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New technologies
that are

* Our changing world

 Action needed

changing/developing
rapldly that We need *  This involves start-ups and SMEs
to be aware of

* Way forward

And do we need to change to
make the most of this?

Dr Cathy Foley| 30 September 2019




The world is changing and
there are lots of challenges






But our world has been
changing really fast since 1900
and accelerating
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ELECTRICITY GENERATION IN AUSTRALIA'S
MATIONAL ELECTRICITY MARKET

12% Natural gas

8% Hydmpn-wer

4% Wind

2% Rooftop Solar

73% Coal 1% Bicenergy



Australia’s Industry Mix
Shares of GDP, in F2014 price terms Year to March 2016/
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Major challenges for Australia
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@ Australia’s Greatest Challenges

Sustainable
Energy and
Resources

Resilient and
Valuable
Environments

A Secure
Australia and
Region

Food Security
and Quality

Health and
Wellbeing



CSIRO
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The volume of information
available is incomprehensible

i.e., not comprehensible




#1 Future science will be
disrupted by digital



Digital Capability + Domain Science=Data as the “new oi

|II

Integration of
massive diverse
data sets—new
breakthroughs

Sensors &
automation-
feed realtime

decisions
and actions

Dataset Risk of data  Digital ecosystem
accesscritical concentration in co-operatives
& contested private emerge

monopolies
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Australia’s $315B Opportunity

Source of economic valuefrom digital Australia’s share of advanced
industries economy average
Digital technological
o progress improves Australia relatively

productivity successful
Existing [ R A
industries

Increased investment
in digital capital lifts
output

SOURCE: Alpha Beta
Digital Innovation
Report

Growth of domestic
digital industries

Digital

industries .

Growth of digital
exports as digital Australia
industries capture relatively

new markets
unsuccessful




#2 Breakthrough science and
technology is emerging



Exponential growth and convergence of General Purpose Tech
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% Advanced Materials and Processes
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@ SYNTHETIC BIOLOGY
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% Biolndustry: Design-Build-Deploy

* Intersection of biotechnology, information
technology, manufacturing and automation

* D-B-T engineering

* Modular, plug-and-play DNA parts, truly
predictable behaviour

* High-throughput design and construction
* Open frameworks for data and parts sharing

* Disruptive - will drive innovation in many
disciplines

* Al will speed this cycle

* Bioelectronic hybrids will provide ultimate = oBT YA DBD Y
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% Al increasingly underpinning everything
DARPA S&T PRIORITIES — SEP 2018
‘Al is my #1 priority’

1. Artificial Intelligence DARPA Director, Steven Walker, Sep 2018

2. Cyber deter, resilience, attribution,
offensive capabilities

3. Biothreats sense and mitigate

4. Weapons of Mass Terror in Cities
chemical, biological, radiological or
nuclear warfare

5. Hypersonics offensive & counter

6.Space new architectures/paradigms eg
mesh satellite comms

7. EM Spectrum control Al, collaboration Al can enable all of this
machine enabled to move at a faster pace

8. Robotics SubT Challenge

9. Social modelling societies, behaviour

10.Fundamental technologies electronics
& leapfrog




So what does the future hold for science
research?

How will new tools such as big data,
automation, artificial intelligence and

machine learning impact the everyday
scientist?
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Future labs, field work and infrastructure



New ecosystems in S&T

Challenges ™~
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Technology Programs

Share.conm New capatiy
mawarct, N toganss
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Research Programs

D61+ Network

Open Science
data sharing and
co-operation

Publications and
Peer Review

Open innovation
co-creation & challenge
models

Open access

Open source / open data
Arxiv

Crowdsourcing reviewing

DEIP
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How tokenization drives the new
economy for science
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Tokenisation
driving new economy
in science

Repeatability / Statistical Significance

Integrity

https://medium.com/deip/how-tokenization-drives-the-new-economy-for-science-2ac21f62df1b




New Capability to assist:
Artificial Intelligence / Machine Learning

responsible
research
Robustness
and causality




@ Future Science

* More data driven science — more data streams and the
ability to learn directly from data without process
conceptualization.

 Scientists will be augmented — better interfaces (eg
speech, gesture, cyberphysical) and intelligence (learning
to work with humans). How do we collaborate and
communicate with machines?

* More complex tasks will be automated using new
techniques such as reinforcement learning — computers
learning from computers.

* Explosion in tools to understand and exploit data types
such as image/video, speech and text.

* Science publications will use formats understandable by
computers so that complex reasoning can occur
automatically.
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Multi-scale quantum and
classical molecular simulations

Quantum chemical
techniques Continuum

calculations

Explore local

chemistries Accelerated
sampling
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. & QM/QM  DFT/MM Classical molecular

Quantum
Correlated Chemical simulation techniques

quantum  DFT models

chemistry !



“ ‘l;. -
i

"‘55-;-: : 4';,

S
™zl b




s it, sed didm tincidunt ut lsoreet
ariiad mini tation ullamcorper
Duis autem vel eum iriure dofor in hendrernt in
i ilsis at vero eros et sto

ulpu i quat,
odiadignissim qui biandt praesent luptatum zz7i d feugalt nuba facilis

sita od tincidunt ut lsoreet
L\ dolore magna aliquam erat voutpt, Ut wisi eim ad miim v ullameorper
it




#3

Where does Australia fit
in with solving these
interconnected
challenges?
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Our place in the global science sector

Coago
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AUSTRALIA'S INNOVATION CREDENTIALS

(e]@®]e) RANKED 1ST CSIRO RANKS IN THE
TOP 1%
FOR TECHNOLOGICAL
BEADINESS! OF THE WORLD’S
SCIENTIFIC INSTITUTIONS
IN 14 OF 22 RESEARCH FIELDS*
~, : O
3RD HIGHEST - — ALMOST 49%
NUMBER OF UNIVERSITIES OF AUSTRALIAN FIRMS ARE
I I IN THE WORLD’S TOP 1002 INNOVATION-ACTIVES®
AN By T .
o—’lllJ_o RANKED 5TH e OF AUSTRALIA'S WORKFORCE
EOR GLOBAL HAS A TERTIARY QUALIFICATIONS®
/ ENTREPRENEURSHIP?

Sources: 1. Eco ist Intelli Unit, 2018 Technological Readiness Ranking, forecast for 2018-2022; 2. Shanghai Ranking Consultancy, Academic Ranking of World
Universities 2018; 3. Global Entrepreneurship and Development Institute, Global Entrepreneurship Index 2018, 29 November 2017; 4. CSIRO Annual Report 2017-18;

5. Department of Innovation, Industry and Science, Australian Innovation System Report, November 2017; 6. Australian Bureau of Statistics, Cat. No. 62270DO001_201805
Education and Work, Australia, May 2018 Table 10 (released 8 November 2018)
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But our collaboration
and translation sucks

Bottom of OECD



Can we reorganise
ourselves to do better?



% Our place in the complex innovation system

Ecosystem

* CSIRO’s applied research investment and commercialisation capability is an area of relative
strength, although universities have been growing their focus in this area

2012 8% 26%

UNIVERSITIES

CSIRO

Sources: ABS Data 2016, CSIRO Annual Report; National Survey of Research Commercialisation

COMMERCIALISATION

PARAMETERS

AUS.
UNP'S
(EXCL.

Avgrevenue yielded $9M
from active LOA

Avgresearch $6.3M
commercialization

equity holdings

Average no. of 12
dedicated
commerecialization

staff (FTE)

GO8)

$0.4M $37.5M

$1.6M $13.5M
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Ecosystem Model vs Institutional

* ‘Valley of death’ services: incubation, prototyping, development,
commercialisation, funding

* Continual innovation platforms: open innovation, connecting
needs to ideas and solutions

* Talent platform: expert connect, accelerated learning, frictionless
mobility (students, industry, govts, research)

* Research platform: assured, open, cooperative network -
tokenisation of research, open science, citizen science

» Data platform: connecting research system to exponential dataand
applicationsto derive value from it

 Secure, high performance computing infrastructure
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ECOSYSTEM MODEL vs Institutional

e Connects the system

* Provides virtual scale

e Lifts productivity

* Enables Data and High Power Computing Access

Accelerates innovation
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Science and impact of teams

Science and Engineering Social Sciences Arts and Humanities
6 6 6
A B C
§ 5 5 5
Citations

§ ¢ above l,’ ¢ ‘
2 3 average /,” 3 3

2 s 2 2

| “ Teamsize : : ../,_,w

1900 1950 2000 1500 2010
Fig ury

™ Disruption comes from small teams =

~ Impact comes from big teams

and (C) arts and humanities.
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Small Projects to large critical mass sized missions to
address these challenges from big to small

Build world’s
best teams

Attract talent

Scale and focus

Inspire the
nation

Provide
confidence to
student choosing
careers

Start-ups SMEs
and Multinational
toinvest herein

Australia

Focus on what is
needed

Linking the sector for
greaterimpact

Address
challenges



Example: “Collaboration R us”

LARGEST

Pren relevs Customers SMEs with 50+ international

Strategic Priorities (20% of ASX 200) bl:;;(zi:;cgf;?ei:ts ggf::;iftr.:,;:

from offshore
sources

ST AUSTRALIAN

; MASSIVE
GOV'TS IMPACT




#4 To deliver on any vision:

Success of addressing
big challenges needs a

supply chain of small
businesses



Helping start-ups and SMEs via Collaboration Hubs

. Headcount Lab and office Maker space
Companies (186 incl space occupied .

users
departures)

Start-up In the boarding Pipeline of NSW Industry

closures inquiries 4yr support

= Baraja




Ability to scale up

@




POWERED BY

©

CSIRO  CAREERS ~ LOCATIONS  KEYDATES ~ CONTACT

ONteams~v Programsv  Applyv PostON~  TheFinePrintv  Expertsv News~ Q

ON: accelerating innovation 833+

ON is Australia's national science and technology accelerator, powered by CSIRO.
We unlock the innovation that will fast track change.
If you're working on a big idea and need help taking it to the next level, we can help.

Learn more about us

(Programs) (The Fine Print - how to join us>




@ Sustainability

* Move to zero carbon products

* Provenance

e Circular economy

* Design for recycling

* Sustainable feedstocks

 Sovereignty especially for defence

* Duel use export

* Potential disrupted exporting

* Platform capability that has duel use



Success needs:

Technology that is needed
Business model that works
Easy/seamless to adopt
Government regulation
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Dave McGrath
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Warwick Wilson dev elops
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over by Datacraft
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Continuing RA

work on Mills Cross
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Ron Aitchison,
Cyril Murray an
lan Docherty in Paul Jackson Chin Kwong
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on FS Graham Daniels

start company
moves as well

RHF Joins RP
with plan for
rebuilding RP

Dev elopment of
FST as basis for
EE PhD projects
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SUEED

Strategy
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circa 1960

Bernie Mills
joins SU Physics -
gets US

Collaboration with
Bernie Mills
commenced - RHF  RHF completes PhD
joins group - also
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run SP Prog

John O'Sullivan
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works with Hanbury  academic staff and RP to run
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Accelerating cycles
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__ A way forward

' World is changing
~ Major challenges ahead
How we do science is changing

. Adopt the opportunities of materials, synbio, quantum, ML/Al and data
~ Solutions will be inter and multi-disciplinary

Recognise that the way forward is messy
Every solution requires new industries/businesses to realise translation
N — this is where you come in
‘g. Work with government, academia, PFRAs, industry — locally and globally
A ng - TTTIGA LA / ..
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Thank you!



