contribute greatly to the observed average price. Furthermore, the difference in prices between Scenario 2 and 3 (see Table i), are due to the lower demand and generation mix changes due to the higher carbon price observed for a 25% carbon abatement pathway. 
	NEM
	Scenario 1
	Scenario 2
	Scenario 3
	Scenario 4
	Scenario 5

	2020
	$26.92 
	$104.72 
	$68.68 
	$47.21 
	$37.94 

	2030
	$36.66 
	$55.87 
	$54.97 
	$35.46 
	$32.40 

	2050
	$110.74
	$110.10
	$203.17 
	$38.67
	$52.20 


Table (i): NEM Average spot prices ($/MWh)
The modelling indicates that another benefit of the roll out of DG is lower volatility of observed prices on the wholesale market. Lower volatility of spot price behaviour also provides significant benefits from a risk management perspective and reduces the cost of serving the retail consumer base. Valuing the premium on a $100/MWh base cap product, is a simple method of measuring market participant’s exposure to high and volatile prices (see Table ii). 
	NEM
	Scenario 1
	Scenario 2
	Scenario 3
	Scenario 4
	Scenario 5

	2020
	$25.75 
	$64.19 
	$68.00 
	$39.18 
	$26.77 

	2030
	$24.69
	$52.04
	$54.96
	$35.40
	$32.38

	2050
	$44.79
	$30.70
	$53.56
	$29.36
	$40.09


Table (ii). Premium Price of a $100/MWh Base Cap
Conclusions

With the deployment of DG there is a decrease in the incidence of prices above $100 throughout each simulated year. In the NEM, the frequency and severity of high prices has been observed on the market in previous years which has resulted in adverse consequences for the viability of retailers to recover the price of wholesale electricity from their customers. Lower spot market price volatility will result in lower tariff price increases over the planning horizon and the deferral of investment in expensive higher emitting peaking generator plant.

