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Covering note

This covering note provides contextual information to assist readers to understand the purpose, scope and 
findings in the attached document. 

1. Purpose and overview

The attached report prepared by GHD addresses a query raised by the AER in relation to the modelling 

assumptions adopted by EY in assessing the gross market benefits that PEC will provide. The specific 

modelling assumption relates to the impact of loop flows, which have the potential to negatively impact the 

gross market benefits.  

In the attached report, GHD reviewed publicly available documents to compile a statement of facts regarding 

the various modelling approaches and assumptions adopted in relation to the power flows on the 

interconnectors linking NSW, SA and VIC (i.e., PEC, Heywood and VNI). Using the information gathered, 

GHD assessed whether more accurate modelling of the loop flow involving those interconnectors would have 

materially affected EY’s estimated market benefits for PEC. As explained below and in the attached report, 

GHD found that the impact of loop flows is not expected to have a material impact and EY’s modelling 

assumptions are reasonable. The report is technical in nature and is provided to address the issues raised 

by the AER. 

2. Scope

Various documents were reviewed including: AEMO implementation paper identifying the need for a loop 

flow constraint in NEMDE once PEC stage 2 is in service; market modelling completed by ACIL Allen to 

assist AEMO in assessing the need for a loop flow constraint; PEC benefits assessments undertaken by 

ElectraNet for the RIT-T; AEMO’s modelling for the 2024 ISP; and EY’s modelling for their 2024/2025 

assessment of the gross market benefits delivered by PEC. Power flow analysis was also undertaken to 

verify whether the combination of interconnection flows extracted from the EY market modelling results could 

be achieved by adjusting the phase shift transformers (PST) taps at Buronga. 

3. Key Findings

While the modelling undertaken by ElectraNet for the RIT-T did not consider the loop flow when assessing 

capacity expansion decisions, there is a low risk that caused a material error because: 

• The rigorous review of the modelling approach by various independent parties did not identify any

concerns with the capacity expansion that underpinned the market benefit assessment.

• The capacity expansion planning adopted conservative limits for the additional capability provided by

PEC.

The modelling undertaken for the 2024 ISP did not model loop flows in either the capacity planning run or 

the time sequential runs. This risks over estimating benefits but only if the power flows on PEC, Heywood 

and VNI in the market modelling runs cannot be achieved in the AC power flow utilising the full range of the 

PST. 



In the case of the EY market modelling, verification studies performed for the 2027/28 year (first year with 

PEC Stage 2 in service) demonstrate that by appropriate adjustment of the PST taps, the interconnector 

power flows (PEC, VNI, Heywood and Murraylink) in the market modelling results for most dispatch intervals 

(96.1%) could be achieved in the actual power system. For 3.9% of intervals the interconnector flows in the 

market modelling results exceed those that can be achieved by adjusting the PST taps in the AC power flow. 

The relatively small number of dispatch intervals that have interconnector flows that exceed those that can 

be achieved by adjusting the PST taps, suggests that it is unlikely that the market benefits have been 

materially overestimated.  

The loop flow constraint used in the modelling undertaken by ACIL Allen reflects static assumptions regarding 

the setting of the PST taps. Using that constraint equation in market modelling undertaken to assess the 

market benefits delivered by PEC is likely to underestimate benefits due to inadequacies in the ability of the 

static loop flow equations to reflect the full range of interconnector powers available through adjustment of 

the PST taps.  

4. Conclusion

The modelling approach adopted by EY, which is consistent with the RIT-T undertaken by ElectraNet and 

AEMO’s 2024 ISP, is reasonable and unlikely to have materially overestimated the market benefits provided 

by PEC. 
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Executive summary 

GHD has reviewed public domain information to compile a statement of facts that documents the various sets of 

market modelling that have assessed the market benefits delivered by Project EnergyConnect (PEC). The 

summary compiled has paid careful attention to the approach taken in the market modelling to consider the 

relationship between power flows on the interconnectors linking NSW, SA and VIC (i.e. PEC, Heywood and VNI). 

The information gathered has been used to assess whether more accurate modelling of the loop flow involving 

those interconnectors would have materially altered the calculated market benefits. 

The review supports the following key findings and recommendations. 

1. The review of the modelling undertaken to assess the market benefits of PEC suggests that the modelling 

approach adopted in the ISP, by ElectraNet for the RIT-T assessment and that proposed by EY are unlikely to 

have materially overestimated the market benefits provided by PEC. 

In the case of the EY market modelling, additional verification studies have been performed by GHD for the 

2027/28 year. Those studies demonstrate that by appropriate adjustment of the Phase Shift Transformer 

(PST) taps the interconnector power flows (across PEC, VNI, Heywood and Murraylink) in the market 

modelling results for most dispatch intervals (96.1%) could be achieved in AC power flow studies modelling 

the physical power system with PEC in service. For 3.9% of intervals the interconnector power flows in the 

market modelling results exceed those that can be achieved by adjusting the PST taps in the AC power flow.  

The small number of dispatch intervals that have interconnector power flows that exceed those that can be 

achieved by adjusting the PST taps, suggests that it is unlikely that the market benefits may have been 

materially overestimated.  

2. The modelling approach adopted by ACIL Allen is likely to underestimate benefits due to inadequacies in the 

ability of the loop flow equation developed by AEMO to represent the capability of PEC. 

3. It is recommended that Transgrid work closely with AEMO to ensure the loop flow constraint implemented in 

NEMDE and pre-dispatch accurately reflects the capability of PEC. 

4. It is recommended that Transgrid work with AEMO to develop appropriate operating advice guiding how the 

PST taps should be adjusted to optimise power flows and how that approach should be reflected in dispatch 

and pre-dispatch versions of the loop flow constraint. 

This report is subject to, and must be read in conjunction with, the limitations set out in section1.2 and the 

assumptions and qualifications contained throughout the Report. 
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1. Introduction 

1.1 Purpose of this report 
GHD has reviewed public domain information to compile a statement of facts that documents the various sets of 

market modelling that have assessed the market benefits delivered by Project EnergyConnect (PEC). The 

summary compiled has paid careful attention to the approach taken in the market modelling to consider the 

relationship between power flows on the interconnectors linking NSW, SA and VIC (i.e. PEC, Heywood and VNI). 

The information gathered has been used to assess whether more accurate modelling of the loop flow involving 

those interconnectors would have materially altered the calculated market benefits. 

1.2 Scope and limitations 
This report: has been prepared by GHD for Transgrid and may only be used and relied on by Transgrid for the purpose agreed 
between GHD and Transgrid as set out in section 1.1 of this report. 

GHD otherwise disclaims responsibility to any person other than Transgrid arising in connection with this report. GHD also 
excludes implied warranties and conditions, to the extent legally permissible. 

The services undertaken by GHD in connection with preparing this report were limited to those specifically detailed in the report 
and are subject to the scope limitations set out in the report.  

The opinions, conclusions and any recommendations in this report are based on conditions encountered and information 
reviewed at the date of preparation of the report. GHD has no responsibility or obligation to update this report to account for 
events or changes occurring subsequent to the date that the report was prepared. 

The opinions, conclusions and any recommendations in this report are based on assumptions made by GHD described in this 
report. GHD disclaims liability arising from any of the assumptions being incorrect. 

Accessibility of documents 

If this report is required to be accessible in any other format, this can be provided by GHD upon request and at an additional 
cost if necessary. 

1.3 Assumptions 
We have assumed that the information in the referenced documents is accurate, GHD has not sought to 

independently verify the accuracy of that information. 
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2. Statement of facts 

The market benefits of Project EnergyConnect (PEC) have been assessed several times across the life of the 

project as summarised in Table 3. There have been three different approaches used to ensure that the power 

flows on the interconnectors linking NSW, SA and VIC (i.e. PEC, Heywood and VNI) reflect the power flows 

expected in the actual power system considering the ability to control the power flow on PEC provided by the 

Phase Shifting Transformers (PSTs) at Buronga. 

The table notes the different approaches used to model an appropriate relationship between power flows on the 

HVAC interconnectors connecting NSW, SA and Vic. The loop flow issue is described in the PEC Integration 

Paper published by AEMO in May 20231 and refers to the need to ensure that the power flows in the 

interconnectors in the NEM Dispatch Engine (NEMDE) reflect the relationship that will be observed on the actual 

power system. One approach for achieving this is to implement a loop flow constraint in NEMDE. That approach 

can lead to the spring-washer effect illustrated in Figure 1 when one of the interconnectors is constrained by a 

network limit.  

 

Figure 1 Illustration of the loop flow created by PEC and the potential spring washer effect 2 

The approaches for managing the loop flow adopted in the market modelling listed in Table 3 varies between the 

following the options: 

 
1 pec-implementation--update-on-market-integration-may.pdf 
2 pec-market-integration-paper.pdf 



 

GHD | Transg        

 

– Assume that the PST provided sufficient range so that the flow on PEC is independent of the other 

interconnectors and no explicit modelling of loop flow is needed. This is adopted in the ESOO, ISP, by FTI in 

the modelling performed in support of the CPA and in the EY modelling. 

– Explicitly model the loop flow via a constraint in the market model. This approach is proposed in the PEC 

implementation paper developed by AEMO and in the market modelling undertaken by ACIL Allen. 

– Explicitly modelling the loop flow via a dc load flow within the optimisation engine in the market model. This 

approach was adopted by ElectraNet in the RIT-T market modelling. 

Section 5, presents findings regarding the different approaches utilised and whether they are likely to over or 

underestimate the market benefits delivered by PEC. 

3. Impact of loop flows on market benefits 

The main sets of market modelling referred to in Table 3 are discussed in the following sections and conclusions 

drawn regarding whether the approach taken to modelling the loop flows is likely to underestimate or overestimate 

the market benefits delivered by PEC. 

3.1 RIT-T modelling performed by ElectraNet 
The modelling undertaken by ElectraNet for the RIT-T did not consider the loop flow when using the LT modelling 

run to assess new entry decisions. As such the benefit provided by PEC may have been exaggerated. The risk of 

this causing a material error is however expected to be low for the following reasons: 

– there was a rigorous review of the modelling approach for various independent parties and GHD expects that 

those reviews would have identified any situations where the modelling was presenting unrealistic impacts of 

PEC on the modelled capacity expansion.  

– we expect that the LT model would have adopted conservative limits for the additional capability provided by 

PEC. 

Other aspects of the market benefits delivered by PEC would have been derived from the ST (time sequential) run. 

That run modelled the loop flow via a DC load flow and should have provided an accurate assessment of the 

impact of the loop flow on the market benefits derived from differences in the time sequential runs with and without 

PEC. We note that the network technical assumptions report accompanying the PACR stated the range of the PST 

at Buronga was 30 degrees phase shift angle, which is less range than actually provided by the delivered 

transformer3. If the ST run modelled the 30 degree range that may have underestimated the market benefits 

derived from that modelling. 

On balance it is unlikely that a more accurate inclusion of loop flows within the RIT-T market modelling would have 

materially changed the calculated market benefits. 

3.2 Modelling using the loop flow constraint proposed 
by AEMO 

The modelling undertaken by ACIL Allen for AEMO using the loop flow constraints proposed by AEMO is likely to 

significantly underestimate the market benefits delivered by PEC. The key reasons for this finding are: 

– The loop flow constraint only models utilising of 20% of the range of the PST and therefore does not model 

the full capability of PEC. 

– The loop flow constraints developed by AEMO assumed network conditions expected at the time stage 2 of 

PEC is commissioned and would not be an accurate representation of the loop flows once further actionable 

projects such as VNI West are delivered. 

 
3 SA Energy Transformation RIT-T, Network Technical Assumptions Report, ElectraNet, 13 February 2019 
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3.3 Modelling proposed by EY 
The modelling proposed by EY has the potential to provide an optimistic view of the market benefits delivered by 

PEC. This is because the modelling assumes that flow on PEC is independent of power flows on the other 

interconnectors. 

To test whether this is likely to be a material overestimation GHD has undertaken AC power flow studies to verify 

whether the interconnector flows reported in the EY market model for the financial year ending 30 June 2028 can 

be achieved with the designed PST. Our assessment confirms that for most dispatch intervals (96.1%) the 

interconnector power flows in the market modelling results could be achieved by adjusting the PST in AC power 

flow studies.  

The small number of dispatch intervals that have interconnector flows that exceed those that can be achieved by 

adjusting the PST taps, suggests that it is unlikely that the market benefits may have been materially 

overestimated. Further details of our assessment are provided in Section 4. 

3.4 Modelling in the ISP 
The modelling undertaken for the ISP does not model loop flows in either the capacity planning run or the time 

sequential runs. This risks over estimating benefits but only if the power flows on PEC, Heywood and VNI in the 

market modelling runs can’t be achieved in the AC power flow utilising the full range of the PST.  

4. Verification of interconnector flows in the 
EY market modelling 

AEMO has develop a set of three loop flow equations which ACIL Allen used in their market modelling studies to 

illustrate the potential for negative residues accruing across interconnectors once PEC is fully operational. The 

loop flow equation set developed by AEMO consists of three equations with each equation assuming a different 

setting for the PST tap as shown in Figure 2. The loop flow constraint set is insufficient to describe the full 

capability of PEC as it does not consider the full range of the PST. Implementing that constrain set in NEMDE or a 

market model is therefore likely to be overly restrictive on the power flows allowed across PEC, which risks 

significantly underestimating market benefits.  

To avoid this, the approach proposed by EY of modelling PEC as an independently controllable interconnector is 

reasonable. However, the interconnector flow results obtained from the EY market modelling should be validated 

via power flow studies to confirm that it is feasible that those power flows can be achieved by adjusting the PST 

taps. 
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Figure 2 loop flow equation set developed by AEMO4 

4.1 Verification method 
The following approach was applied by GHD as a means of validating the assumption of the independent control 

of PEC that has been built into the EY market modelling: 

1. EY provided results from their market modelling including regional load, generation and interconnector flows 

for each one-hour dispatch interval. 

2. GHD considered the market modelling results for the first full year of PEC operation (2027/28). The 2027/28 

year was analysed as it is likely to be prior to VNI West being in service and thereby avoids any additional 

complications in the loop flows between NSW, VIC and SA. 

3. GHD analysed the market modelling results to identify 10 dispatch intervals with the greatest separation 

between the power flows in the market model and those predicted using the loop flow equations developed by 

AEMO. As those intervals all had relatively consistent interconnector transfers, we also extracted three other 

dispatch conditions to provide a more complete consideration of the range of power transfers expected across 

the PEC and Heywood interconnectors. 

4. The periods of interest were identified via the following analysis of the market modelling results: 

a. Using the loop flow equations defined by AEMO and the market modelling results for the interconnector 

power flows, we calculated the PEC power flow predicted by the three loop flow equations for each 

dispatch interval. (i.e. PEC1, PEC2 and PEC3 were calculated using the form of the loop flow equation 

assuming PST tap of -6.73 degrees, 0 degrees and 8 degrees respectively). 

b. Using the PEC power flow from the market model for each dispatch interval (i.e. PECmm), we identified 

the version of the loop flow equation that provided the closest alignment between the PEC power flow in 

the market model and that calculated using the loop flow equations. The difference between the PEC 

power flow in the market model and that allowed by the loop flow equation set was calculated applying 

the following formula: Min (ABS(PECmm - PEC1), ABS(PECmm – PEC2), ABS(PECmm – PEC3)). 

c. We sorted all dispatch intervals in the year to identify the 10 intervals with the greatest separation 

between the PEC power flow in the market model and that calculated using the loop flow equations.  

d. As each of those intervals had fairly similar flows across PEC (approximately 800 MW leaving SA) and 

Heywood (approximately 650 MW leaving SA), three extra dispatch intervals were selected. Those 

addition dispatch intervals had high differences between the power flow across PEC in the market 

 
4 pec-market-integration---directions-paper-for-consultation.pdf 
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The results in Table 2 cover the full range of power flows across Heywood and PEC in the market modelling 

results for 2027/2028. The results demonstrate that for most dispatch intervals (96.1%) the interconnector flows in 

the EY market modelling results can be obtained by adjusting the PST taps. For 3.9% of intervals the 

interconnector flows exceed those that can be achieved by adjusting the PST taps. 

The small number of dispatch intervals that have interconnector flows that exceed those that can be achieved by 

adjusting the PST taps, suggests that it is unlikely that the market benefits may have been materially 

overestimated. 

5.  Findings and Recommendations 

1. The review of the modelling undertaken to assess the market benefits of PEC suggests that the modelling 

approach adopted in the ISP, by ElectraNet for the RIT-T assessment and that proposed by EY are unlikely to 

have materially overestimated the market benefits provided by PEC. 

In the case of the EY market modelling, additional verification studies have been performed by GHD for the 

2027/28 year. Those studies demonstrate that by appropriate adjustment of the PST taps the interconnector 

power flows in the market modelling results for most dispatch intervals (96.1%) could be achieved in AC 

power flow studies modelling the physical power system with PEC in service. For 3.9% of intervals the 

interconnector power flows in the market modelling results exceed those that can be achieved by adjusting 

the PST taps in the AC power flow.  

The small number of dispatch intervals that have interconnector power flows that exceed those that can be 

achieved by adjusting the PST taps, suggests that it is unlikely that the market benefits may have been 

materially overestimated. 

2. It is recommended that Transgrid work closely with AEMO to ensure the loop flow constraint implemented in 

NEMDE and pre-dispatch accurately reflects the capability of PEC. 

3. It is recommended that Transgrid work with AEMO to develop appropriate operating advice guiding how the 

PST taps should be adjusted to optimise power flows and how that approach should be reflected in dispatch 

and pre-dispatch versions of the loop flow constraint. 

 




















