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Introduction

Australia has a unique, rich and incredibly powerful history of aerospace activity - from

Aboriginal and Torres Strait Islander peoples’ connection to the skies to the Parkes Observatory’s

first footage of the Apollo 11 landing. More recently, the establishment of the Australian Space

Agency has signalled a renewed interest in the industry. WIth the continued growth of the space

industry globally, now is a critical time to ensure that action is taken to build the industry for the

future.

This white paper focuses on achieving a sustainable launch-capable space industry within

Australia. It offers a set of recommendations that aim to support and promote Australia’s space

industry, helping to realise more frequent orbital and suborbital launches. These

recommendations are grouped into four categories: environmental sustainability, local launch

industry, public perception and economic sustainability.

Methodology
Over the past twelve weeks the Astra ‘Acacia’ team has worked to develop key

recommendations addressing identified gaps, challenges and potential oversights in Australia’s

growing space sector. The team first identified the four overarching themes to base

recommendations from thorough analysis of current industry and government participation in

the Australian space.
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To address these themes participants were assigned a profile, acting on behalf of a key

government or industry stakeholder. Representing these stakeholders, the team has completed a

total of eight in-session Assemblies where each participant was required to identify, summarise

and promote their interests and perspectives on various topics. Through much deliberation, a

total of 10 recommendations covering four unique topics were identified. Upon presenting these

recommendations to a panel of industry experts and receiving feedback, the team was able to

further refine their recommendations. These recommendations were presented to an industry

panel consisting of representatives from the Australian Space Agency, Equatorial Launch

Australia, KPMG Australia and the South Australian Space Industry Centre. Based on the

invaluable feedback received during this session, the Acacia team further refined the

recommendations. These revisions took into consideration economic feasibility, external factors

that may prohibit or significantly delay innovation and current legislation and guidelines

impacting the industry.

Following further research, this white paper includes an analysis of current concerns within the

industry and proposes a set of agile, innovative and achievable recommendations which are

intended to ensure Australia’s longevity as a leader in the space sector.

In formulating this white paper, several assumptions were made. Firstly, the recommendations

were proposed in the context of knowledge that the Australian government budget contributions

towards the space sector are and will remain extremely low. Moreover, the report was written and

compiled as of March 2021, and recommendations presented are based on current information

that may be modified in the future. As such, the method of executing the recommendations may

change.

It is noted that while the team consists of engaged and dedicated tertiary students and young

professionals, the team has limited experience working in the industry as professionals.

Furthermore, given the relatively limited time-frame of the program,  several important aspects

of the topic were unable to be considered fully, and so were not included in the paper. In the

future, limiting the number of topics covered by the team, or increasing the team size would

enable a deeper analysis of the relevant ideas.
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Topic 1: Ensuring environmental sustainability

One of the biggest concerns currently facing almost every industry globally is environmental

sustainability. In light of this, it is vital that Australia's growing space industry considers long term

impacts on Australia's diverse ecosystems of flora, fauna and natural geological wonders.

Through proactive risk mitigation, public awareness and industry responsibility Australia can lead

the way in developing a sustainable and environmentally conscious industry where all feasible

precautions are taken.

Holistic Life Cycle Assessments
Recommendation 1: Investigate life cycle assessments as a means to minimising

environmental impacts

Holistic environmental life cycle assessments (‘LCA’s’) are tools that are widely used in product

design to gain an understanding of the environmental impact of not just a product’s use, but of

the entire life associated with the product, from the procurement of resources, to manufacturing

and disposal.

The use of LCA’s in the space sector is emerging, but in contrast to other sectors, it brings unique

challenges for implementation. Currently, there is limited research into space sector LCA’s, and

the sector-specific information available in the form of life cycle impact analysis (‘LCI’)

databases is also limited. Since the development of an LCI database is extremely work-intensive,1

Australian industry should look to currently available space-mission specific databases such as

those being developed by the European Space Agency and the University of Strathclyde.2

While the overall environmental impact of the space industry is small relative to other sectors, as

space launches become more frequent, the associated environmental impacts will increase. In3

light of this, it is recommended that Australian organisations involved in launch activities

investigate the feasibility of implementing LCA’s into their product design. LCA’s have the

potential to support increased awareness of the environmental ramifications of space-related

activities as the industry grows.

3 Thibaut Maury et al. “Application of environmental life cycle assessment (LCA) within the space sector: A
state of the art,” 132.

2 Wilson and Vasile, Concurrent Design Process, 7.

1 Wilson and Vasile, Integrating Life Cycle Assessment of Space Systems into the Concurrent Design
Process, 3, 7.

3



Incentives for Promoting Company-Level Environmental Sustainability
Recommendation 2: Incentivise companies to be environmentally sustainable through a Star

Rating System and by issuing tax incentives according to proposed targets

Current and emerging aerospace companies may experience increased challenges in future

years with respect to maintaining stable financing as Australia moves into an environmentally

conscious time-period. To ensure the Australian space industry remains competitive, the

government should outline clear targets relating to energy and water usage, transportation

impacts, groundwater pollution and biodiversity management for the industry.

Targets proposed are:

1. Ensuring that space firms/companies in Australia have achieved emission reductions of

15% and/or environmental hedging strategies in sourcing >20% of energy from renewable

sources by 2023 ;4 5

2. Ensure that embodied energy costs are reduced by >10% year on year for the next 5

years, with peripheral benefits for cost reduction ;6

a. Ensure companies have a framework for reducing this with their supplies;

3. Making meaningful progress in company specific targets for;

a. biodiversity management of (launch) sites;

b. reduction of pollution and waste disposal (ground water/air);

4. Encourage spinoffs and applications of innovation to be required to mitigate the impacts

of environmental degradation and climate change; and

5. Encourage through star ratings and/or tax incentives.

It should be considered that these targets have the potential to be used to produce a Star

Rating System (ERL Review) by which companies are ranked according to their productive7

performance in these fields. This star rating would be a competitive area for companies when

seeking future funding, and thus will enhance cooperation and action towards a more

sustainable future. Furthermore, the issuing of tax incentives to companies with the highest

ratings will uphold competition and improve efficiency in the industry. It is recommended that

these strategies are used to encourage proactive future direction on the proposed targets.

7 Acil Allen Consulting, ”Energy Label Rating Review Report Prepared for the Department of Industry (on
Behalf of the Equipment Energy Efficiency Committee),” (Brisbane, QLD 2014),.
https://www.energyrating.gov.au/sites/default/files/documents/ERL_Review_Final_Report.pdf

6 “Green Star: A Year in Focus FY 2019 Report,” Green Building Council Australia, accessed March 29, 2021..
https://new.gbca.org.au/

5 United Nations, Paris Agreement (Paris, 2015),
https://unfccc.int/sites/default/files/english_paris_agreement.pdf.

4 Tsekleves E., Rachel Cooper and Jak Spencer, eds. “The Sustainable Development Goals.” In Design for
Global Challenges and Goals, (London: Routledge, 2021), 12–25. https://doi.org/10.4324/9781003099680-3
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Putting the responsibilities back on industry
Recommendation 3: Support the development of a structured pre-qualification program, evaluating

company approaches and effectiveness in mitigating critical sustainability risks.

To prevent environmental awareness and risk mitigation from being solely the Australian

government’s responsibility, a mutually beneficial, cost effective and quickly established

pre-qualification program should be developed to ensure best practices are maintained at all

times by industry leaders. Several successful pre-qualification programs are currently being run

across the country as an affordable and effective method to incentivise improved quality and

processes whilst offering industry members of all sizes genuine benefits.8

When purely considering the benefits to private organisations, particularly start-ups and small

businesses - of which consist ~98% of all Australian businesses - there are significant economic9

and developmental advancements that can be identified. By receiving pre-qualification status

through various programs, companies are immediately exposed to new sales and development

opportunities. With certain tenders and projects only being offered to companies with

pre-qualification status, businesses could potentially be one step ahead of competitors. This

increased competition between businesses would result in more frequent innovation, research

and development, consistently pushing the limits of knowledge and capabilities of the Australian

space industry.

In addition to the benefits for both industry and government, the Australian people would benefit

from the clear messaging from all key stakeholders that environmental risk and disregard is

unacceptable. This program would establish a precedent that environmental responsibility is the

minimum and both private companies and the government are expected to uphold a higher

level of concern and participation.

It is recommended that for this pre-qualification program, due to the relative infancy of the

industry, a B2B (business to business) connection platform is maintained to allow businesses who

have received pre-qualification to network, collaborate and support one another. For companies

to become pre-qualified it would be necessary to meet certain criteria, based on multiple factors

and business outputs, as outlined by the Australian government in accordance with the

Australian Space Agency’s goals and milestones moving forward. Some key requirements that

should be included are: consideration of land use implications, use of comprehensive recycling

programs and native title assessment.10

10 “Development and Environmental Approval,” Greencap, accessed March 31, 2021,
https://www.greencap.com.au/services/development-environmental-approvals.

9 “Australia, the small business nation,” Mccrindle Research, accessed March 31, 2021,
https://mccrindle.com.au/insights/blog/australia-the-small-business-nation-2.

8 “ICT Services Scheme,” NSW Government, last modified November 27, 2020,
https://buy.nsw.gov.au/schemes/ict-services-scheme.
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Requirements will need to be reasonably stringent to ensure that businesses are implementing

change-management plans and adhering to a higher level of environmental responsibility than

other industry counterparts.

Topic 2: Growing a local launch industry
Growth of the local launch industry is an integral objective which requires the establishment of a

diverse local workforce and increased public interest in entering such workforce. Currently, there

exists a brain-drain dilemma where graduates and employees prefer employment in more

well-established international space organisations. The Australian industry needs to establish

itself as a key player in the global arena to attract talent and further its development.

Engaging students and graduates
Recommendation 1: Encourage and support industry to engage in work experience, internship

and graduate program opportunities

The government should offer competitive scholarships for students to undertake local

placements and short-term employment. This scheme should be open to high-achieving11

tertiary students from a variety of educational backgrounds and entail, where possible, a

scholarship and mandatory set period to work for local industry. This would allow students to

obtain guaranteed roles post-graduation in different niches within the space ecosystem.

The government should look to introduce quotas and sub-quotas for graduates, ensuring that

the grad-entry-level cohort has representation from the rural/regional cohort and Aboriginal and

Torres Strait Islander communities. A similar initiative by the Industrial Development Agency of

Poland (ARP) has been trialled and shown to be successful in retaining employee interest.12

By promoting existing networks such as Australian Postgraduate Research Intern (‘APR.Intern’)

among local industry players, graduates can become aware of options outside of academia.13

This includes international and domestic, short term and long-term, internships opportunities (for

bidirectional transfer of skills; academic to industry and vice versa).14

14 “APR Intern," AMSI, accessed 29 March, 2021, https://aprintern.org.au/.

13 PhD graduates hold a repertoire of skills that are valuable and transferrable to the industry, however most
continue post-study towards traditional pathways within academia, and employers do not target this
cohort in their advertising, nor do they recognise the potential and advantages that come with hiring them.
See: Will J. Grant et al. "A Machine Learning Analysis of the Non-Academic Employment Opportunities for
Ph.D. Graduates in Australia." Higher Education Policy 33, no. 4 (July 4, 2018): 799-813.

12 Masters and PhD graduates typically continued their employment following the internship in the domestic
space sector with the ARP’s program. See: Adam Dąbrowski, et al. 2018. “Governmental supported space
internship programmes in new ESA member states - Polish perspective”. Paper presented at 69th
International Astronautical Congress, Germany, 2018.

11 Adapting from the government’s initiatives to provide more Australian medical practitioners in areas of
workforce shortages. See: "The Bonded Medical Program," Department of Health, last modified March 17, 2021,
https://www1.health.gov.au/internet/main/publishing.nsf/Content/reformed-bonded-programs.
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A program should be established by the Australian Space Agency in collaboration with the

Department of Industry, Innovation and Science to offer international industry exchange to

further increase acclaim and presence as an employment opportunity. This would involve

forming a network with representatives from different organisations around the world,

communicating selection criteria for international exchange and attracting members of the

industry to partake in this program.15

The Australian Space Agency should host annual local and international technology and

innovation challenges. Student team competitions are efficient ways to promote technical skills

development and generate talent in tertiary students. To engage multidisciplinary students,16

competitions could range from design and building of sub-orbital/extra-terrestrial vehicles, and

problem solving challenges tackling environmental sustainability, to developing campaigns to

promote space knowledge in the public sphere.

Engaging local companies
Recommendation 2: Incentivise industry to engage with Australian companies

By incentivising and encouraging engagement of recognised Australian-owned companies for

their goods and services, increased economic stability, employment opportunities and local

knowledge/skill can be retained and expanded within the country. Australia can ensure a

long-term self-sustaining and financing space industry by shifting the focus of space industry

start-ups, SMEs and large corporations to an Australian-based external supplier approach. Our

current capacity to fulfill all product requirements and innovative development is not yet

optimised. However, through the Australian Space Agency supporting and enabling Australian

entrepreneurs to innovate within this industry, increased demand will open a niche for new

development and commercialisation to flourish.

When looking at incentivising these practices and approaches, it is possible to suggest a

long-term incentivisation program dependent on the nature and category of the hosting

company. With a limited budget allocated to the current Australian space industry and potential

uncertainty from the Australian public, resulting in an aversion to additional allocation of

taxpayer money, the government can offer smaller incentives over significantly longer periods of

time.

This proposed scheme would also instill confidence in organisations that their position in the

market is anticipated to be present in the medium to long term future. Alternatively the

16 Inspired by current local competitions such as Student FSAE, Australian Rover Competition and Australian
Universities Rocketry Competition, and from the competitions hosted by the European Space Agency to
multidisciplinary tertiary student audiences across all member states.

15 This is similar to the Office of International Affairs within the Institute of Aeronautical Engineering in India.
See: “International Collaborations,” Institute of Aeronautical Engineering, accessed 29 March, 2021,
https://www.iare.ac.in/?q=pages/international-collaborations.
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incentivisation programs can merge together with the previously mentioned Star Rating System

and pre-qualification programs to centralise company engagement and simplify what can be a

complicated space for compliance.

Due to the requirement to maintain resources, employment opportunities and expertise at all

stages of the manufacturing/service pipeline for a range of industries, it will be necessary to

accommodate the potential for mobilising pre-existing workforces and facilities with the

capacity to modify practices and transition to serve the Space sector. With examples of such

practices seen across the globe, including that of a tyre company based in Akron, Ohio (US)

where their production capabilities were transitioned to focus on manufacturing polymers to

service the aerospace industry.17

By focusing on the engagement of Australian owned and made companies, this will also attract

international expertise to the Australian marketplace to contribute to the growing industry,

ultimately improving the skill set of the Australian workforce and increasing diversity.

Topic 3: Public perception and accessibility of the industry
As the space industry grows and technology advances, the impact on our daily lives becomes

more evident.  Therefore, the general public becomes an equal stakeholder in space activities

and industry progress. Consideration as to how current outreach strategies will influence the

future of the industry becomes increasingly important.

The following recommendations suggest mutually beneficial methods of engaging with the

public to determine public perception, generate awareness, and improve accessibility.  These

considerations acknowledge the varying goals of space organisations and are designed to be

adapted to small and large-scale initiatives, over short and long-term periods.

A “bottom-up” approach to engagement
Recommendation 1: Utilise social media data for appropriate engagement strategies, and to

generate interest in the industry

Placing the scientific and technological rationale for space activities at the forefront of

discussions highlights a challenge.  Space organisations have an ethical obligation to

communicate the consequences and importance of space activities to the public. However,18

concepts can be complex for an audience with no prior knowledge, which may result in

exchanges that are inadvertently targeted to STEM backgrounds, further alienating the public

from its relevance. This could pose a problem in long-term decision-making when feedback is

18 James A. Dator. Do Rocks Have Rights? Social Foundations of Human Space Exploration. SpringerBriefs in
Space Development (Boston, MA: Springer US, 2012), 81. https://doi.org/10.1007/978-1-4614-3094-0.

17 Richard Lester. 2005. "Universities, Innovation, And The Competitiveness Of Local Economies: A Summary
Report From The Local Innovation Systems Project-Phase 1". Working Paper Series. Massachusetts Institute of
Technology, Industrial Performance Center.
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consistently sourced from special interest groups.  The “bottom-up” approach refers to the

industry democratising communication by tailoring to the needs and interests of the public.

Social media outreach targeted to the public must consider the diverse communication needs

of the Australian demographic, including current exposure to space, age, disability, or English as

a second language. In response, communications should include a range of methods, such as

the use of infographics, multimedia, closed captioning, and simple phrasing for language

translation.

The Space Generation Advisory Council attests to the value of “space influencers” to reach

separate and distinct audiences, use reputation to create highly visible content, and produce

regular, quality posts. As a designated role this is not only an opportunity for social media19

professionals, but for non-STEM work experience students to provide expertise in creative design,

current trends, accessibility, inclusion, and community management, by incorporating

generational perceptions, and entering the Australian space industry into mainstream culture.

For new and established space organisations this will also generate an archive of history and

progress for posterity.

When used effectively, social media can assist space organisations by providing immediate data

on current public perceptions of space activities, suggestions, concerns, criticisms, and

responses to events, to inform engagement strategies and democratise future communication.20

Further, this is a viable and readily available method of generating interest in the sector for

graduates and investors.21

Industry awareness and public participation
Recommendation 2: Coordinate nation-wide campaigns between space agencies to create

awareness of the space industry sectors

The use of space is a large part of contemporary culture. Developing a campaign strategy will

mobilise available networks to assist in delivering a consistent outreach goal, to generate public

interest, create awareness, personal investment, and a connection to the progress of the

Australian space industry.22

Online global campaigns have been successful with other space agencies.  In 2013 the European

Space Agency (ESA) started the #WakeUpRosetta campaign, which challenged the public to

make videos which would be sent into “deep space”. In honour of Earth day on April 22, 2014,

22 NASA Earth Science Enterprise. “Outreach and Communications Plan”. 2004.

21 Ksenia Synkova, “Space Influencers - Valuable Assets for the Space Industry”.

20 Arthur Mickoleit. Social Media Use by Governments: A Policy Primer to Discuss Trends, Identify Policy
Opportunities and Guide Decision Makers. OECD Working Papers on Public Governance, No. 26 (OECD
Publishing, 2014), 4. http://dx.doi.org/10.1787/5jxrcmghmk0s-en.

19 Ksenia Synkova. “Space Influencers - Valuable Assets for the Space Industry”. Space Generation Advisory
Council.  December 17, 2020. https://spacegeneration.org/space-influencers.
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NASA launched the Global Selfie Campaign, which used 36,422 individual photos to create a

mosaic image of the Earth.

Using these ideas as a template, nation-wide campaigns could go further to facilitate

cooperation between agencies, universities, and other industries.  These events could be online,

onsite, or a combination of both, including a range of activities not limited to science and

technology, but with a focus on connecting education to entertainment, as opposed to

innovation outcomes.  Themes could be planned and designed to draw attention to the range

services and positive social outcomes space activities provide, giving the public an introduction

to the breadth of the industry.  In addition to social media, information could be distributed

centrally through a mobile application or website which connects users to events in their state,

serving as a means to submit part or all of their projects.  This provides another medium for

industry partners to gauge interaction and assist in subsequent campaign strategies.

By encompassing a variety of specialisations and several options for involvement, more

participants are able to contribute around their individual capability and physical circumstances,

in celebrating the launch of the space industry in Australia.

Balancing discipline representation
Recommendation 3: Identify where career pathways are possible for non-STEM students and

professionals to balance discipline representation in the workforce

When defined and advertised in the categories of STEM, law, and defense, the space industry

imposes a barrier to entry for students, lateral transfer of employment, and academic

researchers in the Social Sciences and Humanities (‘SSH’) disciplines. There has been some23

critique recently regarding the language used to describe space activities, for instance, the

request to change “manned” (missions) to the gender-neutral “crewed”, and colonial terms such

as “conquer” and “frontier”. This indicates that language has the ability to influence the attitude24

and image of the space industry. Prolonged exposure affects public engagement because of

the associations that space is a domain which is limited to conversations between experts with

exact specialisations.25

It is widely accepted that the convergence of the natural and social sciences is essential to

addressing the human dimension of space exploration, and without it, the industry may risk

25 James A. Dator, Social Foundations of Human Space Exploration, 46.

24 Joelle Renstrom. “Language of Space Exploration Rhetoric Can Affect Public Perception of Space
Activities”. Technology News, Firstpost, March 29, 2021.
https://www.firstpost.com/tech/science/language-of-space-exploration-rhetoric-can-affect-public-perce
ption-of-space-activities-9475861.html.

23 Jim Pass. “Enhancing Space Exploration by Adding Astrosociology to the STEM Model.” AIAA SPACE 2007
Conference & Exposition. September, 2007, 8. https://doi.org/10.2514/6.2007-6068.
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one-dimensional analysis, slower progress, and poor management of resources. Encouraging26

the social sciences and humanities to engage in space-related research questions will

contribute positively to policy-making, intellectual leadership, and normalise multidisciplinary

collaboration as the standard. Additionally, increased outputs which connect space activities to27

societal and cultural issues will reassure the public of actions being taken to ensure the safety

and benefit of humanity and the planet.28

While industry and employment opportunities are growing, at minimum the Australian space

industry should aim to make these roles visible to motivate future involvement. This would include

showcasing SSH and other fields on space agency and government websites, providing

presence at career hubs, exhibitions, and conferences. Trialing additional working groups in

existing programs to cover the ethics and policy in the content, will broaden the motivations for

entering the space industry, and develop supplementary skills for STEM fields. The Australian29

space industry should explicitly invite, consult, include, and elevate the contributions of SSH

professionals, in strategy, education, outreach, media, and on boards, for innovative problem

solving, and to strive for balanced representation in the industry.

Topic 4: De-risking and kick-starting an economically

sustainable industry

It is common knowledge for many that space launch endeavours are risky, both to establish and

operate. This is a result of the high capital cost of space activities, which includes high insurance

premiums and collateral due to the industry’s technical challenges and novelty. Without

government incentive, this risk is a major barrier for industry to bear, preventing them from

entering the industry and investing in commercial space activities. Government incentives to

mitigate this commercial risk would encourage private investment and create down-stream

commercial opportunities from an Australian presence in space.30

Inefficiencies in the industry and in the system regarding the space industry should be identified

and proper measures must be taken in order to promote long-term innovation, sustainability and

competitiveness of industry players.

30 CSIRO Futures, “A Roadmap for unlocking future growth opportunities for Australia”. CSIRO, 2018.
https://www.csiro.au/~/media/Do-Business/Files/Futures/18-00349_SER-FUT_SpaceRoadmap_WEB_180904.
pdf.

29 Jim Pass. “Enhancing Space Exploration by Adding Astrosociology to the STEM Model.” AIAA SPACE 2007
Conference & Exposition. September, 2007, 1. https://doi.org/10.2514/6.2007-6068.

28 Frank Tavares, Denise Buckner, Dana Burton, Jordan McKaig, Parvathy Prem, Eleni Ravanis, Natalie Trevino,
et al. “Ethical Exploration and the Role of Planetary Protection in Disrupting Colonial Practices.” October, 2020.
https://arxiv.org/ftp/arxiv/papers/2010/2010.08344.pdf.

27 Roberta Daveri and Gerhard Thiele. “Social Sciences and Humanities in Research on Space Exploration:
Results of a Bibliometric Analysis”.  European Space Policy Institute Perspectives 45, March 2011, 7.
https://www.files.ethz.ch/isn/128175/ESPI_Perspectives_45.pdf.

26 Jim Pass and Albert A. Harrison. “Astrosociology (Social Science of Space Exploration).” In Handbook of
Science and Technology Convergence, 2014, 9. https://doi.org/10.1007/978-3-319-04033-2_79-1.

11



Building an economically sustainable industry
Recommendation 1: Government agencies should fund and promote space launch and

satellite projects that will create new commercial opportunities in Australia

Investing in space requires large capital expenditure and ongoing costs, with the average

communications satellite costing over $400 million to manufacture, launch and operate over a 15

year life. Beyond this, the failure rate of commercial rocket launches can vary between 4-10%.31 32

This is representative of the significant challenges the commercial industry faces, particularly in

the initial years of Australian space launch when private investment will be difficult to secure.

Affordable access to space would create new commercial opportunities for some of Australia’s

largest industries, including mining and agriculture. Satellites purpose-built for monitoring and

surveying Australian territory would improve productivity in such industries. The down-stream

benefits, such as increased economic activity and improved disaster and climate response

capabilities, should be measured and reinvested to further fuel a self-sustaining and growing

Australian space presence.

Further, society’s transition to cloud-based computing and increasing reliance on advanced

high-speed communication technologies requires a strong Australian space presence and

satellite infrastructure to support it. The down-stream benefits to the productivity and efficiency

of such key industries, if supported by targeted capital investment from the government, can

contribute to the continued growth of the Australian space industry.

Federal government funding and contracts
Recommendation 2: Formulate a legal framework for enabling milestone-based, mutually

beneficial, competitive contracts between the Australian Space Agency and private industry

The government has a responsibility to the taxpayer to ensure that public funds are spent

effectively and for the benefit of the country. It must then be acknowledged that the space

industry can be extremely lucrative; the global space industry is expected to generate revenues

of over US$1 trillion by 2040. Even a percentage increase in Australia’s share of the global market33

would be worth tens of billions of dollars. The Australian space industry is poised to grow to A$12

billion by 2030, creating 20,000 jobs in the process.34

34 Australian Space Agency, Advancing Space - Australian Civil Space Strategy 2019-2028. Canberra:
Australian Space Agency, 2019, 3.

33 “Space: Investing in the Final Frontier,” Morgan Stanley, last modified July 24, 2020,
https://www.morganstanley.com/ideas/investing-in-space/.

32 N. Crosby, V. Pilipenko, and Romanova N., “Relationship of Worldwide Rocket Launch Crashes with
Geophysical Parameters,” International Journal of Geophysics 2013 (May 28, 2013): 1–15,
https://doi.org/10.1155/2013/297310.

31 Katherine Ziesing, “Space Refuelling Is the Way of the Future,” Australian Defence Magazine, April 10, 2019,
https://www.australiandefence.com.au/defence/cyber-space/space-refuelling-is-the-way-of-the-future.
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On top of ensuring that government investments create new commercial opportunities for

existing local industries, it is also important that the method of this funding is efficient and

well-suited for the purpose. It is clear that large government investments into specific companies

to achieve ‘small wins’ is an unsustainable strategy. Hence, we propose that mutually beneficial35

contracts be utilised for the development of space technologies, products and services to be

used by the civil government and Department of Defence.

These are competitive, milestone-based contracts between government agencies and private

industry, where funds are released upon the completion of tasks outlined by the contract.

Furthermore, it is recommended that funds provided by government contracts shall make up no

more than 50% of the cost of a project, so that businesses that have been awarded with

contracts are still required to develop sustainable private funding strategies.

A legislative framework for defining the functionality of these contracts should also be introduced

to parliament to ensure that contracting processes are fair, consistent, standardised and

binding. The contracts should then be used to support the roadmaps and long term goals that

have already been outlined by the Australian Space Agency.

As an example, Australian Space Agency contracts could be used to accelerate the

development of specific small-sat launch vehicle technologies. Although expensive in the short

term, this would enable Australia’s geographical advantages for equatorial and polar launches

to be leveraged for the development of earth observation satellites and constellations. This

would open up a new market and attract foreign investment to the local industry, superseding

the need for direct Agency funding. NASA, for example, has already expressed their willingness to

invest in the development of Australian launch capabilities. Agency contracts could then be36

used to open up more lucrative but previously inaccessible markets, such as large geostationary

satellites or in-space manufacturing.

36 NASA signed a commercial launch contract with Equatorial Launch Australia. See: Cara Waters, “‘World
first’: Startup wins NASA deal to launch rockets from Australia,” Sydney Morning Herald, May 31, 2019,
https://www.smh.com.au/business/small-business/world-first-startup-wins-nasa-deal-to-launch-rockets-f
rom-australia-20190531-p51t8g.html.

35 NASA has suffered from this to a degree, providing an uncompetitive, sole-source contract of $227M to
Kistler Aerospace in 2004, which SpaceX protested successfully. See: “Rocket maker loses $227M deal,” Puget
Sound Business Journal, last modified July 4, 2004,
https://www.bizjournals.com/seattle/stories/2004/07/05/story1.html.
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Recommendations

Topic 1

● Investigate life cycle assessments as a means to minimising environmental impacts

● Consider a Star Rating System according to proposed targets in order to incentivise

companies to be more environmentally conscious and sustainable

● Develop a pre-qualification program to encourage companies to mitigate critical

sustainability risks

Topic 2

● Encourage and support industry to engage in work experience, internship and gradual

program opportunities

● Incentivise companies to engage with those which have an Environmental Management

certification

Topic 3

● Utilise social media data for appropriate engagement strategies, and to generate interest

in the industry

● Coordinate nation-wide campaigns between space agencies to create awareness of the

space industry sectors

● Identify where career pathways are possible for non-STEM students and professionals to

balance discipline representation in the workforce

Topic 4

● Government agencies should fund and promote space launch and satellite projects that

will create new commercial opportunities in Australia

● Formulate a legal framework for enabling milestone-based, mutually beneficial,

competitive contracts between the Australian Space Agency and private industry
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a blueprint for launch in Australia
How Can Australia Be a Capable and Responsible
Citizen in the Space Economy?
Contributors: Harrison Dean, John Ogilvie, Angus McAdam, Alice McCann, Olivia Sasse, Taj Wedutenko,

Benedict Wong & Winnie Tang

Team Coordinators: Hamish Self & Felicia Leong

Introduction

As an industry in its infancy, Australia’s space industry is uniquely positioned to become a leading

player in the global space industry, whilst upholding Australia’s position as a responsible global

citizen. The first step in achieving this is to establish a launch industry which capitalises on

Australia’s competitive advantages; its highly educated workforce, strong legacy of research and

innovation, natural geography, political and geopolitical stability and ease of doing business.1

Australia will benefit significantly from the responsible development of domestic launch

capabilities. By 2016, the global space economy was worth an estimated $344.5B USD.2

Investment in the domestic space industry will provide returns in several areas of concern to

Australia, including:

➢ Disaster management - developing a sovereign launch capability would mitigate the

risks of relying on overseas-based companies for imaging and communications

technology for use in domestic disaster management.

➢ Strategic autonomy - Australia must reduce its current dependence on foreign allies for

essential strategic technology and must be capable of meeting its own defensive needs

in space so that Australia’s defensive capabilities do not become collateral damage in a

conflict it is not involved in.3

3 Department of Defence, 2018 Defence Industrial Capability Plan, (Canberra: Commonwealth of Australia, 2018), 138,
https://www1.defence.gov.au/sites/default/files/2020-08/defenceindustrialcapabilityplan-web.pdf.

2 Bryce Space and Technology LLC, Global Space Industry Dynamics, (Canberra: Commonwealth of Australia, 2018), 1,
https://www.industry.gov.au/sites/default/files/2019-03/global_space_industry_dynamics_-_research_paper.docx#:
~:text=The%20global%20space%20economy%20was,nearly%2020%20under%20%24100%20million.

1 “Doing business in Australia is easier - Austrade,” Australian Trade and Investment Commission, Edmund Tang, last
modified 4 November 2019,
https://www.austrade.gov.au/news/economic-analysis/doing-business-in-australia-is-easier.

18

https://www1.defence.gov.au/sites/default/files/2020-08/defenceindustrialcapabilityplan-web.pdf
https://www1.defence.gov.au/sites/default/files/2020-08/defenceindustrialcapabilityplan-web.pdf
https://www.industry.gov.au/sites/default/files/2019-03/global_space_industry_dynamics_-_research_paper.docx#:~:text=The%20global%20space%20economy%20was,nearly%2020%20under%20%24100%20million
https://www.industry.gov.au/sites/default/files/2019-03/global_space_industry_dynamics_-_research_paper.docx#:~:text=The%20global%20space%20economy%20was,nearly%2020%20under%20%24100%20million
https://www.industry.gov.au/sites/default/files/2019-03/global_space_industry_dynamics_-_research_paper.docx#:~:text=The%20global%20space%20economy%20was,nearly%2020%20under%20%24100%20million
https://www.austrade.gov.au/news/economic-analysis/doing-business-in-australia-is-easier


➢ Connecting citizens - both socially and technologically, a space-active Australia can

bring its populace together. Space endeavours have played an inspiring role in other

nations historically, and most communication technology, from NBN to GPS to mobile

phones rely on satellites.

➢ Economic benefits and diversification - beyond the economic activity generated by

companies directly involved in launch, the space industry also adds upstream and

downstream benefits that can support tens of thousands of jobs and billions in revenue.4

➢ Innovation - the unique operating environment of space has seen the development of

many technologies with commercial and household applications, including teflon, lithium

batteries, LEDs, filtration systems, cameras, communications, and advanced materials.5

➢ Productivity gains - Australia’s traditional industries can utilise innovative space services

such as satellite imaging and precision mapping to enhance their core operations.

Methodology

This paper details seven overarching recommendations focused on ensuring Australia becomes

a respected launch-capable citizen of the global space industry whilst extracting maximum

return on investment, both for taxpayers and to encourage private investment. These

recommendations have been divided into categories according to two key categories:

● Capability: Optimizing and aligning policy, regulation, technology and business

conditions within the Australian space sector to build Australia’s launch capacity and

downstream industry.

● Responsibility: Developing an economically, environmentally and socially sustainable

industry that delivers wide benefits and minimises harm to stakeholders.

Within each area of recommendation, goals and actionable strategies are presented based on

their applicable timeframe:

In formulating these recommendations, a number of core assumptions were made:

● That the Australian Space Agency (ASA) will not receive a significant increase in budget in

the near future.

5 National Aeronautics and Space Administration (NASA) Centre for AeroSpace Information, Spinoff: 50 Years of NASA
Derived Technologies (1958-2008) (NASA, 2008).

4 South East England Development Agency, The Case for Space: The Impact of Space Derived Services and Data (Oxford
Economics, 2009).
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● That developing the wider Australian space industry and therefore providing clients for

Australian launch providers is an effective way to build Australia’s launch capacity.

● That the ASA & Australian Government are agile enough to implement the

recommendations herein in the timeframes proposed and realise the maximal benefit of

doing so.

These recommendations were developed through a combination of brainstorming and

independent research, followed by a multidisciplinary review of recommendations by all

contributors to ensure that all developed recommendations had appropriate breadth and depth.
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Recommendations - Executive Summary

Category 1 - Capability

C1 Streamline regulatory procedures to improve certainty around the regulatory process

● Near Term:

○ Address the barriers to innovation including the additional costs
involved in novel applications for authorisation.

● Medium Term:

○ Consider how the application and authorisation process can be scaled
up for a more mature industry.

C2 Grow Australia’s domestic workforce

● Near Term:

○ Promote the engagement of Australian industry members for launch
projects undertaken by Australian companies.

○ Secure Australia's essential infrastructure.

● Medium Term:

○ Improve visa accessibility for launch-relevant professions.

○ Upskill and retrain available workforces from supporting industries and
slowing industries.

C3 Improve coordination of government and industry

● Near Term:

○ Expand industry consultation mechanisms.

○ Have the ASA consult with peak bodies in the wider economy.

○ Enhance involvement of high-level federal decision makers in
coordination functions.

● Medium Term:

○ Review performance of coordinating bodies.

○ Target funding towards achieving key civil capabilities.

● Long Term:

○ Set up a commercialization and business development division within
the ASA.

C4 Future-focus/standardisation within industry

● Near Term:

○ Ensure industry is aware of the need to develop technologies that will
be easy to operate, adapt and replace into the future.

● Medium Term & Long Term:

○ Assist Australian industry in fitting into international supply chains.
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Category 2 - Responsibility

R1 Future orbital & debris management

● Near Term

○ Conduct research into satellite decommissioning to facilitate short-
and long term planning by industry.

● Medium Term

○ Implement national standards for debris management as an element
of launch certification.

● Long Term

○ Develop debris tracking capabilities and recovery of deorbited crafts.

R2 Research and development of ecologically responsible launch systems

● Near Term

○ Conduct comprehensive research into emission and production toxicity
effects of rockets.

○ Invest in additive manufacturing for hybrid and solid fuel rockets.

● Medium Term

○ Prioritise funding for pioneering launch system technologies.

● Long Term

○ Build on proven launch systems and apply them to niche challenges.

R3 Make Space accessible to the Australian public

● Near Term:

○ Combat misinformation surrounding space.

● Medium Term:

○ Education of primary and secondary students.

○ Promotion of non-STEM careers in the space sector.

○ Facilitate the Indigenous voice in developing launch ranges.

● Long Term:

○ Improve transparency to encourage public confidence in Australia’s
launch program.

○ Invest in Space Discovery Centres across the country.

○ Foster broad community involvement.
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Recommendation C1: Streamline regulatory procedures to improve

certainty of application process and cost in the regulatory process

The ASA is responsible for the regulation of Australian space activities under the Space (Launches

and Returns) Act 2018 (Cth). It must strike a proper balance between public safety and

confidence alongside certainty and commercial viability in order to attract further funding and

commitment from industry participants and encourage innovation.

Near Term Goals

Addressing the challenges faced by nascent industry participants will be key to igniting the

industry. Certainty in regulation with a clear idea of the costs involved is necessary to allow

participants to develop innovative future plans. The move towards a partial cost recovery model6

recognises the need for government support for first movers in the industry in order to build a

new industry in a regulatory environment that minimises and properly manages risk. It allows the

industry to grow and genuinely innovate in its seminal stage instead of encouraging free-riders.7

The nature of the partial costs recovery model and the specific split of what industry participants

can be expected to pay needs to be carefully considered. With the Space (Launches and

Returns) Act 2018 intending to ‘encourage investment and innovation through legislative

simplification’, where costs are recovered in a partial recovery model will impact whether8

industry participants are actually incentivised to innovate. Innovative applications could involve

substantial departures from an ordinary practice and may, as a result, incur greater costs from

technical expert contractors assessing the safety of these novel applications. The partial costs

recovery model must ensure that first movers on innovative applications are not financially

penalised for venturing to try something new.

Establishing guidelines for the exercise of a discretion to partially or fully waive fees where they

are associated with a substantial innovation within the national interest could allow industry

participants to confidently make efforts to innovate. Additionally, the research and development

tax incentives regime should be checked to ensure application costs for industry participants are

covered under supporting research and development activities. These options offer a9

short-term alternative to the Productivity Commission’s recommendation for innovation to be

encouraged through the establishment of a transparent grants program to help defer the cost of

innovative applications to regulators.10

10 Productivity Commission, Cost recovery by Government agencies, 117.

9 Income Tax Assessment Act 1997 (Cth), ss 355.25 and 355.30.
8 Explanatory Memorandum, Space Activities (Launches and Returns) Bill 2018, 1.

7 Productivity Commission, Cost recovery by Government agencies, (Canberra: Commonwealth of Australia, 2001, Report
no. 15), 34, https://www.pc.gov.au/inquiries/completed/cost-recovery/report/costrecovery1.pdf.

6 “Partial cost recovery for launch and return applications,” Department of Industry, Science, Energy and Resources, last
modified 21 January 2020,
https://www.industry.gov.au/news/partial-cost-recovery-for-launch-and-return-applications.
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The use of third-party technical experts remains important as it allows the Agency to

immediately access the requisite expertise to assess the safety and viability of current

applications while building its own capabilities. The source of funding for external assessors also

needs careful consideration to ensure they remain uncompromised and independent from

industry participants.

Medium Term Goals

In the longer term, an investigation should be undertaken to determine the viability of

establishing a framework to allow further changes to approved applications to be authorised by

industry participants themselves or a third party. This would recognise the inherently flexible

nature of innovating and allow the regulatory regime to effectively adapt. Given the substantial

safety requirements relating to launch, and to reduce the risks associated with a self-regulated

model, a study should consider whether the formalisation and expansion of the use of external

technical expertise, including a regulatory scheme for the registration and regulation of authority

holders. This model may address the need for a scalable regulatory scheme without needing an

expansion of the government agency.
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Recommendation C2: Grow Australia’s domestic workforce

Australia’s space industry was worth up to $4 billion as of 2015 and employed up to 10,000

Australians. Growth in the sector is strong, with an expected annualised growth-rate of 7.1% over11

five years until 2024. The domestic space industry therefore presents an invaluable opportunity12

for investment and economic growth, provided that this growth is achieved.

A key barrier to achieving Australia's industry-growth aims is the domestic aerospace industry’s

‘brain drain’ which has seen Australian aerospace talent move overseas to more developed and

less fragmented industries, such as the United States. Consequently, any attempt to grow13

Australia’s space industry must be undertaken with a mind towards the long-term goals of

recovering lost expertise and becoming an accessible and attractive launch destination.

Near Term Goals

For an industry in its infancy, prioritisation of typically more expensive domestic partners is not

economically viable for many participants in the Australian launch industry. Simultaneously, the

Australian government is bound by its international obligation under the WTO’s national

treatment principle not to disadvantage overseas industry members by actively promoting

onshoring. This prohibits the use of subsidies or impeding international access to the Australian

market through tariffs and other such measures.14

Ultimately, it will be for industry participants to engage each other wherever practicable, with

consideration given to the long-term benefits of building local capabilities, including accessibility,

self-sufficiency and regulatory clarity due to an absence of jurisdictional differences. The

government can, however, kickstart industry growth by ensuring that projects undertaken in the

interests of national security employ the Australian industry wherever possible. Defence-related15

projects are already represented to the space industry by virtue of the Next Generation

Technologies Fund and the Sovereign Industrial Capability Priority Grant, amongst others. The16 17

implementation of NBN and other satellite based civil infrastructure also provide opportunities for

the government to propel the industry. Currently, Australia engages overseas-based providers to

17 Department of Defence, Defence Industrial Capability Plan, 44 and 153.

16 “Next Generation Technologies Fund,” Australian Government Department of Defence: Defence Science and Technology
Group, https://www.dst.defence.gov.au/nextgentechfund.

15 Exempted from the above under GATT Art. 21; GATS Art. 14
14 General Agreement on Tariffs and Trade (GATT), Art. 3; General Agreement on Trade in Services (GATS), Art. 17.

13 “An Australian Space Agency And The Prospects For Innovation,” United States Studies Centre, Benjamin Saling, last
modified 27 September 2017,
https://www.ussc.edu.au/analysis/an-australian-space-agency-and-the-prospects-for-innovation.

12 Australian Space Agency, Advancing Space: Australian Civil Space Strategy 2019-2028 (Canberra: Commonwealth of
Australia, 2019), 3,
https://publications.industry.gov.au/publications/advancing-space-australian-civil-space-strategy-2019-2028.pdf.

11 ACIL Allen Consulting, Australian Space Industry Capability, Report To Department Of Industry, Innovation And Science
(Canberra: Commonwealth of Australia, 2017), 1,
https://www.industry.gov.au/sites/default/files/2019-03/australian_space_industry_capability_-_a_review.pdf.
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facilitate implementation of essential infrastructure such as NBN, an approach which poses18

significant risk to Australia’s strategic and cyber-security interests. As Australia becomes more

susceptible to extreme weather events, particularly bushfires, the risk that disruptions caused by

such events could be exploited increases. Securing our civil infrastructure is essential to

preventing interference by disruptive actors, both foreign, and domestic. A clear way of

minimising these risks is by ensuring that information regarding, and management of, our

domestic intelligence and communications infrastructure remains onshore and in the hands of

Australians.

Projects relevant to essential infrastructure, such as those necessary for crisis management and

cybersecurity, should be considered projects undertaken in the interests of national security and

be undertaken by entities within the jurisdiction of the Australian government.

Medium Term Goals

In considering actionable goals, the government should consider not only encouraging the

recovery of the Australian expertise lost, but also obtaining foreign expertise. Importing foreign

expertise would help service the talent needs of the industry whilst enhancing Australia’s

educational capacity and diversity of thought in the industry. This would also allow the industry to

grow until a sufficient domestic talent base exists to support it independently of talent import.

Potential exists for the use of immigration mechanisms to encourage the  immigration of

relevant professionals to Australia. This is a not-uncommon method used by the government to

shape immigration trends and to increase or limit particular workforces.

Issues arise, however, from the current options available to employers and applicants; needing to

either receive an invitation to apply by a government agency (for example visa subclasses 189

and 190) or apply for a limited-term visa (for example visa subclass 482). Application costs,19 20

delays in grants and the nature of limited term visas are all factors which reduce accessibility,

particularly due to the nature of the applicants being sought for the space industry. Those with

the level of experience that Australia should seek are often young professionals looking to set

down roots and are no longer looking for short-term overseas positions. This creates disinterest in

temporary working visas, therefore making the impact of the hurdles in obtaining a permanent

visa even more significant. Time delays should also be considered as obstacles, disincentivising

employers from bringing overseas talent into Australia by ensuring that, once a position has

20 “Temporary Skill Shortage visa (subclass 482),” Department of Home Affairs, last modified 18 March 2021,
https://immi.homeaffairs.gov.au/visas/getting-a-visa/visa-listing/temporary-skill-shortage-482.

19 “Skilled Independent visa (subclass 189) Points-tested stream,” Department of Home Affairs, last modified 18 March 2021,
https://immi.homeaffairs.gov.au/visas/getting-a-visa/visa-listing/skilled-independent-189/points-tested#Eligibility;
“Subclass 190 Skilled Nominated visa,” Department of Home Affairs, last modified 18 March 2021,
https://immi.homeaffairs.gov.au/visas/getting-a-visa/visa-listing/skilled-nominated-190#Eligibility.

18 “NBN Co selects Space Systems/Loral for communications satellites,” NBN Co, last modified 8 February 2012,
https://www.nbnco.com.au/corporate-information/media-centre/media-statements/lts-com-satellite-deal.
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been filled from overseas, it must be held empty for up to a year and a half whilst the visa

application is processed with no guarantee that the visa will be granted.

Further opportunity lies in the development of the wider workforce to support the space industry.

As an infant industry, space provides an unparalleled opportunity to engage Australians in

building and servicing required infrastructure. Facilities for retraining and upskilling of workers

previously engaged in manufacturing or natural resource-based industries will provide

invaluable access to a workforce able to build and maintain a domestic supply chain for the

Australian space launch industry. Programs such as the Skilling Australia’s Defence Industry

Grants Program by the Departments of Defence and Industry, Science, Energy and Resources,21

and the My Skills Initiative run by the National Careers Institute provide mechanisms for the22

Australian government to set the Australian space industry up with a qualified workforce as it

expands.

It is necessary to expand the scope and accessibility of training subsidies, for example by

including fundamental fabrication and machining skills essential to the space industry,

increasing the availability of workers able to support and sustain the industry in the long term.

This would in turn reduce Australia’s reliance on overseas suppliers and minimise the risk of

fluctuations in global politics affecting the supply chains supporting Australian infrastructure. All

space industry stakeholders should ensure consideration is given to the necessity of building a

reliable domestic workforce and the long-term benefits of an industry that is independent of

global political and economic shifts.

22 “My Skills - Australia’s Training Directory”, National Careers Institute, https://www.myskills.gov.au/.

21 “Skilling Australia’s Defence Industry Grants Program | business.gov.au,” Business.gov.au, last updated 18 March 2021,
https://www.business.gov.au/grants-and-programs/skilling-australias-defence-industry.
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Recommendation C3: Improving coordination of government and

industry

The ASA has proven itself a capable regulator and champion of the Australian space industry

internationally through its operational and policy engagement with like-minded international

organisations such as NASA and JAXA. However, room for improvement remains regarding the23 24

ASA’s chartered responsibility of ‘coordinating Australia’s […] civil space sector activities’.25

Improving connections within the industry, coordination between industry and government, and

connecting the space sector with the wider economy will all be highly effective methods of

facilitating space sector growth and the best use of any future increase in The ASA’s budget. 26

Near Term Goals

Given the plethora of Australian space-related start-ups, it is essential that the ASA increases its

capacity to receive the regulatory and policy concerns of industry quickly. The current limitation,

for example, that the Space Industry Leaders Forum (The Forum) hold ‘no more than two

meetings’ yearly risks the concerns of industry not being heard in a prompt timeframe, being27

particularly damaging to innovative start-ups facing regulatory uncertainty and high cash burn

rates. If more start-ups fail to reach maturation as a result, this would imperil the ASA’s long-term

industry growth targets. Accordingly, the agency should ensure that its industry consultation

mechanisms handle a high volume and variety of firms so that industry concerns may be

received and barriers to growth eliminated in the foundational years of the industry.

Another key issue facing the Australian space sector is that it remains relatively disconnected

from Australia’s strongest traditional industries, despite the substantial innovation and

productivity improvements that may be brought to these industries by space-related services. If

the Australian space sector is to ‘lift the broader economy’ then the ASA and sector must28

engage substantially with firms in Australia’s main industries. Firms in sectors such as mining,

energy and agriculture are primed to highly benefit from the application of satellite services such

as imaging and remote asset management to their core operations. Given that the application

of such systems is a subject too highly specialised for most business leaders to fully appreciate, it

28 ASA, Australian Space Agency Charter, 1.

27 ASA, Space Industry Leaders Forum Terms of Reference (2018), 1,
https://www.industry.gov.au/sites/default/files/2019-11/space-industry-leaders-forum-terms-of-reference.pdf.

26 KPMG, Investment in the Australian Space Sector (2020), 16,
https://assets.kpmg/content/dam/kpmg/au/pdf/2020/investment-in-the-australian-space-sector.pdf.

25 Australian Space Agency (ASA), Australian Space Agency Charter (2018), 1,
https://www.industry.gov.au/sites/default/files/2018-10/australian-space-agency-charter.pdf?acsf_files_redirect.

24 “Australia and Japan strengthen space collaborations”, Department of Industry, Science, Energy & Resources, last
modified 9 July 2020, https://www.industry.gov.au/news/australia-and-japan-strengthen-space-collaborations.

23 NASA, The Artemis Accords: Principles for cooperation in the civil exploration and use of the Moon, Mars, comets and
asteroids for peaceful purposes, 13 October 2020, 1-18,
https://www.nasa.gov/specials/artemis-accords/img/Artemis-Accords-signed-13Oct2020.pdf.
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is appropriate for the ASA to consult with peak bodies such as the National Farmers Federation29

and the Minerals Council of Australia on the potential use of space-related technologies by30

their represented industries. Delivering such consultation to peak bodies through reports or

working groups is an efficient method of informing wider industry of space sector applications, as

peak bodies report back to their representative firms.

Likewise, a key issue facing the industry is that federal decision makers without a technology or

space background rarely know the true capabilities of the industry. Accordingly, the Department

of the Prime Minister & Cabinet, Treasury and the Department of Finance should be upgraded

from observer to participant status on the Australian Government Space Coordination

Committee (SCC). To effectively deliver policy and projects aligned with fulfilling Australia’s

space-related strategic goals, Australia’s highest-level federal decision makers should receive

effective consultation on their proposed space related policy and programmes from the

committee. Including representatives from these departments in SCC meetings will be the bare

minimum required to align federal leadership with Australia’s technology and space goals. It

would also be worthwhile to have technology and space experts from the ASA directly assigned

to these departments to advise on high-level policy and capital allocation decisions, particularly

whilst the recommended onshoring occurs.

Medium Term Goals

In the medium term, as the Australian Defence Industrial Capability Plan, Australian Civil Space31

Strategy and Modern Manufacturing Initiative progress, internal-to-government coordinating32 33

bodies such as the SCC will likely have to evolve and expand their functions in response to

industry development. However, as it is difficult to assess the performance of such bodies from

outside of government, performance of the coordinating bodies should be frequently reviewed

internally. Increasing the frequency of SCC meetings and giving the committee decision-making

capabilities should be considered as needs evolve.

The government should also consider funding models for civil space-related firms that

specifically address the key priority areas of the Civil Space Strategy and key strategic34

capabilities outlined in the Defence Industrial Capability Plan, particularly those relating to35

35 Department of Defence, Defence Industrial Capability Plan, 39.
34 ASA, Advancing Space, 12-13.

33 Department of Industry, Science, Energy & Resources, Make it happen: The Australian Government's Modern
Manufacturing Strategy” (2020) 1-27,
https://www.industry.gov.au/sites/default/files/October%202020/document/make-it-happen-modern-manufacturin
g-strategy.pdf.

32 ASA, Advancing Space, 1-24.
31 Department of Defence, Defence Industrial Capability Plan, 1-160.

30 Minerals Council of Australia, Advantage Australia: Australian mining’s plan for jobs, communities and investment (2021),
12-13, https://minerals.org.au/sites/default/files/Advantage%20Australia.pdf.

29 “National Farmers Federation: Our Committees, Farming Systems Committee,” National Farmers Federation, 2018,
https://nff.org.au/about-us/our-committee/.
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satellite communications, imagery and space situational awareness. Without targeted seed

funding and commercialisation support for innovative small and medium enterprises developing

key civil space capabilities, de-risking Australia’s dependence on space and developing industry

will take substantially longer. Following a similar model to the successful Small Business36

Innovation Research (SBIR) and Small Business Technology Transfer (STTR) programs in the US37

would be ideal in accelerating the development of high priority capabilities. Accordingly, it is in

the interests of both the ASA and research focused bodies, such as the CSIRO, to advocate within

the federal government for the implementation of an SBIR & STTR-style model designed to

accelerate the commercialization of critical research and development across space and other

key innovation areas. This recommendation is in line with the findings of the 2018 Review of

Australia’s Space Industry Capability Report, but remains unactioned.38

Long Term Goals

Subject to the provision of a greater budget, the ASA should consider setting up a business

development division that researchers and fledgling space-related firms can approach to aid in

the commercialization of their research and development. This business development arm could

act as an accelerator, not necessarily providing funding but providing advice on organisational

structure, industry-specific regulatory and legal advice and importantly, mentoring and contacts.

These areas would be the most cost effective to the ASA and valuable to fledgling firms,39

substantially improving the prospects of new space start-ups. Given it represents the space

industry to the wider economy and already liaises with peak bodies in key industries, the ASA

could potentially act as a matchmaker between innovative founders and potential customer

firms in the wider business community. This commercialization and connection function has the

potential to be the most valuable function of the agency in the long-term through ensuring that

expensive Australian innovation is practically applied rather than failing to be commercialized.

The ASA should look to the setup of accelerators worldwide and the commercialization divisions

of research bodies such as the CSIRO to inform the setup of its own division.

39 Martin Bliemel et al., The Role and Performance of Accelerators in the Australian Startup Ecosystem (Department of
Industry, Innovation & Science & UNSW Business School, 2016), 45, http://dx.doi.org/10.2139/ssrn.2826317.

38 Expert Reference Group, Review of Australia’s Space Industry Capabilities Report (Canberra: Commonwealth of
Australia, 2018), 48,
https://www.industry.gov.au/sites/default/files/June%202018/document/pdf/review_of_australias_space_industry_c
apability_-_report_from_the_expert_reference_group.pdf?acsf_files_redirect.

37 “SBIR & STTR: America’s Seed Fund”, United States Government, 2021, https://www.sbir.gov.

36 “Lack of seed stage venture capital holding Australian growth, employment and opportunities back,” Atlas Advisors
Australia, published by Medianet, last modified 2 March 2020, http://www.medianet.com.au/releases/184806/.
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Recommendation C4: Future-focus/standardisation within industry.

Since its conception after World War Two, the space industry has served humanity through its

launches, satellites and missions.  What most of us know as the Space industry is in fact “Old

Space” with activities dominated by governments and big companies. However, the technology

that is still used across the globe by Old Space endeavours reflects the time at which it was first

designed some 60 years ago. It is outdated, difficult to maintain, expensive to use and40

inefficient to run. It is concerning that the space industry today still relies on these “Old Space”

assets. The desire to improve upon Old Space methods and technologies has led to a

private-sector-driven “New Space”, with some of the most efficient, economic and inexpensive

space endeavours to date. SpaceX, one of the most well known of these private companies, has

begun to take on NASA’s resupply missions to the International Space Station at substantially

reduced costs.41

As Australia’s space industry is young, without an attachment to Old Space technology, there is

an opportunity to model the industry on New Space methodologies and implement modern

technologies in developed systems. Future proofing technology rather than relying on legacy

technologies safeguards the future of the Australian space industry.

This includes software that can be upgraded as needed and the development of hardware using

modern techniques. Technologies and components developed should aim for standardisation

that allows them to be exported and  integrated into international supply chains.

Near Term Goals

Future-proofing space technologies is a short-term approach to a long-term goal. By putting in

the necessary framework in these developmental stages of our industry, we can help the future

of Australia’s space industry. Where possible, the ASA should advise Australian space startups on

designing future proofed hardware including technology that can be easily upgraded and even

potentially replaced to limit the reliance on what will inevitably become obsolete with innovation.

Where possible, companies involved with building technologies should look through the lens of

New Space with the future in mind Whilst also maintaining the commitment to safety embodied

in Old Space.

41 “Old vs New: the next generation of the space industry,” The Conversation, Michael Smart, last modified 26 September
2016 https://theconversation.com/old-vs-new-the-next-generation-of-the-space-industry-64793.

40 Harry W Jones, The Recent Large Reduction in Space Launch Cost (Alburquerque: 48th International Conference on
Environmental Systems, 8-12 July 2018) https://ntrs.nasa.gov/citations/20200001093.
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Medium and Long Term Goals

As the Australian launch industry matures, there should be consistent review of the technologies

relied upon with the option to replace and reinvent where necessary. Additionally, if Australian

firms are to contribute significantly to the aerospace industry internationally through export, the

industry must develop and adhere to shared standards and fit products into international supply

chains. Ideally the ASA should advise firms on which specific supply chains they can contribute

to, as has been done in the past with the Moon to Mars initiative. Standardising technologies42

feed into future-proofing by ensuring that the industry on Australian soil can integrate

internationally seamlessly.

42 “Moon to Mars: opportunities for Australian businesses,” Department of Industry, Science, Energy and Resources, first
accessed 4 April 2021,
https://www.industry.gov.au/funding-and-incentives/moon-to-mars-opportunities-for-australian-businesses.
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Recommendation R1: Future orbital and debris management

Orbital debris is an inherent byproduct of launch - it can be created in many different ways, such

as multi-stage rockets, decommissioned satellites, collisions between pre-existing debris, or in

rare instances, anti-satellite missile tests. Currently, there is an estimated 23-34 thousand43

debris larger than 10 cm in diameter, 500 thousand between 1 and 10 cm in diameter, and 100-128

million larger than 1 mm . In light of these figures and with over 2 thousand active satellites in44

orbit and many more soon to be launched (plans for mega-constellations by companies such

as SpaceX and Amazon could see this figure rise to 50 thousand), the presence of orbital debris45

is only going to become increasingly dangerous unless measures are put in place to ensure it is

properly managed.

Near Term Goals

With the world seeing a shift from nationalised space programs to ‘Space 2.0’ , where privatised46

development and smaller companies can play a role in space activities, it is important to ensure

regulation is updated to suit this new environment. Australia, as a new player in the space

industry, is at a rather advantageous position for the development of an orbital debris

management plan; legislation can be developed with a fresh take upon the space industry as

opposed to reworking old plans.

There is certainly a trade-off between fast-tracking regulatory proceedings to place Australia in

a prime position for launch and taking extra time in development to ensure that a management

plan is carefully considered with social, environmental, and economic perspectives taken fully

into account. In light of space debris becoming increasingly problematic, the latter approach

appears to be wise. It is recommended that a strong future orbital debris management plan

would require research into the following areas:

● Overseas practices - it is important to understand how other countries have dealt with

orbital debris and take away points from both their strengths and shortcomings.

● International laws - naturally, legislation developed here in Australia must conform with

international laws and balance other countries’ best interests with Australia’s own.

● Industry concerns - with the move to Space 2.0 and industry driving space growth,

ensuring it is heavily considered in regulatory development is crucial. For example, while it

46 Joseph N. Pelton, Space 2.0: Revolutionary Advances in the Space Industry (Springer International Publishing, 2019), doi:
10.1007/978-3-030-15281-9.

45 O’Callaghan, “Space junk”.

44 NASA, “Astromaterials Research & Exploration Science Orbital Debris Program Office”, 2019.
https://orbitaldebris.jsc.nasa.gov/faq/#, first accessed 25/03/21.

43 “What is space junk and why is it a problem?”, National History Museum, Jonathan O’Callaghan, first accessed 26/03/21,
https://www.nhm.ac.uk/discover/what-is-space-junk-and-why-is-it-a-problem.html#.
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is necessary for companies to prove that they have debris mitigation strategies in place,47

regulation should not overburden the industry with unrealistic expectations of specialised

technology or difficult orbital trajectories.

This research should be conducted in the near term, with an initial focus on satellite

decommissioning  to allow companies to plan for and begin launching on a small scale sooner

rather than later.

Medium to Long Term Goals

By the medium term, it is expected that the bulk of research will have been completed and

regulatory development should be underway. With this in mind, it is important to begin

implementing national standards with regard to debris management as a part of launch

certification. These standards should be influenced by the research findings and focus on:

● Satellite decommissioning - as noted previously, this contributes to a large proportion of

space debris. Hence, it is important that there is a national standard for how they are

removed from orbit.

● Orbital debris protection - as noted previously, collisions in space also generate

significant amounts of debris. A national standard to ensure active space objects can

avoid such collisions would be an advisable mitigation plan.

In the long term, Australian space industry will have likely developed to the point where national

capabilities, whether government or industry driven, are strong enough to establish some

sovereignty in the way that space activities are run, as per the Australian Civil Space Strategy . In48

terms of orbital and debris management, this could include:

● Developing sovereign debris-tracking capabilities - while the U.S. Space Surveillance

Network currently tracks debris larger than 10 cm in diameter , monitoring of orbital49

debris in Australia’s launch vicinity could streamline launch capabilities for industry.

● Combine recovery of launch debris with recovery of deorbited craft - with the amount of

debris only set to increase, in addition to monitoring activities, steps could be taken to

remove debris from orbit. Solutions proposed to remove failed satellites from orbit, such

as large magnetic nets , could also be employed for other space debris.50

50 O’Callaghan, “Space junk”.

49 National Research Council, “4 Hazards To Space Operations From Debris,” in Orbital Debris: A Technical Assessment
(Washington, DC: The National Academies Press, 1995), doi: 10.17226/4765.

48 ASA, State of Space Report 2020 (Canberra: Commonwealth of Australia, 2020),
https://www.industry.gov.au/data-and-publications/state-of-space-report-2020.

47 Space (Launches and Returns) Act 2018, s 34(2) in relation to debris mitigation.
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Recommendation R2: Research and Development of Ecologically

Responsible Launch Systems

Since the Space Shuttle in the 1970s, humanity has understood that to be a bona fide space

faring species, launch systems must be sustainable. Launch sustainability needs to be51

addressed at several levels, from emissions to production to component recovery and reuse,52 53 54

because the environmental impact of launches come in many forms. Unfortunately, exactly how

existing launch systems affect both Australia’s and the global ecosystem is mostly unknown.

Near Term Goals

The lack of solid scientific data surrounding the ecological effects of rockets must be addressed.

Research funding, from both government grants and academic budgets, should be directed at

projects with the potential for research into the emissions and production toxicity effects. This

research should be undertaken on three key areas of interest:

● direct effects (such as from the combustion of rocket fuel itself);

● indirect effects (such as the mixing of air/rain with the exhaust plumes, and the long-term

effect of launch on the stratosphere, ionosphere, and magnetosphere); and,

● the upstream manufacturing and production toxicity effects (such as the runoff of curing

solid fuels grains or waste from failed components or chemical mixtures).

As well as immediate near-term impacts, this research must address questions on the length of

these impacts, cumulative effects based on frequency of launch, and whether fuel choice has a

significant impact in the long-term. Industry advisory bodies must make every effort to connect

launch providers with researchers; scheduled launch systems can be outfitted to also carry a

small scientific payload to further this research and improve the real-world data. The next phase

of this recommendation must be adapted from, and responsive to, the finding made here.

Regarding point three above, existing scientific evidence suggests several benefits to the

manufacture of hybrid fuel grains with 3D printing. It allows for “low-power ignition, regression

rate enhancement, and system scalability” that would otherwise hinder the usefulness of hybrid55

rocket systems. Traditional common solid fuel grains present increasing problems as the rocket

55 Whitmore, 3-Dimensional Printing of "Green" Fuels for Low-Cost Small Spacecraft Propulsion Systems.

54 “SpaceX pushes reusing rockets further with record sixth landing of a single booster,” CNBC, Michael Sheetz, last
modified 18 August 2020, https://www.cnbc.com/2020/08/18/spacex-reuses-and-lands-falcon-9-rocket-
booster-for-record-6th-time.html.

53 Stephen A. Whitmore, “Three-Dimensional Printing of “Green” Fuels for Low-Cost Small Spacecraft Propulsion Systems,”
Journal of Spacecraft and Rockets 55, no 1 (January 2018), 13-26.

52 Dallas, Raval, Gaitan, Saydam, & Dempster, The environmental impact of emissions from space launches.

51 J.A. Dallas, S. Raval, J.P. Alvarez Gaitan, S. Saydam, & A.G. Dempster, “The environmental impact of emissions from space
launches: A comprehensive review,” Journal of Cleaner Production 225 (January 2020).
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motor industry increases production rates, notably: explosion potential; toxicity in manufacturing;

and an increasingly heavy regulatory burden. Component loss from the traditional “cast and

cure” method of production in both solid and hybrid fuels is expensive, as any misproduction

requires both the scrap material and rejected parts to be discarded. Focused funding on

innovative manufacturing processes will help to increase the sustainability of the Australian

space industry, the conclusions of further research should also be implemented in this way.

Medium Term Goals

For Australia to assert itself in the global industry will require standing out from the increasingly

crowded international market. Critically, Australia must make itself the gateway to orbit through

financial, professional, and technological ease of access to space. This can be accomplished

with targeted funding to space organisations with non-traditional launch concepts.

Rockets are by their nature difficult, polluting, and expensive machines that take years to develop,

are prone to critical disaster and failure with more than just financial impacts on a company.

Other methods of launch provide benefits that rockets do not possess. For example, a jet-rocket

combination launch system can allow for less intensive ground infrastructure and less polluting

emissions. An orbiting momentum transfer tether system could include both of these benefits

and allow a range of both financial ease to launch providers and orbits to their clients. An

in-flight fuel production system such as the SABRE system from Reaction Engines lowers fuel

production costs and increases emissions sustainability. They also allow Australia to leapfrog

competitors with several decades head start on traditional technologies. With informed and

targeted investment, Australia can pioneer these and other launch systems, luring investment,

talent, and customers away from overseas providers. As these organisations are shepherded56

through the process, the next, long-term phase of this recommendation can take effect.

Long Term Goals

The effect of this investment can be enhanced after several years by focused funding and

support on the systems that have proven themselves viable. The support and industry advice

given here should direct these launch systems to niche space markets that lack providers, such

as asteroid mining, Internet of Things or some other new market niche yet to be discovered. As

the Australian industry increases its involvement in unique industries (and thereby minimises its

overseas competition), using unique and efficient launch systems that provide greater

ecological sustainability, overseas space organisations will rely more heavily on the onshore

launch systems. This would require later re-evaluation to examine where best to direct newly

established actors within the market and how to assist these launch providers.

56 See Recommendation C2 on the need to attract talent and the effect of the brain drain on Australia’s launch industry
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Recommendation R3: Make Space accessible to the Australian public

With the rise of social media since the late 1990s and early 2000s, anyone with any opinion on a

subject matter has been able to publish their point of view. As a result, posts on social media57

are now as accessible, if not more, than publications by those who have dedicated their lives to

studying specialised fields, such as scientists and academics, and the assertions made in such

posts are portrayed as part of a ‘spectrum’ of possible ideas. Consequently, a culture has

emerged where complex scientific areas are constantly being questioned by many who do not

understand, or acknowledge, the scientific intricacies. This has led to growing distrust in factual

truths and those viewed as the intellectualism ‘elite’ and has given rise to an anti-intellectualism

movement. In this manner, people are choosing to place more trust in their own preconceived

beliefs over reality.

Near Term Goals

In recent history, this has been exemplified by the rise in the number of conspiracy theories

surrounding space. Conspiracies surrounding whether the moon landing ever happened, the

weapons-capabilities of nations in relation to orbital missiles and the possibility of moon lasers

are abundant online. Although such theories may be dismissed as ‘fringe’, their potential impact

on the optics of Australian launches should not be understated. It is essential that space, and the

space industry, not be viewed as beyond the reach of the everyday Australians. The risk of public

opinion swaying firmly against developing space capabilities is not a significant one, and is58

unlikely that it would have much impact on Australia’s capacity to carry out launches, however it

is important that conspiracy theories of this nature are not permitted to spread unchecked.

The development of methods of combating misinformation has become increasingly important,

noting for example of the current problems the government faces relating to the spread of

misinformation about COVID-19 vaccinations. Some of the most effective methods of achieving59

this in the short term is to ensure the accessibility of information relating to space. In 2017, a study

was conducted showing that 69% of Australian news consumers do not believe the media is

mostly independent from undue political influence. The Australian government must be60

transparent about its goals in space, and about why sovereign launch capabilities are important

60 UTS Centre for Media Transition, News in Australia: Impartiality and commercial influence (Sydney: University of
Technology Sydney, 2020),
https://www.acma.gov.au/sites/default/files/2020-01/News%20in%20Australia_Impartiality%20and%20commercial%2
0influence_Review%20of%20literature%20and%20research.pdf.

59 “Multicultural community leaders say COVID-19 vaccine misinformation failing to be dispelled by government
programs,” ABC, Tahlia Roy, last modified 5 April 2021,
https://www.abc.net.au/news/2021-04-04/multicultural-community-leaders-dispelling-covid-vaccine-myths/100047
204.

58 “Public Views About Science in Australia,” Pew Research Center, last updated29 September 2020,
https://www.pewresearch.org/science/fact-sheet/public-views-about-science-in-australia/.

57 “How to combat fake news and disinformation,” Brookings, Darrell M. West, last modified 18 December 2017,
https://www.brookings.edu/research/how-to-combat-fake-news-and-disinformation/.
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to Australia, both for national interests such as security, and on the individual level relating to

services accessibility (such as internet access and phone reception) and information security.

Another method is to improve education and science literacy which would generally result in

reduced susceptibility to misinformation amongst the Australian youth. As television news and

online news websites are the main sources of information for the Australian public, they serve as61

resources that must be utilised in order to best combat misinformation.

Medium Term Goals

Today, a career in space is typically embodied in the eyes of the public by an astronaut,

astronomer or engineer. The Space Industry needs to invest in outreach programs to primary

and secondary students to foster a long-lasting interest in space. Although the focus is often on

STEM career paths, the long-term benefits of inspiring a passion for space in non-STEM inclined62

youth should not be overlooked. Careers in the space industry such as law, psychology, biology

or trades are virtually unknown by secondary students; the Australian education system has no

universal blueprint for students to forge a career working in the launch sector outside of the

traditional pathways. This is an area that Australia has not yet promoted, but can pioneer, as63

other space agencies have not begun to promote non-STEM careers, despite their importance to

the industry.64

This would have the added benefit of improving public attitudes towards developing Australian

space launch capabilities by increasing awareness of the varied applications and benefits of

space-related advancements in other fields, as well as combating misinformation amongst the

next generation of Australians.

More focused public outreach is also necessary in the specific circumstances surrounding

establishment and use of Australian launch ranges. Ranges must be designed, and their best use

determined, in close consultation with local Aboringal groups and local councils. Areas attractive

as launch sites often include, or border, Indigenous land. This is a delicate issue due to the

intertwining of land, law, and kinship in Indigenous Australian culture. It is therefore important to

communicate with the community’s Aboriginal Corporation when setting up launch sites.

Displaying honesty and integrity, being open about launch purposes and operations will “put

[Indigenous Australians] on the map.” Equatorial launch demonstrated the achievability of this65

65 “Rocket range to test suborbital launches over outback South Australia for space research,” ABC, Stacey Lee, last
modified 31 January 2020,
https://www.abc.net.au/news/2020-01-31/rocket-range-to-test-suborbital-launches-over-outback-sa/11915570.

64 “NASA Pathways Internships,” NASA, last modified April 2021, https://www.nasa.gov/careers/pathways/.

63 “Pathways for a career in space,” Department of Industry , Science, Energy and Resources, first accessed 5 April 2021
https://www.industry.gov.au/australian-space-discovery-centre/space-in-australia/pathways-for-a-career-in-spac
e.

62 ASA, Advancing Space, 3.
61 UTS Centre for Media Transition, News in Australia.
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goal in their construction and operation of the test range at Koonibba. The Koonibba range is66

operated in conjunction with members of the community, providing job opportunities to

indigenous people and ensuring their voice is given the appropriate weight. These communities

should be considered integral members of the space launch industry.

Long Term Goals

In order to promote general space accessibility, there needs to be a significant effort by the

Space Industry to involve the Australian public in each of its launches. This would involve a

coordinated effort with marketing teams , mainstream media outlets and the education sector

that would explain why we want to launch from Australia and what Australia aims to achieve by

establishing extraterrestrial independence.

Space, as a concept, enjoys the privilege of being able to effortlessly capture the broader

public’s imagination, as seen with the Space Race in the 1960s. At the time of writing, the67

Australian Space Discovery Centre in Adelaide was recently opened, heralding a new era of

Australian interest in space. This Centre can serve as a blueprint for other locations; to normalise

space for the Australian public, centres like these would need to become more commonplace

around the country, so any Australian would have the physical proximity to be inspired by space

and appreciate that a career in the space sector is universally achievable.

Finally, we would encourage the Australian Space Agency to foster a community involvement

and invite the public to watch future launches in-person. It has been recognised by other space

agencies that historical success in their space programs would not have been achievable if not

for significant community support. We believe that this should be replicated by the Australian68

Space Agency to ensure longevity in our nation’s space launch program.

68 “Public Opinion of the American Space Program”, NASA, 2 July 2019,
https://www.nasa.gov/centers/hq/library/find/bibliographies/public_opinion_of_the_american_space_program.

67 “Space Exploration and U.S. Competitiveness,” Council on Foreign Relations, Steven J. Markovich, Andrew Chatzky, and
Anshu Siripurapu, last modified 23 February 2021,
https://www.cfr.org/backgrounder/space-exploration-and-us-competitiveness.

66 “South Australian orbital launch and suborbital launch sites,” Invest in South Australia, first accessed 4 April 2021,
https://invest.sa.gov.au/projects/south-australian-orbital-launch-and-suborbital-launch-sites.
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Executive Summary
As part of the Australian Civil Space Strategy 2019-2030, the Australian Space Agency has been

tasked with growing the Australian space industry to reach $12 billion AUD and 20,000 jobs by

2030. A significant amount of effort and consultation has gone towards achieving this. It is, of

course, challenging to balance the needs and capabilities of a growing new industry that is still in

its infancy, with a small, resource-constrained space agency. By focussing on a subgroup of the

issues that the agency is aiming to tackle, the scope of this white paper and the

recommendations within are limited to the focus areas of:

● Talent development, support, and acquisition, and

● Legislation impacting stakeholders in the launch industry.

In such a highly regarded workforce as the space industry, there are often difficulties with

sourcing talent of the calibre needed to support its activities. Research in this area largely

focussed on increasing inclusiveness and employment stability, upskilling those with translatable

skills, adapting education at all levels to promote relevant skill sets, and collaborative challenges

and programs to encourage innovation.

Legislation affecting the space launch industry attempts to maintain a balance of financial

burden between relevant industry stakeholders. Of particular focus is the costing model for

launch-related permits and licences and the practical implementation thereof, with

considerations being made in respect of long-term business and environmental sustainability.
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Preamble

Background / Context

Australia’s history of participation in space activities is rich and wide-ranging; commencing

65,000 years ago with evidence of Indigenous astronomy and space observation, continuing with

the global third satellite launch, and expanding into the contemporary era with the development

of local launch facilities in the 20th century and the consistent provision of technical support to

international missions in a variety of capacities.

As the global space economy continues to grow, so too do calls for the development of local

industries to support Australia's sovereign space sector, creating economic opportunities

through diversification and development, and cementing the nation’s role as a key player in the

international space arena.

It is imperative that launch-supporting government budgetary commitments and policy

objectives are combined with decisive and consistent action to ensure that Australia's launch1

industry continues to grow. In order to assist with directing this action, this white paper aims to

analyse the challenges in two key focus areas and present recommendations on how these

barriers may be reduced or removed.

Scope

A Blueprint for Launch in Australia evaluates (1) the status of domestic opportunities for students,

young and established professionals interested in contributing to the burgeoning Australian

space launch industry; and (2) the impact of the regulatory environment within Australia on the

actors that will be integral to the industry’s development.

Since July 2018, the Australian Space Agency has been working towards the goal of tripling the

size of the space sector to $12 billion and 20,000 jobs by 20301. All research and

recommendations aim to complement these targets and the pathway to them as detailed in the

Australian Civil Space Strategy 2018-2029.

Problem Overview

Recommendations aim to assist in the formulation of a blueprint for launch capabilities within

Australia and guide future decisions regarding the direction of the domestic space industry.

1 Australian Space Agency. 2019. Advancing Space: Australian Civil Space Strategy 2019-2028. Canberra: Commonwealth
of Australia.
https://publications.industry.gov.au/publications/advancing-space-australian-civil-space-strategy-2019-2028.pdf.
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Talent: The need to develop a workforce that can support and fulfill Civil Space Strategy

growth goals.

Australia lacks the soft infrastructure and industry development to support and retain talent, and

significant talent is lost to overseas workforces. Collaborations and initiatives that encourage

employment security, workforce attractiveness and development are considered.

Legislation: The need to enable “New Space” industry development by organising

government regulatory and support efforts.

Small companies and start-ups will grow our space sector, and we need to enable and

streamline their development. Past regulations were developed in the 20th century, with a focus

on larger projects and programs, and these need to be modernised to allow smaller companies

to move quickly and with less risk - primarily around the launch application and permit process.

Methodology
To identify key areas for improvement, a systematic review was performed from the perspectives

of assigned character profiles that were allocated to each Astra participant. These character

profiles represented key stakeholders in the space industry, the viewpoints of which provided new

perspectives and catalysed idea generation and discussion topics. Taking the perspective of

these stakeholders during discussions and research facilitated a more thorough analysis of key

areas of improvement. Key findings are sourced from public literature and collected through

open-source information gathering, and from cross-referencing articles using search criteria

including, but not limited to: “Australia(n)”, “Space”, “Legislation” and “Students”. This approach is

limited however, as it may not include unlisted articles, reports or statements that exist within the

grey-literature. Initial findings were consolidated, then reviewed in several interviews and

discussions, where notes were transcribed and included in these findings. Interview participants

included stakeholders within the Australian space industry, members of the Australian Space

Agency (ASA) and the South Australian Space Industry Centre (SASIC), legal practitioners within

the industry, and private companies actively involved in the improvement of Australian launch

capabilities.

The recommendations included in this report have been made on the basis of the information,

procedures, and legislation available and current as of 4/4/2021. It is acknowledged that there

are a variety of upcoming and ongoing consultations which may alter the viability of these

recommendations. These recommendations also received feedback from a panel of direct

stakeholders before their finalisation in this report.
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Identified areas for improvement

Talent

Talent attraction, development, and retention have been identified as areas of interest where

improvement may lead to marked benefits towards Australia's launch industry. Talent

recommendations put forward by this paper fall into two primary categories, being (1) increasing

the talent pool by introducing inclusive and attractive workforce policies, and (2) establishment

of productive partnerships between Government, industry and the science and research

community.

Industry Attractiveness and Employment Security
Improvement in Australian space industry attractiveness and employment security may occur

by implementation of policies that attract personnel from demographics that may otherwise not

consider, or find appropriate, secure employment within the industry. The industry must also be

competitive with other technology industries in terms of benefits to attract the best people.

Employment security and stability for the developing workforce may also be improved by the

presence of large government involved projects that can absorb workers from across the value

chain.

Short term

[1] Industry attractiveness is particularly low for underrepresented demographics (such as

women in STEM), partly due to a lack of mentoring and inflexible working conditions. Providing

women with additional opportunities and support will encourage a greater number of them to

enter the industry, diversifying the workforce and helping to attract a wider range of talent.

Initiatives that aim to encourage women to pursue STEM careers should incorporate mentoring

opportunities, a feature that only 5% of current initiatives implement . It is shown that women who2

have executive-level mentors are equally as likely to be promoted to more senior-level positions

as their male equivalents, and yet women are less likely to receive these mentors . Incorporating3

mentorship opportunities will allow for greater representation and more role-models for women

interested in the space launch industry. This strategy is key for encouraging future generations to

pursue a career in this field , and can be applied to attract other underrepresented4

4 Australia, Department of Industry, Science, Energy and Resources. 2019. Advancing Women in STEM strategy. Canberra:
Commonwealth of Australia
https://www.industry.gov.au/sites/default/files/March%202020/document/advancing-women-in-stem-strategy.pdf.

3 Australian Academy of Technology & Engineering. 2019. Women in STEM Decadal Plan. Canberra: Australian Academy of
Science.
https://www.science.org.au/files/userfiles/support/reports-and-plans/2019/gender-diversity-stem/women-in-STEM-d
ecadal-plan-final.pdf.

2 Australian Academy of Technology & Engineering. 2019. Women in STEM Decadal Plan. Canberra: Australian Academy of
Science.
https://www.science.org.au/files/userfiles/support/reports-and-plans/2019/gender-diversity-stem/women-in-STEM-d
ecadal-plan-final.pdf.
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demographics such as LGBTQI+, and ethnic and socioeconomic minorities. Notably, role models

play an essential part in demonstrating viable career paths, so more emphasis should be

directed on highlighting Australians actively working in a range of launch-related disciplines,

analogous to Australian Defence Force recruitment videos . This could take the form of ‘success5

stories’, promoting the inspiring work being performed by Australians, particularly minority groups,

in the space industry.

[2] Flexible work arrangements should also be encouraged in the workforce (eg.

work-from-home or part-time) as well as easier access to childcare. Women are often pushed

out of the industry early in their careers due to familial responsibilities, which often cannot be

balanced with traditional, rigid working conditions3. Companies that implement these conditions

would assist women who want to continue working in the industry, naturally increasing the talent

pool and industry attractiveness. This strategy will also support those in the workforce with

physical and mental disabilities or illnesses. Another approach is to promote equal parental

leave for both partners, to equalise the focus of parenthood and reduce the perception of family

care as a gender-based role.

These recommendations ought to be implemented by large-scale corporations and

Government agencies. While small-scale companies and start-ups may have greater difficulty in

doing so, their minds ought to always be turned towards diversity and inclusion where possible to

increase industry attractiveness and talent retention.

Long term

[3] The establishment of productive partnerships between Government, industry and the science

and research community should be a keystone goal to increase industry attractiveness and

employment security. Historically, Australia has ranked poorly in innovation efficiency at 81st in

the world, and last within the OECD for research-business collaboration . A lack of connections6

between businesses, scientists and researchers has also been identified as a dampener on

technology commercialisation and technology adoption by businesses .7

Government-led programs resulting from research-business collaboration within the Australian

space industry may be a pathway toward attracting domestic and international talent, and

ensuring the short-term stability of the developing workforce. This may be achieved by

establishing more space focused Cooperative Research Centres (CRCs), similar to SmartSatCRC,

7 Australian Government. 2020. Make it Happen: The Australian Government’s Modern Manufacturing Strategy. Canberra:
Commonwealth of Australia.
https://www.industry.gov.au/data-and-publications/make-it-happen-the-australian-governments-modern-manufactur
ing-strategy.

6 Cornell University, INSEAD, and WIPO. 2014. The Global Innovation Index 2014: The Human Factor In innovation. 2nd printing.
Geneva, Switzerland: WIPO. New Delhi, India: CII.

5 Defence Jobs Australia. 2020. “Benefits of a role in the ADF.” Uploaded on October 22, 2020. YouTube video, 0:41 min.
https://www.youtube.com/watch?v=T9Rf7eewGJ4&ab_channel=DefenceJobsAustralia.
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which supports paid industry postgraduate research projects and student driven space8

initiatives such as the the Australian Rover Challenge . It is proposed that a new CRC be created9

to fulfil the Australian Space Agency’s promise to contribute to NASA’s Moon to Mars initiative .10

Such a CRC could utilise Australia’s key advantages in industrial remote operations, robotics and

subsurface mining, with institutional research groups focused on off-world mining , , together11 12

with private space companies seeking to conduct surface operations on the Moon - and may

contribute towards the success of the Australian trailblazer Seven Sisters mission .13

Education and Workforce Development
To support the Australian Civil Space Strategy 2019-2028 goal of up to another 20,000 jobs

created by 2030, endeavours must be made to increase the number and throughput of

education programs available to Australian students. Identification and training of skills valuable

to future industry must also be considered by education providers. A developed Australian space

industry will require personnel from a wide variety of educational backgrounds, not only science

and engineering.

Short term

[4] Currently, only twelve Australian universities offer Aeronautical/Aerospace degrees at a

Bachelor’s level with only five offering postgraduate level Aerospace degrees. The introduction of

new postgraduate and undergraduate courses to provide relevant qualifications to the

emerging Australian space launch industry is a critical step for ensuring long-term sustainable

success. The introduction of supplementary short-courses will allow for the upskilling of those

that have transferable skills in parallel industries but lack the specialist knowledge required to

transfer into space. An Australian case study that demonstrates this is the growth of the data

science industry, which was fuelled by the rise of postgraduate and short courses designed to

produce a workforce to meet the demands of the industry.

[5] The current information for career pathways in space provided on the Australian Space

Agency website, although useful, does not impart the reader with clarity on the next steps

towards pursuing a career . To provide more clarity to those interested in progressing or14

transitioning into the space industry, it would be helpful to provide a repository of past and active

14 Australia, Department of Industry, Science, Energy and Resources. 2021. Pathways for a career in space.
https://www.industry.gov.au/australian-space-discovery-centre/space-in-australia/pathways-for-a-career-in-space.

13 Seven Sisters mission. 2021. 7 Sisters. https://www.7sisters.com.au/about.

12 University of New South Wales. 2021. Australian Centre for Space Engineering Research (ACSER).
https://www.acser.unsw.edu.au/.

11 Australian Remote Operations for Space and Earth. 2021. AROSE. https://www.arose.org.au/.

10 Australia, Department of Industry, Science, Energy and Resources. 2019. “Australia to support NASA’s plan to return to the
Moon and on to Mars”. News, September 22, 2019.
https://www.industry.gov.au/news/australia-to-support-nasas-plan-to-return-to-the-moon-and-on-to-mars

9 The University of Adelaide. 2021. Australian Rover Challenge.
https://ecms.adelaide.edu.au/atcsr/australian-rover-challenge.

8 SmartSat CRC. 2021. SmartSat Cooperative Research Centre. https://smartsatcrc.com/education/study-with-us/.
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employment roles as examples, like those in the database managed by the Space Industry

Association of Australia (SIAA) . In addition, more engagement with student surveys, workshops15

and interactive discussions (roundtables) should be made with a focus of understanding the

direction and demands of the current ‘younger generation’ that is being targeted. A metric to

measure success could be the number of students engaged each year.

[6] International student competitions such as the Spaceport America Cup (SAC) or the

University Rover Challenge (URC) in the United States provide avenues for university teams to

gain unique experiential education of developing multidisciplinary space systems. Not only do

student competitions such as the SAC and URC lead to novel, student-driven technological

solutions , they act as a springboard for graduate pathways into the workforce, and a hub for16

collaboration, networking, and recruiting graduates. Analogous Australian programs have to date

been largely student driven, which significantly limits their scale . Yet, when partnered with and17

supported by university and industry stakeholders, these programs can lead to extraordinary

success . There is scope for a much greater impact of these programs through government or18

collaborative university facilitation, especially as competitions grow and gain traction with more

domestic student teams and greater industry involvement.

Long term

[7] Undergraduate education in Australia must be brought into line with the needs of the

Australian space industry. An avenue by which this can be addressed is by first commissioning a

white paper or a series of recommendations from key stakeholders in the commercial Australian

space sector; addressing the topic of improvement within bachelor-level education for fields

relevant to the space industry. ASA can then act as a motivator between key industry partners

and the universities in order to implement recommended changes, to produce graduates who

are prepared for the dynamic aerospace sector.

Legislation

There are various legislative considerations identified as areas for improvement within the scope

of Australia’s launch industry. Legislative recommendations put forward by this paper fall into two

primary categories, being (1) optimising the balance between cost and risk for launch-related

applicants and other industry bodies, and (2) the practicality and commerciality of

environmental sustainability.

18 The University of Adelaide. 2021. Australian Rover Challenge.
https://ecms.adelaide.edu.au/atcsr/australian-rover-challenge.

17 Australian Youth Aerospace Association. 2021. Australian University Rocket Challenge. https://aurc.ayaa.com.au/.

16 Maciej Bartylak. 2018. Proceedings of the Sixty-ninth International Astronautical Congress: University of Warsaw Rover
Team - The Challenges and Benefits of Long-term, Hands-on Technical Projects for Non-engineering Students, October
1-5, 2018. Bremen, Germany: International Astronautical Congress.

15 Space Industry Association of Australia. 2021. Australian Space Capability Database.
https://www.spaceindustry.com.au/auspacedatabase/.
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Cost and Risk Optimisation/Balancing
One of the biggest considerations in an analysis of Australia’s current and future launch

capabilities is the delicate balancing of the risk associated with high costs of launch. If Australia’s

launch industry is to flourish, the financial risk must be appropriately apportioned between

applicants and the Australian Space Agency, with assistance in various capacities from other

government and non-government stakeholders. It is acknowledged that some direct solutions

would provide monetary benefits to launch licence/permit applicants but would increase

commercial pressure on the ASA. For example, reducing the application costs of launch licences

and permits would force the Agency to bear a greater pecuniary burden in the assessment of

such applications. Outsourcing all aspects of review may, to an extent, take the financial burden

of the agency, but is likely to increase costs for applicants. The cost recovery model currently

employed by the ASA may make commercial sense given the current size of the Agency, but, if

the industry is to grow, there is still more work to be done to apportion costs in a way that

accelerates our burgeoning industry and is fair and equitable to parties on both sides of the

application process.

Short Term

[4] One way to improve this is the continued use of ‘roundtables’, consultations, and similar

events in an effort to increase communication between stakeholders within the industry. Any

significant policy/regulatory change is likely to be a) more effective and b) widely accepted if

those changes are made with input from those whom the change will affect. The ASA regularly

conducts such consultations (e.g. the current and ongoing consultation into the proposed

implementation of a partial cost recovery model) and it is recommended that they continue.

[5] It is additionally suggested that the Agency consider implementing a set of internal review

standards to increase certainty and transparency. Such standards can relate to clear and

guaranteed timelines for review of application, internal merit review procedures if an application

outcome is disputed, and/or policies for the provision of feedback to applicants. This could take

the form of an Application Charter (similar to the Australian Tax Office’s ‘Taxpayer’s Charter’). The

Agency would be accountable through the adoption of the obligations under the Charter, but

also through ministerial accountability.

Long Term

[1] It is recommended that the Agency consider implementing a pre-approval process whereby

applicants can obtain a preliminary, non-binding determination as to whether any further

application would likely be successful. This would be offered at a reduced cost and may reduce

some of the financial risk on both sides. The reviewers will not be required to process a full

application, reducing the burden on external consultants and therefore reducing costs to all

parties. Such determinations by the Agency would be assessed more efficiently than full reviews
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(reducing time pressures) and applicant entities would have greater certainty following receipt

of their determination.

A similar solution is the implementation of a ‘staged cost’ application process, where applicants

pay upfront at each stage of the application process and can continue, defer, or withdraw from

the process at any time. A staged-cost process is likely to assist with the cash-flow of applicant

entities by avoiding large lump-sum costs and instead allowing them to spread the cost of the

application over the period of the review. This is particularly helpful where applicant entities are

new actors or start-ups.

[6] In support of reduced costs, the growth of the Agency (in light of existing government

budgetary and qualitative targets) must be encouraged. Increased staff numbers will lead to

greater capacity and expertise. Within the scope of the review process, this is likely to result in less

reliance on external technical experts and more reliance on internal review. Under the proposed

partial cost recovery model, this would reduce costs for prospective applicants and therefore the

associated financial risk.

Environmental vs Business Sustainability
Launches can have significant environmental impacts which concern certain groups and areas

in proposed or actual launch sites. Through regulation or a self-assessment model which

mandates sustainability, such impacts may be mitigated. However, increased regulation is likely

to increase costs for applicants, both in the development of their technology and at various

stages of the application process.

Short Term

[3] One solution to promote sustainability in a commercial manner is the development of a

model of self-assessment to allow entities participating in the local launch industry to undertake

a low-level analysis of their current practices to evaluate their sustainability. This increases

access to sustainability by the provision of data-based targets and reduces the need for

businesses to spend large amounts of money on environmental consultants, viability studies

and/or environmental impact reports. The development of this model can be undertaken as a

joint effort through consultation with various industry stakeholders, government bodies and

indigenous and environmental interest groups for a vision that is shared throughout the industry.

There is scope for this model of self-assessment to be linked to the pre-approval process as

discussed above. It is possible for the ASA (in conjunction with the Department of the

Environment and Energy and/or other environmental interest groups) to introduce published,

quantifiable environmental impact targets which must be demonstrated during the application

or pre-approval process. Making such targets publicly available through the use of the

aforementioned ‘self-assessment’ model would also increase transparency and assist potential
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applicants to understand their environmental and overall obligations. The success of this

initiative could be measured by the percentage of permit applicants that reference their

self-assessment in the application.

Long Term

[2] Sustainability regulations are likely to require a financial incentive to encourage applicants to

meet their obligations under such regulation. If Australia over-regulates in this area, it is possible

that potential applicants may choose to launch in an international jurisdiction with less

restrictions. One way of combating this issue is to introduce measures that reduce application

and licensing costs for those applicants who can demonstrate that their launch and supporting

functions meet lower environmental impact objectives. For example, grants may be awarded to

applicants who can demonstrate that their launch will utilise fuel sources with lower

environmental impact. Such grants could contribute to the cost of applying for a licence or

permit and would reduce overall costs for the applicant. Reduced costs may also take the form

of an application cost concession or exemption, provided specific environmental eligibility

criteria are met. These exemptions or concessions may relate to all or some of the application

cost, or just to the extent the application cost relates to environmental impacts.

Additionally, financial incentives for sustainable technology and supporting functions of launch

will increase demand for such technology. Increased demand may have a long-term effect of

increasing research and vocational participation in related industries, creating more jobs and

boosting Australia’s domestic scientific economy as well as our technological development

output.

Recommendations

Talent

1. Showcase visibility of diverse and minority role models, through Australian success stories.

2. Provide mentorship opportunities and encourage flexibility for alternative work

arrangements like work-from-home, part-time, and greater childcare services.

3. Establish new collaborative projects (CRC’s) that link academia, industry and government

to contribute towards the Moon to Mars initiative and developing sovereign space

capability.

4. Create opportunities establishing more space-related degrees at university space

institutes, TAFE, and industry attraction programs (eg. international visas) in adjacent

industries.

5. Engage with and listen to students and young professionals via workshops, surveys and

networking events to gain a greater understanding of what can be improved.
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6. Increase the number, scope, awareness, and accessibility of STEAM challenges (e.g

rocketry, robotics, creativity and space science competitions) that involve both technical

and non-technical roles for students to participate in.

7. Review what degrees and course pathways can be created to enable those seeking to

transition across from adjacent industries, or for students seeking direct entry into space

employment

Legislation

1. Establish a pre-approval stage to the application process, with the aim of providing

low-cost, non-binding application decisions for applicants;

2. Explore pathways to reduce application costs for applicants who can demonstrate their

launch and supporting functions meet lower environmental impact objectives (inc. grants

by inter alia Dept. of Environment and Energy);

3. Consider the implementation of a model of “sustainability self-assessment” (developed in

collaboration with relevant stakeholders) embedded via regulation;

4. Promote the use of industry-government ‘roundtables’, consultations and similar events

to increase communication between stakeholders, allowing for more informed and

balanced decisions (such as those already undertaken by the ASA);

5. Impose clear and guaranteed timelines/standards for application review by AsA to

promote certainty and accountability;

6. Encourage the growth of the Australian Space Agency in alignment with government

budgetary and qualitative targets so that less reliance is placed on external technical

experts and the majority of review work can be undertaken internally, reducing costs for

licensees and permit-holders under the current cost recovery model.

Conclusions
The current overall approach of the Australian Space Agency, supporting bodies, and other

launch-related organisations is cohesive and well-thought out, with significant effort being made

to balance the needs of the various stakeholders in the industry. This white paper has sought to

further inform on the impact and potential implications of current approaches in the fields of

legislation and talent acquisition, while also providing recommendations for how to mitigate or

avoid these impacts. It is not expected that these recommendations will comprehensively

resolve all issues in the studied areas, but will serve as a mirror to current practices, providing

alternative pathways to explore and/or justifications for decisions already made.

55



References
Australia, Department of Industry, Science, Energy and Resources. 2019. Advancing Women in
STEM strategy. Canberra: Commonwealth of Australia
https://www.industry.gov.au/sites/default/files/March%202020/document/advancing-women-in-
stem-strategy.pdf.

Australia, Department of Industry, Science, Energy and Resources. 2019. “Australia to support
NASA’s plan to return to the Moon and on to Mars”. News, September 22, 2019.

Australia, Department of Industry, Science, Energy and Resources. 2021. Pathways for a career in
space.
https://www.industry.gov.au/australian-space-discovery-centre/space-in-australia/pathways-f
or-a-career-in-space.

Australian Academy of Technology & Engineering. 2019. Women in STEM Decadal Plan. Canberra:
Australian Academy of Science.
https://www.science.org.au/files/userfiles/support/reports-and-plans/2019/gender-diversity-ste
m/women-in-STEM-d ecadal-plan-final.pdf.

Australian Government. 2020. Make it Happen: The Australian Government’s Modern
Manufacturing Strategy. Canberra: Commonwealth of Australia.
https://www.industry.gov.au/data-and-publications/make-it-happen-the-australian-governme
nts-modern-manufacturing-strategy.

Australian Remote Operations for Space and Earth. 2021. AROSE. https://www.arose.org.au/.

Australian Space Agency. 2019. Advancing Space: Australian Civil Space Strategy 2019-2028.
Canberra: Commonwealth of Australia.
https://publications.industry.gov.au/publications/advancing-space-australian-civil-space-strate
gy-2019-2028.pdf.

Australian Youth Aerospace Association. 2021. Australian University Rocket Challenge.
https://aurc.ayaa.com.au/.

Maciej Bartylak. 2018. Proceedings of the Sixty-ninth International Astronautical Congress:
University of Warsaw Rover Team - The Challenges and Benefits of Long-term, Hands-on
Technical Projects for Non-engineering Students, October 1-5, 2018. Bremen, Germany:
International Astronautical Congress.

Cornell University, INSEAD, and WIPO. 2014. The Global Innovation Index 2014: The Human Factor In
innovation. 2nd printing. Geneva, Switzerland: WIPO. New Delhi, India: CII.

Defence Jobs Australia. 2020. “Benefits of a role in the ADF.” Uploaded on October 22, 2020.
YouTube video, 0:41 min.
https://www.youtube.com/watch?v=T9Rf7eewGJ4&ab_channel=DefenceJobsAustralia.

Seven Sisters mission. 2021. 7 Sisters. https://www.7sisters.com.au/about.

SmartSat CRC. 2021. SmartSat Cooperative Research Centre.
https://smartsatcrc.com/education/study-with-us/.

Space Industry Association of Australia. 2021. Australian Space Capability Database.
https://www.spaceindustry.com.au/auspacedatabase/.

56



The University of Adelaide. 2021. Australian Rover Challenge.
https://ecms.adelaide.edu.au/atcsr/australian-rover-challenge.

University of New South Wales. 2021. Australian Centre for Space Engineering Research (ACSER).
https://www.acser.unsw.edu.au/.

57




	2021-Astra-white-papers
	Acacia-White-Paper-Draft
	Banksia-White-Paper-Draft
	Casuarina-White-Paper-Draft
	2021-Astra-white-papers1

