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Overview
The deployment of Distributed Generation (DG) onto an electricity market could have many benefits for system regulators and policy makers across the developed world as a strategy to improve electricity generation efficiency and reduce emissions. With the impending introduction of the Australian Carbon Pollution Reduction Scheme (CPRS), and a greatly expanded Mandatory Renewable Energy Target (MRET), a low pollution future needs to be realised via significant cuts in emissions by stationary energy production. Deciding on the optimal mix of centralized power plant and DG to fulfil emission constraints and the desire for renewable generation will require long-term forecasts. Furthermore, to understand 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
The simulation of market behaviour and the inevitable change in electricity prodction 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 2012 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 Rreduction 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
Our modelling has found that the Emissions Intensity Factor (t-CO2/MWh) of delivered energy throughout the NEM is significantly reduced in all years and under both emissions reduction scenarios, when distributed generation has been introduced. The Emissions Intensity Factor was chosen as the benchmark for analysis to better reflect emissions behaviour given the different rates of load growth across all scenarios. The simulations of three landmark years in the planning horizon (see below in Table (i)), feature the EIF’s of delivered energy across the NEM and shows significant structural changes with respect to the emissions profile, demonstrating that distributed generation could have a huge impact on curtailing CO2 emissions.

	
	BAU
	CPRS-15
	CPRS-25
	DG+CPRS-15
	DG+CPRS-25

	2020
	0.878
	0.944
	0.791
	0.776
	0.795

	2030
	0.932
	0.429
	0.500
	0.390
	0.433

	2050
	1.641
	0.137
	0.313
	0.110
	0.212


Table (i). Emissions Intensity Factor (t-CO2/MWh)
Conclusions

Through the modelling of distributed generation, we hope to demonstrate the benefits of the large scale deployment of distributed generation technology across the NEM have been shown to significantly improve the long term reduction of emissions. As a result, the decrease in the emissions intensity factor for generated energy is of considerable benefit in meeting emission reduction targets and places Australia at the forefront of cleaner and more renewable technology deployment.
