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Project Summary

Australia’s national grid is undergoing transformation as fossil fuels are replaced by renewable
energy resources. Other grid-scale assets such as battery storage are also being connected to the
grid using Power Electronics Converter (PEC) technology. Many of these assets are in weak areas
of the grid and are prone to various stability issues. As this transformation progresses, currently
strong points in the grid will become considerably weaker.
This project will help ensure customers and investors get maximum value from PEC-connected
assets in weak parts of the grid, while increasing grid reliability and security in such areas.
1. a list of the stability issues likely to arise in connection of wind/solar farms to weak grids,
arranged in a classification scheme designed to maximise understanding of the challenges and
their drivers
2. a list of grid properties/value-range/scenarios under which above issues are likely to happen
3. procedures to optimally size, allocate, and control grid forming inverters and SynCons to
strengthen the grid in weak areas leading to minimised investment cost and maximised impact
of these assets on the stability of wind/solar farms upon various contingencies in the network
Deliverables

4. a comprehensive and universal tuning settings for grid forming and grid following inverters
to responds stably to various contingencies, and innovative black-start capability in
power-electronic dominated areas of the grid using grid forming inverters
5. a list of stability issues that could happen upon the interaction of weak-grid-connected
wind/solar farms and other assets in the network such as HVDC converters, grid-forming
inverters, and SynCons
6. innovative solutions to stabilise wind/solar farms upon their adverse interaction
on each other and to damp any oscillatory behavior with a focus on grid following inverters

Duration

Two Years

Project Outline
The project comprises three tasks.

Task 1. Weak grids classification and test-bed development
This task will explore and propose new measures to classify weak networks and will identify
grid scenarios and value-range under which weak-grid-connected wind/solar farms will experience
instability issues. Additionally, this task will develop a testbed, based on the Northwestern Victorian
network (in collaboration with and based on the data provided by AEMO and AusNet Services).
This testbed will be used in the following tasks to validate their findings.

Task 2. Grid-strengthening solutions
This task will propose two main grid-strengthening methods, i.e., SynCons and grid-forming
inverters, and will explore their optimal allocation and sizing in weak networks. Additionally,
alternative control strategies for these grid-strengthening assets with a focus on ultra-weak networks
will be devised. Finally, the black-start capability of grid-forming inverters will be explored and
outlined.
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Task 3. Wind/Solar farms controls and their interactions with other
PEC-connected assets
In this task, two internal controllers (PoC voltage controller and PLL) for grid-following converters
with a focus on ultra-weak grids (SCR less than one) will be developed to guarantee robust
performance and stability over a range of grid strength scenarios and specifically when the grid
is very weak. Additionally, this task will investigate the interaction of various power-electronicconverter (PEC)-connected assets in the network, with a focus on the existing grid following
inverters, and will identify grid scenarios and value-ranges that lead to oscillatory modes.

Project schedule & milestones
There are three distinct milestones for this project:
• Milestone 1 (Nov. 2020): The project is fully established and underway.
• Milestone 2 (May 2021): We can accurately predict under which grid scenarios and
value-ranges the weak-grid-connected wind/solar farms will remain stable.
• Milestone 3 (May 2022): We can provide a combination of solutions such as grid following
inverter controls, SynCon installation, and/or grid-forming inverters installation and control
to maintain the stability of weak-grid-connected wind/solar farms which would be otherwise
unstable.
Project Schedule
Task

2020
Q2

Q3

2021
Q4

Q1

Q2

Q3

2022
Q4

Q1

Q2

Task 1.1: Weak Grid Classification (PhD1 & RF1)
Task 1.2: Sufficient Condition for Stability (PhD2 & RF2)
Task 1.3: Test-bed Development (All Staff)
Task 2.1: SynCon Allocation/Sizing (PhD1)
Task 2.2: Inverter Sizing, Allocation & Control (RF1)
Task 3.1: Damping PoC Voltage Control (RF2)
Task 3.2: PLL and Synchronisation for Inverters (PhD2)
Task 3.3: Farms, SynCons & GFMI Interactions (RF1 & RF2)
Publications & Reports

Role of industry partners
The industry partners will provide data to ensure the research is soundly based in the reality of the
national grid challenges. They will also participate in project discussions to ensure the value of the
work to NEM customers is maximised. Moreover, the industry partners will work collaboratively
with Monash researchers to develop a test-bed based on the Northwestern Victorian network, where
there are known stability issues, to be used for various tasks of the project. Additionally, AusNet,
Hitachi ABB, and AEMO will provide access to their technical staff where required to provide
technical expertise. Hitachi ABB will also provide its inverter and SynCon models containing
cutting edge technology and competent expertise in the area of system control and stabilisation,
which will be instrumental to the development of the test-bed in Task 1 of the project. AusNet and
Hitachi ABB will temporarily host the researchers to enhance collaboration.
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