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1. Modelling  overview  

AEMOõs Integrated System Plan (ISP) is underpinned by integrated energy market 

modelling and power system analysis. The objective of the suite of models and analysis is 

to determine an Optimal Development Path (ODP) that optimises benefits to consumers. 

Each individual process is important in the overall ISP process, however the linkages and 

interactions between the processes are also critical in ensuring the ISP delivers an 

integrated solution.  

This section focuses on describing the high-level process that is used in the modelling and assessment 

undertaken to prepare the ISP, including the key interactions between the various models and analytical 

processes. Each individual process is considered in more detail in later sections: 

¶ Section 2 describes the models and methodologies using the capacity outlook modelling process. 

¶ Section 3 details the approach that is used in more granular time-sequential modelling to inform and 

validate the capacity outlook modelling. 

¶ Section 4 documents the various engineering assessments of system reliability, security, and operability. 

¶ Section 5 steps through the cost-benefit analysis approach which is used to inform selection of the 

optimal development. 

Figure 1 provides an overview of the integrated suite of forecasting and planning models and assessments 

which are used to prepare the ISP. The overall ISP process is an iterative approach, where the outputs of each 

of the different models or analytical processes are used to determine or refine inputs into the other models 

and processes. Using the colours shown in Figure 1: 

¶ The fixed and modelled inputs  are the inputs, assumptions and scenarios published in the Inputs, 

Assumptions and Scenarios Report (IASR). These are influenced by earlier engineering assessments used to 

describe the existing capability of the National Electricity Network (NEM) and to develop a set of network 

and non-network expansion options. 

¶ The capacity outlook model  (Section 2) uses all the available inputs to develop projected generation 

expansion, transmission expansion, generation retirement, and dispatch outcomes, in each of the ISP 

scenarios. The aim when doing so is to minimise capital expenditure and operational costs over the 

long-term outlook while achieving the objectives (social, political, and economic) within each scenario.  

¶ The time -sequential model  (Section 3) then optimises electricity dispatch for every hourly or half-hourly 

interval. In so doing, it validates the outcomes of the capacity outlook model, and feeds information back 

into it. The model is intended to reflect participant behaviour hour-by-hour, including generation outages, 

to reveal performance metrics for both generation and transmission.  

¶ The engineering assessment (Section 4) tests the capability outlook and time-sequential outcomes 

against the technical benchmarks of the power system (security, strength, inertia) as well as assessing 

future marginal loss factors (MLFs) to inform new grid connections. These assessments feed back into the 

two models to continually refine outcomes.  
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¶ The gas supply model  (see the Gas Statement of Opportunities [GSOO] gas adequacy methodology1) may 

be deployed to validate the assumptions and impact regarding the adequacy of gas pipeline and field 

developments, by using the outcomes of the capacity-outlook and time-sequential models.  

¶ Finally, the cost-benefit analyses (Section 5) test each individual scenario and development plan 

considered by the ISP, to determine the ODP and test its resilience.  

Figure 1  Overview of ISP modelling methodology  

 
REZ: renewable energy zone. 

 
1 At https://aemo.com.au/-/media/files/gas/national_planning_and_forecasting/gsoo/2020/gas-supply-adequacy-methodology.pdf?la=en.   

Capacity outlook model

Transmission  

expansion 

options

Scenario 

demand and 

energy forecasts

Time sequential model

Generation 
expansion/

retirement and 

storage

Transmission 
network 

expansion

Market dispatch 
outcomes

Optimised generation, storage and network outlook, with cost and benefits

Estimate costs 
and benefits

Identify 
preferred 

capacity 

expansion 

options

Test and 
confirm 

system 

reliability and 

operability

Validate costs 
and 

benefits 

Engineering assessment

Scenario 

drivers (e.g. 

government 

policy)

Candidate REZ 

and generation 

parameters
Develop transmission 

expansion options

Assess and select 

additional 

transmission options

Develop network 

constraint equations

Power system analysis

Revise transmission 

expansion options

Gas 

supply 

model

Gas powered 
generator 

demand

Gas 
pipeline 

and field 

developments

Gas market data 

and 

development 

options

Fixed and modelled inputs

https://aemo.com.au/-/media/files/gas/national_planning_and_forecasting/gsoo/2020/gas-supply-adequacy-methodology.pdf?la=en


   

 

© AEMO 2021 | Draft ISP Methodology 8 

 

2. Ca pacity  outlook  
modelling  

Capacity outlook modelling is the core process to explore how the energy system would 

develop in each ISP scenario, and to determine candidate development paths from which 

the optimal development path is selected. 

The model reveals long-term outcomes for generation expansion and retirement, 

transmission expansion, storage, and dispatch options, in all ISP scenarios. The objective is 

to minimise capital expenditure and operational costs of the entire NEM over the long-

term outlook.  

The capacity outlook model takes all the relevant inputs through two modelling processes: 

¶ The Single-Stage Long-Term Model (SSLT) optimises over the entire modelling horizon (out to 2050). 

¶ The Detailed Long -Term Model (DLT) optimises over sequential, shorter time horizons.  

In this chapter: 

¶ Section 2.1 introduces the purpose and constraints of the capacity outlook modelling. 

¶ Section 2.2 describes the SSLT and DLT models that make up the capacity outlook model. 

¶ Section 2.3 explains how input assumptions are developed and used in the capacity outlook modelling. 

¶ Section 2.4 focuses on specific applications of the modelling (for example, an early generation retirement 

or the demand or variable renewable energy [VRE] profile), and the methodologies for them.  

¶ Section 2.5 explores the modelling of large-scale uptake of NEM-connected hydrogen. 

2.1 Purpose and size of the modelling process 

Purpose of the modelling  

The capacity outlook modelling process seeks to minimise capital expenditure and generation production 

costs over the long-term planning outlook. In doing so, it must: 

¶ Ensure there is sufficient supply to reliably meet demand at the current NEM reliability standard, allowing 

for inter-regional reserve sharing, 

¶ Meet legislated and likely policy objectives (in accordance with the scenario definitions). 

¶ Observe physical limitations of the generation plant and transmission system. 

¶ Account for any energy constraints on resources. 
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Simplification of inputs and assumptions required  

The model applies a mathematical linear program to solve for the most cost-efficient generation and 

transmission development schedule (considering size, type, location, and commissioning and retirement date 

of generation and transmission assets)2.  

A single run of the capacity outlook model can take up to three days to complete, and over 1,000 simulations 

are completed during an ISP process. The model must therefore focus on its most valuable uses, that is, the 

details most material to understanding potential investment needs.  

For the modelling to remain computationally feasible through this complex task, some inputs and 

assumptions must be simplified. These simplifications include: 

¶ Using multiple configurations of interacting capacity outlook models. 

¶ Breaking the optimisation into smaller steps (optimisation windows). 

¶ Aggregating demand and VRE profiles. 

¶ Avoiding integer decision variables by linearising generation, transmission build, and retirement decisions 

(effectively allowing partial units or lines to be built if desired). Many of these key linear decisions are 

validated in subsequent models. 

¶ Generally reducing the number of decision variables through limiting the number of generator and 

storage augmentations which are considered and aggregating inputs where appropriate. 

2.2 The Single-Stage and Detailed Long -Term models  

The capacity outlook process uses two interacting models to address different aspects of the long-term 

optimisation. Together, the SSLT and DLT can represent detailed demand and VRE outcomes over the length 

of planning horizon.  

Figure 2 provides an overview, focusing on the decisions that are made at each stage.  

 
2 These options are outlined in the most recent version of the IASR, at https://aemo.com.au/energy-systems/major-publications/integrated-system-plan-isp. 

https://aemo.com.au/energy-systems/major-publications/integrated-system-plan-isp
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Figure 2  Overview of ISP capacity outlook model  

 
*Hydrogen inputs and outputs are only applicable for scenarios that model significant hydrogen uptake. 

Single -Stage Long -Term Model (SSLT) 

The SSLT optimises the entire modelling horizon (out to 2050) in a single stage, to allow consideration of 

aspects with long-term impacts, such as: 

¶ Emissions budget s across the entire horizon , including determining the pathway for electricity generation 

emissions given that cumulative budget. The emissions pathway is then split into segments and used as an 

input for each of the smaller optimisation windows in the DLT Model. Further detail on this approach is 

provided in Section 2.4.5. 

¶ New high -utili sation thermal generation  (for example, combined-cycle gas turbines [CCGTs] or 

coal-fired generation) which needs to consider future emissions limitations. 

¶ Generator retirements brought forward from expected closure years. The configuration of this 

modelling ensures that these retirement decisions consider the impact of the variability and flexibility of 

any potential replacements, while also maintaining sufficient look-ahead of future conditions and the 

impact of emissions constraints. This modelling is supported by an economic assessment of coal closures 

through time-sequential modelling (see Section 3.1.3). 

¶ Co-optimisation of generation and transmission developments . In this model, inter- and intra-regional 

transmission augmentations are linearised due to computational limitations. The linear transmission build 

decisions from this model provide the first indication of potential network investments, and are used as a 

starting point for the development of alternative development paths. The collection of development paths 

is then tested rigorously within the DLT Model, which may lead to substantially different development 

paths being identified as preferable relative to the developments of the SSLT. 

This extended modelling horizon requires a coarser representation of demand and VRE variability to address 

computational limitations. To achieve this, the model applies a sampled chronology setting, which maintains a 
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representation of intermittency and chronology but potentially reduces the level of variation explored in the 

SSLT. Further information about the sampled chronology setting is covered in Section 2.4.2. 

The key inputs used in the SSLT that are distinct from those used in the DLT are: 

¶ A cumulative emissions budget across the entire horizon. 

¶ Consideration of retirement candidates which are then able to be brought forward from their assumed 

closure year within the model. 

¶ Linearised inter- and intra-regional transmission augmentations. These are developed by averaging the 

assumed configurations and costs across the different distinct options for a given transmission flow path. 

The options that are included in this averaging are adjusted iteratively throughout the ISP process to focus 

on those options which are most frequently assessed as potentially viable. This is to improve the 

consistency between the SSLT and the DLT.  

The DLT divides the modelling horizon into multiple steps which are optimised sequentially. The shorter 

optimisation windows allow a chronological optimisation of each day of the modelling horizon that preserves 

the original chronology of the demand and renewable resource time series, ensuring a more detailed 

representation of demand and VRE variability than the SSLT. Demand and VRE profiles are represented using 

a fitted chronology which is described in Section 2.4.2. 

The DLT provides a granular representation of each dayõs demand and VRE availability, while leveraging the 

outcomes of the SSLT such as the decomposition of the carbon budget, retirement decisions, and 

development of high-utilisation thermal generation. The increased accuracy of variability and flexibility of the 

modelled power system provides better assessment of dispatch and operability of the generation fleet, 

including the operation of storages (both daily and seasonally), providing a more accurate estimation of costs 

and benefits.  

The DLT is primarily used to: 

¶ Optimise the development, location, and operation of VRE, storage (battery and pumped hydro), 

electrolysers (if applicable), and other generation such as peaking gas generation.  

¶ Evaluate the transmission development paths3. Each alternative development path is tested individually 

through the DLT. Testing of the network development paths is a key process in determining the ODP and 

performing cost-benefit analysis. This process is described in more detail in Chapter 5. 

Iterative market modelling process  

Figure 2 above focuses on the decisions and outcomes which are taken from the capacity outlook models. In 

addition to this sequential process, the inputs to the capacity outlook models are refined using the outputs of 

each other, as well as time-sequential modelling. The interactions between the models and the inputs and 

methodologies used in each are explored in detail throughout this section.  

Figure 3 below illustrates the various interactions between the market models which are used to refine 

modelling outcomes; these are described in more detail in Section 2.4. 

 
3 Development paths refer to combinations of transmission and non-network augmentations. Section 6 has more detail on the use of development paths. 
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Figure 3  Interactions between market models  

 
 

Consideration of s takeholder feedback   

Several stakeholder submissions requested more clarity and detail on the interactions between the 

various models used in the ISP. AEMO has therefore provided more detailed descriptions of the 

high-level approach, as well as expanding on each interaction in more detail throughout Section 2.   
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2.3.1 Market modelling topology 

The NEM is comprised of the five states of Queensland, New South Wales (including the Australian Capital 

Territory), Victoria, South Australia, and Tasmania, referred to as regions. The capacity outlook model can 

apply two alternative approaches to this regional market topology: 

¶ Regional representation  ð this approach replicates the classic NEM regions, representing the network as 

a system of five regional reference nodes, connected via existing and potential inter-regional flow paths. 

This representation was applied in the 2020 ISP. 

¶ Sub-regional representation  ð this disaggregates some regions into sub-regions to better reflect current 

and emerging intra-regional transmission limitations. 
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Regional topology  

The regional topology mirrors the operation and settlement of the NEM Dispatch Engine (NEMDE) which is 

responsible for directing generation dispatch in the NEM, and is shown in Figure 4. AEMO will endeavour to 

reflect any changes in the NEM regional boundaries4 into the capacity outlook model. 

Figure 4  Regional  representation of the NEM, including existing interconnection  

 
 

 

Sub-regional topology  

AEMO uses a sub-regional topology in the capacity outlook models, because as more geographically 

diversified VRE generation develops, a regional representation limits: 

¶ The representation of intra-regional transmission constraints, which in turn limits consideration of 

renewable energy zone (REZ) transmission augmentations, and  

¶ AEMOõs consideration of congestion between major load centres, given how it can be influenced by 

generation between regional reference nodes. 

The approach disaggregates some regions into one or more sub-regions, configured to identify major 

electrical subsystems within the electricity transmission network that allow free-flowing energy between 

transmission elements. Where key flow paths are identified that may materially constrain the transmission 

system from delivering energy between locations, this alternative sub-regional approach splits these areas 

from each other, to better identify the capacity of the intra-regional transmission system and the value of 

potential augmentations. 

 
4 AEMO. Loss factors and regional boundaries, at https://aemo.com.au/en/energy-systems/electricity/national-electricity-market-nem/market-

operations/loss-factors-and-regional-boundaries.  
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An example of the sub-regional topology that was outlined in the Draft 2021-22 IASR can be seen in Figure 5 

below. In this case, regions were split into sub-regions so the capacity outlook model could make informed 

decisions on specific projects previously identified as being actionable or having preparatory activities5: 

¶ Central & North Queensland was separated from Southern Queensland so the link between the two 

sub-regions (Central to Southern Queensland augmentation) could be modelled with increased detail. The 

Gladstone Grid was then further separated from Central & Northern Queensland so local options to 

supply the Gladstone area could be examined if needed. 

¶ New South Wales was disaggregated into four sub-regions representing the North, Central, South, and 

Sydney/Newcastle/Wollongong (SNW) areas of the state. This enables an improved evaluation of 

proposed network projects that increase network transfer capability between these areas. 

¶ Victoria, South Australia, and Tasmania were each preserved as single nodes because the proposed 

network projects to increase transfer capacity in those regions generally connect from regional borders or 

REZs to major load centres. This may be modified in future if a need arises to model different network 

projects in more detail. 

Figure 5  NEM sub-regional topology  

  

 

 
5 An ISP can trigger òpreparatory activitiesó for future ISP projects. This creates a requirement for the responsible transmission network service provider 

(TNSP) to provide cost estimates and preliminary designs for use in a future ISP. 
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2.3.2 Allocation of electricity demands to sub-regions 

Modelling the sub-regional network topology requires the capacity outlook model to use sub-regional inputs, 

including demand traces. These traces are based on the regional demand traces developed as part of the 

Electricity Demand Forecasting Methodology6. 

The sub-regional demand traces and inputs are built based on the following half-hourly components of the 

regional demand: 

¶ òUnderlyingó demand excluding large industrial loads (LILs) ð this essentially represents energy consumed 

by residential and commercial customers gross of the generation provided by distributed energy 

resources (DER). 

¶ DER forecasts ð distributed photovoltaics (PV), battery storage, and electric vehicle (EV) profiles. 

¶ LIL forecasts ð LILs tend to have a flatter load profile, reflecting a traditional ôblock loadõ; separating these 

from residential and commercial underlying demand improves the representation of total demand. 

These regional components are then allocated in each half-hour to the sub-regions based on historical 

analysis and projected information. 

Allocation of underlying demand  

The underlying demand profile has any impact of historical DER uptake and LILs removed, and therefore 

represents actual electricity usage by residential and commercial customers. The underlying profile is 

allocated to sub-regions based on a historical half-hourly analysis of connection point demand data to 

determine a relative share of each sub-region. The underlying profile is not allocated by customer type, but 

rather from total demand from all residential and commercial customer types. 

This allocation is then applied to each half-hour of the regional demand profile.  Because the allocation is 

done at a half-hourly temporal resolution, daily, weekly and seasonal variations are captured.  The half-hourly 

allocations for each reference do not change over the duration of the forecast period, meaning that 

underlying consumption growth in each sub-region matches the regional growth forecast. Further 

methodology improvements will explore enhanced methods to reflect different consumption patterns within 

regions, and the way in which demand growth may evolve differently within a region. 

Allo cation of DER components  

AEMO sources forecasts of DER uptake at a postcode level. From this data, AEMO calculates each 

sub-regionõs share of DER at a monthly level and applies that to the regional half-hourly trace for that 

component. 

Some components of DER, for example aggregated storage such as virtual power plants (VPPs), are modelled 

explicitly within the capacity outlook model rather than through half-hourly traces. For these components, the 

same sub-regional share calculated for the DER type is allocated to these regional inputs.  

For example, if zone A and zone B have a 60% and 40% share respectively of distributed PV, and a region 

has 250 megawatts (MW)/500 megawatt hours (MWh) of VPP available, then zone A is assumed to have 

150 MW/300 MWh of VPP, and zone B has 100 MW/200 MWh. 

Forecast Large Industrial Load (LIL)  

LILs are modelled at a facility level throughout AEMOõs demand forecasting process. Each LIL is mapped 

individually to a sub-region based on its electrical connection. The sub-regional LIL forecast is simply an 

aggregation of the forecast of each LIL in that sub-region. 

 
6 Currently under consultation; further details available at https://aemo.com.au/en/consultations/current-and-closed-consultations/electricity-demand-

forecasting-methodology. 

https://aemo.com.au/en/consultations/current-and-closed-consultations/electricity-demand-forecasting-methodology
https://aemo.com.au/en/consultations/current-and-closed-consultations/electricity-demand-forecasting-methodology
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Aggregation of components  

Once the sub-regional half-hourly traces are developed for each component, a resulting sub-regional 

demand profile is then constructed by aggregating the necessary components. Further checks are then done 

to confirm that the regional annual consumption and maximum and minimum demands are maintained in 

the aggregated sub-regional demand traces.  

 

Con sideration of stakeholder feedback  

Several submissions requested further clarity on the approach to sub-regional demands, and in particular 

their alignment with regional demand forecasts (Shell Energy, Hydro Tasmania). AEMO has provided 

additional detail in this methodology which outlines how the sub-regional forecasts are developed to 

ensure complete alignment with the regional forecast when aggregated. 

  

2.3.3 Transmission limits and augmentation options 

Electricity networks have physical limits on their ability to transfer energy. Transfer capability across the 

transmission network is determined by assessments of thermal capacity, voltage stability, transient stability, 

oscillatory stability, and power system security/system strength. Transfer capability varies throughout the day 

with generation dispatch, load, and weather conditions. Other factors also play a part, such as status and 

availability of transmission equipment, operating conditions of the network, generator, or high voltage direct 

current (HVDC) runback schemes, and any special protection schemes (SPSs).  

Transmission limits are included within the capacity outlook model to reflect the ability of the network to 

transfer electricity between sub-regions. 

Representation of transmission limits  in capacity outlook model  

For capacity outlook modelling, a range of notional transfer limits between sub-regions is used. This 

approach is aligned with the approach for setting generator capabilities (see Section 2.3.7)7 and broadly 

allows the transfer limits to reflect the impact of two major influences on transfer limits: ambient temperatures 

and demand.  

AEMO first determines the transmission limits for reference temperatures listed in the Electricity Statement of 

Opportunities (ESOO) and Reliability Forecast Methodology Document8. This gives three conditions ð òSummer 

10% POE Demandó, òWinter Referenceó and òSummer Typicaló. 

The approach to applying these ratings in the ISP is as follows: 

¶ The winter reference capacity will be used for all periods during winter. 

¶ The Summer 10% POE capacity will be applied to the subset of hottest summer days, using the same 

approach outlined in the ESOO and Reliability Forecasting Methodology Document. 

¶ For all other days in summer, the average of the summer typical capacity and the winter reference 

capacity is applied. This approach is different to that used in reliability forecasting, and better estimates 

the energy transfer capability of the network in summer, as opposed to focusing on the transfer capability 

during peak periods which is more critical for unserved energy assessments. 

The following steps are applied to identify transfer limits for each seasonal condition:  

 
7 AEMO. Electricity Statement of Opportunities (ESOO) and Reliability Forecast Methodology Document, page 7, at https://www.aemo.com.au/-

/media/files/electricity/nem/planning_and_forecasting/nem_esoo/2020/esoo-and-reliability-forecast-methodology-document.pdf?la=en. 

8 At https://www.aemo.com.au/-/media/files/electricity/nem/planning_and_forecasting/nem_esoo/2020/esoo-and-reliability-forecast-methodology-

document.pdf?la=en. 

https://www.aemo.com.au/-/media/files/electricity/nem/planning_and_forecasting/nem_esoo/2020/esoo-and-reliability-forecast-methodology-document.pdf?la=en
https://www.aemo.com.au/-/media/files/electricity/nem/planning_and_forecasting/nem_esoo/2020/esoo-and-reliability-forecast-methodology-document.pdf?la=en
https://www.aemo.com.au/-/media/files/electricity/nem/planning_and_forecasting/nem_esoo/2020/esoo-and-reliability-forecast-methodology-document.pdf?la=en
https://www.aemo.com.au/-/media/files/electricity/nem/planning_and_forecasting/nem_esoo/2020/esoo-and-reliability-forecast-methodology-document.pdf?la=en
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1. AEMO gathers input data from asset owners, for example network ratings for various ambient 

temperature conditions, any runback schemes or SPSs. AEMO also gathers historical operational data for 

the network.  

2. AEMO consults with the local transmission network service providers (TNSPs) to understand potential 

limiting factors.  

3. Either AEMO or the TNSP undertakes power system analysis9 to evaluate the impact of each of the limiting 

factors on the transfer capacity. This includes:  

a. A mixture of thermal capacity, voltage stability, transient stability, oscillatory stability, and power 

system security/system strength assessments, depending on the sub-region, and  

b. Testing worst-case conditions and typical conditions, and a selection of appropriate demand and 

generator dispatch conditions.  

4. AEMO selects the most binding transfer limit. For example, if there is a transient stability issue which limits 

flow between sub-regions to a particular MW value, but that value is higher than the MW flow value for 

the voltage stability limit for that sub-region, then the voltage stability limit will be used to set the transfer 

capability.   

 

Consideration of stakeholder feedback  

AEMO has considered the following options for expanding the set of transfer limits:  

¶ A worst-case limit, and a limit for ôtypical conditionsõ for the remainder of the year. 

¶ Peak and off-peak limits for both summer and non-summer conditions.  

¶ A worst-case limit, and limits for ôtypical conditionsõ for summer and non-summer.  

Some stakeholders noted that an appropriate set of conditions to consider for transfer capability 

could consider different demand conditions. AEMO considers that while all of the options 

mentioned above would provide for a greater variety of demand conditions, the proposal to align 

with temperatures considered for generator capability will be the best option to provide for more 

conditions while also minimising additional modelling complexity.  

 

Augmentation options  

This section describes the method and approach to developing credible augmentation options.  

Generally, transmission corridors are still conceptual when modelling for the ISP. As such, specific details on 

route selection and easements are not yet identified, and the essential consultation with community, 

traditional owners, or property title holders has not yet commenced. It is vital that developers and TNSPs 

identify key stakeholders and commence engagement on land and access as early as possible.  

In the IASR, AEMO starts this process by consulting on the broad geographic properties of augmentation 

options. This includes: 

¶ The design of the sub-regional model (previously called a zonal model). 

¶ Transmission corridors for augmenting the backbone of the network ð this includes interconnector 

upgrades and sub-regional upgrades. 

¶ REZ geographic boundaries. 

 
9 AEMO. 2020 ISP Appendix 9 ð ISP Methodology, Section A9.4.4 Power system analysis, at https://www.aemo.com.au/-/media/files/major-publications/isp/

2020/appendix--9.pdf?la=en. 

https://www.aemo.com.au/-/media/files/major-publications/isp/2020/appendix--9.pdf?la=en
https://www.aemo.com.au/-/media/files/major-publications/isp/2020/appendix--9.pdf?la=en
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AEMO publishes an interactive map10 that shows resource quality and REZ locations to support engagement 

on these broad geographic properties. Transmission corridors for sub-regional upgrades are provided within 

the IASR or via a separate consultation. 

 

Example  ð establishing and refining an augmentation option  

In the Draft IASR, AEMO seeks feedback on options to increase transfer capacity between two areas ð for 

example, Central to Southern Queensland. Several options are proposed, including new high voltage 

alternating current (HVAC) or HVDC transmission lines, upgrades to the existing network, and 

non-network options (for example, virtual transmission lines or other alternatives). For each option, AEMO 

describes and seeks feedback on the approximate geographic and technical parameters. AEMO also 

seeks feedback on non-network technologies and the approach to costing non-network options.  

AEMO then collaborates with TNSPs to develop the cost and capacity of each option ð including options 

to stage projects and consideration of feedback that is received to the Draft IASR. AEMO then consults 

publicly on transmission costs via a Draft Transmission Cost Report. Feedback to the Draft Transmission 

Cost Report, and TNSP estimates from active Regulatory Investment Tests for Transmission (RIT-Ts) and 

Preparatory Activities, are then included in the final Transmission Cost Report which accompanies the 

IASR. 

The augmentation options in the IASR are inputs which may be refined to cater to modelling outcomes 

throughout the ISP modelling process (for example, optimisation with nearby projects, staging, and new 

information). AEMO will publish any changes to transmission costs in the Draft or Final ISP. 

 

Once the broad geographic properties are defined, AEMO collaborates with TNSPs to create preliminary 

designs for augmentation options, and then proceeds to develop an initial estimate of the cost and transfer 

capability of each option.  

Figure 6 summarises the parameters considered in developing each type of transmission option. Sub-regional 

network augmentation options, including interconnector options, typically fall into the following categories: 

¶ Minor network upgrades and augmentations to the existing network (brown field augmentation). 

¶ Additional new transmission lines (green field augmentation). 

¶ Alternative technologies to minimise the requirement for new transmission lines, including non-network 

options. 

When considering whether to upgrade existing network or build new transmission, AEMO also assesses 

alternative technologies to increase the transfer capacity of the existing network, including power flow 

controllers and other options that do not involve new or expanded transmission. Once the credible options 

have been identified, detailed power flow studies are undertaken to assess the capability of the resultant 

augmentation options. 

 
10 AEMO. Interactive Map, at https://www.aemo.com.au/aemo/apps/visualisations/map.html.  

https://www.aemo.com.au/aemo/apps/visualisations/map.html
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Figure 6  Developing credible transmission options to increase network transfer capacity in the ISP  

 
 

Options to increase network transfer capacity of the existing network  

Minor network upgrades and augmentations to the existing network can be relatively low cost and have a 

short lead time to implementation, with lower environmental and community impacts than those of major 

new transmission lines. They usually meet the needs for small capacity gains on the network.  

The options considered to increase capability of the existing transmission network are: 

¶ Network reconfiguration to balance or reduce overloaded network elements. 

¶ Application of dynamic line ratings for transmission lines for additional thermal capacity under favourable 

weather conditions. 

¶ Control schemes to reduce generation and load immediately following a contingency. 

¶ Uprating of transmission lines for additional thermal capacity. 

¶ Additional new transformers for additional thermal capacity. 

¶ Additional new static and/or dynamic reactive plant. 

New transmission line  options  

The configuration of new transmission lines to increase network capacity is assessed based on: 

¶ Identification of appropriate transmission line technology with technical feasibility. 

¶ Consideration of route selection factors and integration into the existing network, including cost effective 

access to renewable generation and consideration of energy losses. 

¶ Identification of solution staging to minimise total project costs. 
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In the NEM at present, HVDC is currently used for three point to point interconnection links between regions.  

When assessing new transmission line proposals, both HVAC and HVDC implementations are considered: 

¶ HVDC can be more economic than HVAC for longer distance point to point applications, typically several 

hundred kilometres, or for applications under ground and under water, even when including the converter 

stations at each end of the transmission line.   

¶ An exception to this is where multiple converter stations are required along the route, for example, when 

connecting multiple REZs along the line route. This is the case in the 2020 ISP, where most actionable ISP 

projects are related to connection of multiple REZs. As the costs of converter stations are material, the 

overall cost of a HVAC implementation can be cheaper than the overall cost of a HVDC implementation.  

¶ For shorter transmission lines, the added cost of converter stations may make HVDC implementations 

more expensive than HVAC alternatives.  

The benefits of each technology are assessed and verified through a technical feasibility study to determine 

the most appropriate technology to use, to design a new transmission line or network augmentation. This is 

followed by an economic analysis to determine the net market benefits.  

In designing new transmission line options, AEMO will assess the possibility of solutions to be delivered in 

stages (see Section 5.4 for discussion on staging and option value).  

Alternatives to transmission  lines  

Alternative technologies and non-network solutions are also considered in order to assess the most efficient 

approach to meet the identified need (see Section 5.9.2). Alternative technologies and non-network options 

can fulfil the need to increase power system capacity while still optimising economic benefit to all those who 

produce, consume and transport electricity in the market. Delivery of these alternative technologies and 

non-network options is often a case-by-case regulatory treatment, depending on the nature of the identified 

need and the alternative option selected.  

Alternatives to transmission can include: 

¶ Technology solutions such as power flow controllers and virtual transmission lines11. 

¶ Energy storage or local generation.  

¶ Control schemes such as fast acting load curtailment schemes, or local generation run-back and 

curtailment schemes.  

Modelling of non-network solutions can occur as bespoke options within the ISP or as alternatives to a 

network investment within the RIT-T framework. The approach to assessing these options is similar to the 

assessments needed for transmission options. AEMO (or the RIT-T proponent) conducts a technical analysis 

to determine the system limits with the option in service. This is followed by an economic analysis to 

determine the net market benefits.  

An accurate assessment of alternative technologies may require information which is only available in the late 

stages of project completion and is often commercially sensitive. AEMO receives non-network submissions 

throughout  the ISP consultation process, and a TNSP may receive additional options within the RIT-T. AEMOõs 

approach is to assess the technical capability of options with the available information and undertake 

economic analysis to consider each submission as an alternative to network options.  

Transmission costs  

For actionable ISP projects that are proceeding under the current RIT-T process, AEMO works with the 

relevant TNSPs and incorporates the published costs and designs in its assessments. 

 
11 Virtual transmission lines use storage (or fast acting power response) at both ends of a particular transmission line which is expected to constrain power 

transfer. Immediately following a contingency event, the storage at the sending end of the transmission line absorbs power and the storage at the 

receiving end releases the same amount of power (less the transmission line losses). This avoids any thermal overloading on surrounding parallel 

transmission lines. This process of placing energy storage on a transmission line and operating it to inject or absorb real power, mimicking transmission 

line flows, is an alternative to uprating, replacing, or building new transmission lines to increase transmission capacity. 
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TNSPs also provide estimates of costs and initial designs for projects that are ôFuture ISP projects with 

Preparatory Activitiesõ or are undergoing the RIT-T process. Information provided by TNSPs is cross-checked 

by AEMO and included in the IASR. 

Other transmission network augmentation options and costs are consulted on in the preparation of the IASR. 

Through that process, a Transmission Cost Database (TCD) is developed in collaboration with the TNSPs and 

the Australian Energy Regulator (AER). The TCD is released for public visibility alongside a Transmission Cost 

Report that demonstrates its use on ISP projects. 

Because interconnector and REZ designs are inter-related, AEMO may update transmission designs and their 

costs using building blocks in the published TCD throughout the course of ISP modelling. This is done in the 

Engineering Assessment model (see Section 4). 

 

Consideration of stakeholder feedback  

Following feedback from stakeholders on the transmission costs assumed for the 2020 ISP, AEMO has 

commenced an initiative to improve the approach to and transparency of input cost estimation for 

transmission used for the 2022 ISP, by developing a new TCD. 

 

2.3.4 Renewable Energy Zones (REZs) 

REZs are geographical areas in the NEM where clusters of large-scale renewable generation can potentially 

be developed. The capacity outlook models include REZs to account for differences in energy resource 

availability and infrastructure limitations within each sub-region. The geographic boundaries for REZs are 

determined through the IASR consultation process. 

This section covers methodologies relating to REZs: 

¶ Resource and transmission limits. 

¶ Network expansion. 

REZ resource  and  transmission limits   

For the purposes of capacity outlook modelling, REZ capabilities can be described using two key concepts: 

¶ Resource limit ð the assumed upper limit of generation supported by land availability and resource quality. 

¶ Transmission limit ð the amount of power that can be transferred from the REZ through the shared 

transmission network.  

REZ transmission limits can be increased by augmenting the shared transmission network (modelled as a 

network expansion cost), and REZ resource limits can be increased by utilising a larger land area or 

converting more land within a REZ to be suitable to host generation (modelled as a land use penalty factor). 

By using a land-use penalty factor, AEMO can model a staged increase in land costs, reflecting more 

complicated arrangements required for planning approvals and social licence as more infrastructure is built 

within a REZ.  

REZ resource limit  

REZ resource limits reflect the total available land for renewable energy developments, expressed as installed 

capacity (MW). The availability is determined by existing land use (for example, agriculture) and 

environmental and cultural considerations (such as national parks), as well as the quality of wind or solar 

irradiance. Resource limits are ôsoftõ limits ð this means the resource limits can be exceeded if a penalty factor 

is incurred by the model.  

REZ resource limits and penalty factors are determined through the IASR consultation process. 
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REZ transmission limit 

REZ transmission limits represent the maximum generation that can be dispatched at any point in time within 

a REZ, reflecting the transfer capability of the shared transmission network, and taking into account any local 

load. Network studies using PSS®E are undertaken to identify transmission limits for REZs.  

These transmission limits are able to be increased through: 

¶ Augmentation between sub-regions ð these could pass through a REZ and improve its access to the 

shared transmission network (for example, a new interconnector that passes through a REZ). 

¶ Augmentation from a REZ to the NEM shared transmission network. 

The REZ transmission limit is expressed as an inter-temporal generation constraint in the capacity outlook 

model. The purpose of the constraint is to limit the generation dispatch up to the transmission limit which can 

be increased when it is economically optimal.  

The generation constraint takes the following form: 

ὋὩὲ ὋὩὲ  ὝὶὥὲίάὭίίὭέὲ ὰὭάὭὸ 2%: ὃόὫάὩὲὸὥὸὭέὲ  

Where: 

¶ ὋὩὲ  is the generation from solar capacity (variable optimised within the capacity outlook model). 

¶ ὋὩὲ  is the generation from wind capacity (variable optimised within the capacity outlook model). 

¶ 2%: ὃόὫάὩὲὸὥὸὭέὲ are transmission developments between the NEM transmission network and the REZ. 

The transmission cost is considered by the modelling. 

¶ ὝὶὥὲίάὭίίὭέὲ ὰὭάὭὸ is the original intra-regional network limit (input to the model). This value changes in 

cases where interconnector developments improve access to the REZ. 

Modelling the instantaneous transmission limit and generation dispatch captures the diversity of wind and 

solar generation and the potential for these technologies to effectively ôshareõ the transmission network. This 

enables the capacity outlook model to optimise network investment against generation curtailment. 

Both battery and pumped hydro storage have the potential to help manage transmission curtailment and 

therefore impact the potential value of REZ augmentations. While it is not computationally tractable to model  

storage options in all REZs, if a major REZ augmentation is expected to become an actionable project during 

the cost benefit analysis (CBA), then storage options may be selectively added to the REZ constraints to 

assess the benefits of alternative solutions which incorporate storages. The storage projects would appear in 

the left-hand side of the equation above, with positive coefficients on generation/discharge and negative 

coefficients on pumping/charging. See Section 5 for further details on the CBA process. 

 

Consideration of stakeholder feedback  

ElectraNetõs submission to the ISP Methodology Issues Paper proposed a methodology for calculating 

REZ hosting capacity that considers the diversity of wind and solar as well as local storage. AEMO has 

adopted the suggested improvements to capture the impact of wind and solar diversity. 

The ability of battery storage to reduce curtailment and increase network utilisation is acknowledged, but 

AEMO is unable to optimise this aspect within the capacity outlook modelling due to the increase in 

computational complexity. The locational placement of battery storage (for example, within a REZ) is a 

manual process taken after the capacity outlook modelling stage, where improvement of network 

utilisation is one factor considered alongside being able to meet local demand at peak periods and 

deferral of network upgrades as part of non-network options (see Section 2.3.3).    
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Group constraints  for transmission limits  

òGroup constraintsó combine the generation output and transmission limits from more than one REZ to 

reflect transmission limits that apply to wide areas of the power system. These are developed by considering 

the limits observed from power system analysis, and in consultation with TNSPs. 

Group constraints also have network upgrade options developed, and specific expansion costs applied within 

the capacity outlook optimisation as per the normal REZ network expansion methodology. 

The transmission limits for REZ group constraints are expressed in the same format as a single transmission 

limits, however the ὋὩὲ  and ὋὩὲ   is the summation of the generation in all REZ to which the group 

constraint applies.  

REZ network expansion  

The capability to transfer power from the REZ to the load centres often needs to increase to support VRE 

development within a REZ. This is achieved by the development of network expansion options to increase the 

REZ hosting capacity and REZ transmission limit. 

There are two main steps to this: 

¶ Development of network augmentation options that increase the REZ transmission limit. 

¶ Linearisation of the network augmentation options for each REZ for input into the capacity outlook model. 

Development of network expansion options  

Credible options to increase the transmission limit through REZ augmentation are developed through a 

technical assessment. The methodology to develop REZ network augmentation options is consistent with the 

sub-regional network augmentation options described in Section 2.3.3. 

The REZ expansion costs determined are specific to the network location of the REZ, and need to be 

designed to integrate with nearby network upgrades. In instances where nearby network upgrades are 

chosen by the capacity outlook model, REZ designs and expansion costs may be revised. 

Linearised representation  of REZ network expansion options  

Having a series of discrete network augmentations as possible candidates to be selected in the capacity 

outlook modelling (similar to inter-sub-regional options) which represents all credible REZ expansions is 

computationally intensive. Therefore, to represent the cost of expanding the network servicing a REZ, an 

incremental expansion cost (measured in $/MW) is determined. This expansion cost is a linearised value 

derived from the total cost ($) and REZ hosting capacity increase (MW) of a network augmentation option.  

The cost-effectiveness of network options can vary significantly between small and large augmentation 

options ð larger options will generally deliver economies of scale. It is therefore not appropriate to use a 

linearised value derived from a minor network augmentation to represent the cost-effectiveness of much 

larger options, or vice versa. AEMO must therefore select an appropriate linearised value from a set of 

possible network augmentations as a starting point. Table 1 outlines several hypothetical options to expand 

the hosting capacity of a REZ. 

Table 1  REZ network expansion options  

Option  Description  Augmentation cost  Additional hosting capacity  Linearised value  

Option 1  Uprating critical spans $30 million 300 MW $100,000/MW 

Option 2  Rebuilding entire 220 kilovolt 

(kV) line at higher rating 

$400 million 800 MW $500,000/MW 

Option 3  New 500 kV loop $1,000 million 3,500 MW $285,714/MW 
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The augmentation options outlined in Table 1 are illustrated in Figure 7. AEMO initially selects a point on the 

line which best represents the linearised cost of a particular network expansion. This point will generally be 

the least-cost linearised value as a starting point (for example, Option 1). If the optimised model builds 

significantly more or less generation in the REZ compared to the chosen point, then the point can be revised 

(for example, Option 2 or 3). AEMO considers that approximately two to three network options per REZ will 

provide a sufficiently broad range of options.  

Figure 7   Cost and capacity of REZ network expansion options  

 
 

The range of credible network options may result in a function which is not necessarily monotonically 

increasing, and may have discontinuities that reflect the capability of discrete network options. Therefore, the 

linearised approach requires careful selection of the appropriate point on the function to reflect a realistic REZ 

expansion in terms of size and cost. This is an iterative process that ensures the resulting REZ network 

expansions and their costs are appropriate.  

 

Consideration of s takeholder feedback  

Stakeholders asked for further detail to be included on the process used for the derivation of the REZ 

network expansion costs. Further explanation of this process has now been included, including reference 

to the section detailing the intra-regional augmentation study and option methodology. Further 

breakdown of the range of projects and costs associated with REZ network expansion will also be 

provided as part of the Transmission Cost Report.  

 

Interplay between sub -regional augmentations and REZ network capacity  

Sub-regional augmentations are augmentations of any flow path between two sub-regions, whether inter- or 

intra-regional, and include interconnector augmentations or new lines. Within a sub-region, there may be a 

need to reflect the capability of the local network to export renewable generation from multiple REZs ð this is 

done with group constraints that limit REZ output from a combination of REZs.  

Sub-regional limits can therefore apply additional constraints on the maximum output from REZs, as well as 

any other generation or interconnector flow within a sub-region. Depending on the location of the REZs and 

definition of the sub-regional flow paths, this could impose limits on a REZ expansion which are automatically 

increased if a sub-regional augmentation then occurs.  
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Sub-regional upgrades do not necessarily require REZ expansions to show a need for upgrades to be 

implemented; it could be based on other factors, such as being able to supply demand under peak load 

conditions. An increase in a Group constraint limit is in effect the same as a REZ expansion. 

This interplay helps ensure the full network upgrade costs when a REZ expansion is required are correctly 

captured, and assists in co-ordinating network upgrades that could be required for a number of different 

reasons.  

REZ expansion costs for load centres not at the Regional Reference Nodes  (RRNs) 

The REZ network expansion costs have been determined by the need to increase network capacity to allow 

transfer of generation output from the REZs to the existing load centres. These load centres are usually the 

capital cities, or RRNs. Under some scenarios, such as when considering electrolyser loads, load centres may 

emerge near ports in order to provide access to export facilities. In this case, network upgrades to deliver 

supply (including REZ supply) to these new load centres need to be adequately represented, and may differ 

from power system needs in other scenarios. 

Depending on the specifics of the scenario, and timings of the upgrades required, high level transmission cost 

assumptions reflecting the distance from the REZ to each nearby emerging load centre may be utilised in lieu 

of full modelling of new nodes/sub-regions and load centres. It is proposed that expansion costs will initially 

be calculated using an annualised cost per MW per km equivalent ($/MW/km), based on a generic large 

capacity upgrade (for example, 500 kilovolt [kV] double circuit) which applies to all REZs, although other cost 

options will be considered depending on the level of expansion required.  

Modelling renewable energy without REZ network expansion  

When determining the economic benefits of a development path, AEMO must compare system costs against 

a counterfactual where no transmission is built. In this counterfactual, new transmission to increase REZ 

transmission limits will generally not be allowed.  

To conduct this analysis, it is necessary to increase the allowance for renewable generation to connect to 

areas with network capacity, but which may also have low quality resources (these parts of the network are 

not already defined as REZs due to their poor resource quality). For this reason, shadow resource limits and 

hosting capacities are also determined for areas of the network that have existing capacity, or where 

generation retirement is expected resulting in additional network capacity. These shadow resource limits and 

hosting capacities are included in all scenarios, not just the counterfactual studies. This ensures the capacity 

outlook model can determine the optimal trade-off between development of high-quality renewable 

resources in REZs, with associated network build, compared to developing lower quality resources in areas 

with spare hosting capacity. 

2.3.5 Representing weather variability 

AEMO optimises expansion decisions across multiple historical weather years known as òreference yearsó to 

account for short- and medium-term weather diversity. Where practical, these weather years also account for 

the variance around a long-term climate trend. 

The use of multiple reference years allows the modelling to capture a broad range of weather patterns 

affecting the coincidence of customer demand, wind, solar and hydro generation outputs. This approach 

increases the robustness of AEMOõs expansion plans by inherently considering the risks of renewable energy 

or hydro òdroughtsó, representing extended periods of very low output from any particular renewable 

generation source, which may be observed across the NEM within or across multiple years.  

To achieve this, AEMO uses a òrolling reference yearsó approach in the capacity outlook models. This involves 

combining a number of demand and renewable historical profiles including hydro inflows to produce a time 

series that captures a diverse set of historical weather patterns throughout the planning horizon. To 

appreciate the effect of persistent drought and its potential impact on long-term hydro yield, AEMO also 

models water years representative of a severe water drought, and scales historical water inflows throughout 

the planning horizon in line with scenario definitions and projected trends in rainfall and hydro inflows. 
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In the capacity outlook models, reference years are assigned to the planning horizon by rolling through and 

repeating each of the input reference years. This approach results in a repeating sequence of reference years 

across the study period, as demonstrated in Figure 8. 

AEMO tests a number of alternative sequences focusing on the first 10 years in the DLT for a representative 

transmission outlook to determine the sequence and ensure results are not unduly influenced by the 

reference year mapping. The sequence that results in the most òtypicaló outcomes for key results such as the 

development of VRE and firm capacity is selected, to ensure the sequence chosen is not resulting in an outlier 

outcome. 

Figure 8  Rolling reference years in capacity outlook modelling  

 
 

Renewable resource quality and network expansion plans  

The resource quality for renewable generators (including potential REZs) is based on mesoscale wind flow 

modelling at turbine hub height for wind, while Global Horizontal Irradiance (GHI) and Direct Normal 

Irradiance (DNI) data derived from satellite imagery are used to assess solar resource quality. The 

methodology used to develop VRE resource profiles is detailed in the ESOO and Reliability Forecast 

Methodology Document12. 

In the ISP, VRE is identifiable at either a specific location (for existing, committed, or anticipated projects), or 

aggregated within a geographical area, such as a REZ. For REZ aggregation, AEMO applies the same resource 

profile development technique, but considers the aggregated resource, rather than a specific location. For 

wind profiles, given the variance that may exist in the wind resource across a small geographical area, the 

wind resource is split into two tranches, as outlined below. For solar profiles, AEMO estimates the solar 

resource by selecting the geographical centre of the REZ as the solar measurement point. 

This approach is commensurate with considering that not all available land will be developed for VRE 

generation purposes, considering competing land use and focusing only on developing above-average sites. 

Further detail on the REZ aggregation profile approach is provided below. 

Aggregate REZ wind generation profiles  

AEMO represents the wind resource available in each REZ in two tranches, to represent the resource quality 

differences that are observed in the mesoscale data: 

 
12 At https://www.aemo.com.au/-/media/files/electricity/nem/planning_and_forecasting/nem_esoo/2020/esoo-and-reliability-forecast-methodology-

document.pdf?la=en. 
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¶ The first tranche represents the highest quality wind resource (top 5%), and maximum build limits are 

applied given the land area identified through the mesoscale data. 

¶ The second tranche represents the remaining good quality resource ð above the average of the REZ, 

assuming wind development would be targeted at only the better wind sites (sites which are in the top 

20% of locations, not including the first tranche resources). Build limits also apply for this second tranche. 

 

Consideration of stakeholder feedback  

EnergyAustralia provided specific feedback on the potential materiality of the sequence in rolling 

reference years, and AEMO has refined the methodology in response to this feedback. 

 

2.3.6 Network losses 

As electricity flows through the transmission and distribution networks, energy is lost due to electrical 

resistance and the heating of conductors. For HVAC, losses are generally equivalent to approximately 10% of 

the total electricity transported between power stations and market customers. 

Energy losses on the network must be factored in at all stages of electricity production and transport, to 

ensure the delivery of adequate supply to meet prevailing demand and maintain the power system in 

balance. In practical terms, this means more electricity must be generated than indicated in demand forecasts 

to allow for this loss during transportation. 

This section presents three complementary approaches to modelling different aspects of network losses: 

¶ Inter-regional transmission losses. 

¶ Intra-regional transmission losses. 

¶ Generator marginal loss factors. 

Inter -regional transmission losses  

The capacity outlook model (described in Section 2.3.1) uses a topology which splits the five regions defined 

in the NEM into a number of sub-regions. Despite this, AEMO maintains a regional representation of losses 

for the transmission network; that is, inter-regional losses are the determined losses on a notional 

interconnector between two RRNs13. 

Augmentations of the network influence these losses. For the existing network configuration, and each 

network augmentation option between sub-regions that is explicitly modelled in the capacity outlook model, 

three types of inputs are required to represent physical and economic impacts of transmission losses:  

¶ Inter-regional loss flow equations ð used to determine the amount of losses on an interconnector (that is, 

between RRNs). These are used to determine net losses for different levels of transfer between regions to 

ensure the supply-demand balance includes losses between regions. Inter-regional loss equations are 

used for DC interconnectors. 

¶ Interconnector MLF equations ð describe how the losses will change for an increase or decrease in transfer 

between regions and are essentially the derivative of inter-regional loss flow equations. These equations 

are necessary to cater for the large variations in loss factors that may occur between regions as a result of 

different power flow patterns on interconnectors, and incorporate the impact of regional demand. 

Interconnector MLF equations are used for AC interconnectors. 

 
13 For an explanation of notional interconnectors, see AEMO, Proportioning Inter-Regional Losses to Regions, 2009, at https://aemo.com.au/-/media/files/

electricity/nem/security_and_reliability/loss_factors_and_regional_boundaries/2009/0170-0003-pdf.pdf. 

https://aemo.com.au/-/media/files/electricity/nem/security_and_reliability/loss_factors_and_regional_boundaries/2009/0170-0003-pdf.pdf
https://aemo.com.au/-/media/files/electricity/nem/security_and_reliability/loss_factors_and_regional_boundaries/2009/0170-0003-pdf.pdf
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¶ Interconnector loss proportioning factors ð used to separate the inter-regional losses into the amount 

belonging to each of the two regions. 

 

Consideration of stakeholder feedback  

AEMO received mixed feedback on whether inter-regional losses should be calculated between regions 

or between sub-regions. AEMO agrees with EnergyAustraliaõs recommendation to model losses between 

regions, because: 

¶ An inter-regional loss representation provides a reasonable representation of losses in the 

transmission network, and sub-regional augmentations can still impact those loss equations. 

¶ Modelling losses between existing regions is consistent with the published Forward-Looking 

Transmission Loss Factors methodology14, so this approach is consistent with how losses are presently 

accounted for in the NEM.  

 

Three different approaches are taken to calculate loss flow equations, depending on how complex the 

physical network is that is represented by notional interconnectors: 

¶ Inter -regional loss flow equation scaling  ð used in instances where the proposed network option 

augments an exists transmission corridor. 

¶ First principles  ð used in circumstances where the losses between regional reference nodes are 

dominated by one link (for example, HVDC connection connecting in the vicinity of RRNs). 

¶ Case extrapolation and regression  ð used to build an inter-regional loss flow equation when the network 

augmentation option is for an entirely new and complex transmission corridor. 

Inter -regional loss flow equation scaling  for network augmentations  

For existing interconnectors, the current inter-regional loss equations and MLF equations are available 

through the NEM's annual loss factor calculation process15.  

Using the power system modelling tool PSS®E (which contains a model of the network), the losses are 

calculated and plotted across a range of flows on each interconnector for a single PSS®E case. The 

augmentation is then applied, and the losses recalculated. Where there is a linear relationship between the 

two loss curves (which is generally the case, especially for incremental upgrades), the average scaling factor is 

used to scale the inter-regional loss flow equation for the existing interconnector, creating an inter-regional 

loss flow equation for the augmented interconnector. 

The marginal losses are calculated by differentiating the inter-regional loss flow equation and using the same 

scaling approach to determine the new marginal loss equation. 

Finally, the loss proportioning factor is determined by calculating network losses in either region as the 

inter-regional flows are scaled. This loss proportioning factor is again averaged and scaled against the 

existing proportioning factor to determine new loss proportioning factors. 

First principles  

This approach is most accurate for examples where one link dominates the losses between regions (that is, 

multiple parallel pathways do not increase the complexity of the calculation). In this instance, calculation of 

losses uses the traditional formula of current squared by resistance (I2 * R). 

 
14 At https://aemo.com.au/-/media/files/electricity/nem/security_and_reliability/loss_factors_and_regional_boundaries/forward-looking-loss-factor-

methodology.pdf.   

15 See AEMOõs Loss factors and regional boundaries web page, at https://aemo.com.au/en/energy-systems/electricity/national-electricity-market-

nem/market-operations/loss-factors-and-regional-boundaries. 

https://aemo.com.au/-/media/files/electricity/nem/security_and_reliability/loss_factors_and_regional_boundaries/forward-looking-loss-factor-methodology.pdf
https://aemo.com.au/-/media/files/electricity/nem/security_and_reliability/loss_factors_and_regional_boundaries/forward-looking-loss-factor-methodology.pdf
https://aemo.com.au/en/energy-systems/electricity/national-electricity-market-nem/market-operations/loss-factors-and-regional-boundaries
https://aemo.com.au/en/energy-systems/electricity/national-electricity-market-nem/market-operations/loss-factors-and-regional-boundaries
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Case -extrapolation and regression  

In the absence of an existing inter-regional loss equation to use as a starting point, an entirely new loss 

equation must be calculated. To do this, losses, demand terms and interconnector flows are calculated using 

PSS®E. However, instead of a single PSS®E case, over 100 variations of load and generation are used to 

obtain data for losses, demand and interconnector flows for a wide variety of system conditions. Using this 

set of data: 

¶ A linear regression is performed to determine an equation for losses, then  

¶ A marginal loss equation is calculated by differentiating the inter-regional loss flow equation, and loss 

proportioning factors are based on the average regional split of losses across all cases. 

Intra -regional transmission losses  

Where a consideration of intra-regional losses is material to the assessment of a particular asset and where 

the potential actionable ISP project has marginal benefits, AEMO may undertake additional analysis to ensure 

that any consumer benefits that arise from lower transmission losses are considered. To do this analysis, 

AEMO will follow the following process: 

¶ Use the capacity outlook model or time-sequential model to report on the marginal electricity production 

cost in each time period ð measured in $/MWh. 

¶ Use load flow analysis to calculate the change in local network losses with and without the potential 

actionable ISP project for each time period modelled in the previous step ð measured in MWh. 

¶ Estimate the cost or benefit of intra-regional losses by multiplying the change in losses by the marginal 

cost of losses.  

Generator marginal loss factors  

The NEM uses marginal costs as the basis for setting spot prices in line with the economic principle of 

marginal pricing. There are three components to a marginal price in the NEM: energy, losses, and congestion.  

The spot price for electrical energy is determined, or is set, by the incremental cost of additional generation 

(or demand reduction) for each dispatch interval. Consistent with this, the marginal loss is the incremental 

change in total losses for each incremental unit of electricity. The MLF of a connection point represents the 

marginal losses to deliver electricity to that connection point from the RRN. 

For input into the capacity outlook model, the latest calculated MLF values are selected. For future 

generators, a MLF from an existing generator which is similar technology and in a similar location is selected.  

2.3.7 Generation and storage in the capacity outlook models 

Seasonal ratings  

AEMO applies the typical summer capacity16, in combination with the 10% POE peak derated capacities across 

the seasons17, in a manner that will better reflect expected generator capabilities in the capacity outlook 

models. The definitions of these seasonal ratings and the temperature specifications are consistent with the 

ESOO, and described in the ESOO and Reliability Forecast Methodology Document18.  

The approach to applying these ratings in the ISP is as follows: 

 
16 The typical summer capacity is used to represent the capacity that would be available under regular summer conditions, based on the 85th percentile of 

observed maximum daily temperatures for all reference years between December and March. Further details on this approach are available in the ESOO 

and Reliability Forecasting Methodology Document, at https://aemo.com.au/-/media/files/electricity/nem/planning_and_forecasting/nem_esoo/2020/esoo-

and-reliability-forecast-methodology-document.pdf. 

17 Seasonal definitions reflect those specified in the 2020 ESOO; that is, summer ratings are applied between November to March and winter ratings between 

April to October. 

18 At https://www.aemo.com.au/-/media/files/electricity/nem/planning_and_forecasting/nem_esoo/2020/esoo-and-reliability-forecast-methodology-

document.pdf?la=en. 

https://aemo.com.au/-/media/files/electricity/nem/planning_and_forecasting/nem_esoo/2020/esoo-and-reliability-forecast-methodology-document.pdf
https://aemo.com.au/-/media/files/electricity/nem/planning_and_forecasting/nem_esoo/2020/esoo-and-reliability-forecast-methodology-document.pdf
https://www.aemo.com.au/-/media/files/electricity/nem/planning_and_forecasting/nem_esoo/2020/esoo-and-reliability-forecast-methodology-document.pdf?la=en
https://www.aemo.com.au/-/media/files/electricity/nem/planning_and_forecasting/nem_esoo/2020/esoo-and-reliability-forecast-methodology-document.pdf?la=en
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¶ The winter capacity will be used for all periods during winter. 

¶ The 10% POE demand summer capacity will be applied to the subset of hottest summer days, using the 

same approach outlined in the ESOO and Reliability Forecasting Methodology Document. 

¶ For all other days in summer, the average of the typical summer and the winter rating is applied. This 

approach is different to that used in reliability forecasting, and better estimates the energy production 

capabilities of generators in summer, as opposed to focusing on the capacity available during peak 

periods which is more critical for unserved energy assessments. 

This better reflects the availability of generation while maintaining an appropriate assessment of the 

contribution from generation to meeting summer peak demand. AEMO considers that this method provides 

an appropriate balance between the burden on participants to provide this data and the benefits of reflecting 

the expected contribution from generation at times of extreme peak conditions and during more typical 

summer conditions.  

Impact  of Equivalent Forced Outage Rate (EFOR) and maintenance rates  

The EFOR of generators in the capacity outlook models is represented by a percentage of the total hours of 

availability of the unit for each year. Since Monte Carlo simulations are not possible in the capacity outlook 

models, these values are accounted for by derating the available capacity of each generator.  

This reflects that, on average, across many simulations, you would expect the generatorõs available capacity in 

any given period to be equal to (100% - EFOR). For example, a 100 MW generator with an EFOR of 5% is 

assumed to have an available capacity of 95 MW in all periods. 

As for maintenance events, it is assumed that they are able to be distributed throughout the year such that 

they do not limit generating capacity at times when it is most required. Over time, as synchronous generation 

declines, this may be an optimistic assumption. As a result, the impacts of maintenance outages are ignored 

in the capacity outlook models, but are included in time-sequential modelling to ensure this assumption does 

not mask reliability or system security issues. 

Storage optimisation  

The operation of large-scale batteries is optimised within the capacity outlook models depending on the 

defined capacity, power, and charge/discharge efficiencies. Similarly, the optimisation of pumped hydro 

energy storage (PHES) technologies is based on the pumping efficiency and capacity of each plant. 

The amount of firm capacity the capacity outlook model assumes can be provided by storage technologies is 

covered in Section 2.4.2. 

Hydro optimisation  

The NEM contains scheduled hydroelectric generators in Tasmania, Victoria, New South Wales, and 

Queensland. These schemes are typically modelled with their associated storages and water inflows. For each 

storage, the generating capacity, depth of storage, initial levels, and the timing and volume of expected 

inflows considering rainfall variability and climate change factors determine the availability of energy for 

hydroelectric generation. 

Hydro generators are modelled using one of two methods: 

¶ Energy constraints ð which place maximum annual, monthly or seasonal energy limits on individual 

generators which are then optimised to minimise total system costs. 

¶ Storage management ð which is optimised to minimise total system costs based on the management of 

water available in the storage, inflows and the limitations of the storage and waterways. This also 

considers an optimisation of any pumping capability within the scheme. 

Figure 9 shows a conceptual example of hydro storage management over the course of the year, showing the 

accumulation of water in storage after a period of high inflows which is then released during summer and 

autumn, with the final volume being maintained at the level of the initial volume each year. The capacity 
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outlook model requires storages to end each year at their initial volume. This is considered appropriate for a 

number of reasons: 

¶ Without this limitation, the model may draw down heavily on its storages in early years as this delivers 

great cost savings simply due to the discounting of costs in future years. 

¶ The model has perfect foresight within each multi-year optimisation window, and without the limitation 

may use much more aggressive or conservative storage management over a year given the inflows in the 

next year are known with perfect certainty. 

For the capacity outlook models, certain aggregations and simplifications of some hydro schemes may be 

used if this is deemed not material to the overall objective of the modelling, and if it simplifies the problem 

size sufficiently to warrant the simplification. 

Figure 9  Conceptual example of hydro storage management  

 
 

Hydro scheme assumptions  

AEMO has previously documented assumptions detailing the approach to individual hydro schemes in the 

Market Modelling Methodology Paper. The assumptions are documented here for consultation, but will 

subsequently be moved to the final IASR. 

Victorian hydroelectric generatorsõ production is modelled by placing a maximum annual capacity factor 

constraint on each individual generator. The model schedules the electricity production from these 

generators across the year such that the system cost is minimised within this energy constraint. 

The latest information on the annual capacity factor constraints used in market modelling studies can be 

found in the IASR data workbook. 

Both the Hydro Tasmania and Snowy schemes are represented with more detailed storage configurations 

which are needed to capture the interactions between the cascaded storages, the seasonality of inflows and 

the variety of storage depths which all influence the operation of the schemes. Tasmanian hydroelectric 

generation is modelled by means of individual hydroelectric generating systems linked to one of three 

common storages: 

¶ Long-term storage. 

¶ Medium-term storage. 

¶ Run of river. 
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Table 2 identifies how schemes or power stations are allocated across these storages and provides an 

indication of the energy in storage available. Energy inflow data for each Tasmanian hydro water storage is 

determined from historical monthly yield information provided by Hydro Tasmania.  

Table 2  Storage energy (in GWh) of the three types of generation in Tasmania  

Storage type  Energy in storage   Schemes and stations  

Long-term  12,000 Gordon, Poatina John Butters, Lake Echo 

Medium -term  400 Derwent 

Run of River 200 Antony Pieman, Mersey Forth, Trevallyn 

 

AEMOõs approach to modelling the existing Tasmanian hydro schemes relies on a 10-pond19 topology 

designed to capture different levels of flexibility associated with the different types of storage outlined above 

(see Figure 10). 

Figure 10  Hydro Tasmania scheme topology  

 

 

 
19 The capacity outlook model may aggregate long-term storages together to reduce simulation time. 














































































































































