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Executive summary 

This report summarises the progress to date of the CSIRO funded research in implementing Australia’s 

Global Power System Transformation (G-PST) Research Roadmap (the Research Roadmap) in the Financial 

Year (FY) 2022/23 (Stage 2).  

The information has been provided by the research organisations appointed to lead each of the nine 

research topics identified in the Research Roadmap that was published by CSIRO in March 2022. 

This report provides an up-to-date summary for each of the nine appointed research topics, and seeks to: 

• Establish clearly what has been done in the research topic to the end of 2022, since 

commencement in May 2022. 

• Summarise what is scheduled to be completed in each research topic until contract end in May 

2023. 

• Place the current research phase in the overall research plan that was developed for each G-PST 

research topic.  

• Propose recommended future work for this topic for the next round of research scheduled for the 

FY 2023/24. 

The outlined information has been collected to prepare an interim report that will be used by CSIRO to: 

• Assist CSIRO discussions with Department of Climate Change, Energy, the Environment and Water 

(DCCEEW), Department of Foreign Affairs and Trade (DFAT) and other government departments to 

outline the importance of this work. 

• Secure future funding in implementing the Research Roadmap. 

• Get a succinct update that will assist CSIRO to prepare the next Expression of Interest (EOI) for FY 

2023/24. 

• Explore opportunities to secure additional DFAT funding for expansion of the G-PST work into 

Southeast Asian (SEA) countries. 

• Look particularly at distributed energy resource (DER) integration on the back of international 

recognition of the importance of this research e.g. US DOE as potential future partners. 
 

In reviewing the detailed progress reports submitted by the nine research organisations, we observe that 
generally all research topics are progressing according to the Research Roadmap.  
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1 Introduction 

The implementation of the CSIRO sponsored Global Power System Transformation (G-PST) Research 
Roadmap2 (the Research Roadmap) commenced in May 2022 with one research project selected for each 
of the nine focus areas (Table 1).  

Table 1: 2022/23 CSIRO G-PST Roadmap Research projects 

# G-PST Research Topic Research Project Contracted Research 
organisation 

1 Inverter design Advanced inverter applications and requirements 
for current limited grid-forming inverters 

Monash University 

2 Stability tools and 
methods 

Analytical methods for determination of stable 
operation of IBRs in a future power system 

Electrical Power Research 
Institute (EPRI) 

3 Control room of the 
future 

Applications of machine learning for power 
system applications 

EPRI 

4 Planning Flexible planning methodologies to improve the 
robustness of infrastructure investment decision 
making 

University of Melbourne 

5 Restoration and black 
start 

The role of inverter-based resources during 
system restoration 

Aurecon 

6 Services Essential system services for stable and secure 
operation of the frequency in power systems 
with high penetration of inverter-based 
resources (IBRs) 

Monash University 

7 Architecture Power System Architecture Strategen 

8 Distributed Energy 
Resources 

Dynamic Operating Envelopes University of Melbourne 

9 DER and stability DER and stability University of New South 
Wales 

 

The contracted research projects are scheduled to be completed by 30 April 2023. However, for some 
projects, a longer than expected contract negotiation caused these to commence later. Consequently, 
several projects may not be finalised until end of May 2023, and in case of Topic 3, potentially by 30 June. 
All Table 1 research will be finalised before 30 June 2023. 

To commence the next round of funding in implementing the Research Roadmap in the FY 2023/24 (Stage 
3), CSIRO requested summary reports from researchers to addresses the following matters: 

• Overall research topic and project overview and objective as described in the CSIRO G-PST Topic 

research plan published in March 2022. 

• Research completed by 23 December 2022 as part of the Stage 2 implementation of the plan. 

• Outstanding Stage 2 research activities to be completed by 28 April 2023. 

• Relevance to the Australian energy industry of the research undertaken.  

 

 

2 https://www.csiro.au/en/research/technology-space/energy/g-pst-research-roadmap  

https://www.csiro.au/en/research/technology-space/energy/g-pst-research-roadmap
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• Recommendations for future work as part of Stage 3 to be conducted in the FY 2023/24. 

This report summarises the key points of the researchers’ interim reports particularly regarding future 
research recommendations and the alignment of these recommendations with its CSIRO G-PST Topic 
research plan.  
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2 Advanced inverter applications 

2.1 Topic 1: Advanced inverter applications  

Monash University (MU) is conducting research and analysis to enhance the transient stability of grid 
forming inverters (GFMI). 

Supported by the Electric Power Research Institute (EPRI) a list of desired performance requirements and 
operational functionality of GFMI has been established by MU. These requirements and functionalities are 
a key to successful integration of increasingly inverter based resources (IBR) such as solar farms and battery 
energy storage systems (IBR) into Australia’s electricity  grid. 

This stage of the topic 1 research focuses on the fault ride-through (FRT) capability of advanced inverters to 
maintain and even enhance overall power system stability as IBR replace conventional synchronous 
generation such as coal fire power stations. Analysis and development of stability enhancement controls is 
being conducted using a quadrature (q-) prioritised current-limiting (CL) GFMI; CL is critical to protect 
inverters during transients, while q-prioritisation is necessary to enhance IBR stability during such events. 
The q-prioritised CL-GFMIs are expected to form the majority of future IBR systems. 

The research progresses the following tasks of the CSIRO G-PST Topic 1 Research Plan3: 

• Task 1: Frequency stability4  

• Task 2: Voltage stability5 

• Task 3: Interaction mitigation and oscillation damping6 

• Task 4: Protection and reliability7 

• Task 5: Trending topics8 

As IBR have already created challenges in remote areas of the National Electricity Market, such as West 

Murray zone, this research is highly relevant to Australia. 

Task 4 forms the majority of the Stage 2 MU research, while task 5 is being progressed through assessment 
of the developed control systems by assessing the interaction of multiple IBR using these advanced 
techniques. The current work forms the first year of research and is scheduled to be completed by 30 April 
2023, and the status of the research tasks in the CSIRO G-PST Topic 1 Research Plan expected by MU at the 
end of Stage 2 is shown in Table 2. 

Future work for Topic 1 recommended by MU to progress tasks 4.1, 4.3, 4.2, and 5.2 include: 

• Extension of the adaptive control algorithms researched in stage 1 to high density multi-IBR 

systems. 

• Investigation of negative sequence current support of GFMI to assist stability during unbalanced 

network faults. 

• Extension of stability analysis for multi-IBR systems. 

 

 

3 https://www.csiro.au/-/media/EF/Files/GPST-Roadmap/Topic-1-Inverter-design-Final-Report-with-alt-text-2.pdf  

4 Ibid 2, Section 4.1.1.1. 

5 Ibid, Section 4.1.2.2. 

6 Ibid, Sections 4.1.3.1, 4.1.3.2, 4.1.3.3. 

7 Ibid, Sections 4.1.4.1, 4.1.4.2, 4.1.4.3. 

8 Ibid, Section 4.1.5. 

https://www.csiro.au/-/media/EF/Files/GPST-Roadmap/Topic-1-Inverter-design-Final-Report-with-alt-text-2.pdf
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• Development of tuning/design guidelines for IBRs. 

• Further enhancement of the adaptive controls design developed in Stage 2 of CSIRO G-PST project. 

• Grid-forming capability of wind and solar farms. 

The detailed progress report produced by MU will be available on the CSIRO website. 

Table 2:  Expected progress for the Topic 1 research activities considered in the CSIRO G-PST Topic 1 

Research Plan by the end of the FY 2022/23 period and forecast for the FY 2023/24 period 

 TASK DESCRIPTION 
Stage 2 (FY 
2022/23) 
Progress 

Stage 3 
(FY 

2023/24) 
estimate 

1 Frequency Stability   

1.1 
Defining the response of Grid Following Inveters (GFLIs) and GFMIs for a 
credible contingency 

  

1.2 
Control of Essential System Services (ESS) based on the capability of the 
energy source to provide various frequency services 

  

1.3 
Coordinated/distributed control of Battery Energy Storage Systems 
(BESS) for frequency control 

  

2 Voltage stability   

2.1 
Investigation of IBR reactive power provision capabilities against the 
backdrop of losing synchronous machines 

  

2.2 
Interactions between synchronous machine Automatic Voltage 
Regulation (AVR), GFMI AVR and GFLI in providing reactive power 
support 

  

3 Interaction Mitigation and Oscillation Damping   

4.1 Identifying the nature of oscillations in IBR-dominated grids  33% 

4.2 Standardising the models of IBRs   

4.3 
Modelling, analysis, control and coordination of IBRs for oscillation 
damping 

 33% 

4 Protection and reliability   

4.1 IBRs effect on existing protection systems   

4.2 Enhancing IBR response during and subsequent to faults 40% 80% 

4.3 Assessment and enhancement of IBRs reliability   

4.4 Cyber-secure inverter design for grid-connected applications   

5 Trending Topics   

5.1 Developing alternative control methodologies for GFMIs 25%  

5.2 Grid-forming capability for HVDC stations and wind and solar farms  33% 

5.3 AI in IBRs control   

 

2.2 Topic 2: Analytical methods for determining stable operating 
points of IBR 

The electrical power system is in constant flux, with its operating point (pattern of voltage levels and 
current flows at any given point in time) changing with customer demand, generation dispatch, and 
network availability. Every operating point could be slightly different and, in some instances, even unstable.  

In their research, EPRI (supported by MU) is developing analytical methods and techniques to determine, 
for electrical power networks with high aMUnts of IBR, its operating point  and the impact that this could 
have on system stability . Further, EPRI’s research is also producing a process/analytical capability to 
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establish power system stability quickly and easily at each operating point, and the change in stability as 
the operating point changes. 

Such advanced analytical methods will become increasingly important as the penetration of IBR continues 
to increase, and could even help system operators in real-time to anticipate excursions into unstable power 
system conditions and allow time for corrective action. 

The research conducted by EPRI progresses the following tasks of the CSIRO G-PST Topic 2 Research Plan9: 

• Task 1: Stability margin evaluation10  

• Task 2: Small signal stability screening methods11 

• Task 3: Voltage stability boundary12 

• Task 4: Voltage control, recovery, and collapse13  

To achieve the required research by the completion date of 30 January 2023, EPRI have: 

• Developed the National Energy Market (NEM) Power System Simulator for Engineering™ (PSS/E) 

power system model used to assess the operating points from a HyperSim™ version that was 

prepared by UNSW previously. 

• Determined sequential operating points for the NEM PSS/E test case referred to point above to 

provide proof of concept. 

• Commenced analysis of grid conditions and variations of IBR operating points. 

• Prepared time and frequency domain analysis using whitebox electromagnetic transient models of 

a typical IBR. 

• Prepared a 20th order model of a virtual synchronous generator (VSG) intended for assessing small 

signal (oscillatory) stability. 

• Investigated the effects of active power controller parameters on weak network VSGs. 

To complete their outstanding work, EPRI will conduct a cohesive analysis using the developed models to 
obtain an envelope of stability around an oepraring point. The final report will include the proof of concept 
and linearisation process to obtain the IBR stability trajectories. Progress of the CSIRO G-PST Topic 2 
Research Plan against the research tasks included in the FY 2022/23 work is shown in Table 3. Also included 
in the Topic 2 research are three medium and two low priority tasks, these are not shown below but can be 
viewed in the CSIRO G-PST Topic 2 Research Plan. 

Table 3: Expected progress for the research activities considered in the CSIRO G-PST Topic 2 Research Plan 

by the end of the FY 2022/23 period and forecast for the FY 2023/24 period (if the research were 

to continue to FY 2023/24). 

 TASK 
Stage 2 (FY 
2022/23) 
Progress 

Stage 3 (FY 
2023/24) 
estimate 

 Critical   

1 Stability margin evaluation 30% 60% 

2 Small signal stability screening methods 30% 60% 

3 Voltage stability boundary   

4 Voltage control, recovery, collapse   

 

 

9 https://www.csiro.au/-/media/EF/Files/GPST-Roadmap/Topic-2-Stability-Tools-and-Methods-Final-Report-with-alt-text-2.pdf  

10 Ibid 7, Table 1, Topic 1.  

11 Ibid, Table 1, Topic 2. 

12 Ibid, Table 1, Topic 3 

13 Ibid, Table 1, Topic 4. 

https://www.csiro.au/-/media/EF/Files/GPST-Roadmap/Topic-2-Stability-Tools-and-Methods-Final-Report-with-alt-text-2.pdf


Global Power System Transformation  |  13 

 High    

5 Online identification of system strength   

6 Monitoring inertia in real time   

7 Modelling and model validation   

8 Voltage and reactive power management 25% N/A 

9 Real time simulators   

10 Critical contingency identification   

11 Real time contingency analysis   

12 Protection system operation and coordination   

 

EPRI has described  tasks 1 and 2 of Table 3 as each being three-year research programs14. Continuation of 
tasks 1 and 2 for the FY 2023/24 period as recommended by EPRI will therefore progress research by 
similar aMUnt as the current Stage 2 work. 

Recommendations for future research of the high priority tasks 1 and 2 provided by EPRI and in line with 
the research plan include: 

1. Determination of region of convergence of an operating point. 

2. Modularisation of algorithms that permit analytical stability assessment in order to allow for easy 

system reconfiguration. 

3. Development of tools that can automate the developed analysis process. 

4. Distinguishing between small signal and large signal stability challenges. 

5. Development of a process to update the analytical functions if the blackbox models undergo a 

change due to firmware updates in the actual product in the field. 

6. Evaluation of compatibility of derived analytical stability functions with existing commercial 

simulation tools. 

The detailed progress report produced by EPRI will be available on the CSIRO website. 

 

 

14 Ibid, Table 5. 
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3 Grid Development 

3.1 Topic 4: (Power System) Planning 

With fast uptake of large-scale and distributed renewable energy sources (RES) and the electrification of 
different sectors, power systems in Australia and worldwide are experiencing massive changes and facing 
unprecedented challenges. In particular, there is increasing uncertainty as to what new network customers 
will be connected to the system, and when and where. Power system planners are thus required to 
perform the daunting task of striking a balance between ensuring security and reliability and minimising 
cost in designing an optimal infrastructure investment path for a fast-changing system while facing very 
large long-term uncertainty, and avoiding the risk of stranded assets. 

In this research project University of Melbourne (UMel) has represented long-term uncertainty within the 
transmission system planning problem, in line with the CSIRO CSIRO G-PST Topic 4 Research Plan 115 (Long-
term uncertainty), in particular research stream 1 (see tasks below). The project assesses the value of 
different approaches in making robust investments, reducing planning risk, etc., thus providing useful insights 
into the current decision-making process and proposed solutions. It furthermore also informs the next steps 
in planning methodological developments.  

The specific tasks of the project and their link to the CSIRO G-PST Topic 4 Research Plan are: 

1. Identify the optimal infrastructure solutions, and their optionality value, yielded by an adaptive, 

flexible plan based on multi-stage stochastic planning.16  

2. Assess the robustness of a transmission investment plan based on deterministic approaches such as 

least-worst weighted regret (LWWR) analysis, relative to the robustness achieved by flexible 

planning.17 

3. Quantify the investment risk associated with both the deterministic and stochastic methodologies 

and consider possible options to model and control investment risk.18 

4. Propose suitable methodologies to assess and quantify the value of various infrastructure investment 

options in providing resilience to HILP events.19  

5. Assess and compare the value of investment in alternative energy technologies, like DER and 

hydrogen as means to defer investment-intensive assets.20 

The work currently underway thus addressed the tasks related to research program 1 in the CSIRO G-PST 
Topic 4 Research Plan, while also laying foundations to others, such as program 4 that investigates 
“decision making”. 

Based on the documented progress, the project is well on track and UMel has completed the first two tasks 
of their contracted research. We expect completion of the remaining tasks of risk analysis, resilience 
assessment, and new technology to be by 30 April 2023. The status of the key tasks expected by this date 
are shown in Table 4. 

 

 

15 https://www.csiro.au/-/media/EF/Files/GPST-Roadmap/Topic-4-Planning-Final-report_with-AltText-2.pdf    

16 Ibid, pg. 38, R1S1. 

17 Ibid. 

18 Ibid. 

19 Ibid, pg. 38, research task R1S1P3. 

20 Ibid, pg. 38, research task R1S1P2. 

https://www.csiro.au/-/media/EF/Files/GPST-Roadmap/Topic-4-Planning-Final-report_with-AltText-2.pdf
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Table 4: Expected progress for the research activities considered in the CSIRO G-PST Topic 4 Research Plan 

by the end of the FY 2022/23 period 

 

The project is relevant to Australia’s transmission planning processes, and AEMO has been a proactive 
supporter of the research, providing information and feedback. While Stage 1 of CSIRO G-PST project lays 
foundational stones for planning power systems in the face of significant uncertainty related to new 
technologies, consumer behaviour and more, further work in line with the highest priority tasks of the 
research plan is recommended by UMel to increase value from future investment decisions, including: 

• Task 1: Identify the value of demand side flexibility, including and especially DER, from the 

perspective of transmission planning.21 

• Task 2: Modelling requirements to include hydrogen assets in the decision portfolio, understand 

much better the benefits of energy sector coupling and long-term storage options in the provision 

of reliability and resilience.22 

• Task 3: Improve the modelling of dynamic security constraints, specifically those related to 

frequency control and system strength issues, to better capture the value of new types of 

electricity storage systems (e.g., with virtual inertia and grid forming capabilities), demand 

response (e.g., from flexible electrolysers) and transmission options.23 

Continuation of the research project according to the above proposed tasks would progress the overall 

research plan as shown in Table 5. Notably these are preliminary recommendations. As the CSIRO G-PST 

Topic 4 Research Plan was developed some two years ago, it is feasible that existing tasks may take on a 

higher priority or that new priority tasks may emerge.  

The detailed progress report produced by UMel will be available on the CSIRO website. 

 

 

21 Ibid, pg. 49, R4S2P3, R5S1P1, R5SP2 

22 Ibid, pg. 47, R3S3P3. 

23 Ibid, pg. 45, R2S3P1. 



16  |  CSIRO Australia’s National Science Agency 

Table 5: Research activities in the CSIRO G-PST Topic 4 Research Plan proposed for the FY 2023/24 

 

3.2 Topic 7: System Architecture 

The CSIRO G-PST Topic 7 Research Plan24 developed by Strategen identified the challenges and 

opportunities involved in the changes underway in the Australian power system, including: 

• Managing one of the world’s fastest grid transformation, particularly in the growth of distributed 

photovoltaic, projected vehicle electrification; and 

• Taming deep system complexity to unlock $billions of value by applying a whole-of-system-thinking 

to deploy the additional capacity that has been, is being, and will be, implemented in the Australian 

power system. 

Given the above context, the development of the CSIRO G-PST Topic 7 Research Plan in FY 2021/22 

reviewed the various best-practice approaches employed internationally to navigate this system-level 

complexity of grid decarbonisation. Published in early 2022, the research plan surveyed over twenty global 

initiatives and approaches and provided an Action Plan for implementing best practice learnings in 

Australia. This could be achieved through application of power systems architecture (PSA) that enables the 

analysis of various inter-dependent structures that make up a modern power system. 

The Stage 2 of the project is demonstrating an initial phase of how the global best practice identified in 

Stage 1 may be applied to support Australia’s grid transformation. This involves the development of what 

are called ‘Reference Architectures’ of the National Electricity Market (NEM).   Strategen expects that 

Completion of the FY 2022/23 work will deliver an integrated suite of Reference Architecture products, 

developed with multi-stakeholder participation, that directly relate to the Operational Conditions set out in 

AEMO’s Engineering Framework25 and can be developed and applied more expansively in subsequent 

phases of work. 

All work has been informed by numerous multi-stakeholder workshops with AEMO and CSIRO staff, 

network businesses, customer representatives and an International Expert Panel. All (initial prototype) 

mappings of the current state and plausible future states of the Australian power system are based on 

 

 

24 https://www.csiro.au/-/media/EF/Files/GPST-Roadmap/Topic-7-Power-System-Architecture-Final-Report-with-alt-text.pdf  

25 https://aemo.com.au/en/initiatives/major-programs/engineering-framework 

https://www.csiro.au/-/media/EF/Files/GPST-Roadmap/Topic-7-Power-System-Architecture-Final-Report-with-alt-text.pdf
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detailed analysis of the following topics, each of which is documented in companion sub-reports, as noted 

in Error! Reference source not found.: 

• Customer & Societal Expectations for future power systems (sub-report ‘R1’);  

• Emerging Trends that are driving change in global power systems(sub-report ‘R2’); and,  

• Systemic Issues that must be addressed to ensure a secure, cost-effective transition is viable (sub-

report ‘R3’).   

The first two of these reports have been completed, while the third is expected at the end of 

January. Two further reports are being prepared by Strategen for issuing at the end of January 2023: 

• Existing architecture and constraints (sub-report ‘R4’); and 

• Developing future architectural structures (sub-report ‘R5’). 

To complete the remaining Stage 2 research, these five pieces of reference reporting will be shared with 
the two reference/working groups that Strategen has been engaging with throughout the project, one 
consisting of an international expert reference group, the other a larger Australian stakeholder group 
comprising industry, government, and agency representatives. Separate workshops will then be held with 
these groups in February and March to receive feedback and allow finalisation of the Stage 2 PSA research 
by 30 April 2023. 

Progress of research activities in the FY 2022/23 according to the CSIRO G-PST Topic 7 Research Plan is 

shown in Error! Reference source not found.. 

 

 

Figure 1: Five-phase action research timeline for Stage 2 of Topic 7 – Reference Architecture 

Feedback from AEMO has to date been positive and significant synergies with the AEMO Engineering 

Framework reported. 

Significant time and effort have gone into the review of existing functional layers of the Australian 

electricity supply chain structure, and plausible future structures to ensure we not only manage the energy 

transition, but also realise the extra additional value opportunities that the transition offers . At the 

moment it is not clear which institution should be taking ownership of the research’s recommendations, or 

who is best placed to implement the changes. Clarity regarding this important aspect of the work is 

expected to be part of long term development strategies for this topic. 

Strategen highlights that the development of Reference Architectures is generally considered a precedent 

step toward the design and implementation of a full Detailed Architecture process that involves multi-

stakeholder participation. Strategen recommendations for future work include: 

R4 

R5 
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1. Demonstrate the highly practical benefits of applying PSA disciplines to the above five topics in a 

whole-of-system and medium-longer term architectural manner.   

2. Work collaboratively with CSIRO and AEMO, and a diverse range of stakeholders, to co-design a 

subsequent full Detailed Architecture involving multi-stakeholder participation.  

To achieve these future objectives, Strategen envisages that the Reference Architecture work forms the 
foundational piece of the CSIRO G-PST Topic 7 Research Plan illustrated in Error! Reference source not f
ound.. The next phase of the work is then the development of the detailed PSA System Architecture. 

 

 

Figure 2: Formal System Architecture process for CSIRO G-PST Topic 7 Research Plan 

The tasks that Strategen envisages in this next stage of the work to develop the Detailed Architecture work 
are: 

• Architectural Mapping of Dynamic Operating Envelopes (DOEs), Demand-side Flexibility (DSF) & 

Mininum Operational Demand (MOD) Alternatives 

• Architectural Representations of Relevant Distribution System Operator (DSO) Models 

• Detailed Report to Enable Industry-wide Application of Insights [of PSA] 

• Detailed Architecture Project Design 

The detailed progress report produced by Strategen will be available on the CSIRO website. 

 

2022/23 2023/24 
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4 Power System Operation 

4.1 Topic 3: Control room of the future 

As the Australian power system undergoes significant transitions in the coming years – including increasing 
shares of inverter-based resources and distributed energy resources and decreasing synchronous generation 
capacity – enhanced monitoring and control capability will be required in transmission system control rooms 
of the future. Transitioning from the systems in the control rooms of today to the systems in the control 
room of the future requires a rethink of how the elements of the control are configured, based on a redefined 
purpose and vision for the future. 

To advance this critical work, EPRI are conducting research on the CSIRO G-PST Topic 3 Research Plan on 
Control Room of the Future (CROF)26. The research plan developed in 2022 proposed pathways for innovation 
around key pillars, with a focus on i) Data and Software Applications, and ii) Human Factors and Operator 
Interactions. This research forms Stage 427 of Pillar 4: Data Models and Streaming, as shown in Figure 3. 

 

 

Figure 3: CSIRO G-PST Topic 3 Research Plan: Pillar 4 – Data Models and Streaming 

Due to the urgency of the overall Topic 3 work, the system operator, AEMO, appointed EPRI to progress key 
points of the CSIRO roadmap separately under the AEMO Operations Technology Roadmap 28 . 
Complementary to AEMO’s work, the CROF FY 2022/23 research funded by CSIRO provides a more granular 
focus on the applications of machine learning for power system applications, as defined in the CROF pillar 

 

 

26 https://www.csiro.au/-/media/EF/Files/GPST-Roadmap/Topic-3-Control-Room-of-Future-Final-Report-with-alt-text-2.pdf  

27 Stage 4 here refers to the stage of Topic 3 rather than the stages in the CSIRO G-PST project. 

28 https://aemo.com.au/initiatives/major-programs/operations-technology-roadmap  

https://www.csiro.au/-/media/EF/Files/GPST-Roadmap/Topic-3-Control-Room-of-Future-Final-Report-with-alt-text-2.pdf
https://aemo.com.au/initiatives/major-programs/operations-technology-roadmap
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“Data – models and streaming”29. The work being conducted in this stage of the CSIRO funded research aligns 
with Stage 4 of this Topic 3 pillar, and involves close interaction with AEMO to identify a methodology for 
developing machine learning projects, data and use cases. An audit of the data needed for machine learning 
cases will be carried out as part of the project.  

This methodology will be tested with the development of a small number of use cases by machine learning 
specialists from RMIT, using AEMO data and advanced software and computing applications. The results of 
the three tasks will be released as part of the project deliverables.  

The project commenced in October 2022, having only been contracted early in that month due to longer than 
expected negotiations of the proposed scope of works. Even with a compressed scope, it is likely that the 
research will not be completed until 30 June 2023. Progress to date has been limited to: 

• Assembling of the project team consisting of EPRI, AEMO and the RMIT (Royal Melbourne Institute 

of Technology).  

• The Machine Learning Project Methodology (MLPM) is being developed with insight from all project 

members. The first draft of this is expected to be delivered at end of January 2023. The initial set of 

use cases is being collated and evaluated by the project team, with a small number of candidate use 

cases to be selected in early January, for development by the project team in Q1 2023.  

While not explicitly broken down into tasks, EPRI expects the following activities, described as 
opportunities for the research Pillar30, to be completed by June 2023 to finalise this  Stage 2 research of 
Topic 3: 

• Data governance processes in place  

• Model and streaming data quality control  

• Data validation manual and automatic using AI/ML 

• Automation of data management process and digitisation of workflows, processes.  

• Development of open data platforms for entire energy sector.  

• Governance, validation, and quality control of data from Phasor Measurement Units (PMU), 

Supervisory Control and Data Acquisition (SCADA), assets and protection and control devices 

With the project and research at an early stage, there are many outstanding activities still left to be 
achieved, including:  

• The drafting, refinement and finalisation of the machine learning project methodology 

• The power system machine learning use case long list 

• The power system machine learning use case data audit  

• The power system machine learning use case short list for development and methodology testing  

• Development of machine learning framework and code for the candidate use cases 

Future work will be guided by insights and outcomes of the current research, and EPRI has limited 
recommendations for these to consist of further development of the machine learning and artificial 
intelligence tools by specialists in 2024 and beyond. 

The detailed progress report produced by EPRI will be available on the CSIRO website. 

 

 

29 Ibid 22, pg. 7, Table 4-5. 

30 Ibid, pg. 56, Table 4-2. 
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4.2 Topic 5: Blackstart and system restoration 

Thankfully, the complete blackout of a power system is a rare occurrence. The last time such an event 
happened in Australia was the collapse of the South Australia power grid in 201631. The restoration of a 
blacked-out network is process well planned out and services are procured by AEMO to ensure that this can 
be managed in an effective and efficient manner. However, with significant changes occurring across 
Australia’s power system, such effective and efficient restoration may not be guaranteed in the future, 
unless our processes and services can adapt. 

The research being conducted by Aurecon as part of CSIRO G-PST Topic 5 Research Plan32, will support the 
understanding and expansion of system restoration capabilities in the NEM. Current stage (Stage 2) of work 
to implement CSIRO G-PST Topic 5 Research Plan focuses on investigating the performance, capabilities, 
and limitations of different types of grid-forming inverters (GFMI) and grid-following inverters (GFLI) with 
respect to black start capability and restoration support in power systems with a high share of inverter-
based resources (IBR) and no synchronous generators online during system restoration. The role of 
synchronous condensers when combined with grid-following inverters is also investigated. The response of 
each restart option and factors influencing its performance is assessed with the use of detailed vendor-
specific electromagnetic transient (EMT) simulation models. This research is in line with the highest priority 
task of the Topic 5 research plan33. 

Aurecon’s Stage 2 work is divided into two phases: 

1. Development of simplified, but realistic EMT network models and vendor specific IBR, to: 

(a) assess the capabilities and limitations of various black start options; and 

(b) develop high-level functional specifications for the use of IBR during system restoration based 

on results obtained from several hundreds of PSCADTM/EMTDCTM (Electro-Magnetic Transient, 

including Direct Current) simulation studies. 

2. Assessment of the restoration of a more extensive part of the actual NEM power system using the 

Northern Queensland Renewable Energy Zone (NQREZ) and implementing the options assessed in 

phase 1 of this project. 

Aurecon completed phase 1 of their research in November 2022, and is currently progressing phase 2. 
Delays in obtaining the AEMO EMT model of the NEM, resulted in the final stage not commencing until 
January 2023. However, Aurecon envisages timely completion of all Stage 2 work by 30 April 2023. 

Preliminary results obtained from Stage 2, qualified the restoration of a blacked out system using non-
traditional methods, including: 

• GFMI BESS 

• GFLI BESS and synchronous condensers 

• GFMI BESS and synchronous condensers 

While all three options proved capable of restoring a blacked-out network, the stand-alone GFMI BESS was 
the most capable option in terms of restart capability. This accommodates potential future services to be 
provided by the many GFMI BESS proposed to be connected to the NEM in the coming years. As part of the 
Stage 2 work, a proof of concept is being delivered by Aurecon through their investigation of the restarting 
of the NQREZ using vendor specific IBR and the EMT model used by AEMO to evaluate NEM black start 
service requirements. 

 

 

31 https://www.aemo.com.au/-/media/Files/Electricity/NEM/Market_Notices_and_Events/Power_System_Incident_Reports/2017/Integrated-Final-
Report-SA-Black-System-28-September-2016.pdf 

32 https://www.csiro.au/-/media/EF/Files/GPST-Roadmap/Topic-5-Blackouts-and-System-Restoration-Final-Report-with-alt-text-2.pdf  

33 Ibid, pg. 24, Table 7-2, sub-topic (I). 

https://www.csiro.au/-/media/EF/Files/GPST-Roadmap/Topic-5-Blackouts-and-System-Restoration-Final-Report-with-alt-text-2.pdf
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Progress of the research tasks according to the Aurecon prepared CSIRO G-PST Topic 5 Research Plan are 
shown in Table 6. Tasks agreed and contracted as deliverables for Stage 2 CSIRO G-PST project were 
completed or progressed to the level agreed. Notably, some additional tasks were added to the research 
task by Aurecon on progressing the research. These were additional works that were identified by Aurecon 
as necessary to complete research activities and analysis. Such eventualities were recognised by Aurecon in 
the CSIRO G-PST Topic 5 Research Plan due to the nature of the research that would have to possibly adapt 
according to outcomes of the Stage 1 tasks.  

Table 6: Expected progress of research activities considered in the CSIRO G-PST Topic 5 Research Plan by 

the end of the FY 2022/23 period and forecast for the FY 2023/24 period 

 RESEARCH TASK FY 2022/23 
Progress Status 

Estimated FY 
2023/24 
Progress 

1 Inverter-based resources   

1.1 Grid Following Inverters (GFLI) 50% 80% 

1.2 Grid Forming Inverters (GFMI) 83% 87% 

1.3 Distributed Energy Resources (DER)  80% 

1.4 The role of synchronous generators and condensers in an 
IBR dominated power system 

 100% 

2 Network impact   

2.1 Impact on control systems  33% 

2.2 Impact on protection systems  28% 

2.3 Assessing the need for modifications   

3 Tools and techniques   

3.1 Power system modelling and simulation tools 20% 75% 

3.2 Decision support tools for control centers   

4 Technical and regulatory requirements   

4.1 Technical and regulatory requirements 15% 80% 

5 End-to-end system restoration    

5.1 Restoration from transmission network 25% 45% 

5.2 Restoration from distribution  network   

5.3 Commissioning and model validation tests for end-to-end 
black start capability 

  

5.4 Representative example of end-to-end system restoration in 
power systems with high share of IBR 

50% 100% 

 

Aurecon’s recommendations for future work are also aligned with the CSIRO G-PST Topic 5 Research Plan: 

• The treatment of inverter-based resources during system restoration34 

• Impact on network control and protection systems35 

• Power system modelling, simulation, and testing36 

• Power system technical requirements37   

 

 

34 Ibid, pg. 24, Table 7-2, sub-topic (I). 

35 Ibid, pg. 24, Table 7-2, sub-topic (II). 

36 Ibid, pg. 24, Table 7-2, sub-topic (III). 

37 Ibid, pg. 24, Table 7-2, sub-topic (IV). 
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• Bottom-up restoration38  

Progressing these tasks is projected by Aurecon to achieve the levels indicated as the FY 2023/24 estimate 

shown in Table 6. 

The detailed progress report produced by Aurecon will be available on the CSIRO website. 

4.3 Topic 6 (Essential system) Services 

Essential system services (ESS) required to operate a power system includes those used for frequency 
control, voltage control, provision of system strength and more, and are provided by generators, as well as 
in some instances large loads. Without these services or with insufficient quantum of services being 
available, the power system risks instability, both during normal operation and during disturbances. 

The CSIRO G-PST Topic 5 Research Plan39 developed by the Royal Melbourne Institute of Technology (RMIT) 
listed a number of critical research tasks that should be undertaken to develop a framework for future 
services in power grids, articulating these in terms of five main research questions; as indicated in the 
research plan, the five main questions are further divided into sub-questions dealing with different aspects 
of the main topic: 

1. What [Essential System] services are needed to achieve the technical requirements of Australia’s 

future power grid to maintain supply-demand balance while keeping the grid under control at least 

cost? 

2. Are frequency support services suitably configured to achieve the long-term interests of electricity 

stakeholders, including reliability, affordability, flexibility and zero emission? 

3. Are voltage support services suitably configured to achieve the long-term interests of electricity 

stakeholders? 

4. What metrics should be used to define services in inverter-based resources (IBR)-dominated grids? 

5. What  services are needed to maximise the benefits to stakeholders and to achieve an at least cost 

transition, particularly given the non-steady state nature of investments and emerging technologies 

in the power grid? 

The implementation of the CSIRO G-PST Topic 6 Research Plan by MU focuses on services needed to ensure 
active power supply-demand balance, and stable and secure operation of the frequency in power systems 
with high penetration of inverter-based resources (IBRs). As such, the research focus has shifted toward 
predominantly technical analysis, as a result of a different research organisation being appointed for 
implementation than the one which developed the plan. Research now being conducted by MU includes 
the following key tasks: 

• Phase I: Development of a system frequency response (SFR) model. 

• Phase II: Development of dynamic and static metrics to assess the performance of the power 

system. 

• Phase III: Implementation of the SFR model to assess the evolving dynamic response of the power 

system to 2050. 

• Phase IV: Evaluation of new technologies to provide system services, such as electric vehicles and 

demand response. 

• Phase V: Develop optimal settings for frequency controllers and providers of Frequency Control 

Ancillary Services (FCAS). 

 

 

38 Ibid, pg. 24, Table 7-2, sub-topic (V). 

39 https://www.csiro.au/-/media/EF/Files/GPST-Roadmap/Topic-6-Services-Final-Report-with-alt-text.pdf  

https://www.csiro.au/-/media/EF/Files/GPST-Roadmap/Topic-6-Services-Final-Report-with-alt-text.pdf
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• Phase VI: Investigating  the coordination of  ancillary  services  between  different  regions  of the 

NEM in order to enhance the overall operation stability and security. 

By inspection, the current research tasks underway loosely align with the Topic 6 Research Plan open 
questions 1, 2 and 4, albeit with a technical focus rather than a stakeholder or cost one. Table 77 shows the 
overlay of the MU research mapped over the original Topic 6 plan.  

Table 7: Expected progress of MU’s research activities in implementing the CSIRO G-PST Topic 6 Research 

Plan by the end of the FY 2022/23 period  

 RMIT proposed Topic 6 Research activities Associated MU 
research 

Completion 
progress 

1 What services are needed to achieve the technical 
requirements of Australia’s future power grid to maintain? 

  

1.1 The necessity for and the requirements of expanding 
frequency and voltage support services to the distribution grid 
in Australia need further studies. 

Phase I – III 
Phase V 

15% 

1.2 There is an appetite to unlock flexibility, either by way of 
matching customer needs with Variable Renewable Energy 
(VRE), or providing a new level of system preparedness 
through applications such as virtual power plants (VPPs).  

Phase IV 15% 

1.3 Flexibility, an attribute on top of all services, needs standalone 
research in the Australian grid. 

 0% 

2 Are frequency support services suitably configured to achieve 
the long-term interests of electricity stakeholders? 

  

2.1 What type of resources and configurations are more efficient 
for Fast Frequency Response (FFR) provision?   

Phase I – V 60% 

2.2 Virtual inertia in existing (or future) wind farms Phase IV 60% 

3 Are voltage support services suitably configured to achieve 
the long-term interests of electricity stakeholders? 

  

3.1 How should voltage support services be differentiated across 
the generation, transmission and distribution sectors of the 
grid?  

 0% 

3.2 What opportunities for voltage support services arise through 
the uptake of new disruptive technologies  

 0% 

4 What metrics should be used to define services in IBR 
dominated grids? 

  

4.1 How should existing metrics be re-defined to measure the 
impact of new technologies and services? 

Phase II 25% 

4.2 What new metrics should be introduced to assess quality of 
service of IBR driven distributed supply and demand on 
frequency and voltage control, and black-start performance.   

Phase II 25% 

4.3 How flexibility measures, such as the flexibility chart and 
Insufficient Ramping Resource expectation, can help in 
dynamic monitoring of the Australian grid flexibility? 

 0% 

4.4 Is there a requirement to introduce an inertia market in 
Australia?  

Phase II 25% 

5 What [Essential System] services are needed to maximise the 
benefits of stakeholders and to achieve an at least cost 
transition? 

  

5.1 How should services be coordinated across the transmission 
and distribution levels? 

 0% 
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5.2 What tariff policy can produce a sustainable power grid 
transformation, promoting demand response mechanisms and 
encouraging peak load mitigation? 

 0% 

*Definitions and describetions of the tasks in the table above are explained in detail in the Research Plan of 
Topic 6 that can be found on CSIRO website. 

Of the six tasks of the FY 2022/23 Stage 2 research, MU has advised that the first three have been 
completed. Reports to confirm this are expected at the end of January. Fortnightly meetings during the past 
6 months have provided some insight into modelling outcomes and results of analysis that suggest progress 
has been made. 

Challenging to the project was the delay to securing data and information from AEMO. This information 
was intended by MU to verify the SFR model. However, due to the sensitivity of the information, 
confidentiality agreements are required to be in place prior to the provision of data. Still, progress has been 
made and legal agreements are expected to be reached in the coming weeks. In the meantime, AEMO is 
working with MU to identify the desired network measurement data to expedite the release once 
approved. This delay highlights the necessity to identify critical inputs early and put the necessary non-
diisclosure agreement in place ahead of time. 

Of interest will be to understand how the MU SFR model differs from the one that AEMO has been using to 
conduct the Power System Frequency Risk Review40 and General Power System Risk Review41 since 2018. 
Further dialogue between MU and AEMO is expected to provide an indication of differences or whether the 
two models are essentially the same, but based on different software. 

In summary, MU has indicated that the project remains on track for completion by May 2023.  

Future work recommended by MU includes: 

• Developing a method to online determine the available load frequency relief in power systems 

during energy transition and providing a novel method to compensate the lack of load frequency 

relief through a new concept (to be named as virtual load frequency relief) instead of procuring 

higher aMUnt of FCAS. 

• Studying the requirements for FCAS regionalisation to determine the optimally needed FCAS in 

each power region based on both market and dynamic responses during events. 

• Developing novel method to coordinate the response from FCAS sources within a power region and 

across power regions. 

• Proposing control approach to activate FCAS locally by making the controller smart enough to 

recognise if the event is within the power area or not. 

• Studying the RoCoF ride-through capabilities - synchronous generators and other network 

elements. 

Notably the recommendations focus on technical matters and other research topics identified in the 
research plan are open for further work, including the financial and economic domain of ESS. 

Finally, many of the proposed future research options may have merit and should be discussed with AEMO 
to gauge their support and possibly preferences. However, the focus continues to be on frequency control 
services and supply demand balancing in the NEM, as well as adapting new technologies to contribute to 
these matters. As such these future tasks will likely continue to progress the CSIRO G-PST Topic 6 Research 

 

 

40 https://aemo.com.au/energy-systems/electricity/national-electricity-market-nem/system-operations/general-power-system-risk-review/power-
system-frequency-risk-review 

41 https://aemo.com.au/energy-systems/electricity/national-electricity-market-nem/system-operations/general-power-system-risk-review 
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Plan open questions 1, 2 and 4. However, additional services investigations for voltage control, including 
system strength, would have to be progressed through a separate research contract. 

The detailed progress report produced by MU will be available on the CSIRO website. 
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5 Distributed Energy Resources 

5.1 Topic 8: Distributed Energy Resources 

Australia is leading the world on rooftop solar PV uptake with almost one in three houses having the 

technology. This and other new technologies such as batteries and electric vehicles are creating 

opportunities for homes and businesses as they can reduce energy bills, and can also, through aggregators, 

participate in the electricity market managed by the Australian Energy Market Operator (AEMO). The 

challenge, however, is to ensure we make the most of the existing electricity low voltage distribution 

infrastructure (the ‘poles and wires’) connecting homes and businesses whilst ensuring its operational 

integrity. 

One way for distribution companies to ensure the integrity of the ‘poles and wires’ is by orchestrating DERs, 

i.e., actively defining export and/or import limits, either at the connection point of customers or for the 

DER technology itself. This concept is known in Australia as Operating Envelopes (OEs, aka Dynamic 

Operating Envelopes) and is being demonstrated by different Distribution Network Service Providers 

(DNSPs) through multi-million trials funded by the Australian Renewable Energy Agency (ARENA). While 

these trials are extremely valuable for understanding various aspects associated with the implementation 

of OEs, in practice, each DNSP is adopting different approaches. This is because different DNSPs, due to 

regional and/or historical reasons, have different data availability when it comes to residential low voltage 

electrical network models (topology, impedances, phase grouping) and customer monitoring (smart 

meters). 

The project “Assessing the Benefits of Using Operating Envelopes to Orchestrate DERs Across Australia” is 

carried out by UMel and funded by CSIRO as part of  Stage 2 in implementing CSIRO G-PST Topic 8 Research 

Plan42. The activities conducted by UMel in this stage of the research are aligned with the highest priorities 

of the research plan: 

• Enhance DER visibility.43 

• Examine organisational changes required to implement OE.44 

• Examine the impact of OE implementation on future markets at distribution level voltages.45 

• Investigate cost-effective DER orchestration.46 

• Analyse OE decision-making algorithms.47 

• Investigate availability of services delivered by OEs.48 

• Understand infrastructure needs and cost related to different OE implementation.49 

 

 

42 https://www.csiro.au/-/media/EF/Files/GPST-Roadmap/Topic-8-DERs-Final-Report_with_alt_text-2.pdf  

43 Ibid, pg. 32, task RQ0.1. 

44 Ibid, pg. 40, task RQ5.1. 

45 Ibid, pg. 41, task RQ5.2. 

46 Ibid, pg. 34, task RQ1.1. 

47 Ibid, pg. 35, task RQ1.2. 

48 Ibid, pg. 39, task RQ4.2. 

49 Ibid, pg. 37, task RQ2.1. 

https://www.csiro.au/-/media/EF/Files/GPST-Roadmap/Topic-8-DERs-Final-Report_with_alt_text-2.pdf


28  |  CSIRO Australia’s National Science Agency 

To date UMel has successfully completed the first three research tasks, including: 

• Characterisation of the spectrum of available infrastructure/data across all Australian DNSPs. 

• Definition and implementation of the potential OE implementations according to the spectrum 

identified. 

• Definition of key metrics that capture the interests and concerns of key stakeholders. 

Together these three tasks fully or partially address many aspects of all the high priority tasks noted in the 
CSIRO G-PST Topic 8 Research Plan . Currently outstanding are four more steps: 

• Carry out detailed power flow simulations using realistic unbalanced three-phase HV-LV 

distribution network models considering the different OE implementations and different DER mixes 

and uptake. 

• Apply the defined metrics to the power flow simulations results to assess each different OE 

implementation and create recommendations for DNSPs and AEMO. 

• Share algorithms and data with CSIRO and AEMO. 

• Prepare a final report. 

UMel advises that all work will be completed by 30 April 2023 to the extent indicated in Table 8. In the 
absence of more detailed information being available from UMel, we have assumed that similar progress 
could be made for the proposed continuation of research in FY 2023/24. This also aligns with the task 
length of the Research Plan for Topic 8  being approximately three years. 

Table 8: Expected progress of UMel’s research activities in implementing the CSIRO G-PST Topic 8 Research 

Plan by the end of the FY 2022/23 period 

 RESEARCH TASK FY 2022/23 
Progress Status 

Estimated FY 
2023/24 
Progress 

 Very High Priority   
RQ0.1 What data flows (DER specs, measurements, forecasts, etc.) 

are needed to ensure AEMO has enough DER/net demand 
visibility to adequately operate a DER-rich system in 
different time scales (mins to hours)? 

30% 60% 

RQ1.3 What is the role of DER standards in concert with the future 
orchestration of DERs? 

  

RQ4.1 What are the minimum requirements for a DER-rich 
distribution network equivalent model to be adequate for its 
use in system planning studies? 

  

RQ5.1 What are the necessary organisational and regulatory 
changes to enable the provisioning of ancillary services from 
DERs? 

30% 60% 

RQ5.2 What are the necessary considerations of establishing a 
distribution-level market (for energy and services)? 

30% 60% 

 High Priority   
RQ1.1 For each of the potential technical frameworks for 

orchestrating DERs in Australia (e.g., based on the OpEN 
Project), what is the most cost-effective DER control 
approach to deal with the expected technological diversity 
and ubiquity of DERs? 

50% 100% 

RQ1.2 For each DER control approach, what is the most adequate 
decision-making algorithm (solution method)? 

50% 100% 
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RQ3.1 What are the most cost-effective ancillary services that can 
be delivered by DERs considering the expected technological 
diversity and ubiquity of DERs? 

  

RQ4.2 What is the minimum availability of ancillary services from 
DERs at strategic points in the system throughout the year 
and across multiple years? 

30% 60% 

 Medium Priority   
RQ2.1 For each of the potential technical frameworks for 

orchestrating DERs and the corresponding decision-making 
algorithms, what is the most cost-effective communication 
and control infrastructure? 

40% 80% 

 

This project has so far demonstrated that full electrical network models and full monitoring of customers 
(i.e., 100% smart meter penetration) are not necessarily needed to calculate adequate OEs. Simpler OE 
implementations that require very limited knowledge of the electrical network and very limited monitoring 
have great potential to be good enough (though not perfect ) to solve excessive voltage rise/drop and asset 
congestion of the low voltage distribution network. However, further research is needed with respect to 
other key input data in the calculation of OEs, such as:  

1. Forecasting of individual consumer demand and voltages at distribution transformers to calculate 

OEs in advance. 

2. Network and Operational Considerations for OEs to capture the effectiveness of different OE 

approaches applied to different types of networks e.g., rural versus suburban. 

These additional tasks would further expand on the CSIRO G-PST Topic 8 Research Plan. In addition to the 
recommended research tasks above, CSIRO is interested in advancing other research priorities in the G-PST 
Topic 8 Research Plan, such as: 

3. DER integration with low visibility. As identified in Stage 2 of the G-PST project on Topic 8, 

distribution network service providers (DNSPs) across Australia are in different transition stages. 

This leads to various levels of network and customer visibility across DNSPs. For example, DNSPs in 

Victoria have very high (close to 100%) smart meter coverage, while DNSPs in other states generally 

do not. Some DNSPs have good records of network topology/impedances and phase connectivity of 

customers, while such information may not be available for others. Therefore, one of the key 

research questions in DER integration is how visibility can be enhanced with existing data available 

to DNSPs, with the assistance of physics-based models and tools such as state estimation, data-

driven models and tools (machine learning techniques), or a combination of these, to produce 

accurate and reliable operating envelopes for DER integration in both planning and operation.  

Similarly, other high priority tasks identified in the research plan will be progressed in future stages of the 
DER topic. 

The detailed progress report produced by UMel will be available on the CSIRO website. 

5.2 Topic 9: DER and stability 

In the past, power system analysis considered load as static , or at best fluctuating in magnitude according 
to generalised pre-defined voltage and frequency changes. The continued growth of DER and the increased 
implementation of inverter connected loads has shown to create increasingly unpredictable power system 
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responses, particularly for large disturbances, as was observed during the NEM separation event of August 
201850. 

To assist those organisations tasked with operating the power system the University of NSW (UNSW) 
supported by University of Wollongong (UoW),  are conducting research to allow accurate power system 
modelling representations of solar PV systems, hybrid, and standalone BESS51, EV charging, and power 
electronic based loads to be created. Such models will assist power system operators to predict our 
changing consumer load responses more accurately, enhancing system stability and potentially allowing for 
more effective and efficient use of our electrical infrastructure.  

Research priorities established in the CSIRO G-PST Topic 9 Research plan include: 

• Development of standardised inverter test procedures for both DER, BESS and load types. 

• Testing of hybrid inverter systems (combined PV and BESS) that are increasing market penetration. 

• Testing of flexible loads commonly found in consumer households.  

While the test procedures will optimise the time spent testing each system, whether load or DER, the 
additional models developed using the results of these tests will further update and refine the composite 
load models that are used by system operators to assess power system stability.  

The key tasks carried out by UNSW are aligned with immediate Australian-focused research priorities 
documented in the CSIRO G-PST Topic 9 Research Plan, such as inverter benchmarking, development of 
load-DER composite models, and DER disturbance modelling52. UNSW reports that these tasks make up the 
research plan priorities as shown in Figure 4, marked by the red dashed outline. 

Completion of the project tasks by 30 April 2023 will achieved following completion of the following: 

Work package 1: percentage of work being completed by May 2023 

• Testing procedure completed 100%. 

• Publishing testing procedure 100%. 

• Load testing for stage 2: 100%. 

• DER and BESS testing: 50%. 

• Update the project website with the PV and BESS results: 100%. 

• Expansion of the project website with load testing results. 

Work package 2: 

• UoW is currently analysing the load testing results with PSSE Single Machine Infinite Bus (SMIB) 

simulation of each of the individual load types in the Composite Load Model (CMLD). The task will 

allow the individual loads to be grouped easily and demonstrate if any of the devices fall under a 

category that is not defined in the CMLD model. 

• Continuous input is provided for electromagnetic transient (EMT)-compliant load modelling to 

AEMO. 

UNSW has not provided a break down of how much the of project that is shown as priority research in 

Figure 4 will be progressed through the above work packages, but it is expected that more research in 

those project areas will be necessary when we consider the recommendations for future research. 

Future work recommended by UNSW for the FY 2023/24 Stage three of the project includes: 

 

 

50 https://www.aemo.com.au/-/media/Files/Electricity/NEM/Market_Notices_and_Events/Power_System_Incident_Reports/2018/Qld---SA-
Separation-25-August-2018-Incident-Report.pdf 

51 https://www.csiro.au/-/media/EF/Files/GPST-Roadmap/Topic-9-DER-and-Stability-Final-Report-with-alt-text-2.pdf  

52 Ibid, pg. 41, Figure 14. 

https://www.csiro.au/-/media/EF/Files/GPST-Roadmap/Topic-9-DER-and-Stability-Final-Report-with-alt-text-2.pdf
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• Around 50 PV inverters were tested previously as these systems are, at this stage, a lot more 
common in distribution networks compared to battery systems. Our previous experience has 
shown that we would need to complete a minimum of 15 battery inverters to have a good sample 
of battery inverters tested and inform the modelling as well as future iterations of the AS4777 
standard. 

• We have also identified that resellers and installers have much less experience with supporting 
BESS - firmware upgrades, models of inverters etc. than for PV. This has been a major challenge in 
progressing the testing at the initial stages.  

• EV chargers testing by UOW will continue for stage 3 as it is an important area, and we have very 
little insight into how they will behave. This is in combination with detailed tests for variable 
frequency drives.   

  
The detailed progress report produced by UNSW will be available on the CSIRO website. 

 

Figure 4: Relevance and regional prioritisation in CSIRO G-PST Topic 9 Research Plan  

2022/23 priority task  



32  |  CSIRO Australia’s National Science Agency 

 

 
 

 

 As Australia’s national science 
agency and innovation catalyst, 
CSIRO is solving the greatest 
challenges through innovative 
science and technology. 

CSIRO. Unlocking a better future 
for everyone. 

Contact us 

1300 363 400 
+61 3 9545 2176 
csiro.au/contact 
csiro.au 

For further information 

CSIRO Energy 
Dr John K Ward 
Research Director | Energy Systems 
+61 2 4960 6072 
John.K.Ward@csiro.au 
csiro.au/energy 
 
 

 

 

http://www.csiro.au/contact
http://www.csiro.au/

