The economic contribution of
Australia’s space sector in 2018-19
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This paperwas commissioned by the Australian Space Agency and prepared by AlphaBeta, part of
Accenture. Allinformation in this reportis derived from AlphaBeta analysis using both proprietary
research and publicly available data. Where information has been obtained from third -party sources,
includingaprevious report prepared by the Nous Group, thisisreferencedinthe footnotes.
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Infographic

$4.8 billion
of revenue in 2018-19,

Manufacturing (4%)

The manufacture of spacecraft,
satellites, payloads, launch
vehicles & products to be used
in space as well as of ground
facilities and equipment
including launch facilities

% Operations (7%)

The operation & management
of satellites & other objects in
space, as well as activities in
space and astronautics

capabilities

Acting as a partner and
facilitator, including supporting
major infrastructure projects to
drive innovation and build

accounting for 0.25% of GDP

Australia’s space sector is growing rapidly

The sector is composed of four key segments

Government supports space sector growth in three ways

Reducing barriers to entry for
domestic and international
activity by creating a safe and
effective regulatory landscape

9,000 -10,000

total jobs in the space
sector in 2018-19

Enablers (9%)

Services that support space
activities including research &
development, policy and
regulation, infrastructure &
professional services

s~ Applications (80%)

Services that enable
downstream and consumer
applications of space-related
activities such as satellite
television, satellite broadband,
mobile communications and
earth observation

Conducting regular and robust
measurements of the sector to
improve sector visibility and
attract investors
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Glossary

ABN: Australian Business Number

ABS: Australian Bureau of Statistics

ACT: Australian Capital Territory

ANU: Australian National University

ANZSIC: Australia and New Zealand Standard Industrial Classification
The Agency: Australian Space Agency

Capability: A firm’s capabilityisits ability to provide a product or service relevant to a major space
supply chain. The capability is not the product or service itself or the skills required to perform the
capability. It could be specialised within the space industry orit could be more generalised to other
industries

CSIRO: Commonwealth Scientific and Industrial Research Organisation
EOS: Electro Optic Systems

ESA: European Space Agency

FY: Financial Year

GDP: Gross Domestic Product

GNSS: Global Navigation Satellite Systems

NASA: National Aeronautics and Space Administration is anindependent agency of the United States
Federal Government

Non-space firm: Firms that are not currently participating in the space sector
OECD: Organisation for Economic Co-operation and Development
R&D: Research and Development

SAS: Sky and Space Global

SBIR: Small Business Innovation Research

SES: SES Space Hub

SMEs: Small and medium-sized enterprises

SpaceX: Space Exploration Technologies

SSA: Space Situational Awareness

SKA: Square Kilometre Array

STEM: Science, technology, engineering, and mathematics

UK: United Kingdom

UN: United Nations



UNSW: University of New South Wales
WRESAT: Weapons Research Establishment Satellite



Executive summary

The space sector is experiencing a global transformation. New technology, increasing demand for
satellite and geospatial services, and upcoming landmark exploration missions are driving sector
growth. This new wave of space innovation represents an important opportunity for Australia to
develop local space capabilities, drive innovation, train skilled workers, and reap the benefits of new
space-related technological breakthroughs, potentially boosting other sectors such as disaster
management and advanced manufacturing.

This reportaimsto describe the economiccontribution of the local civil space sector in Australiaand
the role of industry, government, researchers, and educators in fostering the local space ecosystem.
Itis one of the most comprehensive assessments of the sector since the establishment of Australian
Space Agency in 2018, and uses a combination of economic data, survey data, and insights from
researchers and industry leaders to analyse the sector’s progress between 2016-17 and 2018-19.

By understanding the economicimpact of the sector, Government and industry can identify and assess
how Australia can best seize opportunities in the future.

AlphaBeta has estimatedthe space sectorin Australia generated approximately $4.8 billionin revenue
in 2018-19 and employed approximately between9,000-10,000 workers. The Australian space sector
is at an earlier stage of growth compared to international peers. Space sectorrevenue in Australiais
equivalentto 0.25 percent of national GDP and 1.3 per cent of global space revenue. Accordingtoa
recentsurvey by the Nous group of 128 firms (80 per cent of whom were SMEs), space firm revenue
in Australia grew 17 per centa year in two years to FY2018-19, which is 3.5 times faster than the
overall economy.!

Employmentinthe space sectoris stable at around 9,000-10,000 space workers, although the mix of
jobs within the sector has shifted over the past two years. Employment in high-value SMEs in space
manufacturing and research and development has grown strongly, while jobs in more mature sectors
like pay television and telecommunications have declined.? Such sector dynamics are evident overseas
too: Canada’s space economy is similar structuredto Australia’s and has grownin revenue whilst losing
jobs between 2014 and 2018.

While the ongoing COVID-19 pandemic has disrupted employment and investment throughout the
global economy, at the time of writing itseffect on the Australian space sector so far has been minimal
in comparison to other global space sectors. Market research from the United States shows that
private sector investment in the global space sector declined substantially in the June quarter,
althoughinvestmentin the applications segment of the space value chain, which contributes most of
Australian space sector revenue, remained strong.? Australian space sector work has continued to
progress throughout the crisis, with the Australian Government committing $11 million of industry
grants and $7 billion of defence funding to the sector. According to Ministerfor Industry, Science and

1 Nous Group (2020), Australian space sector survey, June 2020.
2 |bid.
3 Space Capital (2020), Space Investment Quartery: Q2 2020.



Technology Karen Andrews: “The space industry is a key growth sector that will form an important
part of our economic recovery and help us emerge from the COVID-19 crisis stronger than ever.”*

The space value chain can be splitinto four key components: manufacturing (ground and space),
operations, enablers and applications. The applications segment is the most established segment in
Australia, with $3.8 billionin revenue lastyear (80 per cent of total sector revenue). Australiais also
developing distinctive capabilities in the operation of satellites and in downstream applications that
rely on space-based technology to deliver services. The operations segment of the value chainis a
potential competitive advantage for Australia, and currently contributes to a higher proportion of
Australian GDP comparedto the global average (0.02 per cent versus 0.01 percent). Australia also has
niche areas of capability in sectors adjacent to space manufacturing which can form the foundation of
future involvement in the segment. Space manufacturing is the largest segment of the global space
sector, constituting over a third (36 per cent) of total value.

The Australian Government’s ambition is for Australia to become an even more prominent participant
in the global space economy. By 2030, the Governmentaimsto triple sectorrevenue and employ an
additional 20,000 workers in the local space sector through following the path outlined in the
Australian Civil Space Strategy. The Strategy is built on four Strategic Space Pillars: “open the door
internationally; develop national capability in areas of competitive advantage; ensure safety and
national interest are addressed; and inspire and improve the lives of all Australians”.®

Developing new commercial opportunities forthe local sector isa priority for Government, including
investmentin national infrastructure, capabilitiesin space data gathering, analysis and services. This
will be built on cooperative partnerships with international space agencies, states and territories,and
industry. The Government is also focusing on lifting Australia’s manufacturing capability, and has
committed $1.5 billion to support the Modern Manufacturing Strategy® which identifies space as one
of six manufacturing priority areas.

Measures of success include stimulating at least S1 billion pipeline in inward capital investment
between 2019 and 2028, achieving year-on-year growth of at least 8.5 per cent, and increasing
awareness of space activitiesand the impact on the Australian economy, reaching atleast 10 million
Australians per year.

4The Hon.Karen Andrews MP (2020), Media release: $11m space grants to boost businesses andlocal jobs.

5 Australian Space Agency (2019), AdvancingSpace: Australian Civil Space Strategy 2019 — 2028.

6 Department of Industry, Science, Energy and Resources (2020), Modern Manufacturinglnitiative and National
ManufacturingPriorities.
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1 The global space industry is growing rapidly, creating
significant opportunities for Australia

Australia’s space sector has significant room to grow in an expanding global market. Increased
international space activity is driving global demand for space services, both from commercial and
public actors. As a result, private and public investment is growing quickly. This investment can boost
commercial revenues and employment in Australia, while also improving productivity and efficiency,
social welfare and cost saving across the broader economy.

1.1 Australia has a small but important space sector with significant
room to grow

Australiahas made significant contributions to space explorationin the past. [t was one of the earliest
countriesto orbita national satellite, with the launch of WRESAT from Woomera, South Australia, in
1967.

Australia’s involvement with space tracking reaches back to the very beginnings of the Space Age.
Locally managed NASA tracking stations have supported the exploration of the solar system, pioneer
applications satellites and human space exploration. Australia played a crucial role inthe Apollo Moon
landing program, especially receiving and broadcasting to the worldthe television signals showing Neil
Armstrong setting foot on the Moon. The nation has also provided support to the space missions of
the European Space Agency (ESA) since 1979.

Today, the Canberra Deep Space Communication Complex and ESA’s New Norcia facility in Westem
Australia, continue the space tracking tradition, supporting deep space missions from many nations,
including NASA’s Perseverance Roverand the UAE Hope mission, which began theirjourneys to Mars
in July 2020.

Australiaalso has aproud history as a pioneerinradioastronomy. CSIRO’sParkes Radio Telescope has
been at the forefront of radio astronomy research for 60 years, in addition to assisting NASA and ESA
with space tracking. The country’s relative abundance of open, radio-quiet spaces make it suited to
major radioastronomy projects. In 2012, Western Australia was selected as one of two locations
globally forthe massive, multinational Square Kilometre Array (SKA) radio telescope, to be builtin the
comingdecade. In 2019, the CSIRO completed the AustralianSKA Pathfinder (ASKAP), which was built
as a precursor to the SKA and is currently the fastest survey radio telescope in the world.

The Australian space sectoris growing but s still only half the size of globalleaders

Despite thesesignificant contributions to advancesin astronomy and international space endeavours,
the Australian local space sector is young, compared with global peers. The sector generated
approximately $4.8billionin 2018-19, whichis equivalent to 0.25 per cent of Australia’s GDP, up from
an estimated $3.8 billion in 2015.7 By comparison, the revenue of the space sector in Canada is
equivalent to 0.4 per cent of GDP, and globally space sector revenue is equivalent to 0.5 per cent of

7 Asia Padific Aerospace Consultants Pty Ltd (APAC) (2015), A Selective Review of Australian Space Ca pabilities: Growth
Opportunities in Global Supply Chains and Space Enabled Services.



GDP. In leading space nations, it is higher. Space sectorrevenue inthe United Statesis equivalent to
1.0 per cent of GDP, while the UK space sector’s revenue is equivalent to 0.7 per cent of GDP.

Recognising the rapid growth of the global spaceindustryand its economic potential for Australia, the
Australian Government established the Australian Space Agency (the Agency) in July 2018 to support
the sector and drive further growth

The Australian Government has released the Australian Civil Space Strategy which aims to nurture a
space sector that by 2030 employs an additional 20,000 workers and generates $12 billionin revenue.®
The strategy describes four key actions for growing the sector: building international partnerships;
increasing national capabilities; improving regulation, risk and culture; and inspiring and building a
future workforce (Exhibit 1).

Exhibit 1: Implementation priorities of the Australian Civil Space Strategy, 2019-2028

Scaling the local space sector will require four elements, previously identified by the government: access
to international markets, globally desirable capabilities, robust regulations, and a capable workforce.

A
v
ALY

Increase

Regulation, risk, Inspire and build

Open doors capability and culture future workforce
Build international Establish and grow Implement an Train and nurture a
partnerships and local space capability appropriately robust globally competitive
contribute to global across the value regulatory framework workforce across
space value chains chain, focussing on that meets industry, research
Australia’s international and education,
competitive obligations, ensures government, and
advantages safety, and promotes community

a business-friendly
environment

Sources: Australian Space Agency (2019), Australian Civil Space Strategy 2019 — 2028.

Australia’s renewed focus on space has generated significant private and publicinvestmentin the civil
space sector. The Agency has observed over S2 billion space-related capital project pipeline for
FY2018-2019 to FY2027-2028, including $775 million from private or foreign investment
commitments.® The pipeline also includes investment from the Australian Government and state and
territory governments. The Australian Government has invested $700 million in space since FY2018-
2019.

The Government has further committed $7 billion to developing space capabilities over the next
decade to realise its Defence capability goals as part of the 2020 Defence Strategic Update and 2020

8 Australian Space Agency (2019), AdvancingSpace: Australian Civil Space Strategy 2019 —2028.
9 Australian Space Agency(2020), 2018-19 Economic snapshot report ofthe Australian civil s pace sector.
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Force Structure Plan.® This funding will improve Australia’s satellite communications, positioning,
navigation and timing data, as well as helpto grow Australianindustry expertise, and Australia’s space
domain awareness capabilities. Civil sector companies will have opportunities to participate in plans
to establish communications satellites and ground control stations.

Additionally, in October 2020, the Australian Government announced a $1.5 billion Modem
Manufacturing Strategy which identifies space as one of six national manufacturing prioritiest!. The
Government has set out that the Modern Manufacturing Strategy will focus on areas of comparative
advantage and strategic importance, providing support through four initiatives. For space
manufacturing investment, this includes support from initiatives to encourage private investment and
leverage transformative investments in manufacturing technologies and processes.

1.2 The space sector is experiencing a global transformation, driven by
new technology and investments from private and public sectors

Today’s global space industry is radically different to that of the 1960s. While big-ticket,government-
funded missions dominated the Apollo era, modern projects are much more diverse. These indude
satellite-related projects to transmit data, assist with mappingand navigation, and observe and take
measurements; as well as launching exploration probes into space. To support these activities, civil
firms have developedasimilarly broad set of capabilities. Australian space firms are especially capable
of remote-sensing and Earth observation; scientific, and engineering support; supplying space-related
materials; education, training and astronomy research (Exhibit 2).

There are fresh commercial opportunities as space sector technology becomes better and cheaper,
and new applicationsemerge in other sectorssuch as agriculture, disaster management and advanced
manufacturing. For example, scientific consultancy Maitec uses a combination of ground, air and
satellite sensors to monitor bushfires and inform Northern Territory emergency services’ natural
disaster response. Technology provider AgriwWebb uses location-based technology from Geoscience
Australiatoallow farmerstotrack livestock in realtime, while Internet of Things (loT) business Myriota
uses smartsensors and a constellation of nanosatellites to help farmers monitor dam levels and pump
operation. The total number of active satellites orbiting the Earth has doubled in the past decade to
meet this growing demand.!?

International space exploration initiatives are further contributing to the demand for space services,
with NASA and other government agencies increasingly involving private sector companies in their
programs. According to the OECD, publicspace budgetstotalled an estimated USS75 billionin 2017,
the highestsince the Apollo era.!* Such opportunities have meant that civil space firms are becoming
more importantto supply chains and the overall space economy. Most notably, firms such as SpaceX
and Boeing have developed large-scale partnerships with NASA.

10 Australian Space Agency (2019), Australian Civil Space Strategy 2019 —2028; Department of Defence (2020), Strategic
Update.

11 Department of Industry, Science, Energy and Resources (2020), Modern ManufacturingInitiative and National
ManufacturingPriorities.

12 |n 2018, 114 satellites were launched, which is more than double the number launched in 2004. As of 2019, the number
of active satellitesis atanall-time highatover2,514.1n 2009, there were just 986 satellites, lessthan half as many. See
Appendixfordetails.

13 OECD (2019), The Space Economyin Figures.
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While Australia’s space manufacturing sector is relatively small, firms such as Titomic and Silanna
Semiconductors have developed advanced components to be usedin space. Australia’s space sector
stands to capitalise fromincreasing opportunities to enter global supply chains, particularlyin National
Civil Space Priority Areas such as position, navigation and timing; Earth observation; communications
technology and services; space situational awareness and debris monitoring; research and
development; robotics and automation; and access to space.*

14 Australian Space Agency (2019), Australian Civil Space Strategy 2019 — 2028.
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Exhibit 2: Identified capabilities of Australian space firms

Most common capabilities of Australian space firms listed in the SIAA database!

Firm capabilities Share that are large

organisations? Example firms
Thought leadership and advocacy — 139 ﬁAMDA f:?}i ﬁ{"é‘?ﬁ:

. . “
Remote sensing and earth observation FRONTIER M S GroundPrebe  SITAEL

=
(=]
B

0000000000

Community engagement

Curtin University

g
ETP & & (L moeme 0 I

cER Technalogies iﬂ SYPAQ cmnmsmans QINETIQ AIRBUS

!

Fundamental and applied research for space systems

I

Scientific and engineering support

Ground station network _ 67 49% .‘!‘222‘,32‘, Qeesranr I!":E{SA MAXAR Lﬂ N"‘fi
Suppliers of material and components _ 67 (/;\)@4- an uickstep
Astronomy _ 64 28% “ mvce?sl-{?m ® ’b’%@%ﬁ?
Logistics and program management _ 60 lﬁ CcGl pﬁn SHOAL

NOTE: The ‘Aviation’ category has been withheld due to data quality concerns. 1: Organisations are able to self-select into the database so may only be tangentially involved in space. 2:
Large organisations as described by the firm. See Appendix forinformation on how firms were selected.
SOURCE: Space Industry Association of Australia (SIAA) (2020), AlphaBeta space firm database
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The private sector accounts for approximately 76 per cent of space investment,
and is growing quickly

Private investment accounted for 76 per cent of the global space economy in 2016, concentrated in
satellite services, which includes television transmission, consumer navigational equipment, and GPS
services.'®> Government space and defence programs make up the remaining quarter. Angel
investment and venture capital funding tends to focus on applications develop ment, including on-
demand ride sharing and food delivery platforms which rely on satellite-supported navigation and
positioning technology.1®

The OECD average public investment into space programs was approximately US$1.53 billion in
2017.Y7 There is a vast difference in the proportion of spending invested by different governments.
The majority of countries spend less than 0.05 per cent of GDP on space. Australiais growingits public
investment, committing AS300 million for space-related spending in the 2018-19 Budget, which is
equivalentto 0.02 per cent of GDP.*8 Only three OECD countries spend more than 0.1 per cent of GDP
on space programs: the US, Russia, and France. The US isthe largest publicinvestorin space, with US
Government spend on space-related activities equivalent to approximately 0.24 per cent of its GDP.

Both private and publicinvestmentin the global space sectoris growing quickly. The sector was worth
USS366 billion in 2019, up from USS$345 billion in 2016%°. Analysis undertaken before the COVID-19
pandemic estimated that by 2040, the global sector is predicted to be worth US$1.1 trillion (Exhibit
3). The economicimpacts from the COVID-19 pandemic may hamper growth. As described above,
approximately a quarter of global space sector is from government. As public finances tighten,
reductions in public space programs will impact sector growth. The OECD expects space SMEs to be
more exposed to market downturns, potentially leading to greaterindustry concentration. The OECD
recognises SMEs to be important drivers of growth and innovation in the sector and have urged
governments to consider the impact of funding changes on SMEs. 2°

15 Bryce Space and Technology (2017), Global Space Industry Dynamics (Research Paper for Australian Government,
Department of Industry, Innovation and Science).

16 Space Capital (2020), Space Investment Quartery: Q2 2020.

17 OECD (2019), The Space Economyin Figures. The 49 countries with the largest s pace programs were estimated to spend
USS$1.53 billionintotal, based on nationalbudgets.

18 ABS (2020) 1345.0 Key Economic Indicators and ABS (2020) 5206.0 Australian National Accounts. Australian GDP was
$1.887 trillionin 2018-19. Australian Space Age ncy (2019), Adva ncing Space: Australian CivilSpace Strategy 2019 —2028.

19 Bryce Space and Technology (2020), 2019 Global Space Economyata Glance; Bryce Space and Technology (2017), Global
Space Industry Dynamics (Research Paper for Australian Government, Department of Industry, Innovation and Science).

20 OECD (2020) OECD Policy Reponses to Coronavirus (COVID-19): the impacts of COVID-19 on the space industry.
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Exhibit 3: Estimated global space sector growth to 2040

Global space economy revenue from 2015 to 2040

USS billion — Global space sector revenue — — Projected future space sector revenue

1,100
1,000 -
900 e
800 -
700 -
600 =
500 -
400 ———
300
200
100
0
2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040

Notes: 2018 estimatesforglobalspace sectorturnoveris about USS414 billion.
Sources: Statista 2020; Morgan Stanley; Haver Analytics.

1.3 The space sector will create new jobs and economic benefits as it
grows

Governments around the world have recognised the opportunity space presents to drive innovation
within their economies, boost growth, and provide a source of high-skilled employment. To enable
this, many of Australia’s peers have launched ambitious public programs (Exhibit 5). The UK, for
example, isfocused on theirecosystem of civil space firms which also support the broader aerospace
and defence sectors. As aresult of the UK’s Space Innovation and Growth Strategy, launched in 2010,
direct employment in the industry increased 6 per cent per annum over four years.?! Canada is
investing C$1.9 billion to develop competitive advantages in Artificial Intelligence (Al) and robotic
capabilities suitable for space and have committed a further C$150 million towards NASA’s Lunar
Gateway program, with the aim of bringing high-value jobs to the country.??

21 London Economics forthe UK Space Agency (2016), Summary Report: The Size & Health of the UK Space Industry.
22 Minister of Innovation, Science and Economic Development (2019), Exploration Imagination Innovation: A New Space
Strategyfor Canada.
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Exhibit 4: Examples of national space sector initiatives around the world

= Establishment of the Australian Space Agency in

= Canada’s Space Advisory Board and Canadian 2018 (supported by $41 million of funding) and the
Space Agency advises government on sector launch of an Australian Civil Space Strategy to
development strategy, regulation, and nurture the space sector and improve capability
education programs ' = Government has committed over $15 million to

* Government aims to develop competitive foster international partnerships and $19.5 million
advantages in robotics, Al,and biomedical space i to its Space Infrastructure Fund

capabilities through a $1.9 billion investment in
Al-driven space robotics
= Collaboration with the US on landmark lunar
= 5150 Moon to Mars initiative will showcase

exploration projects, including $150 million in ) 7
government funding to develop a smart robotic Australian knowledge and capabilities and support
“NASA’S Moon to Mars program.

= 56 million to support a Space Discovery Centre to
improve public outreach and education

arm (‘Canadarm 3’) for these missions

New Zealand

United Kingdom . .
= NZ Space Agency supports strategic commercial

= Space Leadership Council and UK Space Agency created in 2010 to champion the sector partnerships

and advise on policy and strategies, with a £250 million budget to help realise goals
policy g 8 P g = Bilateral industry partnerships with the

= £35 million National Space Technology Programme that provides short- to long-term European Space Agency and US Government

funding to support industry development and R&D

) ) = Host to world’s first fully private orbital launch
® Government aims to capture 10 per cent of the global commercial space sector by 2030 facility

= National Space Academy to support Higher Apprenticeships in Space Engineering » Internships for tertiary students with NASA

Sources: UKSpace Agency (2014), Space Growth Action Plan 2014-2030; London Economics for the UK Space Agency (2019), Size and Health of the UK Space Industry 2018; MBIE NZand
Deloitte Access(2019), New Zealand Space Sector; Canadian Space Agency (2019), Canada’s Space Strategy.
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Economic benefits — in the form of revenue and employment — result from the diverse range of
activities alongthe space value chain. The value chain has four segments: manufacturing, operations,
enablers, and applications (Exhibit 5).2 These categories have been aligned to the Australian Space
Agency’s recently released definition of the sector.?* Large firms hold substantial market share of each
segment; for example Airbus, Mitsubishi, and Thales are global leadersin manufacturing. Foxtel and

Optus are notable Australianfirms which supplybroadcastingand telecommunications services in the
applications segment.

Exhibit 5: The space value chain

Manufacturing
Space (Payload, bus & Ground (facilities,
propulsion) equipment, and launch) Operations

Enablers Applications

The manufacture of
spacecraft, satellites,
payloads, launch
vehicles & products to
be used in space

The manufacture of
ground facilities and
equipment including
launch facilities

The operation &
management of
satellites & other
objects in space, as
well as activities in
space and
astronautics

Services that support
space activities
including research &
development, policy
and regulation,
infrastructure &
professional services

Services that enable
downstream and
consumer applications
of space-related
activities such as
satellite television,
satellite broadband,

mobile
communications and
earth observation
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>
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Additional economic advantages often spill over to the broader economy, such as social welfare
improvement and productivity and efficiency gains that drive cost savings both within and beyond the
sector.?> The OECD estimatesthat 57 per cent of cost savings are realised outside of the space sector,
forexample, when space technologiesor higher quality dataimprove operations in other fields. These
benefits are easily transferred with many firms working ‘horizontally’ across elements of the value
chain and the space and non-space sectors.

The following chapters of the report look at the economicopportunity for Australiain developing its
local civil space sector, across the four pillars of the Australian Civil Space Strategy and the sector value
chain segments, as well as the critical role Government continues to play in developing a domestic
space market.

2 There are several ways to define the space economy, but consensus is coalescing around the OECD’s definition that it
encompassesthe full range of activities and the use of resourcesthat create and provide value and benefits to human
beingsinthe course ofexploring, understanding, managing and utilising space, with the Australian, New Zealand, and
Britishgovernments adopting it. The space sectoris a part of the space economy. The firms that serve the sector
includes a ‘vertical’ set of firms that focus wholly on space-related activities and alsoa ‘horizontal’ of firms that performs
both space and non-space activities.

24 Australian Space Agency (2020), Definingthe Australian space sector.

25 OECD (2019), The Space Economy In Figures: How Space Contributes To The Global Economy.
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Box 1: Prominent global and local firms operating across the value chain

Looking across the value chain, Jacobs (a US firm) employs engineers, technicians, and scientists
focused on manufacturing and professional services divisions relevant to the enabler segment of
the value chain. As a result, they are among NASA’s most prominent contractors.

Locally in Australia, Electro Optic Systems (EOS) straddles the manufacturing, operations, and
enablersegments forcivil and defence space purposes. EOS provides space situational awareness
services like laser tracking of space objects as well as manufacturing lasers and sensors. These
technologies are usedfor defence, space debrismanagement, and satellite communications. Many
space sectorfirms also underpin activities in othersectors. For example, firms such as Optus that
specialiseinsatellite broadband enable araft of internet-related non-space activities who, in tumn,
service their own set of consumers and businesses.

Exhibit 6: Jacobs and EOS participating in multiple segments of the space value chain

Manufacturing Operations Enablers Applications
Space (Payload, bus & Ground (facilities,
propulsion) equipment, and launch)
= wa
I
;00 \
%2 aoapy | YO

« Space flight hardware, including components

b |
UaCObs of the International Space Station and NASA’s

new Space Launch Systems

* Satellite tracking

EU 5 infrastructure and

observatory facilities

Operation of laser
tracking and remote
thrusting
technologies

Engineering services,
including testing,
modelling, and
compliance work

Space Environment
CRC

Four current R&D
programs with major
research institutions
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2 Australia’s space sector is expanding quickly and
developing distinctive capabilities

Australian civil space sector revenuein 2019 is estimated at 54.8 billion — equivalent to 0.25 per cent
of GDP and about 20per cent smaller than Canada’s space sector by revenue. Most of Australia’s space
firms are concentrated in the enabler and applications segments which require relatively high-skilled,
service-intensive jobs, reflecting the structure of the overall Australian economy. There are
opportunities formany Australian firms with suitable capabilities to enter the sector, especially in areas
such as manufacturing which are currently smaller in Australia than global averages.

2.1 The Australian space sector is worth $4.8 billion and growing more
quickly than its peers

Sectorrevenue for Australia’sspace sectoris estimated to be $4.8 billion as of 2019.2° Australia’s space
sectoris similarly sized to Canada’s and is equivalent to 0.25 per cent of Australian GDP (Exhibit 7).

As an emergingindustry, the growth rate of the Australian space sector is difficult to quantify due to
limited, consistenthistorical data. Several sources have estimated that Australia’s space sector growth
has far outstripped its international peers, but the estimates of the actual rate of growth vary
significantly. For example, Canada’s space sector grew only 1 per cent per year in the four years to
2018, while the UK’s space sector grew 3 per cent peryearinthe two yearsto 2017.2” By comparison,
a survey of 128 Australian space sector firms, 80 per cent of whom are SMEs, by the Nous Group found
thatrevenue from space-related activitiesgrew by 17 per cent peryear since the establishment of the
Agency, between FY2016-17 and FY2018-19.2% For comparison, the rate of overall economicgrowth in
Australia over this same time period was 4.9 per cent.?®

SMEs tendto be hubs of innovation and have faster growth rates than more established firms. Major
employers in space applications, including major telecommunications firms Telstra and Optus, have
experienced fluctuating revenues over the past few years due to a combination of commercial and
technological factors, as competition intensifies and the sector continues to develop. This drags on
overall space sector growth.

Alongerterm reportonthe space sector, titled Satellite Communications and Astronautics in Australia
by IBISWorld, estimates an annual growth rate of 8 per cent between 2015 and 2020.3° The authors
consider the sector to be in the growth stage of its lifecycle as a result of increased innovation and
multinational space projects.?!

26 AlphaBeta 2019 space database.

27 UK Space Agencyand London Economics (2019), Size & Health of the UK Space Industry; Canadian Space Agency (2019)
Canada’s Space Strategy.

28 Nous Group (2020), Australian space sector survey, June 2020.

29 Australian GDP was $1.887 trillion in 2018-19 and $1.798 trillionin 2016-17, an increase of 4.9%: ABS (2020) 1345.0 Key
Economic Indicators and ABS(2020) 5206.0 Australian National Accounts.

30 This report broadly covers the local space sector but does not explicit use the Australian Space Agency’s definition of the
space sector.

31 |bis World (2020), Satellite Communications and Astronautics in Australia OD5545. Thisreport estimates a higher | evel of
sectorrevenue, at$5.2 billionin2018-19.
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Despite this growth, comparing the GDP contribution of the Australian space sector to that of peer
countries shows that Australia has yet to catch up. Australia’s space sector revenue is equivalent to
approximately 0.25 per cent of its GDP. (Exhibit 7). That is slightly less than the relatively size of peer
countries of a similarsize. Forexample, the revenue of the Canadian space sectoris equivalentto 0.4
per cent of GDP, while New Zealand space sector revenue is equivalent to 0.5 per cent of GDP.

Exhibit 7: International comparison of revenue and growth of space sectors

““““\ . 3

||
Canada Australia NZ
Estimated
0y
share of GDP @ @ @
* US estimate for 2016

Sources: UKSpace Agencyand London Economics (2019), Size & Health ofthe UKSpace Industry—£14.8bn at exchange
rate of 1:1.79; MBIE NZ and Deloitte Access (2019), New Zealand Space Sector—NZS$1.75bn at exchange rate of 1:0.93;
CanadianSpace Agency (2019), Canada’s Space Strategy — C$5.7bn at exchange rate of 1:1.05; US Federal Aviation
Administration —US$158bnat exchange rate of 1:1.41.

Space sector revenue, 2019

AS billion, per cent

222.2

USA*
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https://www.gov.uk/government/publications/uk-space-industry-size-and-health-report-2018
https://www.mbie.govt.nz/assets/new-zealand-space-sector-its-value-scope-and-structure.pdf
https://www.canada.ca/en/space-agency/news/2019/03/launching-canadas-space-strategy.html

Within Australia, the space sector is also comparable in size to several other small, but highly
innovative and highly specialised sectors such as medical equipment manufacturing, aircraft
manufacturing and repair, and cybersecurity. Itissmaller than the biotechnology sector, which is more
mature but similarly innovative and technology-driven (Exhibit 8).

Exhibit 8: Comparison of Australian space sector revenue against other sectors

Revenue for other comparable Australian sectors
S billion

Biotechnology (2020)

Space (2019)

Medical equipment
manufacturing (2020)

Aircraft manufacturing
and repair (2020)

Cyber security (2018)

Smartphone app
development (2019)

Source:IBISWorld Industry Reports 2018, 2019, 2020.

The revenue growth rate in the Australian space sector is predicted to be stronger than the more
mature sectors such as biotechnology and medical equipment manufacturing, at 7.4 per centannual
growthin the next five years comparedto 3 percent and 2.4 percent respectively.32 The profitability
of all these industries is estimated to increase as cost efficiencies continue to be achieved.

Australian space sector employment is roughly in line with revenue

Employment in the Australian space sector can also be difficult to quantify due to limited granular,
historical data sources, as discussed above for revenue. Based on AlphaBeta’s space database

estimates, the space sector employed approximately 9,000-10,000 workers (midpoint estimate of
9,500 workers) in 2019 (Exhibit 9).

32 |bis World (2020), Biotechnology in Australia and Medical and Surgical EQuipment Manufacturing in Australia;
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Exhibit 9: Space sector employment in Australia and across peer economies

Employment in space sector

No. of workers (thousands)

UK 42.9
Australia -9.0 #o 10.0

Canada 9.5

NZ 5.0

Sources: UKSpace Agencyand London Economics (2019), Size & Health ofthe UK Space Industry; MBIE NZ and Deloitte
Access (2019), New Zealand Space Sector; Canadian Space Agency (2019), Canada’s Space Strategy.

Thisisa healthy employment number compared with overseas markets given the size and revenue of
the Australian space sector. The UK, whose space sector receives about five times as much revenue
as the Australian sector, employs roughly four times more workers: for the financial year 2017-18,
42,899 workers were estimated to have been employed inthe UK space sector. New Zealand’s space
sectoris much smallerand was estimated to have employed approximately 5,000 in the financial year
2018-19. Canada’s space sector employs a similar number of workers as Australia — 9,567 in 2018 —
butis more mature, with more established links to international supply chain.?* Canada generates 1.25
times Australia’s space sector revenue: equivalent to 0.4 per cent of Canada’s GDP, compared to 0.25
per cent of GDP in Australia.

A 2018 study on Australia’s local space sector workforce estimated that there were between 9,500to
11,500 workers in the sector in 2015, whilst another 2019 study estimated employment at 13,200
workers.3* Caution needs to be exercised in directly comparing the figures as differences between
estimates may be due to the sample of firms analysed and differe nces in methodology. local space
workforce has remained steady overthe pastfouryears, particularly as different parts of the industry
have experienced different rates of employment growth in that period. Major applications firmsin
Australia, such as Telstra and Optus, implemented large staff cutsin 2017 and 2018.3> Thistrend may
well continueand even accelerate due to the impacts of COVID-19. Forexample, during the pandemic,
Foxtel has reduced its workforce by over 200 employees.*® By contrast, a recent survey of 128
Australian firmsin the space sector by the Nous Group found that employmentinthe sector grew by

33 Canadian Space Agency (2020), Canadian Space Sector Report 2019.

34 Department of Industry, ACILAllen (2018), Review of Australia’s Space Industry Ca pability; Ibis World (2019), Satellite
Communications and Astronautics in Australia OD5545.

35 Business Insider (2017), Telstra is cutting 2,800 s taff; The Guardian (2018), Telstra to cut 8,000 jobs in major restructure;
ABC News (2018), Optus to sack 400 workers.

36 AFR (2020), Foxtel cuts 200 jobs, stands down 140 more.

B | 22


https://www.gov.uk/government/publications/uk-space-industry-size-and-health-report-2018
https://www.mbie.govt.nz/assets/new-zealand-space-sector-its-value-scope-and-structure.pdf
https://www.canada.ca/en/space-agency/news/2019/03/launching-canadas-space-strategy.html
https://asc-csa.gc.ca/eng/publications/2019-state-canadian-space-sector.asp
https://www.industry.gov.au/data-and-publications/review-of-australias-space-industry-capability-report-from-the-expert-reference-group
https://www.businessinsider.com.au/telstra-will-cut-2800-staff-this-year-to-meet-its-new-cost-cutting-goal-of-1-5-billion-2017-8
https://www.theguardian.com/business/2018/jun/20/telstra-to-cut-8000-jobs-in-major-restructure
https://www.abc.net.au/news/2018-05-29/optus-to-cut-400-jobs-to-remove-duplication/9811106#:~:text=Optus%20has%20confirmed%20it%20will,%22%2C%20a%20company%20spokesperson%20said.
https://www.afr.com/companies/media-and-marketing/foxtel-cuts-200-jobs-stands-down-140-more-20200408-p54id2

10 per cent each yearbetween FY2016-17 to FY2018-19. Eighty per cent of the survey’s respondents
were SMEs, which tend to have stronger hiring rates compared to large established firms. The
manufacturing segment of this survey, about 10 per cent of respondents, displayed especially high
rates of employment growth; however, some caution should be exercised in interpreting this data
given the small number of manufacturing firm responses.”

Comparing employment in space to similar sectors in Australia finds that aircraft manufacturing and
repair and medical equipment in Australia employ similar numbers of workers and receive similar
amounts of revenue compared to the space sector (Exhibit 10).

Exhibit 10: Comparison of Australian space sector employment against other sectors

Employment in comparable Australian sectors

No. of workers (thousands)

Cyber security (2018) 20.5

Biotechnology (2020)

Aircraft manufacturing
and repair (2020)

Medical equipment
manufacturing (2020)

Space (2019)

Smartphone app
development (2019)

Source: IBISWorld Industry Reports 2018, 2019, 2020

There are some notable differences. Whilst cyber security has much lower revenue, of about $2.8
billionin2018 compared to space’s $4.8 billionin2019, it employs 20,500 people. Thisis likely because
itisafar more labour-intensiveand farlesscapital-intensive industry compared to space. Forinstance,
many large organisations have cyber security teams who perform time consuming security tasks and
fulfilling compliance protocols.

2.2 Australia’s space sectoris dominated by the applications segment
of the value chain that provides services such as mobile
communications, weather forecasting and GPS

Australia’s space sector comprises a total of 558 firms and an estimated 9,000 to 10,000 workers
across all four segments of the space value chain: manufacturing, operations, enablers, and

37 Nous Group (2020), Australian space sector survey, June 2020.
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applications (Exhibit 11, Exhibit 12). Exhibits 11 and 12, describe the distribution of approximately
9,500 space workers across the sector, reflecting the mid-point of the estimated range of 9,000 to
10,000 space workers.
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Exhibit 11: Firm count, revenue estimates, and common services and activities across the Australian space value chain, 2019

Q [
Manufacturing Operatlons RS M Applications

Space (e.g. Payload, bus, ' Ground (facilities,
propulsion) equipment & launch)
Description The manufacture of The manufacture of The operation & Services that support space ' Services that enable
spacecraft, satellites, ground facilities and management of activities including research : downstream and consumer
payloads, launch vehicles | equipment including satellites & other & development, policy and applications of space-
& products to be used in  launch facilities objects in space regulation, infrastructure related activities such as
space & professional services. satellite television, satellite
broadband, mobile
communications and earth
observation
Number of 65 82 44 244 123 558
firms
Space revenue
- 51 126 357 432 3,808 4,775
($ millions) s $ S S 8 $
Proportion of
total Aus space 1% 3% 7% 9% 80%
revenue
:\ A v 7| fustraian
Example firms axmm B icste QUGL O sas K5 hEE OPTUS foxrel sAm
Common = Supply of materlal and = Supply of materlal and = Loglstlcs and program = Educatlon and tralnlng = Remote sensmg and
services and components components management = Fundamental and earth observation
activities = Scientific and = Ground station = Scientific and applied research for
identified?® engineering support network engineering support space systems
= Community engagement

Notes: Non-exhaustive: these figures only represent firms that earned revenue from the space sector, according to our database. For each firm we estimated the proportion of
space-related revenue based on an individual assessment of their activities.

1 Common services and activities identified using most common ca pabilities of Australian space firms listed inthe SIAA database in the relevant area. Organisations are able to self-
selectinto the database so mayonly be tangentiallyinvolved in space. The ‘Aviation’ category has been withheld due to data quality concerns.

Sources: AlphaBeta analysis; SIAA (2020).
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The breakdown of revenue across each stage of the value chain is as follows:
m  Manufacturing: There are two sub-segments of manufacturing.

o Space: The manufacturing of products involved in the launch and orbit of spacecraft and
satellites was worth an estimated $51 million in 2019, equivalent to just 1 per cent of the
total Australian space sector.65firms and 260 workers in Australia wereinvolved inthis sub-
segment.

o Ground: The ground facilities and equipment that support launches and space operations.
There were 82 firms in this sub-segment, receiving $126 million in revenue which was equal
to 3 per cent of total sector revenue, employing about 330 workers.

m Operations: The operations segment received about $357 millionin revenue, equivalent to 7 per
cent of total sector revenue, and included 44 firms and 150 workers locally.

m Enablers: Revenue for enabler firms was about $432 million, representing 9 per cent of total
space sector revenue. There were approximately 244 firms in this segment, representing the
largest contingent of firms of all segments. About 490 workers were employed in this segment.

m Applications: The applications segment was by far the largest of component of the value chain
by revenue, with $3.8 billion in revenue in 2019 (80 per cent of total sector revenue). There were
approximately 123 firms and 7,940 workers in this segment.

Most of Australia’s space firms and workers are concentrated in the enabler and applications
segments (Exhibit 12). These segments involve relatively high-skilled, service-intensive jobs which
reflectthe structure of the overall Australianeconomy. For example, the enablers segmentincludes a
host of education and research organisations, such as universities, and professional services firms
which work across multiple sectors inthe economy. Applications dominate the Australian space sector
as theirservices are valuable consumerservices such as satellite television, radio, broadband, mobile
telecommunications, and navigational and observationtools and services, such as geospatial analysis.
About 84 per cent of Australia’s space sector workers belong to this segment and work for major
employers such as Optus and Foxtel.

Many space sector firms, especially in the enablers and applications categories, also perform non-
space sector work: for example, Jacobs (engineering and professional services) and Optus
(telecommunications). The revenue and employment estimates in this report were weighted to
account only for firms’ space-related activities.
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Exhibit 12: Employment estimate broken down across the space value chain

Employment across the space value chain

Estimated number of workers, 2019
Per cent of total space workforce in bubbles 9,470
’

Space (e.g. Ground (facilities, ~ Operation & Supports, e.g. Downstream and Employment that

payload, bus, equipment & management of R&D, services, consumer is not allocated to

propulsion) launch) satellites & other policy, regulation,  applications, e.g. a value chain
objects in space infrastructure communications segment

Notes:These estimates assume that where firms operate across multiple segments of the value chain, their employment
is split equally between those segments. For example, if a firm works across both Enablers and Applications, then the
model assumes theiremploymentis split equallybetweenthese functions. If the labourintensity of different segments
in the value chain differs then this will overestimate employment estimates in capital-intensive segments and
underestimate employmentin labour-intensive segments.

Sources: AlphaBeta analysis

The unigue composition of Australia’s space sector reflects areas of global
competitive advantage

To understand Australia’s competitive advantage in the space sector compared to the rest of the
world, the composition of the Australian space sector can be understood in two ways: first, the
proportion of each value chain segment compared to the total sector, and secondly the proportion of
each value chain segment compared to the total economy.

The composition of the Australian space sector is differentto that of its international peers (Exhibit
13). Australia hasless manufacturing activity but substantial applications activity, at 4and 80 percent
of the Australian value chain, respectively.Globally, the manufacturing segmentisresponsible for over
a third—36 percent—of revenue whilethe applications segment makes up 54 per cent of global value
chainrevenue.Thereare contrasts between Australian and global revenue averages for the operations
and enablers segments of the value chain as well although they are not as stark. Operations receives
7 per cent of space revenue in Australia but just 3 per cent globally; enablers receive 9 per cent in
Australia and 7 per cent globally.
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Exhibit 13: Comparison of value chain segments as proportion

Australia and the global average

of total space sector, between

Global and Australian space sector by taxonomy segments

Per cent share of space sector revenue; 2018 (World) and 2019 (Australian)

Manufacturing

36%

I Australia [l world

Australia under-indexes
in manufacturing

Operations

Enablers

Applications
54%

Sources: Bryce Space Industry report; AlphaBeta space firm database.

80%

Australia over-indexes
in applications

Comparing the contribution of space value chain segment to Australian and global economic output
reveals which segments are of greater comparative value to the overall Australian economy (Exhibit

14).

Exhibit 14: Comparison of share of value chain as proportion of total economy, between Australian

and global economies

Global and Australian space industry by segments of the space value chain

Per cent of economy; 2018 (World), 2019 (Australia)

0.15%

0.02%

0.01%

Manufacturing

0.01%
—

Operations

Australia lags overall, but has
niche pockets of distinction

Area of relative comparative

Starting point advantage

Capability = Niche areas of distinction
pabi .
B aethE = Access to skills

Infrastructure, e.g.
communication downlinks
and SSA

Commercial access to
domestic ground
infrastructure

= Existing space manufacturing
base & large-scale
manufacturing facilities

Capability

gaps

Sources: Bryce Space Industry report; AlphaBeta space firm database.

0.02% 0.03%

Enablers

Australia is on par with the
world

R&D

Opportunity to lead in
regulatory framework

Commercialisation and
translation and product
innovation

M Australia 1l world

0.23%

Applications

Australia is on par with the
world

Skills

R&D

World class firm capability
Sovereign satellite

infrastructure and access to
high-resolution images
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Australiais most competitive globally in the operations segment, asegment of the sector thatindudes
activities such as the operations and management of satellites. Overthe last 5years, the sector’s profit
margins grew as satellites became cheaper whilst demand for satellite-based services grew.?® The
number of countries with a satellite in orbit has increased by approximately 65 per cent in the last
decade, from 50 in 2008 to 82 in 2018.3° As of 2019, the number of active satellites are at an all-time
high atover2,514. Tenyearsagoin 2009, there were just986satellites, less than halfas many (Exhibit
15). Satellite services are crucial for a range of industries and activities, such as telecommunications,
defence, agriculture, mining exploration, meteorological services, and environmental and climate
change monitoring.

Exhibit 15: Number of satellites launched between 2004 to 2019

Number of satellites launched per year, globally
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Sources: Statista; JSR 2020.

Operations contributes 0.02 per cent to Australia’s GDP butthe global operationssegmentis just 0.01
percent of world GDP. This hints at an Australian competitive advantagein operations. Government-
supported projects to increase resolution of GNSS technology in Australia, such as the development
of a Satellite-Based Augmentation System (SBAS) and the National Positional Infrastructure Capability
(NPIC) program, helps further drive Australian capability in this area.

The operations segment will be a strong driver of growthinthe future.For example, Global Navigation
Satellite Systems (GNSS) and GNSS-based positioning, navigation, and timing services were predicted

38 Annual profit margin growth 2015-2025 of 0.2%: |bis World (2020), Satellite Communications and Astronautics in
Australia OD5545.
39 OECD (2019), The Space Economyin Figures.

o | 29



to grow 11 per cent per year between 2014 and 2023, due to increasing demand in the Asia Padific
region for satellite-based products and software for industries such as mining, and chipsets in
smartphones.*’ These services require the operation of satellites and processing data transmission
between satellitesand receivers. Demand for these navigationaland positioning servicesare expected
to be fairly resilient to the economic shock of the COVID-19 pandemic, as their use in
telecommunications, supply chains, and logistics tend to improve productivity and efficiency.

Australian strengths in the enablers and applications segments of the value chain are on par with
global averages. The contribution of these two segments of the value chainto the Australian economy
is similar compared to global averages. The enabler segment adds 0.02 per cent to the Australian
economy, compared to 0.03 per cent to the global economy. Australia’s research and development
capabilities, currently supported by Australian Research Counciland Cooperative Research Centres as
well as the $19.5 million Space Infrastructure Fund and the $15 million International Space Investment
initiative, help grow and support the enabler segment although commercialising research will likely
prove a challenge for local researchers. This will especially be the case in the absence of scaled
commercial ecosystems looking to take up new innovations, as is the case for space manufacturing.
There is an opportunity to improve both Australia’s space sector and other sectors like advanced
manufacturing by encouraging more cross-sector cooperation.

Within the applications segment, Australian firms contribute 0.2 per cent to the Australian economy
and global firms contribute to 0.23 per cent to the global economy. A more detailed look at the
activities within the space sector reveal that applications services such as subscription broadcasting,
telecommunications, and surveying and mapping drive much of overall sector revenue (Exhibit 16

Exhibit 16). These technologiesunderpincritical applicationssuch as weatherforecasting and bushfire
management. Satellite television for pay television services such as those provided by Foxtel and
Telstra is by far the largest contributor of applications revenues, at nearly $2.5 billion in 2019.
Spending by the Department of Defence is the second largest contributor to overall sector revenue,
at about $1 billion in 2019. This underscores the importance of the local civil space sectorto domestic
capability.

In the future, fixed satellite managed services (e.g. business and government internal networks and
internet service to aircraft passenger cabins) have been flagged as a key area for Australian industry
growth due to an established domestic market for managed services. This segment grew at an annual
rate of nearly 8 per cent between 2012 and 2016 and is predicted to continue to grow.*!

40 Bryce Space and Technology(2019), Global Space Industry Dynamics: Research Paper for Australian Government,
Department of Industry, Innovation and Science.

41 Bryce Space and Technology (2019), Global Space Industry Dynamics: Research Paper for Australian Government,
Department of Industry, Innovation and Science.
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Exhibit 16: Contributors of Australian space sector revenue

Drivers of space sector revenue

S millions
$0m 1,000 $2,500m
L / )
Subscription Broadcasting Pay TV is the major contributor; e.g. Foxtel and Telstra
Defence is a major driver of space activities; cooperative
Dept. of Defence capabilities with international partners such as the US
Wired Telecommunications Broadband internet; e.g. Agile and iinet

Includes mobile communication and regional internet
provision; e.g. Optus

Other Telecommunications

Capabilities such as SSA and simulation; e.g. Thales and

Engineering Design& Consulting Raytheon

Geospatial analytics and earth observation; e.g.

Surveying & Mapping um and Geoi

Retailers of parts utilised in space assets; e.g. Insitu

Machinery Wholesaling pacific and Hawker Pacific

Operational and enabling capabilities dominated by

Management Advice& Consulting primes; e.g. Nova Systems

Capabilities relevant to manufacturing and operation

Electrical Services segments; e.g. Inovor, EOS

Pure and applied research relevant to space; e.g. iMove

Scientific Research Australia and AITC

Source: AlphaBeta space firm database.

Australiais less well-represented in the space manufacturing segment compared with the global
market. Manufacturing disproportionately contributes more to global GDP than it doesto Australian
GDP: Australian space manufacturers contribute 0.01 percentto Australian GDP anditis 0.15percent
in the global case. Like other manufacturing activities, space manufacturing benefits from scale
meaningthat much of the world’s space manufacturing occurs in North America and Europe. Australia
can consolidate its niche speciality manufacturing presence by creativelyusing existinglocal industrial
capabilities to servicethe global market. For example, the Australianfirm Gilmour Space Technologies
is developing globallycompetitive hybrid-engine rockets to launch low-cost satellites. Its supply chain
enables them to engage local Australian suppliers, such as manufacturers who have historically
focussed on automobile parts.
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Box 2: Most of Australia’s space firms are based along the east coast and South Australia

The local Australian sector is made up of an estimated 558 firms (including many SMEs), serving all
four segments of the space value chain and who have a diverse range of capabilities. While many
Australian space firms operate in multiple states and territories, an estimated one -third of Australian
space sector firms are based in New South Wales and about a fifth of firms based in Victoria. South
Australiahosts a relatively large proportion of firms, givenits population, at one sixth of total firms.

Exhibit 17: Distribution of Australian space firms across states and territories

Distribution of Australian space firms across states and territories

Number and share of firms

N

Source: AlphaBeta space firm database

About 70 per cent of firms participating in the Australian space sector are Australian-owned. The
remaining 30 per cent of firms are owned internationally, with the United States, the United Kingdom,
and Japan being the most common providence of foreign-owned space firms in Australia.

Exhibit 18: Australian space sector firms by parent location

Australian space industry by parent location Foreign owned Australian space companies, by parent location

Per cent share of space sector firms Per cent share of space sector firms

USA

Sweden

France

England

Source: AlphaBeta space firm database




2.3 A further 4,000 firms are in space-adjacent sectors and could
extend their capabilities into space

Growth and the continued prosperity of the Australian space sectorwill be contingent on more firms
entering and participating in the value chain. There are a range of firms in Australia who do not yet
participate in the space economy but by virtue of their capabilities, are well-positioned to enter the
space sector (Exhibit 19).

Exhibit 19: Adjacent industries containing firms that may be suitable to enter the space sector

Segment of value
chain Industry groups

Metal Ore Mining
Oil and Gas Extraction

Aircraft Manufacturing and Repair
Industry groups

Communication Equipment Manufacturing

. . . . . . . . can map to
Electrical Equipment Manufacturing Photographic, Optical and Ophthalmic Equipment Manufacturing multiple segments
= Electronic Equipment Manufacturing = Professional and Scientific Equipment Manufacturing of our space
= Machine Tool and Parts Manufacturing = Specialised Machinery and Equipment Manufacturing taxonomy. There
= Machinery and Equipment Manufacturing = Structural Metal Product Manufacturing is a many-to-many
relationship

Computer System Design and Related Services Engineering Design and Engineering Consulting Services between industry

Management Advice and Related Consulting Services groups and
taxonomy

segments.

Scientific Testing and Analysis Services

Data Processing and Web Hosting Services Other Professional, Scientific and Technical Services

Defence

For example,
computer system

Computer System Design and Related Services Professional, Scientific and Technical Services

= Engineering Design and Consulting Services = Scientific Research Services design can

= Management Advice and Related Consulting Services = Scientific Testing and Analysis Services encompass an
operational

= Communication Equipment Manufacturing = Professional, Scientific and Technical Services capability such as

= Computer System Design and Related Services = Telecommunications Services situational space

= Data Processing and Web Hosting Services = Scientific Research Services awareness (SSA),

or an application
such as earth
observation.

= Defence Scientific Testing and Analysis Services

Engineering Design and Engineering Consulting Services = Surveying and Mapping Services
Management Advice and Related Consulting Services = Telecommunications Network Operation

Notes: Industry names adjusted for readability; bold denotes that industry spans multiple segments. There is a many-to-
many relationship between industry groups and segments, which means thatindustry groups can map to multiple
segments. Forexample, computer system design can encompassan operation capability such as situational space
awareness (SSA), oranapplication such as Earth observation information services.

Analysis of suitable subindustries with space-relevant capabilities has identified 23 subindustries
withinwhich are 4,125 firms that are high-potential candidates (Exhibit 20). Several criteria were used
to determine which subindustries were relevant, including subindustries which contain firms already
inthe space sector and those which were identified by the Australian Space Agency.*? Industries were
also filtered for whether they were high-growth, high-tech industries (based on patents and grants)
as these were morelikely to contain firmsthat reflectedthe dynamicand technology -intensive nature
of space.

42 See Appendix 4.2 for methodology.
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Exhibit 20: Count of firms in space-adjacent sectors who have beenidentified to be suitable to enter
the space sector, as mapped to value chain segments

Taxonomy Segment @ Average annual revenue (AUD millions) ?ﬁ-{ﬂ Number of firms

Manufacturing

$596m

Operations

$570m

Applications D@’%

Notes: Unlike inthe database of existing Australian space firms, there is |ess of a biastowards applicationsinour
adjacent firms database. Thisis because of two main reasons:
1. The applications segmentofthe existingspace firms is heavily comprised ofsubscription television, whichwe
do notseeasalarge opportunityfor future growth.
2.  Ourindustryanalysis lends weight to high-technology and high-growth industry groups which are more evenly
spreadacross the taxonomy.
Sources: AlphaBeta analysis; illion data.

Total

In the manufacturing segment of the value chain, there are Australian firms in aerospace, electronic
equipment, and metal production that possess capabilities that overlap with space and ground
manufacturing. In the operations segment, example adjacentindustriesinclude computer system
design, data processing, engineering design, and defence (forexamplefirms, see Exhibit 21). In the
enablers segment, computer system design and engineering design are also plausible sources of new
space firms, as well as scientificand analytical services. Finally, the broad range of activities relevant
to the applications segment of the value chain presents avery rich set of adjacentindustries, from
computersystem design, data processing, to professional services.

Of the firms who have been identified as possibly being suitable to participatein the space sector, the
most common capabilities they have involve those related to the fields of engineering, design, and
advanced manufacturing. Specific capabilities include precision machining and design, remote
operation and automation, and machinery and component manufacturing.

of | 34



Case studies: Space-adjacent manufacturing firms entering the sector (space manufacturing)*?

W XTEK'™

‘.\ PROTECT AND SUSTAIN

XTEK is an established manufacturer of
ballistic armour and produce advanced
composites manufacturing technology for
Defence Forces and Government agencies.
XTEK’s unique technical advantages
positioned the firm well for space
applications, leading to the recent
partnership with SkyKraft to deliver on a
grant from the Australian Space Agency to
design smallsatellites for low Earth orbit and
to research and develop Australia’s space
technologies.

Q HTA

HTA has provided heat treatment
processing services for the last 15 years,
bothin Australiaand globally. Starting out as
a heat treatment facility for aerospace and
defense metalcomponents, HTA is now also
approved to treat space components,
including approvals for SpaceX in Los
Angeles, USA.

43 XTEK and HTA company we bsites.
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Of the over 4,000 firms identified as potential candidates to enter the space sector, we focused on
380 firms who appear to have the highest potential to transition into the space industry. This was
based by their size (measured by revenue and employment), whether they were export active, and
whether they clearly reported having space-relevant capabilities. The ten most common capabilities
of these high-potential firms illustrate the depth and diversity of firms that could participate in space
(Exhibit 21).

Exhibit 21: Common capabilities of firms that have been identified as space-adjacent

10 most common capabilities of firms listed in the adjacent firm database Example firms

Number of firms with this capability

Precision machining and design 38 Camco PRECISION .

MWLUCAS || MBCentur Weathartrd

7> | MNAFDA

Advanced manufacturing and design ;é: MANILORA GROUP

Systems design and engineering Redflexo
Electronics manufacturing ﬂ"" X II \. mLh
=

Network operation

A\ DallasDelta ¥Bar

Engineering design, manufacturing and support o s NOJA POWER &M“Es

$RG V/HITTENS

Major infrastructure delivery

I
I
I
B
—

Source: AlphaBeta analysis.

By encouraging space-adjacent firms to expand their operations into the space sector, Australia will
be able to more rapidly scale its local sector while providinga commercial opportunity forthese firms
to develop both their domestic capabilities and foreign partnerships.
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3 Government will continue to play a central role in
stimulating and supporting the increasingly
commercial space sector

Despite the increasing number of commercial actors in the space industry, Government continues to
play a central role in driving both civil and defence space activity. Government support enables
Australian firms to demonstrate the space capabilities needed to enter competitive global commercial
supply chains while providing support for the sector to develop and become self-sustainable. This
chapter outlines three factors which are critical to helping Australia’s space sector grow:

1. Government partnership and facilitation and supporting major infrastructure projects
2. Reducing barriers to entry through innovative regulatory and standards frameworks

3. Developing regular and robust measurements to improve sector visibility

3.1 Major infrastructure projects and government facilitation can drive
local innovation and developing supplier capabilities

The role of government as a partner and facilitator is an important factor in driving local innovation
and capability development of the sector. As part of the ‘open doors’ priority, the Australian Space
Agency is leading international collaboration through international partnerships for industry and
research. This has included attending several international forums such as the UN Committee on the
Peaceful Use of Space, and:

m Entering five memorandums of understanding with foreign governments,

m Formalising strategic partnerships with NASA, ESA, the German Space Agency (DLR), and the
New Zealand Ministry of Business, Innovation and Employment, and

m Engaging on five UN space treaties.44

These partnerships enable programs like the Australian Government’s Moon to Mars initiative, which
provides atotal of $150 million to Australian business and research projects that can support NASA’s
Artemis mission to the Moon and subsequent missions to Mars. The growing network of
collaborations and support from government will create an environment that can foster and inspire
new space-related ventures. Part of the Moon to Mars initiative is the Trailblazer Program which will
be the initiative’s flagship aimed at inspiring Australians with a major space exploration program.

Large mission-driven projects are key for scaling the local space sector. Government is both a major
customer, employer, and policy maker and can thereby exert substantial influence over the sector’s

44 |n September 2019, Australia announced its support for NASA and theirinternational partners onthe Artemis program
and otherlandmark exploration missions to the Moonand Mars. As at October 2020, Statements of Intent have also
been signed withthe European Space Agency, the German Aerospace Centre, and the New Zealand Ministry of Business,
Innovation, and Employment. The Agency has further signed memorandums of understanding (MOUs) with the national
space agencies of France, Canada, the UK, the UAE, Italyand Japan.
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growth trajectory. As a customer and employer, Government can help drive demand and stimulate
the local space value chain by purchasing goods and services from the local sector.

Major Government-supported projects can provide nascent Australian firms with the confidence to
scale theiroperations. For example, the construction of the ambitious SKA projectin remote Western
Australiais set to drive local innovation in telescope construction, energy infrastructure astronomy,
data storage, basic research, and analytics over its 50-year lifetime. Australia is co-hosting the SKA
(with South Africa) in large part due to support from the Australian Government, which is investing
nearly $300 million to construct this globally significant project.*®

Government procurementiscritical indeveloping domestic firm capability, especiallywhere it created
a ‘first’ or ‘strategic’ customerforsmall,innovative firms. Existing smalland medium firms in the space
sectorin Australia reported they are largely self-funded by customer contracts, rather than debt or
equity financing. Thisisacommonissue for Australiansmallbusinesses, with one in five reporting that
it was relatively difficult for them to access finance in 2018.%¢ Australia invests only two-thirds the
venture capital of OECD peers.*’

Forsmall and medium space businesses, the dearth oflargerlocal customers or projectsis adampener
on growth. Smaller innovative firms interviewed for the report noted that governments
commissioning new capabilities, such as geospatial assets oranalysis, can be important first or major
customers for innovative new products.

Government can also nurture the local space ecosystem by investing in key pieces of infrastructure
that boostlocal firm capability as well as attract foreign firms and foreign investment. The Australian
Government has already committed to several infrastructure initiatives. Forexample, it launched the
Space Infrastructure Fund, worth $19.5 million, to develop critical Australian capabilities across the
space value chain. The fund willinclude projects to develop future space manufacturing facilities, data
analysis facilities, robotics and Al technology development, and testing facilities for SMEs and
researchers. Government committed over $260 million in 2018 to improving Australian satellite-based
positioning infrastructure, including setting up the National Positioning Infrastructure Capability
(NPIC) which will see GPS accuracy narrow to within three centimetres in Australia.*®

The space sector also has a central role to play in national defence. The Department of Defence will
invest $7billioninimprovingits space capabilities overthe next decade, including $50 million in space
research and innovation activities, focusing on new and emerging technologies to create greater
Australian industry capacity.*®

Afterthe establishment of these signature pieces of space-related infrastructure, local firms are well
positioned to take advantage of these projects through their future business and investment

45 The Hon. Christopher Pyne MP (2015), Media release: Agenda to transform the Australian economy. The Australian
Governmentannounced $294 million for the Square Kilometre Arrayas part of the National Innovation and Science
Agendain December 2015.

46 Reserve Bankof Australia (2018), Accessto SmallBusiness Finance.

47 OECD (2019), Venture Capital Investments 2018.

48 Department of Industry, Science, Energy and Resources (2018), Better GPS and satellite imageryto supporta smarter
economy.

49 Department of Defence (2020), Media release: Morrison government invests in new sovereign controlled satellite
capa bility.
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decisions. Thisis further supported by the Australian Space Agency’s International Space Investment
initiative - committing $15 million to projects that grow the Australian space industry and target at
least 80 percent Australianinvestment. The Australian Space Agency is also developing roadmaps for
each priority area in consultation with the sector (including other government agencies) to build on
competitive strengths by identifying strategic investment opportunities.

As a policy maker, Government can help boost the inputs needed by the sector, such as access to
skilled workers, access tofinance, and a suitable regulatory framework. This can be done both at the
federal and state-level, with key states already developing space strategies. For example, NSW and
Queensland both recently released 2020 strategies, aiming to both strengthen and grow their local
industry. States and territoriesare heavily investingin STEM education programs, across the education
sector, to develop a skilled workforce and provide employment pathways to the space industry.>°
These investmentshelpsignal long-term, national commitmentto space-basedtechnologiesand help
attract investors and firms. The Australian Government’s Modern Manufacturing Strategy is a
contemporary example of policy that seeks to support and stimulate the space sector.

3.2 Governmentis working to encourage innovation through creating a
safe and certain regulatory environment

Australian Government agencies have developed and implemented a range of new activities and
investments to leverage opportunities and help support the industry through:

m Managing and shaping the regulatory landscape to support and enable safe, efficient space
activities.

m Updating and implementing a regulatory framework: As of July 2020, there have been four
overseas payload permitsissued underthis framework. Partial cost recovery has been deferred
until mid-2021, in recognition of the impact that the COVID-19 pandemic has had on the
Australian space industry.

m Representing Australianinterests at the UN Committee onthe Peaceful Uses of Outer Space to
support the long term sustainability of outer space activities, ensure the effective
implementation of international space law, develop norms of behaviour and transparency and
confidence building measures, exchange information on regulatory arrangements and best
practicesforcivil space activities, and promote the importance of space in future economicand
societal growth.

3.3 Regular and robust measurements will improve sector visibility,
which could help support and encourage investors

Finally, aclearview of the space sectoris crucial for its future health. Without aclear fact base, firms
are unable to make informed decisions, investors and entrepreneurs lack clarity and may instead

50 Queensland Government (2020), Queensland Space Industry Strategy 2020-2025. The Queensland Government invested
over $526,000 in 2018-19for 168 apprentices and traineesa cross aviation and aerospace.
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redirecttheirinvestments to markets where opportunities are more clearly articulated. Policymakers
may fail to correctly identify issues that hinder growth.

The Commonwealth and State and Territory Governments recognise this and are implementing
measuresto address the lack of sector measurement. Annual ‘State of Space Reports’ released by the
Australian Space Agency also document the Government’s activities and sector progress against key
metrics, keepingindustry informed of opportunities and policy priorities. Some states and territories,
such as South Australia, maintain public directories of their space capabilities, including the number
of organisations in their state engaging in space-related activities.

At the national level, Government can further support the sector by implementing a robust sector
measurement program. Existing industries rely on the Australian Bureau of Statistics (ABS) who
regularly produce economicdataabout individual sectors. However, the ABS does not capture space
initsindustry and occupation classifications. Currently, the lack of quality data meansthatitis difficult
to regularly measure and understand the size and nature of the Australian space sector. Moving
forward, the Government can seek toimplementaregularand robust measurement program for the
sector, as it does for established industries.

Measuring the space sectorisa difficult analytical exercise. Like Australia, other governments do not
capture space as a distinctsectorintheirregularindustry measurements orin their national accounts
data. Studies about other jurisdictions note the challenges faced by this lack of quality data. For
example, the UK’s and Canada’s measurements both note the uncertaintyinherentin all space sector
economic estimations due to the incomplete coverage from survey responses, firm administrative
data, and publicly reported data. Toimprove therobustness of estimates, the AustralianSpace Agency
have recently releasedadefinitionof the Australianspace sectorin an effort to capture space activity
in a systematicand robust manner. This aligns to the definition used by other peercountries as well
as the OECD. Appendix 4.2 describes the measurement approach used in this report.

3.4 Conclusion

With the establishment of the Australian Space Agency, the Australian space sector has entered a new
phase of development. Currently, the sector stands to benefit from a suite of ambitious government-
supported satellite and space exploration projects over the next decade. Increased collaborations with
overseas space agencies will further fuel growth. Strong global demand also opens newdoors to local
firms.

This new chapter in Australian space is bringing forth fresh challenges. Boosting local capability and
encouraging more firms and workers to enter the space workforce will be vital for the sectorto make
the most of new opportunities. Educators and government have important roles to play to help firms
find the skills and other inputs they need. Refining regulatory frameworks will also support firms to
compete globally. Finally, in a rapidly growing sector like space, policymakers will have to be alertto
how these challenges evolve, so that they can continue to support firms effectively over the coming
years.
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4 Appendices

4.1 Appendix A: Australian Space Agency definition of the Australian
Space Sector

The Australian Space Agency’s definition of the Australian Space Sector (2020) is as follows:

The Australian space sector is defined as a set of space-related activities along
the spacevalue chain and is part of the broader space economy.

All actors (private, publicand academic) participating in production, operation,
supply and enablement activities that form the spacevalue chain are part of the
spacesector. Space value chain segments broadly include: Manufacturing and
core inputs (Ground and Space segment manufacturing andservices); space
operations; space applications; and enablers (such as reqgulation and essential
service delivery, infrastructure and capabilities, research, development and
engineering, and specialised support services).

While the space sector captures the provision of space related goods, services and
applications to broader industries, it does notinclude subsequent non-space
(value adding) activities that are enabled by space activities (such as food grown
using precision agriculture techniques). These flow-on activities are captured by
the broader space economy.>?

4.2 Appendix B: Measuring the space sector

Measuring the space sector in Australia is difficult due to a lack of reliable and high-quality data as
well alack of nationallyconsistent reporting methods.To address this,and to create robust estimates,
this report uses a combination of economic data, government policy, survey data, and insights from
researchers and industry leaders.

Thisreport created adata set of firmsin the Australian space sector. We identified a total of 558 firms
and organisations from the SIAA, government, and industry experts. The contribution of each firm to
the Australian space industry was calculated by estimating the contribution of its space operations to
itsoverall revenue. The list was cleaned to remove duplicatesand firms that were no longer operating.
The website of each firm or organisation in the database was scanned to determine its capabilities.
The capabilities were used to classify firms according to our taxonomy.

Thisreport also soughtto identify firmsin adjacentindustries that could enterthe space industry. We
began by identifying subindustries with a high probability of including firms that had space relevant
capabilities. Of the 120 ANZSIC codes in the Australian space firm database, 23 were identified as

51 The Australian Space Agency (2020), Definingthe Australian space sector.
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having high potential to enter the space industry. The industries wererated and ranked based on the
following factors:

1. Relevance to Australian Space Agency Civil Strategy and priority areas: Industries with
capabilities related to the priority areas were ranked higher

2. Growth: The space industry can leverage the growth of adjacent industries for its own
development. Industries were ranked based on ABS industry growth data

3. Technology: Thisfactorisused as a proxy forthe high skill requirement of the space industry.
Using IP Australia, industries wereranked based on the number patentsfiled and granted for
the last five years of available data.

This adjacent firm database consists of 4,125 firms from the 23 selected ANZSIC codes. The top 200
firms by revenue for each of the 23 ANZSIC codes was requested from illion in order to build up the
database. Firms that were already contained withinthe space Australian firm database were removed
the database. The firms in the database were assigned a taxonomy segment based on their ANZSIC
code. The top 20 from each ANZSIC code that export are Australian owned were filtered toidentify a
list of 380 firms with the most potential to enter the space industry.

To supplement the data analysis usedin this report, we conductedinterviews with 15 experts involved
in the space industry or who are active in space research to provide insight into this study.
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