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Acknowledgement of country
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by Edwards Clarke (2019)



UNSW is driving Australia's charge to net zero. 
Our depth and breadth of expertise, housed in 
world class facilities, are tackling the four-fold 
challenge of clean, affordable, reliable and 
equitable energy. 

We take a systems-level, integrated approach to 
the energy transformation and how energy 
intersects with other sectors including water, 
climate, industry and transport.



UNSW seeks to maintain its position as a world leader in 
energy RD&D, accelerating the role energy plays in a 
growing, zero-carbon economy.
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Objectives:
• Delivering low or no carbon power systems 
• Securing Australia’s position as a future energy powerhouse
• Supporting a consumer-led energy transition

Vision: 

C a p a b i l i t i e s



Strengthening system security 
with utility-scale BESS and 
grid-forming inverters

Photo: Jordan D. (29 April 2025)

A solution to a Minister’s 
worst nightmare



Background: things that people told 
me weren’t going to happen 

Mobile TV will never take off

2007

We’ll never integrate more than 20% 
renewables

2012

Nobody is going to buy an electric bus

2019

We'll never run our grid without spinning 
machines

2024

“Beware of absolutes. There are many gods.” – D. H. Lawrence



System security is one of the major 
barriers to closing coal power stations



Grid-forming BESS unlocks the 
possibility of 100% renewables
“On that April day in 2023, Kauai had over 150 megawatt-

hours’ worth of energy stored in batteries—and also the 

grid-forming inverters necessary to let those batteries 

respond rapidly and provide stable power to the grid. They 

worked exactly as intended and kept the grid going 

without any blackouts…

The next step for inverter-dominated power grids is to go 

big.”

(Kroposki & Hoke, 2024) Kauai, the westernmost Hawaiian island
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GFM 
control

Infinite 
bus

• Constant voltage:

• Droop + Inertia:

• Droop:

• Constant power:

• Droop + Inertia:• Droop:• Constant power:

• Constant frequency:

GFL 
control

Our definition of GFM converters
• Control aspect: Strong controllability over voltage & 

frequency
• Hardware aspect: Relative capacity between GFM 

converter and external grid is large enough

Technical Note:
UNSW’s mapping of GFM capabilities demonstrates the 
very broad area of solutions that are grouped under the 
GFM term and how different “GFM” implementations can 
yield very diverse results for an individual system and for the 
whole network. Understanding these differences and impact 
on network protection system planning is critical. 

9

Where most inverter-based systems operate today

What is considered as a promising solution but 
needs our special considerations in a power 
electronics defined Power System!

First Principles Considerations



The grid-forming roadmaps in the 
energy transition landscape

Grid-Forming (GFM) control offers substantial flexibility and adaptability to power systems in transition, but it is not a “one-size-fits all” 
solution. Understanding how spatial and OEM diverse GFM IBR controls interact is crucial to power system security.  



There are some services that AEMO is 
still not confident GFM can provide

Source: 2025 Transition Plan for System Security (AEMO)



Further investment and investigation 
will build confidence across the sector



We’ve come a long way in five years, 
and are invested over the next five
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HiL can alleviate future power system 
security risk and uncertainty

Integration 

System Strength

Inertia

Network 
Protection

Modelling tools do not accurately capture the “small 
signal” interactions between inverter-based generators 
and associated instability modes.   

Understand & resolve uncertainties in the capabilities of 
power electronics and control systems to provide 
adequate fault current & replace synchronous machines

Test the capabilities of a high penetration inverter-based  
system to provide intertie services in all contingency 
scenarios  

Understand limitations of current network protection 
settings and systems and test alternative scenarios.  



More work is required to secure power 
systems in our renewables future

Project PROFILES 
addresses a key 

recommendation of this 
White Paper 



Sometimes, you leave with more questions 
than answers…

What additional technical work do we need to do to prove 
GFM inverter’s ability to deliver on system needs?

What costs are we willing to bear in order to do this technical 
work?

What training would help our engineering community become 
more comfortable with new technology solutions?

And what happens if the synchronous condensers are late?

And how do these costs compare to any capex that could be avoided?

And would they want to do it?



LEARN MORE



Background 
slides



Australia will be a world leader in IBR
Our long skinny grid creates unique 
challenges and opportunities

Renewable energy zones are a novel 
approach to energy infrastructure

Source: 2026 Integrated System Plan (AEMO)Source: Arraño-Vargas et al. (2024)



There are high risk periods as NSW coal-fired 
power stations close over the next decade
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Power station owner expected closure year

Mount Piper Bayswater

Vales Point Eraring

Liddell Approx energy generation

Data Source : Liam Ryan NSW Govt DCCEEW UNSW Presentation 15th May 2025  



HiL testing is commonly used where complex 
systems and high-stakes validation are essential

Image : Illustration of a typical Controller-HIL (C-HIL) testing system.   Typhoon HiL 

https://www.typhoon-hil.com/blog/what-is-controller-hardware-in-the-loop-c-hil-simulation/


A scaled approach to HiL testing can mitigate  delay  
risk in renewables rollout

Connection 
application Construction Testing Operation

Connection 
application Construction Testing Operation

Reliance on multiple levels of simulation to 
mitigate risk creates compounding delays

Preliminary  
modelling ​ FID 

($)

NSP / AEMO  /  R1 Model interaction  
- Test Plan Negotiation    ​

On Site Testing 
– Model / Result Iterations ​

R2 Model – Compliance Review ​

Simulation with C/PHIL testing in 
parallel with project construction 
can more efficiently mitigate risk, 
take tasks off the critical path and 
accelerate connection timelines. 

Parallel C/PHIL Model Review / Test Process  ​
C/PHIL Validation C/PHIL R1 Model validation – test Plan simulation and site validation ​

NSP System Strength simulation  ​

REVENUE $$



RTS with HiL can provide many services to support 
REZ development

Hardware-in-the-Loop (HiL) facility Supporting services

Developers
OEMs

Control & Model 
Testing / Product 

Validation 

Commissioning 
Preparation / de-

risking / 

REZ roll out 
Accelerate / de-

risk multiple 
new Generator 

connections 
Fault Scenario / 
contingency real 
time simulation 

Network 
Stability

Test Re-tuning 
of Generator 

Control 



HiL and RTS allow problems to be resolved in 
parallel with construction 

Model
validation

Parameter
configuration

Communications

Discretisation

Modern power system models frequently fall short of 
fully capturing the complexities of their real-world 
equivalents.

Parameters, configurations, and logics can be 
misconfigured

Communication protocols, delays, packet loss, data 
security, etc. are often not modelled.

Cycle times of equipment, measuring times, and discrete 
updates may not be well-coordinated, causing 
instabilities.
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