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FROM THE PRESIDENT
AND VICE-CHANCELLOR

UNSW aims to have a positive global impact as a result of our research and
teaching, by nurturing critical thinking, and through a commitment to solving
the grand challenges it faces.

We take seriously our role as a servant of society and we know that the work
we do can be transformative for individuals and communities.

At this critical juncture in the health of our environment, clean energy is
taking centre stage.

The Clean Energy Capability Portfolio showcases UNSW'’s credentials as a
pioneering, world-leading innovator in this field. Our cutting-edge centres
and facilities, well-established networks, and commitment to lead by
example on sustainability and environmental stewardship offer unrivalled
opportunity for industry, community and government partners.

This document highlights the full breadth of our university’s capabilities
across clean fuels, decarbonisation of the grid with renewables,
electrification of industries and transport, and energy storage.

As Australia transitions to cleaner energy sources, our success will lie in our
ability to innovate. And the ability to innovate will rely on strong partnerships
between research institutions, industry and government.

At UNSW, we continuously seek out opportunities to collaborate across
the country and across sectors, to achieve the best outcomes for the
communities we serve.

As you read this Capability Portfolio, | encourage you to consider how
we might work together towards our common goals of a cleaner, more
sustainable future for people in Australia and worldwide.

\ [LVAN W\(\s :
_.___._..--'
Professor lan Jacobs
President and Vice-Chancellor, UNSW



FROM THE DEPUTY
VICE-CHANCELLOR RESEARCH
& ENTERPRISE

The UNSW Division of Enterprise is responsible for facilitating engagement between our
academics and partners from industry, government and the community. In the last four
years we have doubled our partner engagement delivering high impact and high-quality
outcomes through contract and collaborative research, consulting, short courses and
executive education.

UNSW is committed to engaging with our partners to deliver social progress and
economic prosperity, generating impact, mutual benefit and value. In support of this
mission, the Division of Enterprise aims through collaboration and innovation to bring
together the greatest minds within global industry, policy, academia and our community
and build a culture of knowledge exchange.

Over the last 30 years, UNSW has established itself as one of the world’s leading
research and technology hubs for clean energy innovation. The growing economic and
social costs of this rapidly changing environment highlight the urgency for widespread
transition from finite fossil fuel-based energy to cleaner and renewable resources that are
readily available for all.

We have a critical role to play in working together with our local and international partners
to address the most pressing global energy issues including reliability, affordability and
sustainability, translating UNSW’s vast and varied expertise into practical clean energy
solutions and so accelerating global uptake of new energy technologies.

UNSW hosts Australia’s most comprehensive entrepreneurship program. Our dedication
to nurturing the critical elements of an innovation ecosystem underscores the
development and potential impact of our on-campus precincts within industries united in
pursuit of a clean energy future.

With the release of this Capability Portfolio we invite our partners, both prospective
and current, from industry, government and the community, to examine just some of
the expertise being showcased within, and look forward to exploring opportunities for
collaboration, innovation and impact.

Professor Nicholas Fisk
Deputy Vice-Chancellor, Research + Enterprise, UNSW
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A leading photo(electro)catalysis and nanomaterials research
group with expertise and focus around catalysis processes that are
thermal, electrochemical, photothermal and photoelectrochemical.
The group has a highly efficient and low cost Photovoltaic-
Electrolysis (PVE) system to produce renewable fuels by harvesting
the full spectrum of sunlight.

Emerging Technologies Around
Hydrogen Production and
Storage, Catalysis for CO,
Conversion and Integrated
Power Systems

Competitive advantage

* Production of renewable fuels (e.g. H2, CO, ethanol) using cost-effective and

. active electrolysers powered by photovoltaic cells

) J'i . ' . « Electrodes are comprised of earth abundant elements without using any

; ! - expensive noble metals

« Electrolysers can use natural seawater as the electrolyte to produce chlorine on
the anode and hydrogen on the cathode

Impact

» Enhanced Australian energy security by using infinite and diffusive
solar energy

« Alleviate global warming by reducing the carbon footprint

« Off-grid fuel generation in remote strategic sites

Successful applications
* PVE electrolysis for Hydrogen generation

Capabilities and facilities

» Wide range of nanomaterials development techniques

« State-of-the-art instrument for particle and material characterisation
« Several electrolysers for testing catalyst performance

* In-situ studies capability

Our partners

* RayGen Resources Pty Ltd

* Shenzhen Kohodo Sunshine Renewable Energy Co. Ltd
+ Beijing Zhongchao Haigi Technology Co Ltd

Maore information

Scientia Professor Rose Amal
School of Chemical Engineering

T: +61 (0) 2 9385 4361 | E: ramal@unsw.edu.au


mailto:r.amal@unsw.edu.au

Solar Thermal
CO, Methanation

Mare information

Scientia Professor Rose Amal
School of Chemical Engineering

T: +61 (0) 2 9385 4361 | E: ramal@unsw.edu.au

A state-of-the-art integrated photothermal system for carbon
dioxide conversion to methane and facilities for catalyst synthesis
for large scale production.

Competitive advantage

* Integrated system incorporating photothermal technology to run the
methanation reaction

» Uses solar heating as the main driving force to heat up the catalyst for
CO, conversion

* A very high CO, conversion can be achieved using a Ni-based catalyst, with
virtually 100% selectivity towards methane

Impact
* Alleviate global warming by recycling CO, into synthetic fuels
« Effective use of abundant and free energy from the sun

Successful outcomes
» The construction and commissioning of a Solar Thermal Plant for integrated
CO, methanation with hydrogen production via catalysed water electrolysis

Capabilities and facilities

» Access to expertise and state-of-the-art facilities for catalyst synthesis for
large scale production

» Characterisation and testing of catalyst performance

* In-situ testing to understand conversion mechanisms

Our partners
» CSIRO Energy


mailto:r.amal@unsw.edu.au

Direct Electrocatalytic
CO, Reduction

Mare information

Scientia Professor Rose Amal
School of Chemical Engineering

T: +61 (02) 9385 436 | E: ramal@unsw.edu.au

Dr Xunyu Lu
School of Chemical Engineering

T: +61 (0) 2 9385 4645 | E: xunyu.lu@unsw.edu.au

Expertise in the direct conversion of carbon dioxide into high value
liquid products, which is important for combating climate changes
and energy efficiency challenges.

Competitive advantage

* The electrochemical CO, reduction reaction (CO,RR) can be carried out at
ambient conditions by applying an external bias

« Possibility to couple with electricity generated from renewable energy
resources to close the carbon loop

+ Simple, scalable and cost-effective catalysts for CO,RR in the gas phase to
deliver liquid products

Impact

* Alleviate global warming by direct conversion of CO, into high value
liquid products

» Creation of a sustainable cycle of carbon-based fuel that will promote zero net
CO, emissions

Successful applications
* Mesoporous tin oxide (SnO,) electrocatalyst for large scale conversion of CO,
to formate with high selectivity and current density

Capabilities and facilities
» Access to expertise and state-of-the-art facilities for electrocatalyst fabrication,
characterisation and testing of performance


mailto:r.amal@unsw.edu.au
mailto:xunyu.lu@unsw.edu.au

Dry CO, Reforming
of Methane

Mare information

Associate Professor Jason Scott
School of Chemical Engineering

T: +61 (02) 9385 7361 | E: jason.scott@unsw.edu.au

Dr Emma Lovell
School of Chemical Engineering

T: +61 (0) 2 9385 5385 | E: e.lovell@unsw.edu.au

Advanced expertise in the design, development and testing of cost-
effective dry reforming catalysts for the conversion of common
greenhouse gases (carbon dioxide and methane) into syngas.

Competitive advantage

» Highly active methane dry reforming catalyst based on cheap active metals
(Ni and Co) which can be synthesised rapidly in a single step method, and is
readily scalable

» High conversion of methane (up to 90%) is achievable at a relatively low
operating temperature of 700°C

+ Catalyst support (using SiO, and AlL,O,) modification to enhance
catalyst stability

Impact

* Alleviate global warming by conversion of CO, and methane into
synthetic fuels

» Large scale production of active and stable catalyst

Successful applications
» The construction and commissioning of a Flame Spray Pyrolysis reactor to
fabricate high surface area metal oxides and catalysts

Capabilities and facilities

» Access to expertise and state-of-the-art facilities for catalyst synthesis for large
scale production

* Characterisation and testing of catalyst performance

* In-situ testing to understand conversion mechanisms


mailto:jason.scott@unsw.edu.au
mailto:e.lovell@unsw.edu.au

Electrolysis of CO, into
Fuels and Chemicals
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Mare information

Professor Chuan Zhao
School of Chemistry

T: +61 (0) 2 9385 4645 | E: chuan.zhao@unsw.edu.au

Dr Wenhao Ren
School of Chemistry

E: wenhao.ren1@unsw.edu.au

Developing electrochemical processes for conversion of the
greenhouse gas, CO,, into value-added chemicals and fuels,

is an attractive solution to realise a carbon-neutral energy
circulation while simultaneously storing electricity generated from
intermittent renewable sources.

Competitive advantage

« Expertise in electrocatalyst design and synthesis

* Prototype flow cell for scaling-up CO, reduction

* Understanding of the reaction mechanism for electrochemical CO, reduction

Impact

+ A sustainable electrochemistry approach to producing valuable fuels that
mitigates the energy issues

* Alleviating global warming by converting CO, into valuable products

Successful outcomes

» State-of-the-art nanoporous alloy catalysts for bifunctional CO, reduction to CO
and formate

* Single-atom catalysts with an ultrahigh Faradic efficiency (>98%) for CO,-to-CO

Capabilities and facilities

« Extensive lab facilities for electrocatalyst fabrication, characterisation and testing

« Access to comprehensive analytical techniques such as diffractions, surface
analysis, and electron microscopy

» Expertise and access to NMR and solid-state NMR facilities


mailto:chuan.zhao@unsw.edu.au
mailto:wenhao.ren1@unsw.edu.au

Net Negative CO, and
Methane Producing Bioreactor

Mare information

Professor Gavin Conibeer
School Photovoltaic and Renewable Energy Engineering

T: +61 (0) 2 9385 7858 | E: g.conibeer@unsw.edu.au

A bioreactor that uses sunlight and CO, dissolved in seawater to
simultaneously generate methane from the decomposition of algae
and sequester CO, in the coccoliths of growing algae.

Competitive advantage

CO, dissolved in sea water is at 20x the concentration atmospheric CO.,,.

Algae growing in seawater use sunlight and this CO, to produce energy rich

lipids and calcium carbonate rich coccolith skeletons. The bioreactor provides

the appropriate conditions for good algae growth in an aerobic environment

on its surface and at the base of the reactor, the right condition for anaerobic

archaea to breakdown the algal lipids to produce methane that is removed as

a fuel. The remaining cocolyths are removed in a batch process and stored

as sequestration of CO, (the precursors of limestone). The Biorector provides

methane as a renewable fuel and sequests CO, as calcium carbonate

or limestone.

» A bespoke bioreactor

» A combination of expertise to leverage existing technology in a combined
approach to achieve net negative CO, production and produce a renewable
energy source (methane) from solar energy

Impact

» Production of renewable fuel

* Capture of CO, to reduce the atmospheric concentration of
greenhouse gases

Successful applications

* Design and commissioning of a bespoke bioreactor for net negative CO,
and algal methane production

* Proven methane generation from methanogenic archaea decomposing
algae and of CO, incorporation in algal coccoliths

Capabilities and facilities
» Lab facilities biogas experiments
« Bioreactor for algal growth and methanogenic archaea decomposition


mailto:g.conibeer@unsw.edu.au

Ammonia Production from
Renewable Hydrogen

Maore information

Professor Gavin Conibeer
School of Photovoltaic and Renewable Energy Engineering

T: +61 (02) 9385 7858 | E: g.conibeer@unsw.edu.au

Professor Chuan Zhao
School of Chemistry

T: +61 (0) 2 9385 4645 | E: chuan.zhao@unsw.edu.au

Development of a high efficiency single-stage electrocatalytic
ammonia synthesis reactor to produce ammonia at lower cost
than via the traditional Haber-Bosch process.

Competitive advantage

» Ammonia is produced using PV electrolysed hydrogen from photovoltaic
electrolysis and atmospheric nitrogen. A number of innovations are used to
increase efficiency: nitrogen activity is increased by ionising the molecule;
nitrogen selectivity over oxygen is achieved using tailored ionic liquids as

electrolytes and the nitrogen reaction is catalysed using tailored electrodes.

* In-house expertise exists across all engineering requirements to solve
problems and design and test a working prototype

Impact
» Cheaper and more energy efficient process for the production of ammonia

Successful applications
» Photovoltaic electrolysis of water to produce renewable hydrogen
» Demonstration of selective transport in ionic liquids

Capabilities and facilities
» Extensive lab facilities for PV electrolysis and characterisation

» Expertise and analysis facilities for studying the application of ionic liquids and

the ability to assess the increased nitrogen activity


mailto:g.conibeer@unsw.edu.au
mailto:chuan.zhao@unsw.edu.au
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Energy Meteorology -
Weather Forecasting and
Resource Assessment

Mare information

Dr Merlinde Kay
School of Photovoltaic and Renewable Energy Engineering

T: +61 (0) 2 9385 4031 | E: m.kay@unsw.edu.au

Using the connection between energy and meteorology to
develop models that lead to the promotion of cost-effective and
sustainable weather and climate risk-management strategies for
the energy industry.

Competitive advantage

Cutting-edge short-term forecasting for different renewable technologies
and hybrid renewable systems, using techniques ranging from running and
evaluating Numerical Weather Prediction Models (NWP) to extraction of
irradiance from satellite imagery

Experience in producing weather and power forecasts at timescales that
align line with the operation of the National Electricity Market

Expertise at integrating new forecasting models with the latest insights on
the impacts on output from grid events to allow charge/discharge regimes to
be developed for energy storage in hybrid systems

Impact

Providing new understanding of the relationship between the weather and
energy generation will lead to the development of novel approaches to energy
storage control in hybrid renewable energy systems and the development of
cost-effective strategies for siting and managing both distributed and large-
scale renewable energy systems

Successful applications

» Optimisation of battery size and type for hybrid systems based on
weather forecasting

« |dentifying the key impacts of atmospheric aerosols such as dust on the
output of solar technologies

» Improving weather forecasts for the wind energy sector

« |dentifying the impact climate change will have on new wind
farm developments

Capabilities and facilities

» Dedicated computation laboratories for advanced simulation modelling and
associated facilities for validation studies

» Weather monitoring equipment for validation of modelling results

Our partners

+ CSIRO + AEMO
» Bureau of Meteorology « IMC
« NREL


mailto:m.kay@unsw.edu.au

Weather Forecasting
for Optimising Energy
Storage Systems

Mare information

Dr Merlinde Kay
School of Photovoltaics and Renewable Energy

T: + 61 (0) 2 9385 4031 | E: m.kay@unsw.edu.au

Associate Professor Stephen Bremner
School of Photovoltaics and Renewable Energy

T: +61 (0) 2 9385 7890 | E: stephen.bremner@unsw.edu.au

Renewable energy power plant performance is maximised using
an advanced suite of weather and climate-based optimisation
and control strategies for hybrid systems that incorporate
energy storage. Risk mitigation strategies are developed that
can be used by operators to ensure generation is secure and
optimised and ensures maximum returns in the competitive
energy market.

Competitive advantage

Extensive expertise in advance weather forecasting strategies across

fundamental research to industrial-scale applications delivering:

* Integration of new forecasting models with the latest insights on the impacts
on output from grid events and charge/discharge regimes for energy storage
in hybrid systems

» Development of key insights into the impacts of weather events on wind and
solar operation, particularly extreme weather events, as well the interplay of
different battery technology performance in system response

* Interrogation, development and strategies and integration of new
technologies into industrial-scale applications

Impact
Development of novel approaches to energy storage control in hybrid RE
systems using a combination of weather forecasting and machine learning.

Successful outcomes
» Optimisation of battery size and type for hybrid systems based on
weather forecasting

Capabilities and facilities

» 30 kW/130 kWh commercial VRB system in Tyree Building for energy storage
and micro-grid research.

» Dedicated computation laboratories for advanced simulation modelling and
associated facilities for validation studies.

+ Climate controlled chambers for evaluating effects of environmental
parameters on energy storage system performance.

Our partners
* Fraunhofer ICT


mailto:m.kay@unsw.edu.au
mailto:stephen.bremner@unsw.edu.au

Mare information

Dr Yang Li
School of Photovoltaic and Renewable Energy Engineering

T: +61 (0) 425 332 100 | E: yang.li3@unsw.edu.au

Accurate solar forecasting is essential for managing and increasing
adoption rates of grid-connected solar systems. Forecasts for
regionally-distributed PV systems and individual solar power plants
can be provided based on a proprietary PV system modelling
methodology and expertise in combining Numerical Weather
Prediction (NWP) and real-time observations with artificial
intelligence techniques.

Competitive advantage
This capability can be provided as an APIl-based software-as-a-service (SaaS)
product, which can:
» Optimise dispatch and operating reserve requirements for grid operators
* Meet compliance requirements and reduce risks for solar power plants
* Make energy-management system (EMS) smarter in micro-grid and
storage systems
The product features:
» Sophisticated data processing with artificial intelligence methods, and
» Reliable and flexible data delivery through web services.

Impact

* Increased safety and efficiency of grid operation by facilitating grid
operators to better optimise dispatch while managing the intermittency and
ramp-rate of solar power plants

* Increased adoption rate of solar by overcoming the challenges from high
penetration and reduced reserves

» Optimised storage management to reduce required battery sizes and
increase battery lifetimes

Successful applications

The PV system modelling methodology has been used in evaluating and
optimising new solar module designs for commercial partners. It has also
been integrated into a commercial home battery storage product.

Capabilities and facilities
+ Solar system forecasting « Artificial intelligence
» Meteorological data processing * Web service development

Our partners

* LONGi Green Energy Technology » Energy Research Centre of the
* Hebei Sizhuo Photovoltaic Tech Netherlands (ECN)

+ DSM Advanced Solar


mailto:yang.li3@unsw.edu.au

Mare information

School of Photovoltaic and Renewable Energy Engineering

Hot Carrier Material Development
Professor Gavin Conibeer

T: +61 (0) 2 9385 5412
E: g.conibeer@unsw.edu.au

Associate Professor Santosh Shrestha
T: +61 (0) 2 9385 7267
E: s.shrestha@unsw.edu.au

Inorganic PV Device Architectures
Associate Professor Nicholas Ekins-
Daukes

T: +61 (0) 2 9385 7283

E: nekins@unsw.edu.au

Semiconductor Epitaxy and Materials
Characterisation Capability
Associate Professor Stephen Bremner

T: +61 (0) 2 9385 7890
E: stephen.bremner@unsw.edu.au

Molecular Materials and Devices
Dr. Murad Tayebjee

T: +61 (0) 2 9385 7762
E: m.tayebjee@unsw.edu.au

Ultrafast Spectroscopy
Scientia Fellow Dr Michael Nielsen

T: +61 (0) 2 9385 6053
E: michael.nielsen@unsw.edu.au

Seeking to demonstrate new, long-term approaches to
photovoltaic power conversion that can fundamentally increase
photovoltaic device efficiency.

Competitive advantage

» Deep conceptual understanding of the thermodynamic basis for solar
power conversion

» World class semiconductor and molecular device fabrication and
characterisation facilities

Impact

» Demonstrated the first hot carrier quantum well photovoltaic device

« Demonstrated a metallic hot carrier photovoltaic device where sunlight is
extinguished in an 8nm layer of chromium

Successful applications

« Four patents on hot electron photovoltaic devices in collaboration with Toyota
Motor Corporation

» One patent on hot electron photodetectors in collaboration with
Sharp Corporation

Capabilities and facilities

» The SPECTRE Lab (SPECTroscopy for Renewable Energy) houses a suite of
techniques that allow the measurement and development of advanced solar
cell technologies using a tuneable femtosecond laser system

Molecular approaches to spectral engineering to better utilize the

solar spectrum. This includes the development of both optical and
electrical devices

Inorganic semiconductor based approaches to third generation
photovoltaics including intermediate band solar cells and hot carrier

solar cells

Semiconductor Molecular Beam Epitaxy, capable of fabricating quantum
heterostructure electronic devices with atomic layer control

+ Atomic Layer Deposition of metal oxides

Our partners
« Toyota Motor Corporation
» Sharp Laboratories Europe


mailto:g.conibeer@unsw.edu.au
mailto:s.shrestha@unsw.edu.au
mailto:nekins@unsw.edu.au
mailto:stephen.bremner@unsw.edu.au
mailto:m.tayebjee@unsw.edu.au
mailto:michael.nielsen@unsw.edu.au

Quantum Dot
Optoelectronic Devices

Mare information

Dr Robert Patterson
School of Photovoltaic and Renewable Energy Engineering

T: +61 (0) 404 280 905 | E: robert.j.patterson@unsw.edu.au

High performance semiconducting devices are synthesised
chemically from nanomaterial and quantum dot colloids.
These nanomaterials have applications in solar cells, batteries,
renewable fuels and luminescent solar concentrators.

Competitive advantage

» World-record semiconducting quantum dot thin film solar cells using PbS
and PbSe

* Creation of highly fluorescent non-toxic nanoparticles, Zn:Culns,

« Vast experience working with and developing:
- Low cost high efficiency chemically synthesized optoelectronic devices
- A variety of oxide nanoparticles with good semiconducting properties
- Tuneable surface chemistries in high performance nanoparticle systems
- Inorganic Pb-halide perovskite nanoparticles with tuneable fluorescence

across the visible spectrum

- Magnetic nanoparticles, Fe,O,
- 2D fluorescent and catalytic nanomaterials, MoS, and WS,

Impact

Enables extraction of energy from light in easily implementable/scalable ways,
to harvest energy in unconventional locations, e.g. windows. Improvements

in electrochemical energy storage. Efficient energy extraction from biomass-
derived cellulose, making inefficient bioethanol obsolete

Successful applications

» World leading quantum dot solar cells in PbS and PbSe

» Highest recorded photoluminescence quantum yield from PbS quantum
dots (unpublished)

+ Lab-scale luminescent solar concentrators, with good performance

* Improved manganese oxide battery electrodes using doped nanoparticles

* Breakdown of cellulose into value-added products

Capabilities and facilities

» Chemical synthesis laboratory suitable for the fabrication of high
performance colloidal quantum dot and nanoparticle synthesis by
hydrothermal and ligand-based methods

» Fluorometer to measure photoluminescence efficiency across the visible
spectrum and into the infra-red (approx. 400-1500 nm)

Our partners

» ClearVue Pty Ltd, Perth
» Natcore Inc, NY, USA

« Jinko Solar, China


mailto:robert.j.patterson@unsw.edu.au

- Silicon Sub-Cells for llI-V/

Silicon Based Multi-junction
Solar Cells

Mare information

Associate Professor Stephen Bremner
School of Photovoltaic and Renewable Energy Engineering

T: +61 (0) 2 9385 7890 | E: stephen.bremner@unsw.edu.au

a i ol

Developing high performance silicon sub-cells for use in llI-V/
silicon multi-junction solar cells and targeting final efficiencies in
excess of the single junction limit of 33 percent.

Competitive advantage

» World-leading expertise in silicon solar cells

» Unique knowledge of Passivated Emitter Rear Local diffusion (PERL) and
related silicon solar cell designs and processing requirements

 Expertise in the preparation of silicon structure for I1I-V growth processes
preserving silicon performance

+ Patented room temperature contacting technique to simplify processing

» Design and optimisation capability for silicon sub-cells including detailed
device modelling, and expertise in additive optical path length
enhancement techniques

Impact

« First group to investigate the design requirements for a silicon solar cell with
grown lI-V material as top junction

« Part of team that holds the current two junction IlI-V/silicon multi-junction
world record for one sun illumination

Successful applications

+ Successfully determined robust process for preserving silicon minority
carrier lifetimes during Ill-V growth

» Used modelling and experimental work to determine the key device features
to ensure high performance silicon sub-cells

* Produced the first Ill-V/silicon multi-junction solar cells with optical path
length enhancement schemes integrated

Capabilities and facilities

« Full silicon solar cell processing capability including emitter and back
surface diffusions, controlled surface texturing and advanced metallisation

+ Additive optical path length enhancement techniques developed at UNSW

» Multi-junction solar cell characterisation including spectral response

Our partners
» SolAero, USA


mailto:stephen.bremner@unsw.edu.au

[1I-V Photovoltaic Solar Cells

Mare information

Epitaxy and Materials Characterisation Capability
Associate Professor Stephen Bremner
School of Photovoltaic and Renewable Energy Engineering

T: +61 (0) 2 9385 7890 | E: stephen.bremner@unsw.edu.au

Optical and Device Characterisation Capability
Associate Professor Ned Ekins-Daukes

School of Photovoltaic and Renewable Energy Engineering
T: +61 (0) 2 9385 7283 | E: nekins@unsw.edu.au

Fabricating IlI-V PV solar cells —multi-junction solar cells made
from llI-V semiconductor alloys that are used in spacecraft and
concentrator systems and are the most efficient available—
from the epitaxial growth of high-quality 1lI-V materials using
molecular beam epitaxy to device processing and testing.

Competitive advantage

Over twenty years’ experience working on highly efficient 11I-V solar cells and
associated photonic structures

Only I1l-V molecular beam epitaxy capability in Australia with the rare ability
to grow antimonide and bismide materials

Full 3” -V device growth, processing & characterisation on campus

Rapid test and measurement capability, enabling IV, EQE and EL to be
measured from 6" wafers automatically

Experience in radiation testing of space solar cells

Impact

Demonstrated the highest efficiency nanostructured solar cell ever made
with a spin-out company, Quantasol, achieving 28.3% using strain-balanced
quantum well layers. It is a technology that has since been evaluated by all
major space solar cell manufacturers worldwide.

Successful applications

» Quantasol spin-out traversed the life-cycle from university lab to acquisition
by JDSU (now Lumentum), a major optoelectronic device manufacturer

+ Selective light confinement in multi-junction solar cells demonstrated in
partnership with the US Naval Research laboratory

Capabilities and facilities

* Gen930 molecular beam epitaxy system, consisting of 7 growth sources
and three doping ports. This allows for the growth of Arsenides, Antimonides
and Bismide compounds

» Access to full cleanroom for I1-V device processing, photolithography, wet
and dry etching and metallisation

« Full materials characterisation available including high-resolution X-ray
diffraction, AFM, SEM, TEM, photoluminescence

« |-V photovoltaic characterisation available, including light I-V, suns-Voc,
EQE and multi-junction EQE

Our partners

* IQE PLC

« US Airforce

» US Naval research laboratory


mailto:stephen.bremner@unsw.edu.au
mailto:nekins@unsw.edu.au
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Organic and Perovskite
Solar Cells

Mare information

Associate Professor Ashraf Uddin
School of Photovoltaic and Renewable Energy Engineering

T: +61 (0) 2 9385 9827 | E: a.uddin@unsw.edu.au

Development and fabrication of high-efficiency semitransparent
organic and tandem solar cells for window applications.
Optimising the device structure design of tandem devices to
improve the device efficiency toward a theoretical efficiency of
40 percent.

Competitive advantage

» The skills to develop semi-transparent organic solar cells of 7 percent
efficiency, with average visible transmittance (AVT) of 25 percent for
window applications

» Patented technology

Impact

Organic and perovskite photovoltaics are extremely attractive candidates for
use in next-generation solar cell technologies as they offer affordable solution-
based manufacturing processes, light-weight, mechanical flexibility, clean, and
renewable energy. The development of solution processed tandem fabrication
techniques will significantly reduce the cost of electricity generation for
commercial applications. It will also establish an Australian tandem cell
processing capability that would eventually make the country a global leader
in the commercialisation of tandem solar cells

Successful applications

Developed solution processed single junction organic and perovskite solar
cells with maximum efficiency ~ 14.5 percent and ~19 percent, respectively,
under 1-sun illumination.

Capabilities and facilities

» New laboratory for research on organic and perovskite materials and
devices, equipped and geared towards the development of world-class
research facilities

» Access to world-class laboratories for material and device characterization,
such as microscopy (TEM, SEM, AFM), XRD and XPS, and micro-Raman.
The advanced optical/spectroscopy laboratory can provide the spectral
measurements required, including absorption, PL, and FTIR

Our partners

* Huawei - Transparent organic photovoltaic devices
* Dyesol

« Future Solar Pty. Ltd.

» Other world-leading researchers


mailto:a.uddin@unsw.edu.au

Screen-Printed Solar
Cell Fabrication

Mare information

Angus Keenan
Solar Industrial Research Facility

T: +61 (0) 2 9385 0608 | E: a.keenan@unsw.edu.au

The fabrication of full industrial-size screen-printed solar cells, from
raw silicon wafers through to working devices with screen-printed
metal contacts, and encapsulated photovoltaic modules.

Competitive advantage

« Full end-to-end fabrication of screen-printed solar cells

« State-of-the-art characterisation facilities for industrial solar cells

» Decades of expertise in silicon solar cell fabrication and characterisation

Impact
Reducing light- and temperature-induced degradation increases the
performance of industrial screen-printed solar cells

Successful applications

+ Commercialisation of advanced hydrogenation processes for eliminating
light-induced degradation and light- and elevated temperature-induced
degradation in silicon solar cells

Capabilities and facilities
» Complete screen-printed solar cell fabrication in the Solar Industrial
Research Facility

Our partners

* LONGiI « Nanjing Sunport
» Suntech » Tianwei

» Canadian Solar « Jinko

« SAS Sunrise * Meyer Burger
LG Electronics » Schmid

« China Sunergy * DR Laser

« CEC Energy « Asia Neo Tech

» Phono Solar * Ke Long Wei

« Tongwei
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’ Sprayable and Paintable Solar
Cells and Tandem Solar Cells

Mare information

Associate Professor Anita Ho-Baillie
School of Photovoltaic and Renewable Energy Engineering

T: +61 (0) 416 215 700 | E: a.ho-baillie@unsw.edu.au
22

Research into high-efficiency silicon solar cells, tandem solar cells,
perovskite solar cells, manufacturing cost analysis and integration
of photovoltaics for a wide range of applications, e.g. buildings,
portable devices and vehicles.

Competitive advantage

World records for energy conversion efficiencies of

* large area perovskite solar cells (2016)

« large area monolithic perovskite/Si(homo-junction) tandem solar cells (2018)
» GaAsP/Si monolithic tandem solar cells

Successful outcomes
» Hermetic Encapsulated Perovskite Solar Cells for Thermally
Insulated Glazings

Capabilities and facilities
+ Fabrication and characterisation of high efficiency and large area perovskite
solar cells

Our partners

» Suntech Power

« Trina Solar

« Greatcell Solar Materials
» Microquanta
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Tandem, Reduced Operating

Temperature, High-Efficiency
and Vehicle-Integrated Solar
Photovoltaics

Mare information

Scientia Professor Martin Green
School of Photovoltaic and Renewable Energy Engineering

T: +61 (0) 411 492 416 | E: m.green@unsw.edu.au

Cutting-edge research into a range of topics related to improved,
lower cost solar photovoltaic energy conversion including;
Tandem, Reduced Operating Temperature, High-Efficiency and
Vehicle-Integrated Solar Photovoltaics.

Competitive advantage

» Hold the world record of 25% for highest efficiency PERC (passivated
emitter and rear) silicon solar cell, a cell structure invented at UNSW and
now accounting for most of the world’s commercial production

» Hold the world record for the most efficient solar module at 40.6% energy
conversion efficiency, a multi-cell stack involving 4 cells, each responding to
a different range of solar wavelengths

Impact

« Over US$20 billion of UNSW-invented and -developed PERC cell modules
sold worldwide in 2018

« Former team members responsible for successful diversification of
manufacturing industry into China which resulted in a tenfold solar module
price reduction in the years from 2008 to 2018

Successful applications

» BP Solar “Saturn” cell (produced 1992-2006)
» Suntech Power “Pluto” cell (2009-2013)

* PERC cell (2012-present)

Capabilities and facilities

« Laboratory for fabrication of high-efficiency solar cells

+ Solar Industrial Research Facility for evaluating full-sized wafers at pilot
production level

Our partners
« BP Solar

» Suntech Power
« Trina Solar

« Jinko Solar
 Longi Solar
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Thin Film Technology for

Flexible Solar Photovoltaics
and High-Efficiency Tandem
Solar Cells

Mare information

Scientia Fellow, Associate Professor Xiaojing Hao
School of Photovoltaic and Renewable Energy Engineering

T: +61 (0) 2 9385 4381 | E: xj.hao@unsw.edu.au

Work on a range of thin film solar cell technologies to offer a
renewable solution to generate electricity. These not only enable
flexible photovoltaic products, but also lower the cost of silicon
PV by increasing solar photovoltaic energy conversion efficiency
through the use of high-efficiency tandem cells

Competitive advantage

Hold world record of 11% for highest efficiency high bandgap pure sulphide
Keserite CZTS (Cu2ZnSnS4) solar cells and have established 4 world
records for this photovoltaic technology

Developed 21% efficient low-temperature (<200 °C) processed planar
perovskite solar cells with improved stability without encapsulation
Developed above 30% efficiency Il1-V/Si tandem solar cells

Designing and developing new PV materials that are made from
environmentally-friendly and earth-abundant materials for Silicon based
tandem cells

Impact

» The aim is to make solar photovoltaic more efficient, cost-effective and
competitive for the energy market and for their applications in various
aspects of our life such as building- and vehicles-integrated PV, and
portable power sources

» The breakthroughs in kesterite represent a major advance in developing
solar cells that are flexible, stable, cheap and non-toxic

Successful outcomes
» Working with industry partners for building-integrated PV (2015-present)
» Working with industry partners for 11I-V/Si tandem solar cells (2011-present)

Capabilities and facilities

« Laboratory for fabrication of high efficiency thin film solar cells (e.g. kesterite,
perovskite, Sb25(Se)3), and associated function thin films e.g. transparent
electrodes (TCO, Ag NW)

» Upgrading laboratory facility for pilot production level of tandem cells

» Advanced characterization tools for thin film photovoltaic materials
and devices

Our partners
« Trina Solar « Jinko Solar
» Longi Solar » Baosteel
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Buffer and Passivation Layers =%

g for High-Efficiency Tandem
Solar Cells

Mare information

Associate Professor Bram Hoex
School of Photovoltaics and Renewable Energy Engineering

T: +61 (0) 2 9385 7934 | E: b.hoex@unsw.edu.au

It is quite well accepted that tandem solar cells are the most
promising way to achieve a solar cell efficiency in excess of 30%.
If these are to be silicon based, they will require both buffer and
surface passivation layers in order to maximise their performance.

Competitive advantage

» The only laboratory in Australia that has an atomic layer deposition reactor
with real-time feedback on the synthesised material, offering unprecedented
advantages in terms of process optimisation and device integration

» Use of an advanced, computational material science approach to identify
the most promising materials before synthesising them

« Ability to perform atomic-scale engineering using atomic layer deposition

» Real-time insight and control of thin film growth and its correlation to final
device performance

Impact
The application of a buffer and passivation layer has already resulted in
creating world-record efficiency in Cd-free CZTS solar cells.

Successful outcomes
» A wide range of binary and tertiary compound thin films have been
developed for integration into thin film solar cells

Capabilities and facilities

» Both laboratory-scale and pilot-scale atomic layer deposition reactors to
explore novel process from low- to high-technology readiness level

+ Access to both lab-scale as well a pilot-scale thin film deposition equipment
for swift transfer from the laboratory to the factory

Our partners
» Working together with various leading worldwide research groups to test thin
films at the solar cell device level
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Advanced Surface Passivation
of Silicon Solar Cells

Mare information

Associate Professor Bram Hoex
School of Photovoltaics and Renewable Energy Engineering

T: +61 (0) 2 9385 7934 | E: b.hoex@unsw.edu.au

Combining in-depth material science know-how with advanced
device simulation to optimise the performance of silicon solar cells
by applying thin surface passivation layers.

Competitive advantage

» World-class understanding of device-relevant fundamentals

» Capability to synthesise a wide range of surface passivation materials/
stacks in-house

« Field-leading characterisation capabilities

» The first to develop a method for extracting the quantity of charge in
dielectrics on doped silicon surfaces

Impact
As the surfaces of a silicon solar cell typically contribute the highest efficiency
loss, this optimisation improves their long-term performance.

Successful outcomes

» One of the main pioneers in the development of aluminium oxide which is
now the de facto standard used in PERC solar cells

» Worked with various non-disclosed equipment suppliers and solar
cell manufacturers to optimise surface passivation using their
unique technologies

» Developed an intrinsically safer process for the deposition of aluminium
oxide surface passivation films

» Currently unravelling the surface passivation fundamentals of complex three-
dimensional structures such as those used for black silicon

Capabilities and facilities

» Access to and experience in state-of-the-art device simulation tools

* In-house laboratory and pilot-scale thin film fabrication capabilities for a wide
range of surface passivation films

Our partners
» Leadmicro, a leading equipment manufacturer from China
» A number of non-disclosed solar cell manufacturers
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Carrier Selective Contacts for
Silicon Solar Cells

Mare information

Associate Professor Bram Hoex
School of Photovoltaic and Renewable Energy Engineering

T: +61 (0) 2 9385 7934 | E: b.hoex@unsw.edu.au

Investigating a wide range of passivating contacts, which
selectively extract the holes and electrons and reduce surface
recombination in industrial silicon solar cells, to mitigate
recombination losses at the contacts and improve efficiency.

Competitive advantage

» The only laboratory in Australia that has an atomic layer deposition reactor
with real-time feedback on the synthesised material, offering unprecedented
advantages in terms of process optimisation and device integration

» Cutting-edge device optimisation informed by a high-level understanding of
device fundamentals

» Real-time insight and control of thin film growth and its correlation to final
device performance

« Ability to perform atomic-scale engineering using atomic layer deposition

» Using an advanced, computational material science approach to identify the
most promising materials before synthesising them

Impact

A process to lower the contact resistance of screen-printed contacts was
successfully transferred to high-volume manufacturing in less than 2 years
after first demonstration at the laboratory scale.

Successful applications

» Demonstrated that the contact resistance of screen-printed contacts could
be lowered by the application of nanoscale aluminium oxide films

» Showed that the electronic properties of nanoscale nickel oxide could be
changed by doping

» Developed a low-cost method for growing tunnelling oxides for poly-silicon
contacts which can easily be integrated in PECVD and PVD equipment

Capabilities and facilities

» Both laboratory-scale and pilot-scale atomic layer deposition reactors to
explore novel process from low- to high-technology readiness level

+ Access to both lab-scale as well a pilot-scale thin film deposition equipment
for swift transfer from the laboratory to the factory

Our partners
» Leadmicro, a leading equipment manufacturer from China
» A number of non-disclosed solar cell manufacturers
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Simulations of
Thermomechanical Stress in
Silicon Photovoltaic Modules

Mare information

Associate Professor Alison Lennon and Dr Pei-Chieh Hsiao
School of Photovoltaic and Renewable Energy Engineering

T: +61 (0) 2 9385 7942 | E: a.lennon@unsw.edu.au

The use of simulations to predict how wafer firing, cell
interconnection and module lamination processes affect the
induced stress in silicon wafers that can cause cracks, which limit
production yield and module durability.

Competitive advantage

 Expertise in finite element modelling of thermomechanical stress in mixed
material systems

» Pending patents for methods of reducing the induced thermomechanical
stress in silicon wafers through use of interconnection geometry

« Ability to identify regions of high stress induced by different interconnection
methods for wafers of varying thickness

Impact

Can be combined with optical simulations of electricity yield to identify
module configuration that maximises optical and electrical performance whilst
ensuring improved durability.

Successful outcomes

« |dentified patterns of thermomechanical stress in silicon photovoltaic
modules interconnected with soldered ribbons and wires

+ |dentified impact of interconnection geometry on stress evolution

Capabilities and facilities
« Silicon photovoltaic module fabrication and testing facilities

Our partners

* LONGi Solar

+ Sizhuo PVTech Hebei
* 3M

» DSM

* ECN (part of TNO)
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Plated Metallisation for
Photovoltaic Devices

Mare information

Associate Professor Alison Lennon
School of Photovoltaic and Renewable Energy Engineering

T: +61 (0) 2 9385 7942 | E: a.lennon@unsw.edu.au
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Copper plated electrical contacts to solar cells can provide the
advantages of high conductivity and low cost, however copper
plating processes can present challenges in terms of equipment
availability, process control, durability and waste management.

Competitive advantage

» Extensive experience in copper plating processes including light-induced
plating and forward-bias plating of industrial silicon solar cells

» World-class facilities for adhesion testing of solar cells and durability testing
of modules

Impact
» Demonstrated copper plated p-type PERC cells with strong finger adhesion
» Several patented patterning methods for contact region definition

Successful applications

+ Nickel/copper/silver plating of ps-laser ablated p-type PERC solar cells
+ Nickel/copper/silver plating of n-type PERT solar cells

» Copper plated bifacial silicon heterojunction cells

Capabilities and facilities
Nickel/copper/silver plating processes and equipment for p-type and n-type
Si solar cells

Contact formation using 266 nm ps laser ablation
Light-induced and forward-biased plating processes for silicon solar cells
Immersion plating processes for seed and capping layers

Sputtered amorphous seed layers for plated contacts

Grid designs for copper plated solar cells

Finger and busbar adhesion measurements

Patterning and copper plating processes and equipment for silicon
heterojunction cells

Copper plating and equipment for GaAs solar cells

Environmental testing of copper-plated Si photovoltaic modules

Analysis and detection of copper diffusion in silicon
Cross-sectional analysis of modules using plasma FIB to determine physics
of failure mechanisms arising from environmental testing of modules

Our partners
« Suntech Power
« Trina Solar
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Optimisation of Photovoltaic
Modules for Electricity Yield

Mare information

Associate Professor Alison Lennon and Dr Yang Li
School of Photovoltaic and Renewable Energy Engineering

T: +61 (0) 2 9385 7942 | E: a.lennon@unsw.edu.au

Using simulations to identify interconnection and light structuring
approaches that maximise electricity yield, which is a more useful
determinant of the levelised cost of electricity for a location than
standard test conditions.

Competitive advantage

» Expertise and software in optical simulation that allows for efficient matrix-
based computation of electricity yield at particular locations

» Up-to-date knowledge of state-of-the-art interconnection designs for silicon
photovoltaic modules

Impact
» Reduced LCOE by optimisation of photovoltaic modules for increased
electricity yield

Successful outcomes

Predictions of both power and electricity yield gains for modules
interconnected with wires and ribbons with light redirecting films

New interconnector geometries that can enhance the optical performance of
photovoltaic modules

Collaborations with leading photovoltaic module manufacturers and
producers of interconnection ribbons and light re-directing films
Demonstrated results identifying optical benefits of different interconnection
methods (e.g. Smartwire, MultiBB, ribbons with light redirecting films)

Capabilities and facilities

+ Optical modelling software and expertise

« Facilities for fabricating and testing modules under STC and
angular illumination

Our partners

» LONG:i Solar

« Sizhuo PVTech Hebei
+ 3M

+ DSM

» ECN (part of TNO)
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Submodule PV Optimisers
for Enhanced Yield

N

\

Mare information

Professor John Fletcher
School of Electrical Engineering and Telecommunications

T: +61 (0) 2 9385 6007 | E: john.fletcher@unsw.edu.au

Developing power electronic-based optimiser circuits that
maximise the energy output, in real time, from photovoltaic
panels that have become shaded, hot or are deteriorating.

Doing so attacks the costs and benefits of PV systems from two
significant directions, improves the yield and enhances the return
on investment.

Competitive advantage

» Use of state-of-the-art high power-density circuitry in the design of lower
cost optimiser circuits

» Demonstrated ability to improve the yield of new and existing installations by
up to 30%

Impact

« Improving the energy yield from sub-optimally located and positioned
PV panels

» Lowering the costs by focusing on sub-module and individual tiles

» Reducing the power rating of the optimiser power electronics

Successful outcomes
« Differential power processor prototype has been verified by PV simulators

Capabilities and facilities

» High-quality test and measurement systems for assessment and verification
of circuitry

» Environmental chamber testing for accelerated life assessment

» Advanced power electronics converter testing platform

» Hardware-in-the-loop simulation platform

* PV simulators

Our partners
* Hi-Vis Group
* Hyperion
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Using a range of different molecules to manipulate light

for more efficient energy applications. Laboratories specialising
in the characterisation and application of several molecular
technologies. Leading expertise in spectral manipulation and
exciton management using photochemical upconversion and
singlet fission, and concentrating light using

molecular luminescence.

Molecular light management
for energy

Competitive advantage

» Decade of experience and world leaders in photochemical upconversion

* Only laboratory using photochemical upconversion to convert light from
below the silicon bandgap

+ Can analyse energy flow across full spectrum, on all time-scales

» Access to unique singlet fission materials

Impact

» Upconversion and singlet fission can boost single threshold solar cells
above 40% efficiency

» Luminescence solar concentration improves the performance of silicon solar
cells in low light

Successful applications

« Seminal demonstrations of photochemical upconversion applied to
solar energy

« Discovery of the molecular spin-quintet in singlet fission

« Luminescence solar concentration used to enable low-light
photovoltaic applications

Capabilities and facilities
« Full range of optical and electrical characterisations facilities: ultrafast

optical, THz and Raman, time-resolved electron spin resonance
» Material synthesis and fabrication of oxygen-sensitive devices

Mare information
Professor Timothy Schmidt and Professor Dane McCamey

ARC Centre of Excellence in Exciton Science, Schools of
Chemistry and Physics

Our partners
» HiVis Pty Ltd — A manufacturer of road safety signs
» Through ACEx — CSIRO, RBA and DSTG

T: +61 (0) 439 386 109 | E: timothy.schmidt@unsw.edu.au
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Grain Boundary Engineering of
Solar Cells

Mare information

Professor Jan Seidel
School of Materials Science and Engineering

T: +61 (0) 2 9385 4442 | E: jan.seidel@unsw.edu.au

Using various forms of advanced scanning probe microscopy
to characterise the properties of grain boundaries, and other
material interfaces, with nanometre lateral resolution under
light illumination.

Competitive advantage

 Exclusive scanning probe microscopy platform, developed inhouse and not
available commercially

» Material properties can be assessed with nanometre resolution

« Ability to test 6-inch wafers

Impact
Creating a better understanding of the properties of materials at nanoscale.

Successful outcomes

+ Technology has been applied to improve grain boundary properties in
various halide perovskites, silicon, CZTS, and kesterites, among other solar
cell materials

Capabilities and facilities

» Unique in-house developed characterisation platform for nanoscale
PV properties

» Measurement of nanoscale electronic band bending at interfaces, surface
photovoltage, photocurrents, surface potential, changes upon chemical
treatment, quantum efficiency of grain boundaries and other interfaces in
solar cells and photovoltaic devices

Our partners
» Lawrence Berkeley National Laboratory
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Nanoscale Functional Imaging
of Energy Materials

Mare information

Dr Jae Sung Yun
School of Photovoltaic and Renewable Energy Engineering

T: +61 (0) 0402701488 | E: j.yun@unsw.edu.au

Professor Jan Seidel
School of Materials Science and Engineering

T: +61 (0) 2 9385 4442 | E: jan.seidel@unsw.edu.au

Understanding the nanoscale properties of energy materials is
critical in optimising their performance. Nanoscale functional
imaging, using the atomic force microscope to measure local
electrical and structural behaviour to gain deeper insight, is
superbly suited for this purpose.

Competitive advantage

» World-class functional scanning probe microscope technique that has an
advantage over other bulk characterisation techniques in providing spatial
resolution to nanoscale breadths

+ The ability to measure the structure as well as the functional data, which
better brings out the correlation between the structure and characteristics

» Unigue scanning probe microscopy setup that is not available anywhere
else in the world

Impact
Improving the fundamental scientific understanding of nanoscale properties
and contributing to device performance improvement.

Successful applications

+ Spatially resolved measurements of surface photovoltage and photocurrent
in nanoscale

» 2D and 3D structured halide perovskite materials

» Revealing properties of nanoscale defects in semiconductors including
CZTS, GaAs, and Si

* Investigate nanoscale properties of semiconductors for indoor solar cells

Capabilities and facilities
» The scanning probe microscopy setup comprises all the necessary
functions for in-depth study such as:
- Tuneable wavelength laser source (400-8500nm)
- Environmental control (vacuum, O2, N2), heating, cooling stage
(-120°C to 300°C)
- High sensitive current sensor (1 pA to 10pA).

Our partners
» Daeyon C&l (Korea, indoor solar cell development)
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Electro-Optical Modelling of
Photovoltaic Devices

Mare information

Associate Professor Nicholas Ekins-Daukes
School of Photovoltaic and Renewable Energy Engineering

T: +61 (0) 2 9385 7283 | E: nekins@unsw.edu.au

Developing and releasing open-source codes specifically designed
to model the electronic and optical response of inorganic solar
cells, notably IlI-V solar cells and silicon tandem solar cells, to a
high level of accuracy using computer simulations.

Competitive advantage

* |deally suited for IlI-V thin-film solar cells and silicon tandem architectures

» Code is scriptable and scalable, allowing applications from CAD for
individual solar cells through to estimating energy yield from PV systems

* Integrated optical constant and semiconductor parameter database

» Python has been used as the base programming language making the code
multi-platform

« All codes are open source, allowing collaborators to run the simulation freely

Impact
« Software released publicly on a dedicated website
» Sourcecode available on the GitHub repository

- SolCore PV device model

- RayFlare PV optics model

Successful outcomes

» A 28.3% single junction concentrator solar cell was designed using the
SolCore code in conjunction with a spin-out company, Quantasol

» The energy yield from a commercial triple-junction solar concentrator system
was calculated using SolCore code and used to identify atmospheric effects
on the seasonal electricity output

» The absorption in two types of silicon solar cell (Al-BSF and Heterojucntion)
was calculated from the UV to mid-IR, enabling sub-gap losses to be
determined and the thermal emissivity

» The absorption in each layer of a perovskite/silicon tandem cell was
calculated using RayFlare

Capabilities and facilities

» The code runs on standard desktop PCs using the Python3 language

» The code is under active development as an open-source project with
international partners and users

Our partners

« Imperial College London » US Airforce

« IQE PLC » US Naval Research Laboratories
» Naked Energy Ltd
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\ Advanced inspection systems and characterisation methods have
. . : been developed that cover the entire photovoltaic chain of wafers,
v AdvanCEd Char acterisation Of b cell and modules. These unique techniques are then used to

investigate defects and degradation mechanisms at any level of a

- Wafers, Cells and Modules 3 photovoltaic syster.

LN i Competitive advantage
. » World-best lifetime tester for silicon wafers developed
» Developed machine learning applications for photovoltaics that include
identification of defects and degradation mechanisms based on lifetime
measurements or luminescence images
* The first and only contactless outdoor luminescence imaging system for
photovoltaic modules in the field

Impact

Helping to meet the ICCP report target of 8-10 TW peak power of installed
photovoltaic by 2030, through developing novel methods to quantify and
identify the nature of defects in silicon wafers and developing methods for
early detection of degradation mechanisms across the entire photovoltaic
chain. These developments will lead to lower production costs, higher
efficiency cells and more reliable systems.

Successful outcomes

Determination of the parameters of the defect responsible for LeTID in
mc-Si wafers

Determination of defect parameters in n-type float-zone wafers
Development of photoluminescence imaging systems with spatially
inhomogeneous illumination and at uniform excess carrier concentration
Imaging of installed modules in solar field and on solar cars

Machine learning applications for photovoltaics

Capabilities and facilities

+ Lifetime measurements at a wide temperature range (80 — 680 K)

+ Lifetime measurements of metallised samples

» Current-voltage measurements at a wide temperature range (80 — 680 K)

+ Optical and spectral measurements at a wide temperature range (80 — 680 K)
» Photoluminescence measurements at uniform excess carrier concentration

» Contactless outdoor photoluminescence imaging

Mare information Our partners
Dr Ziv H - « Sinton Instruments
r Ziv Hameiri :
) ) . « BT Imaging
School of Photovoltaic and Renewable Energy Engineering - Meyer Burger
) - » SunRise
T: +61 (0) 2 9385 9475 | E: zivhameiri@unsw.edu.au « Jinko Solar

36 » Shamash Australia
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Advanced Defect Engineering
for Ultra-High Efficiency
Solar Cells

Mare information

Dr Fiacre Rougieux
School of Photovoltaic and Renewable Energy Engineering

T: +61 (0) 437 115 868 | E: fiacre.rougieux@unsw.edu.au

Unravelling the defects grown during the processing of
state-of-the-art silicon solar cells to ensure high quality and
high efficiency.

Competitive advantage

» World-leaders in unravelling the physics of defects in high-efficiency devices

» Successfully developed a wide range of processes to remove defects in
solar cells and improve their efficiency

» Processes that are tailored to the specific needs of the industry, and the
wafers and ingots they use

Impact
Improving the efficiency of silicon solar cells by identifying defects and
developing processes to reduce them.

Successful applications
» Ring defect removals

* Metals gettering

» Defect hydrogenation

+ Defect dissolution

Capabilities and facilities

» Tabula rasa, oxygen precipitates dissolution
+ Defect thermal deactivation

» Advanced intrinsic and extrinsic gettering

» Vacancy-defect dissociation

» Hydrogenation processes

Our partners
« Industry leaders in monocrystalline silicon solar cell fabrication
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Stability Testing for Silicon
Solar Cells

Mare information

Dr Brett Hallam
Advanced Hydrogenation Group

T: +61 (0) 2 9385 0166 | E: brett.hallam@unsw.edu.au

Testing the stability of silicon solar cells, including accelerated
degradation testing of susceptibility to light-induced degradation
and the recently identified light- and elevated
temperature-induced degradation mechanisms.

Competitive advantage

» Accelerated degradation capabilities to obtain susceptibility to
light-induced degradation

» Expertise in the development of R&D tools for accelerated stability testing of
silicon solar cells

» Experience in developing processes to mitigate light-induced degradation in
silicon solar cells

Successful applications

» Rapid testing of light-induced degradation susceptibility in silicon solar cells

« Commercialisation of advanced hydrogenation processes for eliminating
light-induced degradation and light- and elevated temperature-induced
degradation in silicon solar cells

Capabilities and facilities

+ Tools for accelerated stability testing of laboratory size and industrial silicon
solar cells with high-intensity illumination

+ Tools for conventional stability testing of silicon solar cells

« Suitable for cell sizes up to industrial silicon solar cell dimensions

Our partners

* LONGI + Nanjing Sunport
+ Suntech * Tianwei

+ Canadian Solar + Jinko

» SAS Sunrise » Meyer Burger

* LG Electronics + Schmid

» China Sunergy » DR Laser

» CEC Energy * Asia Neo Tech

* Phono Solar » Ke Long Wei

« Tongwei
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Distributed Energy Resources
and their Integration into
Electricity Industries

v l,f
-
Fi

Mare information

Centre for Energy & Environmental Markets

Associate Professor lain MacGill
T: +61 (0) 2 9385 4920 | E: i.macgill@unsw.edu.au

Dr Anna Bruce
T: +61 (0) 2 9385 5155 | E: a.bruce@unsw.edu.au

Dr Rob Passey
T: +61 (0) 2 6688 4384 | E: rpassey@unsw.edu.au

Dr Declan Kuch
T: +61 (0) 2 9385 1000 | E: d.kuch@unsw.edu.au

High penetrations of Distributed Energy Resources (DERs) can
have a range of impacts. Successful integration of DER will be
critical to managing system cost and reliability. This involves
managing a range of technical and financial impacts, which in
turns involves public participation, regulatory development and
appropriate business models.

Competitive advantage

Leading research group on restructured electricity industries, encompassing
Engineering, Business, Social Sciences and Law. Expertise in assessing and
managing the technical impacts of DER, and in market design, regulations and
policy development..

Impact
Increase the understanding of the role of DERs and improve their integration into
electricity industries and market

Successful applications

Detailed assessments of the real-world voltage and frequency impacts of DER
Analysis of impacts and value of distributed PV, storage and demand response
on networks and power systems, over a range of timeframes

Integration between electricity market and distributed energy modelling
Temporal and spatial characterisation of distributed PV and demand

response profiles

Open source tools including tariff design, distributed energy sharing and
aggregation models

Rooftop solar potential spatial analysis

Analysis of public participation in governing electricity data

Interdisciplinary frameworks for policy, market and regulatory assessment

and design

Assessment of the potential and value of DERSs for integration of variable
renewable energy

» Submissions to regulatory and market rule change processes

Capabilities and facilities

» Expertise in market and DER modelling, data science and developing open
source tools

+ Access to high performance computing facilities on campus, and at the National
Computational Infrastructure

Our partners

Extensive links with key electricity sector stakeholders including all levels of
Government; NEM institutions; network businesses; industry associations; NGOs;
consultants; energy developers; DER businesses and startups.
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Commercial Assessment of
the Cost, Performance and
Marketability of PV Technologies

XX
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Mare information

Dr Nathan Chang
School of Photovoltaic and Renewable Energy Engineering

E: n.chang@unsw.edu.au

Industry and academic experience in commercial assessment of
photovoltaic technologies from a combined cost, performance and
market perspective.

Competitive advantage

Cost and uncertainty model that can be applied to a wide range of low- to
medium-technology readiness level (TRL) technologies, unlike conventional
approaches that are most applicable to high TRL technologies

Iterative analysis method that identifies and then focuses on the key
uncertainties and allows assessment to be completed with a minimum of
time and effort

Methodology has been developed so that it can be used by researchers
without access to highly detailed cost input data

Impact

» Results can be used by researchers to engage positively with industry

» Analysis can be used to guide research directions into the most promising
avenues for future commercialisation

» Analysis outcomes can be used to set technical and cost-related
research targets

Successful applications

« Analysis of low TRL perovskite photovoltaics — single junction cells on glass
and flexible substrates as well as in tandem structures with silicon

» Using analysis to identify the cost and performance drivers of more mature
photovoltaic c-Si technologies — laser doped selective emitter, advanced
hydrogenation, silicon heterojunction cell on p-type wafers

» Technoeconomic analysis of PV module recycling methods and their outlook

Capabilities and facilities

« Validated techno-economic analysis methodology with track-record of
application to PV technologies

« Established online database tools to enable wide collaboration with
Australian and international institutes

Our partners
» National Renewable Energy Labs (NREL), USA
+ CSIRO
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Geothermal Energy

Mare information

Professor Klaus Regenauer-Lieb
Minerals and Energy Resources Engineering

T: +61 (0) 2 9385 8005 | E: klaus@unsw.edu.au

Geothermal energy can provide the cheapest, cleanest and most
abundant source of baseload power. Innovative solutions for
cascaded heat use and direct heat applications are scalable and
can provide clean power for industrial and domestic applications.

Competitive advantage

International expertise in geothermal energy

Experience in coordinating geothermal initiatives in Germany, New Zealand
and Australia

Providing innovative solutions for cascaded heat use and direct heat
applications

Enhanced geothermal stimulation strategies for high temperatures

Novel drilling technologies for hard basement rocks

Patented technology in desalination, advanced geothermal cooling
technology and low temperature geothermal refrigeration

Impact
» Cheap and abundant baseload power

Successful outcomes

» Implementation of novel groundwater heat rejection concept for cooling
a supercomputer

* Innovative geothermal solutions for developing countries

+ Lithium co-production from geothermal brines

Capabilities and facilities

» Advanced rock characterisation laboratory

» High temperature/high pressure triaxial geomechanics testing facilities
» Thermal infrared laboratory

Our partners
» Green Rock Energy Limited
* Geodynamics Limited
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Membrane Distillation
and Concentrating Solar
Thermal Systems

Mare information

Associate Professor Robert A Taylor
School of Mechanical and Manufacturing Engineering /
School of Photovoltaic and Renewable Energy Engineering

T: +61 (0) 2 9385 5400 | E: robert.taylor@unsw.edu.au

Developing new materials and design tools to overcome the
technical challenges that have previously limited membrane
distillation technology, to open up an innovative method for the
co-production of water and electricity which can handle transient
solar and water quality inputs.

Competitive advantage

» Wide-ranging expertise in areas from membrane materials development to
CST plant optimisation

* Innovators in the design of modules and materials such as hydrophobic
coatings and 3D printed parts, and skilled at determining how best to
incorporate them into solar thermal systems

Impact

Remote locations in Australia and the Middle East and North Africa are
blessed with abundant solar resources and increasing levels of development
but burdened by access to reliable drinking water and electricity generation
facilities. Enabling the co-production of water and electricity will open up
significant possibilities for these areas.

Successful applications

« Production of prototype membrane distillation modules which can utilise the
exhaust from thermal power plants

« A techno-economic analysis of the potential for this technology has
been conducted

« 4 research outputs have been published

Capabilities and facilities
The facilities to produce and test new modules and materials at laboratory and
pilot scale.

Our partners
« Vast Solar
« Origin Water
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Making Waves
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Mare information

Professor lan Turner
Water Research Laboratory
School of Civil and Environmental Engineering

T: +61 (0) 2 8071 9800 | E: ian.turner@unsw.edu.au

The Water Research Laboratory (WRL) is a world-leading
fundamental and applied research organisation that tackles
some of the world’s most challenging water engineering
problems. It offers laboratory facilities to test waves and
currents in 2D and 3D, at scales appropriate for coastal
engineering, device and array testing.

Competitive advantage

» The largest and most comprehensive hydraulic laboratories in Australia,
including 2D and 3D wave-making facilities, and high flow-rate flumes
Among the best coastal physical modelling facilities in the

southern hemisphere

Over 60 years’ experience conducting marine energy field-measurement
campaigns across the world

State-of-the-art facilities, equipment and some of the world’s most creative
problem solvers in this area of research

Being NATA certified for Quality Assurance guarantees that commercial
activities are executed with strict regard to quality, time, budget, and delivered
in accordance with authorised contractual agreements

Impact

The ability to physically model and test marine devices allows design
optimisation and extreme load measurement to ensure the safety and efficiency
of foundations and subsea cables.

Capabilities and resources

« Large 3D Wave Basin with segmented wave-making capability, 2 deep wave
flumes (with combined wave/current capability), open channel flumes

+ Extensive suite of laboratory sensors including wave probes, current meters,
LIDAR, 3D FARO, submersible load cells and pressure sensors

+ Large range of offshore and marine field measurement equipment
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Mare information

Professor lan Turner
Water Research Laboratory
School of Civil and Environmental Engineering

T: +61 (0) 2 8071 9800 | E: ian.turner@unsw.edu.au

The Water Research Laboratory (WRL) provides specialist
services to dam engineering at its laboratory facilities in Manly
Vale, Sydney. It provides both fundamental research of flow
dynamics on spillways, and commercial large-scale physical
modelling of hydraulic structures.

Competitive advantage

+ Largest and most comprehensive hydraulic laboratories in Australia with over
5,000m? of floor space, as well as high flow-rate flumes

» Extensive experience in conducting performance assessment of hydraulic
structures such as dam outlet works, spillways and hydro power stations

Impact
Provide