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Introduction 
CSIRO welcomes the opportunity to provide input to the House Standing Committee on Employment, 
Education and Training’s inquiry into Innovation and Creativity: Workforce for the New Economy. 

This submission provides responses by CSIRO to each of the six terms of reference.  The submission is based 
learnings from CSIRO’s long standing role in addressing the requirements of Australian governments, 
industry and communities in delivering innovative responses to national challenges and opportunities. 

As our responses to each of the terms of reference illustrate, CSIRO’s strategic direction is very much 
aligned to the intent of NISA many of our current and planned activities and initiatives contribute directly to 
the issues being considered by this inquiry. 

In addition, it is CSIRO’s view that many of the matters raised in our submission to the 2014 Senate 
Economics Reference Committee on Australia’s Innovation System remain relevant and worthy of 
consideration in the context of this inquiry.  That submission is provided as an appendix to this submission. 
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CSIRO response to the Terms of Reference (ToR) 

1. The extent to which students are graduating with the skills 
needed for the jobs of today and of the future 

 
CSIRO role 

CSIRO has an interest in the extent to which graduates are acquiring the necessary skills for today’s jobs in 
two main respects: 

1. CSIRO employs more PhD graduates in STEM disciplines that any other Australian organisation and 
thus has a vital interest in ensuring an ongoing supply of work-ready graduates to ensure we are 
able to continue to deliver on our functions.  (Conversely, CSIRO’s staff with STEM graduates are a 
significant reservoir of STEM capability from a national perspective). 

2. CSIRO partners with Australian and international universities in developing the researchers of the 
future via joint supervision of PhD candidates, and through being a significant employer of Post-
doctoral Fellows and other early career researchers in STEM fields. 

CSIRO recognises that an innovative, flexible workforce is a key ingredient for an effective innovation 
system, particularly in an era where graduates can expect to work across a diversity of roles in the course of 
their careers.   It is recognised that the Australian STEM capability is predominantly resident in the public 
sector, whereas in many other economies there is a higher proportion of national STEM capability 
employed in the private sector. Looking forward, from a number of perspectives it is important that the 
STEM capability of industry be fostered and increased. It is therefore important that STEM graduates not 
only meet the needs of research organisations such as CSIRO and universities, but that they are prepared to 
work effectively to deliver innovation within business and industry settings.   This intention is exemplified in 
a current CSIRO strategic goal to “Increase our engagement in education and training from school age to 
PhD level and the workplace to help build and equip Australia’s future science, technology, engineering and 
mathematics (STEM) and innovation capable workforce.“  One key response to this action is to work with 
Australian companies and universities to develop a CSIRO Industry PhD program. 

 

CSIRO’s proposed Industry PhD program 

Over the second half of 2016, CSIRO undertook to more thoroughly investigate how well current PhD 
graduates in STEM meet the needs of industry. This was done via interviews with over 90 representatives of 
research, academia, government and industry as part of a ‘Lean Launchpad’ process to develop options for 
a CSIRO Industry PhD program. 

The majority of respondents agreed with the proposition that, under current models, STEM PhD graduates 
develop extensive and deep discipline knowledge and the ability to thoroughly investigate questions 
through rigorous application of research skills. However they also agreed that these skills do not readily 
translate to an environment where solving specific and immediate industry related problems or developing 
innovations on a compressed timeframe are required. 

In addition, it was frequently noted that the ‘soft’ skills required to work effectively to deliver outcomes as 
a part of a strategically aligned team in an industry environment are not as well developed as they could 
be. These factors contribute to the conclusion expressed by several business representatives that PhD 
graduates can take a period of time to acquire these approaches and skills in order to become effective 
employees in industry settings. 

As noted above, CSIRO is responding to these challenges via plans to establish an Industry PhD program, in 
partnership with Australian universities and industry, to develop clear pathways into industry employment 
for tertiary students. These students will work on industry problems, guided by CSIRO and university 
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supervisors, and mentored by industry leaders and working in an industry context.  Students will also 
undertake a period of internship in the partner company and undertake a dedicated program of 
commercial and business skills development. CSIRO is currently planning to pilot this program in the second 
half of 2017. 

One challenge to the success of this and similar programs is that Small to Medium Enterprises (SMEs) may 
lack the financial, human and/or time resources to commit to participation.  An important element of the 
design of such a program, will be to fully recognise and encourage the commitment of SME management 
time and attention, and also to take into account the financial constraints under which SMEs operate. 

 

PhD Industry Continuing Professional Development  Framework 

Not all students will be attracted to an industry PhD model – and this is expected.  However, there are 
significant benefits to be gained from regular engagement with industry over the course of completing any 
PhD. Each university offers a different suite of options for student engagement with industry, however 
take-up of such opportunities is highly variable. In looking at the best way to incentivise PhD students to 
engage with industry, CSIRO’s Data61 business unit has developed a proposed Continuing Professional 
Development framework.  Maintaining Continuing Professional Development points is a common 
requirement in many professions, including engineering, medical fields, and law.  It is proposed that a 
Continuing Professional Development framework could also be applied to PhD students, whereby students 
would be encouraged to maintain a certain number of industry engagement points for undertaking 
activities such as: 

 Attending industry conferences 

 Developing & maintaining a profile on relevant networks (such as LinkedIn & The Conversation) 

 Publishing articles outside of academic journals 

 Industry placements. 

This could help incentivise PhD students (and potentially academics, more broadly) to take up opportunities 
to engage with industry - both those offered by their own university and beyond. It would also be possible 
to then track over time the career outcomes of students who undertake industry engagement activities 
compared to those who don’t, and to potentially identify which types of activities create the best 
outcomes. Such a framework is also flexible enough to work across existing university programs. 

CSIRO Data61 have held initial discussions with ANU regarding the proposed PhD Industry Continuing 
Professional Development  Framework, with both parties now collaborating on a proposal to run a pilot at 
ANU during 2017.   

 

Talent Foresighting 

While developing more industry-ready graduates will be a positive step, a national and coordinated 
approach to predicting the talent needs of the future will add another dimension to Australia’s ability to 
innovate.  Given the lead time from a young person making their tertiary education choices to their 
becoming effective members of the workforce, a national approach to identifying what professions and 
skills will be needed to meet future challenges and opportunities is required. 

Many organisations already undertake this kind of work – including the CSIRO “Futures” team. Their 2016 
publication Tomorrow’s Digitally Enabled Workforce for the Department of Employment examines 
plausible futures for jobs and employment markets in Australia over the coming twenty years. 

ACOLA’s 2015 report Technology and Australia’s Future also provides insights into how technology will 
transform the workforce of the future.  
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2. Matters relating to laws and regulations that may act as a 
barrier to education providers being able to offer qualifications 
that meet the needs of the new economy and fastest growing 
sectors 

 
CSIRO notes the revised arrangements for research block grants for 2017. The new Research Training 
Program provides universities with much greater flexibility in the design of their education programs and 
this is likely to have a strongly positive impact on the sorts of postgraduate programs on offer, which 
should in turn make it easier for CSIRO and other research agencies to work collaboratively with 
universities to deliver programs such as the proposed Industry PhD. 
  

3. Factors that discourage closer partnerships between industry; 
in particular small and medium enterprises, the research sector 
and education providers; including but not limited to: 
intellectual property; technology transfer; doctoral training 
practices; and rapid commercialisations 

 
“Networking and collaboration are essential to a high-performing innovation system. 
Collaboration with research organisations such as the Commonwealth Scientific and Industrial 
Research Organisation (CSIRO) and universities has been found to more than triple the likelihood 
of businesses reporting annual productivity growth.” 

Australian Innovation System Report 2016. Office of the Chief Economist 

Planning and governance frameworks are key factors in enabling successful innovation partnerships. This 
may include foresighting, exploring options, goal setting, research planning, governance and leadership 
structures, funding models, and risk and reward processes.  The more these processes are designed to be 
simple and transparent, particularly for industry, the greater the likelihood that deep, lasting partnerships 
for STEM and industry outcomes will result.   CSIRO is currently developing industry roadmaps aligned to 
each of the industry growth sectors, the first of which, the Advanced Manufacturing Roadmap, was 
released in November 2016:  see https://www.csiro.au/en/Do-business/Futures/Reports/Advanced-
manufacturing-roadmap.  These roadmaps are key to identifying the opportunities and challenges will be 
prioritised for collaborative systemic responses. It is CSIRO’s Strategy to play a central role in catalysing this 
effort, through acting as a hub for collaboration.  With its wide and multi-disciplinary research base and 
national footprint, CSIRO is well placed to act as a broker for connecting the parts of system that are 
required to address a particular challenge or opportunity, and to provide some of the necessary 
frameworks to support these collaborations.  

 

SMEs 

There is no doubt that SMEs face a specific set of issues in accessing and deriving benefits from research 
and innovation activity. Some of these are discussed below. 

System opacity 

Companies typically are not sufficiently resourced to develop their own comprehensive market discovery 
programs.  This is particularly true for SMEs who are time and cash poor.  ABS statistics reveal a picture of a 
relatively low proportion of companies that are “innovation active”, for any form of innovation – and a very 
low proportion of companies that conduct innovation at the level of “new to world” goods and services.  
These constraints result in a low “market pull” for research and innovation services in Australia.  Those 
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companies that do turn to research organisations for support find it difficult to identify and engage with 
appropriate partners with each organisation having its own approaches to the marketing and 
communication of their capabilities, resources and infrastructure.  

There are also many options for how an SME might connect and partner with research organisations. 
Avenues exist via ARC or NH&MRC grants or centres, CRCs, Publically Funded Research Agencies and 
universities.  This creates a certain opacity in knowing the best option for a particular SME at a particular 
time.  While brokering of relationships via e.g. the CSIRO can assist with this issue, making the R&D 
environment more accessible and visible to SMEs is a worthwhile goal and CSIRO will continue its efforts in 
this area. 

Cost and capacity 

SMEs, particularly start-ups are, by their nature, lean operations. They are therefore rarely able to pay 
market rates for innovation services.  Schemes such as Researcher in Business and SME Connect are 
therefore vital to support connecting SMEs to research providers. (See the case study on the CSIRO SME 
Engagement Centre on page 5 of Appendix 1: CSIRO response to 2014 inquiry into Australia’s Innovation 
System). 

As well as financial limitations, SMEs’ ability to engage with research organisations may be limited by 
capacity constraints such as availability of people and infrastructure, travel requirements and 
administrative requirements. Scaling and phasing collaborations to recognise these constraints is vital to 
engaging the innovation potential of SMEs.  

Risk 

SMEs cannot afford to have projects fail on a regular basis.  While innovative SMEs often choose to operate 
in a high risk environment, when it comes to collaborative R&D a high degree of competence and outcome 
focus in the research partner is vital.  Project design which provides for mitigation of major risks and 
alternative pathways to outcomes, as well as a culture of fast fail, can assist in creating a research risk 
environment better suited to the needs of SMEs. 

Mechanisms which allow SMEs to aggregate and work with research agencies to address common industry 
challenges are another avenue worthy of more effort and investigation. 

Intellectual property 

All research organisations are highly conscious of the value of the intellectual property they produce and 
put systems and processes in place to protect valuable IP. However, not all IP requires a high level of 
protection and, in the case of SMEs, it can be the IP that arises from a partnership that provides the basis 
for their success as a business.  Initiatives such as the NISA-funded Australian IP Toolkit for Collaboration 
are highly useful in this regard and expanding the range of situations the toolkit covers and increasing 
awareness of its existence would be valuable. 

4. Opportunities for generating increased economic activity, 
including further investment and jobs, through greater 
synergies among publicly funded research agencies, 
universities and other Australian research institutions with 
businesses and industry; including but not limited to: co-
location, cluster formation and development of precincts 
between universities and industry; 

 
Co-location of researchers and industry from multiple organisations in precincts can be valuable where it 
makes geographical sense and when built upon a level of synergy has developed organically over time. 

Inquiry into innovation and creativity: workforce for the new economy
Submission 88



  

CSIRO submission 16/574                                                                                  February 2017 8 

Planning precincts for vibrancy by giving thought to infrastructure, culture and connectivity - based on the 
existing strengths of the participants - is desirable. 

Long term precinct partnerships need support in areas such as finance, communication, human resources, 
health & safety, contracts etc. and the provision of these by partners should be determined on a fair and 
equitable basis. 

A major benefit of co-location is shared access to access to expensive infrastructure and specialised 
capability. The National Collaborative Research Infrastructure Strategy program has enabled significant 
national scale collaborative activity around the many physical facilities it has funded and, just as 
significantly, virtual facilities such as the Atlas of Living Australia, enable global sharing of research expertise 
and knowledge. 

As an alternative or adjunct to precincts, arrangements that increase mobility of people between 
organisations, particularly across research and industry, are a positive way of stimulating and embedding a 
culture of collaborative innovation and mutual understanding.  

The National Resource Sciences Precinct focused around UWA and the Advanced Manufacturing Precinct at 
Monash in Victoria are good examples of vibrant precincts that exhibit many of the characteristics 
mentioned above. 

 (Also see the case study on the National Resources Sciences Precinct on page 6 of Appendix 1: CSIRO 
response to 2014 inquiry into Australia’s Innovation System). 

 

Example: eResearch and High Performance Computing (HPC) 

CSIRO, as Australia’s innovation catalyst, participates in many eResearch initiatives, including: the 
Australian National Data Service, Australian Access Federation, the Australian eResearch 
Organisations (AeRO), Queensland Cyber Infrastructure Foundation, Massive with Monash 
University and Australian Synchrotron, and Australia’s Peak Supercomputing Centres – the 
National Computational Infrastructure, and Pawsey Supercomputing Centre.  

eResearch facilities such as these are key enablers for innovation, and broadening the accessibility 
of these facilities presents a significant opportunity to generate increased economic activity. 
CSIRO is uniquely positioned with a significant capability of skilled expertise, and facilities, that 
can be built upon to enable uptake of these services by businesses and industry. 

Two examples of the opportunities possible through the use of eResearch infrastructure facilities 
and the HPC capabilities are: 

 CSIRO eResearch services assisting researchers to develop a new heliostat solar power 
technology for a Beijing-based company Thermal Focus. 

 CSIRO has worked with the Computational Cardiology Laboratory at the Victor Chang Cardiac 
Research Institute enabling the development of complex interactive heart models, carrying 
out massive simulations of these models to investigate the causes of cardiac arrhythmias 
that can lead to sudden death.  

CSIRO is uniquely placed to open up eResearch and supercomputing to Australian industry, in 
particular for SMEs to improve time to market of goods and services. CSIRO is investigating 
options to provide computing time and to utilise CSIRO business development capability and 
internal researchers to support SME’s. 

The use of eResearch capability is important for Australia to work on solutions to significant issues 
for the national economic benefit. 
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5. Relationships between tertiary education entrepreneurship 
programs and public, private, and not-for-profit incubators and 
accelerators; 

 
To support fast technology transfer and rapid commercialisation, organisations require mature innovation 
practices. ON and the CSIRO Innovation Fund are two current CSIRO initiatives, supported by NISA, which 
illustrate how public sector organisations can take an active role in fostering entrepreneurship within the 
research sector.  CSIRO developed the ON program to lift its own innovation performance and as a 
contribution to national innovation capability and capacity. With funding from NISA, CSIRO has delivered 
ON nationally to Australian universities and publically funded research agencies. 

ON Prime is an entry level, part-time pre-accelerator program that helps research teams validate their 
research and discover a real world application for it. ON prime provides an opportunity to test paths for IP, 
know-how or tech, and help unlock the entrepreneurial capacity required to take research outcomes to the 
next level. 

ON Accelerate is a structured, full-time sci-tech accelerator program that brings together the experience 
and expertise of established researchers, entrepreneurs and inspiring mentors. ON Accelerate is designed 
to support research teams to reach impact faster by focusing on the business model, finding funding for 
runway and getting out to tell their story. 

ON provides frameworks and coaching to help develop and test the best market fit of ideas, position IP in a 
value chain through practical engagement, and design business models that lead to long-term sustainable 
impact. 
 
CSIRO sees ON as complementary to the accelerator and incubation programs operated by many private 
and public sector bodies. ON is unique in that it is designed for publicly funded research teams and targets 
pre-commercial ideas. Development of these sci-tech propositions is essential to the growth of existing 
industries and the development of new industries for Australia. 

Following completion of the program CSIRO provides assistance to teams to help them maximise the 
likelihood of adoption and impact. These support services include facilitated connections to additional and 
relevant service providers, incubators, co-working spaces and referrals to external financial support 
programs.  
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APPENDIX 1: CSIRO response to 2014 inquiry into Australia’s 
Innovation System 
Appendix 1 is current as of its submission in 2014. Some of the detail of CSIRO organisational and 
administrative structures have changed since that time. For the committee’s reference, a 2017 CSIRO 
Organisational Chart is also attached to this submission.  
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Introduction
CSIRO welcomes the opportunity to provide a submission to the inquiry into Australia’s innovation system. 
Whilst acknowledging the breadth of the inquiry, CSIRO has concentrated its submission on industry sectors 
with which CSIRO has significant engagement and focussed on three key issues:

1.	 The current effectiveness of the innovation system in delivering productivity and competitiveness to Australian 
industry;

2.	 Opportunities to improve access to R&D for knowledge intensive industries in areas of global growth; and

3.	 The role of Government in driving innovation and the impact this has on productivity and competitiveness.

CSIRO also acknowledges the importance of developing and maintaining the skilled Science, Technology, 
Engineering and Mathematics (STEM) workforce, but notes that this will not be a focus of the submission.

When performing well, a national innovation system can deliver productivity gains and positive social and 
environmental outcomes.1 Innovation systems are characterised by the ‘stocks’ and ‘flows’ of knowledge 
between industry, research organisations, government and the broader society and they are fundamental 
to a productive economy and the wellbeing of a society. Effective innovation systems are highly connected 
as it is through these connections that organisations identify and trade knowledge, skilled employees and 
technologies. To leverage these flows it is important that an organisation – whether research, government or 
industry – has the capacity to absorb knowledge and translate it into improved products, processes, or services.

Within an innovation system, research is often framed as to whether it is investigator-led or mission-directed. 
Universities generally perform investigator-led research, often with the support of government funded granting 
bodies such as the Australian Research Council. Publically funded research agencies almost exclusively perform 
mission-directed research that is focused on addressing specific problems or opportunities as they have a 
mandate to focus on research that delivers economic, environmental, and social benefits. All high performing 
national innovation systems balance investment between, and have different mechanisms for managing, 
mission-directed and investigator-led research. A balance between mission-directed and investigator-led 
research improves the likelihood of pursuing and transitioning the best ideas into tangible outcomes.
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1.	 Innovation: Driving Australia’s productivity
Innovation, defined broadly as the process of translating an idea or invention into a good or service that 
creates value, and for which a customer will pay, is not an end in itself; it is a means to an end. The ends can 
be a broad range of economic, social and environmental benefits that drive national wellbeing, prosperity 
and development, including through the development of new products and services, better functioning 
societies or through improved public sector productivity. The impact of innovation upon the productivity and 
competitiveness of a national economy is a long term (multiyear and multiple decade) issue. In this paper 
we concentrate largely on the economic benefits derived through innovation. For examples of the economic, 
environmental and social benefits that mission-directed research can deliver please refer to http://www.csiro.
au/Portals/About-CSIRO/What-we-do/Impact-case-studies.aspx.

As Australia grapples with the challenge of a decade of low and in some cases negative growth in productivity,2 
it is important to understand the levers available for influencing productivity. The Productivity Commission 
concludes that ‘Productivity growth at the economy-wide level comes from innovation by enterprises, diffusion of 
these improvements to others and the reallocation of resources from less to more productive organisations and 
industries.’3 With over 60 per cent of Australia’s productivity growth due to innovation,4,5 it is clear that Australia’s 
future prosperity in large part relies on the ability of our innovation system to translate research and development 
outputs into innovative new products and services that enable Australia to remain internationally competitive.
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CASE STUDY: DANISH NATIONAL ADVANCED TECHNOLOGY FOUNDATION

The Danish National Advanced Technology Foundation (DNATF) helps bring innovative products to market 
through a ‘mediated funding’ scheme which combines project grants with active facilitation and conflict 
management. At any given time, the organisation is supporting more than 300 different projects in key 
sectors of the Danish economy: construction, energy/environmental, biomedical, manufacturing, IT and 
communications, and agriculture. Each year, DNATF provides over $US100 million in funding for these 
private-public partnerships.18

A principal goal of DNATF is moving technical breakthroughs out of the laboratory and into the market. 
As universities and businesses collaborate, they must work through a range of cultural differences. The 
experience, expertise, and approaches found in a research university are far different from those found in a 
commercial enterprise.

This process also delivers another enduring outcome, the development of human resources able to 
conduct mediation between research and industry. The success of DNATF’s projects depends on effectively 
bridging this gap through a cadre of project mediation officers, who receive significant training through a 
joint DNATF/Harvard Business School Executive training program and form a peer group of STEM experts 
who have sought a career in supporting knowledge transfer into industry.

The selection of a firm to participate in the program ‘helps it to stay financially viable and significantly 
decreases the likelihood of bankruptcy by up to 2.7 times (270 per cent) four years after funding 
application. Selection also increases the average level of employment by 9.8 to 14.2 more employees for 
chosen firms, respectively two and three years after application. For innovative performance, selection of 
a firm for participation meant an increase in filed patents by up to 520 per cent, granted patents by up to 
430 per cent and peer-reviewed publications 370 per cent, but the effect of selection was mainly felt in 
quality of the innovations.’19

CASE STUDY: INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY 
INNOVATION SCHOOL

The Japanese National Institute of Advanced Industrial Science and Technology (AIST) runs an Innovation 
School to address the lack of highly trained research staff entering industry and to address the lack of 
understanding of industry requirements by researchers.

Through the School, AIST hires postdoctoral fellows as ‘AIST special researchers’ for one year. The school 
combines lectures with on the job training in both AIST research laboratories and private companies.

Based on data from the first eight years of the School, program graduates are five times more likely to be 
employed in industry than other postdoctoral fellows.20

The specific industry R&D capability gap varies between sectors. The current situation regarding the ability of 
public sector research organisations to fill the industry knowledge gap within a sector is outlined below. This 
analysis concentrates on those sectors with which CSIRO has the strongest collaborative links. (For further 
information on the work of CSIRO in each of these sectors please refer to Attachment 4: CSIRO – Delivering 
Impact with Industry.) Further data on the research capability and the current investment by Government in 
R&D of these and other industry sectors is contained in Table 3 in Attachment 1.
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3.	 Delivering benefits from research
Australia is recognised as a key member of the global science community with authorship on 3.5 per cent of 
global research publications,41 indicative of a strong research capability. In contrast, Australia produces only 0.17 
per cent of global patent applications and the nation makes IP payments 3.9-fold in excess of its IP receipts.42 
(Refer to Table 2 in Attachment 1 for further details.) This indicates a fundamental weakness in the innovation 
system, the difficulty in translating R&D into benefits for society. Notwithstanding this weakness, Australia has 
some outstanding success stories where small investments by Government have provided exponential returns. 
(See Case Study: How Australian Federal Government funding enabled Cochlear to grow into a world leading 
medical devices company.)

CASE STUDY: HOW AUSTRALIAN FEDERAL GOVERNMENT FUNDING ENABLED COCHLEAR  
TO GROW INTO A WORLD LEADING MEDICAL DEVICES COMPANY

Cochlear Limited was formed by Paul Trainor in 1981 with the assistance of a $4 million grant from 
the Australian government to support the commercialisation of the hearing implants pioneered by 
Dr Graeme Clark.

The company was listed on the Australian Stock Exchange in 1995 and by 2001 had provided 30,000 
implants to hearing impaired clients. By June 2013 Cochlear was a $3.5 billion company, headquartered 
in Sydney, with a staff of over 2,700 across 25 countries that invests over $120 million a year in R&D and 
provides over 25,000 implants a year.43

CSIRO’s vision is: ‘Our science is used to make a profound and positive impact for the future of Australia and 
humanity’. The Productivity Commission has acknowledged the effort of CSIRO in developing a framework and 
supporting tools to plan, monitor and evaluate the economic, social and environmental impacts of our science.44 
Through the framework, CSIRO has a portfolio view of the impact being pursued within and across Flagships 
and Themes to help make informed decisions. Planning future impact assists the alignment of research activity 
with Flagship goals and enables CSIRO staff to articulate and communicate the impact of their work. Articulating 
future impact and monitoring progress towards that impact provides greater confidence to our clients, the 
government and the general public. CSIRO makes the following observations about delivering impact to 
industry, the community and government based on these experiences.

Engagement of partners
The delivery of the social, economic and environmental benefits of a research program is best enabled through 
the engagement of all partners, including end users, in the development, evolution and delivery of the R&D. 
This broad engagement helps shape the direction of the research to include the necessary steps for effective 
utilisation of the research outcomes into new products, services or processes. The reason this ongoing 
engagement is important is that research is not a linear process but requires regular iteration to ensure that 
the research and its goals remain achievable and acceptable to key partners. An important demonstrator of the 
engagement of partners is the investment of resources including financial commitment, but a particularly crucial 
factor for success is the attention of business management at the decision-making level.

Active research portfolio management
CSIRO research is actively managed within nine portfolios, known as Flagships.iv The Flagships, which account 
for 87% of CSIRO’s total investment in the 2014/15 Budget, have goals developed around national challenges 
that are shaped and iterated with input from external experts from industry, government and scientific 
institutions that form its advisory committees and review panels. These active and participatory engagements 
provide incalculable value in terms of informing, challenging and refining CSIRO’s research goals and pathways 
to maximise the likelihood of the uptake and adoption of Flagship research. It is CSIRO’s experience that some 
form of active research portfolio performance management is essential to ensure that investment of public 
resources in research achieves its maximum environmental, economic or social impact. Regardless of whether a 

iv	 CSIRO manages its research through three lines of business; Flagships, Services, and National Facilities and Collections. These distinct lines of business 
enable CSIRO to use appropriate management structures to suit the needs of our clients and research partners. Investment in national facilities and 
collections in FY14/15 is estimated to be $163 million. Use of these national facilities and collections includes significant use by Flagships in addressing 
national challenges.
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4.	 The necessary role of Government in supporting 
innovation

Government support of science and innovation has led to many radical and transformative innovations 
that have fuelled the dynamics of capitalism; from railroads to the internet, modern-day nanotechnology 
to pharmaceuticals, and GPS to touch screen displays; many innovations trace their most early, risky and 
capital‑intensive investments back to a government. However, despite this formative role that government 
investment can play, a translation partner is required to deliver social, economic, and environmental benefits. In 
the case of the development of new products and services, receptive and resourced industry partners are critical 
to translate the research.

Substantial benefits flow in a well designed and supported innovation system. For example South Korea, through 
sector specific industry policies, a strong education sector and strong Government and industry support for 
research and development has led the country to become a major economic powerhouse in a relatively short 
period of time. Other countries like Germany (see Case Study: The German Innovation System) have built a strong 
innovation system on a range of government policies and programs designed to ensure that the transition of R&D 
into new products and services is realised. The mechanisms outlined in the Case Study are equally applicable to 
the Australian Innovation System.

CASE STUDY: THE GERMAN INNOVATION SYSTEM

The German Innovation System provides an example of how a country can realise substantial benefits 
through targeted Government support. Government support in Germany takes many forms including 
strategic direction and research investments against those strategic directions. There are also other 
reasons why Government support for the German Innovation System is considered successful:

1.	 The German Government releases regular long term innovation strategies.47

2. 	The roles of the organisations in the system are well defined, reducing resource inefficiencies and 
unnecessary capability and activity duplication.

3.	 The balance of funding between the various sectors of the system is made based on national need, 
ensuring that resources are focused on resolving problems critical to Germany’s global competitiveness. 
These needs are reviewed regularly to ensure the mix is appropriate.

4.	 Funding for research that delivers social, economic and environmental benefits is balanced against 
funding for supporting collaboration and funding that supports the development of new research 
capability and infrastructure.

5.	 The German Government recognises that its industry cannot compete on a volume cost basis but 
rather on the production of high value products and services. The importance of maintaining a high 
to medium-high technology economy, including an industry base that matches that and a long term 
industry focussed R&D sector (e.g. conducted by Fraunhofer) illustrates the Government’s commitment 
to maintaining this competitive advantage.

6.	 Research funding for industry is transparent with policy rules understood by both industry and the 
public sector.

This approach has enabled Germany to maintain a strong manufacturing industry despite increasing 
international competition.

As well as being responsible for many of the most transformative inventions, government investment in R&D 
significantly boosts productivity. The OECD found that a one per cent increase in public R&D expenditure could 
be expected to generate a long run increase in productivity of 0.28 per cent.48 This compares with a productivity 
increase of 0.11 per cent for a one per cent increase in business R&D expenditure.
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Conclusion
For Australia to remain globally competitive we must ensure that the R&D capabilities and activities conducted 
across the national innovation  system support our key industries and those that we wish to grow. Some sectors, 
such as mining and agriculture which successfully utilise government and market mechanisms to translate 
the outputs of R&D into global competitiveness, illustrate the critical role of R&D in underpinning long‑term 
economic growth  and prosperity. A national innovation system that balances investigator-led research, 
mission‑directed research, in-firm research, and that supports the translation of publically funded research 
outputs into the private sector, would help the Australian economy better shift to a focus on production of high 
value good and services which is essential to managing the structural adjustment arising from the slowing of 
the mining sector and to also differentiate ourselves in the quickly developing Asia-Pacific region.

In this paper we have provided an overview of the national innovation system, highlighting the strengths and 
weaknesses through the use of quantitative analyses, case studies, and our experiences. In summary, these are:

◆◆ Government policies and investments play a key role in shaping the R&D capabilities, activities, and 
translation mechanisms in a national innovation system. A National Research Strategy would focus 
investment and R&D into critical sectors and would help balance the relative amounts of investigator-led, 
mission-directed, and in-firm R&D activities and capabilities.

◆◆ A combination of limited industry research capability, capacity to absorb technologies, and rates of 
collaboration between research and industry sectors has resulted in difficulty for some industry sectors to 
innovate and remain globally competitive. However, the R&D capacity of Australia’s industries are varied 
and should be considered separately when designing new programs. The relative support provided for each 
sector should also align with the importance of that sector to the productivity and prosperity of Australia.

◆◆ To ensure that the R&D undertaken delivers the required social, environmental, or economic impact it is 
important that the activities are both designed and implemented by a consortia of research, government, and 
industry partners. Active involvement of all parties throughout the R&D ensures the research best leverages 
the available capabilities, minimises risks of activity and investment duplication, and is focused on solving the 
needs of the end user.
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Attachment 1: Industry Research and Development data
TABLE 1: AUSTRALIAN INDUSTRY R&D AND INNOVATION BY INDUSTRY ANZSIC CODE, 2011–12v

INDUSTRY SECTOR
BUSINESS 

R&D EXPENDITURE FIRM R&D STAFF

FIRMS THAT 
INTRODUCED ANY 
NEW GOODS OR 

SERVICES

FIRMS THAT INTRODUCED 
ANY NEW OR SIGNIFICANTLY 

IMPROVED OPERATIONAL 
PROCESSES

INNOVATION-ACTIVE BUSINESSES
OUTPUT SHARES 

2011-12

ANZSIC CODE $M % TOTAL PYE
% BUSINESSES WITH 

ANY INNOVATION 
ACTIVITY

% INNOVATION-ACTIVE 
BUSINESSES CONDUCTING 

JOINT R&D

% TOTAL INDUSTRY 
GROSS VALUE ADDED

Agriculture Forestry and Fishing 189.7 1.0 614 4.8 15.6 30.1 13.5 2.6

Mining 4,104.1 22.4 4,729 8.5 21.1 46.5 16.0 11.2

Manufacturing 4,473.9 24.4 18,196 27.8 29.5 55.8 8.4 8.3

Construction 819.5 4.5 2,475 11.8 13.4 35.9 4.1 8.4

Financial and Insurance services 2,985.2 16.3 12,404 18.3 17.0 45.4 7.2 11.5

Australian Total 18,321.3 100.0 64,906 20.4 19.1 46.6 6.5 100.0

v	 Table 1 Data sources: ABS8104 2011-12; ABS8167 2011-12 Tables 1 and 3; ABS 8166 2011-12 Table 1; ABS8167 2011-12 Table 3; PC Productivity Update May 2013
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TABLE 3: ESTIMATED AUSTRALIAN R&D EXPENDITURE BY SEOviii

2011/12 R&D INVESTMENT INDUSTRY COMMONWEALTH
STATE/

TERRITORY UNIVERSITIES
PRIVATE  

NON-PROFIT CSIROIX TOTAL

Socio–economic objective $’000 $’000 $’000 $’000 $’000 $’000 $’000

Defence 197,124 598,797 0 63,233 0 8,950 859,154

Economic Development 

Plant Production and Plant Primary Products 302,487 121,143 188,934 253,462 3,255 167,558 869,281

Animal Production and Animal Primary Products 165,619 98,046 154,848 170,419   134,626 588,932

Mineral Resources (Excluding Energy Resources) 2,742,403 121,062 17,415 128,023   93,401 3,008,903

Energy 2,361,179 181,872 8,030 341,427   137,776 2,892,508

Manufacturing 4,562,845 108,110 5,674 534,131 21,815 87,416 5,232,575

Construction 933,773 35,614 4,820 147,535 0 11,569 1,121,742

Transport 438,193 32,049 7,461 107,966   8,799 585,669

Information and Communication Services 1,835,591 105,360 1,200 349,976 3,716 20,119 2,295,843

Commercial Services and Tourism 3,809,373 4,188 1,736 174,662   4,854 3,989,959

Economic Framework 21,499 76,203 2,843 349,907 0 11,894 450,452

Total Economic Development 17,172,962 883,647 392,962 2,620,741   678,015 21,070,312

Society 

Health 563,605 264,706 429,323 3,270,960 827,510 88,124 5,356,104

Education and Training 57,031 12,626 21,952 404,237 58,822 3,314 554,668

Law, Politics and Community Services 56,377 31,375 16,413 473,836 3,544 3,602 581,545

Cultural Understanding 1,969 8,340 14,294 550,752 244 2,291 575,599

Total Society 678,982 317,046 481,982 4,699,786 890,119 97,332 7,067,915

Environment 228,504 438,573 230,486 919,687 11,810 298,456 1,829,060

Expanding Knowledge 43,750 166,901 22,568 1,369,522   121,292 1,602,741

Total 18,321,322 2,404,965 1,127,998 9,609,736 944,425 1,204,046 32,408,446

viii	 Data sourced from ABS 8104.0, 8111.0, 8109.0, and CSIRO input to 8109.0
ix	 Note CSIRO data may exceed total Commonwealth R&D expenditure due to the revision of CSIRO data, particularly in Plant Production and Animal Production

Australia's Innovation System
Submission 36

Inquiry into innovation and creativity: workforce for the new economy
Submission 88



Inquiry into innovation and creativity: workforce for the new economy
Submission 88



Inquiry into innovation and creativity: workforce for the new economy
Submission 88



Inquiry into innovation and creativity: workforce for the new economy
Submission 88



28	 Australia’s Innovation System | CSIRO Submission 14/498

CSIRO  Universities
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Source: KCA Commercialisation Metrics Report 2010

Issues that arise
Anecdotal evidence indicates that businesses, particularly small and medium sized firms, find the ‘national 
innovation system’ complex to deal with for commercial arrangements. The reasons for this include that different 
organisations in the system currently adopt different policies and standards, ranging across commercial issues 
of the financial aspects of transactions, the respective responsibilities of the partners in managing risks and their 
control aspects during the commercial engagement, and the ownership of intellectual property, its management 
and use. To further confound these issues, there are varying degrees of capacity (time availability, specialist 
knowledge, and legal capability) in institutions and businesses to efficiently come to agreement on these issues.

On the issue of intellectual property, whilst it may be appropriate in some cases for approaches to the 
management of intellectual capital to vary from public sector research institution to institution, there are a 
number of common elements that are shared across the spectrum of institutions. It is CSIRO’s proposal that 
the Ten Principles reflected in the box would be an appropriate input to the development of a set of national 
principles for intellectual property management by public sector research institutions (to be implemented in 
association with the Statement of IP Principles for Australian Government Agencies).
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Attachment 3: Extract from Manufacturing a better 
future: the role of science, technology and innovation52

3.3	 Improving connections between innovation and industry

3.3.1	 REDUCING RISK IN PRODUCT DEVELOPMENT AND DEMONSTRATION

A strategy that is emerging internationally is that of incentivisation of proof of concept projects aimed at the 
development of new products to mitigate the cost and technical risks, whilst demonstrating market potential. 
The US based Small Business Innovation Research (SBIR) program and the Victorian Market Validation Program 
are examples of these. A specific intention of such programmes, which often use Government requirements as a 
market, is to drive innovation uptake in SMEs. For example, there are a large number of Defence related projects 
in the UK Small Business Research Initiative (SBIR).

Additionally, Open Innovation programs operated by multinational companies, such as P&G and EADS are 
emerging to identify solutions and prospective ideas to supply the knowledge for their future products. 
Companies such as Nine Sigma also operate Open Innovation knowledge markets, where Nine Sigma seeks 
solution providers on behalf of others.

3.3.2	 CREATING AN INNOVATIVE AND FLEXIBLE WORKFORCE

Many of the barriers discussed can be addressed when there is a good understanding between the researcher 
as an individual and the output goals of the company. However, current pathways for enabling researchers to 
understand the needs of industry are few. Career progression, remuneration, superannuation and work practices 
are highly separated and not conducive to the movement of people between the research and innovation 
cultures. Developing mechanisms to enable individuals to straddle those cultural barriers offers significant 
potential for connecting innovation to industry.

Australia has a number of successful programs that seek to move people across the innovation system into 
industry. However, more needs to be done. A specific program that seeks to increase connectivity and dialogue 
between researchers and business is the Enterprise Connect Researcher In Business (RIB) program. The program 
aims to break down the barriers between research and industry and has resulted in over 100 Australian SMEs 
bringing a researcher into their company. When these projects are successful they go a long way to building 
the trust and understanding that results in continued engagement and translation of knowledge to Australian 
manufacturing. Other mechanisms for creating a flexible workforce that can develop innovation, which respond 
both to market pull and technology push include:

◆◆ Formalising science-based staff secondments into industry during the first five years of employment within a 
research institution/university;

◆◆ Generating opportunities for industry research and development staff to be seconded into research 
institutions/universities with a specific focus on their unique company-based challenges; and

◆◆ Ensuring science staff at research institutions/universities are not penalised through their remuneration and 
superannuation for moving between research organisations and industry.

3.3.3	 INDUSTRY RESEARCH CLUSTERS

Another mechanism for promoting the connections between innovation and industry is the establishment of 
‘cluster’ groupings of companies along and across supply chains, which focus on developing and exploiting 
platform technology that has been invented within research organisations and universities.

A specific example of an existing industry research cluster is around the transfer of Additive Manufacturing 
technology into industry, through the Victorian Direct Manufacturing Centre. This cluster is composed of 
Australian SMEs working on immediate applications of additive manufacturing in printing, machine tools, 
defence and sports equipment.

Clustering can also be applied to develop coordinated R&D within academia and promote technology transfer, 
which is a rate‑limiting step for innovation in Australia. National Innovation Networks are one concept to draw 
multiple institutions and sites together to collaborate, prioritise and address training and development, market 
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awareness and technology awareness. The Victorian Organic Solar Cell Consortium is an example of this form of 
concerted collaboration to bring a new technology to market.

This network concept could be used as a model across all sectors of manufacturing.

3.3.4	 REWARDING INDUSTRIAL RESEARCH

Rewarding both individuals and organisations for successful industrial research is another basic strategy for 
building connections. This requires the identification and incentivisation of the right people with the right 
capabilities and interests to achieve alignment between the desired science outcome for the researcher and the 
desired outcome for the company. As well as reward strategies within larger organisations, potential nationwide 
strategies to achieve this include:

◆◆ The ARC grant system could apply an increased weighting to industrial collaboration in the success of the 
ARC application; and

◆◆ A prestigious new five year Fellowship could be established and administered by the ARC to encourage and 
reward industry focused research.

3.3.5	 TAKING ADVANTAGE OF GLOBAL CONNECTIONS

Australian manufacturers can take advantage of Australian research institutions and University connections 
to extend into the global innovation system. Currently, there are significant connections between Australian 
researchers and researchers in other parts of the world. These connections should be leveraged to access the 
best capabilities from the global innovation system and create strategic linkages overseas from Australian 
corporations.
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Attachment 4: CSIRO – Delivering Impact with Industry
CSIRO delivers benefit to industry in a number of ways, including conducting research and services (working 
with over 2200 companies each year); providing near-to-market, technical support services in areas of CSIRO 
expertise (over 1600 companies per year); participating in collaborations with industry collaboration vehicles 
including 36 CRCs (CSIRO is the largest single participant in the CRC program), 15 RDCs and 28 industry 
associations. In 2012–13, CSIRO conducted more than $430m of research and development activities under 
these arrangements with firms, industry associations and collaborative arrangements (including resources and 
capability co-invested by CSIRO from own resources), and these arrangements represented approximately 35 per 
cent of CSIRO’s research and services activities for that financial year. CSIRO also conducted research under 
grants from Australian governments to the value of more than $200M, a significant proportion of which would 
be relevant to industry support. In FY2012–13 CSIRO received $37.5M revenue from industry partners who have 
actively licensed CSIRO intellectual property.

The following sections give a description of CSIRO’s activities in sectors that have been identifiedx as being 
knowledge‑intensive competitive industries in areas of global growth:

◆◆ Food and Agribusiness

◆◆ Mining Equipment, Technology and Services

◆◆ Medical technologies and Pharmaceuticals

◆◆ Oil and Gas

◆◆ Advanced Manufacturing

with emphasis on industry connections and also providing a perspective on the research capability in an 
Australian and global perspective.

Food and Agribusiness

CSIRO’S R&D ACTIVITIES IN THE SECTOR

CSIRO’s goal is to deliver sustainable productivity growth and value to food and fibre production in support of 
the economy, the environment and the health of Australians.

RESOURCES

In 2012/13 CSIRO’s expenditure in Food and Agribusiness was $230.6M including $109.9M from 
non‑appropriation sources.

EXAMPLES OF INDUSTRY CONNECTIONS

New high value dairy products from waste streams

CSIRO’s expertise in developing separations technologies has enabled Murray Goulburn to capture valuable 
proteins from whey, which had previously been considered a waste product of cheese production.

BARLEYmax™ Grain

CSIRO-developed BARLEYmax™ grain offers food manufacturers an ingredient that improves the nutritional 
profile of their products and provides digestive health benefits to consumers. BARLEYmax™ is now licensed to 
four Australian food producers, and 11 consumer food products are available, including cereals, wraps, muesli 
bars, rice blends and a loaf bread. See: http://www.csiro.au/Portals/About-CSIRO/What-we-do/Impact-case-
studies/Barley.aspx

Omega-3 canola

CSIRO, Nuseed and Grain Research & Development Corporation have come together to undertake the research 
and trials to develop the highest quality of long chain DHA omega-3 in oilseed plants at levels equal to or better 
than fish oil. Plant-based omega-3 oil production is a sustainable, long-term solution to the growing demand for 

x	 In the Industry Portfolio Budget Statement 2014–15, Minister Macfarlane indicated a focus on manufacturing areas identified as knowledge-intensive, 
competitive and undergoing global growth. The five primary areas identified are food and agribusiness; mining equipment, technology and services; 
medical technologies and pharmaceuticals; oil and gas; and advanced manufacturing. The Portfolio Budget Statement noted that, to this end, science and 
research were key requirements and should be more focused to deliver commercial outcomes.
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omega-3 oils, which is driven by demand for supplements and fortified foods for human consumption and feed 
additives in industries like aquaculture.

Cotton Seed Distributors

CSIRO developed cotton varieties with improved disease resistance and increased water efficiency are licensed 
to this company in Australia and internationally. More than 95 per cent of Australian cotton, as well as half the 
dryland cotton grown in the US and about one-third of the cotton in Brazil, Turkey and Greece can be linked to 
CSIRO-bred varieties. Cotton production on an average Australian season is valued at more than $1.3 billion. See: 
http://www.csiro.au/Portals/About-CSIRO/What-we-do/Impact-case-studies/Cotton.aspx

FOOD AND AGRIBUSINESS SECTOR CLIENT FEEDBACK WILLINGNESS TO RECOMMEND

‘CSIRO provides a service to conduct clinical trials in animals that is not 
available elsewhere in Australia. The team at the Werribee research facility 
are extremely helpful and accommodating… I would like to compliment and 
thank both the Werribee team and Dr … for their extremely high standards 
as a service provider for our industry.’ – Industry client #1 (F&A)

Average score 8.8/10

83% of clients rated 8 or higher

0% of clients rated 5 or lower

From 36 responses,

58 projects surveyed,

62% response rate

‘Our experience with CSIRO has been very positive. We have found CSIRO 
staff knowledgeable, easily contactable and well prepared. CSIRO staff are 
also well networked and have a good understanding of other projects within 
CSIRO, which helps when searching for information. Overall a positive 
experience.’ – Industry client #2 (F&A) 

‘I have experienced a positive collaboration experience with CSIRO and look 
forward to continuing this in the future. The interaction has resulted in my 
own team presenting results that have had a higher degree of data and 
scientific integrity.’ – Industry client #3 (F&A)

RESEARCH PRECINCT DIRECTLY SUPPORTING THIS SECTOR

The Natural Sciences Precinct (Canberra) will have a focus on foundation research addressing continental scale 
problems and opportunities by integrating knowledge across a range of scales from gene to landscape and 
bringing together the natural sciences and the social sciences and economics. The issues tackled include food 
security, profitable agri-business, new bio-based manufacturing, landscape management under competing 
demands, water security, carbon emissions and agricultural resource assessment of northern Australia.

SCIENTIFIC PUBLICATIONS AND CONNECTIVITY

CSIRO is Australia’s largest publisher of scientific publications in the relevant fieldsxi and CSIRO publications 
represent more than 20 per cent of Australia’s output in the scientific fields of Agricultural Sciences (21 per cent) 
and Plant & Animal Science (14 per cent). The University of Queensland is Australia’s next largest producer with 
output 60 per cent of that from CSIRO. CSIRO’s research is of highest quality in Australia (on a citation basis) and 
is 58 per cent more cited than the world average. CSIRO’s agricultural and land usage research is underpinned 
by environmental and ecology research. CSIRO contributes 17 per cent of Australia’s output in the scientific fields 
of Environment and Ecology. Network analysis of scientific publications shows that CSIRO is the most central 
Australian institutional ‘node’ in Agricultural Sciences, Environment/Ecology and Plant & Animal Sciences.

Over the last five years, Australia’s research publication output in Food & Agribusiness was the tenth largest in 
the world {the top nine countries being USA (18.7 per cent), China (10.5 per cent), Brazil (7.9 per cent), Spain, 
Japan and India (6–5 per cent), Germany, Italy and Canada (4.6–4.2 per cent)}. Australia’s share of global output 
in this sector has been gradually but steadily rising over the last few years, going from 3.9 per cent in 2009 to 
4.2 per cent in 2013. China’s rate of increase in publications has been, as in many other fields, meteoric, but 
perhaps more surprising is Brazil’s position in third place.

LICENCES AND PATENTS:

CSIRO has 129 licence arrangements and has a portfolio of 179 patent families and 110 Plant Breeders Rights.

xi	 WoS subjects FOOD SCIENCE & TECHNOLOGY, NUTRITION & DIETETICS, AGRICULTURE MULTIDISCIPLINARY, AGRONOMY, FISHERIES, AGRICULTURE DAIRY & 
ANIMAL SCIENCE, AGRICULTURAL ECONOMICS POLICY, AGRICULTURAL ENGINEERING, HORTICULTURE and SOIL SCIENCE, along with all publications where 
the abstract, title, keywords or cited document titles contained one of the keywords ‘livestock’, ‘agribusiness’ or ‘pasture’
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Mining Equipment Technology and Services

CSIRO’S R&D ACTIVITIES IN THE SECTOR

CSIRO works across the minerals value chain including in the areas of discovering mineral resources; the future 
mine; advanced processing technologies; transforming productivity through on-line analysis; sustainability 
through systems innovation; securing the future of Australia’s carbon steel materials industry; and, growing 
Australia’s light metal industry.

RESOURCES

In 2012/13 CSIRO expenditure was $71.4M including $19.5M from non-appropriation sources.

EXAMPLES OF INDUSTRY CONNECTIONS

AuScope

CSIRO partnered with Geoscience Australia, 11 universities and state government agencies to improve the 
availability and accessibility of comprehensive geoscientific data through the AuScope portal. The portal 
provides seamless access to Australian geosciences data at atomic to continental scale within and between 
geological surveys and their clients. AuScope will enable mineral deposits to be discovered earlier and will 
reduce the cost of mineral exploration. See: https://www.csiro.au/Portals/About-CSIRO/What-we-do/Impact-
case-studies/AuScope.aspx

Direct Nickel Limited

Direct Nickel Limited has been working with CSIRO to scale up their hydrometallurgical process for nickel laterite 
deposits.

METS SECTOR CLIENT FEEDBACK WILLINGNESS TO RECOMMEND

‘World-class expertise.’ – Industry client #1 (Mining) Average score 8.2/10

74% of clients rated 8 or higher

5% of clients rated us 5 or lower

From 39 responses,

73 projects surveyed,

53% response rate

‘CSIRO are equipped with suitable equipment and have the highest quality 
personnel.’ – Industry client #2 (Mining) 

‘Pragmatic research backed by sound evidence, good practice and 
transparent methodology.’ – Industry client #3 (Mining) 

‘Very useful/practical outcomes and findings. Very focused on client's specific 
questions, queries, etc. Very good reporting.’ – Industry client #4 (Mining)

‘Depending on the field, highly competent and responsive staff.’ – Industry 
client #5 (Mining)

RESEARCH PRECINCT DIRECTLY SUPPORTING THIS SECTOR

The National Resource Sciences Precinct is a focus for Australian resource science research involving researchers 
and students from CSIRO, the University of Western Australia, Curtin University, the Western Australian 
Government, industry and others. The precinct will be internationally recognised, as a leading minerals and 
energy research and development centre and a key influencer in Asia and South America. The National Resource 
Sciences Precinct currently hosts over 900 research staff addressing the future needs of the global resources 
industries, supported by over A$700 million of research infrastructure, and the precinct’s ‘spokes’ extend 
both nationally and internationally. The establishment of the National Resource Sciences Precinct offers the 
opportunity to embrace a more holistic view of the future research and development needs of the resources 
sector, expanding the traditional science and engineering disciplines to include areas such as social and 
environmental sciences and resource economics.

The Advanced Resource Characterisation Facility has been established by CSIRO, University of Western Australia 
and Curtin University, with funding support from the Science and Industry Endowment Fund (originally from a 
gift from CSIRO of funds received from licences to CSIRO’s WLAN technology), as part of the National Resource 
Sciences Precinct. The Advanced Resource Characterisation Facility will provide a global hub for performing 
metre to atomic scale analyses which, when combined with the four dimensional data integration capability 
provided by the Pawsey Centre, will create a ground-breaking research facility having a resource focus 
unmatched anywhere in the world. The Facility is acquiring three pieces of sophisticated measuring equipment 
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to be used for research, analysing and interpreting – on multi-scales – the constituent materials in samples from 
the geoscience research community and geoscience industries.

SCIENTIFIC PUBLICATIONS AND CONNECTIVITY

In Mining Equipment, Technology & Services,xii CSIRO is Australia’s largest producer of research publications 
and represents 14 per cent of the country’s total output. The ANU is the next largest contributor producing 
20 per cent less publications than CSIRO. The sector represents 9 per cent of the CSIRO’s total output of scientific 
publications. CSIRO research in this sector is strong and is 48 per cent more cited than the global average. 
Network analysis of scientific publications shows that CSIRO is the most central Australian institutional ‘node’ in 
these fields.

Over the last five years, Australia’s research publication output in Mining Equipment, Technology & Services was 
the ninth largest in the world. Country output in this field follows similar patterns to the view of world research 
as a whole, with the US ranked first (24.9 per cent), China second (15.6 per cent), followed by traditional sources 
of research output, including the UK, France, Germany, Canada, Italy and Japan. Australia’s share of global 
output in this sector has been gradually but steadily rising over the last few years, going from 4.8 per cent in 
2009 to 5.3 per cent in 2013.

LICENCES AND PATENTS

CSIRO has 54 licence arrangements and has a portfolio of 65 patent families.

Energy Oil and Gas

CSIRO’S R&D ACTIVITIES IN THE SECTOR

CSIRO’s energy research aims to ensure energy supply; to maximise Australia’s wealth from its energy resources; 
and to reduce greenhouse gas emissions. CSIRO’s oil and gas exploration and production research aims to apply 
new technologies and knowledge to offshore basins to ensure that the country has secure supplies of power 
and transport fuels for the coming decades.

RESOURCES

In 2012/13 CSIRO expenditure was $238.2M including $96.9M from non-appropriation sources.

EXAMPLES OF INDUSTRY CONNECTIONS

BuildingIQ – Reducing energy consumption in landmark buildings around the world

CSIRO is helping commercial building owners in Australia and the US to reduce their energy consumption by 
up to 30 per cent, though our BuildingIQ technology. Even though it is only early days for the roll-out of the 
technology, in 2013 alone, BuildingIQ has already saved customers $1.5 million in energy costs. It has received 
multiple industry awards including the Bloomberg New Energy Pioneers Award and Global Cleantech 100 award 
in 2012. Cities across the United States are already using the Building IQ system to manage their HVAC needs. 
One of New York’s iconic buildings, the Rockefeller Centre, is for example using the system and has saved 13 per 
cent of its energy consumption in 12 months.

Solar air-conditioning – cool technology to warm your home

CSIRO has invented a new solar air-conditioning system using innovative three-in-one technology that provides 
hot water, cooling and heating for Australian homes. This solar system uses only a fraction of the electricity of 
current systems and halves greenhouse gas emissions. By using less electricity especially at peak demand times, 
it helps to avoid building costly electricity network expansions. It is currently being trialled in close collaboration 
with a major Australian manufacturer of solar hot water systems in residential homes on Magnetic Island.

xii	 WoS subjects MINING & MINERAL PROCESSING, GEOSCIENCES MULTIDISCIPLINARY, GEOCHEMISTRY & GEOPHYSICS, MINERALOGY and ENGINEERING 
GEOLOGICAL

Australia's Innovation System
Submission 36

Inquiry into innovation and creativity: workforce for the new economy
Submission 88



35

CSIRO’s activities in the Energy sector have resulted in formation of new companies and working with those 
companies:

◆◆ Habidapt is a new company formed in 2014 to commercialise CSIRO’s energy systems management 
technology

◆◆ eCoult is a Company formed to commercialise CSIRO’s Ultrabattery technology for stationary purposes. 
Company recently acquired by East Penn Manufacturing

◆◆ Hyssil – CSIRO is working with this Victorian building materials company to develop a super-light weight GHG 
friendly alternative to cement

◆◆ Dyesol – CSIRO is working with DYESOL on research into the development of a higher efficiency 
dye‑sensitizer for application in the building-integrated photo-voltaic (BIPV) materials program.

ENERGY OIL & GAS SECTOR CLIENT FEEDBACK WILLINGNESS TO RECOMMEND

‘Excellent people to work with who are committed to making a positive 
impact.’ – Industry client #1 (EO&G)

Average score 8.5/10

82% of clients rated 8 or higher

6% of clients rated 5 or lower

From 34 responses,

66 projects surveyed,

52% response rate

‘This is a mature project and I have found the CSIRO Project Team has an 
excellent understanding of the project and systems and are committed to 
producing results & reports in agreed timeframes.’ – Industry client #2 
(EO&G)

‘For Physics based water quality monitoring applications CSIRO is 
outstanding nationally and internationally...’ – Industry client #3 (EO&G)

‘CSIRO has an excellent depth and breadth of expertise to bring to a project. 
It also has a high recognition and reputation that brings with it a level of 
authority to science output. The problem in this case to be examined is 
politically and publicly sensitive and CSIRO provided a very high quality 
output.’ – Industry client #4 (EO&G)

RESEARCH PRECINCT DIRECTLY SUPPORTING THIS SECTOR

See the National Resource Sciences Precinct.

SCIENTIFIC PUBLICATIONS AND CONNECTIVITY

CSIRO publications represent 17 per cent of Australia’s output in the scientific fields of Geosciences and of 
Environment and Ecology and the network analysis of scientific publications shows that CSIRO is the most 
central Australian institutional ‘node’ in these fields.

CSIRO’s contribution to Australian output in Energy Oil & Gasxiii is 16 per cent and so CSIRO’s contribution to this 
sector is critical. Curtin University is Australia’s next largest producer. CSIRO’s research in this sector is of good 
quality and is 38 per cent more cited than the world average. The organisation’s output in Oil and Gas has been 
increasing in recent years, though a planned reduction in liquid fuel research may reduce this growth.

Over the last five years, Australia’s research publication output in Energy Oil & Gas was the ninth largest in the 
world. China’s rate of increase in publications has been, as in many other fields, meteoric; unlike most other 
fields, it has overtaken the US in terms of output volume. Australia’s share of global output in this sector jumped 
in 2010 from around 3.2 per cent to around 3.8 per cent, at which level it has remained.

LICENCES AND PATENTS

CSIRO has 99 licence arrangements and has a portfolio of 106 patent families.

xiii	 Research in this sector was identified by analysing publications where the abstract, title, keywords or cited document titles contained one of the keywords 
‘oil’, ‘gas’ or ‘petro*’ in the subject areas MINING & MINERAL PROCESSING, GEOSCIENCES MULTIDISCIPLINARY, ENGINEERING GEOLOGICAL, ENERGY & FUELS 
and ENGINEERING OCEAN, along with publications where the abstract, title, keywords or cited document titles contained the keyword ‘petro*’ in the 
subject areas ENGINEERING CHEMICAL, CHEMISTRY MULTIDISCIPLINARY, CHEMISTRY APPLIED, GEOCHEMISTRY & GEOPHYSICS and GEOLOGY.
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Advanced Manufacturing

CSIRO’S R&D ACTIVITIES IN THE SECTOR

CSIRO is looking to build the agility and resilience of Australian manufacturing companies, to increasing their 
productivity and competitiveness.

RESOURCES

In 2012/13 CSIRO expenditure was $223M including $65.4M from non-appropriation sources (inclusive of 
Medical Technologies and Pharmaceuticals). In 2012/13, CSIRO expenditure in Medical Technologies and 
Pharmaceuticals was $89M including $26.7M from non-appropriation sources.

EXAMPLES OF INDUSTRY CONNECTIONS

Textor Technologies

CSIRO partnered with Textor Technologies a leading Australian supplier of medical and healthcare textiles. 
Textor, with CSIRO’s expertise and world-class textile research facilities has produced new materials with tailored 
properties that are significantly more absorbent and comfortable for consumers. See: http://www.csiro.au/
Portals/About-CSIRO/What-we-do/Impact-case-studies/Manufacturing.aspx

Protecting Australia’s Defence Force with innovative body armour

CSIRO partnered with Australian Defence Apparel (ADA), the Defence Materials Technology Centre and the 
Victorian Centre for Advanced Materials Manufacturing to develop significantly lighter armour to better protect 
Australian soldiers in combat. Research is also being carried out with local textile companies to develop new 
soft body armour and materials for other protective kit. Key industrial partners are Bruck Textiles, ADA, Tectonica 
and Textor Technologies. See: http://www.csiro.au/Portals/About-CSIRO/What-we-do/Impact-case-studies/
BodyArmour.aspx

Aerospace linkages: Boeing, Marand and Ferra

CSIRO conducts research relevant to the aerospace sector with leading organisations like Boeing, Lockheed 
Martin, Airbus, NASA, GKN and GE. Central to CSIRO’s engagement in aerospace is its 25 year partnership with 
Boeing, who employs in the order of 3500 staff locally. CSIRO’s research goes across bio-fuels to advanced 
materials, modelling of complex systems and environmental interactions as well as new digital manufacturing 
technologies like additive manufacturing, assistive automation, sensor technologies and applied informatics. 
CSIRO partners with the local aerospace supply chain with organisations like Marand and Ferra Engineering as 
well as organisations looking to diversify into the aerospace supply chain.

MANUFACTURING SECTOR CLIENT FEEDBACK WILLINGNESS TO RECOMMEND

‘We would recommend CSIRO to others as the work was conducted to an 
international standard. The team at CSIRO provided a high-quality scientific 
approach to the conduct of the experiments. The team we dealt with has 
a high level of technical expertise and provided high quality experimental 
results in a difficult research area...’ – Industry client #1 (Manufacturing) 

Average score 8.7/10

83% of clients rated 8 out of 10,  
or higher

7% of clients rated 5 or lower

From 43 responses,

61 projects surveyed,

70% response rate

‘CSIRO reputation of scientific competency with impartiality or 
independency to industry players involved. Additionally the brand equity of 
a CSIRO endorsed process and outcome is respected.’ – Industry client #2 
(Manufacturing)

‘I have had a most productive and rewarding collaboration with a team 
from Materials Science Engineering at CSIRO. Publications and grants have 
resulted from this collaboration and further developments are planned 
for our ongoing project. There is a real chance we may translate our 
research into the clinic which could only have happened as a result of our 
multidisciplinary research project with CSIRO partners.’ – Industry client #3 
(Manufacturing)
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RESEARCH PRECINCT DIRECTLY SUPPORTING THIS SECTOR

The Australian Manufacturing and Materials Precinct in Clayton will be a hub for a wider network of industry 
and research‑based organisations to connect, collaborate and focus on translating research outcomes to 
industry. CSIRO and Monash are the founding partners are working together to drive the Precinct. The South 
East metropolitan region of Melbourne is home to 40 per cent of Victoria’s manufacturing companies, as 
well as CSIRO, Monash University, the Australian Synchrotron, and the Melbourne Centre for Nanofabrication. 
The Australian Manufacturing and Materials Precinct will help drive the innovation necessary for Australia’s 
manufacturing industry to remain competitive, locally and globally connected, and form an attractive target 
for talent and inbound investment.

SCIENTIFIC PUBLICATIONS AND CONNECTIVITY

CSIRO is the third largest producer of Advanced Manufacturingxiv research publications in Australia and 
represents 11 per cent of the country’s output. The University of Queensland and UNSW both produce slightly 
more publications. CSIRO’s research quality is at a reasonable level, being 32 per cent more cited than the world 
average. There has been a decline in CSIRO’s output of scientific articles in this sector in recent years.

Over the last five years, Australia’s research publication output in Advanced Manufacturing was the thirteenth 
largest in the world. China’s rate of increase in publications has been, as in many other fields, meteoric; unlike 
most other fields, it has overtaken the US in terms of output volume. Also noteworthy in the rankings as 
deviations from the overall global picture are South Korea, India and Taiwan, all of which produce more research 
in this area than Australia. Australia’s share of global output in this sector has been fluctuating over the last few 
years, with no strong pattern of increase or decrease.

LICENCES AND PATENTS

CSIRO has 60 licence arrangements and has a portfolio of 165 patent families.

Medical Technologies

CSIRO’S R&D ACTIVITIES IN THE SECTOR

CSIRO’s medical devices and materials research aims to develop and evaluate new biomedical devices and 
platform materials technologies capable for application in tissue and regeneration. This will support the 
Australian biomedical manufacturing industry by creating new products and technology for local and global 
markets.

RESOURCES

In 2012/13, CSIRO expenditure in Medical Technologies and Pharmaceuticals was $89M including $26.7M from 
non‑appropriation sources.

EXAMPLES OF INDUSTRY CONNECTIONS

Medical Developments International

CSIRO is working with Medical Developments International (a Victorian SME) to develop a new production 
process for methoxyflurane – the pain-relieving ingredient used in Penthrox™ (commonly known as the ‘green 
whistle’). This will strengthen Medical Developments International’s position as the only global manufacturer of 
this drug. The project will help Medical Developments International to significantly reduce the cost of producing 
Penthrox™ and facilitate large-scale production to support their plan to sell Penthrox™ in the UK and Europe. 
Medical Developments International is seeking regulatory approval to sell the drug in the United Kingdom and 
Europe, which if granted, will see Medical Developments International increase production of the drug using 
CSIRO’s manufacturing process.

xiv	 WoS subjects MATERIALS SCIENCE COMPOSITES, MATERIALS SCIENCE PAPER & WOOD, MATERIALS SCIENCE BIOMATERIALS, METALLURGY & METALLURGICAL 
ENGINEERING, MATERIALS SCIENCE MULTIDISCIPLINARY, ENGINEERING MANUFACTURING, MATERIALS SCIENCE TEXTILES, MATERIALS SCIENCE 
CHARACTERIZATION & TESTING, MATERIALS SCIENCE COATINGS & FILMS, MATERIALS SCIENCE CERAMICS, ENGINEERING INDUSTRIAL, NANOSCIENCE & 
NANOTECHNOLOGY and BIOTECHNOLOGY & APPLIED MICROBIOLOGY.
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Mesoblast

CSIRO is working with Mesoblast, a listed SME company, to optimise future bio-manufacturing needs through 
the development of manufacturing processes that can be scaled sufficiently to produce stem cells to meet 
clinical needs, at an acceptable cost of goods.

Much of CSIRO’s activities in the Medical Technologies sector has resulted in formation of new companies, a 
number of which are now listed on the ASX, and working with those companies:

◆◆ PolyNovo tissue repair (now called Calzada) is commercialising technology for burns and wound repair

◆◆ Polyactiva (drug delivery) – is commercialising polymeric drug delivery technology – a privately held, 
venture‑backed company

◆◆ AviPep – is licensed to this Victorian biotechnology company that is commercialising antibody technology 
with potential in the imaging and treatment of cancer

◆◆ Adalta – a privately held, venture-backed company that is commercialising antibody libraries for therapeutic 
use

◆◆ Evogenix, which merged with Peptech to form Arana

◆◆ StarPharma is commercialising a dendrimer nanotechnology platform, with biomedical and agricultural 
applications

◆◆ Benitec Ltd is commercialising CSIRO’s gene silencing technology in human therapeutics

◆◆ Elk Orthobiologics – commercialising Gene Directed Enzyme Prodrug Therapy

◆◆ VacTx Pty Ltd – commercialising vaccine technology

MEDICAL TECHNOLOGIES SECTOR CLIENT FEEDBACK WILLINGNESS TO RECOMMEND

‘Specialised knowledge and experience in bacterial, mammalian cell 
culture and regulatory requirements for recombinant organisms. This is not 
widespread in Australia.’ – Industry client #1 (Biotechnology) 

See Manufacturing section 
(above)

‘We were able to achieve our goals in the licensing agreement struck with 
CSIRO; equally importantly a relationship has been established between 
our internal innovation group and the applied research resources of CSIRO, 
enhancing future opportunities to collaborate.’ – Industry client #2 (Medical 
Devices) 

‘Work was done on time, on budget, technically all correct. Happy 
customer!’ – Industry client #3 (Medical informatics client) 

‘All reporting requirements are met in full and reports are submitted on 
time. Invoices are always accurate and on time. Any queries are dealt 
with professionally and quickly.’ – Industry client #4 (Community Health 
organisation)

RESEARCH PRECINCT DIRECTLY SUPPORTING THIS SECTOR

The Australian Manufacturing and Materials Precinct (see above).

SCIENTIFIC PUBLICATIONS AND CONNECTIVITY

Technical note: Identifying research in this sector is challenging, primarily for the technical reason that there is no 
easy way to distinguish medical technology research from other medical research. The results are dependent upon the 
analytical method and so only general comments, based on two different analytical approaches, will be provided.

Over the last five years, Australia’s research publication output in Medical Technologies & Pharmaceuticals was 
the ninth largest in the world (as indicated by both analytical approaches). Country output in this field follows 
similar patterns to the view of world research as a whole, with the US ranked first, China second, followed by 
traditional sources of research output, including the UK, France, Germany, Canada, Italy and Japan. Australia’s 
share of global output in this sector has been rising reasonably rapidly over the last few years, going from 
2.9 per cent in 2009 to 3.8 per cent in 2013 or 3.4 per cent to 4.1 per cent (depending upon which technical 
approach is used).
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Medical research per se is not a focus for CSIRO, although the organisation has a strong track-record in particular 
in the application of materials technology to medical devices, and in clinical research related to nutrition. It is 
thus unsurprising that the bibliometric analysis shows that CSIRO’s research represents only between 1.0–1.4 per 
cent of Australia’s output in this area.

LICENCES AND PATENTS

CSIRO has a portfolio of 90 patent families and 33 licences.
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