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Australia’s Solar Energy Opportunity

SINGAPORE

» World’s highest solar Sun Cable’s Flagship Project
radiation (58 million PJ p.a. - ([IRETTNIEE N AMVOS R
10,000 times greater than our PowerLink (AAPowerLink)
total energy consumption

INDONESIA . ;
Sun Cable is developing the AAPowerLink — the world’s largest solar Solar array factory,
electricity supply

farm and battery storage facility in the Northern Territory, with a and battery in Darwin
5,000 km transmission system to supply Darwin and Singapore with
reliable and competitively priced renewable electricity.

> Abundant land for large-scale
The AAPowerLlink project has the potential to create thousands of
SO | a r a rrays jobs, creating opportunities for local businesses and suppliers, as

well as innovation and investment in Australia, Singapore and

Indonesia.

(Map route is indicative)

AUSTRALIA -ASIA

Powerlink

» Plentiful silicon in the form of
high-purity quartz to support
solar cell manufacture 3.2 4,200 17-20 Up to 15%

GW Of Dispatchable Kilometres of HYDC GWop of Solar Arrays Of Singapore's Electricity
Electricity Submarine Cable Supply

Learn more about AAPowerLink —> AUSTRALIA




Political will for rapid solar expansion

Australian Government . . . .. .
Promoting large-scale investment in solar electricity generation

Australian Trade and Investment Commission

» “Australia has been a world leader on solar PV research for decades. The same
universities that blazed the solar PV trail will step up again to help get utility-
scale technology off the ground and help transform Australia into a renewable
energy superpower.” (Minister for Climate Change and Energy Chris Bowen)

» “Australia already has the highest per capita deployment of rooftop solar in
the world, and there are several mega-projects in the solar development
pipeline.” (CSIRO Senior Principal Research Scientist Dr Chris Vernon)




Power-to-X (PtX) Concept

> Renewable electricity used to create transportable fuels (e.g. hydrogen; __Inlet,
methane; ammonia) using technologies that can be synchronised with | =
intermittent power HV

» Crucial for decarbonising hard-to-abate sectors such as long-haul transport #

» Electrolysis of water produces green hydrogen »

# o

» H2 combined with carbon-based feedstock (e.g. CO2) can produce a variety of § £
fuels or chemicals with higher energy volume density §§4

» Conversion process efficiency of electrolysis is currently limited ?g‘

» R&D to improve electrolysis cells as well as alternative processes is a priority to Plasma
enable a global deployment of this technology

» Plasma combined with catalysts is promising @ -
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Plasma from Solid Targets:

Centre-Triggered Pulsed Cathodic Arc & HiPIMS

« Ablation of solids into plasma by _Tﬁf,iﬁﬁﬂl_ S L
cathodic arc or HiPIMS }

* Deposits highly tuneable coatings — ) -fig
« High ion energies produce thrust with N
high specific impulse
 Sustainable propellants " u
» In-space refueling while removing . . i
debris / mission extension HEECT PN Anode R
Cathode Macroparticle filter

space systems —>
enhanced by

evolutionary Al — e — NEUMANN SPACE




Plasma from organic precursors:

Tailorable bio-instructive surfaces and interfaces

» Strategically located bio-signalling Drug testing Personalised

molecules without @ nedicine
animals

» Tailored stiffness

» Prepared and customised without complex \
chemistry / /

Ultimately patient
specific
replacement
tissues and
organs

N
N
\
\

Created with BioRender.com




PlI/PII&D processes

2D sample | T (1C)$
asma — Ar or N,
r/n plasma — Ar or N, (iC)\ ﬁ ® +
sample :
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mesh electrically HY _hl
penetration of 20 keV nitrogen ions is about 70-100 nm connected to holder




Effect of lon Fluence and Presence of Radicals Revealed
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The covalent immobilisation process

Protein molecules in solution
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Embedded radicals enable covalent biomolecule

Immobilisation

Contact with Biomolecule Solution Diagram by Stacey Hirsh

Hydrophilic surface and neighboring
waler molecules preserve protein confromation

Immobilized Protein /
\ " a3,
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Covalent bond
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Spontaneous Covalent Couphng
= THEAUSTRALIAN“
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* Bilek MMM, et al., PNAS, 108:14405-14410, (2011) for Health in association with

Plasma process
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Hydrophilic surface ensures that proteins remain functional

lon implanted
layers combine:

1) Retention &
stabilisation
of protein
conformation

2) Strong,
irreversible Hydrophilic Surface

attachment

¢ Retains protein conformation ¢ Protein denaturation
¢ Low attachment strength ¢ Strong attachment




Radical Induced Covalent Coupling

» Protein immobilisation on
physical contact

» No toxic chemicals or
solvents

» Rapid covalent attachment
» Binds all macromolecules

> No additional reagents
needed

» pH is a free parameter

Step 1: Protein physically Step 3: Protein becomes
adsorbs to the surface covalently bound

‘ to the surface
Step 2: Protein meets a

migrating free radical .

Surface activated with plasma treatment contains
embedded radicals that can diffuse to the surface

12



Plasma modified surfaces with immobilised
molecules mimic in-vivo environments for cells

No Collagen 20ug/ml Collagen

Human dermal
fibroblasts
spread surfaces
coated with
collagen (BSA
blocked)

Pl
treated

Collagen )O ym_ - = T8
amounts same | A YT W
on both — . ’”
surfaces as
measured by
ELISA

Untreated

*Bax DV, et al.,
Biomaterials 31
(2010) 2526-2534

Untreated




Hydrogel coating covalent attachment enabled by

surface-embedded radicals

Surface initiated hydrogel polymerization without:

* Initiators
Hydrogel

* Cross-linkers .

Polymer

O

Hydrogel-Solid Hybrid Material

* Walia et al, Adv. Funct. Mater. 2020, 2004599 14



Cells interact with adhesion molecules within hydrogels

(a) PIIPTFE (b) PIll PTFE +FN (coated) () PIll PTFE +PA
Hydrogel
immobilized with
adhesion
molecules

facilitates cell —_

growth just like (d) Pl PTFE +PA +FN (coated) (e) Pl PTFE +PA +FN (dispersed)

native ECM

* Walia, et al, Adv.
Funct. Mater. 2020,
2004599

* Bingyan Liu
« Jiayan Shao

Scale bar 200 pm




Simple plasma deposition processes yield

radical laden surface coatings and nanoparticles

» with organic
precursor

» with ion bombardment

§%

Gan et al, Cell Reports, 2018, 24,(11):2819-2826 Created with BioRender.com 1



Stable biomolecule patterns for localized

control of cell responses
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* Kosobrodova, et al, ACS Applied Materials & Interfaces, 2018 10 (1), 227-237 Scale bars are 10 ym.



Plasma synthesized, multifunctional nanoparticles

1 [ ] [l RFelectrode

N One-step functionalization
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Scale bars are 60 nm

Double Functionalization Triple Functionalization

Single Functionalization

C,H, in initial Increased
gas mix yield with C,H,
delayed

* Haidar L et al, ACS Applied Nano Materials, 2022 * Santos M et al, ACS Applied Nano Materials, 2018 '8



Plasma synthesised nanoparticles have tunable

size, surface charge and enter cells

(A} Multifunctional-nanoP3
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E - Molecular
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varies from
positive to
negative with pH
of the solution

with narrow distribution

0 200 400 600 8001000 0123456 7 8 9 1011
Size (nm) pH
Controllable mean size Zeta potential .

* Santos, et al, ACS Applied Nano Materials, 1 (2), 580-594 (2018) Scale bar is 20 um 19



Bio-instructive surfaces for biomedicine in

complex geometries

Porous 3D scaffolds 3D Bioprinting

Plasma Pen — Oliver Lotz
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Created with BioRender.com 2o

Credit: Anyu Zhang, Johnny Wong, Giselle Yeo & Behnam Akhavan



Surface activation of 3D porous structure - dialysis
cassette

Q N -

s

Hollow cylindrical electrode ‘ Covalently immobilized protein

Uniformity of
treatment
observed with
ATR-FTIR
microscopy

outlet ot

* ACS Appl. Mater. Interfaces 2020, 12, 32163-32174 21





