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Capability Statement

Energy research 
and development
In partnership with other universities, 
industry and government, the University of 
Wollongong (UOW) is working to find new 
ways to generate, distribute, store and utilise 
energy in all sectors of society.
Australia is transitioning to new energy sources, including 
renewables, natural gas blends and hydogen. UOW is 
uniquely equipped to undertake research and development 
to support utilities, regulators, equipment suppliers, 
government and communities. 

Energy-related research at UOW includes renewable energy 
systems and integration, power systems, sustainability, 
power quality and reliability, battery energy storage systems, 
and infrastructure modelling and economics. UOW has a 
range of research capabilities that are developing materials 
technologies which are delivering lower cost, longer life-
cycle and higher energy capacity solutions. 

UOW's point of differentiation in our research is that it is 
energy sector and industry-focused, impacting along the 
energy supply chain.

Concerns on the security and price of energy, climate 
change and the potential transition to non-fossil fuel based 
energy in the future is challenging the University to progress 
established and new areas of energy-related research.

Meantime, UOW brings unique and complementary 
skills and capabilities to the NUW Alliance (University of 
Newcastle, University of NSW and UOW) and its NUW Energy 
initiative.

In addition to research, UOW is also training the next 
generation of electrical engineers with the knowledge 
and skills imperative to maintain and upgrade Australia's 
electricity supplies. This is achieved through the Australian 
Power Quality and Reliability Centre (APQRC) and the Centre 
for power Engineering Excellence (CPEE). 

ENERGY STORAGE AND CONVERSION

UOW is developing technologies to meet future demands for 
energy storage and our research in this area is world-class. 
This includes high-performance lithium-ion batteries, smart 
battery management for electric vehicles and developing 
sodium-ion battery technology.

Teams of researchers at UOW’s Australian Institute for 
Innovative Materials (AIIM) are carrying out work in energy 
generation, transmission and storage, including battery 
technology for electric vehicles and processes which will 
increase the uptake of renewable energy. 

AIIM is home to two of UOW’s flagship research institutes - 
the Institute for Superconducting and Electronic Materials 
(ISEM) and the Intelligent Polymer Research Institute (IPRI), 
which is also the lead node of the ARC Centre of Excellence 
for Electromaterials Science (ACES).

ISEM is a world-leading research institute dedicated to 
developing new and innovative technologies to generate, 
transport and store energy and improve the efficiency 
of electronic devices. This includes new technologies 
and materials for applications in hybrid vehicles, medical 
equipment, telecommunications technologies, biomedical 
applications, and turning waste heat into an energy source. 

ISEM also hosts the UOW node of the Australian Research 
Council Centre of Excellence in Future Low-Energy 
Electronics (FLEET), which is studying the properties of 
electronic and spintronic systems such as topological 
insulators, high-spin polarised materials, superconductors 
and new energy materials in various forms such as single 
crystals and nanodevices.

Researchers at IPRI work with nanomaterials in areas such 
as renewable energy (plastic solar cells, lightweight batteries 
and electronic textiles), as well as chemical fuels derived from 
carbon dioxide or nitrogen, and energy storage. IPRI ranks 
among the leading research groups globally in the field of 
electromaterials. A recent focus on graphene has resulted in 
systems with extraordinary performance in energy storage 
materials and electrocatalysts to produce chemical fuels.
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UOW researchers will play a key role in the Australian 
Research Council (ARC) Research Hub in New Safe and 
Reliable Energy Storage and Conversion Technologies. 

The Hub will deliver new energy storage technologies to 
eliminate the serious fire risk in current technologies.

It is one of five new Australian Research Council (ARC) 
Industrial Transformation Research Hubs, announced in July 
2020, to undertake research with applications in the real 
world.

The Hub brings together Australian and international 
research organisations with a broad range of industry 
partners to develop innovative solutions to challenges facing 
current energy storage and conversion technologies. 

The research will deliver a new generation of technologies 
for storage, from small-scale portable devices to large-scale 
industrial applications, using recycled and natural materials.

The Hub will strategically position Australia as a leader in 
the emerging energy storage and conversion space. The 
development of solid-state batteries and aqueous-based 
rechargeable batteries will make Australia the world's battery 
leader in terms of renewable energy storage.

The Hub will deliver high-energy density and high 
safety energy storage for electrical vehicles, enable 
efficient utilisation of renewable energies, address global 
environmental concerns, and accelerate the development 
and commercialisation of renewable energy technologies in 
Australia.

One of the aims of the new hub is the creation of start-up 
companies and commercialisation opportunities for existing 
partners.

Other universities contributing to the Hub are the University 
of Sydney, University of Adelaide, University of Queensland, 
and University of Southern Queensland. Industry partners 
are Hazer Group, Creswick Quartz, TDA Golden Field, Bolt 
Technologies, DLG Battery, HBIS Group, Zhuoyue Power 
New Energy, Oxford Crown Developments, Sicona Battery 
Technologies and Sustainable Energy Equities.

Electric vehicles: ISEM has been undertaking electric 
vehicle research since 2013, with the core focus being on 
the development of systems for complete in-vehicle energy 
monitoring and management. A major development for the 
team was the retrofitting of a standard passenger vehicle to 
be fully battery-powered.

Researchers at ISEM are currently working on a project 
which will deliver Australia’s first battery-powered personnel 
transporter vehicle for underground mining. This project aims 
to remove barriers to the adoption of electric-drive diesel-free 
general purpose vehicles in underground coal mines.

Solar power storage: UOW is the lead organisation in an 
Australian Renewable Energy Agency project to develop 
game-changing sodium-ion battery technology. Prototyping 
and developing modular and expandable battery packs, the 
Smart Sodium Storage Solution (S4) Project aims to develop 
and demonstrate novel sodium-ion battery technologies for 
use in renewable energy storage applications, reducing our 
reliance on lithium.

Funded in part by the Australian Renewable Energy Agency 
(ARENA), the project also involves UOW research groups from 
the Australian Power Quality and Reliability Centre (APQRC) 
and the Sustainable Buildings Research Centre (SBRC).  

UOW has a range of research 
capabilities that are developing 
materials technologies which 
are delivering lower cost, longer 
life-cycle and higher energy 
capacity solutions.
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It is creating a commercialisation pathway, taking the 
technology from the lab to industry to fast-track the 
development of low-cost storage for renewable energy. 

Battery performance: ISEM researchers have developed 
numerous advanced materials and novel techniques for use 
in lithium batteries, supercapacitators, fuel cells, hydrogen 
storage, and in hybrid electric vehicles and portable 
technology devices.

Major contributions by these researchers include the 
development of strategies to enhance the electrochemical 
performance of lithium-ion batteries, which are used across 
portable electronic devices such as laptops and phones, and are 
increasingly used in transport applications such as hybrid cars.

POWER QUALITY AND RELIABILITY

The Australian Power Quality and Reliability Centre (APQRC) 
at UOW is a centre of excellence for research, education and 
consulting in distribution and transmission system power 
quality, reliability and renewable energy systems.

The APQRC has been working in conjunction with industry 
for more than two decades and expects to make a significant 
contribution to national and international economies by 
ensuring that future electricity supply systems will be of high 
quality, while facilitating the integration of renewable energy 
sources.

Established in 1996 through a joint agreement between UOW 
and Endeavour Energy (then known as Integral Energy), the 
Centre continues to be proactive in making contributions 
to future directions in power quality to the electricity supply 
industry, governing, regulatory and standards bodies, 
customers, and the community in general.

With the increasing trend towards the integration of 
renewable energy sources to the wider electricity grid using 
high power electronic interfaces, the APQRC has embarked 
on research on the theme Power Quality in Future Electricity 
Networks.

This research is investigating ways to enable the integration 
of renewable sources and the effect these sources could 
have on the quality of power supply. One of the main issues is 

harmonics, which can cause some devices connected to the 
power system (including the high capacity power electronic 
interfaces of wind and solar energy sources) to not operate 
correctly and in some cases cause damage or catastrophic 
failure. The measurement and assessment of harmonics, 
their impact on the connected grid and overall power system 
security forms the basis of this research at the APQRC.

The APQRC has strong links with industry and informs 
distribution network service providers and the Australian 
Energy Market Operator (AEMO). In addition, APQRC staff 
members are active on a range of standardisation and peak 
industry bodies. These include Standards Australia, the 
International Electrotechnical Commission, the Institute of 
Electrical and Electronics Engineers, and the International 
Council on Large Electric Systems. 

Research teams at the APQRC and the SMART Infrastructure 
Facility, also at UOW, are actively collaborating with 
researchers at Newcastle University in the United Kingdom 
to assess electricity network resilience under a variety of 
climatic conditions.

The APQRC has strong 
links with industry and 
informs distribution 
network service providers 
and the Australian Energy 
Market Operator (AEMO).
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Research and training: UOW was initially founded on 
strengths in engineering disciplines, but we have seen 
continued growth and improvement that have made UOW 
renowned in Australia and globally for excellence in these 
disciplines. 

These strengths are reflected in the Academic Ranking of 
World Universities rankings 2019, which placed UOW’s Energy 
Science and Engineering in the top 50 in the world (39th). The 
QS World University Rankings assessed UOW’s Engineering-
Electrical and Electronic discipline to be in the top 200 in the 
world.

Facilitated by the APQRC, UOW offers one of the most 
comprehensive and respected undergraduate degree 
courses in electrical engineering in Australia, along with a 
number of postgraduate degrees in power engineering. These 
include the highly specialised modular Master of Electrical 
Power Engineering degree program that has been carefully 
developed to help upskill working professionals. The subjects 
within this program are focused on current technologies and 
challenges faced by engineers and are specifically designed 
to meet industry needs.

UOW’s Centre for Power Engineering Excellence (CPEE) 
aims to meet the needs of the wider community through 
the highest level of training and research in electrical power 
engineering.

The CPEE was established to harness the electrical 
engineering capabilities of UOW to assist the electricity supply 
industry during the transition from the traditional electricity 
supply model to a model that will consist of much more 
renewable and distributed energy supply.

The CPEE leverages expertise in fields including energy 
storage (via the Institute for Superconducting & Electronic 
Materials), sustainability (via the Sustainable Buildings 
Research Centre) and infrastructure economics (via the 
SMART Infrastructure Facility), with specific objectives 
in the areas of research, education, training and industry 
collaboration. Courses are developed with industry and 
teaching is provided by industry experts. Organisations from 
across Australia, such as Energy Queensland, have requested 
tailored course material from UOW.

Advanced energy integration: There is a compelling and 
urgent need for a new generation of technologies and skilled 
workforce to test and deliver future energy supply and 
distribution in Australia.

The NUW Alliance brings together the University of Newcastle 
(UON), the University of New South Wales (UNSW), and the 
University of Wollongong (UOW) with a shared commitment 
to explore some of the great challenges impacting our 
communities, to generate economic and social benefits both 
at State and national level. As part of this commitment, the 
NUW Alliance proposes to harness the unparalleled capacity 
of three premier NSW universities to deliver a unique regional 
demonstration of advanced energy integration.

The NUW Alliance Advanced Energy Research Initiative 
combines the strength of eight independently recognised 
centres of excellence: the University of Newcastle’s Priority 
Research Centre for Frontier Energy Technologies and 
Utilisation, Centre for Advanced Energy Integration, and the 
Newcastle Institute for Energy and Resources; the University 
of NSW’s Digital Grid Futures Institute, ARC Research Hub for 
Integrated Energy Storage Solutions and the UNSW Energy 
Institute; and the UOW's Australian Power Quality & Reliability 
Centre and Sustainable Buildings Research Centre.

The initiative represents unrivalled collaborative expertise 
across power, chemical, electrical, social and techno-
economic engineering, placing NSW at the forefront of 
advanced energy research and training. The NUW Alliance 
consortia is working in the following areas, but not limited 
to: pumped hydro, medium and large-scale wind and solar 
farms, waste heat recovery, second generation ethanol 
production, advanced energy and battery storage solutions, 
and energy efficiency.

FUTURE POWER GRID NETWORKS

Research at UOW is addressing integration of renewable 
and distributed energy resources, integration of energy 
storage technologies and electric vehicles, and designing and 
planning future networks.

Solar photovoltaic stability: Domestic solar photovoltaic (PV) 
will form an integral component of the future energy supply 
mix in Australia. However, while the level of domestic solar PVs 
has increased rapidly, their use is creating some challenges 
with respect to management of quality of electricity supply. 
For example, high penetration of solar systems feeding large 
volumes of power back into the network can cause voltage 
rise. APQRC teams are investigating a range of technologies, 
including distributed storage, which will assist with 
integration of higher levels of solar PV.

Grid interaction with electric vehicles: Through an 
Australian Research Council Linkage grant, the APQRC is 
investigating the integration of electric vehicles into power 
grids and contributing to the development of remote/
direct control of plug-in electric vehicle charging loads. 
While electric vehicle batteries are seen as part of the 
solution to the problem of renewable energy storage, they 
also impose significant impacts on electricity distribution 
and management systems. The team established two 
EV charging facilities at UOW’s Wollongong Campus and 
Innovation Campus for testing of EV impacts on the power 
grids and their mitigation. Two EVs (BMW i3 and Nissan 
LEAF) have been extensively tested to understand the 
detrimental impacts of EV charging on the power quality of 
the distribution network.
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Working microgrid: UOW’s Sustainable Buildings Research 
Centre (SBRC) is a working microgrid with standard and 
hybrid residential and commercial solar photovoltaics systems 
spread across several buildings on UOW’s Innovation Campus. 
The microgrid also includes small scale electrical and thermal 
energy storage, a plug-and-play distributed generation 
connection panel, 30kVA rated fully regenerative arbitrary 
waveform generator and passive adjustable load bank, a DC 
fast charger for electric vehicles, and extensive building sub-
meter and portable instrumentation.

Fringe-of-grid supply: UOW’s Global Challenges Program is 
supporting the Fringe-of-grid Electricity Supply project which 
is examining the social, technical and economic possibilities 
and benefits of deploying alternative electricity supply 
technologies in fringe-of-grid applications.

Deployment of these technologies has the potential to 
directly impact the quality and reliability of electricity supply 
to rural and remote Australians. It could also open up new 
opportunities for maintaining essential services to these 
consumers, communities and emergency services during 
bushfires and other extreme climatic events.

RENEWABLE ENERGY GENERATION

UOW is delivering innovative solutions for sustainable energy 
supply to lessen Australia’s reliance on traditional energy 
sources such as fossil fuels.

Smart solid-state transformer: Through an ARC Discovery 
grant, the APQRC team is contributing to the development of 
a low cost, modular, compact, lightweight, smart solid-state 
transformer (S3T) with multi-functions to replace costly and 
bulky traditional transformers in power grids. The proposed 

S3T will provide improved adaptability in energy distribution, 
such as faster and better voltage regulation, renewables and 
storage integration, reactive power compensation, power-flow 
optimisation and management, power quality improvement, 
seamless conversion between AC and DC, automatic control 
and protection. It is hoped the project will help revolutionise 
Australia’s energy infrastructure. This smart solid-state 
technology has the potential to improve the performance 
of our national grid and strengthen the competitiveness of 
Australia’s power industries in the world market.

River current turbines: UOW’s research into renewable 
energy generation includes portable scale river current 
turbines. Similar in operation to wind turbines, the river 
current turbines are being developed to generate electricity in 
rural areas that are close to running rivers.

Research in this space includes the development of modelling 
techniques based on blade element momentum theory and 
experimental investigation of small scale river current turbines 
in wave tanks.

Hydrogen from water splitting: The ability of plants to 
harvest sunlight and split water into hydrogen and oxygen 
through photosynthesis has long fascinated scientists, who 
have sought to replicate the process to capture hydrogen as a 
renewable and sustainable fuel source.

A team of researchers from ISEM, in collaboration with 
researchers at Beihang University in China, have fabricated a 
high-performance electrocatalyst using a low-cost metal that 
is proving suitable for use in water splitting. One method is 
electrolysis, where an electrical current is applied to water by 
inserting two electrodes and the chemical bond between the 
hydrogen and oxygen atoms is broken.

This releases the hydrogen as a gas that can be captured and 
converted to electrical energy in a fuel cell, where the only 
byproducts from its use are heat and water.

Wave energy: Australia is fortunate to have some of the 
world’s best resource along our Southern coastlines, where 
the total oceanic energy can be more than five times the 
total electricity requirements of Australia.  However, existing 
technology has limitations including heavy and large offshore 
substations, power quality issues, environmental issues and 
the need for additional devices for control. Furthermore, 
harnessing wave energy from a single type of source can lead 
to a high cost of installation and a low conversion efficiency.

A UOW team of researchers is aiming to develop a compact 
offshore hybrid conversion system that will utilise a common 
platform to harvest both wind and wave energy. The proposed 
hybrid system will be reliable, efficient and compatible to the 
power grids and will provide huge cost savings in terms of 
the installation and maintenance of the plant. The proposed 
energy technology will support the growth of renewable 
power, which will be cheaper and less intermittent than the 
existing technology.

Chemical fuels: Chemical fuels such as ethanol and 
ammonia can be derived from carbon dioxide or nitrogen 
respectively. The ability to generate these transportable fuels 
using renewable (solar) energy will have great impact in our 
ability to export one of Australia’s great resources – sunlight. 
Researchers within ACES and IPRI lead the world in these 
exciting new initiatives.
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OFFSHORE ENERGY INFRASTRUCTURE

UOW researchers are contributing to a new federally-
funded research initiative, the TIDE Research Hub, which will 
integrate data science techniques with engineering and the 
physical sciences to transform Australia’s offshore energy 
industry.

The Transforming Energy Infrastructure through Digital 
Engineering (TIDE) Research Hub, led by the University of 
Western Australia (UWA), was awarded $5 million in July 
2020 through the Australian Research Council Industrial 
Transformation Research Program.

The ARC funding will be supplemented by an additional 
$20 million in cash and in-kind contributions through 
co-investment from industry partners, UWA, UOW and a 
number of leading international universities.

The TIDE Research Hub will unite insights from experimental 
and industry-generated data in order to improve the design 
and management of offshore energy infrastructure. 

TIDE will bring together a team of leading Australian 
researchers alongside international and industry partners. It 
will draw experts from the core disciplines of oceanography, 
hydrodynamics, geotechnics and data science.  The chief 
investigators comprise 17 researchers from UWA and three 
from the National Institute for Applied Statistics Research 
Australia (NIASRA) at UOW.  

The UOW group will help integrate uncertainty quantification, 
statistical inference, and artificial intelligence, with science-
based models, to allow for improved evidence-based 
decision-making in various applications related to offshore 
engineering.

International collaborators from the University of Texas, the 
University of Oxford, the Technology Centre for Offshore 
and Marine Singapore, the University of Southampton, 
HR Wallingford, Lancaster University and the Alan Turing 
Institute, will join the Australian team. 

These researchers will work with an additional 17 investigators 
from industry partners, including three of Australia’s largest 
LNG producers – Woodside, Shell and INPEX – as well as 
Lloyd’s Register Group, Bureau Veritas, Fugro, Wood, the 

Australian Bureau of Meteorology and the Australian Institute 
of Marine Science.

The skills and strategies developed by the TIDE Research Hub 
for the offshore energy industry will be readily transferable 
to other offshore industries, such as renewable energy and 
aquaculture.

ENERGY DELIVERY

Research into the best possible energy transportation 
for Australia is vital, given this nation’s distances and the 
expected increase in demand for natural gas as an alternative 
to coal for power generation.

Infrastructure economics: UOW’s SMART Infrastructure 
Facility is a world-leading research institution dedicated to 
helping governments and businesses better plan for the 
future.

The SMART Water & Energy research theme is creating 
innovative and sustainable solutions to protect our 
environment from contamination, developing waste to 
energy pathways and securing affordable and reliable zero-
carbon electricity supply. It comprises two research groups 
- Water & Bioresource Technologies, and Energy & Resource 
Efficiency. 

The Energy & Resource Efficiency research group investigates 
technical and economic aspects of electricity infrastructure 
and aims to devise a holistic framework for renewable 
energy resources, investigate technical and economic 
aspects associated with ever-changing electricity network 
infrastructure, and develop mechanisms for improving 
electricity supply quality and reliability. Research areas range 
from reliable and efficient electricity supply to hydrogen and 
syngas supply chains.

R&D to adapt infrastructure: UOW is a partner in the 
national Future Fuels Cooperative Research Centre, which 
plays a key role in adapting existing infrastructure to 
Australia’s future energy needs as we transition to a low-
carbon economy.
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Canio Fierravanti 
Director Government Relations
University of Wollongong 

Ph: 02 4221 5931 
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The Future Fuels CRC undertakes research and development 
to adapt existing gas infrastructure and equipment for the 
production, transport, storage and use of more sustainable 
“future fuels”, including hydrogen, biogas and liquid 
derivatives like ammonia and methanol.

It will enable the Australian gas industry to provide a 
competitive, low-carbon energy alternative for residential, 
commercial, industrial and transport sectors to complement 
and support intermittent renewable electricity generation.

The Future Fuels CRC conducts research across three 
integrated programs. The first looks into future fuels 
technologies, systems and markets, addressing technical, 
policy and commercial barriers to the increased use of 
future fuels and accelerating development of production 
technologies and end-use applications.

The second addresses issues around safety and social 
acceptance of new fuels, and the third focuses on the 
infrastructure itself, including the effect future fuels 
introduction will have on existing and new infrastructure.

Research will address novel materials, design, installation, 
operations and maintenance, and repurposing or 
decommissioning requirements. It will be supported by an 
extensive education and training program.

ENERGY EFFICIENCY IN BUILDINGS

Reducing the energy consumption of buildings is an 
important part of transitioning to a zero-carbon energy 
system. 

The Sustainable Buildings Research Centre (SBRC) at UOW is 
a multidisciplinary facility that collaborates with industry to 
meet the challenge of improving the energy efficiency of new 
and existing buildings.

SBRC projects include developing sustainable building 
technologies for residential and commercial applications, 
analysing and improving thermal design for buildings 
to reduce the need for using energy for heating and 
cooling, renewable energy and microgrid technology 
application, and developing control and sensor technology 
to improve building performance. A new Building Insights 
Facility located at SBRC includes capability of measuring 
the thermodynamic, hygroscopic and environmental 
performance of large-scale building elements.

The SBRC is working with steel producer BlueScope on the 
development and testing of next-generation steel building 
products including photovoltaic (PV) thermal roofing, 
cool roof products and other innovative building envelope 
systems. It is also working with other key industry partners 
on innovative control systems for building services, including 
air-conditioning systems and automated natural ventilation 
systems.

Training and consultancy: The SBRC offers training for 
professionals working in the sustainable buildings and 
energy efficiency industries, with a focus on key demand 
areas including energy efficiency in the built environment, 
energy efficiency in electrical systems and energy efficiency 
enhancements in industry.

In 2018, the SBRC provided research input into a report 
prepared by the Australian Sustainable Built Environment 
Council and ClimateWorks Australia which showed that 
energy standards in Australia’s National Construction Code 
must be urgently upgraded if new buildings are to be fit for a 
zero-carbon future.

Success at ‘Energy Olympics’: In late 2018, a collaboration 
between UOW, UOW in Dubai, and TAFE NSW was awarded 
second place in an international sustainability competition in 
Dubai.

The Solar Decathlon Middle East 2018, dubbed the “Energy 
Olympics”, saw 15 teams from 11 countries design and build 
sustainable homes that were judged across 10 contests - from 
architecture to sustainability. They also faced the challenge of 
creating a design that was functional and suited to the desert 
conditions.

Using innovations developed by the SBRC, Team UOW 
Australia-Dubai designed, prototyped and built a design that 
addressed the competition criteria while also catering for the 
needs of an ageing population, supporting people living with 
dementia and other age-related disabilities. Team UOW was 
the first Australian team to win entry to a Solar Decathlon 
and was named the overall winner of the Solar Decathlon 
China 2013 with the Illawarra Flame House.

UOW is delivering innovative 
solutions for sustainable energy 
supply to lessen Australia’s 
reliance on traditional energy 
sources such as fossil fuels.


