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EXECUTIVE BRIEFING 
This study is intended to explore transmission congestion in the Australian National Electricity 
Market (NEM), and particularly the relevance of transmission congestion to the development of 
renewable generation under the 20% by 2020 Renewable Energy Target (RET).  Half hourly 
dispatch modelling was undertaken for a range of scenarios, each of which had wind farms 
distributed around the NEM in a different manner by 2019-20.   

 

The location in which new wind capacity is installed is found to be critical in determining the 
amount of transmission congestion experienced in 2019-20.  Very significant transmission 
congestion was observed when a large proportion of wind capacity was installed in South 
Australia without significant transmission augmentation.  By contrast, alternative scenarios that 
featured a distributed arrangement of wind farms around the NEM levels of transmission 
congestion similar to those experienced in the present market. 

 

Even with very substantial interconnector augmentation from Adelaide to Melbourne (2000 MW), 
if significant quantities of wind are installed in South Australia (5000 - 6000 MW), these wind 
farms are likely to remain heavily constrained.  This is due to limitations on the ability of Victoria 
to absorb excess generation.  To allow such a large quantity of South Australian wind farms to 
operate with minimal curtailment, additional significant augmentations are likely to be required 
for other major interconnectors throughout other parts of the NEM (for example, from Victoria to 
New South Wales or South Australia directly to New South Wales).   
 
Scenarios with highly concentrated wind development in South Australia are also found to be 
more costly to consumers, due to the additional wind capacity required to compensate for energy 
lost due to transmission congestion.  These results suggest that highly concentrated wind 
development with substantial transmission augmentation to allow export of generation to the 
NEM is not the lowest cost way of meeting the RET.   

 

This study suggests that the lowest cost way of meeting the RET is through a distributed 
arrangement of wind farms around the NEM with incremental maintenance of the existing high 
voltage transmission backbone.  The costs of significant expansion to extend the high voltage 
transmƛǎǎƛƻƴ ƎǊƛŘ ǘƻ ǇƻǘŜƴǘƛŀƭƭȅ ΨǳƴƭƻŎƪΩ ǊŜƳƻǘŜ ǊŜƴŜǿŀōƭŜ ǊŜǎƻǳǊŎŜǎ ŀǇǇŜŀǊǎ ǘƻ ƻǳǘǿŜƛƎƘ ǘƘŜ 
benefits in the context of the RET.  Whilst significant transmission augmentation is likely to be 
necessary to achieve renewable penetration levels in excess of the 20% RET, this study suggests 
that there is sufficient renewable resource sufficiently close to the existing grid that major 
augmentation is not required to meet the RET1.   

 

Furthermore, this study suggests that the existing market provides an effective price signal to 
drive wind development in distributed locations.  Wind farm revenues are adversely affected by 
transmission congestion and excessive penetration in a single region of the NEM, driving a 

                                                           
1
 An exhaustive analysis of land that is available for wind farm development has not been made as a part of 

this study.  It is possible that while there is sufficient wind resource close to the transmission network to 
meet the RET, this land is not available for development due to competing land uses.  This may drive wind 
farm development to more remote locations which could then necessitate significant transmission 
augmentation. 
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moderate approach to wind farm placement that accepts some transmission congestion whilst 
responding to the limitations of the transmission network.   

If highly concentrated wind generation development does occur (perhaps due to factors not taken 
into account in this modelling), significant transmission augmentation is likely to be justified on a 
cost minimisation basis to allow efficient export of the renewable generation. 

 

Significant installed wind capacity in a region acts to depress the regional pool price.  Tasmania 
and South Australia appear to be highly vulnerable to this effect, whereas New South Wales is 
relatively robust.  This means that revenues of wind farms vary significantly depending upon how 
wind farms are distributed.  In general, wind farms tend to maximise revenue by seeking the best 
capacity factors available within regions with robust pool prices, in conjunction with limiting 
development to the best available resources in the regions which are more susceptible to pool 
price suppression.   

 

Distribution of wind generation capacity throughout the NEM generally results in: 

¶ Balancing market pool price revenues for wind generation throughout the NEM; 

¶ Increasing the achieved capacity factors for wind generators on average; 

¶ Decreasing the total installed capacity of wind generation necessary to meet the RET; 

¶ Reducing the expected REC price requirement to support wind generation investment; 

and as a result of the above, reducing the total cost to consumers to meet the RET. 
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EXECUTIVE SUMMARY 
This study was intended to explore transmission congestion in the Australian National Electricity 
Market (NEM), and particularly the relevance of transmission congestion to the development of 
renewable generation under the 20% by 2020 Renewable Energy Target (RET). 

 

Transmission congestion is prevalent in the existing network, and a normal part of the operation 
of the National Electricity Market.  Alleviation of congestion (through transmission augmentation) 
must be justified on the basis that it reduces costs to consumers, meaning that some level of 
congestion is cost effective.  

 

Half hourly dispatch modelling was undertaken for a range of scenarios, each of which has wind 
farms distributed around the NEM in a different manner by 2019-20.  These scenarios included: 

1. Wind 1 - Maximising Expected Capacity Factor - wind farms were located to maximise 
"expected" capacity factors (i.e. as if they were unaffected by transmission congestion).  
Minimal consideration was taken of the limitations of the transmission network (refer to 
Figure 6.1 for distribution of wind farms) 

2. Wind 2 - Minimising congestion - Wind farms were located to minimise transmission 
congestion through an iterative approach (refer to Figure 6.4 for distribution of wind 
farms) 

3. Wind 3 - Moderate Congestion - Wind farms were allowed to experience low levels of 
congestion if the local wind resource was sufficiently high (refer to Figure 6.7 for 
distribution of wind farms) 

4. Wind 4 - Maximising Revenue - Wind farms were located to maximise wind project 
revenues through an iterative approach (refer to Figure 6.10 for distribution of wind 
farms) 

 

The location in which new wind capacity is installed is found to be critical in determining the 
amount of transmission congestion experienced in 2019-20.  Figure 1.1 illustrates for the four 
wind planting scenarios the capacity factors of wind farms that were expected based upon the 
available wind resource (solid lines), and the capacity factors that were actually achieved after 
transmission congestion was taken into account.  In the Wind 1 scenario wind farms experience a 
very significant reduction in capacity factor due to very high levels of transmission congestion.  By 
contrast, the different placement of wind in the Wind 2 and Wind 4 scenarios reduces 
transmission congestion to a minimal level, significantly increasing the achieved capacity factor of 
wind farms.  The Wind 1 scenario features a very large quantity of wind installed in South 
Australia, whereas the Wind 2 and 4 scenarios have wind located in a more distributed manner 
around the NEM (with significant quantities of wind located in New South Wales). 
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Figure 1.1 ς Wind capacity factors (scenario comparison) 

 
 

The impact of transmission congestion on the achieved capacity factors of wind farms is 
illustrated in Figure 1.2.  Wind farms in Tasmania and South Australia are significantly affected 
even at low capacities of installed wind.  Since capacity factors strongly impact the revenues and 
long run marginal costs of wind farms, this highlights the high importance of a good 
understanding of the transmission network and its limitations by wind farm developers. 
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Figure 1.2 ς Impact of congestion on wind farm capacity factors (2019-20) 

 
 

The total scenario costs for the year 2019-20 are shown in Figure 1.3 below, broken down into 
fixed costs (capital repayments and fixed operation and maintenance (FOM) costs), fuel and 
variable operation and maintenance (VOM) costs and the cost of carbon emissions permits2.  On 
this scale, all scenaǊƛƻǎ ƘŀǾŜ ǎƛƳƛƭŀǊ Ŏƻǎǘǎ ǘƘŀǘ ŀǊŜ ŘƻƳƛƴŀǘŜŘ ōȅ άƴŜŎŜǎǎŀǊȅέ Ŏƻǎǘǎ ŀŎǊƻǎǎ ŀƭƭ 
scenarios: the large capacity of new plant required to meet demand growth, a minimum level of 
new wind capacity to meet the LRET, and the operating costs (including cost of carbon emissions 
permits) of thermal plant whose operations are largely unchanged between scenarios. 

 

                                                           
2
 A -5% by 2020 carbon price trajectory (from year 2000 levels) has been assumed in all scenarios. 
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Figure 1.3 ς Scenario total cost breakdowns (2019-20) 

 
 

Network augmentations from South Australia to Victoria were considered, at sizes of 400 MW and 
2000 MW.  Figure 1.4 shows the total scenario cost for the year 2019-20 (including the cost of 
interconnectors where they are installed) for each of the four wind planting scenarios.  The 
highest cost scenario is Wind 1 (Maximising Expected Capacity Factor) without augmentation.  
This scenario features a very large quantity of wind installed in South Australia, which becomes 
heavily constrained by export limitations out of South Australia.  This leads to the somewhat 
perverse outcome where a larger quantity of wind generation must be installed in this scenario to 
meet the RET, increasing costs (despite the expectation of a higher quality wind resource). 

 

Both the 400 MW and 2000 MW interconnector augmentation appear to reduce costs sufficiently 
to justify their installation in the Wind 1 scenario.  Cost reductions when the interconnectors are 
introduced include a reduction in the amount of wind capacity required to meet the RET (if 
generation from installed wind farms is increased because of reduced inter-regional constraints), 
as well as reduced fuel, operations and maintenance costs, and reduced carbon costs. 

 

The lowest cost scenario is Wind 4 (Maximising Revenue).  This scenario features a distributed 
wind installation, with a large proportion of wind capacity located in New South Wales.  This 
serves to minimise transmission congestion and maximise achieved capacity factors, minimising 
the quantity of wind that must be installed to meet the RET (and therefore minimising scenario 
costs).  In this scenario the 400 MW and 2000 MW interconnectors do not appear to realise 
sufficient benefits to justify their cost3. 

                                                           
3
 Other interconnectors and transmission augmentations may be justified on a cost minimisation basis. 
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Figure 1.4 ς Cost/benefit of SA-VIC interconnector upgrades (2019-20) 

 
 

These results suggest that a moderate approach to wind farm placement that accepts some 
transmission congestion whilst responding to the limitations of the transmission network is likely 
to produce the lowest cost outcome for consumers.  It also appears that the existing market 
provides an effective price signal to drive wind development in locations where transmission 
congestion will be low, and total system costs will be minimised. 

 
Highly concentrated wind development with substantial transmission augmentation to allow 
export of generation to the NEM does not appear to be the lowest cost way of meeting the RET.  
However, if highly concentrated wind development does occur (perhaps due to factors not taken 
into account in this modelling), significant transmission augmentation is likely to be justified on a 
cost minimisation basis to allow efficient export of the renewable generation. 

 

If significant quantities of wind are installed in South Australia (5000 - 6000 MW), these wind 
farms are likely to remain heavily constrained even with a very substantial interconnector 
augmentation from South Australia to Victoria (2000 MW) due to limitations on the ability of 
Victoria to absorb excess generation.  Figure 1.5 shows the change in average capacity factor of 
wind farms in the NEM with various levels of interconnector augmentation.  Even if a 2000 MW 
interconnector from Adelaide to Melbourne is installed, and all intra-regional transmission 
constraints are alleviated, South Australian wind farms remain heavily constrained. 
 
To allow such a large quantity of South Australian wind farms to operate with minimal 
curtailment, additional significant augmentations are likely to be required for other major 
interconnectors throughout other parts of the NEM.  Alternatively, a distributed wind farm 
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placement approach appears to allow wind farms to operate with minimal curtailment, and 
requires relatively minimal transmission augmentation. 
 

Figure 1.5 ς Wind 1 (Max Exp. CF) ς Wind farm capacity factors with SA-VIC augmentation 

 
 

Significant installed wind capacity in a region acts to depress the regional pool price, as illustrated 
in Figure 1.6.  Tasmania and South Australia appear to be highly vulnerable to this effect, whereas 
New South Wales is relatively robust.   

 

The revenues of wind farms vary significantly depending upon how wind farms are distributed.  
Whilst wind farms succeed in meeting long run marginal costs in the Wind 4 scenario (illustrated 
in Figure 1.7), wind farms in the Wind 1 scenario have highly variable outcomes depending upon 
which region they are located in (illustrated in Figure 9.6 in the body of the report).  In this 
scenario wind farms in South Australia have particularly low revenues due to the very low South 
Australian pool price (depressed by the large quantity of wind installed in South Australia), and 
the impacts of transmission congestion reducing achieved capacity factors.  In general, wind farms 
tend to maximise revenue by seeking the best capacity factors available within regions with 
robust pool prices (such as New South Wales). 
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Figure 1.6 ς Impact of wind capacity on pool prices (2019-20) 

 
 

Figure 1.7 ς Wind 4 (Max Revenue) - Pool Revenues (2019-20), with capacity factors 
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1) BACKGROUND 

The enhanced Renewable Energy Target (eRET) legislation passed through the federal Parliament 
on 24 June 2010.  The basic design of the enhanced RET remains very similar to that outlined in 
legislation published in May. 

 

The enhanced Renewable Energy Target establishes two separate markets beginning on 1 January 
2011.  The Large Scale Renewable Energy Target (LRET) will operate in the same way as the 
previous RET with a 41,000 GWh target by 2020. The Small scale Renewable Energy Scheme 
(SRES) will be uncapped and offer RECs initially at a fixed price of $404.  

 

Given the renewed confidence in the RECs market that this enhanced policy brings, it is now 
important to consider other potential barriers or issues that may be faced by the renewable 
energy sector.  Once any potential barriers are identified, understood and quantified, they can be 
addressed in a timely fashion to facilitate the competitive entry of renewable generation in 
Australia. 

 

One potential barrier which may be of consequence is transmission congestion.  Transmission 
congestion occurs when the transmission network has insufficient capacity to support the optimal 
dispatch based upon generator bids.  Generators are then dispatched out of merit order to 
maintain transmission operation within the required limits.  These limits (or constraints) may be 
thermal (the transmission line cannot carry a larger quantity of power without exceeding 
temperature limits), related to system stability, or related to maintaining voltage stability. 

 

Renewable generation is likely to impact on transmission congestion in the National Electricity 
Market (NEM) in the following ways: 

¶ Renewable generation is typically located in different places to fossil fuel resources.  Since 
the existing network has been developed to support fossil fuel-fired generation, it is often 
relatively "weak" in locations where renewable energy is abundant.  This may mean that 
significant transmission augmentations may be required to facilitate the entry of large 
quantities of renewable generation. 

¶ Many types of renewable generation are intermittent, in particular wind generation 
(which is expected to fulfil the majority of the requirements of the RET).  Intermittent 
generation cannot be scheduled like thermal generation, and will exhibit a different 
operational profile by time of day.  This places different demands upon the transmission 
network.  Therefore, even in the case of a direct replacement of thermal generation by an 
equivalent quantity (in energy terms) of renewable generation at the same location, 
significant transmission congestion may result. 

o For example, 1,000 MW of baseload generation may supply around 7,900 GWh of 
energy, based on a 90% capacity factor.  In contrast, 3,000 MW of intermittent 
generation with a capacity factor in the order of 30% would be required to 
provide the same energy supply.  It may be seen that the network would need to 
support up to three times the capacity for periods of time, in order for the 
intermittent generation to provide the equivalent energy supply. 

 

                                                           
4
 Clean Energy Council, Renewable Energy Target Legislation - Summary.  30th June 2010. 
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Transmission congestion is likely to result in renewable generation being unable to transport the 
full quantity of their available generation to the pool, meaning lost revenue through lost sales of 
"black" electricity, and also through lost sales of RECs.  Under certain circumstances this effect can 
be extreme, with wind generators losing several percent on their expected annual capacity 
factors.  This is sufficient to change a highly competitive wind farm development into an 
uncompetitive project. 

 

A good understanding of present and future transmission congestion is therefore essential for the 
locational decisions of renewable generators.  It is also essential for understanding the likely 
development of the renewable generation industry in Australia. 

 

Of particular relevance is the "Green Grid" proposal5, recently released, which outlines a 
feasibility assessment of transmission and generation potential for 2000 MW of wind generation 
in the Eyre Peninsula, South Australia.  This study demonstrates the technical feasibility of 
significant grid augmentations within South Australia, and a possible Stage 2 HVdc line to New 
South Wales from Davenport (SA).  In the context of an ambitious proposal such as this, it is 
important to fully understand the issue of transmission congestion, and to consider the spectrum 
of possibilities for meeting the RET. 

 

2) SCOPE 

ROAM has been engaged by the Clean Energy Council to conduct an exploratory modelling study 
to determine how renewable generation is likely to affect transmission congestion in the NEM, 
and how transmission congestion will impact those renewable generators involved.  ROAM has 
sought to answer the following questions: 

¶ Existing congestion - Where in the grid are there transmission congestion problems 
already?  What are they caused by, and at what times do they typically occur? 

¶ Congestion in 2020 - Where will there be significant transmission congestion problems in 
2020, with the full RET implemented?  What will it be caused by? 

¶ Locational decisions of renewables - How may the build decisions of renewable 
generators be changed or impacted by transmission congestion?  Is transmission 
congestion likely to be a significant driver of locational decisions for renewable 
generators? 

¶ Operational impacts - How could the operation of renewable generators be changed or 
impacted by transmission congestion? 

¶ Transmission augmentation - What significant transmission augmentations may be 
justified to facilitate the entry of renewable generation on a least cost basis?  How often 
and in what manner would these augmentations be utilised? 

 

                                                           
5
 Green Grid, Unlocking renewable energy resources in South Australia.  Baker & McKenzie, Worley Parsons, 

Macquarie, 2010. 
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3) METHODOLOGY AND SCENARIOS 

3.1) STEP 1 - CONGESTION IN THE EXISTING NETWORK 

Firstly, ROAM identified congestion issues in the existing network (2010-11).  A full dispatch 
model of the NEM was performed for 2010-11, with the full set of AEMO's publicly available 
NTNDP (National Transmission Network Development Plan) constraint equations.  The most 
significant binding constraints were identified, to identify the location and cause of transmission 
congestion in the existing system.   

 

The dispatch was repeated without transmission constraints for comparison to identify the 
impacts that constraints have on the operation of generators in the NEM. 

 

3.2) STEP 2 - CONSTRUCT ALTERNATE WIND DEVELOPMENT FUTURES 
(2010-11 TO 2019-20) 

ROAM has constructed four scenarios of the distribution of wind in the year 2019-20: 

1. Wind 1 - Maximise Expected Capacity Factor - Wind farms were distributed according to 
the theoretical capacity factors available, as dictated by the wind resource.  Wind farms 
were only installed in areas where there is access to transmission, but the likelihood of 
transmission congestion was not taken into account.  This planting schedule represents a 
possible future if wind farm developers seek the best wind resources without 
consideration of possible transmission limitations. 

2. Wind 2 - Minimise Congestion - Wind farms were distributed to minimise transmission 
congestion.   

3. Wind 3 - Moderate Congestion - Wind farms were distributed allowing some transmission 
congestion, to increase achieved capacity factors.  This means that some development 
will occur in areas with the highest quality wind resource, but wind development also 
occurs at less favourable wind resources to prevent transmission congestion becoming a 
significant problem. 

4. Wind 4 - Maximise Wind Farm Revenue - Wind farms were distributed to maximise wind 
farm revenues.  Since wind farms tend to bid at a low value (due to low short run 
marginal costs), significant wind penetration in a region tends to lower the pool price.  
Regions with smaller loads (such as Tasmania and South Australia) are more vulnerable to 
the effect.  This drives wind development in areas with less favourable capacity factors, 
but more robust pool prices. 

In all scenarios, in the near term (2010-11, 2011-12) wind farms were installed on the basis of 
project advancement.  Actual announced projects were used for the years following (2012-13 to 
2015-16), and in the later years of the study hypothetical wind farms were used to allow 
investigation of a wide range of wind planting outcomes. 

 

In each scenario the RET requirements was met as a minimum.  Each scenario has been developed 
via an iterative process following steps 3 and 4 (outlined below). 
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3.3) STEP 3 - CONGESTION IN THE NETWORK IN 2020 (NTNDP CONSTRAINTS) 

ROAM has used 2-4-C dispatch modelling to identify transmission congestion in 2019-20 in each 
of the scenarios.  A full dispatch model of the NEM was be performed, with the full set of publicly 
available NTNDP constraint equations.  The most significant binding constraints were identified, 
to identify the location and cause of transmission congestion in the existing system.   

 

The dispatch was repeated without transmission constraints for comparison to identify the 
impacts that constraints have on the operation of generators in the NEM, with a particular focus 
on determining the impacts of congestion on renewable generators. 

 

For each of these wind distribution scenarios, a number of grid augmentation scenarios were also 
modelled.  The full set of simulations for each wind planting includes: 

1. Base case - The simulation was conducted with the full set of NTNDP constraint 
equations, with no significant grid augmentation. 

2. 400 MW SA to VIC Augmentation - A duplicate of the Heywood interconnector was 
installed (nominal limit 400 MW), and the full set of NTNDP constraint equations were 
applied. 

3. 2000 MW SA to VIC Augmentation - A duplicate of the Heywood interconnector was 
installed (nominal limit 2000 MW), and the full set of NTNDP constraint equations were 
applied. 

4. No Constraints - The simulation was conducted without any constraint equations except 
for the existing nominal limits on interregional interconnectors. 

5. 400 MW SA to VIC Augmentation, No Constraints - A duplicate of the Heywood 
interconnector was installed (nominal limit 400 MW), and the simulation was conducted 
without any constraint equations except for the existing nominal limits on interregional 
interconnectors. 

6. 2000 MW SA to VIC Augmentation, No Constraints - A duplicate of the Heywood 
interconnector was installed (nominal limit 2000 MW), and the simulation was conducted 
without any constraint equations except for the existing nominal limits on interregional 
interconnectors. 

The total system cost of each simulation was calculated, to allow identification of the feasibility of 
the various transmission augmentation alternatives in each wind development scenario. 

 

Modelling of Interconnector Augmentations 

SA-VIC interconnector augmentations were modelled as a direct link from the regional reference 
node in South Australia (Adelaide) to the regional reference node in Victoria (Melbourne) with 
nominal limits at the appropriate size (400 MW or 2000 MW).  Where used, the NTNDP constraint 
equations continued to apply to the existing interconnectors (Murraylink and Heywood), but 
flows on the augmentation were not incorporated into the constraint equations. 

 

3.4) STEP 4 - AC POWERFLOW ANALYSIS 

The NTNDP constraints are indicated by AEMO to be "valid" for a ten year period, including 
committed network augmentations.  However, in reality many important augmentations are only 
planned several years in advance, meaning that the NTNDP constraint equation set becomes a 
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relatively poor indicator of likely future constraints after several years.  In addition, load growth 
over a ten year period is likely to be substantial, and this also affects constraint equations.   

 

To address this, ROAM has conducted AC Powerflow modelling to determine where the NTNDP 
constraints may be inaccurate or insufficient.  This allows further refinement of insight into 
transmission congestion in 2020, on a robust basis.  ROAM Consulting has licensed PowerWorld 
Simulator as the core software package for AC Powerflow analysis.  This software uses the 
ƴŜǘǿƻǊƪ Řŀǘŀ ŜƴŎŀǇǎǳƭŀǘŜŘ ƛƴ ŀ ΨǎƴŀǇǎƘƻǘΩΦ ¢ƘŜ ΨǎƴŀǇǎƘƻǘΩ ƛƴŎƭǳŘŜǎ ŜȄƛǎǘƛƴƎ ŀƴŘ ƴŜǿ ƭƛƴŜǎΣ ƭƛƴŜ 
parameters, line connection points, substations and loads.  New lines can be added to the 
simulator to determine the impact they have on line flows. 

 

4) INTRODUCTION TO TRANSMISSION CONGESTION 

The ability to transfer power from generators to loads is limited by the physical capability of the 
transmission network connecting them. To maintain system security, system operators must 
safeguard against thermal overloads, transient and dynamic instability and reactive power 
deficiency.  

 

!9ah ŀƛƳǎ ǘƻ ŘƛǎǇŀǘŎƘ ƎŜƴŜǊŀǘƻǊǎ ƛƴ ōƛŘ ƳŜǊƛǘ ƻǊŘŜǊΣ ōŀǎŜŘ ƻƴ άǘƘŜ ǇǊƛƴŎƛǇƭŜ ƻŦ ƳŜŜǘƛƴƎ 
prevailing demand in the most cost-ŜŦŦƛŎƛŜƴǘ ǿŀȅέ6. However, this dispatch must be within the 
defined technical limits of the network. AEMO applies constraint equations to ensure that the 
ŘƛǎǇŀǘŎƘ ƛƴ ŜŀŎƘ ŦƛǾŜ ƳƛƴǳǘŜ ŘƛǎǇŀǘŎƘ ƛƴǘŜǊǾŀƭ ƛǎ ǎŀŦŜƭȅ ǿƛǘƘƛƴ ǘƘŜ ƴŜǘǿƻǊƪΩǎ ƭƛƳƛǘŀǘƛƻƴΦ Network 
congestion results when transmission constraints prevent the system being dispatched at least 
cost.  

 

A constraint equation is an inequality. The purpose of a constraint equation is to ensure that the 
power flow on a transmission line (or lines) does not exceed the physical flow limit on that line (or 
lines). Figure 4.1 gives a pictorial representation of the terms in a constraint equation limiting 
flows from node A to node B. A constraint is binding when the power flow (the left hand side of 
the inequality) equals the flow limit (the right hand side of the inequality). 

 

                                                           
6
 !ƴ ƛƴǘǊƻŘǳŎǘƛƻƴ ǘƻ !ǳǎǘǊŀƭƛŀΩǎ bŀǘƛƻƴŀƭ 9ƭŜŎǘǊƛŎƛǘȅ Market, July 2010. 

http://www.aemo.com.au/corporate/0000-0262.pdf 
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Figure 4.1 ς Representation of a constraint equation 

 
 

Congestion is prevalent in the existing network. Many constraints bind frequently under normal 
conditions. A constraint can be alleviated by upgrading (augmenting) the existing network such 
that the flow limit is increased. However, for this to be justified under the NEM rules, a 
Transmission Network Service Provider (TNSP) must show that either: 

¶ the cost of performing the upgrade is less than the benefits of alleviating the constraint 
(or more specifically, the cost savings from more efficient generator dispatch or avoided 
capital expenditure in the upgraded network must be greater than the cost of the 
upgrade); or 

¶ the upgrade is required to maintain system reliability within the Reliability Standard or 
Transmission Network Service Provider service obligations (and there are no generator or 
demand side management alternatives). 

 

5) TRANSMISSION CONGESTION IN 2010-11 

There is no simple method for identifying whether the alleviation of a constraint is justified under 
NEM rules. ROAM has used two surrogate measures to assess the relative importance of each 
constraint. These are: 

¶ How often does the constraint bind?  
ROAM invŜǎǘƛƎŀǘŜŘ ŜŀŎƘ ŎƻƴǎǘǊŀƛƴǘ ǿƘƛŎƘ ōƻǳƴŘ ƛƴ ŀǘ ƭŜŀǎǘ ƻƴŜ ǘǊŀŘƛƴƎ ǇŜǊƛƻŘ ƛƴ wh!aΩǎ 
simulations of the year 2010-11.  
 

¶ What is the marginal value ascribed to the constraint when it binds?  
The dispatch of generators in each 5 minute dispatch interval is the solution to a linear 
programming (LP) problem (solved in the real market by the National Electricity Market 
5ƛǎǇŀǘŎƘ 9ƴƎƛƴŜΣ ǘƘŜ ƻǇŜǊŀǘƛƻƴ ƻŦ ǿƘƛŎƘ ƛǎ ƳƛƳƛŎƪŜŘ ƛƴ wh!aΩǎ ǎƛƳǳƭŀǘƛƻƴǎύ. The 
objective function in the linear program ǊŜŦƭŜŎǘǎ !9ahΩǎ ŀƛƳ ǘƻ ƳƛƴƛƳƛǎe the cost of 
dispatch based on generator bids, subject to the network limitations set by the constraint 
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equations. This objective function contains penalty violations factors, many times higher 
than the market price cap, which come into play when there is no LP solution which 
satisfies all the constraint equations. Technically speaking, the marginal value of a 
constraint is the derivative of the objective function with respect to the right hand side of 
the constraint equation, and may include penalty violation factors. To remove the skew 
that penalty violation factors impose on the marginal value, ROAM has analysed marginal 
values less than the market price cap (reflecting actual costs to the system, rather than 
numerical artefacts).  This definition of the marginal value does not necessarily translate 
to marginal system savings realised if the constraint was alleviated. Nevertheless, a high 
marginal value gives an indication that the constraint is worthy of further investigation. 

 

Figure 5.1 displays the constraints which bound in at least one trading interval in 2010-11 in 
wh!aΩǎ ǎƛƳǳƭŀǘƛƻƴǎΦ CƻǊ ŜŀŎƘ ƻŦ ǘƘŜǎŜΣ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǘǊŀŘƛƴƎ ƛƴǘŜǊǾŀƭǎ ƛƴ ǿƘƛŎƘ ǘƘŜȅ ōƻǳƴŘ ŀǎ ŀ 
percentage of the total number of trading intervals is shown on tƘŜ ƭŜŦǘ ŀȄƛǎΦ 9ŀŎƘ ŎƻƴǎǘǊŀƛƴǘΩǎ 
marginal value as a percentage of the total marginal value across all binding constraints is shown 
on the right axis.  

 

Figure 5.1 ς Constraints binding in 2010-11 

 
 

Some constraints bind frequently but impose relatively low costs on the system (reflected in their 
low marginal value). Others bind rarely but have a relatively high marginal value. The top five 
most frequently binding and highest marginal value constraints are described in more detail 
below. 
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Q:N_NIL_OSC 

This constraint prevents an oscillatory stability issue arising under conditions of high southerly 
QNI interconnector power flows (from Queensland to New South Wales). It limits southerly flows 
on QNI to be at most 1078 MW if there are zero or one units online at Millmerran and limits QNI 
flow to 950 MW if there are two units online. 

 

In the 2009 National Transmission Statement (NTS), AEMO identified this constraint as the eighth 
most frequently binding constraint in the 2008-09 year7. It bound in 139 hours of that year, or 
мΦс҈ ƻŦ ǘƘŜ ǘƛƳŜΦ Lƴ wh!aΩǎ ǎƛƳǳƭŀǘƛƻƴǎ ƻŦ ǘƘŜ ȅŜŀǊ нлмл-11, it is the most frequently binding 
constraint, binding in 30.8% of trading intervals. Moreover, it is the constraint with the highest 
marginal value, with 22.1% of the total marginal value across all constraints is ascribed to this 
constraint. 

 

Since 2008-09, significant new generation has come online in Queensland (including Darling 
Downs, Condamine and Yarwun). It is consistent with ROAaΩǎ ŜȄǇŜŎǘŀǘƛƻƴǎ ǘƘŀǘ ǘƘƛǎ ŀŘŘƛǘƛƻƴŀƭ 
generation will increase the number of periods in which this constraint binds. 

V_T_NIL_FCSPS 

This constraint relates to the Tasmanian Frequency Control Special Protection Scheme. It limits 
Basslink interconnector flows so that in the event of a trip of Basslink, system frequency is 
maintained within acceptable levels. It limited Basslink flows almost all of the time in 2008-098. In 
wh!aΩǎ ǎƛƳǳƭŀǘƛƻƴǎ ƻŦ нлмл-11, it is the second most frequently binding constraint, binding in 
16.1% of all periods. It is also the constraint with the second highest marginal value (11.9% of 
total marginal value across all binging constraints). 

N_NIL_TE_B and N>N-NIL_MBDU 

These two constraints limit southerly flows on the Terranora interconnector (Queensland to New 
South Wales). The busses (blue lines) and network (black lines) on either side of the Terranora 
interconnector are shown in Figure 5.2. 

 

                                                           
7
 AEMO 2009 NTS page 5-18 

8
 AEMO 2009 NTS page 5-4 
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Figure 5.2 ς Representation of the network around Terranora interconnector 

 
 

The N_NIL_TE_B constraint avoids overload of the Mudgeeraba-Terranora 132 kV line in the event 
of a trip on the other Mudgeeraba-Terranora 132 kV line. It is the third most frequently binding 
constǊŀƛƴǘ ƛƴ wh!aΩǎ ǎƛƳǳƭŀǘƛƻƴǎ ƻŦ ǘƘŜ ȅŜŀǊ нлмл-11 and binds in 8% of trading intervals. It is 
ascribed with 5.5% of the total marginal value across all binding constraints. 

 

The N>N-NIL_MBDU constraint prevents overload of the Mullumbimby-Dunoon 132 kV line in the 
event of a trip of the other Mullumbimby-Dunoon 132 kV line. It is the fourth most frequently 
ōƛƴŘƛƴƎ ŎƻƴǎǘǊŀƛƴǘ ƛƴ wh!aΩǎ ǎƛƳǳƭŀǘƛƻƴǎ ƻŦ нлмл-11 and binds 5.2% of the time. It is ascribed 
with only 1.3% of the total marginal value. 

 

These constraints are not identified as significant in the 2009 NTS. However, southerly flows on 
both QNI and Terranora are expected to increase due to the increase in low bidding Queensland 
generation. Consequently, these two constraints (and the Q:N_NIL_OSC constraint described 
above) are expected to bind more frequently in 2010-11 than they did in 2008-09. 

S>>V_NIL_SETX_SETX 

This constraint limits flows from South Australia to Victoria along the Heywood interconnector. It 
prevents overloading of one South East 275/132 kV transformer following a trip of the other. 
AEMO identified this as the sixth most frequently binding constraint in 2008-099. It bound for 164 
ƘƻǳǊǎ ƛƴ ǘƘŀǘ ȅŜŀǊΣ ƻǊ мΦу҈ ƻŦ ǘƘŜ ǘƛƳŜΦ Lǘ ƛǎ ǘƘŜ ŦƛŦǘƘ Ƴƻǎǘ ŦǊŜǉǳŜƴǘƭȅ ōƛƴŘƛƴƎ ŎƻƴǎǘǊŀƛƴǘ ƛƴ wh!aΩǎ 
simulations of 2010-11, binding in 4.4% of trading intervals. It is ascribed with 2.8% of the total 
marginal value across all binding constraints.  

N>N-NIL_LSDU 

This constraint limits northerly flows on the Terranora interconnector to prevent overload of the 
Lismore-Dunoon 132 kV line on trip of the other Lismore-Dunoon 132 kV line (refer to Figure 5.2 
showing the network around Terranora). AEMO identified this constraint as the third most 

                                                           
9
 AEMO 2009 NTS, page 5-18 
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frequently binding constraint in 2008-0910. It bound in 199 hours, or 2.3% of the time in that year. 
Lƴ wh!aΩǎ ǎƛƳǳƭŀǘƛƻƴǎ ƻŦ нлмл-11, it binds 2.4% of the time but it is the constraint with the third 
highest marginal value across all binding constraints.  

Q>Q_SWQ 

This constraint sets the notional south-west Queensland (SWQ) export limit. It constrains down 
generation in SWQ and imports from New South Wales along QNI. In the 2009 NTS, it is identified 
by Powerlink as an emerging problem11Φ Lǘ ōƛƴŘǎ ƻƴƭȅ мΦм҈ ƻŦ ǘƘŜ ǘƛƳŜ ƛƴ wh!aΩǎ ǎƛƳǳƭŀǘƛƻƴǎ ƻŦ 
2010-11 but it is ascribed with 7.7% of the total marginal value (the fourth highest marginal value 
across all binding constraints).  

V>>SML_NIL_1_WIND 

This constraint limits Murraylink and VIC-NSW interconnector flows to prevent overloading the 
Ballarat-Moorabool 220 kV line in the event of a trip of the other Ballarat-Moorabool 220 kV line. 
Lǘ ōƛƴŘǎ ƛƴŦǊŜǉǳŜƴǘƭȅ ƛƴ wh!aΩǎ ǎƛƳǳƭŀǘƛƻƴǎ όлΦс҈ ƻŦ ǘƘŜ ǘƛƳŜύ ōǳǘ ƛǘ ƛǎ ŀǎŎǊƛōŜŘ ǿƛǘƘ сΦл҈ ƻŦ ǘƘŜ 
total marginal value, the fifth highest across all binding constraints. It is identified by AEMO as an 
emerging problem in the 2009 NTS12. 

 

Transmission congestion is prevalent in the existing network, and a normal part of the 
operation of the National Electricity Market.  Alleviation of congestion (through 
transmission augmentation) must be justified on the basis that it reduces costs to 
consumers, meaning that some level of congestion is cost effective. 

 

5.1) COSTS OF CONSTRAINTS (2010-11) 

For the year 2010-11, ROAM performed dispatch simulations with and without intra-regional 
constraints, to assess the impact that these constraints have on the dispatch and total system 
costs. Nominal import and export limits on inter-regional lines were maintained.  

 

Simulations showed that the cost saving achieved by removing the intra-regional constraints is $8 
million per annum, corresponding to $0.04/MWh across the NEM. By contrast, the impacts of 
constraints on pool price outcomes are larger, as shown in Table 5.1.  Pool prices in all regions are 
increased by the effect of constraints due to less efficient dispatch of generation.  Queensland, 
South Australia and Tasmania are particularly affected due to the weaker grids in these regions. 

 

                                                           
10

 AEMO 2009 NTS, page 5-18 
11

 AEMO 2009 NTS, page 5-20 
12

 AEMO 2009 NTS, pages 5-24,5-25 
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Table 5.1 ς 2010-11 Pool price outcomes ($/MWh) with and without intra-regional constraints 

 New South Wales Queensland South Australia Tasmania Victoria 

With intra-regional constraints 33.11 26.95 32.09 30.55 30.68 

Without intra-regional constraints 32.51 24.72 30.68 28.34 29.78 

Effect of constraints (difference) 0.6 2.23 1.41 2.21 0.9 

 

6) WIND DEVELOPMENT SCENARIOS (2019-20) 

ROAM has developed a range of scenarios, each with a different distribution of wind farms 
installed to meet the RET.  The distribution of wind in each is illustrated in the figures below. 

 

The pattern of congestion in the NEM in 2019-20 will be affected by the distribution of all 
generators. However, in this study the planting of new thermal and non-wind renewable 
generation and retirement of existing generation is consistent across all scenarios. Differences in 
congestion patterns are attributable solely to the distribution of new wind generation.  

 

Minimal retirement of existing thermal generation has been assumed in all scenarios.  The 
committed retirement of Munmorah, Swanbank B and Callide A has been included, with the 
additional retirement of Playford B included.  Further retirements may occur under the 
application of a carbon price (for example) but have not been assumed in this study. 

 

6.1) WIND 1 - MAXIMISING EXPECTED CAPACITY FACTOR 

In this scenario, wind farms were distributed according to the theoretical capacity factors 
available, as dictated by the wind resource.  Wind farms were only installed in areas where there 
is access to transmission, but the possibility of transmission congestion was not taken into 
account.  This planting schedule represents a possible future if wind farm developers seek the 
best wind resources without consideration of possible transmission limitations. 

 

The distribution of wind capacity in the year 2019-20 in this scenario is illustrated in Figure 6.1.  In 
this scenario, a large quantity of wind (relative to the local load) is installed in South Australia 
(almost 6000 MW).  A significant quantity is also installed in Tasmania to take advantage of the 
excellent wind resource there.  Very little wind capacity is installed in Queensland and New South 
Wales, since the wind resource in these areas is generally of lower quality. 
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Figure 6.1 ς Wind 1 (Max Exp. CF)13 - Installed wind capacity by region in 2019-2014 

 
 

The increase in wind capacity installed over time is illustrated in Figure 6.2 (right axis) with the 
corresponding impacts on wind farm capacity factors (results of dispatch modelling, left axis).  
Wind farms in South Australia lose 13% off their capacity factors in 2019-20 (this corresponds to a 
reduction in capacity factor from 35% to 22% due to transmission congestion).  Transmission 
congestion exporting from South Australia appears to increase rapidly as wind capacity in South 
Australia increases beyond 2000 MW. 

 

Wind farms in Tasmania are also heavily adversely affected, losing almost 9% off their capacity 
factors.  Minimal congestion is observed for wind farms in Victoria, despite the large quantity of 
wind installed in this state (almost 5000 MW).  Powerflow modelling (discussed in Section 12) 
indicates that the NTNDP constraint equations may not be adequate to sufficiently limit flows on 
the Victorian 220kV network, so these results may not include the full impact on Victorian wind 
farms. 

 

                                                           
13

 Wind bubble names and locations are summarised in Appendix B. 
14

 These capacities include existing wind farms, with the exception of Woolnorth (136 MW, TAS), 
Codrington (18 MW, VIC), Toora (21 MW, VIC), Wonthaggi (12 MW, VIC), Yambuk (30 MW, VIC) and Windy 
Hill (12 MW, QLD).  These non-scheduled wind farms are not included explicitly in the NTNDP constraint 
equations, and are therefore not modelled explicitly by ROAM. 
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Figure 6.2 ς Wind 1 (Max Exp. CF) - Reduction in wind farm capacity factors 

 
 

6.1.1) Capacity Factor Trends 

Figure 6.3 illustrates the average capacity factors achieved by wind farms in each region 
(calculated as the total energy sent out by wind farms in the region (GWh), divided by the total 
installed capacity in the region (MW) multiplied by 8.76).  The "expected" capacity factors are also 
illustrated, where these show the total energy available from wind farms in a region (unaffected 
by transmission congestion).  The dramatic reductions in capacity factors in South Australia and 
Tasmania are clearly apparent.  Other trends of note include: 

¶ The expected capacity factor of Tasmanian wind farms increases dramatically in 2014-15.  
This is due to the installation of a single large wind farm (150 MW) with an expected 
capacity factor of 42%.  Due to the small installed capacity prior to this date, this single 
wind farm has a strong impact on the average of Tasmanian wind farms. 

¶ The expected capacity factor of Queensland wind farms increases dramatically in 2016-17.  
This is due to the installation of a single large wind farm (130 MW) in North Queensland 
with an expected capacity factor of 39%.  Due to the small installed capacity prior to this 
date, this single wind farm has a strong impact on the average of Queensland wind farms. 
 

The expected capacity factor in New South Wales and South Australia trends upwards over time.  
This is because newly commissioned wind farms appear to generally have higher capacity factors 
than many of the older generation of existing wind farms which use older technologies.  These 
older existing wind farms in some cases achieve lower capacity factors which tends to reduce the 
average regional capacity factor in the earlier years of the study.  As a larger quantity of new 
generation wind farms are installed, the average capacity factor gradually increases.  ROAM's data 
suggests that there is a large quantity of high quality wind sites available in some regions (such as 
South Australia), such that expected capacity factors of new installed wind farms remain relatively 
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constant over time.  It is possible that some of these sites may not be available for wind farm 
development, forcing wind development to lower quality resource sites.  However, over time 
increases in turbine efficiency are expected, and may allow increased capacity factor outcomes 
from lower wind speed sites to compensate for this effect.  

 

In Victoria the capacity factor trends downwards slightly over time.  Whilst it experiences the 
same effects as other states (as described above), slightly lower quality sites appeared to be 
available for new wind development, gradually decreasing the capacity factor over time.  

 

Figure 6.3 ς Wind 1 (Max Exp. CF) - Wind farm capacity factors 

 
 

These results suggest that if wind development occurs without consideration of 
transmission network limitations, significant transmission congestion is likely to occur.  In 
the absence of network augmentation this will have significant detrimental impacts on 
wind farm capacity factors (and therefore revenues15). 
 
This highlights the high importance of a good understanding of the transmission network 
and its limitations by wind farm developers. 

 

  

                                                           
15

 Impacts on wind farm revenues are discussed further later in this report (Section 9). 
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6.2) WIND 2 - MINIMISING CONGESTION 

In this second scenario, wind farms were distributed to minimise transmission congestion.  This 
was optimised through an iterative process using half hourly dispatch modelling with the NTNDP 
constraint equations.  The resulting distribution of wind capacity in the year 2019-20 in this 
scenario is illustrated in Figure 6.4.  The quantity of wind installed in South Australia is much lower 
than in the Wind 1 scenario, with a large quantity of additional wind capacity installed in New 
South Wales.  Very little wind capacity is installed in Tasmania, since Tasmanian wind farms were 
found to become congested even at very low levels of wind capacity. 

 

Figure 6.4 ς Wind 2 (Min congest)16 - Installed wind capacity by region in 2019-2017 

 
 

The amount of transmission congestion experienced by wind farms in each region is illustrated in 
Figure 6.5 and Figure 6.6.  Wind farms in all regions achieve very close to their expected capacity 
factors (despite very large quantities of wind installed in New South Wales and Victoria in 
particular). 

 

                                                           
16

 Wind bubble names and locations are summarised in Appendix B. 
17

 These capacities include existing wind farms, with the exception of Woolnorth (136 MW, TAS), 
Codrington (18 MW, VIC), Toora (21 MW, VIC), Wonthaggi (12 MW, VIC), Yambuk (30 MW, VIC) and Windy 
Hill (12 MW, QLD).  These non-scheduled wind farms are not included explicitly in the NTNDP constraint 
equations, and are therefore not modelled explicitly by ROAM. 
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Figure 6.5 ς Wind 2 (Min Congest) - Reduction in wind farm capacity factors 

 
 

Figure 6.6 further illustrates the very minimal reduction in wind farm capacity factors due to 
transmission congestion.  For a discussion of the general trends in capacity factor over time in 
each region refer to Section 6.1.1).  In this scenario the average capacity factor in New South 
Wales peaks in 2014-15 due to the installation of a large wind farm (200 MW) with a higher than 
average capacity factor (35.5%).  In the following year a 300 MW wind farm with a lower capacity 
factor (28.5%) enters, decreasing the average.  Capacity factor trends in Queensland are similarly 
driven by the entry of individual wind farms with varying capacity factors. 
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Figure 6.6 ς Wind 2 (Min Congest) - Wind farm capacity factors 

 
 

In contrast with the first scenario (Wind 1 - Maximising Expected Capacity Factor), this second 
scenario has a much lower "expected" NEM average capacity factor (i.e as if unaffected by 
congestion) of 30.1% (compared with 34.2% in the first scenario).  Lower quality wind resource 
sites have been selected (to minimise transmission congestion), giving a lower expected capacity 
factor.  However, due to the very limited transmission congestion observed in this second 
scenario the achieved capacity factor of 29.7% is higher than the 27.1% NEM average achieved in 
the first scenario. 

 

This study suggests it is possible to arrange a sufficient quantity of wind farms to meet 
the 20% Renewable Energy Target by 2020 with minimal transmission congestion.  
Significant transmission augmentation is unlikely to be essential to meet the 20% target, 
but it may reduce the cost to consumers (this is explored further in Section 11). 
 
Renewable generation penetration beyond 20% has not been analysed under this study, 
and may require additional significant transmission augmentation in order to be 
achieved18. 

 

 

                                                           
18

 In addition, this study has assumed the quantities of wind installed in each zone indicated in Figure 6.4.  It 
is possible that this quantity of wind cannot be installed in these zones due to limitations on land 
availability, dispute with the local public, or other limitations that were not taken into account in this study. 
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6.3) WIND 3 - MODERATE CONGESTION 

In this scenario, wind farms were distributed to allow some transmission congestion, allowing an 
increase in the achieved capacity factors.  This means that some development will occur in areas 
with the highest quality wind resource, but wind development also occurs at less favourable wind 
resources to prevent transmission congestion becoming a significant problem. 

 

The distribution of wind capacity installed in 2019-20 in this scenario is illustrated in Figure 6.7.  A 
moderate quantity of wind is installed in South Australia and Tasmania (relative to the local 
loads), to take advantage of the favourable wind resources in these areas.  However, unlike the 
first scenario (Wind 1 - Maximising Expected Capacity Factor), to prevent transmission congestion 
from becoming significantly problematic large quantities of wind are also installed in Victoria, 
New South Wales and Queensland in the highest quality wind resource sites available. 

 

Figure 6.7 ς Wind 3 (Mod Congest)19 - Installed wind capacity by region in 2019-2020 

 
 

Figure 6.8 shows the transmission congestion impacts on wind farms in this scenario.  With 
moderate quantities of wind installed in South Australia and Tasmania, significant transmission 
congestion is experienced in these regions.  By 2019-20, 2700 MW of wind capacity is installed in 
South Australia, causing a reduction in South Australian wind capacity factors of 3.0%. 

 

                                                           
19

 Wind bubble names and locations are summarised in Appendix B. 
20

 These capacities include existing wind farms, with the exception of Woolnorth (136 MW, TAS), 
Codrington (18 MW, VIC), Toora (21 MW, VIC), Wonthaggi (12 MW, VIC), Yambuk (30 MW, VIC) and Windy 
Hill (12 MW, QLD).  These non-scheduled wind farms are not included explicitly in the NTNDP constraint 
equations, and are therefore not modelled explicitly by ROAM. 
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Figure 6.8 ς Wind 3 (Mod Congest) - Reduction in wind farm capacity factors 

 
 

Expected and achieved capacity factors in each region in this scenario are illustrated in Figure 6.9.  
By 2019-20 the capacity factors achieved by wind farms in each region are very similar, with 
transmission congestion decreasing the capacity factors achieved in South Australia and 
Tasmania.  Victorian capacity factors have also been reduced through a small amount of 
transmission congestion to the level of Queensland and New South Wales wind farms. 
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Figure 6.9 ς Wind 3 (Mod Congest) - Wind farm capacity factors 

 
 

In this scenario the NEM average "expected" capacity factor of 32.8% (not affected by 
transmission congestion) is reduced to 30.9% by transmission congestion.  This is higher than the 
NEM average capacity factor achieved in either Scenario 1 - Maximising Expected Capacity Factor 
(27.1%), or Scenario 2 - Minimising Congestion (29.7%).  This allows a smaller quantity of wind 
capacity to be installed to meet the RET, decreasing the cost of meeting the RET21. 

 

A moderate approach that accepts some transmission congestion whilst responding to 
the limitations of the transmission network is likely to produce the highest wind capacity 
factors, and therefore minimise the amount of installed wind capacity required to meet 
the Renewable Energy Target requirement of 41,000 GWh by 2020. 

 

6.4) WIND 4 - MAXIMISED WIND FARM REVENUE 

In this fourth scenario, wind farms were distributed to maximise wind farm revenues.  Since wind 
farms tend to bid at a low value (due to low short run marginal costs), significant wind 
penetration in a region tends to lower the pool price.  Regions with smaller loads (such as 
Tasmania and South Australia) are more vulnerable to the effect.  This drives wind development in 
areas with less favourable capacity factors, but more robust pool prices. 

 

The distribution of wind capacity installed in 2019-20 in this scenario is illustrated in Figure 6.10.  
The distribution of wind farms by region is similar to that in the Wind 2 (Minimising congestion) 

                                                           
21

 This is discussed further in Section 7). 
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scenario, but is different within regions.  Wind farm developers seeking higher revenues install 
capacity primarily in New South Wales to take advantage of the higher pool price. In addition, due 
to the high regional demand and relatively better interconnected transmission network in New 
South Wales the pool price remains relatively robust as the quantity of wind installed increases 
(unlike South Australia where it falls rapidly).  Within regions, the location of wind farms is driven 
by the wind resource, with wind farms seeking to maximise capacity factors (to maximise 
revenue).  By contrast, in the Wind 2 (Minimising congestion) scenario wind farm placement 
within a region continued to be driven by the goal of minimising congestion, which caused a 
different placement of wind farms within regions. 

 

Figure 6.10 ς Wind 4 (Max Revenue)22 - Installed wind capacity by region in 2019-2023 

 
 

The transmission congestion experienced by wind farms in this fourth scenario is illustrated in 
Figure 6.11 and Figure 6.12.  Very little congestion is observed in any region.  Revenue outcomes 
are outlined further in Section 9). 

 

 

 

                                                           
22

 Wind bubble names and locations are summarised in Appendix B. 
23

 These capacities include existing wind farms, with the exception of Woolnorth (136 MW, TAS), 
Codrington (18 MW, VIC), Toora (21 MW, VIC), Wonthaggi (12 MW, VIC), Yambuk (30 MW, VIC) and Windy 
Hill (12 MW, QLD).  These non-scheduled wind farms are not included explicitly in the NTNDP constraint 
equations, and are therefore not modelled explicitly by ROAM. 
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Figure 6.11 ς Wind 4 (Max Revenue) - Reduction in wind farm capacity factors 

 
 

Figure 6.12 ς Wind 4 (Max Revenue) - Wind farm capacity factors 
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This modelling suggests that if wind farm developers seek to maximise revenues, the 
existing market is likely to drive wind development in locations where transmission 
congestion will be minimal. 

 

7) IMPACT OF CONGESTION ON WIND FARM CAPACITY FACTORS 

The "expected" (unaffected by transmission congestion) capacity factors and achieved capacity 
factors for each scenario are illustrated in Figure 7.1.  The following features are apparent: 

¶ Whilst Scenario 1 (Maximising Expected Capacity Factor) has the highest expected 
capacity factor, very significant transmission congestion causes the achieved capacity 
factor in this scenario to be far below that achieved in the other scenarios.  This 
necessitates the installation of a larger capacity of wind to meet the RET24. 

¶ Scenario 2 (Minimising congestion) shows very low levels of congestion, illustrating that 
careful wind farm placement can reduce transmission congestion to very low levels.  
However, this scenario has a very low expected capacity factor due to the placement of 
wind farms in less favourable wind resource locations.  This produces a relatively low 
achieved capacity factor, increasing the capacity of wind that must be installed to meet 
the RET (increasing capital expenditure that must ultimately be paid for by consumers). 

¶ Scenarios 3 (Moderate Congestion) and Scenario 4 (Maximising Revenue) are more 
moderate scenarios where some congestion is observed, but wind farm placement is also 
driven by the local wind resource.  These two scenarios show the highest achieved 
capacity factors, which means that less wind capacity is required to meet the RET 
requirement of 41,000 GWh in 2020. 

 

                                                           
24

 Transmission augmentation is addressed in Section 11). 
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Figure 7.1 ς Wind capacity factors (scenario comparison) 

 
 

Through the iterative search process a large number of scenarios were modelled (in addition to 
the four described in this report) with various distributions of wind.  The achieved capacity factor 
outcomes for wind farms in each region are illustrated in Figure 7.2.  It is clear that whilst 
Tasmania and South Australia have the highest achieved capacity factors with very low levels of 
wind installed, the impacts of transmission congestion rapidly become problematic, reducing 
achieved capacity factors below those available in other regions.  Capacity factors in Queensland 
and New South Wales are far more robust, the larger demand of those regions and their relatively 
higher interconnectedness (particularly New South Wales) being able to accommodate larger 
capacities of installed wind without significant transmission congestion. 
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Figure 7.2 ς Impact of congestion on wind farm capacity factors (2019-20) 

 
 

Achieved capacity factors of wind farms in Tasmania and South Australia decrease rapidly 
as the capacity of installed wind in those regions increases.  By contrast, capacity factors 
of wind farms in Queensland, New South Wales and Victoria are relatively robust to the 
capacity of installed wind. 

 

8) CONSTRAINTS IN 2019-20 

Table 8.1 lists the top five most frequently binding constraints in 2019-20 for each of the four 
scenarios. Each constraƛƴǘΩǎ ǊŀƴƪƛƴƎ όǿƛǘƘ м ōŜƛƴƎ ǘƘŜ Ƴƻǎǘ ŦǊŜǉǳŜƴǘƭȅ ōƛƴŘƛƴƎύ ƛƴ ŜŀŎƘ ǎŎŜƴŀǊƛƻ ƛǎ 
included for comparison across scenarios. A description of each constraint follows. 
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Table 8.1 ς Binding constraints in 2019-20 

Constraint name 
Percentage of time binding Ranking 

Wind 1 Wind 2 Wind 3 Wind 4 Wind 1 Wind 2 Wind 3 Wind 4 

Q:N_NIL_OSC 15.0% 18.3% 25.5% 21.6% 5 1 1 1 

V_T_NIL_FCSPS 1.5% 16.7% 2.0% 11.6% 23 2 19 3 

N>>N_MRN_132_WIND 8.9% 11.6% 8.8% 11.7% 9 3 5 2 

Q:N_NIL_N4 8.1% 8.6% 11.9% 9.7% 10 4 4 4 

N>N-NIL_LSDU 6.9% 7.3% 5.6% 6.9% 11 5 9 5 

V>>V_NIL1A_R 17.5% 1.1% 13.5% 1.6% 3 24 2 19 

S>>S_NIL_74_WIND_P 28.5% 1.3% 13.3% 3.4% 1 20 3 10 

N>>N_SEN_132_WIND 20.9% 0.0% 0.0% 0.0% 2 - - - 

S>V_NIL_NIL_RBNW_P 16.2% 2.0% 8.0% 4.1% 4 16 7 8 

 

The Q:N_NIL_OSC and Q:N_NIL_N4 constraints ƭƛƳƛǘ ǎƻǳǘƘŜǊƭȅ Ŧƭƻǿǎ ƻƴ vbLΦ Lƴ wh!aΩǎ 
simulations, Q:N_NIL_OSC is the most significant binding constraint in 2010-11 (refer to Section 5) 
and in the Wind 2, Wind 3 and Wind 4 scenarios in 2019-20. These three scenarios have around 
1700 MW of wind installed in Queensland, compared to only 430 MW in Queensland in the Wind 
1 scenario. The capacity of wind installed in each region, in each scenario is shown in Figure 8.1 
for reference. The Q:N_NIL_N4 constraint also limits flows more heavily in the Wind 2, Wind 3 
and Wind 4 cases, but it is less sensitive to the capacity of wind in Queensland than Q:N_NIL_OSC. 
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Figure 8.1 ς Installed capacities of wind by region and scenario 

 
 

The V_T_NIL_FCSPS constraint limits southerly Basslink flows and is a significant constraint in 
2010-11 (refer to Section 5). This constrains heavily in the Wind 2 and Wind 4 cases, where there 
is relatively little wind development in Tasmania. In the Wind 1 and Wind 3 scenarios, there is 
over 1000 MW of new wind installed in Tasmania and this constraint binds in far fewer periods. 

 

The N>N-NIL_LSDU constraint limits northerly flows on the Terranora interconnector. It 
constraints roughly the same amount of time in all cases, but is relatively more important in 
scenario Wind 2 and Wind 4, when there is a large amount of wind installed in New South Wales. 

 

The V>>V_NIL1A_R constraint decreases Victorian exports along Murraylink and the VIC-NSW 
interconnector, and constrains generation on in northern Victoria. This avoids thermal overload of 
the South Morang to Dederang 330 kV line in the event of a trip of the parallel line. This constraint 
binds heavily in the Wind 1 and Wind 3 cases where there is relatively little wind generation in 
New South Wales and significant amounts in Victoria and South Australia, as it limits the export of 
low cost wind power from Victoria into New South Wales. 

 

The S>>S_NIL_74_WIND_P and S>V_NIL_NIL_RBNW_P constraints limit easterly flows on 
Murraylink. They constrains very heavily in the Wind 1 case with very significant amounts of wind 
in South Australia. They also bind quite frequently in the Wind 3 case, which has the next highest 
level of installed South Australian wind. The number of binding periods drops off dramatically 
between the Wind 3 case (with 2644 MW in SA) and the Wind 4 case (with 2124 MW in SA), 
indicating that a threshold on South Australian exports exists between these two levels of 
installation. 
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The N>>N_SEN_132_WIND constraint limits the export of wind from the SEN 132 bubble to 
180 MW. In the Wind 1 case, there is 332 MW installed in the SEN 132 bubble (reflecting its good 
capacity factor) and consequently this constraint binds regularly. In all other cases, there is less 
than 180 MW of wind installed in this bubble and the constraint never binds. 

 

The N>>N_MRN_132_WIND constraint limits the export of wind generation from the MRN 132 
wind bubble. In scenarios Wind 1 and Wind 3, where there is little wind installed in this bubble, it 
rarely constrains. 

 

9) IMPACT OF WIND CAPACITY ON POOL PRICES AND REVENUES 

9.1) WIND FARM COSTS 

These observed impacts of congestion on wind farm capacity factors are likely to be significantly 
detrimental to wind farm revenues.  Although wind farms have very low short-run (operational) 
costs, they have significant capital costs which must be successfully covered by wind farm 
revenues to ensure a profitable project.  Reduction in the capacity factor means that this 
significant up-front cost must be earned back over a smaller amount of energy, necessitating 
higher revenue per MWh (either from sales of wholesale electricity into the pool, or from sales of 
Renewable Energy Certificates).  This is illustrated by the long run marginal cost curve in Figure 
9.1.  This chart indicates that a reduction in capacity factor from 35% to 22% (as observed for the 
South Australian wind farms in this scenario) corresponds to an increase in required revenue from 
$113 /MWh to $176 /MWh in order to cover long run costs. 

 

Figure 9.1 ς Wind technology long-run marginal cost curve 
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9.2) IMPACTS OF WIND CAPACITY ON POOL PRICES 

A factor that compounds the impacts on wind farm revenues is that a large installed wind capacity 
in a region tends to depress the regional pool price.  Wind farms have very low variable costs, and 
are therefore expected to bid a very low price into the market (to maximise their dispatch).  They 
may even bid as low as negative the REC price, since they will increase revenue by dispatch at that 
level. 

 

In addition, wind power is considered to contribute a very low amount of capacity for reliability 
(in AEMO's reliability analysis).  The contribution varies by region, but currently ranges from 0% to 
8% of wind farm capacity.  Modelling suggests that the actual contribution of wind farms to 
reliability is likely to be higher than this (some studies suggest that the contribution is close to the 
achieved capacity factor of the wind farm25, and ROAM's modelling indicates that for some wind 
farms it may be even higher26).  This suggests that an excess of capacity will be installed in order 
to meet excessive reliability requirements, which is likely to depress the pool price. 

 

These factors mean that a large quantity of wind installed in a region will put downwards pressure 
on the pool price, and hence on wind farm revenues.  The pool price outcomes modelled for the 
Wind 1 (Maximising Expected Capacity Factor) scenario are illustrated in Figure 9.2.  The following 
trends are apparent: 

¶ Pool prices in all regions increase dramatically in 2013-14 in response to the entry of a 
carbon price (-5% by 2020 trajectory). 

¶ Prices in New South Wales and Queensland continue to grow as the carbon price 
increases, due to the relatively small quantity of wind installed in these regions in this 
scenario. 

¶ Prices in Victoria, Tasmania and South Australia decrease over time from 2013-14 in 
response to the large quantity of wind installed in these regions.  By 2019-20, prices in 
South Australia are exceptionally low compared with New South Wales. 

 

By contrast, the pool prices calculated for Scenario 4 (Maximising Revenue) are illustrated in 
Figure 9.3.  In this case, due to the more distributed nature of the wind development, prices are 
maintained at relatively high levels in all regions, despite the large quantity of wind installed. 

 

                                                           
25

 Valuing the Capacity of Intermittent Generation in the South-west Interconnected System of Western 
Australia, Report to the Independent Market Operator Western Australia by McLennan Magasanic 
Associates, 29 January 2010.  http://www.imowa.com.au/f139,628386/04._WP_2_Initial_Report.pdf 
26

 ROAM's modelling suggests that in some particular cases the generation of wind farms can act to alleviate 
constraints, increasing their contribution to system reliability. 

http://www.imowa.com.au/f139,628386/04._WP_2_Initial_Report.pdf
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Figure 9.2 ς Wind 1 (Max Exp CF) - Pool prices 

 
 

Figure 9.3 ς Wind 4 (Max Revenue) - Pool prices 

 
 

As described previously, a large number of scenarios were modelled (in addition to the four 
described in this report) with various distributions of wind.  The price outcomes in 2019-20 in 




































































































