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For a 37-year timeframe with stress loadblocks being used for every five modelled years, and using the 2013
forecast, a MIP with 2.9 million rows (constraints), 2.75 million columns (variables) and 16.2 million non-
zero coefficients was formed. Using Gurobi 5.5 as the MIP solver, the MIP presolve removes around half
of the rows and columns: the resulting MIP has 0.9 million variables, with just over 100,000 of these being
binary variables associated with state transition constraints and capacity constraints. Solution of the model to
a 4.1% optimality gap required 48 hours in elapsed time, with the MIP solver using up to 6 parallel threads
on a workstation with two 2.26 GHz 8-core Intel processors running Windows 7. A 5% gap was reached in
eight hours and the initial root-node LP solve required 3400 seconds to complete. This model performance is
typical of the runs that we have carried out, and clearly indicates a need to investigate faster approaches.

In the higher demand case, six interconnectors are augmented by 2040: ADE–CVIC (500 MW), CVIC–
SWNSW (500MW), NVIC–SWNSW (500MW), SWNSW–NCEN (500MW), NNS–SWQ (380MW to SWQ
and 800MW to NNS) and SWQ–SEQ (750MW). For the lower demand case, only ADE–CVIC (1000MW) is
augmented by 2050. The relative reduction in peak demand is a key driver for this. Coal generation is largely
absent by 2050, and (according to the ESM solution) gas-fired plant is preferred for supporting renewable en-
ergy supply by this date. Hydro-electric generation is constrained by water and site availability in all scenarios,
and so its energy delivery remains at current levels. The adoption of solar technologies (CG and DG) is strong
in the solutions, accounting for around 20% of installed capacity by 2050, and wind generation holds a similar
generation share through 2030-2050.

There is a complex trade off between transmission and generation. In some experiments, we have observed
reductions in demand resulting in more transmission augmentation in NSW and Victoria, because transmission
becomes cost-favourable over new generation assets. It is common for new generation to be in NSW and SW
Queensland due to their centrality to the NEM, rising regional demand, and the existence of high-capacity
interconnection links. The renewable energy supply does need support from fossil fuels or energy storage.
In our time series based on historical patterns we see periods of very low (5% capacity factor or less) wind
supply in particular, across most of the NEM. The correlation of wind peak with demand peak is not strong,
and although solar supply peak correlates with summer demand peak, there is a pinch-point in winter at dusk.
Our stress loadblocks are usually found in evening winter periods except for (predominantly) Queensland
daytime summer peaks where the demand is predicted to be very high.

REFERENCES

Australian Energy Market Operator (2012). 2012 National Transmission Network Development Plan.

Australian Energy Market Operator (2013). 100 Per Cent Renewables Study – Modelling Outcomes.

Binato, S., G. Couto de Oliviera, and J. Lizardo de Araújo (2001). A greedy randomized adaptive search
procedure for transmission expansion planning. IEEE Transactions on Power Systems 16(2), 247–253.

Binato, S., M. V. F. Pereira, and S. Granville (2001). A new Bender’s decomposition approach to solve power
transmission network design problems. IEEE Transactions on Power Systems 16(2), 235–240.

Ernst, A. and G. Singh (2008). Taming wind energy with battery storage. In Annual International Conference
of the German Operations Research Society, pp. 199–204.

Intelligent Energy Systems (2010). Least Cost Modelling Methodology. Prepared by IES for AEMO.

James, G. and J. Hayward (2012). AEMO 100% Renewable Energy Study – Energy Storage. Prepared by
CSIRO for AEMO.

Overbye, T., X. Cheng, and Y. Sun (2004). A comparison of the AC and DC power flow models for LMP
calculations. In Proceedings of the 37th Hawaii International Conference on System Sciences, pp. 1–9.

ROAM Consulting (2011). Impact of the LRET on the costs of FCAS, NCAS and Transmission augmentation.

Romero, R., A. Monticelli, A. Garcia, and S. Haffner (2002). Test systems and mathematical models for
transmission network expansion planning. IEE Proc. Generation Transmission and Distribution 159(1),
27–36.

Short, W., P. Sullivan, T. Mai, M. Mowers, C. Uriarte, N. Blair, D. Heimiller, and A. Martinez. (2011) Regional
Energy Deployment System (ReEDS). National Renewable Energy Laboratory, USA.

1515




